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Abstract

Background: To investigate the effect of long-term febrile convulsions on gene expression in mesial temporal lobe
epilepsy with hippocampal sclerosis (MTLE-HS) and explore the molecular mechanism of MTLE-HS.

Methods: Microarray data of MTLE-HS were obtained from the Gene Expression Omnibus database. Differentially
expressed genes (DEGs) between MTLE-HS with and without febrile seizure history were screened by the GEO2R
software. Pathway enrichment and gene ontology of the DEGs were analyzed using the DAVID online database and
FunRich software. Protein–protein interaction (PPI) networks among DEGs were constructed using the STRING
database and analyzed by Cytoscape.

Results: A total of 515 DEGs were identified in MTLE-HS samples with a febrile seizure history compared to MTLE-
HS samples without febrile seizure, including 25 down-regulated and 490 up-regulated genes. These DEGs were
expressed mostly in plasma membrane and synaptic vesicles. The major molecular functions of those genes were
voltage-gated ion channel activity, extracellular ligand-gated ion channel activity and calcium ion binding. The
DEGs were mainly involved in biological pathways of cell communication signal transduction and transport. Five
genes (SNAP25, SLC32A1, SYN1, GRIN1, and GRIA1) were significantly expressed in the MTLE-HS with prolonged
febrile seizures.

Conclusion: The pathogenesis of MTLE-HS involves multiple genes, and prolonged febrile seizures could cause
differential expression of genes. Thus, investigations of those genes may provide a new perspective into the
mechanism of MTLE-HS.
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Background
Epilepsy is a disabling and frequent neurological disease
that causes a significant burden on patients worldwide.
Epilepsy is characterized by sudden attacks and recur-
rent seizures due to abnormal excessive neuronal dis-
charges [1]. It can occur at any age and currently has
affected about 70 million people worldwide [2].

Temporal lobe epilepsy is a focal type of epilepsy charac-
terized by recurrent lesions in the temporal lobe, most
commonly occurring in the medial lobe. It is related
with a variety of mental phenomena, including halluci-
nations, cognitive impairment and emotional experience.
Mesial temporal lobe epilepsy with hippocampal scler-
osis (MTLE-HS) is one of the common epilepsy syn-
dromes worldwide, which commonly arises from long-
duration seizures, especially febrile status epilepticus, in
the early life [3, 4]. Despite the great efforts to uncover
the etiology, the underlying pathogenesis of MTLE-HS

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

* Correspondence: lmzhou2@139.com
The Seventh Affiliated Hospital, Sun Yat-sen University, Shenzhen 518107,
China

Acta EpileptologicaLi et al. Acta Epileptologica            (2020) 2:20 
https://doi.org/10.1186/s42494-020-00027-9

http://crossmark.crossref.org/dialog/?doi=10.1186/s42494-020-00027-9&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:lmzhou2@139.com


remains unclear. Current evidence suggests that MTLE-
HS is closely related to febrile convulsion, with its
pathogenesis involving epigenetic regulation and genetic
susceptibility.
Gene chips are a valuable tool for analyzing expression

of thousands of genes in an organism, screening gene
targets for drugs, and predicting disease diagnosis. Accu-
mulating slices of data have been generated by using
gene chips and stored in public databases. In recent
years, there has been an increased number of studies on
epilepsy using bioinformatics approaches, which suggests
that the integrated bioinformatics method is a powerful
tool for mechanism-exploring studies. In this study, we
set out to profile gene expression after febrile seizures in
MTLE-HS based on microarray data from a public gen-
ome database using bioinformatics approaches.

Methods
Microarray data
Microarray data were obtained from the Gene Expres-
sion Omnibus (GEO) database, which is one of the lar-
gest and most comprehensive public genome databases
containing array- and sequence-based data [5], by using
keywords “temporal lobe epilepsy”, “febrile seizures”, and
“febrile seizures”. Finally, the GSE28674 dataset (Agi-
lent-014850 Whole Human Genome Microarray 4x44K
G4112F version, Affymetrix GPL6480) was obtained and
used in this study [6]. The GSE28674 dataset contained
6 samples of MTLE-HS with well-characterized ante-
cedent prolonged febrile seizures, and 12 samples of no-
MTLE-HS without previous febrile seizure.

