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INTRODUCTION 
 

Glioma is the most lethal primary malignant tumor  

of the central nervous system in adults, and it accounts 

for approximately 70% of malignant brain tumors  

[1]. According to the 2021 World Health Organization 

(WHO) classification of central nervous system tumors, 

glioma is categorized as WHO II–IV based on its 

degree of malignancy and molecular features [2]. 

Despite the use of advanced treatments, such as surgical 

resection, temozolomide (TMZ) chemotherapy, and 

radiation, in glioma patients, the outcomes of glioma 
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ABSTRACT 
 

B-cell lymphoma 2-related protein A1 (BCL2A1) is a member of the BCL-2 family. Previous studies have shown 
that BCL2A1 is closely related to the tumorigenesis and resistance to chemotherapy of multiple solid tumors, 
such as breast cancer. However, the expression pattern and potential biological function of BCL2A1 in glioma 
remain unknown. For the first time, we found that the expression of BCL2A1 was higher in human glioma 
tissues than in normal brain tissues (NBTs) in both public datasets and an in-house cohort. High BCL2A1 
expression was associated with advanced WHO grade, IDH 1/2 wild type and the mesenchymal (ME) subtype, 
and its overexpression in glioma predicted resistance to temozolomide (TMZ) chemotherapy and unfavorable 
prognosis. In addition, Gene set enrichment analysis (GSEA), Gene Ontology (GO) and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) analysis indicated that BCL2A1 was significantly correlated with the immune 
response and immune-related pathways, and BCL2A1 expression was positively correlated with 
microenvironmental parameters (immune, stromal, and ESTIMATE scores) and macrophage infiltration. 
Interestingly, bioinformatic prediction and immunohistochemical/immunofluorescence staining analysis 
revealed that BCL2A1 expression was obviously associated with the tumor-associated macrophages (TAMs) 
markers CD68 and CCL2. Notably, knockdown of BCL2A1 significantly inhibited cell proliferation of U87 and 
U251 in vitro, induced smaller tumor size and prolonged survival time of mice in vivo. 
Co-culture experiments of macrophages and GBM cells showed that BCL2A1 knockdown inhibited macrophage 
migration. Meanwhile, knockdown of BCL2A1 was associated with low expression of CD68 and CCL2 in 
intracranial xenograft model. This may suggest that BCL2A1 promotes the progression of glioma and influences 
the prognosis of patients by participating in TAMs infiltration. In conclusion, these findings suggest that BCL2A1 
could serve as a promising prognostic indicator and immunotherapy target in gliomas. 
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remain unsatisfactory, especially for the outcomes of 

glioblastoma multiforme (GBM, WHO IV). The median 

survival time of GBM patients is approximately 14–16 

months, and the 5-year survival rate is less than 5%  

[3, 4]. With the rapid development of high-throughput 

sequencing, some glioma-related molecular targets have 

been discovered. In the 2016 and 2021 revised WHO 

classification of central nervous system tumors, IDH1/2 

status, 1p/19q, telomerase reverse transcriptase (TERT), 

epidermal growth factor receptor (EGFR) and human 

tumor protein p53 (TP53) were recommended for use in 

gliomas diagnosis and classification [2, 5]. However, 

the molecular mechanism underlying glioma is not fully 

understood, which hinders the development of strategies 

for glioma diagnosis and treatment. 

 
In recent years, immunotherapy has become a new area 

of research in the field of tumor therapy, and there have 

been significant advances in cancer immunotherapy. 

Programmed cell death protein 1 (PD-1) blockade  

is effective in the treatment of Hodgkin’s lymphoma 

(HL), and cytotoxic T lymphocyte associated antigen 4 

(CTLA4) immunotherapy has shown significant anti-

tumor effects in melanoma [6]. However, immuno-

therapies such as CTLA4 and PD-1 blockade have not 

yet shown very successful clinical effects in GBM. 

This result may be related to the unique immune  

tumor microenvironment (TME) of GBM, which is 

composed of tumor cells, immune cells, extracellular 

matrix components, etc., [7]. TAMs are the most 

representative group of tumor-infiltrating leukocytes 

and the largest group of tumor-infiltrating immune 

cells in the immune microenvironment of glioma, 

consisting of tissue-resident microglia and monocyte-

derived macrophages (MDM). TAMs are enriched  

in the glioma tumor microenvironment, and their 

numbers increase with increasing pathological grade, 

indicating the key role of TAMs in tumor development 

[3, 7, 8]. There is growing evidence that TAMs have 

multiple functions in TME of GBM, including promoting 

tumor growth and metastasis, angiogenesis, signal 

transduction, and aggravating treatment resistance [9]. 

Another possible factor is the lack of biomarkers to 

guide individual immune targets. Therefore, further 

elucidating the mechanism underlying tumor immune 

interactions and identifying new immune-related 

markers and therapeutic targets for glioma will help 

improve the prognosis of glioma patients. 

 
The primary function of B-cell lymphoma 2 (BCL2) 

family proteins is to control the mitochondrial apoptosis 

pathway, and many BCL2 family proteins have been 

identified as important anticancer targets due to their 
important functions in cellular apoptosis [10]. BCL2A1 

is a member of the BCL-2 family of anti-apoptotic 

proteins and one of the less well-studied anti-apoptotic 

BCL2 proteins. BCL2A1 has been shown to be 

overexpressed in many cancers and is associated with 

resistance to chemotherapeutic and targeted drugs  

[11, 12]. In addition, BCL2A1 has been identified as a 

biomarker for postoperative seizure control in patients 

with low-grade glioma (LGG, WHO grade II–III)  

[13]. However, the expression pattern and potential 

biological role of BCL2A1 in glioma remain unknown. 
 

In this study, we explored the expression of BCL2A1 in 

gliomas and its relationship with glioma malignancy 

using public datasets and an in-house cohort. We also 

systematically and comprehensively evaluated the 

prognostic value of BCL2A1 in glioma. In addition, we 

investigated the relationship between BCL2A1 and 

immune cell infiltration and found that BCL2A1  

is associated with TAMs in the TME. Immunohisto-

chemistry (IHC) confirmed that BCL2A1 was positively 

correlated with the TAM markers CCL2 and CD68, and 

immunofluorescence (IF) showed that they colocalized 

in a large number of cells. Meanwhile, we demonstrated 

that knocking down BCL2A1 can inhibit the migration 

ability of co-cultured macrophages. Inhibiting the 

expression of BCL2A1 effectively inhibited the 

proliferation of tumor cells and improved the prognosis 

of mice in vitro and in vivo. Therefore, we speculated 

that BCL2A1 might accelerate tumor progression  

by promoting TAM infiltration in the glioma tumor 

microenvironment. 
 

MATERIALS AND METHODS 
 

Clinical samples 
 

In our in-house cohort, a paraffin-embedded tissue 

microarray included 174 glioma and 10 NBTs. All 

tissue samples were obtained from the Department of 

Neurosurgery, Renmin Hospital of Wuhan University 

from January 2017 to March 2020. None of the patients 

received chemotherapy or radiation before surgery, and 

all the patients signed informed consent forms. This 

study was approved by the Ethics Committee of the 

Renmin Hospital of Wuhan University (approval 

number: 2012LKSZ (010) H). 
 

Public data acquisition and preprocessing 
 

The RNA-Seq dataset of 33 types of cancers was 

downloaded from the TCGA database using UCSC 

Xena (https://xena.ucsc.edu/). The GlioVis database is 

an important platform for the visualization and analysis 

of brain tumors. In addition to normalized mRNA data, 

it also contains corresponding clinical information 

(http://gliovis.bioinfo.cnio.es/) [14]. In this study, a total 
of six datasets were utilized, including the TCGA-GBM. 

TCGA-LGG, TCGA-GBMLGG, CGGA, Rembrandt  

and Gravendeel datasets. The Oncomine (http://www. 

https://xena.ucsc.edu/
http://gliovis.bioinfo.cnio.es/
http://www.oncomine.org/
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oncomine.org/) dataset was used to comprehensively 

analyze the expression pattern of BCL2A1 across 

carcinomas [15]. 

