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Abstract

Autoimmune epilepsy (AE) is a general term to describe recurrent seizures that have an immune-mediated origin.
It is increasingly being recognized as a cause of epilepsy due to accumulating evidence supporting an immune-
mediated pathogenesis in patients who have shown resistance to traditional antiepileptic drugs (AEDs). The
diagnosis of AE is one of the exclusions. Currently, there are no strict diagnostic guidelines for AE, and it is similarly
under-recognized. The importance of early diagnosis of AE cannot be overstated, as prompt immunotherapy is
important for seizure reduction. Further investigations into potential biomarkers are needed for early detection of
AE and include targeted immunotherapies in combination with AEDs. The goal of this review was to provide an
overview of the following biomarkers that have been associated with AE: AMPAR, LGI1, CASPR2, DPPX, GABAAR,
GABABR, GFAP, GlyR, mGIuR5, NMDAR, VGCC (P/Q types), amphiphysin, ANNA-1, CRMP-5, GAD65, and Mal/
Ma?2 antibodies.
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INTRODUCTION

Autoimmune epilepsy (AE) is a general term that describes inflammation of the central nervous system
(CNS) and has been linked to several autoantibodies, the most common of which will be explored in this
review'". It is typically characterized by seizures classically found in limbic encephalitis (LE) or multifocal
paraneoplastic disorders, and focal seizures appear to be predominant in clinical presentations'. However,
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patients with AE may also present with a simple seizure and atypical symptoms such as lethargy, personality
changes, psychiatric changes, or autonomic dysfunctions™. While autoimmune seizures are frequently
observed early in the progression of the disease, the initial presentation and electroencephalogram (EEG)
may be unremarkable'. It has been found that immunosuppressive treatment is the primary treatment
regardless of the diverse neurologic symptoms associated with AE". Due to these varying presentations
of AE, establishing a standard of care is challenging and is based on identifying potential patients by their
clinical characteristics, their neural autoantibody tests, and their response to immunotherapy[1’2’4]. That said,
a good basis for suspecting an autoimmune etiology is when there is variability in the clinical features of
seizures, or when the epileptiform discharges arise from more than one focal origin'.

AE autoantibodies were first identified in the serum of patients with refractory epilepsy, indicating an
epilepsy manifesting from an immune-related disorder"”’. This prompted neurologists to treat these patients
by suppressing their immune systems, which ultimately combated their seizure frequency and severity'.
It is worth noting that historically, neural autoantibodies are detected in only 30% of patients and good
clinical reasoning is needed to determine if a patient is eligible for detailed neural testingm. This judgment
is necessary, since seropositive results may lead to uncertain significance’”. While the true prevalence of
AE is unknown, it is suspected that between 14% and 20% of patients with refractory epilepsy of unknown
etiology can be attributed to an immune basis and as much as a third of patients do not benefit when current
symptomatic epilepsy management strategies are used™”

It has been demonstrated that AE does not respond well to conventional antiepileptic treatment but may
respond better to targeted immunotherapies in combination with AEDs", According to the literature,
within 4-6 weeks, many patients who are treated with immunotherapy display improved outcomes”. By
highlighting important special characteristics of patients with AE, earlier identification of an underlying
autoimmune etiology may be achieved. In light of the benefits that early immunotherapy has to offer patients
with refractory epilepsy, it is important to emphasize that an autoimmune etiology should be considered
during initial investigations to initiate immunotherapy promptly when appropriate[gl.

To provide context, in recent years, literature reporting on biomarkers in the field of epilepsy has resulted
in approximately 30 publications'”. It has been noted that due to the variable prognoses and various
classifications within epilepsy, the design of most studies focuses on differentiating the epilepsy
population'. While an appropriate approach, this means that many of these populations under study are
small in number, difficult to replicate, and therefore lack specificity. Additionally, it is difficult to compare
clinical data as the etiology-dependency of biomarkers and their specificity to epilepsy has not been
strategically analyzedm. This lack of specificity is particularly important in relation to AE as differential
diagnoses are common.

A majority of the information we have about AE and seizure generation is derived from the discovery
of neural autoantibodies. While not well understood, recent clinical and experimental studies relating to
these autoantibodies have contributed to the understanding of their roles and have aided in the mitigation
of disease progression. These roles have been determined in which modification of these targets through
immunotherapy as a replacement/addendum to standard epilepsy therapies have been associated with

reduced epileptogenesism.

This review attempts to summarize the current understanding of autoantibodies that have been associated
with AE. For more comprehensive completion, this review explores their potential as diagnostic tools, their
roles in disease activity, and their implications in the development of preventive intervention strategies and
effective immunotherapies ™
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NEURAL AUTOANTIBODIES

Neural autoantibodies disrupt surface proteins and cause functional modifications that are pathologically
implicated in epileptogenesis and a myriad of clinical phenotypes™. While less recognized, neural

autoantibodies have shown correlation with cancers and solid tumors'".

Alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor antibodies
Alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor (AMPAR) is a subtype of glutamate
receptors that underlies the mechanisms responsible for the fast impulse-conducting neurotransmission in
the brain that is important for synaptic plasticity and expression of long-term potentiation™"*. AMPAR
antibodies have been classically noted most prominently in those presenting with motor deficits along with
distinctive LE, limbic encephalopathy, bipolar psychosis, and pathologic tumors'”. From the literature, the
anti-AMPAR patient population features a considerable range of clinical manifestations, thereby conferring
substantial practical difficulties in creating diagnostic guidelines™”

For example, in a case series evaluating the clinical spectrum related to AMPA, patients who had AMPAR
antibodies in both their serum and CSF samples had similar acute conditions. The most prominent clinical
features include confusion, isolated epileptic seizures, isolated amnestic episodes, and severe forms of
fulminant encephalitis"”. Other frequent features include alterations in cognitive functions, namely memory
deficits, and disruptions of executive function. Less frequent features include sleep disorders, cerebellar
signs, nystagmus, fever, aphasia, and headache". This clinical spectrum highlights the diverse clinical
presentations in AE patient populations.

Fortunately, this affected patient population is highly treatable due to the well-documented reversal of
effects with the removal of AMPAR antibodies and administered immunomodulation""*", While the age of
the affected population varies across the literature, the average is 60 years with a bias towards middle-aged
women""*, It is important to administer treatments in a prolonged and timely manner to prevent long-term

disability as relapses are known to be frequent™""",

To identify and quantify these cell surface antigens, clinical antibody testing such as immunoprecipitation,
immunohistochemistry, Western blot (specific to glutamate subunits GluR1/2 heteromers), enzyme-linked
immunosorbent assay, and mass spectrometry are used to produce immunolabeling of the cell surface and
neuronal processes[“’“’lsl. Characterization of patients” antigens derived from their cerebrospinal fluid (CSF)
can be revealed by observing their effects on neuronal cultures and cell-based assays coded for GluR1/2
genes""" ", Another more recent characterization method uses bacterial fusion proteins composed of the
amino-terminal domain of GluR1/2"". These analyses allow for visual distribution of target antigens along
dendrites in a punctuated manner """ Importantly, AMPAR antibodies are commonly found accompanied
by high lymphocyte count, high protein level, and the presence of oligoclonal bands in the CSF"""*', Despite
this plethora of testing modalities, serum AMPAR antibody levels may initially be negative, but it does not

rule out an AE diagnosis'”.