DEG screening
GEO2R was used to screen differentially expressed genes
(DEGs) between MTLE-HS with and without febrile
seizure history using criteria of |log FC| (|log2Fold
Change|) > 1 and adjusted P value < 0.05, where logFC =
log (expr1)-log (expr2). The DEGs with logFC > 1 were
considered to be up-regulated genes, and those with
logFC<1 were considered with down-regulation.

Pathway enrichment and gene ontology (GO) analyses of
DEGs
The Database for Annotation, Visualization and Inte-
grated Discovery (DAVID) database (version 6.8), which
provides systematic and comprehensive biological func-
tion annotation of genes (http://david.ncifcrf.gov) [7],
and FunRich software were used to analyze the Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
and GO enrichment of DEGs [8]. The KEGG database
provides systematic functional information of genes.
One of the characteristics of the KEGG database is to as-
sociate gene catalogs from genomes that have been com-
pletely sequenced with higher-level system functions at

the cell, species, and ecosystem levels [9]. The GO data-
base was used to analyze biological processes and anno-
tation of genes [10]. In this study, the functional and
biological implications of DEGs were analzyed with GO
enrichment and KEGG pathway analysis using the
DAVID online database and FunRich software. The
cutoff criterion was set as P < 0.05.

Protein–protein interaction (PPI) network construction
The STRING database (version 11.0) was used to predict
PPI networks of DEGs [11], and an interaction score > 0.4
was considered as statistically significant. The PPI net-
works were constructed by Cytoscape software [12] and
the most significant module in the PPI network was iden-
tified using plug-in MCODE within Cytoscape [13] with
criteria of MCODE score > 5, K-score = 2, Max depth =
100, degree cut-off = 2 and node score cut-off = 0.2. GO
and KEGG pathway analyses of genes in the identified
module were performed by using the DAVID online
database.

Hub gene identification and analysis
Genes with the highest connectivity degree in the PPI
network were identified as hub genes. The connectivity
degree refers to the number of nodes connected to a
specified node. The more nodes connected, the more
likelihood the gene in a central position of the inter-
action network. Subsequently, DAVID online tool and
Cytoscape were used to analyze the network and the
biological process of hub genes.

Results
Identification of DEGs in MTLE-HS
Using criteria of |log FC| > 1 and adjusted P value < 0.05,
515 DEGs from the GSE28674 dataset were identified
between samples of MTLE-HS with and without febrile
seizure history, containing 25 down-regulated and 490
up-regulated genes in MTLE-HS with prolonged febrile
seizure (Fig. 1, Additional file 1).

KEGG pathway and GO enrichment analyses of DEGs
GO cell component (CC) analysis revealed that the DEGs
were mainly enriched in plasma membrane and synaptic
vesicle and axon (Fig. 2a); GO molecular function (MF)
analysis revealed that the DEGs were significantly
enriched in voltage-gated ion channel activity, calcium ion
binding and extracellular ligand-gated ion channel activity
(Fig. 2b). GO biological process (BP) analysis revealed that
the DEGs were mainly enriched in cell communication
signal transduction and transport (Fig. 2c). The KEGG
pathway enrichment analysis showed that the up-
regulated DEGs were mainly enriched in Ras signaling
pathway, retrograde endocannabinoid signaling, neuroac-
tive ligand-receptor interaction, calcium signaling pathway
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and GABAergic synapse etc. (Table 1), while the downreg-
ulated DEGs were considered not statistically significant
(P>0.05).

PPI network construction and analysis
PPI data are often represented by a relationship
graph where vertices represent proteins and the
edges represent interactions between two proteins.
The PPI network concerns interactions between pro-
teins, which helps to discover core regulatory genes.
Cytoscape was used to obtain the PPI network of
DEGs (Fig. 3) and the most significant module
(Fig. 4). The DAVID online tool was used to analyze
the functions of the genes involved in this module.
The results revealed that genes in the module were
mainly enriched in synaptic vesicle cycle, nicotine
addiction, amyotrophic lateral sclerosis and gluta-
matergic synapse (Table 2).

Hub gene selection and analysis
Five genes were selected as hub genes, including
SNAP25, SLC32A1, SYN1, GRIN1 and GRIA1 (Fig. 5,
Table 3). Heatmap showed that the hub genes were
mainly expressed simultaneously in the fetal brain and
adult frontal cortex (Fig. 6).

