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progression via the MCT4/GPX3 axis:
therapeutic inhibition by Ganxintriol A
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Abstract

Background Embigin (EMB) is a transmembrane glycoprotein highly expressed in glioblastoma multiforme (GBM),
yet its role in GBM progression remains unclear. In this study, we investigate the function of intracellular EMB in pro-
moting GBM progression and evaluate the effect of Ganxintriol A, a traditional Chinese herbal extract, in GBM
treatment.

Methods Bioinformatics datasets were utilized to assess EMB expression and its prognostic value in GBM patients.
In vitro experiments such as PCR ~ western blot,CCK8 transwell wound healing,clone formation and flow cytometry
assays were conducted to examine EMB's biological functions and underlying mechanisms in GBM cell lines. Addi-
tionally, we constructed a subcutaneous tumor model in nude mice and evaluated the effect of traditional Chinese
medicine extract Ganxintriol A on the progression of GBM through in vivo and in vitro experiments.

Results EMB is highly expressed in GBM and is associated with poor prognosis in GBM patients. EMB overexpression
accelerated GBM progression, whereas EMB knockdown had the opposite effect. Further analysis revealed that EMB
upregulated epithelial-mesenchymal transition (EMT) and glycolysis while maintaining glutathione (GSH) redox bal-
ance by inducing monocarboxylate transporter 4 (MCT4) and glutathione peroxidase 3 (GPX3) expression. Treatment
with Ganxintriol A significantly downregulated EMB expression, effectively inhibiting GBM progression both in vitro
and in vivo.

Conclusions This study highlights EMB as an independent prognostic biomarker for GBM and reveals a novel
mechanism by which EMB drives GBM progression. Additionally, Ganxintriol A is identified as a promising therapeutic
candidate for GBM treatment.
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Introduction

Embigin (EMB), a member of the immunoglobulin
superfamily, was first identified in mouse embryonic
cancer stem cells and contains a V-like domain near its
transmembrane region [1]. EMB participates in various
cell-cell and cell-matrix interactions, influencing pro-
cesses such as cell adhesion and neuromuscular junction
formation [2-5]. Despite its well-known roles in normal
cells, the function of EMB in tumor progression has been
less explored. In pancreatic cancer, EMB promotes inva-
sion and migration through the induction of epithelial-
mesenchymal transition (EMT) [6]. In prostate cancer,
EMB enhances tumor progression by inhibiting AMP-
activated protein kinase (AMPK) activity and activating
nuclear factor kappa-B (NF-kB) and mechanistic target
of rapamycin complex 1 (mTORC1) signaling pathways
[7]. These findings suggest that EMB may facilitate tumor
progression through multiple pathways.

Glioblastoma multiforme (GBM) is the most lethal
tumor in the central nervous system, currently, there is
still a lack of effective treatment methods [8, 9]. Our bio-
informatics analysis indicates that EMB is a risk factor for
GBM progression and is associated with metabolic pro-
cesses within the tumor. Like its homolog basigin (BSG),
EMB interacts with members of the monocarboxylate
transporter (MCT) family to promote conformational
changes and their transport to the plasma membrane [6].
MCT family members, such as MCT4, are critical lactate
transporters that regulate aerobic glycolysis in cancer
cells [10, 11]. Aerobic glycolysis is a main carbon metab-
olism pathway in tumor cells and is also key for energy
metabolism in glioblastoma multiforme (GBM), suggest-
ing that MCT4 may interact with EMB to affect the gly-
colysis metabolism of GBM [12-14].

Previous studies have shown that inhibiting EMB can
decrease glycolysis levels and reduce intracellular glu-
tathione (GSH) [15, 16]. GSH is a vital component of the
cellular redox system and plays a key role in tumor cell
proliferation and drug resistance. Disrupting GSH bal-
ance leads to cancer cell death through various mecha-
nisms [17]. Glutathione peroxidase 3 (GPX3) is an
important antioxidant enzyme involved in maintaining
GSH redox balance, the abnormal expression of GPX3 in
tumors may promote drug resistance [17]. However, cur-
rently its role in GBM is not well understood.

