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Background: MicroRNAs play important roles in cancer progression including glioma. In
this study, we aimed to explore the expression pattern, prognostic potential, and functional
role of miR-526b-3p in human glioma.

Materials and methods: The expression of miR-526b-3p in glioma tissues and the
adjacent non-tumor tissues was determined by quantitative RT-PCR. The chi-square test
was performed to evaluate the statistical associations between miR-526b-3p level and patient
characteristics. The prognostic value of miR-526b-3p was analyzed by Kaplan—-Meier and
Cox regression analyses. The function of miR-526b-3p was analyzed by MTT, colony
formation assay, transwell assay, and flow cytometry analysis in vitro. The binding between
miR-526b-3p and predicted target WEE1 was verified using dual luciferase assay and
Western blot analysis.

Results: We found that miR-526b-3p expression was significantly downregulated in both
glioma tissues and cell lines. Downregulation of miR-526b-3p was significantly associated
with advanced WHO grade, lower KPS score, and inferior patient outcomes. Functional
investigation indicated that overexpression of miR-526b-3p suppressed cell proliferation,
migration, and invasion, and promoted apoptosis in glioma cell lines. Mechanically, WEE1
was identified as direct targets of miR-526b-3p and overexpression of WEEI significantly
suppressed the levels of WEE1. Moreover, re-introduction of WEE1 abrogates the suppres-
sion of motility and invasiveness induced by miR-526b-3p in glioma cells.

Conclusion: These findings indicate that miR-526b-3p may target WEE! and inhibit glioma
tumorigenesis and progression.
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Introduction

Glioma is a type of tumor that occurs in the brain and spinal cord and remains the
most common brain tumor in adults.'* Glioma displays many malignant character-
istics such as high invasiveness and resistance.® Although surveillance and clinical
treatment strategies have been improved, the median survival of patients in grade
IV is still less than 1 year.* This high lethality could be due to that surgery cannot
remove the entire tumor without harming the healthy brain.’ In addition, symptoms
of gliomas depend on which part of the central nervous system is affected, and
glioma patients were frequently diagnosed at an advanced stage.’ In order to
improve the prognosis of glioma patients, understanding the molecular signaling
pathways and identification of novel biomarkers are very important.
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MicroRNAs (miRNAs), highly conserved non-coding
RNAs, modulate the expression of mRNAs by binding to
their 3’-untranslated region (3’-UTR).” Recent evidences
show that miRNAs play crucial roles in various biological
processes such as differentiation, proliferation, invasion, and
apoptosis, and their aberrant expression is thought to be
relevant to the progression of various diseases, including
cancers.® ' With the deepening of research, some miRNAs
are tumor suppressors while others serve as oncogenes in
cancer development, which suggests that they are considered
as potential therapeutic targets.'"'> Due to the wide use of
next-generation sequencing technology, numerous miRNAs
have been identified.'*'* However, the function and potential
mechanism of most of them remains largely unclear.

miR-526b-3p, a functional miRNA and located in
19q13.42, has been reported to be abnormally expressed in
various tumors and plays an important role in the progression
of these diseases.'>'® Generally speaking, miR-526b-3p was
found to exhibit tumor suppressive role in several tumors,
which revealed its potential role as a therapeutic target. To
our best knowledge, the roles of miR-526b-3p in glioma have
not been investigated. In this study, we first explored its
expression, clinical significance, and function, and provided
evidences that miR-526b-3p is a potential prognostic marker
in glioma and functions as a tumor suppressor by targeting
WEET1 which acted as an oncogene in glioma.

Materials and methods

Patients and tissue specimens

Human glioma tissue samples and corresponding adjacent
normal brain tissues were obtained from 158 patients with
glioblastoma at Xiangya Hospital, Central South University
from March 2010 to April 2013. All the tissues collected from
the patients were immediately frozen in liquid nitrogen and
stored at —80°C after surgery. The patients did not receive any
radiotherapy or chemotherapy before surgery. The histologi-
cal grade of all glioma tissue samples was classified by
experienced pathologists using WHO criteria. Written
informed consent was received from the participants. The
research protocols were approved by the Ethics Committee
of Xiangya Hospital, Central South University. The study was
conducted in accordance with the Declaration of Helsinki.
The patients’ clinical information is listed in Table 2.

