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Integrated genomic and transcriptomic analysis suggests
KRT18 mutation and MTAP are key genetic alterations related to
the prognosis between astrocytoma and glioblastoma
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Background: Astrocytoma and glioblastoma (GBM) are the two main subtypes of glioma, with the
2016 World Health Organization Classification of Tumors of the Central Nervous System (CNS WHO)
classifying them into different grades. GBM is the most malignant among all CNS tumors with a 5-year
survival rate of less than 5%. Although the prognosis of patients with astrocytoma is better than that of GBM
in general, patients with anaplastic astrocytoma (AA) and isocitrate dehydrogenase (IDH) wild type have a
similar prognosis as GBM and entail a high risk of progression. Exploring the molecular driving force behind
the malignant phenotype of astrocytoma and GBM will help explain the diversity of glioma and discover new
drug targets.

Methods: We enrolled 12 patients with astrocytoma and 12 patients with GBM and performed whole-
exome sequencing (WES) and RNA sequencing analysis on tumor samples from the patients.

Results: We found that the somatic mutation of KRT18, which is associated with cell apoptosis and
adhesion by interacting with receptor 1-associated protein (TRADD) and pinin, was significantly enriched
in astrocytoma, but rare in GBM. Copy number loss of MTAP, which is closely related to a poor prognosis
of glioma, was found to be significantly enriched in GBM. In addition, different somatic copy number
alteration (SCNA), gene expression, and immune cell infiltration patterns between astrocytoma and GBM
were found.

Conclusions: This study revealed the distinct characteristics of astrocytoma and GBM at the DNA and
RNA level. Somatic mutation of KRT18 and copy number loss of MTAP, two key genetic alterative genes in

astrocytoma and GBM, have the potential to become therapeutic targets in glioma.
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Introduction nervous system (CNS) tumors and 80.8% of malignant
brain tumors are glioma (1). The 2016 World Health
Glioma is the most common tumor of the brain. Organization Classification of Tumors of the Central

Approximately 25.5% of all primary brain and other central Nervous System (CNS WHO, 2016) classifies glioma into
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grade I to grade IV (2). Glioblastoma (GBM) is classified
as grade IV and is the most malignant among all CNS
tumors (1). The prognosis of GBM patients is poor,
with a S-year survival rate of less than 5% (3,4). Tumor
heterogeneity and the ambiguity of histomorphology are
the two main challenges to the diagnosis and treatment
of GBM.

Astrocytoma, another subtype of glioma, is characterized
by isocitrate dehydrogenase (IDHI) or (IDH2) mutation,
which can be accompanied by TP53 and ATRX
mutation (5). According to the status of the IDH gene,
astrocytoma can be divided into 3 subtypes: IDH mutant,
IDH wild type, and not otherwise specified (NOS). Among
them, the IDH mutation subtype has the potential to
progress to GBM (6). Histologically, astrocytoma can
be divided into diffuse astrocytoma (DA) and anaplastic
astrocytoma (AA). DA, characterized by high differentiation
and slow growth, is classified as low-grade glioma (grade
II), while AA is classified as high-grade glioma (grade III)
due its high proliferative activity (7,8). Both molecular and
histological characteristics are important to the prognosis
of astrocytoma. AA patients with the IDH mutation often
have good prognosis, while AA patients with wild-type
IDH]I have a poor prognosis and high risk of progression.
There is no significant prognostic difference between AA
with IDH wild type and GBM with IDH wild type (9).
Therefore, the same treatment protocol for GBM patients
is recommended for patients with AA wild type IDH if they
also have a positive MGMT methylation status (10). Due to
astrocytoma's poor prognosis and high risk of progression
to GBM, it is important to explore the molecular
characteristics of astrocytoma.

In this study, we collected tumor samples from 12
patients with astrocytoma and 12 patients with GBM, and
performed whole-exome sequencing (WES) and RNA
sequencing (RNA-seq) analysis on them to compare the
genomic and transcriptomic characterization between these
2 tumors. We present the following article in accordance
with the MDAR reporting checklist (available at http://
dx.doi.org/10.21037/atm-21-1317).