GBM has high resistance to chemotherapy drugs such
as temozolomide (TMZ), while Chinese herbal extracts
have been proven to have great potential in the treatment
of GBM and may be an effective method to address GBM
drug resistance [18, 19]. Ganxintriol A is a newly con-
firmed compound extracted from the traditional Chinese
herb Salvia przewalskii Maxim, with a molecular formula
of C;gH;,O,4 and an unsaturation of 11. Other extracts of
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Salvia przewalskii Maxim or Salvia miltiorrhiza of the
same genus are reported to have anti-inflammatory, anti
angiogenic, and anti-tumor effects [20-23]. At the same
time, the extracts of Salvia przewalskii Maxim can easily
pass through the blood—brain barrier and produce thera-
peutic effects on neurological disorders, demonstrating
the Ganxintriol A’s treatment potential for central nerv-
ous system tumors [24-26]. However, its role in GBM
therapy has not yet been explored.

In this study, we show that EMB promotes GBM pro-
gression by enhancing EMT, intracellular glycolysis, and
GSH redox balance through downstream targets MCT4
and GPX3. Furthermore, we demonstrate that Ganxin-
triol A acts as a potent EMB inhibitor, with significant
anti-tumor effects in both in vitro and in vivo models.
Our findings suggest that EMB is a valuable prognostic
marker and that Ganxintriol A holds promise as a thera-
peutic agent for GBM.

Materials and methods

Patient tissue sample collection

Clinical GBM samples were collected from the Affiliated
Hospital of Xuzhou Medical University. A total of 8 cases
grade IV GBM samples, confirmed through pathologi-
cal diagnosis, were included. Prior to their operations,
patients had not undergone chemoradiotherapy. As a
control, 4 cases of non-tumor brain tissues were acquired
from patients with acute brain injuries undergoing
intracranial decompression.

Cell culture and treatment

A172, U87 and LN229 cell lines were purchased from the
cell bank of the Chinese Academy of Sciences. A172, U87
and LN229 cells were cultured in high glucose Dulbecco’s
modified Eagle’s medium (DMEM) (Gibco, USA), supple-
mented with 10% fetal bovine serum (FBS) (Gibco, USA)
and 1% penicillin—streptomycin (Beyotime, China), at
37 °Cin a 5% CO, atmosphere.

For TMZ treatments, cells were exposed to 100 uM
TMZ in high-glucose DMEM. Lentiviruses (Genechem,
China) were utilized to establish control, EMB overex-
pression, and EMB knockdown cell lines. For VB124
treatments, cells were treated with high glucose DMEM
medium containing 10 pM VB124. For Ganxintriol A
treatments, cells were treated with high glucose DMEM
medium containing 15 pM Ganxintriol A.

The siRNA sequences of GPX3 were: GGCAUAAGU
GGCACCAUUUTTAAAUGGUGCCACUUAUGCCTT.

mRNA extraction and gRT-PCR

Total RNA was extracted using the TRIzol method (Inv-
itrogen, USA). The extracted RNA was then reverse tran-
scribed into cDNA using the Vic qRT Super Kit (Vicmed,
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China). Real-time quantitative PCR was conducted on a
LightCycler 480 system (Roche, USA), adhering to the
manufacturer’s protocols. GAPDH expression served
as an internal reference. The expression levels of target
genes in each sample were quantified using the 2744t
method. The primer sequences used were as follows:

EMB forward, 5-TCTCACATGCCAGTTCACAAC
ATC; EMB reverse, 5-AACACCAACAGGAACCTT
TACACTG;

SLC16A3 forward, 5-CGCCTTCCTGCTCACCAT
CC; SLC16A3 reverse, 5-GCTGAAGAGGTAGACGGA

GTAGG;
E-CAD forward, 5-GCCATCGCTTACACCATC
CTCAG; E-CAD reverse, 5-CTCTCTCGGTCCAGC
CCAGTG;

N-CAD forward, 5-AGGAGTCAGTGAAGGAGT
CAGCAG; N-CAD reverse, 5-TTCTGGCAAGTTGAT
TGGAGGGATG;

GAPDH forward, 5-TGACTTCAACAGCGACAC
CCA; GAPDH reverse, 5-CACCCTGTTGCTGTAGCC
AAA.

