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Background: Epilepsy is a chronic disease that is characterized by transient brain dysfunction caused by an
abrupt abnormal neuronal discharge. Recent studies have indicated that the pathways related to inflammation
and innate immunity play significant roles in the pathogenesis of epilepsy, suggesting an interrelationship
between immunity and inflammatory processes and epilepsy. However, the immune-related mechanisms
are still not precisely understood; therefore, this study aimed to explore the immune-related mechanisms
in epilepsy disorders, highlight the role of immune cells at the molecular level in epilepsy, and provide
therapeutic targets for patients with epilepsy.

Methods: Brain tissue samples from healthy and epileptic individuals were collected for transcriptome
sequencing to identify differentially expressed genes (DEGs) and differentially expressed (DE)-long coding
RNAs (IncRNAs). Based on interactions from the miRcode, starBase2.0, miRDB, miRTarBase, TargetScan,
and ENCORI databases, a IncRNA-associated competitive endogenous RNA (ceRNA) network was created.
Gene ontology and the Kyoto encyclopedia of genes analyses established that the genes in the ceRNA
network were mainly enriched in immune-related pathways. Immune cell infiltration, screening, and protein-
protein interaction analyses of the immune-related ceRNAs, and correlation analysis between immune-
related core messenger RINA (mRNA) and immune cells were also performed.

Results: Nine hub genes (EGFR, GRB2, KRAS, FOS, ESRI, MAPKI, MAPKI14, MAPKS, and PPARG) were
obtained. Also, 38 IncRNAs, one miRNA (bsz-72iR-27a-3p), and one mRNA (EGFR) comprised the final core
ceRNA network. Mast cells, plasmacytoid dendritic cells, and immature dendritic cells all showed positive
correlations with EGFR, while Cluster of differentiation 56 dim natural killer cells (CD56dim natural killer
cells) showed negative correlations. Finally, we employed an epilepsy mouse model to validate EGFR, which
is consistent with disease progression.

Conclusions: In conclusion, the pathophysiology of epilepsy was correlated with EGFR. Thus, EGFR
could be a novel biomarker of juvenile focal epilepsies, and our findings provide promising therapeutic
targets for epilepsy.

Keywords: Transcriptome; immune-related genes; pathogenesis; competitive endogenous RNA (ceRNA); long

non-coding RNA (IncRNA)

Submitted Feb 15, 2023. Accepted for publication Apr 23, 2023. Published online Apr 27, 2023.
doi: 10.21037/tp-23-196
View this article at: https://dx.doi.org/10.21037/tp-23-196

© Translational Pediatrics. All rights reserved. Transl Pediatr 2023;12(4):681-694 | https://dx.doi.org/10.21037/tp-23-196


https://crossmark.crossref.org/dialog/?doi=10.21037/tp-23-196

682

Introduction

During the last decades, due to the increasing use of MRI
in epilepsy, cortical malformations have been “reconsidered”
as one of the most frequent etiologies of focal epileptic
seizures in both pediatric and young adults population (1).
Children with lesional epilepsy are more likely to have focal
cortical dysplasia (FCD), which is a prominent cause of
refractory epilepsy (2-4). The primary neuropathological
alteration in epilepsy is neuronal injury; status epilepticus
damages the nervous system and hippocampal neurons
both chronically and suddenly, resulting in hypoxia,
ischemia, inflammation, and edema (5-10). Studies on the
pathophysiology of epilepsy reveal that inflammatory cell
infiltration and molecular regulatory mechanisms in injured
neuronal tissues are crucial elements in epileptogenesis
(11,12); additionally, studies have also shown that the
beginning of seizures and epileptogenesis are mediated by
inflammatory mediators secreted by peripheral immune
cells and brain cell. Immune response and inflammatory
mediators contribute to epileptogenesis while reducing the
seizure threshold in individuals (13,14). Currently, several
studies have revealed the immune-related biomarkers in
epilepsy (15,16). These studies have explored the expression
of these molecules in epilepsy, but lack in-depth exploration
of immunity.