 

Analysis of immune infiltration 

 

The R package “ESTIMATE” was used to assess 

immune, stromal, and ESTIMATE scores. Tumor 

Immune Estimation Resource (TIMER) is a website 

tool for evaluating gene expression and tumor-

infiltrating immune cells [16]. The Tumor Immune 

Single-Cell Hub (TISCH) database was used to analyze 

the correlations between BCL2A1 expression and 

infiltrating immune cells (http://tisch.comp-genomics. 

org/). TISCH is a scRNA-seq database focusing on the 

tumor microenvironment and provides detailed cell-type 

annotation at the single-cell level, enabling the explo-

ration of the TME across different cancer types [17]. 

 

Differential gene identification and enrichment 

analysis 

 

Differentially expressed genes (DEGs) were identified 

by the R package “edgeR.”, and the cutoff criteria of 

DEGs were P value < 0.05 and |logFC| >2. DEGs were 

input into the STRING database to analyze their 

interactions (https://cn.string-db.org/). Then, PPI data 

were exported and uploaded to Cytoscape software 

3.9.1 to display a network. The top 10 hub genes and 

hub network were identified by cytoHubba and 

MCODE plug-in Cytoscape, respectively. The DAVID 

dataset (https://david.ncifcrf.gov/tools.jsp) was used to 

conduct gene function enrichment analysis, including 

Gene Ontology (GO) and Kyoto Encyclopedia of Genes 

and Genomes (KEGG) analysis. The “clusterProfiler” 

package was used to perform gene set enrichment 

analysis (GSEA) to investigate the differences in 

biological pathways between samples with high and low 

BCL2A1 expression. The top 5 entries are shown, and 

the “ggplot2” package in R was used to visualize the 

results of GSEA. 

 
BCL2A1 and drug response 

 

NCI-60 compound activity data and RNA-seq 

expression profiles were downloaded from the CellMiner 

database (http://discover.nci.nih.gov/cellminer/) to 

analyze the drug sensitivity of BCL2A1 [18]. Drugs 

approved by the FDA or clinical trials were selected for 

analysis, and the R packages “impute”, “limma”, 

“ggplot2”, and “ggpubr” were used. 

 

Cell culture and transfection 

 

All cell lines (U87, U251 and THP-1) were purchased 

from Pricella (Wuhan, China). GBM cells were cultured 

in DMEM containing 10% fetal bovine serum (FBS) 

and human monocyte cell line THP-1 was cultured  

in 1640 medium containing 10% FBS at 37°C in 5% 

CO2. THP-1 cells were induced into macrophages by 

100 ng/mL concentration of PMA for subsequent co-

culture experiments. BCL2A1 and the control plasmid 

were purchased from the GENE (Shanghai, China). 

BCL2A1-shRNA and control plasmid were transfected 

into GBM cells with lipo3000 (Invitrogen, USA) 

according to the manufacturer’s instructions. 
 

CCK8 assay 

 

Cells were implanted into 96 Wells at a density of 

5000/well. CCK8 reagent (Dojindo, Kumamoto, Japan) 

added at 0 h, 24 h, 48 h, 72 h, and 96 h, and the 

absorbance at 450 nm was measured using a Microplate 

System (Olympus, Tokyo, Japan). 
 

Migration assay of co-cultured macrophages 
 

THP-1 cells were induced into macrophages using 

PMA, and then 40,000 macrophages were planted  

into Transwell’s upper chamber and 100,000 BCL2A1 

knockdown and control GBM cells were planted  

into lower chamber. GBM and macrophages were co-

cultured for 24 h and fixed with 4% paraformaldehyde, 

stained with crystal violet, air-dried and photographed 

under an inverted microscope (Olympus, Tokyo, Japan). 
 

Western blot 
 

PIRA lysate was added to the cells, lysed on ice for  

30 minutes, sonicated and centrifuged, and boiled  

in protein loading buffer. Equal amounts of protein 

were then added to SDS-PAGE gels and subsequently 

transferred to PVDF (Millipore, USA) membranes. 

Subsequently, membranes were blocked and incubated 

with anti-GAPDH (Proteintech, Wuhan, China, 1:5000) 

and anti-BCL2A1 (Abways, Shanghai, China, 1:1000) 

overnight. The following day, the membranes incu-

bated with secondary antibodies and visualized with 

ChemiDoc™ Touch Imaging System (Bio-Rad, USA). 
 

Intracranial xenograft model 
 

Balb/cA-nu mice purchased from Shaulaibao 

Biotechnology Co., Ltd (Wuhan, China) were fed 

adaptively in SPF environment for one week, and  

then 1 × 106 U87-Nc-BCL2A1 or U87-Sh-BCL2A1 

cells were injected into the right striatum of mice to 

establish intracranial xenograft model. The mice were 

monitored daily and killed when they developed severe 

neurological symptoms or weight loss. The brains of 
mice were collected and embedded in paraffin for 

immunohistochemistry and Hype staining. All animal 

experiments have been examined and approved by the 

http://www.oncomine.org/
https://cn.string-db.org/
https://david.ncifcrf.gov/tools.jsp
http://discover.nci.nih.gov/cellminer/
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Animal Welfare Ethics Committee of Renmin Hospital 

of Wuhan University. 
 

Immunohistochemical staining 
 

Paraffin sections were dewaxed with xylene (3 times) 

and different concentrations of ethanol (100%, 95%, 

75%) and then washed with PBS buffer three times. 
Sodium citrate (10 mM, pH 6.0) was used for antigen 

retrieval, and the samples were incubated for 10 

minutes at 100°C. The sections were incubated with 

3% H2O2 for 10 minutes to remove endogenous 

peroxidase and blocked with 1% bovine serum albumin 

(BSA) for 30 minutes. Primary antibody was added  

to the paraffin sections and incubated at 4°C over-

night. The next day, HRP-conjugated goat anti-rabbit 

IgG (GB23303, Servicebio, Wuhan, China) secondary 

antibody was added and incubated for 1 hour.  

3,3′-Diaminobenzidine (DAB) (GDP1061, Servicebio) 

reagent was added to the paraffin sections, observed 

under a microscope, and washed with running water  

to terminate the reaction. The sections were stained 

with hematoxylin for one minute, sealed with a neutral 

resin and visualized under the Pannoramic Scanner 

(3DHISTECH, Budapest, Hungary). The immune score 

was determined according to the proportion and 

intensity of positive cells. The results were scored as 

follows: 0, no staining; 1, weak staining; 2, moderate 

staining; and 3, strong staining. The score according to 

the proportion of positive cells is as follows: 0, <10%; 

1, 10–25%; 2, 26–50%; 3, 51–75%; and 4, >75%.  

The final immune score was calculated with the 

following formula: staining intensity score x positive 

cell number score. We defined 0–4 as low expression 

and 6–12 as high expression. Immunohistochemical 

(IHC) staining results were analyzed independently by 

three individuals. 
 

Immunofluorescence staining 
 

After dewaxing and removal of endogenous peroxidase, 

paraffin sections were blocked with 1% BSA for 30 

min. Antibodies against BCL2A1 (CY5582, Abways), 

CCL2 (GB11199, Servicebio) and CD68 (GB113150, 

Servicebio) were added in turn and incubated overnight. 

Then, HRP-conjugated goat anti-rabbit IgG secondary 

antibody and tyramide signal amplification (TSA) (TSA-

488, TSA-555, TSA-547, G1236, Servicebio) were added 

and incubated. Then, the cell nuclei were stained with 

4’,6-diamidino-2-phenylindole dihydrochloride (DAPI), 

and the results were visualized with a Pannoramic 

Scanner (3DHISTECH). 
 

Statistical analysis 
 

Data are presented as the means ± standard deviations 

(SD). Student’s t test was used to analyze differences 

between two groups, and one-way ANOVA was 

employed to compare differences among multiple 

groups. Spearman correlation analysis was utilized to 

investigate the correlation between parameters. The 

BCL2A1 high and low expression groups were 

determined according to gene expression level relative 

to the given optimal cutoff value. Kaplan–Meier 

survival analysis was used to compare the overall 

survival (OS) of glioma patients. In this study, statistical 

analysis was performed using GraphPad 8 (version 8.0) 

and R software (version 4.2). A P value of less than 

0.05 was considered significant. 

