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Abstract. Malignant glioma is one of the most common types 
of primary malignancies in the human central nervous system. 
Temozolomide (TMZ) is the most commonly used drug in 
clinical therapy of glioma; however, chemoresistance makes 
glioma difficult to cure and relapse likely. Sirtuin 1 (SIRT1) 
serves important roles in cell proliferation, differentiation and 
metabolism, but the role of SIRT1 in human glioma remains 
largely unexplored. In the present study, SIRT1 expression was 
assessed in human glioma tissues and cells. RNA interference 
and SIRT1 inhibitor were used to determine the effect of 
SIRT1 on glioma growth inhibition and glioma cell chemo-
resistance in vitro and in vivo. The levels of reactive oxygen 
species (ROS) in glioma cells were detected with the dihy-
droethidium probe following SIRT1 inhibition. The results 
demonstrated that SIRT1 was overexpressed in glioma tissues 
and cells, and patients with higher SIRT1 expression exhibited 
poorer prognosis. SIRT1 inhibition inhibited the proliferation 
of U87 and U251 cells. In addition, SIRT1 knockdown and 
SIRT1 inhibitor could significantly sensitize glioma cells to 
TMZ treatment in vitro and in vivo. The expression of Ki67 
and p53 was demonstrated to be regulated by SIRT1. Finally, 
SIRT1 could regulate intracellular ROS generation in TMZ. 
In summary, SIRT1 was essential for glioma tumorigenesis 
and glioma cell chemoresistance. SIRT1 inhibition increased 
the sensitivity of glioma cells for TMZ via the facilitation of 

intracellular ROS generation, which suggested that SIRT1 may 
serve as a target for clinical therapy of glioma.

Introduction

Malignant glioma accounts for ~40% of all intracranial tumors, 
which makes it the most common primary malignant tumor 
of the central nervous system (1). Traditionally, gliomas are 
further categorized as low‑grade glioma (I‑II) and high‑grade 
glioma (III‑IV) according to the World Health Organization 
glioma grading classification criteria  (2). Glioblastoma 
(GBM) belongs to the highest grade. Patients with malignant 
glioma exhibit poor prognosis. However, currently there are 
no well‑established methods to inhibit glioma tumor growth. 
At present, the comprehensive treatments for patients with 
glioma include surgery, radiotherapy and chemotherapy (3). 
Temozolomide (TMZ) is a conventional chemotherapy drug 
for glioma clinical therapy. TMZ has been reported to exhibit 
therapeutic benefits in prolonging the survival of patients with 
GBM (4). Although some of the methods show promising 
results for glioma therapy, the existence of multiple genetic 
changes in GBM suggests that a single drug is incapable of 
offering a complete solution to the problem (5,6). Genetic 
targeted therapy has been reported to be a potential method 
of resolving the chemotherapy resistance of cancer cells, and 
specific molecule inhibitors against anomaly genetic targets 
are now in clinical trials (7‑9).

The nicotinamide‑adenine dinucleotide (NAD)‑dependent 
protein deacetylase sirtuin 1 (SIRT1) is a key regulator of 
life span (10‑12). The biological function of SIRT1 is linked 
to cellular stress, apoptosis and metabolism. SIRT1 has been 
demonstrated to be involved in the tumorigenesis of numerous 
types of cancer. SIRT1 influences the cell proliferation, differ-
entiation and apoptosis during tumor growth (13‑16). SIRT1 
is overexpressed in several types of cancer (17‑20). However, 
the biological function of SIRT1 and its regulatory mechanism 
in human glioma are rarely studied. In the present study, the 
protective effects of SIRT1 on TMZ‑induced toxicity were 
investigated. The results revealed that SIRT1 was overex-
pressed in glioma tissues and cell lines. The Kaplan‑Meier 
analysis demonstrated a significant association of SIRT1 
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expression with the overall survival of patients with glioma. 
SIRT1 inhibition could markedly sensitize glioma cell to TMZ 
in vitro and in vivo. SIRT1 could regulate intracellular reactive 
oxygen species (ROS) generation and the expression of Ki67 
and p53 in glioma. In summary, the present study demon-
strated that SIRT1 was essential in glioma proliferation and 
chemoresistance. SIRT1 may serve as a potential therapeutic 
target for glioma therapy.