Protein extraction and western blot

For protein extraction, 1x 10° cells were lysed at 4 °C for
30 min using 1 mL of lysis buffer, which included pro-
tease and phosphatase inhibitors (Beyotime, China).
The supernatant was then collected by centrifugation
at 12,000 rpm for 30 min. Proteins were separated via
gel electrophoresis and subsequently transferred to a
membrane through electrophoresis. The membrane was
blocked with blocking reagent (Beyotime, China) for
15 min, washed thrice with washing buffer, and incubated
overnight with the primary antibody. Following this, the
membrane was washed and incubated with a fluores-
cently tagged secondary antibody for 2 h. After a final
wash, the membrane was scanned to analyze the band
intensities.

Quantification of cellular GSH and 4-HNE

To quantify cellular glutathione (GSH) levels and
4-hydroxynonenal (4-HNE) levels, detection Kkits
(Jiancheng, China) (Jianglaibio, China) was employed
according to the manufacturer’s guidelines. Treated cells
were harvested, and the cell pellet volume was estimated
visually. Four volumes of phosphate-buffered saline (PBS)
were added for cell resuspension, and an ultrasonic cell
crusher was used for cell disruption. In a 96-well plate,
the cell lysate and detection reagents were added follow-
ing the manufacturer’s instructions. The contents were
mixed, and the absorbance at 405 nm was measured
using a microplate reader.
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Quantification of glycolysis and lactate levels

Glucose uptake level and lactate level in GBM cell lines
and tissues were quantified using glucose uptake assay
kits (DOJINDO, Japan) and lactate assay kits (Jiancheng,
China), following the manufacturer’s instructions. Rela-
tive glucose uptake level and lactate level were deter-
mined based on standard curves derived from standard
samples.

Assays of cell proliferation, inhibition and apoptosis

Cell proliferation was assessed using cell counting kit-8
(CCKB) assay and clone formation assay. For the CCK8
assay, cells were seeded in 96-well plates at a density of
1x10% cells/well. After treatment for 12 h, 24 h or 48 h,
20 pL of CCK8 reagent (Vicmed, China) was added to
each well. The plates were incubated in the dark for
30 min, and absorbance at 450 nm was measured using a
microplate reader.

For the clone formation assay, 1000 cells were seeded
into each plate of 6-well plate and cultured ini a 5% CO,
and 37 °C atmosphere. After treatment for 7-10 days,
terminated the culture, washed and fixed the cells, then
added 2 mL of 0.1% crystal violet (Vicmed, China) and
stained for 15 min. The clone number was counted under
the microscope.

Cell inhibition and apoptosis were evaluated using
CCKS8 and flow cytometry assay. For the CCK8 assay,
cells were seeded in 96-well plates at a density of 1x10*
cells/well and treated for 12 h, 24 h and 48 h. Post-
treatment, 20 pL of CCKS8 reagent (Vicmed, China) was
added to each well, incubated in the dark for 30 min, and
absorbance at 450 nm was measured.

For the flow cytometry assay, after 24 h of treatment,
cells were digested, centrifuged, and resuspended in
PBS. FITC-Annexin V staining solution (Keygen, China)
was added to the cell suspension, mixed, and incubated
for 15 min. Subsequently, PI staining solution (Keygen,
China) was added, mixed again, and incubated for an
additional 15 min before flow cytometry analysis.

