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Background: Generalized convulsive epilepsy (GCE), an important subtype
of epilepsy, is a syndrome of neuronal dysfunction characterized by diffuse
abnormal discharge of neurons within the brain. Compounding evidence
suggests a correlation between epilepsy and inflammatory factors, for
instance, cyclooxygenase-2, interleukin-18, and interleukin-6. Elevated levels
of inflammatory factors have been observed in patients with epilepsy and
several animal models. Therefore, inflammation may be closely associated
with the pathogenesis and progression of GCE. However, the cause-and-effect
relationship between the two is difficult to determine because of small sample
sizes and confounding factors.

Methods: To test for causality of the 41 cytokines on GCE, we conducted
a two-sample Mendelian randomization (MR) based on the largest and latest
genome-wide association study (GWAS) involving 290 cases and 453,521
European controls and a GWAS meta-analysis consisting of 41 cytokines from
8,293 individuals.

Results: R confirmed a bidirectional causal link between cytokines and GCE.
Genetically predicted increased levels of hepatocyte growth factor and decreased
levels of eotaxin and interleukin-18 are associated with an increased risk of GCE
(OR=1.904,95% Cl=1.019-3.561, p =0.044; OR =0.641,95% Cl =0.417-0.984,
p = 0.042; OR = 0.482, 95% Cl = 0.251-0.927, p = 0.046). Furthermore,
the presence of GCE is related to an increase in levels of multiple cytokines,
such as macrophage inflammatory protein-1a, interleukin-12p70, interleukin-17,
interleukin-1 receptor antagonist, and basic fibroblast growth factor (OR = 1.038,
95% Cl = 1.005-1.073, p = 0.024; OR = 1.031, 95% Cl = 1.009-1.054, p = 0.006;
OR =1.027,95% Cl =1.002-1.053, p =0.037; OR=1.037,95% Cl = 1.003-1.072,
p = 0.032; OR = 1.032, 95% Cl = 1.000-1.066, p = 0.048; OR = 1.025, 95%
Cl =1.003-1.048, p = 0026).

Conclusion: A bidirectional causal link existed between inflammation and
GCE. Detecting significantly altered factor concentrations may be of great
significance for screening GCE and predicting their occurrence. Moreover,
available pharmacological treatments for GCE are focused primarily on
suppressing seizures. In future, altering the concentration of these cytokines in
the body through targeted anti-inflammatory therapy to modify the epileptogenic
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mechanism and prevent the recurrence and refractoriness of GCE may become
the key to new treatments.

KEYWORDS

generalized convulsive epilepsy, epilepsy, inflammation, Mendelian randomization,

instrumental variables

1. Introduction

Approximately 50 million people have epilepsy worldwide, with
two million people suffering annually. In a previous meta-analysis
of epilepsy, Sanjeeb et al. (1) reported that generalized convulsive
epilepsy (GCE) patients accounted for 23.8% of those with epilepsy
of all ages. Given the resistance characteristics of GCE, early
screening and prevention are necessary for GCE’s identification and
management. Understanding the etiology and pathogenesis of GCE
is essential for its prevention and treatment. However, the exact
pathophysiological mechanisms underlying GCE remain unknown.
Previous studies have suggested that this may be related to an
imbalance between neuronal excitation and inhibition, which leads
to the burst firing of increased synchronous electrical neuronal
activity. Moreover, this phenomenon is occasionally enhanced
in response to physiological stimuli. Furthermore, because of
the increased hypersynchronous activity of normal neurons,
normal cortical areas have stronger activation and synchronization,
allowing this process to spread more vigorously to other cortical
areas. With the progressive increase in cortical synchrony, the
activation of subcortical or brainstem structures by descending
projections may be key to transforming non-convulsive disorders
into persistent GCE (2).

Several studies have reported the association between
inflammation and epilepsy (3). There is evidence that seizures are
related to pro-inflammatory cytokines, particularly interleukin-
18 (IL-1B), IL-6, and tumor necrosis factor-a (TNF-a) (4).
As an important subtype of epilepsy, we suggested that the
occurrence of GCE may be significantly correlated with
Moreover, causation and residual

inflammation. reverse

confounding factors are common biases in conventional

observational studies, making it challenging to clarify a
causal relationship between inflammatory factors and GCE.
Nevertheless, causal evidence can be determined using Mendelian
randomization (MR).

