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Abstract

Introduction: Glioma is one of primary brain tumours which has the worst clinical prognoses of patients. As an alterna-
tive chemotherapeutic drug for malignant glioma, the therapeutic effect of cisplatin (CDDP) is devastatingly affected due
to resistance in patients. In this study, we investigated the effect of LINCOO470/PTEN on the CDDP sensitivity of glioma
cells.

Material and methods: Differentially expressed IncRNAs and the downstream regulators in glioma tissue were obtained
via bioinformatics analysis. LINCO0470 and PTEN mRNA expression levels were detected using qRT-PCR. IC50 values of gli-
oma cells were examined using Cell Counting Kit-8 (CCK-8). Cell apoptosis was revealed by flow cytometry. The expression
level of autophagy-related protein was detected by western blot. Intracellular autophagosome formation was detected
by immunofluorescence staining, and the methylation level of PTEN promoter was detected via methylation-specific PCR
(MSP).

Results: Through the above steps, we found that LINCO0470 was highly expressed in glioma cells, and the survival rate of
patients was reduced in the presence of high expression of LINCO0470. Silenced LINCO0470 promoted LC3 Il expression
and autophagosome formation, and facilitated cell apoptosis to inhibit resistance to CDDP. While silenced PTEN could
successfully reverse the previous effects on glioma cells.

Conclusions: Based on the above, LINCO0470 repressed cell autophagy by constraining PTEN, thereby enhancing CDDP

resistance of glioma cells.
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Introduction

The most frequently developed brain tumour is
glioma, and patients with this tumour have the poor-
est clinical prognosis among those with other primary
brain tumours [17]. The median survival for grade IV gli-
oma patients ranges from 12 to 15 months. The current
standard of care consists of maximal surgical resection
followed by concomitant chemotherapy and radiother-
apy [8]. The standard chemotherapy accepted by the
international community for glioma is a combination of
radiotherapy and temozolomide [9,32]. However, due
to the side effects of these therapies, the alternative
therapy is desired. As one of the most effective anti-tu-

mour drugs, cisplatin (CDDP) is often chosen as an
alternative chemotherapeutic drug for malignant glio-
ma [9]. CDDP induces apoptosis-mediated cell death by
interacting with and damaging DNA to target tumour
cells [19]. A report revealed that tumour cells devel-
oped chemotherapeutic resistance to CDDP due to the
repeated usage of this drug in clinical practice. Accord-
ingly, dissection of the mechanism of CDDP resistance
and exploration of effective combination therapy for
eliminating such resistance could offer unique molec-
ular targets for glioma treatment.

Recent research has revealed many long non-coding
RNAs (IncRNAs) that regulate biological and pathological
processes [12]. LINCOO470 was proven as an oncogene
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in human cancers. For instance, LINCO0470 facilitated
phenotypes of gastric cancer cells via the promotion of
PTEN mRNA degradation [28]. LINCO0470 stimulated
methylation of PTEN to facilitate the progression of
endometrial cancer by recruiting DNMT3a via MYC [30].
LINCO0470 directly interacted with FUS and repressed
autophagy as an AKT activator to facilitate glioma cell
phenotypes. Besides, LINCO0470 could affect tumour
cell resistance. For example, LINCO0470 reduced PTEN
stability through RNA methyltransferase METTL3, there-
by inhibiting autophagy and promoting CML chemore-
sistance [10]. LINCO0470 promoted expression of MYC
and ABCC1 via inhibiting miR-134, which facilitated
glioma cell proliferation and invasion, and reduced the
chemosensitivity of glioma cells to temozolomide. Taken
together, LINCO0470 played a crucial part in tumour pro-
gression and chemoresistance. However, the underlying
mechanism by which LINCO0470 affected glioma CDDP
resistance was elusive.

