MOLECULAR MEDICINE REPORTS 24: 533, 2021

IncRNA TUGT1 inhibits the cancer stem cell-like properties of
temozolomide-resistant glioma cells by interacting with EZH?2
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Abstract. Temozolomide (TMZ) is currently one of the
first-line drugs used for the treatment of high-grade gliomas.
However, TMZ resistance results in unsatisfactory therapeutic
effects in gliomas. Cancer stem cells (CSCs) have recently been
determined to serve a pivotal regulatory role in tumor metas-
tasis, recurrence and chemoresistance. In addition, numerous
reports have shown that long non-coding RNAs (IncRNAs)
exert an essential role in the occurrence and development of
tumors, and can be used as biomarkers for tumor diagnosis
and treatment. Among them, studies have revealed that taurine
upregulated gene 1 (TUGI) exhibits an important regula-
tory effect on the malignant biological behavior of glioma
cells. Moreover, it has been reported that enhancer of Zeste
homolog 2 polycomb repressive complex subunit 2 (EZH2)
promotes tumorigenesis, including in glioma. However, the
underlying mechanism of the interaction of TUGI and EZH2
with CSCs of glioma remains elusive, and thus requires further
clarification. The present study aimed to explore the role of
TUGI and EZH2 in TMZ resistance in glioma. Cell Counting
Kit-8, colony formation,sphere formation and Annexin
V-FITC/PI assays were used to detect the proliferation, clone
formation efficiency, stemness and apoptosis of TMZ-resistant
glioma cells. Xenograft tumor assay was used to detect the
effect of TUGI on the tumorigenesis of TMZ-resistant glioma
cells. The present findings demonstrated that TUGI exhibited
a low expression in glioma cells, while EZH2 expression was
the opposite. Moreover, it was observed that A172/TMZ cells
possessed higher CSCs-like properties compared with parent
cells, and that TUGI1 and EZH?2 were abnormally expressed
in A172/TMZ cells. Knockdown of TUGI or overexpression
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of EZH2 promoted A172/TMZ cell proliferation and
CSCs-like properties, as well as inhibited their apoptosis,
thereby enhancing the TMZ resistance of A172/TMZ cells.
Furthermore, it was found that TUGI alleviated the TMZ resis-
tance of A172/TMZ cells by inhibiting EZH?2 expression. Of
note, overexpression of TUGI inhibited the tumorigenicity of
A172/TMZ cells by downregulating EZH?2 expression in vivo.
Collectively, the present study demonstrated that TUGI served
an essential regulatory role in TMZ resistance of gliomas.

Introduction

Glioma is the most prevalent histological subtype among
primary tumors of the central nervous system that originates
from normal glial cells (1). Glioma has been estimated to
account for ~75% of brain malignant tumors worldwide (2).
According to the 2016 World Health Organization clas-
sification, gliomas are generally classified into astrocytoma,
oligodendroglioma, oligoastrocytoma, ependymoma and
neuronal and mixed neuronal-glial tumors (3). Currently,
the most definitive treatment modality for glioma is surgical
resection of the primary lesion coupled with postoperative
radiotherapy and chemotherapy (4). However, due to the limi-
tations of brain function and structure, and the formation of
chemical resistance of tumor cells, the recurrence rate after
surgery is extremely high, resulting in a 5-year survival rate
that is <5% (5).

Cancer stem cells (CSCs) have been confirmed to serve
an significant regulatory role in tumor metastasis, recurrence
and chemoresistance (6), and thus, they may represent a highly
valuable therapeutic target in anti-cancer treatment. A study by
Auffinger et al (7) revealed that temozolomide (TMZ)-treated
glioma cells can interconvert from non-CSCs to CSCs, thereby
supplementing the original tumor population, and ultimately
enhancing its infiltration and TMZ resistance. More impor-
tantly, it has been suggested that it is of profound significance
to investigate the molecular mechanism of alleviating the
chemoresistance caused by CSCs of gliomas.

Long non-coding (Inc)RNAs are a large and functionally
diverse class of non-RNA with a length of >200 nucleo-
tides, which serve a crucial role in multiple diseases, such
as tumors (8), kidney diseases (9) and cardiovascular
diseases (10). Moreover, several studies have reported that the



2 CAO et al: TUGI INHIBITS CSCs-LIKE PROPERTIES OF GLIOMA VIA EZH2

abnormal expression of IncRNA is closely associated with the
occurrence and development of malignant tumors, including
glioma (11-13). For instance, taurine upregulated gene 1
(TUGL) acts as a tumor-suppress factor of human glioma by
promoting cell apoptosis (14). Interestingly, Zhao et al (15)
discovered that TUGI acted as a tumor-promoting factor for
human glioma by promoting cell proliferation and invasion,
and inhibiting its apoptosis. This indicates that TUGI may be
a tumor-promoting or a tumor suppressive factor in glioma
under different circumstances. However, there is a lack of
information regarding the mechanism of TUGI regulating
TMZ-resistance in CSCs of gliomas.