Discussion
Febrile convulsion is one of the most common forms of
morbidity in childhood, with an incidence rate of 2–5%
in children worldwide, but it rarely occurs before 6
months or after 3 years of age. The febrile convulsions
generally have better prognosis, but it can be trans-
formed into epilepsy [14]. Early febrile convulsion may
be related to the occurrence of later epilepsy and HS.
Brain damage caused by early febrile convulsions may
become the basis of late epilepsy and lead to the forma-
tion of HS [15]. Clinical long-term febrile seizure and
the febrile status epilepticus often result in acute hippo-
campal damage and develop into hippocampal atrophy
[16]. MTLE-HS is closely related to febrile seizures. The
hippocampus may have abnormal formation and ultra-
structure after a prolonged febrile seizure. However,
whether the HS is a result or a cause of febrile seizures
is still under debate [17]. HS caused by febrile convul-
sions is an important cause of drug-refractory temporal
lobe epilepsy, posing a great economic and psychological
burden on patients. However, the pathogenesis of HS
caused by febrile convulsions may be that in the devel-
oping stage of brain, the myelin sheath is not completely
generated, and the excitatory/inhibitory neurotransmit-
ters have not reached a balance. Febrile convulsions in
infants and young children can lead to neuronal loss and

Fig. 1 Differentially expressed genes (DEGs) in GSE28674
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Fig. 2 GO and KEGG pathway enrichment analysis of DEGs in MTLE-HS samples using FunRich and DAVID. a The cell component analysis of
DEGs. b The molecular function of DEGs. c The biological process analysis of DEGs
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gliosis in the temporal lobe and hippocampus, a condi-
tion named as Ammon’s sclerosis. Autopsy results
showed that the incidence of HS in patients without epi-
lepsy was 9–10%, and the incidence of epilepsy was up
to 30% [15].
The basic histopathological features of MTLE-HS

found in surgically-removed specimens and autopsies of
patients with intractable epilepsy include the following
aspects: (1) loss of neurons; (2) adaptive changes in
structure, such as germination, nerve formation and par-
ticle cell dispersion; (3) glial hyperplasia and glial cell
function changes; (4) loss of blood-brain barrier integ-
rity; and (5) neuroinflammation [18]. These characteris-
tics have also been confirmed in the TLE animal model
[19]. As an acquired epilepsy, the pathogenesis of
MTLE-HS is very complex. The imbalance between ex-
citation and inhibition of neurons leads to seizures,
which is mainly related to the changes of ion channel,
neurotransmitters and glial cells. Ion channel is the basis
for the regulation of excitability in vivo, and the poly-
morphisms of genes encoding ion channels can affect
the function of ion channels, thus increasing the genetic
susceptibility to epilepsy. At present, it is believed that
idiopathic epilepsy is an ion channel disease. Current
studies have focused on the following aspects: (1) The
hypothesis of neural network reconstruction: prolonged
or repeated seizures lead to neuronal degeneration, glial
proliferation, interneurons increasing, mossy fibers
sprouting, increased synapses or false synaptic forma-
tion, thus leading to the remodeling of the hippocampal
neural network structure, resulting in increased spontan-
eous electrical activity; (2) Altered ion channels, which
could result in increased neuronal excitability; and (3)
genetic factors. Among the above hypotheses, the neural
network reconstruction has attracted increasing atten-
tion [20]. It is thought that the neural network remodel-
ing can be divided into two aspects, the morphological
change, such as neuron degeneration, glial proliferation
and moss fiber budding; and the functional change, such

as changes in the molecular level of functional proteins
in hippocampal cells, which may affect the spontaneous
discharge of neural networks after remodeling [21].
In recent years, a large number of new mutations of

