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Abstract. Molecular‑targeted therapy has had a significant 
impact on glioma. Notably, actin‑like 6A (ACTL6A) has 
been indicated to be essential for embryonic development and 
tumor progression. However, the role of ACTL6A in glioma 
remains unclear. The present study aimed to investigate the 
effects of ACTL6A on glioma cell migration and sensitivity 
to temozolomide (TMZ). The expression levels of ACTL6A 
were analyzed in patients with glioma, and survival curves 
were created using data from The Cancer Genome Atlas. 
U251 and T98G cells were transfected with short hairpin (sh)
RNA for use in loss‑of‑function experiments to investigate the 
biological function and molecular mechanisms of ACTL6A. 
Furthermore, an MTT assay was used to assess the effect 
of ACTL6A on the sensitivity of glioma cells to TMZ. The 
results demonstrated that ACTL6A was expressed at higher 
levels in glioma tissues compared with normal brain tissues. 
Furthermore, high expression of ACTL6A was associated 
with a poor prognosis. The knockdown of ACTL6A signifi‑
cantly inhibited the migration phenotype in glioma cells and 
significantly decreased the levels of phosphorylated AKT in 
glioma cells. The AKT signaling activator SC79 partly attenu‑
ated the inhibitory effects of ACTL6A shRNA on glioma 
cell migration. Additionally, the knockdown of ACTL6A 
enhanced the sensitivity of glioma cells to TMZ. In conclu‑
sion, these results suggest that ACTL6A knockdown inhibited 
the migration of human glioma cells, at least in part through 
inactivation of the AKT signaling pathway, and increased the 
sensitivity of glioma cells to TMZ. Therefore, ACTL6A may 
be a potential therapeutic target for glioma.

Introduction

Glioblastoma multiforme (GBM), a grade IV glioma, is the 
most common and aggressive type of primary malignant brain 
tumor worldwide, and account for ~60 to 70% of malignant 
gliomas (1). Despite the progress made in the last decade, 
GBM remains one of the most difficult types of tumors to treat. 
The median survival rate is only 12‑15 months for patients 
with glioblastomas (2). Thus, investigation of the molecular 
mechanisms associated with glioma is essential. In recent 
years, molecular tumour therapy has improved the treatment 
of a number of different cancer types (3,4). Molecular therapy 
is expected to attack malignant cells more specifically with 
fewer side effects than conventional chemotherapy.

Actin‑like 6A (ACTL6A), also known as BAF53a, Arp4 or 
INO80K, is an actin‑like protein and chromatin‑remodeling 
factor. Specifically, ACTL6A encodes a subunit of the 
switch/sucrose non‑fermentable complex that has a mainly 
transcriptional role as a regulator of the function of stem 
and progenitor cells (5,6). Previous studies have demon‑
strated that ACTL6A is involved in the differentiation and 
proliferation of neural progenitor cells (7,8). In addition, 
other studies have shown that ACTL6A plays an important 
role in the proliferation of squamous cell carcinoma cells 
and is associated with epithelial‑mesenchymal transition in 
hematoma (9,10). Although there is evidence to suggest that 
ACTL6A has an oncogenic role in numerous types of human 
cancer, the underlying mechanisms of ACTL6A in glioma cell 
migration remain unknown (11,12).

Temozolomide (TMZ) is a first‑line chemotherapeutic 
drug for GBM. Drug resistance is the predominant obstacle 
in TMZ therapy. A large number of gliomas are resistant to 
TMZ, which is detrimental to the effectiveness of clinical 
treatment (2). Therefore, it is essential to investigate TMZ 
sensitivity in order to identify how the therapeutic effects of 
TMZ may be improved. Previous studies have demonstrated 
that several genes are involved in TMZ sensitivity, including 
autophagy related 4C cysteine peptidase, N‑methylpurine 
DNA glycosylase, O‑6‑methylguanine‑DNA methyltrans‑
ferase and STAT3 (13‑15). However, whether ACTL6A affects 
the sensitivity of glioma cells to TMZ is unknown and thus is 
worthy of investigation.
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The aim of the present study was to investigate the 
potential role of ACTL6A in glioma. In particular, the effect 
of ACTL6A on cell migration and the underlying mechanisms 
were evaluated following the knockdown of ACTL6A in 
two glioma cell lines, T98G and U251. Furthermore, whether 
the knockdown of ACTL6A sensitizes these cells to TMZ was 
also analyzed.

