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Abstract: In recent years, a large amount of research has reported that microRNA (miRNA) dysregulation is closely
related to glioma progression. miR-524, a member of the miRNA family, has been confirmed to be involved in many
human diseases, including glioma. However, the role and molecular mechanism of miR-524 in glioma have not been
clarified. In our study, we showed that miR-524 expression was significantly decreased in glioma and was associated
with glioma recurrence. Next, we performed a series of assays and confirmed that the upregulation of miR-524 sup-
pressed glucose uptake, proliferation, migration and invasion in glioma cell lines. Then, through bioinformatics soft-
ware and a dual luciferase assay, we demonstrated that NCF2 was a target gene of miR-524. In addition, we found
that NCF2 reintroduction restored the inhibitor effect of miR-524 on glioma progression. These results elucidate
the mechanism of miR-524 in glioma development and provide a potential therapeutic strategy for glioma patients.
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Introduction

Glioma is a devastating type of primary malig-
nant tumor in the nervous system, character-
ized by high recurrence, rapid proliferation and
strong aggression [1]. Although there has been
progress in glioma diagnosis and treatment in
the last decade, the prognosis of patients with
glioma is still poor [2]. Therefore, it is necessary
to continue investigations to discover effective
and novel therapeutic strategies for glioma
patients.

MicroRNAs (miRNAs) are a group of endoge-
nous non-coding RNA molecules, approximate-
ly 18-24 nucleotides in length, which play a
critical role in gene expression via binding to
the complementary sequences at the 3’-un-
translated regions (3’-UTRs) of their target mes-
senger RNAs (mRNAs) and then cleaving or
repressing the translation of their target mRNAs
[3-6]. Mounting evidence has demonstrated
that miRNAs participate in the progress of vari-
ous tumors, including glioma, melanoma and

gastric cancer. For example, miR-421 is down-
regulated in glioma and regulates the cell migra-
tion and angiogenesis [7]. Simultaneously, do-
wnregulation of miR-1294 is closely related to
the chemosensitivity of glioma to temozolomide
[8]. There is also research showing that miR-
137 is downregulated in malignant melanoma
and could regulate the glutamine catabolism of
melanoma [3]. Moreover, there are studies
reported that miRNAs are closely related to gli-
oma glucose metabolism [9-11]. Through these
studies, we insist that it is meaningful to devote
ourselves to the research of the function of
miRNAs, which may provide novel treatment
options for glioma.

NCF2 (neutrophil cytosolic factor 2) is a neces-
sary component for reactive oxygen species
(ROS) production in phagocytes, and it plays a
critical role in innate immunity and phagocytic
microbicidal activity [12-14]. Recently, many
studies showed that NCF2 plays a critical role
in human diseases, including cancers. For ex-
ample, Li et al. reported that NCF2 may act as
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an accurate predictor of colonic adenocarcino-
ma [15]. Tan et al. concluded that high expres-
sion of NCF2 was correlated with the risk of
recurrence in renal carcinoma [16]. Although,
NCF2 has a significant role in tumor progress,
its function and molecular mechanism in glio-
ma development remains unclear.

In this study, we demonstrate that miR-524 is
downregulated in human glioma tissues com-
pared to normal brain tissues (NBTs). The ex-
pression of miR-524 regulates glucose uptake,
proliferation, migration and invasion in glioma
cell lines. Moreover, NCF2 is the direct target of
miR-524. According to these findings, we report
that miR-524 is a tumor suppressor in glioma
and might serve as a novel therapeutic target
and prognostic evaluation indicator for glioma
patients.

Materials and methods
Clinical tissue samples

MRNA and miRNA expression microarray data
from 158 gliomas were downloaded from the
Chinese Glioma Genome Atlas (CGGA) data
portal (http://www.cgga.org.cn/portal.php). A
total of 5 normal human brain tissues (NBTs)
and 12 glioma specimens were resected during
surgery at the Department of Neurosurgery,
The First Affiliated Hospital of Nanjing Medical
University, China. Surgically excised tumor
specimens were immediately frozen in liquid
nitrogen and stored until total RNA and protein
were extracted. This study was approved by the
hospital’s Ethics Committee, and written in-
formed consent was obtained from all the
patients.