The expression of inhibitory receptors or their
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ligands, changes in immune cell function or quantity,
activation of proinflammatory cytokines and chemokines,
and epileptogenesis are all assumed to be influenced by
immune system elements (17-19). In the elderly, T helper
cell 17 (Th17) activation was suspected in autoimmune
epilepsy pathogenesis (20). In another study, Cluster
of differentiation 8+T cell (CD8+ T cell)-initiated
attack caused astrogliosis and microglial activation,
consequently inducing temporal lobe epilepsy (21). Also,
elevated macrophage migration inhibitory factor levels
in plasma contributed to detrimental autoimmunity,
neuroinflammation, and epilepsy (22). However, the
distribution of immune cell infiltration remains unexplained.

Long non-coding RNA (IncRNA) demonstrates a
relationship between the congenital immune response
and neuroinflaimmation in the development of epilepsy.
In epilepsy models, IncRNAs regulate gene expression by
competitively binding to microRNAs (miRNAs) (23-25).
Recent study has shown that the IncRNA ZNF883 inhibits
NLRP3 ubiquitination and promotes epilepsy through
upregulating USP47 (26), and IncRNA ZFAS1 might
contribute to the progression of epilepsy by regulating
the miR-15a-5p/OXSR1/NF-kB pathway. However, this
was only briefly examined in recent research based on the
association between infiltrating immune cells and immune-
related competitive endogenous RNA (ceRNA) regulatory
networks in epilepsy.

In the present study, various bioinformatics-related
methods were utilized to identify differentially expressed
IncRNAs (DEIncRNAs) and differentially expressed genes
(DEGs) as well as to create a ceRNA network. Single
Sample Gene Set Enrichment Analysis (ssGSEA) and the
CIBERSORT algorithm were used to identify immune
cell infiltration in epileptic tissues. Immune-related genes
(IRGs) were overlapped with DEGs in the ceRNA network
to filter for differentially expressed IRGs (DEIRGS). After
constructing a protein-protein interaction (PPI) network,
the core IRGs were obtained by intersecting the degree and
maximum neighborhood component (MNC) topological
analysis methods of the “cytoHubba” (Cytoscape 3.8.2
plug-in from cytoscape.org.). Correlations between key
immune genes and immune cells were assessed using
Pearson correlation. Finally, the core IRGs were validated
using clinical tissue samples to identify new therapeutic
targets for epilepsy. Our findings will provide new insights
into the mechanism of epilepsy development and highlight
a promising prognostic and treatment marker for epilepsy
patients. We present the following article in accordance
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with the MDAR and ARRIVE reporting checklists (available
at https://tp.amegroups.com/article/view/10.21037/tp-23-
196/rc).

Methods
Sample collection

The Neurosurgery Department at Chongqing Medical
University contributed five surgical specimens obtained
from individuals with FCD-related secondary epilepsy. The
samples were transported in liquid nitrogen dry shippers
after procedural cooling (programmed cooling) and
finally stored in a freezer at -80 °C. Control samples were
provided by the Forensic Department of Medical Medicine
at Chongqing Medical University. These included two
dead human cases with no history or signs of neurological
or psychiatric diseases and whose living brain tissue was
isolated and preserved within 12 h of death. The clinical
characteristics of the patients and controls as well as
relevant information are described in Table S1. This study
was approved by the Ethics Committee of the Affiliated
Children’s Hospital of Chongqing Medical University
(approval number #2021-295), and informed consent was
obtained from all participants. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013).

The Chonggqing Medical University’s Laboratory Animal
Center provided male C57BL/6 ] mice, which were kept
in a specific-pathogen-free environment. We established
a mouse model of kainic acid (KA)-induced epilepsy (27).
Anesthetized 4-week-old mice were intraperitoneally
injected with 20 mg/kg KA (28), while control mice were
injected with saline. At least one behavioral spontaneous
recurrent motor seizure observed 28 d after injection was
considered a successful model of chronic epilepsy. All
mice were euthanized 28 d after surgery. Experiments
were performed under the approval granted by the
Ethics Committee of the Affiliated Children’s Hospital of
Chongqing Medical University, in compliance with national
guidelines for the care and use of animals. A protocol was
prepared before the study without registration.