PTEN encodes phosphatidylinositol-3,4,5-trisphos-
phate 3-phosphatase that includes a typical catalytic
domain of the dual-specificity protein tyrosine phos-
phatases, and a tensin-like domain [24]. PTEN plays
a tumour suppressor role [3]. The publication also
revealed that PTEN/PI3K/AKT is a pivotal signalling
pathway regulating various biological processes such
as apoptosis, metabolism, proliferation, and growth [3].
Besides, PTEN is a mutated gene that is widely found in
human cancers, and the AKT pathway can activate the
loss or mutation of PTEN, which develops resistance to
therapies with tyrosine kinase inhibitors (TKls) [20,24].
Silenced miR-152 facilitates progression of bladder
cancer via DNMT regulating PTEN expression [14].
miR-92 facilitates prostate cancer cell proliferation and
suppresses apoptosis by constraining PTEN/Akt signal-
ling pathway activity [29].

Herein, we found that LINCO0470 was upregulated
in glioma, while suppressing LINCO0470 facilitated cell
apoptosis and autophagy, and enhanced CDDP sensi-
tivity of glioma cells. We discovered that LINCO0470
was able to inhibit autophagy and enhance CDDP resis-
tance of glioma cells via constraining PTEN expression.
The findings may shed new light on glioma patients’
treatment.

Material and methods
Bioinformatics analysis

Analysis of PTEN expression in tissue (normal: 5,
tumour: 698) was acquired from the Cancer Genome
Atlas-Glioblastoma Multiforme (TCGA-GBM) dataset. Via
package “survival” [25], we also conducted a survival
analysis of LICNOO470 and PTEN expression in glioma
patients.

Folia Neuropathologica 2023; 61/1

LINCO0470 represses cisplatin sensitivity of glioma

Cell cultivation

Normal human glial cells HEB (BNCC358606) and
three human glioma cell lines H251 (BNCC337874), LN299
(BNCC342090), and U87 (BNCC337885) were produced by
BeNa Culture Collection (China). The H251, HEB and LN299
cell lines were placed in Dulbecco’s Modified Eagle Medi-
um (DMEM) (HyClone, USA) containing 10% foetal bovine
serum (FBS) (Gibco, USA). U87 cells were maintained in
Minimal Essential Medium (MEM) (HyClone, USA) contain-
ing 10% FBS. The above cell lines were placed under 5%
CO, at 37°C. Cells were collected for subsequent assays
after resuscitation and 2 or 3 passages.

Cell transfection

sh-LINC00470, oe-LINC00470, sh-PTEN, and their
negative controls were produced by RiboBio (China).
The above plasmids were transfected into GBM cells
using Lipofectamine 2000 kit (Thermo Fisher, USA)
complying with the kit instructions. This process lasted
24 h and cells were collected thereafter.

qRT-PCR

We extracted total RNA by the Trizol method, and
reversely transcribed RNA into ¢cDNA by PrimeScript RT
reagent Kit (Takara, Japan) and Oligo (dt) 18 primers.
The relative expression of LINCO0470 was detected by qRT-
PCR kit (Takara, Japan), with 3-actin as an internal reference.
All primer sequences involved are manifested in Table I.

Western blot

The detailed steps were undertaken as described
previously [4], and the experiment was repeated three
times. Primary rabbit anti-human LC3 I/1l (LC3B) anti-
body (ab192890), B-actin (ab8227), and secondary
goat anti-rabbit IgG antibody (ab96899) were produced
by Abcam (UK).

Cell Counting Kit-8 detection of the
inhibition rate of cell proliferation and
half-maximal inhibitory concentration

Cell Counting Kit-8 (CCK-8) kit (Solarbio, China)
was the tool for examining viability of H251 and U87

Table I. List of primers for gRT-PCR

Gene Sequence

LINCO0470 Forward primer 5-AGACACAGCCTCTACTGTACT-3’

Reverse primer 5-CCTCGTCACCTTACGTCAATAC-3

PTEN Forward primer 5-CCCACCACAGCTAGAACTTATC-3
Reverse primer 5-TCGTCCCTTTCCAGCTTTAC-3
B-actin Forward primer 5-CCCTTCATTGACCTCAACTACA-3’

