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Abstract: Objectives: To investigate the role of heat shock protein family B (small) member 1 (HSPB1) in regulating
ferroptosis in glioma and to explore the underlying molecular mechanisms. Methods: HSPB1 expression was ana-
lyzed in glioma cell lines. U251 glioma cells were transfected with HSPB1-targeting short hairpin RNA (shRNA). Cell
proliferation, invasion, ferroptosis markers (iron accumulation, oxidative stress), and expression of BCL2-associated
athanogene 3 (BAG3) were assessed using molecular and biochemical assays. BAG3 was further silenced or over-
expressed to evaluate its interaction with HSPB1 in regulating ferroptosis. Results: HSPB1 was markedly overex-
pressed in glioma cell lines. HSPB1 knockdown significantly suppressed U251 cell proliferation and invasion, while
promoting ferroptosis via increased intracellular Fe?* levels and lipid peroxidation. BAG3 was identified as a down-
stream target of HSPB1. Silencing BAG3 replicated the anti-tumor and pro-ferroptotic effects of HSPB1 knockdown.
Moreover, BAG3 overexpression partially rescued the effects of HSPB1 silencing, confirming its role in the HSPB1-
mediated ferroptosis pathway. Conclusions: HSPB1 inhibits ferroptosis and promotes glioma cell survival, at least
in part through BAG3 upregulation. Targeting the HSPB1-BAG3 axis may represent a novel therapeutic strategy and

prognostic approach in glioma treatment.
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Introduction

Gliomas are the most common type of primary
malignant tumor in the central nervous system
(CNS), originating from neuroepithelial cells
and accounting for approximately 81.0% of all
primary CNS malignancies. In China, the annual
incidence of glioma is estimated at 8-10 per
100,000 individuals, with a five-year mortality
rate second only to pancreatic and lung can-
cers among all systemic malignancies [1, 2].
Due to their highly infiltrative growth pattern
and poorly defined tumor margins, complete
surgical resection is often unachievable, result-
ing in high postoperative recurrence rates and
poor clinical outcomes. Although current treat-
ment regimens - including surgery, radiothera-
py, chemotherapy, and their combinations -
offer some therapeutic benefits, overall effica-
cy remains limited. Moreover, the absence of
reliable biomarkers for early diagnosis and
prognosis continues to pose a major challenge

in glioma management. Thus, a deeper under-
standing of the molecular mechanisms underly-
ing glioma development and progression is
urgently needed to support the design of more
effective treatment strategies.

Ferroptosis is a recently characterized, iron-
dependent form of regulated cell death, marked
by excessive iron accumulation and lipid pero-
xidation. Glutathione peroxidase 4 (GPX4) plays
a key role in protecting cells against ferropto-
sis by neutralizing lipid peroxides. Ferroptosis
inducers such as erastin trigger cell death by
directly or indirectly inhibiting GPX4, reducing
antioxidant defenses, and promoting the accu-
mulation of reactive oxygen species (ROS), ulti-
mately leading to oxidative damage and cell
death [3]. Morphologically, ferroptotic cells
exhibit distinct mitochondrial changes, includ-
ing reduced size and increased membrane den-
sity. In addition to GPX4, ferroptosis is accom-
panied by altered expression of several key
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genes such as acyl-CoA synthetase long-chain
family member 4 (ACSL4) and transferrin recep-
tor protein 1 (TFR1) [4].

Growing evidence suggests that ferroptosis
plays a critical role in tumor progression and
response to therapy. For instance, erastin has
been shown to enhance the efficacy of chemo-
therapeutic agents such as cisplatin, doxorubi-
cin, cytarabine, and temozolomide [5, 6]. In
ovarian cancer, obacunone induces ferroptosis
via a ROS-dependent mechanism, thereby im-
proving treatment outcomes [7]. Similarly, in
non-small cell lung cancer, erastin enhances
docetaxel sensitivity by depleting glutathione
(GSH) and inactivating GSH peroxidases [8]. In
glioma, ferroptosis induction has also demon-
strated therapeutic potential. Inhibition or kno-
ckout of GPX4 leads to the accumulation of
lipid peroxides, causing membrane damage
and cell death [9-11]. Paeoniflorin acetate, for
example, exerts anti-tumor effects in glioma by
suppressing the GPX4 pathway and triggering
ferroptosis [12]. These findings collectively
underscore the potential of targeting ferropto-
sis as an anticancer strategy.

