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Background. Several studies have reported the association of the proinflammatory cytokine IL-6 with temporal lobe epilepsy
(TLE), but the regulation of IL-6 in hippocampal sclerosis (HS) is less studied. Objectives. To analyse IL-6 levels and the IL-6/
IL-10 ratio in a larger, well-characterized group of patients with drug-resistant focal epilepsy (DRE), focusing especially on
TLE and TLE-associated HS. Methods. IL-6 levels were measured by ELISA in plasma in a cross-sectional cohort of 265
patients comprising TLE with HS (n = 34), TLE without HS (n = 103), extratemporal lobe epilepsy (n = 92), and idiopathic
generalized epilepsy (n = 36). Results. The IL-6/IL-10 ratio was higher in TLE with HS than in TLE without HS (3.1 vs. 1.6, p
= 0:042), whereas the median levels of IL-6 did not differ among epilepsy types. TLE without HS patients had a higher
proportion of increased IL-6 levels than TLE with HS patients (p = 0:021). Additionally, IL-6 levels were higher in patients
with right-sided HS than in those with left lateralization (1.71 vs. 0.80 pg/mL, p = 0:04). In TLE with HS patients, IL-6 levels
showed a negative correlation with seizure frequency during the last month (r = −0:342; p = 0:047), whereas in TLE without
HS patients, the correlation was positive but did not reach significance (r = 0:136; p = 0:169). Conclusion. IL-6 levels and the
IL-6/IL-10 ratio are differentially regulated among patients with TLE depending on the presence of HS and its lateralization,
suggesting that TLE with HS is a distinct category regarding cytokine activation.

1. Introduction

More than 30% of patients with epilepsy have inadequate
seizure control with antiseizure medications (ASMs) fulfill-
ing the criteria for drug-resistant epilepsy (DRE) [1, 2].
Accumulating data suggest a major involvement of inflam-
mation in DRE [3]. During epileptogenesis, various factors
can affect neuroinflammation such as the production of
several inflammatory cytokines and chemokines by CNS-

resident cells. These cells include activated microglia and
astrocytes, neurons, macrophages, and B and T lympho-
cytes [4, 5].

Inflammation in the CNS is characterized by the upreg-
ulation of cytokines that can increase seizure susceptibility
and may be involved in epileptogenesis [6]. On the other
hand, seizure activity leads to the production of cytokines
characterized mainly by high levels of proinflammatory
cytokines such as interleukin (IL)-1β, IL-6, and tumour
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necrosis factor (TNF)-α [7–9]. IL-6 is a pleiotropic cytokine
involved in initiating, maintaining, and resolving of local
and systemic inflammatory responses and plays an impor-
tant role in the transition between acute and chronic inflam-
mation [10]. In the CNS, IL-6 acts as an essential signalling
molecule in various activities, ranging from neuronal physi-
ology to neurodevelopment, neurotoxicity, and neuroprotec-
tion. Moreover, CNS-derived IL-6 can also stimulate the
production of IL-6 in peripheral blood, which subsequently
activates the acute phase reaction [7]. However, IL-6 can also
exhibit a dual role in the CNS as a pro and anti-
inflammatory cytokine, with several experimental studies
supporting the neuroprotective role of IL-6 [11–13]. Con-
versely, IL-10 is an anti-inflammatory cytokine impacting
the resolution of peripheral inflammation and is generally
considered to be the essential immunosuppressive cytokine
in the CNS, where IL-10 inhibits the production of proin-
flammatory cytokines by initiating several immunoregula-
tory mechanisms [14, 15].

Temporal lobe epilepsy (TLE) is the most common form
of adult focal epilepsies and hippocampal sclerosis (HS) is a
frequent aetiology in TLE. Hippocampal onset seizures
account for at least 80% of all temporal lobe seizures, and
most of the TLE patients with HS are resistant to ASMs;
therefore, HS is regarded as one of the most clinically signif-
icant pathologies of DRE [16].

