@ﬁ SPANDIDOS
,3,‘ PUBLICATIONS

EXPERIMENTAL AND THERAPEUTIC MEDICINE 22: 1157, 2021

Upregulation of miR-144-3p expression attenuates
glioma cell viability and invasion by targeting BCL6
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Abstract. Glioma remains to be an aggressive type of cancer
with poor prognosis irrespective of the type of standard
treatment applied. Therefore, identification of accurate early
diagnostic methods and therapeutic strategies for glioma is
imperative for the treatment of this disease. The expression of
anumber of miRNAs in glioma have been reported to be asso-
ciated with the regulation of tumorigenic progression, cancer
cell proliferation, metastasis, invasion, angiogenesis and drug
resistance. The aim of the present study was to assess the
function of the microRNA (miR/miRNA)-144-3p/BCL6 axis
in glioma. Reverse transcription-quantitative PCR was used to
measure miR-144-3p and BCL6 expression. Western blotting
was used for measuring BCL6 expression. Luciferase reporter
assay was used to assess the association between miR-144-3p
and BCL6 and a tumor xenograft model was established for
assess tumor growth. The data demonstrated that miR-144-3p
was decreased whereas BCL6 expression was increased in
glioma tissues compared with those in healthy human brain
tissues, where miR-144-3p suppressed BCL6 expression by
targeting the 3'-UTR sequence of BCL6. miR-144-3p over-
expression alleviated proliferation and invasion in U251 cells
whereas transfection with the BCL6-overexpressing plasmid
rescued the suppressive effects of miR-144-3p upregulation
on the proliferation and invasion of U251 cells. In addition,
miR-144-3p overexpression and BCL6 downregulation inhib-
ited tumor progression in a mouse tumor xenograft model. The
present findings suggest that miR-144-3p and BCL6 may serve
to be indicator of proliferation and invasion for patients with
glioma. Furthermore, BCL6 may serve an important role in
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the miR-144-3p-mediated regulation of proliferation and inva-
sion of glioma cells, where the miR-144-3p/BCL6 axis can be
used to target patients with glioma therapeutically.

Introduction

Glioma remains to be an aggressive type of brain tumor
with limited improvement to its diagnosis and treatment
methoods over the past decades (1,2). The molecular biology
underlying glioma is complex, which obstructs the develop-
ment of specific diagnostic and treatment strategies (3,4). The
dysregulation of a number of signaling pathways, including
the Epidermal growth factor receptor/AKT/PTEN, receptor
tyrosine kinase (RTK)/PI3K, Wnt/p-catenin and NF-xB
pathways has been shown to occur during the development of
glioma (4-6). Dysregulated RTK, RB and tumor protein p53
(TP53) pathways in glioma have been highlighted by previous
genomic analyses (7,8). However, the mechanism promoting
the aggressive pathophysiology of glioma remain unclear.

BCL6 is an important regulator of the germinal center
response and protooncogene expression in diffuse large
B-cell lymphoma (9). This protein has been reported to
serve an important role in the pathology of multiple tumors
and diseases, including breast cancer, ovarian cancer and
glioma (10-12). It has been previously shown that BCL6 exprs-
sion is regulated by transcription factors such as STAT3 and
STATSB and epigenetic modifications, including DNA meth-
ylation and histone modifications (13). Furthermore, BCL6
has been proposed to be a prognostic marker and a targetable
glioma-promoting factor (12) whereby knocking down he
expression of this protein can inhibit the pathophysiology
of glioma cells and trigger cell apoptosis (12). However, the
precise role of the BCL6 regulatory network within glioma
requires additional studies.

