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 Abstract
Introduction
This study investigates the role of STXBP1 in glioma, particularly its involvement in regulating
ferroptosis and epithelial-mesenchymal transition (EMT), and examines its impact on glioma cell
behavior.

Material and methods
Differential gene expression analysis was performed on a glioma dataset, and protein-protein
interaction (PPI) network analysis identified genes with significant prognostic value. Least absolute
shrinkage and selection operator (LASSO) Cox regression analysis further narrowed the scope. Key
genes were obtained through nomogram analysis and expression verification was performed. In in
vitro cell experiments, knockdown of STXBP1 was performed in glioma cell lines and the effects on
cell proliferation, migration, invasion, cell cycle distribution, apoptosis, and markers of ferroptosis and
EMT were assessed.

Results
After bioinformatics analysis, STXBP1 was identified as a hub gene, and in vitro cell experiments were
performed. STXBP1 knockdown in glioma cells increased proliferation, migration, and invasion, altered
cell cycle distribution (reducing S phase and increasing G1 phase), and decreased apoptosis.
Ferroptosis markers showed elevated GPX4 expression and reduced 12-HETE and 15-HETE levels.
Ferroptosis inducers (Sorafenib, erastin) heightened LDH release and reduced viability, while
inhibitors (ferrostatin-1, U0126) had opposing effects. STXBP1 knockdown also reduced lipid
peroxidation and mitigated the cytotoxic effects of Sorafenib, indicating a role in ferroptosis regulation.
Additionally, STXBP1 knockdown impacted EMT markers, decreasing N-cadherin and Vimentin and
increasing E-cadherin.

Conclusions
STXBP1 functions as a tumor suppressor in glioma, regulating ferroptosis and EMT. It presents
potential as a therapeutic target in glioma management.Prep
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Abstract 19 

Objective: This study investigates the role of STXBP1 in glioma, particularly its 20 

involvement in regulating ferroptosis and epithelial-mesenchymal transition (EMT), 21 

and examines its impact on glioma cell behavior. 22 

Methods: Differential gene expression analysis was performed on a glioma dataset, and 23 

protein-protein interaction (PPI) network analysis identified genes with significant 24 

prognostic value. Least absolute shrinkage and selection operator (LASSO) Cox 25 

regression analysis further narrowed the scope. Key genes were obtained through 26 

nomogram analysis, and expression verification was performed. In in vitro cell 27 

experiments, knockdown of STXBP1 was performed in glioma cell lines. The effects 28 

on cell proliferation, migration, invasion, cell cycle distribution, apoptosis, and markers 29 

of ferroptosis and EMT were assessed. 30 

Results: After bioinformatics analysis, STXBP1 was identified as a hub gene, and in 31 

vitro cell experiments were performed. STXBP1 knockdown in glioma cells increased 32 

proliferation, migration, and invasion, altered cell cycle distribution (reducing S phase 33 

and increasing G1 phase), and decreased apoptosis. Ferroptosis markers showed 34 

elevated GPX4 expression and reduced 12-HETE and 15-HETE levels. Ferroptosis 35 

inducers (Sorafenib, erastin) heightened LDH release and reduced viability, while 36 

inhibitors (ferrostatin-1, U0126) had opposing effects. STXBP1 knockdown also 37 

reduced lipid peroxidation and mitigated the cytotoxic effects of Sorafenib, indicating 38 

a role in ferroptosis regulation. Additionally, STXBP1 knockdown impacted EMT 39 

markers, decreasing N-cadherin and Vimentin and increasing E-cadherin. 40 

Conclusion: STXBP1 functions as a tumor suppressor in glioma, regulating ferroptosis 41 

and EMT. It presents potential as a therapeutic target in glioma management. 42 
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Running Title: STXBP1 promotes glioma progression via ferroptosis and EMT 45 

Introduction 46 

Gliomas are common tumors that arise in the brain, and common subtypes include 47 

astrocytomas, oligodendrogliomas, and ependymoma(1). Glial tumors encompass a 48 

broader spectrum, including mixed gliomas, all derived from glial cells(2). These 49 

tumors can occur in different brain and spinal cord regions and exhibit different 50 

histological and molecular characteristics(3). The World Health Organization (WHO) 51 

system states that gliomas are classified histologically and graded for malignancy(4). 52 

Gliomas of grades I and II are regarded as low-grade, but those of grades III and IV are 53 

high-grade and significantly aggressive. High-grade gliomas develop swiftly and 54 

invade surrounding tissue, posing significant treatment challenges. The etiology of 55 

glioma is multifactorial and involves genetic predisposition, ionizing radiation, and 56 

environmental factors(5). Clinically, gliomas can cause headaches, seizures, cognitive 57 

deficits, and focal neurological deficits, depending on their location and size(6). 58 

Standard treatments include surgical resection, chemotherapy, and radiation therapy(7). 59 

Even with advancements in treatment, glioma patients still have a dismal prognosis, 60 

particularly those with malignancies of a high grade, because of their aggressive and 61 

recurrent nature(8). Research continues to investigate the underlying molecular 62 

processes of glioma formation and create novel therapeutic approaches to enhance 63 

patient outcomes. 64 

 65 

Ferroptosis is a type of controlled cell death characterized by iron-dependent lipid 66 

peroxidation(9). Unlike apoptosis or necrosis, ferroptosis involves the collection of 67 

lipid reactive oxygen species (ROS), leading to membrane damage and cell death. It is 68 

crucial for several physiological functions, including immune response and tissue 69 

homeostasis. Dysregulation of ferroptosis is associated with several tumors, including 70 

glioma(10). Zhu M et al. utilized a biomimetic nanosonosensitizer for synergistic 71 

therapy against gliomas, combining sonodynamic therapy (SDT) and ferroptosis(11). 72 

This approach, facilitated by circulated microbubbles (MBs)and focusing ultrasound 73 

(US) to open the blood-brain barrier (BBB), resulted in a significant reduction in 74 

orthotopic gliomas. Additionally, Zhou L et al. identified the impact of ferroptosis on 75 

glioma prognosis, potentially regulated by autophagy(12). Their novel gene signature, 76 

incorporating autophagy-ferroptosis genes, predicts glioma survival and offers insights 77 

for future treatment strategies. Zheng Y et al. explored the importance of ferroptosis-78 

related genes in prognosis in lower-grade gliomas (LGG), identifying 12 genes 79 

associated with overall survival in LGG patients(13). This implies a potential link 80 

between ferroptosis and LGG prognosis. Moreover, ferroptosis has been linked to 81 

epithelial-mesenchymal transition (EMT), a procedure that enhances tumor 82 

invasiveness and metastasis, suggesting a broader impact on cancer progression. For 83 

example, balsalazide induces ferroptosis via a Slug-dependent EMT signaling pathway, 84 

inhibiting the growth of glioblastoma (GBM)(14). The interplay between ferroptosis 85 

and EMT further underscores the complex molecular landscape of gliomas, offering 86 

new avenues for therapeutic intervention. Understanding the molecular mechanisms of 87 

ferroptosis provides a promising approach to the treatment of gliomas, highlighting its 88 
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relevance in developing innovative therapeutic strategies. 89 

