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MicroRNA-148b enhances proliferation and apoptosis in
human renal cancer cells via directly targeting MAP3K9
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Abstract. Increasing evidence revealed that miRNAs, the vital
regulators of gene expression, are involved in various cellular
processes, including cell growth, differentiation, apoptosis and
progression. In addition, miRNAS act as oncogenes and/or tumor
suppressors. The present study aimed to verify the potential
roles of miR148b in human renal cancer cells. miR-148b was
found to be downregulated in human renal cancel tissues and
human renal cancer cell lines. Functional studies demonstrated
that plasmid-mediated overexpression of miR-148b promoted
cell proliferation, increased the S-phase population of the cell
cycle and enhanced apoptosis in the 786-O and OS-RC-2 renal
cancer cell lines, while it did not appear to affect the total
number of viable cells according to a Cell Counting Kit-8 assay.
Subsequently, a luciferase reporter assay verified that miR148b
directly targeted mitogen-activated protein kinase (MAPK)
kinase kinase 9 (MAP3K9), an upstream activator of MAPK
kinase/c-Jun N-terminal kinase (JNK) signaling, suppressing
the protein but not the mRNA levels. Furthermore, western
blot analysis indicated that overexpression of miR148b in renal
cancer cells inhibited MAPK/INK signaling by decreasing
the expression of phosphorylated (p)JNK. In addition, over-
expression of MAP3K9 and pJNK was detected in clinical
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renal cell carcinoma specimens compared with that in their
normal adjacent tissues. The present study therefore suggested
that miR-148b exerts an oncogenic function by enhancing the
proliferation and apoptosis of renal cancer cells by inhibiting
the MAPK/INK pathway.

Introduction

Renal cell carcinoma is the most common cause of mortality
among adult kidney cancers and its global incidence has been
increasing by ~3% per year in Ireland (1). Derived from the
renal tubular epithelial cells, clear cell renal cell carcinoma is
the most common pathology sub-type of renal cancer (2). The
prognosis of patients with renal cell carcinoma remains poor
due to limited treatment strategies, and prognostic methods
require to be refined (3). The discovery of novel diagnostic and
prognostic biomarkers for the renal cell carcinoma is required in
order to optimize patient selection for specific treatments.
MicroRNAs (miRNAs/miRs), a class of highly conserved
non-coding and single-stranded RNAs, possess the ability
to regulate gene expression at the post-transcriptional level
by binding primarily to the 3'untranslated region (UTR) of
targeted mRNA. It has been frequently reported that the genesis
and progression of renal cancer is associated with abnormal
miRNA expression (4). Furthermore, miRNAs are potential
tumor biomarkers and are associated with various signaling
pathways, including Von Hippel-Lindau/hypoxia-inducible
factor (5,6), phosphoinositide-3 kinase/Akt/mammalian target
of rapamycin (7), Wnt/Frizzled (8), Hippo (9), mitogen-activated
protein kinase (MAPK) (10,11) and nuclear factor-kB (12), in
renal cancer cells. Among them, MAPKs have important
roles in signal transduction and multiple biological processes,
including cell proliferation, differentiation and survival. The
MAPK family comprises three sub-groups: Extracellular
signal-regulated kinase 1/2, stress-activated protein kinase
(SAPK)/c-Jun N-terminal kinase (JNK) and p38 MAPK (13).
Of note, SAPK/JNK signaling has a dual function by exerting
pro- as well as anti-apoptotic effects, depending on cell type,
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duration of its activation, the nature of the death stimulus and
the activity of other signaling pathways (14).

miR-148b was shown to be downregulated in several types
of human cancer, including breast cancer (15), lung cancer (16),
hepatocellular carcinoma (17), pancreatic cancer (18), gastric
cancer (19) and colorectal cancer (20). However, the role of
miR-148b in renal cell carcinoma as well as the underlying
molecular mechanisms have remained elusive. Therefore, the
present study evaluated the expression of miR-148b in renal
cancer tissues and investigated its roles in the 786-O and
OS-RC-2 renal cancer cell lines. The effects of miR-148b on
the proliferation, viability, apoptosis and cell cycle distribution,
as well as MAPK signaling in renal cancer cells were assessed.
Furthermore, as MAP3K9 acts as an upstream activator of the
MAPK kinase (MKK)/JINK signaling pathway (21), a luciferase
reporter assay was performed in order to investigate whether
MAP3KO9 is a functional target of miR-148b in human renal
cancer cells. The present study revealed that miR-148b exerts an
oncogenic function in human renal cancer cells by enhancing
apoptosis and proliferation through targeting the MAPK/INK
signaling pathway via MAP3KO.

