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Objective: The purpose of this study was to explore the effect of microRNA-6071 (miR-
6071) on glioblastoma (GBM) and its potential mechanisms.

Methods: In this study, the expressions of miR-6071 and UL16 binding protein 2 (ULBP2)
were measured by qRT-RCR in GBM tissues and cells. The prognostic values of miR-6071
and ULBP2 were evaluated by Kaplan—-Meier methods using the data obtained from The
Cancer Genome Atlas (TCGA) database. The cell clones, proliferation, apoptosis, migration
and invasion in GBM cells were detected by colony formation assay, EdU assay, flow
cytometry, wound-healing assay and transwell assay. The targeting relationship between
miR-6071 and ULBP2 was predicted by Targetscan 7.2 and further verified by dual-
luciferase reporter gene assay. Moreover, the expressions of Bax, caspase-3, Bcl-2, matrix
metalloproteinases 2 (MMP-2), MMP-9, phosphatidylinositol 3'-kinase (PI3K), p-PI3K,
protein kinase B (AKT), p-AKT, mammalian target of rapamycin (mTOR) and p-mTOR
were measured by Western blot.

Results: miR-6071 was lowly expressed and ULBP2 was highly expressed in GBM tissues
and cells. miR-6071 significantly repressed the proliferation, migration and invasion, and
promoted apoptosis in GBM cells. Moreover, miR-6071 also inhibited the activation of
PI3K/AKT/mTOR pathway in GBM cells. Additionally, miR-6071 has been shown to
negatively regulate ULBP2 expression. We also confirmed that ULBP2 could reverse the
effects of miR-6071 on GBM cells through regulating PI3K/AKT/mTOR pathway.
Conclusion: Our study demonstrated that miR-6071 could suppress cell proliferation,
migration and invasion, as well as promote apoptosis through the inhibition of PI3K/Akt/
mTOR pathway by binding to ULBP2 in GBM.

Keywords: glioblastoma, miR-6071, ULBP2, proliferation, metastasis, PI3K/Akt/mTOR
pathway

Introduction
Glioblastoma (GBM) is one of the most malignant primary brain tumors in the
human central nervous system and is associated with high morbidity and lethality.'~*
Although great efforts have been made towards the effective treatment of GBM in
recent years, the overall survival rate of GBM patients is relatively low.® Hence,
exploring new markers for the diagnosis and treatment of GBM is critical.
MicroRNAs (miRNAs) are a class of evolutionally conserved small non-coding
RNA molecules (19-25 nucleotides) that modulate gene expression via binding their

target mRNA.*> miRNAs have been shown to be important in cellular processes,

submit your manuscript

Dove n

http:

in 3

OncoTargets and Therapy 2020:13 9429-9441 9429
© 2020 Thou et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
FamrTm 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creati g/li /by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



mailto:wugang2811@sina.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Zhou et al

Dove

including cell proliferation, differentiation, apoptosis, metas-
tasis, autophagy and cell death.®™ In recent years, there has
been increasing evidence that miRNAs play an important
role in several kinds of cancers, including GBM.'%!" As an
example is miR-154-5p, which has been reported to inhibit
the proliferation and metastasis of GBM cells through target-
ing the Piwi like RNA-mediated gene silencing 1 gene.'?
A study by Xu et al has indicated that miR-148a could
suppress GBM cell proliferation and migration via targeting
ITGA9."* The analysis of The Cancer Genome Atlas
(TCGA) dataset shows that the high expression of miR-
6071 is associated with a better prognosis in GBM patients.
However, the effect of miR-6071 on GBM and its related
mechanisms have not yet been reported.

