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S100B drives glioblastoma invasion and migration through
TGF-f2-mediated epithelial-mesenchymal transition
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Abstract. Glioblastoma (GBM), the most common type of
primary malignant brain tumor, is characterized by aggres-
sive cancer cells that contribute to infiltrative growth, thus
resulting in therapeutic challenges and a poor prognosis. To
explore the molecular mechanisms underlying cell motility
and to identify therapeutic targets that may intervene in tumor
invasion, public databases were used to investigate the SI00B
expression profile and the prognosis of patients with tumors.
The effects of SI00B on a GBM cell line were assessed
through lentiviral transduction, as well as cell viability, colony
formation, 5-ethynyl-2'-deoxyuridine-based cell proliferation,
cross-scratch, and Transwell migration and invasion assays. In
addition, a tumor xenograft model was constructed to analyze
tumor growth in vivo. Reverse transcription-quantitative
PCR, western blotting and immunofluorescence staining
were utilized to explore the molecular biological mechanisms
of the TGF-B2-induced epithelial-mesenchymal transition
(EMT) in the S100B-downregulated group. The findings
demonstrated that SI00B was significantly upregulated in
GBM samples and was strongly associated with patient
prognosis. In vitro and in vivo experiments confirmed that
downregulation of S100B effectively suppressed the prolifera-
tion and tumorigenicity, as well as decreased the invasive and
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migratory capabilities of LN229 glioblastoma cells. Further
investigation revealed that the inhibition of S100B resulted
in downregulation of TGF-2 expression and reversal of the
EMT process. Notably, recombinant TGF-f2 restored the cell
motility and EMT capacities attenuated by the downregulation
of S100B. In conclusion, the present study revealed that SI00B
may induce the invasion and migration of GBM cells through
TGF-p2-induced EMT, providing novel insights and potential
therapeutic targets for GBM.

Introduction

Glioblastoma (GBM) is the most common and deadly type of
brain cancer (1). On the basis of the World Health Organization
(WHO) guidelines for central nervous system tumor classifica-
tion, GBM is a grade IV diffuse glioma (2). The GBM cell
characteristic of diffuse infiltration has the ability to invade
the surrounding normal brain tissue, resulting in recurrence
even after complete resection (3). The current standard of care
for GBM involves a combination of surgical resection with
radiation and chemotherapy (4-6). In recent years, despite
advancements in therapeutic efficacy against GBM, its prog-
nosis remains poor. Therefore, it is necessary to elucidate
the molecular mechanisms governing the pathogenesis and
progression of GBM, while exploring potential therapeutic
targets to increase treatment efficacy and prolong patient
survival.

S100B, whichislocated on chromosome 21,is a Ca**-binding
protein of the S100 family, and numerous studies have demon-
strated its neurotrophic effects. In the central nervous system,
S100B primarily influences the proliferation and differentiation
of glial cells, as well as the maintenance of calcium homeo-
stasis (7). Its carboxyl terminus has a strong affinity for Ca®*;
when it binds to Ca?*, S100B undergoes conformational changes
that expose its target protein-binding site and exerts biological
effects through interactions with these target proteins (8,9).
Melanoma, ovarian and breast cancer, and other malignant
tumors have been observed to express SI00B at substantially
elevated levels. Furthermore, it is closely associated with
tumor development, malignancy and prognosis (10-12). In
previous studies, S100B silencing in melanoma cells has been
shown to restore p53-mediated apoptosis, which may restrict
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malignant cell proliferation (13,14). Moreover, intervention
with S100B expression in ovarian cancer stem-like cells has
been shown to increase p53 activity and reduce subcutaneous
tumor volume, leading to markedly prolonged survival time
in nude mice (12). In addition, SI00B may drive bevacizumab
resistance in ovarian cancer by promoting angiogenesis. Both
in vivo resistant tumors and in vitro S100B-overexpressing
cells were found to enhance human umbilical vein endothelial
cell migration and tube formation, which can be replicated by
exogenous S100B treatment. Mechanistically, endothelial cells
uptake tumor-derived S100B, which suppresses FOXO1 and
releases B-catenin for nuclear pro-angiogenic signaling (15).
Emerging evidence has implicated S100B in GBM pathogen-
esis, although mechanistic insights remain limited. Serum
S100B levels are elevated in patients with glioma compared
with those obtained from control individuals with cranio-
cerebral trauma (16). In addition, SI00B concentrations are
positively associated with tumor grade; they are notably higher
in high-grade vs. low-grade glioma, according to the WHO
classification system. However, the tissue-specific expression
patterns of S100B in GBM, its clinical relevance and its func-
tional roles in tumor progression require further investigation.