Mendelian randomization (MR) utilizes genetic variants as
instrumental variables (IVs) to explore the causal effects of
exposure on outcomes of interest, which can overcome the

limitations of observational research (5). As genotypes are

Abbreviations: GCE, generalized convulsive epilepsy; MR, two-sample
Mendelian randomization; GWAS, genome-wide association study; IL-18,
interleukin-18; TNF-a, tumor necrosis factor-a; IVs, instrumental variables;
SNP, single nucleotide polymorphisms; IVW, inverse variance weighted;
IL-12p70, Interleukin-12p70; IL-17, IL-1ra,

1 receptor antagonist; bFGF, basic fibroblast growth factor;

Interleukin-
HGF/SF,

hepatocyte growth factor/dispersal factor; CCR5, CC chemokine receptor

Interleukin-17;

5; VNS, vagus nerve stimulation.
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randomly assigned during gamete fusion, MR analysis is less likely
to be affected by reverse causality and confounding factors, similar
to a randomized controlled trial. Hence, we performed a two-
sample bidirectional MR study to assess the relationship between
inflammatory factors and the risk of GCE.

2. Material and method
2.1. Study design

The general study design is illustrated in Figure 1. The genome-
wide association study (GWAS) summary data on cytokines
and epilepsy were derived from published studies; therefore, no
additional ethical clearance was required. Comprehensive GWAS
summary statistics are available from the GWAS Catalog server
(https://www.ebi.ac.uk/gwas/home). There are no participants in
this study who are not of European ancestry. To implement
Mendelian randomization, three main assumptions must be
met: (1) IVs strongly correlate with exposure. (2) IVs were
independent of unidentified confounders between exposure and
outcome. (3) IVs are only predicted to affect outcomes through
exposure (6).

2.2. The selection of data sources and
instruments

Data on circulating cytokines were extracted from 8,293
individuals, including 41 cytokines (7). An overview of the detailed
GWAS data on the cytokines utilized in the MR analyses is
presented in Table 1. GWAS summary statistics on epilepsy were
obtained from the United Kingdom Biobank (UKB), involving 290
epilepsy cases and 4,56,058 European controls, and were adjusted
for covariates using a generalized linear mixed model (GLMM)-
based method named fastGWA-GLMM.

The threshold for genome-wide significance was P < 5 X
107 to avoid the presence of false positive IVs. In linkage
disequilibrium, single nucleotide polymorphisms (SNPs) with the
lowest p-values were retained as independent after pruning all SNPs
in linkage disequilibrium LD (r2 < 0.001 in the European 1,000 G
reference panel) (8). After harmonizing the selected SNPs with the
outcome data, we selected all 41 systemic inflammation regulators.
To ensure that there was no weak instrumental variable bias, we
confirmed that the F-statistic was higher than 10, indicating that
the study was strong enough to avoid bias (9).
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TABLE 1 Sample size for each cytokine analyzed in this study acquired from the GWAS.