The histone-lysine N-methyltransferase, enhancer of Zeste
homolog 2 polycomb repressive complex subunit 2 (EZH?2),
is an indispensable catalytic enzyme for the methylation of
histone H3 lysine 27 (H3K27me) and histone H3 lysine 9
in mammalian cells (16). Furthermore, our previous studies
reported that EZH2 acted as a cancer-promoting factor in
glioma cells, and increased the proliferation, invasion and
migration of glioma cells (17). However, the underlying
mechanism of the interaction between TUG1 and EZH2 in the
occurrence and development of glioma remains elusive.

Therefore, the present study aimed to investigate the
underlying mechanism of TUGI on the CSCs-like properties
of TMZ-resistant glioma cells via EZH2. The purpose of this
study was to provide basic experimental evidence and thera-
peutic targets for the treatment of glioma resistance.

Materials and methods

Cell lines and cell culture. For this study, normal human
astrocytes (NHAs; NHAZ2; cat. no. CP-H122) were
purchased from Procell Life Science & Technology Co.,
Ltd. Human glioblastoma cells (U251, TJ861, US7MG,
T98G and A172; cat. nos. TCHu58, TCHu216, TCHul38,
TCHu48 and TCHul71, respectively) were acquired from The
Cell Bank of the Chinese Academy of Sciences. After short
tandem repeat profiling, it was noted that US7MG cells were
glioblastoma cells of unknown origin from the American
Type Culture Collection. All cells were cultured in DMEM
(Hyclone; Cytiva), supplemented with 10% FBS (Hyclone;
Cytiva), 100 U/ml penicillin and 0.1 g/ml streptomycin, and
were cultured in a 5% CO, incubator at 37°C for routine use.

To establish TMZ-resistant glioma cells, A172 cells were
continuously exposed to 40-100 uM TMZ (Sigma-Aldrich;
Merck KGaA) for 6 months daily (18). The expression level
of drug resistance markers, glutathione S-transferase (GST)-nt
and P-glycoprotein 1 (P-gp), in A172 cells were assessed using
western blot analysis. The obtained TMZ-resistant cells were
named A172/TMZ cells.

Cell Counting Kit (CCK)-8 assay (Dojindo Molecular
Technologies, Inc.) was used to evaluate the survival of
A172/TMZ cells and the parent A172 cell line following treat-
ment with TMZ (0, 5, 10, 20, 50, 100, 200, 500 and 1,000 pM).
The ICs, calculator website (https://www.aatbio.
com/tools/ic50-calculator) calculated the ICs, (50% inhibiting
concentration) of TMZ in A172 cells and A172/TMZ cells.
According to the ICy, obtained, the resistance index (RI) was
further calculated using the following equation: ICy, of the
drug-resistant cell/ICs, of the parent cell.

Construction and cell transfection. The cDNA strands of
TUGI and EZH2 were synthesized and purified by Shanghai
GeneChem Co., Ltd. and were cloned into the expression
vector pCDNA3.1 (Shanghai GeneChem Co., Ltd.). Moreover,
the short hairpin RNA (shRNA/sh) of TUG1 and EZH2
was obtained from Shanghai GeneChem Co., Ltd. and was
used to prepare the plasmid vector for transfection using a
DNA Midiprep kit (Thermo Fisher Scientific, Inc.). Next,
A172/TMZ cells treated with IC5, TMZ (450 yM) were trans-
fected with the plasmid construct [40 nM sh-TUGI/EZH?2 or
sh-negative control (NC), 2 ug pcDNA3.1-TUGI/EZH?2 vector
or pcDNA3.1-NC empty vector] using Lipofectamine® 2000
reagent (Thermo Fisher Scientific, Inc.), following the manu-
facturer's instructions at 37°C for 24 h. Further experimentation
was performed after cells were incubated at 37°C for 48 h. The
shRNA sequences are as follows: sh-TUGI, 5'-CAGAAGAAT
GGTACAAATCCAAG-3'; sh-EZH2, 5'-CTGATGAAGTAA
AGAGTATGTTT-3"; and sh-NC, 5"TTCTCCGAACGTGTC
ACGTTT-3.