 90 

STXBP1, also designated Syntaxin Binding Protein 1, is a gene situated on chromosome 91 

9q34.11 that encodes a protein of paramount importance for synaptic vesicle 92 

exocytosis(15). This protein is vital in regulating neurotransmitter release at synapses, 93 

particularly in the central nervous system. Mutations in the STXBP1 gene have been 94 

linked to several neurological disorders, including intellectual disability and early 95 

infantile epileptic encephalopathy (EIEE)(9). These mutations result in the disruption 96 

of normal synaptic function, which in turn leads to the development of abnormal 97 

neuronal excitability and synaptic transmission. Research indicates that STXBP1 98 

mutations are associated with a spectrum of clinical phenotypes, ranging from severe 99 

epileptic encephalopathies to milder forms of developmental delay and intellectual 100 

disability. For example, Zhang Y et al. demonstrated significant pleiotropy between 101 

STXBP1 and SCN2A across four neurodevelopmental disorders, suggesting the 102 

potential for shared genetic foundations(16). Zhou P et al. demonstrated a strong 103 

association between STXBP1 mutations and West syndrome in epileptic 104 

encephalopathies, underscoring the utility of targeted next-generation sequencing 105 

(NGS) for diagnosing genetic etiologies and assessing variant pathogenicity(17). 106 

Furthermore, Stamberger H et al. identified STXBP1 mutations as a primary contributor 107 

to epilepsy and encephalopathy, often accompanied by severe to profound intellectual 108 

disability and various seizure types(18). A comprehensive understanding of the 109 

molecular processes underlying STXBP1-related diseases is essential for advancing 110 

targeted therapies and improving patient outcomes. This research continues to indicate 111 

the function of STXBP1 in synaptic physiology and its impact on the pathogenesis of 112 

neurological diseases. 113 

 114 

This study aims to investigate the function of STXBP1 in glioma, particularly its 115 

involvement in regulating ferroptosis and EMT. Given its significant impact on 116 

neurological function and potential link to mechanisms of cancer progression, we aimed 117 

to elucidate the impact of STXBP1 on the pathogenesis of glioma cells. Functional 118 

experiments targeting STXBP1 clarified its roles in glioma cell migration, proliferation, 119 

invasion, apoptosis, cell cycle distribution, and regulation of ferroptosis. Furthermore, 120 

the study demonstrated the influence of STXBP1 on the EMT of ferroptosis-dependent 121 

tumor cells, indicating its multifaceted involvement in tumor progression. Collectively, 122 

these results offer important new understandings of the molecular pathways underlying 123 

the growth of gliomas and possible targets for therapeutic intervention. 124 

 125 

Materials and methods 126 

Download of glioma-related data sets and screening of differentially expressed 127 

genes (DEGs) 128 

Glioma microarray data sets, including GSE12657, GSE16011, and GSE41031, were 129 

retrieved from the Gene Expression Omnibus (GEO) database 130 

(https://www.ncbi.nlm.nih.gov/gds/). Among them, the GSE12657 dataset contains 14 131 

glioma samples and 5 control samples, the GSE16011 dataset contains 276 glioma 132 
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samples and 8 control samples, and the GSE41031 dataset contains 3 glioma samples 133 

and 3 control samples. Additionally, the Cancer Genome Atlas (TCGA)-glioma dataset 134 

was obtained via the ASSISTANT for Clinical Bioinformatics website 135 

(https://www.aclbi.com/static/index.html#/), comprising 666 glioma samples and 5 136 

normal control samples. The probe ID was translated into gene symbols, and differential 137 

analysis was employed by the Limma package in the R programming language 138 

(http://www.r-project.org). Genes with fold change (FC) > 2 were regarded as DEGs 139 

that were upregulated, genes with FC < 0.5 were considered as down-regulated DEGs, 140 

and the statistical significance level was set at p-value < 0.05. 141 

 142 

Cross-analysis and prognostic assessment of overlapping DEGs in glioma datasets 143 

The upregulated and downregulated DEGs from TCGA-glioma, GSE12657, 144 

GSE16011, and GSE41031 datasets were subjected to cross-analysis using the 145 

bioinformatics platform (https://bioinformatics.psb.ugent.be/webtools/Venn/). 146 

Overlapping upregulated and downregulated DEGs were obtained. Subsequently, 147 

protein-protein interaction (PPI) network analysis was used on overlapping DEGs 148 

utilizing the Search Tool for the Retrieval of Interacting Genes (STRING) database 149 

(https://string-db.org/). The generated PPI network included parameters such as degree, 150 

Edge Percolated Component (EPC), and Maximum Neighborhood Component (MNC), 151 

and was displayed using Cytoscape, an open-source network visualization program 152 

(version 3.7.1). The statistical significance of the obtained results was evaluated, with 153 

a significance threshold set at p < 0.05. Cross-analysis of the top 25 genes based on 154 

degree, MNC, and EPC yielded key overlapping genes. To assess the prognostic 155 

significance of the identified genes, we used an overall survival (OS) analysis utilizing 156 

the Cox proportional hazards model. The 95% confidence intervals (CIs)and hazard 157 

ratios (HRs) for each gene were calculated, and genes with significant p-values (p < 158 

0.05) were considered prognostically relevant. 159 

 160 

Identification of characteristic prognostic genes and construction of the risk 161 

prognostic model 162 

The analysis of significant genes for OS prognosis was completed utilizing the “glmnet” 163 

package in R software. The tuning parameters for the Least Absolute Shrinkage and 164 

Selection Operator (LASSO) model in the glmnet program (https://CRAN.R-165 

project.org/package=glmnet) were determined through ten-fold cross-validation. The 166 

optimal λ, representing the minimum criterion for adjusted parameters, was identified 167 

to select the most predictive genes. These selected genes, representing the most 168 

statistically significant predictors in our dataset, formed the foundation of the risk 169 

prognostic model. Subsequently, the glioma cohort from the TCGA database was 170 

stratified into two risk groups (high-risk and low-risk) according to the expression 171 

patterns of the relevant genes. A risk assessment was then conducted for both groups. 172 

Kaplan-Meier (KM) analysis was employed to ascertain the OS probability for the two 173 

risk groups. Additionally, median survival time was calculated, and the statistical 174 

significance of survival differences between the two groups was assessed using the log-175 

rank test to derive p-values. Hazard ratios (HR) for the high-risk group were also 176 
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computed to further elucidate relative risk. Finally, Receiver Operating Characteristic 177 

(ROC) curves were generated using the "timeROC" package, and the Area Under Curve 178 

(AUC) values were computed to assess the predictive ability of the prognostic models 179 

for patient survival at 1, 3, and 5 years. Higher AUC values indicate stronger prognostic 180 

prediction capabilities. 181 

 182 

Identification of hub genes in glioma 183 

Prognostic feature genes of significance were subjected to correlation analysis utilizing 184 

the R package. Multivariate and univariate Cox regression examinations were 185 

conducted on signature genes and specific clinical predictive variables (age, grade stage) 186 

using the forestplot program (https://CRAN.R-project.org/package=forestplot). The 95% 187 