microRNA (miR or miRNA)-mediated regulation of
BCL6 expression has been previously documented to serve a
role in tumor progression of breast cancer, by targeting the
3'-untranslated region (3'UTR) sequence of BCL6 mRNA (14).
miRNA-187-3p, miR-519d-3p and miR-554 can also
suppress cell proliferation and invasion by downregulating
BCL6 expression in gastric, non-small cell lung and breast
cancers (14-16). miRNAs are a class of small non-coding
RNAs that can bind to target mRNAs to regulate gene expres-
sion on a post-transcriptional level (17,18). Previous expression
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studies on specific miRNAs have reported their association
with the pathology and prognosis of glioma (19-21). The
different expression profile of miRNAs in glioma compared
with healthy brain tissues implicate their role in the regulation
of tumorigenic progression, possibly in processes including
glioma proliferation, metastasis, invasion, angiogenesis and
drug resistance (20). The development of glioma is associ-
ated with a significant reduction in the levels of antitumor
miRNAs, such as miR-7 and miR-137 (22). By contrast, the
opposite trend is noted with regards to the expression levels
of the protooncogenic miRNAs, including miR-10b, miR-21,
miR-182, miR-222 and miR-423-5p, all of which have been
previously demonstrated to promote tumorigenesis and
development of glioma (20,21).

In the present study, the ability of miR-144-3p to act as a
suppressor of glioma development was investigated by using
reverse transcription-quantitative PCR (RT-qPCR), western
blotting and luciferase reporter assays and a tumor xenograft
model. These findings may provide a new and potential
treatment strategy for glioma.

Materials and methods

Tissue collection. A total of 25 glioma tissues were obtained
from who underwent surgical resection and 10 normal human
brain tissues (mean age, 54.74+6.52 years; 3 female and 7 male)
were obtained from patients with brain injury who underwent
partial resections of brain tissues to reduce intracranial pres-
sure were collected from individuals at the Peking University
People's Hospital (Beijing, China) between February 2017 and
January 2018. The mean age of patients was 60.36+8.81 years
(=60 years, n=16; <60, n=9), including 11 female and
14 male. The inclusion criteria were that all glioma samples
had confirmed pathological diagnosis and patients who did
not receive any other therapies before surgery. Patients who
with complications, such as other malignant tumors, serious
systemic infections and other severe systemic diseases, were
excluded. The tissues were rapidly placed in liquid nitrogen
and subsequently stored at -80°C. An aliquot of the tissue
was pathologically examined prior to further examination.
All participants met the following inclusion criteria that no
preoperative radiotherapy or chemotherapy was performed.
The clinical samples were collected after written informed
consent was obtained from each participant and after the study
was authorized by the Ethics Committee of Peking University
People's Hospital (Beijing, China).

Cell culture. The glioma U251 cell line was purchased from the
Cell Bank of Type Culture Collection of the Chinese Academy
of Sciences. U251 cells were cultured in DMEM (Invitrogen;
Thermo Fisher Scientific, Inc.) with 10% FBS (Invitrogen;
Thermo Fisher Scientific, Inc.) and 1% penicillin-streptomycin
(Gibco; Thermo Fisher Scientific, Inc.) at 37°C in a humidified
atmosphere in the presence of 5% CO,.

Transfection assay. BCL6-overexpressing (pcDNA3.1, Cyagen
Biosciences, Inc.; NCBI Accession Gene ID: 604; https://
www.ncbi.nlm.nih.gov/nuccore/NM_001130845.1). Total
RNA was extracted from U251 cells and reversed transcribed
into cDNA as a template for PCR amplification (forward,

5'-CCGGAATTCATGGCCTCGCCGGCTGACAGCTGT-3'
and reverse, 5'-CCCAAGCTTTCAGCAGGCTTTGGGGAG
CTC-3'; Ultra HiFidelity PCR Kit, cat. no. KP203, Tiangen
Biotech Co., Ltd.; thermocycling conditions, 94°C for 3 min,
followed by 30 cycles of 94°C for 30 sec, 60°C for 30 sec and
72°C for 5 min). After the BCL6 target gene was obtained, it was
ligated and recombined with pcDNA3.1 vector. BCL6 short
hairpin (sh) RNA (5'-tcgagtgctgttgacagtgagcgaGCCTGTTCT
ATAGCATCTTTAtagtgaagccacagatgtaTAAAGATGCTAT
AGA ACAGGCgtgcctactgectcggaa-3') plasmid (pcDNA3.1),
the corresponding negative control (NC) plasmid (NC-shRNA,
5'"TTCTCCGAACGTGTCACGT-3"), miR-144-3p mimic
(5-UCAUGUAGUAGAUAUGACAU-3"), miR-144-3p NC
(5'-UUCUCGAACGUGUCACGUUUU-3"), miR-144-3p
inhibitor (5'-AUGUCAUAUCUACUACAUGA-3"), and
inhibitor NC (5'-CAGUACUUUUGUGUAGUACAA-3")
were obtained from Cyagen Bioscience, Inc. A mixed solu-
tion containing the plasmid (2 yg) and miRs (20 nM) and
Lipofectamine® 3000 (Invitrogen; Thermo Fisher Scientific,
Inc.) was diluted with serum-free DMEM. According to the
manufacturer's protocols, the transfection mixture was added
to the cell suspension and replaced with complete medium
following incubation for 8 h at 37°C. Subsequent experiments
were conducted following 48 h of cell culture.