Cell lines and cell transfection
Human glioma cell lines (T98G, U251, LN18, LN229, and
A172) were obtained from the Chinese Academy of

Sciences Cell Bank (Xuhui, Shanghai, China), and normal
human astrocytes (NHAs) were purchased from the
American Type Culture Collection (ATCC, Manassas, VA,
USA). The cells were all cultured in RPMI-1640 medium
(BasalMedia Technologies, Pudong, Shanghai, China) con-
taining 10% of fetal bovine serum (FBS; HyClone, Logan,
Utah, USA) and antibiotics (100 U/mL streptomycin and
100 U/mL penicillin) at 37°C with 5% CO,.

The negative control (NC) mimics and miR-526b-3p
mimics were all purchased from RiboBio Co., Ltd.
(Guangzhou, Guangdong, China). The pcDNA3.1-WEE1
plasmid which led to express WEE1 was constructed by
Generay Biotechnology Co., Ltd. (Songjiang, Shanghai,
China). Cell
Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA,

transfection was performed using

USA) in accordance with the manufacturer’s protocols.

Quantitative real-time polymerase chain
reaction (qQRT-PCR)

Total RNA was extracted from cultured cells or clinical
samples using TRIeasy Total RNA Extraction Reagent
(Yeasen Biotechnology, Pudong, Shanghai, China) accord-
ing to the manufacturer’s protocols. Afterward, the RNA
was reversely transcripted to cDNA in a first-strand cDNA
synthesis reaction with PrimeScript RT-PCR kit (Takara,
Dalian, Liaoning, China). Then, qRT-PCR assays were
conducted using All in One qPCR Mix kit (Applied
GeneCopoeia Inc., Rockville, MD, USA) on an ABI
7500HT System (Applied Biosystems, Foster City, CA,
USA). GAPDH was employed as an internal control for
mRNA detection. For miRNA determination, miRNA
Purification kit (Qiagen, Hilden, Germany) and
TransScript Green miRNA Two-Step qRT-PCR SuperMix
kit (TRANSGEN, Haidian, Beijing, China) were utilized.
MiR-526b-3p was normalized to snRNA U6. Expression
fold changes were calculated using 2" method. All
primer sequences are listed in Table 1.

Table | The primers for gRT-PCR

Gene Sequences (5'-3')
miR-526b-3p (F) GCGCTCTTGAGGGAAGCACT
miR-526b-3p (R) TACGTTCCATAGTCTACCA

WEEI (F) GCTTGCCCTCACAGTGGTATG
WEEI (R) CCGAGGTAATCTACCCTGTCTGA
GAPDH (F) GGTCTCCTCTGACTTCAACA
GAPDH (R) GCCAAATTCGTTGTCATAC

Abbreviations: miR-421, microRNA-421; qRT-PCR, quantitative real-time poly-
merase chain reaction; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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Western blot analysis

Cells were collected and lysed using RIPA buffer (Meilun
Biotechnology, Dalian, Liaoning, China) supplemented with
protease inhibitor cocktail (Sigma Aldrich, St. Louis, MO,
USA). Total protein concentrations of the cell lysate were
assessed by 1x Bradford Assay kit (Bio-Rad Laboratories,
Hercules, CA, USA). Subsequently, 20 pg protein samples
were separated on a 10% SDS-PAGE by the use of a BioRad
Bis-Tris Gel system (Bio-Rad, CA, USA), transferred onto
polyvinylidene difluoride membranes (Millipore, Danvers,
MA, USA), blocked with 5% non-fat milk for 1 hr at room
temperature, and immunoblotted with primary antibodies. The
primary antibodies against vimentin and N-cadherin were pur-
chased from Abcam Co., Ltd. (Cambridge, MA, USA). The
primary antibodies against GAPDH and WEE1 were pur-
chased from Santa Cruz Biotechnology Co., Ltd. (Santa
Cruz, CA, USA) and ProteinTech Co., Ltd. (Wuhan, Hubei,
China). Then, the corresponding secondary antibodies were
utilized to incubate with the membranes. The protein was then
visualized using an ECL detection kit (Pierce, Rockford, IL,
USA) as well as a Gel Imaging System (GE Healthcare,
Madison, WI, USA).