In terms of its mechanisms, recent studies have shown that patient anti-AMPAR antibodies are characterized
by a decrease in the total surface protein level and synaptic localization of AMPARs through increased
internalization and degradation"”. In conjunction with this process is the accumulation of internalized
AMPAR clusters that cause dysfunctional action potentials"”’. In determining whether this accumulation
affects AMPAR-mediated neurotransmission, measurement recordings from neurons treated with patient
CSF were carried out in the presence of NMDAR-mediated currents™. Results demonstrated that these
antibodies only affected synaptic AMPAR-mediated currents, which is consistent with the functional
weakening effect of glutamatergic synaptic transmission due to the effect of localized AMPAR clusters™.

This finding supports the differing clinical phenotypes associated with each antibody""""’. For example, those



Page 84 Kirmani et al. Neuroimmunol Neuroinflammation 2021;8:81-100 | http://dx.doi.org/10.20517/2347-8659.2020.29

with anti-AMPAR encephalitis do not develop involuntary dyskinesias, whereas those with anti-NMDAR

encephalitis do"""”.

Of interest, the presence of anti-LGI1 and anti-GADe5 antibodies in addition to anti-AMPAR antibodies
shows distinct presentations that are both associated with hippocampal atrophy"*'”. Anti-LGI1 antibodies
are associated with more severe symptoms and significantly poorer verbal and figural memory outcomes,
which suggests permanent functional damage["]. The frequent development of these adverse events suggests
that it is particularly important for patients to be identified and treated quickly[”]. On the other hand, anti-
GADss5 antibodies are also associated with cerebellar ataxia"®. Altogether, these autoantibodies may result in
significant cognitive alterations that are secondary to subclinical seizures. However, even when antineuronal
autoantibodies are detected in a patient, the origin may not be autoimmune in nature, and the importance of
detecting AMPAR must be based on both the clinical context and the exclusion of differential diagnoses'”.

VGKC-complex antibodies: LGI1 & contactin-associated protein-like 2

Voltage-gated potassium channel (VGKC) complex antibodies are closely related to AE and refractory
seizure disorders due to their important roles in the generation of neuronal action potentials'***”. VGKC
[21-23]) and
limbic encephalitis®***'. These conditions are characterized by nervous system dysfunction and a myriad of
resulting clinical symptoms. In terms of treatment, plasma exchange and immunomodulatory therapies have
shown good results in reducing VGKC antibody levels and in subsequently improving symptoms"”

complex autoimmunity was first reported in patients with neuromyotonia"”, Morvan syndrome

EEG in patients with AE often shows abnormalities that may be attributed to several possible causes
such as generalized background slowing or multiple independent spike foci"™”. Brain magnetic resonance
imaging (MRI) in patients may be abnormal with T2 hyperintensity, and restricted diffusion of the medial
temporal lobe”. In particular, medial temporal swelling and fluid-attenuated inversion recovery (FLAIR)
hyperintensity is frequently observed shortly after onset of epileptic activity and can persist on MRI for
months"**?. On the other hand, while cortical diffusion-weighted imaging hyperintensity can be found, it
frequently resolves with seizure relief*”.

These VGKC-associated proteins, both of which have extracellular plasma membrane components, are
known to be the targets of the antibodies, rather than the VGKC complex™ . To differentiate the two
proteins, LGI1 antibodies are predominantly found in patients without tumors with limbic encephalitis or
epilepsy, whereas antibodies to contactin-associated protein-like 2 (CASPR2) are more commonly found
in patients with peripheral nervous system manifestations, limbic encephalitis, Morvan syndrome or
neuromyotonia[“’"]. It has been noted that mutations in genes encoding these proteins often run in families,
reinforcing the notion that genetic and autoimmune conditions are inextricably linked™”

LGI1 antibodies

LGI1 is a neuronal protein that binds to presynaptic disintegrin and metallopeptidase protein 23 (ADAM23)
and postsynaptic ADAM22"". This binding allows for fast neurotransmission and enables long-term
synaptic plasticity™. Once transfected with either protein, a uniform distribution of LGI1 in the cytoplasm
is achieved and the reactivity of patients’ serum and CSF is robust™. These findings have provided the
foundation for an objective diagnostic test".

The LGI1 gene was originally found through positional cloning using a glioma cell line in the late 1990s"”
Since its discovery, research has suggested its role in tumor invasion and as a potential metastasis suppressor
gene[“’n]. It has also been implicated as a key player in autosomal dominant lateral temporal lobe epilepsy
due to mutations in the LGI1 gene, which disrupts the protein’s structural integrity and therefore its
involvement in protein-protein binding"***".
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Limbic encephalitis and Morvan syndrome are the most noted clinical features of anti-LGI1
autoimmunity[l’s’zs’”]. Anti-LGI1 encephalitis is predominantly found in older men (64%), with a median
of around 62 years, and is commonly associated with other cancers™***, Typical limbic encephalitis
presentations include seizures (53%) and cognitive disorders (42%)"”, with a majority of patients developing
memory impairment or behavioral changes™’. Other common symptoms include amnesia, confusion,
spatial disorientation, autonomic dysfunction, hallucinations, insomnia, hypersomnolence, and sleep
disturbances™"”.

With regard to data derived from videos and still images of patients with antibodies to LGI1, many patients
experience faciobrachial dystonic seizures (FBDS) which primarily affect the arm and ipsilateral face'*.
To provide context, FBDSs occur in 47% of patients with anti-LGI1 encephalitis[”] and 43% of patients
with anti-LGI1-associated AE". It is important that these associations are highlighted as they are often
misdiagnosed as other movement or psychogenic disorders. FBDSs are characterized by brief contractions
lasting between 3 and 15 s, 30-50 times daily, of the face, arm, and leg™**". Dystonic seizures are commonly
triggered by a sensory aura such as emotions or movements, and are followed up by loss of awareness,
dysphasia, automatisms, agitation, and speech arrest**”. The difficulty in accurate diagnosis lies in part
in the fact that FBDSs may present as isolated incidents prior to the onset of the more classically known
symptoms of encephalitis by as much as 5 weeks***' and often does not respond to AEDs alone'**".