 

Data availability statements 

 

The data generated in the present study may be requested 

from the corresponding author. 

 

RESULTS 
 

BCL2A1 was overexpressed in human gliomas 

 

To investigate BCL2A1 mRNA expression across 

cancers, we downloaded RNA-seq data for 33  

types of tumor tissues and normal tissues from the 

TCGA and GTEx datasets. The results demonstrated 

that BCL2A1 was significantly upregulated in most 

tumors, including GBM and LGG, and downregulated 

in lung adenocarcinoma (LUAD), lung squamous cell 

carcinoma (LUSC), liver hepatocellular carcinoma 

(LIHC), Wilms tumor (WT), acute myeloid leukemia 

(LAML) and acute lymphoblastic leukemia (ALL).  

In addition, there was no significant difference 

between prostate adenocarcinoma (PRAD), bladder 

urothelial carcinoma (BLCA), rectum adenocarcinoma 

(READ), ovarian serous cystadenocarcinoma (OV), 

and cholangiocarcinoma (CHOL) and the corresponding 

normal tissues (Figure 1A). Analysis of BCL2A1  

in the Oncomine database showed that BCL2A1 

expression was higher in brain and CNS cancer tissues 

than in normal tissues (Figure 1B). 

 

In addition, we used TCGA, Gill, Rembrandt and 

Gravendeel datasets to further investigate the BCL2A1 

expression pattern in human gliomas. The results 

demonstrated that BCL2A1 expression was higher in 

gliomas than in NBTs (Figure 1C). IHC of an in-house 

cohort consisting of 10 NBTs and 174 glioma samples 

also confirmed that BCL2A1 had a higher expression 

level in glioma tissues (Figure 1D, 1E). 

 

BCL2A1 was associated with glioma malignancy 

 

Glioma was classified as grades II-IV according to  

the degree of malignancy, and public TCGA, CGGA, 

Rembrandt and Gravdendeel datasets indicated that 
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BCL2A1 expression increased with increasing glioma 

grade (Figure 2A). In our in-house cohort, IHC staining 

analysis demonstrated that BCL2A1 expression was 

higher in GBM tissues than in LGG tissues (Figure 2B, 

2C). IDH 1/2 and 1p19q mutation statuses are widely 

used in the diagnosis and classification of glioma. 

Glioma patients with IDH 1/2 wild type (WT) and 

chromosome 1p/19q non-codeletion have a worse 

prognosis [19]. In public datasets and an in-house 

cohort, BCL2A1 expression was higher in GBM with 

IDH1/2 wild type than in LGG with or without IDH 

mutation (Figure 2D, 2E). The correlation between 

BCL2A1 and clinicopathological characteristics in 

patients with gliomas in the in-house cohort, TCGA and 

CGGA is presented in Tables 1, 2 and Supplementary 

Table 1, respectively. 

 

BCL2A1 was associated with GBM of mesenchymal 

subtype 

 

Philips et al. classified GBM into three molecular 

subclasses, named the proneural, mesenchymal (ME), 

and classical subtypes. GBM patients with the 

mesenchymal subtype have a poor prognosis, and 

patients with recurrence are more likely to convert  

to the mesenchymal phenotype [20]. TCGA, CGGA, 

Rembrandt and Gravendeel were utilized to explore 

differences in BCL2A1 expression among GBM 

subtypes, and the results confirmed that BCL2A1 

expression was enriched in the mesenchymal subtype 

(Figure 3A). The receiver-operating characteristic 

(ROC) curve was used to evaluate the specificity of 

BCL2A1 expression in the mesenchymal subtype of 

 

 

 
Figure 1. BCL2A1 was overexpressed in gliomas. (A) The expression of BCL2A1 in 33 human cancers and normal tissues in TCGA and 
GTEx databases. (B) The expression of BCL2A1 in different types of cancers in Oncomine. (C) The mRNA expression of BCL2A1 in gliomas 
and NBTs in public datasets. (D, E) IHC staining analysis of BCL2A1 in glioma NBTs in an in-house cohort. *P < 0.05, **P < 0.01. ***P < 0.001, 
****P < 0.0001. Abbreviations: IHC: immunohistochemistry; NBTs: normal brain tissues. 
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GBM. As expected, acceptable area under the curve 

(AUC) values of up to 0.800, 0.768, 0.900 and 0.851  

in the TCGA, CGGA, Rembrandt and Gravendeel 

datasets, respectively, were observed (Figure 3B). In 

addition, the correlation of BCL2A1 expression and 

mesenchymal-related gene expression was analyzed, 

and the results showed that BCL2A1 expression was 

positively correlated with the expression of GBM 

mesenchymal subtype markers in the TCGA and CGGA 

datasets (Figure 3C, 3D). These results suggested that 

BCL2A1 may be a predictive biomarker for the GBM 

mesenchymal subtype. 

 

BCL2A1 is a novel prognostic marker for glioma 

patients 

 

To evaluate the prognostic value of BCL2A1 in glioma 

patients, Kaplan-Meier curve analyses were performed 

based on TCGA, CGGA and Rembrandt datasets.  

The results confirmed that glioma patients with high 

 

 
 

Figure 2. BCL2A1 was associated with the malignancy of gliomas. (A) TCGA, CGGA, Rembrandt and Gravendeel datasets were 

utilized to assess the expression of BCL2A1 in tumors of different grades. (B, C) IHC staining of BCL2A1 in LGG and GBM tissues. (D) BCL2A1 
expression in gliomas with different IDH and 1p19q statuses in TCGA and CGGA datasets. (E) The expression of BCL2A1 in gliomas with 
different IDH and 1p19q statuses was analyzed by immunohistochemistry. Abbreviations: mut: mutation; WT: wild type; codel: codeletion; 
non-codel: non-codeletion. *P < 0.05, **P < 0.01. ***P < 0.001, ****P < 0.0001. 



www.aging-us.com 11617 AGING 

Table 1. Correlation between BCL2A1 and clinicopathological characteristics in patients with gliomas in in-house 
cohort. 

Clinicopathological characteristics 
BCL2A1 expression 

P value 
Low (n = 74) High (n = 100) 

Age 

≥60 22 29 
>0.05 

<60 52 71 

Gender 

Male 38 47 
>0.05 

Female 36 53 

WHO grade 

II–III 51 39 
0.001 

IV 23 61 

IDH status 

Mutant 45 37 
0.002 

Wild-type 29 63 

KPS 

≥80 47 62 
>0.05 

<80 27 38 

 

Table 2. Correlation between BCL2A1 and clinicopathological characteristics in patients with gliomas in TCGA. 

Clinicopathological characteristics 
BCL2A1 expression 

P value 
Low (n = 333) High (n = 333) 

Age 

≥60 43 103 
<0.001 

<60 252 210 

Gender 

Male 167 187 
<0.001 

Female 128 126 

WHO grade 

II–III 283 186 
<0.001 

IV 18 131 

IDH status 

Mutant 281 146 
<0.001 

Wild-type 50 182 

Chr.1p19q 

Codeletion 131 37 
<0.001 

Non-codeletion 200 292 

MGMT promoter 

Methylation 282 194 
<0.001 

Unmethylation 50 109 

TERT status 

Mutant 86 68 
<0.05 

Wild-type 96 70 

ATRX status 

Mutant 111 84 
<0.05 

Wild-type 220 241 
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BCL2A1 expression had significantly shorter over- 

all survival than glioma patients with low BCL2A1 

expression. Interestingly, both GBM and LGG patients 

with high BCL2A1 expression had a worse prognosis 

than patients with low BCL2A1 expression in public 

datasets (Figure 4A). To further verify these results, we 

performed a Kaplan-Meier survival analysis in our in-

house cohort. As we hypothesized, high expression of 

BCL2A1 reduced survival time in all glioma patients, 

including LGG and GBM (Figure 4B). 

 

Gene functional enrichment analysis and 

construction of a protein–protein interaction network 

 

To investigate the biological function of BCL2A1 in 

gliomas, we screened 14 downregulated genes and 

510 upregulated genes between the high and low 

BCL2A1 expression groups in TCGA-GBMLGG. 

