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Epileptic seizures are common and substantially impact long-term quality of life.
However, the risk factors for preoperative seizures among patients with
astrocytomas remain unclear. This study aimed to identify the candidate genes
associated with seizure before operation among patients with astrocytomas. We
conducted a single-center cohort study including 34 patients with astrocytomas
that presented with or without preoperative seizures and analyzed differential
gene expression, evaluating a total of 142 candidate genes, selected based on a
literature review, and categorized into functional groups (e.g., glutamatergic,
oncogenic, chromatin-modifying). Clinical characteristics, including age, sex,
tumor location, grade, and size, and peritumoral edema, were similar between
the seizure and non-seizure groups. Glutamate receptor mutations were
identified in 15% of the non-seizure group and 78.6% of the seizure group.
Patients with astrocytomas who presented with seizures had significantly more
mutations in glutamate-related genes, including NMDA (64.3% vs. 20%, p = 0.01)
and IDH1 (42.7% vs. 10%, p = 0.04). Group Il metabotropic glutamate receptor
alterations were found in 1 patient in the non-seizure group (n = 19) and in 5
patients in the seizure group (n = 9) (p = 0.06). No significant differences were
observed in other glutamate receptors subtypes or related genes. In conclusion,
seizures in patients with astrocytomas are associated with IDHI and NMDA
receptor mutations, rather than other clinicopathological factors or other
glutamate-related genes. Future research should involve larger multicenter
studies and conduct a functional analysis to identify new treatment targets and
provide additional evidence to guide clinical decision-making.
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1 Introduction

Seizures are one of the most common presenting symptoms in
patients with gliomas that also decrease their quality of life (1, 2). The
prevalence of epilepsy varies depending on patient- and tumor-
dependent factors, especially the histological tumor type or genetic
mutation. Epilepsy is reported to occur in approximately 75% of
patients with low-grade astrocytomas, whereas the reported incidence
among patients with glioblastomas and meningiomas is 30-50% and
30-60%, respectively (2). Various molecular mechanisms and
pathways have been reported to be involved in the pathophysiology
of glioma-associated epilepsy. Gene mutations have been shown to
promote seizures in gliomas, especially those involving isocitrate
dehydrogenase (IDH). Wild-type IDHI has been associated with
lower seizure incidence compared to IDHI mutations in several
studies (3-6). A recent retrospective study in patients with glioma
demonstrated that preoperative seizures were significantly more
frequent in tumors harboring IDH mutations (6). This study also
demonstrated that the accumulation of 2-hydroxyglutarate (2HG), a
metabolite produced by mutant IDH, was linked to seizure
occurrence, suggesting that metabolic dysregulation may contribute
to glioma-related epileptogenesis (6, 7)

The hypothesized that D-2 hydroxyglutarate (D2HG) produced
by the IDH mutant is like glutamate in terms of chemical structure,
which in turn promotes neuronal activity (3, 5). Other gene
mutations associated with glutamate overactivity have been
reported. Jo et al. conducted a retrospective study in low-grade
glioma to evaluate clinical risk factors, IDH mutation, and 1p/19q
codeletion status and found that male sex was associated with
preoperative seizures but not IDH mutation or 1p/19q
codeletion (8).

Recent studies have evaluated the association between somatic
mutations and preoperative seizures. This aberrant activity is
mediated by the abnormal expression of various genes including
cystine/glutamate antiporter solute carrier family 7-member 11
(xCT), glutamate transporter 1 (GLT-1), and branched-chain
amino acid transaminase 1 (BCAT1) (9). In several studies,
aberrantly expressed enzymes and proteins in the tumor
microenvironment have been shown to promote epilepsy in
patients with gliomas by altering the perineuronal environment
such as mental retardation X-linked retention, 1p/19q co-deletion,
O6-methylguanine-DNA methyltransferase gene promoter
methylation, and p533 but inconsistent results (2, 7, 10-13). In
the past decade, researchers have identified mutations in more than
70 genes that have been associated with glioma-associated epilepsy
(2, 5-13). Advances in next-generation sequencing have facilitated
comprehensive tumor genome profiling, providing new insights
into the somatic mutations and genomic alterations involved in
tumorigenesis. These technologies have also begun to uncover the
genetic basis of some clinical manifestations such as tumor-
associated seizures.