Materials and methods

Tissue samples. A total of 29 glioma tissues and 11 normal 
tissues from sites adjacent to cancer sites were obtained from 
24 men and 16 women aged between 35±2.5 and 65±3.2 years 
old. The tissues were obtained as part of surgery carried out 
between December 2013 and December 2017 at The First 
Affiliated Hospital of Shantou University Medical College 
(Shantou, China). Tissues were stored at ‑80˚C prior to RNA 
or protein extraction. Informed consent from relevant patients 
was obtained for tissue collection. The present study was 
approved by the Ethics Committee of The First Affiliated 
Hospital of Shantou University Medical College Institutional 
Review Board (Shantou, China).

Cell lines and lentiviral transfection. U251 and U87MG cell 
lines were purchased from the Cell Bank of Chinese Academy 
of Sciences (Shanghai, China). A172, T98 and HEB normal 
glial cell lines were purchased from the Chinese Academy of 
Sciences Cell Bank (Shanghai, China). Short tandem repeat 
(STR) profiling was used for cancer cell line testing. The 
STR testing result revealed that the U87 cell line used in the 
present study matched the American Type Culture Collection 
(ATCC) U87MG cell line. Although the ATCC U87MG cell 
line is suspected to not be the original GBM cell line from 
the University of Uppsala, which was established in 1968, 
the ATCC U87MG cell line was derived from the central 
nervous system, perhaps from another unknown patient 
with glioma  (21). Therefore, the ATCC U87MG cell line 
was appropriate for use in the present study. All cancer cell 
lines were cultured in Dulbecco's modified Eagle's medium 
(DMEM; Gibco; Thermo Fisher Scientific, Inc. Waltham, MA, 
USA), which was supplemented with 10% fetal bovine serum 
(Gibco; Thermo Fisher Scientific, Inc.), 1% penicillin and 1% 
streptomycin (Gibco; Thermo Fisher Scientific, Inc.). Cells 
were cultured at 37˚C in a humidified atmosphere with 5% 
CO2. A total of 1x106 cells were transiently transfected with 
the SIRT1 short hairpin RNA (shSIRT1) lentivirus using the 
plent‑U6‑Puro lentiviral vector kit according to the manufac-
turer's protocol (Thermo Fisher Scientific, Inc.). Subsequently, 
6 µg/ml polybrene (Sigma‑Aldrich; Merck KGaA, Darmstadt, 
Germany) was used to enhance the transfection efficiency. 
Following 24 h transfection, the suspension was replaced 
by normal DMEM. U251‑shSIRT1 and U87‑shSIRT1 cells 
were then screened using puromycin (2 µg/ml). After 7 days 
screening, the stable U251‑shSIRT1 and U87‑shSIRT1 cell 
lines were used for subsequent experiments.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). For the RT‑qPCR assay, total mRNA was extracted 
from tumor tissues and cells using the Total RNA Extraction 

reagent (Nanjing Sunshine Biotech Co., Ltd., Nanjing, China). 
Subsequently, mRNA was reverse transcribed to cDNA using 
the Reverse TransScript kit (Takara Bio, Inc., Otsu, Japan). 
The qPCR assay was performed using the SYBR® Premix Ex 
Taq™ II kit (Takara Bio, Inc.). All procedures were performed 
according to the manufacturer's protocols. The RT‑qPCR assay 
was performed using the Bio‑Rad iQ5 Real‑Time PCR system 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA), according 
to the following protocol: Initial activation step for 10 min at 
95˚C pre‑denaturation, followed by 40 cycles of amplification, 
with 30 sec denaturation at 95˚C, 10 sec annealing at 60˚C and 
60 sec extension at 72˚C. The primer sequences used were as 
follows: SIRT1 forward, 5'‑ATC​TGA​CTT​TGC​TCC​CCT​TAA​
CC‑3', and reverse, 5'‑GGG​CCC​TGG​TTG​CAA​GA‑3'; β‑actin 
was used as an internal reference, and the primer sequences of 
β‑actin were forward, 5'‑CAA​TGA​CCC​CTT​CAT​TGA​CC‑3', 
and reverse, 5'‑GAC​AAG​CTT​CCC​GTT​CTC​AG‑3. The relative 
gene expression was quantified using the 2‑ΔΔCq method (22).

