
Abstract. – OBJECTIVE: MicroRNAs (miR-
NAs) function as negative regulators for the ex-
pression of genes involved in cancer metastasis.
The aim of this study was to investigate the po-
tential role of miR-98 in gliomas and validate its
regulatory mechanism.

PATIENTS AND METHODS: Cell viability as-
says are used to measure proliferation of cell.
mRNA expression is measured by qRT-PCR.
Western blot analysis is used to measure protein
expression.

RESULTS: Functional studies showed that
miR-98 overexpression inhibited glioma migra-
tion and invasion, but had no effect on the cell
viability. An enhanced green fluorescent protein
reporter assay, quantitative RT-PCR, and a west-
ern blot analysis confirmed that miR-98 sup-
pressed the expression of IκκB kinase (IKKεε) by
directly targeting its 3′′-untranslated region, also,
the NF-κκB p65 nuclear translocation and matrix
metalloproteinase (MMP)-9 expression were sig-
nificantly arrested in glioma cells treated with
miR-98 mimics. Accordingly, the overexpression
of IKKεε or NF-κκB p65 can restore cell migration
and invasion after being inhibited by miR-98, and
can restore NF-κκB p65 nuclear translocation as
well as increase MMP-9 expression.

CONCLUSIONS: These findings demonstrated
that miR-98 functions as a tumor suppressor in
gliomas. Furthermore, miR-98 may act as a po-
tential therapeutic biomarker for glioma patients.
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Introduction

Glioma is the most common and lethal type of
intracranial tumor in adults1. Despite major thera-
peutic improvements based on combinations of
neurosurgery, chemotherapy, and radiotherapy
techniques, the prognosis and survival rate of
glioma patients are still extremely poor2, espe-
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cially for the glioblastoma multiforme patients
(GBM, World Health Organization grade IV as-
trocytoma). The median survival time is only 12-
15 months for patients with GBM3. The poor
prognosis in glioma patients is largely attributed
to its invasiveness and high rate of recurrence4.
Therefore, it is essential to investigate the mecha-
nisms involved in glioma initiation and progres-
sion.
MicroRNAs (miRNAs) are a family of small

non-coding, endogenous, single RNA molecules
that play important roles in gene expression by
binding to the 3′-untranslated regions (3′-UTRs)
of target gene mRNA, leading to mRNA cleav-
age or translational repression5. They have a pro-
found impact on many processes that are fre-
quently disrupted during malignant transforma-
tion, including cell proliferation, apoptosis, stress
responses, maintenance of stem cell potency, and
metabolism6. To date, approximately 60% of pro-
tein-coding genes have been found to be regulat-
ed by miRNAs7. Approximately 50% of miRNAs
are located in fragile sites or cancer-related gene
regions8, suggesting that abnormal miRNA ex-
pression is related to cancer pathogenesis. For in-
stance, miR-324 inhibits glioma cell proliferation
via GLI1, functioning as a tumor suppressor9.
Additionally, miR-221 promotes the tumorigene-
sis of hepatocellular carcinoma in vitro and in vi-
vo10,11. Recently, researchers have discovered that
miR-98 is dysregulated in many tumors, such as
lung cancer12, breast cancer13, and esophageal
squamous cell carcinoma14. However, little is
known about the role of miR-98, especially its
regulatory mechanism in glioma cells.
In the present study, we found that miR-98

plays an anti-invasion role by inhibiting glioma
cell migration and invasion. Furthermore, we de-
termined that the IκB kinase IKKε is a direct tar-
get of miR-98 in glioma cells.
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No. of cases

Characteristics N (%)

Gender
Male 29 (54.7)
Female 24 (45.3)

Age (years)
≤ 50 31 (58.5)
> 50 22 (41.5)

Body mass index
< 20 10 (18.9)
20-28 37 (69.8)
> 28 6 (11.3)

Family history
Positive 7 (13.2)
Negative 46 (86.8)

Smoking
Positive 33 (62.3)
Negative 20 (37.7)

Drinking
Positive 29 (54.7)
Negative 24 (45.3)

WHO grade
I/II 23 (43.4)
III/IV 30 (56.6)

Table I. Distributions of characteristics among glioma pa-
tients (n = 53) included in the study.
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Collection (Manassas, VA, USA). The cells were
cultured in Dulbecco’s modified Eagle’s medium
(DMEM; Gibco, Carlsbad, CA, USA) containing
10% fetal bovine serum (Invitrogen, Carlsbad,
CA, USA) at 37°C and 5% CO2.