However, previous studies have focused on gliomas. Different
tumor types may play a role in the difference of epileptogenesis (2).
Prior studies have evaluated different patient and molecular tumor
characteristics. The impact of genetic variation on seizure
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development has only been characterized in a subset of isolated
somatic mutations, and assessments have been conducted for all
types of gliomas (9). To date, no study has focused on whole gene
mutations in patients with astrocytomas presenting with seizures.
Additionally, limited studies have been conducted using tumor
tissue whole-exome sequencing to comprehensively analyze the role
of gene mutations in patients with astrocytomas who present with
seizures. Understanding the role of glutamate in glioma-associated
epilepsy is crucial for the development of targeted therapeutic
strategies to better manage seizures in patients with tumors.
Recent studies have also highlighted how metabolic
reprogramming contributes to glioma-related epilepsy (GRE). For
example, IDHI-mutant glioma cells were shown to release D-2-
hydroxyglutarate (D2HG), which promotes lactate accumulation in
peritumoral neurons via the mTOR pathway, thereby increasing
neuronal hyperexcitability and seizure risk (14). In addition, a
recent bioinformatics analysis revealed that synaptic signaling
pathways, including glutamatergic, GABAergic, and cholinergic
networks, are commonly dysregulated in GRE (15).

Herein, we aimed to identify the candidate genes associated
with seizure before operation among patients with astrocytomas.

2 Materials and methods

This prospective, observational study was conducted between
January 2021 and January 2023. Patients with astrocytomas who
presented with or without seizures prior to surgery were included. A
total of 34 astrocytoma samples were obtained from the biobank of
the Faculty of Medicine, Prince of Songkla University, between May
2022 and June 2023.

2.1 Patient grouping and seizure
classification

Patients were divided into two groups based on the presence or
absence of clinical seizures prior to tumor resection. The seizure
group included patients with documented preoperative seizures
diagnosed according to the 2017 International League Against
Epilepsy criteria (16). The non-seizure group comprised patients
with no clinical history of seizures before surgery, as determined by
a retrospective review of medical records and neurological
consultations. Routine electroencephalography (EEG) was not
performed in asymptomatic individuals, in accordance with
standard clinical practice at our center.

Data on patient characteristics, including demographics and
neuroimaging findings, were collected. Clinical information was
obtained from patients’” electronic medical records, including age,
sex, seizure type, seizure duration, and Karnofsky Performance
Scale (KPS) score. Radiological features evaluated included tumor
location, side, and volume. Tumor volume was calculated based on
the T2/FLAIR hyperintense areas. Pathological diagnoses were
made in accordance with the 2021 WHO classification of central
nervous system tumors (17).

frontiersin.org


https://doi.org/10.3389/fonc.2025.1577344
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Phabphal et al.

2.2 Biological samples, sequencing
template preparation, and whole-exome
sequencing

The DNA was extracted using the DNeasy Blood & Tissue Kit
(Qiagen Inc.). The quantity and quality of the extracted DNA were
subsequently assessed using Nanodrop (Thermo Fisher Scientific,
Inc.) and TapeStation (Agilent Technologies, Inc.). Whole exome
sequencing was performed using the Agilent SureSelect XT Human
All Exon v8 library preparation system (Agilent Technologies, Inc.).
Library quantification was carried out with the Qubit dsDNA High
Sensitivity Assay Kit (Invitrogen, Carlsbad, CA, USA), while size
measurements were conducted using the Agilent D1000 ScreenTape
assay. Sequencing was executed on the Illumina NovaSeq-6000
platform (Illumina, San Diego, California, USA) with paired-end
reads of 150 bp. The average targeted coverage depth achieved
was 200x.