Cytokines Abbreviation Sample size Number

Cutaneous T-cell attracting (CCL27) CTACK 3,631 GCST004420
Beta nerve growth factor BNGF 3,531 GCST004421
Vascular endothelial growth factor VEGF 7,118 GCST004422
Macrophage migration inhibitory factor (glycosylation-inhibiting factor) MIF 3,494 GCST004423
TNF-related apoptosis inducing ligand TRAIL 8,186 GCST004424
Tumor necrosis factor-beta TNEB 1,559 GCST004425
Tumor necrosis factor-alpha TNFa 3,454 GCST004426
Stromal cell-derived factor-1 alpha (CXCL12) SDFla 5,998 GCST004427
Stem cell growth factor beta SCGFB 3,682 GCST004428
Stem cell factor SCF 8,290 GCST004429
Interleukin-16 IL-16 3,483 GCST004430
Regulated on Activation, Normal T Cell Expressed and Secreted (CCL5) RANTES 3,421 GCST004431
Platelet-derived growth factor BB PDGFbb 8,293 GCST004432
Macrophage inflammatory protein-1f (CCL4) MIP1B 8,243 GCST004433
Macrophage inflammatory protein-1a (CCL3) MIPla 3,522 GCST004434
Monokine induced by interferon-gamma (CXCL9) MIG 3,685 GCST004435
Macrophage colony-stimulating factor MCSF 840 GCST004436
Monocyte specific chemokine 3 (CCL7) MCP3 843 GCST004437
Monocyte chemotactic protein-1 (CCL2) MCP1 8,293 GCST004438
Interleukin-12p70 IL-12p70 8,270 GCST004439
Interferon gamma-induced protein 10 (CXCL10) 1P10 3,685 GCST004440
Interleukin-18 1L-18 3,636 GCST004441
Interleukin-17 IL-17 7,760 GCST004442
Interleukin-13 1L-13 3,557 GCST004443
Interleukin-10 IL-10 7,681 GCST004444
Interleukin-8 (CXCLS8) IL-8 3,526 GCST004445
Interleukin-6 1L-6 8,189 GCST004446
Interleukin-1 receptor antagonist IL1ra 3,638 GCST004447
Interleukin-1-beta IL-1B 3,309 GCST004448
Hepatocyte growth factor HGF 8,292 GCST004449
Interleukin-9 1L-9 3,634 GCST004450
Interleukin-7 IL-7 3,409 GCST004451
Interleukin-5 1L-5 3,364 GCST004452
Interleukin-4 1L-4 8,124 GCST004453
Interleukin-2 receptor, alpha subunit IL2ro 3,677 GCST004454
Interleukin-2 IL-2 3,475 GCST004455
Interferon-gamma IFN-y 7,701 GCST004456
Growth regulated oncogene-a (CXCL1) GROa 3,505 GCST004457
Granulocyte colony-stimulating factor GCSF 7,904 GCST004458
Basic fibroblast growth factor bFGF 7,565 GCST004459
Eotaxin (CCL11) Eotaxin 8,153 GCST004460
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FIGURE 1

Flowchart of MR analysis in this study. SNPs, single nucleotide polymorphisms.

2.3. Statistical analysis

This bidirectional MR study aimed to investigate the
association between cytokine levels and epilepsy risk and vice
versa. The primary analysis utilized the inverse variance-weighted
(IVW) method, which estimated the combined causal effects
of each SNP. Additionally, MR-Egger and weighted median
analyses were used as complementary methods (10). Several
sensitivity analyses were performed to ensure the robustness of
the results. Furthermore, Cochran’s Q test was used to evaluate
the heterogeneity between the causal effects of different genetic
variants, with a significance level of a P-value of <0.05 (11).
Additionally, the MR-PRESSO method was used to detect and
remove possible outliers to obtain an unbiased causal estimate (12).
Furthermore, a leave-one-out sensitivity analysis was conducted to
assess the overall stability.

If the results of the IVW method were statistically significant
(P < 0.05), the results were considered positive, even if the other
methods did not reach statistical significance and no pleiotropy or
heterogeneity was observed, provided that the beta values of the
other methods were in the same direction (13). When horizontal
pleiotropy was observed but not heterogeneity, the MR-Egger
method was preferred; however, the weighted median method
was selected when heterogeneity was observed but not pleiotropy.
Alternatively, the multiplicative random effects inverse variance
weighting (mre-IVW) method was employed for the analysis.

Analyses were conducted using the TwoSampleMR (version
0.5.6) and MR-PRESSO (version 1.0) packages in R (version 4.2.1).

3. Result

This study observed a bidirectional association between
cytokine levels and epilepsy.

Frontiersin Neurology

04

Genetically predicted cytokines associated with epilepsy.
Reduced eotaxin (CCL11) and elevated hepatocyte growth factor
(HGF) were associated with an increased risk of epilepsy
(OR = 1.904, 95% CI = 1.019-3.561, p = 0.044; OR = 0.641, 95%
CI = 0.417-0.984, p = 0.042) when the IVW method was used.
Although elevated Interleukin-18 (IL-18) levels were associated
with a decreased risk of epilepsy, the efficacy of the assessment
may have been lower because the results were not significant
(P > 0.05) when using the IVW method, thus necessitating the
use of the MR-Egger method (OR = 0.482, 95% CI = 0.251-
0.927, p = 0.046). Cochrans Q test, MR-Egger intercept, and
MR-PRESSO global test analyses failed to detect heterogeneity
and horizontal pleiotropy in the primary analysis (all P > 0.05).
In addition, no single SNP significantly affected the overall
effect of cytokines on epilepsy in the IVW in the leave-one-
out sensitivity analysis. Figure 2 shows the forest plots of the
above results.

