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Regulation of IL-6 system in cerebrospinal fluid and serum compartments
by seizures: the effect of seizure type and duration
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Abstract

Experimental studies suggest that cytokine production may be triggered by seizure activity. Here we determined the levels of interleukin-6
(IL-6) and its soluble receptor components (sIL-6R and sGp130) in CSF and serum from control subjects and patients after different types of
seizures. IL-6 levels were increased after seizures, whereas sIL-6R levels were decreased. Interestingly, the levels of IL-6 were strongly
increased after recurrent generalized tonic-clonic seizures (GTCS), whereas after single tonic-clonic or prolonged partial seizures IL-6 levels
were increased to lesser extent. These results provide further support for a hypothesis of cytokine production induced by seizure activity per se.
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1. Introduction

In the central nervous system (CNS), cytokines are
produced as a response to various inflammatory stimuli.
Recently, experimental studies have revealed that cytokine
production may be induced also by seizure activity
(Jankowsky et al., 2000; Vezzani et al., 1999). Interest-
ingly, modulation of cytokine network has been shown to
affect duration and spread of seizure activity (D’Arcan-
gelo et al., 2000; De Simoni et al., 2000; Vezzani et al.,
1999), as well as seizure susceptibility (Vezzani et al.,
2000). In addition, seizure-induced production of cyto-
kines may contribute to formation of structural changes
after sustained seizure activity, such as neuronal damage
and gliosis (Panegyres and Hughes, 1998; Penkowa et al.,
2001).

Interleukin-6 (IL-6) is a cytokine with multiple effects on
various cell types and tissues throughout the body. In the
CNS, IL-6 has been revealed to have both neuroprotective
(Penkowa et al., 2001, 2003) and neurotoxic effects (Camp-
bell et al., 1993). IL-6 receptor complex has two compo-
nents, interleukin-6 receptor (IL-6R) and glycoprotein 130
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(Gp130), both of which are also released in soluble forms.
Soluble IL-6R (sIL-6R) has mainly agonistic effects on IL-6
signalling (Peters et al., 1996), whereas soluble Gp130
(sGp130) acts as an antagonist (Muller-Newen et al.,
1998; Jostock et al., 2001). Due to the modulating role of
these soluble receptors, the levels of these receptor compo-
nents should be evaluated in order to assess IL-6 activity.

In our previous studies (Peltola et al., 1998, 2000a),
increased levels of IL-6 were measured in CSF and plasma
of patients with recent generalized tonic-clonic seizures
(GTCS). Only patients with single GTCS were included in
these studies. However, whether this observed increase in
IL-6 levels is related directly to the seizure activity or some
other seizure-related phenomenon is not fully understood. In
the present study, we examined patients with different
seizure patterns in order to evaluate the effect of seizure
activity per se on IL-6 system.

2. Patients and methods

Thirty-three consecutive patients coming to the emer-
gency department of Tampere University Hospital with
acute seizures were included in the study. Patients with
any signs of inflammatory or infectious disease were
excluded from the study. Three groups of patients were
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Table 1
Etiology of seizures in different patient groups
sGTCS rGTCSs PPSs
Spontaneous seizure
symptomatic epilepsy
vascular 1 (10%) 4 (57.1%)
trauma 1 (10%)
tumor 2 (12.5%) 1 (14.3%)
cryptogenic epilepsy 11 (68.8%) 1 (10%) 2 (28.6%)
Provoked seizures
alcohol withdrawal 3 (18.8%) 4 (40.0%)
acute trauma 1 (10%)
electrolyte disturbances 2 (20.0%)
(hyponatremia)
Total 16 10 7

examined in this study. The first patient group consisted
of 16 patients with single GTCS. The second group
included 10 patients with recurrent GTCS, who had
experienced two or more recurrent GTCS before admis-
sion to the hospital. The third patient group consisted of
seven patients with prolonged partial seizures (PPS). In
this group, five patients had prolonged simple partial and
two patients had prolonged complex partial seizures. The
duration of seizures in this group varied from 10 min up
to 2 h. Serum samples were obtained from all patients, but
CSF sample was unavailable from three patients with
recurrent GTCS and from five patients with PPS in whom
there was no clinical indication for a CSF sample. The
control samples were obtained from 17 patients who were
studied to exclude neurological disease, and who yielded
normal neurological examination and laboratory findings.
The etiology of seizures in different patient groups is
listed in Table 1. All subjects were fully informed of the
risks and potential benefits of the CSF examination and
they gave their written informed consent to participate.
The study protocol was approved by the Ethics Committee
of Tampere University Hospital.