Assays of cell invasion and migration
Cell invasion was evaluated using a transwell invasion
assay. Matrix glue (Corning, USA) was diluted and added
to the upper chamber of a transwell apparatus. Cells
were suspended in serum-free medium and seeded in the
upper chamber. The lower chamber contained medium
with 20% FBS. After 24 h, cells were fixed, stained with
0.1% crystal violet (Vicmed, China), and non-invading
cells were removed. Invading cells were observed, photo-
graphed, and counted.

Cell migration was assessed using transwell migra-
tion assay and wound healing assay. For the transwell
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migration assay, cells were suspended in medium with
20% FBS and seeded in the upper chamber, and counted
the number of migration cells to the lower chamber after
24 h. For the wound healing assay, cells were seeded in
6-well plates (Corning, USA) at a density of 1x10° cells/
well. A scratch was created with a pipette tip, and cells
were cultured in serum-free medium. The wound healing
area was observed under a microscope after 24 h.

In vivo experiments

Male BALB/C nude mice (6 weeks old, 18-22 g) were
acquired from Weitong Lihua Experimental Animal
Technology Co., Ltd., (Beijing, China), and housed in a
pathogen-free environment. During the study, they were
randomly divided into groups (n=>5 per group).

For tumorigenesis experiments, 1x 10° U87 cells were
injected into the armpits of mice. Two weeks post-tumor
formation, mice received intraperitoneal injections of
Ganxintriol A (10 mg/kg body weight) every other day.
Tumor size was measured every 4 days using the formula:
(Iength) x (width)?/2. After 4 weeks, mice were humanely
euthanized, and tumors were harvested.

IHC staining and IF staining

For the immunohistochemical staining, formalin-fixed,
paraffin-embedded subcutaneous tumor sections were
dewaxed and rehydrated. Antigen retrieval was per-
formed by boiling in 10 mM sodium citrate buffer (Bey-
otime, China) (pH 6.0). Sections were incubated with
primary antibodies (Abcam, USA), followed by bioti-
nylated secondary antibodies (Abcam, USA). Slides were
then immersed sequentially in horseradish peroxidase
and 3,3’-diaminobenzidine (DAB) solutions (Beyotime,
China), counterstained with hematoxylin (Beyotime,
China), dehydrated, and sealed with neutral glue.

For the immunofluorescence staining, formalin-fixed,
paraffin-embedded subcutaneous tumor sections were
dewaxed, rehydrated and antigen repaired. Then incu-
bated with the primary antibody (Abcam, USA) at 4 °C
overnight. After incubation, sections were washed
and incubated with a fluorescent secondary antibody
(Abcam, USA) for 1 h. The cell nucleus was stained with
DAPI (Beyotime, China) for 15 min, and sections were
visualized using a fluorescence microscope.

Patient data and bioinformatics analyses

Data from the Human Protein Atlas (http://proteinatl
as.org/), GEPIA2 (http://gepia2.cancer-pku.cn/#index),
Oncomine, STRING (https://cn.string-db.org/), Linke-
dOmics (https://www.linkedomics.org/) and CGGA
(http://www.cgga.org.cn/) databases were used to inves-
tigate EMB-related information [27-33]. GO and KEGG
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analyses were performed with R software (https://www.r-
project.org/).

Statistical analysis

Data were analyzed using SPSS 22.0 or GraphPad Prism
8 and expressed as mean +standard deviation. The Sha-
piro—Wilk normality test, with a normality rejection
threshold of P<0.05, was used to assess data normal-
ity. Student’s t-tests and one-way ANOVA were applied
to determine group differences. Kaplan—Meier survival
analysis and the log-rank test were used to estimate and
compare survival distributions, respectively. A two-sided
P-value <0.05 was considered statistically significant.

Results

EMB is highly expressed in GBM and correlates with patient
prognosis

We first analyzed EMB expression in various human tis-
sue. As shown (Fig. 1A), EMB exhibited the highest RNA
expression levels in bone marrow, lymph nodes, and
small intestines, while its expression in the pancreas and
skeletal muscle was comparatively low, indicating tissue-
specific expression patterns.