CIs, HRs, and p-values were calculated for each variable, identifying key prognostic 188 

factors with a p-value < 0.05. Subsequently, nomograms predicting 1-, 3-, and 5-year 189 

survival were built with the "rms" package (https://CRAN.R-project.org/package=rms), 190 

and the concordance index (C-index) was determined. Calibration curves were 191 

generated to assess the nomogram's predictive performance, with closer alignment 192 

between the survival curves and the calibration curve indicating better model 193 

performance. To evaluate the expression of the three signature genes, processing and 194 

displaying data were executed with R (version 4.1.2), examining their expression in 195 

tumor and normal groups across the TCGA-glioma, GSE12657, GSE16011, and 196 

GSE41031 datasets. 197 

 198 

Cell sources and processing 199 

Human embryonic brain cells (HEB) and Glioma cells, including U251, SW1783, and 200 

U87, were purchased from the Chinese Academy of Sciences (Shanghai, China), kept 201 

in Dulbecco's Modified Eagle Medium (DMEM) with 1% penicillin-streptomycin and 202 

10% fetal bovine serum (FBS) added. Cell cultures were maintained in a humidified 203 

atmosphere at 37°C with 5% CO2. For the ferroptosis experiments, glioma cells were 204 

planted at a density of 1 × 106 cells per well in 6-well plates. The cells were treated with 205 

the following compounds for 3 days: Sorafenib (5 μM) and erastin (10 μM) were used 206 

as ferroptosis inducers, while ferrostatin-1 (1 μM) and U0126 (5 μM) were used as 207 

ferroptosis inhibitors. Dimethyl sulfoxide (DMSO) at a concentration of 5 μM was used 208 

as a control. Sorafenib and erastin promoted lipid peroxidation, leading to cell death, 209 

whereas ferrostatin-1 and U0126 prevented lipid peroxidation, thereby protecting the 210 

cells. This experimental setup allowed for the evaluation of the impacts of ferroptosis 211 

modulation on glioma cell viability and the associated molecular pathways. 212 

 213 

Cell transfection 214 

For transient transfection, glioma cells were seeded at a density of 2 × 105 cells per well 215 

in 24-well plates. Specific small interfering RNAs (siRNAs) targeting STXBP1 (si-216 

STXBP1-1, si-STXBP1-2, and si-STXBP1-3) were used to knock down STXBP1 217 

expression in the glioma cells. As a control, cells were transfected with a non-targeting 218 

siRNA (si-NC). Cells were transfected utilizing Lipofectamine 3000 (Invitrogen, China) 219 

in compliance with the manufacturer's guidelines. Following transfection, the cells were 220 
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incubated for a specific duration to ensure efficient knockdown of STXBP1 expression.  221 

 222 

Quantitative real-time polymerase chain reaction (qRT-PCR) 223 

The total RNA of glioma cells was extracted by the TRIzol reagent (Tiangen, Beijing, 224 

China) as directed by the manufacturer. For cDNA synthesis, we utilized a PrimeScript 225 

RT kit from Dalian, China. To do qRT-PCR with the StepOnePlus Real-Time PCR 226 

System (Applied Biosystems, Shanghai, China), SYBR Green PCR Master Mix (Takara, 227 

China) was utilized. Gene expression of STXBP1, GPX4, N-cadherin, E-cadherin, and 228 

Vimentin were quantified and normalized to GAPDH. All target expression levels were 229 

computed with the 2-ΔΔCT technique. A set of primer sequences was found in Table 1. 230 

 231 

Western blot (WB) assay 232 

Phosphatase inhibitors (CoWin Biosciences, Nanjing, China) were included in RIPA 233 

lysis buffer (Solarbio, Beijing, China), which was used to generate protein lysates from 234 

glioma cells. The BCA Protein Assay Kit (Beyotime, China) was employed to measure 235 

the protein concentration. Proteins in equal quantities were separated using 10% SDS-236 

PAGE and then put onto PVDF membranes (Beyotime, Beijing, China). Primary 237 

antibodies were incubated on membranes that had been blocked with 5% skim milk, 238 

including anti-STXBP1, anti-CDK-1, anti-Cyclin B1, anti-Cyclin A2, anti-GPX4, anti-239 

N-cadherin, anti-E-cadherin, and anti-Vimentin (Wuhan Sanying Biology Technology 240 

Co., Ltd.), at a dilution of 1:2000. GAPDH (Kangcheng, Shanghai, China, 1:5000) was 241 

used as an internal reference. After washing, the corresponding secondary antibodies 242 

(1:5000 dilution) coupled with horseradish peroxidase (HRP) were incubated on the 243 

membranes for 1 hour at room temperature. An enhanced chemiluminescence (ECL) 244 

kit (Tiangen, Beijing, China) was used to visualize the protein bands, and a ChemiDoc 245 

imaging equipment (Bio-Rad, Shanghai, China) was used to take the images. 246 

 247 

Cell counting kit-8 (CCK-8) assay 248 

The CCK-8 aassay (KeyGEN, Nanjing, China) was used to evaluate the vitality of the 249 

glioma cells. In 96-well plates, glioma cells were planted at a density of 5 × 103 cells 250 

per well. After adding CCK-8 reagent to each well after treatment, a microplate reader 251 

(Kehua Technologies, Inc., Shanghai, China) was employed to detect the absorbance at 252 

450 nm after 24h, 48h, 72h, 96h, and 120h. 253 

 254 

Cell invasion and migration assays 255 

Transwell assays (Corning Inc., Corning, NY, USA) were employed to measure cell 256 

invasion and migration. Transfected glioma cells were suspended in the upper chamber 257 

in serum-free media of the Transwell. Then, 10% FBS was added to the medium in the 258 

lower chamber of the Transwell. After an incubation period, cells with moving cell 259 

membranes were stained with DAPI and fixed with 4% paraformaldehyde. Lastly, the 260 

quantity of migrating cells in the field of view was counted using inverted microscopy. 261 

The upper chamber was coated with Matrigel (BD Biosciences) for the cell invasion 262 

experiments, which were conducted as previously reported(19). 263 

 264 
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Flow cytometry 265 

Glioma cells were separated using trypsin-EDTA (Life Technologies Inc., Beijing, 266 

China) and then cleaned with phosphate-buffered saline (PBS) for flow cytometry 267 

analysis. As directed by the manufacturer, stain cells with Annexin V and propidium 268 

iodide (PI) to distinguish between live, apoptotic, and necrotic cells. A flow cytometer 269 

(Jiyuan, Guangzhou, China) was used to conduct the flow cytometry. To calculate the 270 

apoptosis rate, data were examined using FlowJo software (FlowJo, Hangzhou, China). 271 

To evaluate cell cycle distribution, cells were fixed in 70% ethanol for an entire night 272 

at -20°C. They were then cleaned with PBS and stained with PI/RNase staining solution. 273 

Then, flow cytometry was employed to ascertain the cell distribution in the G1, S, and 274 

G2 phases. The results were plotted, and the proportion of cells in each cell cycle stage 275 

was assessed and compared under different experimental conditions to evaluate the 276 

effect of treatments on cell cycle progression. 277 

 278 

12/15-HETE assay  279 

Enzyme-linked immunosorbent assay (ELISA) kits specific for each chemical (12-280 