The phosphatidylinositol ~ 3'-kinase/protein  kinase
B/mammalian target of rapamycin (PI3K/Akt/mTOR) path-
way is one of the most frequently activated signal-
transduction pathways in various cancers.'* Moreover, an
increasing number of studies have confirmed that miRNAs
play vital roles in GBM through modulating the PI3K/Akt/
mTOR pathway. One example is miR-579, which potentially
suppresses cell proliferation, migration and invasion in GBM
via the regulation of the PI3K/AKT pathway.'” Kalhori et al'®
have suggested that the overexpression of miR-548x and
miR-4698 could inhibit proliferation of GBM cells by affect-
ing the PI3K/AKT signaling pathway. However, whether
miR-6071 affects the progression of GBM by modulating
the PI3K/Akt/mTOR pathway is not clear.

In the present study, we explored the effects and mole-
cular mechanisms of miR-6071 on GBM. Our data showed
that miR-6071 could repress cell proliferation, migration
and invasion, as well as promote apoptosis via the inhibi-
tion of the PI3K/Akt‘mTOR pathway by binding to
ULBP2 in GBM. Our findings may facilitate the under-
standing of GBM pathogenesis and identify a potential
therapeutic for GBM treatment.

Materials and Methods

Human Tissue Samples

Thirty GBM tissue samples and 10 pair-matched normal
brain tissues (NBTs) from the trauma or epilepsy patients
were acquired from our hospital between July 2016 and
June 2019, and then reserved at —80°C until usage. Before
surgery, no patients received chemotherapy or radiother-
apy. The study was approved by the Ethics Committee of
Yan’an Hospital of Kunming and written informed consent
was signed by all recruited patient.

Cell Cultures

Four human glioma cell lines (A172, U251, U87 and
LN229) and normal human astrocyte (NHA) were obtained
from the Type Culture Collection of the Chinese Academy
of Sciences (Shanghai, China). All cells were cultured in
Dulbecco’s modified Eagle medium (DMEM, Invitrogen,
USA) with 10% fetal bovine serum (FBS, GE Healthcare
Life Sciences, USA) and 1% penicillin/streptomycin
(HyClone, USA) at 37°C in an atmosphere with 5% CO,.

Cell Transfection

The miR-6071 mimics, miR-6071 inhibitor, UL16 binding
protein 2 (ULBP2) siRNA (si-ULBP2) and their correspond-
ing negative controls were transfected into U251 and A172
cells by using Lipofectamine® 3000 Reagent (Invitrogen,
USA) following to the manufacturer’s protocols. The trans-
fected U251 and A172 cells were randomly divided into
9 groups: Control group (no treatment), mimics NC group
(transfected with miR-6071 mimics negative control), miR-
6071 mimics group (transfected with miR-6071 mimics),
inhibitor NC group (transfected with miR-6071 inhibitor
negative control), miR-6071 inhibitor group (transfected
with miR-6071 inhibitor), inhibitor NC + si-NC group
(transfected with inhibitor NC and ULBP2 siRNA negative
control), inhibitor NC + si-ULBP2 group (transfected with
inhibitor NC and ULBP2 siRNA), miR-6071 inhibitor + si-
NC group (transfected with miR-6071 inhibitor and si-NC)
and miR-6071 inhibitor + si-ULBP2 group (transfected with
miR-6071 inhibitor and si-ULBP2). Then, all the cells were
cultured in 37°C incubator for 48 h.

Colony Formation Assay

The ability of cell clones was measured by using colony
formation assay. Simply, the transfected U251 and A172
cells were seeded onto a six-well plate and cultured for
14 days. Afterwards, the colonies were fixed with 4%
paraformaldehyde and stained with 0.1% crystal violet
(Sigma, USA), respectively. Finally, the stained colonies
were counted by using a light microscope.

5-Ethynyl-20-Deoxyuridine (EdU)
Proliferation Assay

The proliferation ability of U251 and A172 cells was
determined by using EdU assay kit (RiboBio,
Guangzhou, China). In brief, the transfected U251 and
A172 cells were planted into a 96-well plant and then
incubated with 50 um EdU for two hours. After that, the

submit your manuscript

9430

Dove

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Zhou et al

4',6-diamidino-2phenylindole (DAPI, Sigma, USA) was
used to stain the cell nuclei of U251 and A172 cells. In
the end, the EdU-positive cells were observed by using
a fluorescence microscope.