Cell Transfection
The miR-98 mimics and their negative con-

trols, pcDNA3/IKKε, pcDNA3/NF-κB p65, and
control vector were purchased from RiboBio
Company (Guangzhou, China). Transfection was
performed using LipofectamineTM 2000 (Invitro-
gen) according to the manufacturer’s protocol. At
48 h after transfection, the cells were harvested
for subsequent experiments.

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR) Assay
Total RNA was extracted from glioma tumor

tissue, adjacent normal tissue, and glioma cell
lines using the Trizol Total RNA Reagent (Invitro-
gen, Carlsbad, CA, USA). Complementary DNA
(cDNA) synthesis was performed with 2 µg of to-
tal RNA using the RevertAid™ HMinus First
Strand cDNA Synthesis Kit (Takara, Otsu, Shiga,
Japan). The miR-98 primers were obtained from
RiboBio Company, and RNU6B (U6 small nu-
clear B non-coding RNA) was used as an internal
control. The U6 RT primer sequence was 5′-
GTCGTATCCAGTGCAGGGTCCGAG-
GTATTCGCACTGGATACGACAAAATATG-
GAAC-3′. The IKKε primer sequences were as
follows: forward primer 5′-TGCGTGCAGAAG-
TATCAAGC-3′ and reverse primer 5′-
TACAGCAGCCACAGAACAG-3′. The matrix
metalloproteinase-9 (MMP-9) primer sequences
were as follows: forward primer 5’-TTGGTC-
CACCTGGTTCAACT-3′ and reverse primer 5′-
ACGACGTCTTCCAGTACCGA-3′. Quantitative
PCR was performed using the SYBR Prime-
Script RT-PCR Kit (Takara) using the Applied
Biosystems 7300 Fluorescent Quantitative PCR
System (Foster City, CA, USA). The reaction
mixtures were incubated at 95°C for 30 s, fol-
lowed by 40 amplification cycles of 95°C for 5 s
and 60°C for 34 s. Gene expression was quanti-
fied using the ∆∆CT calculation where CT was the
threshold cycle. 

Cell Viability Assays 
Transfected cells were plated on a 96-well

plate at a density of 2,000 cells per well. At 48h
after the transfection, 20 µl of MTT [3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

Patients and Methods 

Patients
Patients with glioma (n = 53) who underwent an

initial surgery at The Second Affiliated Hospital of
Nanchang University between 2010 and 2013 were
retrospectively selected for this study. No patients
had received therapy before resection. The normal
brain tissues (n = 10) were obtained from epileptic
resections. Each patient participated after provid-
ing informed consent and the use of the samples
for research was approved by the Medical Ethics
Committee of The Second Affiliated Hospital of
Nanchang University. All tumors were classified
based on the WHO criteria for tumors of the cen-
tral nervous system and were quick frozen at the
time of resection until analysis. The study consist-
ed of 23 low-grade astrocytoma (WHO grade II)
samples and 30 high-grade samples [including 11
cases of anaplastic astrocytoma (WHO grade III)
and 19 cases of glioblastoma multiforme (WHO
grade IV)]. The clinical characteristics of the
glioma patients are listed in Table I.

Cancer Cell Lines
The human glioma cell lines U87 and U251

were purchased from the American Type Culture
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bromide] was added to each well and incubated
for 4 h at 37°C in a CO2 incubator. Dimethyl sul-
foxide (DMSO) (200 µl) was added to each well
and the optical density was measured at 570 nm.
The data are presented as means ± SD from trip-
licate samples of three independent experiments.

Transwell Invasion Assays
The migration and invasion assays were per-

formed using a Transwell chamber (Millipore,
Billerica, MA, USA). For the migration assay,
the transfected cells were seeded in the upper
chamber with serum-free medium (1 × 105 cells),
and the lower chamber contained Dulbecco’s
Modified Eagle Medium (DMEM) supplemented
with 10% fetal bovine serum. For the invasion
assay, the chamber was coated with Matrigel. Af-
ter 24 h of cell migration or invasion, the cells
were fixed and stained with hematoxylin and
eosin. The invading cells were photographed un-
der a microscope and the cell numbers were
counted.

