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miR-362-3p targets nemo-like kinase and functions
as a tumor suppressor in renal cancer cells
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Abstract. MicroRNAs (miRNAs) have been demonstrated
to exhibit abnormal expression patterns in various types of
human cancer. The aim of the present study was to identify
a novel tumor suppressor microRNA (miR) and investigate
its physiological function and mechanism in renal cell carci-
noma (RCC). The expression levels of miRNA (miR)-362-3p
expres were measured in 47 pairs of RCC and adjacent normal
tissue samples, using reverse transcription-quantitative poly-
merase chain reaction analysis. In addition, miR-362-3p was
transfected into renal cancer cells to investigate its role in the
regulation of cell proliferation, migration, invasion, apoptosis
and cell cycle. Identification of the target gene of miR-362-3p
was performed using luciferase reporter assays and western
blot analyses. The results demonstrated that the expression
levels of miR-362-3p were downregulated in the RCC tissue
samples, compared with the adjacent normal tissue samples.
The upregulation of miR-362-3p using a synthesized mimic
suppressed the proliferation, migration and invasion of the
renal cancer cells, and induced cell apoptosis and G, phase
arrest. Further experiments demonstrated that the overexpres-
sion of miR-362-3p resulted in decrease expression levels of
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nemo-like kinase. These results suggested that miR-362-3p
functions as a tumor suppressor in RCC, and may serve as a
potential molecular target in the treatment of RCC.

Introduction

Renal cell carcinoma (RCC) is the third most common type
of urological cancer, and accounts for 2% of adult malignan-
cies (1). RCC is composed of several subtypes, including
clear cell, chromophobe, papillary and collecting duct
carcinoma (2), categorized based on their clinical outcome
and biological features. Clear cell RCC is the most common
subtype, and accounts for ~80% of cases of RCC (3). For all
stages combined, the five-year relative survival rate is 55% (4).
Despite the rapid advancement in the diagnostic and thera-
peutic strategies for RCC, the mortality rate has not changed
significantly (5). Surgical resection remains the only defini-
tive treatment for RCC, however, 20-40% patients develop
recurrence following curative nephrectomy (6). Therefore, it
is crucial to investigate the molecular mechanism underlying
the progression of RCC. MicroRNAs (miRNAs/miRs) may
offer potential applications for the diagnosis, prognosis and
treatment of RCC.

miRNAs are identified as an abundant class of small,
non-coding RNAs, which are important in the post-tran-
scriptional regulation of various biological processes (7-9).
Currently, >1,000 miRNAs have been identified in humans.
Generally, miRNAs bind to the 3' untranslated region (3'-UTR)
of their target genes through imperfect complementation, and
repress gene expression either by increasing mRNA degrada-
tion or by inhibiting translation (10). miRNAS suppress protein
translation by binding to complementary sequences, which
are predominantly located in the 3'-UTR of target messenger
RNA (mRNA) (11,12). miRNAs regulate the expression levels
of genes involved in several cellular processes, including cell
cycle (13,14), differentiation (15,16) and apoptosis (17,18).
Furthermore, each miRNA can potentially regulate hundreds
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of mRNAs, and over one third of human genes may be miRNA
targets (19-21).

There is considerable evidence indicating that miRNAs are
involved in human cancer (22-24). Furthermore, it has also been
suggested that deregulated miRNAs may have a tumor-suppres-
sive or oncogenic role in different types of cancer by repressing
the expression of oncogenes or tumor suppressor genes (25).
Therefore, the functional identification of miRNAs has become
animportant area of investigation in biomedical science, however,
the majority of these miRNAs have unknown functions (26).
Massively parallel sequencing studies have revealed the aber-
rant expression of miR-362-3p in RCC (27,28). Our previous
study demonstrated that the expression levels of miR-362-3p are
significantly downregulated in RCC (29). However, the mecha-
nism and the association between the expression of miR-362-3p
and RCC remain to be fully elucidated. The biological role of
miR-362-3p in RCC also requires further clarification.

