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MA CELLS BY MIR-98 DOWNREGULATION
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ABSTRACT

Objective: To detect the expression of miR-98 in glioma tissues and to investigate the effect of miR-98 on the invasion and mi-
gration of the human glioma cell line U251 .

Methods: The expressions of miR-98 in glioma tissues and in normal brain tissues were detected by real-time fluorescent quan-
titative PCR. After cotransfection with the miR-98 inhibitor and the wild-type inhibitor of nuclear factor kappa B kinase epsilon (IKB-
KE) 3’-untranslated region (UTR) or the mutation type IKBKE 3’-UTR recombination vector, the specific binding ability of miR-98 to
3’-UTR in the IKBKE gene was examined by the luciferase gene reporter system. The expression levels of miR-98, IKBKE mRNA and
IKBKE protein in glioma cell line U251 after transfection with the miR-98 inhibitor were measured by real-time fluorescent quantita-
tive PCR and Western blotting, respectively. The abilities of migration and the invasion of U251 cells after transfection with the miR-98
inhibitor were detected by Transwell assay. The expression of miR-98 in U251 cells after transfection with IKBKE siRNA was detected
by real-time fluorescent quantitative PCR.

Results: The expression of miR-98 in glioma tissues was lower than that in normal brain tissues (P < 0.05). The fluorescence
intensity of U251 cells cotransfected with the miR-98 inhibitor and wild-type IKBKE recombination vector was improved (P < 0.05).
The expression of miR-98 was downregulated, and the expression levels of IKBKE mRNA and protein were upregulated in U251 cells
after transfection with the miR-98 inhibitor (all P < 0.05). While the abilities of migration and the invasion of U251 cells after trans-
fection with the miR-98 inhibitor were increased (both P < 0.05), there was no change in the expression of miR-98 in U251 cells after

inhibition of the IKBKE expression (P > 0.05).

Conclusions: The expression of miR-98 is low in glioma tissues. The miR-98 inhibitor may promote the invasion and migration

of glioma U251 cells by regulation of the IKBKE expression.
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Introduction

In recent years, cardiovascular diseases
(CVD) havGlioma, a common primary tumor of the
central nerve system, is characterized by invasive
growth and recurrence-?. With invasive and rapid
growth, even if glioma can be removed by surgery
and with interventions by several regimens,
such as radiotherapy and chemotherapy, it will
be recurrent and metastasize distantly in a short
time, thereby threatening the patient’s life; thus,
glioma has been a difficult issue in neurosurgery.
Glioma is a polygenic abnormal disease in nature.
Overexpressed proto-oncogenes and the mutation
or deficiency of anti-oncogenes make tumor cells
escape from the regulation mechanism of normal
growth®).

Currently, therapies focusing on genetic
abnormality related to glioma development have
become a heavily researched subject.

Studies have revealed that microRNA (miR)-
98, a member of the Let-7 family, is downregulated
in multiple cancers (such as prostate cancer,
esophageal squamous cell carcinoma, and recurrent
nasopharyngeal carcinoma)“®®. It was reported
that miR-98 inhibits the proliferation, migration
and invasion of hepatocellular cancer cells through
targeting CTHRC1?. miR-98 controls the growth
and metastasis of oral squamous cell carcinoma by
restraining the expression of the IGFIR protein®.
Functionally, miR-98 inhibits the proliferation,
invasion and epithelial-mesenchymal transition of
tumor cells through important targeting regulatory
factors such as SALL4, IGFIR and PAKI1® 'O
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However, the role and mechanism of miR-98 in
glioma is not clear to date. This study investigates
the expression of miR-98 in glioma tissues and
its effect on the migration and invasion of glioma
U251 cells to provide a reference for further
research on the pathogenesis and new therapeutic
targets of glioma.

