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Abstract

Purpose: To study the effect of the mTOR inhibitor, everolimus, on glioma cell proliferation, autophagy,
and drug sensitivity to temozolomide (TMZ).

Methods: Human glioma cell lines were cultured in vitro, and the effects of different concentrations of
everolimus on the proliferation of brain glial cells were determined using CCK-8 method. The effect of
different concentrations of everolimus on brain glial cell levels of autophagy protein were assayed by
western blot method.

Results: The results of CCK-8 analysis showed that everolimus inhibited the proliferation of glial cells in
a time- and concentration-dependent manner. Western blot results showed that the expression levels of
autophagy proteins, LC3-Il and LC3-Il/l, were gradually and concentration-dependently up-regulated,
while p62 protein level was gradually decreased concentration-dependently, when compared with blank
control (p < 0.05). Treatment with different concentrations of TMZ alone, and in combination with
everolimus for 48 h inhibited the proliferation of brain glial cells in a concentration-dependent manner,
but the inhibition due to TMZ-everolimus combination was significantly higher than that of TMZ single
treatment (p < 0.05). After 48 h, the expression level of Beclin-1 increased with the ratio of LC3-1I/LC-I in
TMZ-everolimus group, while the expression level of p62 decreased, when compared with TMZ alone,
or control (p < 0.05).

Conclusion: Everolimus significantly inhibits the proliferation of glioma cells and promotes the
occurrence of autophagy. Combined use of TMZ and everolimus significantly enhances the sensitivity of
TMZ to glioma cells, inhibits cell proliferation, and promotes autophagy better than TMZ alone.
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INTRODUCTION

Glioma is a high-incidence malignant tumor of
the central nervous system due to
carcinogenesis in the brain and spinal cord. The
incidence of glioma accounts for 1- 3 % of all
malignant tumors. Most glioma occur in the

cerebral hemisphere. Glioma is caused by the
interaction between susceptible congenital
genetic factors and carcinogenic environmental
factors [1]. The symptoms and signs of glioma
are related to the location and pathological grade
of the tumor. Usually, patients present with
headache, nausea, vomiting and blurring, among
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other symptoms. At present, the commonly used
clinical treatments are radiotherapy and
chemotherapy. However, these treatments are
not effective because high-grade gliomas grow
rapidly, infiltrate strongly, and easily recur after
operation. The median survival time of glioma
patients is only 13 months [2].

Autophagy is a cellular protective mechanism
which is associated with tumors, degenerative
diseases and other human diseases. Autophagy
induces programmed cell death through cell
membrane degradation and specific gene
activation [3]. It is known that mTOR is a
serine/threonine protein kinase which regulates
the occurrence and development of tumors
through P13K/Akt signaling pathway. In addition,
the transcription of gene information involved in
MTOR signaling pathway regulates autophagy

[4].

Everolimus is a specific blocker of the mTOR
signaling pathway which is often used to avoid
rejection after kidney and heart transplantation. It
has been reported that everolimus significantly
reduced the proliferation of cancer cell lines in
vitro in breast cancer and pancreatic
neuroendocrine tumors, and patients treated with
TMZ chemotherapy showed good tolerance [5].
Therefore, the purpose of this study was to
determine the effects of the mTOR inhibitor
everolimus on proliferation, autophagy and TMZ
drug sensitivity of glioma cells.

EXPERIMENTAL
Reagents and instruments

Glial cell lines were provided by Shanghai
Academy of Life Sciences, Chinese Academy of
Sciences. Everolimus powder was purchased
from Dalian Meilun Biotechnology Co. Ltd, while
TMZ powder was purchased from Simga USA.
Fetal bovine serum (FBS) was obtained from
Hycfone; Cck-8 kit was purchased from Dojindo,
Japan, while RPMI1640 medium was purchased
from Shanghai Jingke Chemical Technology Co.
Ltd. Super clean table was product of Jiabao
Purification Engineering Equipment Company.
Cell culture kit was purchased from Syme Fisher
Technology Co. Ltd, while -80 °C-refrigerator was
bought from Qingdao Haier Co. Ltd. Desk-top
high-speed centrifuge was purchased from
Simga Warner Precision Instruments. Electron
microscope was obtained from Olympus Inc.

