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Abstract:

In recent years, the concept of an immunological background of some types of epilepsy has been gaining an increasing number of
supporters. The following article is an attempt to review the most significant studies that explore irregularities in patients with intrac-
table epilepsy, search for and identify the immunological causal factors of seizures and, finally, associate these factors with particular
syndromes that manifest in refractory epilepsy. We also discuss the efficacy of immunomodulatory treatment in the recognized syn-
dromes. Last, we focus on the immunological abnormalities found in patients undergoing antiepileptic therapy with classical antiepi-
leptic drugs as well as changes in the immune system that could be provoked by an epileptic seizure itself.
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Abbreviations: ACL – anticardiolipin antibodies, ACTH –
corticotrophin, AED – antiepileptic drugs, AMPA – �-amino-
3-hydroxy-5-methylisoxazole-4-propionic acid, ANA – antinu-
clear antibodies, APL – antiphospholipid antibodies, APS – an-
tiphospholipid syndrome, CBZ – carbamazepine, CNS – cen-
tral nervous system, CRH – corticotropin-releasing hormone,
CSF – cerebrospinal fluid, EEG – electroencephalogram, EPSPs
– excitatory postsynaptic potentials, FGF – fibroblast growth
factor, GA – glutaric acid, GABA – �-aminobutyric acid, GAD
– glutamic acid decarboxylase, GluR3 – glutamate receptor
type 3, GluR3Ab – antibodies against glutamate receptor type
3, IL – interleukin, IL-1Ra – IL-1 receptor agonist, IFN – inter-
feron, IPSPs – inhibitory postsynaptic potentials, IVIG – intra-
venous immunoglobulins, LA – lupus anticoagulant, LGS –
Lennox-Gastaut syndrome, LKS – Landau-Kleffner syndrome,
MAC – membrane attack complex, MCP-1 – monocyte che-
moattractant protein-1, MMA – methylmalonic acid, NK –
natural killer, NMDA – N-methyl-D-aspartic acid, PB – pheno-
barbital, PHT – phenytoin, PMN – polymorphonuclear leuko-
cytes, PTZ – pentylenetetrazole, RE – Rasmussen encephalitis,
SE – status epilepticus, SLE – systemic lupus erythematosus,

TNF-� – tumor necrosis factor-�, VGCC – voltage-gated cal-
cium channels, VGKC – voltage-gated potassium channels,
VPA – valproic acid, WHO – World Health Organization, WS
– West syndrome

Introduction

Epilepsy is a chronic disorder characterized by recur-
rent unprovoked seizures of cerebral origin with mo-
tor, sensory or autonomic disturbance with or without
loss of consciousness [90]. According to estimates
from the WHO, the mean prevalence of active epi-
lepsy is approximately 8.2 per 1000 people in the gen-
eral population, which renders it likely that as many
as 50 million people throughout the world may be af-
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fected with this disease. However, as observations
made over the years have proven, epilepsy is not a ho-
mogeneous disorder, but a group of pathologic condi-
tions that manifest with seizures. Although the seizure
pattern may look similar or even identical in people
with epilepsy, the underlying pathology may differ.
Regarding its etiology, epilepsy has been divided into
types: idiopathic generalized (genetic), symptomatic
(with known cerebral abnormality) and cryptogenic
(with the causative factor still to be identified) [90].

Intense research into the mechanisms of epilepsy
and the function of the central nervous system (CNS)
has led to the formulation of a theory that suggests
that seizures are caused by an imbalance between the
excitatory and inhibitory stimuli that interact with
a group of neurons of a particular epileptic focus.
When the excitatory postsynaptic potentials (EPSPs)
gain advantage over the inhibitory postsynaptic po-
tentials (IPSPs), an abnormally high depolarization
may be generated, thus triggering a series of action
potentials. The processes known to play a role in neu-
ronal depolarization are calcium and sodium influx,
potassium efflux, excitation via amino acids (e.g.,
glutamate) and inhibition via neurotransmitters (i.e.,
GABA) [83]. It is on the aforementioned mechanisms
that the contemporary therapy of epilepsy is based.
Yet a group still exists of approximately 20–40% of
patients who are drug-resistant [37].

The considerable prevalence of drug-resistance and
the large number of cases that fall into the cryptogenic
group of epilepsies implies that there must be other
mechanisms responsible for the development of cer-
tain types of epilepsy that remain undiscovered. This
theory led to a growing interest in the possibility that
autoimmune mechanisms play a role in epileptogene-
sis and resulted in a large number of reports on the
subject. These reports describe the presence of auto-
antibodies and other immunological alterations in pa-
tients with epilepsy as well as evidence of the epilep-
togenic properties of those antibodies and the positive
effects of immunomodulatory treatment of certain
types of epilepsy.

In the beginning, most studies searching for any as-
sociation between the immune system and epilepsy
were performed on unselected groups of epileptic pa-
tients. Those works compared the serum levels of
non-specific immunoglobulins, especially IgG and
IgA. In 1988, Eeg-Olofson et al. [30] reported signifi-
cantly decreased mean serum levels of IgA in patients
with focal epilepsy compared with a control group,

while their relatives displayed considerably decreased
mean levels of IgM. However, it was argued whether
these immunoglobulins constitute a contributory factor
or if their presence is simply a result of seizure activity.

Other experiments using antibodies directed against
the forebrain or hippocampus provided evidence that
their intracerebral application might induce seizures
in animals [79].

Anti-GluR3 antibodies (Rasmussen

encephalitis)

The first specific immunologic factors suspected of
contributing to the development of epilepsy are the
antibodies against glutamate receptor type 3 (GluR3).
Glutamate receptors, also referred to as AMPA, are
non-NMDA-type ionotropic transmembrane post-
synaptic receptors. They are composed of four types
of subunits, GluR1-4, which combine to form tet-
ramers. These structures are responsible for fast syn-
aptic transmission and are common in the CNS. The
role of the GluR3 subunit of the AMPA receptor in
epilepsy was examined by Steenland et al. [101], who
demonstrated that three out of nine genetic knockout
mice, GluR3 (–/–), expressed spontaneous seizure ac-
tivity. In 1994, Rogers et al. [92] found anti-GluR3
antibodies in the serum of patients suffering from
Rasmussen encephalitis (RE).

