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Purpose: Proinflammatory cytokines seems to play a role in epileptogenesis independent of the underlying cause. 

The purpose of this study was to assess if IL-18 and its binding protein IL-18BP are related to epilepsy and could 

act as a predictive biomarker for epileptogenesis. 

Methods: In this cross-sectional study, circulating levels of IL-18 and IL-18BP were analysed in 119 epilepsy 

patients, and 80 healthy controls. Participants completed a questionnaire regarding epilepsy, use of drug(-s) and 

comorbidity. 

Results: Epilepsy patients had significantly higher serum levels of IL-18 (p = 0.003) and IL-18BP (p = 0.009) 

than healthy controls. The groups differed in sex, age and weight, however none of those variables were sig- 

nificantly correlated with IL-18 and IL-18BP in patients or controls. Weight was considered an important con- 

founder in our study. Subgroup investigations revealed that in participants with BMI under 30 kg/m², serum IL- 

18 (p = 0.032) and IL-18BP (p = 0.029) remained significantly higher in patients than controls. Further analyses 

showed significantly higher concentration of IL-18 among participants using carbamazepine (CBZ) (p = 0.016) 

or lamotrigine (LTG) (p = 0.024), but not in those using levetiracetam (LEV) (p = 0.102) compared to controls. 

No associations were found between serum levels of IL-18 and IL-18BP and epilepsy duration, seizures type, or 

presence of seizures in the last six months. 

Conclusion: The study shows an elevation of IL-18 and IL-18BP serum levels in epilepsy patients. This result 

indicates the presence of a low-grade systemic inflammation involving IL-18 in epilepsy. Further investigations 

should explore the character and clinical impact of IL-18 as well its possible role as a biomarker for epilepsy. 

 
 

 
 

1. Introduction 

 
Current epilepsy treatment is mostly symptomatic and seems not to 

influence the underlying pathology or progression of the disease [1,2]. 

One-third of the patients are resistant to current therapies and possible 

mechanisms responsible for drug resistance are still unknown [2–4]. 

Polytherapy with antiseizure medications (ASM) is often required in 

those patients. The lack of evidence-based guidelines for drug-resistant 

epilepsy remains a clinical challenge [5]. 

The presence of inflammation, without known autoimmune or in- 

fectious etiology has been reported in epilepsy in the past two decades, 

 
and has been considered an important mechanism for epileptogenesis 

[for review see [4,6–8]]. A ‘neuromodulatory’ role of various in- 

flammatory molecules like cytokines, chemokines and prostaglandins in 

epilepsy models has been described by both a direct action on neurons, 

and by an autocrine receptor stimulation in glia cells which influence 

glianeuronal communication [3,9,10]. 

Interleukin (IL)-18, a classical inflammatory cytokine related to the 

IL-1 family are among others released from NLRP3 inflammasomes. IL- 

18 may be synthesized in central nervous system (CNS), and its re- 

ceptors are expressed in neurons [11–13]. Studies in rodent brain re- 

vealed  the  presence  of  IL-18  transcript  in  various  regions  like 
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hippocampus, amygdala, hypothalamus, cerebral cortex and cere- 

bellum [14–17], and microglia and astrocytes seem to produce IL-18 

[18,19]. In humans, several studies revealed higher IL-18 levels in 

serum and cerebrospinal fluid in patients with multiple sclerosis (MS) 

[11,20–22]. In Alzheimer’s disease and vascular dementia higher levels 

correlated with cognitive decline [23–26]. The biological effects of IL- 

18 are augmented by the IL-18 binding protein (IL-18BP) that binds to 

IL-18 with an affinity significantly higher than that of IL-18 receptor α 

chain (IL-18Rα) [27,28]. So far, data on the regulation of IL-18BP in 
brain diseases are scarce. 

The role of IL-18 in relation to epilepsy and seizures is not clarified. 

The level of IL-18 has been shown to be increased after kainic acid (KA) 

induced excitotoxic and hypoxic-ischemic brain injury. This finding 

suggests that IL-18 has a role in neurodegeneration and contributes to 

cellular damage [11,29–31]. In contrast, some papers have reported a 

protective effect of IL-18 in rats with status epilepticus (SE) [32,33]. 

Moreover, Jung et al. concluded that IL-18-related mechanisms main- 

tain permeability of the blood-brain barrier (BBB) by an up-regulation 

of dystrophin expression, which leads to a reduction of vasogenic oe- 

dema. However, so far human data on IL-18 in relation to epilepsy and 

seizures, are lacking. 

We hypothesized that IL-18 could be involved in the development 

and progression of epilepsy and in the present study we examined 

serum levels of IL-18 and IL-18BP in epilepsy patients and healthy 

controls. We also investigated if IL-18/IL-18BP was related to clinical 

characteristics like seizure frequency, seizure types or epilepsy dura- 

tion. 