HS represents 36% of all focal epilepsy pathologies com-
pared to other histopathological diagnoses, as reported in a
recent large study [17]. The hippocampus is the most widely
studied part of the brain in both human and experimental
epilepsy. In addition, according to recent studies, HS in
TLE is a distinct entity with multiple subtypes based on
the histological patterns of subfield neuronal loss and gliosis
in HS [16]. TLE with HS is considered a potentially progres-
sive disorder with recurring seizures contributing to
increased neuronal damage over time [18]. In focal epilepsy,
accelerated progressive cortical thinning was demonstrated,
especially among patients with HS and in patients with early
onset of epilepsy [19].

We have previously reported increased serum levels of
IL-6 in TLE patients compared to healthy controls and
patients with extratemporal lobe epilepsy (XLE) [20, 21].
Recently, we detected chronically decreased plasma IL-10
in TLE patients with HS compared to those without HS.
Moreover, we found that the seizure frequency and epilepsy
duration can affect the IL-10 concentration in patients with
epilepsy [22]. Due to IL-6 proconvulsive and IL-10 anticon-
vulsive features, we have demonstrated in DRE patients with
deep brain stimulation (DBS) that the IL-6/IL-10 ratio was
decreased over time following the initiation of DBS therapy,
suggesting that the IL-6/IL-10 ratio may reflect the balance
between the proconvulsive/neurotoxic and anticonvulsive/
neuroprotective effects of these two cytokines [23].

In our previous study on a cohort of 91 patients with
focal epilepsy, we did not investigate the influence of HS
on IL-6 regulation [20]. Therefore, this study was under-
taken to analyse IL-6 levels in a larger, well-characterized
group of patients with drug-resistant focal epilepsy, focusing
especially on TLE and TLE-associated HS. We also analysed

the IL-6/IL-10 ratio in the same study group for whom IL-10
levels were measured previously [22].

2. Patients and Methods

2.1. Study Patients. This cross-sectional study included 265
consecutive adult patients with epilepsy treated at the Out-
patient Clinic of Neurology of Tampere University Hospital.
The study protocol was approved by the Ethics Committee
of Tampere University Hospital, and all patients provided
written informed consent according to the Declaration of
Helsinki. Epilepsy was classified according to the Interna-
tional League Against Epilepsy (ILAE) guidelines [24]. Focal
epilepsy types were categorized into TLE, frontal lobe (FLE),
parietal lobe (PLE), occipital lobe (OLE), multifocal, or
unknown focal epilepsies. If the patient had TLE, the patient
was further designated to either the TLE with HS group or
the TLE without HS group, depending on the presence of
HS. The classification of epilepsy types was reevaluated for
this study.

The definition of the epilepsy type was based on patient
history, electroclinical findings (EEG/video-EEG), neuroim-
aging results, and aetiology. Most patients had undergone
high-resolution brain MRI (1.5 Tesla) with a specific epi-
lepsy protocol evaluated by a neuroradiologist. Data on the
duration of epilepsy, epilepsy surgery, and all previous and
current ASMs were collected. Drug-resistant focal epilepsy
was defined as persistent seizures after administering two
different ASMs with adequate dosing [25]. Patients with
DRE in our study population were evaluated for the possibil-
ity of epilepsy surgery. Patients with moderate or severe
mental retardation, dementia, or malignant brain tumour
were excluded, but patients with chronic stable low-grade
brain tumour were included. Patients with poststroke epi-
lepsy were excluded due to a local practice according to
which they are followed up by general practitioners [20].
Data regarding concomitant autoimmune diseases were col-
lected. Blood sampling was done only if the patients did not
have any signs or symptoms of acute infection.

2.2. Immunological Analyses. Blood samples were collected
in a vacutainer EDTA vacuum tube and centrifuged at
3000 rpm for 10 minutes. The samples were stored frozen
at −70°C until use. Plasma levels of IL-6 were determined
using commercially available enzyme-linked immunosorbent
assay (ELISA) kits according to the manufacturer’s protocol
(Pelikine Compact, Sanquin, Amsterdam, The Netherlands).
The test sensitivity for IL-6 was 0.4pg/mL. Plasma levels of
IL-10 were determined as described in our previous publica-
tion [22]. Since the results of the IL-10 analysis for the current
cohort were reported in our previous publication [22], we did
not include the IL-10-related results in this study; however, we
determined the IL-6/IL-10 ratio for this study.