Heat shock protein family B (small) member 1
(HSPB1), also known as Hsp27, is a cytoplas-
mic heat shock protein involved in maintaining
cellular homeostasis under stress conditions. It
exhibits antioxidant, anti-apoptotic, and anti-
inflammatory functions. Under stress, HSPB1
expression is markedly upregulated, and the
protein translocates into the nucleus, where it
acts as a molecular chaperone to assist protein
folding. Aberrant overexpression of HSPB1 has
been reported in various tumor types [13, 14].
In glioma, elevated HSPB1 expression is strong-
ly associated with tumor progression and poor
prognosis, promoting cell proliferation and
invasiveness [15, 16]. Consequently, HSPB1
has been proposed as a potential biomarker for
glioma malignancy and outcome prediction.

Recent studies have identified HSPB1 as a neg-
ative regulator of ferroptosis. Downregulation
of HSPB1 enhances erastin-induced ferropto-
sis in cancer cells [17]. Meng et al. reported
that erastin upregulates HSPB1 expression,
while HSPB1 knockdown significantly increases
erastin-induced cell death [18]. In addition,
inhibition of protein kinase C prevents HSPB1
phosphorylation, thereby promoting iron uptake
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and lipid peroxidation and enhancing ferro-
ptosis.

Based on this background, we hypothesize that
HSPB1 regulates ferroptosis in glioma cells and
consequently modulates malignant tumor
behavior. Furthermore, we aim to elucidate the
molecular mechanisms through which HSPB1
participates in ferroptosis regulation. These
findings may offer new insights into glioma
pathogenesis and support the development of
ferroptosis-targeted therapeutic strategies.

Materials and methods
Cells and transfection

The human glioma cell lines U138MG, A172,
and U251, along with the immortalized human
astrocyte cell line SVG p12, were obtained from
the American Type Culture Collection. Cells
were cultured in DMEM (Gibco, Rockville, MD)
supplemented with 10% fetal bovine serum
(FBS) and 1% penicillin-streptomycin at 37°C in
a humidified incubator containing 5% CO.,.
Plasmids for BCL2-associated athanogene 3
overexpression (BAG3-OE) and corresponding
empty vectors were purchased from RiboBio
Co., Ltd. (Guangzhou, China). Short hairpin
RNAs targeting HSPB1 (HSPB1-shRNA) and
BAG3 (BAG3-shRNA), along with their respec-
tive non-targeting controls (Mock), were ob-
tained from Santa Cruz Biotechnology (Santa
Cruz, CA, USA). Transfections were performed
using the appropriate reagents according to the
manufacturers’ protocols.

RT-gPCR

Total RNA was extracted from cells using TRIzol
reagent (Invitrogen, MA, USA), following the
manufacturer’s instructions. Complementary
DNA was synthesized using the PrimeScript RT
Kit (Takara, China). qRT-PCR was performed
using specific primers for HSPB1, BAG3, and
GAPDH (internal control). All primers were syn-
thesized by Sangon Biotech (Shanghai, China),
with the following sequences:

(1) HSPB1: forward 5-CGT ATG GTT CAG TCG
TCA TTG-3', reverse 5-GCG GAG TAC GTC CGC
GTA G-3'. (2) BAG3: forward 5-CCA TGA CCC
ATC GAG AAA CTG C-3’, reverse 5-GCT GGG
AGG ACA AGG AAC TG-3'. (3) GAPDH: forward
5-CGG AGT CAA CGG ATT TGG TCG TAT-3’,
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reverse 5-AGC CTT CTC CAT GGT GGT GAA
GAC-3.

Relative mRNA expression was calculated
using the 2"-AACt method and normalized to
GAPDH.

Western blotting

Total protein was isolated from cultured cells
using RIPA lysis buffer. After quantification,
equal amounts of protein were separated by
SDS-PAGE and transferred to polyvinylidene
fluoride membranes (Bio-Rad, CA, USA). Mem-
branes were blocked with 5% non-fat milk in
Tris-buffered saline containing Tween-20 for 2
hours at room temperature, followed by over-
night incubation at 4°C with the following pri-
mary antibodies (Abcam, UK):

GAPDH (1:5000), HSPB1 (1:3000), BAG3
(1:5000), GPX4 (1:4000), and TFR1 (1:1000).

After washing, membranes were incubated
with HRP-conjugated secondary antibodies for
2 hours at room temperature. Protein bands
were visualized using an enhanced chemilumi-
nescence system and quantified using ImageJ
software.