Reverse primer 5-ATGACAAGCTTCCCGTTCTC-3’
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cells. To explore CDDP sensitivity, cells in 96-well plates
(2 x 10* cells/well) were transfected with sh-NC and
sh-LINC00470, followed by cultivation with different
concentrations of CDDP (Sigma, USA) (0, 0.5, 1, 1.5,
2 pg/ml) for 48 h [13]. CCK-8 reagent was then intro-
duced into each well for another 4 h of cell cultiva-
tion. The optical density was measured at 450 nm by
a microplate reader. The half-maximal inhibitory con-
centration (IC50) value of CDDP was calculated by plot-
ting the survival curve.

Flow cytometry for cell apoptosis
examination

Annexin V-FITC/propidium iodide [24] kit (Solarbio,
China) was utilized to test the cell apoptosis rate. H251
and U87 cells (1 x 109 were resuspended in the bind-
ing buffer, and exposed to Annexin V-FITC for 10 min
and to PI for 5 min in the dark. A flow cytometer (BD
Bioscience, USA) was utilized for assessing the cell
apoptosis rate, whose results were analysed by Cell
Quest software (BD Biosciences, USA).

Immunofluorescence analysis

The specific steps were conducted as listed in
a previous publication [27]. The included antibody LC3
(ab192890) was produced by Abcam (UK).

Methylation-specific PCR detection

We followed the specific steps as described in a previ-
ous publication [30]. Whole genomic DNA was extracted,
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and unmethylated cytosines in which were converted
to uracil. PCR products were subject to agarose gel elec-
trophoresis and were imaged by a gel imaging system.
Primer sequences are manifested in Table II.

Statistical analysis

Data were obtained from at least three independent
experiments. Data were processed by GraphPad Prism
8.0 software, and presented in the form of mean + stan-
dard deviation. Analysis of variance was adopted before-
hand, and t-test was introduced for inter-group analysis.
P < 0.05 indicated statistically significant difference.

Results

LINCO0470 is upregulated in glioma
cells

Given that LINCO0470 is upregulated in gastric can-
cer [28] and hepatocellular carcinoma [7], we posited that
LINC0O0470 level was also remarkably high in glioma cells.
Detection results revealed a higher level of LINCO0470
in glioma cells H251, LN299, and U87 over the normal
human glial cell HEB (Fig. 1A). In addition, Kaplan-Meier

Table Il. List of primers for MSP

Gene Sequence
PTEN  U-Forward 5’-AGACACAGCCTCTACTGTACT-3
U-Reverse 5'-CCTCGTCACCTTACGTCAATAC-3’
PTEN ~ M-Forward 5’-AGACACAGCCTCTACTGTAACT-3
M-Reverse 5’-CCTCGTCACCTTACGTCAATAC-3
B
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Fig. 1. LINCO0470 is upregulated in glioma cells. A) LINCO0470 level in three human glioma cell lines (LN299,
U87, H251) and one human normal glial cell line HEB; B) Curves of LINCO0470-related survival analysis in

glioma patients; *p < 0.05.
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survival analysis revealed that patients with high-level
LINCO0470 had a relatively low survival rate (Fig. 1B). To
conclude, LINCO0470 was upregulated in glioma cells.

The way LINC00470 affects glioma
cell apoptosis, autophagy, and CDDP
chemotherapeutic sensitivity