A well-established treatment for FBDS includes corticosteroids, with seizure cessation mostly observed
within 2 months™*, Unfortunately, while seizures improve, cognitive dysfunction is more long-lasting and
persists for months or even years”™*. AEDs generally do not improve symptoms and cause severe cutaneous
reactions in around 41%-50% of patients[“]. Such reported AEDs include phenytoin, carbamazepine,
valproate, lamotrigine, and levetiracetam™. On the other hand, immunotherapies often produce dramatic
improvements'*’. It is important to note that evidence suggests that 1 in 3 patients progress to develop
further clinical relapses despite immunotherapy, and a high frequency of seizures may be observed despite
treatment with both AEDs and immunotherapies[”’“].

Principally, many patients with LGI1-antibody encephalitis experience frequent multifocal seizure
localizations with multiple semiologies, FBDS, and thermal sensations*”. They also develop other generalized
non-dystonic seizure types[l’m’“]. Subclinical electrographic seizures are not infrequent”**, Others show
abnormalities such as bilateral and unilateral medial temporal lobe high T2 signal change, high signal in the
right caudate/putamen, and hippocampal/caudate atrophy'***"’. However, some patients have normal brain
MRI, most notably during the early stages of the disease when only FBDSs are clinically relevant™. While
the CSF is often unremarkable, serum hyponatremia is a useful clue of LGI1 autoimmunity, which occurs in
about 66% of patients at different stages of their disease™. Therefore, it is recommended that several serum
sodium measurements are taken throughout patient care'”

These findings suggest that these diverse combinations of clinical and electrical symptoms should alert
providers to the possibility of underlying LGI1-antibodies .

CASPR2 antibodies

CASPR2, a transmembrane protein expressed in both the central and peripheral nervous systems, plays a
critical role in proper localization of VGKCs and the regulation of axonal excitability*****". The deletion or
mutations of contactin associated protein 2 gene (CNTNAP2), the human gene that encodes CASPR2, are
associated with seizures, peripheral neuropathy, autism, dysplasia, and schizophrenia**”. The symptoms
are a result of the disruption of inhibitory interneuron activity[sol. The median age of patients at symptom
onset is in the sixties and historically affects males more frequently than females™". Median time to nadir of
disease is around 4-6 months, but the time has ranged from 10 days to 9 years""
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While epilepsy is the main symptom that prompts patients to seek medical attention, growing evidence
suggests that the CASPR2 antibody may be associated with AE"***, Recurrent seizures including focal
seizures, generalized seizures, and nonconvulsive status epilepticus[“’“] are the predominant clinical
manifestations, with the most common presenting symptoms being cognitive disturbance, anterograde and
episodic memory disorders, psychiatric symptoms such as depressed moods or persecutory thoughts, and
pain*"***. The type of pain most frequently reported is neuropathic, usually described as a burning sensation
in the hands or feet; other types of pain include joint and muscle pain, chest pain, and lumbocoxalgia[51]
In addition to cerebral symptoms, also common are sleep disorder, nausea, palpitations, epigastric aura,
flushing, pilomotor erection, weight loss, autonomic dysfunction, and cerebellar symptoms’*"**

Unlike the patients previously discussed in the LGI1 portion of this review, patients who are positive for
CASPR2 antibodies do not exhibit FBDS"”. Furthermore, distinctive symptoms associated with the CNS are
not hallmarks in patients with CASPR2 antibodies (40%) compared to those with LGI1 antibodies (85.7%)"".
Notably, immunoglobulin G4 subclass antibodies are consistently present in patients and many are also
positive for immunoglobulin G1 antibodies'™"*” Lastly, serum hyponatremia is not a feature of patients with
CASPR2 antibodies, whereas it is frequently identified in LGI1 antibody-positive patients™.

CSF profiles are normal in 50%-75% of the patient population*, Abnormal CSF profiles have shown mild
pleocytosis, ranging from 6-20 cells/mL""*"" In particular, CSF antibody positivity has been shown to be
predictive of autoimmune encephalitis, where the main symptoms are seizures and cognitive changes"”. On
the other hand, patients with negative CSF but serum positivity tend to present with Morvan syndrome with

a higher incidence of thymoma'"”

While neuropathic pain is often reported, it is not uncommon for patients to have unremarkable nerve
conduction studies”™. In patients with cognitive decline or seizures, 70% have unremarkable MRI, while
24% show bilateral T2 hyperintensity of the medial temporal lobes and diffuse meningeal enhancement”".
Abnormal EEG recordings such as epileptiform discharges are quite common'”, and brain positron emission

tomography scans are often pathological **.

Typical treatments include TV immunoglobulin, TV or oral steroids, and plasma exchange™. Less common
treatments include azathioprine and second-line immunotherapy (cyclophosphamide or rituximab) "\
If tumors are present, surgery or chemotherapy is useful to improve treatment response. The beneficial
responses to immunotherapy suggest that mutation of the CASPR2 gene plays a pathogenic role'*”.

Treatment response occurs in a majority (> 90%) of patients with 25%-30% experiencing clinical relapses,
some of which occur up to 7 years after the initial episode of the disease, and may involve different parts
of the nervous system than those involved in the initial episode”™"*”. These late relapses of some patients
may suggest an even higher relapse rate”™”. Furthermore, in almost half of the cases with relapses, the initial
diagnosis of the disease was made during the relapse, suggesting that patients with a monophasic disease
may be missed at disease onset, leading to an overestimation of relapse rates”". CASPR2 antibody-associated
epilepsy in particular responds well to immunotherapy with full (39%) or partial recovery (52%)"".

Due to the complex co-occurrence of other autoantibodies which may be mistaken for a motor neuron
disorder, the diagnosis of patients with CASPR2 antibodies is often more complicated than that of patients
with classical limbic encephalitis and LGI1 antibodies™.

DPPX antibodies

DPP6 or DPPX is a cell surface auxiliary subunit of the Kv4.2 potassium channel™”. The function and
expression of DPPX is seen in the hippocampus, cerebellum, striatum and myenteric plexus, as seen in anti-
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DPPX encephalitis®™**”. Serum and CSF are equally sensitive for detecting DPPX to make the diagnosis of
anti-DPPX encephalitis'®’.

Immunocytochemical characterization of the binding pattern in murine hippocampal neurons illustrated
somatodendritic perisynaptic localization in glutamatergic and GABAergic synapses and a close
colocalization with KV4.2, which is consistent with the finding of DPPX being an auxiliary subunit of
Kv4.2"". With the following three sets of experiments, DPPX was identified: immunoprecipitation from
cultures of dissociated rat hippocampal neurons, immunostaining from a cell-based assay and comparative
brain immunostaining of wild-type and DPPX-null mice””.

