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Abstract: Resistance to radiotherapy remains a significant challenge in the treatment of glioblastoma (GBM). 
However, the mechanism underlying radioresistance in GBM cells are not fully elucidated. Autophagy has been im-
plicated in supporting cancer cell growth and contributing to therapeutic resistance. Mammalian Ste20-like kinase 
1 (MST1) exhibits variable expression patterns across a range of neoplasms, yet its role in modulating GBM radio-
sensitivity remains unclear. Analysis of The Cancer Genome Atlas (TCGA) disclosed that the correlation between 
MST1 level and patient survival varied across different cancer types. Notably, MST1 expression was decreased 
in the majority of tumors examined, including GBM, compared with normal tissue. A radiation-resistant GBM cell 
line (U87-IR) was established through sequential irradiation and observed significant downregulation of MST1 in 
U87-IR cells. Overexpression of MST1 increased the production of radiation-induced reactive oxygen species (ROS), 
impaired mitochondrial function, and promoted apoptosis by suppressing autophagy. Collectively, these results sug-
gest that reduced MST1 expression enhances the survival of radiation-exposed GBM cells. Overexpression of MST1 
inhibits autophagy and promotes apoptosis, thus enhancing the radio-sensitivity of GBM.
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Introduction

Glioblastoma (GBM) is a malignant tumor of the 
brain [1]. GBM is highly invasive and infiltrative, 
often involving critical functional brain regions, 
which makes complete surgical resection diffi-
cult and contributes to the poor prognosis [2, 
3]. Current standard treatment strategies for 
GBM primarily consists of surgery followed by 
adjuvant treatments, including radiotherapy 
and chemotherapy [4]. Radiotherapy remains a 
key component of adjuvant therapy. However, 
the intrinsic biological characteristics of GBM 
cells and the tumor environment confer low 
radiosensitivity in most patients [5]. Moreover, 
GBM frequently acquires resistance and 
relapse during radiotherapy, posing a major 
challenge to effective disease management.

The exposure of cells to radiation results in 
severe deoxyribonucleic acid (DNA) damage 
and cell death. Radiation-induced DNA ioniza-
tion or production of reactive oxygen species 

(ROS) leads to DNA damage [6]. To maintain 
genome stability during DNA damage, cells acti-
vate two primary pathways for double-strand 
break (DSB) repair: non-homologous end-join-
ing (c-NHEJ) and homologous recombination 
(HR), both of which are essential for the DNA 
damage response (DDR) [7]. Following irradia-
tion, cells undergo apoptosis if DNA damage is 
beyond repair [8]. 

Mitochondria are pivotal in cancer progression, 
acting as the primary energy sources. Accu- 
mulating evidence has revealed that mitochon-
dria supply the energy required for DDR after 
radiation [9, 10]. However, persistent low-level 
radiation exposure can elevate mitochondrial 
ROS, disrupt cell-cycle regulation via protein 
oxidation, and induce genomic instability [11]. 

Mammalian Ste20-like kinase 1 (MST1) pro-
motes apoptosis by inhibiting autophagy [12]. 
Recent studies have demonstrated that MST1 
reduces cell viability and induces apoptosis in 
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GBM cells [13] and regulates GBM cell growth 
through the Akt/mTOR signaling cascade [14]. 
Nevertheless, the role of MST1 in the GBM 
radioresistance remains unclear. This study 
aims to elucidate the molecular basis by which 
MST1 regulates radioresistance in GBM, hop-
ing to provide potential strategies for targeted 
radiotherapy.

Materials and methods

Cell culture and irradiation

The U87 cell line is one the most extensively 
utilized and well-characterized GNM models, 
exhibiting key features of GBM such as rapid 
proliferation, strong invasiveness, and resis-
tance to apoptosis. Therefore, it was selected 
for this study. The U87 cells were obtained from 
the American Type Culture Collection (ATCC) 
and cultured in Dulbecco’s Modified Eagle 
Medium (DMEM) (Gibco) supplemented with 
10% fetal bovine serum (FBS; Gibco). Cultures 
were maintained at 37°C in a humidified  
atmosphere containing 5% CO2. U87 cells were 
cultivated in 60 mm culture dishes and sub- 
jected to 2 Gy using a 60Co γ-ray source. To 
establish a radioresistant GBM cell line (U87-
IR), the U87 cells were seeded at 5×10^3 cells 
per dish and treated with 2 Gy radiation fol-
lowed by a 24 h recovery phase. This cycle was 
repeated 40 times, accumulating a total radia-
tion dose of 80 Gy, as previously described 
[15].