Cell culture

The glioma cell lines U87 and U251 were both
purchased from the Chinese Academy of
Science Cell Bank (Shanghai, China). All the cell
lines were maintained in Dulbecco’s modified
Eagle’'s medium (DMEM, Gibco) supplemented
with 10% fetal bovine serum (FBS, Sciencell)
and antibiotics (100 U/ml penicillin and 100
ug/ml streptomycin). These cell lines were all
incubated in an atmosphere containing 5% CO,
at 37°C.

Oligonucleotides and cell transfection
Oligonucleotides were all purchased from
GenePharma (Shanghai, China). The sequenc-

es were as follows: NCF2-small interfering RNA:
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Forward, 5-CATCTGGCCCAGAAAGTGA-3’, and
reverse, 5-CTTCATTCCAGAGGCTGATGG-3'. The
hsa-miR-524 mimic and hsa-miR-524 inhibitor
were also purchased from GenePharma. Cell
transfection was conducted using Lipofecta-
mine 2000 (Thermo Fisher Scientific), accord-
ing to the manufacturer’s instructions.

Real-time quantitative PCR

RNA was extracted from cells and tissues using
TRIzol (Invitrogen), according to the manufac-
turer’'s protocols. Quantitative RT-PCR was
used to detect the levels of NCF2 and miR-524.
To detect the expression of NCF2, RT-qPCR was
performed using Fermentas reverse transcrip-
tion reagents and SYBR Green PCR Master Mix
(Applied Biosystems, USA), according to the
manufacturer’s protocols. The primer sequence
of NCF2 is forward 5-ATCAGCCTCTGGAATG-
AAGGGG-3’ and reverse 5-GCAGCCAATGTT-
GAAGCAAATCC-3'. To detect the expression of
miR-524, RT-gPCR was performed using Tag-
Man miRNA assays (Applied Biosystems, USA).
The expression of U6 was measured as an
endogenous control. The fold change in expres-
sion was calculated using the 222t method. All
reactions were performed in triplicate.

Western blot analysis

The total protein from tissues and cells was
extracted by using RIPA buffer (KenGEN, China),
according to the manufacturer’s instructions.
Protein concentrations were determined by
BCA Protein Assay Kit (Beyotime, China). The
protein lysates were separated by 12% SDS-
PAGE and transferred to PVDF membranes
(Millipore, USA). Next, 5% nonfat milk was used
to block the membrane. The membrane was
incubated overnight with diluted anti-NCF2
antibodies (1:1000, Abnova), followed by incu-
bation with an HRP-conjugated secondary anti-
body (1:2000, YI FEI XUE BIOTECHNOLOGY,
China). Finally, the bands were visualized under
an Image Quant LAS 4000 mini (GE, USA).

Glucose uptake assay

The glucose uptake was determined using a
2-Deoxyglucose Glucose Uptake Assay Kit
(Fluorometric, Abcam, USA), according to the
manufacturer’s instructions. The U87 and
U251 cells were seeded into 96-well plates
(1000 cells/well) overnight. After 24 hours, the
cells were incubated in darkness with 2-deoxy-
glucose (10 mM) for 20 min at 37°C under a
CO, humidified atmosphere and subjected to
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the measurement of 2-edoxyglucose uptake
using a fluorescence microplate reader at Ex/
Em =535/587 nm [17].