The aim of the present study was to analyze the expression
pattern of miR-362-3p in clinical RCC tissue samples, and
examine the effects of miR-362-3p on the proliferation, migra-
tion, invasion, cell cycle and apoptosis of RCC cell lines. In order
to better understand the regulatory mechanism of miR-362-3p,
the nemo-like kinase (NLK) target gene was validated using a
luciferase reporter assay and western blot analysis.

Materials and methods

RCC clinical specimens. A total of 47 patients with RCC
underwent routine surgery at the Zhujiang Hospital, Southern
Medical University (Guangzhou, China) between May 2013 and
April 2014. RCC tissue samples and corresponding adjacent
normal renal tissue samples were collected from these 47 patients,
and were immediately snap frozen in liquid nitrogen, and stored
at -80°C until RNA extraction. The 47 patients recruited in the
present study included 34 men and 13 women, with a median
age of 50 years (range, 24-84 years). None of the patients had
undergone chemotherapy or radiotherapy prior to surgery. The
clinical diagnosis and histology of the tumors from the patients
with RCC was performed by the Cancer Center of the Southern
Medical University. All tissue specimens were acquired on the
basis of their availability for research objective and following a
protocol approved by the ethics committee of Shenzhen Second
People's Hospital (Shenzhen, China). Written informed consent
was obtained from the patients prior to commencement of
the present study. The clinicopathological information of the
patients is shown in Table I. The disease stage of each patient
was classified or reclassified according to the American Joint
Committee on Cancer staging system (30).

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). To analyze the expression levels of miR-362-3p,
RT-gPCR was performed using SYBR® Premix Ex Taq™ II
(Perfect Real Time; Takara Bio, Inc., Otsu, Japan) in an
Mx3000P system (Agilent Technologies, Inc., Santa Clara, CA,
USA). Tissue samples were homogenized and RNA was isolated
using RNAios Plus total RNA extraction reagent (Takara Bio,
Inc.), according to the manufacturer's protocol. Reverse tran-
scription into cDNA was performed using a Primescript™ RT
Reagent kit using gDNA Eraser (Perfect Real Time; Takara Bio,
Inc.). U6 was used to normalize the data. Total RNA was reverse
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transcribed using the corresponding RT primer and the TagMan
MicroRNA Reverse Transcription kit (Applied Biosystems;
Thermo Fisher Scientific, Inc. Waltham, MA, USA). The PCR
primer for mature miR-362-3p was designed using a publicly
available databases (miRBase; http://www.mirbase.org/)
synthesized by Thermo Fisher Scientific, Inc. with the following
sequences: miR 362-3p forward, 5-"AACACACCTATTCAA
GGATTCA-3" and reverse, 5S'-ACGTGACACGTTCGGAGA
ATT-3'. The expression levels (224°9) were normalized to those
of U6 (U6 sense strand, 5'-CTCGCTTCGGCAGCACA-3',
and anti-sense strand, 5-ACGCTTCACGAATTTGCGT-3").
The 242 method was used to analyze the data, with the data
presented as log2 (cancer/normal) (31).

Cell culture and miRNA transfection. ACHN and 786-O human
renal carcinoma cell lines were purchased from the American
Type Culture Collection (Manassas, VA, USA). Pairs of
synthetic chemically modified short single or double-stranded
RNA oligonucleotides, miR-362-3p mimics and an appropriate
negative control (NC) were purchased from GenePharma
Co. Ltd. (Shanghai, China) with the following sequences:
miR 362-3p mimic strand, 5~ AACACACCTATTCAAGGA
TTCA-3"and miR 362-3p negative control sense strand, 5'-TTC
TCCGAACGTGTCACGTTT-3, and anti-sense strand, 5'-ACG
TGACACGTTCGGAGAATT-3'. Transfection was performed
using Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher
Scientific, Inc.), according to the manufacturer's protocol. The
stable ACHN human renal cancer cell lines and 7860 cell
lines were cultured in Dulbecco's modified Eagle's medium
(DMEM; Gibco; Thermo Fisher Scientific, Inc.), supplemented
with 10% fetal bovine serum (FBS), 50 yg/ml streptomycin,
50 U/ml penicillin and 2 mmol/l glutamine (Invitrogen). The
cells were maintained in a 5% CO,-humidified atmosphere at
37°C. The cells (~8x10° cells/well) were seeded into a 96-well
plate 24 h prior to transfection, following which the ACHN
and 786-0 cells were transfected with the indicated quantities
of the miR-362-3p mimics or miR-NC using Lipofectamine®
reagent, according to the manufacturer's protocol.