We assessed the quality of the paired-end sequence files using
FastQC (version 0.11.9) and trimmed them with Trimmomatic
(version 0.39). The BWA program (version 0.7.17) was employed
to align the optimally prepared FASTQ files to the human reference
genome (version GRCh38.13). The resulting Sequence Alignment
Map (SAM) files were converted to the Binary Alignment Map
(BAM) format and sorted using SAMtools (version 1.17) (4). The
sorted BAM files were regrouped, and identical sequences were
marked using Picard (version 3.0.0). Base quality score
recalibration was performed on the unduplicated BAM files with
the Genome Analysis Toolkit (GATK, version 4.4.0) to adjust the
base quality scores. Variant calling was conducted using Mutect2 in
tumor-only mode. A public Panel of Normals (PON) was retrieved
from the GATK public repository (https://storage.googleapis.com/
gatk-best-practices/somatic-hg38/1000g_pon.hg38.vcf.gz). We
utilized GATK4 tools, including GetPileupSummaries,
CalculateContamination, and FilterMutectCalls, using default
parameter settings to filter the variants identified by Mutect2. The
resulting variants were annotated using Funcotator, and the
annotated mutational data were stored in MAF files. We utilized
the maftools package in R (18) to summarize and visualize the data.

We conducted an extensive literature review to identify genes
associated with GRE, emphasizing on glutamatergic signaling and
tumorigenic pathways. The final gene panel, categorized into
functional groups (e.g., synaptic, oncogenic, chromatin-related), is
detailed in Supplementary Table 1. A total of 142 genes were selected
for somatic mutation screening based on their known involvement in
gliomagenesis, glutamatergic signaling, chromatin regulation, and
epilepsy-related pathways (see Supplementary Table 1) for
functional categorization. Also, we had grouped the glutamate
receptor genes into four groups: 1) alpha-amino-3-hydroxy-5-
methyl-4-isox- azole propionic acid (AMPA) receptors, 2) kainate
receptors, 3) NMDA receptors, and 4) metabotropic glutamate
receptors. To identify the factors associated with seizures prior to
operation, we analyzed clinical characteristics and gene mutations.

All the patients underwent surgical tumor resection at the
Songklanagarind Hospital, and the clinical records were reviewed
retrospectively. All the tumor samples were collected from a
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certified institutional biobank and consisted of fresh-frozen
astrocytoma tissue obtained intraoperatively. Tissue preservation
followed standardized rapid-freezing protocols to maintain
molecular integrity. Genomic DNA was extracted using the
QIAamp DNA Mini Kit (Qiagen), and its concentration and
purity were assessed using the Qubit dsDNA HS Assay Kit
(Invitrogen). DNA integrity was verified by 1% agarose gel
electrophoresis prior to library construction. DNA quality was
assessed using Qubit dsDNA BR Assay and agarose gel
electrophoresis to confirm integrity prior to WES. For seizure
classification, patients in the non-seizure group were defined as
those with no history of clinical seizures prior to surgery, as
determined by retrospective review of medical records and
neurology consultation. Routine preoperative EEG was not
performed in asymptomatic patients, which is consistent with
standard clinical practice at our institution.

Written informed consent was obtained from all patients prior
to their recruitment. The study received ethical approval from the
Human Research Ethics Committee of the Faculty of Medicine,
Prince of Songkla University (REC. 65-168-14-1), dated November
8, 2020.

2.3 Statistical analyses

Continuous variables (e.g., age, Karnofsky Performance Status
[KPS], and tumor volume) were assessed for normality using the
Shapiro-Wilk test. Variables that followed a normal distribution
were analyzed using independent-samples t-tests, while those with
non-normal distributions were analyzed using the Mann-Whitney
U test. Categorical variables were assessed using Fisher’s exact test.