Cell viability and colony formation assays
Cell proliferative abilities were tested by the Cell Counting
Kit-8 (CCK-8; KeyGen Biotechnology, Nanjing, Jiangsu,
China). In short, the pre-transfected U251 or LN299 cells
were seeded into 96-well plates (Nunc, Roskilde, Denmark)
with the amount of 3x10° cells per well. Then, 10 uL CCKS8
reagent was added to each well at indicated time points. After
maintaining for 1-2 hrs, a microplate reader (BioTek
Instruments, Bio-Tek, Winooski, VT) was applied to evalu-
ate the absorbance at a wavelength of 450 nm.

For colony formation assays, U251 or LN299 cells in the
logarithmic growth phase were seeded in 6-well plates
(Nunc, Roskilde, Denmark) at 37°C with 5% CO, at
a density of 400 cells per well. The cells were continued to
be maintained at 37°C with 5% CO, for approximately 2
weeks. At the end of monitored time, the cell colonies were
fixed with ethanol, treated with 0.3% crystal violet solution
(Sangong, Songjiang, Shanghai, China) for 30 mins, washed
twice by deionized water, and photographed by an inverted
microscope (IX71, Olympus, Tokyo, Japan).

Apoptosis assay
The Annexin V-FITC Apoptosis Detection kit purchased from
DOJINDO Laboratories Co., Ltd. (Xuhui, Shanghai, China)

was employed to assess the apoptosis of U251 and LN299
cells. In brief, the cells were collected, re-suspended in the
binding buffer (400 pl), and subsequently incubated with 5 pL.
Annexin V-FITC as well as 5 pL. propidium iodide (PI) after
24-hr transfection. Afterward, the cells were washed twice and
the results were examined by an FACS Calibur system FACS
Arialll system (BD Biosciences, San Jose, CA, USA) and
analyzed with FlowJo software (Version 7.6.1; Tree Star Inc.,
Ashland, Oregon, USA).

Transwell assays

Transwell assays were applied to evaluate the migratory
and invasion capabilities of U251 and LN299 cells. The
transwell migration assays were carried out using an 8-pm
pore polycarbonate membrane chamber insert in a 24-well
plate (BD Biosciences, Franklin Lakes, NJ, USA). For the
invasion assays, the chamber inserts were pre-coated with
50 pL of Matrigel (200 mg/mL; BD Biosciences, Franklin
Lakes, NJ, USA). Subsequently, cells were re-suspended
in serum-free medium, plated into the upper chamber of
inserts, and the medium containing 20% FBS was added
into the lower chamber. After 24 hrs, the non-invading
cells were gently removed with a cotton swab, and migra-
tory or invasive cells attached to the lower surfaces of the
chamber membranes were fixed in 100% methanol and
stained with 0.3% crystal violet solution (Sangong,
Songjiang, Shanghai, China). Then, the cells were counted
and photographed by an inverted microscope (IX71,
Olympus, Tokyo, Japan).

Dual luciferase reporter assays

Dual-Glo Luciferase Assay System kit (Promega,
Madison, WI, USA) was utilized to examine the luciferase
activity of U251 and LN299 cells. The wild-type 3'-
untranslated region (UTR) or mutant 3'-UTR sequence of
WEE1 (WEE1 WT or WEEI MUT) was sub-cloned into
pGL3 Basic vector (Promega, Madison, WI, USA) by
Ltd.
China). The cells were seeded in 24-well plates and co-
transfected with WEE1 WT or WEE1 MUT reporter vector

together with NC mimic or miR-526b-3p mimic using

Vigene Biotechnology Co., (Jinan, Shandong,

Lipofectamine 2000 reagent (Invitrogen Co., Carlsbad,
CA, USA) according to the manufacturer’s instructions.
Following cultivation for 48 hrs, the transfected cells were
collected and used for luciferase activity determination
according to the protocols in the Dual-Glo Luciferase
Assay System Kkit.
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Data analysis