CCK-8 assay

The CCK-8 assay (Dojindo Laboratories, Japan)
was used to quantify the viable cells of U87 and
U251. The transfected U87 and U251 cells
(3000 cells) were seeded into a 96-well micro-
plate with 100 ul of culture media. The medium
of each well was subsequently replaced with
100 ul of fresh culture media with 10% CCK-8
solution at different times (1, 2, 3, and 4 days),
and then, the cells were incubated for an addi-
tional 3 hours. The absorbance was measured
at an optical density of 450 nm using a micro-
plate reader (Tecan Infinite 200 PRO; Salzburg
Austria) [8].

Transwell migration and invasion assay

Transwell migration and invasion assays were
performed using an 8-um pore polycarbonate
membrane Boyden chamber insert in a
Transwell apparatus (Corning, NY, USA). For the
invasion assay, the chamber inserts were pre-
coated with 45 pl of Matrigel (1:8 dilution; BD
Biosciences, USA). For both assays, transfect-
ed cells were harvested and mechanically dis-
sociated into a single cell suspension. Sub-
sequently, 5x10* cells in FBS-free medium
were added into the upper chamber, and 500 pl
of culture medium containing 20% FBS was
placed in the lower chamber. The chambers
were then incubated for 48 h at 37°C in a 5%
CO, incubator. Cells on the upper surface were
scraped and washed away, whereas cells on
the lower surface were fixed in 100% methanol
and stained with 0.1% crystal violet. The values
for migration and invasion abilities were quanti-
fied by photographing 3 independent visual
fields under a microscope [18]. The magnifica-
tions of U87 and U251 are 100x and 200x
respectively.

Xenograft tumor assay

Ten immunodeficient female nude mice (Beijing
Laboratory Animal Center, Beijing, China) were
used to test the effects of miR-524 on glioma in
vivo. Nude mice were divided into two groups (5
mice per group). Then, 2x10° logarithmically
growing U87 cells stably expressing negative
control or miR-524 mimics were subcutane-
ously injected into nude mice. After 30 days,
the nude mice were sacrificed, and the tumor
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tissues were stripped and weighed [8]. Total
RNA and protein were extracted from the tis-
sues, and the expression of NCF2 was detected
by qRT-PCR, western blot and immunochemis-
try. The magnification of immunochemistry is
200x.

Statistical analysis

All the experiments except the animal experi-
ments were conducted at least three times. All
values in this study are shown as the mean %
SD. The difference between the groups was
considered significant and very significant
when P<0.05 (* or #) and P<0.01 (** or ##),
respectively.

Results

miR-524 is downregulated in glioma tissues
and cell lines and related to glioma recurrence

First, we investigated the expression of miR-
524 in the CGGA, and the result showed that
miR-524 expression was markedly decreased
in high-grade glioma (HGG) compared to low-
grade glioma (LGG) (Figure 1A). Next, we
checked the expression pattern of miR-524 in
5 normal human brain tissues (NBTs) and 12
glioma specimens using RT-gPCR. As shown in
Figure 1B, the miR-524 expression was signifi-
cantly decreased in glioma compared to NBTs.
In addition, we analyzed the expression pattern
of miR-524 in recurrent glioma tissues and
found that, compared with primary glioma tis-
sues, miR-524 expression was markedly re-
duced in recurrent glioma tissues (Figure 1C).
Last, we detected the miR-524 levels in human
glioma cell lines and normal human astrocytes
(NHAs). Consistent with the expression pattern
in glioma specimens, miR-524 was consider-
ably lower in glioma cell lines than in NHAs
(Figure 1D). These findings indicated that miR-
524 is closely related to the progression of
glioma.

Increased miR-524 expression is correlated
with glucose uptake, proliferation, migration
and invasion in glioma cell lines

In order to ulteriorly explore the biological func-
tion of miR-524 in glioma cell lines, we assessed
the effects of miR-524 on glioma cell glucose
uptake, proliferation, migration and invasion.
First, we transfected both cell lines with the
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commercially synthesized miR-524 mimic to
upregulate the expression of miR-524, and the
validity of transfection was proven by gRT-PCR
(Figure 2A, 2B). The glucose uptake assay
showed that overexpression of miR-524 mark-
edly repressed the glucose uptake of U87 and
U251 cells (Figure 2C, 2D). In a CCK-8 assay,
the proliferation ability of the miR-524 mimic-
transfected cells was suppressed compared to
the control group (Figure 2E, 2F). Migration
assays and transwell assays revealed that the
miR-524 mimic inhibited the migratory and
invasive abilities of U87 and U251 cells (Figure
2G-J). Overall, these results suggest that miR-
524 suppresses glucose uptake, proliferation,
migration and invasion in glioma cell lines.