Materials and methods
Sample collection

A total of 94 glioma samples, which were
surgically removed from 94 glioma patients and
were confirmed by pathological examination, and
13 normal brain tissues, which were removed
from 13 patients with traumatic brain injury in
the Department of Neurosurgery of the Second
Affiliated Hospital of Nanchang University from
August 2017 to August 2018, were collected for
the study. Among glioma patients, there were 53
males and 41 females, aged 21 to 74 years old with
a mean age of 42.38+9.28 years. The patients were
graded according to the WHO (2007) classification
of neurological tumors: 41 patients with low-
grade glioma, including 29 low-grade astrocytoma
(WHOI~II), 12 oligodendroglioma (WHO
class II), and 53 high-grade glioma, including
22 anaplastic astrocytoma (WHO III) and 31
glioblastoma (WHOIV). None of the patients
received chemotherapy before surgery. This study
obtained informed consent from all participants
and was approved by the medical ethics committee
of the Second Affiliated Hospital of Nanchang
University.

Main reagents

Fetal bovine serum was purchased from
HyClone, USA and DMEM from Gibco, USA. The
TRIzol reagent, reverse transcription kit, real-time
PCR assay kit and Lipofect AMINE 2000 were
purchased from TaKaRa, Japan. The PCR primer,
miR-98 inhibitor (5’-AACAAUACAACUUACUA
CCUCA-3’) and its negative inhibitor control
(5’-CAGUACUUU-UGUGUAGUACAA-3’),
internal control plasmid pc DNA3/EGFP containing
enhanced green fluorescent protein (EGFP),
recombinant vector pc DNA3/EGFP-wt IKBKE
3’-UTR containing the wild-type (wt) inhibitor of
the nuclear factor kappa B kinase epsilon (IKBKE)
gene 3’-end noncoding region (untranslated region,

UTR) sequence, the mutation type (mut) IKBKE
gene 3’-UTR recombinant vector pc DNA3/EGFP-
mut IKBKE 3’-UTR, and the luciferase reporter
gene assay kits were purchased from Guangzhou
Ruibo Biotechnology Co., Ltd.

The total cell protein extraction kit and the
BCA protein quantification kit were purchased
from Shanghai Jikai Biotechnology Co., Ltd.,
rabbit anti-human IKBKE monoclonal antibody
and rabbit anti-human f-actin (internal control)
polyclonal antibody from American CST company,
and horseradish peroxidase-labeled goat anti-rabbit
Ig G (secondary antibody) and chemiluminescence
kit from Wuhan Boster Biotechnology Co., Ltd.
The Transwell chamber and the Transwell chamber
containing Matrigel were purchased from Corning,
USA. IKBKE siRNA (5’-GCUGAACCACCA-
GAACAUCTT-3’) and its negative control siRNA
control (5’-GTGGTTACCAUTATTUGAA-3’)
were provided by Wuhan Boster Biotechnology
Co., Ltd.

miR-98 expression in glioma tissues detected
by real-time fluorescent quantitative PCR

Total RNA was extracted from glioma tissues
and normal brain tissues by the TRIzol method. The
absorbance at D260 nm and D280 nm were detected
by UV spectrophotometer, and the concentration
and purity of total RN A were determined. RNA was
reverse transcribed into cDNA by using a reverse
transcription kit, and the PCR was amplified
following the instructions of a real-time fluorescent
quantitative PCR detection kit with a templet of
this ¢ DNA. The upstream primer sequence of
miR-98 was 5-GGGGTGAGGTAGTAAGTT-
GT-3’, and the downstream primer sequence was
5’-TGCGTGTCGT-GGAGTC-3’. The upstream
primer sequence of internal control U6 was
5’-CTCGCTTCGGCAGCACA-3’, downstream,
and its downstream primer sequence was
5’-AACGCTTCACGAATTTGCGT-3". The PCR
reaction conditions: 95 °C for 30 s, 95 °C for 5
s, and 60 °C for 34 s, with 40 cycles in total. The
relative expression level of miR-98 was expressed
as a 2-AACt value.