Wound Healing Assays
U87 and U251 cells were seeded in 6-well plates

(2 × 105 cells/well). At 48 h after transfection
(~90% confluency), a wound area was carefully
created by scraping the cell monolayer with a sterile
10 µl pipette tip, washed with phosphate-buffered
saline (PBS) to remove detached cells, and supple-
mented with fresh growth media. Cells were then
incubated at 37°C and the width of the wound area
was monitored with an inverted microscope at vari-
ous time points. The normalized wound area was
calculated using TScratch software.

Enhanced Green Fluorescent 
Protein Reporter Assay
The IKKε 3′-UTR was amplified and inserted

in the downstream region of the pcDNA3/EGFP
vector. The mutant IKKε 3′-UTR was amplified
using the pcDNA3/EGFP-IKKε 3′-UTR as a tem-
plate. The cells were co-transfected with miR-98
mimics and the wild-type or mutant IKKε 3′-
UTR, and the construct expressing the fluores-
cent protein was used as the spiked-in control. At
48 h after transfection, the cells were lysed with
RIPA buffer and the fluorescence intensity was
measured using an ELX800 microplate reader.

Western Blot Analysis
The cells were harvested at 48 h after transfec-

tion and lysed with RIPA buffer for 30 min at
4°C. Nuclear NF-κB p65 protein sub-fractions

were prepared using a commercial extraction kit
(Active Motif, Tokyo, Japan) according to the
manufacturer‘s instructions. The protein concen-
tration was determined using a BCA Protein As-
say Kit (Pierce, Rockford, IL, USA). The protein
(20 µg) was analyzed by 15% sodium dodecyl
sulfate polyacrylamide gel electrophoresis. The
first antibodies were polyclonal rabbit anti-IKKε
(1:800 dilutions; Cell Signaling Technology,
Beverly, MA, USA), anti-NF-κB p65 antibody
(1:1000 dilution; Boster, Wuhan, China), and an-
ti-β-actin antibody (1:5000 dilution; Abcam, San
Francisco, CA, USA). The secondary antibody
was goat anti-rabbit IgG conjugated with horse-
radish peroxidase at a dilution of 1:1000. The
bound antibodies were detected using the En-
hanced Chemiluminescence Plus Western Blot-
ting Detection System (GE Healthcare, Bethesda,
MD, USA). β-actin was used as an internal con-
trol to normalize IKKε and MMP-9 expression
levels. Histone H3 was used as a marker for the
nuclear loading control.

Statistical Analysis
All statistical analyses were implemented in

the SPSS 20.0 statistical software package. All
data are presented as means ± standard devia-
tions (SD) and the experiments were repeated
three times. All data were statistically analyzed
using a one-way analysis of variance with a Bon-
ferroni correction. Bivariate correlations were
calculated based on Spearman’s rank correlation
coefficients. A p-value < 0.05 was considered
statistically significant.

Results

Significant Differences in miRNA-98,
IKKεε, and NF-κκB P65 Expression 
Between Resected Glioma Tissues and
Normal Brain Tissues
We examined the expression of miRNA-98 by

quantitative RT-PCR and that of IKKε and NF-κB
P65 by western blot analyses using resected
glioma tissues and normal brain tissues. We de-
tected relationships among these factors. Consis-
tent with the results of previous reports, we found
a significant decrease in miRNA-98 expression
(Figure 1A, F = 381.1; p < 0.0001) and significant
increases in IKKε (Figure 1B, F = 88.88; p <
0.0001) and NF-κB P65 (Figure 1C, F = 138.9; p
< 0.0001) expression in the resected glioma tis-
sues compared with normal brain tissues.
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Strong Correlations Between miRNA-98,
IKKεε, and NF-κκB P65 were Detected in
the Resected Glioma Tissues
We examined the causal link between miRNA-

98, IKKε, and NF-κB P65 expression levels,
which may be positively correlated with cancer
invasiveness. We performed correlation tests to
examine the relative miRNA-98, IKKε, and NF-
κB P65 expression levels in resected glioma tis-
sue samples obtained from 53 patients. Strong
negative correlations were detected between
miRNA-98 and IKKε expression (Figure 1D, R2

= 0.7223; p < 0.001) and between miRNA-98
and NF-κB P65 expression (Figure 1E, R2 =
0.6337; p < 0.001), while a strong positive corre-
lation was detected between IKKε and NF-κB
P65 expression (Figure 1F, R2 = 0.6123; p <
0.001), suggesting that NF-κB P65 levels are
positively affected by IKKε activation and nega-
tively controlled by miRNA-98 in gliomas.

