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Abstract

Glioblastoma (GB) is a highly aggressive brain cancer with poor prognosis and a five-year survival rate of
only 4-5%, largely due to challenges in surgical removal and radiotherapy limitations. Corosolic acid (CA),
a natural pentacyclic triterpene, exhibits promising anti-cancer activity against GB. In this study, we
founded that GBM8401-derived cancer stem cells (GBM8401-CSCs) display increased stemness,
proliferation, migration, invasion, and elevated cancer stemness factors (Nestin, OCT4, CDI33)
compared to parental cells. CA treatment dose-dependently inhibited these malignant features and
downregulated key cancer stemness genes. Combined with Temozolomide (TMZ), CA synergistically
suppressed GBM8401-CSCs growth, colony formation, migration, invasion, and promoted apoptosis
more effectively than either CA or TMZ alone and significantly reduced sphere formation and cancer
stemness gene expression. Molecular docking results show a strong affinity of TMZ and CA for CD133
and OCT4 proteins, highlighting distinct molecular interactions. These results suggest that CA, especially
in combination with TMZ, holds therapeutic potential for targeting human GB-CSCs.
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Introduction

Glioblastoma (GB) is the most common and
aggressive primary brain tumor in adults, classified as
a World Health Organization (WHO) grade IV
astrocytoma [1, 2]. Accounting for 15% of brain
tumors and 3-4% of cancer-related deaths, GB
represents the most malignant form of glioma [3]. Its
highly invasive nature allows tumor cells to infiltrate
surrounding brain tissue, rendering complete surgical
resection nearly impossible and leading to frequent

recurrence [4]. Despite advances in multimodal
therapies including maximal safe resection,
radiotherapy, and temozolomide (TMZ)
chemotherapy, GB remains a devastating diagnosis.
Median survival is 14-15 months with treatment,
while fewer than 5% of patients survive beyond five
years [5, 6]. The minimal improvement in long-term
survival over the past three decades underscores the
urgent need for novel treatment strategies [7, 8]. A
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deeper understanding of the molecular mechanisms
driving GB progression, invasion, and therapeutic
resistance is essential.

Glioblastoma cancer stem cells (GB-CSCs), also
referred to as glioblastoma stem-like cells (GSCs),
play a pivotal role in tumor initiation, progression,
recurrence, and resistance to therapy. These cells
possess key stem cell-like properties, including the
ability to self-renew, differentiate into multiple neural
lineages, and withstand conventional treatments,
which collectively contribute to the highly aggressive
nature of glioblastoma [9]. GB-CSCs share many
features with normal neural stem cells (NSCs),
including the expression of specific markers such as
OCT4, CD133 and Nestin [10]. A defining and
clinically challenging feature of GB-CSCs is their
marked resistance to chemotherapy and radiotherapy
[11]. Therefore, targeting GB-CSCs represents a
promising therapeutic strategy for improving GB
treatment outcomes.

Corosolic acid (CA), a ursane-type pentacyclic
triterpenic acid, is a natural compound widely
distributed in plants such as loquat leaves [12] and
guava [13]. CA has shown promising anti-cancer
potential through a variety of mechanisms,
positioning it as a candidate for cancer therapy [14,
15]. In vitro studies have shown that CA can inhibit
GB cell viability, induce apoptosis, and modulate
signaling pathways involved in tumor progression,
such as NF-xB [16], STAT3 [17] and GAS6/AXL/JAK
Axis [18]. These pathways are frequently
dysregulated in GB, indicating a possible mechanism
through which CA may exert therapeutic effects.
Studies investigating other natural compounds, such
as curcumin [19] and resveratrol [20], have shown
similar mechanisms and synergistic effects with TMZ
in GB models, providing a comparative framework
for CA-based approaches.

This study aimed to evaluate the anti-tumor
effects of corosolic acid (CA), both alone and in
combination with the chemotherapeutic agent
temozolomide (TMZ) in human GB-CSCs.
Specifically, the investigation focused on cell
proliferation, migration, invasion and apoptosis. We
hypothesized that CA could effectively suppress the
malignant properties of human GB-CSCs and act
synergistically with TMZ to enhance its therapeutic
efficacy, thereby addressing the challenges of
GB-CSCs recurrence and drug resistance.

Materials and Methods

Reagents

Corosolic acid (CA; CFN98685) was purchased
from ChemFaces company (Wuhan, Hubei, China).