All samples were obtained within 24 h after the seizure.
Commercially available enzyme linked immunosorbent as-
say (ELISA) kits were used for IL-6 (Pelikine Compact,
CLB, Amsterdam, The Netherlands), sIL-6R and sGp130
(R&D Systems, Abingdon, UK) measurements. The sensi-
tivities for assays for IL-6, sIL-6R and sGp130 were 0.6 pg/
ml, 6.5 pg/ml and 0.08 ng/ml, respectively. Variation of
levels was minimal between different plates as well as within
a plate (for details, see manufacturer’s information). Samples
of patient groups and controls were equally distributed under
several plates to minimize potential differences between
plates. The assays were performed according to manufac-
turers’ instructions.

Statistical significance of differences between groups
was assessed using Mann—Whitney test. A p value of
0.05 or less was considered statistically significant. All
analyses were performed using Windows SPSS 9.0
software.

3. Results
3.1. Levels of IL-6 in CSF and serum

When compared to the control subjects, the levels of IL-6
in CSF were increased both in patients with single GTCS
and in patients with recurrent GTCS (p<0.001) (Fig. 1).
Abnormal CSF levels (£2 SD of control levels) were
detected in 11/16 patients with single GTCS and in 6/7
patients with recurrent GTCS. Furthermore, the CSF levels
of IL-6 were significantly higher in patients with recurrent
GTCS when compared to those with single GTCS (p=0.05).
The serum levels of IL-6 were increased in all seizure
groups when compared to control subjects (p<0.001).
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Fig. 1. (a) The levels of IL-6 in CSF. (b) The levels of IL-6 in serum.
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Abnormal serum levels were found in 12/16 patients with
single GTCS, in 10/10 patients with recurrent GTCS, and in
6/7 patients with PPS. Within the seizure groups, the serum
levels of IL-6 were significantly higher (p<0.001) in
patients with recurrent GTCS when compared to those with
single GTCS and PPS.

3.2. Levels of sIL-6R in CSF and serum

Patients with single GTCS showed a statistically signif-
icant decrease in the CSF levels of sIL-6R when compared
with control subjects (p=0.05) (Fig. 2). No significant
differences were found from other patient groups when
compared to controls, probably due to the limited number
of patients in these groups. However, when all patients were
pooled in a single group, the CSF levels of sIL-6R were
significantly decreased (p<0.05). Abnormal CSF levels (£2
SD of control levels) were evident in 12/16 patients with
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Fig. 2. (a) The levels of sIL-6R in CSF. (b) The levels of sIL-6R in serum.
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Fig. 3. (a) The levels of sGp130 in CSF. (b) The levels of sGp130 in serum.

single GTCS, in 7/7 patients with recurrent GTCS. In
serum, sIL-6R levels were significantly lower in patients
with PPS when compared to control subjects (p<0.01),
whereas other patient groups showed no significant differ-
ences. When all patients were analysed as a single group, a
trend to decreased levels of serum sIL-6R was found
(p=0.092). Changed levels were found in 2/16 patients with
single GTCS, in 4/10 patients with recurrent GTCS and in 4/
7 patients with PPS.

3.3. Levels of sGp130 in CSF and serum

The levels of sGp130 showed no significant differences
between the seizure groups and control subjects either in
CSF or in serum, with the exception of an increase in serum
levels of sGp130 in patients with single GTCS when
compared to controls (p<0.05) (Fig. 3). CSF values differ-
ing from control levels were detected in 4/16 patients with
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single GTCS, and in 2/7 patients with recurrent GTCS. In
serum, levels were abnormal in 8/16 patients with single
GTCS, in 6/10 patients with recurrent GTCS and in 3/7
patients with PPS.

3.4. The effect of time from seizure onset to sampling to IL-6
levels

The mean time from seizure onset to the sample collec-
tion was approximately 16 h in single GTCS group, 11 h in
recurrent GTCS group and 10 h in PPS group. The effect of
time in IL-6 concentration was studied further in the single
GTCS group, since this was the largest and most homoge-
nous group of patients. However, no correlations were
found between the delay from the seizure to sample collec-
tion (data not shown).