IKKεεWas a Direct Target of miR-98 in
U87 and U251 Cells 
We extended our test to one human glial cell

line and two human glioma cell lines. These cell
lines showed much lower miR-98 expression lev-
els and higher IKKε expression levels than those

of control human glial cells (Figure 2A-2B). In
addition, three bioinformatics tools, TargetScan,
miRanda, and miRwalk, were used to predict the
miR-98 target genes that mediated the anti-
metastatic effects of miR-98 in U87 and U251
cells. Considering the functions of potential tar-
get gene and miR-98 binding sites, IKKε was
identified as a candidate target. To confirm the
direct binding sites of IKKε and miR-98, we con-
structed an enhanced green fluorescent protein
(EGFP) reporter gene with the IKKε 3′-UTR and
the mutant IKKε 3′-UTR. The sequences are
shown in Figure 2C. We performed an EGFP re-
porter assay to detect the effects of miR-98 on
GFP intensity controlled by the IKKε 3′-UTR or
mutant 3′-UTR. We found that miR-98 reduced
IKKε expression intensity by approximately 40%
(Figure 2D), but had no effect on the mutant
IKKε 3′-UTR (Figure 2E). Overall, these results
indicate that miR-98 suppresses IKKε expression
via direct binding to its 3′-UTR.

miRNA-98 Overexpression Inhibits 
Cell Migration and Invasion
n U87 and U251 Cells
We transfected U87 and U251 cells with miR-

98 mimics or negative controls to investigate the
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Figure 1. miRNA-98 levels were negatively correlated with IKKε and NF-κB P65 levels in patient gliomas. A,-C, Examination
of miRNA-98 levels by quantitative RT-PCR (A) and IKKε (B) and NF-κB p65 levels (C) by western blots for resected glioma tis-
sues and normal brain tissues. D,-F, Correlation tests for miRNA-98, IKKε, and NF-κB P65 levels in the resected glioma tissues
from 53 patients. D, A strong negative correlation was detected between miRNA-98 and IKKε expression (R2 = 0.7223; p <
0.001). E,A strong negative correlation was detected between miRNA-98 and NF-κB P65 expression (R2 = 0.6337; p < 0.001). F,
A strong positive correlation was detected between IKKε and NF-κB P65 expression (R2 = 0.6123; p < 0.001).



function of miR-98. The expression of miR-98
was analyzed by quantitative RT-PCR. The cells
transfected with miR-98 mimics had a higher
miR-98 expression level compared to the cells
transfected with negative controls (Figure 3A).
Based on the MTT assay, miR-98 overexpression
had no effect on cell growth in U87 or U251
cells. Furthermore, we compared the invasion
abilities of the transfected cells. As shown in Fig-
ure 3B, miR-98 overexpression reduced the num-
ber of invading cells by about 50% in U87 and
U251 cells compared with the negative controls
based on Transwell assays. Consistent with the
cell invasion results, cell migration was also in-
hibited by miR-98 in U87 and U251 cells based

on wound healing assays (Figure 3C). Since mi-
gration and invasion are two essential aspects for
cancer cell metastasis, these data suggested that
miR-98 plays an important role in inhibiting
glioma metastasis.

miR-98 Inhibits IKKεε Expression 
To determine if the expression of IKKε is reg-

ulated by miR-98, we performed quantitative RT-
PCR and western blot analyses in miR-98 mim-
ic- or control-transfected U87 and U251 cells. As
shown in Figure 4A-4B, miR-98 overexpression
suppressed IKKε expression at both the mRNA
and protein levels compared with the controls.
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Figure 2. MiR-98 inhibits IKKε expression by directly targeting its 3′-UTR. A, Decreased expression of miR-98 was exam-
ined by quantitative RT-PCR in glioma cells compared to expression in the human glial cell line HEB. B, Increased expression
of IKKε was examined by quantitative RT-PCR in glioma cells compared to expression in the human glial cell line HEB. C,
The predicted miR-98 binding site within the IKKε 3′-UTR and its mutated version by site mutagenesis are shown. D,-E, Cells
were co-transfected with miR-98 mimics and wild-type or mutant IKKε 3′-UTR, and the GFP intensity was measured by the
EGFP reporter assay. *p < 0.05, **p < 0.01.
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Overexpression of miR-98 Impairs 
Nuclear Translocation of NF-κκB and 
Affects its Downstream targets
To determine whether the overexpression of