Isolation, quality assessment, and library creation of RNA

Total RNA was isolated from brain tissue using the TRIzol
reagent (Invitrogen, Carlsbad, CA, USA). A NanoDrop
spectrophotometer and an Agilent 2100 bioanalyzer
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(Thermo Fisher Scientific, MA, USA) were used to measure
the RNA quantity and concentration. RNA of desired
quality was kept at -80 °C to sequence messenger RNA
(mRNA) and IncRNA and conduct future studies. Shanghai
Life Gene Technology Co. Ltd. (Shanghai, China)
performed the library preparation and light sequencing.

Bioinformatics analysis

The “DEseq2” package in R software (Version 4.1.0) was
used to analyze the RNA sequencing (RNA-seq) (IncRNA
and mRINA) data for differential gene expression. Results
with llog2FoldChangel >2 and a corrected P-adj <0.05
were considered significant.

The IncRNA-mediated ceRNA network was constructed
based on the interactions generated from the miRcode,
starBase2.0, miRDB, miRTarBase, TargetScan, and
ENCORI databases. Due to an absence of miRNA-related
information, the Mircode database was used to predict
interactions among miRNAs of DEIncRNA. miRNA-
mRNA interactions were predicted using the starBase 2.0,
miRDB, miRTarBase, TargetScan, and ENCORI databases
to identify the target genes.

Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) analyses were performed using
the R package. Genes in the key module were analyzed
using the species and human parameters. The GO terms of
biological processes, cellular components, and molecular
functions, and KEGG pathway datasets were downloaded.

CIBERSORT and ssGSEA were employed to estimate
immune cell infiltration. CIBERSORT was used to analyze
the proportion of 22 infiltrating immune cells in epileptic
and normal tissues, whereas the ssGSEA scores were applied
to determine the immune infiltration level in each database.

Further, the IRG sets comprised the overlapping genes
of the DEGs in the ceRNA network and the immune-
related genes from the ImmPort database.

Data from the STRING database were used to
construct the PPI network of DEIRGs. The core genes
in a network were subsequently predicted and explored
via the intersection of degree and MNC topological
analysis methods of the “cytoHubba” plugin in Cytoscape.
Metascape (http://metascape.org) revealed the underlying
mechanism of key ceRNAs (EGFR, GRB2, KRAS, FOS,
ESR1, MAPK1, MAPK14, MAPKS, and PPARG).

Pearson’s correlation was employed to clarify the
molecular mechanism of epileptogenesis and epilepsy
development by determining the correlations between the
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core genes and immune cells. Statistical significance was set

at P<0.05.

Identification and validation of core IRGs

The core IRG validation step was carried out using the
GSE205661 dataset. Epilepsy gene expression profiles
were gathered using the Gene Expression Omnibus (GEO)
database. Expression array, epilepsy, and Homo sapiens
were the inclusion criteria.

Western blotting was utilized to assess the expression of
core IRGs [epidermal growth factor receptor (EGFR)] and
whole protein samples in KA-induced epilepsy and control
mouse extracts. Their concentrations were quantified using
a Pierce BCA Protein Assay Kit (Thermo Fisher Scientific),
after which 15 g of protein was loaded. The membranes
were incubated with specific primary antibodies against
EGFR (Abcam, dilution 1:5,000) and glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) (Abcam, dilution
1:8,000) for 16 hours at 4 °C. The membranes were then
incubated for 1 h at room temperature with goat anti-
rabbit immunoglobulin G (IgG) conjugated to horseradish
peroxidase (Santa Cruz, dilution 1:5,000).

Statistical analyses

GraphPad Prism 8.0 was used to conduct statistical analysis
(GraphPad Software, La Jolla, CA, USA). Inter-group
differences were examined using a two-tailed unpaired #-test.
Statistical significance was set at P<0.05.