Temodal® Capsules (TMZ; 100 mg) was provided
from Orion Corporation (Turku, Finland). Bovine
serum albumin (BSA), epidermal growth factor (EGF)
(10 ng/mL), recombinant human fibroblast growth
factor (bFGF) (10 ng/mL), and insulin (5 pg/mL)
were obtained from R&D Systems (Minneapolis, MN,
USA). Cell culture reagents including isopropanol,
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide (MTT), dimethyl sulfoxide (DMSO), sodium
chloride (NaCl), sodium dodecyl sulfate (SDS),
Tris-HCI, and trypsin/EDTA were purchased from
Sigma-Aldrich (St. Louis, MO, USA). GoScript
Reverse Transcription Mix kit and GoTaq qPCR
Master Mix were purchased from Promega
Corporation (Madison, WI, USA). Matrigel was
purchased from BD Biosciences (San Jose, CA, USA).

Cell culture and drug treatment condition

GBMB8401-CSCs were seeded into 6-cm culture
dishes (5 x 103 cells/ well) and cultured for 24 h in
RPMI 1640 medium containing epidermal growth
factor (EGF; 10 ng/mlL), recombinant human
fibroblast growth factor (bFGF; 10 ng/mL), and
insulin (5 pg/mL).

Evaluation of cell growth and proliferation

GBM8401-CSCs were seeded into 6-cm culture
dishes (5 x 103 cells/well) and incubated for 24 h.
Cells were treated with various concentration of CA
(10, 15, 20 pM) for an additional 24 h. For the
combination treatment assay, cells were treated with
CA (15 pM), TMZ (600 pM), or a combination of CA
(15 pM) and TMZ (600 pM) and incubated for 24 h.
The cell growth rate was evaluated using MTT
reagent (0.5 mg/mL). After treatment, the cells were
washed twice with PBS. Subsequent procedures were
performed as previously described [21]. The
absorbance at 570 nM was determined using a
Multiskan MS ELISA reader (Labsystems, Helsinki,
Finland).

Annexin V/PI double staining assay of
apoptosis

Apoptosis induction was evaluated using the
Muse Annexin V and Dead Cell Assay Kit (BD
Biosciences, San Jose, CA, USA). Briefly, GBM8401
CSC-like cells were incubated with CA, TMZ, or a
combination of CA and TMZ for 24 h. Cells then were
resuspended in Annexin V and Dead Cell Assay Kit
solution and incubated for 15 mins. Stained cells (1 x
10%) were collected and analyzed using a Muse Cell
Analyzer (EMD Millipore, Billerica, MA, USA).

Clinical human glioma database
The mRNA expression levels of Nestin, OCT4,
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and CD133 in normal brain (N = 207) and GB (T = 163)
was determined using data in the GEPIA2.0 database
(http:/ / gepia.cancer-pku.cn).

Migration and invasion assay

Cell migration and invasion were assayed
following the method described [22]. GBM8401-CSC
cells were treated with the indicated drugs for 24 h
and then seeded (5 x 10° cells/chamber) into
serum-free medium in non-Matrigel chambers (for
migration) or Matrigel-membrane-coated chambers
(for invasion). The lower chamber contained
RMPI1640/10% FBS medium. After treatment for 24
h, the membranes were fixed with methanol and
stained with crystal violet. The number of migrated
cells was counted using a light microscope in four
fields for each treatment well.

RT-qPCR assay

The GoScript Reverse Transcription Mix was
used for reverse transcription of mRNA extracted
from GBM8401 CSC-like cells treated with CA, TMZ,
or a combination of CA and TMZ. For qPCR assay, the
GoTaq qPCR Master Mix was used with the
human-specific primer sequences as listed, Nestin
forward: 5 -CCTCAGCTTTCAGGACCCCAAG-3;
Nestin reverse: 5-CACAGGTGTCTCAAGGGTAGG-
3; OCT4 forward: 5-CCTGAAGCAGAAGAGGAT
CACC-3’; OCT4 reverse: 5- AAAGCGGCAGATGGT
CGTTTGG-3’; CD133 forward: 5- CGTGATTIT
TTACTACCTGGGCTTA-3"; CD133 reverse: 5-AGC
CTCGGGTGGTCGG-3’; GAPDH forward: 5'-
CATCATCCCTGCCTCTACTG-3"; GAPDH reverse:
5-GCCTGCTTCACCACCTTC-3". The qPCR cycling
conditions were as follows: 95 °C for 2 min, 40 cycles
at 94 °C for 15 s, and 60 °C for 60 s (StepOnePlus
real-time PCR machine). Relative mRNA expression
was normalized to GAPDH and calculated using the
2-0ACT method.