Western blot analysis. Tissues and cells were lysed with 
radioimmunoprecipitation assay buffer (Beyotime Institute 
of Biotechnology, Shanghai, China), followed by determi-
nation of the total protein concentration by bicinchoninic 
acid protein assay (Beyotime Institute of Biotechnology). 
Total protein samples (20 µg/lane) were loaded and proteins 
with different molecular weights were separated on a 10% 
SDS‑PAGE gel. Proteins were transferred onto polyvi-
nylidene difluoride membranes following electrophoresis. The 
membranes were blocked for 1 h at room temperature in 5% 
non‑fat milk. Subsequently, the membranes were incubated 
with primary antibodies at 4˚C overnight. The primary anti-
bodies were anti‑SIRT1 (1:2,000 dilution; cat. no. ab110304; 
Abcam, Cambridge, UK), anti‑Ki67 antibody (1:2,000 dilu-
tion; cat. no. ab15580; Abcam), anti‑p53 antibody (1:2,000; 
cat. no. ab131442; Abcam) and mouse anti‑β‑actin antibody 
(1:2,000; cat. no. ab8226; Abcam). Following incubation, the 
membranes were washed with TBS containing 0.1% Tween‑20, 
and incubated with horseradish peroxidase‑conjugated 
goat anti‑mouse (1:4,000 dilution; cat. no. A0216; Beyotime 
Institute of Biotechnology) an/d goat anti‑rabbit (1:4,000 dilu-
tion; cat. no. A0208; Beyotime Institute of Biotechnology) 
secondary antibodies at room temperature for 1 h. Subsequently, 
membranes were soaked in enhanced chemiluminescence kit 
(cat. no. P0018; Beyotime Institute of Biotechnology) for 1 min 
and visualized under the chemiluminescence detection system 
(ChemiDocXRS; Bio‑Rad Laboratories, Inc.).

Cell proliferation assay. Cell proliferation was detected via water 
soluble tetrazolium salts 1 (WST‑1) assay. Cells (2,000/well) were 
seeded in 96‑well plates, following culturing for 0, 24, 48 and 
72 h, respectively. A total of 10 µl WST‑1 (Dojindo Molecular 
Technologies, Inc., Kumamoto, Japan) was added to each well 
and incubated for 30 min. Subsequently, absorbance at 490 nm 
was detected using a microplate reader (BioTek Instruments, Inc., 
Winooski, VT, USA), according to the manufacturer's protocols. 
All assays were repeated at least three times.

TMZ toxicity assay. The SIRT1‑specific inhibitor selisistat 
(EX527) was purchased from Selleck Chemicals (Houston, 
TX, USA). Briefly, 200 nM EX527 was added to glioma cell 
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culture medium. Glioma cells were further cultured at 37˚C 
for 24, 48 and 72 h. U87 and U251 cells were exposed to TMZ 
to induce cell death. In order to define TMZ toxicity, different 
concentrations of TMZ (0, 50, 100, 150 and 200 µM) were 
added to 2x106 U87 and U251 cells for 24 h, prior to detect 
cell viability with WST‑1 assay. The results allowed deter-
mining 100 µM as the working concentration for TMZ. Cells 
were then incubated with 100 µM TMZ at 37˚C for 0, 24, 48 
and 72 h. Subsequently, all the cells treated with EX527 and 
TMZ were incubated in WST‑1 following the manufacturer's 
protocol. TMZ (200 µM) was used in the time dependent cell 
viability assay. All assays were repeated at least three times.

ROS determination assay. A total of 1x106 cells were cultured 
in 6‑well plates. Prior to ROS detection, cells were washed 
twice with PBS. Subsequently, cells were incubated with 5 µM 
dihydroethidium (DHE; Vigorous Biotechnology Beijing 
Co., Ltd., Beijing, China) in PBS for 30 min at 37˚C in the 
dark. Following incubation, the cells were washed twice with 
PBS and fixed in 4% paraformaldehyde for 30 min at room 
temperature. Following two washes with PBS, images were 
captured by fluorescence microscopy (x40 magnification). 
At least five images were captured for each group. Relative 
fluorescence intensity was calculated by ImageJ software 7.0 
(National Institutes of Health, Bethesda, MD, USA).