Results
Differential expression analyses and identification

Figure 1 provides a schematic representation of the research
process. Functional IncRNAs and mRNAs related to FCD-
associated epilepsy were isolated from RNA-seq data.
DEIncRNAs and DEmRNAs had strict inclusion criteria
(llog2FoldChange |2, P.adj<0.05) and were presented in a
volcano map and hierarchical cluster heatmap (Figure 2).
In the aggregate, 3,538 DEmRNAs (2,997 upregulated
and 541 downregulated) and 1,179 DEIncRNAs (930
upregulated and 249 downregulated) were chosen for our
study (Figure 2).

Construction of the IncRNA-mediated ceRNA network

The interaction between DEIncRNAs and miRNAs was
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first predicted using the online Mircode database; a total of
17,881 IncRNA-miRNA pairs containing 164 DEIncRNAs
(Figure 34) and 208 predicted miRNAs were acquired.
To further explore potential target genes of the predicted
miRNAs, we obtained 3,474 miRNA-mRNA pairs from the
ENCORI, miRDB, miRTarBase, and TargetScan databases
(Figure 3B). Based on the integration of 1,179 DEIncRNAs
and 3,538 DEmRNAs from human tissue RNA-seq, 164
DEIncRNAs, 44 DEmiRNAs, and 412 DEmRNAs were
incorporated into the ceRNA network.

GO and KEGG analyses

GO and KEGG pathway analyses were performed to
identify the biological activities and signaling pathways
of mRNA in the ceRNA networks. According to the GO
analysis, inflammatory response; neural apoptotic processes;
leukocyte proliferation, activation, and participation;
myeloid cell activation; T-cell activation regulation; and
other immune-related processes were all enriched in DEGs
(Figure 4A). The enrichment terms of cellular components
were concentrated in the vesicle membrane; cellular
activities, including immune antigen presentation and
neuronal synaptic plasticity, depended on vesicular recycling
transport (Figure 4B). Regarding molecular function, serine/
threonine protein kinase activity was the primary mediator
(Figure 4C).

KEGG signaling pathway analysis (Figure 4D) showed
that the DEGs were mainly enriched in immune-related
pathways (B-cell receptor signaling, TH1 and TH2 cell
differentiation) and immune- and inflammation-related
diseases (inflammatory bowel disease, rheumatoid arthritis,
antigen processing and presentation). Collectively, these
findings established that immunoregulation is significantly
involved in the pathogenesis of epilepsy.

Assessment of infiltrating immune cells

We evaluated the biological activities and signaling
pathways especially immune response of mRNA in the
ceRNA networks using GO and KEGG analysis. The
findings established that immunoregulation is significantly
involved in the pathogenesis of epilepsy. Based on this, we
employed CIBERSORT and ssGSEA to estimate immune
cell infiltration between the control and epileptic samples.
A significant difference in the degree of immune infiltration
was observed in the control and epileptic samples. The
immune cell composition of invading tissues was evaluated
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Figure 1 Schematic presentation of our analytical process. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; RT-

qPCR, real-time quantitative polymerase chain reaction.

(Figure 5A). As shown in Figure 5B, 28 immune cell types
that infiltrated immune cell subpopulations in the epilepsy
and control samples were depicted in a heatmap. Figure 5C
shows the relationship among the 28 immune cells. A
significant difference in the degree of immune infiltration
was observed in the control and epileptic samples at a ratio
of 9:28. To visualize the different expression levels of the
28 immune-infiltrating cells in both groups, violin plots
were created using the “ggplot2” package in R (Figure 5D).
Immune cell infiltration was lower in the epilepsy samples

© Translational Pediatrics. All rights reserved.

than in the controls, with type 1 T helper cells being the

most prevalent.