H251 and U87 cells with the highest expression of
LINCO0470 were selected for subsequent experiments.
First, sh-NC and sh-LINCO0470 were transfected into
glioma cell lines, and the efficiency of transfection was
examined via gRT-PCR. We observed that compared to
the control group, the transfection of sh-LINCO0470
significantly lowered the LINCO0470 level (Fig. 2A).
Then, the apoptosis rate of H251 and U87 was detect-
ed via flow cytometry. In contrast to the control group,
the cell apoptosis rate was prominently increased in
the sh-LINCO0470 group, indicating that suppress-
ing LINCO0470 enhanced cell apoptosis (Fig. 2B).
Informed by publications, cell apoptosis and autoph-
agy are two main pathways that lead to tumour cell
death, and cell autophagy can be induced by plenty of
anti-tumour drugs that induce cell apoptosis [16,26].
Further, we explored whether LINCO0470 would affect
the cell autophagy level. We first examined the levels
of autophagy-related protein in H251 and U87 cells
via western blot. Then, sh-LINC0O0470 was indicated
to facilitate LC3 Il expression in H251 and U87 cells
(Fig. 2C). The aggregation of LC3 examined via immu-
nofluorescence assay was significantly enhanced in
sh-LINCO0470-treated H251 and U87 cell lines (Fig. 2D).
To explore the way sh-LINCO0470 affected CDDP
resistance of glioma cells, we examined the 1C50 val-
ues of H251 and U87 against CDDP. IC50 value of
sh-LINCO0470-treated cells was revealed to be signifi-
cantly reduced in contrast to cells treated with sh-NC
(Fig. 2E). Ultimately, LINCO0470 knockdown facilitated
autophagy, apoptosis of glioma cells, and enhanced
chemotherapeutic sensitivity of glioma cells to CDDP.

LINCO0470 suppresses PTEN
expression via facilitating PTEN
methylation

PTEN is downstream of LINC00470, and LINCO0470
may regulate PTEN expression by affecting the driver
methylation level of PTEN [30]. We revealed via bio-
informatics analysis that PTEN level in tumour tissue
was notably lower than in normal tissue (Fig. 3A).
The Kaplan-Meier survival analysis suggested that the
survival rate of patients with upregulated PTEN expres-
sion was significantly increased (Fig. 3B). We proved
the above result at the cellular level that PTEN was
notably downregulated in glioma cell lines in contrast
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to the normal human glial cell line (Fig. 3C). The correla-
tion analysis suggested a negative interplay between
LINCO0470 and PTEN expression (Fig. 3D). Through
gRT-PCR analysis, PTEN mRNA level was prominently
upregulated upon silencing LINCO0470 (Fig. 3E). Via
MethPrimer database (http://www.urogene.org/cgi-
bin/methprimer/methprimer.cgi), we predicted the CpG
island where PTEN promoter was enriched (Fig. 3F).
DNA methylation is the covalent transfer of methyl
groups to the 5’position of the cytosine ring, mainly
at the dinucleotide CpG [21], so we next explored the
methylation level of PTEN. Then, we discovered via
methylation-specific PCR (MSP) that PTEN was highly
methylated in glioma (Fig. 3G). U87 cells, treated with
0e-LINC00470 or 5-Aza-CdR, were subjected to gRT-PCR
to analyse PTEN expression and MSP to evaluate PTEN
methylation. It turned out that LINCO0470 overexpres-
sion significantly reduced PTEN level and PTEN was
highly methylated at the same time, while 5-Aza-CdR
treatment reversed this effect (Fig. 3H, I). The above
indicated that LINCO0470 repressed PTEN level by pro-
moting PTEN methylation.

Regulation of PTEN level by LINC0O0470
impacts on autophagy, apoptosis, and
CDDP chemoresistance of glioma cells