The top 60 hub genes were identified by the 

cytoHubba plug-in Cytoscape, and the corresponding 

protein–protein interaction (PPI) network is shown  

in Figure 5A. The top 10 hub genes were IL10, IFNG, 

CXCL9, CCL2, CSF2, IL6, CD80, CXCL10, CD4 and 

FCGR3A (red). In addition, we identified key network 

module genes of the DEGs by the MCDOE plug-in 

Cytoscape (Figure 5B), and gene functional 

enrichment analysis was performed on these genes 

using the DAVID database. Notably, biological 

process (BP) results showed that BCL2A1  

was involved in the immune response, cell surface 

receptor signaling pathway, cellular response to 

lipopolysaccharide, regulation of immune response, 

inflammatory response, humoral immune response, 

and so on (Figure 5C). For KEGG, these genes  

were enriched in cytokine-cytokine receptor 

interaction, viral protein interaction with cytokine  

 

 
 

Figure 3. BCL2A1 was associated with GBM of the mesenchymal subtype. (A) TCGA, CGGA, Rembrandt and Gravendeel datasets 
were used to investigate the expression of BCL2A1 in GBM with different subtypes. (B) Accuracy of BCL2A1 in predicting the mesenchymal 
subtype as determined using ROC curves. (C, D) The Spearman correlation method was used to explore the relationship between BCL2A1 
and mesenchymal-related markers in TCGA and CGGA. Abbreviations: AUC: area under the curve; ROC: receiver operating characteristic. 
*P < 0.05, **P < 0.01, ****P < 0.0001. 
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and cytokine receptor, natural killer cell mediated 

cytotoxicity, IL17 signaling pathway and so on (Figure 

5D). For molecular functions (MF), these genes were 

significantly related to transmembrane signaling 

receptor activity, IgG binding, cytokine activity, 

chemokines, protein binding and so on (Figure 5E). For 

the cellular component (CC), these genes were 

associated with the external side of the plasma  

 

 
 

Figure 4. BCL2A1 was an independent prognostic factor for gliomas. (A) Kaplan–Meier survival curves of BCL2A1 in TCGA, CGGA 
and Gravendeel. (B) Prognostic value of BCL2A1 in an in-house cohort. Abbreviation: HR, hazard ratio. 
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membrane, integral component of the plasma 

membrane, extracellular region, plasma membrane, 

immunological synapse and so on (Figure 5F). 

GSEA enrichment analysis is another effective method 

to investigate the biological function of BCL2A1. Gene 

Ontology (GO) analysis showed that BCL2A1 was 

 

 
 

Figure 5. Gene functional enrichment analysis and construction of the protein–protein interaction network. (A) The top 60 
hub genes of the PPI network. (B) Key network module was screened by MCDOE plug-in Cytoscape software. (C) Biological process (BP). (D) 
KEGG pathways. (E) Molecular function (MF). (F) Cellular component (CC). 
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associated with the adaptive immune response, 

neutrophil chemotaxis, response to chemotaxis, neutro-

phil migration and so on in GBM and LGG. (Figure  

6A, 6B, Supplementary Tables 2, 3). KEGG analysis 

confirmed that BCL2A1 was related to cytokine-cytokine 

receptor interactions and the chemokine signaling 

pathway. Toll-like receptor signaling pathway, natural 

killer cell-mediated cytotoxicity, T cell receptor signaling 

pathway, and B cell receptor signaling pathway in 

both GBM and LGG (Figure 6C, 6D, Supplementary 

Table 4, 5). These results suggested that BCL2A1 may 

be involved in the glioma immune response. 

 

BCL2A1 was associated with immune infiltration 

and immune-related markers in gliomas 

 

The TME plays a significant role in tumorigenesis and 

progression, and immune and stromal cells are the two 

main types of nontumor cells that influence the 

prognosis of patients [21]. The ESTIMATE algorithm 

was used to assess the correlation of BCL2A1 with the 

TME and immune cell infiltration. The results showed 

that BCL2A1 was positively correlated with the 

immune, stromal, and ESTIMATE scores in GBM and 

LGG (Figure 7A). Based on the above results, we 

speculated that BCL2A1 might be involved in the 

immune regulation of glioma. Hence, we performed 

correlation analyses to assess the relationship of 

BCL2A1 with immune-related genes. Strikingly, almost 

all genes associated with immune checkpoints, immuno-

logical stimulation, immunosuppression, chemokines, 

and chemokine receptors were positively related to 

BCL2A1 (Figure 7B–7F). 

 

To further understand the effects of BCL2A1 on 

immune regulation, we analyzed the correlation between 

BCL2A1 and a series of immune cell markers in TCGA 

and CGGA datasets. To characterize immune cells in 

gliomas, the immune-related genes presented in Table 3 

were analyzed. The results suggested that BCL2A1 was 

positively correlated with most of the immune markers 

in various immune cells. 

 

BCL2A1 was associated with macrophages and 

monocytes in gliomas 

 

The type and number of immune cells in the tumor 

microenvironment are related to tumor development and 

 

 
 

Figure 6. GSEA. (A) Gene Ontology (GO) analysis in GBM. (B) GO analysis in LGG. (C) KEGG analysis in GBM. (D) KEGG analysis in LGG. 
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immunotherapy [22]. Therefore, we utilized the TIMER 

2.0 dataset to evaluate the correlation between BCL2A1 

expression and immune cell infiltration levels in glioma. 

The results showed that the expression level of BCL2A1 

was positively correlated with macrophages, mono- 

cytes and B cells in GBM and LGG (Figure 8A, 8B). 
 

 
 

Figure 7. BCL2A1 was associated with immune infiltration and immune-related markers in gliomas. (A) Correlation between 

BCL2A1 expression and tumor purity, stromal score, immune score and ESTIMATE score in GBM and LGG. (B) Correlation between BCL2A1 
expression and immune checkpoint gene expression. (C) Correlation between BCL2A1 expression and immune activation gene expression. 
(D) Correlation between BCL2A1 and immunosuppressive genes. (E) Correlation between BCL2A1 and chemokines. (F) Correlation between 
BCL2A1 and chemokine receptors. 
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Table 3. Correlation between GMFG expression and markers of immune cells in TCGA and CGGA datasets. 

 Biomarker 
TCGA CGGA 

Correlation P-value Correlation P-value 

CD8+ T-cell CD8A 0.4 <0.001 0.51 <0.001 
 CD8B 0.3 <0.001 0.58 <0.001 

T-cell CD3D 0.64 <0.001 0.64 <0.001 
 CD3E 0.65 <0.001 0.71 <0.001 

B cell CD79A 0.37 <0.001 0.45 <0.001 
 CD19 0.35 <0.001 0.4 <0.001 

Monocyte CD86 0.71 <0.001 0.77 <0.001 

TAM CD68 0.75 <0.001 0.78 <0.001 
 CCL2 0.75 <0.001 0.74 <0.001 
 IL10 0.67 <0.001 0.6 <0.001 

M1 macrophage NOS2 −0.02 0.61 0.06 0.04 

 IRF5 0.55 <0.001 0.57 <0.001 
 CD80 0.75 <0.001 0.64 <0.001 

M2 macrophage CD163 0.66 <0.001 0.68 <0.001 

 MS4A4A 0.68 <0.001 0.74 <0.001 
 MSR1 0.8 <0.001 0.75 <0.001 

Neutrophil ITGAM 0.56 <0.001 0.58 <0.001 
 CCR7 0.59 <0.001 0.58 <0.001 

Natural killer cell KIR2DL1 − − 0.08 0.05 
 KIR2DL3 − − 0.14 <0.001 
 KIR2DL4 − − 0.38 <0.001 
 KIR3DL1 − − 0.07 0.08 
 KIR3DL2 − − 0.11 0.004 
 KIR3DL3 − − -0.06 0.12 
 KIR2DS4 − − 0.19 <0.001 

Dendritic cell HLA-DPB1 0.62 <0.001 − − 

 HLA-DQB1 0.33 <0.001 − − 

 HLA-DRA 0.72 <0.001 − − 

 HLA-DPA1 0.68 <0.001 − − 

 CD11c 0.6 <0.001 0.52 <0.001 

 
In addition, single-cell sequencing data from the 

TISCH2.0 database were used to further investigate 

the relationship between BCL2A1 and immune 

infiltration in gliomas. We found that 15 of 17 glioma 

single-cell sequencing datasets showed that BCL2A1 

expression was mainly associated with the infiltra- 

tion of macrophages and monocytes in the TISCH  

2.0 database (Figure 8C, 8D and Supplementary 

Figure 1). 