Apoptosis Assay

The apoptosis ability of U251 and A172 cells was detected
by Annexin-V-fluorescein isothiocyanate (FITC) cell apop-
tosis assay kit (Biovision, USA) following to the manufac-
turer’s protocols. In brief, the transfected U251 and A172
cells were collected, washed twice with cold PBS buffer and
resuspended in binding buffer. Afterwards, U251 and A172
cells were incubated with Annexin V-FITC (5 pL) and pro-
pidium iodide (PI, 10 pL) for 15 min. The apoptotic cells
were analysed by using flow cytometry within 1 h.

Wound-Healing Assay

The transfected U251 and A172 cells were cultured in
a 6-well plate for 24 h to form a confluent monolayer.
Then, the cell monolayer was scratched in a straight line
with a sterile pipette tip. After that, the U251 and A172 cells
were washed with PBS for three times to remove the debris,
and then serum-free medium was added into the well plates
for continuous incubation. The images were captured at
0 and 24 h after scratching under a light microscope, and
then the wound healing rate was calculated and recorded.

Transwell Assay

The transfected U251 and A172 cells were resuspended in
serum-free medium and then added to the top chamber of
transwell chamber (Corning, Corning, NY, USA). For inva-
sion assay, the upper chamber was pre-coated with Matrigel
(BD Biosciences, USA). The lower chamber was filled with
DMEM including FBS. After 48 h, the migrated cells on the
lower surface of the membrane were fixed with 4% parafor-
maldehyde for 15 min and then stained by 0.1% crystal violet
solution (Beyotime, Shanghai, China) for 15 min. The number
of stained cells was observed under an inverted microscope
(Olympus, Tokyo, Japan) in five randomly selected fields.

Dual-Luciferase Reporter Gene Assay

Targetscan 7.2 was used to predict the targeted relationship
between miR-6071 and ULBP2. For dual-luciferase gene
assay, U251 and A172 cells were co-transfected with
PsiCHECK-2 luciferase plasmids (Promega, USA) carry-
ing ULBP2-wildtype (ULBP2-Wt)/ULBP2-mutant
(ULBP2-Mut) and miR-6071 mimics/miR-6071 NC by
using Lipofectamine 3000 (Invitrogen, USA). After

48 h of transfection, the luciferase activity was detected
by using a dual luciferase kit (Promega).

Quantitative Real Time-PCR (qRT-PCR)
Total RNA from tissue and cells was extracted with the
use of TRIZOL kit (Invitrogen, USA). Reverse-transcribed
complementary DNAs (cDNAs) were prepared according
to the Revert aid first-strand cDNA synthesis kit (Thermo
Fisher, USA), and qRT-PCR was conducted utilizing the
SYBR Green One-Step RT-PCR Master Mixes (Thermo
Fisher) on an ABI 7900 real-time PCR system (Applied
Biosystems, USA). We used U6 and GAPDH as internal
control. The primer sequences were as follows: miR-6071
(sense): 5'-TGGTACTGATGTGATGGACT-3' (anti-sense)
: 5'-TCATATCACACAGCACCGAT-3"; U6 (sense): 5'-CT
CGCTTCGGCAGCACA-3' (anti-sense): 5'-AACGCTTC
ACGAATTTGCGT-3’; ULBP2 (sense): 5'-AAATGTCAC
AACGGCCTG-3' (anti-sense): 5-TGAGGGGTTCCTTG
GG-3'; GAPDH (sense): 5'-CGAGCCACATCGCTCA
GACA-3' (anti-sense): 5-GTGGTGAAGACGCCAGTG
GA-3'. The relative gene expression levels were calculated
using the 2724 method.

