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Abstract
Malignant glioma can be divided into grade III (Gr. III) and grade IV (Gr. IV). Gr. III glioma patients have
signi�cantly better overall survival (OS) than those with Gr. IV glioma, also known as glioblastoma
multiforme (GBM). We explored differentially expressed genes (DEGs) from the GSE4290 and
GSE109857 datasets between Gr. III and Gr. IV gliomas. Six candidate prognostic genes for GBM were
determined from survival analysis of data obtained from The Cancer Genome Atlas (TCGA), and the
results were validated via assessments of the OS of Gr. III glioma and GBM patients using data obtained
from the Chinese Glioma Genome Atlas (CGGA). Then, the expression levels of CXCL8, also named IL8,
had a signi�cant relationship with progression-free survival (PFS) in Gr. IV patients (P = 0.028), and had
no effect in Gr. III glioma patients (P = 0.522). Furthermore, the receiver operating characteristic (ROC)
curve revealed the critical role of IL8 with an accuracy value of 0.899 for discriminating Gr. IV from Gr. III
in TCGA and 0.644 in CGGA. Macrophage (P < 0.001) and neutrophil (P < 0.001) levels were highly related
to IL8 levels, especially for M2 macrophage markers. All M2 markers increased the correlative e�ciency
from primary GBM to the recurrence group. IL8 in GBM has a signi�cant effect on disease prognosis and
tumor immunity. IL8-associated M2 macrophage in�ltration could be a prognostic biomarker used to
classify GBM and Gr. III gliomas.

Introduction
The histological grading of brain glioma is described in the guidelines of the World Health Organization
(WHO) tumor classi�cation of the central nervous system (CNS). More precise standards for the
subgrouping of glioma could provide more standard guidelines for clinical treatment and more valuable
prognostic information. Malignant glioma consists of WHO grade III (Gr. III) glioma and glioblastoma
multiforme (GBM), also called grade IV (Gr. IV) glioma. Gr. III glioma includes anaplastic astrocytoma
(AA), anaplastic oligoastrocytomas (AOAs) and anaplastic oligodendrogliomas (AOs).(Ahmed et al.,
2014) It is generally acknowledged that the prognosis of Gr. III glioma is better than that of GBM.
(Noiphithak and Veerasarn, 2017) Nevertheless, it is well known that there are no major prognostic
biomarkers that can be used to differentiate WHO gr. II and Gr. IV gliomas.

Patients with malignant glioma, regardless of whether it is Gr. III glioma or Gr. IV glioma, should receive
surgical tumor removal(Sanai, 2012) after the establishment of appropriate diagnosis. The most
common adjuvant treatment for GBM is concurrent chemoradiotherapy (CCRT) with temozolomide (TMZ)
followed by adjuvant chemotherapy.(Stupp et al., 2005; Mirimanoff et al., 2006; Arakawa et al., 2021)
According to the molecular analyst report(Kouwenhoven et al., 2009) of European Organisation for
Research and Treatment of Cancer (EORTC) study 26951 from a multicenter prospective phase III trial,
patients with AOA with mutation of the isocitrate dehydrogenase (IDH) gene and 1p/19p codeletion and
those with Gr. III glioma should also receive radiotherapy (RT) and adjuvant chemotherapy with PVC
(procarbazine, lomustine, and vincristine).(Kouwenhoven et al., 2009; Wick et al., 2009) Patients with IDH
mutant AA should receive postoperative treatments, including standard RT followed by adjuvant TMZ or
CCRT with TMZ. However, even after standard adjuvant treatment, WHO Gr. III and Gr. IV glioma patients
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exhibit signi�cantly different prognoses. The median survival (MS) of glioma Gr. III patients is
approximately 24–60 months(McGirt et al., 2009) and is longer than that of GBM patients, who have a
MS of only 11–15 months.(Burnet et al., 2007; Siangprasertkij and Navalitloha, 2008) There was a
signi�cantly different prognosis observed between Gr. III and Gr. IV glioma patients. In a series of studies,
(Louis et al., 2016) favorable molecular prognostic factors were predicted, including IDH1/2 mutation,
(Hegi et al., 2005; Eckel-Passow et al., 2015) 1p/19q codeletion,(Eckel-Passow et al., 2015) loss of alpha-
thalassemia mental retardation X-linked syndrome (ATRX),(Abedalthaga� et al., 2013) tumor protein p53
(TP53) wild-type (wt.) expression, telomerase reverse transcriptase (TERT) promoter wt.(Eckel-Passow et
al., 2015) expression, and O6-methylguanine-DNA-methyltransferase (MGMT) promoter hypermethylation,
(Hegi et al., 2005) but there are no speci�c biomarkers that can be used to assess the prognosis of Gr. III
and Gr. IV glioma patients. Thus, it is valuable for the medical management of these conditions to further
identify the prognostic biomarkers that differentiate WHO Gr. III and Gr. IV gliomas.