Cells and cell culture
Human glioma U251 cells were preserved

in our laboratory and were cultured in a DMEM
medium containing 10% fetal bovine serum and
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were placed in a 5% CO2 and 95% humidity
incubator at 37 °C.

Regulation of miR-98 to the IKBKE gene
detected by the luciferase reporter detection
system

Glioma U251 cells in the logarithmic growth
phase were seeded in 6-well plates (5 x 104 cells/
well). The cells were cultured in DMEM without
antibiotics but with 10% fetal bovine serum. When
cell confluence was approximately 60%, the miR-
98 inhibitor and pc DNA3/EGFP-wt IKBKE,
inhibitor control and pc DNA3/EGFP-wt IKBKE
3’-UTR, miR-98 inhibitor and pc DNA3/EGFP-mut
IKBKE3’-UTR, and inhibitor control and pc DNA3/
EGFP-mut IKBKE 3’-UTR were cotransfected
to U251 cells following the instructions of
Lipofect AMINE2000, respectively. Forty-eight
hours after transfection, the relative fluorescence
intensity values of the above four groups of cells
were measured following the instructions of the
luciferase reporter gene assay Kit.

Expression of miR-98 and IKVKE mRNA
in glioma U251 cells after miR98 inhibitor
transfection detected by real-time fluorescent
quantitative PCR

U251 cells in the logarithmic growth phase
were seeded in 6-well cell culture plates (5 x 104
cells/well). The cells were cultured in DMEM
without antibiotics but with 10% fetal bovine serum.
When cell confluence was approximately 60%, the
miR-98 inhibitor and the negative inhibitor control
were transfected to U251 cells following the
instructions of Lipofect AMINE2000.

The untransfected U251 cells were used as a
blank control group. The cells in each group after
36 h of transfection were collected, and their miR-
98 and IKBKE mRNA expression levels were
detected following the methods in section 1.3.

The upstream primer sequence of the IKBKE
gene was 5’-TGCGT-GCAGAAGTATCAAGC-3’,
and its downstream primer sequence was
5’-TACAGCAGCCACAGAACA G-3".

The  upstream  primer sequence  of
the GAPDH gene (internal reference) was
5’-GTTGGAGGTCGGAGTCAACG G-3°,
and its downstream primer sequence was
5’-GAGGGATCTCGCTCCT-GGAGGA-3’.

The primer sequences of miR-98 and internal
control U6 were identical to those of section 1.3.

Expression of IKBKE protein in glioma
U251 cells after miR-98 inhibitor transfection
was detected by Western blotting

U251 cells after transfection with the miR-98
inhibitor and the negative inhibitor control for 48 h
in section 1.6 were collected, and the untransfected
U251 cells were used as the blank control group.
After centrifugation, the supernatant was discarded,
and the total protein of each group was extracted
by the total protein extraction kit. The protein
concentration was determined by the BCA method,
and 10 pg/well of protein was taken for 10% SDS-
PAGE. The protein separated by electrophoresis
was transferred to a PVDF membrane and reacted
with a blocking solution containing 5% skim milk
powder at 4 °C overnight. The mixture was washed
with TBST 3 times, and rabbit anti-human IKBKE
monoclonal antibody and rabbit anti-human
[B-actin polyclonal antibody were added (internal
control, the volume dilution ratio was 1:800) and
reacted overnight at 4 °C. After the TBST was
rinsed 3 times again, the horseradish peroxidase-
labeled goat anti-rabbit Ig G (secondary antibody,
volume dilution ratio 1:5 000) was added and
reacted at room temperature for 2 h. After washed
with TBST 3 times, the mixture was developed
with a chemiluminescence kit. The gray value of
the protein band was determined and analyzed by
ImageJ2x software, and the relative expression
level of the IKBKE protein was represented by the
ratio of the gray value of the target protein band to
that of the internal control protein band.