Cell culture

Human brain glial cells were added to RPMI1640
medium containing 10% fetal bovine serum, and

cultured in an atmosphere of 5 % CO, at 37 °C
and saturated humidity. The cell culture medium
was changed every 2 - 3 days, and cells in good
state of logarithmic growth were selected for the
experiments.

CCK-8 method

The CCK-8 method was used to determine the
effect of different concentrations of everolimus on
brain glial cell proliferation. The brain glioma cells
at logarithmic phase were subjected to trypsin
digestion, and a broth containing serum
preparation was added to the cell suspension in
96-well plates, each well containing about 2 x 10°
cells, with 100 pL cell suspension per well. The
plates were incubated at 5 % CO, in a constant
temperature incubator for 24 h. Then, into the
culture plate was put 10 pL culture solution
containing everolimus at concentrations of 5, 10,
20 and 40 uM. The blank control group contained
only 0.1 % DMSO. Five replicate-wells were set
for each group, and the experiment was repeated
3 times. After incubation for 12, 24 and 48 h,
CCK solution was added for further incubation for
3 h, and the absorbance (OD) value at 450 nm
was determined in a microplate reader. The
degree of inhibition of proliferation was
calculated as in Eq 1.

CPI (%) =" 100 oo, 1)

where CPI is % inhibition of cell proliferation,
OD, is OD of experimental group, and OD.is OD
of control group.

Western blotting

Western blotting method was used to determine
the effect of different concentrations of
everolimus on autophagy protein levels in glial
cells. Human glioma cells in logarithmic growth
phase were digested with trypsin and placed in a
constant temperature incubator at 5% CO,
incubator overnight, with everolimus working
solution added to the culture medium at
concentrations of 5, 10, 20 and 40 uM.
Thereafter, the cells were washed with PBS
solution, and 100 pL of cell lysing solution was
added to the cell precipitate obtained after
centrifugation. The mixture was incubated on ice
at 4°C for 10min, followed by centrifugation. The
protein content of the supernatant (10 pL) was
determined using bicinchoninic acid (BCA) test
kit. The protein was subjected to SDS-
polyacrylamide gel electrophoresis at a voltage
of 20 V for 30 min, and the protein bands were
transferred to PVDF membrane. Non-specific
binding was blocked by incubating the
membrane with non-fat milk solution for 1 h.
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Then, the membrane was incubated overnight at
4°C with primary antibodies i.e. rabbit anti-human
LC3B, mouse anti-human Beclin-1, and rabbit
anti-human P62, each at a dilution of 1:500.
Thereafter, the membrane was washed thrice
with TBST solution. The hybridized PVDF
membrane was placed in a color-developing box
for 4 min. Then, the protein bands were scanned
and quantified using Odyssey infra-red scanner.
The CCK-8 method was also used to determine
the inhibitory effect of combination of everolimus
and TMZ on human glioma cell proliferation. The
TMZ working concentrations were 25, 50, 100
and 200 uM. The blank control group contained
only 0.1% DMSO. The CCK-8 procedure
followed the same steps as described above.
Western blotting was also used to determine the
effect of everolimus/TMZ combination treatment
on human brain glioma cell autophagy protein
levels, using the same procedure described
above.

Statistical analysis

Measurement data in this study are expressed as
mean = SD. Differences among groups were
analyzed using analysis of variance (ANOVA),
while differences between two groups were
analyzed with t-test. All statistical analyses were
done with SPSS 20.0 software package. Values
of p < 0.05 were considered as statistically
significant.

RESULTS

Effect of everolimus concentration on glial
cell proliferation

CCK-8 method was used to determine the effects
of different concentrations of everolimus on the
proliferation of glial cells. The results showed that

everolimus significantly inhibited the proliferation
of glial cells in time- and concentration-
dependent manner (Table 1).