The present study identified the upregulated expression of
S100B in GBM and its close association with an unfavorable
prognosis. By contrast, the inhibition of S100B resulted in
suppressed proliferative capacity, and a reduction in invasion,
migration and EMT. The results also revealed that down-
regulation of TGF-B2 was observed upon inhibition of SI00B.
Consistently, cell invasion, migration and the EMT process
were rescued by exogenous recombinant protein TGF-f2
treatment. These findings indicate the role of S100B in
promoting GBM progression. The current study elucidates the
mechanism by which S100B facilitates GBM cell invasion and
migration via the TGF-B2-induced EMT process that exhibits
an infiltrative growth pattern, thus providing novel insights for
GBM treatment.

Materials and methods

Cell lines and culture. The human GBM cell line LN229 (cat.
no. CRL-2611) was obtained from the American Type Culture
Collection. The cell line was verified through short tandem
repeat testing (Guangzhou Cellcook Biotech Co., Ltd.). The
cells were cultured in Dulbecco's modified Eagle's medium
(DMEM,; cat. no. 11995065; Gibco; Thermo Fisher Scientific,
Inc.) supplemented with 10% fetal bovine serum (cat.
no. PWLO0O01; Dalian Meilun Biology Technology Co., Ltd.)
and 1% penicillin-streptomycin (cat. no. ST488S; Beyotime
Institute of Biotechnology) and were incubated at 37°C with
5% CO,.

Flow cytometric analysis. A total of 2x10° cells were collected
and fixed with 4% paraformaldehyde for 15 min, then washed
with PBS. After incubation with S1I00B antibody (1:200; cat.
no. ab52642; Abcam) overnight, the cells were washed with
PBS and stained with FITC-Goat Anti-Rabbit IgG secondary
antibody (1:200; cat. no. A22120; Abbkine Scientific Co.,
Ltd.) for 1.5 h. The final wash was completed and used for
flow cytometry. Flow cytometric analysis was conducted
on a BD FACSCanto™ Flow Cytometer system (10-colour

configuration; BD Biosciences), followed by processing of the
data using BD FACSDiva Software (BD Biosciences).

Lentiviral transduction to knockdown S100B. LN229 cells
were stably transduced with short hairpin (sh)RNA vectors to
knockdown S100B. The shRNA vectors were purchased from
Shanghai GeneChem Co., Ltd. The S100B shRNA vector
(shS100B) sequence was 5'-CTGCCACGAGTTCTTTGAA-3',
and the negative control (NC) sequence was 5“TTCTCCGAA
CGTGTCACGT-3". For transduction of the human GBM cell
line LN229, 5x10* cells/well in a 12-well plate were transduced
with lentiviral particles (multiplicity of infection, 10) for 12 h.
The serum-free medium was then replaced with medium
containing 10% FBS. A total of 48 h after lentivirus transduc-
tion, the cells were treated with puromycin (cat. no. P8230;
Beijing Solarbio Science & Technology Co., Ltd.) working
concentration 2.0 ug/ml for 48 h to screen successfully
transduced positive cells. At 72 h post-infection, GFP expres-
sion was examined using a fluorescence microscope (Nikon
Corporation). The validation of shRNA knockdown efficiency
of S100B was verified by reverse transcription-quantitative
PCR (RT-gPCR), western blot analysis and immunofluores-
cence (IF) staining. The experimental results were obtained
from three replicate experiments using NC LN229 GBM cells
as a control for relative quantitative analysis. The IF results
were calculated by randomly selecting six fields each time
to analyze their mean fluorescence intensity. The ratio of
S100B-positive cells to all cells in each field was first calcu-
lated separately for the NC and shS100B groups, and then the
relative percentage rate of positive cells was calculated using
NC as the control group. In addition, the shS100B cells were
cultured with recombinant TGF-32 protein (cat. no. HY-P7119;
MedChemExpress) for 48 h to obtain shS100B + TGF-2 cells,
which were used for subsequent experimental analyses.