Construction of core IRGs and PPI networks

The intersection of IncRNA-related DEmRNAs and IRGs
(obtained from the ImmPort database) was examined using
the Venn method, and 40 immune-related DEmRNAs were
discovered. This analysis helped create the immune-related
core ceRNA network (Figure 6A4). Using the STRING
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Figure 2 Expression profiles of DEIncRNAs and DEmRNAs of epilepsy. Volcano maps of (A) DEIncRNAs (B) and DEmRNAs. Absolute
value of logFoldchange and P value were used to visualize the relationship between fold change (magnitude) and statistical dominance
(considering magnitude and variability), with separate gene subsets based on these values. The vertical line corresponds to the logFoldchange
up and down 2.0; the horizontal line represents the corrected P value of 0.05; colored dots represent the statistically significant DEGs.
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performed according to the FPKM (fragments per kilobase of exon model per million mapped fragments) value between epilepsy samples
and controls; different colors represent different grouping information, and genes in the same group exhibiting similar expression patterns

imply similar functions or biological roles. DEIncRNAs, differentially expressed long non-coding RNAs; DEmRNAs, differentially

expressed messenger RNAs.

database, we created PPI networks to further investigate
the interactions among immune-related DEmRNAs
(Figure 6B). The networks had 375 edges and 40 nodes. The
degree of connection and patterns of gene expression were
represented by node size and color, respectively. Portions
of the PPI networks with extensive connected regions
were more likely to participate in biological regulation.
Hub genes in subnetworks often play important roles. The
intersection of degree (Figure 6C) and MNC topology
(Figure 6D) analysis methods of the “cytoHubba” plugin
in Cytoscape were applied to predict and explore the core
genes. The results demonstrated that the key ceRNAs may
be involved in endocrine resistance, prolactin signaling
pathway, and MAPK cascade (Figure 6E). Darker colors
signified higher scores, and EGFR was selected as the core

© Translational Pediatrics. All rights reserved.

IRG for follow-up studies. A total of 38 IncRNAs, one
miRNA (MIR27A), and one mRNA (EGFR) formed the
immune-related core ceRNA network (Figure 6F).

Correlation analysis

Immune cell counts in epileptic tissues were higher than
those in normal tissues, and a correlation between EGFR
and infiltrating immune cells was observed (Table I).
Correlated pairs with a P<0.05 were identified via the
t-test used in this investigation (Figure 7). The final results
showed that type 1 T helper cells were considered to be
important immune cells associated with epilepsy formation
and that the expression of the EGFR gene was positively
correlated with EGFR as well as immature dendritic cells
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Figure 5 Assessment of infiltrating immune cells. (A) Distribution of immune cell infiltration in each sample. (B) Heatmap of immune cell

types. (C) Correlation among infiltrating immune cells. (D) Violin plot of infiltrating immune cells.

(R=0.857, P=0.024), mast cells (R=0.821, P=0.034), myeloid-
derived suppressor cells (MDSC) (R=0.786, P=0.048),
and plasmacytoid dendritic cells (R=0.857, P=0.024), and

negatively correlated with CD56dim natural killer cells
(R=-0.929, P=0.007) (Figure 7).

Identification and validation of EGFR in epilepsy

First, we used the GSE134697 dataset to validate the
diagnostic value of EGFR in epilepsy. Further analysis
demonstrated that EGFR was substantially expressed in
epilepsy compared to the control (Figure 8§4), corroborating
previous studies. Second, we determined the EGFR
expression in animal epilepsy models using western blot
(Figure 8B), and the findings were consistent with the
sequencing results.

© Translational Pediatrics. All rights reserved.

Discussion

Epilepsy is characterized by brief episodes of brain
dysfunction caused by abrupt and aberrant discharges
of brain neurons (9,29). The most frequent cause of
juvenile focal epilepsies requiring surgical intervention
is FCD (30,31). Despite developments in surgical and
pharmacological therapies, FCD-associated epilepsy
progression remains inefficiently controlled. The
involvement of a dysregulated ceRNNA network in epilepsy
is only partially understood. Hence, understanding the
molecular mechanisms underlying pathogenesis is pivotal to
improving pediatric focal epilepsy treatments. Therefore,
RNA-seq data were used to analyze the IncRNA and mRNA
expressions in pediatric focal epilepsy and normal brain
tissues. Finding new immunological targets for epilepsy
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Table 1 Correlation of EGFR with immune cells in epilepsy