Similarly, genetically predicted epileptogenesis was associated
with elevated levels of multiple cytokines, such as macrophage
inflammatory protein-lo. (CCL3), Interleukin-12p70(IL-12p70),
Interleukin-17(IL-17), Interleukin-1 receptor antagonist (IL-1ra),
and basic fibroblast growth factor (bFGF) (OR = 1.038, 95%
CI = 1.005-1.073, p = 0.024; OR = 1.031, 95% CI = 1.009-
1.054, p = 0.006; OR = 1.027, 95% CI = 1.002-1.053, p = 0.037;
OR = 1.037, 95% CI = 1.003-1.072, p = 0.032; OR = 1.032,
95% CI = 1.000-1.066, p = 0.048; OR = 1.025, 95% CI = 1.003-
1.048, p = 0026). All results were significant when the MR
was conducted using the IVW method as the primary analysis
method. Furthermore, sensitivity tests using Cochran’s Q test,
MR-Egger intercept, and MR-PRESSO did not show significant
results, confirming the reliability of the IVW method. In addition,
the significant outcomes of MR and sensitivity analyses regarding
predicting cytokines and GCE are displayed in Table 2. Figure 3
shows the scatter plots of the above results. The findings of the MR
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FIGURE 2

(A) Forest plots for the exposure of HGF. (B) Forest plots for the exposure of CCL11.

and sensitivity analyses between the cytokines and GCE are shown
in Figures 4, 5, respectively.

4. Discussion

As one of the most common neurological disorders, the
prevalence of epilepsy in the United States and Europe is 55 per
100,000 people annually, with approximately 65 million people
affected worldwide (14). One study showed that GCE accounts for
23.8% of all epilepsy types (1). If not terminated in time, GCE has
the potential to progress to convulsive status epilepticus, which
significantly increases brain metabolism and causes irreversible
brain tissue damage, ultimately leading to higher mortality and
disability rates (15-17). Currently, the inability to assess the risk
and susceptibility of GCE, lack of timely access to care, and
poor patient compliance add to the challenges of treating GCE.
Recent clinical and experimental studies have demonstrated a close
relationship between epilepsy and inflammatory response, and
the latter is a fundamental characteristic of specific areas of the
brain (lesions with increased excitability) (18, 19). By screening
41 cytokines in the largest GWAS datasets available, we observed
a bidirectional relationship between cytokines and GCE that can
predict each other. Notably, the development of GCE can trigger
an elevation in cytokines, including CCL3, IL-12p70, IL-17, IL-17,
IL-1ra, and bFGE and altered levels of cytokines, including CCL11,
HGE and IL-18, can cause changes in GCE risk. To the best of our
knowledge, this is the largest and most comprehensive MR study
exploring the causal relationship between inflammatory regulators
and GCE.

The hepatocyte growth factor (HGF) plays a key role not
only in the migration of interneurons from ganglionic protrusions
to the cerebral cortex but also in the maintenance of neural
circuit formation and cell survival (20). GABAergic neurons
play an essential role in regulating excitatory neurotransmission
(21). Reportedly, spontaneous seizures in adult mice after HGF
supplementation contrasted with the reversal of epileptic behavior
and stabilization of spontaneous EEG discharges when the HGF
concentration was reduced (22). These studies demonstrated an
inverse correlation between serum HGF levels and epilepsy,

Frontiersin Neurology

05

contradicting the findings of the present study that higher HGF
levels corresponded with the occurrence of GCE. The different
results may be because the samples of previous studies were
animals, and specific types of epilepsy were not investigated.
Moreover, the above animal experiments did not explain the
specific types of seizures, which may have contributed to the
difference between their research results and ours.

Some chemokine receptors, such as CCL3 and CCLI1I, are
highly expressed in the hippocampus and are associated with
epilepsy because they may promote the release of excitatory
neurotransmitters (23, 24). By upregulating nicotinamide adenine
dinucleotide phosphate oxidase-1, CCL11 promotes microglial
migration, induces reactive oxygen species production, and
enhances excitotoxic neuronal death (25). This may explain the
mechanism underlying the proconvulsant effect of CCL11. Notably,
a prospective study of 56 patients aged 0-16 showed that CCL11
concentrations were significantly higher in the refractory epilepsy
group than in the control group (26). This discrepancy in the results
of our study may be because of the insufficient number of patients
in this prospective study and the inability of the participating
population to represent patients of all ages.

