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Abstract

Background Mesial temporal lobe epilepsy (MTLE) is the most common form of focal epilepsy, often associated
with hippocampal sclerosis. Increasing evidence suggests the pivotal role of neuroinflammation in mTLE onset
and progression.

Methods We used morphometric similarity network (MSN) analysis and the Allen Human Brain Atlas (AHBA) data-
base to investigate structural changes between mTLE and healthy controls, as well as correlation with inflammation-
related gene expression.

Results We identified widespread alterations across the frontal and parietal lobes and cingulate cortex linked

to neuroinflammatory genes such as PRRS, SMAD3, and IRF3. This correlation was even more pronounced in mTLE
patients with hippocampal sclerosis compared to those without. Enrichment analysis highlighted pathways related
to neurodevelopment and neurodegeneration, supporting a bidirectional link between mTLE and neurodegenerative
diseases.

Conclusions These findings suggest that brain-wide macroscopic morphometric alternations in mTLE are correlated
to the neuroinflammation process. It provides circumstantial evidence from a new perspective to support the bidirec-
tional link between mTLE and neurodegenerative diseases.
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Background

Mesial temporal lobe epilepsy (mTLE) is a prevalent
form of focal epilepsy characterized by structural atro-
phy in mesiotemporal regions, particularly the hip-
pocampus [1, 2]. Due to the complex nature of mTLE
network disturbances, changes in spatiotemporal
regional interconnections and the dynamics of tran-
scription have been linked to the development and
prognosis of the disease. Neuroimaging studies have
suggested extensive spread of morphological changes
in the large-scale neocortex, subcortical atrophy, and
multiple temporal and extra-temporal pathways [3].
This understanding has merged the importance of
correlating large-scale brain cortical structural differ-
ences to brain-wide gene expression and transcription
to better understand the extratemporal pathogenic
mechanisms.

Morphometric similarity network (MSN) analysis
has been used in neuropsychology networks to show
the microscale cortical organization [3-6]. The main
advantage of MSN is that it captures the interregional
correlation of multiple morphometric features from
various modalities of structural MRI data in a single
individual. Considered the widespread structural brain
progression recently in mTLE [7-10] in various meas-
urement of grey matter, white matter and topologi-
cal patterns, this technique would be keen to generate
these divided features into a more focused pathologi-
cal network. Previous efforts in drug-resistant epilepsy
have shown that this method of network analysis would
allow the link of the topology of MSNs and the histo-
logical similarity and the cytoarchitectonic classes [3].
However, the direct evaluation of MSN in mTLE is yet
to be fully explored.

The Allen Human Brain Atlas (AHBA) provides valu-
able data on brain-wide gene expression patterns, offer-
ing a bridge between brain structure and molecular
function. Combining the structural change and gene
transcripts alternations, it identified the alternations
related to disease onset and development at mTLE’s
microscale architecture and network view. A previous
study applied the AHBA database reported 1580 genes,
mainly enriched in neuronal signaling and synaptic
function, associated with the dynamic brain states of
mTLE [11].

We aim to assess alterations in MSN metrics in people
with mTLE compared to healthy controls and correlate
these changes with neuroinflammatory gene expression
patterns. These observations may help further under-
stand how brain-wide gene expression could validate
anatomical differences in mTLE, potentially offering a
new perspective on the global pathological mechanisms
of mTLE and future therapeutic targets.
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Methods

Study Population

Participants were recruited from the Epilepsy Clinic of
the West China Hospital between September 1, 2021
and August 31, 2024. The diagnosis and lateralization of
mTLE were made according to the clinical evaluation,
ictal semiology, and EEG findings. The mTLE diagno-
sis criteria of the classification guideline of the ILAE
were followed [2, 12]. The diagnosis of mTLE and hip-
pocampal sclerosis was independently made, reviewed
and validated by two epileptologists. included 1) 16 to
65 years, 2) no other neurological disorders, and 3) no
extratemporal structural finding in MRI. Age- and sex-
matched healthy controls were invited from clinic com-
panions during the same study period.

Neuroimaging data acquisition

Structural 3D weighted imaging was acquired using a Sie-
mens Trio 3.0 T MRI scanner (Siemens Medical, Erlan-
gen, Germany) at West China Hospital. T1-weighted
(T1W) images were obtained with following parameters:
repetition time (TR)=1900 ms, echo time (TE)=2.5 ms,
flip angle=9°, field of view (FOV)=256x256 mm?
matrix size=256x256, voxel size=1x1x1 mm?, and
number of slices=176.