Effect of the miR-98 inhibitor on the invasion
and migration of glioma U251 cells detected in
the Transwell assay.

The Transwell chamber with Matrigel was
prewarmed to 37 °C and placed in a 24-well plate.
DMEM containing 10% fetal bovine serum, 600
uL, was added to the lower chamber. After miR-98
inhibitor or negative control inhibitor transfection
for 48 h of control, the glioma U251 cells were
processed as a single cell suspension using the
serum-free medium and was added to the upper
chamber of the Transwell chamber (1 x 105 cells/
chamber).
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After the cells were cultured for 24 h, the
culture in the upper chamber was discarded, and
the cells failing to pass through the membrane
on the upper chamber were wiped with a cotton
swab. The cells were fixed in a 4% methanol
solution for 30 min at room temperature and were
stained with a 0.1% crystal violet solution at room
temperature for 20 min after being dried. The cells
were observed under an inverted light microscope,
10 visual fields (magnification 200 times) were
randomly selected, and the number of cells passing
through the membrane in each visual field was
counted.

The cell migration experiment was the same
as the above invasion experiment, except that the
upper chamber of the Transwell had no Matrigel.

Expression of IKBKE mRNA and miR-
98 in glioma U251 cells after IKBKE siRNA
transfection was detected by real-time fluorescent
quantitative PCR

IKBKE siRNA and its negative siRNA
control were transfected to U251 cells, and the
untransfected U251 cells were used as a blank
control group. The expression of IKBKE mRNA
and miR-98 in each cell group was determined 36
h after transfection. The transfection and detection
methods were consistent with those mentioned in
section 1.6.

Statistical analysis

Each experiment was repeated 4 times in this
study, independently. The experimental data were
statistically analyzed using SPSS 20.0 software.
The measurement data were expressed as x+s and
ANOVA was used for a comparison on the mean
of multiple groups. The SNK-q test was used for
intragroup pairwise comparison. The ratio was
compared using a x> test. When P was < 0.05,
the difference was considered to be statistically
significant.

Results
Expression level of miR-98 was lower in
high-grade glioma tissues than in normal brain

tissues

The relative expression levels of miR-98
in high-grade glioma tissues, low-grade glioma

tissues and normal brain tissues were detected by
real-time quantitative PCR.

The results (Table 1) revealed that the
expression level of miR-98 was considerably
lower in high-grade glioma tissues than those
in low-grade glioma tissues and in normal brain
tissues (P<0.001).

High-grade glioma
tissues (53)

Low-grade glioma
tissues (41)

Normal brain
tissues (13)

F

P

0.26+0.06™

0.54+0.08°

1.03+0.12

557.65

<0.001

Table 1: Expression of miR-98 in glioma tissues and in
normal brain tissues detected by real-time quantitative
PCR.

a vs. normal group P<0.05; b vs. low-grade group P<0.05

miR-98 can regulate the expression of
IKBKE

The miR-98 inhibitor and pc DNA3/EGFP-wt
IKBKE 3’-UTR, inhibitor control and pc DNA3/
EGFP-wt IKBKE 3’-UTR, miR-98i inhibitor
and pc DNA 3/EGF Pm ut IKBK E3 ‘-UTR, and
inhibitor control and pc DNA3/EGFP-mut IKBKE
3’-UTR were separately cotransfected into U251
cells, which were detected by the luciferase
reporter gene assay kit. The detection findings
(Table 2) revealed that the fluorescence intensity
was higher in the R-98 inhibitor and pc DNA3/
EGFP-wt IKBKE 3’-UTR cotransfected group
than that in the inhibitor control and pc DNA3/
EGFP-wt IKBKE 3’-UTR cotransfected group
(P<0.05), and there was no significant difference
in the fluorescence intensity between the miR-
98 inhibitor and pc DNA3/EGFP-mut IKBKE
3’-UTR cotransfected group and the inhibitor
control and pc DNA3/EGFP-mut IKBKE 3°-UTR
cotransfected group (P>0.05), which suggested
that miR-98 can regulate the expression of IKBKE.