Methods
Patients and samples

In total, 24 patients with glioma, including 12 with
astrocytoma and 12 with GBM, were recruited at Nanfang
Hospital, Southern Medical University from MAR 2019 to
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AUG 2020. All procedures involving human participants
were in accordance with principles of the Declaration of
Helsinki (2013). All patients signed informed consent, and
the study design was approved by the Ethics Committee
of Nanfang Hospital (NFEC-2019-006). Tumor tissue and
matched normal blood were collected from each patient.
Hematoxylin and eosin (HE) stained histological sections
of tumors were reviewed by an expert pathologist to ensure
that the tumor content was above 20%. Clinical records
were obtained from the electronic medical records of the

hospital.

WES
Maxwell RSC blood DNA kit (cat no. AS1400, Promega)

was used to extract DNA in snap-frozen tissue and
peripheral whole blood, and MagMAX FFPE DNA/RNA
Ultra kit (cat no A31881, Thermo Fisher Scientific) was
used to extract DNA in formalin-fixed, paraffin-embedded
(FFPE) tissue. A Covaris LE220 sonicator was used for
shearing with purified DNA. Probes from the SureSelect
XT Human All Exon V7 kit (cat. no. 5991-9039, Agilent)
were used to hybridize with DNA fragments. After being
polymerase chain reaction (PCR)—amplified and end-
repaired, captured DNA was attached to the adapters
and barcode using a SureSelect XT HS and Low Input
Library Preparation Kit for ILM (pre PCR) kit (cat. no.
G9704, Agilent). Libraries were sequenced on an Illumina
NovaSeq-6000 sequencer (Illumina). The reads were
aligned to hgl9 after removing adapters and low-quality
reads using the Burrows-Wheeler Alignment algorithm and
the Genome Analysis Toolkit (GATK, version 3.5).

RNA-seq

The MagMAX FFPE DNA/RNA Ultra kit (Thermo Fisher
Scientific) was used to extract RNA from FFPE tissue.
The NEBNext RNA First Strand Synthesis Module [cat.
no. E7525S, New England Biolabs Inc. (NEB)] was used
for reverse transcription, and the NEBNext Ultra II Non-
Directional RNA Second Strand Synthesis Module (cat. no.
E6111S, NEB) was used for complement DNA (cDNA)
synthesis. SureSelect XT HS and Low Input Library
Preparation Kit for ILM (Pre PCR) (cat. no. G9704,
Agilent) was used for RNA-seq library preparation. The
libraries were sequenced on an NovaSeq-6000 Sequencing
System (Illumina, USA). Although it is a difficult to use
FFPE samples for RNA-seq, studies have established
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reliable protocols (11,12). NEBNext RNA First Strand
Synthesis Module and NEBNext Ultra II Non-Directional
RNA second Strand Synthesis Module, 2 commercial kits
which were developed from the protocols, were used for

RNA-seq in this study.

Differential gene expression analysis

STAR (version 020201) was used to align the reads to the
reference genome (hgl9), and StringTie2 (version 1.3.5)
was used for assembly. After normalization was completed
using upper quartile counts, a list of differentially expressed
genes between astrocytoma and GBM was compiled using
DESeq2. An adjusted P value <0.1 and an absolute value of
Log2 fold change >1 was set as the significance threshold.

Immune cell infiltration analysis

The infiltration of immune cells was analyzed by
the CIBERSORT Algorithm with LM22 immune
subsets (13). The relative scores of 22 human immune cell
types were quantified using 547 marker genes with a gene-
based deconvolution algorithm. The standardized data
set was uploaded to the CIBERSOFT website (https://
cibersort.stanford.edu/index.php) and run using 1,000
aligned default signature matrices.

Statistical analysis

GraphPad Prism 8 (GraphPad Software, Inc., CA,
USA) and R version 4.0.3 (R Foundation for Statistical
Computing) were used for statistical analyses and data
visualization. Unless stated otherwise, an unpaired #-test
was used in all group comparisons, and a P value <0.05 was
considered significant.

Results

Clinicopatbological and epidemiological information of
patients

Astrocytoma and GBM are the 2 main subtypes of glioma.
Exploring the molecular characteristics of these 2 subtypes
have a great value for clinical diagnosis and treatment.
In this study, 12 patients with GBM and 12 patients with
astrocytoma were enrolled and WES and RNA-seq were
performed. The overall clinical data of these patients are
shown in Table 1. There were 14 male patients and 10
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female patients (P=0.214). The median age was 45.5 (range,
18-68) years old, with the age of GBM patients being
greater than that of astrocytoma patients (P=0.048). There
were 7 patients with /DHI mutation and 17 patients with
IDHI wild type. Among the patients with /DHI mutation,
there were 6 patients with astrocytoma and only 1 patient
with GBM (P=0.068), indicating that the majority of GBM
patients in this study had primary GBM. In addition, the
methylation of the MGMT promoter and the mutation of
the TERT promoter were detected in 24 patients. There
were 10 patients with MGMT-promoter methylation, 5 of
whom had GBM and 5 of whom had astrocytoma (P=0.640).
There were 11 patients with a mutation in the TERT
promoter, including 10 patients with GBM and 1 patient
with astrocytoma (P<0.001).