The data of this study are available on reasonable request
from the corresponding author. The data are not publicly
available due to privacy or ethical restrictions.

2.3. Statistical Analysis. The demographics and clinical char-
acteristics of the patients are reported as the means and
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standard deviations (SDs) or the frequencies and propor-
tions. To evaluate an association between the study groups
and categorical variables, Pearson’s Chi-square test, if
assumptions were valid, or Fisher’s exact test was used. Con-
tinuous variables were analysed using the nonparametric
Kruskal–Wallis test or Mann–Whitney U test. Spearman’s
correlation coefficient test was used to evaluate the associa-
tion between the cytokines and their ratio with the clinical
characteristics of patients. All statistical analyses were per-
formed using SPSS statistical software version 28.0.0.0 (SPSS
Inc., Chicago, IL, USA). A p value ≤0.05 was considered sig-
nificant. Figures were prepared using GraphPad Prism 5.02
software (GraphPad Software Inc., La Jolla, CA, USA).

3. Results

3.1. Clinical Data. A total of 265 patients with DRE (137
females and 128 males) with a median age of 38 years (range:
16-76 years) were included in the current study. The clinical
characteristics of the patients are presented in Table 1. Alto-
gether, 34 patients had MRI evidence of HS, including 20
patients with right lateralization and 13 patients with left lat-
eralization; additionally, one had bilateral HS. Seven of 34
HS patients had MRI evidence of dual pathology: vascular
malformation (N = 3), infection (N = 1), and cortical dyspla-
sia (CD) (N = 3). Among 103 TLE-HS patients, 14 patients
had CD, 4 had immune, 8 had infectious, 8 had trauma, 12
had tumour, 5 had vascular lesions, 3 had vascular malfor-
mation, and 49 had unknown aetiologies. Furthermore, we

analysed IL-6 levels and the IL-6/IL-10 ratio in different aetiol-
ogy groups based on epilepsy types, and we found no statisti-
cally significant difference between these groups either for IL-6
levels (p = 0:079) or the IL-6/IL-10 ratio (p = 0:301). Similarly,
we found no statistically significant difference between the
groups based on surgery either for IL-6 levels (p = 0:197) or
for the IL-6/IL-10 ratio (p = 0:068).

Among TLE+HS patients, the prevalence of HS tended to
be higher in females than inmales (33.8% vs. 18.8% p = 0:054).
Autoimmune diseases tended to be more common in patients
with TLE, including both with and without HS, than in
patients with non-TLE (p = 0:070). Themedian epilepsy dura-
tion was significantly longer in TLE+HS patients than in TLE-
HS patients (30 vs. 23 years, p = 0:010), XLE (30.0 vs. 21.0
years, p = 0:002) patients, or IGE (30 vs. 16 years, p < 0:001)
patients. Seizure frequency during the month before blood
sampling was higher in TLE+HS patients than in TLE-HS,
XLE, and IGE patients. Still, the difference was statistically sig-
nificant only compared to IGE patients (p < 0:001).

3.2. Assessment of IL-6 Levels and IL-6/IL-10 Ratio

3.2.1. IL-6 Levels and IL-6/IL-10 Ratio Based on Epilepsy
Types. In the whole study cohort, the median IL-6 level
was 1.2 pg/ml (range 0.0–17.6 pg/ml), and the median IL-6/
IL-10 ratio was 1.8 (range 0.0-130.4). The median levels of
IL-6 did not differ among the epilepsy types (Figure 1(a)),
whereas the IL-6/IL-10 ratio was higher in TLE+HS than
in TLE-HS (3.1 vs. 1.6, p = 0:042, Figure 1(b)).

Table 1: Demographics and clinical characteristics of patients.