RE is a rare progressive neurodegenerative syn-
drome characterized by intractable focal seizures,
cognitive decline and hemiparesis. The disease usu-
ally has its onset in childhood, and the neurodegen-
erative process affects only one cerebral hemisphere,
causing a typical image of encephalitis with perivas-
cular lymphocyte cuffs and scattered microglial nod-
ules. These changes progress and lead to neuronal and
cortical cell loss [13].

In his experiments, Rogers et al. [92] also proved
that immunization of rabbits with GluR3 induced sei-
zures. Moreover, the histopathological picture of
these rabbits mimics that found in patients with RE.
The crucial difference is that in the experimentally in-
duced disease, the pathology involves both hemi-
spheres, whereas in patients with RE, the changes are
unilateral. The unilateral involvement of the brain in
this disease is, however, contradicted by Andermann
and Farrell [4] who, after analysis of the available
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case reports on RE, claim that in case of early onset, it
may progress to bilateral involvement over the course
of the disease (with the time to involvement of the op-
posite hemisphere ranging from a few weeks to two to
three years after diagnosis).

Further evidence of the action of GluR3 antibodies
was delivered by Twyman et al. [102] whose research
revealed that the GluR3Abs from rabbit serum bound
to and activated currents in fetal murine cortical neu-
rons in vitro. The mechanism by which the seizures
are evoked by these antibodies in RE patients is still
under dispute. Two possible modes of action have
been proposed – neuronal death and excitotoxicity.
The former hypothesis is supported by the research of
He et al. [53], who discovered that GluR3Abs isolated
from the sera of immunized animals caused death of
cultured cortical cells by a complement-dependent
mechanism. Furthermore, Whitney et al. [113] sam-
pled and analyzed brain tissue from RE patients to
show immunoreactivity of this tissue to immuno-
globulins, C4, C8 and the membrane attack complex
(MAC). In contrast, the latter theory states that GluR3
antibodies mediate excessive, cytotoxic activation of
the glutamate receptor via stimulation of the ion chan-
nel. This theory was substantiated by Twyman et al.
[102] and Levite et al. [69] who also evoked currents
in cultured fetal mouse cortical cells by perfusion
with GluR3 antibodies.

Another issue requiring further study and explana-
tion is the mechanism by which these antibodies
penetrate the blood-brain barrier, which is considered
impermeable to IgG. He et al. [53] examined cortex
and hippocampus tissue samples from rabbits previ-
ously immunized with GluR3. Some of the immu-
nized rabbits developed RE, while others remained
healthy. These investigations revealed IgG immunore-
activity on neurons and IgG-induced processes in neo-
cortex and hippocampus in ill, but not in healthy rabbits.
Also, in a group of brain tissue samples from RE pa-
tients, IgG and MAC immunoreactivity was evident.
Consequently, it is undeniable that GluR3Abs must con-
tact cortical cells in order to provoke seizures, and the
permeability of the blood-brain barrier must be tempo-
rarily or permanently altered to enable that contact.

The role of GluR3 antibodies in the development
of RE has been argued since Watson et al. [112] dis-
covered them in only two out of 30 RE patients.
Moreover, Mantegazza et al. [82] found GluR3Abs
not only in RE patients, but also in patients with par-

tial and generalized epilepsy, concluding their unspe-
cificity to RE. Regarding these findings, a possibility
that other antibodies are involved has been postulated.
Yang and Puranam [116] reported only one case in
which antibodies against munc-18 were identified in
a RE patient. This protein resides intracellularly in
presynaptic terminals and participates in the secretion
of neurotransmitters.

Strong evidence of the role of cell-mediated immu-
nity in RE also exists and will be discussed further in
this article.

Anti-GM1 antibodies

Gangliosides are a group of glycosphingolipids that
are typically found in the nervous system. The ganglio-
sides isolated from the brain are GM1, GD1a, GD1b
and GT1. They are reported to play a role in neuronal
cell maturation and plasticity and memory formation.
Also, their neuroprotective function has been postu-
lated, especially against various excitotoxic agents,
excitatory amino acids, ischemia and free radicals
[36].

Numerous accounts on the protective action of gan-
gliosides, GM1 in particular, against seizures in dif-
ferent models of epilepsy can be found. Wu et al.
[114] bred knock-out mice lacking gangliotetraose
gangliosides and discovered that they were highly
susceptible to kainic acid-induced seizures, which
were more severe and lasted longer compared to the
controls. The experiments of Fighera et al. [35, 36] on
rodents went a step further and proved the efficacy of
intraperitoneal GM1 administration against glutaric
acid (GA)-, pentylenetetrazole (PTZ)- and methylma-
lonic acid (MMA)-induced seizures. In addition, ip

administration of GM1 protected the rodents against
Na+,K+-ATPase inhibition upon seizure induction by
GA [36]. However, in the study of Albertson and
Walby [3], no anticonvulsant activity was demon-
strated in kindled-amygdaloid seizure tests in rats af-
ter a single ip dose of GM1.

Proof of the ability of anti-GM1 antibodies to
evoke seizures was provided by rat experiments per-
formed by Karpiak et al. [63]. First, he injected an-
tiserum to total brain ganglioside into the sensorimo-
tor cortex of rats, which resulted in recurrent spiking
in the cortical electroencephalogram. Absorption of
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the injected antibodies with pure GM1 completely
abolished the convulsive effect. Follow-up studies
concluded that the antibody titers correlated with the
intensity of epileptiform activity. Surprisingly, puri-
fied antibodies to GM1 were less effective in inducing
seizures than native antiserum, suggesting that anti-
bodies to other types of gangliosides can also contrib-
ute to the total convulsive effect [65]. In contrast with
the proposed complement-dependent mechanism of
anti-GluR3 antibodies, anti-GM1 antibodies seem to
be completely independent of complement, as only
the Fab fragments from antiganglioside IgG mole-
cules were sufficient to provoke seizures in rats [64].