To adjust for multiple comparisons in gene-level mutation
analysis (n = 142), the Benjamini-Hochberg false discovery rate
(FDR) correction was applied. Both raw and adjusted p-values (q-
values) are reported for selected gene groups. All statistical analyses
were performed using R version 4.2.1, with a significance level set at
p < 0.05.

The somatic mutational landscape was visualized using the
maftools package. Candidate gene mutations associated with
seizures were determined using Fisher’s exact test to compare the
proportion of affected patients with somatic mutations in each gene
between the two groups. Each group of glutamate receptor gene
mutations were also compared with the two groups. A p-value of
less than 0.05 was considered statistically significant. All statistical
analyses were conducted using R version 4.2.1, with a significance
threshold of p < 0.05.

3 Results

3.1 Basic clinical characteristics and
astrocytoma associated seizure

Thirty-four patients with astrocytomas were included in this
study, of whom 14 experienced seizures and 20 did not. The groups
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with and without seizures had mean ages (SD) of 26.9 (7.8) and 30.6
(9.9) years, respectively. Histological diagnoses included 26 patients
with glioblastoma, IDH-wildtype, 8 with IDH-mutant (3
astrocytoma, IDH-mutant, grade 2; 2 astrocytoma, IDH-mutant,
grade 3; 3 astrocytoma, IDH-mutant, grade 4). The characteristics
of the seizures were focal awareness in 3 patients, focal awareness
impairment in 1, and 10 had focal-to-bilateral tonic-clonic seizures.
Among the non-seizure patients, 10 had tumors located at temporal
compared with 7 patients in the seizure group. The clinical
characteristics of the patients with astrocytomas are summarized
in Table 1.

Univariate analysis of the clinical characteristics showed no
significant differences between the seizure and non-seizure groups
regarding age, sex, Karnofsky performance scale score, tumor

10.3389/fonc.2025.1577344

volume, tumor location, or tumor side. In addition, we explored
the intergroup differences in glioma WHO grades according to the
2021 classification; no significant differences were observed.

3.2 Gene mutations and astrocytoma-
associated seizures

In addition to identifying the candidate genes (see
Supplementary Table 1), we performed a pathway enrichment
analysis using the full gene set. This analysis, summarized in
Supplementary Table 2, underscores the involvement of
glutamatergic and GABAergic synapses, as well as key oncogenic
signaling cascades such as PI3K-Akt and MAPK pathways, in

TABLE 1 Clinical and pathological characteristics associated with seizure control.

Characteristic Non seizure group (n=20) Seizure group (n=14) p-value
Age (mean + SD.; years) 30.6 (9.9) 26.9 (7.8) 0.32
Sex 0.99
Female 15 10
Male 4 4
WHO classification CNS5 0.13
Astrocytoma, IDH-mutant; CNS WHO grade 2 2
Astrocytoma, IDH-mutant; CNS WHO grade 3 0 2
Astrocytoma, IDH-mutant; CNS WHO grade 4 1 2
Astrocytoma, IDH-wildtype 18 8
Duration of seizure (mean: SD.; months) 3.6 (1.9) -
Seizure type -
Focal awareness 0 3
Focal impair awareness 0 1
Focal to bilateral tonic clonic 0 10
Karnofsky Performance Scale 87.5 (6.9) 83.9 (8.3) 0.22
Tumor volume (media + IQR; cm?) on T2W1 9.8 (3.2) 10.0 (3.2) 0.41
Tumor location 1.00
Temporal 10 7
Extratemporal 5 7
Tumor side 0.99
Left 11 8
Right 9 6
Glutamate receptor mutation
Inotropic receptor mutation
AMPA receptor mutation (n/N) 0 0.42
Kainate receptor mutation (n/N) 2 3 0.62
NMDA receptor mutation (n/N) 4 9 0.01
Metabotropic mutation
Group 1 mutation (n/N) 0 2 0.16
Group 2 mutation (n/N) 0 2 0.16
Group 3 mutation (n/N) 1 5 0.06
IDH1 mutation (n/N) 2 6 0.04
ATRX mutation (n/N) 8 5 1.00
BRAF mutation (n/N) 4 3 1.00
xCT mutation (n/N) 0 1 0.42

n: number with mutation
N: total patients in group

Independent-samples t-test used for age and KPS; Mann-Whitney U test used for tumor volume.