Characteristics TLE+HS TLE-HS XLE IGE

n 34 103 92 36

F/M 22/12 46/57 47/45 22/14

Age, years 45 (18-69) 40 (17-76) 36 (17-70) 28 (16-56)

Age at onset, years 13 (1-42) 16 (0-59) 11 (0-60) 14 (4-49)

ILAE aetiology

Structural 34 (100) 43 (41.7) 52 (56.5)

Genetic 36 (100)

Immune 4 (3.9) 1 (1.1) —

Infectious 8 (7.8) 3 (3.3) —

Unknown 48 (46.6) 36 (39.1) —

Duration of epilepsy, years 30.0 (4-57) 23.0 (2-70) 18.0 (0.4-55) 17.0 (1.4-40)

Seizure-free patients for 1 year before labs 2 (5.9) 16 (15.7) 13 (14.1) 14 (40.0)

At least one seizure 1 month before labs 26 (76.5) 68 (66.0) 60 (65.2) 14 (40.0)

Seizure frequency 1 month before labs 3.0 (0-10) 1.0 (0-60) 2 (0-95) 0.0 (0-5)

Autoimmune disease 4 (11.8) 10 (9.7) 6 (6.5) 2 (5.6)

Surgery

No surgery 26 (76.5) 83 (81.4) 79 (85.9) 36

Epilepsy surgery 7 (20.6) 10 (9.8) 2 (2.2) 0

Other lesional surgery 1 (2.9) 9 (8.8) 11 (12.0) 0

Presented as the median (range) for age, age at onset, seizure frequency 1 month before labs, and the duration of epilepsy or the frequency and proportion (for
the rest of the variables). Abbreviations: TLE+HS: temporal lobe epilepsy with hippocampal sclerosis; TLE-HS: temporal lobe epilepsy without hippocampal
sclerosis; XLE: extratemporal lobe epilepsy; IGE: idiopathic generalized epilepsy; ILAE: International League Against Epilepsy. One patient with TLE-HS had
missing information on surgery.
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Within the TLE+HS population, IL-6 median levels were
higher in patients with right-sided HS than in patients with
left lateralization (1.7 vs. 0.8 pg/mL, p = 0:043, Figure 1(a)),
but the IL-6/IL-10 ratio did not differ between right and left
lateralization (p = 0:832). The median (range) levels for IL-6
and the IL-6/IL-10 ratio for different epilepsy types are pro-
vided in Table 2. Furthermore, IL-6 and the IL-6/IL-10 ratio
did not correlate with age, sex, or duration of epilepsy.

3.2.2. Categorical Assessment of IL-6 Levels in Different
Epilepsy Types. Applying >5 pg/mL as a cut-off value for
the increased levels of IL-6, as reported in our previous pub-
lication [20], 22 of 265 (8.3%) patients in the current study
displayed elevated IL-6 levels. Out of 22 patients with
increased levels, 14 had TLE (all TLE without HS), 7 had
XLE, and one had IGE. Patients with TLE without HS had
a significantly higher proportion of increased IL-6 levels
than patients with TLE+HS (p = 0:021). The proportion of
patients with increased IL-6 levels was higher in TLE with-
out HS than in XLE and IGE, but the difference did not
reach statistical significance. The frequency and proportions
of patients with increased IL-6 levels in all epilepsy types are
provided in Table 3.

3.2.3. IL-6 and IL-6/IL-10 Ratio and Seizure Frequency. Nei-
ther IL-6 levels nor the IL-6/IL-10 ratio differed between 45
seizure-free patients and 218 patients with seizures during
the year before the study (p > 0:05). In a similar analysis
among patients with or without seizures during the last
month before the study, IL-6 levels and the IL-6/IL-10 ratio
did not differ between the two groups (p > 0:05). Based on
epilepsy types, there were no differences in either IL-6 levels
or the IL-6/IL-10 ratio between seizure-free patients and
patients who had seizures during the last year (p > 0:05).