4. Discussion

In patients with recent GTCS, we have previously found
a rather selective increase in the levels of IL-6 and inter-
leukin-1 receptor antagonist (IL-1ra) with unchanged inter-
leukin-1B (IL-1PB) and tumor necrosis factor-a (TNFa)
levels (Peltola et al., 1998, 2000a). The present study
confirms and further extends these findings. The levels of
IL-6 both in CSF and in serum were increased in all seizure
groups (except in two CSF samples in PPS group). Further-
more, the magnitude of the IL-6 activation was most
pronounced in patients with recurrent GTCS, i.e. in the case
of most severe cerebral epileptic activity. These human data
seem to be consistent with experimental studies suggesting
that the secretion of IL-6 may be induced by seizure activity
per se (Jankowsky et al., 2000, Sallmann et al., 2000). A
decrease in sIL-6R levels was found in the CSF when all
patients were pooled in a single group, however, this
decrease was most clear in patients with single GTCS.
Serum levels of sIL-6R were decreased only in patients
with PPS. The levels of sGpl130 were increased only in
serum of patients with single GTCS. These findings indicate
that the levels of these soluble receptors are also affected by
seizures, although no correlation to the seizure severity was
found.

Experimental studies have shown that seizure activity
increases expression of several cytokines in the brain
parenchyma (Vezzani et al., 1999; Jankowsky et al.,
2000). However, only IL-6 release into CSF seems to be
clearly increased after seizures (Peltola et al., 1998, 2000a).
We have found previously that after kainic acid induced
status epilepticus (SE) IL-6 is up-regulated in the meninges
in addition to the expression in the brain parenchyma
(Lehtimaki et al., 2003). This finding indicates that
meninges may also serve as a potential site of IL-6 origin
in CSF. After pilocarpine-induced SE, IL-6 positive cells
have been detected both in the borders and within the brain
vessels, representing most likely endothelial cells and ad-

herent white blood cells (Jankowsky et al., 2000). Interleu-
kin-6 production is also increased in the brain endothelial
cells by various noxious stimuli (Reyes et al., 1999). These
results suggest that seizure induced release of IL-6 into the
serum compartment occurs mainly from the brain vessels. In
addition, IL-6 may be partly originated from CSF compart-
ment via venous drainage.

In assessing our results on IL-6 system, causes of
seizures as well as possible seizure-related neuronal damage
must be considered. Most of our patients had either remote
symptomatic or cryptogenic localisation-related epilepsy,
i.e. seizures of unidentifiable but probably remote symp-
tomatic cause (Table 1). To our knowledge, there is no data
suggesting that these remote symptomatic etiologies per se
might be associated with permanent or long-term activation
of IL-6 system. However, in the case of acute symptomatic
seizures, contribution of the etiology (alcohol withdrawal,
electrolyte disturbances, trauma or neoplasia) cannot be
ruled out. In addition, in 7 of the 10 patients with acute
symptomatic seizures the cause was alcohol withdrawal.
Chronic alcoholic patients have been reported to show
elevated serum levels of IL-6 due to production from
monocytes (Song et al., 1999). However, whether CSF
levels are affected by alcohol abuse, is currently unknown.

The potential significance of IL-6 system in epilepsy is
unknown. At the systemic level, the levels of IL-6 have been
shown to be associated with the parameters of systemic
inflammatory response (Peltola et al., 2002). The activation
of IL-6 system via stimulation of B-cells could also partly
explain the increased prevalence of autoantibodies observed
in patients with therapy resistant epilepsy (Peltola et al.,
2000b,c). Experimental studies suggest that IL-6 may act as
a protective factor against seizure induced neuronal damage
(Penkowa et al., 2001). IL-6 has been also reported to
inhibit spread of excitation in the rat cerebral cortex (D’Ar-
cangelo et al., 2000). On the other hand, when chronically
overproduced, IL-6 has been reported to result in seizures
and accompanying histological changes such as neuronal
loss and gliosis (Campbell et al., 1993). These changes,
commonly referred as temporal or mesial sclerosis, are
frequently seen in temporal lobe structures of patients with
chronic refractory epilepsy. Therefore, it can be hypothes-
ised that IL-6 response after acute seizures may have
beneficial effects. However, when chronically produced
due to recurrent seizures or some other pathological condi-
tion, IL-6 may contribute to formation of structural changes
in the neuronal tissue eventually leading to refractory
seizures.

In conclusion, our results demonstrate that seizures in
humans cause changes in IL-6 levels in CSF as well as in
peripheral blood. The magnitude of these changes is related
to the severity of seizures. Seizures may also cause changes
in the levels of soluble IL-6 receptor components, resulting
in complex modulation of IL-6 activity in CSF and serum
compartments. More generally, activation of cytokine net-
work by seizures may serve as a link between excessive
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neuronal activity and various immunological changes in
patients suffering from seizure disorders.
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