Reverse transcription-quantitative (RT-q)PCR assay. Total
RNA from NHAs and human glioma cell lines was extracted
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocol. Then, the
concentration and purity of total RNA were determined using
the UV absorption method. According to the QuantiTect RT
kit (Qiagen, Inc.) instructions, 1 xg RNA was reverse tran-
scribed into cDNA. Subsequently, GAPDH was employed as
an internal control to detect the expression levels of TUGI and
EZH2 mRNA, as per the instructions of Power SYBR Green
(Takara Biotechnology Co., Ltd.). The following thermocy-
cling conditions were used for the qPCR: Initial denaturation
at 95°C for 30 sec; followed by 40 cycles of 95°C for 3 sec and
60°C for 30 sec. Relative expression levels of each sample were
calculated using the 2244 method (19). The PCR primers for
TUGI, EZH2 and GAPDH were as follows: TUG1 forward,
5'-AGCGTGGGTGTACGTAAAGG-3' and reverse, 5'-CCA
AGGATTGGGGAACTGCT-3"; EZH2 forward, 5-GGACTC
AGAAGGCAGTGGAG-3' and reverse, 5'-CTTGAGCTG
TCTCAGTCGCA-3'; and GAPDH forward, 5-GCAACTAGG
ATGGTGTGGCT-3' and reverse, 5-TCCCATTCCCCAGCT
CTCATA-3".

Western blotting. After collecting the transfected cells, RIPA
lysate (Beyotime Institute of Biotechnology) was used to
extract the total protein in the cells, and a Bio-Rad protein
(Bio-Rad Laboratories, Inc.) assay kit was used to determine
the concentration and purity of the total protein. Then, 20 ug
protein lysates were loaded onto 10% SDS-PAGE gels for
electrophoresis, and separated proteins were subsequently
transferred onto PVDF membranes. After blocking with
5% BSA [Roche Diagnostics (Shanghai) Co., Ltd.] at room
temperature for 1 h, the membranes were incubated overnight
at 4°C with primary antibodies against: EZH2 (1:1,000;
cat. no. ab228697), GST-x (1:1,000; cat. no. ab138491), P-gp
(1:1,000; cat. no. ab242104), Oct4 (1:1,000; cat. no. ab109183),
Nanog (1:500; cat. no. ab173368) and SOX2 (1:1,000;
cat. no. ab171380) (all from Abcam). Subsequently, membranes
were washed three time with 0.1% TBS-Tween-20, 10 min
each time, and further incubated with a secondary antibody
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goat anti-mouse IgG H&L (1:5,000; cat. no. ab97019; Abcam)
or goat anti-rabbit IgG H&L (1:2,000; cat. no. ab6721; Abcam)
at room temperature for 2 h. After visualization using an
ECL kit (Thermo Fisher Scientific, Inc.), the images were
captured with an E-Gel Imager gel imager (Thermo Fisher
Scientific, Inc.), while the gray value of the protein band was
semi-quantified using ImagelJ software (version 1.0; National
Institutes of Health).

CCK-8 assay. A172 and A172/TMZ cells were seeded in a
96-well plate at a density of 5x10* cells/well and were incubated
at 37°C for 24 h. According to the manufacturer's instructions,
10 g1 CCK-8 solution was added to the medium at the indicated
time intervals (0, 24, 48, 72 or 96 h), followed by incubation
at 37°C for 2 h. Cells were subsequently detected using a micro-
plate reader (Beckman Coulter, Inc.) at a wavelength of 450 nm.

Annexin V-FITC/PI assay. Cell apoptosis was detected using
flow cytometry (FACSCalibur; BD Biosciences) using an
Annexin V-FITC/PI kit (BD Biosciences). The apoptotic rate
was calculated using the percentage of early + late apoptotic cells
using CellQuest software (version 5.0; BD Biosciences). Briefly,
A172/TMZ cells grown to log phase were collected, resus-
pended in pre-cooled PBS, centrifuged at 150 x g for 10 min at
room temperature and washed. Following the addition of 300 pl
1X binding buffer to suspend the cells, 500 ul pre-cooling
buffer and 5 ul Annexin V-FITC (BD Biosciences) were added
and then incubated at room temperature for 15 min in the dark.
Subsequently, 2.5 ul PI staining solution was added for 5 min in
the dark at room temperature. Finally, 200 g1 1X binding buffer
was added to each tube to detect cell apoptosis.