Effect of everolimus concentration
autophagy protein levels in glial cells

on

Western blot results showed that after treatment
of glial cells with different concentrations of
everolimus, the expression levels of the
autophagy proteins LC3-Il, LC3-Il /I ratio and
Beclin-1 were gradually increased in a
concentration-dependent manner, when
compared with the blank control group, and the
protein level of P62 was gradually decreased in a

concentration-dependent manner (p < 0.05;
Table 2, Figure 2).
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Figure 2: Effect of different concentrations of evimox
on autophagy protein levels in glial cells

Effect of TMZ alone, and in combination with
everolimus on glial cell proliferation

The CCK-8 test results showed that treatment of
glial cells with different concentrations of TMZ
alone or in combination with everolimus for 48h
inhibited the proliferation of glial cells in a
concentration-dependent manner, and the
inhibition due to TMZ/ everolimus combination
was significantly higher than that of TMZ alone (p
< 0.05; Figure 3).

Table 1: Inhibitory effect of everolimus on the proliferation of glial cells (%)

Time (h) Concentration of everolimus (UM)

Control group 5 10 0 0
12 2.78+£1.15 5.21+1.48* 8.67+1.55* 10.54+1.89* 12.33+2.10*
24 4.68%£2.11 9.45+2.22* 12.46+2.57* 20.88+2.67* 31.87+£3.12*
48 7.49%2.25 13.66+2.31* 21.48+2.77* 32.65+2.87* 52.74+3.28*

*P < 0.05, compared with blank control group at the same time

Table 2: Effect of different concentrations of everolimus on autophagy protein levels in glial cells

Concentration of everolimus (uM)

Autophagy protein Control group

5 10 20 40
LC3-lI 0.11+0.02 0.15+0.01 0.36+0.11* 0.42+0.09* 0.58+0.12*
LC3-Il/ Ratio 0.28+0.05 0.38+0.06 0.55+0.07 0.61+0.11* 0.76+0.13*
Beclin-1 0.11+0.03 0.19+0.02* 0.23+0.05* 0.48+0.08* 0.77+0.17*
P62 0.59+0.12 0.52+0.10 0.38+0.12* 0.22+0.04* 0.18+0.05*

*P < 0.05, compared with blank control group
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Figure 3: Effect of different concentrations of TMZ
alone, and in combination with everolimus on glial cell
proliferation. *p < 0.05, compared with TMZ alone

Effect of TMZ alone, and in combination with
everolimus on autophagy protein levels in
glial cells

Western blot results showed that after treatment
of glial cells with TMZ alone or in combination
with everolimus for 48 h, LC3-Il /I ratio and
Beclin-1 expression level in TMZ/everolimus
combination group showed increasing trends,
while P62 expression level showed a decreasing
trend, when compared with TMZ alone, and
control group (Table 3 and Figure 4).

Table 3: Effect of TMZ alone and in combination with
everolimus on autophagy protein levels in glial cells

T™Z
Autophagy Control T™Z combined
protein group alone with

everolimus
LC3-iA 0.624¢0.15 1.21+0.23* 1.93+0.25+
Ratio
Beclin-1 0.32+0.09 0.81+0.10* 1.68+0.24*"
P62 1.7240.28 1.02+0.21* 0.62+0.22**

*P < 0.05, compared with blank control group; #p <
0.05, compared with TMZ alone group
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Figure 4: Effect of TMZ alone, and in combination with
evimus on autophagy protein levels in glial cells

DISCUSSION

Control group

Brain glioma is a highly heterogeneous tumor
with invasive growth and no obvious boundary

with the surrounding brain tissue. The
pathogenesis of glioma is not yet clear. However,
it is generally believed to be related to genetic,
environmental, immune dysfunction and other
factors [6]. At present, effective chemotherapy
after surgical resection and radiotherapy is still
the main method for clinical treatment of brain
glioma. However, due to difficulty in achieving
complete surgical resection, the patients are
prone to recurrence after surgery, with poor
prognosis and five-year survival of only 2 % [7].
Therefore, there is need for new treatment
methods to improve the survival and prognosis of
patients.