RT-gPCR. Total RNA was isolated from NC and shS100B
LN229 GBM cells using AG RNAex Pro Reagent (cat.
no. AG21101; Accurate Biology). RT-qPCR was performed
using the ABScript III RT Master Mix for qPCR with gDNA
Remover (cat. no. RK20429; ABclonal Biotech Co., Ltd.) and
2X Universal SYBR Green Fast gPCR Mix (cat. no. RK21203;
ABclonal Biotech Co., Ltd.) according to the manufacturer's
protocol. Thermocycling conditions are included in Tables I
and II. GAPDH was used as an internal control and fold
change was determined using the relative quantification
(2-22¢9) method (16). The sequences of the primers used were
as follows: GAPDH forward, 5'-AATGGACAACTGGTCGTG
GAC-3' and reverse, 5'-CCCTCCAGGGGATCTGTTTG-3';
S100B forward, 5'-~AGCTGGAGAAGGCCATGGTG-3' and
reverse, 5'-GAACTCGTGGCAGGCAGTAG-3'; and TGF-32
forward, 5'-CAGCACACTCGATATGGACCA-3' and reverse,
5'-CCTCGGGCTCAGGATAGTCT-3".

Western blot analysis. Total protein was extracted from
LN229 cells using a Whole Cell Lysis Assay Kit (cat.
no. KGB5303-100; Nanjing KeyGen Biotech Co., Ltd.) and a
BCA assay (cat. no. KGB2101-500; Nanjing KeyGen Biotech
Co., Ltd.) was used to determine the protein concentration.
In total, 30 pg equivalent amounts of protein were separated
by SDS-PAGE on 15% gels and were transferred to PVDF
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Table I. Thermocycling conditions of reverse transcription
reaction.

Temperature,’C Time, min
37 2
55 15
85 5
4 Hold
Table II. Quantitative PCR reaction conditions.
Number of

Step Temperature,’C Time cycles
Pre-denaturation 95 3 min 1
Cyclic reaction 95 5 sec 40-45

60 30 sec

membranes (cat.no. ISEQ00010; MilliporeSigma). The primary
antibodies used were anti-S100B (1:200; cat. no. ab52642;
Abcam), anti-GAPDH (1:5,000; cat. no. 10494-1-AP; Wuhan
Sanying Biotechnology, Inc.) and anti-TGF-f2 (1:200; cat.
no. 19999-1-AP; Wuhan Sanying Biotechnology, Inc.). The
corresponding secondary antibodies used were horseradish
peroxidase (HRP)-conjugated goat anti-rabbit (1:5,000;
cat. no. SA0O0001-2; Wuhan Sanying Biotechnology, Inc.)
or HRP-conjugated AffiniPure goat anti-mouse secondary
antibodies (1:5,000; cat. no. SA0O0001-1; Wuhan Sanying
Biotechnology, Inc.). After incubation with secondary anti-
bodies, a chemiluminescence system (G:box; Syngene Europe)
was used to detect immunoreactive proteins, and the band
intensity relative to that of GAPDH was semi-quantified with
Quantity One software (version 4.6.2; Bio-Rad Laboratories,
Inc.).

In vivo subcutaneous xenograft model. Immunodeficient
4-week-old male nude mice weighing ~15 grams from
Chongqing Tengxin Biotechnology Co., Ltd., were used for
tumor formation and analysis. Animals were housed in an
specific pathogen free (SPF) environment at 23°C with 30-70%
humidity and 12/12-h light/dark cycle. A total of 1x10° NC
cells and shS100B cells in 100 x1 DMEM were transplanted
subcutaneously into the nude mice. Tumor size was measured
every 3 days during this period. The tumor size was calculated
using the following formula: Volume=width? x length/2. A
total of six mice were used in the present study. The maximum
recorded tumor volume was 122.301 mm?. At this endpoint, the
tumor length and width measured 6.84 and 5.98 mm, respec-
tively. On day 26 post-injection, the nude mice were placed in
a designated asphyxiator and CO, is passed through it, with
the CO, displacing about 70% of the gas in the asphyxiator
per minute, and the animal is removed after it is completely
dead. Death was confirmed by the sustained absence of spon-
taneous respiration observed for at least two min, followed by
the loss of all critical reflexes, including pupillary, corneal,
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and toe-pinch responses, prior to proceeding with subse-
quent experiments. Euthanasia of immunodeficient mice was
required if tumor growth exceeded 10% of body weight, if
individual tumors exceeded 17 mm in diameter, if ulceration,
necrosis or infection developed on the surface of the tumor,
or if the mouse lost 15% of its body weight. The tumor tissues
were immediately fixed with 4% paraformaldehyde for 24 h
before being stored in 30% sucrose solution. The fixed and
dehydrated tissues were then embedded in O.C.T. compound
(cat. no. 4583; Sakura Finetek USA, Inc.), frozen, sectioned,
placed on slides and subjected to IF staining.