 

2. Methods 

 
2.1. Participants 

 
119 patients with epilepsy and 80 healthy controls participated in 

the current cross-sectional study. All epilepsy and seizure types were 

included in  the study  and  classified  according to the  International 

League Against Epilepsy classifications [34–36]. The patients were re- 

cruited from the outpatient clinics at Oslo University Hospital and 

Østfold Hospital, Norway. Inclusion criteria for all participants were 

age above 18 years, lack of autoimmune disorders, not mentally re- 

tarded and no drug or alcohol abuse. Patients should have been treated 

with carbamazepine (CBZ), lamotrigine (LTG) or levetiracetam (LEV) in 

monotherapy for at least six months. Exclusion criteria were use of any 

other ASM for the last year before inclusion, the use of anti-in- 

flammatory medications and oral contraceptives in women. The control 

group was recruited among students, hospital staff and the general 

population of Oslo. All participants completed standardised ques- 

tionnaires on demographic and clinical characteristics, with particular 

focus on comorbidity. Based on this clinical evaluation all controls were 

considered as apparently healthy. 

The study was approved by The Regional Committee for Medical 

and Health Research Ethics (REC Norway), and has been performed in 

accordance to the ethical standard in the Declaration of Helsinki. All 

participants received both oral and written information about the study 

and signed informed consent was mandatory. 

 
2.2. Data collection 

 
Epilepsy duration was defined as the period from the first epileptic 

seizure to inclusion. Patients were divided into three groups according 

to the use of ASM with either CBZ, LTG or LEV. Subgroups were created 

on the basis of: (i) most frequent types of seizures (generalized versus 

focal), (ii) number of seizures during lifetime, and (iii) presence of 

seizures in the last six months before inclusion. Participants with less 

than five epileptic seizures in total were classified as ‘low seizure fre- 

quency during the lifetime’, patients with between five and ten attacks 

were ranked as ‘moderate seizure frequency’, and those with more than 

ten seizures during lifetime were classified as ‘high seizure frequency’. 

Height and weight data was collected and body mass index (BMI) 

was calculated as weight in kilograms divided into height in square 

meters (kg/m²). For subgroup analysis we identified obese subjects with 

BMI over 30 kg/m². 

 
2.3. Cytokine measurements 

 
Venous blood samples were obtained in the morning. Plasma was 

isolated immediately after blood collection and stored at -80° C. IL-18 

(Cat# DY318-05) and IL-18BP (Cat# DY119) levels were analyzed 

using antibodies from RnDsystems (Stillwater, MN) in duplicate in a 

384-well format using a combination of a SELMA (Jena, Germany) pi- 

petting robot and a BioTek (Winooski, VT, USA) dispenser/washer. 

Absorption was read at 450 nm with  wavelength  correction  set  to 

540 nm using an ELISA plate reader (BioTek). Intra- and inter-assay 

coefficients were < 10 % for both. No significant diurnal variation was 

observed in IL-18 and IL-18BP levels in samples isolated at 0800 and 

1200 (n = 6) and no difference in fasting vs. non-fasting levels (n = 6). 

IL-18 and IL-18BP were stable, 101 % and 99 % of IL-18 and IL-18BP, 

respectively, was present in samples that were stored at RT for 24 h. 

Sensitivity, defined mean of the blank + 3 SD, was 22 and 25 pg/mL for 

IL-18 and IL-18BP, respectively. 

 
2.4. Statistical analyses 

 
Demographic data, clinical characteristics and subgroup analysis 

are presented by use of descriptive statistics, including frequency and 

proportions for categorical variables, and mean with standard deviation 

(SD) or median with range and quartile deviation (QD) for continuous 

variables. Comparison between groups was done by Pearson’s chi- 

squared test, student’s t-test and Mann-Whitney U test, as appropriate. 

Coefficient of correlation was calculated by Spearman rank test. 

Analyses including correction for potential confounders was done by 

linear regression on log transformed values of IL-18, IL-18 BP and age. 

Probability values (two-sided) were considered significant at p < 0.05. 

All calculations were performed with SPSS for Windows statistical 

software (Version 25.0; SPSS Inc, Chicago, IL). 

 
3. Results 

 
3.1. Characterization of the study group 

 
One hundred and twenty-one patients with epilepsy were included 

in the study. Two of them were excluded due to presence of auto- 

immune disease rendering a total of 119 patents. For comparison we 

also included 80 healthy controls. Demographic parameters are given in 

Table 1. The epilepsy  patients  had  a  higher  percentage  of  men 

(p = 0.003), were slightly  older  (p = 0.004),  and  had  a  higher  BMI 

(p < 0.001) than healthy controls (Table 1). 