genes and population susceptibility genes have been
identified. It is generally accepted that the temporal lobe
epilepsy is influenced by both genetic and environmental
factors. The genes related to epilepsy mainly include: (1)
Neuronal ion channel-like genes KCNQ2, KCNQ3,
KCNT1, KCNA1, SCN1A, CACNA1A and SCN2A [22];
(2) God-grade metatransposome-like genes GABRA1,
GABRG2, CHRNA4 and CHRNB2 [23, 24]; (3) Energy
metabolism genes mt-tRNA Lys and mt CSTB [25]; and
(4) Other genes like LGI1 [26]. MTLE-HS is closely cor-
related to febrile seizures. The hippocampus may de-
velop abnormalities in formation and ultrastructure after
a prolonged febrile seizure. However, it remains unclear
if HS is the result or a cause of febrile seizures. There-
fore, it is important to identify potential biomarkers for
diagnosis and determine whether febrile seizures effi-
ciently cause HS. Microarray technology allows us to ex-
plore the MTLE-HS genetic alterations, and identify new
biomarkers of disorders.
In this study, the microarray dataset GSE28674 was

analyzed to identify DEGs between samples of MTLE-
HS with and without febrile seizure history. Totally 515
DEGs were obtained, consisting of 25 down-regulated
and 490 up-regulated genes. The up-regulated genes
were mainly enriched in Ras signaling pathway,
GABAergic synapse, retrograde endocannabinoid signal-
ing, neuroactive ligand-receptor interaction and calcium
signaling pathway, while the down-regulated DEGs were
considered not statistically significant (P>0.05). Previous
studies have reported that the Ras proteins act as mo-
lecular switches for signaling pathways and play a critical
role in regulating differentiation and growth, cell prolif-
eration, survival, or cytoskeletal dynamism. Activated
Ras regulates a variety of cellular functions through
phosphatidylinositol 3-kinase (PI3K), Raf and Ral

Table 1 KEGG pathway analysis of differentially expressed genes in MTLE-HS

Pathway
ID

Pathway description Gene
counts

P value Genes

hsa04014 Ras signaling pathway 19 <0.01 MAP 2 K1, FGF14, FGF9, SHC3, CALM1,GRIN1,GRIN2A, FGF13, FGF12, PRKCB,PAK6, CDC42, KSR2,
PAK3, RASGRP1, RIN1, GNG2, GNG3, PIK3R3

hsa04080 Neuroactive ligand-
receptor interaction

18 <0.01 GABRD, GABRG2, GABRA2, PRSS3, GABRA1, PRLHR, GABRB3, GRIK2, GRIN1, GRIN2A, GABBR2,
CHRM3, CHRM2, GRIA1, SSTR1, PRSS2, CNR1, ADRA1B

hsa04727 GABAergic synapse 15 <0.01 GABRD, GABRG2, ADCY1, GABRA2, GABRA1, GABRB3, GABBR2, PRKCB, SLC32A1, GAD2, GNG2,
GNG3,NSF, GAD1, CACNA1B

hsa04723 Retrograde
endocannabinoid
signaling

15 <0.01 GABRD, GABRG2, ADCY1, GABRA2, GABRA1, GABRB3, ITPR1, PRKCB, SLC32A1, SLC17A7, GRIA1,
CNR1, GNG2, GNG3, CACNA1B

hsa04020 Calcium signaling pathway 15 <0.01 ADCY1, SLC8A2, GRIN1, CACNA1I, GRIN2A, ITPKA, ITPR1, PRKCB, CHRM3, PDE1B, CHRM2, PTK2B,
ADRA1B, CACNA1B, CALM1
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guanine nucleotide-dissociation stimulator [27]. A previ-
ous study has demonstrated that the reduced expression
of Ras-GRF1 may be involved in the pathogenesis of
temporal lobe epilepsy [28]. GABA as the most abun-
dant inhibitory neurotransmitter in the central nervous
system of mammalian, can bind to three major classes of
receptors: GABAA, GABAB, and GABAC receptors upon
release. Fast GABA responses are mediated by chloride
channel opening through GABAA and GABAC receptors,
while slower GABA responses are mediated by G-
protein activation and its effect on the second messenger
systems through GABAB receptors [29, 30]. Several

studies have demonstrated that the GABAergic synapses
are closely related to various types of epilepsy, such as
febrile seizures, idiopathic generalized epilepsies and
early infantile epileptic encephalopathy [31, 32]. In
addition, recent studies have further confirmed that the
retrograde endocannabinoid signaling and calcium sig-
naling play a major role in epileptogenesis [33, 34].
Therefore, we hypothesized that the above signaling
pathways mediate the relationships between febrile con-
vulsion and HS.
Comprehensive analyses of gene expression profiles al-