HETE ELISA kits, ab133034, Abcam; 15-HETE ELISA kits, ab133035, Abcam) were 281 

used to measure the levels of 12-HETE and 15-HETE, in accordance with the 282 

procedures specified by the manufacturer. There were control, blank, standard, and 283 

sample wells on each 96-well plate, and each sample was analyzed twice. Initially, 50 284 

µl of assay buffer and 100 µl of the suitable diluent were applied to the B0 (0 pg/ml 285 

standard) and non-specific binding (NSB) wells, respectively. All the wells were then 286 

filled with 50 µl of the 12/15-HETE alkaline phosphatase conjugate, and then the 287 

corresponding wells were filled with 50 µl of the 12/15-HETE antibody. The plates 288 

were incubated on a shaker at room temperature for 2 hours. The wells were cleaned 289 

three times using the supplied wash buffer following incubation. 200 µl of pNpp 290 

substrate solution and 5 µl of 12/15-HETE alkaline phosphatase conjugate were then 291 

added to each well. After that, the plates were incubated for three hours at 3°C without 292 

being shaken. A microplate reader (Molecular Devices, LLC) was used to measure the 293 

absorbance at 405 nm after the processes were stopped by adding 50 µl of stop solution 294 

to each well. To find the expression of 12/15-HETE, the mean net absorbance for each 295 

well was computed using the given formula. 296 

 297 

Lactate dehydrogenase (LDH) assay  298 

In accordance with the manufacturer's instructions, the LDH release was measured 299 

using a colorimetric CytoTox 96 Cytotoxicity kit (Promega Corporation). By subjecting 300 

the cultures to a 10× lysis solution, the maximum levels of LDH release were 301 

ascertained by measuring the entire lysis. A 96-well plate reader (Molecular Devices, 302 

LLC) was used to detect absorbance at 490 nm. LDH expression was calculated as a 303 

percentage by dividing experimental LDH release by maximal LDH release. 304 

 305 

Statistical analysis 306 

The statistical study was completed with the R program. Every experiment was 307 

conducted in triplicate, and the results were reported as mean ± standard deviation (SD). 308 
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Tukey's test was utilized for post-hoc analysis after one-way analysis of variance 309 

(ANOVA) was utilized to determine the significance of differences between groups. A 310 

p< 0.05 was considered statistically significant. 311 

 312 

Results 313 

Identification of DEGs in glioma samples 314 

Using the R package, 1867 downregulated and 1255 upregulated DEGs were found 315 

from glioma samples and normal controls in the TCGA dataset. Additionally, 467 316 

upregulated and 810 downregulated DEGs were screened from the GSE12657 dataset, 317 

while 1264 upregulated and 1346 downregulated DEGs were identified from the 318 

GSE16011 dataset. Furthermore, 10794 upregulated and 1814 downregulated DEGs 319 

were extracted from the GSE41031 dataset (Supplementary Figures 1A-1D). 320 

Subsequent intersection analysis revealed 137 overlapping upregulated DEGs and 178 321 

overlapping downregulated DEGs across the four datasets (Supplementary Figures 1E 322 

and 1F). 323 

 324 

PPI network and batch survival analysis of overlapping DEGs 325 

PPI network analysis was performed on 315 overlapping DEGs using the Cytoscape 326 

software and STRING database. Three different gene module networks were generated 327 

according to the degree, MNC, and EPC algorithms (Supplementary Figures 2A-2C). 328 

Subsequent intersection analysis of DEGs within the three network modules identified 329 

19 overlapping genes (Supplementary Figure 2D). Prognostic evaluation of OS for 330 

these 19 genes revealed significant prognostic value for 17 genes, as shown in the forest 331 

plot (Supplementary Figure 2E).  332 

 333 

Identification and prognostic assessment of 13 characteristic genes of glioma 334 

Through LASSO Cox regression analysis, 13 prognostic genes were identified with the 335 

optimal lambda value (lambda.min=0.005) (Supplementary Figures 3A and 3B). The 336 

risk scores for these genes were determined as follows: 337 

Riskscore=(0.0041)*NPY+(0.2462)*CALM3+(0.2346)*CDK4+(-338 

0.551)*VAMP2+(0.0687)*SYT1+(0.0426)*EGFR+(0.072)*ANK3+(0.0661)*CCK+(-339 

0.2637)*SCN2A+(0.1766)*CALM1+(-340 

0.3069)*STXBP1+(0.1075)*SNAP25+(0.3827)*FN1. In risk model analysis, in 341 

comparison to the low-risk group, the high-risk group showed lower survival rates and 342 

greater death rates (Supplementary Figures 3C). KM survival analysis results depicted 343 

a median survival time of 2 years for the high-risk group and 9.5 years for the low-risk 344 

group, with an HR of 4.666 (>1) (Supplementary Figure 3D). Additionally, the high-345 

risk group had a reduced OS probability. ROC curve results further emphasized the 346 

predictive accuracy of the risk model, particularly at 3 years (AUC=0.856) 347 

(Supplementary Figure 3E). In summary, our study underscores the significant 348 

prognostic potential of these 13 genes. 349 

 350 

Identification of hub genes in glioma risk model analysis 351 

Key genes and clinical factors (age, grade stage) in gliomas were assessed for their 352 
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predictive value using univariate and multivariate Cox regression models. Four 353 

significant prognostic factors were identified, including CDK4, STXBP1, VAMP2, and 354 

age (Figures 1A and 1B). Nomogram analysis revealed their significant capacity for 355 

prediction for patients' 1-year, 3-year, and 5-year survival rates, corroborated by 356 

calibration curve results (Figures 1C and 1D). Expression analysis indicated significant 357 

upregulation of CDK4 and downregulation of STXBP1 and VAMP2 in tumor samples 358 

across TCGA-glioma, GSE12657, GSE16011, and GSE41031 datasets (Figures 1E-359 

1H). A study has demonstrated that STXBP1 is associated with the prognosis of GBM. 360 

Therefore, STXBP1 was chosen as a hub gene for further investigation in this research 361 

due to its prognostic significance and differential expression. 362 

 363 

Knockdown of STXBP1 enhances the proliferation, migration, and invasion 364 

abilities of U251 and U87 cells 365 

To assess the role of STXBP1 in glioma, we assessed its level in glioma cell lines and 366 

HEB cells. qRT-PCR analysis revealed significantly lower STXBP1 mRNA levels in 367 

glioma cell lines (U251, SW1783, and U87) in contrast to HEB cells (Figure 2A). WB 368 

analysis confirmed reduced STXBP1 protein levels in these glioma cell lines (Figures 369 

2B and 2C). We then performed knockdown experiments using three different siRNAs 370 

targeting STXBP1 (si-STXBP1-1, si-STXBP1-2, and si-STXBP1-3) in U87 and U251 371 

cells. It was subsequently proven that si-STXBP1-1 and si-STXBP1-2 had significant 372 

knockout efficiency, among which si-STXBP1-1 showed the highest knockout 373 

efficiency and was selected for further experiments (Figures 2D-2F). Functional assays 374 

including CCK-8 and transwell assays indicated that si-STXBP1-1 induced increased 375 

invasion, migration, and proliferation capabilities in U251 and U87 cells (Figures 2G-376 