IL-18 of the interleukin-1 family is produced almost exclusively
by brain cells. Significant elevations in IL-18 concentrations were
observed in both animal models and patients with epilepsy;
however, no association was observed between epilepsy or seizure
type and serum IL-18 levels (27). IL-18 gene amplification and
elevated IL-18 concentrations have been observed in patients with
temporal lobe epilepsy [29], suggesting that a genotype can increase
inflammatory factors, leading to epilepsy. In the MR analysis of the
present study, IL-18 was confirmed to cause epilepsy development
only with the MR approach, which was less effective than the IVW
approach. Furthermore, there was no significant change in seizure
frequency in IL-18 knockout mice compared with wild-type mice
(28). Therefore, the argument that IL-18 triggers the formation of
GCE remains controversial.

Furthermore, IL-18 can exacerbate seizures by enhancing
glutamate-mediated neurotransmission. IL-1ra, an endogenous
antagonist of IL-1R, competes with IL-1f for binding to IL-
1 receptors and inhibits seizures in the presence of IL-lra
overexpression. In addition, the intrahippocampal injection of

frontiersin.org


https://doi.org/10.3389/fneur.2023.1206290
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Wang et al.

TABLE 2 Results of the MR study testing causal association between systemic inflammatory regulators and risk of epilepsy.

Cytokines

Number
of SNPs

beta

OR (95% Cl)

P for
heterogeneity

test

10.3389/fneur.2023.1206290

P for MR-Egger P for
intercept

MR-PRESSO
(0 outliers)

Hepatocyte growth factor

Inverse variance 7 0.644 1.904 (1.019-3.561) 0.044 0.389 0.120 0.215
weighted
MR Egger 7 1.875 5.522 (1.568-27.132) 0.050 0.730
Weighted median 7 0.685 1.983 (0.865-4.548) 0.106
Eotaxin (CCL11)
Inverse variance 15 —0.445 0.641 (0.417-0.984) 0.042 0.346 0.694 0.061
weighted
MR Egger 15 —0.652 0.521 (0.173-1.569) 0.267 0.290
Weighted median 15 —0.398 0.672 (0.386-1.167) 0.158
Interleukin-18 (IL-18)
Inverse variance 16 —0.183 0.833 (0.576-1.203) 0.329 0.028 0.076 0.612
weighted
MR Egger 16 —0.728 0.482 (0.251-0.927) 0.046 0.090
Weighted median 16 —0.332 0.718 (0.482-1.068) 0.102
Macrophage inflammatory protein-1a (CCL3)
Inverse variance 7 0.038 1.038 (1.005-1.073) 0.024 0.486 0.327 0.089
weighted
MR Egger 7 0.056 1.058 (1.009-1.109) 0.066 0.510
Weighted median 7 0.032 1.033 (0.987-1.081) 0.163
Interleukin-12p70(IL-12p70)
Inverse variance 7 0.031 1.031 (1.009-1.054) 0.006 0.360 0.678 0.170
weighted
MR Egger 7 0.036 1.037 (1.003-1.072) 0.087 0.274
Weighted median 7 0.033 1.033 (1.003-1.064) 0.033
Interleukin-17 (IL-17)
Inverse variance 7 0.026 1.027 (1.002-1.053) 0.037 0.430 0.792 0.446
weighted
MR Egger 7 0.023 1.023 (0.985-1.063) 0.296 0.463
Weighted median 7 0.024 1.024 (0.995-1.054) 0.100
Interleukin-13 (IL-13)
Inverse variance 7 0.036 1.037 (1.003-1.072) 0.032 0.430 0.303 0.055
weighted
MR Egger 7 0.057 1.058 (1.009-1.110) 0.069 0.463
Weighted median 7 0.058 1.060 (1.009-1.114) 0.021
Interleukin-1 receptor antagonist (IL-1ra)
Inverse variance 7 0.032 1.032 (1.000-1.066) 0.048 0.593 0.914 0.100
weighted
MR Egger 7 0.034 1.034 (0.988-1.083) 0.204 0.472
Weighted median 7 0.031 1.031 (0.989-1.075) 0.148
Basic fibroblast growth factor (bFGF)
Inverse variance 7 0.025 1.025 (1.003-1.048) 0.026 0.597 0.707 0.190
weighted
MR Egger 7 0.021 1.021 (0.990-1.053) 0.240 0.489
Weighted median 7 0.024 1.025 (0.995-1.055) 0.103
Frontiersin Neurology 06 frontiersin.org
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(A) Scatter plot for the outcome of CCL3. (B) Scatter plot for the outcome of IL-12p70. (C) Scatter plot for the outcome of IL-17. (D) Scatter plot for
the outcome of IL-13. (E) Scatter plot for the outcome of IL-1ra. (F) Scatter plot for the outcome of bFGF.
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exogenous IL-1ra reduced the incidence of epilepsy (29). The MR
analysis in this study revealed that IL-1ra was present downstream
of epilepsy (i.e., seizures resulted in significant changes in IL-1ra),
and elevated IL-1ra levels may represent a protective mechanism
of the organism. Therefore, altering the ILIRA/ILIf ratio by
endogenous or exogenous supplementation or reduction may be a
potential therapeutic target for GCE.