Fluorescence . Fluorescence
Transfection methods

Transfection methods B . B
intensity intensity

miR-98 inhibitor and pc
DNA3/EGFP-wt IKBKE 2.18+0.34
3’-UTR(n=4)

mi R-98 inhibitor and pc DNA3/

EGFP-mut IKBKE 3°-UTR(n=4) 1082021

inhibitor control and pc
DNA3/EGFP-wt IKBKE 091x0.13
3’-UTR(n=4)

inhibitor control and pc DNA3/EG-

FP-mut IKBKE 3"-UTR(n=4) 105:0.16

t 6.98 t 0.23

Table 2: Regulation of miR-98 to IKBKE detected by the
luciferase reporter gene assay Kkit.

miR-98 inhibitor expression in miR-98
downregulated U251 cells and in the expression
of miR-98 with upregulated IKBKE mRNA
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To further verify the regulation of miR-98
on IKBKE gene expression, the miR-98 inhibitor
was transfected to glioma U251 cells, and the
expression of miR-98 and IKBKE mRNA in cells
was detected by real-time fluorescent quantitative
PCR. The results (Table 3) showed that the
expression level of miR-98 was significantly lower
in the miR-98 inhibitor transfection group than
those in the untransfected blank control group and
in the negative inhibitor control group (P<0.05).
This result indicated that the miR-98 inhibitor was
successfully transfected and successfully inhibited
the expression of miR-98. However, the expression
level of IKBKE mRNA was considerably
higher in the transfection group than those in
the untransfected blank control group and in the
negative inhibitor control group (P<0.05). This
finding suggested that the expression of miR-98 in
downregulated glioma U251 cells can significantly
upregulate the expression level of IKBKE mRNA.

miR-98 inhibitor Blank con-
transfection group trol group
(n=4) (n=4)

Negative control

group (n=4) F P

Number of cell

L 46.28+6.82ab 17.43+3.52 19.44+2.98 4593 <0.001
migration

Number of cell
invasion

Table 3: Expression of miR-98, IKBKE, and IKBKE
protein in glioma U251 cells transfected with the mi R-98
inhibitor detected by real-time fluorescent quantitative
PCR and Western blotting were used to detect.

a vs. blank group P<0.05; b vs. negative group P<0.05

42.73+8.19 ab 16.2612.64 11.33£2.16 43.37 <0.001

Expression of IKBKE protein in U251 cells
with miR-98 inhibitor upregulation

After the miR-98 inhibitor was transfected to
glioma U251 cells, the expression of IKBKE protein
in the cells was detected by Western blotting. The
results (Table 3) revealed that the expression level
of IKBKE protein was significantly higher in the
mi R-98 inhibitor transfection group than those
in the untransfected blank control group and in
the negative inhibitor control transfection group
(P<0.05). This result was consistent with the
findings of real-time fluorescent quantitative PCR.

Migration and invasion of U251 cells
promoted by the miR-98 inhibitor

After the miR-98 inhibitor was transfected
to glioma U251 cells, the migration and invasion
capacities of U251 cells were detected by using the
Transwell method.

The results (Table 4) showed that the number
of transmembrane cells was significantly higher in
the miR-98 inhibitor transfection group than those
in the untransfected blank control group and in
the negative inhibitor control transfection group
(P<0.05). This result indicated that the miR-98
inhibitor can promote the migration and invasion
of U251 cells.

miR-98 inhibitor trans- Blank control
fection group (n=4) group (n=4)

Negative control

group (n=4) F P

Number of cell

L 46.28+6.82ab 17.43+3.52 19.44+2.98 4593 <0.001
migration

Number of cell

. . 42.73+8.19 ab 16.26+2.64 11.33£2.16 4337 <0.001
invasion

Table 4: Effect of the miR-98 inhibitor on the migration
and invasion of glioma U251 detected by the Transwell
method.