IF staining. For IF staining, NC and shS100B LN229 GBM
cells were fixed with 4% paraformaldehyde, and frozen tissues
from NC and shS100B mice were cut into 15-ym sections.
Tumor tissues and GBM cells were stained with an anti-S100B
antibody (1:200; cat. no. ab52642; Abcam) overnight at
4°C. After being washed three times with PBS, the samples
were incubated with a DyLight 549 goat anti-rabbit IgG
(H+L) secondary antibody (1:200; cat. no. A23320; Abbkine
Scientific Co., Ltd.) for 1.5 h at 4°C. The nuclei were stained
with 4,6-diamidino-2-phenylindole (cat. no. C1002; Beyotime
Institute of Biotechnology) for 15 min. Images were captured
using a laser confocal microscope (Nikon A1R; Nikon
Corporation) and were prepared via Nikon NIS-Elements AR
Analysis 5.20.02.64-bit software for further analysis.

Cell Counting Kit-8 (CCK-8) proliferation analysis. Cell
viability was determined using a CCK-8 assay. NC and
shS100B LN229 GBM cells were cultured in 96-well plates at
1,000 cells/well. According to the manufacturer's instructions,
the cells were incubated with a mixture containing 10 1 CCK
solution (cat. no. M4839; Abmole Bioscience, Inc.) and 90 ul
culture medium for 2 h at 37°C. The OD value was acquired
at 450 nm using a microplate reader (Epoch; BioTek; Agilent
Technologies, Inc.). Notably, OD values were recorded on
days 1,2,3,4 and 5.

5-Ethynyl-2'-deoxyuridine (EdU) proliferation analysis.
Another method was also used to evaluate the effect of
S100B on cell proliferation. Briefly, NC and shS100B LN229
GBM cells were treated with the BeyoClick™ EdU Cell
Proliferation Kit with Alexa Fluor 555 (cat. no. CO075L;
Beyotime Institute of Biotechnology) according to the manu-
facturer's instructions. Subsequently, the cells were stained
with 4,6-diamidino-2-phenylindole (cat. no. C1002; Beyotime
Institute of Biotechnology) for 15 min. Images were captured
using a laser confocal microscope (Nikon A1R) and were
analyzed with NIS-Elements AR Analysis 5.20.02.64-bit
software.

Colony formation assay. NC and shS100B LN229 cells were
seeded into 12-well plates at a density of 2,000 cells/well
and were cultured at 37°C and 5% CO, for 8 days. On day 4,
the medium was replaced with fresh medium. On day 8, the
medium was removed, the cells were washed with PBS, and
the cells were subsequently fixed with 4% paraformaldehyde
for 15 min. Finally, the cells were stained with crystal violet
staining solution (cat. no. C0121-100 ml; Beyotime Institute
of Biotechnology) for 15 min, and the wells were imaged by
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full scanning using a microplate reader (Epoch) to count the
number of visible colonies (=30 cells).

Transwell migration and invasion assays. First, NC and
shS100B LN229 cells were cultured in DMEM without FBS
for 12 h. Subsequently, 0.5x10° cells were seeded in the upper
chambers of Transwell plates (24 wells; 8-ym pore size; cat.
no. 353097; Falcon; Corning, Inc.), which were precoated with
Matrigel (cat. no. HY-K6002; MedChemExpress) at 37°C for
30 min for the invasion assay or uncoated for the migration
assay. DMEM without FBS was added to the upper chambers,
and DMEM with 10% FBS was added to the lower chambers.
After 48 h of incubation, the migratory/invasive cells in the
lower chambers of the Transwell plate membranes were fixed
with 4% paraformaldehyde and stained with crystal violet
solution for 15 min. However, the non-migratory/invasive cells
in the upper chambers were removed. The number of migra-
tory/invasive cells in the six fields was randomly determined
using a microplate reader at x100 magnification. The relative
proportion of migrating/invasive cells was calculated using
NC as the controls. And the experiment was repeated three
times.