We carried out a rescue assay to validate that
LINCO0470 regulated PTEN expression to affect auto-
phagy, apoptosis, and CDDP chemoresistance of glio-
ma cells. Due to the significance shown in apoptotic
capacity, autophagy, as well as drug resistance, H251
cells were selected for subsequent analyses. Treatment
groups were set up as follows: sh-NC, sh-LINC00470 +
sh-NC, and sh-LINCO0470 + sh-PTEN. First, the mRNA
expression levels of LINCOO470 and PTEN were mea-
sured via qRT-PCR. It was found that PTEN expression
was increased by sh-LINCO0470, which was further
restored by sh-PTEN (Fig. 4A). Flow cytometry revealed
that sh-LINCO0470 facilitated glioma cell apoptosis,
while sh-PTEN was able to reverse such effect (Fig. 4B).
The expression level of autophagy-related protein
LC3 in H251 cells was analysed by western blot. We
found that the ratio of LC3 II/LC3 | increased in the
sh-LINCO0470 + sh-NC group compared to the con-
trol group, while the ratio of LC3II/LC3II was restored
to the level in the sh-NC group after transfecting
sh-LINCO0470 plus sh-PTEN simultaneously, which sug-
gested that LINCO0470 could inhibit the level of auto-
phagy, while PTEN played a role in promoting cell auto-
phagy (Fig. 4C). Immunofluorescence suggested that
sh-LINC00470 significantly enhanced LC3 aggregation,
while further introduction of sh-PTEN constrained such
effect (Fig. 4D). Besides, CCK-8 results suggested that
sh-LINCO0470 could reduce the IC50 value of H251
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Fig. 3. LINCO0470 represses PTEN expression via PTEN methylation. A) TCGA-GBM database was the base for analysis
of PTEN level, of which yellow indicates tumour and blue indicates normal tissue; B) The PTEN-related survival curve of
glioma patients; C) PTEN level in 3 human glioma cell lines (LN-299, U87, H251) and 1 normal human glial cell line HEB;
D) Interplay between LINCO0470 and PTEN levels in glioma cells; E) PTEN level in U87 and H251 cells treated by oe-LINCO0470
or sh-LINCO0470; F) Abundant CpG islands in gene promoters predicted via MethPrimer (http//www.urogene.org/cgi-bin/
methprimer/methprimer.cgi); G) The methylation status of PTEN in glioma cells, where U indicates unmethylated cells and
M indicates methylated ones; H) PTEN expression in U87 cells treated by oe-LINCO0470 or 5-Aza-CdR; 1) PTEN methylation
status after oe-LINC00470 or 5-Aza-CdR treatment, where U represents unmethylated and M indicates methylated; *p < 0.05.
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against CDDPR, while sh-PTEN reversed this phenom-
enon (Fig. 4E). To sum up, silencing LINCO0470 could
promote autophagy and reduce CDDP resistance of gli-
oma cells by promoting PTEN expression.

Discussion

As a common primary brain tumour, gliomas are
linked to high morbidity and mortality. Clinical cases
have proven that effective chemotherapy after success-
ful surgery is one of the most effective ways to treat
malignant glioma, and chemotherapy itself can notably
enhance the survival and survival time of the patients
[17]. However, CDDP chemoresistance largely curbs
the therapeutic efficacy on glioma patients [15]. Giv-
en that, elucidating the mechanism of CDDP resistance
at the molecular level could provide novel targets to
be applied for glioma treatment. LncRNAs were stud-
ied copiously in various cancers. High expression of
LINCO0470 can facilitate progression of gastric cancer
[28], endometrial cancer [30], and glioma [12]. In this
study, we discovered via bioinformatics approaches that
LINCO0470 was upregulated in glioma tissue and such
upregulation was related to low survival of patients.
Cell functional assays suggested that LINCO0470 was
up-regulated in glioma cells, while silencing this gene
facilitated cell apoptosis, which is consistent with
conclusions of previous reports. Further, the interplay
between LINCO0470 and chemoresistance was report-
ed, such as LINCO0470 overexpression facilitating che-
moresistance of leukaemia cells [10]. Nevertheless, few
reports focused on the mechanism of LINCO0470-medi-
ated CDDP resistance. We discovered in this work that
silencing LINCO0470 enhanced the CDDP sensitivity of
glioma cells, suggesting LINCO0470 as a key target for
glioma therapy.

PTEN is widely recognized as a tumour suppressor
that usually inactivates in human cancers, including gli-
omas [2]. Aberrant PTEN levels develop in many cancers
and the mutation or loss of PTEN always affects tumour
progression [22]. Moreover, PTEN knockdown is able
to facilitate endometrial cancer cell proliferation and
repress apoptosis [31]. miR-29a was reported to repress
colon cancer cell proliferation and reverse p-glycopro-
tein-mediated drug resistance in colon cancer cells by
upregulating PTEN [23]. We discovered via bioinformat-
ics approaches that LINCO0470 was negatively correlat-
ed with PTEN expression. Cell experiments revealed
that knockdown of LINCO0470 was able to facilitate
PTEN expression, thus promoting glioma cell apoptosis,
and reducing CDDP resistance of glioma cells, consis-
tent with previous findings.