lows us to identify potential molecular biomarkers. In

Fig. 3 PPI network of DEGs
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this study, we selected 5 DEGs as hub genes, including
SNAP25, SLC32A1, SYN1, GRIN1 and GRIA1, and they
may play an important role in the process of HS caused
by febrile convulsions.
SNAP25 is a 206-amino-acid protein, and its gene is

located on chromosome 20. The SNAP25 protein is lo-
cated at the presynaptic end of neurons, contributing to
SNARE complex assembly that plays a crucial role in
calcium-dependent exocytosis of synaptic vesicles, en-
suring the effective release of neurotransmitters and the
propagation of action potentials [35]. SNAP25 was first
considered as a neuron-specific gene specifically
expressed in the hippocampus of mice, and plays a cru-
cial role in the functions of specific neuronal systems.
SNAP25 is associated with proteins involved in vesicle
docking and membrane fusion, regulates protein recov-
ery on plasma membrane through its interactions with
CENPF, and modulates the gating characteristics of the
delayed rectifying voltage-dependent potassium channel
KCNB1 in pancreatic β cells [36, 37]. The expression of
SNAP25 is also correlated with presynaptic congenital
myasthenic syndromes and congenital myasthenic
syndrome-18 [38, 39]. Several studies have shown that
SNAP25 also participates in epilepsy, and decreased
SNAP25 expression will increase the susceptibility to
epilepsy [40]. It has been reported that SNAP25 expres-
sion is significantly upregulated in infantile seizures [41].
In addition, a decrease in phosphorylation of SNAP-25

and dysregulated palmitoylation of SNAP-25 have been
observed in rat hippocampus during seizures [42]. The
GO annotations of the SNAP25 gene included SNAP re-
ceptor activity and calcium-dependent protein binding,
and the related pathways to this gene are neurotransmit-
ter release cycle and innate immune system.
SLC32A1, also known as vesicular inhibitory amino

acid transporter or vesicular GABA transporter, is the
only member of the SLC32 family and belongs to the
eukaryote-specific superfamily of H+ coupled amino acid
transporters, which also includes mammalian SLC36 and
SLC38 transport protein. SLC32A1 is expressed in syn-
aptic vesicles of GABAergic and glycinergic neurons,
and in some endocrine cells, which can exchange pro-
tons with GABA or glycine. Although having a similar
function in the loading of vesicular neurotransmitters,
SLC32A1 is not associated with the vesicular glutamate
transporter (VGLUT, SLC17) or the vesicular
monoamine transporter/vesicular acetylcholine trans-
porter (VMAT/VACHT, SLC18) [43]. SLC32A1 is a
complete membrane protein involved in synaptic vesicle
uptake of GABA and glycine [44]. Studies have shown
that GABA is closely related to febrile seizures, and mu-
tated GABA receptors have the characteristics of
temperature-dependent transport, suggesting that pa-
tients with mutated GABA genes are more prone to FS.
When high-frequency stimulation of the perforant path
was performed on tissue samples from MTLE patients

Fig. 4 The most significant module identified by using the Cytoscape software

Table 2 KEGG pathway enrichment analyses of DEGs in the most significant module

Pathway description Gene counts P value FDR Proteins in the network

cfa04721:Synaptic vesicle cycle 6 <0.01 0.000104 SLC17A7, SLC32A1, SYT1, CPLX1, SNAP25, UNC13A

cfa05033:Nicotine addiction 5 <0.01 0.000864 SLC17A7, SLC32A1, GRIA1, GRIN1, GRIN2A

cfa05014:Amyotrophic lateral sclerosis 5 <0.01 0.001982 SLC1A2, GRIA1, GRIN1, GRIN2A, NEFL

cfa04724:Glutamatergic synapse 5 <0.01 0.055780 SLC17A7, SLC1A2, GRIA1, GRIN1, GRIN2A
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with HS, the inhibitory effect of GABA generated by
dentate cells was weaker than that of patients without
HS. It has been reported that the decrease of GABAergic
current in dentate granule cells of the HS patients is due
to the decreased GABA reuptake [45]. In the study of
hippocampal specimens from temporal lobe epilepsy pa-
tients, in the presence of GABAA receptors blockade, a
lower dose of dicholine is required to induce discharges
in tissues with HS, reflecting the hyperexcitability in the
moss fiber region [46]. Moss fiber sprouting is a com-
mon manifestation of brain development, but sprouting
is also found in adult tissues with seizures. This plasticity
may mainly manifest as a repair response to the loss of
hippocampal neurons, but may eventually promote the