In humans, the presence of anti-GM1 antibodies
was confirmed by Bartolomei et al. [10] who ana-
lyzed the sera of 64 patients with various types of epi-
leptic syndromes. As a result, he found four patients
with the abnormality. All four of these patients had
complex partial seizures that were secondarily gener-
alized, drug resistance and a psychiatric disorder. This
finding is highly suggestive that these patients com-
pose a separate etiopathological group of patients, and
consequently, represent a separate epileptic syndrome.

Antibodies in systemic lupus

erythematosus and antiphospholipid

syndrome

Many observations have been made that the preva-
lence of epilepsy seems to be higher in patients with
systemic lupus erythematosus (SLE) than in the gen-
eral population. This hypothesis was confirmed in the
studies of Mok et al. [81] who followed 518 patients
with SLE for 16 years in search of neuropsychiatric
manifestations. In 28% of the examined patients, epi-
lepsy was present and, moreover, was the most frequent
neuropsychiatric manifestation. As estimated by Jenne-
kens and Kater [57, 58], the prevalence of seizures ranged
between 17 and 37% of the SLE patients. A similar find-
ing was made by Kalashnikova et al. [59]: Of a group of
124 patients with antiphospholipid syndrome (APS),
24% complained of epileptic seizures.

APS is characterized by arterial and venous throm-
boses, thrombocytopenia and recurrent spontaneous
abortions and is associated with the presence of anti-
phospholipid antibodies (aPL). These antibodies com-
pose a heterogeneous group that includes anticardioli-

pin antibodies (aCL), lupus anticoagulant (LA) and
anti-�2-glycoprotein I antibodies. APS can either be
a primary disorder or may also be secondary to a con-
nective tissue disease, e.g., SLE. According to Shoen-
feld et al. [97], epilepsy is more frequent in the secon-
dary syndrome (13.7% vs. 6%).

These facts stem the hypothesis that the pathologic
agents responsible for the development of epilepsy
might be one or more types of immunoglobulins pres-
ent in APS. Billau et al. [15] hypothesized that epi-
lepsy might develop as a result of either direct neu-
ronal damage as a result of cross-reaction with antinu-
clear antibodies (ANA), or vasculopathy, which in
turn, can be mediated by ANA or can occur as a sec-
ondary process to thrombotic events associated with
the action of aPL.

Appenzeller et al. [7] followed 519 patients with
SLE for four to seven years and found 60 (11.6%)
cases of epilepsy during the observation period. Both
the cases of seizures at the onset of SLE symptoms
and those emerging during the follow-up strongly cor-
related with the presence of aPL. Among aPL, those
suspected of having the highest potential of evoking
seizures are aCL. Shrivastava et al. [98] found a sig-
nificant association between epilepsy and aCL in SLE
patients. Moreover, studies of Liou et al. [72] revealed
a correlation between a high aCL serum level and the
risk of seizures.

There is also some evidence for epileptogenic ef-
fects of other groups of aPL. Cimaz and Romeo [25]
studied 142 cases of epilepsy among which 25 sera
samples were positive for anti-�2-glycoprotein I anti-
bodies. In SLE patients, Shrivastava et al. [98] also
discovered a similar association between epilepsy and
anti-�2-glycoprotein I antibodies, as in the case of
aCL. Reports of isolated cases of epilepsy with posi-
tive serum LA can also be found [42].

Direct evidence for aPL action in CNS was pro-
vided by Chapman et al. [22] who incubated synapto-
neurosomes from a perfused rat brain stem with aPL
serum, which resulted in significant depolarization of
the synaptoneurosomes. Liou et al. [73], in turn, incu-
bated the LP5 central neuron of snail with aCL sera
and examined the responses of the neuron to GABA
and glutamate. These findings imply an interaction
with the GABA system as a possible pathologic
mechanism of aCL action in epilepsy.

Apart from the aforementioned agents, associations
have been made between epilepsy and antibodies
present in SLE-affected patients, including ANA and
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anti-dsDNA antibodies. Verrot et al. [105] found ANA
in 25% of unselected epilepsy patients. Lin et al. [71]
reported a case of a male neonate with neonatal lupus
erythematosus that was caused by the transplacental
passage of anti-Ro/SSA and anti-La/SSB maternal an-
tibodies who developed focal seizures over the course
of the disease. Ganor et al. [40] discovered elevated
levels of anti-dsDNA antibodies in the sera and cere-
brospinal fluid of 17% of their studied epilepsy cases.

Anti-GAD antibodies and stiff-man

syndrome

Other factors of epileptic pathogenicity that are sup-
ported by substantial evidence are antibodies directed
against glutamic acid decarboxylase (GAD). This en-
zyme is responsible for the production of GABA,
which as mentioned above, is a main inhibitory neu-
rotransmitter of the CNS. Consequently, anti-GAD anti-
bodies, if permitted access to neurons in the brain, might
tilt the balance between inhibitory and excitatory agents
in favor of the latter, thus contributing to epileptogene-
sis. Two mechanisms are suspected to mediate this pro-
cess – the reduction of GABA synthesis in nerve termi-
nals and the impairment of GABA exocytosis.

The hypothesis that a decrease in GAD concentra-
tion in brain tissue plays a role in seizure induction
was proven in numerous studies both in animals and
humans. In animal models of epilepsy, Li et al. [70]
discovered diminished GAD activity in the cerebral
cortex after seizures were provoked by hyperbaric
oxygen exposure. A similar observation was made by
Malfatti et al. [76] in a model of MMA-induced con-
vulsions, where GAD activity was negatively corre-
lated with the seizure duration. Baran et al. [9] per-
formed experiments with the kainic acid model of epi-
lepsy and showed increased concentrations of GAD in
all examined cortical areas, apart from the amygdala
cortex in which the GAD activity was decreased, and
correlated with convulsion severity. Kash et al. [66]
demonstrated that mice genetically deprived of the
GAD65 isoform spontaneously developed seizures. In
humans, Lloyd et al. [74] excised brain tissue from
the epileptic foci of patients with intractable epilepsy by
neurosurgical resection and examined this tissue to find
decreased GAD activity in more than 50% of the patients.