Materials and methods

Clinical specimens. A total of twelve pairs of renal clear cell
carcinoma and adjacent non-cancerous tissues were collected
between November 2013 and April 2014 from 12 patients (age,
68.80+9.7 years; eight men and four women) who were histo-
logically diagnosed with renal clear cell carcinoma and who
did not suffer from other severe diseases or kidney disease,
and who underwent nephrectomy at the West China Hospital
of Sichuan University (Chengdu, China). All specimens were
immediately frozen in liquid nitrogen, ground into powder and
stored at -80°C until RNA and protein extraction. Prior written
informed consent was obtained from the patients with regard
to experimentation on their tissue specimens and the patients'
privacy rights of human subjects were respected. The protocol
of the present study was approved by the ethics committee of the
College of Laboratory Medicine, Chongqing Medical University
(Chongging, China).

Cell culture and transfection. The 786-O and OS-RC-2 human
renal cancer cell lines were obtained from the American Type
Culture Collection (Manassas, VA, USA). Cells were cultured
in RPMI-1640 medium (Gibco; Thermo Fisher Scientific,
Waltham, MA, USA) supplemented with 10% fetal bovine
serum (FBS; Gibco; Thermo Fisher Scientific). The 293T
normal renal cell line was obtained from the Cell Bank of the
Chinese Academy of Sciences (Shanghai, China) and cultured
in Dulbecco's modified Eagle's medium (high glucose; Gibco;
Thermo Fisher Scientific) supplemented with 10% FBS. All
cell lines were cultured at 37°C in a humidified atmosphere
containing 5% CO,.

miR-148b-3p (UCAGUGCAUCACAGAACUUUGU) and
negative control (NC) mimics (scrambled miRNA control) were
synthesized by RiboBio Co. (Guangzhou, China). The miR-148b
mimics (50 nM) or NC mimics (50 nM) was transfected
into 786-0O and OS-RC-2 cells using Lipofectamine® 3000
(Invitrogen; Thermo Fisher Scientific) according to the manu-
facturer's instructions.

Bioinformatics analysis and plasmid construction. All
plasmids and vectors were supplied by the Department of
Laboratory Medicine of the Chongqing Medical University
unless otherwise stated. Target genes of miR-148b were
predicted using the TargetScan prediction software (http:/www.
targetscan.org/). The 3'UTR of human MAP3K9 was identi-
fied to contain a putative target sites for miR-148b (TGC
ACTGA). For dual-luciferase assays, the plasmid containing
the wild-type (WT) target sequence, pCDNA3.1-lucif-
erase-hMAP3K9-3'UTR-WT, was obtained by cloning the
3'-UTR of human MAP3K9 into the BamHI (Thermo Fisher
Scientific) and EcoRI (Thermo Fisher Scientific) sites of the
pCDNA3.1-luciferase vector. The MAP3K9 3'UTR was
amplified from genomic DNA using polymerase chain reac-
tion (PCR) amplification with the following primers: Forward,
5'-CGCGGATCCACAGCCAGCGGAGATGAGG-3' and
reverse, 5-CCGGAATTC CCAAGTCCCAATGTCCAGG-3..
As a negative control, a sequence with a mutation in the
putative miR-148b target site (MUT) was inserted to obtain
the plasmid pCDNA3.1-luciferase-hMAP3K9-3'UTR-MUT.
The target site sequence (TGCACTGA) was replaced with
the MUT sequence (GATCAGTG). For this, the muta-
tion method of homologous recombination was employed
by using the following primers: Forward, 5'-TGAGATC-
CAGCCCTACTTCT GATCAGTGTAATGCACTT-3' (MUT)
and reverse, 5'-CTTCAAAGTGCATTACACTGATCAGAAG
TAGGGCTGGA-3' (MUT).