2L). 377 

 378 

Knockdown of STXBP1 disrupts cell cycle distribution and inhibits apoptosis in 379 

glioma cells 380 

Flow cytometry analysis was performed to assess the effect of STXBP1 knockdown on 381 

cell cycle distribution in U251 and U87 glioma cells. Knockdown of STXBP1 led to a 382 

significant rise in the percentage of G1 phase cells and a comparable decline in the S 383 

phase compared to control cells (si-NC) in both U251 and U87 cells (Figures 3A-3D). 384 

WB analysis assessed the expression of cell cycle-related proteins Cyclin B1, CDK1, 385 

and Cyclin A2. The findings demonstrated that STXBP1 knockdown notably 386 

upregulated the levels of these proteins in both U87 and U251 cells (Figures 3E-3G). 387 

Additionally, flow cytometry was employed to measure apoptosis rates in U87 and 388 

U251 cells following STXBP1 knockdown. The results indicated a significant decrease 389 

in apoptosis rates in STXBP1 knockdown cells in contrast to control cells (Figures 3H-390 

3I). 391 

 392 

Ferroptosis markers were significantly expressed in U251 and U87 cells 393 

The levels of GPX4, a key regulator of ferroptosis, were assessed in glioma cell lines 394 

(SW1783, U251, and U87) and human embryonic brain (HEB) cells. qRT-PCR analysis 395 

revealed significantly higher GPX4 mRNA levels in glioma cell lines compared to HEB 396 
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cells (Figure 4A). WB analysis confirmed the upregulation of GPX4 protein in glioma 397 

cell lines (Figures 4B and 4C). Additionally, the levels of 12-HETE and 15-HETE, 398 

markers of lipid peroxidation, were measured in glioma cell lines and HEB cells 399 

utilizing 12/15 HETE ELISA kits (ab133034/ab133035, Abcam). The results indicated 400 

significantly lower levels of 15-HETE and 12-HETE in glioma cell lines compared to 401 

HEB cells (Figures 4D and 4E). 402 

 403 

Effects of ferroptosis inducers and inhibitors on LDH release and cell viability in 404 

glioma cells 405 

To investigate the results of inhibitors and inducers of ferroptosis on glioma cells, we 406 

assessed LDH release and cell viability in U251 and U87 cell lines. Therapy with 407 

ferroptosis inducers (5 μM Sorafenib and 10 μM erastin) significantly increased LDH 408 

release in both U251 and U87 cells compared to the control (Figure 5A). Conversely, 409 

application of ferroptosis inhibitors (1 μM ferrostatin-1 and 5 μM U0126) led to a 410 

reduction of LDH release compared to the DMSO control (Figure 5B). Using the CCK-411 

8 assay to assess cell viability, the administration of ferroptosis inducers (5 μM 412 

Sorafenib and 10 μM erastin) significantly decreased cell viability in both U251 and 413 

U87 cells compared to the control (Figures 5C and 5D). In contrast, use of ferroptosis 414 

inhibitors (1 μM ferrostatin-1 and 5 μM U0126) significantly increased cell viability 415 

over the same period (Figures 5E and 5F). These findings suggest that inducers of 416 

ferroptosis promote cytotoxicity and reduce cell viability in glioma cells, while 417 

ferroptosis inhibitors have the opposite effect, highlighting the potential medicinal uses 418 

of ferroptosis in glioma treatment. 419 

 420 

Knockdown of STXBP1 inhibits ferroptosis in glioma cells to reduce proliferation 421 

To explore the impact of STXBP1 knockdown on lipid peroxidation and cell viability, 422 

we measured the expression of 12-HETE and 15-HETE, LDH release, and cell viability 423 

in glioma cell lines. Knockdown of STXBP1 significantly reduced the expression of 424 

both 15-HETE and 12-HETE compared to the control group (Figures 6A and 6B). LDH 425 

release assays revealed that STXBP1 knockdown significantly reduced LDH release in 426 

both U251 and U87 cells, indicating enhanced cell damage. However, when combined 427 

with Sorafenib treatment, STXBP1 knockdown partially rescued the LDH release 428 

induced by Sorafenib in both U251 and U87 cells (Figures 6C and 6D). CCK-8 assay 429 

showed that knockdown of STXBP1 increased cell viability compared with the control 430 

group. Furthermore, STXBP1 knockdown notably attenuated the sorafenib-induced 431 

reduction in cell viability in U251 and U87 cells when combined with sorafenib 432 

(Figures 6E and 6F). These results indicate that STXBP1 knockdown reduced 12-HETE 433 

and 15-HETE levels, suppressed lipid peroxidation, and inhibited ferroptosis, thereby 434 

enhancing glioma cell viability, highlighting its potential role in regulating ferroptosis 435 

and cell survival. 436 

 437 

STXBP1 regulates the EMT of ferroptosis-dependent tumor cells 438 

N-cadherin, Vimentin, and E-cadherin are proteins associated with EMT. qRT-PCR and 439 

WB analyses revealed that treatment with 1μM ferrostatin-1 induced a decrease in N-440 
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cadherin and Vimentin levels and a significant increase in E-cadherin levels in glioma 441 

cells. Conversely, the addition of si-STXBP1-1 reversed these changes (Figures 7A-7E). 442 

Furthermore, CCK-8 and transwell assays demonstrated that treatment with 1μM 443 

ferrostatin-1 improved the viability, invasion, and migration capabilities of glioma cells, 444 

while the addition of si-STXBP1-1 further augmented these cellular functions (Figures 445 

7F-7K). These results indicate that STXBP1 knockdown promotes EMT and enhances 446 

the aggressive behavior of glioma cells in a ferroptosis-dependent manner, suggesting 447 

its pivotal role in the development of gliomas and as a target for treatment. 448 

 449 

Discussion 450 

Gliomas are extremely aggressive brain tumors that have a dismal prognosis and few 451 

available treatments(20). These tumors, derived from glial cells, exhibit distinct 452 

histological and molecular characteristics. Despite advances in standard treatments 453 

such as chemotherapy, radiation therapy, and surgical resection, the survival rates for 454 

glioma individuals, particularly those with high-grade tumors, remain dismal(21). 455 

Therefore, developing novel treatment approaches requires a knowledge of the 456 

molecular processes underlying the growth of gliomas. For example, a study has found 457 

that Isoliquiritigenin can inhibit the tumorigenesis of glioma by suppressing 458 

circ0030018 via the miR-1236/HER2 signaling pathway, and circ0030018 can serve as 459 

a potential biomarker or therapeutic target for glioma(22). Yan et al. discovered that 460 