NCF2 is the direct functional target of miR-524
in glioma cell lines

To further study the molecular mechanism of
miR-524 in glioma cell lines, bioinformatics
analysis was performed to find the potential tar-
get of miR-524. Though starBase v2.0 (http://
starbase.sysu.edu.cn/), we found that NCF2
was a target of miR-524 (Figure 3A). Next, in
order to examine whether miR-524 mediates
the expression of NCF2, we performed the dual
luciferase reporter assays, and the results
showed that overexpression of miR-524 obvi-
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Figure 1. Expression of miR-524
in glioma tissues and cell lines.
A. Expression of miR-524 in the
CGGA public database. B. Ex-
pression of miR-524 in NBTs (n
= 5) and glioma species divided
into LGG (n = 6) and HGG (n =
- 6). C. Expression of miR-524 in
primary glioma and recurrent
glioma. D. Expression of miR-
524 in normal human astrocytes
(NHAs) and glioma cell lines

us? U251 (U87 and U251). **P<0.01.

ously suppressed luciferase activity in cells
with the wild-type plasmid, but there was no
significant effect detected in cells transfected
with the mutant plasmid (Figure 3B). Meanwhile,
we also examined the expression level of NCF2
in CGGA and clinical tissue samples. The results
showed that the NCF2 levels were significantly
higher in HGG compared to LGG (Figure 3C,
3D). In addition, though qRT-PCR and western
blot, we found that the NCF2 protein level was
decreased or increased in glioma cell lines
when transfected with miR-524 mimics or
inhibitors, respectively (Figure 3E, 3F). Taken
together, these findings demonstrated that
NCF2 is the functional target of miR-524 in
glioma.

miR-524 regulates glucose uptake, prolifera-
tion, migration and invasion in glioma cell lines
by targeting NCF2

In order to test the biological functions of NCF2,
we transfected both cell lines with siRNA tar-
geting NCF2 (si-NCF2) to knock down NCF2
expression. Through qRT-PCR assays, we found
that the interference was effective (Figure 4A,
4B). Through a series of experiments, we dem-
onstrated that downregulation of NCF2 inhibit-
ed glucose uptake, proliferation, migration and
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Figure 2. miR-524 suppresses glioma cell glucose uptake, proliferation, migration and invasion in vitro. A, B. qRT-
PCR analysis of miR-524 expression in U87 and U251 cells transfected with NC or miR-524 mimic. C, D. Relative
glucose uptake in U87 and U251 cells transfected with NC or miR-524 mimic and treated with the indicated concen-
trations of glucose (0O, 5, or 20 mM). E, F. The CCK-8 assay for U87 and U251 cells transfected with NC or miR-524
mimic. G, H. The migration assay for U87 and U251 cells transfected with NC or miR-524 mimic. I, J. The invasion
assay for U87 and U251 cells transfected with NC or miR-524 mimic. *P<0.05, **P<0.01.
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Figure 3. NCF2 is a direct target of miR-524 in glioma cell lines. A. Predicted miR-524 target sequence in the 3’-UTR
of NCF2 mRNA. B. miR-524 downregulates the luciferase activity of the wild-type NCF2 3’-UTR expression vector but
does not reduce the expression of mutant NCF2. C. Expression of NCF2 in the CGGA public database. D. The expres-
sion of NCF2 in glioma species. E, F. Expression of NCF2 in U87 and U251 cells transfected with NC, miR-524 mimic
or miR-524 inhibitor. **P<0.01 means cells treated with NC and cells treated with miR-524 comparison, ##P<0.01
means cells treated with NC and cells treated with As-miR-524 comparison. GAPDH used as control.