EGFR
Immune cell types
r P

Activated B cell 0.464 0.302
Activated CD4 T cell 0.679 0.110
Activated CD8 T cell 0.750 0.066
Activated dendritic cell 0.464 0.302
CD56bright natural killer cell -0.107 0.840
CD56dim natural killer cell -0.929 0.007
Central memory CD4 T cell 0.393 0.396
Central memory CD8 T cell 0.643 0.139
Effector memory CD4 T cell 0.321 0.498
Effector memory CD8 T cell 0.750 0.066
Eosinophil 0.393 0.396
Gamma delta T cell —-0.536 0.236
Immature B cell 0.393 0.396
Immature dendritic cell 0.857 0.024
Macrophage 0.321 0.498
Mast cell 0.821 0.034
MDSC 0.786 0.048
Memory B cell -0.286 0.556
Monocyte —-0.036 0.963
Natural killer cell 0.000 1.000
Natural killer T cell 0.143 0.783
Neutrophil 0.214 0.662
Plasmacytoid dendritic cell 0.857 0.024
Regulatory T cell 0.679 0.110
T follicular helper cell 0.500 0.267
Type 1 T helper cell 0.357 0.444
Type 17 T helper cell 0.643 0.139
Type 2 T helper cell 0.000 1.000

EGFR, epidermal growth factor receptor.

treatment will require more research on the relationship
between immune response in the brain as well as epilepsy
development and prognosis (32,33).

The innate and adaptive immune responses were
observed in the brain tissues of (33) patients with
temporal lobe epilepsy and experimental models,

© Translational Pediatrics. All rights reserved.
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according to previous investigations (34-37). Immune
system components, including changes in immune cell
function or number, proinflammatory cytokine and
chemokine production, and the expression of inhibitory
receptors or their ligands, contribute to epilepsy onset and
progression (17-19). The existing literatures have been
reported that microglial activation in the hippocampus
presents in hippocampal sclerosis (31,38-40). In human
hippocampal sclerosis specimens, reactive astrocytes and
surviving neurons showed signs of nuclear factor kappa B
overexpression (41). B (CD20+) and T (CD3+) lymphocytes
were found in perivascular temporal lobe epilepsy and
scattered in the brain parenchyma, causing neurotoxicity
and glial cell damage (19). These studies demonstrate the
connection between inflammatory and immunological
processes and epilepsy.

In the present study, we obtained brain tissues from
individuals with cortical dysplasia epilepsy and sequenced
them to investigate the immune landscape of epilepsy
and discover novel biomarkers as potential therapeutic
targets. According to the KEGG and GO analyses of the
ceRNA network, TH1 and TH2 cell differentiation and
B-cell receptor signaling were implicated in pathological
stress response and immunoregulatory mechanisms in
seizures. These results were consistent with those of
Rodgers et al. The cortical innate immune response
enhanced the excitability of local and central brain neurons,
causing seizures and focal seizures, respectively. Further,
interleukin-1 release promoted neuronal excitability owing
to Toll-like receptor 4 (TLR4)’s response to danger signals,
which are linked to brain injury and central nervous system
(CNS) infections (42).

Our research also investigated immune cell infiltration in
cortical dysplasia epilepsy. Based on the variations between
groups when immune cell abundances were evaluated, we
established an immune-related core ceRNA regulatory
network. Higher immune scores in epileptic surgery
samples compared to normal samples implied that epilepsy
development is linked to immune-related pathway factors.
Immune infiltration analysis revealed that immune cells
were abundant in epileptic samples; activated B and CD8 T
cells, central memory CD8 T cells, eosinophils, immature
dendritic cells, mast cells, T follicular helper cells, Type 1 T
helper cells, and Th17 cells demonstrated that the activation
of high-mobility group protein Bl (HMGB1)/chemokine
C-X-C motif ligand 12 (CXCL12)-mediated immunity
and Th17 cells played a key role in the pathogenesis of
epilepsy (20) and that varying attacks on hippocampal
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neurons from CD8+ T cells can induce temporal lobe
epilepsy (21). Furthermore, Thl7-associated circulating
proinflammatory cytokines are elevated in the sera of
epileptic tissues (43), which is consistent with our results.
Therefore, analyzing the relevant immune characteristics
in patients with epilepsy can elucidate the pathogenesis and
treatment of epilepsy.

