Neuronal Autoantibodies and Autoimmune Epilepsy
Abstract 
The standard treatment of epilepsy consists of chronic continuous administration of antiepileptic drugs (AEDs), which has the aim of preventing the recurrence of epileptic seizures, although it does not modify the natural course of the disease. Despite optimal therapy with AEDs, approximately one-third of epileptic patients do not achieve remission of seizures, and this group of patient is considered to have intractable, refractory, or AEDs-resistant epilepsy.

To investigate new therapeutic strategies, it is important to determine the reasons for the failure of AEDs in these patients. There are many possible causes of refractory epilepsy.

Accumulating data suggest that certain epilepsy syndromes characterized by a predominant seizure manifestation may have an immunologic basis.
In this study, we aim to investigate the frequency of anti-neuronal antibodies in patient with cryptogenic and anti-epileptic drugs resistant epilepsy in order to define “autoimmune epilepsy” and to characterize the serological, neurophysiological and radiological features of patients with this condition. To date, several autoantibodies, namely voltage-gated potassium channel-complex (VGKC-complex), glutamic acid decarboxylase-65 (GAD65), N‑methyl-D-aspartate receptor (NMDAR1), α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptors (AMPAR) and γ‑aminobutyric acid type B receptor (GABAbR) antibodies, have been reported in disorders with predominant seizure presentation. The Recognition of these clinical-immunologic associations might bring new therapeutic approaches, such as immunotherapy, as adjunctive treatment with AEDs, in an effort to slow, halt, or potentially reverse the epileptogenic process. 

Key words: AEDs-resistant-epilepsy, neuronal autoantibodies, autoimmune epilepsy, immunotherapy
Relevance to FIRE 

Recently, there has been an explosion of reports in the literature associating CNS disorders with auto-antibodies that are directed against cell-surface antigens and are likely to be pathogenic. Many of these conditions have seizures as an early and prominent feature (Thieben et al. 2004, Irani et al 2010) which are commonly refractory to conventional anti-epileptic drugs. In contrast, a good response is often achieved with immunotherapies.

The investigation of neuronal antibodies in patients with cryptogenic epilepsy and anti-epileptic drugs (AEDs)-refractory epilepsy will improve the knowledge on the causes of therapy-resistant epilepsy, and may bring new therapeutic approaches, like immunotherapy, to overcome pharmaco-resistance in selected cases.
Lay summary 
Epilepsy is common, affecting 40 million globally with an estimated incidence of approximately 50 new cases/100,000 per year. Antiepileptic drugs (AEDs) are the mainstay of epilepsy treatment. However, one-third of affected patients will continue to have seizures despite appropriate trials of available AED therapies (AEDs-resistant epilepsy).

Recent studies suggest that some patients with AEDs-resistant epilepsy may have an autoimmune disease.  

To date, several antibodies against ion channels of the Central Nervous system (anti-NMDAR1, anti-GABAb, anti-Voltage gated Potassium channel complex, anti-AMPAR) have been reported in disorders with predominant seizure presentation.

In this study, we aim to investigate the frequency of anti-neuronal antibodies in patient with epilepsy in order to assess if this condition could be autoimmune in a subset of patients. In this case immunomodulatory or immunosuppressive therapy could be used as a valuable therapeutic tool in an effort to slow, halt, or potentially reverse the epileptogenic process.
Background 

An estimated 0.5−1% of the world population is epileptic, some with completely unknown etiology and no effective treatment (Theodore WB et al. 2006) ‘Structural/metabolic’ and genetic causes of epilepsy have been regularly identified; however the majority of epilepsies are classified as having ‘unknown cause’ (Berg et al. 2010). In recent years, evidence has mounted that some may actually be immune-mediated. If so, the way we regard and treat these epilepsies may require a revolutionary change.

The first clue to the autoimmune nature of some epilepsies came from the presence of antibodies to ion channels or ion channel associated proteins in the Central Nervous System (CNS). 
The detection of neural autoantibodies is central to the diagnosis of autoimmune neurologic diseases. One simplistic but logical classification of these antibodies is based on the cellular location of the target antigen (Graus et al. 2010): 1) neuronal cell membrane antigens, with epitopes exposed on the extracellular surface (e.g. VGKC-complex, NMDAR1, AMPAR, GABAbR  antibodies; and 2) neural intracellular nuclear or cytoplasmic antigens (e.g. antineuronal nuclear antibodies (anti-Hu), anti-Ri, anti-Yo, anti-Tr, anti-Ma2, anti-CV2, amphiphysin, and antiglial/ neuronal nuclear antibody-type 1, AGNA). By targeting antigens on plasma membrane important in synaptic transmission, antibodies in the first group are perceived to play a pathogenic role in neurologic diseases. These disorders are often amenable to antibody-depleting immunotherapy, such as plasma exchange and intravenous immunoglobulin.