Luciferase reporter assay. Bioinformatic prediction were
conducted by starBase v2.0 (http://starbase.sysu.edu.
cn/agoClipRNA .php?source=mRNA) and TargetScanHuman
v7.2 (http://www.targetscan.org/vert_72/). The pMIR-BCL6
Luciferase vector (Promega Corporation) was prepared using
the 3'-UTR sequence of BCL6. To generate the reporter vectors
containing the potential binding sites of miR-144-3p, the DNA
fragments containing the 3'UTR of target the gene BCL6
(NCBI Accession Gene ID: 604; https:/www.ncbi.nlm.nih.
gov/nuccore/NM_001130845.1) were amplified (3'-UTR BCL6
forward, 5'-GTTGATGCTTTCGTCTCCAGC-3' and reverse,
5'-ATCCCATGATGTAGTGCCTCT-3"). Ultra Super High
Fidelity PCR Kit (cat. no. KP203, Tiangen Biotech Co., Ltd.)
was conducted from the cDNA extracted from U251 cells by
following conditions: 94°C for 3 min, followed by 30 cycles of
94°C for 30 sec, 60°C for 30 sec and 72°C for 5 min. The frag-
ments were then cloned into the pmirGLO luciferase reporter
plasmid (Promega Corporation). Quick-Change Site-Directed
Mutagenesis kit (cat. no. 210518; Stratagene; Agilent
Technologies, Inc.) was used for gene mutation for the produc-
tion of the pMIR-BCL6-Mut plasmid. Following the seeding of
5x10° U251 cells into 24-well plates, the cells were co-transfected
with 200 ng pMIR-BCL6 or pMIR-BCL6-Mut and 50 nM
miR-144-3p mimic or miR-control using the Lipofectamine®
3000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.).
Subsequently, the cells were harvested and lysed following
36 h of cell culture after transfection. The Dual-Luciferase®
Reporter Assay System (Promega Corporation) was used for
measuring Renilla luciferase and firefly luciferase activity
using a Glomax® Luminometer (Promega Corporation).
Normalized Renilla-luciferase values were represented relative
to the control according to the manufacturer's protocol.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from tissues and U251 cells using TRIzol®
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Reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according
to manufacturer's protocol. PrimeScript™ RT reagent Kit
(cat. no. RRO37A; Takara Bio, Inc.) was used to reverse tran-
scribe the cDNA starting from total RNA using the protocol
of 37°C for 15 min, 85°C for 5 sec, and 4°C preservation. For
mRNA and miR detection, PCR experiments were conducted
using the SuperReal PreMix Plus (SYBR Green; cat. no. FP205;
Tiangen Biotech Co., Ltd.). gPCR was carried out under the
following conditions: 95°C for 30 sec, followed by 35 cycles of
95°C for 5 sec, 60°C for 30 sec and 68°C for 5 min. Each sample
was analyzed in triplicate, and quantified using the 2444
method (23). The sequences of primers were as follows: BCL6
forward, 5'-GTGATGGCCACGGCTATGTA-3' and reverse,
5'-CATCCGGCTGTTGAGGAACT-3' and GAPDH (internal
reference) forward, 5~ ACCATCTTCCAGGAGCGAGA-3' and
reverse, 5-GACTCCACGACGTACTCAGC-3..