Transwell invasion assay

U251 cells were serum-starved for 12 hours in
RPMI-1640 medium without FBS. Cells were
then washed with PBS, resuspended, and
counted. A total of 200 uL of the cell suspen-
sion was seeded into the upper chamber of
Matrigel-coated Transwell inserts (BD Bio-
sciences, USA), while 700 uL of RPMI-1640
medium containing 10% FBS was added to
the lower chamber as a chemoattractant. The
plates were incubated at 37°C with 5% CO,, for
48 hours.

After incubation, non-invading cells on the
upper surface of the membrane were removed
with a cotton swab. Cells that had migrated to
the lower surface were fixed with formaldehyde
for 10 minutes, air-dried, and stained with 0.1%
crystal violet for 20 minutes. After rinsing with
PBS and drying, five random fields were select-
ed under a light microscope for imaging and
cell counting.

Plate clonogenic assay

U251 cells were seeded in 6-well plates and
cultured under standard conditions for 14 days.

7495

On day 15, the culture medium was discarded
and the wells were gently washed with PBS.
Cells were fixed with 1 mL of 4% paraformalde-
hyde for 15 minutes at room temperature, fol-
lowed by staining with 1 mL of crystal violet for
2 minutes. Excess stain was removed by
repeated PBS washing. Colonies containing
more than 50 cells were counted under a light
microscope, and colony formation efficiency
was analyzed.

GSH quantification

Cells were harvested by trypsinization using
0.25% trypsin for 5 minutes and centrifuged at
5,000xg for 10 minutes. The cell pellet was
resuspended in PBS and subjected to sonica-
tion for lysis. After a second centrifugation at
5,000xg for 10 minutes, the supernatant was
collected. Intracellular GSH levels were mea-
sured using a commercial assay kit, following
the manufacturer’s instructions, based on sam-
ple absorbance readings.

ROS measurements

Intracellular reactive oxygen species (ROS)
were measured using 2’,7’-dichlorodihydrofluo-
rescein diacetate (DCFH-DA). Cells were incu-
bated with 10 uM DCFH-DA at 37°C for 20 min-
utes. After incubation, cells were trypsiniz-
ed, resuspended in PBS, and centrifuged at
1,000x%g for 10 minutes. The pellet was washed
three times with PBS to remove residual dye.
Fluorescence intensity, indicating ROS produc-
tion, was detected using either a fluorescence
microscope or an immunofluorescence micro-
plate reader. Oxidation of DCFH-DA to fluores-
cent DCF served as an indicator of ROS
generation.

MDA assay

Malondialdehyde (MDA) levels were assess-
ed using a commercial assay kit following
the manufacturer’s instructions. Briefly, 100 yL
of absolute ethanol (blank), standard solution,
or sample lysate was mixed with 1 mL of fre-
shly prepared working reagent. Samples were
incubated in a boiling water bath (100°C) for
40 minutes, cooled to room temperature, and
centrifuged at 1,000xg for 10 minutes. The
supernatant was transferred to a 96-well plate
and incubated in the dark for 60 minutes. Ab-
sorbance was measured at 532 nm using a
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microplate reader, and MDA concentrations
were calculated based on the standard curve.

Lipid peroxidation assay

Lipid peroxidation was assessed using the fluo-
rescent probe C11-BODIPY 581/591. Following
treatment, cells were harvested with 0.25%
trypsin for 10 minutes, and the reaction was
stopped with complete medium. After centrifu-
gation at 1,000xg for 5 minutes, the cell pellet
was resuspended in pre-warmed buffer con-
taining 10 uM C11-BODIPY 581/591 and incu-
bated at 37°C in the dark for 1 hour. Cells were
then centrifuged again, washed, and resus-
pended in fresh buffer. Fluorescence was
detected using a flow cytometer with a 488 nm
excitation laser, and data were analyzed using
FlowJo software.

CO-IP assay

Cells were washed twice with ice-cold PBS and
lysed in pre-chilled lysis buffer. Lysates were
incubated on ice for 10 minutes and sonicated
for complete disruption. After centrifugation at
13,000xg for 10 minutes at 4°C, the superna-
tant was collected. FLAG magnetic beads were
prewashed with PBS and incubated with the
lysates overnight at 4°C with gentle rotation.
After incubation, the beads were washed twice
with lysis buffer, vortexed, and centrifuged at
5,000xg for 5 minutes. The final pellet was
resuspended in 35 uL of lysis buffer with 10 uL
of 6x SDS loading buffer and boiled at 100°C
for 10 minutes. Eluted proteins were analyzed
by Western blotting.