Dual luciferase reporter assay. To verify the predicted target
genes and the associated signaling pathways of miR-148b,
dual luciferase assays were performed in 293T cells. One day
prior to transfection, 293T cells were cultured in 24-well plates
(Corning-Costar, Corning, NY, USA). As the cells reached
70% confluence, they were co-transfected with 1.25 x1 50 nM
miR-148b mimics/NC mimics together with 0.5 ug target
gene plasmids (pCDNA3.1-luciferase-hMAP3K9-3'UTR-WT
or pCDNA3.I-luciferase-hMAP3K9-3'UTR-MUT) or the
following Wnt/transforming growth factor (TGF)-f/MAPK
signaling pathway reporter plasmids (Agilent Technologies,
Inc., Santa Clara, CA, USA): 0.5 ug TopFlash/0.5 ug (CAGA)
12-LUC/30 ng pFA-EIk1 (activator plasmid) + 0.5 g pFR-Luc
(reporter plasmid) with 2.5 pl Lipofectamine® 3000 as the
transfection agent. Normalization was achieved by co-trans-
fection of 20 ng pRL-SV40 plasmid per well. Following
48 h of incubation, Renilla and Firefly luciferase activities
were measured using a Dual-Luciferase Reporter Assay kit
(cat. no. E1910; Promega Corp., Madison, WI, USA) according
to the manufacturer's instructions.

Reverse-transcription quantitative (RT-q)PCR. Following
tissue homogenization, total RNA was extracted from trans-
fected or untransfected cells using TRIzol reagent (Thermo
Fisher Scientific). For the detection of MAP3K9, RT was
performed using the RevertAid First Strand cDNA Synthesis
kit (Thermo Fisher Scientific) according to the manufac-
turer's instructions. The mRNA levels were detected using
the SYBR-Green qRT-PCR kit (Takara Bio Inc., Otsu, Japan)
with the following primers: MAP3K9 sense, 5'-TTCCCC
AGCAACTACGTGAC-3' and anti-sense, 5"TCTAACAAC
TGAATGGGCGGG-3"; miR-148b sense, 5'-CACGTCTCA
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Figure 1. miR-148b expression in clinical samples and cell lines. (A) miR-148b expression levels in normal vs. tumor tissues from 12 patients with renal clear
cell carcinoma. Each data-point represents the result for one patient, horizontal lines indicate the mean value and error bars represent the SD. "P<0.05 vs.
normal tissues. (B) miR-148b expression levels in the 293T normal renal cell line and the 786-0 and OS-RC-2 renal cancer cell lines. Values are expressed as
the mean = SD. "P<0.05, “P<0.01 vs. 293T cells. miR, microRNA; SD, standard deviation; Ct, cycle threshold.

GTGCATCACAGA-3' and anti-sense, 5-GTGCAGGGTCCG
AGGT-3". The levels of MAP3K9 mRNA were normalized
to 18S (sense, GTAACCCGTTGAACCCCATT; antisense,
CCATCCAATCGGTAGTAGCG; Invitrogen; Thermo Fisher
Scientific) and the expression of miR-148b was normal-
ized to U6 (sense, CTCGCTTCGGCAGCACA; antisense,
AACGCTTCACGAATTTGCGT,; Invitrogen; Thermo Fisher
Scientific) using the AACt method (22). PCR was conducted using
aCFX96™ Real-Time PCR system (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA) with a PCR mix containing cDNA template
primers, SYBR® Premix Ex Taq reagent (Takara Bio Inc.,), and
diethylpyrocarbonate-treated water (Takara Bio Inc.). The
following thermocycling conditions were used: 94°C for 10 sec
followed by 40 cycles of 94°C for 10 sec, 60°C for 20 sec and
72°C for 10 sec.