In this study, there was also a marked elevation in the levels
of cytokines other than IL-1ra after epilepsy, including CCL3,
IL-12p70, IL-13, IL-17, and bFGF.

Elevations in CC chemokine receptor 5 (CCR5) and CCL3
ligands of CCR5 are observed in epilepsy (30). Mouse animal
models have demonstrated a central role for CCR5 and its ligands
in mediating inflammation, suggesting that reduced levels of CCR5
may have neuroprotective and neurodegenerative effects (28). In a
pilocarpine epilepsy model, status epilepticus promoted leukocyte

Frontiersin Neurology

4 integrin-mediated leukocyte adhesion to vascular cell adhesion
molecule-1, whereas antibodies against leukocyte 4 integrin can
prevent seizure development and status epilepticus (31). It has
also been observed that inflammation can also increase neuronal
excitability and promote epilepsy or increase its susceptibility (3,
32). Therefore, based on the animal experiments described above,
further studies regarding CCR5 and CCL3 as potential pathways
for epilepsy treatment are warranted. However, multiple ligands
can interact with CCR5, and much work remains to be done to
determine optimal treatment options.

IL-12p70, a subunit of IL-12, is a biologically active cytokine
secreted by monocytes, macrophages, and dendritic cells that
plays an important role in inflammation and antitumor immunity,
and also in the proliferation of NK cells, induction of cytotoxic
T cell maturation, and increased toxicity (33, 34). This study
demonstrated elevated IL-12p70 levels after GCE, suggesting
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GCE Cutaneous T-cell attracting (CCL27) IVW = 0.011 0.017 0.533
GCE Beta nerve growth factor IVW —a— 0.001 0.016 0.968
GCE Vascular endothelial growth factor VW e 0.011 0.013 0.389
GCE Macrophage migration inhibitory factor (glycosylation—inhibiting factor) VW —s— 0.003 0.020 0.891
GCE TNF-related apoptosis inducing ligand VW | 0.017 0.012 0.170
GCE Tumor necrosis factor-beta IVW —_— (0.027) 0.045 0.558
GCE Tumor necrosis factor-alpha IVW = 0.020 0.018 0.289
GCE Stromal cell-derived factor-1 alpha (CXCL12) IVW 22 (0.002) 0.008 0.777
GCE Stem cell growth factor beta VW —=— (0.012) 0.016 0.436
GCE Stem cell factor Ivw (o] 0.016 0.010 0.099
GCE Interleukin-16 Ivw —— 0.015 0.030 0.628
GCE Regulated on Activation, Normal T Cell Expressed and Secreted (CCL5) VW —e— (0.016) 0.021 0.435
GCE Platelet derived growth factor BB IVW = 0.018 0.013 0.168
GCE Macrophage inflammatory protein-1.. (CCL4) IVW = 0.015 0.011 0.157
GCE Macrophage inflammatory protein-1.. (CCL3) IVW s 0.038 0.017 0.024
GCE Monokine induced by interferon-gamma (CXCL9) VW —=— 0.023 0.016 0.154
GCE Macrophage colony-stimulating factor VW —— 0.032 0.024 0.192
GCE Monocyte specific chemokine 3 (CCL7) VW e 0.027 0.027 0.324
GCE Monocyte chemotactic protein—1 (CCL2) IVW = | 0.003 0.011 0.772
GCE Interleukin—12p70 VW (| 0.031 0.011 0.006
GCE Interferon gamma-induced protein 10 (CXCL10) IVW == (0.008) 0.015 0.595
GCE Interleukin-18 Ivw —— (0.006) 0.017 0.704
GCE Interleukin-17 VW = 0.026 0.013 0.037
GCE Interleukin-13 VW —a— 0.036 0.017 0.032
GCE Interleukin—10 VW = 0.022 0.013 0.089
GCE Interleukin—8 (CXCL8) VW f—a— 0.029 0.016 0.081
GCE Interleukin-6 VW = 0.020 0.011 0.068
GCE Interleukin—1 receptor antagonist VW —=— 0.032 0.016 0.048
GCE Interleukin—1-beta VW = 0.031 0.012 0.008
GCE Hepatocyte growth factor VW - (0.001) 0.010 0.907
GCE Interleukin-9 VW —a— 0.026 0.016 0.111
GCE Interleukin-7 VW —a—] 0.027 0.017 0.110
GCE Interleukin-5 VW ] 0.047 0.018 0.008
GCE Interleukin-4 VW = 0.021 0.011 0.058
GCE Interleukin—2 receptor, alpha subunit IVW —a— (0.000) 0.018 0.998
GCE Interleukin-2 VW = 0.021 0.018 0.244
GCE Interferon-gamma IVW = 0.018 0.012 0.131
GCE Growth regulated oncogene-.. (CXCL1) VW —a— (0.017) 0.018 0.337
GCE Granulocyte colony-stimulating factor IVW [ae ] 0.011 0.011 0.348
GCE Basic fibroblast growth factor VW | 0.025 0.011 0.026
GCE Eotaxin (CCL11) VW o (0.000) 0.011 0.977