METTL3 promotes HNRNPH1-mediated selective splicing of LINC00475, thereby 461 

facilitating glioma progression through mitochondrial fission. Targeting the selective 462 

splicing of LINC00475 and m6A modification can be considered a therapeutic strategy 463 

against glioma(23). From the TCGA-glioma, GSE12657, GSE16011, and GSE41031 464 

datasets, we identified upregulated and downregulated DEGs. Cross-analysis revealed 465 

overlapping DEGs, followed by PPI network analysis, OS prognosis assessment, 466 

advanced prognostic analysis, and expression analysis. Notably, STXBP1 emerged as a 467 

hub gene. Previous studies by Zhen W et al. and Kajana X et al. corroborate our findings. 468 

Zhen W et al. highlighted the prognostic relevance of m7G-related genes in low-grade 469 

glioma (LGG), with particular emphasis on the association of STXBP1 with 470 

macrophage M2 in LGG patients(24). Similarly, Kajana X et al. observed enriched 471 

STXBP1 levels in extracellular vesicles (EVs) from the cerebrospinal fluid (CSF) of 472 

pediatric glioma patients, suggesting its potential as a malignancy marker and 473 

implicating its role in glioma pathogenesis and prognosis(25). These studies 474 

collectively support the pivotal role of STXBP1 in glioma progression. In conclusion, 475 

our findings contribute to a deeper understanding of glioma biology and emphasize the 476 

significance of STXBP1 as a potential therapeutic objective and prognostic indicator in 477 

glioma management. 478 

 479 

Cell apoptosis, also known as programmed cell death, is a crucial mechanism that keeps 480 

tissues maintaining tissue homeostasis and getting rid of damaged or aberrant cells(26). 481 

It includes a series of biochemical processes leading to DNA fragmentation, chromatin 482 

condensation, cell shrinkage, and cell death(27). Proteins such as CDK-1, Cyclin B1, 483 

and Cyclin A2 are crucial regulators of the cell cycle and apoptosis. Aberrant expression 484 
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or activity of these proteins can influence apoptotic pathways, either promoting or 485 

inhibiting cell death depending on the cellular context and signaling pathways involved. 486 

For instance, Yang Y et al. found that Rab3a enhances neuronal cell-derived EV 487 

secretion by interacting with STXBP1, inhibiting M1 macrophage polarization, and 488 

reducing neuronal apoptosis, thus aiding spinal cord injury repair(28). Lv Y et al. 489 

observed increased DNA methylation in neurons during hypoxia, activating apoptotic 490 

signaling pathways(29). Hypermethylated STXBP1 suggests its involvement in 491 

regulating neuronal death, suggesting that it might be employed as a therapeutic target 492 

for ischemia-reperfusion injury-induced neuronal damage. Bhawe K et al. 493 

demonstrated that high NRF1 activity in astrocytoma correlates with cancer 494 

aggressiveness and poor prognosis in GBM(30). Decreased STXBP1 expression 495 

predicts GBM malignancy in high NRF1 expression, underscoring the role of STXBP1 496 

in GBM progression and suggesting NRF1 as a therapeutic target. Our findings align 497 

with these studies, revealing that knocking down STXBP1 enhances the migration, 498 

proliferation, and invasion capabilities of glioma cells. Additionally, STXBP1 499 

knockdown disrupts glioma cell cycle distribution and inhibits apoptosis, highlighting 500 

its significant impact on glioma progression. Overall, these findings emphasize the 501 

multifaceted role of STXBP1 in glioma biology, influencing cell cycle regulation, 502 

apoptosis, and cellular behaviors critical to tumor progression.  503 

 504 

Ferroptosis is a controlled type of cellular demise typified by lipid peroxidation that is 505 

dependent on iron, leading to the aggregation of lipid hydroperoxides and subsequent 506 

cell membrane damage(31). Zuo Z et al. showed the prognostic significance of genes 507 

linked to ferroptosis signatures in glioma, employing a deep learning network trained 508 

with multiparametric MRI data(32). This study highlighted the potential for novel 509 

therapeutic strategies and prognosis assessment. Zhuo S et al. identified distinct 510 

expression profiles of ferroptosis-related genes in glioma, categorizing them into 511 

subgroups and developing a 25-gene risk signature correlated with clinical 512 

characteristics, serving as a prognostic signal(33). GPX4, a key enzyme in this process, 513 

detoxifies lipid hydroperoxides, defending against oxidative damage and stopping 514 

ferroptosis in cells(34). Additionally, the peroxidation of lipid products such as 12-515 

HETE and 15-HETE is associated with ferroptosis, which contributes to oxidative 516 

stress and promotes cell membrane damage(35). LDH release is another critical marker, 517 

indicating cell membrane integrity and damage, which is often associated with 518 

cytotoxicity and cell death. Our findings indicate that ferroptosis inducers (erastin and 519 

Sorafenib) increase cytotoxicity in glioma cells, whereas the inhibitors of ferroptosis 520 

(U0126 and ferrostatin-1) provide a protective effect. Additionally, knocking down 521 

STXBP1 in glioma cells inhibits ferroptosis, enhancing cell viability and mitigating 522 

cytotoxic effects. To sum up, our research demonstrates the critical function of 523 

ferroptosis regulation in glioma cell survival, with STXBP1 playing a significant 524 

modulatory role. Targeting ferroptosis pathways and modulating STXBP1 expression 525 

may offer novel therapeutic strategies for glioma treatment.  526 

 527 

However, the use of ferroptosis activators can induce the release of LDH, which 528 
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indicates cell necrosis and can lead to inflammatory reactions, thereby affecting the 529 

survival of normal cells. To avoid necrosis and inflammation in normal cells when using 530 

ferroptosis activators, some current related studies include: (1) Targeted Delivery: 531 

Using antibody or nanoparticle conjugates to selectively deliver activators to cancer 532 

cells, thereby reducing systemic toxicity(36, 37). (2) Dual Inhibitors: As identified by 533 

the research team at Tongji University, compounds like KW-2449 can act as dual 534 

inhibitors of both ferroptosis and necroptosis. KW-2449 targets the autophagy pathway, 535 

specifically inhibiting ULK1 kinase activity, which in turn prevents ferroptosis. This 536 

suggests that by modulating autophagy, it may be possible to control ferroptosis in a 537 

way that minimizes damage to normal cells(38). (3) Temporal Control: Controlled-538 

release manner to induce ferroptosis without overwhelming normal cells(39, 40). (4) 539 

Cell-Type Specific Modulators: Identifying and exploiting cell-type specific 540 

differences in the ferroptosis pathway could also be beneficial. For example, if certain 541 

enzymes or proteins involved in ferroptosis are differentially expressed in cancer cells 542 

compared to normal cells, then inhibitors or activators that target these specific 543 

components could be used to selectively induce ferroptosis in the cancer cells(40). In 544 

conclusion, while the use of ferroptosis activators holds great promise for cancer 545 

therapy, it is crucial to develop strategies that minimize their impact on normal cells. 546 