Mean age at seizure onset was 20.5 years and mean disease duration 

was 10 years. We assembled information about total numbers of sei- 

zures from 112 subjects. Fifty-seven patients (50.9 %) had ‘low seizure 

frequency’, 19 (17 %) with ‘moderate seizure frequency’ and 36 (32.1 

%) subjects ‘high seizure frequency’ (see data collection section for 

definitions). We were able to collect details about type of epilepsy- and 

seizures from 113 participants. Focal epilepsy was identified in 78 (69 

%) patients whereas 35 (31 %) had generalized epilepsy. Forty (35.4 %) 

had focal seizures with or without impaired awareness, 70 (61.9 %) had 

generalized tonic-clonic seizures including both primary generalized 

and focal to bilateral tonic-clonic seizures. 

Patients used three different ASMs in monotherapy at the time of 

study enrolment, which allowed to create subgroups. Fifty-five persons 

(46 %) used CBZ, 49 (41 %) used LTG and 15 (12 %) were treated with 

LEV. 



 

 

 

Table 1 
 

Demographic characteristics of all study participants.  
 Controls Patients P-value CBZ LTG LEV 

Gender n (%) 80 119 p = 0.003    
Male 36 (45.0) 79 (66.4)  40 (72.7) 29 (30.4) 10 (66.7) 

Female 44 (55.0) 40 (33.6)  15 (27.3) 20 (31.9) 5 (33.3) 

Age (years) mean (SD) 29.2 ( ± 8.0) 32.3 ( ± 7.4) p = 0.004 33.7 ( ± 6.6) 31.0 ( ± 7.8) 31.3 ( ± 8.3) 

Male 28.1 ( ± 7.9) 32.1 ( ± 7.8)  33.4( ± 7.0) 30.4 ( ± 8.2) 31.7 ( ± 9.3) 

Female 30.0 ( ± 8.1) 32.7 ( ± 6.7)  34.4 ( ± 5.6) 31.9 ( ± 7.3) 30.6 ( ± 6.9) 

BMI (kg/m²) mean (SD) 22.9 ( ± 2.7) 25.6 ( ± 4.3) p < 0.001 25.6 ( ± 4.4) 25.7( ± 4.2) 25.1 ( ± 4.5) 

BMI < 30 (kg/m²) 

mean (SD) 

Age at seizure onset (years) mean (SD) 

22.9 ( ± 2.7) 24.3 ( ± 3.1) 

 
20.5 ( ± 9.6) 

p = 0.003 24.4 ( ± 3.3) 

 
17.8 ( ± 9.2) 

24.5( ± 2.9) 

 
22 ( ± 8.9) 

23.1 ( ± 3.1) 

 
25.5 ( ± 10.5) 

Epilepsy duration (years)  11.9 ( ± 9.0)  15.9 ( ± 9.1) 9.2 ( ± 8.0) 5.9 ( ± 4.7) 

mean (SD)       
Etiology n (%) 

unknown 
  

62 (62.0) 
  

29 (63.0) 

 

28 (66.7) 

 

5 (41.7) 

Post-traumatic  11 (11.0)  2 (4.3) 6 (14.3) 3 (25.0) 

tumor  6 (6.0)  2 (4.3) 3 (7.1) 1 (8.3) 

AVM  4 (4.0)  3 (6.5) 1 (2.4) n.a 

meningitis/encephalitis  3 (3.0)  1 (2.2) 1 (2.4) 1 (8.3) 

abscess  1 (1.0)  1 (2.2) n.a n.a 

MTLE  2 (2.0)  1 (2.2) 1 (2.4) n.a 

stroke  2 (2.0)  1 (2.2) n.a 1 (8.3) 

others  9 (9.0)  6 (13.2) 2 (4.8) 1 (8.3) 
 

Types of epilepsy 

Focal 

  
 

78 (69.0) 

  
 

37 (64.9) 

 
 

30 (65.2) 

 
 

11 (78.6) 

Generalized  35 (31.0)  16 (30.2) 16 (34.8) 3 (21.4) 
 

Types of seizures n (%) 

FA/FIA 

  
 

40 (35.4) 

  
 

19 (35.9) 

 
 

16 (34.7) 

 
 

5 (35.7) 

FBTC/GTC  70 (61.9)  34 (64.2) 27 (58.7) 9 (64.3) 

GAS  3 (2.7)  n.a 3 (6.5) n.a 

n: number; SD: standard deviation; BMI: body mass index; FA: focal with intact awareness; FIA: focal with impaired awareness; GTC: generalized tonic-clonic; FBTC: 

focal to bilateral tonic-clonic; GAS: generalized absence seizures; n.a: not applicable. 

 
 
 

 
Table 2 

Level of inflammatory markers in controls and patient and sort by BMI. 
 