Molecular docking

The predicted three-dimensional structures of
human CD133 (PROM1; UniProt ID: 043490; model
ID: AF-O43490-F1-model_v4) and OCT4 (POUS5F1;
UniProt ID: Q01860; model ID: AF-Q01860-F1-model
_v4_OCT4) were obtained from the AlphaFold
Protein Structure Database. Prior to muolecular
docking, the protein structures were prepared using
PyRx (version 0.8). The small molecules corosolic acid
(CA, PubChem CID: 6918774) and temozolomide
(TMZ, PubChem CID: 5394) were retrieved from the
PubChem database in SDF format. The ligands were
energy-minimized using the Universal Force Field
(UFF) in Open Babel. A total of nine binding poses
were generated and ranked based on their predicted

binding affinities (kcal/mol). The top-ranked pose
with the lowest binding energy was selected for
further analysis. Protein-ligand interactions were
visualized and analyzed using Discovery Studio 2025
Client.

Statistical analysis

Data are presented as the mean * standard error
of the mean (SEM). Data were analyzed using
GraphPad Prism. Student’s t-test and one-way
analysis of variance (ANOVA) were performed using
GraphPad Prism. p < 0.05 was considered statistically
significant.

Results

Cancer stemness, proliferation, and
metastatic characteristics of GBM8401-CSCs

Human GBMBS8401 cells and GBM8401-CSCs
were seeded at a density of 10,000 cells and cultured
for five days. Following incubation, the cells were
harvested to assess 3D sphere formation.
GBM8401-CSC formed more neurospheres (Figure
1A), had stronger colony-forming ability (Figure 1C),
and showed higher mRNA expression of cancer
stemness factors than did GBMS8401 cells (Nestin,
OCT4, CD133) (Figure 1E). The proliferation of
GBMB8401 cells and GBM8401-CSCs was assessed on
days 0, 1, 2, and 3 using the MTT assay. The growth
rate of GBM8401-CSC in vitro was greater than that of
GBMS8401 cells (Figure 1B). The metastatic potential of
GBMS8401 cells and GBM8401-CSCs was then
evaluated using migration and invasion assays.
GBM8401-CSC showed significantly higher migration
and invasion ability (Figure 1D) than did than did
GBMS8401 cells. These results show that compared to
GBMB8401 cells, GBM8401-CSC had stronger stem cell
characteristics, proliferation ability, and migration
and invasion ability, suggesting that it may play an
important role in GB progression.

CA on proliferation, cancer stemness and
metastatic capacity in GBM8401-CSCs cells

To investigate the effect of CA on human
GBM8401-CSCs, GBM8401-CSCs were exposed to
increasing concentrations of CA (0, 10, 15, and 20 pM)
for five days, followed by evaluation of 3D sphere
formation. CA treatment significantly reduced the
sphere formation ability of GBM8401-CSC (Figure
2A), indicating that it inhibits the self-renewal ability
of tumor stem cells. To evaluate cell growth,
GBM8401-CSCs were exposed to CA (0, 10, 15, and 20
pM) for 24 h, followed by the MTT assay. CA
inhibited the growth of GBMS8401-CSC in a
dose-dependent manner (Figures 2B), showing its
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potential to reduce tumor proliferation. After CA
treatment, the mRNA expression of the cancer stem
cell-related genes Nestin, OCT4, and CD133 in
GBMB8401-CSC was significantly reduced (Figure 2D),
further supporting the ability of CA to inhibit stem
cell characteristics. The migration and invasion
capability of human GBM8401-CSCs was evaluated
after treatment with various concentrations of CA (0,
10, 15, and 20 pM) for 24 h. CA inhibited the migration
and invasion of GBM8401-CSC in a dose-dependent
manner (Figures 2E), showing its potential to resist
glioblastoma cell metastasis. Relative mRNA
expression levels of Nestin, OCT4, and CD133 in
normal tissues (n = 207) and tumor tissues (n = 163)
were obtained from the Gene Expression Profiling
Interactive Analysis (GEPIA) database. Figure 2F
shows that the expression levels of Nestin, OCT4, and
CD133 in GBM tissues are significantly higher than
those in normal brain tissues, suggesting that these
markers are associated with the occurrence and
development of glioblastoma.
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Synergistic effects of TMZ and CA on cell
growth inhibition, apoptosis induction, and
metastatic potential in GBM8401-CSCs