Construction of MSN

T1-weighted images were preprocessed in surface-based
space using FreeSurfer (v6.0, http://surfer.nmr.mgh.harva
rd.edu/), which included skull stripping, tissue segmen-
tation, and separation of hemispheres and subcortical
structures, and modeling of gray/white matter interfaces
and pial surfaces. Data quality measures were set as the
participants with the Euler number provided by Free-
Surfer lower than —200 [13].

The cortical surfaces were divided into 308 equal-
sized regions (~500mm?) based on the Desikan Killiany
(D-K) Atlas [3, 4, 14]. The D-K atlas was parcellated and
mapped onto each participant’s surface to generate indi-
vidual surface parcellations [4]. A backtracking algorithm
was used to minimize the influence of the variability in
parcel sizes. For each region, morphometric features
from the T1-weighted MRI scan were extracted to con-
struct the MSN value, including cortical thickness (CT),
gray matter volume (GM), surface area (SA), Gaussian
curvature (GC), and mean curvature (MC), presenting
the morphometric features in grey matter and curvature
[5]. The above morphometric feature vectors were z-nor-
malized across regions to account for variation in value
distributions. Pearson’s correlation analysis was then
performed on the morphometric feature vector between
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each paired cortical region, forming a 308 x 308 MSN for
each participant [3, 5].

The regional MSN was calculated by summing the
weighted correlation coefficients between a specific
region and its correlations with all other regions. The
comparisons were made using generalized linear model
(GLM), with age, sex and the estimated total intracranial
volume (eTIV) as covariates. The model was fitted for
each region to examine the case—control differences, and
the two-sided ¢-statistic (contrast=mTLE — controls) was
calculated and extracted. We corrected the statistical sig-
nificance for multiple comparisons using a false-positive
correction, which was specific to multiple exploratory
analyses at nodal properties [15]. The significance thresh-
old was set at P<(1/N, N=308). Spatial permutation
testing (spin test) was used to correct spatial autocorrela-
tion. To further determine the nature of the morphology
changes, the disease course was applied to the MSN for
liner correlation in that significant region (s).

Measuring the regional gene expressions with MSN

Gene expression data from the Allen Human Brain Atlas
(AHBA, http://human.brain-map.org) were used to link
gene expression patterns with the MSN. The dataset was
preprocessed following guidelines to form a weighted
gene expression map [16]. The AHBA data were then
modified to fit the parcellation atlas of equal size used.
We then used the abagen package (version 0.1.3) with
default settings to fetch and manipulate the AHBA data
[17], which resulted in 15,633 genes. The selected genes
were further screened for protein expression [18].

Partial least squares (PLS) correlation was used to
measure the case—control regional MSN difference with
the spatial distribution of transcriptional activities. In the
PLS regression, gene expression data were used as pre-
dictor variables for regional changes in MSN [19]. The
first component of the partial least squares (PLS1) was
defined as the linear combination of gene expression
value that showed the strongest correlation with regional
variations in MSN. Bootstrap was applied to assess the
variability of each gene’s PLS1. The Z scores were then
calculated by dividing the weight of each gene by its
bootstrap standard error, which were used to rank genes
based on their contribution to PLS1 [5]. Regional varia-
tions in the MSN gene list were represented when genes
showing a false discovery rate (FDR) of 5%o, categorized
as either positive (PLS1 +) or negative (PLS1 —).

The neuroinflammation genes from the “Genes char-
acterized by ISH in 1000 gene survey in cortex” were
obtained from the AHBA (https://human.brain-map.
org). Forty-six previously reported genes were identi-
fied and selected [6, 20, 21], including: MTOR, AKT],
AKT2, AKT3, RPTOR, TSCI1, TSC2, RHEB, S6Kl,

Page 3 of 11

4E-BP1, RICTOR, SIN1, PRR5, AMPK, PIK3CA, PTEN,
TLR4, MYD8S8, TICAMI1, NFKBI1, IRAK4, TLR3, IRF3,
RIPK1, TLR2, HMGBI, AGER, IL6, IL6R, JAKI, JAK2,
JAK3, STAT3, TNE TNRSFI1A, TRADD, CASP8, MAPKS,
TGFBI1, TGFB2, TGFB3, TGFBRI, SMAD2, SMADS3,
SMADA4.