Western blot

Cellular proteins were extracted using RIPA buf-
fer (Beyotime, China). Protein concentration 
was quantified, and 20 µg of protein per  
sample was separated on sodium dodecyl  
sulfate - polyacrylamide gel (SDS-PAGE) and 
transferred to polyvinylidene fluoride (PVDF) 
membranes (Millipore, Billerica, MA, USA). 
Membranes were blocked 5% bovine serum 
albumin (BSA) and then incubated with primary 
antibodies overnight at 4°C, followed by incu-
bation with secondary antibodies for 1 h at 
room temperature. 

The primary antibodies included β-actin (dilu-
tion rate 1:5000, product ID 3700), cleaved 
caspase-3 (1:2000, 9664), cleaved caspase-9 
(1:2000, 9509) (Cell Signaling Technology, 
USA); MST1 (1:2000, ab245190), SIRT6 

(1:3000, ab191385), HSP60 (1:2500, ab- 
190828), LC3B (1:2000, ab192890), Bax 
(1:2000, ab32503), and p62 (1:3000, ab- 
109012) (Abcam, UK). The secondary antibod-
ies included IgG-HRP (1:100, goat anti-rabbit), 
IgG-HRP (1:1000, goat anti-rabbit, ab1987), 
and IgG-HRP (1:1500, goat anti-mouse, 
ab19235) (Abcam, UK). 

Immunoblot bands were visualized and quanti-
fied using ImageJ version 1.51p. Protein expres-
sion levels normalized to β-actin and presented 
as relative fold changes.

Subcutaneous tumor model in nude mice

Male BALB/c nude mice (6-8 weeks old) were 
sourced from the Animal Experiment Center of 
Guangxi Medical University. The mice were 
housed under controlled conditions (23 ± 2°C, 
50 ± 5% humidity, and a 10/14-hour light/dark 
cycle). All animal procedures were approved  
by the Animal Care and Ethics Committee of 
Guangxi Medical University (AMUWEC2025- 
7049). 

Lentiviral vectors carrying MST1 were produced 
by GenePharma (China). MST1-overexpresing 
U87 cells were selected using Puromycin (2.5 
μg/ml). For tumor implantation, U87 cells 
(1×10^7) either overexpressing MST1 or serv-
ing as controls were suspended in 200 µL of 
DMEM and then administered via subcutane-
ous injection into the right flanks of mice. The 
implanted tumor was locally irradiated with 5 
Gy, and the tumor volumes were assessed 
every four days post-irradiation. On day 25  
after implantation, mice were euthanized using 
isoflurane, and the tumors were excised, 
weighed, and photographed. The tumor size 
was calculated using the formula: V (mm3) = 
1/6 π × length (mm) × width2 (mm2).

Transfection

For cell transfection experiments, cells were 
transfected with plasmids or small interfering 
ribonucleic acids (siRNAs) using Effectene 
Transfection Reagent (Qiagen GmbH). To 
achieve MST1 overexpression, the MST1 cod-
ing sequence was cloned into the pcDNA6.0 
vector (pcDNA-MST1 construct). For MST1 and 
SIRT6 knockdown, siRNAs were sourced from 
Sangon Biotech (Shanghai, China). To inhibit 
autophagy, U87 cells were exposed to a con-
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centration of 1.25 mM 3-methyladenine (3-MA, 
M9281, Sigma Aldrich).

Flow cytometric analysis

Mitochondrial membrane potential (MMP) was 
assessed using the Mitochondrial Membrane 
Potential Assay Kit (Cell Signaling, USA). 
Following the designated treatment, cells were 
incubated with the membrane-permeant JC-1 
dye for 45 min at 37°C and then analyzed by 
flow cytometry. 

The production of reactive oxygen species 
(ROS) was evaluated using a ROS assay kit 
(Solarbio, China). In brief, cells were incubated 
at 37°C for 24 h and then stained with 10 μM 
DCFH-DA for 15 min in the dark. Subsequently, 
the stained cells were subjected to flow cyto-
metric analysis using equipment from BD 
Biosciences. 

In the case of apoptosis assessment, the col-
lected cells were treated with a combination of 
annexin V (10 μL) and propidium iodide (10 μL, 
Solarbio, China) for 30 minutes at room tem-
perature. After centrifugation at 600×g for 3 
minutes, the cells were subjected to flow cyto-
metric examination.