Differences in the results of two groups were evaluated
using unpaired two-tailed Student’s #-test. The multi-group
comparison was performed using one-way analysis of
variance. The paired comparison was performed by SNK
approach. Survival rates were calculated using the
Kaplan—Meier method, and differences in survival curves
were analyzed by log-rank tests. Multivariate Cox propor-
tional hazards regression models were used to identify
independent prognostic factors. Statistical analyses were
performed with the SPSS 20.0 statistics software (SPSS,
Inc., Chicago, IL, USA). A two-sided P-value<0.05 was
considered statistically significant.
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Results
MiR-526b-3p was downregulated in

glioma tissues and cell lines

In order to investigate the possible relevance of miR-526b-3p
in glioma, we assessed the expression of miR-526b-3p in
glioma cell lines by RT-qPCR. As shown in Figure 1A, we
found that the expression of miR-526b-3p was significantly
lower in the glioma tissues compared with matched normal
tissues (P<0.01). In addition, we also observed that
decreased expression of miR-526b-3p was found in five
glioma cell lines compared with the NHAs (Figure 1B).
Thus, downregulation of miR-526b-3p may be involved in
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Figure | Expression levels of miR-526b-3p in glioma and its clinical significance. (A) Measured by qRT-PCR, miR-526b-3p expression was significantly lower in glioma tissues
than adjacent tissues. (B) The relative expression of miR-526b-3p was downregulated in human glioma cell lines (T98G, U251, LN18, LN229, and A172) compared with
NHAs. (C and D) Kaplan-Meier survival analysis of the correlation between miR-526b-3p expression and overall survival and progression-free of the 158 glioma patients.

The median expression level of miR-526b-3p was used as the cut-off. **P<0.01.
Abbreviations: miR-526b-3p, microRNA-526b-3p; qRT-PCR, quantitative real-time

polymerase chain reaction.
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the tumorigenesis and progression of glioma. The U251 and
LN229 cell line was selected for the subsequent experi-
ments because its expression of miR-526b-3p was the low-
est among these five glioma cell lines.

Relationship between miR-526b-3p
expression and prognosis of glioma

patients

Then, we further explored the clinical significance of miR-
526b-3p in glioma patients. The median expression level of
miR-526b-3p was used as a cutoff point to divide all 158
patients into two groups (High and Low). As shown in
Table 2, the result of chi-square analysis indicated that low
miR-526b-3p expression was significantly associated with
advanced WHO grade (P=0.014) and lower KPS score
(P=0.001). However, no significant difference in miR-
526b-3p expression was observed with age, gender, extent
of resection, and tumor size (All P>0.05, Table 2).
Moreover, we performed Kaplan—Meier analysis to analyz-
ing 5-year clinical data, finding that patients with high levels
of miR-526b-3p expression showed reduced overall survival

Table 2 Association between miR-526b-3p expression and
clinicopathological features of 158 human gliomas

Parameter No. of cases | miR-526b-3p | P-value
expression
High | Low

Age 0.625
<50 84 4] 43
250 74 39 35

Gender 0.436
Male 96 51 45
Female 62 29 33

WHO grade 0.014
1-1l 102 59 43
-1v 56 21 35

KPS score 0.001
<80 47 16 31
280 11 64 37

Extent of resection 0.422
<98% 46 21 25
298% 112 59 53

Tumor size 0.193
<5cm 117 58 49
25 cm 51 22 29

Abbreviations: miR-526b-3p, microRNA-526b-3p; KPS, karnofsky; WHO, World
Health Organization.

(OS) time (P=0.0096, Figure 1C) and progression-free sur-
vival (PFS) time (P=0.0007, Figure 1D) compared with
patients with low levels of miR-526b-3p. Subsequently,
multivariate analysis demonstrated that the decreased
expression of miR-526b-3p was an independent indicator
for OS and PFS in glioma patients (Table 3). Taken together,
our results indicated that decreased miR-526b-3p was
involved in glioma development and could be identified as
a poor prognostic biomarker in glioma patients.

Forced expression of miR-526b-3p
suppressed the proliferation of
glioblastoma cells and induced cell
apoptosis

To investigate the functional relevance of miR-526b-3p in
glioblastoma cells, U251 and LN299 cells were selected for
gain of function studies by transfection of miR-526b-3p
mimic, because the expression levels of miR-526b-3p were
significantly lower in U251 and LN299 cells than that in the
other glioma cell lines. Hence, the miR-526b-3p mimic or NC
mimic was transfected into U251 or LN299 cells. The efficacy
of transfection was confirmed by qRT-PCR assays, and the
relative expression of miR-526b-3p was increased about five
times in U251 and LN299 cells after transfection of miR-
526b-3p mimics (Figure 2A). The CCK-8 assays demon-
strated that enhancing the expression of miR-526b-3p remark-
ably decreased cell viability of U251 and LN299 cells (Figure
2B and C). Moreover, colony formation assays revealed that
forced expression of miR-526b-3p reduced the cell colony
numbers of U251 and LN299 by about 70% (Figure 2D and
E). In addition, results of flow cytometry analysis confirmed
that the apoptotic rates of U251 or LN299 cells were signifi-
cantly increased when they were transfected with miR-526b-
3p mimics (Figure 2F and G). Collectively, these gain of
function results revealed that miR-526b-3p played essential
roles in the development of glioblastoma.