Therefore, we explored differentially expressed genes (DEGs) between Gr. III and Gr. IV gliomas. We
attempted to base our analysis of Gr. IV Glioma on the results of screens of the prognostic genes from
the DEGs. Then, we further validated those high-grade glioma-related prognostic hub genes in an external
validation set. Finally, we elucidated the association between prognostic gene signatures and immune
function to differentiate Gr. III and Gr. IV gliomas.

Materials And Methods

Microarray data from the Gene Expression Omnibus (GEO)
We downloaded the datasets GSE4290 and GSE109857 from the GEO
(https://www.ncbi.nlm.nih.gov/geo) database.(Barrett et al., 2007) The GSE4290 dataset(Sun et al.,
2006) was based on the Affymetrix Human Genome U133 Plus 2.0 Array (GPL570) uploaded by Sun et
al.,(Sun et al., 2006) containing 31 grade III glioma samples and 71 GBM samples. The GSE109857
dataset,(Zhang et al., 2020) which was based on Agilent-014850 Whole Human Genome Microarray
4x44K G4112F (GPL6480), was uploaded by Zhang et al.,(Zhang et al., 2020) including 34 grade III
glioma samples and 89 GBM samples (Table 1).
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Table 1
Details of two datasets downloaded from GEO.

Dataset Grade
III

Grade
IV

Platform

GSE4290 31 77 GPL570 [HG-U133_Plus_2] Affymetrix Human Genome U133 Plus
2.0 Array

GSE109857 34 89 GPL6480 Agilent-014850

Whole Human Genome

Microarray 4x44K G4112F

Total 65 166  

Identi�cation of differentially expressed genes (DEGs)
We used the GEO2R-friendly tool(Barrett et al., 2013) to conduct differential gene expression analysis and
reanalyzed the microarray data in the GSE4290(Sun et al., 2006) and GSE109857 datasets. In GEO2R, R
language was applied for GEO query, and limma packages were used for gene expression analysis. The
grade III and grade IV groups were separately selected to identify DEGs. The false discovery rate and p
values were calculated with a t test and Benjamini‒Hochberg method, respectively.(Aubert et al., 2004)
The cutoff criteria were adj. P value of < 0.05 and |log[fold change (FC)]|≥1. The volcano plot was
generated using the R (3.6.3) package “ggplot2”.

Protein‒protein interaction (PPI) network analysis
The PPI network was generated by the STRING website (http://www.string-db.org/).(Szklarczyk et al.,
2015) This website tool generates associations between proteins based on genetic context, coexpression,
high-throughput experiments, and previous knowledge. The cutoff score was selected as 0.400 (medium
con�dence). Cytoscape software (version 3.9.1, http://www.cytoscape.org) was used for the analysis of
PPI pairs with the CytoNCA app in Cytoscape.(Shannon et al., 2003) A cutoff of ≥ 2 was used to identify
hub genes (highly connected genes) by calculating the degree value.

Functional enrichment analysis
The R clusterPro�ler package (v3.14.1)(Yu et al., 2012) was employed for functional enrichment analysis
of hub genes using the Kyoto Encyclopedia of Genes and Genomes (KEGG; http://www.genome.jp/kegg/)
pathway analysis.(Ogata et al., 1999) Statistical signi�cance was de�ned as a p value of < 0.05 and an
FDR value of < 0.25. Visualization of KEGG outputs was conducted by the R (3.6.3) package “ggplot2”.

Survival analysis using the Kaplan–Meier method and
validation using the CGGA database
Based on low-grade glioma (LGG) and GBM data from TCGA (https://portal.gdc.cancer.gov/(Ceccarelli et
al., 2016; Liu et al., 2018) and the CGGA (https://www.cgga.org.cn/), Kaplan‒Meier analysis by the log-
rank test was performed using the survival and survminer packages in R. The CGGA mRNAseq_325
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dataset, which contained RNA-seq data and clinical information, was used to validate the prognostic
value of candidate genes.(Zhao et al., 2021)

Gene expression and receiver operating characteristic curve
analysis
The gene expression analysis based on TCGA data was performed by R (3.6.3) and visualized by the
ggplot2 package. The Mann‒Whitney U test (nonparametric) was used to calculate the difference in gene
expression between grade III and grade IV samples in the GBMLGG cohort. Statistical signi�cance was
de�ned as P < 0.05. The R pROC package was used to analyze receiver operating characteristic curves,
and the ROC plots were generated by ggplot2.