Correlation analyses were performed to explore the asso-
ciation of IL-6 and the IL-6/IL-10 ratio with seizure frequen-
cies (one year before and one month before the lab). In the
whole cohort, IL-6 and the IL-6/IL-10 ratio did not correlate
with seizure frequencies. In TLE with HS patients, IL-6 levels
showed a significant negative correlation with the frequency
of seizures during the last month before the lab (r = −0:342;
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Figure 1: The distribution of IL-6 levels and the IL-6/IL-10 ratio based on epilepsy types. (a) IL-6 and (b) IL-6/IL-10 ratio. (a) The inset
figure compares IL-6 between right and left lateralization of HS in TLE+HS epilepsy type. The scatterplot bars represent the median and
interquartile range. Abbreviations: TLE+HS: temporal lobe epilepsy with hippocampal sclerosis; TLE-HS: temporal lobe epilepsy without
hippocampal sclerosis; XLE: extratemporal lobe epilepsy; IGE: idiopathic generalized epilepsy.

Table 2: IL-6 levels and IL-6/IL-10 ratio based on epilepsy types
and HS lateralization.

Epilepsy types Median (pg/mL) IQR

IL-6

TLE +HS 1.0 0.5-1.9

Right lateralization 1.7 0.9-2.0

Left lateralization 0.8 0.5-0.9

Bilateral 0.3 NA

TLE-HS 1.2 0.5-2.6

XLE 1.2 0.6-2.4

IGE 1.3 0.6-2.2

IL-6/IL-10 ratio

TLE +HS 3.1 1.0-6.0

Right lateralization 2.9 0.8-7.6

Left lateralization 3.6 1.0-5.3

Bilateral 3.1 NA

TLE-HS 1.6 0.7-4.0

XLE 2.4 1.0-4.8

IGE 1.5 0.3-6.5

Abbreviations: TLE+HS: temporal lobe epilepsy with hippocampal sclerosis;
TLE-HS: temporal lobe epilepsy without hippocampal sclerosis; XLE:
extratemporal lobe epilepsy; IGE: idiopathic generalized epilepsy; IQR:
interquartile range (25th-75th percentiles); NA: not applicable.
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p = 0:047, Figure 2(a)). However, in TLE-HS patients, the
correlation was positive without reaching significance
(r = 0:136; p = 0:169, Figure 2(b)). Similarly, in XLE patients,
IL-6 levels (r = 0:230; p = 0:028, Figure 2(c)) and the IL-6/IL-
10 ratio (r = 0:199; p = 0:064) both displayed a positive cor-
relation with seizure frequency one month before the lab,
but statistical significance was achieved only for the IL-6
levels. In IGE patients, neither IL-6 (r = 0:035; p = 0:884,
Figure 2(d)) nor the IL-6/IL-10 ratio correlated with seizure
frequency.

In addition, we performed a separate correlation analysis
between IL-6 and seizure frequency one month before the
lab in TLE+HS patients based on lateralization. The results
showed that the strength of the negative correlation was
greater in patients with left lateralization (r = −0:546; p =

0:053) than in patients with right lateralization (r = −0:197;
p = 0:405) (Supplementary Figure 1).

3.2.4. IL-6 Levels and IL-6/IL-10 Ratio according to Aetiology
with a Focus on HS with Dual Pathology. IL-6 levels and the
IL-6/IL-10 ratio did not differ between different aetiologies
(p > 0:05). In descriptive analyses among all aetiology
groups, five patients with immune aetiology showed the
highest median levels of IL-6 (median = 3:0pg/mL), whereas
10 patients with infectious aetiology had the highest median
IL-6/IL-10 ratio (median = 3:3). The classification of aetiol-
ogies and the corresponding IL-6 levels and IL-6/IL-10 ratio
are provided in Figures 3(a) and 3(b).

Next, we compared IL-6 levels and the IL-6/IL-10 ratio
in HS patients with dual pathology. When comparing IL-6

Table 3: Frequency and proportion of patients with increased IL-6 levels.