Cross-scratch assay. A scratch assay was used to assess the
migratory properties of the NC and shS100B groups. Briefly,
1x10° cells were seeded in 6-well plates with complete
DMEM, and when the cells formed a confluent monolayer,
they were incubated for 24 h at 37°C in a 5% CO, incubator.
A cross-scratch was made using a sterile 10-ul pipette tip,
and the cells were then washed with sterile PBS to remove
nonadherent cells in suspension. The cells were subsequently
cultured in DMEM without FBS, and a microplate reader
(Epoch) was used to capture the center of the cross-scratch at
0, 24, 48 and 72 h. The areas of the scratches were analyzed
using NIS-Elements AR Analysis 5.20.02.64-bit software,
and the percentage of migrating cells was calculated. The
cell migration rate was calculated as the cell migration area
divided by the cross-scratch area.

Database analysis. The Human Protein Atlas (HPA;
https://www.proteinatlas.org/) contains both mRNA and protein
expression data from different human tissues, and antibodies
with different cat. no. have been used to determine the protein
expression level. Thus, using this online database, the mRNA
and protein expression data of S100B in different types of cancer
were obtained. Moreover, the association between gene expres-
sion level and survival time was explored via these databases.
The Gene Expression Profiling Interactive Analysis
(GEPIA) dataset is an online database used to analyze RNA
sequencing data and Genotype-Tissue Expression projects
(http://gepia.cancer-pku.cn/). GEPIA can be used to perform
analyses including tumor and normal differential expression
analysis, patient survival analysis and gene correlation analysis.
For the present study, the mRNA expression of SI00B in GBM
and paired normal tissues was evaluated using this database.
The Cancer Genome Atlas (TCGA; https:/www.cancer.
gov/ccg/research/genome-sequencing/tcga) is a Cancer
Genomics Program, which includes genomic, epigenomic,
transcriptomic and proteomic data. Notably, >20,000 primary
cancer samples and matched normal samples from 33 cancer

types have been molecularly characterized. The database was
used to analyze the expression of SI00B in different tumor
tissues and normal tissues, and its expression in association
with patient survival time.

Gene expression profiles of tumor and normal brain
samples generated via chips were obtained from the
GSE50161 dataset from the Gene Expression Omnibus
(https://www.ncbi.nlm.nih.gov/geo/). The online website
SangerBOX (http://sangerbox.com/) was used for patient
survival analysis.

Single-cell data were sourced from Tumor Immune Single
Cell Hub (TISCH; http://tisch.comp-genomics.org/gallery/),
which contains single-cell sequencing data from 17 glioma
projects. The database was used to access the expression
profiles of S100B in different cell types.

Statistical analysis. Statistical analysis was performed using
two-tailed unpaired Student's t-test, One-way ANOVA with
GraphPad Prism 9.0 software (Dotmatics). All data are
presented as the mean + standard error of the mean. Every
experiment was repeated at least three times, and P<0.05 was
considered to indicate a statistically significant difference.

Results

S100B is highly expressed in GBM tissue. Bioinformatics
analyses from two independent databases consistently revealed
elevated S100B expression in GBM. The HPA demonstrated
significantly higher SI00B mRNA levels in GBM, and mela-
noma compared with other tumor types (Fig. 1A). Notably,
this finding was corroborated by TCGA data, where S100B
transcription was markedly increased in GBM tissues rela-
tive to normal controls, a contrast more pronounced than that
detected in other malignancies (Fig. 1B). This phenomenon
was subsequently confirmed in the GSE50161 dataset and
the GEPIA database (Fig. 1C and D). Immunohistochemical
examination demonstrated the distribution and expression
pattern of S1I00B at the protein level in patients with glioma;
most samples displayed moderate to strong nuclear and cyto-
plasmic positivity, which was greater than that of melanoma
and other types of cancer (Fig. 1E and F).

High S100B expression is strongly associated with adverse
outcomes in glioma. To systematically evaluate the prognostic
value of S100B in glioma, multi-omics data from TCGA,
GEPIA and SangerBOX databases were analyzed. Survival
analysis revealed that patients with elevated S1I00B expression
exhibited significantly shorter overall survival compared with
those with lower expression levels (Fig. 2A), indicating its
strong association with a poor prognosis. The present study
also assessed glioma single-cell transcriptome data from the
TISCH database (17), which confirmed that SI00B was mark-
edly upregulated in malignant cells (Fig. 2B). This result was
further supported by the Synapse (Fig. 2C). These findings
strongly implicate S100B as a potential key regulator and a
promising molecular target worthy of further mechanistic
investigation in glioma therapeutics.