Materials and methods

Cell culture. Human glioma cell lines T98G and U251 were 
obtained from the American Type Culture Collection. The 
glioma cells were cultured in Dulbecco's modified Eagle's 
medium (DMEM; Thermo Fisher Scientific, Inc.) containing 
10% fetal bovine serum (FBS; Thermo Fisher Scientific, Inc.) 
at 37˚C in a 5% CO2 incubator. Cells in the logarithmic growth 
phase were used for subsequent experiments.

Cell treatment. The ACTL6A‑knockdown and negative control 
(NC) lentiviruses containing short hairpin (sh)RNA were 
synthesized by and purchased from Shanghai GeneChem, 
Co., Ltd. The ACTL6A‑knockdown and NC lentiviruses 
were used to transfect T98G and U251 cells according to 
the manufacturer's instructions to establish shACTL6A and 
sh control (shCtrl) groups. Cells transfected with an empty 
vector were used as controls. The shRNA target sequence 
for ACTL6A was ACC TTA CGT TTC ATA GCT TTA and the 
shRNA NC sequence was TTC TCC GAA CGT GTC ACG T. The 
concentration of shACTL6A used was 6x108 TU/ml, and the 
concentration of shCtrl used was 8x108 TU/ml cells cultured 
in moderate medium remained in a humid environment with 
a temperature of 37˚C and 5% CO2, after 72 h, the cells were 
collected and washed twice with PBS prior to use in further 
experiments.

Bioinformatics analysis. The Cancer Cell Line Encyclopedia 
database (CCLE; https://portals.broadinstitute.org/ccle) was 
used to analyze the transcriptomic expression levels of the 
ACTL6A gene in multiple glioma cell lines. Gene Expression 
Profiling Interactive Analysis (GEPIA; http://gepia.cancer‑pku.
cn) is an interactive web server that enables users to perform 
expression analyses, including survival and differential anal‑
yses, at the subtype level using data from The Cancer Genome 
Atlas and Genotype‑Tissue Expression portal. In the present 
study, GEPIA was used to examine the differential expres‑
sion of the ACTL6A gene between different types of cancer, 
including glioma, and healthy tissue. A Kaplan‑Meier plot was 
also created using GEPIA to calculate the overall survival (OS) 
rates of patients with glioma, and analyzed using the log‑rank 
test. The Cox proportional hazard ratio was also calculated. 
The thresholds for the high/low ACTL6A expression level 
cohorts were adjusted according to the median value.

Patients. A total of 27 patients with glioma were enrolled in the 
present study. The clinicopathological features of the patients 
are described in Table I. All patients had received surgery 
without chemotherapy or radiotherapy at the First Affiliated 
Hospital of Nanchang University (Nanchang, China) between 
March 2013 and August 2014. Tumor biopsies were collected 
prior to neoadjuvant chemotherapy or wide resection of the 

tumor and were fresh‑frozen and stored at ‑80˚C. A total of 
5 normal control brain tissues were also obtained from patients 
with cerebral trauma. The procedures were approved by the 
Ethics Committee of the First Affiliated Hospital of Nanchang 
University (approval no. 2010‑015). Written informed consent 
was obtained from every participant.