Western blot analysis. Protein was extracted from 786-O
and OS-RC-2 cells using radioimmunoprecipitation assay
lysis buffer (Beyotime Biotechnology Company, Haimen,
China). Total protein was quantified using NanoDrop 2000
(Thermo Fisher Scientific). Equal amounts (100 ug) of protein
from each extract were separated by a 12% SDS-PAGE
and then electrotransferred onto a polyvinylidene difluo-
ride membrane for 1 h at 300 mA. After blocking with 5%
non-fat milk in Tris-buffered saline containing Tween 20 for
1 h at room temperature, blots were incubated with phospho
(p)-SAPK/INK (Thr183/Tyr185) rabbit monoclonal antibody
(1:1,000 dilution; cat no. 4671; Cell Signaling Technology,
Inc., Danvers, MA, USA), anti-MAP3K9 rabbit polyclonal
antibody (1:500 dilution; cat no. bs-10424R; Bioss, Shanghai,
China) or anti-f3-tubulin mouse monoclonal antibody (1:1,000
dilution; cat no. HC101; Transgen, Beijing, China) overnight at
4°C. Following incubation with the corresponding secondary
antibody, horseradish peroxidase-conjugated goat anti-mouse
immunoglobulin (Ig)G (1:2,000 dilution; cat. no. SA00001-1;
Proteintech, Chicago, IL, USA) or goat anti-rabbit IgG (1:2,000
dilution; cat. no. SAO0001-2; Proteintech), respectively, at room
temperature for 1 h, the protein bands were visualized using
an Immobilon Western Chemiluminescent HRP Substrate kit
(cat. no. WBKLSO0100; Millipore, Billerica, MA, USA) and
a ChemiDoc XRS* Imaging system (Bio-Rad Laboratories,
Inc.). Grey value analysis of protein bands was performed
for quantification of the protein levels using ImageJ software
version 1 (National Institutes of Health, Bethesda, MD, USA).

Cell counting kit-8 (CCK-8) assay. 786-O and OS-RC-2
cells (2x10* cells per well) were seeded onto 96-well plates.
After 24 h of incubation, 786-O and OS-RC-2 cells were
co-transfected with miR-148b mimics or control mimics.
At 48 h after transfection, the proliferation of 786-O and
OS-RC-2 cells was determined using the CCK-8 (Beyotime
Institute of Biotechnology) with 10 1 CCK-8 stain added per
well according to the manufacturer's instructions. The appa-
ratus used for colorimetric analysis was the Bio-Tek Synergy 2
microplate reader (Bio-Tek Instruments, Inc., Winooski, VT,
USA), at a wavelength of 450 nm.

5-Ethynyl-2'-deoxyuridine (EdU) assay. The EdU assay, which
is based on the determination of DNA replication activity (23),
was used to quantify cell proliferation in the present study.
786-0 and OS-RC-2 cells (1x10° cells per well) were seeded
onto 24-well plates. After 24 h of incubation, 786-O and
OS-RC-2 cells were co-transfected with miR-148b mimics or
control mimics. At 48 h after transfection, the proliferation of
786-0 and OS-RC-2 cells was determined using the EQU DNA
Proliferation Detection kit (RiboBio) according to the manu-
facturer's instructions and DAPI reagent (Sangon Biotech Co.,
Ltd., Shanghai, China). The nuclei were photographed using
fluorescence microscopy (Eclipse TE300; Nikon, Melville,
NY, USA).

Cell cycle analysis. 786-O and OS-RC-2 cells (5x10° cells per
well) were seeded into six-well plates. Following complete
attachment, cells were transfected with miR-148b mimics or
NC mimics. After 48 h, cells were harvested, washed three
times with cold phosphate-buffered saline and fixed in cold
75% ethanol for at least 8 h at 4°C. Cells were then treated with
RNase A (Sangon Biotech Co., Ltd.) and stained with prop-
idium iodide (PI; Sangon Biotech Co., Ltd.) followed by flow
cytometric analysis using a FACSVantage SE flow cytometer
(BD Biosciences, Franklin Lakes, NJ, USA).