 

BCL2A1 was associated with tumor-associated 

macrophage infiltration in gliomas 

 

Tumor-associated macrophages (TAMs) account for 

50% of the total noncancer cell population in glioma 

and promote the proliferation, survival and migration 

of glioma cells [23]. Therefore, we investigated  

the association of BCL2A1 with tumor-associated 

macrophage markers through the TCGA, CGGA, 

Rembrandt and Gravendeel databases. The results 

confirmed that BCL2A1 was positively correlated 

with this series of tumor-related macrophage markers, 

especially CCL2 and CD68 (Figure 9A). Then, we 

performed IHC staining analysis for CD68 and CCL2 

in an in-house cohort, and the results showed that 

high BCL2A1 expression was significantly associated 

with CD68 and CCL2 expression in gliomas (Figure 

9B, 9C). Moreover, multiple fluorescence staining 

showed that BCL2A1, CD68 and CCL2 were co-

expressed in glioma tissues (Figure 9D). Therefore, 

we speculate that BCL2A1 is closely associated with 

tumor-associated macrophage infiltration in gliomas. 
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BCL2A1 was an independent predictor of response 

to temozolomide in gliomas 

 

Temozolomide (TMZ) is a clinical first-line chemo-

therapy drug that is used to treat glioma patients. 

Although TMZ treatment improves the prognosis of 

glioma patients, resistance to TMZ is inevitable in most 

patients [24]. The methylation of O6-methylguanine 

methyltransferase (MGMT) is a repair protein that  

can induce chemotherapy resistance by repairing DNA 

 

 
 

Figure 8. BCL2A1 was associated with macrophages and monocytes in gliomas. (A) Correlation between BCL2A1 expression and 

29 infiltrating immune cells in LGG based on the TIMER 2.0 database. (B) Correlation between BCL2A1 expression and 29 infiltrating 
immune cells in GBM based on the TIMER 2.0 database. (C) BCL2A1 expression in 17 glioma single-cell clusters. (D) UMAP plot showing 
BCL2A1 and cell type. 



www.aging-us.com 11625 AGING 

damage caused by TMZ, and MGMT promoter 

methylation can inhibit MGMT protein expression and 

enhance the sensitivity of glioma patients to TMZ 

treatment [25]. Therefore, we investigated whether 

BCL2A1 affects resistance to TMZ chemotherapy in 

gliomas. We first investigated the relationship between 

MGMT promoter methylation status and BCL2A1 

expression in the TCGA database. The results showed 

 

 
 

Figure 9. BCL2A1 was associated with tumor-associated macrophage infiltration in gliomas. (A) The correlation between BCL2A1 and 

tumor-associated macrophage markers in TCGA, CGGA, Rembrandt and Gravendeel datasets. (B) IHC staining analysis of CD68 and CCL2 in glioma 
tissues. (C) Spearman correlation was used to explore the correlation between TAM infiltration and BCL2A1 expression. (D) The relationship 
between BCL2A1, CD68 and CCL2 was analyzed by multiple immunofluorescences. Abbreviation: TAMs: tumor-associated macrophages. 
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that high BCL2A1 expression was associated with 

unmethylated MGMT promoter status (Figure 10A).  

In addition, correlation analysis demonstrated that 

BCL2A1 was positively correlated with expression in 

the TCGA, CGGA, Rembrandt and Gravendeel data-

sets (Figure 10B). These results suggested that BCL2A1 

 

 
 

Figure 10. BCL2A1 was an independent predictor of response to temozolomide in gliomas. (A) BCL2A1 expression in gliomas 

with methylated or unmethylated MGMT promoters. (B) The correlation between BCL2A1 and MGMT expression in public datasets. (C, D) 
Effect of BCL2A1 on the prognosis of patients with GBM and LGG with different MGMT promoter methylation statuses. (E, F) Effect 
of BCL2A1 on the prognosis of glioma patients who received TMZ chemotherapy or IR alone. Abbreviations: IR: ion radiotherapy; ns: 
non-significant. *P < 0.05, **P < 0.01. ***P < 0.001, ****P < 0.0001. 
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may influence the therapeutic responsiveness of glioma 

patients to TMZ. Interestingly, we divided patients into 

groups according to MGMT promoter methylation status, 

and survival analysis showed that high expression of 

BCL2A1 predicted poor prognosis in GBM and LGG 

patients with MGMT promoter methylation. However, 

BCL2A1 expression did not accurately predict the 

survival of glioma patients with unmethylated MGMT 

promoters (Figure 10C, 10D). For glioma patients 

treated with TMZ alone, BCL2A1 expression accurately 

predicted the survival of GBM and LGG patients. 

However, for glioma patients who received only radio-

therapy (IR), the expression of BCL2A1 did not affect 

their prognosis (Figure 10E, 10F). In summary, these 

data demonstrated that BCL2A1 was an independent 

predictor of response to TMZ chemotherapy in gliomas. 

 

In addition, we explored the relationship between 

BCL2A1 expression and sensitivity to the top 12 anti-

cancer drugs from the CellMiner database. The data 

indicated that high BCL2A1 expression could increase 

the drug IC50 and decrease the drug sensitivity of 

vemurafenib (selective oral inhibitor of the BRAF V600 

kinase), dabrafenib (reversible inhibitor of mutant 

BRAF kinase), hypothemycin, PD-98059 (inhibitor of 

ERK1/2), selumetinib (selective inhibitor of MAPK 

kinase), bafetinib (tyrosine kinase inhibitor), cobimetinib 

(MEK inhibitor), ABT-199 (BCL-2 inhibitor), trametinib 

(MEK inhibitor), okadaic acid (inhibitor of protein 

phosphatase type 1) and ixazomib citrate (inhibitor of 

20 S proteasome β5), and high BCL2A1 expression 

decreased the drug IC50 and increased the drug 

sensitivity of pyrazoloacridine (inhibitor of topoiso-

merases 1 and 2) (Supplementary Figure 2). 

 
Knockdown of BCL2A1 inhibited GBM cell 

proliferation and macrophage migration 

 
To further verify the biological function of BCL2A1 in 

GBM, we used ShRNA to specifically knockdown the 

expression of BCL2A1. As shown in Figure 11A, 11B, 

western blot indicated that BCL2A1 expression was 

obviously knocked down in U87 and U251 cells 

(Supplementary Figure 3). In addition, CCK8 and Edu 

assay were employed to detect the effects of BCL2A1 

expression on GBM cell proliferation. The results 

showed that the proliferation rate of GBM cells in  

the BCL2A1 knockdown group was slower than that in 

the control group (Figure 11C), and the Edu cell 

positive rate was also lower than that in the control 

group (Figure 11D, 11E). We also tested whether 

BCL2A1 could medicate cell proliferation using an 

intracranial xenograft model in vivo. As we suspected, 

mice implanted with BCL2A1 knockdown cells 

produced smaller tumor volumes than controls (Figure 

11I), and Kaplan-Meier analysis demonstrated that the 

BCL2A1 knockdown group mice have a longer survival 

time than control group mice (Figure 11J). Furthermore, 

IHC staining showed that the number of KI67 positive 

cells in BCL2A1 knockdown group was significantly 

less than that in control group (Figure 11K). To further 

verify whether BCL2A1 is involved in the regulation  

of macrophage migration, we used PMA to induce 

THP-1 cells into macrophages. Subsequently, we used a 

Transwell device o co-culture macrophage with U87 

and U251 cells (Figure 11F). As expected, knockdown 

of BCL2A1 in U87 and U251 cells inhibited the 

migration ability of co-cultured macrophages (Figure 

11G, 11H). Moreover, mice in the BCL2A1 knockdown 

group were found to have lower expression of CD68 

and CCL2 in vivo models (Figure 11K). 