IL-6 levels (cut-off 5 pg/mL) TLE+HS TLE-HS XLE IGE p value

Increased 0 14 (13.6%) 7 (7.6%) 1 (2.8%)
0.039

Not increased 34 (100%) 89 (86.4%) 85 (92.4%) 35 (97.2%)

Abbreviations: TLE+HS: temporal lobe epilepsy with hippocampal sclerosis; TLE-HS: temporal lobe epilepsy without hippocampal sclerosis; XLE:
extratemporal lobe epilepsy; IGE: idiopathic generalized epilepsy.
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Figure 2: Spearman's correlation analysis between IL-6 levels in plasma and seizure frequency one month before the lab in patients with
different epilepsy types. Abbreviations: TLE+HS: temporal lobe epilepsy with hippocampal sclerosis; TLE-HS: temporal lobe epilepsy
without hippocampal sclerosis; XLE: extratemporal lobe epilepsy; IGE: idiopathic generalized epilepsy.
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levels in patients with dual pathology to CD- and HS-only
patients, patients with CD+HS (n = 3) had higher median
levels of IL-6 compared to HS only (n = 27) (2.6 vs. 1.0 pg/
mL) or CD only (2.6 vs. 1.3 pg/mL) but lacked a statistically
significant difference (p > 0:05). However, the IL-6/IL-10
ratio was significantly higher in the CD+HS group than in
the HS group (7.7 vs. 2.6, p = 0:036) or CD alone (7.7 vs.
2.2, p = 0:014).

3.2.5. Effect of Autoimmune Diseases on IL-6 and the IL-6/IL-
10 Ratio. In the whole cohort, patients with autoimmune
diseases tended to have higher IL-6 levels than patients with-
out autoimmune diseases [median range: 1.8 (0.1-7.2) vs. 1.2
(0.0-17.6) pg/mL, p = 0:056]. Such a difference in IL-6 levels
was not observed when analysing between epilepsy types with
or without autoimmune diseases. Similarly, there was no effect
of autoimmune diseases on the IL6/IL-10 ratio when analysed
in the whole cohort or among the epilepsy types.

4. Discussion

The present study provided new perspectives on immuno-
logical alterations in patients with DRE. First, the IL-6 con-
centration and proinflammatory IL-6/anti-inflammatory IL-
10 ratio were differentially regulated among patients with
TLE, depending on the presence of HS. Second, we present
confirmatory evidence of the robust effect of the lateraliza-
tion of HS on IL-6 levels. As far as we know, this is the first
report that in TLE+HS patients, IL-6 levels displayed a sta-
tistically significant negative correlation with the frequency
of seizures during the last month before the lab. In contrast,
there was a positive correlation in patients with TLE and
XLE. On the other hand, in the current study, we did not
detect any correlation of the IL-6 or IL-6/IL-10 ratio with
age, sex, or duration of epilepsy, as reported in previous
studies [20, 26, 27].

According to our study, TLE without HS patients had a
higher proportion of increased IL-6 levels than TLE with
HS patients, whereas median levels of IL-6 did not differ

among epilepsy types. The overall prevalence of increased
levels of IL-6 in the present study is comparable to our pre-
vious study. However, in terms of comparison between TLE
and XLE, the results from the present study are in contradic-
tion to our previous study, where all patients with increased
levels of IL-6 had TLE, and the median levels of IL-6 were
also higher in the patients with TLE than in the patients with
XLE [20]. This discrepancy could be due to the difference in
the patient population with different clinical parameters. For
instance, the epilepsy duration of TLE and XLE patients was
similar in our previous study, but TLE-HS patients had lon-
ger disease duration than XLE patients in the present study.
Also, seizure parameters that were evaluated in the current
study—seizure-free patients for 1 year before labs, seizure
frequency 1 month before labs, and patients having at least
one seizure 1 month before labs, were all similar between
TLE and XLE patients. This may partly explain the absence
of seizure-induced elevation of IL-6 between these two
groups. Since TLE patients are mostly drug resistant to
ASMs, the higher levels of cytokines in these patients are
due to some active epileptic processes occurring in the brain
but such observation could not be depicted in this cohort.
Moreover, we could not rule out the role of proinflammatory
cytokines other than IL-6 in this study or the role of other
cellular factors in different epilepsy types.