Seizures are recognized as a common symptom in paraneoplastic autoimmune disorders, occurring either as a component of a multifocal neurological disorder or as a limbic encephalitis (Thieben et al. 2004, Pittock et al. 2005). Recognized autoantibody accompaniments of limbic encephalitis include anti-Hu, anti-CV2, anti-GAD65 and Ma2 antibodies. Recent studies showed the existence of neuronal antibodies that may bind characteristically to ion channels of the CNS (N-Methyl-D-aspartate receptor 1 (NMDAR1), 2-amino-3-(5-methyl-3-oxo-1,2- oxazol-4-yl) propanoic acid (AMPA), γ-Aminobutyric acid b (GABAb) or to ion channels (e.g. Voltage gated potassium channel, VGKC) complexed proteins (Leucine-glioma inactivated protein 1, LGI-1 and Contactin-associated protein 2, Caspr-2 (Dalmau et al. 2008, Lancaster et al. 2010, Lai et al. 2009, Lai et al. 2010). Most of the syndromes associated with these antibodies include temporal lobe epilepsy. Furthermore there have been several studies aimed at demonstrating the presence of Voltage Gated Potassium Channel (VGKC)-complex (Irani et al. 2008, Barajas et al. 2010,) and Gad65 (Liimatainen et al 2010) antibodies in different cohorts of patients with a predominant syndrome of temporal lobe seizures, AED-refractory or otherwise unexplained epilepsy. Raised levels were found at between 6 and 17% in different cohorts (Majoie et al. 2006) with the higher values usually associated with a subacute onset of encephalitis, with or without limbic features (McKnight  et al. 2005). In addition, high VGKC-complex antibodies have been identified in patients with extra-temporal seizures who present in later life with frequent, very brief dystonic limb movements, which cause patients to fall or drop items (Irani et al. 2008, Barajas et al. 2010). They respond very well to immunotherapies with dramatic falls in VGKC-complex-Abs in parallel with their clinical improvement (Irani et al. 2008) but the majority, who are not identified and treated at onset, progress to typical limbic encephalitis (Barajas et al. 2010).

Furthermore Bien and colleagues proposed that limbic encephalitis may precede the development of hippocampal sclerosis and adult-onset temporal lobe epilepsy (Bien et al 2007).
Medial temporal lobe (MTL) lesions evolving from hippocampal swelling, with a concomitant MRI signal increase and bilateral hippocampal atrophy as the swelling decreased, were retrospectively recognized in about 25% patients with adult onset hippocampal sclerosis, and there was some evidence for similar immunological causes in another 25% (Bien et al. 2007, Bien et al. 2007). The presence of sclerotic changes can appear as soon as 6–12 months after the onset of the limbic encephalitis (Urbach et al. 2006). These observations suggest that recognizing and treating immune-mediated limbic encephalitis early may help to prevent later onset of hippocampal sclerosis.

Importantly, it has recently been shown that some patients with these serum auto-antibodies are often refractory to treatment with standard AEDs and, in contrast, may respond well to immunomodulatory therapies.
Another model of immune-mediated epilepsy is Rasmussen syndrome. Rasmussen syndrome is a progressive, focal autoimmune encephalitis that leads to intractable epilepsy, cognitive decline, and hemiparesis. The presumed mechanism is a complex autoimmune process comprising an active role of both cytotoxic T lymphocytes and circulating autoantibodies, activating the subunit 3 of the ionotropic glutamate receptor (GluR3Ab) (Frassoni et al. 2001) even if the specificity of the anti-GluR3 autoantibodies is still debated (Watson et al. 2004). Seizure in Rasmussen syndrome present a poor respons to AEDs, and require immune-suppressive treatment and, sometimes, hemispherectomy.

Previous reports of immunotherapy responses in patients with autoimmune epilepsy have been confined to single cases or small case series (Barajas et al. 2010, Irani et al. 2008) and are generally restricted to patients with limbic encephalitis.