Ectopic expression of miR-526b-3p
impeded the migration and invasion of

glioblastoma cells

We next performed transwell assays to evaluate the effects
of miR-526b-3p on the migratory and invasive capabilities
of U251 or LN299 cells. The data of transwell migration
assays suggested that transfection of miR-526b-3p resulted
in a significant reduction (more than 50%) of migratory
U251 or LN299 cells compared with the control cells
(Figure 3A and B). Furthermore, the results of transwell
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Table 3 Multivariate analysis of parameters associated with overall survival and progression-free survival of glioma patients

Parameter Overall survival Progression-free survival
HR 95% CI P-value HR 95% CI P-value

Age 1.562 0.782-2.137 0.337 1.832 0.944-2.561 0.138
Gender 1.432 1.128-2.169 0.127 1.328 0.789-2.432 0.166
WHO grade 3.654 1.426-4.778 0.004 3.895 1.578-5.227 0.001
KPS score 3.236 1.327-3.997 0.013 3.493 1.468-4.669 0.007
Extent of resection 1213 0.458-2.189 0.327 1.436 0.879-2.341 0.114
Tumor size 1.579 1.288-2.328 0.159 1.774 1.326-2.675 0.123
miR-526b-3p expression 3.368 1.478-5.327 0.002 3.675 1.268-5.889 0.001

Abbreviations: miR-526b-3p, microRNA-526b-3p; KPS, karnofsky; WHO, World Health Organization.

invasion assays revealed that the upregulation of miR-
526b-3p remarkably attenuated the invasive abilities of
U251 and LN299 cells (Figure 3C and D). Thereafter,
we assessed the protein levels of epithelial to mesenchy-
mal related molecules by the use of western blot. The
results indicated that N-cadherin as well as vimentin in
U251 and LN299 cells were remarkably decreased after
transfecting with miR-526b-3p mimic (Figure 3E and F).
Overall, our data suggested that enhancing the expression
of miR-526b-3p impaired the metastasis potentials of glio-
blastoma cells.

miR-526b-3p modulated the expression
of WEEI by directly targeting its 3'-UTR

We next aimed to ascertain the underlying molecular
mechanisms by which miR-526b-3p exerted its tumor-
suppressing roles in glioblastoma. By using an online
bioinformatics database (starBase, http://starbase.sysu.
edu.cn/), putative target genes of miR-526b-3p in human
cells were predicted. Among these predicted candidates,
WEE1 was selected as a potential target gene, because
WEE1 had been confirmed to be involved in diverse
function regulations of various cancer types (Figure 4A).
To validate whether WEE1 was a direct target of miR-
526b-3p, dual luciferase reporter assays were conducted in
U251 and LN299 cells. The determination of the relative
luciferase activity confirmed that co-transfection of the
wild-type WEEI 3'-UTR (WEE1-WT) as well as miR-
526b-3p mimic led to a marked decline of luciferase
activities compared to co-transfection with NC mimic,
while that effects were not observed when the cells were
co-transfected with the mutant WEE1 3’-UTR (WEEI-
MUT) and miR-526b-3p mimic or NC mimic
(Figure 4B). In addition, the results of qRT-PCR assays
indicated that the forced expression of miR-526b-3p

dramatically reduced the expression of WEEI by
40-50% (Figure 4C). Besides, the protein levels of
WEEL, which were determined by western blot, were
remarkably decreased when U251 and LN299 cells were
transfected with miR-526b-3p mimic (Figure 4D).
Summarily, these results proved that WEE1 was a novel
direct target gene of miR-526b-3p.