To investigate the role of the identified genes in the PLS
analysis, we validated the overlapping genes out of the
7411 background genes. Then, the correlations between
the gene expression and case—control changes in MSN
were estimated. Statistical Significance was defined
as P<0.05, with FDR correction applied for multiple
comparisons.

Enrichment analysis

Genes identified as PLS1 + (Z >5) or PLS1 —(Z < —5) were
input into the Metascape platform (https://metascape.
org/gp/index.html#/main/stepl) for pathway enrich-
ment analysis [22]. A meta-analysis of multiple gene lists
was conducted to explore pathways (and pathway clus-
ters) that were either shared between or uniquely associ-
ated with specific gene lists, as described previously [4].
Enrichment networks were generated by representing
each enriched term as a node and connecting nodes with
Kappa similarities greater than 0.3. The resulting network
was visualized using Cytoscape.

Statistics analysis

The Mann—Whitney U test was used to analyze the dif-
ferences between groups for continuous variables. For
categorical variables, the chi-square test was applied to
assess group proportions. When comparing the MSN
difference between mTLE patients and healthy controls
(HC) in the positively identified brain regions, a signifi-
cance level of P<1/308 was used to correct for multiple
comparisons. All other tests were corrected using the
FDR method to control for multiple testing effects and
ensure the reliability of the results.

Results

We enrolled 59 individuals with mTLE and 61 controls.
Among the mTLE group, 47 (80%) had hippocampal scle-
rosis (HS). The lateralization of the seizure onset zone
(SOZ) was confirmed in 46 individuals, of whom 26 had
left-sided mTLE (57%). Demographic information of par-
ticipants is shown in Table 1. No significant difference in
the covariates was detected.

The change of MSN in mTLE

The mean MSN distribution between controls and individu-
als with mTLE (Fig. 1a) revealed significant differences in
eight regions (Fig. 1b). Increased regional MSN in the mTLE
group was noted in six extra temporal regions, including
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Table 1 Demographics characteristics of the study cohort
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Variables HCs (n=61) TLE (n=59) P value
Age at scan (yrs, median, IQR) 26.5 (24, 28.75) 26 (22.75,31) 0.155
Sex (female/male) 29/32 29/30 0.787
eTIve 1,522,679+ 141,807 1,466,670+ 143,766 0.504
Course of the disease (yrs, median, IQR) / 6(3,12) /

Age of onset (yrs, median, IQR) / 20(13,25) /
Hippocampal sclerosis / 47 (80.3%) /

@ Estimated total intracranial volume
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Fig. 1 Case—control differences of regional morphometric similarities. a The mean regional morphometric similarity network (MSN) pattern

of healthy controls (HC) and individuals with mesial temporal lobe epilepsy (MTLE). b Case—control comparison (t-map) of MSN between mTLE
and HC, eight regions showed significance. ¢ Case—control comparison (t-map) of MSN between mTLE with hippocampal sclerosis (HS)

and controls, with ten regions showing significant differences. d Scatterplot of the mean MSN in control (x-axis) and TLE-HC t value (y-axis)

(Pearson'’s 150 =

lh_superiorfrontal_part5 (t=4.54, P=1.40E-05), lh_ros-
tralmiddlefrontal_part9 (t=3.79, P=2.42E-04), rh_superior-
frontal_part3(t=3.42,P=8.66E-04), lh_superiorfrontal_part2
(t=3.20,,=1.79E-03), rh_superiorfrontal_part5 (t=3.16,
P=1.38E-03) and rh_paracentral_part2 (t=3.06, P=2.77E-
03). Two regions showed decreased regional MSN in
the mTLE group: rh_superior-parietal part5 (t=-3.57,
P=513E-04) and rh_posteriorcingulate_partl(t=-3.19,
P=1.83E-03). Increased regional MSN indicates enhanced
morphometric similarity and anatomical connection of these