Cell proliferation assay. Cell proliferation was detected using a
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay (5 mg/ml; Sigma-Aldrich, St. Louis, MO, USA).
The miR-362-3p-transfected cells and miR-NC-transfected
renal cancer cells were harvested and dissociated into single-cell
suspensions by digestion with 0.9% trypsin for 3 min at 37°C,
followed by pipetting for 30 times. Cell proliferation was exam-
ined at various time points following transfection (0, 24, 48 and
72 h), with 20 gl MTT (5 mg/ml) added to each well, followed
by incubation for 4 h at 37°C. The MTT medium mixtures were
subsequently discarded, following which 150 ul dimethyl sulf-
oxide was added to each well and agitated for 15 min at room
temperature to solubilize the crystals. The absorbance was
measured at a wavelength of 490 nm (with 630 nm as the refer-
ence wavelength) using an ELISA microplate reader (HR801;
Shenzhen Highcreation Technology Co., Ltd Guangdong,
China). All proliferation assays were repeated as independent
experiments at least three times.

Cell migration assay. Cell migration was examined using a
wound-healing assay, as previously described (25). Briefly, the
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Table I. Clinicopathological characteristics of the 47 patients
with renal cancer recruited in the present study.

Factor Number of cases
Gender

Male 34

Female 13
Age

<50 years 20

>50 years 27
Pathology

Clear cell renal cell carcinoma 36

Papillary renal cell carcinoma 5

Chromophobe renal cell carcinoma 6
Edmondson garaging

I+1I 30

+1v 17
Tumor size

<7 cm 39

>7 cm 8

Lymphatic invasion

Positive 0

Negative 47
Distant metastasis

Positive 0

Negative 47
Stage

Tla 17

T1b 21

T2 6

T3 2

T4 1

ACHN and 786-0 stable cell lines were plated in 6-well plates
(5x10° cells/well) and were grown to 75-90% confluence. The
cell monolayers were then transfected with 50 nm miR-362-3p
mimics. A total of 6 h following transfection, an artificial
homogenous wound was created onto the monolayer using a
sterile 200 ul tip. The cells were subsequently washed with
phosphate-buffered saline (PBS) and maintained in serum-free
medium. Images of the cells migrating into the wound were
captured at O and 24 h using a digital camera system (DMIL
LED; Leica Microsystems GmbH, Wetzlar, Germany).
MIAS-2000 software (Leica Microsystems GmbH) was used
to determine the migration distance. The experiments were
performed independently in triplicate.

Cellinvasionassay.Transwell chambers (8 ympore size; Corning
Incorporated, Corning, NY, USA) were coated with Matrigel
(BD Biosciences, Franklin Lakes, NJ, USA) (15 pg/filter). The
cells were seeded (5x10° cells/well) in serum-free medium in
the upper chamber (Biocoat Matrigel invasion chamber) and the
lower wells were filled with 10% FBS. The cells were allowed
to migrate through the Matrigel to the lower chamber for 24 h.
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Following incubation, the cells were removed from the upper
surface of the filter by scraping with a cotton swab. The cells
on the lower surface of the filter were permeabilized using
1% Triton X-100 (Sigma-Aldrich), stained with crystal violet
(Sigma-Aldrich) and visualized under a microscope DMI
6000B; Leica Microsystems GmbH). The numbers of cells,
which penetrated through the membrane were determined by
counting the mean number of cells in five randomly-selected
high-power fields. The experiments were repeated as indepen-
dent experiments at least three times.