Intracellular Fe** quantification

Cells were trypsinized and resuspended in
fresh DMEM with 10% FBS. After counting,
equal numbers of cells were collected and
washed twice with ice-cold PBS. The cell pellet
was resuspended in lysis buffer, sonicated on
ice for 5 minutes, and incubated for an addi-
tional 2 hours. Samples were centrifuged at
13,000xg for 10 minutes at 4°C. Supernatants
were collected, and intracellular Fe?* concen-
trations were determined using a commercial
ferrous ion detection kit (Cat. No. E1042), fol-
lowing the manufacturer’s protocol.

Lactate dehydrogenase (LDH) release assay

U251 cells were seeded into 96-well plates and
allowed to adhere overnight. According to the

7496

experimental groups, the culture supernatant
was collected and mixed with the LDH reaction
mixture. After 30 minutes of incubation at room
temperature in the dark, absorbance was mea-
sured at 490 nm. The percentage of LDH
release was calculated according to the manu-
facturer’s formula.

CCK-8 assay

U251 cells were seeded into 96-well plates and
cultured overnight. According to experimental
groupings, 10 yL of CCK-8 solution was added
to each well. Plates were incubated at 37°C for
2 hours, and absorbance was measured at 450
nm. Cell viability was calculated as a percent-
age relative to the control group.

Statistical analysis

All data were analyzed using SPSS 22.0 soft-
ware. Quantitative data are presented as mean
+ standard deviation (SD) from at least three
independent experiments. Comparisons bet-
ween the two groups were performed using the
Student’s t-test, while comparisons among mul-
tiple groups were analyzed by one-way analysis
of variance (ANOVA). A P-value <0.05 was con-
sidered statistically significant.

Results

Knockdown of HSPB1 inhibits the malignant
growth of U251 cells

Bioinformatics analysis revealed that HSPB1
is abnormally overexpressed in a variety of
malignancies, including glioblastoma (Figure
1A). As shown in Figure 1B, HSPB1 expre-
ssion was significantly higher in glioblastoma
tissues (n=163) compared to normal brain tis-
sues (n=207). Moreover, glioma patients with
high HSPB1 expression exhibited significantly
shorter overall survival than those with low
expression levels (Figure 1C), suggesting a
potential oncogenic role of HSPB1 in glioma
development.

Consistently, HSPB1 protein expression was
also upregulated in glioma cell lines compared
to normal human astrocytes (Figure 1D). Among
three different short hairpin RNAs targeting
HSPB1, all effectively reduced both mRNA
(Figure 1E) and protein (Figure 1F) levels, with
HSPB1-sh1l demonstrating the highest silenc-
ing efficiency and thus selected for subsequent
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Figure 1. Expression level of HSPB1 in gliomas. A and B. Expression levels of heat shock protein family B (small)
member 1 (HSPB1) in various malignant tumors and gliomas (http://gepia.cancer-pku.cn/). C. Association between
HSPB1 expression and overall survival (http://gepia.cancer-pku.cn/). D. Protein expression levels of HSPB1 in tu-
mor cell lines. E and F. Knockdown efficiency of HSPB1. G. Proliferation ability of U251 cells. H. Cell invasion. Scale
bar =100 pm. N=5. *P<0.05. **P<0.01. ***P<0.001.

experiments. Functionally, HSPB1 knockdo-
wn significantly suppressed the proliferation
(Figure 1G) and invasion (Figure 1H) of U251
cells, indicating that HSPB1 promotes glioma
cell malignancy and may act as an oncogenic
factor.

Knockdown of HSPB1 promotes ferroptosis in
U251 cells

To explore whether HSPB1 regulates ferropto-
sis during glioma progression, U251 cells were
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transfected with HSPB1-sh1 and examined for
ferroptosis-related markers. Knockdown of
HSPB1 led to a significant decrease in intracel-
lular GSH levels (Figure 2A) and GPX activity
(Figure 2B), along with increased levels of reac-
tive oxygen species (ROS) (Figure 2C), Fe®*
(Figure 2D), and MDA (Figure 2E).