Knockdown of S100B in LN229 cells. Flow cytometric and IF
analyses of LN229 GBM cells stained with S1I00B revealed
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Figure 1. S100B is highly expressed in GBM. (A) mRNA expression of SI00B in different tumors was analyzed using the HPA (https://www. proteinatlas.org/).
(B) Transcription levels of SI00B in 34 types of tumor tissues and their corresponding normal tissues were analyzed by SangerBOX (http:/sangerbox.com/).
(C and D) GSES50161 dataset and Gene Expression Profiling Interactive Analysis of SI00B expression in GBM and normal tissues. (E and F) Immunohistochemical
staining of different tumor samples and representative images in glioma with three different SI00B antibodies; these data were obtained from the HPA. "P<0.05,
“P<0.01, "*P<0.001 and "*"P<0.0001. GBM, glioblastoma multiforme; HPA, Human Protein Atlas; TCGA, The Cancer Genome Atlas.

that the percentage of positive cells was as high as 99.9%
(Fig. 3A and B). These results confirmed that S100B is highly
expressed in the GBM cell line LN229. Lentiviral transduction
with shS100B induced intracellular SI00B suppression at both

transcriptional and translational levels, as indicated by signifi-

cantly reduced mRNA expression and diminished protein
abundance compared with that in the NC group (Fig. 3C-E).
Concurrent IF analysis confirmed this knockdown efficiency at

the cellular level, with both mean intensity and S100B-positive
cells decreased in the shS100B-treated group (Fig. 3F).
According to the aforementioned findings, a stable cell line
with low S100B expression was successfully constructed.

Target-oriented S100B suppresses LN229 proliferative
capacity in vitro and tumorigenicity in vivo. Colony
formation assays demonstrated that SI00B knockdown
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Figure 2. High expression of S100B is associated with a poor prognosis. (A) Survival curve analysis of the prognostic significance of the high and low mRNA
expression levels of S100B in glioma based on TGCA, Gene Expression Profiling Interactive Analysis and SangerBOX databases. (B) Single-cell sequencing
data from TISCH analyzing the average expression of S100B in different cell types across datasets. (C) Expression distribution and relative expression levels
of S100B in different cell types in glioma tissue. TCGA, The Cancer Genome Atlas.

significantly impaired clonogenic potential (Fig. 4A), a
finding corroborated by EdU incorporation assays showing
significantly decreased DNA synthesis in shS100B LN229
cells (Fig. 4B). Furthermore, the results of the CCK-8 assay
confirmed that the inhibition of S100B strongly suppressed
the proliferation of LN229 cells (Fig. 4C). To evaluate the
effects of S1I00B on tumorigenicity, NC and shS100B cells
were transplanted into nude mice. Quantitative analysis
revealed that xenograft tumors in the shS100B group exhib-
ited significantly slower growth kinetics compared with those
in the NC group (Fig. 4D). Consistently, endpoint measure-
ments demonstrated a statistically significant reduction in
tumor volume within the shS100B cohort relative to the
NC group (Fig. 4E). Upon termination of the experiment at
day 26 post-implantation, histopathological examination of
resected tumors showed well-circumscribed masses without
evidence of local tissue invasion or metastatic dissemination.
This observation indicated that the subcutaneous xenograft
model, while suitable for evaluating primary tumor growth
parameters, has limitations in assessing invasive and migra-
tory phenotypes. Subsequently, IF staining of frozen sections
demonstrated that SI00B expression in shS100B LN229
tumor tissue was significantly lower than that in the NC
group (Fig. 4F). These collective findings strongly suggest
that S100B depletion attenuates tumorigenic capacity in this
preclinical model.

Cell invasion and migration are decreased in the
S100B-knockdown group via the inhibition of EMT. The
current study further examined the effects of SI00B on
GBM cell invasion and migration. Wound healing assays
revealed a significantly reduced migratory capability in the
shS100B group compared with that in the NC group (Fig. 5A).
Furthermore, Transwell assays with or without Matrigel
coating demonstrated significantly fewer invasive/migratory
cells in the shS100B group vs. the NC group (Fig. 5B and C).
Collectively, these results demonstrated that SI00B knock-
down could attenuate the invasive and migratory capacities of
GBM cells. To elucidate the molecular mechanism by which
S100B affects the invasion and migration of GBM cells, tran-
scriptome sequencing of NC and shS100B LN229 cells was
performed. RNA sequencing identified 2,294 differentially
expressed genes (fold change >2, P<0.05), comprising 1,130
upregulated and 1,164 downregulated genes between the two
groups (Fig. 5D). Gene Ontology (GO) analyses revealed that
the induction of mesenchyme morphogenesis, a biological
process related to EMT, was among the 20 pathways with
the greatest differences in downregulated genes (Fig. 5E).
The expression levels of the EMT markers E-cadherin,
N-cadherin and vimentin were subsequently analyzed in both
the NC and shS100B groups. S100B downregulation upregu-
lated E-cadherin, whereas it downregulated N-cadherin and
vimentin, suggesting suppression of EMT, which could
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consequently impair the invasive and migratory capacities of

GBM cells (Fig. 5F).