Fisher’s exact test used for all categorical variables.
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astrocytoma-associated seizures. we analyzed mutation frequencies
in each functional group and compared them between the seizure
and non-seizure cohorts. Exome sequencing of glutamate receptor
and signaling genes revealed an IDHI1 mutation in 8/34 individuals
and glutamate receptor mutations in 14/34 individuals (11/34
inotropic, 6/34 metabotropic). In the glutamate receptor
subgroup, NMDA receptor mutations were detected in 4/20
patients in the non-seizure group and in 9/14 patients in the
seizure group (p = 0.01). We found one Group III metabotropic
glutamate receptor mutation in the non-seizure group (1/20) but
found five mutations in the seizure group (5/14, p = 0.06). IDH]
mutations, specifically the R132H subtype, were more common in
the seizure group (6/14) than in the non-seizure group (2/20) (p =
0.04). Among the seizure patients, 12 out of 14 individuals had
multiple gene mutations (Figure 1). Statistical comparisons of age,
tumor volume, and KPS between the seizure and non-seizure
groups were conducted using appropriate tests based on data
distribution (i.e., t-test or Mann-Whitney U test). For gene-level

10.3389/fonc.2025.1577344

mutation analysis (n = 142 genes), we applied the FDR correction to
control for multiple testing. Significant or near-significant findings
discussed below are based on the FDR-adjusted p-values (q-values).
Among the 142 genes screened, 27 genes were found to carry
somatic mutations across the cohort. These mutated genes were
functionally grouped and summarized in Supplementary Table 2.
Figure 1 presents an oncoplot of somatic mutations detected in
astrocytoma patients, grouped by clinical seizure presentation.
Samples with seizures (red) and without seizures (gray) are
visually separated by a dashed vertical line. Mutation types are
color-coded, and bar plots indicate mutation burden per sample
(top) and mutation frequency per gene (right). Distinct mutational
profiles were observed between the groups, with higher frequencies
of IDHI, GRIN2B, and BRAF mutations in patients with seizures.
This visual distribution further supports the differential mutation
burden and potential mechanistic links between glutamatergic
signaling and seizure susceptibility in astrocytoma. We did not
detect altered expression glutamate signaling genes such as cystine-
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glutamate transporters, excitatory amino acid transporters 1 and 2
(EAATI and EAAT2), BCAT1, or p53 expression. There were no
statistically significant differences in GABA receptors, AMPA
receptors, kainate receptors, or group 1 and 2 metabotropic
glutamate receptors, nicotinic cholinergic receptors, HCARI, or
other gene mutations.

4 Discussion

Our results indicate that NMDA receptor and IDHI gene
mutations are significantly associated with patients with
astrocytomas presenting with seizures. The occurrence of seizures
was not correlated with any clinical characteristics, mutations in
other subtypes of glutamate receptor genes, mutations in genes
related to glutamate signaling, or other gene mutations (Table 1).

The association factors and occurrence of seizures in patients
with brain tumors depend on many risk factors, such as age, sex,
tumor type, tumor location, tumor size, and histological diagnosis. A
large multicenter study including 1509 patients with low-grade
glioma found that male sex was the independent factor associated
with seizures before operation (19). However, the association between
sex and epilepsy in patients with gliomas is not confirmed by other
studies (19). Our study did not find the association between sex and
seizures in patients with astrocytoma. The association between
location of the brain tumor and development of seizures is
inconclusive. Some studies have reported temporal or insular
location as risks factor for seizure occurrence (1, 19). Feyiseea et al.
conducted a retrospective study to identify risk factors for
glioblastoma (according to the 2021 WHO classification). GBM-
related preoperative seizures were associated with non-occipital
tumor location (20). We divided tumor location into two groups
(temporal and extratemporal). However, our findings are similar to
those of other studies reporting no significant correlation between
tumor location and seizure outcomes (8).