Somatic mutation profile in astrocytoma and GBM

WES was performed on the 24 patients, and the somatic
mutation gene was analyzed. The top 20 mutated genes are
shown in Figure 14. TP53, FRGI, and IDHI were the top
3 mutated genes in glioma, and their mutation rates were
54% (13/24), 33% (8/24), and 29% (7/24), respectively.
The mutation rates of several genes differed between
astrocytoma and GBM. IDHI mutations were found in 50%
(6/12) of astrocytoma cases but in only 8% (1/12) of GBM
cases. Usually, the IDHI mutation of GBM progresses
from astrocytoma with the /IDHI mutation, and is called
secondary GBM (14). In addition, TP53, KRT18, and ATRX
were enriched in astrocytoma, but TTN was enriched in
GBM (Figure 1A). Statistical analysis showed that KRT18
was the only gene which was significantly enriched in
astrocytoma (Fisher’s exact test, P=0.037; Figure 1B).

Next, we analyzed the mutation sites of the KRT18
gene in the patients; 6 different mutation sites were found
in 5 patients with astrocytoma, but none were found in
GBM patients. The most frequent mutation was p.S100R,
found in 4 out of the 5 patients. The other mutations
included p. T103N, p.R106W, p.M84I, p.R90C, and p.A92P
(Figure 1C). All the mutation sites were located in the Coil
1A domain [80-115] of the KRT1§ gene. Studies have
reported that this region is closely related to the interaction
of tumor necrosis factor (I'NF) receptor 1-associated
protein (TRADD) and the pinin protein (15,16). TRADD
is a tumor suppressor associated with cell apoptosis, while
pinin is involved in the regulation of cell adhesion and
modulation of the activity of multiple tumor suppressor
genes (17,18). The above results showed that somatic
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Table 1 Characteristics of glioma patients

Li et al. Analysis of genetic alterations and prognosis in glioma

Characteristic All (n=24) GBM (n=12) Astrocytoma (n=12) P value (Fisher’s exact test or t-test)

Age (years) 0.048
Median 45.5 48 39
Range 18-68 29-68 18-51

Gender 0.214
Male 14 5 9
Female 10 7 3

Grade (WHO) NA
[+ 12 0 12
\% 12 12 0

Survival 0.317
Yes 19 8 11
No 5 4 1

IDH 0.068
Mutation 7 1 6
Wild-type 17 11 6

MGMT 0.640
Positive 6 4 2
Negative 18 8 10

TERT promoter <0.001
Mutation 11 10 1
Wild-type 13 2 11

TMB 0.437
Median 77.5 86 69
Range 30-665 60-133 30-665

MSI score >0.99
High 1 0 1
Low 23 12 11

GBM, glioblastoma; WHO, World Health Organization; NA, not applicable; IDH, isocitrate dehydrogenase; MGMT, Os-methylguanine-DNA
methyltransferase; TERT, telomerase reverse transcriptase; TMB, tumor mutational burden; MSI, microsatellite instability.

mutation of KRT'18 gene in astrocytoma may affect the
apoptosis and adhesion of glioma cells.