MTOR is a downstream effector of mammalian
P13K pathway, and it belongs to P13K-related
kinases. It regulates tumors through the P13K
/Akt signaling pathway. The P13k/Akt/mTOR
signaling pathway is activated by multiple
mechanisms in glioma, and is closely related to
cancer [8]. Everolimus is an mTOR inhibitor
which induces apoptosis by inhibiting mTOR
kinase activation and blocking the regulation of
downstream effectors, and by blocking G1-S
transformation of cell cycle. Previous studies
have demonstrated that everolimus induces
autophagy and cell death, and affects the
proliferation of glioma cell lines through cytotoxic
effects [9,10]. Scholars elsewhere have found
that everolimus improves the progression-free
survival of patients with pancreatic
neuroendocrine tumors, and speculated that it
may prevent the occurrence of tumors by
blocking the P13k/Akt/mTOR pathway [11].

Currently, the US Food and Drug Administration
(FDA) has approved everolimus for clinical use in
the treatment of renal cell carcinoma and other
diseases [12]. Therefore, everolimus plays a
significant role in inhibiting tumor proliferation
and promoting autophagy. The results of this
study showed that treatment of glioma cells with
different concentrations of everolimus led to
significant inhibition of the proliferation of glial
cells, and the inhibitory effect was gradually
enhanced with increase in drug concentration
and exposure duration.

Autophagy is an effective way to induce
excessive self-degradation and death of cells.
Previous studies have proved that autophagy is
closely related to precancerous lesions and
proliferation of tumor cells, and may become a
new method of anticancer therapy [13]. The
results of this study showed that treatment of
glial cells with different concentrations of
everolimus led to gradual and concentration-
dependent increases in autophagy protein LC3-
II, LC3-1l /LC-I ratio and Beclin-1 expression
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levels, when compared with the blank control
group, and the protein level of P62 was gradually
decreased in a concentration-dependent manner.
These results suggest that everolimus
significantly inhibits cell proliferation and
promotes autophagy after treatment of glioma
cells.

Temozolomide (TMZ) is an oral second-
generation alkylating agent and imidazoltetrazine
derivative which is absorbed quickly after oral
administration. It directly crosses the blood-brain
barrier, enters the cerebrospinal fluid, and acts
on brain tumor tissues. It produces reasonable
efficacy and acceptable toxicity, and has obvious
efficacy on primary and recurrent malignant
glioma [14]. Temozolomide (TMZ) does not exert
a direct effect. Rather, it mainly plays a cytotoxic
role through DNA guanine methylation, causing
autophagic cell death. Relevant data show that
TMZ adjuvant chemoradiotherapy significantly
improved long-term survival of patients with brain
glioma, with obvious synergistic effects [15].

The results of this study show that treatment of
glial cells with TMZ alone or in combination with
everolimus for 48h led to inhibition of the
proliferation of glioma cells, with higher inhibition
by TMZ/ everolimus combination than TMZ
alone. Compared with TMZ alone group and
control group, LC3-ll /LC-I ratio and Beclin-1
expression level in the TMZ/ everolimus group
showed upward trends, while P62 expression
level showed a downward trend. These results
suggest that everolimus enhances the sensitivity
of glioma cells to TMZ. Its inhibitory effects on
cell proliferation and autophagy are better than
that of TMZ alone, but the specific underlying
mechanism needs to be elucidated in further
studies.

CONCLUSION

The results obtained in this study indicate that
the mTOR inhibitor everolimus significantly
inhibits the proliferation of glioma cells and
promotes autophagy. However, combined use of
TMZ and everolimus has significantly better
enhancing effect on the sensitivity of TMZ to
glioma cells, better inhibitory effect on cell
proliferation, and better autophagy-enhancing
effect than TMZ alone.
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