=0.35, Py, =0.004). e Scatterplot of the mean MSN in control (x-axis) and t value in TLE withHS (y-axis)

regions to the rest of the cortex, conversely for decreased
regional MSN. An extra Pearson’s correlation analysis
was applied to assess the relationship between case—con-
trol changes in MSN and the course of the disease. Still,
no significant association was found between the regional
MSN values in the eight regions where MSN significantly
changed between mTLE and controls. A subgroup analy-
sis was performed to compare mTLE, HS, and controls to
explore the possible difference, revealing extensive changes
in MSNs after FDR correction (Fig. 1c). The extra regions
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with increased MSN were lh_superiorfrontal_part2 (t=3.78,
P=2.608E-04), Ih_fusiform_part5(t=3.38, P=1.01E-03),
rh_superiorfrontal_part11(t=3.17, P=1.99E-03), lh_pre-
central_part9 (t=3.10, P=2.50E-03), rh_caudalmiddlefron-
tal_part3(t=3.06, P=2.84E-03). Significant correlations
were noted when comparing the subgroups in mTLE with
and without HS (Pearson’s r(;5,,=0.27, P, =0.029, Fig. 1e).
This correlation was also noted when assessed between
the mTLE-HS t map with controls (Pearson’s r(;5=0.39,
Py, =0.001, Fig. 1e) after FDR correction.
The difference between regional MSN and gene expression
The results of the partial least squares regression between
regional MSN and gene expression in the left hemisphere
are shown in Fig. 2. The first component (PLS1) was the
spatial map that captures the most significant fraction
of total gene expression variance across cortical areas.
The anterior—posterior gradient of gene expression was
presented in the weighted gene expression map of the
PLS1 score (Fig. 2a). When comparing the weighted
gene expression with the MSN, a significant correlation
was found between the mTLE-HC t map (Fig. 2b, Pear-
son’s 150 =0.46, Pg,;,=0.004). The normalized weights
of PLS1 were ranked based on univariate one-sample
Z tests, given 1485 genes that showed significance after
correction (Pppr<0.005, Fig. 2c¢), indicating the over-
expression or under-expression of these genes corre-
lated with the increase or decrease in the regional MSN.
To determine the relation between these genes and the
neuroinflammation process, the pre-defined gene was
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applied to the AHBA. It resulted in 28 overlapping genes
among all genes (Fig. 2d) and two genes with signifcance
(Fig. 2e). The gene expression correlation was significant
in SMAD3 (Fig. 2e.) and JAK1 (Fig. 2f.) in spin test 1000
but failed to show significance after FDR correction.

The same test was applied to mTLE individuals with
HS compared to controls to further explore the gene
expression correlation within the control subgroup. The
difference in MSN t-value between the mTLE with HS
and controls was shown in Fig. 3a, together with the gra-
dient of the weighted gene expression map of the PLS1
score. A significant correlation was found between the
difference in MSN of the HS subgroups and the PLS1
scores (Pearson’s 155 =0.49, Py, <0.0001, Fig. 3b). The
normalized weights of PLS1 were also ranked based on
univariate one-sample Z tests, as shown in Fig. 3c. The
28 overlapping genes were again corrected in FDR,
where IRF3 (Pearsons rg5p=-0.31, P,;,=0.003),
SMAD3 (Pearson’s r(;50=0.34, Py, =0.003), JAKI (Pear-
son’s r(;50==-0.30, Py,,=0.003), and PRRS5 (Pearson’s

I(150) —O 35, Py =0.005), showed significance(Fig. 3d).
Enrichment pathways associated with changes in MSN
We found that 916 PLS1+(Z>5) genes and 827
PLS—(Z< —5) genes were significantly overexpressed
in cortical regions between mTLE and controls. To bet-
ter summarize the difference in gene transcription, the
enrichment pathway analysis results for PLS + genes were
shown in Fig. 4a. The top five significantly involved

biological processes included Alzheimer’s disease,
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Fig. 2 Gene expression profiles related to morphometric similarity differences between mesial temporal lobe epilepsy (mTLE) and healthy controls
(HQ). a Changes in morphometric similarity network (MSN) and the weighted gene expression map of the PLS1 score in the left hemisphere. b The
scatter plot of the mTLE-HC t value in MSN (y-axis) and the Partial least squares (PLS) 1 score (weighted sum of the 7411 genes), showing Pearson’s

F150)=046, P =0.004. ¢ Ranked PLST loadings in mTLE. d Overlap of the selected inflammation genes with all screened genes, where SMAD3
(Pearson’s r;50,=0.32, Py, =0.014) and JAKT (Pearson's 150 =—0.33, Py, =0.008) were significant before FDR correction. e Scatterplot of the SMAD3
gene expression (x-axis) and the mTLE-HC t value (y-axis). f Scatterplot of the JAKT gene expression (x-axis) and the mTLE-HC t value (y-axis)
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localization within the membrane, vesicle-mediated
transport, intracellular protein transport and transport
of small molecules. For visualization, the Metascape
enrichment network was presented in Fig. 4b, indicat-
ing the similarities of enriched terms within and between
clusters.