Similar to our previous study, findings from a recent
meta-analysis also reported elevated serum IL-6 levels in
TLE patients [28]. On the other hand, in line with our pres-
ent result, a study analysing 14 serum cytokines, including
IL-6 and IL-10, in a large number of epileptic patients
(n = 1218) found no statistically significant difference in
interictal cytokine levels among patients among TLE, XLE,
and IGE groups [29]. Furthermore, in a recent study by
Alvim et al. [26], the levels of IL-6 and IL-10 did not differ
between epilepsy types.

The finding that the IL-6/IL-10 ratio was significantly
higher in TLE patients with HS than in TLE patients without
HS supports the importance of HS in TLE in our study. So
far, this may be the first study reporting the IL-6/IL-10 ratio
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Figure 3: The distribution of (a) IL-6 and (b) the IL-6/IL-10 ratio based on aetiologies. The scatterplot bars represent the median and
interquartile range.
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in different epilepsy types. Not only a single cytokine mea-
surement but also cytokine ratios have been studied in epi-
lepsy because these ratios can more appropriately capture
the intensity of inflammation versus the adequacy of the
anti-inflammatory response [30]. Cytokine ratios have been
studied in relation to either as a protective role for control-
ling seizures or as a mediator of the development of seizures.
For instance, IL-1RA/IL-6 ratio was proposed as a potential
biomarker for the development of hippocampal injury fol-
lowing febrile status epilepticus in children [30]. Recently,
we measured plasma levels of IL-6 and IL-10 and their ratio
in DRE patients, who were treated with deep brain stimula-
tion of the anterior nucleus of the thalamus (ANT-DBS),
and evaluated the changes in cytokine levels and their ratio
during a 1-year follow-up [23]. We found out that the higher
pretreatment levels of IL-6 and IL-6/IL-10 ratio subse-
quently decreased over time following the DBS therapy,
whereas the levels of IL-10 levels increased over time follow-
ing treatment with ANT-DBS. Therefore, we suggested that
cytokines IL-6 and IL-10 and their IL-6/IL-10 ratio could
have biomarker potential to evaluate the therapeutic
response to DBS treatment, which could facilitate treatment
optimization in patients with DRE.

Cytokine regulation is a hallmark of systemic inflamma-
tion. A significantly higher IL-6/IL-10 ratio in TLE+HS may
reflect the dysregulation in proinflammatory and anti-
inflammatory cytokine balance, a possible pathophysiologi-
cal mechanism contributing to neuroinflammation in DRE
[31]. Most TLE-associated HS studies on cytokines, particu-
larly IL-6 and IL-10, are performed in HS tissue samples
rather than in body fluids, plasma, or serum samples, pro-
viding inconsistent results [32–35]. A recent study found
an upregulated RNA tissue expression of several immune
mediators such as IL-1β, IL-18, CCL2, CCL3, and CCL4 in
TLE with HS patients when compared to the postmortem
hippocampal samples collected from autopsy controls sug-
gesting their role in the neuroinflammatory process contrib-
uting to mesial TLE epileptogenesis [32]. However, it is
interesting that the authors did not find detectable expres-
sion of IL-6 either in the TLE patients with HS or in the
autopsy controls [32]. It is complicated to compare our
results of systemic levels of IL-6 with the brain tissue expres-
sion of other cytokines because RNA tissue expression and
plasma protein levels are not directly comparable; moreover,
the increased cytokines tissue expression in the brain, as
epilepsy-associated changes, may not be directly observed
in the systemic circulation.

IL-6 levels were significantly higher in HS patients with
right lateralization than in those with left lateralization, sug-
gesting the lateralized cerebral influence of immune pro-
cesses. It has been reported that the left and right cerebral
hemispheres play a differential role in immune functions in
humans [36]. Furthermore, in agreement with our findings,
the study reported higher IL-6 levels after right-sided sei-
zures than after left-sided seizures, suggesting the pivotal
role of lateralization in seizure-induced production of IL-6
[37]. Cerebral hemispheres function differently in neurolog-
ical and psychiatric disorders as well as immunity. Meador
et al., [36] had proposed the cerebral lateralization of