a vs. blank group P<0.05; b vs. negative group P<0.05

KBKE siRNA does not affect the expression
of miR-98 in U251 cells

After IKBKE siRNA was transfected to glioma
U251 cells, and the expression levels of IKBKE
mRNA and miR-98 were detected by real-time
fluorescent quantitative PCR. The results (Table
5) revealed that the expression level of IKBKE
m RNA was much lower in the IKBKE siRNA
transfection group than those in the untransfected
blank group and in the negative siRNA control
transfection group (P<0.05). It was suggested that
IKBKE siRNA was successfully transfected to
U251 cells. There was no significant difference in
the expression level of miR-98 between the IKBKE
siRNA transfection group and the untransfected
blank group, as well as the negative siRNA control
transfection group (P>0.05), which indicated that
miR-98 has one-way regulation on the IKBKE
gene.

IKBKE SiRNA Negative
PKE Blank group control F P
transfection group
group
IKBKE mRNA 0.5420.03ab 1.03£0.04 125£0.09 14955 <0.001
miR-98 1042007 099006 110005 331 0084

Table 5: Expression of IKBKE mRNA and miR-98 in
glioma U251 after IKBKE siRNA transfection detected
by real-time fluorescent quantitative PCR..

a vs. blank group P<0.05; b vs. negative group P<0.05;

Discussion

miRNA is a kind of endogenous noncoding
small RNA of 19~25 nt in length, which promotes
the degradation of target mRNA or inhibits its
translation process by acting on the 3’-UTR of
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the target gene mRNA, negatively regulates the
posttranscriptional level of gene, and affects
a variety of physiological and pathological
processes, such as apoptosis, proliferation and
differentiatio™-'». Studies have shown that
miRNAs play a role similar to the proto-oncogene
or anti-oncogene in the development of tumors*!?,

Reinhart et al."® discovered and confirmed
the existence of the let-7 family. There are 13
members in the human let-7 family, and miR-
98 is an important member of the family, which
binds to the 3’-UTR of the target mRNA in a
complete or incomplete form to degrade the
target mRNA or inhibit its translation process,
thus playing a negative regulatory role. Recent
studies have found that miR-98 is downregulated
in a variety of tumors. Wang Jin, et al!"?) detected
the expression of miR-98 in the tumor central
tissues and their adjacent normal paracancerous
tissues of 32 patients with gastric cancer using
real-time fluorescent quantitative PCR and found
87.5% (28/32) of gastric cancer central tissues
has lower miR-98 expression than their adjacent
paracancerous tissues. In addition, the higher the
gastric cancer grade, the lower the expression
level of miR-98. The expression level of mi R-98
in gastric cancer epithelial cells is considerably
lower than that in normal gastric epithelial
cells. Alajez, et al® found that the expression
of miR-98 in nasopharyngeal carcinoma cells
is significantly and negatively related to the
expression of the EZH2 protein, and miR-98 can
target the 3’-UTR of EZH2 mRNA, thus greatly
restraining the expression of the EZH2 protein,
and thereby significantly inhibits the metastasis of
nasopharyngeal carcinoma cells. Siragam, et al®",
pointed out that the overexpression of miR-98 can
depress the proliferation and invasion of breast
cancer cells in a highly aggressive breast cancer
model.

Conversely, the inhibited expression of miR-
98 boosts the malignant biological phenotype of
breast cancer cells. miR-98 acts on 3’-UTR of
activin receptor-like kinase 4 (ALK4) and matrix
metalloprotein-11 (MMP-11) and controls their
expressions. Restoring the expression of ALK4
and MMP-11 can reverse the anti-proliferative
and anti-invasive effects of miR-98. Wendler, et
al.®? discovered that miR-98 acts on the 3’-UTR
of progesterone receptor membrane components 1
(PGRMC1) and restrains the expression of miR-98.
To some extent, miR-98 affects the proliferative

ability of ovarian cancer, lung cancer and breast
cancer.