The primary study initially set out to report the clinical and immunological characteristics of four
patients with marked neuropsychiatric symptoms and antibodies against DPPX"”. The main symptoms
of DPPX encephalitis were characterized as agitation, myoclonus, tremor and seizures*”. These
symptoms are congruent with neuronal hyperexcitability and similar with increased excitability noted in
electrophysiological studies of DPPX knockout mice. These findings suggest that genetic or immunologic
alteration of the DPPX-Kv4.2 complex causes neuronal hyperexcitability”™”. Downregulation of DPPX
and Kv4.2 by anti-DPPX serum is expected to result in CNS hyperexcitability, which is suspected to be
the underlying cause of the neurologic manifestations of anti-DPPX encephalitis™. Patients with DPPX
encephalitis have been reported to experience subacute development of cognitive dysfunction, agitation,
hallucinations, confusion, resting tremor and myoclonus[”’“].

Diarrhea and weight loss often precede and overlap with neurological symptoms'*”*. The diarrhea is
severe, can last for weeks and begins concurrently with the initial episode of encephalitis. This suggests
an autoimmune etiology associated with diarrhea and DPPX antibody-associated encephalitis. Through
multiple studies, it was discovered that there is a potent expression of DPPX by myenteric plexus neurons,
thus supporting the theory that patients’ antibodies may alter the function of the plexus, thereby resulting in
gastrointestinal hyperactivity[57’59’60’62]. Studies in guinea pigs and human myenteric plexus preparation showed
signs of increased activity of enteric neurons, likely due to immediate modulation of electrophysiologic
properties of gastrointestinal DPPX-Kv4.2 complexes upon binding of anti-DPPX antibodies to their
antigenic target™”. Associated weight loss is also not subtle (median of 20 kg per patient) and is one of the
first symptoms of the disease'”’. However, gastrointestinal hypomotility has also been recognized in cases,
suggesting that anti-DPPX antibodies could lead to the loss or exhaustion of enteric neurons in more chronic
stages of the disease™**”.

Another noteworthy feature of DPPX encephalitis patients was the development of transient hypersomnia
and sleep disturbances, including insomnia, limb movements, and disrupted REM sleep[”’so].The detection
of DPPX IgG as part of the patients neurologic diagnosis in two patients additionally led to the oncologic
diagnosis of B cell lymphoma'®”
include exaggerated startle response and CSF pleocytosis[ﬂ]. Progressive encephalomyelitis with rigidity and
myoclonus (PERM) has additionally been identified in 3 patients positive for anti-DPPX antibodies. This
group was noted to be a specific variant of PERM consisting of marked hyperekplexia, cerebellar ataxia and
trunk stiffness. Hyperekplexia in these patients was associated with startle reflexes to tactile, acoustic and
visual stimulation with short response latencies in the neck muscles. Cerebellar ataxia included a full range
of cerebellar eye movement disorders, with less severity in the trunk and legs. High titers of new DPPX
antibodies were detected in the serum and CSF of these patients'®”.

. Additional symptoms found in patients with anti-DPPX encephalitis

Patients” purified IgG and serum reduced the expression of DPPX in membranes of hippocampal neurons,
which was associated with a similar reduction of Kv4.2. Since DPPX enhances cell surface expression of
Kv4.2, it is likely that anti-DPPX antibodies interfere with DPPX-mediated membrane targeting of Kv4.2"*".
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Regarding treatment, it is recommended that patients with even mild neurologic or psychiatric symptoms
with prodromal diarrhea be worked up for the determination of DPPX antibodies and immunotherapy
promptly started if appropriate[”’sg]. Several studies have shown that patients respond well to
. [57,59,63] . . . . . . .

immunotherapy . Patients who received early and sustained immunotherapies improved neurologically;
however, most patients subsequently relapse or need a prolonged course of immunotherapy, consisting
of high dose IVIG, plasma exchange, rituximab or cyclophosphamide'®***" It is suggested that patients
with anti-DPPX encephalitis be initially treated with glucocorticoids, and if they are responsive, moderate

immunosuppression with azathioprine is then added during the glucocorticoid taper'*".

GABA,R antibodies

In 2014, Petit-Pedrol et al.*” sought to report the clinical characteristics of a new epileptic disorder and to
identify the target antigen and effects of patients” antibodies on neuronal cultures. This was an observational
study in which serum and CSF samples were obtained from 140 patients with symptoms of encephalitis,
seizures or status epilepticus and antibodies to previously identified neuropil antigens. The GABA,
receptor antibody is correlated with a severe form of encephalitis[“]. GABA, receptor autoantibodies are
associated with autoimmune encephalitis, and in particular, the downregulation of the receptor function
results in seizure activity**’. MRI findings in this disorder comprise multifocal and cortical-subcortical
MRI T2/FLAIR hyperintensities. These findings on imaging should increase suspicion of GABA, receptor
encephalitis, since they are rarely seen in other autoimmune encephalitis disorders'*”.

Altered behavior, cognitive impairment, decreased consciousness and movement disorders are many of
the most common associated symptoms[“’m. Patients can also present as postviral encephalitis or coincide
with other autoantibodies, including GAD65, NMDAR and GABABR[“]. Spatola et al.”” confirmed that
seizures are the most frequent manifestation of GABA , receptor encephalitis, where 88% of patients had
seizures, usually at presentation and frequently accompanied by status epilepticus that often required a
pharmacologically induced coma. There is additionally a paraneoplastic subtype of encephalitis associated
with invasive thymoma in which GABA, receptor autoantibodies coexist with LGI1, CASPR2 or DCC
antibodies'®”.

GABA, receptor is a ligand-gated pentameric chloride channel that mediates fast inhibitory transmission'*"
Impaired GABA, receptor-mediated inhibition is an important pathophysiologic mechanism of increased
neuronal excitability leading to seizures®”’. Mutations within the GABA, receptor gene carry an increased
epilepsy risk®””. There are two loss of function mutations that are linked to different forms of idiopathic
generalized epilepsy, GABRG2 (encoding gamma 2 subunit) and GABRA1 (encoding alpha1 subunit)"*".
Patients were found to have increased serum titers and CSF antibodies against GABA, receptors with
encephalitis and refractory seizures or status epilepticus, many of whom needed pharmacologically induced
coma®’. The identification of this disorder may be difficult, since the development of seizures is rapid and
since there may be coexisting autoimmune disorders. GABA, receptor antibodies were shown to react
with alpha1, beta3 or both subunits'*”’. The alpha1 subunit always recognized the patients’ CSF**!. Most
patients had an abnormal EEG with multifocal seizures and generalized periodic discharges in two cases,
associated with high serum antibody titers and extensive cortical and subcortical brain MRI abnormalities'®”.
Patients were additionally identified to have malignant thymoma and encephalitis, seizures, and multifocal
cortical FLAIR MRI irregularities. Patients with encephalitis and low serum titers of antibodies and
absent CSF antibodies had developed seizures, including the youngest patient, a 2-year-old, who required

[65]

pharmacologically induced coma for status epilepticus

It is additionally recommended that patients with encephalitis or seizures associated with GAD65 antibodies
be evaluated for antibodies to GABA , receptors'*”
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Through immunotherapy, symptomatic therapy or prolonged intensive care support, most patients had
partial or complete resolution of GABA, receptor-associated encephalitis'***”.