Western blot analysis revealed that HSPB1
silencing reduced GPX4 expression while upreg-
ulating transferrin receptor protein 1 (TFR1)
expression (Figure 2F). Additionally, an increase
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Figure 2. The effect of HSPB1 on ferroptosis in U251 cells. A. Glutathione (GSH) levels. B. GPx activity. C. Reactive
oxygen species (ROS) levels detected by DCFH-DA fluorescence probe. Scale bar =200 um. D. Fe?* accumulation lev-
els. E. MDA content. F. Protein expression levels of glutathione peroxidase 4 (GPX4) and transferrin receptor protein
1 (TFR1). G. Lipid peroxidation levels indicated by BODIPY™ 581/591 C11 fluorescence probe. Scale bar =50 um. H.
Lactate dehydrogenase (LDH) release rate assay. I. Cell viability. J. The mRNA expression of nuclear factor erythroid
2-related factor 2 (Nrf2) and heme oxygenase-1 (HO-1). N=5. **P<0.01. ***P<0.001.

in BODIPY™ 581/591 C11 fluorescence was
observed in HSPB1-knockdown cells, indicating
enhanced lipid peroxidation (Figure 2G). LDH
release was significantly elevated (Figure 2H),
and cell viability was decreased (Figure 2I), fur-
ther supporting increased ferroptotic activity.

RT-gPCR analysis showed that knockdown of
HSPB1 also suppressed the expression of Nrf2
and HO-1 (Figure 2J), components of the Nrf2/
HO-1 antioxidant pathway, which is known to
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protect cells from ferroptosis. Together, these
findings indicate that HSPB1 downregulation
promotes ferroptosis in U251 cells by modulat-
ing iron metabolism, oxidative stress, and sup-
pressing antioxidant defenses.

Knockdown of HSPB1 suppresses BAG3 ex-
pression

Bioinformatics analysis and literature review
identified BAG3, an anti-apoptotic protein fre-
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quently upregulated in cancer, as a potential
binding partner of HSPB1 (Figure 3A). Co-IP
assays confirmed a direct physical interaction
between HSPB1 and BAG3 in U251 cells (Figure
3B). Subsequent transfection of HSPB1-shil
into U251 cells significantly reduced both BAG3
mRNA (Figure 3C) and protein (Figure 3D)
expression levels, as shown by RT-gPCR and
Western blotting, respectively. These results
suggest that HSPB1 positively regulates BAG3
expression in glioma cells.

Knockdown of BAG3 promotes ferroptosis in
U251 cells

Three different short hairpin RNAs targeting
BAG3 were transfected into U251 cells, and
transfection efficiency is shown in Figure 4A.
Among them, BAG3-sh3 exhibited the highest
silencing efficiency and was selected for sub-
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sequent experiments. Similar to HSPB1 knock-
down, BAG3 silencing significantly suppressed
U251 cell proliferation (Figure 4B) and invasion
(Figure 4C).

Furthermore, BAG3 knockdown markedly
reduced intracellular GSH levels (Figure 4D)
and GPX activity (Figure 4E), while increasing
ROS production (Figure 4F), Fe?" accumulation
(Figure 4G), and MDA content (Figure 4H).
Western blot analysis confirmed that GPX4 pro-
tein expression was downregulated following
BAG3 silencing (Figure 4l1). Flow cytometry also
revealed elevated lipid peroxidation in BAG3-
knockdown cells (Figure 4J). Consistently, LDH
release was enhanced (Figure 4K), cell viability
was reduced (Figure 4L), and mRNA levels of
Nrf2 and HO-1 were significantly suppressed
(Figure 4M).
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HSPB1 suppresses ferroptosis in U251 cells
via BAG3

To investigate whether BAG3 mediates the anti-
ferroptotic function of HSPB1, BAG3-sh3 was
transfected alone or co-transfected with an
HSPB1 overexpression plasmid (HSPB1-OE)
into U251 cells. RT-gPCR confirmed increased
HSPB1 mRNA expression following HSPB1-OE
transfection (Figure 5A).

Western blot results showed that BAG3 knock-
down reduced the protein expression of Nrf2
and HO-1, and this reduction was not reversed
by HSPB1 overexpression. These findings sug-
gest that in the absence of its binding partner
BAG3, HSPB1 is unable to regulate the Nrf2/
HO-1 pathway (Figure 5B). Treatment with eras-
tin, a known ferroptosis inducer, further down-
regulated Nrf2 and HO-1 protein levels, produc-
ing effects comparable to those of BAG3 knock-
down. Notably, BAG3 silencing in combination
with erastin treatment produced a more pro-
nounced ferroptotic response than erastin
alone.

Functionally, BAG3 knockdown increased LDH
release (Figure 5C), decreased cell viability
(Figure 5D), and elevated intracellular Fe?*
(Figure B5E) and MDA (Figure 5F) levels. It also
led to GSH depletion (Figure 5G) and reduced
GPX4 expression (Figure 5H). Importantly, over-
expression of HSPB1 failed to rescue these
effects, indicating that BAG3 is essential for
HSPB1-mediated suppression of ferroptosis.