Cell apoptosis assay. An Annexin V-fluorescein isothiocyanate
(FITC) Apoptosis Detection kit (Invitrogen) and propidium
iodide (PI; Invitrogen) were used to assess the apoptotic effect
of miR-362-3p. The renal cells of the different treatment groups
were suspended at a concentration of 1x10° cells/ml. The cell
suspension was transferred to a centrifuge tube, centrifuged at
79 x g and washed with PBS. The cells were then resuspended
in 500 ul cold 1X binding buffer (Invitrogen) with 5 ul Annexin
V-FITC, and incubated for 15 min at room temperature in the
dark. The cells were then centrifuged for 5 min to remove the
supernatant. The cells were then resuspended in 500 ul cold
binding buffer with 3 1 PI, incubated for 15 min and analyzed by
flow cytometry (Navi 105; Beckman Coulter, Brea, CA, USA).
Experiments were performed in three independent repeats.

Cell cycle analysis. To examine the effects of the downregu-
lation of miR-362-3p on the cell cycle, flow cytometry was
performed. For cell cycle analysis, the miR-362-3p-transfected
cells were harvested 48 h post-transfection, and were tryp-
sinized (Invitrogen) and fixed with ice-cold 95% ethanol
(Shanghai ExCell Biology, Shanghai, China) overnight at 4°C.
The fixed cells were stained with 50 mg/ml PI, treated with
50 mg/ml RNase and then analyzed using a flow cytometer
(BD Pharmingen). Each assay was independently repeated
three times.

Vector construction and luciferase reporter assay. TargetScan
(http://www.targetscan.org/), miRanda (http:/www.microrna.
org/microrna/home.do) and PicTar (http:/pictar.mdc-berlin.de/)
were used to computationally predict the targets of miR-362-3p.
To create a luciferase reporter construct, the 3'-UTR fragment
of NLK, containing putative binding sites for miR-362-3p
was inserted downstream of firefly luciferase, between the
Xhol-Notl restriction sites in the 3'-UTR of the hRluc gene in the
psiCHECKTM-2 luciferase vector (Promega Corp., Madison,
WI, USA). Mutant 3'-UTR, which carried the mutated sequence
in the complementary site for miR-362-3p, was generated using
the fusion PCR method, and inserted downstream of firefly
luciferase between the Xhol-Nof restriction sites in the 3'-UTR
of the hRluc gene in the psiCHECKTM-2 luciferase vector.
The following sequences were used: NLK 3'-UTR wild-type
sequence, 5'-ATATCATTCTAACGGGTGTGTT 3' and NLK
3'-UTR mutant sequence, 5-ATATCATTCTAACGCCACACA
A-3',and synthesis was performed at GenePharma Co., Ltd. Cells
grown in a 48-well plate were co-transfected with miR-362-3p
and the luciferase reporter comprising the wild-type or mutant
3'-UTR of the target gene. The luciferase assay was performed
as described previously (32). The cells (5x10° per group) were
co-transfected with miRNAs and 3'-UTR or a mutant 3'-UTR
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luciferase reporter, in which the potential binding sites were
manually mutated by exchanging the G and T, A and C as a
control vector. At 48 h post-transfection, luciferase activity was
measured using a Dual-Luciferase Assay kit (Promega Corp.)
with a f-counter luminometer (Promega Corp.). Relative lucif-
erase activity was calculated as the ratio of raw firefly luciferase
activity and renilla luciferase activity.

