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Purpose of review

To review the recent literature describing the detection and clinical importance of serum
antibodies in patients with various epilepsies and other seizure-related disorders.
Recent findings

Auto-antibodies to the NMDA, GABAg and AMPA receptors and to LGI1, CASPR2 and
Contactin-2, components of the voltage-gated potassium channel complex, have been
detected in the serum of patients with seizures. These antigenic targets are ion
channels, receptors and accessory proteins important in both cellular homeostasis and
governing the electrical activity of the brain. Antibodies to glutamic acid decarboxylase
(GAD) have been found in patients with temporal lobe epilepsy. Antibodies to LGI1 have
been described in around 90% of patients with the newly described epileptic syndrome
of faciobrachial dystonic seizures.

Summary

An increasing number of antibodies have been described in the epilepsies and
other seizure-related disorders. Evidence of direct pathogenicity comes from the
extracellular domain targeted by all of these antibodies (other than GAD) and the often
dramatic clinical and serological response to immunotherapies, when antiepileptic
drugs may be ineffective. Definitive proof as to the pathological relevance of these
antibodies will be achieved in the generation of an animal model that demonstrates the

clinical phenotype of these antibody-mediated disorders.
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Introduction

Epilepsy is the most common serious neurological dis-
order, affecting between 1 and 3% of the population.
‘Structural/metabolic’ and ‘genetic’ causes of epilepsy are
regularly being identified; however, the majority of epi-
lepsies are classified as having an ‘unknown cause’ [1°°,2].
Autoimmune processes have been hypothesized as a
potential cause of these ctiologically undefined epilep-
sies (for reviews see [3—5]). There is now accumulating
evidence that specific neuronal auto-antibodies with
pathogenic potential may be present in a subset of
patients with epilepsy. Importantly, it has recently been
shown that some patients with these serum auto-anti-
bodies are often refractory to treatment with standard
anti-epileptic drugs (AEDs) and, in contrast, may respond
well to immunomodulatory therapies. A link between
(often antibody-defined) limbic encephalitis and chronic
epilepsy is offered by the observation that in a quarter to a
half of patients with adult-onset temporal lobe epilepsy
(TLE) and hippocampal sclerosis, limbic encephalitis is
the likely precipitating injury [6].

Following the major descriptions of the association of
antibodies to voltage-gated potassium channel (VGKC)-
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complexes with a treatment-responsive form of limbic
encephalitis [7,8], there has been an explosion of reports
in the literature associating central nervous system (CNS)
disorders with serum antibodies directed against a num-
ber of surface-expressed neuronal proteins, including ion
channels NMDA, GABAg, AMPA receptors, and, rarely,
Kv1s) and ion channel-associated molecules (LGI1,
CASPR2, Contactin-2). In this article, we will review
the syndromes with epilepsy as a prominent feature that
are associated with antibodies directed against these
functionally important molecules, and will discuss recent
evidence regarding their diagnosis and therapy.

Autoimmune encephalitis with seizures

The autoimmune encephalitides are a group of syn-
dromes with subacute onset of amnesia, confusion and
often prominent seizures.

Syndromes associated with antibodies to the VGKC-
complex

Voltage-gated potassium channel antibodies were first
described in the serum of patients with neuromyotonia,
characterized by nerve terminal hyperexcitability. They
were determined using a radioimmunoassay that detected
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patient IgG binding to brain VGKCs labelled with
iodinated dendrotoxin, a snake toxin specific for some
subtypes of the Kv1 family of potassium channels. Sub-
sequently these antibodies were recognized in a predo-
minantly nonparaneoplastic, immunotherapy-responsive
form of limbic encephalitis that frequently included
seizures [7,8]. Patients typically presented with an acute
or subacute onset of seizures, confusion and amnesia.
Generalized and temporal lobe seizures were commonly
reported. In around 60% of cases, brain MRI showed
medial temporal lobe high signal and serum sodium levels
were low [7,8,9°°,10]. The cerebrospinal fluid (CSF) was
usually acellular, without oligoclonal bands and VGKC-
complex antibodies were often undetectable in CSF [7,8].
There was some evidence for steroids as the preferred first-
line therapy and antibody levels correlated closely with
clinical outcomes [7]. Furthermore, it has been suggested
that the hippocampal atrophy which develops in some
patients with these antibodies may be prevented with early
immunotherapies [6]. More recently, some patients with
isolated seizure syndromes, including drug-resistant epi-
lepsy and TLE, have been shown to have lower titre
VGKC-complex antibodies in their sera [11,12].