Western Blot Analysis

Total proteins were extracted from U251 and A172 cells using
RIPA lysis buffer (Solarbio, Beijing, China) containing pro-
tease inhibitor. The same amount of protein from each group
was separated by 10% SDS-PAGE and then transferred to
a polyvinylidene difluoride membrane with the method of
wet transfer. After sealed with 5% non-fat milk for 2 h at
room temperature, the membrane was incubated with the
specific primary antibody (anti-Bax, 1:1000, ab182733; anti-
B-cell lymphoma-2 (Bcl-2), 1:500, ab32124; anti-caspase-3,
1:500, ab2302; anti-MMP-2, 1:500, ab97779; anti-MMP-9,
1:500, ab38898, Abcam, UK; anti-p-PI3K, 1:300, #17366;
anti-PI3K, 1:1000, #4257; anti-p-AKT, 1:500, #4060; anti-
AKT, 1:1000, #8596; anti-p-mTOR, 1:500, #2971; anti-
mTOR, 1:1000, #2983, anti-GAPDH, 1:1500, #2118, Cell
signaling, USA) overnight at 4°C. After washing three times,
the membrane was incubated with horseradish peroxidase-
conjugated secondary antibody (goat anti-rabbit; 1:5000,
Sigma) for 1 h at room temperature. The protein bands were
visualized with ECL system (Thermo, USA) and then ana-
lyzed by using Image Lab™ Software (Bio-Rad, USA).

Statistical Analysis
The data were presented as mean + SEM. All statistical
analysis was performed using SPSS 22.0 statistical
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software. Statistical
Student’s ¢ test or one-way ANOVA test. And the correla-
tion between miR-6071 and ULBP2 was analyzed by
Pearson correlation analysis. P < 0.05 expresses that the

analysis was performed using

differences were statistically significant.

Results
miR-6071 Expression is Low in GBM and

is Associated with Disease Progression
The analysis of The Cancer Genome Atlas (TCGA) data-
set revealed that the high expression of miR-6071 was

significantly associated with a better prognosis in GBM
patients (Figure 1A). In addition, we first measured the
expression of miR-6071 in GBM tissues and found that
the expression of miR-6071 was markedly decreased in
GBM tissues (P < 0.001) (Figure 1B). Similarly, the
expression of miR-6071 was dramatically decreased in
U87 (P < 0.01) and LN229 cells (P < 0.05), especially in
U251 (P < 0.01) and A172 cells (P < 0.01) when com-
pared to NHA cells (Figure 1C). Together, the data sug-
that  the of miR-6071
downregulated in GBM and might play an important

gested expression was

role in the progression of GBM.
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miR-6071 Inhibits the Proliferation Ability
of U251 and A172 Cells

As shown in Figure 2A, the expression of miR-6071 in
U251 and A172 cells was significantly increased in the
miR-6071 mimics group compared to the Control and the
mimics NC groups (P < 0.01). In addition, the expression
of miR-6071 in miR-6071 inhibitor group was lower than
that in Control and inhibitor NC groups (P < 0.01), sug-
gesting that the transfection was successful. The results of
the colony formation assay (Figure 2B) and EdU assay
(Figure 2C) showed that the upregulation of miR-6071
significantly decreased cell clone numbers and cell prolif-
eration in both U251 and A172 cells (P < 0.01). In con-
trast, the downregulation of miR-6071 markedly increased
cell clone numbers and cell proliferation (P < 0.01). All
the results suggested that miR-6071 could inhibit the pro-
liferation of U251 and A172 cells.