miR-98 affects constitutive NF-κB activity in
glioma cells, we analyzed the expression of NF-
κB p65 in total cells and nuclear extracts of
transfected cells by western blot analyses. As
shown in Figure 4D, nuclear translocation of the
NF-κB p65 protein was markedly lower in both
U87 and U251 cells treated with miR-98 mim-
ics than in control cells. However, total cell NF-
κB p65 protein expression for both U87 and
U251 did not differ between miR-98-treated and
control cells (Figure 4A). These results indicat-
ed that increased miR-98 impairs NF-κB p65
nuclear translocation, and does not reduce the
overall quantity of NF-κB.
Overexpression of miR-98 in glioma cells re-

duced expression of the NF-κB target gene
MMP-9 at the mRNA (Figure 4C) and protein
levels (Figure 4A). Our results demonstrated
that miR-98 modulates the expression of NF-κB
target genes by impairing NF-κB p65 nuclear
translocation. Since the target gene MMP-9 has

an important role in promoting cancer cell
metastasis, these data also suggested that miR-
98 plays an important role in inhibiting glioma
metastasis.

IKKεε Overexpression Rescues Cell 
Migration and Invasion in U87 and
U251 Cells Inhibited by miR-98
To clarify the important role of miR-98 in the

inhibition of cell migration and invasion via the
regulation of Ikkε, as opposed to other genes,
we performed a rescue experiment by co-trans-
fecting cells with miR-98 mimics and pcD-
NA3/IKKε. IKKε was overexpressed in pcD-
NA3/IKKε-transfected cells based on quantita-
tive RT-PCR and western blots (Figure 5A-5B).
In addition, we found that IKKε restored cell
migration and invasion abilities that were re-
duced by miR-98 mimics (Figure 6A-6B). Our
results suggested that IKKε plays an important
role in glioma metastasis reduction, and miR-98
overexpression inhibits cell migration and inva-
sion in U87 and U251 cells via reduced IKKε
expression.
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Figure 3. MiR-98 suppresses cell migration and invasion in U87 and U251 glioma cell lines. A, Quantitative RT-PCR of
miR-98 expression in U251 or U87 cells transfected with miR-98 mimics or controls; U6 was used as an internal control. B,
Cell invasion assays using Transwell-coated membranes with Matrigel. A significant reduction in invasion was observed after
increasing miR-98 expression in U87 and U251 cells. C, miR-98 overexpression inhibited the migration of U87 and U251
cells. Compared with cells transfected with control mimics, cells treated with miR-98 mimics showed a wider wound area at 24
h after wound generation. The normalized wound area was calculated using the software Tscratch. The relative levels of the
controls in all experiments were set at 1. *p < 0.05, **p < 0.01.



IKKεε Overexpression Rescues Nuclear
Translocation of NF-κκB and Affects its
Downstream Targets
To determine whether miR-98 affects NF-κB

activity in glioma cells via IKKε, we analyzed
the expression of NF-κB p65 in nuclear extracts
of transfected cells by western blot analyses. As
shown in Figure 5D, the nuclear translocation of
the NF-κB p65 protein was restored in both U87
and U251 cells treated with pcDNA3/IKKε com-
pared with the control. In addition, overexpres-
sion of IKKε in U87 and U251 cells upregulated
the expression of the NF-κB target gene MMP-9

at the mRNA (Figure 5A) and protein levels
(Figure 5C). Our results demonstrated that IKKε
expression activates the NF-κB signaling path-
way, which was inhibited by miR-98.