Autoantibodies against GAD were first discovered
in a patient with stiff-man syndrome. In 1990, Soli-
mena et al. [100] found anti-GAD antibodies in 20 out
of 33 of the patients that he examined with the dis-
ease. Stiff-man syndrome is a rare disorder that af-
fects the CNS and manifests with the involuntary
stiffening of axial muscles and spasms that are usually
provoked by tactile or emotional stimuli. Later, the
syndrome and the GAD antibodies were associated
with other disorders, especially insulin-dependent dia-
betes mellitus, chronic cerebellar ataxia and epilepsy.
The fact that Solimena et al. [100] determined that all
of the 20 patients studied with anti-GAD antibodies
suffered from epilepsy is highly suggestive of the link
between GAD/stiff-man syndrome and epilepsy.

McKnight et al. [77] tested the sera of 139 patients
with drug-resistant epilepsy and found high levels of
anti-GAD antibodies in three of them. These results
were confirmed by Peltola et al. [87] who examined
the sera of 51 therapy-resistant localization-related
epilepsy patients and 49 subjects with generalized
epilepsy. In the first group, eight patients had antibod-
ies against GAD, whereas no such antibodies were
present in the latter group or in the control group. This
finding suggests that GAD antibodies are more spe-
cific for localization-related epilepsy. Also, a few iso-
lated cases of epilepsy have been connected with the
presence of anti-GAD antibodies [62, 84, 112]. The
most interesting, though, is the case reported by Kan-
ter et al. [62]. This patient was admitted with a sudden
onset of refractory status epilepticus, which was im-
possible to control using high doses of conventional
antiepileptic therapy. The screening tests for various
possible pathologic factors disclosed high levels of
GAD antibodies in the serum as well as in the cere-
brospinal fluid (CSF). The symptoms subsided, and
the concentrations of the GAD antibodies diminished
after cyclophosphamide therapy.

West syndrome and Lennox-Gastaut

syndrome

West syndrome (infantile spasms, WS) and Lennox-
Gastaut syndrome (LGS) are childhood epileptic en-
cephalopathies associated with developmental regres-
sion. WS is characterized by infantile spasms, an in-
terictal electroencephalogram (EEG) pattern termed
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hypsarrhythmia and mental retardation. In approxi-
mately 10% of cases, it can precede LGS, which is an
extremely destructive disorder with a large variety of
generalized or focal seizures, mental retardation or re-
gression and abnormal EEG results with generalized slow
spike-and-wave discharges (1.5–2 Hz). As a child grows
up, the frequency and severity of seizures in these disor-
ders usually decrease and the impairment of cognitive
and psychomotor function alleviates. Both conditions can
be precipitated by a variety of factors, yet the underlying
pathophysiological mechanisms still remain unknown.

The associations between the suspected immuno-
logical background and both of the discussed types of
epilepsy were mostly made on the basis of observations
of favorable responses to immunomodulatory therapy,
which were far better than those to conventional antiepi-
leptic drugs (AED). These positive reports mainly re-
ferred to ACTH and corticosteroid administration.

A good alternative to steroid treatment in control-
ling seizure activity is infusion with human polyva-
lent immunoglobulins (intravenous immunoglobulins
injections, IVIG), which will be discussed later in this
article. In an investigation of LGS treatment with
IVIG, Illum et al. [55] demonstrated an immediate re-
duction in seizures in two out of 10 patients. Other re-
search performed by Gross-Tsur et al. [44] showed
partial or complete remission in six out of eight pa-
tients who were previously resistant to AED and ster-
oids. In contrast, in a study of WS and LGS, Echenne
et al. [29] demonstrated EEG and/or clinical improve-
ment only in eight out of 23 patients. Furthermore,
van Engelen et al. [104] revealed a mean reduction in
clinical seizures and pathological discharges in EEG
recordings by 70% and 40%, respectively, in a group
of 25 patients suffering from WS or LGS. In addition,
these researchers discovered an increase in the serum
concentration of total IgG by approximately 76% and
in the concentration of CSF IgG by 44% after IVIG
administration. These findings contribute to the hy-
pothesis that IVIG crosses the blood-CSF barrier.

Further evidence for immunological mechanisms
in epileptic children was revealed by Haraldsson et al.
[49]. This group demonstrated a higher concentration
of the serum immunoglobulins IgG and IgM and
lower kappa/lambda immunoglobulin chain ratios
compared to the reference group of healthy children.
Evidence for the imbalance of the immune system
was also substantiated by van Engelen et al. [105]
who displayed elevated serum IgG levels in LGS pa-
tients with a functionally impaired response to antigen
(hemocyanin).

Landau-Kleffner syndrome

Landau-Kleffner syndrome (LKS) is another rare de-
velopmental syndrome characterized by acquired
aphasia in early childhood, abnormal EEG often dur-
ing sleep, epileptic seizures and behavioral disorders.

Numerous hypotheses on the pathogenesis of this
condition have been described since the first descrip-
tion by Landau et al. in 1957 [67]. Regarding the
spectacular improvement of language skills and EEG
abnormalities in patients after treatment with corticos-
teroids or repeated IVIG infusions, an immunopatho-
genic basis of this syndrome was implied. This pro-
posal was supported by many reports on significant,
but still temporary, clinical and EEG responses to ini-
tial or consecutive therapy with repeated IVIG infu-
sions [34, 80]. Moreover, Fayad et al. [33] examined
a patient with LKS with pre-treatment and found an in-
creased CSF IgG index, suggesting intrathecal IgG
production. The index returned to normal after the first
IVIG infusion. A similar account of an increased CSF
IgG index was substantiated by Mikati et al. [80].