miR-6071 Promotes the Apoptosis Ability
of U251 and A172 Cells

The results of flow cytometry revealed that the apoptosis of
U251 and A172 cells was notably elevated in the miR-6071
mimics group in comparison with the Control and the mimics
NC groups (P < 0.01) (Figure 3A). We also observed that the
apoptosis of the cells in the miR-6071 inhibitor group was
dramatically reduced relative to the Control and the inhibitor
NC groups (P < 0.01) (Figure 3A). To further confirm the
results, we detected the expressions of Bax, caspase-3 and Bcl-
2 by Western blot (Figure 3B). Indeed, the results showed that
the upregulation of miR-6071 dramatically decreased Bcl-2
expression in U251 and A172 cells relative to the Control and
the mimics NC groups (P < 0.01), but increased the expression
levels of Bax and caspase-3 (P < 0.01). In comparison, the
downregulation of miR-6071 significantly elevated the expres-
sion of Bcl-2 compared with the Control and the inhibitor NC
groups (P < 0.01), but reduced the expression levels of Bax
and caspase-3 (P < 0.01). These results indicated that miR-
6071 could promote the apoptosis ability of U251 and A172
cells.

miR-6071 Inhibits the Ability of Migration

and Invasion in U251 and A172 Cells

The ability of migration and invasion in U251 and A172 cells
was determined by using wound-healing assay (Figure 4A)
and transwell assay (Figure 4B and C). The results showed
that the upregulation of miR-6071 significantly reduced the
migration and invasion in U251 and A172 cells compared

with the Control and the mimics NC groups (P < 0.01).
Conversely, the downregulation of miR-6071 dramatically
elevated the migration and invasion relative to the Control
and the inhibitor NC groups (P < 0.01). To further confirm
the results, we detected the expressions of MMP-2 and
MMP-9 in U251 and A172 cells using Western blot
(Figure 4D) and found that the expression of MMP-2 and
MMP-9 was significantly decreased by the upregulation of
miR-6071 (P < 0.01) and markedly increased by the down-
regulation of miR-6071 (P < 0.01). Our data indicated that
miR-6071 could inhibit the ability of migration and invasion
in U251 and A172 cells.

miR-6071 Inhibits the Activation of PI3K/
AKT/mTOR Pathway in U251 and Al72

Cells

As Figure SA and B showed, the expressions of p-PI3K,
p-AKT and p-mTOR in U251 and A172 cells were signifi-
cantly inhibited by the upregulation of miR-6071 (P <0.01),
and markedly promoted by the downregulation of miR-6071
(P < 0.01). In addition, the expressions of PI3K, AKT and
mTOR were not statistically significant between different
groups (P > 0.05). Taken together, the results suggested that
miR-6071 could inhibit the activation of PI3K/AKT/mTOR
pathway in U251 and A172 cells.

miR-6071 Negatively Modulates the

Expression of ULBP2

The results of qRT-PCR showed that ULBP2 expression was
markedly increased in GBM tissues in comparison with the
NBTs group (P <0.001) (Figure 6A). As shown in Figure 6B,
the analysis of the TCGA dataset indicated that the low
expression of ULBP2 was significantly associated with
a better prognosis in GBM patients. In addition, the analysis
of TCGA dataset also confirmed that the expression of miR-
6071 was negatively correlated with the expression of ULBP2
in GBM tissues (P < 0.001) (Figure 6C). Subsequently, we
detected the expression of ULBP2 in GBM cells and NHA
cells, and found that ULBP2 expression was markedly ele-
vated in U87 and LN229 cells, especially in U251 and A172
cells when compared with NHA cells (Figure 6D). As
Figure 6E showed, a binding site of miR-6071 was predicted
at 3'-UTR of ULBP2 using Targetscan 7.2. Moreover, dual-
luciferase reporter gene assay revealed that miR-6071 mimics
dramatically reduced the fluorescence intensity in the ULBP2-
Wt group (P < 0.01), but had no significant effect on the
fluorescence intensity in the ULBP2-Mut group (P > 0.05)
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(Figure 6F). Collectively, these data demonstrated that miR-
6071 could negatively modulate ULBP2 expression.