Apoptosis assay. The FITC Annexin V Apoptosis Detection
kit I (BD Pharmingen, Franklin Lakes, NJ, USA) was used
for determination of apoptotic rates. 786-O and OS-RC-2 cells
(5x10° cells per well) were seeded into six-well plates. Following
complete attachment, cells were transfected with miR-148b
mimics (50 nM) or NC mimics (50 nM). After 48 h of incuba-
tion, cells were harvested, re-suspended in 1X binding buffer
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Figure 2. Overexpression of miR-148b does not significantly affect the total number of viable renal cancer cells. (A) miR-148b expression levels in 786-0 and
OS-RC-2 cells at 48 h after transfection with miR-148b-3p mimics (miR-148b) or NC mimics (miR-NC). miR-148b expression was normalized to U6 expres-
sion. (B) The total number of viable 786-0 and OS-RC-2 cells at 48 h after transfection with miR-148b or NC mimics was assessed using the Cell Counting
Kit-8 assay. Values are expressed as the mean + standard deviation. NC, negative control; miR, microRNA.
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Figure 3. Ectopic expression of miR-148b induces proliferation and increases the S-phase population of the cell cycle in renal cancer cell lines. (A) Proliferation
of 786-0 and OS-RC-2 cells at 48 h after transfection with miR-148b or NC mimics was analyzed using the EAU assay with visualization by fluorescent
microscopy (magnification, x400; scale bar, 50 ym; red, EdU; blue, DAPI). Images are representative of three independent experiments. (B) The percentage
of EdU-positive cells was quantified. “P<0.01, ""P<0.001 vs blank/miR-NC groups. (C and D) Cell cycle distribution of 786-0 and OS-RC-2 cells at 48 h after
transfection with miR-148b or NC mimics. The blank group was treated with transfection regent and distilled water at the same volume. Values are expressed
as the mean + standard deviation. EdU, 5-ethynyl-2'-deoxyuridine; NC, negative control; miR, microRNA.

and incubated with 5 ul of fluorescein isothiocyanate-conjugated
Annexin V and 5 pl PI for 15 min at 25°C in the dark. Flow
cytometric analysis was performed within 1 h.

Statistical analysis. All statistical analyses were performed
using Graphpad Prism 5 software (GraphPad Inc., La Jolla, CA,
USA). All quantitative values are expressed as the mean + stan-
dard deviation. One-way analysis of variance was performed for
comparisons between groups. All other results are representa-
tive of three independent experiments. P<0.05 was considered
to indicate a statistically significant difference between values.

Results

miR-148b is downregulated in renal cancer tissues and renal
cancer cell lines. To determine the potential significance of
miR-148b in renal cancer, the present study determined the
expression levels of miR-148b in renal cancer tissues and cell
lines. RT-qPCR analysis revealed that miR-148b was down-
regulated in 12 renal cancer tissues compared with that in their
paired adjacent non-tumorous tissues (Fig. 1A), as well as in
the 786-0 and OS-RC-2 renal cancer cell lines compared with
that in the 293T normal renal cell line (Fig. 1B). These results
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Figure 4. Ectopic expression of miR-148b induces apoptosis in renal cancer cell lines. (A) Analysis of apoptosis of 786-0 and OS-RC-2 cells at 48 h after transfec-
tion with miR-148b or NC mimics by PI and Annexin V double staining and flow cytometric detection. Dot plots shown are representatives of three independent
experiments. (B) Early apoptotic rates obtained by quantification of A. Values are expressed as the mean + standard deviation. “P<0.01; “"P<0.001 vs. blank/NC
groups. NC, negative control; miR, microRNA; PI, propidium iodide.
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suggested that miR148b was downregulated in renal cancer
tissues and renal cancer cell lines.

Overexpression of miR-148b does not affect the total number
of viable renal cancer cells. To explore the effects of miR-148b
in renal cell carcinoma, 786-O and OS-RC-2 cells were trans-
fected with miR-148b mimics or negative control mimics and
following 48 h, cell viability was assessed using the CCK-8
kit. As shown in Fig. 2A, miR-148b expression was signifi-
cantly increased at 48 h post-transfection of miR-148b mimics
However, no significant effect of miR-148b transfection on the
number of viable cells was observed (Fig. 2B). These results
suggested that overexpression of miR-148b had no effect on
the total number of viable renal cancer cells.