In GBM tissue, EMB levels were approximately 2.5
times higher than those in neural stem cells and about
twice as high as those in whole brain tissue, and EMB
expression was the highest in GBM compared to other
brain tumors, such as astrocytoma, mixed glioma, and
oligodendroglioma, suggesting a correlation between
EMB expression and glioma malignancy (Fig. 1D). We
then examined whether EMB expression was linked to
tumor stage and prognosis. Our analysis showed that
high EMB levels were significantly negatively correlated
with overall survival (OS) and disease-free survival (DFS)
in glioma patients, indicating that EMB may play a role
in GBM progression (Fig. 1B). Furthermore, we analyzed
the EMB levels in Chinese glioma patients and found that
EMB mRNA levels increased with glioma grade, par-
ticularly in grade IV GBM (Fig. 1E). Methylation levels
of EMB were inversely correlated with EMB expression,
with higher EMB levels and lower methylation associated
with poorer survival outcomes (Fig. 1G, H).

GBM with mutations in the isocitrate dehydrogenase
1 (IDH1) gene and the 1p/19q codeletion have a better
prognosis. In patients with high EMB levels, the IDH1
type was more likely to be wild-type, and the 1p/19q sta-
tus tended to be less codeletion, which may be one of the
reasons for its poor prognosis (Fig. 1F).

To verify these findings, we measured EMB expres-
sion in normal brain and GBM tissue samples. PCR and
western blot (WB) analyses confirmed high EMB expres-
sion in all eight GBM samples tested (Fig. 11, ]). In GBM
cell lines, U87 and LN229 exhibited significantly higher
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EMB levels compared to normal human astrocytes (HA)
(Fig. 1K, L). Based on these results, we selected U87 and
LN229 cell lines for further in vitro experiments and gen-
erated EMB overexpression (oe-EMB) and knockdown
(kd-EMB) models.

EMB promotes GBM cell invasion and migration via EMT

In normal tissue, EMB mediates interactions between
cells and cells and the extracellular matrix. Consider-
ing the high invasiveness of GBM, we hypothesized that
elevated EMB level may contribute to this phenotype.
Transwell studies showed that after knocking down
EMB, cells displayed reduced invasion and migra-
tion abilities, while EMB overexpression increased cell
invasion and migration (Fig. 2A-D). Both invasion and

migration abilities are essential for tumor metastasis.
Our wound healing studies showed that EMB knock-
down significantly reduced healing areas, while consist-
ently, EMB overexpression increased healing areas in
both cell models (Fig. 2E, F).

Epithelial-mesenchymal transition (EMT) is a key
process in tumor invasion and metastasis, with EMT
markers typically upregulated in various cancers. To
investigate whether EMB influences EMT in GBM, we
measured the expression of EMT-related proteins. PCR
and WB analysis demonstrated that EMB overexpres-
sion increased N-cadherin (N-CAD) levels (a mesen-
chymal marker) and decreased E-cadherin (E-CAD)
levels (an epithelial marker) in both U87 and LN229
cells. Converselyy, EMB knockdown produced the
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opposite effects (Fig. 2G, H), suggesting that EMB pro-
motes GBM cell invasion and migration through EMT
activation.

EMB promotes GBM cell proliferation via MCT4-mediated
glycolysis

Abnormal cell proliferation in GBM depends on high-
level energy metabolism and vigorous protein synthe-
sis. Here, we conducted bioinformatics analysis on EMB
and detected several genes with the highest correla-
tion, including SLC16A3 (the encoding gene of MCT4)
(Fig. 1C). The GO and KEGG analyses showed that EMB
was putatively involved in “central carbon metabolism’,
“protein processing in the endoplasmic reticulum” and
“metabolic pathways” in tumors (Fig. 2I, J). These data
putatively indicated that EMB may promote tumor prolif-
eration via the aforementioned pathways. To clarify EMB
function, we measured GBM cell proliferation levels
through CCK8 and colony formation assays. The results
showed that EMB overexpression significantly increased
cell proliferation, while EMB knockdown led to a marked
reduction in proliferation (Fig. 3A-E).