Colony formation assay. A172/TMZ cells were digested with
0.25% trypsin and suspended in DMEM. Then, cells were plated
at a density of 500 cells/well, containing 10 ml DMEM, and incu-
bated at room temperature for 2 weeks. When the clones were
visible on the plate, the culture was stopped. Subsequently, the
cells were fixed in 5 ml paraformaldehyde for 15 min and washed
with PBS at room temperature. Then, the cells were stained with
GIMSA staining solution for 20 min and then the staining solu-
tion was slowly washed off with PBS at room temperature. The
number of cells was counted under a light microscope (Olympus
Corporation; magnification, x100). The number of clones was
counted using ImageJ software (version 1.0; National Institutes
of Health), and >50 cells was considered a colony.

Sphere formation assay. A172/TMZ cells (70-90% conflu-
ence) were digested and centrifuged at 150 x g for 10 min
at room temperature. Then, the medium was removed. After
washing twice with PBS, the cells were resuspended in DMEM
and counted. Cells were then seeded at a concentration of
1x10* cells/well into a 6-well plate for ultra-low adsorption
cell culture, and were supplemented with 4 ml DMEM. After
10 days, the sphere state of cells was observed under a light
microscope (Olympus Corporation; magnification, x100), and
the number of sphere-forming cells was calculated by dividing
the total number of spheres by the number of cells plated.

In vivo tumorigenicity. All experimental procedures involving
animals were performed following the guidelines of the Animal

Experimental Center of Kunming Medical University. Ethical
approval was obtained from The First Affiliated Hospital of
Kunming Medical University Ethics Committee (approval
no. kmu-eac-2018056; date, 2018-05-01). For this experiment,
12 male nude mice (age, 6 weeks; weight, 20-30 g) were
purchased from Shanghai Experimental Animal Center of the
Chinese Academy of Sciences. All animal experiments in this
study were conducted strictly adhering to the Guidelines for the
Care and Use of Laboratory Animals proposed by the National
Institutes of Health (20). The mice were housed in a specific
pathogen-free environment at 22+2°C and 45-65% humidity, with
a 12-h light/dark cycle and access to food and water ad libitum.
Nude mice were subcutaneously injected with 2x10° A172/TMZ
cells stably expressing TUGI (pcDNA-IncRNA-TUGI) or the
corresponding pcDNA3.1 NC vector. Then, 4 days after the
injection, TMZ (10 mg/kg) was orally administered to mice.
A total of 36 days after injection, mice of each group were
euthanized by cervical dislocation. When tumors were palpable
and visible, the tumor volume was measured weekly in two
dimensions with a Vernier caliper and was calculated using
the following formula: Length x width 2 x 0.5. All mice were
sacrificed at 5 weeks following injection. At the end of the study,
the tumors were isolated, weighed and imaged. Subsequently,
the expression levels of Ki67, Bcl2 and Bax were examined via
immunohistochemistry.

Immunohistochemistry. Tumor tissues were fixed with
10% paraformaldehyde at room temperature for 12 h,
embedded in paraffin using an automatic Biological Tissue
Embedding machine (Leica Microsystems, Inc.) and sliced
into thin 4-um thick sections. The sections were incubated with
3% H,0, for 30 min at 37°C to block endogenous peroxidase
activity and with 10% goat serum for 30 min at 37°C to block
non-specific binding. The sections were then incubated with
Ki67 (1:200; cat. no. abl16667), Bcl-2 (1:250; cat. no. ab32124)
and Bax (1:50; cat. no. ab81083) primary antibodies (all from
Abcam) for 12 h at 4°C. Then, the sections were incubated with
goat anti-rabbit IgG H&L (1:1,000; cat. no. ab6721; Abcam)
for 30 min at 37°C. Sections were then stained with a DAB kit
(Thermo Fisher Scientific, Inc.) for 2 min at room temperature.
The results were observed under a light microscope (Olympus
Corporation; magnification, x200). As previously described,
the expression levels of EZH2, GST-m, P-gp, Oct4, Nanog and
SOX2 were detected using western blotting.

Statistical analysis. All statistical analyses were performed
using SPSS software (version 20.0; IBM Corp.), while
GraphPad Prism 7 (GraphPad Software, Inc.) was used for
drawing graphs. The comparison between the two groups
was performed using an unpaired Student's t-test, whereas
the comparison between multiple groups was evaluated using
a one-way ANOVA followed by Tukey's post hoc test. Data
are presented as the mean + SD. P<0.05 was considered to
indicate a statistically significant difference. All experiments
were replicated three times.