Tumor immune in�ltration and immune cell marker
correlation analysis
We explored the enrichment level of 23 tumor-in�ltrating lymphocytes by using the "GSVA" package based
on the ssGSEA (single-sample gene set enrichment analysis) method.(Hänzelmann et al., 2013) Then, we
used TIMER (https://cistrome.shinyapps.io/timer/), an interactive web portal, to investigate the
relationship between CXCL8 expression and the levels of different gene markers of immune cells.

Results

Identi�cation of DEGs between Gr. III and Gr. IV gliomas
from GEO datasets
We present the �owchart of this study in Fig. 1. DEGs were analyzed based on the GSE4290 and
GSE109857 gene expression pro�les. In the GSE4290 dataset, there were a total of 217 upregulated
genes and 177 downregulated genes between Gr. III and Gr. IV, while in the GSE109857 dataset; there were
1022 upregulated genes and 445 downregulated genes. Using the ggplot2 package of R software, we
visualized the results of the DEG screening via volcano plots (Fig. 2A). Then, Venn diagrams were used to
depict the common up/downregulated DEGs between the two datasets. As a result, 98 genes were
identi�ed as differentially expressed, including 62 upregulated genes and 36 downregulated genes (Fig.
2B).

Twenty-three key gene candidates as prognostic factors for Gr. III and Gr. IV gliomas identi�ed via PPI
network establishment and KEGG enrichment analysis

The common DEGs were loaded into the STRING database (https://string-db.org/) to obtain PPI pairs,
which were then imported into Cytoscape for hub gene identi�cation. A total of 97 nodes and 232 edges
were identi�ed from the PPI network. Using the CytoNCA plugin, 48 DEGs were identi�ed as hub genes
according to a degree value of ≥ 2 (Fig. 3A).
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The 48 hub genes were applied to obtain KEGG enrichment analysis by the DAVID online tool for
investigation into the pathways. The signi�cantly enriched KEGG pathways were human papillomavirus
infection, PI3K-Akt signaling pathway, ECM-receptor interaction, focal adhesion, AGE-RAGE signaling
pathway in diabetic complications, amoebiasis, protein digestion and absorption, proteoglycans in
cancer, relaxin signaling pathway, small cell lung cancer, NOD-like receptor signaling pathway, bladder
cancer, and malaria (Fig. 3B). To further re�ne the list of 48 hub genes to the key genes between Gr. III and
Gr. In IV gliomas, a total of 21 upregulated and two downregulated hub genes were enriched in KEGG
pathways. These 23 genes were identi�ed as “Key genes” (Fig. 3C).

Identi�cation and validation of prognostic genes through
Kaplan‒Meier analysis and use of the CGGA
To investigate the prognostic value, including the effects on overall survival (OS) and progression-free
survival (PFS), of the 23 key genes in GBM and Gr. III glioma, Kaplan‒Meier (K-M) analysis was
performed using the RNA-seq data and clinical information in TCGA (Table S1). In GBM patients, we
found that the expression of THBS1 (HR = 1.40, P = 0.046), CXCL8 (HR = 1.45, P = 0.028), IBSP (HR = 1.52,
P = 0.012), COL8A1 (HR = 1.15, P = 0.023) and GBP5 (HR = 1.43, P = 0.035) was associated with a shorter
progression-free interval, and the expression of HES5 (P = 0.027) in GBM patients was associated with a
poor prognosis in terms of OS. These six genes associated with prognosis in GBM were de�ned as
candidate prognostic genes. After further evaluation of 6 candidate prognostic genes in Gr. III glioma
patients, �ve candidate genes, THBS1 (HR = 1.51, P = 0.035), IBSP (HR = 2.18, P < 0.001), HES5 (HR = 0.47,
P < 0.001), COL8A1 (HR = 2.66, P < 0.001) and GBP5 (HR = 2.43, P < 0.001), were found to be related to
signi�cantly shorter PFS. Four candidate genes were signi�cantly associated with shorter OS, including
IBSP (HR = 1.86, P = 0.005), HES5 (HR = 0.54, P = 0.004), COL8A1 (HR = 2.70, P < 0.001) and GBP5 (HR = 
2.09, P = 0.001). Then, we applied the CGGA database, which is based on information from Chinese
glioma patients, to validate the prognostic value of six candidate genes. The K–M analysis showed that
two candidate genes, THBS1 and CXCL8, were signi�cantly associated with poor overall survival in GBM
but not in Gr. III patients (Table 2). 
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Table 2
A relationship of candidate gene expression with overall survival in Gr. IV or Gr. III glioma