IL-18 (pg/mL) p-value 

vs  controls 

 

IL-18BP  (ng/mL) p-value 

vs  contols 

 

Ratio IL-18/IL-18BP p-value 

vs  controls 

Median QD Range Median QD Range Median QD Range 
 

Controls 232.9 63.6 [125.0−520.8]  4.8 1.0 [0.8−11.7]  47.3 12.5 [24.8−156.7]  
All patients 273.4 86.7 [125.0−751.4] 0.003 5.4 1.3 [0.2−23.1] 0.009 53.3 10.8 [11.6−625.0] 0.113 

CBZ 309.4 95.1 [125.0−707.6] 0.016 5.4 1.5 [0.2−14.8] 0.161 58.1 9.6 [31.2−625.0] < 0.01 

 
LTG 

n=55 

n=49 

 
257.6 81.3 [125.0−751.4] 0.024 5.4 1.1 [2.4−9.0] 0.037 52.1 11.0 [29.2−91.9] 0.369 

 
 
 
 

LTG 

n=45 

n=41 

 

283.7 85.2 [125.0−751.4] 0.082 5.5 1.1 [2.4−9.0] 0.04 52.4 11.2 [29.2−91.9] 0.665 

 
 
 
 

LTG 

LEV 

n=8 

n=7 

n=4 

 

327.4 89.5 [221.6−478.1] 0.033 5.8 1.6 [3.8−8.9] 0.175 53.5 5.8 43.6−75.6] 0.261 

 
354.4 129.1 [210.4−527.6] 0.065 7.2 2.2 [6.5−12.1] 0.004 44.0 12.2 28.7−61.0] 0.509 

IL-18: interleukin18; IL-18BP: Interleukin 18 binding protein; BMI: body mass index; n: number; QD: QD: quartile deviation; CBZ: carbamazepine; LTG: lamotrigine; 

LEV: levetiracetam. 

LEV 

n=15 

284.6 95.1 [156.4−527.6] 0.102 5.7 1.1 [4.5−23.1] 0.003 40.4 15.3 [11.6−90.8] 0.202 

BMI < 30 

All patients 

 
264.4 

 
85.0 

 
[125.0−751.4] 

 
0.032 

 
5.4 

 
1.2 

 
[0.8−23.1] 

 
0.029 

 
52.1 

 
11.0 

 
[11.6−164.2] 

 
0.287 

CBZ 282.1 87.2 [125.0−516.4] 0.08 5.2 1.5 [0.8−10.2] 0.304 57.6 9.8 [31.2−164.2] 0.054 

 

LEV 

n=11 

272.6 91.7 [156.4−444.4] 0.381 7.2 0.6 4.5−23.1] 0.045 47.2 18.8 [11.6−90.8] 0.263 

BMI > 30 

All patients 

 
361.1 

 
121.5 

 
[125.0−707.6] 

 
< 0.001 

 
6.5 

 
1.8 

 
[0.2−14.8] 

 
0.07 

 
59.2 

 
10.1 

 
[28.7−625.0] 

 
0.04 

CBZ 379.7 204.2 [125.0−707.6] 0.012 6.0 2.2 [0.2−14.8] 0.207 65.6 14.0 [47.1−625.0] 0.005 

 



 

 

 

Table 3 

Bivariate  correlations  with  Spearman  coefficients  and  p-value  between  in- 

 flammatory markers and clinical characteristics of epilepsy patients.   

Alzheimer’s disease [21–26,37]. In the present study we show that 

epilepsy patients were also characterized by increased levels of IL-18BP. 

Our findings show regulation of the IL-18/IL-18BP dyad in patients 

 IL-18 IL-18BP ratio IL-18/IL- with epilepsy, the potential pathogenic consequences of this finding are 

still unclear. 

We did not identify any correlation between IL-18 and IL-18BP and 

epilepsy duration, seizure- or epilepsy types, total numbers of seizures 

or presence of seizures in the last six months. This suggests that the 

higher level of these markers is related to epilepsy per se. However, 

patients included in our study had predominantly a stable and well 

controlled epilepsy. We cannot rule out that the levels of markers could 

be higher in patients with more refractory epilepsy or in the acute phase 

immediately after seizures or SE. 

  18BP 

Epilepsy duration Correlation 

Coefficient 

0.071 −0.04 0.181 

 p- value 0.447 0.626 0.051 

Seizure type 

(generalised vs. focal) 

Correlation 

Coefficient 

−0.073 −0.067 0.028 

 p-value 0.439 0.479 0.769 

Presence of seizures in last 6 Correlation −0.125 −0.175 −0.012 

months Coefficient    In contrast to the lack of association with seizure characteristics, we 

 p-value 0.174 0.056 0.894 found a significant association with medications. Thus, the ratio IL-18/ 
Seizures frequency 

low 

Correlation 

Coefficient 

 
p-value 

−0.016    −0.021    0.035 
IL-18BP was significantly increased in those treated with CBZ. It was 

unchanged in LTG treated patients, and decreased after LEV treatment. 