miRNA gPCR. The miRcute Plus miRNA qPCR Kit
(cat. no. FP411; Tiangen Biotech Co., Ltd.) was used to
measure miR-144-3p levels. Following reverse transcription
(42°C for 60 min, 95°C for 3 min and 4°C preservation) by the
miRcute Plus miRNA First-Strand cDNA Kit (cat. no. KR211;
Tiangen Biotech Co., Ltd.), RT-qPCR was conducted by a
miR-144-3p forward primer and a universal reverse primer.
PCR reaction conditions were: Pre-denaturation at 95°C
for 15 min, followed by 40 cycles of denaturation at 94°C
for 20 sec and annealing and extension at 60°C for 34 sec.
Each sample was analyzed in triplicate, and quantified
using the 2224 method (23). The primers were as follows:
hsa-miR-144-3p, 5'-CCCTACAGTATAGATGATGTA-3";
and U6 small nuclear RNA (internal reference), 5'-CAAATT
CGTGAAGCGTTCCATAT-3" The universal reverse primers
of hsa-miR-144-3p and U6 were purchased from Tiangen
Biotech Co., Ltd (cat. no. FP411).

Western blotting analysis. The U251 cells were first lysed
using RIPA lysis buffer and protein concentrations were
quantified by using a BCA kit (Thermo Fisher Scientific,
Inc.), before being subsequently boiled at 100°C for 5 min and
stored at -20°C. In total, 30 ug proteins were separated by 10%
SDS-PAGE gels and transferred onto PVDF membranes, which
were blocked with 5% milk in TBST (0.05% Tween 20) for
1 h at room temperature. The membranes were incubated with
the following primary antibodies at 4°C overnight: Anti-BCL6
(cat. no. ab33901; 1:1,000; Abcam) and anti-GAPDH
(cat. no. ab181602; 1:2,000; Abcam). The following morning,
the membranes were incubated with HRP-linked secondary
antibody (cat. no. ASR1089; 1:20,000; Abcepta Biotech Co.,
Ltd.) for 1 h at room temperature. The bands were visualized
using an enhanced chemiluminescence detection system
(cat. no. 1705060; Bio-Rad Laboratories, Inc.). Optical densi-
ties of the bands were calculated using a MiVnt image analysis
system (Version 5.2.1; Bio-Rad Laboratories, Inc.).

Cell Counting Kit-8 (CCK-8) assay. Cell viability was assessed
using the CCKS8 assay. U251 cells were seeded at a density of
3x10° cells in 96-well plates before being transfected with the
miR-144-3p mimic (or NC) or inhibitor (or inhibitor NC) and
cultured for 12, 24,48 or 72 h at 37°C. A total of 10 ul CCK-8
solution (Dojindo Molecular Technologies, Inc.) was added

EXPERIMENTAL AND THERAPEUTIC MEDICINE 22: 1157, 2021 3

into the culture medium in each well and incubated for 1 h
at 37°C. The microplate reader (Thermo Fisher Scientific Inc.)
was then used for measuring the optical density in each well
at 450 nm.

Cell invasion assay. Transwell assay was conducted using
a Transwell chamber (8 pm; cat. no. 3422; Corning, Inc.)
pre-coated with Matrigel Matrix (Matrigel 1:8 dilution with
DMEM put onto the upper compartment surface of the
membrane at the bottom of the Transwell and incubated at 37°C
for 2 h; BD Biosciences) at 37°C. The bottom chamber of the
wells contained 750 u1 DMEM with 10% FBS whereas the
top chamber contained 250 pl cell suspension (1x10°/ml with
2% FBS). Following culture of the cells at 24 h at 37°C, the
cells that failed to invade were removed from the top chamber
and subsequently the cells on the membrane were stained
with 0.5% crystal violet for 15 min at room temperature. The
images were obtained from three independents fields (magnifi-
cation, x10)/well using an inverted light microscope (Olympus
Corporation). Following culture of the cells at 24 h at 37°C, the
cells that failed to invade were removed from the top chamber
and subsequently the number of cells on membrane were
measured by the CCK-8 assay. The added CCK-8 solution
was used to determine the relative cell invasive capacity by
measuring the OD at 450 nm.