Overexpression of miR-148b promotes proliferation of renal
cancer cells. To examine effect of miR-148b on renal cancer
cell proliferation, cells were stained with by EQU and DAPI at
48 h post-transfection with miR-148b and evaluated by fluores-
cence microscopy. As demonstrated in Fig. 3A, overexpression
of miR-148b significantly promoted DNA replication activity
in 786-0 and OS-RC-2 cells. Furthermore, cell cycle analysis
illustrated that the cell population in GO/G1 phase cells
was decreased, that in S-phase was significantly increased
in 786-0O and OS-RC-2 cells at 48 h after transfection with
miR-148b mimics (Fig. 3B). These results indicated that the
DNA replication activity of renal cancer cells was enhanced
by miR148b, and that the percentage of cells undergoing DNA
synthesis in S-phase was increased. These results led to the
conclusion that overexpression of miR-148b promoted the
proliferation of 786-O and OS-RC-2 cells.

miR148b enhances the apoptotic rate of renal cancer cells.
To estimate whether miR148b can affect the apoptosis of
renal cancer cells, Annexin V/PI double staining and flow

cytometric analysis were performed. It was revealed that
miR148b enhanced the apoptotic rate of renal cancer cells
(Fig. 4A and B). While miR-148b promoted cell proliferation,
it also enhanced the apoptotic rate of 786-O and OS-RC-2,
while the total number of viable cells was retained.

miR-148b inhibits MAPK/JNK signaling by directly targeting
MAP3K9 in renal cancer cells. To identify the signaling
pathway via which miR-148b exerts its effects in renal cell
carcinoma, the present study performed a luciferase reporter
assay, which included reporter plasmids for Wnt, TGF-f3
and MAPK. The results indicated that the MAPK signaling
pathway was regulated by miR-148b (Fig. 5A). To identify
which gene upstream of the MAPK signaling pathway was
regulated by miR-148b, TargetScan, which is a bioinfor-
matics tool for miRNA target screening, was used to. The
3'UTR of human MAP3K9, which is an upstream activator
of the MAPK/INK signaling pathway, was shown to contain
a putative target site for miR-148b, which is highly conserved
across species (Fig. 5B). To experimentally verify that
MAP3KD is a direct target of miR-148b, a luciferase assay
was performed in 293T cells, which revealed a significant
decrease in luciferase expression in the group co-transfected
with the wild-type 3'UTR-containing reporter plasmid and
miR-148b mimics, while the mutation in the putative binding
site in the 3'UTR of MAP3K9 prevented the inhibitory effects
of miR-148b on luciferase expression (Fig. 5C). This result
demonstrated that miR-148b directly bound to the 3'UTR of
MAP3KO9. Furthermore, western blot analysis revealed that
overexpression of miR-148b markedly decreased the protein
expression of MAP3K9 in renal cancer cells (Fig. 5D), while
the mRNA levels were not affected according to RT-qPCR
(Fig. 5E).

To further elucidate the mechanism by which miR-148
affects the MAPK pathway, the present study examined the
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protein expression of p-SAPK/JINK, which is a downstream
signaling protein of MAP3KO, at 48 h after transfection with
miR-148b mimics. As shown in Fig. 6A, the phosphoryla-
tion level of JNK was significantly decreased by miR-148b.
These results indicated that miR-148b regulates MAPK/INK
signaling via MAP3K9 post-transcriptionally.

miR-148b is upregulated, while MAP3K9 and pJNK are down-
regulated in renal cancer tissues. The present study evaluated
the expression of miR148b, MAP3K9 and pJNK in tissues
from five patients with renal cancer, revealing that miR148b
was upregulated in these renal cancer tissues compared with
that in their paired adjacent non-tumorous tissues, while
MAP3K9 and pJNK were downregulated (Fig. 6B). These
results indicated an inverse correlation between miR-148b and
MAP3KD9 and a positive correlation between the expression of
MAP3K9 and JNK.