Western blot analysis. Total protein was extracted from the 
cells using RIPA buffer (cat. no. R0278; Sigma‑Aldrich; 
Merck KGaA) which contained 2% phosphatase inhibitor 
and 1% PMSF. A total of 100 µl protein buffer was harvested 
from each well of a 6‑well plate. The protein concentration 
was quantified by the BCA method and the mass of protein 
loaded per lane was ~30 µg. Protein samples were separated 
by 10% SDS‑PAGE and transferred to PVDF membranes. 
The membranes were blocked in 5% skimmed milk with 
Tris‑buffered saline with 10% Tween‑20 (TBST) for 1 h 
at room temperature, and then incubated with primary 
antibodies overnight at 4˚C. The next day, the membranes 
were incubated with secondary antibodies for 1 h at room 
temperature. After extensive washing using TBST, the blots 
were visualized using Amersham Hyperfilm ECL (Cytiva). 
The following primary antibodies were used: Anti‑ACTL6A 
(cat. no. abs133368; absin; dilution 1:3,000), anti‑AKT 
(cat. no. 10176‑2‑AP; ProteinTech Group, Inc.; dilution 1:2,000), 
anti‑Ser473‑phosphorylated (p)‑AKT (cat. no. 4060T; 
Cell Signaling Technology, Inc.; dilution 1:2,000), 
anti‑E‑cadherin (cat. no. 3195T; Cell Signaling Technology, 
Inc,.; dilution 1:6,000), anti‑vimentin (cat. no. 5741T; Cell 
Signaling Technology, Inc.; dilution 1:3,000), anti‑PI3K 
(cat. no. abs123958; Cell Signaling Technology, Inc.; dilu‑
tion 1:5,000), anti‑p‑PI3K (cat. no. 17366S; absin; dilution 
1:1,000), and anti‑β‑actin (abs118937, absin, dilution 1:5,000). 
Horseradish peroxidase‑conjugated anti‑human IgG was used 
as the secondary antibody (cat. no. 7074P2; Cell Signaling 
Technology, Inc.; dilution 1:10,000). Image Lab V3.0 (Bio‑Rad 
Laboratories, Inc.) was used for densitometry.

Reverse transcription‑quantitative PCR (RT‑qPCR). The total 
RNA was extracted from patient tissue using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.). A total of 2 µg 
RNA was converted into cDNA using a Thermo Scientific 
RevertAid First Strand cDNA Synthesis kit (Thermo Fisher 
Scientific, Inc.). qPCR was then performed using Maxima 
SYBR Green qPCR Master Mix (DBI Bioscience) in an 
ABI PRISM 7500 Fast Real‑Time PCR System (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). The PCR condi‑
tions were as follows: 95˚C for 5 min, and then 40 cycles of 
amplification for 30 sec at 95˚C, 45 sec at 60˚C and 45 sec 
at 72˚C. The primers, purchased from Guangzhou RiboBio 
Co. Ltd., were as follows: ACTL6A, forward: TCA GAG 
GCA CCG TGG AAT AC; reverse: GAC ATA GCC ATC GTG 
GAC TG; GAPDH, forward: TGA CTT CAA CAG CGA CAC 
CCA; reverse: CAC CCT GTT GCT GTA GCC AAA. The gene 
expression was quantified using the 2‑ΔΔCq method (16).

Wound‑healing assay. The transfected cells were seeded 
in 6‑well plates containing DMEM with 10% FBS. When 
cultured to 90% confluence, the cells were starved for 24 h 
in serum‑free medium. A sterile 10‑µl pipette tip was used 
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to create wounds in the cell layer. After washing away the 
dislodged cell fragments using PBS, the cells were cultured 
in 2% FBS medium. The areas of the wounds were assessed 
under an Zeiss AG fluorescence inverted microscope at 
x5 magnification after 24 h. ImageJ 1.8.0 was then used to 
quantify the results (National Institutes of Health).

Single cell tracking assay. The Operetta® High Content 
Imaging System (PerkinElmer, Inc.) combines fully 
automated high‑throughput fluorescence microscopy with 
multi‑parameter quantitative image analysis, which enables 
the effects of drugs on cell properties, such as migration, to 
be evaluated (10,11). The transfected cells were seeded at a 
density of 2,000 cells/well in a 96‑well plate and cultured 
in an Operetta High Content Imaging System at 37˚C with 
5% CO2 for 20 h. Digital phase contrast images were acquired 
every 1 h for 20 h, and the mean square displacements of 
cells in the two groups were compared using Harmony® 3.5 
High Content Imaging and Analysis Software (PerkinElmer, 
Inc.).

MTT assay. U251 and T98G cells were seeded in 96‑well 
plates at a density of 5x103 cells/well and cultured in 5% CO2 
at 37˚C. TMZ (Selleck Chemicals) and SC79 were dissolved 
in dimethyl sulfoxide (Sigma Aldrich; Merck KGaA). 
The cells were cultured for 12 h prior to the knockdown of 
ACTL6A, after 48 h transfection, cell were treated with TMZ 
(0, 100, 500 and 1,000 µM) for 12 h. Similarly, after 48 h of 
transfection, cells were treated with 5 µM of SC79 for 12 h. 
A total of 100 µl culture medium (DMEM; Thermo Fisher 
Scientific, Inc.) containing 20 µl MTT was added into each 
well and the 96‑well plates were placed in an incubator 
at 37˚C for 4 h. After 4 h, 150 µl/well formanzan solution 
(Nanjing KeyGen Biotech Co., Ltd.) was used to dissolve the 
blue‑purple crystals. The OD value of each well was detected 
at the absorbance of 490 nm.