Discussion

We assessed alterations in MSN metrics and their corre-
lation with neuroinflammatory gene expression patterns.
The results identified widespread, frontal lobe-oriented
bilateral morphometric changes in mTLE. These altera-
tions may contribute to disease progression and the
development of comorbidities such as Alzheimer’s dis-
ease and cognition declines. Additionally, we observed
that neuroinflammatory gene expression was spatially
correlated with MSN changes, particularly in people
with HS. The extra-temporal MSN differences were
extensively observed between the mTLE and HS, and
gene expression correlations with MSN were more sub-
stantial in the HS subgroup. Enrichment analysis of gene
pathways showed significant alterations related to Alz-
heimer’s disease and various domains of cellular trans-
port, aligning with the recent hypothesis that mTLE
might be a particular subtype of Alzheimer’s disease. It
also examines molecular processes underlying mTLE,
with particular emphasis on the role of neuroinflamma-
tion in shaping brain networks and influencing cognitive
outcomes. These findings provide a more comprehensive
understanding of disease progression in mTLE by inte-
grating transcriptomic and neuroimaging changes.

The MSN changes in mTLE and its global alternation

The widespread structural brain network abnormality
in mTLE has been reported in various populations and
groups in the measurement of gray matter, white matter
and topological patterns, including whole brain volu-
metric network [7—10]. This pathological progression of
mTLE involves widespread neural network remodeling
and neuroinflammatory responses. This extratemporal
global reorganization has also correlated to continuous
progression in mTLE during the disease course, even in
those whose seizures are clinically controlled by medica-
tions [23]. As knowledge increases regarding the asso-
ciation between the extratemporal structural property
changes and possible neuroinflammation and neurode-
generation process [21], the correlation network con-
verging with spatial expression patterns of risk genes for
mTLE remains unclear.

MSN analysis enhanced the understanding of struc-
tural brain abnormalities in mTLE by capturing interre-
gional correlations of multiple morphometric features.
Unlike traditional methods focusing on single structural
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measures [23, 24], MSN integrates these structural brain
metrics to create a more comprehensive map of struc-
tural relationships across regions. The network struc-
ture exposed by MSN is highly correlated with distinct
cortical regions that share similar laminar patterns and
connectivity profiles [3, 6]. Our data suggest significant
structural differences between people with mTLE and
controls, primarily in regions of the frontal, parietal, and
cingulate cortices. Notably, no significant changes were
observed in the temporal lobe regions. The six regions
with increased MSN observed in mTLE suggested the
enhanced morphometric similarity to controls, which
might indicate the functional remodeling of neuronal
connections within these regions, and the further struc-
tural reorganization or excessive activation of these
areas in the brain network [4, 6]. In contrast, decreased
MSN may indicate increased morphometric differentia-
tion, which could reflect weakened neural connectivity
between these areas and other regions of the brain; this
weakening could be related to abnormal brain network
connectivity or dysfunction, potentially contributing
to the progression of the disease. Dysfunction in these
regions could be closely associated with cognitive defi-
cits, emotional fluctuations, or behavioral abnormalities
in people with mTLE [10, 25].