occurrence of epilepsy. Moss fiber sprouting is consid-
ered as a key factor in repeated episodes of MTLE-HS.
Under normal circumstances, less than 1% of mossy fi-
bers have axon branches that enter the molecular layer,
but in HS, mossy fiber side branches widely project into
the molecular layer of the dentate gyrus, and make exci-
tatory synaptic contacts with the apical dendrites and
granular cell spines, essentially creating a local short cir-
cuit that promotes neuronal synchronization. This
process is thought to be caused by hippocampal epilepsy
and neuron loss [47].
Synapsin I (SYN1) is a neuronal phosphoprotein and

is associated with the membranes of small synaptic vesi-
cles. It is also a marker of synapse development, with its

Fig. 5 Hub genes in the most significant module

Table 3 Functional roles of the 5 hub genes

No. Gene
symbol

Full name Functions of encoded protein

1 SNAP25 Synaptosome Associated Protein 25 Participates in the synaptic function of specific neuronal systems.

2 SLC32A1 Solute Carrier Family 32 Member 1 Involved in the uptake of GABA and glycine into the synaptic vesicles.

3 SYN1 Synapsin I Functions in the regulation of neurotransmitter release.

4 GRIN1 Glutamate Ionotropic Receptor NMDA Type
Subunit 1

A component of NMDA receptor complexes that function as
heterotetrameric,
ligand-gated ion channels.

5 GRIA1 Glutamate Ionotropic Receptor AMPA Type
Subunit 1

An ionotropic glutamate receptor, which facilitates excitatory neurotransmitter
transport at many synapses in the central nervous system.
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increased expression reflecting increases of synapses,
synaptic connections and synaptic transmission [48].
Synapsins may play important roles in synaptogenesis,
neuronal development, and synaptic neurotransmission
and plasticity, and has been shown to be correlated with
epilepsy [49]. Studies have demonstrated that SYN1
plays an important role in neurotransmitter release, axon
formation and synapse formation in epileptic mouse
model [50]. SYN1 also regulates the connection of syn-
aptic vesicles to the cytoskeleton [51] and is involved in
the development of neurons and the formation of synap-
tic contacts between neurons [52].
The human GRIN1 gene is located at chromosome

9q34.3 and contains 22 exons with a total length of
about 31 kb. GRIN1 protein regulates the formation
of synapses at early development, the maintenance of
synapses plasticity, and the number of neurons and
their connections. GRIN1 is a glutamate ionotropic
receptor. GRIA1 is glutamate ionotropic receptor as
well, which is associated with depression and cerebral
cortical dysplasia. GRIA1 is related to transport to
the Golgi and subsequent modification and vesicle-
mediated transport [53]. Abnormalities of the glutam-
ate system can affect neuronal plasticity and cause
neurotoxicity [54]. It has been reported that GRIN1 is
highly correlated with infantile spasms [55]. Seizure-
caused damage and loss of neurons are mainly attrib-
uted to the excitotoxicity, transmission of glutamater-
gic neurotransmitters, and excessive Na+ and Ca2+,
which lead to increased osmotic pressure and intra-
cellular generation of free radicals, eventually leading
to necrosis.
From the above analysis, it is reasonable to assume

that the five hub genes have pivotal functions in fe-
brile convulsion and HS. However, as the results of
this study are based on bioinformatics, further stud-
ies exploring the functions of these genes are
required.

Conclusion
In this study, we identified 515 DEGs in samples of
MTLE-HS with versus without febrile seizure history.
These DEGs had molecular functions in voltage-gated
ion channel activity, extracellular ligand-gated ion
channel activity and calcium ion binding, and they
were involved in pathways of cell communication sig-
nal transduction and transport. We also identified five
hub genes (SNAP25, SLC32A1, SYN1, GRIN1, and
GRIA1) that were significantly expressed in the
MTLE-HS with prolonged febrile seizures. The bio-
informatics analysis in this study may help us to iden-
tify potential biomarkers and explore the potential
mechanisms of MTLE-HS with prolonged febrile
seizures.
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