Overexpression of WEEI reversed the
inhibitory effects of miR-526b-3p on
glioblastoma cell proliferation and

invasion

Next, we explored whether WEE1 mediated the effects of
miR-526b-3p on the development and progression of glio-
blastoma. To achieve that, rescue experiments were carried
out by co-transfecting the miR-526b-3p mimic with or
without pcDNA3.1-WEE1 plasmid. The qRT-PCR assays
showed that overexpression of miR-526b-3p reduced the
WEEI1 mRNA  levels, while transfection of
pcDNA3.1-WEE]1 plasmid abrogated the inhibitory effects
of miR-526b-3p on WEEI expression (Figure 5A). We
next performed CCK-8 assays, and the data suggested
that ectopic expression of miR-526b-3p resulted in
a significant reduction of proliferation, on the contrary, co-
transfection of miR-526b-3p as well as pcDNA3.1-WEE1
plasmid, reversed the proliferation of U251 and LN299
cells (Figure 5B and C). Besides, re-introduction of WEE1
notably increased the number of cell colonies compared
with transfection of miR-526b-3p mimic alone (Figure 5D
and E). In addition, transwell invasion assays revealed that
restored WEE1 expression by transfecting with
pcDNA3.1-WEE1 plasmid remarkably rescued the sup-
pressive effects of miR-526b-3p on the invasive abilities
of U251 and LN299 cells (Figure 5F and G). Taken
together, our data provided evidence that WEE1 was
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Figure 2 The effects of miR-526b-3p on the proliferation and apoptosis of U251 and LN299 cells. (A) Levels of miR-526b-3p in U251 and LN299 cells transfected with miR-
526b-3p mimics were found to be higher than that in the cells transfected with NC mimics. (B and C) The cell viabilities of U251 and LN299 cells were determined by CCK-
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Abbreviations: miR-526b-3p, microRNA-526b-3p; qRT-PCR, quantitative real-time polymerase chain reaction; NC, negative control; CCK-8, cell counting kit.
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Figure 3 Overexpression of miR-526b-3p inhibited the migration and invasion of U251 and LN299 cells. (A and B) Transwell migration assays were conducted with U251
and LN299 cells transfected with NC mimics or miR-526b-3p mimics, respectively. (C and D) Transwell invasion assays were performed using U251 and LN299 cells
transfected with NC mimics or miR-526b-3p mimics, respectively. (E, F) Western blot was utilized to detect the protein levels of N-cadherin and vimentin. **P<0.01.

Abbreviations: miR-526b-3p, microRNA-526b-3p; qRT-PCR, quantitative real-time polymerase chain reaction; NC, negative control.
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Figure 4 WEE| was targeted by miR-526b-3p at its 3’-UTR. (A) The predicted binding site through “starBase”. (B) The luciferase activities of U25| and LN299 cells were
examined by dual-luciferase reporter assays. (C and D) Transfection of miR-526b-3p mimics reduced the mRNA or protein levels of WEEI in U251 and LN299 cells which

were assessed by qRT-PCR or Western blot, respectively. **P<0.01.

Abbreviations: miR-526b-3p, microRNA-526b-3p; qRT-PCR, quantitative real-time polymerase chain reaction; NC, negative control; 3'- UTR, 3’-untranslated region.

a downstream functional effector of miR-526b-3p in glio-
blastoma cells and miR-526b-3p modulated the develop-
ment and progression of glioblastoma via WEEI.

Discussion

In China, glioblastoma multiforme is the most aggressive
form with very poor survival rates.'” To better understand
and to find more effective treatments for this disease, there
is an urgent need to identify valuable diagnostic and prog-
nostic biomarkers.'™'? In the past few decades, although
various molecular biomarkers were identified, few of them
were used in clinical practice due to the relatively low
susceptibility.?**! Recently, the potential of miRNAs as
novel clinical biomarkers attracted scientists’ attention.**
In this study, we forced on a multiple functional miRNA
named with miR-526b-3p.

In this study, we first detected the expression levels of
miR-526b-3p in glioma patients, finding that miR-526b-3p
expression was significantly reduced in both glioma tis-
sues and cell lines. Then, chi-square test by analyzing
clinical samples showed that low miR-526b-3p expression
was significantly associated with advanced WHO grade
and lower KPS score, which suggested that miR-526b-3p
played a negative role in clinical progression of glioma.
Moreover, with 5-year follow-up, clinical data were col-
lected. Then, we performed Kaplan—Meier analysis to
explore the influence of miR-526b-3p on long-term