GABAGgR antibodies

Since several encephalitis and seizure disorders that were once thought to be idiopathic were discovered
to be immune-mediated, Lancaster et al.”"' studied patients thought to have paraneoplastic or immune-
mediated limbic encephalitis to determine which autoantigen was involved. GABA antibodies were
correlated with limbic encephalitis and small cell lung cancer (SCLC)"”. GABA, receptor antibodies are
encountered rarely in serologic evaluation for evidence of paraneoplastic neurologic autoimmunity, but
it is clinically significant when detected””. Cell-based assay of both serum and CSF have antibodies that
react with GABA,1 and GABA,2 and can be used for detection of the antibody["]. Patients presented with
early or marked seizures, memory deficiencies, elevated anxiety and mood dysregulation””. MRI and EEG
had findings consistent with predominant limbic dysfunction”. Additional symptoms of GABA, antibody
receptor LE include memory loss, confusion, hallucinations, personality changes, and seizures, found to be
difficult to control in 1 patient™. Patients also developed autonomic dysfunction and hypoventilation, mild
limb spasticity and marked psychiatric symptoms["]. Novel symptom presentation was observed in 2 patients
who developed ataxia and opsoclonus™”’. It is also noted that GABA, receptor antibodies occurred in patients
with neurologic dysfunction with or without SCLC but not in cancer patients without neurologic symptoms.

GABA, receptor antibody encephalitis is closely correlated with SCLC"""*. About half of patients with
underlying SCLC were identified after the development of neurologic symptoms’ . Melanoma and thymus
cancer were also associated with GABA, receptor antibody LE"”. As all of these tumors are derived from
the neuroectoderm, they likely are able to express GABA, receptors””. One patient with GAD65 antibodies
and GABA, receptor antibodies without LE had reversible ataxia associated with carcinoid of the thymus"”

Patients with high titers of GABA, receptor antibodies usually present with an isolated LE in the setting of
SCLC"™. Low titers of GABA, receptor IgG coexisted with high titers of paraneoplastic neuronal nuclear
and cytoplasmic antibodies (including ANNA-1, ANNA-3 and CRMP-5 IgG)[“]. All patients with LE and
SCLC who were previously considered seronegative for onconeural antibodies were found to have antibodies
against GABAB[”]. Many patients with paraneoplastic neurologic disorders have concurrent GABA, and
GADs6s5 antibodies™”. Thus, it is suggested to routinely look for GABA, receptor antibodies in all patients
with LE suspected to be GAD65 antibody related”™,

Immunoprecipitation and mass spectrometry showed antibodies which recognized B1 subunits of the
GABA, receptor, an inhibitory receptor associated with seizures and memory recognition function when
disordered”. GABA, receptors mediate presynaptic inhibition by activating G protein coupled inward
rectifying potassium channels and through the inhibition of calcium channels”". Low levels of GABA,
receptor IgG was also detected in some patients with non-encephalitis paraneoplastic neurologic disorders”".

GABA, is expressed widely throughout the brain, with the highest levels detected in the hippocampus,
thalamus and cerebellum”>”. On the basis of MRI and EEG findings, in GABA,, receptor antibody LE, the
hippocampus and temporal lobes are the most affected"".

Patients with GABA, receptor antibody LE respond well to immunotherapym’“]. However, survival may be
limited due to tumor progression or complications of chemotherapy[72].

GFAP antibodies

The role of antibodies to glial fibrillary acidic protein (GFAP) in AE patients was first described in detail
by Fang et al.”” in 2016. The study described 16 patients who developed meningoencephalomyelitis
and exhibited an antibody to a cytosolic intermediate filament protein of astrocytes’”. This was
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later demonstrated to be IgG which colocalizes to the alpha and delta isoform of GFAP intermediate
filament™. The intracellular location of GFAP makes it inaccessible to circulating antibodies and hints at a
nonpathogenic role as a mere marker of T cell-mediated autoimmune response’™. Histopathological findings
from biopsies of patients with GFAP antibodies have hinted at this mechanism, with leptomeningeal biopsy
in one patient revealing a necrotizing, inflammatory infiltrate containing CD8+ lymphocytes, macrophages,
and multi-nucleated giant cells”. The most common clinical manifestations include meningoencephalitis
or encephalitis, encephalopathy, myelitic symptoms, vision changes and headache”””'. Other common
findings include optic disc edema without elevated increased intracranial pressure, tremor, progressive
cognitive impairment, myelopathy, autonomic instability, ataxia, psychiatric symptoms, treatment-resistant
epilepsy, and movement disorder””””, Up to 8% of patients may have a peripheral nervous system disorder
such as neuropathy or myasthenia gravis[”]. Around 30% of patients present initially with prodromal
symptoms such as fever, dengue fever, interstitial pneumonia or chronic severe diarrhea, which subsides
with immunotherapy”*””. Patients may also have additional autoimmune findings such as type 1 diabetes
(T1D), Grave’s thyroiditis, rheumatoid arthritis, ulcerative colitis, or psoriatic arthritis”™. Around V4 of
patients studied had an associated neoplasm: the most common being ovarian teratoma, carcinoid (admixed
with teratoma), salivary pleomorphic adenoma, prostate carcinoma, and melanoma'””, Coexisting
autoantibodies are present in up to 40% of patients, the most common being NMDAR IgG and AQP4-IgG"”.

GFAP antibodies can be detected by indirect immunofluorescence” ™. CSF testing tends to be more
sensitive than serum'™. Immunostaining in mouse brains was found in pia, sub-pia, mid-brain foci, peri-
ventricular region, and rostral migratory stream'”. Enteric ganglia and mucosa penetrating nerves stained

positive in the periphery'”.

Brain MRI may show diffuse T2 abnormalities in periventricular white matter””. Linear perivascular
radial enhancement is often a prominent feature””””, and 22%-33% of patients may have leptomeningeal
enhancement””””. CSF very often shows inflammatory signs, namely pleocytosis, elevated protein,
hypoglycorrhachia, and oligoclonal bands””. Development of meningoencephalomyelitis does not seem to
be correlated with antibody titer level ™.