Discussion

As the most common and aggressive type of
neurological tumor, the incidence of gliomas
continues to rise. The identification of glioma-
specific biomarkers is expected to provide valu-
able therapeutic and prognostic insights, ulti-
mately improving patient survival and quality of
life. Ferroptosis is a distinct form of iron-depen-
dent programmed cell death characterized pri-
marily by the accumulation of lipid peroxides. In
recent years, increasing attention has been
directed toward ferroptosis in the context of
cancer therapy, with the modulation of this pro-
cess emerging as a promising strategy for treat-
ing malignancies, including gliomas.

HSPB1, a member of the small heat shock pro-
tein family, is a highly conserved protein that is
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upregulated under various stress conditions. It
has been implicated in the progression of mul-
tiple cancer types. High HSPB1 expression has
been associated with metastasis and poor
prognosis in breast cancer, where it can inhibit
ferroptosis by activating the NF-kB signaling
pathway, thus reducing the therapeutic efficacy
of doxorubicin [19]. Similarly, in hepatocellular
carcinoma, HSPB1 is significantly upregulated
in tumor tissues and correlates with adverse
clinical outcomes [20].

In our study, we found that HSPB1 expression
was markedly elevated in glioma cell lines.
Silencing HSPB1 significantly inhibited the pro-
liferation and invasion of U251 glioma cells.
HSPB1 has previously been identified as a neg-
ative regulator of ferroptosis. One study report-
ed that HSPB1 knockdown in glioma cells pro-
motes iron accumulation and ROS production,
thereby inducing ferroptosis [21]. Additional
evidence suggests that HSPB1 is highly ex-
pressed in glioma stem cells and contributes to
ferroptosis resistance by limiting iron accumu-
lation [22]. Consistent with these findings, we
observed that HSPB1 silencing in U251 cells
led to increased lipid peroxidation and Fe?*
accumulation, ultimately triggering ferroptotic
cell death. Taken together, these results sup-
port the notion that HSPB1 promotes glioma
cell survival, at least in part, by inhibiting
ferroptosis.

Using online bioinformatics tools and literature
mining, we identified BCL2-associated athano-
gene 3 (BAG3) as a potential HSPB1-interacting
protein. This interaction was validated by co-
immunoprecipitation assays. BAG3, a member
of the anti-apoptotic BAG family located on
chromosome 10¢25, is involved in diverse cel-
lular processes, including cell proliferation,
apoptosis, cytoskeletal regulation, and protein
degradation [23]. In cancer cells, which are
characterized by uncontrolled growth and im-
paired apoptosis, BAG3 expression is frequent-
ly upregulated and contributes to tumor cell
survival. In melanoma, BAG3 prevents IKK-y
lysosomal degradation, thereby sustaining
NF-kB activation and promoting cell survival
[24]. In breast cancer, BAG3 has been implicat-
ed in cell adhesion and migration [25, 26],
while deletion of its WW domain in Cos7 cells
results in loss of migratory capacity. In hepato-
cellular carcinoma, BAG3 knockout inhibits cell
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migration and invasion, and in in vivo tumor
models, loss of BAG3 suppresses tumor growth
and metastasis [27].

In gliomas, particularly high-grade subtypes,
BAG3 is significantly overexpressed. Silencing
BAG3 using siRNA has been shown to promote
apoptosis in glioma cells [28]. Other studies
indicate that BAG3 supports the maintenance
of glioma stem-like cells and contributes to
chemoresistance [29]. In line with these find-
ings, we demonstrated that BAG3 is aberrantly
overexpressed in cell lines. BAG3 knockdown
significantly inhibited glioma cell proliferation
and invasion, while inducing ferroptotic cell
death.

Furthermore, co-transfection of BAG3 overex-
pression vectors into HSPB1-knockdown U251
cells partially rescued the suppressed cell
growth and reversed ferroptosis induction, indi-
cating that HSPB1 mediates its anti-ferroptotic
effects through BAG3. In conclusion, both
HSPB1 and BAG3 are upregulated during glio-
ma progression. Silencing HSPB1 downregu-
lates BAG3 expression, thereby promoting fer-
roptosis in glioma cells. These findings suggest
that targeting the HSPB1-BAG3 axis may serve
as a novel therapeutic strategy for glioma
treatment.
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