Copy number variations (CNV’s) in astrocytoma and GBM

A CNV is a type of duplication or deletion event that affects
a large stretch of base pairs. We analyzed the copy number
amplification or deletion of genes in the patients. The
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results revealed amplification at HIST1H3E, HIST1H4I,
BRD3, INHBA, RXRA, and SETD3 loci, and deletions at
KIF20B, MTAP, CDK1, PTEN, and BIRC?2 loci (Figure 2A).
Copy number loss of MTAP was the only event significantly
enriched in GBM (Fisher’s exact test, P=0.014; Figure 2B).
To verify this result, we analyzed the frequency of the copy
number loss of MTAP in astrocytoma and GBM by using
The Cancer Genome Atlas Low Grade Glioma (TCGA-
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Figure 1 Genetic mutation profile in astrocytoma and GBM. (A) Overview of the top 20 mutated genes in astrocytoma and GBM. (B)
Forest graph of differentially mutated genes between astrocytoma and GBM. The dots and horizontal bars represent the hazard rate and
5-95% CI. (Fisher’s exact test; *: P<0.05). (C) Hot spots of mutations in the KRT18 gene. GBM, glioblastoma.
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LGG) data and TCGA-GBM data. Results showed that
25.8% of TCGA patients with astrocytoma have copy
number loss of the MTAP gene, but the proportion reached
60% in GBM (Figure 2C). This was consistent with the
results of our study. We further analyzed the prognosis of
patients from the TCGA-GBM data set. Results showed
that the survival time of patients with copy number loss
of the MTAP gene was shorter than that in other patients
(P=0.006; Figure 2D). These results suggested that MTAP
may be a tumor suppressor gene and that loss of MTAP is
closely related to a poor prognosis in glioma.

Differential patterns of somatic copy number alterations
(SCNAs) in astrocytoma and GBM

To further analyze the SCNAs in the astrocytoma and
GBM patients, GISTIC2.0 was used to detect SCNA.
In the astrocytoma patients, 2 amplification peaks were
found at cytobands 9q34.11 and 13q14, and several regions
of chromosomal loss were found at cytobands 14q32.33,
11p15.5, 19p13.3, and 21q22.3 (Figure 3A). Meanwhile, no
amplification peak was found in the GBM patients, and only
1 region of chromosomal loss at 9p21.3 was discovered,
which includes several tumor suppressor genes, such as
MTAP, CDKN2A, and, CDKN2B (Figure 3B). An earlier
study reported that low CDKN2B expression and loss of
9p21.3 were associated with worse prognosis in GBM (19).
Taken together, these results indicated that the SCNA
pattern differs between astrocytoma and GBM.

Differential signal pathway enrichment in astrocytoma
and GBM

To explore the differences in the transcriptome between
astrocytoma and GBM, RNA-seq was performed in the
24 patients. Principal component analysis (PCA) showed
that astrocytoma and GBM had distinct gene expression
profiles (PC1 =22%, PC2 =18%; Figure 4A). Differentially
expressed genes were analyzed using DESeq2, and the
significance threshold was set at adjusted P value <0.1
with an absolute value of Log2 fold change (LogFC) >1
(Figure 4B). Gene Ontolgoy (GO) biological process
analysis was performed in upregulated genes and
downregulated genes, and the top 10 pathways are shown in
Figure 4C,D. The results showed that the upregulated genes
in GBM were mainly enriched in tumor-related pathways,
such as cell adhesion, cell division, and angiogenesis
(Figure 4C). However, the upregulated genes in astrocytoma
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were mainly enriched in pathways of ion transport, cell-cell
signaling, and neurogenesis (Figure 4D). The above results
indicated that GBM may have higher cell proliferation and

invasion ability when compared with astrocytoma.

RNA-seq revealed differentially expressed genes between
astrocytoma and GBM

A total of 1,242 genes were upregulated and 812 genes were
downregulated in GBM when compared with astrocytoma.
A heatmap was constructed to show the top 50 differentially
expressed genes (Figure 54 and Table S1). RELN was the
most significantly enriched gene in astrocytoma when
compared with GBM [logFC =5.08 (astrocytoma over
GBM); adjusted P value =7.38e-09; Figure 54 and Table S1].
RELN encodes a large secreted extracellular matrix protein
which regulates the cell positioning and neuronal migration
during brain development (20). It can modulate the growth
and substrate-dependent migration of glioma cells (21),
with downregulation of RELN predicting a poor prognosis
in glioma (22).

In addition, we analyzed the differentially expressed
genes which were upregulated in GBM, with OTP being
found to be the highest rank gene [logFC =5.78 (GBM
over astrocytoma); adjusted P value=1.66e-09; Figure 5A
and Table S1]. It is involved in brain development and
is a prognostic hypoxia-associated gene in IDH-mutant
glioma (23). CCL18, a small cytokine of the CC chemokine
family, was highly expressed in GBM when compared with
astrocytoma (logFC =5.08, adjusted P value =8.88e-07;
Figure SA and Table S1). It is produced and secreted mainly
by the innate immune system (24). Studies have found
that CCL1§ is highly expressed in glioma and other CNS
patients with traumatic brain injuries or neoplastic disorders
(25,26), and that CCL18 is an immune-related risk signature
for GBM and can promote the invasion of GBM cells (27).