Most patients respond well to initial treatment with immunotherapy, but up to 64% may relapse and require
additional therapy[”]. Patients refractory to initial treatment have been trialed on IV methylprednisolone,
IVIG, and plasma exchange. Long-term immunosuppression may be necessary in some cases to gain control
of symptoms”*

Antibodies to glycine receptors

Glycine receptor (GlyR) antibodies were first described in a case study by Hutchinson et al.*” in 2008,
which described a patient with progressive encephalomyelitis, rigidity, and myoclonus, a syndrome that later
came to be known as PERM (after the clinical manifestations in the index case)®*". GlyR antibodies have
been demonstrated to be predominantly of the IgG1 subclass, which are able to activate complement on the
surface of GlyR-o1"”

In a recent case series with a literature review of 187 patients with antibodies targeting GlyR present in
either serum or CSE, PERM and stiff person syndrome (SPS) were the most common clinical manifestations
(47.6% of the total)[sl]. The next most common finding was AE (22.4% of total), with the rest demonstrating
a heterogeneous mix of cerebellar ataxia, movement disorders, demyelination, cognitive dysfunction,
and many other findings[m]. Epilepsy is more common in younger patients (average age in epilepsy
group: 27.1 years), with PERM/SPS manifesting more often in older patients (average age: 43.2)"",
Malignancy is more common in patients with PERM/SPS, with some patients found to have thymomas,
marginal B-cell lymphoma, breast cancer, Hodgkin’s lymphoma and SLC™". One-third of patients may have
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an accompanying autoimmune disorder™”. Other clinical findings reported with GlyR antibodies include
hemiballism/tics, muscle spasms, laryngeal dystonia, hyperekplexia, status epilepticus, and an unusual
neurological syndrome with extensive weakness and persistent clonus™™. The heterogeneity of these
syndromes is thought to be caused by either local disruption of the blood-brain barrier, allowing entry of
peripheral antibodies into specific regions of the brain, or antibodies specific to different glycine receptor

[81,82]

EEG or MRI are often abnormal in patients with epilepsy, but lack specific or pathognomonic findings
In one recent cohort study of 45 patients with GlyR antibodies, 15/21 patients tested showed abnormal EEG
(slow activity, focal epileptic findings, cortical disturbance), and 10/36 showed abnormal MRI (white matter
lesions, atrophy, temporal lobe inflammation, small vessel disease, short or patchy lesions, longitudinally
extensive lesion, or other FLAIR lesions)"*”. Diagnosis of GlyR antibody disease is typically confirmed by
detection of antibodies in serum or CSE Antibody presence has been detected using immunofluorescence-

based assay on human kidney cells modified to express GlyR1 tagged with green fluorescent protein'®”,

Immunotherapy is often remarkably successful in treating GlyR antibody disease. Treatment often starts
with methyl prednisone, escalating to high-dose prednisolone, then IVIG and plasma exchange as necessary.
Treatment often has to be repeated, and patients may be weaned off steroids slowly. Refractory disease
may also be treated successfully with cyclophosphamide, rituximab, azathioprine, and mycophenolate["].
Relapses may occur, but often with less severe symptoms, and may necessitate further treatment with
immunotherapies.

mGIuR5 antibodies

In 1982, Ian Carr, a physician, described his daughter’s development of progressive loss of memory,
depression, hallucinations and bizarre behavior before being diagnosed with and successfully treated for
Hodgkin lymphoma'®. Dr. Carr postulated that a “circulating neurotransmitter-like molecule secreted by the
tumor” could have caused her symptoms, which later became known as Ophelia syndrome[“]. Since then,
similar cases have been associated with antibodies to metabotropic glutamate receptor 5 (mGluRs). This
receptor acts via calcium/IP3 signaling, modulates neuronal functions including long-term depression, and is
active in behavioral learning, specifically in extinction of nonreinforced behaviors™***. The epitope localizes
to the extracellular receptor region, causing antibodies to bind to the surface of live neurons™. Antibodies

are IgG1, 1gG2, IgG3 or combined*".

In recent case studies, the average age of onset of symptoms is 29" Patients may initially present with
predominantly psychiatric symptoms (depression and personality change), or symptoms such as headache
and nausea™’. Patients may initially present with nonspecific prodromal symptoms such as upper respiratory
infection or fever™”. mGIuR5 is strongly associated with Hodgkin lymphoma (5/11 patients in one case
series), and may initially present with cervical lymphadenopathy***”. Other manifestations include short-
term memory deficit, emotional lability, delusions, seizure manifesting as status epilepticus, myoclonic jerks,
sleep dysfunction, and movement disorders™*”. In children, the most common movement disorders are
dystonic postures and oculogyric crisis, while adults often have postural tremor or myoclonic jerks"”. Peak
of disease occurs at a median of two weeks after symptom onset, and 36% of patients eventually require

. . [87]
intensive care

MRI may show increased T2 signal in the mesial temporal area®. CSF may show pleocytosis and
increased protein™®*”, and 50% of patients show abnormal EEG with focal or diffuse slowing, epileptiform
discharges[”]. mGlurR5 antibody is detectable in serum and may be determined by immunohistochemistry
of rat hippocampal neurons or HEK293 cells transfected with mGluR5-coding plasmid. Testing for mGluRs5
is not included in commercially available panels, so it must be specifically ordered by the clinician"**”
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Sedation for seizures is sometimes required, and antipsychotics for psychiatric symptoms as well"*".
Treatment of underlying cancer with chemotherapy, and immunotherapy as well is often effective in
alleviating neurologic symptoms[“’”]. Patients may experience relapse of neurologic symptoms, which may
herald a tumor relapse as well™”

NMDAR antibodies

The N-methyl-D-aspartate receptor (NMDAR) is an ion channel receptor protein responsive to NMDA
(from whence its name derives), glutamate, and either D-serine or glycine. It is thought to play an important
part in synaptic plasticity and memory function™. Antibodies to NMDAR are typically associated with
autoimmune encephalitis but can also present with epilepsy as the sole or dominant feature'. First reports of
this condition came from Vitaliani et al.*” in 2005, who described a constellation of psychiatric symptoms,
encephalitis, and hypoventilation in women who had ovarian teratoma as well as antibodies against a
hippocampal antigen. The antigen was later determined to be the NMDA receptor.