Peripheral nerve resident mast cells serve as the first line
of activation at the injured site in neuropathic pain, enabling
the recruitment of neutrophils and macrophages (44).

Following temporary cerebral ischemia, cerebral mast

© Translational Pediatrics. All rights reserved.

cells can damage the blood-brain barrier by controlling
acute microvascular gelatinase activity (45). Histamine and
other neuron-stimulant molecules, such as tumor necrosis
factor-a (TNF-a) and interleukin-2, induce seizures in
susceptible children (46). Mast cell-glia communication
mediates inflammatory response and CNS disorders,
including neuropathic pain, epilepsy, and neurodegenerative
diseases (47). As localized tissue acidification occurs
during epilepsy and cerebral ischemia, histamine directly
increases neuronal death under enhanced synaptic

neurotransmission conditions. This evidence illustrates
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that mast cell involvement in the immune response to
achieve neuroinflammatory regulation has a potential
regulatory role in epilepsy. Further, It was reported that
EGFR was significantly associated with the risk of epilepsy
occurrence (48), and overexpression of EGFR caused by
focal copy number gains was identified in epilepsy (49).
EGFR belongs to the receptor tyrosine kinase family.
DNA methyltransferase 3 alpha (DNMT3) may regulate
EGFR involved in cortical development, neuronal plasticity,
and epileptogenesis in patients with type II FCD (50).
Mice that underwent brain-specific EGFR ablation were
found to be sensitive to KA-induced seizures and showed
signs of neurodegeneration (50,51). EGFR inhibitor was
identified as a novel antiepileptic choice (52). Therefore,
we hypothesized that an immunological signal of epilepsy
included a link between mast cells and EGFR.

To that end, we used western blotting to determine
the correlation between core IRG (EGFR) and invading
immune cells in a mouse epilepsy model. The results
suggested the involvement of EGFR in the initiation,
maintenance, and progression of epilepsy. EGFR was
significantly associated with mast cells, and immune cell
infiltration was abundant in epileptic tissue. Additionally,
mast cells and EGFR gene expression exhibited a positive
correlation (R=0.857, P=0.0027).

However, the present study had some limitations. Based
on the ssGSEA, the immune cell infiltration analysis used
incomplete cell types. Furthermore, the fundamental
mechanisms governing the ceRNA network and immune
cells remain unknown, necessitating additional functional
biological studies with larger sample sizes.

Conclusions

In this study, an immune-related ceRNA network was
initially developed in epilepsy, consisting of 38 IncRNAs,
one miRNA (hsa-miR-27a-3p), and one mRNA (EGFR).
Immune cell infiltration was examined to determine
the abundance and quantity of the immune cells. EGFR
was positively correlated with immature dendritic cells,
mast cells, MDSC and plasmacytoid dendritic cells, and
negatively correlated with CD56dim natural killer cells.
These findings provide new insights into the pathogenesis
and progression of epilepsy as well as novel potential
therapeutic targets. In the future, new drugs could be
developed for these therapeutic targets to delay the
progression of epilepsy.

© Translational Pediatrics. All rights reserved.
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Supplementary

Table S1 Clinical characteristics and related information of the control group and epilepsy groups

Subject/ID  Gender Age (year) Cause of death or surgery name Pathologic diagnosis
C1 Female 71 Renal failure Normal brain tissue
c2 Male 38 Traffic accident Normal brain tissue
E1 Male 4 Focal resection for frontal lobe epilepsy Focal cerebral cortical dysplasia
E2 Male 9 Focal resection for frontal lobe epilepsy Focal cerebral cortical dysplasia/encephalomalacia/brain
dysplasia
E3 Male 5 Focal resection for parietal epilepsy Focal cerebral cortical dysplasia
E4 Male 2 Focal resection for temporal lobe Focal cerebral cortical dysplasia
epilepsy
E5 Male 11 Focal resection for frontal lobe epilepsy Focal cerebral cortical dysplasia
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