Antibodies to the VGKC-complex proteins LGI1,
CASPR2 and Contactin-2

It has been difficult to explain why patients with appar-
ently the same antibody exhibited such varied clinical
manifestations. Within the last year, a series of papers
have gone some way to explain this phenomenon
[9°°,13°°14,15°]. The dendrotoxin-labelled VGKCs
immunoprecipitated by patient antibodies now appear
to be a complex of at least three accessory proteins: the
‘VGKC-complex’. So far, antibodies specifically directed
against three proteins within the VGKC-complex,
namely CASPR2, LGI1 and Contactin-2, have been
described. Rarely patients may actually have antibodies
directed against Kv1 channels [9°°]. These antibodies
have been detected using an immunofluorescence cell-
based assay which detects the binding of patients’ sera to
the surface of cells transfected with cDNA encoding the
relevant accessory proteins (for example see Fig. 1c)
[13°°].

CASPR2 antibodies have mainly been found in patients
with Morvan’s syndrome or neuromyotonia, many of
whom have a paraneoplastic, often thymomatous, associ-
ation without prominent seizures. A small proportion of
patients with mediotemporal lobe epilepsy related to
limbic encephalitis also have CASPR2 antibodies
[9°°,14]. The majority of patients with mediotemporal
lobe epilepsy related to limbic encephalitis have LGI1
antibodies without an associated tumour [9°°,15°]. Anti-
genic specificities are awaited in the cohorts of patients
previously found to have VGKC-complex antibodies and
drug-resistant epilepsy [11,12].
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e An autoimmune cause should be considered in
patients with an acute or subacute onset of seizures,
especially when associated with cognitive decline
and personality changes.

e Antibodies to different ion channels and receptors
(NMDA, AMPA, GABAg; receptors) and proteins
associated with VGKCs (LGI1, CASPR2 and Con-
tactin-2) have been found in the serum and cere-
brospinal fluid of patients with seizures.

e A new clinically distinct syndrome — faciobrachial
dystonic seizures (FBDS) — has been described in
association with antibodies to L.GI1.

e Patients, in whom antibodies to clinically relevant
neuronal proteins have been detected, can respond
very well to immunomodulatory therapy.

Faciobrachial dystonic seizures and LGI1 antibodies
Recently, a clinically distinctive seizure semiology has
been described in adult patients with high levels of
VGKC-complex antibodies and multiple, brief (<3s)
episodes of simultaneous facial grimacing and ipsilateral
arm dystonia [10]. Following on from this original article,
a further 26 patients with a similar seizure semiology have
been reported, again with a high frequency of attacks.
Overall, ictal electroencephalography (EEG) abnormal-
ities were detectable in 24% of cases and revealed rhyth-
mic frontotemporal spikes. This clinically distinctive
syndrome has been termed faciobrachial dystonic sei-
zures (FBDS) [13°°]. Many of these patients had unex-
plained falls and, in addition, most patients developed
the full-blown picture of limbic encephalitis with amne-
sia and typical medial temporal lobe seizures and some
generalized tonic—clonic seizures. All patients tested
during their illness had high levels of VGKC-complex
antibodies; the specific target was LLGI1 in 90% of cases.
Similar patients have been described in a detailed case
report [16], with facial ‘spasms’ in a paper about VGKC-
antibody limbic encephalitis mimicking Creutzfeldt—
Jakob disease [17]; and 40% of the patients described
in a separate LLGIl-antibody series had ‘myoclonus’,
which may also represent FBDS [15°].

The timing of the FBDS was especially interesting
(Fig. 1a). In three of the 29 cases, FBDS were observed
in isolation with no cognitive impairment. These three
patients were treated with immunotherapies with excel-
lent resolution [13°°]. In the other 26 cases, cognitive
impairment was noted. In 77% of these cases, FBDS
preceded the onset of limbic encephalitis (defined by
amnesia and confusion). In the remaining six cases,
limbic encephalitis appeared before FBDS. During the
period in which only FBDS were present, serum sodium
levels and MRI were normal. In contrast, when FBDS
were accompanied by amnesia/confusion, 88% of patients
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Figure 1 Clinical and serological responses to immunotherapy in faciobrachial dystonic seizures
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(a) Patient with faciobrachial dystonic seizures (FBDS). At the onset of amnesia/confusion (), antibodies (Ab) to the voltage-gated potassium complex
(VGKC-complex) are first measured and the patient is treated with prednisolone (Pred) and intravenous immunoglobulins (Ivlg). It is hypothesized that if
the patient had been treated earlier, the cognitive effects may have been avoided: ‘window of opportunity’. (b) The response of FBDS after treatment
with anti-epileptic drugs (AEDs) and/or immunotherapies (IT). The reduction of FBDS in patients treated with either AEDs and/or immunotherapy is
shown as a percentage of the total patients in each group. (c) Binding of FBDS patient IgG to the surface of cells transfected with LGI1 cDNA: (i) LGI1/
EGFP (green)-transfected human embryonic kidney cell, (i) incubated with FBDS patient IgG (red), and (jii) merged to show binding to the cell surface.