DIB D'B OR(%95CI) : 1'1
FIGURE 4
Association between genetically predicted GCE and the levels of cytokines.

that this cytokine is associated with secondary brain injury.
Furthermore, studies have shown that GCE can induce an
inflammatory response, resulting in increased serum high-mobility
group box 1 (HMGBI) levels (35); in contrast, HMGBI inactivation
or receptor blockade relieves epilepsy (36), suggesting that
GCE may be alleviated by targeting IL12p70 antagonists or
their receptors.

IL-13, an anti-inflammatory cytokine, is involved in various
physiological and pathological processes, such as cell proliferation,
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apoptosis, and inflammatory and immune reactions. In treating
drug-resistant epilepsy, vagus nerve stimulation (VNS) is used
(37). A previous study showed that in adult rats with seizures,
IL-13 was significantly increased after VNS, and the frequency
and duration of seizures were significantly lower than those
in the group that did not undergo VNS implantation but had
seizures (38). This suggests that VNS treatment of epilepsy may be
achieved by upregulating anti-inflammatory factors such as IL-13.
Considering the elevated IL-13 concentrations after seizures and
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Exposure Outcome Method Beta Se Pval
Cutaneous T-cell attracting (CCL27) GCE VW = 0.149 0.185 0.421
Beta nerve growth factor GCE VW H— -0.403 0.267 0.131
Vascular endothelial growth factor GCE \A%% = -0.052 0.150 0.729
Macrophage migration inhibitory factor (glycosylation-inhibiting factor) GCE VW —— 0.074 0.275 0.787
TNF-related apoptosis inducing ligand GCE VW = 0.096 0.132 0.466
Tumor necrosis factor-beta GCE VW - -0.020 0.150 0.895
Tumor necrosis factor-alpha GCE VW —— -0.265 0.252 0.294
Stromal cell-derived factor-1 alpha (CXCL12) GCE VW e S | 0.209 0.381 0.584
Stem cell growth factor beta GCE VW —— -0.010 0.159 0.949
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Regulated on Activation, Normal T Cell Expressed and Secreted (CCL5) GCE VW —-—— -0.147 0.218 0.500
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Macrophage inflammatory protein—18 (CCL4) GCE VW - 0.032 0.133 0.809
Macrophage inflammatory protein—-1a (CCL3) GCE VW —— -0.267 0.263 0.310
Monokine induced by interferon-gamma (CXCL9) GCE VW —— 0.304 0.195 0.120
Macrophage colony-stimulating factor GCE VW = -0.108 0.170 0.522
Monocyte specific chemokine 3 (CCL7) GCE VW H— -0.373 0.298 0.210
Monocyte chemotactic protein—1 (CCL2) GCE VW ] -0.233 0.212 0.270
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Interferon gamma-induced protein 10 (CXCL10) GCE VW ——q 0.005 0.280 0.985
Interleukin-18 GCE VW = -0.183 0.188 0.329
Interleukin-17 GCE VW - 0.010 0.346 0.977
Interleukin—-13 GCE IVW = -0.014 0.153 0.927
Interleukin-10 GCE VW —— -0.075 0.217 0.728
Interleukin-8 (CXCL8) GCE VW ——— -0.215 0.340 0.527
Interleukin-6 GCE VW — -0.378 0.422 0.370
Interleukin—1 receptor antagonist GCE VW —— -0.013 0.282 0.963
Interleukin-1-beta GCE VW ——— -0.192 0.341 0.573
Hepatocyte growth factor GCE VW | 0.644 0.319 0.044
Interleukin-9 GCE VW —— 0.005 0.276 0.987
Interleukin-7 GCE VW = -0.083 0.169 0.623
Interleukin-5 GCE VW ——e 0.345 0.359 0.336
Interleukin—4 GCE VW s 0.409 0.376 0.276
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Growth regulated oncogene-a (CXCL1) GCE VW = -0.050 0.133 0.707
Granulocyte colony-stimulating factor GCE VW —— -0.290 0.311 0.351
Basic fibroblast growth factor GCE VW t 0.073 0.554 0.895
Eotaxin (CCL11) GCE VW H— —-0.445 0.219 0.042