Animal studies. A total of 20 nude mice (age, 4 weeks) were 
purchased from Vital River Laboratories Co., Ltd. (Beijing, 
China). All mice (22±1.5 g) were housed at a controlled tempera-
ture (22‑28˚C) and humidity (60%) under a 12‑h light/dark cycle. 
Mice had free access to food and water. The stably transfected 
negative control (NC) and shSIRT1 lentivirus U87 cells (2x106 
for each side) were suspended in PBS and implanted subcutane-
ously into male Balb/c nude mice. A total of 10 mice received 
NC lentivirus and 10 received shSIRT1 lentivirus (subcutaneous 
injection). Treatment with 200 nM EX527 was performed for all 
mice, whereas treatment with 100 µM TMZ was performed for 
the 10 normal mice. The length (a) and width (b) of the tumors 
were monitored every 2 days. After 30 days of monitoring, all 
nude mice were sacrificed. Tumor volume (V) was calculated 
using the formula V=ab2/2. Animal experiments conducted in 
the present study were approved by the Ethics Committee of 
The First Affiliated Hospital of Shantou University Medical 
College Institutional Review Board.

Statistical analysis. All the data were expressed as the 
means ± standard error of the mean from at least three inde-
pendent experiments. SPSS 17.0 software (SPSS, Inc., Chicago, 
IL, USA) was used for data analysis. Statistical comparisons 
among different groups were performed by one‑way analysis 
of variance, followed by Newman‑Keuls comparison test. 
Kaplan‑Meier method was used for the survival analysis, 
and Cox regression analysis was used for the univariate and 
multivariate analyses. P<0.05 was considered to indicate a 
statistically significant difference.

Results

SIRT1 expression is upregulated in glioma tissues and 
cell lines. To investigate the role of SIRT1 in glioma cell 

chemotherapeutic agent resistance, the expression level of 
SIRT1 in glioma tissues and cells was detected. The results 
revealed that the mRNA expression level of SIRT1 was 
significantly increased in 29 glioma tissues compared with 11 
normal brain tissues (Fig. 1A). In addition, SIRT1 exhibited 
significantly higher expression in glioma cell lines (A172, 
T98, U87 and U251) than normal human brain glial cell 
lines (HEB) and normal brain tissue (Fig. 1B). These data 
reflected SIRT1 upregulation in glioma tissues and cell lines. 
Kaplan‑Meier analysis was performed to study the association 
between SIRT1 expression and the prognosis of patients with 
glioma. Patients were divided into SIRT1 high and SIRT1 
low groups, based on the mean expression levels of SIRT1 
in all samples. The Kaplan‑Meier survival curve revealed 
that patients with glioma with high SIRT1 expression had a 
shorter overall survival than those with low SIRT1 expres-
sion (P<0.05; Fig. 1C), indicating that SIRT1 expression was 
associated with the prognosis of patients with glioma. Overall, 
SIRT1 exhibited high expression in glioma tissues and cells 
and was associated with the prognosis of patients with glioma.

SIRT1 knockdown inhibits glioma cell proliferation. To 
investigate the biological function of SIRT1 in glioma growth, 
SIRT1 was silenced using two short hairpin RNAs in U251MG 
(Fig. 2A) and U87MG (Fig. 2B) cells. The proliferation of U87 
and U251 cells were detected by WST‑1 cell viability assay. 
The results revealed that SIRT1 knockdown significantly 
inhibited glioma cell proliferation in U87 and U251 cells 
(Fig. 2C and D). This suggested that SIRT1 is essential for 
glioma cell proliferation.

TMZ downregulates the expression of SIRT1 in glioma cells. 
Temozolomide is one of the most important drugs used in 
clinical therapy of glioma (23,24). To investigate the role of 
SIRT1 in glioma cell chemotherapeutic agent resistance, U251 
and U87 cells were treated with different concentrations of 
TMZ. The protein and mRNA levels of SIRT1 were signifi-
cantly decreased with increasing concentrations of TMZ in 
U251 (Fig. 3A and B) and U87 (Fig. 3C and D) cells, indicating 
that SIRT1 expression was regulated by TMZ treatment.

SIRT1 inhibition increases TMZ sensitivity of glioma cells. 
To comprehensively evaluate the association between SIRT1 
and glioma cell TMZ sensitivity, a SIRT1 specific inhibitor, 
EX527, was used to inhibit SIRT1 protein activity in U251 
and U87 cells. Subsequently, cells were treated with different 
concentrations of TMZ for 24 h and cell viability was assessed 
by WST‑1 assay. The results demonstrated that cell viability 
decreased with TMZ treatment in U251 and U87 cells (Fig. 4A 
and B). To avoid any extra toxicity TMZ may induce, 100 µM 
was selected as the working concentration of TMZ in subse-
quent tests. The result of the WST‑1 assay demonstrated that 
SIRT1 activity inhibition markedly decreased viability of 
U251 and U87 cells treated with TMZ, as did SIRT1 knock-
down (Fig. 4C and D). These results demonstrated that SIRT1 
was indispensable for glioma cell TMZ sensitivity.