survival of glioma patients, finding that lower miR-526b-
3p expression was significantly associated with poorer OS
and PFS. Finally, in the Cox multivariate analysis, we
confirmed that low miR-526b-3p expression was an inde-
pendent poor prognostic factor for both 5-year OS and
5-year PFS. Thus, our results provided first evidence that
miR-526b-3p may be used as a potential prognostic bio-
marker. However, the sample size was relatively small; we
will collect more samples for research in the future.
MicroRNAs can have large-scale effects by modulating
the expression of various genes during mammalian devel-
opment and carcinogenesis.> Recently, multiple reports
indicated that miR-526b-3p has been shown to be one of
the important determinants in cancers. For instance, Liu
et al** reported that miR-526b-3p was lowly expressed in
hepatocellular carcinoma patients and its low levels were
associated with advanced clinical progression, such as
tumor size, venous infiltration, and TNM stage. In addi-
tion, in their functional experiments, it was found that
forced miR-526b-3p expression significantly suppressed
inhibited proliferation, migration, and invasion of hepato-
cellular carcinoma cells by targeting Sirtuin 7. On the
other hand, downregulation of miR-526b-3p and its
tumor suppressor effects were also observed in several
other tumors, such as colon cancer and non-small cell
lung cancer.>>*® However, the function of miR-526b-3p
in glioma has not been investigated. In this study, because
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Figure 5 Ectopic expression of WEEI abrogated the tumor suppressive roles of miR-526b-3p. (A) Relative mRNA expression levels of WEEI in U251 and LN299 cells
transfected with NC mimic, miR-526b-3p mimic or co-transfected with miR-526b-3p mimic and pcDNA3.I-WEEI vector. (B and C) CCK-8 assays evaluated the
proliferation of U251 and LN299 cells in different groups. (D and E) Cell colony formation assays were conducted to determine the clonogenic abilities of U251 and
LN299 cells in different groups. (F and G) Transwell invasion assays were carried out to assess the invasive cell number of U251 and LN299 cells in various experimental

conditions. **P<0.01.

Abbreviations: miR-526b-3p, microRNA-526b-3p; qRT-PCR, quantitative real-time polymerase chain reaction; NC, negative control; 3’- UTR, 3'-untranslated region;

CCK-8, cell counting kit.
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miR-526b-3p displayed a low level in glioma, we used
miR-526b-3p mimics to upregulate the expression of miR-
526b-3p and performed a series of cells experiments to
study its biological function. We found that overexpression
of miR-526b-3p significantly suppressed glioma cells pro-
liferation, migration, and invasion, and promoted apopto-
sis. Taken together with previous reports, it suggests that
miR-526b-3p functioned mainly as a tumor suppressor in
glioma.

WEEI1, a member of the tyrosine kinase family, is
a G2/M checkpoint regulatory protein involved in the
regulation of cell cycle progression.”” Massive studies
reported that WEE1 expression was upregulated in var-
ious tumors, and its oncogenic roles were also widely
reported, which suggested that WEE1 may be a good
therapeutic candidate target in cancer treatment.”®>° In
glioma, several studies reported that WEE1 was over-
expressed in glioma and promoted glioma cells prolif-

31,32 However, its

eration, migration, and invasion.
potential mechanism in glioma progression remains lar-
gely unclear. In this study, in order to explore the
potential mechanism by which miR-526b-3p displayed
its tumor suppressor role in glioma, our attention
focused on the association between miR-526b-3p and
WEEIL. As predicted by TargetScanHuman 7.0, WEE1
mRNA was one target of miR-526b-3p. Transfection
with miR-526b-3p mimic decreased the luciferase activ-
ity and protein expression of WEEI in glioma cells,
suggesting that WEE1 may be the target gene of miR-
526b-3p. Moreover, we confirmed that the ectopic
expression of WEE1 reversed the inhibitory effect of
miR-526b-3p overexpression on cell proliferation,
migration, and invasion in glioma cells, indicating that
miR-526b-3p served as a tumor suppressor through
WEEI1. However, functional mechanisms are not deeply
researched in this article. In the future, we plan to more
fully describe the mechanisms and relationships with
miR-526b-3p related to tumor diseases and glioma

biomarkers.

Conclusion

miR-526b-3p correlates with a poor prognosis of glioma
patients by regulating glioma cell proliferation, migra-
tion, and invasion via targeting WEEIL. It can be
a useful target and potential prognostic biomarker for
glioma patients.
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