Magnification x5000. Modified from [13°°].

had hyponatraemia and 54% had abnormal MRIs, com-
monly medial temporal high signal. Few patients
responded well to AEDs, and in 41% of cases AEDs
caused adverse reactions including life-threatening com-
plications. In marked contrast, immunotherapies pro-
duced a clear and often dramatic and prompt reduction
in seizure frequency (see Fig. 1a and b).

These reports suggest that FBDS may provide an early
clinical clue to the presence of an immunotherapy-
responsive syndrome, often associated with LGI1 anti-
bodies, and it would be of interest to assess whether early
immunotherapy during the period of FBDS alone may
prevent or postpone the onset of amnesia. The question
is raised: Are FBDS a potential therapeutic window of
opportunity?

Antibodies to N-methyl-p-aspartate receptors

Antibodies to the NMDA receptor (NMDAR) were
originally described in association with a purely paraneo-
plastic panencephalopathy of young women where the
underlying ovarian teratoma expressed the NMDAR
[18]. More recently, it has become clear that these
antibodies are associated with a predominantly non-
parancoplastic disecase and that both adult males and
children are commonly affected [19,20°%,21]. The typical

syndrome consisted of seizures and neuropsychiatric
features followed by a characteristic choreoathetoid
movement disorder, dysautonomia and reduction in con-
sciousness. Seizures were seen in around 80% of these
patients and a study examining the seizures in detail
concluded these were usually of extratemporal origin
[22]. In addition, by analogy with VGKC-complex anti-
bodies, up to 5% of patients with NMDAR antibodies
have a pure seizure disorder without prominent neurop-
sychiatric involvement [S]. Nonconvulsive status epilep-
ticus and frequent drug-refractory TLE in association
with  NMDAR antibodies has also been observed
[5,20%°,23°].

Variations in clinical features, including response to
immunotherapies, corresponded closely to the serum
NMDAR-antibody levels. As described for the VGKC-
complex antibodies, NMDAR antibodies are found at
higher levels in serum than CSF. From the Oxford study,
EEG and MRI data suggested a spread of the areas
involved from cortex to subcortex. Specifically, early
seizures and neuropsychiatric features were associated
with cortical MRI changes and EEG spikes but sub-
sequently, subcortical MRI changes and diffuse slow-
ing/intermittent rhythmic delta activity on EEG were
observed in conjunction with choreiform movements,
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reduction in consciousness and dysautonomia [20°°].
In-vitro experiments with neuronal cultures and chronic
in-vivo administration have shown that NMDAR anti-
bodies downregulated surface NR1 subunits. Data
regarding the behavioural effects of these manipulations
are awaited in animal models [24°°].

In contrast to patients with VGKC-complex antibodies,
however, at least 25% of untreated patients with NMDAR
antibodies have discase relapses [19,20°°] and preliminary
evidence has suggested that recrudescence of antibodies
is temporally associated with relapses. As a result of the
frequent relapses and the life-threatening nature of the
disorder, aggressive early immunotherapies are advocated
[20°°].

Encephalitis lethargica

The syndrome of encephalitis lethargica traditionally has
been associated with the 1917 influenza epidemic. A
recent study has recognized that many of the cardinal
characteristics of encephalitis lethargica overlap with
NMDAR-antibody encephalitis. In a study of 20 patients
previously diagnosed with encephalitis lethargica, half of
the patients had antibodies to NMDAR [25]. Interest-
ingly, the patients with seizures were all NMDAR anti-
body positive, suggesting a different, as yet undefined,
antigenic specificity in the subgroup without seizures.