S100Baffectsthe EMTprocess through TGF-2.During mesen-
chyme morphogenesis pathway activation, the EMT-associated
gene TGF-B2 exhibited significant downregulation (Fig. 6A).

This suppression was further validated by RT-qPCR and
western blotting in S100B-knockdown cells (Fig. 6B and C).
Accordingly, it was hypothesized that SI00B may influence
GBM cell motility through TGF-p2-mediated EMT. To
confirm this hypothesis, GBM cells with downregulated S100B
expression were treated with human recombinant TGF-2
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protein. The experimental results revealed that compared with
those in the shS100B group, the shS100B + TGF-32 group had
stronger migratory and invasive properties (Fig. 6D and E).
Furthermore, E-cadherin was reduced, whereas N-cadherin
and vimentin were notably restored in the shS100B + TGF-{32
group (Fig. 6F). These results indicated that downregulation
of S100B may attenuate TGF-f32-induced EMT, as well as cell
invasion and migration.

Discussion

GBM is the most aggressive and common type of malignant
brain tumor in the central nervous system. Patients with GBM
have an overall median survival time of 12-16 months (18,19),
and a 5-year survival rate of <5% (20,21). GBM possesses
highly aggressive tumor cells that proliferate in an infiltra-
tive manner, which results in the absence of a clear boundary

between tumor and healthy areas of brain tissue, making it
difficult to completely remove the tumor during surgery.
Although treatment efficacy has improved with the use of
temozolomide and other combination therapies, the prognosis
for patients with GBM has remained unfavorable for the past
20 years (22). Therefore, identifying the cellular mechanisms
of GBM invasion and preventing its infiltrative growth by
means of molecularly specific therapeutic approaches may be
valuable in enhancing treatment effectiveness and extending
patient survival.

Currently, there are limited findings on the molecular
signaling pathway that underlies the effects of SI00B on the
migration and invasion of GBM, and there is little research on
the association between S100B and glioma, especially GBM.
S100B is a member of the multigene family of Ca**-binding
proteins with EF-hand motifs, which regulate cellular activi-
ties such as metabolism, motility and proliferation. Notably,
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there is clear evidence that S100B is elevated in primary
malignant melanoma (13,14). The results of the present study
reported a significantly elevated expression of SI00B in both
GBM and melanoma samples, as revealed using the HPA data-
base analysis. Our previous studies have indicated that SI00B
is highly expressed in mouse C6 (23), and in human U251 and
LN229 cell lines. In other databases, SI00B was shown to be
negatively associated with patient survival time, and higher
S100B expression was indicated to result in higher mortality
in patients with GBM. In a previous in vitro study, SI00B
was shown to promote the proliferation of U251 and T98G
GBM cells (24). Furthermore, overexpression of SI00B has
been reported to upregulate CCL2 secretion in G261 glioma
cells, leading to increased infiltration of tumor-associated
macrophages into the tumor, increased secretion of inflam-
matory factors and tumor angiogenesis, which is favorable to
enhance the growth of malignant tumors (25). By contrast,
decreasing S100B expression in a murine glioma model has
been reported to alter the tumor microenvironment (TME),
inhibit tumor-associated macrophage migration and suppress
tumor progression (26).