As this ratio may give an indication of inflammatory activity in the IL- 
moderate Correlation 

Coefficient 

p-value 0.530 0.767 0.675 

18 system, it is tempting to speculate whether this could be of any 

clinical relevance for epileptogenesis in which inflammation is crucial 

[8]. LEV has been considered as a drug with probable antiepileptogenic 

high Correlation 

Coefficient 

−0.031    0.046 −0.069 properties [41,42], while no such effects have been observed for the 

other two drugs [39,40]. However, the complex interplay between 

epileptogenesis, inflammation and ASM is mainly unknown. 
p-value 0.748 0.634 0.469 

 
 

Correlation is significant at the p < 0.05. IL-18: interleukin18; IL-18BP: inter- 

leukin 18 bindings protein. 

 
3.2. Serum levels of IL-18 and IL-18BP 

 
Epilepsy patients had significantly higher (p = 0.003) serum level 

of IL-18 (median: 273.4 pg/mL) compared to healthy controls (median: 

232.9 pg/mL) (Table 2). Subgroup analyses showed significantly higher 

concentration of IL-18 among participants using CBZ (p = 0.016) or 

LTG (p = 0.024), but not in those using LEV (p = 0.102) compared to 

controls (Table 2). 

Serum concentration of IL-18BP was also significantly higher 

(p = 0.009) in epilepsy patients than control subjects (Table 2). Level of 

IL-18BP was significantly increased in patients using LTG (p = 0.037) 

and LEV (p = 0.003), but not in those using CBZ (p = 0.161). 

Ratio IL-18/IL-18BP was significantly higher only in CBZ treated 

patients (Table 2). 

The patient and control group differed in sex, age and weight, 

however none of those variables were significantly associated with le- 

vels of IL-18 or IL-18BP. 

Weight was considered an important confounder in our study, as 

adipose tissue might be a source of circulating IL-18. Subgroup in- 

vestigations revealed that in participants with BMI under 30 kg/m², 

serum IL-18 (p = 0.032) and IL-18BP (p = 0.029) remained sig- 

nificantly higher in patients than controls (Table 2). 

No association was found between serum level of IL-18 and IL-18BP 

related to epilepsy duration, epilepsy- or seizures types, numbers of 

seizures, or presence of seizures in the last six months (Table 3). 

 
 

4. Discussion 

 
The main finding in the current study is higher level of IL-18 in 

epilepsy patients. Whereas there was significant increase in two medi- 

cation subgroups, we could not find any significant associations to 

clinical characteristics of the epilepsy patients. Our findings may fur- 

ther support a role of inflammation in the pathogenesis of epilepsy with 

IL-18 as a potential mediator. 

IL-18 has previously been reported to be elevated in various auto- 

immune, infectious and cardiovascular diseases. There are also some 

reports of raised serum levels of IL-18 in brain disorders like MS and 

Our study groups differed in age, sex and weight. Studies on obese 

individuals with BMI over 30 kg/m² and high percent of visceral adi- 

pose tissue, have shown increased production of IL-18 in comparison to 

lean controls. This can suggest that adipose tissue might be a source of 

circulating IL-18 in this population [38,39]. However, not all studies 

indicate association between fat tissue with increased level of IL-18. 

Hung et al. concluded that elevated serum level of IL-18 is a risk pre- 

dictor for metabolic syndrome, independent of obesity and insulin re- 

sistance [40]. In the present study BMI was not significantly correlated 

with IL-18 or IL-18BP levels in patients or controls. Moreover, the level 

of IL-18 and its binding protein remained significantly higher in epi- 

lepsy patient group with BMI under 30 kg/m². This indicates that low- 

grade systemic inflammation involving IL-18 mediated mechanisms is 

present in those patients. 

Mean age difference between groups was 3.1 years which brings the 

question if this variance is biologically important. It is expected that 

comorbidity increases with aging. We did not find consequential co- 

morbidity within study groups. 

The activity of IL-18 can be regulated by IL-37. This cytokine binds 

to IL-18Rα although with lower affinity than IL-18 [41–44]. IL-37 in- 

teracts with IL-18BP and reduces the ability of interferon (INF)-γ pro- 
duction from natural killer (NK) cells induced by IL-18. This neu- 

tralizing effect was observed only at a low concentration of IL-18BP 

[44]. IL-37 interacts with IL-18BP and reduces the ability of INF-γ 

production from natural killer (NK) cells induced by IL-18. This neu- 

tralizing effect was observed only at a low concentration of IL-18BP 

[28,44]. High levels of IL-37 may be protective in some inflammatory 

diseases, but low levels may contribute to increased disease severity 

[43,45]. Coll-Miro et al. reported that IL-37 transgenic mice suffering 

from traumatic spinal cord injuries exhibited greater mobility com- 

pared to wild type mice subjected to the same injury [43,46]. However, 

IL-37 is not expressed in tissue from healthy subjects and the role of 

endogenous IL-37 in human CNS remains unknown [45,46]. 