RNA isolation and RT-gPCR. Total RNA was isolated from
the miR-362-3p-transfected cells using RNAiso Plus total
RNA extraction reagent Takara, Bio, Inc.) according to the
manufacturer's instructions. The following primers were used:
NLK, sense 5-AGCCGTCATTACAGCAAT-3' and antisense
S'"TATTCTTCGTCCTAGTAGTTCTG-3'; GAPDH, sense
5'"TGGCCTTCCGTGTTCCTAC-3" and antisense GAPDH
5'-GAGTTGCTGTTGAAGTCGCA-3'". For the detection of
NLPor GAPDH mRNA, atotal of 1 ug mRNA wasreverse-tran-
scribed into cDNA using a One Step PrimeScript™ miRNA
cDNA Synthesis kit (Takara, Bio, Inc.). gPCR was performed
using SYBR® Premix Ex Taq™ II (Perfect Real Time; Takara
Bio, Inc.) in a Quant Studio™ system (Agilent Technologies,
Inc., Santa Clara, CA, USA), according to the manufacturer's
instructions with U6 or GAPDH as an internal reference. The
20-pl reaction mixture contained 10 ul 2X QuantiTect SYBR
Green PCR Master mix, 2 xl 10X miScript Universal Primer,
0.4 ul specific microRNA primer, 1 ul cDNA template and
RNase-free water. The thermocycling conditions were as
follows: 95°C for 15 min, followed by 40 cycles of 94°C for
15 sec, 55°C for 30 sec and 72°C for 30 sec. The expression
levels of miR-362-3P and NLK were quantified using the
2-44% method. The RT-qgPCR primers were synthesized by
Thermo Fisher Scientific, Inc. with the sequences as follows:
NLK forward, 5-"AGCCGTCATTACAGCAAT-3" and reverse,
S“TATTCTTCGTCCTAGTAGTTCTG-3'"; GAPDH forward,
5'"TGGCCTTCCGTGTTCCTAC-3' and reverse, 5-GAGTTG
CTGTTGAAGTCGCA-3"; miR 362-3p forward, 5-AACACA
CCTATTCAAGGATTCA-3' and reverse, 5'-ACGTGACAC
GTTCGGAGAATT-3"; U6 forward, 5'-CTCGCTTCGGCA
GCACA-3' and reverse, 5“"ACGCTTCACGAATTTGCGT-3".

Western blot analysis. The miR-362-3p-transfected cultured
cells were harvested, and total protein was extracted using
radioimmunoprecipitation assay lysis buffer supplemented with
proteinase/phosphatase inhibitors (Thermo Fisher Scientific,
Inc.). The protein concentration was determined and equili-
brated using a Pierce Bicinchoninic Acid Protein Assay kit
(Thermo Fisher Scientific, Inc.). Equivalent quantities of protein
(30 ug) were separated by 10% SDS-PAGE (Invitrogen) and
transfected onto pre-wetted polyvinylidene fluoride membranes
(Millipore, Billerica, MA, USA). The membrane was blocked
in 5% non-fat milk for 1 h and incubated overnight at 4°C with
primary antibody. On the following day, the membranes were
washed three times in Tris-buffered saline with Tween 20
(TBS-T; Beijing Solarbio Science Technology Co., Ltd., Beijing,
China) and incubated with horseradish peroxidase-conjugated
secondary antibody in TBS-T for 1 h at room temperature.
An enhanced chemiluminescence kit (Millipore) was used to
detect the secondary antibody. The expression levels of NLK
were analyzed using mouse polyclonal anti-NLK antibody
(cat. no. sc-48361; dilution 1:1,000; Santa Cruz Biotechnology,
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Figure 1. miR-362-3p is suppressed in renal cancer tissue samples.
(A) Relative expression levels of miR-362-3p in 47 pairs of renal cancer and
adjacent non-cancerous tissue samples. (B) Expression levels of miR-362-3p
in renal cancer tissue samples, compared with adjacent non-cancerous tissue
samples. U6 was used as an internal control. The data were analyzed using
the 244% method. “P<0.01. miR, microRNA; TN, Tumor/Normal.

Inc., Dallas, TX, USA), and rabbit anti-mouse polyclonal
anti-B-tubulin antibody (cat. no. ab59680; dilution 1:10,000;
Abcam, Cambridge, MA, USA) was used to detect the expres-
sion levels of B-tubulin, which was used as endogenous control
to normalize the expression levels of NLK.