The current study demonstrated that targeted knock-
down of S100B using shRNA significantly inhibited GBM
progression both in vitro and in vivo, establishing S100B as a
critical regulator of GBM pathogenesis and a potential prog-
nostic biomarker. Notably, SI00B silencing in LN229 cells
significantly reduced cellular invasion and migration in vitro,
suggesting its pivotal role in tumor metastasis. However,
the precise molecular mechanisms underlying these effects
remain to be elucidated through further investigation. GO
pathway analysis revealed that multiple pathways, including
mesenchyme morphogenesis, were enriched. Despite the fact
that neural tissue does not originate from a traditional epithe-
lial setting, there is now substantial evidence that the process
known as EMT drives glioma invasion and migration in the
brain (27,28). Cancer cells undergo EMT, allowing them to
acquire mesenchymal characteristics that facilitate invasion
and migration. Throughout this process, cancer cells lose
intercellular adhesion and epithelial cell polarity, which is
accompanied by a downregulation of E-cadherin, ultimately
resulting in decreased cell-to-cell or cell-to-extracellular
matrix adhesion. Moreover, N-cadherin and vimentin expres-
sion is upregulated (29). The current investigation revealed
that the process of EMT was reversed following the knock-
down of S100B and resulted in inhibition of tumor cell
invasion and migration, thus indicating that SI00B serves an
important role in regulating EMT. The results of the present
study highlighted that TGF-f2 may be a vital signaling
molecule that is associated with mesenchyme morphogenesis
and management of the EMT process in GBM. TGF-f32 is a
member of the TGF-f family, which also includes TGF-f1
and TGF-B3. These three subtypes of TGF-f§ (TGF-$1-3)
have the ability to induce EMT in epithelial cells (30-33).
By contrast, inhibition or deletion of TGF-f§ expression can
trigger dysregulation of EMT function (34-36). According to
the RNA sequencing results of the present study, suppression
of S100B resulted in significant downregulation of TGF-f32,
but not of TGF-f1 or TGF-f3.

In the present study, the addition of exogenous recom-
binant TGF-B2 protein restored the EMT phenotype, which
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was inhibited by S100B knockdown, and restored the
invasiveness and migratory ability of the LN229 cell line.
It has been demonstrated that TGF-f mediates the EMT of
various tumors, including GBM. For example, it has been
documented that TGF-f causes GBM cells to pass through
a mesenchymal phenotypic transition via enhancing the
expression of ZEB and pSmad2 (37). Enhydrin hinders
EMT, thereby minimizing both migration and invasion of
GBM cells, by mediating the Jun/Smad7/TGF-f1 signaling
process (38). Acidosis adaptation in cervical and colorectal
cancer cells has been shown to lead to autocrine secretion
of TGF-f2, which stimulates the formation of lipid droplets
and facilitates the EMT of tumor cells to support malig-
nant progression, such as invasion (39). In gastric cancer,
HOXA10 mediates EMT to promote metastasis by regulating
the TGF-f2/Smad/METTLS3 signaling axis (40). The present
findings suggest a close association between TGF-32, and
tumor migration and invasion in GBM. However, to the best
of the authors' knowledge, there are no studies at present on
the potential role of the SIO0B-TGF[2 axis in promoting
GBM cell invasiveness and migratory ability through the
EMT.

The present study revealed that SI00B was predominantly
upregulated in GBM tissue, and its elevated expression levels
were associated with shorter patient survival time, indicating
an adverse prognostic impact. Inhibition of S100B resulted
in attenuated cell proliferation, invasion, migration and
EMT. Moreover, SI00B knockdown induced downregula-
tion of TGF-B2 expression, and decreased cell invasion and
migration, whereas the EMT process was restored by the
addition of recombinant TGF-f2 protein. From the perspec-
tive of EMT, the current study elucidated the mechanism by
which S100B promotes the motility of glioma cells and also
revealed that SI00B modulates the expression of TGF-2
to mediate the occurrence of EMT. These valuable find-
ings indicate that SI00B may be an important marker and
potential target site for GBM therapies. Despite elucidating
the pivotal role of SIO0OB in promoting GBM cell migration
and invasion through modulation of the TGF-B2/EMT axis
in vitro, the current study is inherently limited by the absence
of in situ validation, a critical gap given the profound influ-
ence of the complex EMT on metastatic behavior. To further
investigate the role of S100B in GBM progression, the
intracranial GBM xenograft model in immunocompromised
mice is recommended to enable rigorous assessment of the
impact of S1I00B on invasion via bioluminescence and histo-
pathological analyses. Furthermore, the transparent zebrafish
system with GFP-labeled tumor cells may offer real-time
visualization of micro-metastasis formation (41,42). This
dual-model approach would not only complement the present
in vitro findings but also provide mechanistic insights into
the role of S100B across different biological contexts. Future
investigations will leverage these platforms to evaluate the
therapeutic potential of SI00B through targeted genetic inter-
ventions, potentially paving the way for novel anti-metastatic
strategies in GBM.
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