Tumor types are the main predictor of seizure development in
patients with brain tumors. In a previous study on GRE reported
that there was a decrease in epileptogenicity from low-grade to
high-grade glioma (6). Low-grade gliomas, including WHO grade II
gliomas, consist of astrocytomas, oligodendrogliomas, and
oligoastrocytomas and are considered more epileptogenic than
high-grade glioma (grade III anaplastic astrocytoma and grade IV
glioblastoma) (21). We classified the astrocytoma according to the
2021 WHO classification and did not find an association between
the new classification and seizure presentation.

Based on the 2021 WHO CNS tumor classification, multiple
molecular characteristics became essential diagnostic criteria for
many additional CNS tumor types. Many studies have described the
association between gliomas and seizures. Many studies have also
reported that various gene mutations can cause excessive glutamate
activity and are associated with glioma-associated seizures. In a
study of 1,010 diffuse gliomas, IDHI mutations were detected in
70.9% of tumors, whereas IDH2 mutations were observed in only
3.1% of tumors (22). IDHI mutations are common in low-grade
gliomas (80%) but are rare in primary glioblastomas (4%) (5, 22).
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Yang et al. reported correlations between IDHI mutations and
preoperative seizures in patients with grade II and III gliomas (7),
but this has not been consistently confirmed (6). IDHI RI132H, the
most frequent IDHI variant, has been previously associated with
increased epileptogenicity and favorable prognosis in lower-grade
gliomas (23, 24). Using the 2021 WHO classification, we did not
find an association between astrocytomas and preoperative
seizures (p=0.13).

In contrast, patients with astrocytomas who had recently
experienced seizures had significantly higher levels of IDHI
mutations than those who did not have seizures (6/14 vs. 2/20; p
= 0.04). However, IDH2 mutation was not identified in our study.
IDH-mutant glioma cells reduce o-ketoglutarate to D2HG, which is
structurally similar to glutamate and may mimic the activity of
glutamate on NMDA receptors, potentially leading to seizures (25).

In the past decade, mutations in more than 70 genes have been
associated with glioma-associated epilepsy (5, 6). Advances in next-
generation sequencing have facilitated comprehensive tumor
genome profiling, providing new insights into the somatic
mutations and genomic alterations involved in epileptogenesis
and tumorigenesis.

Aberrant increases in glutamate activity were found in patients
with glioma-associated seizures. Several studies have shown that
glutamate receptors are overexpressed in both glioma cells and
peritumoral astrocytes (9). However, no study has specifically
investigated the association between glutamate receptor mutations
and preoperative seizures in patients with gliomas, particularly
astrocytomas. In human glioblastomas, human astrocytes express
NMDA receptors, including GluN2B, which are associated with
increased proliferation (26). Increased GluN2B serine (1303)
phosphorylation has also been detected in human perigliomal tissue
(27). Previous studies suggest that GluN2B-may be related to
epileptogenesis in brain tumor-associated epilepsy (9). Indeed, our
study showed that NMDA mutations were higher in astrocytoma
patients who presented with seizures than in those who did not. In
addition, the subtypes of other glutamate receptor mutations did not
differ between the two groups. Thus, a larger number of tissues are
required to obtain a more comprehensive characterization.
Metabotropic glutamate receptors are a family of G-protein-coupled
receptors that, with respect to the central nervous system, are
predominantly expressed on synapses and are divided into three
groups. In our study, we found group III metabotropic glutamate
receptor mutations in 1/19 individuals in the non-seizure group and in
5/9 individuals in the seizure group (p = 0.06). The functional
implications of these mutations in astrocytomas and related seizure
activity remain unknown. While important, the sample size in our
study was small, and a larger sample is needed to determine the
association between this gene and brain tumor-associated epilepsy. For
example, XCT has been associated with seizure activity and was
previously identified as an independent biomarker for glioma-
associated seizures (28). However, in our cohort, the occurrence of
seizures was not associated with any xCT gene mutations. Although
previous studies have reported SLC7Al1l (xCT) and BCATI as
potential biomarkers for glioma-associated seizures, our dataset did
not reveal significant mutation frequencies in these genes. One
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explanation may be that previous findings focused more on expression
levels and transporter activity rather than somatic mutations per se. In
particular, recent analyses, such as those by Bieganski et al. (29),
highlight that dysregulated glutamate homeostasis through xCT
overexpression contributes to excitotoxicity and epileptogenesis,
which may not be detectable through mutation profiling alone.
Therefore, the lack of association in our study might reflect
limitations in detecting non-mutational regulatory alterations, and
future expression-level or epigenetic analyses are warranted to
address this gap.