We further found several genes associated with cell
migration and proliferation, including MMP7, MMPY,
IGFBP2, and IGGBP3. These results were consistent with
the characteristics of GBM that are presented in Figure 4C.
Cumulatively, these findings indicated that astrocytoma and
GBM have distinct gene expression patterns.

Our results above (Figure 2) showed that copy number
loss of the MTAP gene was significantly enriched in GBM,
but was absent in astrocytoma. It would be of interest to see
whether its expression is consistent with the copy number
alterations obtained from the WES data. Indeed, the
expression of MTAP in GBM obtained from RNA-seq was
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Figure 3 Different patterns of SCNA in astrocytoma and GBM. Amplification (left, red) and deletion (right, blue) in astrocytoma (A) and
GBM (B) were analyzed using GISTIC 2.0. The left y-axes represent the number of chromosomes, and the right y-axes represent the
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significantly lower than that in astrocytoma (Figure 5B). We
also analyzed the expression of KRT1§ in astrocytoma and
GBM but found no difference between the two (Figure 5C).

Infiltration of immune cells in astrocytoma and GBM

Immune checkpoint inhibitors (ICIs) have become an
area of intense research in glioma, but the objective
response rate of ICIs in glioma is only about 10%.
Tumor microenvironment (I'ME) may be one of the

© Annals of Translational Medicine. All rights reserved.

more important factors which affect the response to ICIs.
Therefore, CIBERSORT was used to analyze the RNA-
seq data and assess the infiltration of 22 immune cell types
in the tumor microenvironment of the patients (13). The
results showed that most immune cell types, including
cluster of differentiation (CD)8" T cells, B cells, CD4"
T cells, and M1 macrophages, were missing from the
microenvironment of the patients (Figure 64 and Table S2).
Although M2 macrophages were enriched in the TME,
there was no significant difference between astrocytoma
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and GBM (Figure 6B). However, we found that MO
macrophages were significantly enriched in GBM, while
activated mast cells, monocytes, and plasma cells were
significantly enriched in astrocytoma (Figure 6B). These
immune cells may closely relate to the formation of the

Discussion

© Annals of Translational Medicine. All rights reserved.

microenvironment in astrocytoma and GBM.

According to the histologic criteria of CNS WHO (2016),
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DA is categorized as grade II, and AA is categorized as
grade III (2). However, multiple studies have shown that
diffuse or AA with IDH wild type has an aggressive clinical
course and poor prognosis, similar to patients with IDH
wildtype GBM (9,28,29). The classification and grading of
IDH wildtype astrocytoma may not accurately reflect the
molecular pathogenesis and clinical outcomes of this tumor
type. Therefore, cIMPACT-NOW (the Consortium to
Inform Molecular and Practical Approaches to CNS Tumor
Taxonomy) convened a working committee and released
cIMPACT-NOW update 3, 5, and 6 (30-32). According
to cIMPACT-NOW update 3, IDH wild-type DA patients
with EGFR amplification, or combined whole chromosome
7 gain and whole chromosome 10 loss, or TERT promoter
mutation, should be considered WHO grade IV GBM (30).
In this study, 6 patients with the IDH wild-type astrocytoma
were found, and one of them also had a TERT promoter
mutation. However, due to the lack of corresponding
treatment guidelines for the patients with IDH wild-type
astrocytoma, CNS WHO (2016) was still used as the main
reference for diagnosis and classification in this study.

The KRT18 gene encodes type I intermediate filament
chain keratin 18, which can provide the support for the
cytoskeleton (33). The full-length fragment of KRT18
has been proposed to be used as a biomarker of liver
damage (34). However, its function in glioma is still
unknown. In this study, we found that somatic mutation of
the KRT18 gene was significantly enriched in astrocytoma,
but it was not found in GBM (42% vs. 0%). Furthermore,
we found that all mutation sites of KRT1§ in astrocytoma
were located in the Coil 1A domain, which is the core
region for the interaction of KRT18 with the TRADD
and pinin proteins. TRADD is a tumor suppressor whose
overexpression can lead to TNF-induced apoptosis and
activation of nuclear factor (NF)-kappa-B (35). Moreover,
it is also a direct regulator of cellular homeostasis, whose
targeting may represent a promising strategy for restoring
homeostasis to treat human diseases (17). Pinin is a
nuclear and cell adhesion-related phosphoprotein, and its
reduction can induce loss of cell-cell adhesion (36). It can
bind to the transcriptional corepressor C-terminal binding
protein (CtBP) and relieve CtBP-mediated repression of
E-cadherin (18). Our results in this study indicate that
the somatic mutation of KRT'18 may affect its interaction
with the TRADD protein and pinin protein, and change
the apoptosis and adhesion of glioma cells. However, this
notion needs to be verified by further experimentation.