The individual and combined effects of TMZ and
CA on cell growth inhibition, apoptosis induction,
and metastatic suppression were further investigated
in GBM8401-CSCs. Cells were treated with TMZ (0 or
600 pM) and/or CA (0 or 15 pM), followed by
assessment of cell growth and colony formation.
Treatment with either TMZ (600 pM) or CA (15 pM)
alone significantly inhibited cell growth and reduced
colony formation. Notably, the combination of TMZ
and CA exerted a greater synergistic inhibitory effect
on both cell proliferation (Figure 3B) and colony
formation (Figure 3C) than did either agent alone. In
addition, treatment with either TMZ or CA alone
significantly induced apoptosis (Figure 3D) and
suppressed migration and invasion (Figure 3E) in
GBMB8401-CSCs. Importantly, combined treatment
with TMZ and CA produced a markedly greater
synergistic effect on apoptosis induction as well as on
the inhibition of cell migration and invasion.
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Figure 1. Comparison of the characteristics of GBM8401 cells and GBM8401-CSCs across multiple aspects. (A) Human GBM8401 cells and GBM8401-CSCs
were seeded at a density of 10,000 cells and cultured for five days, after which they were harvested to observe 3D sphere formation. (B) Cell growth of GBM8401 cells and
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GBMB8401-CSCs was analyzed on days 0, 1, 2, and 3 using the MTT assay. (C) The colony formation ability of GBM8401 cells and GBM8401-CSCs was assessed by seeding cells
at appropriate dilutions and allowing colonies to form over a two-week period. (D) Migration and invasion assays were conducted to assess the metastatic potential of GBM8401
cells and GBM8401-CSCs. (E) Stem cell marker expression in GBM8401 cells and GBM8401-CSCs was evaluated by analyzing mRNA levels of Nestin, OCT4, and CD133. **,

p<0.01 versus GBM8401 indicates a significant difference.
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Figure 2. Effect of CA on proliferation, sphere formation and metastatic capacity in GBM8401-CSCs. (A) Human GBM8401-CSCs were treated with various
concentrations of CA (0, 10, 15, and 20 uM) for five days, after which the cells were harvested to assess 3D sphere formation. (B) GBM8401-CSCs were treated with various
concentrations of CA (0, 10, 15, and 20 pM) for 24 hours, and cell growth was assessed using the MTT assay. (C) Migration and invasion assays were performed on
GBMB8401-CSCs following 24 hours treatment with CA (0, 10, 15, and 20 uM). (D) The mRNA expression levels of the cancer stem cell markers Nestin, OCT4, and CD133 in
GBMB8401-CSCs were evaluated using RT-qPCR. (E) Relative mRNA expression levels of Nestin, OCT4, and CD133 in normal (n = 207) and tumor tissues (n = 163), based on

data from the GEPIA database. *p < 0.05; **, p<<0.01 indicates a significant difference.

Synergistic effects of TMZ and CA on cancer
stemness activation in GBM8401-CSC cells

To investigate the anti-cancer stemness effects of
TMZ and CA in GBM8401-CSCs cells, the capacity for
3D sphere formation was assessed in human
GBMB8401-derived cancer stem-like cells
(GBMB8401-CSCs). Cells were treated with varying
concentrations of TMZ (0 or 600 pM) and/or CA (0 or
15 pM) for five days. Both TMZ (600 pM) and CA (15
pEM) alone significantly suppressed 3D sphere
formation. Notably, combination treatment with TMZ
and CA produced a greater synergistic inhibitory
effect (Figure 4A). To further elucidate the

mechanisms underlying this inhibition, the mRNA
expression levels of key cancer stemness factors
(Nestin, OCT4, and CD133) were analyzed. Treatment
with either TMZ or CA alone markedly
downregulated the expression of these factors.
Importantly, a combination of TMZ and CA resulted
in a more pronounced synergistic suppression of
Nestin, OCT4, and CD133 expression (Figure 4B).
These findings suggest that both TMZ and CA,
particularly in combination, may exert therapeutic
potential by impairing cancer stem cell characteristics,
as evidenced by reduced sphere-forming ability and
downregulation of stemness-associated genes.
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The potential binding affinity of TMZ and CA
to cancer stemness factors CD133 and OCT4