Further evidence for the role of an immunological
mechanism in seizures in LKS was delivered by Con-
nolly et al. [26], who discovered that in 45% of pa-
tients suffering from LKS or its variant, anti-brain
IgG autoantibodies were present. Using peroxidase
immunostaining of human temporal cortex, they dem-
onstrated the presence of serum antibodies to brain
endothelial cells and to cell nuclei, which were more
common in LKS children compared to a control group
composed of autistic children or patients with other
neurologic disorders.

Hashimoto’s encephalopathy

Hashimoto’s encephalopathy is a rare neuroendocrine
disorder that, together with chronic lymphocytic thy-
roiditis, is a part of Hashimoto’s disease. It may mani-
fest with disorders of consciousness with episodes of
confusion or coma, focal or generalized seizures pre-
ceded by agitation, hallucinations, jerks in the mus-
cles, lack of coordination and cognitive loss. Chaud-
huri et al. [23] showed that the immunopathological
basis of this syndrome is similar to recurrent acute
disseminated encephalomyelitis. Moreover, Shaw et
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al. [95] demonstrated a moderately high CSF protein
level without pleocytosis in all five of the studied
cases. There is no evidence, however, of a direct
pathogenic role of antithyroid autoantibodies in the
brain [23, 95]. The autoimmune mechanism has been
suggested regarding the higher prevalence of Hashi-
moto’s encephalopathy in females, relapsing course,
association with other autoimmune disorders and dra-
matic improvement following immunosuppressive
therapy, but not hormone therapy replacement [95].

Channelopathies

Two components of neuronal conductivity are ligand-
gated and voltage-gated ion channels. They are local-
ized in the peripheral and central nervous system.
Many researchers see them as potential recipients of
autoimmune attack. Voltage-gated channels, espe-
cially calcium and potassium channels, receive the
greatest amount of interest in this respect. While the
role of voltage-gated calcium (VGCC) and potassium
(VGKC) channels in the pathogenesis of autoimmune
disorders in the peripheral nervous system is well evi-
denced, e.g., Morvan’s syndrome, their role in the
central nervous system (CNS) is still a matter of in-
tense study [110].

A large amount of data has been gathered on
VGKC. These channels are composed of tetramers
and, in CNS, are found mostly in the cerebellum and
hippocampus. Nonparaneoplastic limbic encephalitis,
a pathology in which high titers of antibodies against
VGKC are found, is characterized by acute memory
loss and subsequent temporal lobe or partial complex
epileptic seizures [19]. Moreover, MRI scans revealed
increased signal in the regions of the hippocampi
[110]. Additional proof for an antibody-mediated
cause of epileptic seizures in this pathology has been
demonstrated by the fact that the symptoms withdraw
after immunotherapy [75].

A question arises whether anti-VGKC antibodies
are specific for seizures in limbic encephalitis in the
CNS or if they participate in other types of epilepsies.
McKnight et al. [77] examined the sera of 139 pa-
tients with retractable epilepsy and detected VGKC
antibodies in 16 of them. Majoie et al. [75] analyzed
the sera of 106 female epileptic patients and found an-
tibodies against VGKC in six patients who differed in

their clinical features from patients with limbic en-
cephalitis.

Very little data has been obtained on the role of
VGCC and their antibodies in epileptogenesis. In the
aforementioned study of Majoie et al. [75], only one
patient had VGCC antibodies in their serum.

Cellular immune response in epilepsy

The role of cellular immune response elements in epi-
leptic patients is another issue that requires further
study and explanation. In the experiments of Eeg-
Olofsson et al. [30], important changes were demon-
strated in the T-lymphocyte subset of 24 patients with
focal, mainly temporal lobe, epilepsy and in their 30
first-degree relatives. Patients suffering from epilepsy
had significantly fewer circulating T4 “helper” lym-
phocytes (absolute count and percentage) and an in-
creased percentage of T8 “cytotoxic”/“suppressor”
lymphocytes than the controls. A functional role of
this finding, however, is not known at present.

HLA-types associated with epilepsy

Genetic susceptibility and genetically dependent im-
mune disregulation, in particular, have been postu-
lated by many researchers to take part in the patho-
genesis of epilepsy.

In the initial studies on HLA that were conducted
by Eeg-Olofsson et al. [30], no important association
was shown in HLA-type frequencies in patients with
focal temporal lobe epilepsy or their relatives. Contra-
dictory data were delivered by Hrachovy et al. [54]
who demonstrated a significant increase in the fre-
quency of DRw52 in patients affected with infantile
spasm in comparison with controls. Moreover, three
out of 12 infantile spasm patients showed a complete
B18 DR (DRw52) haplotype, which was not present
in the control group.

Van Engelen et al. [103] reported similar findings
on the frequency of DR5 antigens in 12 cryptogenic
Lennox-Gastaut patients. Later, Ozkara et al. [86] also
found a significant association between mesial tempo-
ral lobe epilepsy and hippocampal sclerosis with a high
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allelic frequency of the class II antigens HLA-DQ2,
-DR4 and -DR7 and the combination of the HLA-
DR4-DQ2 and DR7-DQ2 alleles.

allelic frequency of the class II antigens HLA-DQ2,
-DR4 and -DR7 and the combination of the HLA-
DR4-DQ2 and DR7-DQ2 alleles.

The role of cytokines in epilepsy

Recently, intense research into the association be-
tween the immune system and the nervous system has
led to a growing interest in cytokines as modulatory
factors. Cytokines are a group of soluble signaling
proteins and glycoproteins with molecular weights of
8–30 kDa. Their production is under the tonic control
of the peripheral and central nervous system, which
regulate expression of cytokines through the action of
neurotransmitters released from non-synaptic vari-
cosities. On one hand, cytokines and other products of
immunocompetent cells can influence the action, dif-
ferentiation and survival of neuronal cells, and on the
other hand, neurotransmitter and neuropeptide release
can also regulate the immune response [2].