CNV is another important molecular feature of glioma.
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In this study, we found that loss of MTAP was the most
significant difference between astrocytoma and GBM.
The MTAP gene is located at 9p21.3, which encodes
5'-methylthioadenosine phosphorylase, and plays a major
role in polyamine metabolism (37). MTAP deletion
frequently occurs in tumors, but its biological role in glioma
remains unclear. Our analysis of the TCGA-GBM data
suggested that loss of MTAP was associated with the poor
prognosis of GBM. A study reported that loss of MTAP
immunoreactivity can be used as a biomarker to predict the
poor prognosis of glioma (38). MTAP loss could promote
the stemness of GBM and confer a unique susceptibility to
purine starvation (39). These studies indicated that MTAP
may be a tumor suppressor gene in glioma. However, the
pathologic consequence of MTAP loss in GBM remains
unclear and need to further study.

ICIs have been approved for the treatment of multiple
solid tumors. However, due to the inherent obstacles,
such as the blood-brain barrier, tumor microenvironment,
corticosteroids, and tumor heterogeneity, ICIs have limited
therapeutic benefits for patients with glioma. An effective
biomarker may improve the response of patients to ICIs.
However, we found that, except for a few patients, it has
a very low level of tumor mutational burden (TMB),
microsatellite instability (MSI), and programmed death-
ligand 1 (PD-L1) in glioma. We analyzed the infiltration
of immune cells in the astrocytoma and GBM patients
using the CIBERSORT Algorithm but found almost no
obvious infiltration of CD8"T cells, B cells, CD4"T cells,
or M1 macrophages. This indicated an immunosuppressive
microenvironment. M2 macrophages were enriched in
the TME of patients, but no significant difference was
found between astrocytoma and GBM. A study reported
that transforming growth factor beta 1 (TGF-p1) secreted
by M2 macrophages could enhance the stemness and
migration of glioma cells through the SMAD2/3 signaling
pathway (40). Another study found that glioma patients with
lower expression of the M2 marker, CD163, and higher
expression of the M1 marker, CCL3, had better survival (41).
These studies suggest that M2 macrophages are likely to be
a common immune cell between astrocytoma and GBM,
and closely related to tumorigenesis.

In addition, we also found a significant enrichment of M0
macrophages in GBM when compared with astrocytoma.
Studies have shown that high-risk glioma populations
usually have enrichment of MO macrophages (42), and
the infiltration of MO macrophages is related to the poor
prognosis of glioma (43). This is consistent with the poor
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prognosis of GBM. In the astrocytoma patients, we found
significant enrichment of activated mast cells, monocytes,
and plasma cells. Mast cells play an important role in
allergies and allergic reactions (44). They can suppress
the proliferation, migration, and stemness of glioma by
downregulating the expression of GSK3p and inhibiting
STAT3 activation (45). Monocytes are mononuclear
myeloid cells that develop in bone marrow and circulate
in the blood (46). The infiltration of monocytes has been
shown to be positively related to prognosis in patients
with glioma (43), and tends to be exhausted in patients
with recurrent GBM (47). These studies suggest that
the infiltration of immune cells in astrocytoma may be
associated with its better prognosis compared to GBM.

In summary, we found that the somatic mutation
of KRT18, which is associated with cell apoptosis and
adhesion through interaction with TRADD and pinin, was
significantly enriched in astrocytoma, but rare in GBM.
Copy number loss of MTAP, which is closely related to
the poor prognosis of glioma, was found to be significantly
enriched in GBM. In addition, different SCNA and gene
expression patterns between astrocytoma and GBM were
also found. Furthermore, immune cell infiltration analysis
showed that MO macrophages were significantly enriched
in GBM, while activated mast cells, monocytes, and plasma
cells were significantly enriched in astrocytoma. This
study revealed the distinct characteristics of astrocytoma
and GBM at the DNA and RNA level, and may have an
important value for exploring the occurrence of glioma.
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