Based on experimental studies in animal models, IL-18 has been 

suggested to promote neurodegeneration in a dose-dependent manner 

and to contribute to hypoxic ischemic brain damage [30]. On the other 
hand, IL-18 may also have protective effects in epilepsy by inducing 

INF-γ mediated neuroprotection with enhanced recovery of the in- 
tracellular Ca²+ level, following exposure to glutamate during epileptic 
seizures [33]. IL-18 has also been suggested to enhance BBB perme- 

ability after seizure-induced brain injury [17], playing a potential role 

in   epileptogenesis.   Moreover,   Alzheimer-prone   mice   with   IL-18 

0.865 0.824 0.718 

0.060 −0.028 0.040 

 



 

 

 

deficiency have shown an increased seizure frequency. Tzeng et al. 

found that acute injection of IL-18 reduced excitatory synaptic trans- 

mission in hippocampus [37]. Thus, based on experimental data so far, 

IL-18 could have both protective and harmful effects in epileptogenesis, 

and its role in epilepsy patients is still unclear. 

Several study limitations are acknowledged. Because of the cross- 

sectional study design, a direct association between IL-18 and IL-18BP 

concentration and the epilepsy cannot be established. In the present 

study we measured total concentration of IL-18, ideally free IL-18 

should have been measured. Another limitation is the lack of data on 

fasting levels of cholesterol and glucose, which could help identify in- 

dividuals with undiagnosed/untreated diabetes, hypercholesterolemia 

or metabolic syndrome, factors of importance for IL-18. Furthermore, 

serum levels may not necessarily reflect IL-18 levels within CNS. A 

higher number of subjects would also be valuable, especially for sub- 

group analyses to avoid type II errors. 

 

5. Conclusion 

 
In conclusion, our study is the first to show increased serum levels of 

IL-18 and its binding protein, 

IL-18BP in epilepsy patients. Further studies should examine if IL-18 

is a mediator in the progression of epilepsy, and thereby also a potential 

target for therapy, as well as describing the relevant disease mechan- 

isms. 

 

Declaration of Competing Interest 

 
Ole A. Andreassen has received consultant honorarium form 

HealthyLytix. None other authors have any conflict of interest to de- 

clare. 

 

References 

 
[1] Rogawski MA, Loscher W. The neurobiology of antiepileptic drugs. Nat Rev 

Neurosci 2004;5:553–64. 

[2] Pitkanen A, Sutula TP. Is epilepsy a progressive disorder? Prospects for new ther- 

apeutic approaches in temporal-lobe epilepsy. Lancet Neurol 2002;1:173–81. 

[3] Vezzani A, Lang B, Aronica E. Immunity and Inflammation in Epilepsy. Cold Spring  

Harb Perspect Med 2015;6:1081–92. 

[4] Vezzani A, French J, Bartfai T, Baram TZ. The role of inflammation in epilepsy. Nat  

Rev Neurol 2011;7:31–40. 

[5]  Verrotti A, Tambucci R, Di Francesco L, Pavone P, Iapadre G, Altobelli E, et al. The 

role of polytherapy in the management of epilepsy: suggestions for rational anti- 

epileptic drug selection. Expert Rev Neurother 2020;20:167–73. 

[6] Aronica E, Crino PB. Inflammation in epilepsy: clinical observations. Epilepsia 

2011;52(Suppl.  3):26–32. 

[7]  Vezzani A, Aronica E, Mazarati A, Pittman QJ. Epilepsy and brain inflammation. 

Exp Neurol 2013;244:11–21. 

[8] Vezzani A, Balosso S, Ravizza T. Neuroinflammatory pathways as treatment targets  

and biomarkers in epilepsy. Nat Rev Neurol 2019;15:459–72. 

[9] Devinsky O, Vezzani A, Najjar S, De Lanerolle NC, Rogawski MA. Glia and epilepsy: 

excitability and inflammation. Trends Neurosci 2013;36:174–84. 

[10]  Aronica E, Ravizza T, Zurolo E, Vezzani A. Astrocyte immune responses in epilepsy. 

Glia 2012;60:1258–68. 

[11] Alboni S, Cervia D, Sugama S, Conti B. Interleukin 18 in the CNS. J 

Neuroinflammation 2010;7:9. 

[12]  Okamura H, Tsutsi H, Komatsu T, Yutsudo M, Hakura A, Tanimoto T, et al. Cloning 

of a new cytokine that induces IFN-gamma production by T cells. Nature 

1995;378:88–91. 

[13] Dinarello CA. IL-18: a TH1-inducing, proinflammatory cytokine and new member of  

the IL-1 family. J Allergy Clin Immunol 1999;103:11–24. 

[14]  Culhane AC, Hall MD, Rothwell NJ, Luheshi GN. Cloning of rat brain interleukin-18 

cDNA. Mol Psychiatry 1998;3:362–6. 