Results

Expression levels of TUGI and EZH?2 in glioma cell lines. The
expression levels of TUGI1 and EZH2 were detected in NHA?2
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Figure 1. Expression levels of TUGI and EZH2 in glioma cell lines and A172/TMZ cells. (A) Expression levels of TUGI in each glioma cells line. (B) mRNA
and (C) protein expression levels of EZH?2 in each glioma cell line. (D) Cell Counting Kit-8 results showing the proliferation of A172/TMZ and A172 cells at
different concentrations of TMZ. (E) IC, and RI values of A172/TMZ and A172 cells. (F) Expression levels of drug resistance markers and cancer stem cell
markers in A172/TMZ and A172 cells. (G) Expression levels of TUGI in A172/TMZ and A172 cells. (H) mRNA and (I) protein expression levels of EZH2
in A172/TMZ and A172 cells. The error bars represent the mean + SD of at least triplicate experiments. “P<0.05, ¥4P<0.01, *44P<0.001, *444P<0.0001 vs.
NHAs; "P<0.05, “P<0.01, ““P<0.001 vs. A172 cells. TMZ, temozolomide; TUGI, taurine upregulated gene 1; EZH2, enhancer of Zeste homolog 2 polycomb

repressive complex subunit 2.

cells and glioma cell lines (U251, TJ861, US7MG, T98G and
A172). Compared with NHA?2 cells, TUG1 was downregulated
in glioma cell lines (lowest in A172 cells), while the mRNA
expression level of EZH2 exhibited the opposite pattern, based
on RT-qPCR results (Fig. 1A and B). In addition, the western
blotting results demonstrated that the protein expression level
of EZH?2 was significantly higher in glioma cell lines (highest
in A172 cells) compared with that in NHA?2 cells (Fig. 1C).
Taken together, these results suggest that abnormal expres-
sion of TUG1 and EZH?2 in glioma cell lines may be closely
associated with the occurrence and development of glioma.
Moreover, A172 cells were selected for further experiments.

Expression levels of TUGI and EZH2 in A172/TMZ cells.
Previous studies have reported that CSCs are closely associ-
ated with the TMZ resistance of tumor cells (21,22). Thus,
A172/TMZ cells were established using increasing TMZ
concentrations. The CCK-8 results revealed that the inhibitory
effect of TMZ on the proliferation of A172/TMZ and A172
cells was dose-dependent (Fig. 1D). The IC, and RI values of
A172/TMZ cells were 467.63+7.88 and 11.07+1.31, respectively
(Fig. 1E). Moreover, the expression levels of drug resistance
markers, GST-m and P-gp, were detected. The western blotting
results demonstrated that the expression levels of GST-xt and
P-gp were significantly higher in A172/TMZ cells compared
with those in A172 cells (Fig. 1F). This finding suggests that
the drug resistance level of A172/TMZ cells met the require-
ments of resistant strains.

Subsequently, the expression levels of CSCs markers,
including Oct4, Nanog and SOX2, were measured in
Al172/TMZ and A172 cells. As expected, the expression
levels of Oct4, Nanog and SOX?2 were markedly higher in
A172/TMZ cells compared with those in A172 cells (Fig. 1F).
Thus, it was noted that A172/TMZ cells exhibited CSCs-like
phenotypes.

The difference in TUG1 and EZH2 expression in the
parent A172 cells was subsequently measured. The findings of
RT-qPCR and western blotting demonstrated that the expres-
sion level of TUGI was significantly lower in A172/TMZ
cells compared with that in A172 cells, while opposite results
were found for the mRNA and protein expression levels of
EZH2 (Fig. 1G-I). Collectively, these results suggested that
A172/TMZ cells displayed CSCs-like properties, and that
TUGI and EZH2 contributed to these properties.

Effects of the knockdown of TUGI on the proliferation,
apoptosis and CSCs-like properties of A172/TMZ cells. To
analyze the effect of the knockdown of TUGI on A172/TMZ
cell survival and CSC-like properties, A172/TMZ cells were
treated with 450 uM TMZ. The RT-qPCR results indicated that
after knockdown of TUGI, the expression levels of TUGI in
A172/TMZ cells were significantly downregulated (Fig. 2A).
Additionally, the results of CCK-8 revealed that the prolifera-
tive activity of A172/TMZ cells in the sh-IncRNA-TUGI group
was markedly higher compared with that in the sh-NC group
(Fig. 2B).
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glutathione S-transferase-swt; P-gp, P-glycoprotein 1.