Cell viability assays

Cell viability was evaluated using an MTT assay 
kit (Solarbio, China). Cells were seeded in 
96-well plates to 75% confluence and treated 
as indicated. MTT solution (5 mg/mL) was 
added to each well and incubated for 4 hours  
at 37°C. The supernatant was then removed, 
and 50 μl of DMSO was added to dissolve 
formazan crystals. Absorbance was measured 
at 490 nm to determine cell viability.

Data collection and analysis

RNA-seq data for 33 cancer types (Table 1) 
were retrieved from The Cancer Genome Atl- 
as (TCGA) and Genotype-Tissue Expression 
(GTEx) databases. Differential MST1 expres-
sion between tumor and normal tissues was 
analyzed using the Wilcoxon test. MST1 protein 
levels in tumors were examined via the Human 
Protein Atlas (HPA) and its subcellular localiza-
tion was confirmed by immunofluorescence 
microscopy.

Clinical data for these cancers were sourced 
from TCGA, and overall survival (OS) was used 
to assess the prognostic value of MST1 expres-
sion. Samples were divided into high- and low-
expression groups based on the median MST1 
value. Kaplan-Meier survival curves and Cox 
regression analyses were performed using R 
packages “survminer” and “survival”, with 
results visualized in forest plots.

Microarray data for glioblastoma (GSE188256) 
were obtained from the GEO database. The 
extracted data were log2-transformed for nor-
malized using the quantile normalization func-
tion in the R software “preprocessCore” pack-
age (version 3.4.1). The cBioPortal web plat-
form (https://www.cbioportal.org/) was used  
to analyze the genomic alterations of MST1, 
including mutations, amplifications, and deep 
deletions, which were used to analyze pan-can-
cer mutation frequencies.

Statistical analysis

All experiments were repeated three times. 
Data were expressed as mean ± standard devi-
ation (SD). The experimental data were sta- 
tistically analyzed utilizing the SPSS software 
(version 22.0; IBM Corp.). Comparisons among 
multiple groups were conducted using one- 
way analysis of variance (ANOVA) followed by 
Tukey’s post hoc test. The two groups were 
compared using t-test. The Kaplan-Meier sur-
vival analysis comparison was conducted using 
logrank test. For analyses involving multiple 
time points, repeated-measures ANOVA was 
used. A P value <0.05 was considered statisti-
cally significant.

Results

Comprehensive analysis of MST1 in pan-can-
cer: expression, survival impact, and genetic 
alterations

The association between MST1 expression and 
overall survival (OS) across various cancers 
was initially evaluated using TCGA data. 
Elevated MST1 levels were correlated with  
poor OS in patients with kidney chromophobe 
(KICH) and pheochromocytoma/paraganglio-
ma (PCPG), whereas higher MST1 expression 
was associated with improved OS in patients 
with kidney renal papillary cell carcinoma 
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(KIRP), lower-grade glioma (LGG), pancreatic 
adenocarcinoma (PAAD), and uveal melanoma 
(UVM) (Figure 1A). 

MST1 expression in 33 tumor types was 
assessed by combining the TCGA and GTEx 
datasets. MST1 level was decreased in 25 can-
cers compared with normal tissues, whereas 
head and neck squamous cell carcinoma 
(HNSC) and LGG exhibited increased expres-
sion (Figure 1B). Validation using the GSE- 
188256 dataset from GEO confirmed that 
MST1 mRNA levels were lower in GBM tissues 

than in adjacent non-tumor samples (Figure 
1C). 

Immunofluorescence data from the HPA 
revealed MST1 subcellular localization in HeLa, 
HepG2, and U2OS cells was predominantly dis-
tributed in cytoplasmic vesicles (Figure 1D). 

Genomic alterations of MST1 across cancers 
were further examined using cBioPortal. Diffuse 
large B-cell lymphoma (DLBC) displayed the 
highest frequency of genetic changes (8.26%), 
predominantly deep deletions. In GBM, muta-