NF-κκB p65 Overexpression Rescues 
Cell Migration and Invasion in U87 and
U251 Cells Inhibited by miR-98
To verify that NF-κB p65 is the target of

IKKε regulation via miR-98, we performed a
rescue experiment by co-transfecting cells with
miR-98 mimics and pcDNA3/NF-κB p65. Fig-
ure 7A shows that NF-κB p65 was overex-
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Figure 4. Overexpression of miR-98 expression inhibits IKKε expression and inactivates the nuclear translocation of NF-κB
p65 in U87 and U251 cells. A, The expression levels of IKKε, MMP-9, and NF-κB p65 were evaluated using western blots in
U87 and U251 cells transfected with miR-98 mimics or controls. β-actin was used as an internal control. B, The expression of
IKKε was evaluated by quantitative RT-PCR in U87 and U251 cells transfected with miR-98 mimics or controls. C, The ex-
pression of MMP-9 was evaluated by quantitative RT-PCR in U87 and U251 cells transfected with miR-98 mimics or controls.
D, NF-κB p65 expression was analyzed in nuclear extracts of U87 and U251 cells by western blotting. Histone H3 was used as
a marker for the nuclear loading control. *p < 0.05, **p < 0.01.
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pressed in pcDNA3/NF-κB p65-transfected
cells. We found that NF-κB p65 restored cell
migration and invasion abilities that were inhib-
ited by miR-98 (Figure 7B-7C). These data sup-
ported the notion that miR-98 contributes to the
regulation of the NF-κB signaling pathway via
IKKε regulation. 
Our results demonstrated that miR-98 modu-

lates NF-κB signaling and its target genes via
IKKε regulation, which is related to glioma cell
migration and invasion.

Discussion 

Understanding the molecular mechanisms of
cancer development is important for the estab-
lishment of effective therapies. Aberrant miRNA
expression occurs frequently in human cancers.
Therefore, it is crucial to explore the function of
deregulated miRNAs in cancers. Previous studies
have shown that miR-98 is involved in cancer.
Du et al15 demonstrated that miR-98 is a negative
regulator of Fus1 expression in lung cancers and
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Figure 5. Overexpression of IKKε expression promotes NF-κB signaling in U87 and U251 cells. A, The expression levels
of IKKε and MMP-9 were evaluated by western blot analyses in U87 and U251 cells transfected with co-transfecting miR-
98 mimics and pcDNA3/IKKε or controls. β-actin was used as an internal control. B, The expression of IKKε was evaluated
by quantitative RT-PCR in transfected U87 and U251 cells or controls. C, The expression of MMP-9 was evaluated by
quantitative RT-PCR in transfected U87 and U251 cells or controls. D, NF-κB p65 expression was analyzed in nuclear ex-
tracts of U87 and U251 cells by western blotting. Histone H3 was used as a marker for the nuclear loading control. *p <
0.05, **p < 0.01.



might play a critical role in the development of
cancer by regulating the expression of multiple
cancer-related proteins. Hebert et al16 showed
that miR-98 targets HMGA2 in head and neck
squamous cell carcinoma cells. miR-98 inhibits
breast cancer cell angiogenesis and invasion by
targeting activin receptor-like kinase-4 and
MMP-1113. Huang et al14 showed that miR-98
overexpression regulates enhancer of zeste ho-
molog 2 and inhibits migration and invasion in
human esophageal squamous cell carcinoma.
Surely, each miRNA has many targets that differ
in expression levels. In this study, we found that
miR-98 inhibited cell migration and invasion,
functioning as a tumor suppressor in U87 and
U251 cells. Furthermore, we determined that
IKKε is the target of miR-98 in this process.

Many miRNAs play tumor suppressive or
oncogenic roles via binding to the 3′-UTRs of
target genes; accordingly, exploring the targets of
miR-98 in gliomas is crucial to understand its
regulatory mechanism. In this study, we used a
bioinformatics approach to predict target genes.
Considering the overlap of genes identified by
TargetScan, miRanda, and miRwalk, we acquired
a few candidates. In addition, we considered the
potential functions of each candidate. Based on
these analyses, we selected Ikkε as a target for
further validation. We found that Ikkε was upreg-
ulated in glioma tissues and miR-98 overexpres-
sion reduced IKKε expression at both the mRNA
and protein levels, suggesting that miR-98 nega-
tively regulates IKKε. We performed an EGFP
reporter assay, which is a direct method for target
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Figure 6. Overexpression of IKKε restores U87 and U251 cell migration and invasion reduced by miR-98. Cells were trans-
fected with pcDNA3/IKKε and controls. A, B, Cells were co-transfected with miR-98 and IKKε, and then invasion (A) and
migration (B) assays were performed. *p < 0.05, **p < 0.01.
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validation. Consistent with our expectations,
miR-98 inhibited IKKε 3′-UTR activity, but had
no effect on a mutant 3′-UTR. These functional
studies indicated that miR-98 overexpression
suppressed cell migration and invasion. Impor-
tantly, miR-98 inhibits IKKε expression. 
Recent studies have implicated IKKε in the