The approaches outlined above, based on current research findings, offer potential 547 

solutions to this challenge. Further research is needed to optimize these strategies and 548 

to better understand the complex interplay between ferroptosis, necrosis, and 549 

inflammation. 550 

 551 

The biological process known as the epithelial-mesenchymal transition (EMT) occurs 552 

when epithelial cells shift molecularly to take on the characteristics of mesenchymal 553 

cells(41). This transition enables cells to acquire migratory and invasive properties. E-554 

cadherin, a cell adhesion molecule, is downregulated during EMT, leading to loss of 555 

cell-cell adhesion(42). Conversely, N-cadherin, another adhesion molecule, is 556 

upregulated, promoting cell migration and invasion(43). Vimentin, an intermediate 557 

filament protein, increases during EMT, enhancing cell motility and cytoskeletal 558 

remodeling(44). Together, these changes facilitate the transformation of epithelial cells 559 

into a mesenchymal state, promoting tumor metastasis and progression. Zou S 560 

discovered that JMJD3 stimulates glioma cell migration by inducing EMT through the 561 

CXCL12/CXCR4 axis, highlighting its potential as a therapeutic target(45). 562 

Additionally, Zou M found that DYT-40 inhibits AEG-1 and NF-κB pathways, 563 

suppressing EMT and invasion in glioblastoma while inducing apoptosis via the 564 

mitochondrial pathway(46). Furthermore, another study by Zou M revealed that AEG-565 

1-induced autophagy enhances glioma cell susceptibility to TGF-β1-induced EMT, 566 

promoting tumor progression(47). Inhibition of autophagy suppresses EMT, suggesting 567 

a complex interplay between AEG-1, autophagy, and EMT in glioblastoma progression. 568 

Our study found that 1 μM Ferrostatin-1 treatment induced a significant decrease in N-569 

cadherin and Vimentin expression and an increase in E-cadherin expression in glioma 570 

cells. In contrast, the addition of si-STXBP1-1 reversed these changes. CCK-8 and 571 

transwell test results were the same. Treatment with 1 μM Ferrostatin-1 improved 572 
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glioma cells' viability, invasion, and migration capabilities, while adding si-STXBP1-1 573 

further enhanced these cell functions. This highlights the potential therapeutic value of 574 

targeting EMT-related pathways and the ferroptosis regulator (STXBP1) in glioma 575 

treatment. 576 

 577 

While our study provides valuable insights into the role of STXBP1 in glioma 578 

progression through in vitro experiments and bioinformatics analysis, there are several 579 

limitations that need to be addressed. One significant limitation is the absence of in vivo 580 

tumor graft experiments. These experiments are crucial for validating the findings from 581 

in vitro studies and assessing the potential therapeutic effects of targeting STXBP1 in a 582 

more physiologically relevant context. The lack of such experiments limits the extent 583 

to which we can extrapolate our findings to clinical settings. In future work, we plan to 584 

conduct in vivo tumor graft experiments using glioma cell lines with STXBP1 585 

knockdown to investigate the impact on tumor growth, invasion, and overall survival 586 

in animal models. These experiments will provide a more comprehensive understanding 587 

of the role of STXBP1 in glioma progression and help validate its potential as a 588 

therapeutic target. 589 

 590 

Conclusion 591 

In conclusion, our study identified distinct DEGs associated with glioma progression 592 

and prognosis, highlighting their potential as prognostic indicators and therapeutic 593 

targets. Additionally, the identification and assessment of characteristic genes, 594 

including the hub gene STXBP1, provided valuable insights into glioma biology and 595 

progression. Knockdown of STXBP1 significantly enhanced glioma cell invasion, 596 

migration, and proliferation, affecting apoptosis and cell cycle distribution. 597 

Furthermore, our findings elucidated the role of ferroptosis in glioma cell viability, with 598 

Sorafenib and erastin inducing ferroptosis and reducing cell viability, while ferrostatin-599 

1 and U0126 inhibited ferroptosis and increased cell viability. Notably, the knockdown 600 

of STXBP1 inhibited ferroptosis and regulated EMT-related proteins, further 601 

emphasizing its pivotal role in glioma progression. Overall, our study sheds light on the 602 

complex interplay between STXBP1, ferroptosis, and EMT in glioma pathogenesis, 603 

suggesting potential therapeutic strategies targeting these pathways for improved 604 

glioma treatment outcomes. 605 

 606 
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Figure legends 636 

Figure 1. Identification of hub genes in glioma risk model analysis. 637 

(A and B) Univariate/multifactorial Cox regression analysis on signature genes and 638 

clinical prognostic variables. 639 

(C) Nomograms of key prognostic variables and C-index were used to evaluate the 640 

predictive power of the model.  641 

(D) The dashed line indicates the ideal calibration curve of the nomogram with the red 642 

dash, purple dash, and yellow dash for the 1-year, 3-year, and 5-year predictions, 643 

respectively.  644 

(E-H) The expression of prognostic significant genes CDK4, STXBP1, and VAMP2 in 645 

tumor samples and normal of TCGA-glioma, GSE12657, GSE16011, and GSE41031 646 

datasets respectively. Among them, purple represents normal samples and red 647 

represents tumor samples. 648 

TCGA, The Cancer Genome Atlas. 649 

*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. 650 

 651 

Figure 2. Knockdown of STXBP1 enhances the proliferation, migration, and 652 

invasion abilities of U251 and U87 cells. 653 

(A-C) qRT-PCR and WB detected the expression of STXBP1 in normal brain glial cells 654 

(HEB) and brain glioma cells (U251, SW1783, and U87). 655 

(D-F) STXBP1 was knocked down, and the knockdown efficiency of si-STXBP1-1, si-656 

STXBP1-2, and si-STXBP1-3 was detected by qRT-PCR and WB. 657 

(G and H) CCK-8 detects the effect of si-STXBP1-1 on U251 and U87 cell viability. 658 

(I-L) Transwell was used to detect the effect of si-STXBP1-1 on the migration and 659 

invasion abilities of U251, SW1783, and U87 cells. 660 
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qRT-PCR: Quantitative real-time polymerase chain reaction, WB: Western blot, CCK-661 

8: Cell counting kit-8. 662 

*p<0.05. Scale bar: 50m. 663 

 664 

Figure 3. Effects of STXBP1 knockdown on cell cycle progression and apoptosis in 665 

glioma cells. 666 

(A-D) Flow cytometry was used to detect the effect of si-STXBP1-1 on the cell cycle 667 

of U251, SW1783, and U87. 668 

(E-G) WB detected the effect of si-STXBP1-1 on cell cycle proteins in U251 and U87 669 

cells. Cyclins include CDK-1, Cyclin B1, and Cyclin A2. 670 

(H and I) Flow cytometry was used to detect the effect of knocking down STXBP1 on 671 

the apoptosis of U251 and U87 cells. 672 

WB: Western blot. 673 

*p<0.05. 674 

 675 

Figure 4. Expression of GPX4 and Levels of 12-HETE and 15-HETE in glioma 676 

cells. 677 

(A) Relative expression levels of GPX4 mRNA in human embryonic brain (HEB) cells 678 

and glioma cell lines (SW1783, U251, U87) as determined by qRT-PCR. 679 

(B and C) WB analysis of GPX4 protein levels in HEB cells and glioma cell lines 680 

(SW1783, U251, U87). 681 

(D) The 12-HETE kit detects 12-HETE levels in HEB cells and glioma cells (U251, 682 