Table 1. The abbreviations and corresponding full names of 33 cancers
Cancer Type Abbreviation
adrenocortical carcinoma ACC
bladder urothelial carcinoma BLCA
breast invasive carcinoma BRCA
cervical squamous cell carcinoma and endocervical adenocarcinoma CESC
cholangiocarcinoma CHOL
colon adenocarcinoma COAD
lymphoid neoplasm diffuse Large B-cell lymphoma DLBC
esophageal carcinoma ESCA
glioblastoma multiforme GBM
head and neck squamous cell carcinoma HNSC
kidney chromophobe KICH
kidney renal clear cell carcinoma KIRC
kidney renal papillary cell carcinoma KIRP
acute myeloid leukemia LAML
brain lower grade glioma LGG
liver hepatocellular carcinoma LIHC
lung adenocarcinoma LUAD
lung squamous cell carcinoma LUSC
mesothelioma MESO
ovarian serous cystadenocarcinoma OV
pancreatic adenocarcinoma PAAD
pheochromocytoma and paraganglioma PCPG
prostate adenocarcinoma PRAD
rectum adenocarcinoma READ
sarcoma SARC
skin cutaneous melanoma SKCM
stomach adenocarcinoma STAD
testicular germ cell tumors TGCT
thyroid carcinoma THCA
thymoma THYM
uterine corpus endometrial carcinoma UCEC
uterine carcinosarcoma UCS
uveal melanoma UVM
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Figure 1. Pan-Cancer analysis of the expression of MST1 and its diagnosis value. A. Univariate regression analysis of MST1 expression and overall survival across 
33 cancer types. B. MST1 expression in tumor versus normal tissues from pan-cancer analysis. C. MST1 expression in tumor and normal tissues in glioblastoma 
(GBM) from GSE188256 (19 human glioma tissues and corresponding adjacent non-tumor tissues). D. Immunofluorescence staining of the subcellular localization 
of MST1 in The Human Protein Atlas database. Scale bar: 50 μm. Magnification: 20×. E. Genetic alterations of MST1 in pan-cancer analysis using the cBioPortal. 
nsP>0.05; *P<0.05; **P<0.01; ****P<0.0001.
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tions constituted the primary form of MST1 
alteration (Figure 1E). Collectively, these find-
ings suggest that MST1 is downregulated in 
multiple human cancers, including GBM, and 
may serve as a potential prognostic indicator 
across tumor types.

MST1 decreases cell viability and promotes 
radiation-induced apoptosis of GBM

Next, the biological role of MST1 in GBM cells 
was investigated. MST1 overexpression was 
achieved by transfecting cells with the pcDNA-
MST1 plasmid. MTT assay demonstrated that 
MST1 overexpression significantly reduced cell 
viability compared with control cells (Figure 
2A). Flow cytometry demonstrated a higher 
proportion of apoptotic cells in the MST1-
overexpressing cells (Figure 2B). Furthermore, 
WB further showed that MST1 overexpression 
enhanced the expression of cleaved caspase- 
3 and caspase-9 in radiation-treated cells 
(Figure 2C). Consistently, flow cytometry con-
firmed that MST1 overexpression markedly pro-
moted radiation-induced apoptosis (Figure  
2D). Collectively, these findings indicated that 
MST1 promotes GBM cell death in response to 
radiation.

Overexpression of MST1 enhances radiation-
induced mitochondrial damage

Mitochondrial impairment and endoplasmic 
reticulum (ER) stress are closely linked and 
jointly regulate apoptosis following radiation. 
Therefore, we tested the effects of MST1 on 
radiation-induced mitochondrial damage. As 
shown in Figure 3A, intracellular ROS levels in 
U87 cells increased after exposure to radia- 
tion, which was further enhanced by MST1 
overexpression. Consistently, mitochondrial 
ATP contents decreased more significantly in 
MST1-overexpressed-cells following radiation 
(Figure 3B). Flow cytometric analysis of mito-
chondrial membrane potential (MMP) using 
JC-1 staining indicated that irradiation reduced 
the JC-1 red fluorescence, signifying depolar-
ization of MMP, which was later attenuated by 
overexpression of MST1 (Figure 3C). 

Aberrant mitochondrial unfolded protein res- 
ponse (UPRmt) signaling has been implicated in 
radioresistance [16]. Exposure to radiation sig-
nificantly enhanced the expression of HSP60, a 

known UPRmt marker protein, whereas MST1 
overexpression suppressed this induction 
(Figure 3D). 

Analysis of TCGA database demonstrated a  
significant increase in HSP60 levels in malig-
nant tissues compared to normal tissue sam-
ples. Additionally, Kaplan-Meier method indi-
cated that GBM patients with high HSP60 
expression experienced a 54% increased risk 
of death compared to those with low expres-
sion (HR = 1.541; 95% confidence interval (CI): 
1.194-1.989) (Figure 3E). Collectively, these 
data suggest that MST1 aggravates radiation-
induced mitochondrial damage by affecting 
UPRmt signaling.