The effect of the knockdown of TUGI on drug resistance
markers was determined in A172/TMZ cells. The results demon-
strated that knockdown of TUGI could significantly upregulate
the expression levels of GST-xt and P-gp (Fig. 2C). Moreover,
the proliferation of A172/TMZ cells was examined using the
clone formation experiment, and the findings indicated that
the proliferative activity of A172/TMZ cells was significantly
higher in the sh-IncRNA-TUGI group compared with that of the
sh-NC group (Fig. 2D). It was also observed that the apoptosis
level of A172/TMZ cells was lower in the sh-IncRNA-TUGI
group compared with that of the sh-NC group, according to the
annexin V FITC/PI apoptosis experiment (Fig. 2E).

Next, the effect of the knockdown of TUGI on the
CSC-like properties of A172/TMZ cells was investigated. The
results of the stem cell spheroidization experiment showed
that, compared with the sh-NC group, the number of stem
cells formed was increased in the sh-IncRNA-TUGI group
(Fig. 2F). The western blotting results revealed that, compared
with the sh-NC group, the expression levels of Oct4, Nanog and
SOX?2 were significantly upregulated in the sh-IncRNA-TUGI1
group (Fig. 2G). Based on these findings, it was identified that
knockdown of TUGI promoted the proliferation and CSC-like
properties of A172/TMZ cells treated with TMZ, thereby
inhibiting their apoptosis. As a result, enhancing the TMZ
resistance of A172/TMZ cells.

Effects of the knockdown of EZH2 on the proliferation,
apoptosis and CSCs-like properties of A172/TMZ cells. To test

the effect of the knockdown of EZH?2 on the proliferation, apop-
tosis and CSC-like properties of A172/TMZ cells, A172/TMZ
cells were treated with 450 uM TMZ. The western blotting
results demonstrated that knockdown of EZH?2 significantly
downregulated the expression level of EZH2 in A172/TMZ
cells (Fig. 3A). Then, CCK-8 and clone formation experiments
were used to examine the effects of EZH2 knockdown on the
proliferation of A172/TMZ cells. The findings indicated that
compared with the sh-NC group, the proliferation activity and
the number of cell clones of A172/TMZ cells were significantly
lower in the sh-EZH2 group (Fig. 3B and D).

Subsequently, the expression levels of drug resistance
markers were detected in A172/TMZ cells using western blot-
ting. The results suggested that knockdown of EZH?2 significantly
downregulated GST-rt and P-gp expression in A172/TMZ cells
(Fig. 3C). It was demonstrated that knockdown of EZH2 can
enhance the sensitivity of A172/TMZ cells to TMZ. Moreover,
the Annexin V FITC/PI apoptosis experiment revealed that
knockdown of EZH?2 significantly increased the apoptotic rate of
A172/TMZ cells (Fig. 3E). On the other hand, the findings of stem
cell spheroidization experiments and western blotting demon-
strated that knockdown of EZH?2 significantly decreased the
number of sphere-forming A172/TMZ cells and downregulated
the expression levels of Oct4, Nanog, and SOX2 (Fig. 3F and G).
In summary, these results suggested that knockdown of EZH?2
inhibited the proliferation and CSC-like properties of A172/TMZ
cells, as well as induced their apoptosis, thereby alleviating the
TMZ resistance of A172/TMZ cells.
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of Zeste homolog 2 polycomb repressive complex subunit 2.

Effects of TUGI on the proliferation, apoptosis and CSCs-like
properties of A172/TMZ cells via EZH2. Next, it was exam-
ined whether TUGI may regulate the proliferation, apoptosis
and CSC-like properties of A172/TMZ cells via EZH2.
pcDNA-EZH2 and pcDNA-EZH?2 + pcDNA-IncRNA-TUGI1
were transfected into A172/TMZ cells. Then, A172/TMZ cells
were treated with 450 M TMZ. The western blotting results
revealed that overexpression of EZH?2 significantly upregu-
lated the expression level of EZH2, while overexpression of
EZH2 and TUGI at the same time had no significant effect
on the expression level of EZH2 compared with the control
group (Fig. 4A). The results of CCK-8 and clone formation
experiments indicated that, compared with the control group,
the proliferation and colony number of A172/TMZ cells was
significantly increased in the pcDNA-EZH?2 group, while that
in the pcDNA-EZH2 + pcDNA-IncRNA-TUGI group showed
no significant change (Fig. 4B and D).