  TCGA CGGA

Gene Grade IV Grade III Grade IV Grade III

HR

(95% CI)

P
value

HR

(95% CI)

P
value

HR

(95% CI)

P
value

HR

(95% CI)

P
value

THBS1 1.19
(0.84–
1.67)

0.312 1.15
(0.74–
1.78)

0.536 1.76
(1.23–
2.52)

0.001* 1.22
(0.72–
2.09)

0.456

CXCL8 1.35
(0.96–
1.89)

0.077 0.95
(0.61–
1.47)

0.801 1.61
(1.12–
2.30)

0.006* 1.35
(0.79–
2.30)

0.271

IBSP 1.29
(0.92–
1.81)

0.131 1.86
(1.20–
2.87)

0.005* 1.37
(0.96–
1.95)

0.075 1.76
(1.03–
3.01)

0.036*

HES5 0.69
(0.49–
0.97)

0.027* 0.54
(0.34–
0.84)

0.004* 1.05
(0.74–
1.50)

0.767 0.85
(0.50–
1.46)

0.563

COL8A1 1.15
(0.82–
1.61)

0.407 2.70
(1.74–
4.20)

< 
0.001*

1.40
(0.98–
1.99)

0.059 2.60
(1.50–
4.50)

0.085

GBP5 1.21
(0.87–
1.70)

0.247 2.09
(1.35–
3.23)

0.001* 1.32
(0.93–
1.88)

0.113 1.82
(1.06–
3.12)

0.025*

After consolidating the results of the K-M plots of data regarding TCGA, THBS1, IBSP, COL8A1, GBP5 and
HES5 were found to be related to prognosis in both Gr. III and Gr. IV glioma patients, while CXCL8 was
only associated with prognosis in Gr. IV glioma patients. Validation of the CGGA K-M plots revealed that
the list of candidate prognostic genes could be simpli�ed to THBS1 and CXCL8. This �nding might
suggest that THBS1 and CXCL8 play critical roles in the disease progression of both gliomas.

CXCL8 is a unique prognostic gene in GBM
To demonstrate the mRNA expression levels of THBS1 and CXCL8 in Gr. III and Gr. IV glioma patients, we
visualized the expression levels in TCGA (Fig. 4A, left and B, left). The expression levels of THBS1 and
CXCL8 were both signi�cantly higher in GBM patients than in Gr. III glioma patients. According to the K-M
curves based on TCGA, THBS1 was a prognostic gene not only in GBM patients (HR = 1.40, P = 0.046) but
also in Gr. III glioma patients (HR = 1.51, P = 0.035; Fig. 4A, right). However, CXCL8 only showed an
association with PFS in Gr. IV (HR = 1.45, P = 0.028) but not in Gr. III glioma patients (HR = 0.88, P = 0.522;
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Fig. 4B, right). As a result, CXCL8 could have an important impact on the prognosis in Gr. III and Gr. IV
glioma patients.

Next, we performed ROC curve analysis using CXCL8 levels to further determine the unique role of CXCL8
in discriminating Gr. IV glioma from Gr. III glioma. The area under the curve value was 0.899 for
discriminating Gr. IV from Gr. III in the TCGA cohort and 0.644 in the CGGA dataset (Fig. 4C). This �nding
indicates that when CXCL8 expression in gliomas was elevated in more than 89% of patients in the TCGA
dataset and in 64% in the CGGA cohort, the presence of GBM was con�rmed.