invasion in glioma cell lines (Figure 4C-J). Next, assays illustrated that the NCF2 plasmids
we transfected both cell lines with either the could partially restore the inhibitory effect of
miR-524 mimic or miR-524 mimic together with the miR-524 mimic in both cell lines (Figure 5A,
the NCF2 plasmids and performed a series of 5B). Meanwhile, though a series of functional
functional assays. The results of the qRT-PCR assays, we confirmed that the restoration of
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Figure 4. Downregulation of NCF2 suppresses glioma cell glucose uptake, proliferation, migration and invasion in
vitro. A, B. qRT-PCR analysis of NCF2 expression in U7 and U251 cells transfected with NC or si-NCF2. C, D. Relative
glucose uptake in U87 and U251 cells transfected with NC or si-NCF2 and treated with the indicated concentrations
of glucose (0, 5, or 20 mM). E, F. The CCK-8 assay for U87 and U251 cells transfected with NC or si-NCF2. G, H. The
migration assay for U87 and U251 cells transfected with NC or si-NCF2. I, J. The invasion assay for U87 and U251

cells transfected with NC or si-NCF2. *P<0.05, **P<0.01.

NCF2 expression could partially rescue the
effects of miR-524 on the glucose uptake, pro-
liferation, migration and invasion (Figure 5C-J).
These results indicated that NCF2 is a pivotal
target of miR-524 in glioma cell lines.

miR-524 suppresses tumor growth of glioma in
nude mice

In order to investigate whether the results in
vitro are reproducible in the mouse xenograft
model, we transfected the U87 cells with nega-
tive control or the miR-524 mimic and then sub-
cutaneously injected the cells into nude mice.
Consistent with the results in vitro, miR-524
significantly inhibited tumor growth in vivo. The
size of subcutaneous tumors derived from miR-
524 overexpressing cells was significantly
smaller than that of control cells (Figure 6A,
6B). Simultaneously, compared to the control,
the weight of subcutaneous tumors derived
from miR-524 overexpressing cells was signifi-
cantly lighter (Figure 6C). Next, through gRT-
PCR, western blot and immunohistochemistry
analyses, we confirmed that the NCF2 expres-
sion in the tumor tissues from miR-524 overex-
pressing cells was decreased (Figure 6D-F).
Finally, we concluded that miR-524 inhibits glio-
ma growth in vivo by targeting NCF2.

Discussion

Previous studies have shown that in the spec-
trum of human diseases, the incidence of can-
cer increases year by year [19]. Gliomas are an
important part of cancer and threaten human
health. In recent years, despite advances in the
treatment of gliomas, including electric field
therapy and ketogenic diets, the prognosis of
patients with gliomas has not improved signifi-
cantly [20-22]. The main reason is that the
mechanism of gliomagenesis has not been elu-
cidated completely. Therefore, it is very neces-
sary and meaningful to thoroughly study the
molecular mechanism of gliomagenesis.

mMiRNA is a class of RNA molecules that do not

have coding capabilities [23]. Mounting evi-
dence shows that miRNA participates in numer-