ULBP2 Reverses the Effects of miR-607 |
on GBM Cells Through Regulating the

PISK/AKT/mTOR Pathway

As shown in Figure 7A, the expression of ULBP2 in A172
cells was significantly decreased in the inhibitor NC + si-
ULBP2 group compared with the Control and the inhibitor
NC + si-NC groups (P < 0.01), whereas its expression was
markedly increased in the miR-6071 inhibitor + si-NC group
(P <0.01). When compared with the miR-6071 inhibitor + si-
ULBP2 group, ULBP2 expression was reduced in the
inhibitor NC + si-ULBP2 group (P < 0.01) and elevated in
miR-6071 the inhibitor + si-NC group (P < 0.01), suggesting
that the miR-6071 inhibitor and si-ULBP2 were successfully

transfected. In addition, as shown in Figure 7B-F, silencing
ULBP2 significantly decreased the rate of proliferation,
migration and invasion, as well as increased cells apoptosis
(P < 0.01). Meanwhile, silencing ULBP2 dramatically
reversed miR-6071 inhibitor-medicated promotion of cell
proliferation, invasion and migration, and inhibition of cell
apoptosis in A172 cells (P < 0.01). To investigate the poten-
tial mechanisms by which ULBP2 promotes GBM progres-
sion, gene set enrichment analysis (GSEA) was performed on
TCGA glioma datasets. As shown in Figure 7G, the high
expression of ULBP2 was positively correlated with “PI3K-
AKT-mTOR signaling”. To confirm the results, the related
proteins of PI3K/AKT/mTOR signaling pathway were mea-
sured by Western blot (Figure 7H). When compared with the
inhibitor NC + si-NC group, the expressions of p-PI3K,
p-AKT and p-mTOR were significantly decreased in the
inhibitor NC + si-ULBP2 group (P < 0.01), while their
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expressions of MMP-2 and MMP-9 in U251 and A172 cells were measured by Western blot. **P < 0.01, vs Control and mimics NC group; ##p < 001, vs Control and
inhibitor NC group.
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Figure 5 miR-6071 inhibited the activation of PI3K/AKT/mTOR pathway in U251 and A172 cells. (A) The expressions of p-PI3K, PI3K, p-AKT, AKT, p-mTOR and mTOR
in U251 cells were measured by Western blot. (B) The expressions of p-PI3K, PI3K, p-AKT, AKT, p-mTOR and mTOR in Al72 cells were measured by Western blot.
#P < 001, vs Control and mimics NC group; **P < 0.01, vs Control and inhibitor NC group.

expressions were markedly increased in miR-6071 inhibitor
+ si-NC group (P <0.01). On the contrary, the expressions of
p-PI3K, p-AKT and p-mTOR were reduced in the inhibitor
NC + si-ULBP2 group (P < 0.01) and elevated in the miR-
6071 inhibitor + si-NC group (P < 0.01) compared with the
miR-6071 inhibitor + si-ULBP2 group. These results sug-
gested that miR-6071 could inhibit the progression of GBM
through the inhibition of the PI3K/AKT/mTOR pathway by
binding to ULBP2.

Discussion

Among solid tumors of the central nervous system, GBM
is the most malignant and has shown to have poor prog-
nosis all over the world.'”'® Currently, the effects of
surgery, chemotherapy and radiotherapy on GBM are lim-
ited. Hence, there is an urgent need to explore novel
therapeutic targets and molecular mechanisms for the
treatment of GBM. In this research, we demonstrated
that miR-6071 could repress cell proliferation, migration
and invasion, as well as promote apoptosis via the

inhibition of the PI3K/Akt/mTOR pathway by binding to
ULBP2 in GBM.