Cytokines are divided into four groups. The first
group includes the four �-helix bundle family, which
comprises three subfamilies (IL-2, INF, IL-10). The

second group contains the IL-1 family, the third group
includes IL-17, and the last group is composed of che-
mokines. In this article, we discuss the most important
cytokines and their association with the epileptic pro-
cess [2].

Cytokines, such as fibroblast growth factor (FGF),
TNF-� and IL-1Ra, have been proven to play a neuro-
protective role by inhibiting epileptic activity, the
force of which is dependent on the functional state of
neurons, the duration of the concentration increase
and the tissue exposure to these cytokines [91, 94].
The proconvulsive and neuroprotective role of impor-
tant cytokines in epilepsy is shown in Table 1.

Cytokines and their receptors are constitutively
present in different areas of the CNS. A recent discov-
ery revealed that neurons, glia and vascular endothe-
lial cells in the CNS can produce inflammatory cyto-
kines and their receptors [91]. High concentrations of
pro-inflammatory cytokines have been found in CSF.
Microglia and astrocytes are considered to be the first
cells to synthesize cytokines during seizure and re-
main their main sources in the brain [1].

Cytokines act by binding to specific cell-surface re-
ceptors. They then activate intracellular signaling cas-
cades, which alter cell function by up or downregulat-
ing genes and their transcription factors. The cytokine
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Cytokine Role in epilepsy References

IL-1� - augmentation of glutamatergic transmission, inhibition of GABAergic transmission and reduction in the amount of
GABA in the hippocampus,

- in the case of significant overproduction, promotion of a clinical triad: prolonged febrile seizures, temporal lobe
epilepsy and hippocampal sclerosis,

- role in the neuropathology of temporal lobe epilepsy,

- paroxysmal epileptic activity and sensitivity to convulsions depending on the alleles of the IL-1� gene,

- enhanced IL-1� immunoreactivity in glia and prolonged seizures after application of kainic acid in an experimental
model of kainate-induced hippocampal seizures

[107]

[60, 61]

[106]

[60, 61]

[106]

IL-2 - modification of the bioelectrical activity of the brain by changing the neurotransmission of dopaminergic neurons
and indirect influence on serotonergic, cholinergic, noradrenergic and glutamatergic transmission

[48]

IL-6 - stimulation of neuronal outgrowth, promotion of neuron survival and nerve regeneration through remyelination,

- increase in neuronal susceptibility to glutamatergic agonists,

- significant increase in serum and CSF concentration after tonic-clonic seizures

[43]

[107]

[88, 89, 108]

TNF-� - neuroprotection through inhibition of epileptic activity,

- activation of AMPA receptors and augmentation of glutamate responses through p55 receptors in epilepsy,

- administration of recombinant TNF-� into the mouse hippocampus might inhibit abnormal paroxysmal epileptic
activity,

- prolonged epileptiform discharges after administration of TNF-� in amygdala-kindled rats

[91, 94]

[32]

[8]

[94]



receptors were found in the CNS on neurons, micro-
glia and astrocytes, and their expression is upregu-
lated during seizures, status epilepticus and the kin-
dling process [43, 108].

There is evidence for the role of pro-inflammatory
cytokines in the activation of the hypothalamic-
pituitary-adrenal axis and their influence on the sym-
pathetic nervous system. Hypothalamic CRH is re-
leased following the stress reaction, causing secretion
of glucocorticosteroids that influence the immune and
inflammatory responses. On the other hand, immune
factors like cytokines (especially IL-1, IL-6 and TNF-�)
participate in the stimulation of CRH secretion. They
also influence ACTH [48, 108].

Despite some evidence of the role of cytokines in
epilepsy, there are many issues on this topic requiring
further study and explanation.

Immunological changes after seizure

activity

The neuropathological changes caused by severe or
repeated seizures have been well-characterized in animal
models of epilepsy evoked by chemoconvulsant drugs or
kindling. Table 2 illustrates the important immunological
abnormalities observed after seizure activity.

There is strong evidence that prolonged seizures,
which lead to widespread cellular damage followed

by the non-specific inflammatory response that is as-
sociated with neurodegeneration, are responsible for
the overexpression of cytokines [106]. Often within
the first 24 h after a seizure, the mRNA expression of
IL-1, IL-1Ra, IL-6 and TNF-� was found to be
upregulated and normalized after two to three days
[51, 93]. Further evidence provided by many research-
ers revealed neuronal cell loss, reactive gliosis, en-
hanced neurogenesis, axonal sprouting and malforma-
tion of cortical architecture after seizures [31, 108].

Vezzani et al. [108] supported the theory that ab-
normalities in the production of proinflammatory cy-
tokines can be responsible for the disturbance of neu-
ronal homeostasis, leading to clinical seizures. After
seizure induction by hippocampal damage in rodents,
a rapid and significant increase in IL-1�, IL-6 and
TNF-� mRNA in the glia area of the hippocampus
was demonstrated. The peak effect of these cytokines
has been observed at six hours after status epilepticus
(SE), whereas the increase in IL-1Ra was delayed un-
til 24 h after SE. Interestingly, IL-1Ra was not pro-
duced in large excess, but in a molar ratio to IL-1� of
1:1. This outcome suggests a crucial role of IL-1Ra,
which by binding with IL-1, can inhibit seizure, and
confirms the natural mechanism of controlling sei-
zures by changing the IL-1Ra/IL-1� ratio in the brain
[51]. Moreover, Echenne et al. [29] demonstrated an
increase in IL-6 expression and a reduction in the IL-
1Ra level and IL-1Ra/IL-1b ratio in patients with
drug-resistant epilepsy.
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Immunological changes after seizure activity References

- significant increase in IL-1�, IL-6 and TNF-� after seizure induction by audiogenic stimuli, in status epilepticus and in
kindling model

[51, 93]

- higher concentration of IL-6 after tonic-clonic seizures occurring mainly in clusters rather than after a single partial seizure,
suggesting that cytokine synthesis is stimulated by epileptic seizures

[68]