Tumor xenograft model. The in vivo animal assay was autho-
rized by the Institutional Animal Care and Use Committee
and the Local Ethics Board of the Peking University People's
Hospital (Beijing, China). In total, 6-8 week old male nude
mice (n=24) were purchased from Beijing Vital River
Laboratory Animal Technology Co., Ltd and fed under specific
pathogen free conditions, in the mouse-feeding facility with
a 12-h light/dark cycle at 22+2°C and 50-60% humidity, with
free foraging and activity and free access to food and water.
Following transfection for 48 h with a final transfection concen-
tration of 20 nM miR-144-3p mimic, miR-NC, BCL6-shRNA
or NC-shRNA (n=6/group), U251 cells (2x10° in serum-free
DMEM, 200 ul) were subcutaneously injected into the flanks
of the mice. Following implantation, tumor nodules appeared at
the initial site of injection after ~7 days. The tumor volume was
measured, including length and width. The tumor volume (TV)
was calculated very week, according to the following formula:
TV (mm?)=1/2 x width? x length. The tumor-burdened nude
mice were sacrificed 28 days following tumor implantation and
the tumor tissues were obtained. The health of the mice was
monitored daily and all mice were sacrificed by dislocation
of the cervical vertebrae when symptoms of terminal tumor
burden were observed, including tumor volume >1,000 mm?,
>20% weight loss, hunched posture, cranial protrusion and
significant neurologic symptoms (seizures and abnormal gait
or posture), which developed dyspnea. No animal reached the
criteria before these endpoints.

Statistical analysis. All data are presented as mean + SEM
from four indepdent experiments. The SPSS version 22.0
(IBM Corp.) was used for all statistical analyses, which
was conducted using two-tailed Student's t-test or one-way
ANOVA with least significant difference post hoc test. P<0.05
was considered to indicate a statistically significant difference.


https://www.spandidos-publications.com/10.3892/etm.2021.10591

4 ZHOU and LIU: miR-144-3p UPREGULATION ATTENUATES GLIOMA

K"
g 4 Fekek
ﬁ "l
5 3 '-I!l
g 24 LT
| 'l:l
8 L 'Y )
g 1 ®ee
S0 . .
o ) S\
% %
& &
> @
\6\ \\06\
° <

| =
S
w
(7]
S 1.51
% . ... dkdk
(% Y n"
3 10 o
‘T : n - | ]
S 0.5 . =
o g=="
200 ; .
% N 22
12 < <
8 \Q
@ N
N O
° <)

Figure 1. miR-144-3p and BCL6 expression in glioma tisseus. Reverse transcription-quantitative PCR was used for the measurement of the relative
(A) miR-144-3p and (B) BCL6 expression in 25 glioma and 10 normal brain tissues. ““P<0.001 vs. Normal. miR, microRNA.

Results

Downregulation of miR-144-3p expression and upregulation
of BCL6 expression in glioma tissues. To assess miR-144-3p
expression on glioma, its levels were measured in 25 glioma
tissues and 10 normal brain tissues. RT-qPCR data suggested
that miR-144-3p expression was significantly reduced, whilst
BCLG6 expression was significantly increased in glioma tissues
compared with those in the normal brain tissues (P<0.001;
Fig. 1). These results suggest that miR-144-3p and BCL6 are
involved in glioma development.

miR-144-3p suppresses BCL6 expression by targeting its
3"-UTR sequence in U251 cells. Bioinformatic prediction and
targetscan demonstrated that BCL6 could be a potential target
gene of miR-144-3p (Fig. 2A). To verify the association between
miR-144-3p and BCL6, the pMIR vector was packaged with WT
or MUT BCL6 3'-UTR sequences before luciferase reporter assay
was performed in U251 cells. The data indicated that luciferase
activity was significantly downregulated in glioma U251 cells
co-transfected with miR-144-3p mimic and WT BCL6 3-UTR
compared with that in the WT control group (P<0.001). However,
luciferase activity levels were unaltered in U251 cells transfected
with MUT BCL6 3-UTR (Fig. 2B). Therefore, the data confirmed
that BCLG6 is a target gene for miR-144-3p in glioma cells.