Autophagy is a self-degrading process involved in
maintaining cellular homeostasis and controlling cellu-
lar components via impelling the clearance or turnover
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of long-lived or misfolded proteins, protein aggregates,
and damaged organelles [6]. In recent years, autophagy
in therapeutic response has been studied from various
perspectives, making us recognize its role as both the
oncogene and tumour suppressor in cancers [1]. To
illustrate, paclitaxel can provoke cytoprotective autoph-
agy and repress osteosarcoma cell apoptosis [5]. On the
other hand, uric acid can entice autophagy in oral can-
cer cells and it is conducive to apoptosis [11]. Besides,
TOPK suppresses autophagy by phosphorylating ULK1,
which in turn promotes temozolomide resistance of gli-
oma cells [18]. LINCO0470 facilitates chemoresistance
in leukaemia cells via repressing cell autophagy [10].
We found that knockdown of LINCO0470 facilitated
glioma cell autophagy, which in turn enhanced CDDP
sensitivity of glioma cells.

To conclude, this study elucidated the mechanism of
LINCO0470 promoting CDDP resistance of glioma cells
at the molecular level. We concluded that LINCO0470
repressed PTEN expression, thus inhibiting autoph-
agy and enhancing CDDP resistance of glioma cells.
However, we only studied this at the cellular level. Fur-
ther validation was needed at the animal and clinical
levels. Above all, LINCO0470 is an important marker for
predicting CDDP resistance of glioma cells and is also
a potential target for glioma therapy.

Funding

This study was supported in part by grants from Fuji-
an Natural Science Foundation (2020J01767). The fun-
ders had no role in study design, data collection and
analysis, decision to publish, or preparation of the man-
uscript.

Disclosure

The authors report no conflict of interest.

References

1. Ashrafizadeh M, Zarrabi A, Orouei S, Kiavash H, Hakimi A,
Amirhossein Z, Daneshi S, Samarghandian S, Baradaran B,
Najafi M. MicroRNA-mediated autophagy regulation in can-
cer therapy: The role in chemoresistance/chemosensitivity.
Eur ) Pharmacol 2021; 892: 173660.

2. Benitez JA, Finlay D, Castanza A, Parisian AD, Ma J, Longobar-
di C, Campos A, Vadla R, Izurieta A, Scerra G, Koga T, Long T,
Chavez L, Mesirov JR Vuori K, Furnari F. PTEN deficiency leads
to proteasome addiction: a novel vulnerability in glioblastoma.
Neuro Oncol 2021; 23: 1072-1086.

3. Carnero A, Blanco-Aparicio C, Renner O, Link W, Leal JF. The
PTEN/PI3K/AKT signalling pathway in cancer, therapeutic
implications. Curr Cancer Drug Targets 2008; 8: 187-98.

4. Chen W, Zhai L, Liu H, Li Y, Zhang Q, Xu D, Fan W. Downregu-
lation of IncRNA ZFAST inhibits the hallmarks of thyroid carci-
noma via the regulation of miR-302-3p on cyclin D1. Mol Med
Rep 2021; 23: 2.

95



Biyin Chen, Wenwu Wang, Fangfeng Lin, Shuping Shi, Shunjie Ou, Yungiu Yu

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

96

. Guo Y, Huang C, Li G, Chen T, Li J, and Huang Z. Paxilitaxel

induces apoptosis accompanied by protective autophagy in
osteosarcoma cells through hypoxia-inducible factor-lalpha
pathway. Mol Med Rep 2015; 12: 3681-3687.