Neuroinflammation and gene expression correlation
MSN enables a detailed exploration of how brain areas
are interconnected regarding their microstructural prop-
erties and the associations among structural network
abnormalities, gene expression, and neuroinflammatory
processes. By combining MSN with transcriptomic anal-
ysis, we found that morphometric alterations were spa-
tially correlated with specific neuroinflammatory genes,
such as SMADS3, IRF3, and PRRS. A stronger correlation
was observed between gene expression and brain net-
work alterations in people with HS. Notably, some studies
have shown that mTLE patients may present “hippocam-
pal innate inflammatory gliosis only [26, 27]; a phenom-
enon where neuroinflammation is restricted to glial cell
proliferation without significant neuronal injury or hip-
pocampal sclerosis. In contrast, mTLE patients with HS
exhibit more widespread structural changes and neuro-
inflammatory responses, which might contribute to the
stronger correlations observed between neuroinflamma-
tory gene expression and structural network alterations
in this subgroup [28]. The presence of hippocampal scle-
rosis may therefore drive more extensive reorganization
of brain networks and a more pronounced neuroinflam-
matory response, which could explain the differences in
gene expression correlations between these two groups.
These findings suggest that neuroinflammation, pos-
sibly through the modulation of these genes, may play a
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crucial role in driving the structural and functional reor-
ganization of brain networks, especially in non-temporal
regions [21, 29].

SMAD3 is a key mediator in the TGF- signaling path-
way. Previous evidence in rodents and human tissue has
shown that the level of phospho-Smad3 is significantly
upregulated in neurons of the temporal cortex in mTLE
compared to controls. It serves as the downstream factor
after the activation of TGF-P1 and further activates the
transcription of TGF-/Smad-targeted genes, releases
inflammatory cytokines, and triggers or maintains sei-
zure [29-31]. While previous research has mainly
focused on temporal lobe tissue, our data suggest that the
activation of SMAD3 could also be triggered at a whole
brain scale and might contribute to the overall structural
alternation.

Interferon regulatory factor 3 (IRF3) is the down-
stream mediator of Toll-like receptor 3 (TLR3) that has
been previously shown to contribute to the inflamma-
tory process and the generation of epileptic seizures in
both directions [32]. Reduced IRF3 signaling could con-
tribute to an environment conducive to neurodegenera-
tion, impaired neurogenesis, and dysfunctional synaptic
remodeling, further enhancing the progression of sei-
zures and epilepsy-related changes in the brain [33].

Additionally, we observed significant MSN changes
corresponding to increased PRRS expression, with more
substantial significance observed in subgroup analyses
of individuals with and without HS. Proline-rich protein
5 (PRR5) is a component of the mammalian target of
rapamycin complex 2 (mTORC2) [34]. Dysregulation of
mTORC2 signaling, including the PRR5 component, can
contribute to abnormal neuronal growth and reorganiza-
tion, which may play a role in the development of epilepsy
and its progression. Activation of the mTOR pathway and
markers of neuroinflammation have been detected in the
epileptic foci of people with mTLE and HS.

The transcription results in the MSN changes have
noted the involvement of three main neuroinflammation
pathways in the whole brain scale. Previous studies [24]
have shown that TLE with HS is closely associated with
progressive cortical atrophy. Research indicates that peo-
ple with mTLE experience cortical thinning at a rate that
exceeds normal aging, with younger individuals (under 55
years old) showing an annual cortical thinning rate twice
that of normal aging, while those older than 55 have an
almost four-fold increase in thinning rate. The network
pathology of mTLE also reveals that epileptic activity is
not confined to traditional foci but extends to broader
regions of the brain, particularly affecting "rich club”
brain regions, which plays a crucial role in seizure gen-
eralization [35]. The overall network topology in people
with mTLE is reduced compared to controls, and those
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with focal seizures are more likely to damage non-"rich
club" brain regions. In contrast, those with generalized
seizures predominantly damage the "rich club" regions,
highlighting the contribution of these core regions to the
spread of mTLE seizures. Our transcription results in the
MSN changes show that morphological and anatomical
connection changes in people with TLE closely correlate
with the expression of specific neuroinflammatory genes,
particularly in those with HS. These findings suggest that
neuroinflammation, possibly through the modulation
of these genes, may play a key role in driving the struc-
tural and functional reorganization of brain networks.
The activation of inflammation-related genes may be one
of the critical factors in the pathological progression of
mTLE. By further assessing these mechanisms, we could
better understand the progression of mTLE and its asso-
ciation with comorbidities such as cognitive decline and
mood disorder. Especially in relation to genes associated
with the mTOR pathway, considering the approved tar-
geted therapies for tuberous sclerosis [36], future gene
therapies [37] targeting these genes or their pathways
could offer new strategies for disease-modifying treat-
ments in mTLE.