The images in Figure 5 show the results of
molecular docking of TMZ and CA with CD133 and
OCT4 proteins and indicates the corresponding
docking scores and interaction maps. A lower (more
negative) docking score indicates a stronger binding
affinity between the ligand and the target protein. As
shown in Figures 5A-D, the docking score for the
CD133-TMZ complex is —6.46, CD133-CA is —3.66,
OCT4-TMZ is =5.50, and OCT4-CA is —3.10. These
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results suggest that TMZ exhibits the highest binding
affinity toward CD133, whereas CA shows the
weakest binding affinity to OCT4. The interaction
map shows the atomic-level interactions between the
ligand (TMZ or CA) and the protein binding site (e.g.,
hydrogen bonds, hydrophobic interactions), which
helps to elucidate the binding mechanism (Figures
5A-D). These data can be used in the search and
development of drugs to treat human GBM, including
evaluating the ability of potential drug molecules to
bind to target proteins, thereby providing a basis for
designing more effective treatment strategies.
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Figure 3. Combined Effects of TMZ and CA on proliferation, apoptosis, and metastatic capacity in GBM8401-CSCs. (A) Chemical structures of TMZ and CA.
(B) Human GBMB8401-CSCs were treated with various concentrations of TMZ (0 and 600 pM) and/or CA (0 and 15 pM), followed by evaluation of cell viability using the MTT
assay, (C) colony formation ability, (D) apoptosis induction by flow cytometry, and (E) migration and invasion capacities. **p < 0.01 vs. control; #p < 0.05 vs. treatment with TMZ

or CA alone.
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Discussion

In this study, we found that GBMB8401-CSCs
exhibit increased self-renewal (3D sphere formation),
proliferation, and colony-forming abilities. One of the
most malignant features of GB is its capacity for
infiltrative growth; GB cells can invade normal brain
parenchyma and are often found several centimeters
from the tumor core [23]. Notably, the majority of
tumor recurrences occur within 2 cm of the surgical
resection margin, suggesting that these infiltrative
GB-GSCs retain high tumorigenic potential [24]. Our
results also show that the combination of CA and
TMZ has been shown to inhibit the proliferation and
induce apoptosis in human GB-CSCs. Moreover, CA
and TMZ co-treatment suppresses the migratory
capacity of human GB-CSCs, potentially decreasing
the likelihood of tumor spread and metastasis. CA
combined with TMZ serves as a therapeutic strategy
for targeting human GB-CSCs.

The identification and isolation of GB-CSCs is
essential for advancing GB research and therapy [25].
CD133, an early- and widely-studied marker, confers
GB cells with increased tumorigenicity, self-renewal,
and expression of stemness and drug resistance genes

(e.g., BCRP1, MGMT), contributing to resistance
against temozolomide, carboplatin, paclitaxel, and
etoposide [26, 27]. CD133 expression is elevated in
recurrent tumors, Correlating with treatment
resistance and progression. These cells show strong
sphere-forming and tumor-initiating capacity,
confirming their GB-CSCs identity [28]. GB-CSCs
self-renewal is tightly regulated intrinsically by
transcription factors SOX2, OCT4, and Nestin, which
maintain stemness and inhibit differentiation [29, 30].
OCT4, enriched in GB-CSCs and linked to poor
prognosis, is stabilized by the deubiquitinase USP5
[31]. OCT4 also transcriptionally upregulates SOX2
via complex formation with SOX4, with
palmitoylation strengthening this interaction and
sustaining GB-CSCS stemness and tumorigenicity;
thus, OCT4 palmitoylation is a novel therapeutic
vulnerability [32, 33]. Nestin, a cytoskeletal
intermediate filament protein and GB-CSCs marker,
promotes cell cycle progression and spindle assembly
through interaction with PII-tubulin and regulates
stemness, proliferation, and invasion via heat shock
cognate 71 (HSC71), suggesting both as potential
therapeutic targets [34]. A Nestin® GB-CSCs subset
drives tumor recurrence after temozolomide

https://www.medsci.org



Int. J. Med. Sci. 2025, Vol. 22

4381

treatment, and its selective ablation halts tumor
growth, underscoring the role of GB-CSCs in therapy
resistance and relapse [35]. In this study, we found
that CD133 and Nestin expression were significantly
elevated in GB tissues compared to normal brain
tissues. Additionally, GB-CSCs with higher
expression levels of CD133, OCT4, and Nestin,
exhibited greater sphere-forming, proliferative,
migratory, and invasive capabilities.