 

DISCUSSION 
 

Due to the high heterogeneity of glioma, there are great 

differences between individual patients. Therefore, the 

treatment of glioma should be comprehensively 

considered according to individual prognostic factors, 

clinical symptoms and tumor progression. Genetic tests 

can be used to guide treatment. For example, patients 

with MGMT promoter methylation are more sensitive 

to TMZ chemotherapy, while patients with 1p19 co-

deletion are considered not to receive radiotherapy [26]. 

To overcome the limitations of the current standard 

treatment for glioma, scientists are working to develop 

new treatment strategies. Immunotherapy is considered 

a potential treatment for glioma. However, tumor-

infiltrating immune cells in the tumor microenvironment 

can regulate the immune escape of tumor cells and 

affect the therapeutic effect of tumors [27]. There is still 

a lack of reliable markers for the early diagnosis of 

glioma and the assessment of immunotherapy response. 

 

As a member of the antiapoptotic BCL2 family, 

BCL2A1 is associated with the occurrence, progression 

and drug resistance of various tumors. However, the 

expression pattern and potential biological function  

of BCL2A1 in gliomas are still unknown. In this  

study, we found that the expression of BCL2A1 in 

glioma was significantly higher than that in NBTs at 

both the mRNA and protein levels according to a 

comprehensive analysis of public databases and an in-

house cohort that included 10 NBTs and 174 glioma 

samples. Moreover, the expression of BCL2A1 is 

correlated with the WHO grade and malignancy of 

glioma, and its high expression reduces the survival 

time of patients with LGG and GBM. These results 

suggest that BCL2A1 may be a potential prognostic 

marker in gliomas. 

 
In addition, GO and KEGG analyses showed that 

BCL2A1 may be involved in the immune response  
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and immune-related biological processes, including 

cytokine-cytokine receptor interactions, natural killer 

cell-mediated cytotoxicity, the IL17 signaling pathway, 

and the Toll-like receptor (TLR) signaling pathway. 

 

 

 
Figure 11. Knockdown of BCL2A1 inhibited GBM cell proliferation and macrophage migration. (A, B) Western blot analysis of 

the knockdown effect of BCL2A1 in U87 and U251 cells. (C) The effect of BCL2A1 knockdown on proliferation of GBM cells was detected by 
CCK8. (D, E) Edu assay indicated that BCL2A1 knockdown inhibited proliferation of GBM cells. (F) Diagram of co-culture of macrophages and 
GBM cells. (G, H) Knockdown of BCL2A1 in GBM cells inhibited the migration ability of co-cultured macrophages. (I) HE staining analysis. (J) 
Analysis of Kaplan-Meier survival in mice. (K) IHC analysis of BCL2A1, Ki67, CD68 and CCL2. ns: non-significant; *P < 0.05, **P < 0.01. 
Abbreviations: Nc: control group; Sh: BCL2A1 knockdown group. 



www.aging-us.com 11629 AGING 

IL-17 can mediate the recruitment of specific γδ  

T-cell subpopulations and activate the PI3K/Akt1/ 

NF-κB-p65 pathway to promote glioma progression 

[3]. The tumor microenvironment is a complex system 

composed of tumor cells, infiltrating lymphocytes, 

immune cells, fibroblasts and endothelial cells,  

and it is closely related to the occurrence, malignant 

progression and metastasis of tumors [27]. We  

found that the expression of BCL2A1 is closely  

related to immune, stromal, and ESTIMATE scores, 

suggesting that BCL2A1 plays an important role in the 

immune microenvironment of glioma. We also found 

that BCL2A1 is positively correlated with most 

immune checkpoint genes, suggesting that BCL2A1 

may induce immune escape by participating in the 

regulation of immune checkpoint genes, thus promoting 

tumorigenesis. 

 
Subsequently, we investigated the association  

of BCL2A1 immune cells using the TIMER 2.0  

database and single-cell sequencing data. The results 

showed that BCL2A1 was significantly associated 

with mononuclear/macrophage infiltration in glioma. 

In addition, there is growing evidence that TAMs play 

a key role in tumor cell progression and metastasis  

and are highly represented in the glioma immune 

microenvironment [28]. 

 
Correlation analysis indicated that BCL2A1 was 

positively correlated with TAM markers in public 

datasets. To further validate our findings, we performed 

IHC and multiple immunofluorescences staining  

on two of the TAM markers and found that the 

expression of BCL2A1 was significantly correlated 

with CCL2 and CD68, and they were coexpressed  

in gliomas. In addition, we demonstrated in vitro  

that inhibition of BCL2A1 expression weakened the 

migration ability of co-cultured macrophages, and in 
vivo models also found that knockdown of BCL2A1 

was closely related to low expression of CD68  

and CCL2. We found that BCL2A1 was positively 

correlated with chemokines and chemokine receptors. 

Chemokines secreted by tumors play an important 

role in the regulation of macrophage differentiation 

and the tumor immune microenvironment. CCL2 is a 

member of the chemokine family, which can promote 

tumor immune escape and cancer cell proliferation 

through recruitment of TAMs [29]. Therefore, we 

speculate that BCL2A1 may promote TAM infiltration 

in glioma by influencing chemokines, including CCL2, 

and affect the tumor microenvironment and tumor 

progression in glioma. Our study found that BCL2A1 

was mainly enriched in the mesenchymal subtype of 
GBM. Previous evidence suggests that mesenchymal 

GBM has higher TAM infiltration than other sub-

types, and TAMs may contribute to tumor progression 

and metastasis by affecting epithelial-mesenchymal 

transition (EMT) [30, 31]. We also demonstrated that 

knocking down BCL2A1 inhibits proliferation of 

GBM cells in vivo and in vitro, while extending 

survival time in mice. These results reveal a potential 

mechanism underlying the poor prognosis in patients 

with high BCL2A1 expression. 

 

TMZ is a first-line treatment for glioma, and the 

MGMT promoter methylation status is a factor that 

predicts therapeutic responses to TMZ. However,  

the accuracy of MGMT promoter methylation in 

predicting responses to TMZ is limited [32]. Our  

study found that glioma patients with high BCL2A1 

expression had poor responses to TMZ treatment. 

BCL2A1 may be used as a supplementary marker  

to predict the response of glioma patients to TMZ 

chemotherapy. BCL2A1 has also been associated  

with resistance to chemotherapy in breast cancer, 

melanoma and colon cancer [11, 33, 34]. The reason 

for resistance to chemotherapy may be that BCL2A1  

can inhibit the apoptosis induced by chemotherapy 

drugs. The hypoxia-induced M2 phenotype of TAMs 

promotes cell proliferation and TMZ resistance in 

GBM cells by activating the PI3K/Akt/Nrf2 path- 

way [35]. In another study, TAMs increased CCL2 

secretion through M2 polarization and activated  

the PI3K/Akt/mTOR signaling pathway in breast 

cancer cells, promoting endocrine resistance [36]. 

Therefore, we speculate that BCL2A1 may promote 

the resistance of glioma to TMZ chemotherapy by 

regulating the infiltration of TAMs in the immune 

tumor microenvironment. 

 

CONCLUSION 
 

In summary, our results suggested that BCL2A1  

was an independent prognostic marker and potential 

predictor of sensitivity to TMZ chemotherapy in glioma  

patients. Moreover, overexpression of BCL2A1 was 

closely related to TAM infiltration in the glioma immune 

microenvironment. These results provide insights into 

the cellular and molecular basis of the glioma tumor 

immune microenvironment and identify new targets for 

glioma immunotherapy. 
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SUPPLEMENTARY MATERIALS 
 

Supplementary Figures 
 

 
 

Supplementary Figure 1. BCL2A1 expression was associated with macrophages in TISCH 2.0 database. 
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Supplementary Figure 2. Drug sensitivity analysis of BCL2A1 based on CellMiner database. 

 

 

 

 
 

Supplementary Figure 3. Original WB blots. 
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Supplementary Tables 
 

Supplementary Table 1. Correlation between BCL2A1 and clinicopathological characteristics in patients with 
gliomas in CGGA. 