Aerobic glycolysis is a main metabolic pathway in
central carbon metabolism and an important energy
metabolism pathway in GBM. Here, we checked the
glycolysis level of GBM cell lines and found that EMB
could induce the cellular glycolysis level in GBM cells
(Fig. 3F, G). The WB results showed that EMB overex-
pression induced MCT4 expression in U87 and LN229
cells, while EMB knockdown suppressed it (Fig. 3H-
K). To confirm that MCT4 mediates the effects of EMB
on GBM proliferation, we treated cells overexpressing
EMB with the MCT4 inhibitor VB124. The inhibition of
MCT4 reversed the increase in proliferation and glycoly-
sis induced by EMB overexpression, indicating that EMB
promotes GBM proliferation through MCT4-mediated

glycolysis (Fig. 3L-Q).

EMB inhibits GBM drug resistance via GPX3

Increased glycolysis not only promotes tumor prolif-
eration but also contributes to chemotherapy resist-
ance. We hypothesized that elevated EMB expression
was putatively related to drug resistance in GBM. Using
CCK8 and flow cytometry assays, we assessed the
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effects of EMB on GBM resistance to TMZ. Our results
showed that EMB-overexpressing cells had lower inhi-
bition rates and apoptosis level, while EMB knockdown
cells displayed a poor tolerance to TMZ, thereby sug-
gesting that EMB induced drug resistance (Fig. 4A-D).
The GSH redox system is an important detoxifying
enzyme system and is closely linked to glycolysis. To
investigate the regulatory role of EMB in GBM drug
resistance, we assayed GSH and 4-hydroxynonenal
(4-HNE) levels in cells and observed that EMB over-
expression increased GSH levels but decreased 4-HNE
levels, while EMB knockdown led to elevated oxidative
stress (Fig. 4E, F).

We further nvestigated the role of GPX3, which is
downstream of EMB (Fig. 4G, H). As a member of the

GSH peroxidase family, its role in GBM drug resist-
ance remains unknown. Using GPX3 small interfering
RNA (siRNA) in U87 and LN229 cells, we observed a
significant downregulation of drug resistance (Fig. 41,
J). As we hypothesized, interference with GPX3 leads
to redox imbalance in GBM (Fig. 4K, L). These results
suggest that EMB promotes drug resistance in GBM
through GPX3-mediated regulation of GSH redox
balance.

To investigate whether EMB promoted GBM drug
resistance via GPX3, we treated GBM cells overexpress-
ing EMB with GPX3 siRNA. CCK8 showed that upon
GPX3 interference, the enhanced drug resistance medi-
ated by EMB overexpression was reversed and accompa-
nied by imbalanced GSH levels (Fig. 4M-P).
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Ganxintriol A reduces EMB expression and inhibits GBM
progression in in vitro and in vivo experiments

Next, we explored the impact of Ganxintriol A on GBM
progression. Colony formation and CCK8 assays dem-
onstrated that Ganxintriol A significantly inhibited the
proliferation of GBM cells (Fig. 5A-D). Additionally,
transwell and wound healing assays revealed that Ganx-
intriol A suppressed the invasion and migration of U87
and LN229 cells (Fig. 5E-H). Flow cytometry analysis
indicated that Ganxintriol A treatment induced apopto-
sis in GBM cells, further suggesting its inhibitory effects
on GBM progression in vitro (Fig. 51, ]J). We then exam-
ined whether Ganxintriol A could reduce EMB expres-
sion in GBM cells. PCR and WB results confirmed that

Ganxintriol A effectively downregulated EMB and down-
stream MCT4 levels in U87 and LN229 cells (Fig. 5K-N).
We also investigated its effects on glycolytic metabolism
and GSH redox balance, both of which were signifi-
cantly disrupted following Ganxintriol A treatment (Fig.
S1A-D).