Statistical analysis. Each experiment was repeated three 
times. Data are presented as the mean ± SD unless other‑
wise indicated and were compared using Student's t‑test 

or one‑way analysis of variance (ANOVA) followed by 
Bonferroni post hoc tests. The mean square displacement 
data were analyzed using two‑way ANOVA followed by 
Bonferroni post hoc tests. All analyses were performed 
using GraphPad Prism (version 7.00; GraphPad Software, 
Inc.). P<0.05 was considered to indicate a statistically 
significant difference.

Results

ACTL6A expression is upregulated in glioma. The differ‑
ences in ACTL6A expression between glioma and normal 
tissue were analyzed using the GEPIA database. The 
results revealed a significant difference in the expression 
levels of ACTL6A between glioma and normal tissue; the 
ACTL6A expression levels in glioma were significantly 
higher compared with those in normal tissue (Fig. 1A). 
The expression levels of ACTL6A in different types of 
cancer were also analyzed using GEPIA. The results 
reveal that compared with normal samples, ACTL6A is 
highly expressed in multiple cancer types, including in 
glioma, bladder urothelial carcinoma and breast carci‑
noma. However, ACTL6A expression is low in some 
cancers, such as in acute myeloid leukemia and testicular 
germ cell tumors (Fig. 1B). A total of 27 glioma samples 
and 5 normal control brain tissue samples were obtained 
from patients at the First Affiliated Hospital of Nanchang 
University, and RT‑qPCR was used to measure the expres‑
sion levels of ACTL6A. The results revealed that ACTL6A 
was expressed at significantly higher levels in glioma 
compared with normal brain tissue (Fig. 1C). The OS 
curves for glioma generated using GEPIA indicated that 
high expression of ACTL6A was associated with a poor 
prognosis, while low expression of ACTL6A was associ‑
ated with an improved prognosis (Fig. 1D). These results 
indicate that ACTL6A expression is upregulated in glioma 
tissue, and that ACTL6A may play a significant role in the 
development and progression of glioma.

ACTL6A promotes glioma cell migration in vitro. ACTL6A 
knockdown U251 and T98G cell lines were constructed to 
investigate the functional role of ACTL6A in glioma cells 
in vitro. First, the efficiency of ACTL6A knockdown in U251 
and T98G cells was determined by comparison with NC 
transfected controls, and the results revealed that transfection 
with ACTL6A shRNA significantly reduced the expression 
of ACTL6A (Fig. 2A and B). Next, a wound‑healing assay 
was performed to detect the migration ability of the glioma 
cells. The results revealed that the knockdown of ACTL6A 
significantly reduced the wound‑healing rate compared with 
that of the shCtrl group (Fig. 2C and D). These results indi‑
cate that the knockdown of ACTL6A inhibited the migration 
capacity of the glioma cells. In addition, the 20‑h mean square 
displacements of the glioma cells were analyzed. The results 
confirm that the cells in which ACTL6A was knocked down 
migrated more slowly compared with those in the shCtrl 
group (Fig. 2E and F). The expression levels of proteins 
associated with migration, namely E‑cadherin and vimentin, 
were also detected and the results revealed that the expression 
of E‑cadherin was upregulated while that of vimentin was 

Table I. Patient characteristics and clinical features for the 
different types of brain tissue.

 Tissue
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable Glioma (n=27) Normal (n=5)

Mean age (years)  
  Female 50.83±8.21 44.67±7.37
  Male 45.13±13.53 42.50±3.54
Sex (n)  
  Female 12.00 3.00
  Male 15.00 5.00
Tumor grade  
  Low grades I–II   9.00 0.00
  High grades III–IV 16.00 0.00
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downregulated in the ACTL6A knockdown groups compared 
with the respective shCtrl groups, which further indicate that 
ACTL6A knockdown inhibited cell migration (Fig. 3). These 
results suggest that ACTL6A promotes the migration capacity 
of glioma cells.