Clinicopathological characteristics 
BCL2A1 expression 

P value 
Low (n = 489) High (n = 490) 

Age 

≥60 35 73 
<0.001 

<60 453 412 

Gender 

Male 279 295 
>0.05 

Female 210 195 

WHO grade 

II–III 379 226 
<0.001 

IV 110 264 

IDH status 

Mutant 306 206 
<0.001 

Wild-type 150 268 

Chr.1p19q 

Codeletion 149 56 
<0.001 

Non-codeletion 272 431 

Chemotherapy 

Yes 283 335 
<0.001 

No 158 113 

Radiotherapy 

Yes 373 386 
<0.05 

No 94 62 

 

 
Supplementary Table 2. GO in GBM by GSEA analysis. 

Description ES NES P-value 

GOBP_ADAPTIVE_IMMUNE_RESPONSE 0.723 2.391 0.014 

GOBP_RESPONSE_TO_CHEMOKINE 0.82 2.267 0.017 

GOBP_NEUTROPHIL_CHEMOTAXIS 0.808 2.252 0.016 

GOBP_LEUKOCYTE_PROLIFERATION 0.699 2.249 0.014 

GOBP_LYMPHOCYTE_MEDIATED_IMMUNITY 0.721 2.248 0.015 

GOBP_LEUKOCYTE_CELL_CELL_ADHESION 0.69 2.241 0.014 

GOMF_CHEMOKINE_RECEPTOR_BINDING 0.835 2.217 0.017 

GOBP_REGULATION_OF_T_CELL_ACTIVATION 0.685 2.215 0.014 

GOBP_CELLULAR_RESPONSE_TO_BIOTIC_STIMULUS 0.722 2.212 0.016 

GOMF_CCR_CHEMOKINE_RECEPTOR_BINDING 0.854 2.212 0.017 

GOBP_NEUTROPHIL_MIGRATION 0.797 2.201 0.016 

GOBP_POSITIVE_REGULATION_OF_LEUKOCYTE_CELL_CELL_ADHESION 0.706 2.186 0.016 

GOCC_SPECIFIC_GRANULE 0.75 2.182 0.017 

GOBP_POSITIVE_REGULATION_OF_CELL_ACTIVATION 0.668 2.176 0.014 

GOBP_REGULATION_OF_LEUKOCYTE_PROLIFERATION 0.711 2.175 0.016 

GOMF_CHEMOKINE_ACTIVITY 0.841 2.162 0.017 

GOBP_NEGATIVE_REGULATION_OF_IMMUNE_SYSTEM_PROCESS 0.657 2.161 0.014 
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GOBP_T_CELL_MIGRATION 0.813 2.161 0.017 

GOBP_T_CELL_ACTIVATION 0.663 2.158 0.014 

GOBP_RESPONSE_TO_MOLECULE_OF_BACTERIAL_ORIGIN 0.663 2.157 0.014 

GOBP_POSITIVE_REGULATION_OF_T_CELL_PROLIFERATION 0.774 2.155 0.016 

GOBP_CELLULAR_RESPONSE_TO_MOLECULE_OF_BACTERIAL_ORIGIN 0.739 2.154 0.018 

GOBP_REGULATION_OF_ADAPTIVE_IMMUNE_RESPONSE 0.728 2.151 0.016 

GOBP_REGULATION_OF_IMMUNE_EFFECTOR_PROCESS 0.657 2.15 0.014 

GOBP_GRANULOCYTE_MIGRATION 0.748 2.143 0.016 

GOBP_T_CELL_PROLIFERATION 0.736 2.142 0.017 

GOBP_REGULATION_OF_LYMPHOCYTE_ACTIVATION 0.653 2.142 0.014 

GOBP_POSITIVE_REGULATION_OF_CYTOKINE_PRODUCTION 0.649 2.141 0.014 

GOBP_LYMPHOCYTE_MIGRATION 0.767 2.141 0.016 

GOBP_MONONUCLEAR_CELL_DIFFERENTIATION 0.648 2.136 0.014 

GOBP_REGULATION_OF_LEUKOCYTE_MEDIATED_IMMUNITY 0.71 2.131 0.017 

GOBP_REGULATION_OF_LYMPHOCYTE_MEDIATED_IMMUNITY 0.73 2.122 0.016 

GOBP_POSITIVE_REGULATION_OF_DEFENSE_RESPONSE 0.648 2.107 0.014 

GOMF_CYTOKINE_RECEPTOR_BINDING 0.67 2.104 0.014 

GOCC_TERTIARY_GRANULE 0.72 2.102 0.017 

GOBP_NEGATIVE_REGULATION_OF_LYMPHOCYTE_MEDIATED_IMMUNITY 0.805 2.098 0.017 

GOBP_LYMPHOCYTE_CHEMOTAXIS 0.799 2.089 0.017 

GOBP_NEGATIVE_REGULATION_OF_LEUKOCYTE_MEDIATED_IMMUNITY 0.804 2.084 0.018 

GOBP_POSITIVE_REGULATION_OF_CELL_CELL_ADHESION 0.665 2.083 0.014 

GOBP_CELL_CHEMOTAXIS 0.657 2.082 0.014 

 

 
Supplementary Table 3. GO in LGG by GSEA analysis. 

Description ES NES P-value 

GOBP_POSITIVE_REGULATION_OF_LEUKOCYTE_CELL_CELL_ADHESION 0.752 1.96 0.011 

GOBP_POSITIVE_REGULATION_OF_CELL_ACTIVATION 0.731 1.956 0.01 

GOBP_ADAPTIVE_IMMUNE_RESPONSE 0.719 1.941 0.01 

GOBP_GRANULOCYTE_CHEMOTAXIS 0.775 1.937 0.011 

GOBP_NEUTROPHIL_CHEMOTAXIS 0.792 1.935 0.011 

GOBP_ALPHA_BETA_T_CELL_ACTIVATION 0.756 1.934 0.011 

GOBP_POSITIVE_REGULATION_OF_CELL_CELL_ADHESION 0.733 1.931 0.011 

GOBP_NEUTROPHIL_MIGRATION 0.771 1.929 0.011 

GOBP_REGULATION_OF_T_CELL_ACTIVATION 0.718 1.919 0.01 

GOBP_GRANULOCYTE_MIGRATION 0.754 1.918 0.011 

GOBP_T_CELL_PROLIFERATION 0.74 1.91 0.011 

GOBP_RESPONSE_TO_CHEMOKINE 0.783 1.906 0.011 

GOBP_LYMPHOCYTE_MIGRATION 0.763 1.902 0.011 

GOBP_LYMPHOCYTE_MEDIATED_IMMUNITY 0.718 1.894 0.01 

GOBP_REGULATION_OF_IMMUNE_EFFECTOR_PROCESS 0.7 1.893 0.01 

GOBP_REGULATION_OF_ADAPTIVE_IMMUNE_RESPONSE 0.736 1.889 0.011 

GOBP_REGULATION_OF_LEUKOCYTE_MEDIATED_IMMUNITY 0.726 1.888 0.011 

GOBP_REGULATION_OF_LYMPHOCYTE_ACTIVATION 0.701 1.888 0.01 

GOBP_LEUKOCYTE_CELL_CELL_ADHESION 0.7 1.885 0.01 

GOBP_REGULATION_OF_LYMPHOCYTE_MEDIATED_IMMUNITY 0.733 1.876 0.011 

GOBP_POSITIVE_REGULATION_OF_T_CELL_PROLIFERATION 0.769 1.875 0.011 
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GOBP_REGULATION_OF_ALPHA_BETA_T_CELL_ACTIVATION 0.768 1.875 0.011 