Conflicting results in patients with gliomas have been reported
for other glutamate-related signaling pathways, such as solute
carrier family, xCT, BCATI1, PI3K mutation, BRAF mutation,
GLT-1, alpha-thalassemia mental retardation X-linked retention,
1p/19q co-deletion, p53 expression, and glutamate receptor genes.

Additionally, other gene mutations, for instance, BRAF variants
have been implicated in enhancing epileptogenicity in gliomas (30)
while pathways, such as RAS/MAPK and PI3K/AKT/mTOR, play
significant roles in both neuronal excitability and tumor growth.
Recent multi-omics analyses have revealed that GRE is associated
with dysregulation in glutamatergic and GABAergic synaptic
pathways. In a comprehensive study involving 997 glioma
patients, significant differences were observed in the expression of
genes related to synaptic transmission between patients with and
without seizures. These findings suggest that alterations in synaptic
signaling contribute to the pathogenesis of glioma-associated
epilepsy (31).

The most important limitations of this study are its small sample
size and the lack of randomization to select the non-seizure group for
the paired comparison. Seventy-six percent of our sample had wild-
type IDH astrocytomas. The underrepresentation of IDH-mutant
astrocytomas (only 8 of 34 patients, including three with WHO CNS
grade 2, two with grade 3, and three with grade 4) limits the
generalizability of our findings, particularly to lower-grade glioma
populations where seizure incidence is higher. This reflects real-
world patterns in tertiary centers, where high-grade gliomas are
more often sequenced than lower-grade cases.

This study is primarily intended as a foundational analysis rather
than focusing on biomarker identification, and while our analysis
identified differentially expressed genes, functional validation studies
are necessary to elucidate the precise role of these genes and their
associated pathways in astrocytoma-associated epilepsy. In addition,
we did not perform RNA-sequencing or methylation. RNA-
sequencing provides a comprehensive characterization of the
transcriptome, offering insights into the biological processes and
pathways involved in tumorigenesis. It helps in understanding the
interactions between tumor cells and their microenvironment, which
can inform the development of new therapeutic strategies. Based on
this knowledge, we plan to conduct transcriptomics and proteomics
studies on a larger population.

The strength of our study is that we performed systematic
research on patients with astrocytomas based on the 2021 WHO
classification that presented with seizures and identified
associations with genetic markers of glutamate receptor mutations
and other glutamate signaling genes.
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5 Conclusion

In conclusion, seizures in patients with astrocytomas are
associated with IDHI and NMDA receptor mutations, rather than
other clinicopathological factors or other glutamate-related genes.
Future large, multicenter studies including functional analyses of
NMDA-and Group III metabotropic glutamate receptor-related
mutations are needed to clarify the exact mechanism of
preoperative seizures in patients with astrocytomas.
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