Discussion

Tumorigenesis is a complex process which is frequently accom-
panied with the aberrant expression of miRNAs. miRNAs
may serve as diagnostic tumor biomarkers, indicators of
tumor prognosis and targets for therapy (24). Downregulation
of miR-148b has been identified in various types of human
cancer and is therefore considered to be a tumor-suppressive
miRNA (15-20). miR-148b was demonstrated to inhibit cell
proliferation and invasion, suppress the progression of cancer
and to induce apoptosis. However, the potential function
of miR-148b in human renal cell carcinoma has remained
elusive. The present study detected miR-148b in renal cancer
tissues and cell lines and assessed the effects of miR-148b in
the 786-O and OS-RC-2 renal cancer cell lines as well as the
underlying mechanisms.

The present study revealed that miR-148b was signifi-
cantly downregulated in renal cell carcinoma; furthermore,
overexpression of miR-148b enhanced the proliferation
and apoptosis of renal cancer cells, while not affecting the
total number of viable cells. It was therefore indicated that
following 48 h of transfection, miR-148b mimics enhanced
the proliferation and apoptosis of renal cancer cell growth to a
similar extent. Furthermore, the present study confirmed that
miR-148b exerts effects via inhibiting the MAPK signaling
pathway in renal cancer cells with the upstream MAP3K9
being the direct target of miR-148b as indicated by a lucif-
erase reporter assay, RT-qPCR and western blot analysis.
MAP3KO, also known as MLK1, is an essential component
of the MAPK/JNK signal transduction pathway (25); once
activated, MAP3K9 acts as an upstream activator of the
MKK/JNK signal transduction cascade through phosphory-
lating MAP2K4/MKK4 and MAP2K7/MKK?7, which in
turn activates the JNKs (26). It was previously reported that
MLK1/MLK?2 deficiency did not impair kidney development
and function, and extensive functional redundancy between
MLKI1/MLK?2 and MLK3 was present (27). The present
study indicated that miR-148b inhibited JNK activation by
targeting MLK1. JNK signaling represents a double-edged
sword in the malignant transformation and tumorigenesis of
cells, as it exerts either pro- or anti-apoptotic effects (28). The
present study demonstrated that miR-148b targeted MAP3K9

and simultaneously increases apoptosis as well as proliferation
and associated DNA synthesis, thereby indicating that miR-148b
has an oncogenic function by upregulating a variety of cellular
processes, while keeping the number of viable cells in a
balance. This result may enhance the current understanding of
miRNA-dependent regulation of gene expression in regulating
proliferation and apoptosis in renal cancer. However, the present
study only assessed the effects of miR-148b upregulation in
renal cancer cells at 48 h following transfection; further evalua-
tion is required in order to reveal the time-dependent effects of
miR-148b on proliferation and apoptosis as well as MAPK/INK
signaling in renal cancer cells. In human renal cancer cells, INK
may have complex roles and crosstalk with other pathways may
exist, and the exact mechanisms require further elucidation.

In addition, the present study revealed that detected that
miR-148b was overexpressed in renal cancer tissues, while
MAP3K9 and pJNK levels were downregulated compared to
those in normal adjacent tissues. An inverse correlation between
the expression of miR-148b and MAP3K9, and a positive corre-
lation between the expression of MAP3K9 and JNK activation
was indicated.

In conclusion, the present study revealed that miR-148b
was upregulated in renal cancer cells and upregulates prolif-
eration and apoptosis. miR-148b significantly decreased the
GO0/G1-phase population and increased the S-phase population
and enhanced DNA synthesis in renal cancer cells. miR-148b
was revealed to directly target the 3'UTR of MAP3K9, which
inhibits the JNK pathway. The present study demonstrated
that miR-148b exerts an oncogenic function in human renal
cancer and revealed the underlying mechanisms of its stimu-
latory effects on proliferation and apoptosis by inhibiting the
MAPK/JNK pathway. miR-148b may be involved in the
progression of renal cancer and represents a potential biomarker
and target for the treatment of renal cancer. To assess the prog-
nostic value of miR-148b, future studies will focus on detecting
the variety of changes occurring to cellular processes following
knockdown of miR-148b expression, or on examining the JNK
signaling pathway using an inhibitor to investigate the biological
mechanisms underlying renal cancer cell function.
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