MST1 enhances radio-sensitivity of GBM tu-
mors

To validate the unique role of MST1 in modulat-
ing radio-resistance, a xenograft GBM model 
was established in nude mice through ectopic 
implantation. Tumors derived from U87 cells 
were exposed to localized irradiation, and 
growth was monitored. MST1 overexpression 
markedly enhanced radiotherapy response,  
as evidenced by reduced tumor volume and 
weight compared with controls (Figure 4A). We 
next investigated whether MST1-mediated 
radio-sensitization was dependent on SIRT6. 
Tumors derived from MST1-overexpressing 
cells exhibited significantly elevated SIRT6 lev-
els (Figure 4B). Furthermore, MST1 overexpres-
sion increased the expression of cleaved cas-
pase-3 and caspase-9; However, these pro-
apoptotic effects were abolished when SIRT6 
was silenced (Figure 4C). These data collec- 
tively indicate that MST1 promotes radiation-
induced apoptosis through SIRT6 activation.

MST1 promotes radiation-induced apoptosis 
through suppressing autophagy

To further investigate the role of MST1 in radio-
resistance, a radioresistant GBM cell line (U87-
IR) was established by subjecting U87 cells to 
repeated ionizing radiation, with a accumula-
tive dose of 120 Gy over two weeks. Compared 
with parental cells, U87-IR cells exhibited 
reduced apoptosis after irradiation (Figure  
5A), accompanied by decreased expression of 
cleaved caspase-3 and caspase-9 as well as 
lower MST1 expression (Figure 5B). 
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Figure 2. MST1 promotes radiation-induced apoptosis in glioblastoma (GBM) cells. U87 cells were transfected with control plasmid (OE-NC) or MST1-overexpressed 
plasmid (OE-MST1). A. Cell viability examined using the MTT assay. B. Flow cytometric analysis of apoptosis in U87 cells transfected with OE-NC or OE‑MST1. C. 
Protein levels of cleaved-Caspase3 (C-Caspase3), cleaved-Caspase9 (C-Caspase9), and MST1 examined by western blot. D. Flow cytometric analysis of apoptosis in 
U87 cells transfected with OE-NC or OE-MST1 following irradiation. Data are presented as mean ± SD, n = 3. *P<0.05; **P<0.01.
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Given the involvement of autophagy in radio-
resistance, we investigated whether MST1 reg-
ulates this process. MST1 overexpression in 
U87-IR cells reduced the ratio of LC3II/LC3I 
and increased p62 expression, indicating that 

MST1 inhibited autophagy (Figure 5C). Analy- 
sis of the TIMER2 database (http://timer.cis-
trome.org/) confirmed a negative correlation 
between MST1 and LC3 expression in GBM 
(Figure 5D). Moreover, MST1 Knockdown inhib-

Figure 3. MST1 enhances radiation-induced mitochondrial damage in glioblastoma (GBM) cells. U87 cells were 
transfected with control plasmid (OE-NC) or MST1-overexpressed plasmid (OE-MST1), and then exposed to 5Gy ir-
radiation. A. Intracellular reactive oxygen species (ROS) level. B. Intracellular adenosine triphosphate (ATP) level. C. 
Matrix metalloproteinase (MMP) was examined with JC-1 staining using flow cytometry. D. Protein levels of HSP60 
and MST1 were examined by western blot. E. HSP60 expression in tumor tissues versus normal tissues from The 
Cancer Genome Atlas and Kaplan-Meier survival analysis of GBM patients stratified by HSP60 expression. Data are 
presented as mean ± SD (n = 3). **P<0.01; ***P<0.001; ****P<0.0001.
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ited apoptosis by downregulating the pro-apop-
totic protein Bax. However, this effect was 
attenuated by the autophagy inhibitor 3-MA 
(Figure 5E). Collectively, these results indicate 
that MST1 overexpression promotes radiation-
induced apoptosis in GBM cells by inhibiting 
autophagy.

Discussion

Radioresistance is a major obstacle for effec-
tive GBM treatment. Hence, elucidating its 
underlying mechanisms may provide novel 
therapeutic strategies. Following irradiation, 
various cellular responses are activated, in- 
cluding DNA repair and apoptotic pathways 
[17]. In this study, we established a radioresis-
tant GBM cell line (U87-IR) and observed sig- 
nificant downregulation of MST1 expression. 
MST1 has been implicated in multiple patho-
logical processes. For example, MST1 inhibits 
pancreatic ductal adenocarcinoma develop-
ment and progression by inducing pyroptosis 
[18]. In obesity-related nonalcoholic fatty liver 
disease, MST1 promotes hepatocyte mitochon-
drial apoptosis by regulating parkin-related 
mitophagy [19]. In addition, MST1 phosphory-
lates fork-head box O1/3 (FoxO1/3) transcrip-
tion factors to promote their nuclear transloca-
tion, thereby triggering neuronal cell death  
during ischemia-reperfusion injury [20]. TCGA 
data revealed that MST1 expression is variably 
associated with survival outcomes across can-
cers. Notably, MST1 is downregulated in most 
tumors, including GBM, and confirmed to be 
low in GBM tissues in the GSE188256 dataset. 
Genomic profiling further revealed varying fre-
quencies and patterns of MST1 alterations 
across cancers, suggesting its potential utility 
as a prognostic marker.