To evaluate the efficacy of Ganxintriol A in vivo,
we established a subcutaneous GBM xenograft model
using U87 cells in nude mice. The experimental pro-
tocol is shown in Fig. 6A. After two weeks of Ganx-
intriol A treatment, tumor volumes in the treatment
group were significantly smaller compared to the con-
trol group (Fig. 6B-D). Additionally, mice in the Ganx-
intriol A treatment group exhibited longer survival
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times and higher body weight compared to the control
group (Fig. 6E, F). Ganxintriol A treatment also caused
a marked disruption in the GSH redox balance within
tumors, accompanied by an increase in oxidative stress
(Fig. 6G, H). Immunofluorescence staining revealed
a significant reduction in EMT markers within the
treated tumors (Fig. 61, J). TUNEL and IHC staining
further demonstrated that Ganxintriol A inhibited
tumor proliferation and induced apoptosis in the ani-
mal models (Fig. 6K, L).

Discussion

As a newly discovered member of the immunoglobu-
lin superfamily, EMB is primarily expressed in human
prostate and breast tissues [7]. However, little research
has focused on its role in cancer progression. Previous
studies in pancreatic cancer suggested that EMB pro-
motes tumor invasion and migration through the induc-
tion of EMT, while in prostate cancer, EMB activates
NF-kB signaling pathways via extracellular interactions
with S100A4, promoting tumor progression [6, 7]. In this
study, we found that EMB is highly expressed in GBM
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and its expression is significantly correlated with poor
prognosis in GBM patients. Gliomas with IDH mutations
and 1p/19q co-deletions exhibit fewer additional genomic
alterations beyond these mutations. These patients tend
to benefit more from adjuvant chemotherapy and radio-
therapy. Specifically, patients with high EMB levels are
more likely to exhibit an IDH1 wild-type genotype and
lack 1p/19q co-deletions, which are markers associated
with poor glioma prognosis [34]. This suggests that EMB
may play a critical role in the malignant progression of
GBM. We found in our in vitro cell experiments that
EMB promotes the invasion and migration of GBM cells
by upregulating their EMT levels, a similar mechanism to
that observed in prostate cancer [7].

It is worth noting that the uncontrolled invasion,
migration, and proliferation of GBM require a significant
amount of energy consumption, which is mainly sup-
plied by aerobic glycolysis [35, 36]. Research has found

that there are multiple pathways in GBM that affect cel-
lular energy metabolism, such as KRAS/MAPK pathway,
PI3K/PTEN/Akt/mTOR pathway, which are dysregu-
lated. Targeted therapy targeting these pathways has
shown promising efficacy in preclinical models, once
again confirming the importance of energy metabolism
in the malignant progression of GBM [37-41]. Interest-
ingly, although EMB has not been reported to directly
participate in cellular energy metabolism, it can help
the lactate transporter MCT family to correctly local-
ize the plasma membrane, thereby promoting transport
of lactate through the membrane and facilitating aero-
bic glycolysis, providing fuel for tumor cell proliferation
[42]. MCT4 has been proven to play an important role
in tumor metabolism, such as in lung adenocarcinoma,
MCT4 mediates immune infiltration and metabolic pro-
cesses, while in pancreatic cancer, elevated MCT4 levels
are associated with active glucose metabolism, leading to
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increased tumor recurrence and altered cell cycle dynam-
ics [43, 44]. Our findings showed that both glycolysis and
MCT4 expression in GBM are positively regulated by
intracellular EMB. This activation of EMB/MCT4-medi-
ated glycolysis provides a potential explanation for EMB’s
role in promoting GBM proliferation.