SIRT1 inhibition increases ROS generation in glioma. TMZ has 
been reported to increase ROS production (3), suggesting that 
ROS are a key factor in TMZ mediated glioma clinical therapy. 
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DHE staining was performed to assess the association between 
SIRT1 and intracellular ROS generation in glioma. As shown in 
Fig. 5, shSIRT1 significantly increased the ROS level in U251 
cells treated with TMZ, by ~4‑fold compared with only TMZ 
treatment. Simultaneously, EX527 increased the ROS level in 

U251 cells (Fig. 5). The results suggested that SIRT1 was an 
important regulator for glioma cell ROS generation.

SIRT1 inhibition sensitizes glioma to TMZ in vivo. Nude mice 
xenograft was performed to investigate the biological effect of 

Figure 2. SIRT1 knockdown inhibits glioma cell proliferation. (A) SIRT1 was silenced by shRNA in U251 cells. (B) SIRT1 was silenced by shRNA in U87 
cells. (C) Growth curve of U87 cells as detected by WST‑1 assay. (D) Growth curve of U251 cells as detected by WST‑1 assay. NC, negative control; OD, optical 
density; shRNA, short hairpin RNA; shSIRT1, short hairpin RNA sirtuin 1; SIRT1, sirtuin 1; WST‑1, water soluble tetrazolium salts 1. All determination 
assays were carried out in triplicate. 

Figure 1. SIRT1 expression is upregulated in glioma tissues and cell lines. (A) The expression of SIRT1 was detected in human glioma tissues and adjacent 
non‑tumor tissues using RT‑qPCR. (B) The expression of SIRT1 in U87, U251, A172, T98 and HEB cell lines and normal brain tissue was detected using 
RT‑qPCR. (C) The Kaplan‑Meier survival curve of patients with glioma was created based on the expression levels of SIRT1 protein. **P<0.001 and ***P<0.001 
compared with normal brain tissues. RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; SIRT1, sirtuin 1.
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Figure 4. SIRT1 knockdown and SIRT1 inhibitor increase glioma cell TMZ sensitivity. (A) The viability of U251 cells treated with different concentrations 
of TMZ was detected by WST‑1 assay. (B) The viability of U87 cells treated with different concentrations of TMZ was detected by WST‑1 assay. (C) The 
viability of U251 cells treated with TMZ or SIRT1 inhibitor was detected by WST‑1 assay. (D) The viability of U87 cells treated with TMZ or SIRT1 inhibitor 
was detected by WST‑1 assay. *P<0.05, **P<0.001 and ***P<0.001 compared with the relative untreated group. EX527, selisistat, SIRT1 inhibitor; NC, negative 
control; shSIRT1, short hairpin RNA SIRT1; SIRT1, sirtuin 1; TMZ, temozolomide; WST‑1, water soluble tetrazolium salts 1.

Figure 3. TMZ downregulates SIRT1 expression in glioma cells. (A) The expression of SIRT1 in U251 cells with TMZ treatment was detected by western 
blotting. (B) RT‑qPCR detection of SIRT1 expression in U251 cells treated with different concentrations of TMZ. (C) The expression of SIRT1 in U87 
cells treated with TMZ was detected by western blotting. (D) RT‑qPCR detection of SIRT1 expression in U87 cells treated with different concentrations of 
TMZ. **P<0.001 and ***P<0.001 compared with the control group. RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; SIRT1, sirtuin 1; 
TMZ, temozolomide.

https://www.spandidos-publications.com/10.3892/ol.2019.10235
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Figure 6. SIRT1 inhibition sensitizes glioma tumors to TMZ in vivo. (A) Determination of nude mice tumor growth. Tumor volume was calculated every 2 days 
following injection. (B) The expression of SIRT1, Ki67 and p53 in nude mice was detected by western blotting. (C) The relative expression level of SIRT1 in 
nude mice. (D) The relative expression level of Ki67 in nude mice. (E) The relative expression level of p53 in nude mice. ***P<0.001. EX527, selisistat, SIRT1 
inhibitor; NC, negative control; shSIRT1, short hairpin RNA SIRT1; SIRT1, sirtuin 1; TMZ, temozolomide.