1612

ous physiological and pathological process-
es by binding to special sequences at the
3’-untranslated regions of target genes and
then regulating gene expression. Thorough
investigations show that miRNAs play a signifi-
cant role in tumorigenesis, including glioma.
For example, Liu et al. reported that miR-93
inhibits the proliferation, invasion and migra-
tion of glioma by targeting RBL2 [24]; Lin et al.
suggested that miR-128 inhibits the prolifera-
tion and invasion of glioma though COX2 [25].
miR-524 is a relatively new member of the
miRNA family which has been confirmed to
have an important role in angiotensin ll-induced
hypertension and cellular reprograming [26].
Although there is research showing that the
EGFR/c-myc axis regulates the TGF(/Hippo/
Notch pathway via epigenetic silencing of miR-
524 in glioma [27], the specific mechanism
of miR-524 in glioma progression remains
unclear. In this study, we illustrated that miR-
524 expression is decreased in glioma tissues
and glioma cell lines, which relates to glioma
recurrence as well. In addition, we performed a
series of assays and found that miR-524 sup-
pressed glucose uptake, proliferation, migra-
tion and invasion of glioma cells. In order to
clarify the underlying mechanisms of miR-524
in glioma, we used bioinformatics software to
investigate the targets of miR-524, and NCF2
was considered a potential target. Further
experimental studies indicated that there was
a negative correlation between the expression
of miR-524 and NCF2 in glioma tissues and cell
lines. Simultaneously, NCF2 knockdown could
suppress glioma glucose uptake, proliferation,
migration and invasion. Next, we performed a
series of functional assays and the results
showed that transfection of miR-524-overex-
pressing cells together with the NCF2 plasmid
significantly abolished the effect of miR-524 on
glioma cell glucose uptake, proliferation, migra-
tion and invasion. Finally, though a tumorigenic-
ity assay, we demonstrated that miR-524 also
inhibits glioma progression by regulating NCF2
in vivo.

In summary, we demonstrated that miR-524
acts as a tumor suppressor in glioma by target-

Am J Transl Res 2019;11(3):1605-1615
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Figure 5. NCF2 restores the inhibitor effect of miR-524 on glioma cell glucose uptake, proliferation, migration and
invasion in vitro. A, B. gRT-PCR analysis of NCF2 expression in U87 and U251 cells transfected with NC, miR-524
mimic or miR-524mimic together with NCF2. C, D. Relative glucose uptake in U87 and U251 cells transfected with
NC, miR-524 mimic or miR-524mimic together with NCF2 and treated with the indicated concentrations of glucose
(0, 5, or 20 mM). E, F. The CCK-8 assay for U87 and U251 cells transfected with NC, miR-524 mimic or miR-524mim-
ic together with NCF2. G, H. The migration assay for U887 and U251 cells transfected with NC, miR-524 mimic or
miR-524mimic together with NCF2. |, J. The invasion assay for U87 and U251 cells transfected with NC, miR-524
mimic or miR-524mimic together with NCF2. *P<0.05, **P<0.01.
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Figure 6. miR-524 inhibits glioma growth in vivo. A. Tumor formation was performed in nude mice and the excised
tumor of U87 xenografts. B. The volume of the excised tumor was calculated by the formula: V (mm?3) = 0.5 * a * b2
(a represents the longest axis and b the shortest axis). C. The weight of the excised tumor. D-F. Expression of NCF2

in tumor tissue. *P<0.05, **P<0.01.

ing NCF2, thus regulating tumor cell glioma glu-
cose uptake, proliferation, migration and inva-
sion. In addition, the expression level of miR-
524 may be associated with glioma recurrence.
Thus, miR-524 may be a potential therapeutic
target and an indicator for assessing prognosis
for glioma patients in the future.

Acknowledgements

This study was supported by Jiangsu Province'’s
Natural Science Foundation (BK20171064),
Research Foundation of Jiangsu Provincial Me-
dical Youth Talent, the Project of Inviogorating
Health Care through Science, Technology and
Education (QNRC2016858).

Disclosure of conflict of interest
None.

Address correspondence to: Baosheng Huang,
Department of Neurosurgery, Sir Run Run Hospital

1614

of Nanjing Medical University, Nanjing, Jiangsu
Province, China. Tel: +86 13851797739; E-mail:
bs.huang@njmu.edu.cn

References

[1] Yang B, Ma YB and Chu SH. Silencing SATB1
overcomes temozolomide resistance by down-
regulating MGMT expression and upregulating
SLC22A18 expression in human glioblastoma
cells. Cancer Gene Ther 2018; 25: 309-316.