Subsequently, the current study determined the expression
levels of drug resistance markers. The results demonstrated
that overexpression of EZH2 significantly upregulated the
expression levels of GST-xt and P-gp, while there was no
significant difference in these proteins between the control and
pcDNA-EZH?2 + pcDNA-IncRNA-TUGI groups (Fig.4C). The
annexin V FITC/PI apoptosis experiment results demonstrated
that, compared with the control group, the apoptotic rate of
A172/TMZ cells was decreased in the pcDNA-EZH?2 group,
while that in the pcDNA-EZH2 + pcDNA-IncRNA-TUGI1
group showed no significant change (Fig. 4E). In addition,
the results of western blotting and stem cell spheroidization
experiments identified that overexpression of EZH2 signifi-
cantly increased the expression levels of Oct4, Nanog and
SOX2, as well as the spheroidizing ability of A172/TMZ

cells, while there was no significant difference between
the control and pcDNA-EZH2 + pcDNA-IncRNA-TUGI
groups (Fig. 4F and G). Notably, compared with the
pcDNA-EZH2 group, the expressions of EZH2, GST-x, P-gp,
Oct4, Nanog and SOX2 were significantly downregulated
(Fig. 4A, C and G), the proliferation, and number of colonies
and spheres were significantly reduced (Fig. 4B, D and F)
and the apoptosis rate was significantly increased (Fig. 4E)
in the pcDNA-EZH2 + pcDNA-IncRNA-TUGI group. Taken
together, it was concluded that TUGI inhibited the prolifera-
tion and CSC-like properties of A172/TMZ cells and induced
apoptosis by downregulating the expression level of EZH2,
thereby enhancing the TMZ sensitivity of A172/TMZ cells.

Effect of the overexpression of TUGI on the tumorigenicity
of A172/TMZ cells. To evaluate the effect of the overexpres-
sion of TUGI on the tumorigenicity of A172/TMZ cells
in vivo, nude mouse xenografts of A172/TMZ cells were
constructed. The experimental mice were divided into
two groups, where one group was injected with A172/TMZ
cells transfected with pcDNA control, while the other
group was injected with A172/TMZ cells transfected with
pcDNA-TUGI. The RT-qPCR results demonstrated that the
overexpression of TUGI significantly increased the expres-
sion level of TUGI of A172/TMZ cells (Fig. 5A), and the
same results was observed in mice tumor tissue (Fig. 5B).
The two nude mouse groups and tumor bodies are presented
in Fig. 5C. We also recorded the volume and weight of the
tumor. The data indicated that overexpression of TUGI
significantly reduced the volume and weight of the tumor,
while exhibiting no effect on the body weight of the nude
mice (Fig. 5D-F).
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repressive complex subunit 2.

Next, the markers of proliferation and apoptosis were
detected in tumors using immunohistochemistry. It was identi-
fied that the overexpression of TUGI notably downregulated
the expression levels of Ki67 and Bcl2, as well as upregulated
the expression levels of Bax (Fig. 5G). Similarly, the western
blotting results demonstrated that overexpression of TUGI
significantly downregulated the expression levels of EZH2,
resistance markers (GST-rt and P-gp) and CSCs markers (Oct4,
Nanog and SOX?2) (Fig. 5H). Based on the aforementioned
findings, it was suggested that overexpression of TUGI can
inhibit the tumorigenicity of A172/TMZ cells.

Discussion

At present, TMZ is the first-choice drug for the treatment
of glioma. However, patients with gliomas show poor
prognosis due to the TMZ resistance of gliomas, and thus
require aggressive treatment (23). Previous studies have
reported that only <10% of patients survive for >5 years
after treatment (24-26). The mechanism of glioma resistance
has been attributed to the fact that chemical drugs targeting
glioma cells exhibit a poor effect on CSCs, which results in
chemotherapy-resistant CSCs driving more aggressive recur-
rent tumors (27). Another plausible explanation is that glioma
cells can transform from non-CSCs to CSCs after chemo-
therapy, and subsequently, the phenotypic plasticity of this
tumor cell population can lead to tumor regrowth (7,22). To
the best of our knowledge, the present study demonstrated for
the first time that TUGI inhibited the CSCs-like properties

of TMZ-resistant glioma cells via EZH2, thereby alleviating
TMZ resistance of gliomas.