The role of miR-144-3p on BCL6 expression was next
investigated following transfection with the miR-144-3p mimic
or inhibitor into U251 cells. Transfection with the miR-144-3p
mimic significantly upregulated miR-144-3p levels whereas
transfection with the miR-144-3p inhibitor significantly
decreased miR-144-3p expression (P<0.001; Fig. 3A). Western
blotting analysis of BCL6 protein levels was next performed.
The protein expression levels of BCL6 were significantly
downregulated following transfection of the cells with the
miR-144-3p mimic, whilst they were enhanced following
miR-144-3p knockdown in U251 cells compared with those in
the control group (P<0.001; Fig. 3B).

miR-144-3p reduces U251 cell proliferation and invasion in vitro.
CCK-8 assay demonstrated that upregulation of miR-144-3p
significantly reduced U251 cell viability whereas miR-144-3p

A WTBCL63UTR 5..GAAUCUACCCAAAGGAUACUGUA...

mmu-miR-144-3p 3" UCAUGUAGUAGAUAUGACAU

MUT BCL6 3'UTR 5"...GAAUCUACCCAAAGGAUCACAUA...

B 54 B wr
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3 4
S
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Control miR-NC miR-144-3p

Figure 2. BCL6 is a target of miR-144-3p. (A) Targetscan software was used
to predict that BCL6 is a target of miR-144-3p where the binding sequences
of WT or MUT BCL6 3'-UTR for miR-144-3p are shown. (B) Assessment of
luciferase activity following transfection with WT or MUT BCL6 3'UTR and
miR-NC or miR-14-3p mimics using a Glomax luminometer and subsequent
normalization. All data are presented as the mean + SEM (n=4). “"P<0.001
vs. the control-WT group. WT, wild-type; MUT, mutant; 3'-UTR, 3' untrans-
lated region; miR, microRNA.

knockdown significantly increased U251 cell viability compared
with that in control (P<0.001; Fig. 4A). The Transwell assay
results suggested that increasing miR-144-3p expression levels
significantly suppressed U251 cell invasion compared with that
in control, whilst miR-144-3p inhibition increased U251 cell
invasion compared with that in the control (P<0.001; Fig. 4B).

BCL6 lie downstream of miR-144-3p-mediated glioma
cell proliferation and invasion in vitro. To examine the
downstream effects of miR-144-3p on glioma cell viability
and invasion, miR-144-3p-overexpressing U251 cells were
co-transfected with a BCL6-activation plasmid. western
blotting analysis was first performed to measure the effects
of co-transfection on BCL6 expression. The transfection effi-
ciency of pcDNA3.1-BCL6 and BCL6-shRNA was assessed by
RT-qPCR, where pcDNA3.1-BCL6 upregulated BCL6 expres-
sion and BCL6-shRNA inhibited BCL6 expression compared
wth that in the control group (Fig. S1). BCL6 expression levels
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Figure 3. miR-144-3p overexpression suppresses BCL6 expression. (A) Reverse transcription-quantitative PCR analysis was used to measure miR-144-3p
expression in miR-144-3p mimic- or inhibitor-transfected U251 cells. (B) Western blot analysis was conducted to examine BCL6 protein expression following
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Figure 4. miR-144-3p overexpression decreases the malignancy of glioma cells. Following transfection with the miR-144-3p mimic or inhibitor, (A) Cell
Counting Kit-8 assays and (B) Transwell assays were performed to measure cell viability and invasion of U251 cells, respectively. All data are presented as
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OD, optical density; miR, microRNA.

were significantly higher in the miR-144-3p + BCL6 group
compared with those in the miR-144-3p group (Fig. 5A). In
addition, cell viability and invasion were significantly increased
in the miR-144-3p + BCL6 group, compared with those in the
miR-144-3p group (Fig. 5B and C). Therefore, BCL6 overexpres-
sion could partly attenuate the inhibitory effects of miR-144-3p
on the viability and invasion of U251 cells, suggesting that
BCL6 serve an important role in miR-144-3p-mediated regula-
tion of glioma cell proliferation and invasion.

Overexpression of miR-144-3p or BCL6 knockdown
suppress tumor growth in vivo. The in vitro results suggested
that miR-144-3p suppressed glioma cell proliferation