In this study, we used real-time fluorescent
quantitative PCR to detect the expression of miR-
98 in glioma tissues and found that the expression
level of miR-98 is much lower in glioma tissues
than in normal brain tissues, and the expression of
miR-98 is also much lower in high-grade glioma
than in low-grade glioma. The miR-98 inhibitor
depresses its action by specifically binding to the
adult miR-98 molecules and weakens the gene
silencing effect caused by miR-98 in the cell.

In this study, the miR-98 inhibitor is
transfected to human glioma U251 cells to obtain
U251 cells with a reduced expression of miR-
98. Furthermore, the findings from the Transwell
assay revealed that the migration and invasion of
U251 cells were enhanced after transfection with
the miR-98 inhibitor.

To further investigate the mechanism on the
inhibition of the miR-98 expression enhancing the
migration and invasion of U251 cells, we examined
the effect of miR-98 on IKBKE mRNA and protein
expression in this study. IKBKE is a member of
the inhibitor of e nuclear factor kappa-B kinase
(IKK) family, also known as the inhibitor of the
nuclear factor inducible kappa-B kinase (IKK-i).
Boehm, et al®, used immunohistochemistry to
detect breast cancer tissue and found that IKBKE
can promote nuclear factor kappa-B (NF-zB)
transposition. Currently, there are few studies
on IKBKE in the field of glioma. Guan, et al®¥,
confirmed that IKBKE is expressed in the tumor
tissues of approximately 96% of glioma patients.
With immunohistochemistry, they found that
53.5% of gliomas have high IKBKE expression
and confirmed that IKBKE may advance the
transposition of NF-xB from the cytoplasm to
the nucleus, thereby enhancing the anti-apoptotic
effect of glioma cells. With real-time fluorescent
quantitative PCR and Western blotting, Li, et
al®, found that the expression level of IKBKE
is negatively correlated with pathological grade
glioma. The higher the malignant degree of
glioma, the lower the expression level of IKBKE.
After the expression of IKBKE is depressed
using IKBKE siRNA, the transposition of NF-»B
p65 is significantly reduced, which inhibits the
transcription and expression of downstream-related
proteins and restrains biological behaviors, such
as cell proliferation and invasion. Consequently,
IKBKE may play a role in regulating the malignant
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phenotype of tumor cells and is closely associated
with the development of glioma.

At present, the upstream regulatory factors of
IKBKE are not fully clear. In this study, the findings
of the luciferase reporter gene detection system
revealed that the miR-98 inhibitor can greatly
promote the fluorescence activity of transfected
wt IKBKE 3’-UTR recombinant expression vector
cells, indicating that IKBKE is directly regulated
by miR-98 and that IKBKE is a downstream
target gene of miR-98. The results of real-time
fluorescent quantitative PCR and Western blotting
also have suggested that the expression levels of
IKBKE mRNA and protein are much higher in the
miR-98 inhibitor transfection group than those
in the untransfected blank control group and in
the negative control groups, which indicated that
the miR-98 inhibitor can significantly upregulate
the expression of IKBKE. Further studies have
revealed that there is no significant change in the
expression level of miR-98 after depressing the
IKBKE expression, which indicated that miR-
98 has a one-way regulation effect on IKBKE.
The above results indicate that miR-98 may
affect malignant biological behaviors, such as
the migration and invasion of glioma cells, by
regulating the expression of IKBKE.

To summarize, miR-98 is expressed at a low
level in glioma tissues, and the miR-98 inhibitor
can strongly enhance the migration and invasion
of glioma U251 cells, which may be achieved by
regulating the IKBKE expression. Therefore, miR-
98 may be one of the major targets for glioma
treatment, and the findings of this study provide
new ideas for the molecular targeted therapy of
glioma.
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