Statistical analysis. The data are presented as the mean + stan-
dard deviation. Data analysis was performed using Student's
t-test to determine the significance between two variables. The
results were analyzed using SPSS 12.0 (SPSS, Inc., Chicago, IL,
USA). P<0.05 was considered to indicate a statistically signifi-
cant difference. All experiments were performed in triplicate.

Results
Expression of miR-362-3p is downregulated in RCC. To

investigate the role of miR-362-3p in RCC development, the
expression levels of miR-362-3p were examined in 47 pairs
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Figure 2. Effects of miR-362-3p on cell proliferation, apoptosis and cell cycle in renal cancer cells. (A) Cell proliferation was measured using a 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay at for various time points. miR-362-3p inhibited 786-O and ACHN cell proliferation. (B) Cell apoptosis
was analyzed using flow cytometric analysis following Annexin V-fluorescein isothiocyanate double-labeling. miR-362-3p induced apoptosis of the 786-O
and ACHN cells. (C) Cell cycle distribution was determined using flow cytometry. The overexpression of miR-362-3P induced significant G, phase arrest in
the ACHN cells. All experiments were performed in triplicate, and values are expressed as the mean + standard deviation of three independent experiments.
“P<0.05. miR, microRNA; PI, propidium iodide; FITC, fluorescein isothiocyanate; OD, optical density.

of RCC and adjacent normal kidney tissue samples using and B). The expression levels of miR-362-3p were decreased
RT-qPCR. The decrease in the expression of miR-362-3p in  in 35 tissue samples (74.5%), with an overall average of 44.9%
the RCC tissue samples was more marked, compared with  downregulation (P=0.005). These results suggested that
that in the adjacent normal kidney tissue samples (Fig. 1A miR-362-3p may act as tumor suppressor in RCC.
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Figure 3. Effects of miR-362-3p on cell migration and invasion in renal cancer cells. (A) miR-362-3p inhibited the migration of the 786-0 cells. (B) miR-362-3p
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NC, negative control.

Effects of miR-362-3p on cell proliferation, apoptosis and
cell cycle in RCC cell lines. To assess the biological role of
miR-362-3p in RCC, miR-362-3p mimics or NC were transfected
into 786-0 and ACHN cells. The MTT assay demonstrated that
the relative cell proliferation in the miR-362-3p-transfected
cells decreased significantly by 23.1% (24 h), 27.1% (48 h) and
17.6% (72 h) in the 786-0 cells (P<0.001). In the ACHN cells,
the inhibition rates of cellular proliferation were 23.2% (24 h),
20.2% (48 h) and 14.6% (72 h), respectively (P<0.001; Fig. 2A).
The rates of apoptosis in the 786-O and ACHN cells were
analyzed using flow cytometry using miR-362-3p mimics or

NC (Fig. 2B). As shown in Fig. 2B, miR-362-3p significantly
promoted apoptosis of the 786-0O cells, compared with the NC
(24.9, vs. 79%, respectively; P=0.003) and of the ACHN cells
(18.3, vs. 7.85%, respectively; P=0.021).

Inhibition of cell growth in cancer cells is generally
associated with cell cycle arrest. Therefore, a cell cycle assay
was performed using flow cytometry with the miR-362-3p
mimics or NC (Fig. 2C). A significant increase in the
percentage of cells in the G, phase to 75.2%, was observed
in the miR-362-3p-transfected renal cancer cells, compared
with 58.6% in the miR-NC-transfected cells. These results
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following transfection. (E) Fragments of NLK 3'-UTR (~22 nucleotides long), containing wild-type potential binding sites were synthesized. Mutated-type
fragments were generated by exchanging the T and A, G and C on the putative binding sites. The sequences of these two fragments are shown in the upper
panels. The experiments were repeated as independent experiments at least three times. Data are presented as the mean + standard deviation. "P<0.05 and
“P<0.01. miR, microRNA; NC, negative control; UTR, untranslated region; WT, wild-type; Mut, mutant.

suggested that miR-362-3p may lead to G, cell cycle arrest in
RCC cells.