The co-treatment of CA and TMZ significantly
inhibited GB-CSCs proliferation and induced
apoptosis, while also suppressing their migratory
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capacity. These findings suggest that the combination
of CA and TMZ may reduce the risk of tumor spread
and recurrence by targeting the GB-CSC population.
Moreover, the therapeutic effect of CA in this context
appears to be mediated, at least in part, through the
downregulation of core stemness markers, including
CD133, OCT4, and Nestin, all of which were
significantly elevated in GB tumor tissues compared
to normal brain tissues [36, 37]. Notably, higher
expression of CD133, OCT4, and Nestin was

associated with enhanced self-renewal, proliferative,
potential

and invasive in GB-CSCs, further

B

CD133-CA

Docking score
-3.66

OCT4-CA

Docking score
-3.1

Figure 5. Molecular docking of temozolomide (TMZ) and Corosolic acid (CA) with CD133 and OCT4 proteins. (A) Structure of CD133-TMZ complex. (B)
Structure of CD133-CA complex. (C) Structure of OCT4-TMZ complex. (D) Structure of OCT-CA complex. These images shows the results of molecular docking of TMZ and
CA with CD133 and OCT4 proteins, and displays the corresponding docking scores and interaction maps.
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supporting their role in malignancy [37]. In this study,
we found that CA significantly inhibits the
sphere-forming ability of GBM8401-CSCs, indicating
reduced self-renewal, downregulates the expression
of the stem cell markers Nestin, OCT4 and CD133,
suggesting diminished stemness. Additionally, CA
treatment impaired the migration and invasion of
GBM8401-CSCs in a dose-dependent manner,
demonstrating its potential to inhibit GB-CSCs
metastasis. Another important point is that we did not
suggest the antitumor effect of CA + TMZ in GB-CSCs
using an in vivo animal model in the current study. In
our future work, we will focus on in vivo studies using
GBM8401-CSCs  xenograft-bearing  mice  and
GBM8401-CSCs orthotopic mouse models to further
support and validate the antitumor effect of CA +
TMZ, which warrants further investigation.

GB cells frequently develop both intrinsic and
acquired resistance to TMZ, which significantly limits
therapeutic efficacy and contributes to the short
median survival observed in GB patients [38].
Strategies to overcome TMZ resistance have focused
on combining TMZ with sensitizing agents and
targeting both tumor bulk and CSC populations [39].
Our study highlights the potential of CA as a
TMZ-sensitizing agent, particularly in its ability to
target GB-CSCs. To further explore the molecular
basis of CA and TMZ activity, we performed
molecular docking analysis targeting CD133 and
OCT4.the molecular docking of TMZ and CA with
CD133 and OCT4 proteins revealed their respective
docking scores: CD133-TMZ (-6.46), CD133-CA (-
3.66), OCT4-TMZ (-5.50), and OCT4-CA (-3.10).
These results suggest that both TMZ and CA exhibit
notable binding affinity toward CD133 and OCT4. As
a plant-derived compound with an established
pharmacological safety profile, CA represents a
promising natural, low-toxicity therapeutic candidate
with potential for clinical translation. Within the
framework of personalized medicine, CA may be
incorporated into tailored treatment strategies,
particularly for patients exhibiting resistance to
conventional therapies. Taken together, these findings
warrant further preclinical and clinical evaluation of
CA as a novel, safe, and effective adjunct in the
treatment of GB.

Conclusion

Our results demonstrated that CA combined
with TMZ individually inhibited cell proliferation and
colony formation, induced apoptosis, suppressed
migration and invasion, reduced 3D sphere
formation, and downregulated the stemness markers
Nestin, OCT4, and CD133, further inhibiting tumor
growth, metastasis, and cancer stemness highlighting

their potential as a combined therapy against
GB-CSCs.
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