OR(%95CI)
FIGURE 5
Association between genetically predicted the levels of cytokines and GCE.

its anti-inflammatory properties, further studies are warranted to
monitor the therapeutic effects of GCE.

Currently, there is a lack of studies comparing IL-17 and GCE,
with only references to other studies. IL-17 concentrations are
higher in the serum and cerebrospinal fluid of patients with epilepsy
(39, 40). Furthermore, IL-17 can be used as an independent marker
for evaluating the severity of temporal lobe epilepsy and idiopathic
generalized epilepsy (41). In addition, previous studies have shown
that IL-17 can contribute to the development of epilepsy through
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various pathogenic mechanisms such as neuroinflammation,
breakdown of the blood-brain barrier, abnormal neurotransmitter
transmission, and abnormal ion channel activity. Therefore, we
assumed that, in addition to being used to monitor disease severity,
IL-17 is a potential anti-GCE target.

Furthermore, the basic fibroblast growth factor (bFGF)
is widely distributed in peripheral tissues and the central
nervous system and has significant neurotrophic and protective
effects on neurons and glial cells. In animal experiments, the
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intracerebroventricular infusion of bFGF significantly reduced
hippocampal neuronal loss and seizure frequency in rats with
epilepsy (42). The post-epileptic cytokine elevation observed in
this study may provide feedback on this protective mechanism.
Therefore, promoting the synthesis of endogenous bFGF or
supplementing exogenous bFGF through appropriate pathways
provides a new avenue for treating GCE.

Despite the importance of this study, it has some limitations.
These data only apply to European populations, and other ethnic
groups may not benefit. The definition of GCE remains broad
and unclear and may present inherent limitations in utilizing
datasets for research. Nevertheless, the current understanding of
seizure subtypes in epilepsy has room for improvement, and more
comprehensive data are necessary to obtain a higher level of
evidence. Moreover, because of the lack of categorized data on GCE
patient characteristics, such as the age of onset, sex, and disease
severity (e.g., seizure frequency and duration), it remains difficult
to analyze by category according to the above indicators.

In conclusion, there was a causal link between the cytokines
and GCE. Detecting significantly altered factor concentrations
may be of great significance for screening GCE and predicting
their occurrence. Moreover, available pharmacological treatments
for GCE primarily focus on suppressing seizures. Subsequently,
altering the concentration of these cytokines in the body through
targeted anti-inflammatory therapy modifies the epileptogenic
mechanism and prevents the recurrence and refractoriness
of GCE. Therefore,
motor, and behavioral impairments may become the key to

reducing epilepsy-induced cognitive,

new treatments.
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