Antibodies to NMDAR are associated with focal motor, complex focal seizures, refractory complex focal
seizures, and generalized status epilepticus”””". Anti-NMDAR encephalitis most commonly occurs in
young women and is accompanied by a tumor in 58% of cases, most commonly ovarian teratoma (40% of
cases)””"\. Seizure as the first symptom of NMDAR antibody encephalitis occurs more commonly in
children, while adults more commonly present initially with psychiatric symptoms[”]

Anti-NMDAR encephalitis often presents as a syndrome including psychiatric manifestations, memory
loss, seizures, movement dysfunction, speech dysfunction, decreased alertness, autonomic disorder, and
central hypoventilation[”’gl], and 90% of patients exhibit at least 4 of the above symptoms within 4 weeks
of the beginning of symptoms”**". EEG is often abnormal, and may show non-specific, slow, disorganized
activity sometimes with electrographic seizures. One-third of patients with anti-NDMAR encephalitis
exhibit a particular EEG pattern known as “extreme delta brush’, which consists of rhythmic delta activity
at 1-3 Hz with superimposed bursts of rhythmic 20-30 Hz B activity on each delta wave™. The name of
this pattern comes from delta brush, an EEG pattern sometimes seen in premature infants””. Normal MRI
is found in 50% of patients but may demonstrate limbic or extralimbic changes””. Diagnosis is confirmed
by detection via immunofluorescence assay of IgG antibodies reactive to the GluN1 (NR1) subunit of the
NMDA receptor””. Anti-NMDAR antibodies are detectable more easily in CSF than serum, and may be
accompanied by increased lymphocyte count, normal or slightly increased protein, and oligoclonal bands
specific to CSF”**"). Higher CSF antibody levels are associated with more severe symptoms”*""’. Brain biopsy

[90,91]

does not diagnose NMDAR encephalitis, and typically shows normal or non-specific findings

Immunotherapy with steroids, IVIG, and plasmapheresis is the mainstay of treatment for anti-NMDAR
encephalitis””. Those who fail initial therapy may be treated with rituximab or cyclophosphamide'”
Removal of tumor, if found, is also an important treatment measure, and can speed improvement and help
prevent relapses””. Recovery is typically slow, and relapses may occur (12% in one cohort study), but they are
less likely with early initiation of treatment and removal of tumor"**”"

Voltage-gated calcium channels of P/Q-type antibodies

Voltage-gated calcium channels of P/Q-type (VGCC-P/Q) and N-type (VGCC-N) in motor nerve terminals
are targeted by IgG antibodies in Lambert Eaton syndrome””. VGCC-P/Q antibodies are found in over 90%
of non-immunosuppressed patients with Lambert-Eaton Syndrome (LES), and VGCC-N antibodies are
found in almost 3/4 of paraneoplastic cases (and over 1/3 of non-paraneoplastic cases)””. Several neurologic
syndromes associated with VGCC antibodies other than LES have also been described™”™*.

Median age of onset of symptoms for patients afflicted by VGCC antibodies is 57 years”. Patients may
present with a wide variety of different symptoms including encephalopathy, ataxia, seizures, myelopathy,
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neuropathy, neuromuscular junction disorder, and myopathy””. VGCC antibodies have also been reported
in association with behavioral changes mimicking frontotemporal dementia”. Other antibodies may coexist
such as those to GADs65, muscle AChR, VGKC-complex, or NMDA". Only one pediatric case of VGCC
antibody disease has been reported, with the patient presenting with confusion, aphasia, transient fever,
headache, dizziness and memory deficit, who ultimately responded well to immunotherapy””. A fifth of
patients (21%) may have a history of neoplasm or neoplasia, detected later””, Tumors reported in associated

with VGCC antibodies include SCLC, breast adenocarcinoma, lymphoma, and tonsillar carcinoma®™

Interestingly, clinical findings for VGCC antibody disease vary depending on antibody titer™. A recent case
series review by Zalewski et al.”™ divided patients into groups on the basis of antibody titer and determined
which clinical findings were most common in each group. High antibody levels (> 0.99 nmol/L) were
associated with encephalopathy, LES, cerebellar ataxia, and peripheral neuropathy. Moderate antibody values
were associated with peripheral neuropathy, non-neurologic disorders, cognitive disorders, autonomic
neuropathy/dysautonomia, radiculopathy, neuromuscular junction disorder, myopathy, and seizures'””
Lower antibody values were associated with peripheral neuropathy, non-neurologic disorders, cognitive
disorders, autonomic neuropathy/dysautonomia, anterior horn cell disorder, seizures, parkinsonism, CNS

demyelinating disease, and cerebellar ataxia.

VGCC antibodies can be detected in patient serum™””*”. Elevated protein has been found in 81% of CSF
samples”™. Leukocytosis is also common, and patients with leukocytosis are more likely to respond to
immunotherapy™. EEG and MRI data for this patient population is sparse. In a report by Finkel et al.””
concerning a 14-year-old boy who presented with memory dysfunction, mood change, and transient fever,
overnight VEEG demonstrated “marked left hemisphere dysfunction, a lack of a posterior dominant rhythm
on the left and epileptogenicity with temporal and occipital maximum” EEG also showed several “20- to
30-second-long, subtle/stuttering electrographic seizures emanating from the left hemisphere”””. MRI
showed involvement of the hippocampus and temporal lobes'”

Anti-epileptic drugs such as fos-phenytoin and topiramate may be necessary for patients who present with
seizures””. Immunotherapy is modestly effective in patients with VGCC antibody disease with reports
demonstrating use of IV or oral steroids, IVIG, plasma exchange, or other agents such as mycophenolate
mofetil, azathioprine, methotrexate, and rituximab"™, where 86% of patients demonstrate no response or

modest response’””

PARANEOPLASTIC ANTIBODIES

Paraneoplastic antibodies are involved in an immune process involving both B and T cells that participate in
cytotoxic T cell-mediated neuronal destruction and neural autoantibody uptake™. They are described to be

linked with neurologic syndromes that arise from underlying cancer".

Amphiphysin antibodies

Amphiphysin is a protein hypothesized to be involved in the process of endocytosis by the recruitment of
dynamin, and the subsequent generation of clathrin pits after neurotransmitter exocytosis in mammals"”.
It was first discussed in the 1990s, where it was isolated from cDNA expression libraries in chicken and rat

models and localized to the presynaptic sites of the brain, adrenals, and anterior and posterior pituitary”.

There are two major transcription variants of amphiphysin based on alternative splicing. Amphiphysin I is
thought to be focused in the nerve terminal, whereas amphiphysin II is concentrated around T-tubules in
skeletal muscle and the cytomatrix beneath the plasma membrane of axon initial segments and nodes of

Ranvier in the brain™”".
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Antibodies to amphiphysin have been associated with various paraneoplastic disorders and cancers including
sPs"™, SCLC"™, and transverse myelitis"*”. However, correlation between the presence of antibodies
and the prevalence of disease is not clear with Saiz et al’" demonstrating the presence of amphiphysin
autoantibodies in only 2.9% of patients with paraneoplastic disease, and 1.4% of patients with SCLC without
paraneoplastic disease*”’. Interestingly, it was also found in this study that all patients with amphiphysin
antibodies had common reactivity within the C terminus of the protein, which was previously demonstrated
by Lichte et al.” to be generally devoid of basic amino acids in rat and chicken models . This leads to the
hypothesis that casein kinase II is a major component of DNA repair in this portion of the amphiphysin
genome.