Aerobic glycolysis, a key metabolic pathway in tumors,
provides energy not only to support rapid cell growth
and is closely linked to tumor proliferation, but also
drug resistance [45, 46].The GSH redox system, which is
closely linked to glycolysis, plays a major role in detoxify-
ing cancer cells and promoting drug resistance [47-49].
For instance, GPX4 helps tumors survive by regulat-
ing ferroptosis [50]. In this study, we explored the role
of GPX3 and demonstrated that EMB induces GPX3
expression. GPX3, like other members of the GPX family,
reduces cellular damage by facilitating the interaction of
GSH with peroxides, cell metabolites, and chemothera-
peutic drugs. GPX enzymes also influence signaling path-
ways, mediating drug resistance through both enzymatic
and non-enzymatic mechanisms [51-53]. Our findings
show that knocking down GPX3 significantly reversed
the drug resistance induced by EMB overexpression,
accompanied by an imbalance in GSH redox levels. This
indicates that EMB promotes drug resistance in GBM via
downstream GPX3.

Considering that the EMB/MCT4/GPX3 axis leads to
resistance of GBM to the first-line chemotherapy drug
TMZ, it is of great significance to search for treatment
methods to reduce tumor resistance. In recent years, an
increasing number of studies have found that traditional
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Chinese medicine extracts exhibit significant therapeutic
effects in tumor treatment, as the extracts of traditional
Chinese medicine Salvia przewalskii Maxim have gradu-
ally been proven to have great potential in the treatment
of tumors such as GBM. Previous studies have demon-
strated that Tanshinone I, another extract from Salvia
przewalskii Maxim, induces autophagy in U87 cells,
while Tanshinone IIA inhibits GBM progression through
the PI3K and miR-16-5p pathways [54—58]. In our study,
newly identified Salvia przewalskii Maxim extract Ganx-
intriol A significantly inhibited glycolysis and disrupted
redox balance in GBM cells. We hypothesize that Ganx-
intriol A may exert its anti-tumor effects by downregulat-
ing EMB/MCT4/GPX3 axis level. Our in vitro and in vivo
experiments confirmed that Ganxintriol A treatment sig-
nificantly downregulated EMB expression, suppressed
tumor glycolysis, and disrupted GSH redox balance.
Furthermore, Ganxintriol A reduced tumor volume and
prolonged survival in GBM-bearing mice, demonstrating
its therapeutic potential in GBM treatment. Based on the
above findings, we summarize the specific mechanism by
which Ganxintriol A inhibits GBM progression as shown
in Fig. 7.

This study has some limitations that are worth discuss-
ing. Firstly, we only established a subcutaneous tumor
model, which still differs from the GBM in situ model.
Secondly, we were unable to delve into the mechanism by
which EMB regulates changes in GPX3 expression lev-
els, nor did we further compare the efficacy differences
between Ganxintriol A and other Danshen extracts in
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Fig. 7 Schematic diagram of Ganxintriol A inhibitors GBM progression. High levels of EMB in GBM upregulate the expression of MCT4 and promote
its localization to the cell membrane, enhancing the transport of glucose and lactate in GBM cells, thereby upregulating glycolysis levels. EMB can
further upregulate the expression of GPX3, thereby activating the GSH redox system, reducing oxidative stress, and promoting the survival and drug
resistance of GBM. Treatment of GBM with Ganxintriol A resulted in decreased expression of EMB and MCT4, disrupting glucose and lactate
transport and downregulating GPX3 expression, ultimately inhibiting the progression of GBM
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GBM treatment. This will have an impact on the poten-
tial clinical applications of Ganxintriol A in the future.

Conclusion

In summary, we found that high EMB expression is asso-
ciated with poor prognosis in GBM patients. The EMB/
MCT4/GPX3 axis promotes GBM progression by upreg-
ulating EMT, aerobic glycolysis, and GSH redox balance.
Our findings also identify Ganxintriol A, a traditional
Chinese medicine extract, as a promising therapeutic
agent for GBM.
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