and invasion by targeting BCL6. Therefore, the effects
of the miR-144-3p/BCL-6 axis on glioma tumorigenesis
was assessed further in vivo using xengraft nude mouse
model transplanted with a subcutaneous glioma tumors.
Following transfection with miR-144-3p mimic, miR-NC,
BCL6-shRNA or NC-shRNA, U251 cells (2x10°) were
subcutaneous injected into the flanks of the mice. The tumor
volumes were measured every week. The tumor size is
shown in Fig. 6A. A significantly decreased average volume
of tumors was observed in mice injected with cells trans-
fected with either miR-144-3p mimic or cells transfected
with BCL6-shRNA compared with those injected with either
miR-NC or NC-shRNA, respectively (Fig. 6B). These results
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Figure 6. miR-144-3p upregulation or BCL knockdown suppress glioma tumor growth in vivo. Stably-transfected U251 cells were subcutaneously injected
into the flanks of nude mice. In total, four groups of nude mice are shown with the corresponding tumor sizes 4 weeks following inoculation. Representative
images of tumors (A) after injection of cells transfected with miR-NC or miR-144-5p mimic and (B) after injection of cell transfected with NC-shRNA or
BCL6-shRNA. Tumor volumes (C) after injection of cells transfected with miR-NC or miR-144-5p mimic and (D) after injection of cell transfected with
NC-shRNA or BCL6-shRNA were measured every week. Red arrows to indicate the location of the tumors on the mice. Scale bar, 10 mm. All data are
presented as the mean = SEM, n=6 mice per group. P<0.05, “P<0.01 and ““P<0.001 vs. the NC (miR-NC or NC-shRNA) group. miR, microRNA; sh, short
hairpin; NC, negative control.
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suggested that the miR-144-3p/BCL6 axis is involved in
malignant glioma progression in vivo.

Discussion

BCLG6 has been reported to to be a possible prognostic
biomarker and potential therapeutic target that exhibits
abnormal expression levels and serves a regulatory role in
breast cancer, epithelial ovarian cancer and glioma (10-12).
Specifically, BCL6 can serve as a potential indicator of tumor
malignancy in breast cancer and glioma (10-12). It has been
demonstrated that miRNA is an epigenetic regulator that
targets the 3'-UTR sequence of target mRNAs and serves an
important role in the development of several diseases (13).
Increased miR-10b expression inhibits osteoblast differen-
tiation by directly targeting the 3'-UTR sequence of BCL6
to increase the expression levels of STAT1 and block the
nuclear translocation of Runx2, all of which were reversed
by miR-10b downregulation (24). By contrast, inhibition of
miR-10b induces osteoblast differentiation in a manner that
was partially reversed by downregulating BCL6 expres-
sion (24). Furthermore, BCL6 has been shown to regulate
miRNA levels and promotes lymphomagenesis by repressing
miRNA-155 (25). In the present study, high levels of BCL6
were noted in glioma tissues. These findings are in agree-
ment with those reported in a previous study by Xu et al (12),
suggesting that BCL6 may be a tumor promoter for glioma
pathogenesis and a valuable prognostic indicator in patients
with glioma patients.

A number of studies have indicated that miR-144-3p is
involved in a diverse range of biological functions, including
cell proliferation, angiogenesis of lung vessels, oxidative stress
and osteoporosis (26-28). The contribution of miR-144-3p in
tumorigenesis is complex, where its role as a tumor physi-
ology remains controversial. Previous studies have shown that
miR-144-3p causes a decreased expression of target genes in
various tumor tissues. miRNA-144-3p has been shown to
interact with ETS-1 in laryngeal squamous cell carcinoma (29)
but downregulates mTOR levels in salivary adenoid carci-
noma (30). In addition, miR-144-3p can target enhancer of zeste
2 polycomb repressive complex 2 subunit in lung adenocarci-
noma (31) whilst downregulating centrosomal protein 55 in
prostate cancer (32). miR-144-3p has also been shown to regu-
lates serum/glucocorticoid regulated kinase family member 3
function in hepatocellular carcinoma (33) but targets FOSB and
proline rich protein 11 in pancreatic cancer (34). Furthermore,
miR-144-3p can regulate c-MET in multiple myeloma (32)
and inhibit tumorigenesis of oral squamous cell carcinoma by
targeting the endoplasmic reticulum oxidoreductase 10/STAT3
signaling pathway (35). miR-144-3p inhibits human neuro-
blastoma cell proliferation by regulating homeobox A7
expression (36). Jiang et al (37) previously demonstrated that
miR-144-3p suppressed TGF-f1-induced A549 cell malignancy
by surpressing Src expression (37). Wu et al (38) reported that
miR-144-3p expression was downregulated in cervical cancer
tissues and cell lines, where miR-144-3p overexpression
suppressed cancer cell malignancy. However, previous studies
have also shown that miR-144-3p is involved in tumorigenesis.
A previous study by Liu et al (39) found that miR-144-3p
expression was increased in patients with papillary thyroid
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carcinoma, such that its overexpression promoted cell survival
and cell cycle progression by targeting paired box gene 8 (39).
In addition, miR-144-3p has been identified to be a novel
plasma diagnostic indicator for clear cell renal cell carcinoma
(ccRCC) (40). AT-Rich Interaction Domain 1A expression is
suppressed by miR-144-3p upregulation, which induces ccRCC
malignancy and mediates evasion of Sunitinib treatment (41).
It has also been reported that miR-144-3p levels are upregu-
lated in both peripheral blood and bone marrow samples of
patients with acute myeloid leukemia compared with those
in healthy individuals, whereas miR-144-3p targets nuclear
factor, erythroid 2 like 2 in HL-60 cells (42). Song et al (43)
reported that miR-144-3p facilitated the progression of naso-
pharyngeal carcinoma by mediating PTEN via crosstalk with
the PI3K-AKT signaling pathway (43).