SW1783 and U87). 683 

(E) The 15-HETE kit detects 15-HETE levels in HEB cells and glioma cells (U251, 684 

SW1783 and U87). 685 

qRT-PCR: Quantitative real-time polymerase chain reaction, WB: Western blot. 686 

*p<0.05, **p<0.01 687 

 688 

Figure 5. Effects of ferroptosis inducers and inhibitors on LDH release and cell 689 

viability in glioma cells. 690 

(A) The LDH detection kit detects the LDH release level of glioma cells after treatment 691 

with the ferroptosis inducer sorafenib (5μM) or erastin (10μM). 692 

(B) The LDH detection kit detects the LDH release level of glioma cells after treatment 693 

with ferroptosis inhibitor ferrostatin-1 (1μM) or U0126 (5μM). 694 

(C and D) Cell viability of glioma cells treated with control, 5 μM DMSO, 5 μM 695 

Sorafenib, or 10 μM erastin.  696 

(E and F) Cell viability of glioma cells treated with control, 5 μM DMSO, 1 μM 697 

ferrostatin-1, or 5 μM U0126. 698 

LDH: lactate dehydrogenase, CCK-8: Cell counting kit-8. 699 

*p<0.05. 700 

 701 

Figure 6. Effects of STXBP1 knockdown and ferroptosis induction on lipid 702 

peroxidation, LDH release, and cell viability in glioma cells. 703 

(A and B) 12-HETE kit and 15-HETE kit detect expression in U251 and U87 cells after 704 
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knockdown of STXBP1. 705 

(C and D) The LDH kit detects changes in LDH release in U251 and U87 cells. The 706 

groups are as follows: control; 5μM DMSO; si-NC; 5μM Sorafenib; si-STXBP1-1; 5μM 707 

Sorafenib+si-STXBP1-1. 708 

(E and F) CCK-8 detects changes in glioma cell viability. The groups are as follows: 709 

control; 5μM DMSO; si-NC; 5μM Sorafenib; si-STXBP1-1; 5μM Sorafenib+si-710 

STXBP1-1. 711 

LDH: lactate dehydrogenase, CCK-8: Cell counting kit-8, si-NC: small interfering-712 

negative control, DMSO: Dimethyl sulfoxide. 713 

*p<0.05 vs. control or 5μM DMSO or si-NC, #p<0.05 vs. 5μM Sorafenib or si-714 

STXBP1-1. 715 

 716 

Figure 7. Effects of STXBP1 knockdown and ferrostatin-1 treatment on EMT 717 

markers, cell viability, invasion, and migration of glioma cells. 718 

(A and B) qRT-PCR detected the expression of EMT-related markers (E-cadherin, N-719 

cadherin, and Vimentin) after knocking down STXBP1 and combining ferroptosis 720 

inhibitor ferrostatin-1 (1μM) in glioma cells. 721 

(C-E) WB detected the expression of EMT-related markers (E-cadherin, N-cadherin, 722 

and Vimentin) after knocking down STXBP1 and combining ferroptosis inhibitor 723 

ferrostatin-1 (1μM) in glioma cells. 724 

(F and G) Cell viability of glioma cells treated with control, 1 μM ferrostatin-1, si-725 

STXBP1-1, or a combination of si-STXBP1-1 and 1 μM ferrostatin-1. 726 

(H-K) Transwell detects changes in the migration and invasion ability of glioma cells. 727 

The groups are as follows: control; 1μM ferrostatin-1; si-STXBP1-1; 1μM ferrostatin-728 

1+si-STXBP1-1. 729 

qRT-PCR: Quantitative real-time polymerase chain reaction, WB: Western blot, CCK-730 

8: Cell counting kit-8. 731 

*p<0.05 vs. control, #p<0.05 vs. si-STXBP1-1 or 1μM ferrostatin-1. 732 

 733 

Supplementary Figure 1. Identification of DEGs in glioma samples. 734 

(A-D) DEGs screening of TCGA-glioma dataset (A), GSE12657 dataset (B), 735 

GSE16011 dataset (C), and GSE41031 dataset (D). Red represents up-regulated DEGs, 736 

and purple represents down-regulated DEGs. 737 

(E and F) Cross-analysis was performed on the up-regulated DEGs and down-regulated 738 

DEGs of the TCGA-glioma data set, GSE12657 data set, GSE16011 data set, and 739 

GSE41031 data set, respectively. 740 

DEGs: Differentially expressed genes; TCGA, The Cancer Genome Atlas. 741 

 742 

Supplementary Figure 2. PPI network and batch survival analysis of overlapping 743 

DEGs. 744 

(A-C) PPI network analysis of overlapping DEGs, including degree, MNC, and EPC. 745 

Nodes represent proteins or protein domains, while edges represent interactions 746 

between these proteins. 747 

(D) Venn diagram, intersection analysis of DEGs in three network modules, with the 748 
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overlapping genes in the middle. 749 

(E) Forest plot of the OS prognostic value of the 17 overlapping genes. 750 

PPI: Protein-Protein Interaction, MNC: Maximum Neighborhood Component, EPC: 751 

Edge Percolated Component, DEGs: Differentially expressed genes, OS: overall 752 

survival. 753 

 754 

Supplementary Figure 3. Identification and prognostic assessment of 13 755 

characteristic genes of glioma. 756 

(A) LASSO-Cox regression model analysis of significant genes for OS prognosis. 757 

(B) The relationship between 10-fold cross-validation partial likelihood deviation and 758 

log(λ). 759 

(C) Risk model analysis of the selected sample data, the upper panel shows the risk 760 

samples, the middle panel shows the survival status, and the lower panel shows the 761 

heatmap of the clustering distribution of signature genes. 762 

(D) The KM survival curve analysis of the two groups in the risk model, the red line 763 

indicates the high-risk group and the blue line indicates the low-risk group. 764 

(E) ROC curve analysis on the risk model in patients at 1, 3, and 5 years, the horizontal 765 

coordinate is a false positive fraction, and the vertical coordinate is a true positive 766 

fraction. 767 

LASSO: Least Absolute Shrinkage and Selection Operator, KM: Kaplan-Meier, ROC: 768 

Receiver Operating Characteristic. 769 

 770 

Table 1. Primer sequences for qRT-PCR. 771 

Target Direction Sequence (5'-3') 

STXBP1 Forward GGGTATGGAACGGTAGAAA 

STXBP1 Reverse GTAGGGACTGGAATGAAGATAG 

GPX4 Forward GAGGCAAGACCGAAGTAAACTAC 

GPX4 Reverse CCGAACTGGTTACACGGGAA 

E-cadherin Forward CGCATTGCCACATACACTCT 

E-cadherin Reverse TTGGCTGAGGATGGTGTAAG 

N-cadherin Forward AGTCAACTGCAACCGTGTGT 

N-cadherin Reverse AGCGTTCCTGTTCCACTCAT 

Vimentin Forward CAGGAGGCAGAAGAATGGTACAAA 

Vimentin Reverse GGCGTTCCAGGGACTCATTG 

GAPDH Forward CTCGCTTCGGCAGCACATATACT 

GAPDH Reverse ACGCTTCACGAATTTGCGTGTC 
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