Figure 5. SIRT1 inhibition increases the generation of reactive oxygen species in glioma. (A) The reactive oxygen species level of U251 cells was detected 
by DHE staining. Scale bar, 200 µm. (B) Statistical analysis of the DHE fluorescence intensity. ***P<0.001. DHE, dihydroergotamine; EX527, selisistat, 
SIRT1 inhibitor; NC, negative control; shSIRT1, short hairpin RNA SIRT1; SIRT1, sirtuin 1; TMZ, temozolomide.
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SIRT1 on glioma chemosensitivity in vivo. The SIRT1 knock-
down U87MG cells and the NC U87MG cells were implanted 
into nude mice subcutaneously. After 30  days of TMZ 
(100 µM) treatment, the tumor volumes of shSIRT1 U87MG 
cells‑implanted mice were smaller than those of NC U87MG 
cells‑implanted mice. Simultaneously, EX527 treatment 
exhibited similar inhibitory effects on glioma tumor growth 
as shSIRT1 (Fig. 6A). Both shSIRT1 and EX527 treatment 
significantly decreased SIRT1 expression in the mice (Fig. 6B 
and C). The protein level of Ki67 greatly decreased in SIRT1 
knockdown and EX527 treated tumors compared with the NC 
tumors (Fig. 6B and D), while p53 expression was markedly 
increased in SIRT1 knockdown and EX527 treated mice 
tumors (Fig. 6B and E). As Ki67 is closely associated with cell 
proliferation and p53 is the most important tumor suppressor, 
SIRT1 may regulate glioma proliferation by regulating the 
expression of Ki67 and p53.

Discussion

During past decades, malignant glioma has been one of 
the most common primary malignant tumors of the brain. 
Although techniques for the clinical therapy of glioma have 
developed in previous years, the prognosis of patients with 
glioma remains poor (25). The high incidence and low survival 
rate of patients with glioma prompts exploration of novel thera-
peutic strategies. Molecularly targeted therapy is considered to 
be a potential approach. The identification of novel molecular 
targets is currently being investigated extensively (26).

SIRT1 is a NAD‑dependent protein deacetylase involved 
in numerous pivotal biological processes, including energy 
metabolism, DNA repair and mitochondrial homeostasis (27). 
These biological processes are crucial for cell growth, differ-
entiation, migration and survival, which makes SIRT1 a key 
regulator in numerous diseases (28). At present, the role of 
SIRT1 in cancer has been preliminarily studied, and SIRT1 
has been reported as an oncogene in a number of cases (29,30). 
In the present study, tissue analysis demonstrated that SIRT1 
was overexpressed in glioma tissues compared with non‑tumor 
tissues. Additionally, SIRT1 was overexpressed in glioma cell 
lines compared with normal brain cells. The Kaplan‑Meier 
survival analysis demonstrated that high expression levels of 
SIRT1 were associated with poor prognosis. These findings 
demonstrated that SIRT1 may serve a vital role in glioma 
tumorigenesis.

Currently, TMZ is the most efficient chemotherapy agent 
for clinical therapy of GBM. It can extend the median survival 
rate by 12‑15 months (31). However, long‑term TMZ treatment 
may induce cancer cell resistance. Damage to glioma cells, 
induced by TMZ, can be repaired by O6‑Methylguanine‑DNA 
methyltransferase (MGMT), thus inducing cancer cell resis-
tance, while methylation of the MGMT promoter leads to an 
increase in TMZ sensitivity (32). Additional molecular mecha-
nisms of TMZ resistance in glioma cells remain unknown. In 
the present study, SIRT1 knockdown or SIRT1 activity inhibi-
tion greatly sensitized glioma cells to TMZ treatment in vitro 
and in vivo, indicating that SIRT1 was an important regulator 
of TMZ resistance in glioma cells. Notably, the glioma cell 
lines treated with TMZ exhibited MGMT promoter hyper-
methylation status  (33). An intracellular ROS detection 

assay suggested that SIRT1 knockdown or treatment with 
SIRT1 inhibitor significantly increased glioma cell ROS level 
following treatment with TMZ, indicating that SIRT1 was 
closely associated with intracellular ROS generation.

In conclusion, SIRT1 was demonstrated to be overexpressed 
in glioma tissues and cells and SIRT1 may regulate glioma 
TMZ sensitivity by regulating intracellular ROS generation. 
The present study illuminated the role and regulatory mecha-
nism of SIRT1 in glioma tumor growth and chemotherapy 
resistance. SIRT1 may serve as a novel promising therapeutic 
target for clinical therapy of glioma in the future.
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