The correlation of amphiphysin antibodies with AE remains unclear. One retrospective study showed that
only 1 out of 61 people (1.64%) with AE tested positive for the presence of amphiphysin antibodies'".

ANNA-1 autoantibodies

Type 1 antineuronal nuclear autoantibody, also known as ANNA-1, is an antibody to a regulatory neuronal
RNA-binding protein. There is a well-documented correlation between the presence of these autoantibodies
and paraneoplastic syndromes, including SCLC, with one study finding that 88% of patients with SCLC
were seropositive for ANNA-1""". In addition, a wide range of neurologic disabilities have been described
in the literature in patients with paraneoplastic encephalomyelitis and anti-Hu antibodies, including sensory

neuropathy, cerebellar ataxia, and LE™.

There is the possibility of a connection between ANNA-1-associated paraneoplastic disorders and
epilepsy with case reports of clinical and EEG findings consistent with epilepsia partialis continua"*, One
retrospective study indicates that nearly half of ANNA-1 antibody-positive patients exhibited extratemporal
EEG abnormalities, including slowing (43%) and epileptiform (29%) discharges, and epilepsia partialis
continua (7%)[107].

CRMP-5 antibodies

Collapsin response mediator protein-5 (CRMP-5) is one of five proteins in the CRMP family, which is
believed to play a role in neurologic development. Although normally downregulated in adult brains,
elevation of CRMP-5 levels in adults has been extensively studied and found to be inherently correlated
with the incidence of SCLC, thymomas, chorea, cranial neuropathy, peripheral neuropathy, autonomic
neuropathy, cerebellar ataxia, dementia, and neuromuscular junction disorders"*""". Other less common
but nevertheless documented associations of autoantibodies to CRMP-5 are paraneoplastic associated basal

ganglionitis and encephalitis““] and perioptic neuritis™'?

One mutational analysis study showed that C-terminal processing of CRMP-5 activates a nuclear
localization signal that allows for nuclear translocation of the protein and thus pathologic predisposition to
glioblastoma"*.

The association between CRMP-5 autoimmunity and AE is not commonly reported. However, two patients
with positive titers for anti-CRMP-5 antibodies with documented seizure histories and characteristic EEG
findings both achieved seizure improvement or seizure freedom after IV methylprednisolone treatment'’,

GADG65 autoantibodies

Glutamic acid decarboxylase (GAD65), a synaptic vesicle-associated antigen, is responsible for the
enzymatic conversion of glycine to gamma aminobutyric acid (GABA). Elevations in GAD65 autoantibodies
are commonly seen in patients with T1D and are associated with other pathologies including SPS™,

. . [115] . . [116]
cerebellar ataxia, LE, extrapyramidal symptoms ', paraneoplastic neurologic syndromes ', and
epﬂepsy[lw-lw]'
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There have been attempts to tease out the subtle differences between GADe65 antibody elevations in patients
with T1D and those with elevations due to other neurologic symptoms. One distinct characteristic between
the two is that if anti-GADeés5 titers are significantly elevated, patients are more likely to present with
concomitant neurologic syndromes in addition to T1D"*". Another distinction was the disease-specific
GADes5 antibody epitope patterns between T1D, epilepsy, and SPS, with the suggestion that the epileptic
etiology in patients diagnosed with both T1D and epilepsy may have distinctly different etiologies with

regard to their epileptic condition"*”.

Neuroimaging in GADeé5-associated epileptic conditions have revealed disproportionate parenchymal

atrophy for age with associated abnormal cortical/subcortical T2 hyperintensities'*".

[122]

Although there are cases of treatment for GAD-associated AE ranging from cyclophosphamide ™ to

testosterone replacement therapy'*”, overall immunotherapy is poor"**.

Antineuronal antibodies Ma1 and Ma2

Antineuronal antibodies Ma1 and Maz2 are involved with RNA transcription regulation and are implicated in
various pathologies depending on whatever combination of autoantibodies are present. Patients with isolated
Maz antibodies (also known as Ta) are more likely to be young males that present with either isolated/
combined/limbic/diencephalic encephalitis or brainstem involvement. The primary cancer in this group is
testicular germ cell tumors and these patients have more favorable clinical outcomes, although the majority
will deteriorate™*"**), Patients with Ma1 activity are more likely to have complications, including cervical™*”,
breast™*”, lung and bladder cancers™™. The clinical outcomes and prognosis for this group are worse with

poor response to immunotherapy.

CONCLUSION

While the most extensively studied antibodies include NMDAR, VGKC complex with LGI1 and CASPR2
specificities, GABA,R and GABA R, the antibodies most closely associated with AE are those related to the
VGKC complex, namely GAD65 and NMDAR antigensm. Less frequently identified are GABA R, GABA R,
glycine receptor, and AMPAR antibodies'. Even less frequently identified are the paraneoplastic antibodies
discussed in the latter half of this review'”. According to the literature, it is likely the case that antibodies
associated with AE are undiagnosed due to the current lack of universally available testing"’. Combined
with the limited data of patient populations that are available, there is much work to be done to elucidate the
immunological basis of epilepsy.

An important takeaway of this review is that clinicians should be cognizant of the strong association between
epilepsy and autoimmune disorders. Unfortunately, symptoms are often dismissed or misdiagnosed, and
this can greatly delay early initiation of immunosuppressive treatments in patients who may have otherwise
achieved either seizure freedom or a substantial reduction in seizure frequency. An accurate clinical approach
that selects at-risk patients on the basis of clinical features, neural autoantibodies, and their response to
immunotherapy is recommended to prevent protracted clinical courses.

As the association between the type of antibody detected and its clinical presentation evolves over time, the
recognition of AE will increase. This recognition of immune-mediated epileptogenesis allows for targeted
research of the immunological basis of seizure generation. A better understanding of its pathology will lead
to refined treatment strategies engineered to address the underlying causes of seizure generation and better
outcomes for affected patient populations.

As a concluding note, studies that investigate the effect of lesion location on biomarker levels are lacking,
and recent evidence has found that lifestyle factors, such as smoking, fasting, and diet, as well as sample
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processing have caused variability in biomarker analysis™”. In particular, much scrutiny has been placed
on sample processing as analysis from plasma and serum are not always correlated. While good progress
has been made on identifying specific epileptiform events and their associated biomarkers, the literature
to date has been criticized due to the lack of replicability in epilepsy biomarker studies, clinical population
heterogeneity, and the relatively low power in analysis within the past several years. As such, it is important
to emphasize that the use of biomarkers should be used as an adjunct screening tool rather than a diagnosis.
Their sensitivity and accuracy in predicting autoimmune origins are not absolute, and care should be taken
when evaluating each patient’s individual history and symptoms. That said, biomarker studies specifically
related to AE are still in their infancy and would benefit from statistically sufficient clinical studies and
standardized approaches to better extract useful data.
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