TUGI is a IncRNA located on chromosome 22q12, which
was initially found to be involved the formation of photore-
ceptors by serving a key role in retinal development (28). The
essential role of TUGI in the occurrence and development of
various malignant tumors, including glioma, has recently been
confirmed. For example, Long et al (29) discovered that TUG1
was highly expressed in melanoma, where it upregulated
the expression level of astrocyte elevated gene-1 protein by
competitively binding miR-129-5p, which promoted the prolif-
eration and invasion of melanoma cells, as well as inhibiting
their apoptosis. Moreover, a study by Liao er al (30) reported
that TUGI was significantly downregulated in gliomas, and its
overexpression could inhibit the proliferation of glioma cells,
along with their apoptosis. Interestingly, several studies have
highlighted that TUGI can be utilized as a new therapeutic
target for glioma, whereas its downregulation may inhibit
cell proliferation and invasion, and promote the apoptosis of
glioma U251 cells (15,31,32). However, the findings of Liao are
inconsistent with the current results.

The present study identified that TUGI had a tumor
suppressor effect in gliomas, which was achieved by
inhibiting CSCs-like properties. Currently, the associ-
ated mechanism of TUGI with CSCs-like properties has
been rarely studied. Nevertheless, there are recent multiple
reports that have emphasized that TUGI1 was involved in
the regulation of drug resistance of a variety of malignant
tumors. For example, TUGI has been noted to be markedly
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of Zeste homolog 2 polycomb repressive complex subunit 2.

downregulated in triple-negative breast cancer (TNBC), and
at the same time it inhibits Wnt signaling pathway activation
by regulating the miR-197/nemo like kinase molecular axis,
thereby increasing the chemosensitivity of TNBC cells (33).
Moreover, Xie et al (34) have shown that TUGI inhibited the
resistance of bladder urothelial carcinoma to adriamycin via
the Wnt/B-catenin pathway. Some studies have also concluded
that the Wnt signaling transcription factors, T-cell factor 1
and lymphoid enhancer binding factor 1, are upregulated in
malignant astrocytic tumors (35). These reports suggest that
TUGI may also regulate the drug resistance of gliomas via
the Wnt pathway. This may be the direction of future research.

Accumulating evidence has revealed that EZH2 is involved
in the abnormal transcriptome of cancer cells (36). In addition,
it has been established that EZH2, together with its enzymatic
production of H3K?27, are closely associated with poor prog-
nosis in a variety of malignant tumors, such as prostate and
breast cancer (37,38). Likewise, our previous studies reported
that EZH2 promoted the malignant biological behavior of
glioma cells. Moreover, EZH?2 is involved in regulating the
chemical resistance of various malignant tumors and the stem-
ness of CSCs. It has been shown that EZH?2 is upregulated in

glioma and glioma CSCs (39-41). Furthermore, inhibiting both
BMII and EZH2 enhances the chemotherapy sensitivity of
glioma stem cells (42). It has also been shown that phosphory-
lation of EZH2 activates STAT3 signaling by methylating
STATS3, and promotes the tumorigenicity of glioblastoma
CSC-like cells (43). Moreover, the direct transcriptional regu-
lation of c-myc by EZH2 may constitute a novel mechanism
underlying glioma CSC maintenance (44), which suggests that
EZH2 may be a valuable new therapeutic target for glioma
management. The present study demonstrated that EZH2
could promote CSCs-like properties to enhance the TMZ
resistance of A172/TMZ cells.

Epigenetic disorders may induce tumorigenesis and influ-
ence targeted therapy (45) Carcinogenic pathways converge to
the epigenome to maintain tumorigenesis, and so, epigenetic
regulators may be particularly effective targets for cancer treat-
ment (46). As a chromatin-modifying enzyme, EZH?2 serves a
vital role in the epigenetic silencing of genes via a complex
mechanism (47). Most studies have demonstrated that 40% of
gliomas harbor mutations in epigenetic regulatory factors, such
as EZH2 (48-50). DNA methylation is a chemical modification
of DNA, catalyzed by the DNA methyltransferase (DNMT)
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enzyme, which serves a valuable role in epigenetic modifica-
tions. In particular, the polycomb group protein EZH2 directly
controls DNA methylation (51),as EZH2 interacts with DNMTs
to methylate the EZH2-binding promoter (50,52,53), which
indicates that EZH?2 is closely associated with the regulation
of gene expression via epigenetic transcription. In the current
study, EZH?2 is likely to be involved in epigenetic regulation,
but the specific mechanism requires further investigation.

In conclusion, the present study demonstrated that TUGI
inhibited CSCs-like properties and tumorigenicity, as well as
induced the apoptosis of A172/TMZ cells by downregulating
the expression level of EZH2, thereby alleviating the TMZ
resistance of A172/TMZ cells.
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