CXCL8 in�ltrates immune cells with emphasis on M2
macrophages in recurrent GBM patients
CACL8 can be secreted by many immune cells, including macrophages, neutrophils, T lymphocytes,
eosinophils, �broblasts and epithelial cells. Using the ssGSEA algorithm, we explored the in�ltration levels
of 24 immune cell subtypes in Gr. IV gliomas to observe whether CXCL8 expression was associated with
immune in�ltration. The main immune cells affected by CXCL8 expression were CD8 T cells, cytotoxic
cells, DCs, eosinophils, iDCs (immature DCs), macrophages, mast cells, neutrophils, NK CD56dim cells, T
cells, T effector memory (Tem), T gamma delta (Tgd), Th1 cells and Th17 cells. Among them, the levels
of macrophages (r = 0.660, P < 0.001) and neutrophils (r = 0.637, P < 0.001) were highly correlated with
CXCL8 expression and levels of immune cell in�ltration (Fig. 5A). Furthermore, we evaluated the
relationship between the expression of CXCL8 and immune cell markers, including markers of M1
macrophages (iNOS, IRF5, COX2), M2 macrophages (CD163, VSIG4, MS4A4A) and neutrophils (CD66b,
CD11b, CCR7), using the TIMER database.(Wang et al., 2022) After adjusting for tumor purity, CXCL8
expression was signi�cantly associated with macrophage markers in GBM, especially M2 markers (Fig.
5B). To reassess the correlation between CXCL8 expression and the levels of M2 macrophage markers in
high-grade glioma patients, we conducted a correlation analysis using the CGGA website tool among
primary and recurrent high-grade glioma patients. Although we found that CXCL8 expression has a
signi�cant effect on both the primary Gr. III and Gr. IV gliomas (Fig. 5C), it was speci�c to only decreasing
signi�cance for recurrent Gr. III glioma of all M2 markers (R value primary→ recurrence of
CD163:0.622→0.475; VSIG4: 0.433→0.285, MS4A4A:0.434→0.177). In contrast, all M2 macrophage
markers had increasing correlative e�ciency from primary GBM to the recurrence group (R value
primary→ recurrence of CD163:0.617→0.677; VSIG4: 0.437→0.496, MS4A4A:0.458→0.522).

Taken together, these immune analyses provide meaningful information that CXCL8 might be more
involved in M2 macrophage in�ltration, with an especially higher correlation coe�cient in recurrent GBM
than in recurrent Gr. III glioma.

Discussion
Since the 2016 WHO grading system of CNS tumors(Wesseling and Capper, 2018) was established,
glioma grading has been reclassi�ed not only using traditional tissue morphology but also by focusing
on the status of IDH1, IDH2 mutants and 1p/19p codeletion to identify gliomas according to genomics.
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Then, the newest-edition WHO classi�cation of gliomas in 2021(Louis et al., 2021) further included ATRX
loss, TP53 wt., TERT promoter mutation, and CDKN2A/B homozygous deletion as pathological
diagnostic markers that can be used to distinguish different grades of malignancy of gliomas. Finally,
diffuse gliomas were divided into 5 subgroups as follows: 1.) anaplastic oligodendroglioma, IDH-mutant
and 1p/19q-codeleted, WHO Gr. III; 2.) anaplastic astrocytoma, IDH-mutant, WHO Gr. III; 3.) glioblastoma,
IDH-mutant, WHO Gr. IV; 4.) anaplastic astrocytoma, IDH-wildtype, WHO Gr. III; 5.)glioblastoma, IDH-
wildtype, WHO Gr. IV.

Compelling evidence indicates that aggressive tumor resection provides disease survival bene�ts for
newly diagnosed GBM patients. The volume of residual GBM tumors as determined from postoperative
images is a highly important factor affecting the disease-free time and median survival for GBM patients.
(Keles et al., 1999) However, maximal resection of newly diagnosed Gr. III gliomas is recommended even
if there is no clear evidence of a bene�t on survival, but most expert consensus agrees with this aim for
the tumor operation.(Keles et al., 2006) Adjuvant treatments of both Gr. III and Gr. IV gliomas include
CCRT with different chemo-regimens, either TMZ or PVC. TMZ plays a more speci�c therapeutic role in
GBM. However, there is a predominant disparity in disease survival between Gr. III and Gr. IV glioma
patients. To our knowledge, we present a unique approach for differentiating Gr. III and Gr. IV glioma
patients.

CXCL8 (C-X-C motif chemokine ligand 8) is also named interleukin 8 (IL8). Previous studies correlating
IL8 and the prognosis of cancers include studies of colorectal cancer (CRC),(Cui et al., 2022; Ichikawa et
al., 2022; Schimek et al., 2022) breast cancer,(Abou Shousha et al., 2022; Al-Kharashi et al., 2022)
pancreatic cancer,(Li et al., 2022a) gastric cancer(Lin et al., 2022) and glioblastoma.(Chen et al., 2022)
Based on our �ndings, IL8 could have an important impact on the prognosis of Gr. III and Gr. IV glioma
patients. In addition, IL8 levels could be used to further differentiate GBM from high-grade glioma.