Knockdown of ACTL6A inhibits the PI3K/AKT signaling 
pathway. Numerous studies have confirmed that the 
PI3K/AKT signaling pathway plays an important role 
in the regulation of cell proliferation (17,18). However, 
whether ACTL6A affects the PI3K/AKT pathway remains 
unknown. Western blotting analysis revealed that the knock‑
down of ACTL6A significantly decreased p‑AKT/AKT 
and p‑PI3K/PI3K ratios compared with those in the shCtrl 
group, while the levels of total AKT and total PI3K were not 

changed (Fig. 3). These results suggest that ACTL6A may 
regulate biological functions in glioma via the PI3K/AKT 
signaling pathway.

PI3K/AKT agonist reverses the effect of ACTL6A knockdown. 
In order to further investigate the role and mechanism of 
ACTL6A in cell migration, U251 and T98G cells were treated 
with the AKT pathway agonist SC79 or DMSO solvent after 
transfection. Following treatment, the wound‑healing assay 
was used to detect cell migration, and the results showed 
that the migration ability of the U251 and T98G cells, which 
was significantly decreased following transfection with 
sh‑ACTL6A was recovered by SC79 (Fig. 4). These results 
supports the hypothesis that silencing ACTL6A inhibits cell 
migration through deactivation of the AKT pathway.

Figure 1. ACTL6A expression is upregulated in glioma. (A) Data from GEPIA showing the expression levels of ACTL6A in glioma samples compared with 
normal brain samples. *P<0.05. (B) Data from GEPIA showing the differential expression of ACTL6 in different types of cancer. (C) Expression of ACTL6A in 
human glioma and normal brain tissue samples as measured by reverse transcription‑quantitative PCR. *P<0.05. (D) Survival curves showing overall survival 
in ACTL6A high and low expression groups. ACTL6A, actin‑like 6A; GEPIA, Gene Expression Profiling Interactive Analysis. 
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Knockdown of ACTL6A contributes to the sensitivity of glioma 
cells to TMZ. In order to determine whether ACTL6A affects 
the sensitivity of U251 and T98G cells to TMZ‑induced cell 
death, the viability of U251 and T98G cells following treat‑
ment with TMZ was tested using an MTT assay. The results 
revealed that as the concentration of TMZ increased, cell 
viability decreased. The cell viability of the ACTL6A group 
was significantly lower than that of the shCtrl group at all 
concentrations tested, suggesting that the sensitivity to TMZ 
was greater in the shACTL6A group compared with the shCtrl 
group (Fig. 5).

Discussion

Glioma‑related literature and cell databases were consulted 
to assist the selection of cell lines for inclusion in the present 
study. The CCLE database revealed that the expression of 
ACTL6A was similar in different glioma cell lines. The 
current study observed that the long synapse of the U87 cell 
line renders it unsuitable for cell scratch experiments, and 
the proliferation rate of HS683 cells is rapid, which would 

adversely affect the cell migration experiment. Therefore, 
U251 cells and T98G cell lines were selected for investigation 
in the present study. The results demonstrated that ACTL6A 
is highly expressed in glioma cells, and its expression is 
associated with tumor migration. In vitro assays indicated 
that the knockdown of ACTL6A inhibited cell migration via 
reduction of the phosphorylation of AKT at Ser473, and the 
decrease in cell migration induced by ACTL6A knockdown 
was reversed by SC79, an activator of the AKT pathway. 
Furthermore, MTT assay results revealed that ACTL6A 
knockdown enhanced the sensitivity of the glioma cells to 
TMZ.