Effects of miR-362-3p on cell migration and invasion in
RCC cell lines. To investigate whether miR-362-3p had an
effect on facilitating renal cancer cell migration, migration
was assessed using a wound healing assay in the 786-O and
ACHN cells. As shown in Fig. 3A and B, cell migration was
significantly reduced in the cells transfected with miR-362-3p,
compared with those in the miR-NC group (40 and 50%,
respectively; P<0.05; Fig. 3A and B). These results suggested
that miR-362-3p has a negative effect on cellular migration.

As invasion is an important characteristic of malig-
nant tumors, the present study investigated the effects of
miR-362-3p on tumor invasion in the 786-O and ACHN cell
lines. The invasion assay demonstrated that cell invasion
was significantly inhibited in the miR-362-3p-transfected
cells, compared with the NC-transfected cells. The number
of invading cells decreased by 49.8% (P<0.001) in the 786-O
cells and by 55.3% (P<0.001) in the ACHN cells, suggesting
that miR-362-3p inhibited the invasive potential of the renal
cancer cells (Fig. 3C and D).

NLK is a target gene of miR-362-3p. TargetScan
(http://www.targetscan.org/), miRanda (http:/www.microrna.

org/microrna/home.do) and PicTar (http:/pictar.mdc-berlin.
de/) were used to computationally predict the targets of
miR-362-3p. The cancer-promoting gene, NLK, was predicted
to be one potential target (Fig. 4A). The potential binding site
of miR-362-3p (position 854-860) was predicted to be the NLK
3'-UTR. The mRNA and protein expression levels of NLK
were quantified in the renal cancer cells following transfection
with miR-362-3p mimics. The mRNA and protein expression
levels of NLK were decreased following transfection (Fig. 4B
and C). As shown in Fig. 4D and E, transfection of the renal
cancer cells with the miR-362-3p mimics in the wild-type
3-UTR (pLuc-NLK 3'-UTR-wild) vector significantly reduced
luciferase activity, compared with the NC (P<0.05). However,
transfection of the renal cancer cells with the miR-362-3p
mimics in the mutant 3'-UTR (pLuc-NLK 3'-UTR-mut) vector
had no effect on luciferase activity, compared with the control
inhibitor (P>0.05). These results indicated that miR-362-3p
downregulated the luciferase activity of the reporter. The data
also identified NLK as a target gene of miR-362-3p, and identi-
fied the sites of interaction in the 3'-UTR of NLK.

Discussion

Despite significant improvements in cancer therapy, RCC is
relatively resistant to traditional cancer treatments, including
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radiotherapy, immunotherapy and chemotherapy (33).
Therefore, the identification of novel, more accurate and
prophetic prognostic markers, which are not currently included
in conventional staging systems, aim to improve the prognosis
of patients with RCC. miRNAs are aberrantly expressed in
several types of cancer and appear to have diagnostic and
prognostic significance. Dysregulation of miRNAs is associ-
ated with various human diseases, particularly cancer (21). It
has been established that miRNAs regulate various important
cellular processes, including proliferation, cell cycle, differen-
tiation and tumor formation (34).

Previous studies have demonstrated the presence of aber-
rant miRNA expression in human cancer (25), including
RCC (35), a number of which function as tumor suppressor
genes or oncogenes (36). Furthermore, next-generation
sequencing techniques have provided further insights into
the genetic basis of RCC (37). Consequently, the identifica-
tion of novel biomarkers, particularly for patients with RCC
is urgently required. In our previous study, massively parallel
sequencing revealed the downregulation of miR-362-3p in
ccRCC (29). The downregulation of miR-362-3p and its func-
tional analysis in colon cancer cell lines has also suggested
a tumor-suppressing role for miR-362-3p (38). However, the
association between the expression of miR-362-3p and RCC
remains to be elucidated and requires further clarification. The
present study investigated the downregulation of miR-362-3p
in RCC tissues, compared with normal tissues. Based on the
results, it was hypothesized that miR-362-3p may have an
important role as a tumor suppressor in kidney cancer. The
results demonstrated that the ectopic expression of miR-362-3p
caused inhibition of proliferation, invasiveness and migration,
and increased cell apoptosis in the RCC cells. These results
confirmed the anticancer effect of miR-362-3p, and provide
sufficient evidence to support the tumor suppressor role of
miR- 362-3p in RCC (39).