By capturing the morphological associations between
brain regions, we provide new insights into the global
changes in brain structural networks, building upon
previous findings of widespread brain atrophy in mTLE
patients [24]. Several studies have previously explored
the relationship between imaging and gene expression
in TLE. Qin et al. [11] primarily analyzed the correlation
between dynamic functional connectivity patterns and
gene expression, finding that in TLE patients with cog-
nitive impairment, changes in dynamic connectivity were
closely linked to adjustments in brain network mod-
ules, demonstrating a strong genetic dependence. Xiao
et al. [38] combined [**F]FDG PET imaging and tran-
scriptomic data to examine brain metabolic networks,
revealing that metabolic alterations in TLE patients were
spatially correlated with the expression of genes related
to neurovascular unit integrity and synaptic plastic-
ity. It showed unique spatial distributions of metabolic
changes in TLE, which were significantly associated
with the expression of genes involved in neuronal func-
tion. Li et al. [39] combined [*®F]SynVesT-1 PET imaging
with transcriptomic data to demonstrate dysfunction in
the synaptic density similarity network (SDSN) in TLE
patients, associated with downregulation of GABAer-
gic genes. This finding intersects with the inflammatory
genes and pathways we focus on, suggesting that future
research should intensify the study of gene pathways
such as neuroinflammation and synaptic transmission in
the structural and functional reorganization of the brain
in TLE patients.
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Enrichment analysis and pathological link

to neurodegenerative diseases

The enrichment analysis exposed significant associations
with pathways related to Alzheimer’s disease and trans-
port-related protein expression, underscoring the cru-
cial roles these processes play in the pathophysiology of
mTLE. These findings highlight the involvement of these
pathology pathways in the progression of mTLE and pro-
vide insight into potential common mechanisms linking
mTLE to neurodegenerative diseases.

mTLE has been increasingly recognized as a disorder
that shares common pathological features with neurode-
generative diseases, particularly Alzheimer’s disease [40].
A structural MRI study about the progressive cortical
atrophy in mTLE found it was similar to mild cognition
impairments [40]. The same cortical and hippocampal
atrophy patterns in both conditions have correlated with
the development of cognitive dysfunction, but not with
the course of epilepsy [41]. The dysregulation of neurode-
velopmental pathways in mTLE is critical to the progres-
sion of the disease. Neuroinflammation, as observed in
mTLE, significantly impacts neuronal development and
synaptic plasticity, which are essential for cognitive func-
tions. This disruption may lead to cognitive deficits in
mTLE, a phenomenon that mirrors similar disruptions
observed in neurodegenerative diseases such as Alzhei-
mer’s disease.

We found that individuals with mTLE exhibited signifi-
cant alterations in MSN, particularly in the frontal, pari-
etal, and cingulate cortex. These changes were associated
with the expression of neuroinflammatory genes, such as
PRRS5, SMAD3, and IRF3, especially in those with hip-
pocampal sclerosis. The most prominent pathways iden-
tified in the enrichment analysis were nervous system
development and neurodegenerations. These findings
underscore the role of neuroinflammation in the reor-
ganization of brain networks in mTLE, suggesting that
neuroinflammatory processes may contribute to progres-
sive structural and functional alterations in the brain. It
supports the potential for early intervention in mTLE to
prevent or slow down the progression of neurodegenera-
tion behind the inflammation.

However, this study presents several limitations that
should be considered. Firstly, the single-center ret-
rospective cohort with a limited sample size might
restrict the effect and stability of the current results.
Secondly, as with the previous studies that applied the
AHBA, the right hemisphere was not selected due to
the limitations in the availability of correct hemisphere
data. Thirdly, previous studies have reported similar
effects in 5- features MSN to 10- features MSN, but
more features could be applied to draft the MSN in
TLE as validation.
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Conclusions

This study identifies widespread structural abnormali-
ties in mTLE, particularly in the frontal, parietal, and
cingulate cortices, with significant correlations to neuro-
inflammatory gene expression. These findings support a
bidirectional link between mTLE and neurodegenerative
diseases, especially in patients with hippocampal scle-
rosis. By integrating MSN analysis with transcriptomic
data, we provide a novel perspective on how brain-wide
structural changes are driven by neuroinflammation, sug-
gesting new biomarkers and potential therapeutic targets
for modifying early progression of mTLE.
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