Immunotherapy has been considered one indication for curing cancers. IL8 can be produced by several
immune cells and shows a close relationship with the tumor immune microenvironment. IL8-associated
neutrophil recruitment modulates the immune microenvironment of CRC cells.(Schimek et al., 2022)
Elevation of IL8 levels induces upregulation of PD-1 presentation in CD8-positive T cells to cause
immunosuppression in stomach cancer.(Li et al., 2022b) From those studies, IL8 has been associated
with immune cells, including in malignant tumors of the colorectum and stomach and GBM.

Recently, a series of studies related to GBM and IL8 have been conducted that have investigated IL8
expression in tumors, plasma IL8 levels of GBM patients, and treatment-induced IL8 expression. Data
regarding GBM has indicated that Annexin-1, as an oncogene, promotes GBM cell escape from immune
attack via IL8, which indirectly upregulates the expression of markers associated with the migration of
dendritic cells.(Chen et al., 2022) In other clinical studies of plasma IL8 levels and GBM, the plasma levels
in 158 patients with Gr. II-IV gliomas whose samples were collected during surgery and the levels of 20
proteins as candidate markers for GBM were signi�cantly different from those with GBM. Finally, a higher
level of IL8 in plasma was associated with a lower OS in GBM patients.(Holst et al., 2021) IL8 levels can



Page 10/18

discriminate GBM from Gr. III glioma and is a prognostic biomarker associated with poor PFS of GBM
patients in TCGA dataset, and an indicator of poor prognosis regarding OS in GBM patients exists in the
CGGA cohort.

As a common alkylating agent of adjuvant chemotherapy in GBM, TMZ is indicated to upregulate the
activity of the IL8-dependent CXCL2/CXCR2 axis to promote angiogenesis and the production of tumor-
associated macrophages. At the same time, combination therapy with TMZ and an antagonist of CXCR2
overcomes therapeutic resistance induced by TMZ.(Urbantat et al., 2021) In our study, IL8 expression was
associated with higher levels of immune cells, including macrophages and neutrophils. Increased IL8
expression was also highly correlated with the levels of the immune in�ltration of M2 macrophages in
primary and recurrent GBM.

In conclusion, even though our study provides a well-known biomarker, IL8, to classify high-grade glioma,
IL8 has multiple effects on disease prognosis, tumor immunity and recurrent gliomas. IL8-associated M2
macrophage in�ltration could provide both prognostic and recurrent biomarkers to differentiate Gr. III and
GBM.

In the future, immunohistochemical staining of high-grade glioma and survival analysis based on IL8
expression in clinical patients might provide further proof that IL8 is a unique factor and therapeutic
target of GBM.
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Figure 1

Flow chart of the study design.
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Figure 2

Identi�cation of DEGs between Gr. III and Gr. IV glioma in 2 GEO datasets (GSE4290; GSE109857) (A)
Volcano plot displaying the signi�cant DEGs. (B) Venn diagram showing the intersection of upregulated
DEGs (left) and downregulated DEGs (right).

Figure 3

(A) Forty-eight hub genes with a degree ≥ 2 were extracted from the PPI network of common DEGs in the
two datasets. (B) KEGG pathway enrichment analysis of 48 hub genes of bubble plot of 13 enriched
pathways (p value < 0.05). (C) Twenty-three genes involved in the pathways were considered key genes.
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Figure 4

Identi�cation of prognostic genes through Kaplan‒Meier survival curves and the mRNA expression levels
in Gr. III and Gr. IV glioma samples in TCGA. (A) THBS1; (B) CXCL8. (C) Receiver operating characteristic
curve analysis for discriminating grade IV from grade III glioma based on CXCL8 expression.
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Figure 5

Associations between CXCL8 expression and the tumor microenvironment. (A) Analysis of the correlation
of CXCL8 expression with in�ltrating immune cells in grade IV glioma using the ssGSEA algorithm from
the TCGA database. (B) Correlation analysis of CXCL8 expression and the expression of marker genes of
different immune cells using the TIMER database. (C) The scatter plots show the relationship between
CXCL8 expression and the expression of M2 macrophage marker genes in the CGGA database (CD163,
VSIG4 and MS4A4).
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