[15] Wheeler RD, Culhane AC, Hall MD, Pickering-Brown S, Rothwell NJ, Luheshi GN. 

Detection of the interleukin 18 family in rat brain by RT-PCR. Brain Res Mol Brain 

Res    2000;77:290–3. 

[16] Wang N, Sugama S, Conti B, Teramoto A, Shibasaki T. Interleukin-18 mRNA ex- 

pression in the rat pituitary gland. J Neuroimmunol 2006;173:117–25. 

[17] Andoh T, Kishi H, Motoki K, Nakanishi K, Kuraishi Y, Muraguchi A. Protective effect 

of IL-18 on kainate- and IL-1 beta-induced cerebellar ataxia in mice. J Immunol 

2008;180:2322–8. 

[18]  Conti B, Park LC, Calingasan NY, Kim Y, Kim H, Bae Y, et al. Cultures of astrocytes 

 

and microglia express interleukin 18. Brain Res Mol Brain Res 1999;67:46–52. 

[19]  Prinz M, Hanisch UK. Murine microglial cells produce and respond to interleukin- 

18. J Neurochem 1999;72:2215–8. 

[20] Huang WX, Huang P, Hillert J. Increased expression of caspase-1 and interleukin-18 

in peripheral blood mononuclear cells in patients with multiple sclerosis. Mult Scler 

2004;10:482–7. 

[21] Chen YC, Chen SD, Miao L, Liu ZG, Li W, Zhao ZX, et al. Serum levels of interleukin 

(IL)-18, IL-23 and IL-17 in Chinese patients with multiple sclerosis. J 

Neuroimmunol 2012;243:56–60. 

[22] Losy J, Niezgoda A. IL-18 in patients with multiple sclerosis. Acta Neurol Scand 

2001;104:171–3. 

[23] Ojala J, Alafuzoff I, Herukka SK, van Groen T, Tanila H, Pirttila T. Expression of 

interleukin-18 is increased in the brains of Alzheimer’s disease patients. Neurobiol 

Aging  2009;30:198–209. 

[24]  Bossu P, Ciaramella A, Salani F, Bizzoni F, Varsi E, Di Iulio F, et al. Interleukin-18 

produced by peripheral blood cells is increased in Alzheimer’s disease and corre- 

lates with cognitive impairment. Brain Behav Immun 2008;22:487–92. 

[25]  Malaguarnera L, Motta M, Di Rosa M, Anzaldi M, Malaguarnera M. Interleukin-18 

and transforming growth factor-beta 1 plasma levels in Alzheimer’s disease and 

vascular  dementia.  Neuropathology  2006;26:307–12. 

[26]  Motta M, Imbesi R, Di Rosa M, Stivala F, Malaguarnera L. Altered plasma cytokine 

levels in Alzheimer’s disease: correlation with the disease progression. Immunol 

Lett    2007;114:46–51. 

[27]  Dinarello CA, Novick D, Kim S, Kaplanski G. Interleukin-18 and IL-18 binding 

protein.  Front  Immunol  2013;4:289. 

[28] Novick D, Schwartsburd B, Pinkus R, Suissa D, Belzer I, Sthoeger Z, et al. A novel IL- 

18BP ELISA shows elevated serum IL-18BP in sepsis and extensive decrease of free 

IL-18.  Cytokine   2001;14:334–42. 

[29]  Jeon GS, Park SK, Park SW, Kim DW, Chung CK, Cho SS. Glial expression of in- 

terleukin-18 and its receptor after excitotoxic damage in the mouse hippocampus. 

Neurochem  Res  2008;33:179–84. 

[30] Hedtjarn M, Leverin AL, Eriksson K, Blomgren K, Mallard C, Hagberg H. Interleukin- 

18 involvement in hypoxic-ischemic brain injury. J Neurosci 2002;22:5910–9. 

[31]   Jander S, Schroeter M, Stoll G. Interleukin-18 expression after focal ischemia of the 

rat brain: association with the late-stage inflammatory response. J Cereb Blood  

Flow  Metab  2002;22:62–70. 

[32]  Jung HK, Ryu HJ, Kim MJ, Kim WI, Choi HK, Choi HC, et al. Interleukin-18 at- 

tenuates disruption of brain-blood barrier induced by status epilepticus within the 

rat piriform cortex in interferon-gamma independent pathway. Brain Res 

2012;1447:126–34. 

[33]  Ryu HJ, Kim JE, Kim MJ, Kwon HJ, Suh SW, Song HK, et al. The protective effects 

of interleukin-18 and interferon-gamma on neuronal damages in the rat hippo- 

campus following status epilepticus. Neuroscience 2010;170:711–21. 

[34]  Fisher RS, Cross JH, French JA, Higurashi N, Hirsch E, Jansen FE, et al. Operational 

classification of seizure types by the international league against epilepsy: position 

paper of the ILAE commission for classification and terminology. Epilepsia 

2017;58:522–30. 