[2] Zhao S, Zhang Y, Wang L, Yang L, Zou L and
Gao F. Adeno-associated virus 2 mediated
gene transfer of vascular endothelial growth
factor Trap: a new treatment option for glioma.
Cancer Biol Ther 2019; 20: 65-72.

[3] LuanW, Zhou Z, Zhu Y, Xia Y, Wang J and Xu B.
miR-137 inhibits glutamine catabolism and
growth of malignant melanoma by targeting
glutaminase. Biochem Biophys Res Commun
2018; 495: 46-52.

[4] Wan P, Chi X, Du Q, Luo J, Cui X, Dong K, Bing
Y, Heres C and Geller DA. miR-383 promotes
cholangiocarcinoma cell proliferation, migra-

Am J Transl Res 2019;11(3):1605-1615


mailto:bs.huang@njmu.edu.cn

(5]

(6]

(7]

(8]

(9]

(10]

[11]

[12]

[13]

(14]

[15]

1615

MicroRNA-524 inhibits the progress of glioma

tion, and invasion through targeting IRF1. J
Cell Biochem 2018; 119: 9720-9729.

Yan D, Hao C, Xiao-Feng L, Yu-Chen L, Yu-Bin F
and Lei Z. Molecular mechanism of notch sig-
naling with special emphasis on microRNAs:
implications for glioma. J Cell Physiol 2018;
234: 158-170.

Gu X, Gong H, Shen L and Gu Q. MicroRNA-
129-5p inhibits human glioma cell prolifera-
tion and induces cell cycle arrest by directly
targeting DNMT3A. Am J Transl Res 2018; 10:
2834-2847.

Liu L, Cui S, Zhang R, Shi Y and Luo L. MiR-421
inhibits the malignant phenotype in glioma by
directly targeting MEF2D. Am J Cancer Res
2017; 7: 857-868.

Chen H, Liu L, Li X, Shi Y and Liu N.
MicroRNA-1294 inhibits the proliferation and
enhances the chemosensitivity of glioma to te-
mozolomide via the direct targeting of TPX2.
Am J Cancer Res 2018; 8: 291-301.

Li J, Liu Q, Liu Z, Xia Q, Zhang Z, Zhang R, Gao
T, Gu G, Wang Y, Wang D, Chen X, Yang Y, He D
and Xin T. KPNA2 promotes metabolic repro-
gramming in glioblastomas by regulation of c-
myc. J Exp Clin Cancer Res 2018; 37: 194.
Wang G, Wang J, Zhao H, Wang J and Tony To
SS. The role of Myc and let-7a in glioblastoma,
glucose metabolism and response to therapy.
Arch Biochem Biophys 2015; 580: 84-92.
Zhang Y, Han D, Wei W, Cao W, Zhang R, Dong
Q, Zhang J, Wang Y and Liu N. MiR-218 inhib-
ited growth and metabolism of human glio-
blastoma cells by directly targeting E2F2. Cell
Mol Neurobiol 2015; 35: 1165-1173.

Zhang JX, Chen ZH, Chen DL, Tian XP, Wang CY,
Zhou ZW, Gao Y, Xu Y, Chen C, Zheng ZS, Weng
HW, Ye S, Kuang M, Xie D and Peng S.
LINC01410-miR-532-NCF2-NF-kB feedback lo-
op promotes gastric cancer angiogenesis and
metastasis. Oncogene 2018; 37: 2660-2675.
Vignesh P, Rawat A, Kumar A, Suri D, Gupta A,
Lau YL, Chan KW and Singh S. Chronic granu-
lomatous disease due to neutrophil cytosolic
factor (NCF2) gene mutations in three unrelat-
ed families. J Clin Immunol 2017; 37: 109-
112.