immune functions. It is suggested that the left hemisphere
damage can result in the depression of immunological enti-
ties such as proliferation of T-lymphocytes, activity of nat-
ural killer cells, and the production of cytokines such as IL-
2 and antibodies such as immunoglobulin G antibodies.
Right hemisphere damage can induce either no immuno-
logical alterations or even augments the activity of specific
immunological components [38]. Patients with epilepsy
surgery displayed a differential role of the left and right
cerebral hemispheres on immune functions; left resection
patients induced decreased total lymphocytes, T cells,
CD8, and CD4 after resection surgery, whereas for the
patients with right-sided resection, the findings were oppo-
site [36]. Moreover, an experimental study had revealed
that the stimulation of the left temporo–parieto–occipital
cortex temporarily increased thymic CD4+ and CD8+ lym-
phocyte production, whilst stimulation of the right hemi-
sphere decreased their levels [39]. In a systematic review
article by Sumner et al. [38], of 11 selected studies, three
reported an association between weaker function of the left
hemisphere and poorer immune function, three suggested
an association between weaker function of the right hemi-
sphere and enhanced immune functioning, and five
described both associations.

Notably, we found a negative correlation of IL-6 levels
with the frequency of seizures in TLE with HS suggesting
that seizure-induced production of IL-6 was not observed
in TLE with HS patients. This finding also implicates that
seizure-induced production of IL-6 is dependent on the epi-
lepsy types because we observed positive correlations among
patients with other epilepsy types, that is, in TLE without HS
and XLE patients. A similar observation was reported in a
previous study where an increase in IL-6 levels after the sei-
zure was lacking in patients with HS compared to patients
without HS [37]. Seizure-induced IL-6 production is well
established in epilepsy and can be apprehended only up to
24 hours after the seizure and then returns to a basal level;
frequent seizures are usually associated with high levels of
cytokines [37, 40]. We have previously reported an associa-
tion between the levels of IL-6 and the severity of seizures
in DRE patients with focal epilepsy [41, 42] and that the pro-
duction of IL-6 as a response to a single seizure in TLE was
dependent on the previous seizure frequency and the base-
line IL-6 levels [21]. However, these studies were unable to
explore the association of IL-6 in TLE patients with HS.

There are some limitations in the present study. The lack
of a healthy control group is a crucial limitation of this
study. Measurement of IL-6 in a healthy population would
have provided additional findings enhancing the significance
of this study. For example, we could have compared physio-
logical concentrations of IL-6 in healthy controls with IL-6
levels in patients with different epilepsy types. We deter-
mined only a single cytokine at a single time point, and the
additional measurement of some proinflammatory cytokines
in follow-up samples could have enabled us to achieve a bet-
ter picture of cytokine alterations in patients with HS. More-
over, the heterogeneity in aetiologies, epilepsy syndrome,
seizure frequency, and disease duration limited the statistical
power in groups with a small number of patients. The
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evaluation of hippocampal structures was categorical in the
present study without volumetric analyses of the hippocam-
pus and the total brain volume.

Furthermore, IL-6 pathway has emerged as a pivotal
pathway both for immune regulation in health and for dys-
regulation in many infective and rheumatic diseases [12]. In
addition, recent exploratory studies have suggested that IL-6
levels are elevated also in cases of COVID-19 infection [43].
In our study, blood sampling was done only if the patients
did not have any signs or symptoms of acute infection; in
addition, this study was performed prior to COVID-19
pandemic.

5. Conclusions

In summary, our study provides evidence that IL-6 levels
and the IL-6/IL-10 ratio are distinctly regulated among
patients with TLE depending on the presence of HS and its
lateralization, suggesting the lateralized cerebral influence
of immune processes in patients with TLE. Moreover, the
IL-6/IL-10 ratio was associated with TLE with HS as a reflec-
tion of one of the pathophysiological mechanisms contribut-
ing to neuroinflammation in HS. The influence of seizure
frequency on the production of IL-6 depends on the epilepsy
type. The significance of these new findings needs to be
investigated further for their clinical relevance in TLE
patients with hippocampal sclerosis with better MRI charac-
terization of subtypes of HS.
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