. Huang F Wang BR, Wang YG. Role of autophagy in tumori-

genesis, metastasis, targeted therapy and drug resistance of
hepatocellular carcinoma. World J Gastroenterol 2018; 24:
4643-4651.

. Huang W, Liu J, Yan J, Huang Z, Zhang X, Mao Y, Huang X.

LncRNA LINCO0470 promotes proliferation through association
with NF45/NF90 complex in hepatocellular carcinoma. Hum
Cell 2020; 33: 131-139.

. Khan S, Mittal S, McGee K, Alfaro-Munoz KD, Majd N, Balasu-

bramaniyan V, de Groot JF. Role of neutrophils and myeloid-
derived suppressor cells in glioma progression and treatment
resistance. Int J Mol Sci 2020; 21: 1954.

. Kim HI, Hong SH, Ku JM, Kim MJ, Ju SW, Chang SW, Cheon C,

Ko SG. Gardenia jasminoides enhances CDDP-induced apopto-
sis of glioblastoma cells via AKT/mTOR pathway while protect-
ing death of astrocytes. Nutrients 2020; 12: 196.

Lai X, Wei J, Gu XZ, Yao XM, Zhang DS, Li F, Sun YY. Dysregula-
tion of LINC0O0470 and METTL3 promotes chemoresistance and
suppresses autophagy of chronic myelocytic leukaemia cells.
J Cell Mol Med 2021; 25: 4248-4259.

Lin CW, Chin HK, Lee SL, Chiu CF, ChungJG, Lin ZY, Wu CY, Liu YC,
Hsiao YT, Feng CH, Bai LY, Weng JR. Ursolic acid induces apop-
tosis and autophagy in oral cancer cells. Environ Toxicol 2019;
34:983-991.

Liu C, ZhangY, She X, Fan L, Li B Feng J, Fu H, Liu Q, Liu Q, Zhao
C, Sun 'Y, Wu M. A cytoplasmic long noncoding RNA LINCO0470
as a new AKT activator to mediate glioblastoma cell autophagy.
J Hematol Oncol 2018; 11: 77.

Liu L, Wang S. Long non-coding RNA OIP5-AS1 knockdown
enhances CDDP sensitivity in osteosarcoma via miR-377-3p/
FOSL2 axis. Onco Targets Ther 2020; 13: 3853-3866.

Liu B Wu L, Chand H, Li C, Hu X, Li Y. Silencing of miR-152 con-
tributes to DNMT1-mediated CpG methylation of the PTEN pro-
moter in bladder cancer. Life Sci 2020; 261: 118311.

Liu X, Sun K, Wang H, Dai Y. Knockdown of retinoblastoma pro-
tein may sensitize glioma cells to cisplatin through inhibition of
autophagy. Neurosci Lett 2016; 620: 137-142.

Liu X, Zhao R Wang X, Wang L, Zhu Y, Song Y, Gao W. Celastrol
mediates autophagy and apoptosis via the ROS/JNK and Akt/
mTOR signaling pathways in glioma cells. J Exp Clin Cancer Res
2019; 38: 184.

Lu C, Wei Y, Wang X, Zhang Z, Yin J, Li W, Chen L, Lyu X, Shi Z,
Yan W, You Y. DNA-methylation-mediated activating of IncRNA
SNHG12 promotes temozolomide resistance in glioblastoma.
Mol Cancer 2020; 19: 28.

Lu H, Xiao J, Ke C, Ni X, Xiu R, Tian Q, Pan H, Zou L, Wang F Ma T,
Ji X, Yuan B Liu L, Zhang J, Jia W, Duan Q Zhu F. TOPK inhib-
its autophagy by phosphorylating ULK1 and promotes glioma
resistance to TMZ. Cell Death Dis 2019; 10: 583.

Ma B, Gao Z, Lou J, Zhang H, Yuan Z, Wu Q, Li X, Zhang B. Long
noncoding RNA MEG3 contributes to cisplatininduced apopto-
sis via inhibition of autophagy in human glioma cells. Mol Med
Rep 2017; 16: 2946-2952.