[35]  Fisher RS, Acevedo C, Arzimanoglou A, Bogacz A, Cross JH, Elger CE, et al. ILAE 

official report: a practical clinical definition of epilepsy. Epilepsia 2014;55:475–82. 

[36]  Fisher RS, Cross JH, D’Souza C, French JA, Haut SR, Higurashi N, et al. Instruction 

manual for the ILAE 2017 operational classification of seizure types. Epilepsia  

2017(58):531–42. 

[37]  Tzeng TC, Hasegawa Y, Iguchi R, Cheung A, Caffrey DR, Thatcher EJ, et al. 

Inflammasome-derived cytokine IL18 suppresses amyloid-induced seizures in  

Alzheimer-prone mice. Proc Natl Acad Sci U S A 2018;115:9002–7. 

[38] Bruun JM, Stallknecht B, Helge JW, Richelsen B. Interleukin-18 in plasma and 

adipose tissue: effects of obesity, insulin resistance, and weight loss. Eur J  

Endocrinol  2007;157:465–71. 

[39]  Skurk T, Kolb H, Muller-Scholze S, Rohrig K, Hauner H, Herder C. The proathero- 

genic cytokine interleukin-18 is secreted by human adipocytes. Eur J Endocrinol 

2005;152:863–8. 

[40] Hung J, McQuillan BM, Chapman CM, Thompson PL, Beilby JP. Elevated inter- 

leukin-18 levels are associated with the metabolic syndrome independent of obesity 

and insulin resistance. Arterioscler Thromb Vasc Biol 2005;25:1268–73. 

[41]  Kumar S, Hanning CR, Brigham-Burke MR, Rieman DJ, Lehr R, Khandekar S, et al. 

Interleukin-1F7B (IL-1H4/IL-1F7) is processed by caspase-1 and mature IL-1F7B 

binds to the IL-18 receptor but does not induce IFN-gamma production. Cytokine 

2002;18:61–71. 

[42]  Pan G, Risser P, Mao W, Baldwin DT, Zhong AW, Filvaroff E, et al. IL-1H, an in- 

terleukin 1-related protein that binds IL-18 receptor/IL-1Rrp. Cytokine 2001;13:1–

7. 

[43] Dinarello CA, Nold-Petry C, Nold M, Fujita M, Li S, Kim S, et al. Suppression of 

innate inflammation and immunity by interleukin-37. Eur J Immunol  

2016;46:1067–81. 

[44] Bufler P, Azam T, Gamboni-Robertson F, Reznikov LL, Kumar S, Dinarello CA, et al. 

A complex of the IL-1 homologue IL-1F7b and IL-18-binding protein reduces IL-18 

activity. Proc Natl Acad Sci U S A 2002;99:13723–8. 

[45]  Nold MF, Nold-Petry CA, Zepp JA, Palmer BE, Bufler P, Dinarello CA. IL-37 is a  

fundamental inhibitor of innate immunity. Nat Immunol 2010;11:1014–22. 

[46]  Coll-Miro M, Francos-Quijorna I, Santos-Nogueira E, Torres-Espin A, Bufler P, 

Dinarello CA, et al. Beneficial effects of IL-37 after spinal cord injury in mice. Proc 

Natl Acad Sci U S A 2016;113:1411–6. 

http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0005
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0005
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0010
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0010
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0015
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0015
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0015
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0020
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0020
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0020
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0025
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0025
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0025
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0030
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0030
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0030
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0035
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0035
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0040
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0040
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0045
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0045
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0045
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0050
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0050
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0055
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0055
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0060
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0060
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0060
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0065
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0065
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0065
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0070
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0070
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0075
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0075
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0075
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0080
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0080
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0085
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0085
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0085
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0085
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0090
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0090
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0095
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0095
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0100
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0100
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0100
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0105
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0105
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0105
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0110
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0110
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0115
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0115
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0115
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0115
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0120
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0120
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0120
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0125
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0125
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0125
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0130
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0130
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0130
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0135
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0135
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0140
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0140
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0140
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0145
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0145
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0145
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0150
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0150
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0155
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0155
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0155
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0155
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0160
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0160
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0160
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0160
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0165
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0165
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0165
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0165
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0170
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0170
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0170
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0170
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0170
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0175
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0175
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0180
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0180
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0180
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0185
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0185
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0185
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0185
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0190
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0190
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0190
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0190
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0195
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0195
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0195
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0200
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0200
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0200
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0205
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0205
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0205
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0205
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0210
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0210
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0210
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0210
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0210
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0215
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0215
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0215
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0220
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0220
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0220
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0225
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0225
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0230
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0230
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0230
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0230
http://refhub.elsevier.com/S1059-1311(20)30147-3/sbref0230