There is growing evidence that miRNAs could play
crucial roles in the progression of various cancers includ-
ing GBM.'** In addition, the abnormal miRNAs expres-
sion is considered to be related to tumorigenesis. In the
present study, we found that the high expression of miR-
6071 was significantly associated with a better prognosis
in GBM patients. In addition, the expression of miR-6071
was significantly decreased in GBM tissues and cells when
compared to that in normal tissue and cells. There is
increasing evidence that miRNAs participate in the
growth, metastasis and apoptosis of tumor cells. For exam-
ple, miR-21 could promote cell migration and invasion
through the activation of Sox2 and the B-catenin pathway
in glioma.?' Xia et al** have confirmed that miR-1908
could facilitate cell proliferation and migration by suppres-
sing PTEN tumor suppressor pathway in GBM. Liu et al*’
have reported that miR-500a-5p could accelerate the pro-

liferation, migration and invasion through targeting
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Figure 6 miR-6071 negatively modulated the expression of ULBP2. (A) The expression of ULBP2 in GBM tissues was detected by qRT-PCR. (B) Kaplan—Meier analyses of
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(D); **P < 0.01, vs mimics NC group (F).
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chromodomain helicase DNA binding protein 5 in GBM.
In this study, we demonstrated that miR-6071 could sig-
nificantly suppress proliferation, migration and invasion,
and also facilitate apoptosis in U251 and A172 cells.
Taken together, these findings suggested that miR-6071
might be a tumor-suppressed gene in GBM.

Natural killer (NK) cells-mediated clearance of tumor cells
is considered an important intrinsic mechanism to inhibit
cancer development.”* Natural killer group 2 member
D (NKG2D), a receptor of NK cells and cytotoxic
T lymphocytes, participates in the detection of abnormal self
during infection or malignant transformation.”> In recent
years, ULBP2, a ligand of NKG2D, is reported to be not
expressed or at a low level in normal tissue cells and shows
abnormal expression in cancer cells.”**’ Previous studies have
indicated that ULBP2 is highly expressed in liver cancer,”®
breast cancer,24 cervical cancer”” and melanoma.”® In the
present study, the analysis of the TCGA dataset indicated
that the low expression of ULBP2 was significantly associated
with a better prognosis in GBM patients. In addition, we found
that ULBP2 expression was significantly increased in GBM
tissues and cells, and ULBP2 was the target gene of miR-6071.
The data suggested that miR-6071 could negatively modulate
the expression of ULBP2 in GBM. We then explored whether
miR-6071 affects GBM by targeting ULBP2 and found that
ULBP2 could reverse the function of miR-6071 on GBM
cells, indicating that miR-6071 could inhibit proliferation,
migration and invasion, as well as promote apoptosis via
targeting ULBP2 in GBM.

Accumulating studies have indicated that PI3K/AKT/
mTOR pathway could play a critical role in many human
cancers through regulating various biological processes
including cell proliferation, cell cycle, migration, invasion
and apoptosis.>*>! In addition, various miRNAs have been
considered to regulate the progression of GBM via mod-
ulating the PI3K/AKT/mTOR pathway. For instance,
Li et al** have suggested that miR-489 could reduce cell
proliferation and cell cycle arrest, and increase cell apop-
tosis through targeting the SPIN1-mediated PI3K/AKT/
mTOR pathway in glioma. In addition, miR-124-3p is
reported to facilitate GBM cell growth via targeting
NRP-1 through activating the PI3K/AKT pathway.** In
our study, we also demonstrated that miR-6071 could
inhibit the activation of the PI3K/AKT/mTOR pathway
in GBM. In addition, the results of GSEA on TCGA
datasets showed that the effect of ULBP2 on promoting
cancer was closely associated with the PI3K/AKT/mTOR
pathway in GBM. Our data also confirmed that ULBP2

could significantly reverse the effect of miR-6071 on the
PI3K/AKT/mTOR pathway.

In summary, we can conclude that miR-6071 has the
potential to suppress cell proliferation, migration and inva-
sion, as well as promote apoptosis through the inhibition
of the PI3K/Akt/mTOR pathway by binding to ULBP2 in
GBM. More importantly, the miR-6071/ULBP2/PI3K/
AKT/mTOR axis may represent a promising therapeutic
strategy for the treatment of GBM.
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