- difference in the intensity of proinflammatory cytokine synthesis in non-lesional models compared to lesional models of
experimental epilepsy

[106]

- significant increase in the level of IL-1� in microglia-like cells in surgical specimens of patients suffering from refractory
temporal lobe epilepsy in comparison with neurologically unaffected controls

[96]

- increase in IL-1� mRNA production in some brain regions in auditory-evoked reflex epilepsy in mice [39]

- upregulation of IL-1 receptor antagonist (the natural antagonist of IL-1�) after acute seizures, status epilepticus and in kindling [93]

- rapid and significant increase in IL-1�, IL-6 and TNF-� mRNA in the glia area of the hippocampus after seizure induction by
hippocampal damage in rodents

[108]



Anti-epileptic drugs and immunological

changes

In spite of all of the evidence that supports the theory
of immune system involvement in the pathogenesis of
epilepsy, some arguments contradict the aformen-
tioned observations. A great majority of patients in-
cluded in the most of the cited studies was undergoing
antiepileptic therapy, which could affect the results.
Many studies have been designed to evaluate the ef-
fect of AEDs on the immune system. Yet unfortu-
nately, the obtained data are conflicting. Researchers,
however, agree that carbamazepine, phenytoin and
valproate exert immunosuppressive properties, de-
creasing total leukocyte count and the CD4 to CD8
lymphocyte ratio. These three antiepileptics also re-
duce protein synthesis in lymphocytes, decreasing
IgA and modulating IgG and IgM plasma levels. The
influence of conventional AEDs seems quite ambigu-
ous. In vitro experiments showed that carbamazepine
inhibits IL-2 and IL-4 production, but enhances IL-10
and TGF-� production. Valproate, in turn, reduced the
synthesis of TNF-� and IL-6. However, in clinical con-
ditions, carbamazepine increased IL-2, while pheny-
toin decreased IL-1 plasma concentrations. Valproate
enhanced the levels of IL-1, IL-6 and IL-5 [12].

Major remaining findings concerning patients un-
dergoing CBZ therapy are:
– enhancement of phagocytosis, killing properties of
polymorphonuclear leukocytes (PMN) and natural
killer (NK) activity [17];
– impaired chemotaxis [20];
– decreased C4 complement component [17].

De Giorgio et al. [28] reported a case of a 20-year-
old woman who developed SLE with an elevated
ANA concentration after beginning CBZ therapy. Her
symptoms subsided and her serology normalized after
CBZ withdrawal.

A similar side-effect was described by Bleck and
Smith [16] in two patients undergoing valproate
(VPA) therapy after which they developed high titers
of ANA, anti-DNA antibodies, hypocomplementemia
along with clinical symptoms of SLE. Other findings
discovered by various researchers in patients on VPA
are as follows:
– reduced C4 complement component [17];
– impaired phagocytosis [21];
– increase in the production of MCP-1 [18].

In patients medicated with phenytoin (PHT), con-
clusions are generally agreed upon, with an increase
in B lymphocyte count [11]. Very little data exists on
the interaction of phenobarbital (PB) with the immune
system in epileptic patients. Garzon et al. [41] evi-
denced a low total serum level of �-globulins and a
low serum level of IgA in patients undergoing PB
monotherapy.

Even less is known about effects of newer AEDs
on the immune system. Lamotrigine, gabapentin and
topiramate may induce hypersensitivity reactions in
humans, mainly involving cutaneous eruptions. The
underlying mechanisms of these drugs are not yet
completely understood. However, a cell-mediated
pathogenic mechanism is taken into consideration
[38]. An interesting observation was made under ex-
perimental conditions. Some new AEDs (felbamate,
stiripentol, loreclezole and tiagabine) suppressed the
mitogene-stimulated proliferative activity of mouse
splenocytes in vitro. In contrast, conventional carba-
mazepine and valproate stimulated T-cell-mediated
immunity [12].

Immunological treatment of epilepsy

Crucial factors weighing in favor of the immunologi-
cal pathogenesis of some types of epilepsy are the
various pieces of evidence on the effectiveness of im-
munological and immunomodulatory treatments, es-
pecially in intractable epilepsy. The possible therapies
studied in diverse types of epilepsy include ACTH,
corticosteroids, interferon-�, plasmapheresis and in-
travenous immunoglobulins.

As far as corticosteroid therapy is concerned, it is
effective in SLE, in particular. As a rule, seizures sub-
side as SLE symptoms withdraw. Mecarelli et al. [78]
followed a case of a young girl with SLE who in the
course of the disorder, developed epilepsy that finally
progressed to status epilepticus and required treat-
ment with pentobarbital. In the proceeding 23 months,
she received only corticosteroids, which resulted in
complete cessation of her seizures and SLE relapses.
In LGS, Sinclair [99] treated 10 patients with predni-
solone. After 12 weeks, he observed either substantial
seizure reduction or complete withdrawal in all of the
patients. Vulliemoz et al. [111] achieved complete
control of seizures in a patient suffering from stiff-
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man syndrome and persisting seizures using corticos-
teroids with azathioprine. When Nevisimalova et al.
[85] administered corticosteroids to four patients with
LKS, seizures reduced significantly in three of them.
In experiments performed by Hart et al. [50], high-
dose steroids were given to 17 patients affected with
RE, and seizure reduction was obtained in 10 of the
studied individuals. The results of corticosteroid ther-
apy were also encouraging in case of Hashimoto’s en-
cephalopathy [95].

A similar outcome to the case of prednisolone ther-
apy was obtained by Yamatogi et al. [115] after
ACTH administration to 45 LGS patients, although
the positive effect of this treatment was achieved in
51% of them. WS also seems to respond well to
ACTH treatment, as was demonstrated in studies by
Hattori et al. [52] and Hamano et al. [47]. In all of the
seven studied individuals, full control of seizures was
achieved, although in two of them, electroencephalo-
graphic symptoms persisted. In fact, ACTH has be-
come the therapy of choice in the treatment of WS, al-
though treatment with corticosteroids is also possible,
but less effective [46, 56]. Jaseja [56], furthermore,
explains that the superiority of ACTH over oral ster-
oids might result from the fact that ACTH exerts a far
more powerful negative feedback influence on CRH,
which is a recognized causative factor in seizures,
than oral steroids. Guevara-Campos and Gonzalez-de
Guevara [45] described encouraging results for ACTH
administration in 10 children with LKS.