Antibodies to GABAg and AMPA receptors

Some patients with typical limbic encephalitis and a
clear immunotherapy response had no auto-antibodies
detected (e.g. [26]). Similar patients have recently been
reported to have antibodies to the GABAg receptor and
2-amino-3-(5-methyl-3-o0x0-1,2-oxazol-4-yl)propanoic acid
receptor (AMPAR) [27°°,28].

Antibodies to the extracellular region of the GABAg;
receptor have been reported in 15 patients, presenting
with prominent drug-refractory seizures as well as other
limbic symptoms. Seven of these had tumours, five of
which were small cell lung tumours [27°°]. Nine of the
10 patients who received immunotherapy and tumour
treatment showed a neurological improvement by com-
parison to none in the untreated group.

In contrast, patients who present with limbic encephalitis
in conjunction with antibodies to the AMPAR do not
present so frequently with seizures: only 3/10 had sei-
zures as presenting feature with one other patient having
seizures after a relapse [28]. These two reports await
reproduction by other groups to understand the full
clinical spectrum of the diseases and the true paraneo-
plastic frequencies, but they form useful examples of
other seizure-related autoimmune disorders with auto-
antibodies targeting cell membrane proteins.
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Classical syndromes of probable autoimmune
origin

Autoimmunity, both antibody-mediated and cellular,
has been associated with a number of clinically distinct
syndromes; however, clear proof of pathogenicity is on
the whole still lacking.

Rasmussen’s encephalitis

Rasmussen’s encephalitis is a severe unihemispheric
syndrome that commonly starts in childhood [29].
Most patients conform to three classical stages [30] with
frequent intractable partial seizures and secondary
generalized seizures, followed by progressive cortical
inflammation which can eventually destroy the affected
hemisphere, and finally fixed neurological deficits, cogni-
tive decline and intractable seizures. Immunomodulatory
therapy can be useful early in the course of the disease.
However, later on the seizures usually become resistant
to treatment and hemispherectomy is often the only
alternative. Antibodies to a number of different antigens
have been described. However, the role of auto-
antibodies in the disecase development is unclear.

The role of the cellular arm of the immune system is
clearer. Granzyme B-containing T cells directed at the
neurones and astrocytes [31,32] have been implicated
in the pathogenesis of Rasmussen’s encephalitis, and
oligoclonal expansions of these particular T cells have
been detected both in the brain tissue and in the blood of
patients with Rasmussen’s encephalitis [33].

So it is surprising that the most encouraging report of a
novel treatment for Rasmussen’s encephalitis described
the use of rituximab (a monoclonal anti-CD20), which
causes the depletion of B cells. Thilo and colleagues [34]
reported a patient who entered a seizure-free period after
being treated with IgG immunoadsorption and intrave-
nous rituximab; hemispherectomy was not required.
Although rituximab was designed to selectively act on
B cells, there may be an influence of the drug on the
T cells, and in Rasmussen’s encephalitis this may lead to
a treatment that avoids the severe cognitive and motor
impairment which result from hemispherectomy.

Temporal lobe epilepsy and glutamic acid
decarboxylase antibodies

Auto-antibodies directed against the enzyme glutamic
acid decarboxylase (GAD), responsible for synthesis of
the inhibitory neurotransmitter GABA, have been
reported in a number of patients with various forms of
epilepsy. GAD antibodies are found in 60-80% of
patients with type 1 diabetes at low levels. However,
higher levels (>1000 units/ml) have been demonstrated
in patients with various neurological conditions such as
cerebellar ataxia and stiff-person syndrome (SPS). In fact,
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epilepsy co-exists in up to 30% of the patients with SPS
(reviewed in [35]).

In a prospective study of 253 patients with epilepsy, 15
(6%) had GAD antibodies compared to 1.5% of controls.
Of the seven patients with high antibody levels, six had
TLE [36]. Similar results were found in a smaller study
[37]. Most intriguingly, a recent report highlighted a
subpopulation of recent-onset TLE with inflammation
of the mediotemporal lobes and cognitive problems,
which together define these patients with a GAD-
antibody-associated limbic encephalitis. The most pro-
minent clinical problem was intractable temporal lobe
epilepsy. GAD-antibody-associated limbic encephali-
tides with seizures were approximately as common in
patients with antibodies to VGKC-complexes, but with a
younger age of onset [38°°]. There are some reports
describing clinical improvements following
notherapies (e.g. [39-41]).

immu-

It is likely that GAD antibodies act as a marker of an
underlying autoimmune disease, as it is difficult to envi-
sage how antibodies to an intracellular enzyme could
directly initiate pathological events. The recent papers
highlighting the responsiveness of these patients to
immunotherapy and association to localization-related
forms of epilepsy suggest that antibodies with cell-
surface specificities may also be present. This is sup-
ported by a functional MRI spectroscopy study in
patients with TLE and elevated serum GAD antibody
levels who were shown to have significantly lower GABA
levels within their cortex compared to matched control
patients [42°]. It is interesting that some of the AMPA
and GABAj receptor-antibody-positive patients had
GAD antibodies, describing potentially pathogenic anti-
bodies in GAD-antibody-positive sera [28,29].