Ma J, Benitez JA, Li J, Miki S, Ponte de Albuquerque C, Galatro T,
Orellana L, Zanca C, Reed R, Boyer A, Koga T, Varki NM, Fenton
TR, Nagahashi Marie SK, Lindahl £, Gahman TC, Shiau AK, Zhou
H, DeGroot J, Sulman ER Cavenee WK, Kolodner RD, Chen CC,
Furnari FB. Inhibition of nuclear PTEN tyrosine phosphorylation

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

enhances glioma radiation sensitivity through attenuated DNA
repair. Cancer Cell 2019; 35: 504-518.e7.

Malta TM, de Souza CF, Sabedot TS, Silva TC, Mosella MS,
Kalkanis SN, Snyder J, Castro AVB, Noushmehr H. Glioma CpG
island methylator phenotype (G-CIMP): biological and clinical
implications. Neuro Oncol 2018; 20: 608-620.

Ortega-Molina A, Serrano M. PTEN in cancer, metabolism, and
aging. Trends Endocrinol Metab 2013; 24: 184-189.

Shi X, Valizadeh A, Mir SM, Asemi Z, Karimian A, Majidina M,
Safa A, Yosefi B. miRNA-29a reverses P-glycoprotein-mediated
drug resistance and inhibits proliferation via up-regulation of
PTEN in colon cancer cells. Eur J Pharmacol 2020; 880: 173138.
Sinha A, Saleh A, Endersby R, Yuan SH, Chokshi CR, Brown KR,
Kuzio B, Kauppinen T, Singh SK, Baker S, McKinnon PJ, Katyal S.
RADS51-mediated DNA homologous recombination is indepen-
dent of PTEN mutational status. Cancers (Basel) 2020; 12: 3178.
Sonabend R, Kiraly FJ, Bender A, Bischl B, Lang M. mlr3proba:
an R package for machine learning in survival analysis. Bioin-
formatics 2021; 37: 2789-2791.

Sun WL, Chen J, Wang YR Zheng H. Autophagy protects breast
cancer cells from epirubicin-induced apoptosis and facilitates
epirubicin-resistance development. Autophagy 2011; 7: 1035-
1044.

Wang M, Han D, Yuan Z, HuH, Zhao Z, Yang R, Jin Y, Zou C, Chen Y,
Wang G, Gao X, Wang X. Long non-coding RNA H19 confers 5-Fu
resistance in colorectal cancer by promoting SIRT1-mediated
autophagy. Cell Death Dis 2018; 9: 1149.

Yan J, Huang X, Zhang X, Chen Z, Ye C, Xiang W, Huang Z.
LncRNA LINCO0470 promotes the degradation of PTEN mRNA
to facilitate malignant behavior in gastric cancer cells. Biochem
Biophys Res Commun 2020; 521: 887-893.

Yanshen Z, Lifen Y, Xilian W, Zhong D, Huihong M. miR-92a pro-
motes proliferation and inhibits apoptosis of prostate cancer
cells through the PTEN/Akt signaling pathway. Libyan J Med
2021; 16: 1971837.

YiT, Song, Zuo L, Wang S, Miao J. LINCO0470 stimulates meth-
ylation of PTEN to facilitate the progression of endometrial
cancer by recruiting DNMT3a through MYC. Front Oncol 2021;
11: 646217.

Zhang XH, Hu R Xie YQ KangYJ, Li M. Long noncoding RNA HOTAIR
promotes endometrial carcinoma cell proliferation by binding to
PTEN via the activating phosphatidylinositol 3-kinase/Akt signal-
ing pathway. Mol Cell Biol 2019; 39: e00251-19.

Zhang Z, Yin J, Lu C, Wei Y, Zeng A, You Y. Exosomal transfer
of long non-coding RNA SBF2-AS1 enhances chemoresistance
to temozolomide in glioblastoma. J Exp Clin Cancer Res 2019;
38:166.

Folia Neuropathologica 2023; 61/1