According to the hypothesis presented by Choi and
Koh [24], possible mechanisms underlying the anti-
convulsant effect of ACTH and corticosteroid therapy
could involve an interaction with VGCC through the
stimulation of glucocorticoid synthesis or direct
stimulation of CNS steroid receptors, modulation of
GABA-A receptors, downregulation of proconvulsive
CRH secretion or immunomodulation and immuno-
suppression.

Isolated accounts can be found on the efficacy of
plasmapheresis treatment in stiff man syndrome and
RE [5, 18]. Three out of four RE patients in a study by
Andrews et al. [5] improved after plasmapheresis.
Rogers et al. [92], in turn, described a case of a child
affected with the disease who experienced a substan-
tial, although only transient, reduction in seizure ac-
tivity and serum anti-GluR3 antibody concentration
after plasma exchange therapy.

Numerous reports exist on the positive effect of
treatment with IVIG. Biliau et al. [14] included 13

children suffering from refractory epilepsy of un-
known etiology in experiments with IVIG therapy.
After the treatment completion, seven patients experi-
enced a substantial reduction in seizure frequency.
Other researchers focused on particular etiologies of
epilepsy.

RE has gathered the strongest support in the litera-
ture in terms of seizure reduction by means of IVIG
treatment. Hart et al. [50] experimented with corticos-
teroids and IVIG. Eight out of nine RE patients who
received IVIG had a decrease in seizure frequency.
However, this finding is contradicted by a case pre-
sented by Feichtinger et al. [34], whose attempt at
treating an RE patient by applying IVIG failed to in-
duce any reduction in seizure frequency or GluR3Ab
titer. In epilepsy evoked by anti-GM1 antibodies,
IVIG also seems to be effective. In two out of four
epilepsy patients with anti-GM1Ab (class IgG or
IgM), Bartolomei et al. [10] achieved a positive re-
sponse to high-dose IVIG. Van Engelen et al. [103]
treated 15 patients (three affected with WS and 12
with LGS) with IVIG, which resulted in a 70% reduc-
tion in seizure frequency and a 40% decrease in epi-
leptic discharges in EEG recordings. Furthermore,
they provided evidence for the blood-brain barrier
permeability for immunoglobulins because after IVIG
administration, the mean concentration of IgG in-
creased by 76% in the plasma and 44% in the CSF. In
five patients with LKS, Mikati and Saab [80] meas-
ured a severity score, which included an assessment
of speech, comprehension, behavior, seizures and
EEG, before and after intravenous immunoglobulin
injection. Their score fell significantly after the injec-
tion, and two patients responded with complete with-
drawal of all symptoms. There are also reports on the
successful treatment of systemic lupus erythematosus
and stiff-man syndrome with IVIG, yet no mention is
made of their effect on seizures.

The precise mechanism of action of intravenous
immunoglobulins in refractory epilepsy is still un-
known. However, Villani and Avanzini [109] pro-
posed the following possibilities: compensation of
IgG2 deficiency, suppression of infection, neutraliza-
tion of pathogenic autoantibodies and interference
with cytokine production. In order to identify the fac-
tors of utmost importance in particular types of epi-
lepsy of immunological origin, further studies are re-
quired.

Isolated cases can be found that describe novel tri-
als of anticonvulsive therapy in RE, such as intraven-
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tricular INF� treatment in a 3.5-year-old girl with RE
and seizures that were refractory to conventional an-
tiepileptic treatment. After a six-week course and
a following six-month course, the seizures almost
completely ceased [27]. Antozzi et al. [6] reported a RE
case that was successfully treated with IgG immuno-
adsorption by protein A, which led to reduced seizure
frequency as well as diminution of anti-GluR3 anti-
bodies.

Conclusion

The pathologies RE, SLE, stiff-man syndrome, WS,
LGS, LKS and limbic encephalitis are linked with
a predominant manifestation – seizures that are irre-
sponsive to conventional antiepileptic therapy. For
that reason, they are classified as causes of intractable
epilepsy.

Numerous attempts to treat these disorders led to
a growing number of reports on the effectiveness of
immunological and immunomodulatory treatment
(i.e., ACTH, corticosteroids, plasmapheresis and IVIG)
of the conditions, manifesting, above all, with a con-
siderable reduction in seizure frequency or even their
complete withdrawal. These reports, the immunologi-
cal findings of the research presented in this article
and the evolving concept of the blood-brain barrier,
which now seems not as impermeable to immuno-
globulins, have led to the hypothesis that the immune
system plays a role in the pathogenesis of some types
of epilepsy. Yet this role is still poorly defined.

The strongest evidence, which is irrefutable, was
provided along with the discoveries of specific anti-
bodies (e.g., anti-GluR3Ab) in blood and CSF of pa-
tients suffering from refractory epilepsy. These anti-
bodies have targets in the CNS and, moreover, are
able to evoke seizures and other characteristic epilep-
tic symptoms in animal models. However, in some
cases of suspected immunological background, there
is doubt about whether the observed changes in the
immune system are only a side-effect of AED therapy.

In conclusion, the studies to date do not explain
every case of drug-resistant epilepsy; rather, they un-
cover a long road of research that has been built while
revealing more interesting questions still to be an-
swered. For example, what are the causal factors un-
derlying syndromes such as LKS and LGS (as the

only evidence of these conditions is the efficacy of
immunomodulatory treatment)? What other patholo-
gies will be identified (as not all of the cases that are
effectively treated with immunomodulatory drugs fall
into any of the already classified disorders)? There-
fore, more in-depth and thorough research into the is-
sue of immunological and refractory epilepsies is re-
quired.
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