GOBP_REGULATION_OF_LEUKOCYTE_MEDIATED_CYTOTOXICITY 0.776 1.872 0.012 

GOBP_REGULATION_OF_CELL_KILLING 0.767 1.869 0.011 

GOBP_REGULATION_OF_LEUKOCYTE_PROLIFERATION 0.716 1.864 0.011 

GOBP_T_CELL_ACTIVATION 0.69 1.855 0.01 

GOBP_CD4_POSITIVE_ALPHA_BETA_T_CELL_DIFFERENTIATION 0.762 1.853 0.012 

GOBP_ALPHA_BETA_T_CELL_DIFFERENTIATION 0.753 1.852 0.011 

GOBP_RESPONSE_TO_INTERFERON_GAMMA 0.717 1.851 0.011 

GOBP_T_CELL_DIFFERENTIATION_INVOLVED_IN_IMMUNE_RESPONSE 0.776 1.848 0.013 

GOBP_POSITIVE_REGULATION_OF_CYTOKINE_PRODUCTION 0.683 1.847 0.01 

GOBP_POSITIVE_REGULATION_OF_LEUKOCYTE_MEDIATED_IMMUNITY 0.732 1.843 0.011 

GOMF_CHEMOKINE_ACTIVITY 0.827 1.843 0.014 

GOBP_B_CELL_MEDIATED_IMMUNITY 0.735 1.837 0.011 

GOBP_LEUKOCYTE_MEDIATED_CYTOTOXICITY 0.741 1.835 0.011 

GOBP_T_CELL_DIFFERENTIATION 0.7 1.835 0.011 

GOCC_TRANSCRIPTIONALLY_ACTIVE_CHROMATIN 0.898 1.833 0.014 

GOBP_RESPONSE_TO_INTERLEUKIN_1 0.709 1.833 0.011 

GOBP_POSITIVE_REGULATION_OF_LEUKOCYTE_PROLIFERATION 0.718 1.833 0.011 

GOMF_IMMUNE_RECEPTOR_ACTIVITY 0.733 1.827 0.011 

 

 
Supplementary Table 4. KEGG in GBM by GSEA analysis. 

Description ES NES P-value 

KEGG_CYTOKINE_CYTOKINE_RECEPTOR_INTERACTION 0.719 2.192 0.014 

KEGG_NOD_LIKE_RECEPTOR_SIGNALING_PATHWAY 0.815 2.1 0.016 

KEGG_CHEMOKINE_SIGNALING_PATHWAY 0.706 2.068 0.015 

KEGG_HEMATOPOIETIC_CELL_LINEAGE 0.725 1.889 0.015 

KEGG_TOLL_LIKE_RECEPTOR_SIGNALING_PATHWAY 0.698 1.849 0.016 

KEGG_INTESTINAL_IMMUNE_NETWORK_FOR_IGA_PRODUCTION 0.738 1.833 0.016 

KEGG_LEISHMANIA_INFECTION 0.702 1.828 0.015 

KEGG_GRAFT_VERSUS_HOST_DISEASE 0.788 1.815 0.018 

KEGG_NATURAL_KILLER_CELL_MEDIATED_CYTOTOXICITY 0.645 1.808 0.016 

KEGG_CYTOSOLIC_DNA_SENSING_PATHWAY 0.699 1.756 0.016 

KEGG_TYPE_I_DIABETES_MELLITUS 0.743 1.741 0.018 

KEGG_ALLOGRAFT_REJECTION 0.756 1.712 0.018 

KEGG_CELL_ADHESION_MOLECULES_CAMS 0.609 1.709 0.016 

KEGG_PRIMARY_IMMUNODEFICIENCY 0.749 1.695 0.018 

KEGG_JAK_STAT_SIGNALING_PATHWAY 0.598 1.694 0.015 

KEGG_T_CELL_RECEPTOR_SIGNALING_PATHWAY 0.627 1.67 0.016 

KEGG_AUTOIMMUNE_THYROID_DISEASE 0.664 1.63 0.017 

KEGG_B_CELL_RECEPTOR_SIGNALING_PATHWAY 0.618 1.582 0.016 

KEGG_RIG_I_LIKE_RECEPTOR_SIGNALING_PATHWAY 0.613 1.574 0.015 

KEGG_TASTE_TRANSDUCTION −0.689 −1.808 0.024 

KEGG_COMPLEMENT_AND_COAGULATION_CASCADES 0.602 1.568 0.03 

KEGG_RIBOSOME 0.597 1.553 0.031 

KEGG_OLFACTORY_TRANSDUCTION 0.431 1.345 0.043 
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Supplementary Table 5. KEGG in LGG by GSEA analysis. 

Description ES NES P-value 

KEGG_CYTOKINE_CYTOKINE_RECEPTOR_INTERACTION 0.729 1.96 0.01 

KEGG_CHEMOKINE_SIGNALING_PATHWAY 0.716 1.898 0.011 

KEGG_HEMATOPOIETIC_CELL_LINEAGE 0.751 1.857 0.012 

KEGG_SYSTEMIC_LUPUS_ERYTHEMATOSUS 0.694 1.805 0.011 

KEGG_LEISHMANIA_INFECTION 0.746 1.8 0.012 

KEGG_T_CELL_RECEPTOR_SIGNALING_PATHWAY 0.694 1.794 0.011 

KEGG_GRAFT_VERSUS_HOST_DISEASE 0.836 1.792 0.014 

KEGG_NOD_LIKE_RECEPTOR_SIGNALING_PATHWAY 0.751 1.79 0.013 

KEGG_INTESTINAL_IMMUNE_NETWORK_FOR_IGA_PRODUCTION 0.787 1.765 0.013 

KEGG_ALLOGRAFT_REJECTION 0.826 1.758 0.014 

KEGG_PRIMARY_IMMUNODEFICIENCY 0.817 1.74 0.014 

KEGG_COMPLEMENT_AND_COAGULATION_CASCADES 0.718 1.733 0.012 

KEGG_JAK_STAT_SIGNALING_PATHWAY 0.655 1.732 0.011 

KEGG_ASTHMA 0.819 1.722 0.014 

KEGG_CELL_ADHESION_MOLECULES_CAMS 0.659 1.716 0.011 

KEGG_TYPE_I_DIABETES_MELLITUS 0.762 1.701 0.013 

KEGG_PORPHYRIN_AND_CHLOROPHYLL_METABOLISM 0.768 1.688 0.013 

KEGG_VIRAL_MYOCARDITIS 0.689 1.66 0.012 

KEGG_PENTOSE_AND_GLUCURONATE_INTERCONVERSIONS 0.781 1.641 0.014 

KEGG_NATURAL_KILLER_CELL_MEDIATED_CYTOTOXICITY 0.628 1.635 0.011 

KEGG_TOLL_LIKE_RECEPTOR_SIGNALING_PATHWAY 0.635 1.61 0.012 

KEGG_B_CELL_RECEPTOR_SIGNALING_PATHWAY 0.653 1.607 0.011 

KEGG_DRUG_METABOLISM_OTHER_ENZYMES 0.684 1.577 0.013 

KEGG_AUTOIMMUNE_THYROID_DISEASE 0.675 1.571 0.013 

KEGG_FC_EPSILON_RI_SIGNALING_PATHWAY 0.621 1.528 0.012 

KEGG_STARCH_AND_SUCROSE_METABOLISM 0.663 1.506 0.013 

KEGG_APOPTOSIS 0.597 1.496 0.012 

KEGG_PRION_DISEASES 0.698 1.487 0.014 

KEGG_ANTIGEN_PROCESSING_AND_PRESENTATION 0.597 1.479 0.012 

KEGG_ECM_RECEPTOR_INTERACTION 0.571 1.421 0.012 

KEGG_OLFACTORY_TRANSDUCTION 0.513 1.38 0.01 

KEGG_ASCORBATE_AND_ALDARATE_METABOLISM 0.809 1.66 0.014 

KEGG_FOCAL_ADHESION 0.497 1.321 0.021 

KEGG_STEROID_HORMONE_BIOSYNTHESIS 0.623 1.45 0.025 

KEGG_CYTOSOLIC_DNA_SENSING_PATHWAY 0.605 1.423 0.025 

KEGG_BLADDER_CANCER 0.609 1.374 0.038 

KEGG_LEUKOCYTE_TRANSENDOTHELIAL_MIGRATION 0.523 1.349 0.046 

KEGG_AMYOTROPHIC_LATERAL_SCLEROSIS_ALS 0.425 1.284 0.045 

 

 