Ben-Farhat K, Ben-Mustapha |, Ben-Ali M,
Rouault K, Hamami S, Mekki N, Ben-Chehida
A, Largueche B, Fitouri Z, Abdelmoula S,
Khemiri M, Guediche MN, Boukthir S, Barsaoui
S, Chemli J and Barbouche MR. A founder ef-
fect of ¢.257 + 2T > C mutation in NCF2 gene
underlies severe chronic granulomatous dis-
ease in eleven patients. J Clin Immunol 2016;
36: 547-554.

Osama A, Sabry D, Hassany SM, Abdelmoneim
SS and Sabry A. SIRT-1 expression is associat-
ed with expression of NANOG in patients with
colorectal adenocarcinoma. Cancer Biomark
2016; 17: 155-163.

(16]

[17]

(18]

[19]

[20]

[22]

(23]

(24]

[25]

[26]

(27]

Tan W, Hildebrandt MA, Pu X, Huang M, Lin J,
Matin SF, Tamboli P, Wood CG and Wu X. Role
of infammatory related gene expression in
clear cell renal cell carcinoma development
and clinical outcomes. J Urol 2011; 186: 2071-
2077.

Wang G, Liu M, Wang H, Yu S, Jiang Z, Sun J,
Han K, Shen J, Zhu M, Lin Z, Jiang C and Guo
M. Centrosomal protein of 55 regulates glu-
cose metabolism, proliferation and apoptosis
of glioma cells via the akt/mTOR signaling
pathway. J Cancer 2016; 7: 1431-1440.

Liu L, Cui S, Wan T, Li X, Tian W, Zhang R, Luo L
and Shi Y. Long non-coding RNA HOTAIR acts
as a competing endogenous RNA to promote
glioma progression by sponging miR-126-5p. J
Cell Physiol 2018; 233: 6822-6831.

Railkar R and Agarwal PK. Photodynamic ther-
apy in the treatment of bladder cancer: past
challenges and current innovations. Eur Urol
Focus 2018; 4: 509-511.

Trusheim J, Dunbar E, Battiste J, Iwamoto F,
Mohile N, Damek D, Bota DA and Connelly J. A
state-of-the-art review and guidelines for tu-
mor treating fields treatment planning and pa-
tient follow-up in glioblastoma. CNS Oncol
2017; 6: 29-43.

Klement RJ, Bandyopadhyay PS, Champ CE
and Walach H. Application of Bayesian evi-
dence synthesis to modelling the effect of ke-
togenic therapy on survival of high grade glio-
ma patients. Theor Biol Med Model 2018; 15:
12.

Martin-McGill KJ, Marson AG, Tudur Smith C
and Jenkinson MD. The modified ketogenic
diet in adults with glioblastoma: an evaluation
of feasibility and deliverability within the na-
tional health service. Nutr Cancer 2018; 70:
643-649.

Hui X, Zhang S and Wang Y. miR4543p sup-
presses cell migration and invasion by target-
ing CPEB1 in human glioblastoma. Mol Med
Rep 2018; 18: 3965-3972.

Liu DK, Wei YJ, Guo Y, Wang J and Wang GH.
MiRNA-93 functions as an oncogene in glioma
by directly targeting RBL2. Eur Rev Med
Pharmacol Sci 2018; 22: 2343-2350.

Lin Y and Wu Z. MicroRNA-128 inhibits prolif-
eration and invasion of glioma cells by target-
ing COX-2. Gene 2018; 658: 63-69.

Wu X and Fan R. Identifications of potential
therapeutic targets and drugs in angiotensin
Il-induced hypertension. Medicine (Baltimore)
2017; 96: e8501.

Zhao K, Wang Q, Wang Y, Huang K, Yang C, Li Y,
Yi K and Kang C. EGFR/c-myc axis regulates
TGFbeta/Hippo/Notch pathway via epigenetic
silencing miR-524 in gliomas. Cancer Lett
2017; 406: 12-21.

Am J Transl Res 2019;11(3):1605-1615