New syndromes of probable autoimmune
origin

Epilepsy in children and adolescents can often adversely
influence neurological and cognitive development.
Although many of the genetic forms of epilepsy manifest
their symptoms during this time, increasingly immuno-
logical components are being recognized in some of the
childhood cases and immunotherapy is administered in
some of these patients.

AERPPS/FIRES/DESC/NORSE: probable
postinfectious epileptic syndromes

A number of seizure syndromes have recently been
reported as distinct clinical entities: AERPPS (acute
encephalitis with refractory, repetitive partial seizures
[43]), FIRES (febrile infection-related epilepsy syn-
drome [44]), DESC (devastating epileptic encephalo-

pathy in school-aged children [45]) and NORSE (new-
onset refractory status epilepticus, [46]).

The development of an acute encephalitis with promi-
nent, often characteristic, seizures, in the context of a
preceding febrile illness, has been described by a number
of groups in both adult and children from both Asian and
European cohorts [43—-45]. These cohorts may well corre-
spond to the previously reported acute encephalopathies
of obscure origin in infants and children [47]. Although the
paediatric reports do show some subtle differences, they
broadly report previously well children with an acute onset
of recurrent focal or generalized seizures, an associated
encephalopathy and, in some, a postencephalitic phase of
recurrent seizures. Both the acute and postencephalitic
seizure phases are often drug refractory with an inconsist-
ent response to even barbiturates. CSF pleocytosis and
MRI abnormalities in the temporal lobes were seen com-
monly. One important question is whether these abnorm-
alities are purely due to recurrent seizures [48] or whether
they are part of an underlying inflammatory disease pro-
cess. Indeed, glutamate receptor epsilon2 subunit (the
NR2B subunit of the NMDA receptor) antibodies were
detected in some cases [43]. However, these are only
supportive of a more generalized autoimmune response,
as they are not known to bind the extracellular domain of
natively expressed GluR2 receptors. In fact, brain biopsies
obtained from such cases have been noninflammatory in
appearance and immunotherapy has rarely been success-
ful. This may indicate the residual presence of a burned-
out inflammatory process with gliotic epileptogenic tissue.
These are important diseases for future study as the out-
come is globally poor.

Conclusion

Recently, there has been an explosion of reports in the
literature associating CNS disorders with auto-antibodies
thatare directed against cell-surface proteins and are likely
to be pathogenic. Many of these conditions have seizures
as an early and prominent feature (Table 1) [7,8,9°°,10,
13°°,15°%,16—-19,20°°,22,25,27°°,28,29] which are com-
monly refractory to conventional AEDs. In contrast, a good
response is often seen with immunotherapies.

Reports initially came from groups studying paraneoplas-
tic limbic encephalitis. More recently, these antibodies
have been identified in the more common forms of
nonparancoplastic encephalitis. Within the last couple
of years, a further step has been taken with the identi-
fication of these antibodies in patients in whom seizures
are the predominant, and in some cases the only feature.

Initial steps have been taken to identify phenotypically
distinct epilepsy syndromes that are associated with clearly
defined auto-antibodies, for example LLGI1-antibodies in
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FBDS. However, definitive proof of pathogenicity is still
lacking. Some studies have demonstrated the direct and
specific modulation of NMDA and AMPA receptors on
cultured rat neurones 7z vifro and iz vivo after the applica-
tion of patient IgG [24°°,28]. More recently, Lalic and
colleagues [50] have shown that purified IgG-containing
LLGI1 antibodies, from a patient with limbic encephalitis,
can induce epileptiform activity in cultured hippocampal
CA3 pyramidal slices. Further studies need to extend
these in-vitro studies to whole animal models to establish
the epileptogenic capabilities of the antibodies. These
models will help inform the mechanisms of action of these
antibodies and allow experiments to address our under-
standing of the optimal modality of treatment in individ-
uals with epilepsy as the predominant feature.
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