Although the results of the present study demonstrated the
importance of miR-362-3p as a tumor suppressor in RCC, the
precise molecular mechanisms underlying its function remain
to be elucidated. Mature miRNAs regulate the expression of
target genes at the post-transcriptional level via the degrada-
tion of transcripts and inhibition of translation though binding
to the 3'-UTR of target mRNA. To acquire a better under-
standing of the tumor suppressive effects of miR-362-3p in
renal tumor formation, the analysis of miR-362-3p-predicted
targets was performed using the following algorithms:
MiRanda (http://www.microrna.org/microrna/home.
do), PicTar (http://pictar.mdc-berlin.de/) and TargetScan
(http://targetscan.org/). The binding sites of miR-362-3p were
situated on the NLK 3'-UTR, determined using a luciferase
reporter assay. Furthermore, the results of the present study
demonstrated that overexpression of miR-362-3p downregu-
lated the mRNA and protein expression levels of NLK.

NLK is a promutogenic nemo-like kinase, and is a classic
mediator of the Wnt/B-catenin signaling pathway (40). NLK
belongs to the threonine protein kinase super family and is
important in the apoptosis of cancer cells. Previous studies
have also shown that NLK is critical in tumor occurrence
and development, and is therefore becoming the subject
of current studies. For example, studies have revealed that
the expression levels of NLK in cancer tissue samples are
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significantly higher, compared with corresponding normal
tissue samples in hepatocellular carcinoma and ovarian
cancer (41,42). In 2003, Yasuda et al demonstrated that over-
expression of NLK may have targets other than TCF in the
induction of apoptosis in human colon carcinoma cells (43).
In 2009, Emami et al (44) revealed that overexpression of
NLK results in more pronounced induction of apoptosis in
androgen receptor (AR)-expressing LNCaP cells, compared
with AR-negative PC-3 cells. In 2010, Jung er al (45) suggested
that the expression level of NLK in cancer tissue samples are
significantly higher, compared with those in corresponding
normal liver tissue samples in hepatocellular carcinoma, and
also demonstrated that NLK may be involved in promoting the
growth of hepatoma cells via promoting cell cycle progression.
In 2011, Cui et al (46) reported that NLK induces apoptosis in
glioma cells via the activation of caspases, therefore, NLK may
serve as a useful independent prognostic indicator for glioma.
In 2012, Stevens et al (42) demonstrated that the expression
levels of NLK are higher in normal ovarian tissue samples,
compared with ovarian cancer tissue samples. In the present
study, the data showed that miR-362-3p regulated the expres-
sion of NLK by directly binding to its 3'-UTR, suggesting
that miR-362-3p may have tumor suppressive functions by
regulating oncogenic genes in RCC. The overexpression of
miR-362-3p in RCC may lead to the downregulation of NLK,
which subsequently provides a growth and expansion advan-
tage during renal carcinogenesis.

In conclusion, the present study demonstrated that
miR-362-3p was frequently reduced in clinical tissue speci-
mens of RCC. miR-362-3p exerted suppressive effects on
tumor proliferation, migration and invasion by directly or indi-
rectly regulating targeted genes. To the best of our knowledge,
the present study provided the first evidence that miR-362-3P
may act as a tumor suppressor in RCC. These findings may be
pivotal in RCC oncogenesis, and provide evidence supporting
the use of miRNAs as a novel approach for the detection,
prevention and treatment of RCC.
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