Previous studies have demonstrated that ACTL6A is 
involved in the migration of certain types of cancer cells, 
such as epidermal squamous cell carcinoma and colorectal 
carcinoma cells (19,20). Furthermore, ACTL6A has been 
shown to be upregulated in glioma cells and associated with 
the progression of glioma (11). The results of present study 
are consistent with these previous findings. They revealed 
that the knockdown of ACTL6A inhibited the migration 
ability of glioma cells, and demonstrated that the ability 

Figure 2. ACTL6A affects the migration of glioma cells. Following transfection with shACTL6A or shCtrl, the expression of ACTL6A was detected 
in (A) U251 and (B) T98G cells using western blotting. Cell migration was determined by wound‑healing assays in the transfected (C) U251 and (D) T98G 
cells from 0 to 48 h. The area of wound healing represents the rate of cell migration. A high‑content imaging and analysis instrument was used to determine 
the mean square displacements of transfected at x20 magnification (E) U251 and (F) T98G cells. Cell migration was measured over a period of 20 h. ACTL6A, 
actin‑like 6A; sh, short hairpin; Ctrl, control. *P<0.05, **P<0.01, ***P<0.0001 vs. shCtrl. 
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to migrate was restored following treatment with an AKT 
agonist.

AKT is a major cellular kinase involved in cell prolif‑
eration, apoptosis, invasion and migration (21). Numerous 
studies have shown that AKT activation increases the migra‑
tory or invasive activity of various types of cells (22‑25). 
The AKT pathway is regulated by multiple genes, including 
insulin‑like growth factor 1 receptor and mTOR, and contrib‑
utes to wound healing (26‑28). SC79, an AKT pathway 
agonist, reversed the wound healing by activating the AKT 
pathway in glioma (29,30). The results of the present study 
suggest that ACTL6A induces the phosphorylation of AKT 
at Ser473, and stimulates the migration of human glioma 
cells, at least in part through activation of the AKT signaling 
pathway.

TMZ is an imidazotetrazine derivative and a prodrug, 
the active metabolite of which can also be derived from 
the alkylating agent dacarbazine. TMZ is often used as a 

standard treatment for glioma. It causes the death of cancer 
cells via its ability to methylate or alkylate DNA at the 
O6 or N7 sites of guanine residues (31,32). However, tumor 
cells can acquire the ability to repair DNA damage, which 
may greatly reduce the efficacy of TMZ. Therefore, to 
improve the effectiveness of TMZ, it is necessary to further 
investigate the mechanism by which TMZ inhibits tumor 
progression. The present study revealed that ACTL6A 
knockdown increased the sensitivity of glioma cells to 
TMZ. Future studies are required to assess whether the 
enhancement of TMZ sensitivity by ACTL6A knockdown 
is associated with DNA damage repair or other mecha‑
nisms.

In conclusion, to the best of our knowledge, the present 
study revealed for the first time that the knockdown of 
ACTL6A reduced the migration of human glioma cells, at least 
in part through inactivation of the AKT signaling pathway, and 
enhanced the sensitivity of glioma cells to TMZ. The results of 

Figure 3. Effects of ACTL6A on AKT signaling protein expression. (A) U251 and (B) T98G cells were transfected with shACTL6A or shCtrl and the levels 
of p‑AKT, AKT, p‑PI3K, PI3K, E‑cadherin and Vimentin were detected by western blotting. The results reveal that the PI3K/AKT signaling pathway was 
inhibited after the knockdown of ACTL6A. ACTL6A, actin‑like 6A; sh, short hairpin; Ctrl, control; p, phosphorylated. . *P<0.05, **P<0.01 and ***P<0.0001 
vs. shCtrl. 
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Figure 4. Activation of AKT reverses the effect of ACTL6A knockdown on cell migration. A wound‑healing assay was used to demonstrate the restorative 
effect of the AKT agonist SC79 on the migration of (A) U251 and (B) T98G cells following ACTL6A knockdown. sh, short hairpin; ACTL6A, actin‑like 6A; 
Ctrl, control. The areas of the wounds were assessed at 5x magnification. *P<0.05, **P<0.01 vs. shCtrl.

Figure 5. Knockdown of ACTL6A enhances the sensitivity of glioma cells to TMZ. (A) U251 and (B) T98G cells transfected with shACTL6A or shCtrl were 
treated with TMZ at different concentrations, and the cell survival rate was measured using an MTT assay. Cell viability was assayed in the (C) U251 and 
(D) T98G cells by MTT assay and compared between the shACTL6A and shCtrl groups following treatment with different concentrations of TMZ for 24 h. 
*P<0.05, **P<0.01 as indicated. ACTL6A, actin‑like 6A; TMZ, temozolomide; sh, short hairpin; Ctrl, control; logC, log TMZ concentration.
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the present study may provide a new therapeutic strategy for 
the treatment of GBM.
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