Radiation activates the UPRmt signaling path-
way, which may function as a feedback mecha-
nism in promoting cell survival [21]. The mito-
chondrial chaperone HSP60 helps restore pro-
tein homeostasis during mitochondrial stress 
[22]. In this study, MST1 overexpression sup-
pressed HSP60, indicating that MST1 negative-
ly regulates radiation-induced activation of 

UPRmt signaling. Kaplan-Meier survival analysis 
demonstrated that elevated HSP60 levels  
were associated with an unfavorable prognosis 
in GBM patients. Moreover, MST1 overexpres-
sion increased ROS production and promoted 
mitochondrial membrane potential loss, sug-
gesting its role in modulating mitochondrial 
function under radiation stress.

In mammalian cells, MST1 normally acts as a 
proapoptotic molecule that facilitates cell 
death [23]. In some tumor cells, activation of 
SIRT6 has been reported to promote radiation-
induced apoptosis [24]. In our research, MST1 
overexpression in GBM cells enhanced cas-
pase activation and apoptosis following radia-
tion exposure. Mechanistically, MST1 promotes 
phosphorylation of FOXO3a, facilitating its dis-
sociation and nuclear translocation to initiate 
SIRT6 gene transcription [13]. Consistent with 
this mechanism, silencing of SIRT6 attenuated 
MST1-induced cleavage of caspase-3 and -9, 
indicating that MST1 promotes radiation-
induced apoptosis via SIRT6. Furthermore, in 
vivo experiment showed that tumors derived 
from MST1-overexpressing cells were more 
sensitive to radiation. In addition to pro-apop-
totic functions, nuclear translocation of MST1 
has been reported to inhibit microglial activa-
tion [25]. Evidence suggests that autophagy is 
induced in response to radiation exposure, yet 
its role in radioresistance remains controver-
sial [26, 27]. Oxidative stress and unfolded  
protein responses signaling can stimulate 
autophagy, a key determinant of cellular sur-
vival after irradiation [28]. Conversely, rapamy-
cin-induced autophagy sensitizes non-small 
cell lung carcinoma cells to radiation [29]. 
Literature regarding the role of autophagy in 
radioresistance remains inconsistent [30]. 
MST1 has been shown to suppress autoph- 
agy by phosphorylating Beclin1 and inducing 
homo-dimerization of Beclin1 [12]. Our experi-
ments showed that overexpression of MST1 
reduced the LC3II/LC3I ratio and increased 
p62 expression, whereas knockdown of MST1 
had the opposite effect. Furthermore, suppres-
sion of autophagy using 3-MA mitigated the 

Figure 4. MST1 increases radio-sensitivity of glioblastoma (GBM) tumors. A. Tumor volumes. Data are presented 
as mean ± SD from 5 mice per group. B. SIRT6 protein levels in xenograft tumors examined by western blot. C. U87 
cells were transfected with si-NC, si-SIRT6, OE-NC, or OE-MST1 plasmids, and protein levels of cleaved-Caspase3 (C-
Caspase3), cleaved-Caspase9 (C-Caspase9), SIRT6, and MST1 were detected by western blot. Data are presented 
as mean ± SD (n = 3). *P<0.05; **P<0.01; ***P<0.001.
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reduction in apoptosis caused by MST1 knock-
down. Collectively, these findings indicate that 
MST1 promotes radiation-induced apoptosis in 
GBM cells partially by suppressing autophagy. 

Conclusion

MST1 expression is downregulated in radiore-
sistant GBM cells and may serve as a potential 
prognostic biomarker. MST1 overexpression 
suppresses autophagy and modulates mito-
chondrial activity, thereby enhancing the radio-
sensitivity of GBM cells and promoting radia-
tion-induced apoptosis. These findings under-
score the potential of targeting MST1 to improve 
therapeutic outcomes in GBM radiotherapy.
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