In addition, previous studies have demonstrated that
miR-144-3p levels were significantly downregulated in glioma
tissues compared with those in normal brain tissues, which were
also decreased with tumor grade (44-46). miR-144-3p levels
exhibited a positive correlation with overall survival of glioma
patients (44). Following human cytomegalovirus (HCM V) infec-
tion, miR-144-3p levels are decreased whereas the expression
of DNA Topoisomerase ITo. (TOP2A) increases (44). Increased
miR-144-3p levels also inhibit clone formation, cell prolifera-
tion and invasion in HCM V-infected glioma cells by targeting
TOP2A in vitro (44). In glioblastoma cells, the overexpression
of miR-144-3p reduces the viability of cells and increases cell
death, resulting in enhancement of the therapeutic effects of
radiation and temozolomide (45). Frizzle class receptor 7 is
another reported target of miR-144-3p-mediated suppression of
glioma metastasis (46). Song et al (44) showed that the expres-
sion of miR-144-3p in HCM V-positive samples was markedly
lower compared with that in HCM V-negative samples, where
miR-144-3p expression correlated negatively with TOP2A
expression. In addition, Lan ef al (45) previously demonstrated
that miR-144-3p expression is decreased in glioma tissues and
associated with the OS of glioma patients. In this previous
study (45), miR-144-3p exhibited a relatively high expression
levels in non-neoplastic brain tissues whereas its expression
was distinctly decreased in glioma tissues. In addition, there
was also a significant difference in miR-44-3p expression
between high grade (III-IV) and low-grade (I-II) glioma tissues.
This decreased expression of miR-144-3p was associated with
higher pathological grades, lower Karnofsky performance
scores (45) and poorer survival rates (45). However, the latent
role of miR-144-3p in glioma remains unclear. The present
study demonstrated lower levels of miR-144-3p expression
in 25 glioma patients, whilst overexpresseion of miR-144-3p
notably suppressed cell proliferation and invasion of U251 cells.
Upregulating BCL6 levels could reverse the inhibition caused
by miR-144-3p overexpression. This occurred due to the direct
targeting of the 3'-UTR sequence of BCL6 by miR-144-3p.
The results indicated that BCL6 acted as a downstream inter-
acting factor of miR-144-3p in glioma. Xu ef al (12) revealed
that BCL6 knockdown suppressed the tumorigenic phenotype
of glioblastoma cells and induced cell degeneration (12).
Therefore, miR-144-3p-mediated BCL6 inhibition may serve to
be a potential strategy for treating glioma.

However, it should be noted that the lack of co-transfected
cell xenograft experiments is a potential limitation of the
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present study. In addition, larger clinical samples sizes will
need to be collected and conducted in future studies.

To conclude, the present study revealed that miR-144-3p
and BCL6 were clinical predictors of patients with glioma and
that the therapeutic potential of miR-144-3p/BCL6 axis should
be exploited further for glioma treatment. Therefore, additional
analysis of a higher number of samples and multiple grade
tumors is required in the future to verify the diagnostic and
prognostic potential of the miR-144-3p/BCL6 axis in glioma.
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