pathogenesis of many human cancers; it in-
creases tumor angiogenesis and metastasis and
promotes resistance to apoptosis. It has been
suggested that IKKε is involved in TNFα- and
LPS-induced MMP-3 and MMP-13 gene ex-
pression via the phosphorylation and activation
of the c-JUN pathway. This pathway may be re-
sponsible for synovial inflammation and extra-
cellular matrix destruction in rheumatoid arthri-

tis, in addition to its role in tumor invasion and
metastasis17. Guo et al18 showed that IKKµ is
overexpressed in a significant proportion of
ovarian carcinomas, and elevated IKKµ levels
serve as a marker for poor prognosis. IKKε is
also reported to promote prostate cancer pro-
gression via induction of IL-6 secretion, which
may act as a positive growth factor in prostate
cancer19. These data strongly support the role of
IKKε in tumorigenesis. Our results were con-
sistent with the above reports and suggested
that Ikkε overexpression could restore cell mi-
gration and invasion after inhibition by miR-98.
These results verified that Ikkε is a direct target
of miR-98, and that miR-98 negatively regu-
lates its expression.
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Figure 7. Overexpression of NF-κB p65 restores U87 and U251 cell migration and invasion reduced by miR-98. A, Cells
were transfected with pcDNA3/NF-κB p65 and controls. The NF-κB p65 level was evaluated by a western blot analysis. His-
tone H3 was used as a marker for the nuclear loading control. (B-C) Cells were co-transfected with miR-98 and NF-κB p65,
and invasion (B) and migration (C) assays were performed. **p < 0.01.



NF-κB is a transcription factor that plays a
key role in carcinogenesis by controlling the ex-
pression of several oncogenes, tumor suppressor
genes, growth factors, and cell adhesion mole-
cules20,21. NF-κB is comprised of two subunits,
most commonly p65 and p50, which are typical-
ly restricted to the cytoplasm by IºB inhibitors.
IκB activity is controlled by IKK kinases,
which respond to cellular stimuli by IκB phos-
phorylation, resulting in ubiquitin-mediated
protein degradation. Subsequently, NF-κB is re-
leased and translocated to the nucleus, stimulat-
ing an array of target genes that promote cell
proliferation and invasion, and preventing apop-
tosis22. Previous studies have shown that overex-
pression of IKKε leads to IκBα degradation23,24.
Ectopic expression of IKKε induced p65 phos-
phorylation, NF-κB activation, and NF-κB-
dependent target gene expression. In stimulated
T cells, IKKε has also been shown to enhance
the activity of p65 via serine 468 phosphoryla-
tion25. In addition, Superactivation of MMP-9 is
associated with the patho genesis and progres-
sion of gliomas26,27. NF-κB can induce the ex-
pression of MMP-9 by direct promoter regula-
tion28. Our studies showed that NF-κB p65 nu-
clear translocation and MMP-9 are significantly
arrested in U87 and U251 cells treated with
miR-98 mimics. Moreover, NF-κB p65 nuclear
translocation and MMP-9 are restored in cells
treated with pcDNA3/IKKε, which were inhibit-
ed by miR-98. Importantly, NF-κB p65 overex-
pression could restore cell migration and inva-
sion, which were inhibited by miR-98. Taken
together, these data suggest that miR-98 expres-
sion modulates NF-κB signaling via the regu -
lation of IKKε, reducing malignant transforma-
tion and invasiveness of glioma cells.

Conclusions

We suggested that miR-98 regulates glioma
cell migration and invasion via the suppression of
IKKε/NF-κB signaling by directly attenuating
NF-κB translocation from the cytoplasm to the
nucleus, functioning as a tumor suppressor. Over-
expression of miR-98 may act as a novel thera-
peutic biomarker for glioma patients. Although
the application of the miRNA biomarker may be
difficult in clinical settings, our results provide a
basis for a molecular strategy for disease treat-
ment.
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