The heterogeneity of population selection criteria and methods of antibody detection within these studies limit the use of these data to infer the actual burden of autoimmunity among epilepsy patients in the general population. Nevertheless, these findings provide preliminary clinical evidence of a possible role of autoimmunity in epilepsy, and support the potential use of immunotherapy in its management. 

To the best of our knowledge no systematic prospective studies, aimed to evaluate the frequency of neuronal antibodies in epilepsy and the effect of immunotherapy in these conditions, have been performed.
Overall objectives
In the present study we aim to define autoimmune epilepsy, to characterize the clinical, electroencephalographic, serological and radiological features of patients with this condition, and their responses to immunotherapy.

This study will provide information to evaluate if immunotherapy could be a valuable tool for optimize seizure control, adjunct to anti-epileptic drugs, in selected cases. 

 Specific aims 

We plan to achieve our objectives by the following specific aims: 

· Evaluate the frequency of neural autoantibodies in patients with new onset cryptogenic epilepsy 
· Evaluate the frequency of neural autoantibodies in patients with incomplete seizure control
· Evaluate the frequency of neural autoantibodies in patients with AEDs-resistant epilepsy candidate for surgery 
· Evaluate the response to immunotherapy in epileptic patients with positive anti-neural antibodies
· Characterize the clinical, neurophysiological and radiological features of patients with suspected autoimmune epilepsy

A secondary aim is to discover new epilepsy-associated autoantibodies and to describe new autoimmune epileptic syndromes.
Rationale
The standard treatment of epilepsy consists of chronic continuous administration of antiepileptic drugs (AEDs), which has the aim of preventing the recurrence of epileptic seizures, although it does not modify the natural course of the disease. Despite optimal therapy with AEDs, approximately one-third of epileptic patients do not achieve remission of seizures, and this group of patient is considered to have intractable, refractory, or AEDs-resistant epilepsy (RE). (Sanchez-Alvarez JC et al., 2002).
There is no consensus on the definition of RE because the spectrum of resistance is very wide, ranging from patients with mild sporadic seizures partially resistant to AEDs to patients with severe, very frequent seizures unresponsive to numerous AEDs taken alone or in combination. Therefore, it is difficult to establish an exact definition and it is likely that there will not be a single definition for all forms of RE (Berg et al. 2010).

Nevertheless, RE could be defined as the persistence of correctly diagnosed unprovoked epileptic seizures that recur so frequently that they interfere with patients' daily lives and cause personal dissatisfaction. Thus, a patient may be considered as exhibiting RE after receiving treatment with 2 first-choice AEDs or a combination of 2 first-line AEDs appropriate to the type of seizures and epileptic syndrome of the patient, at the maximum tolerated doses and with good compliance. 

To investigate new therapeutic strategies, it is important to determine the reasons for the failure of AEDs in these patients. There are many possible causes of refractory epilepsy. It is likely to be a multifactorial process. Two current hypotheses on the mechanisms of drug resistance in epilepsy highlight the roles of increased activity of blood-brain barrier multidrug transporter proteins (Sisodiya et al. 2002) and of alterations in the drug targets rendering them drug-insensitive (Beck, 2007). Both mechanisms are relevant but seem insufficient to account for the complexity of brain changes involved in drug-resistant epilepsy.
Accumulating data suggest that certain epileptic syndromes characterized by predominant seizure manifestation may have an immunologic basis. This entity is increasingly recognized as “autoimmune epilepsy” (McKnight et al. 2005, Irani SR et al.) Several studies of neural antibodies in epilepsy cohorts suggest that a subset of patients could have autoimmune epilepsy that is indistinguishable from medically refractory epilepsies of unknown etiology.
We aim to characterize the role of anti-neural autoantibodies in autoimmune epilepsy in attempt to improve the knowledge about the role of autoimmunity in RE. The clinical relevance of recognizing autoimmune epilepsy lies in the potential for immunotherapeutic strategies as adjunctive treatment with AEDs, in an effort to slow, halt, or potentially reverse the epileptogenic process. For those patients with an autoimmune basis of AED intractable seizures, a beneficial immunotherapy response could provide an avenue of treatment complementary to anticonvulsants.

Preliminary results
In a pilot study we retrospectively tested serum samples from 25 patients with cryptogenic epilepsy and from 5 patients with AEDs-resistant epilepsy.
We found 7 patients (20%) with antineuronal-antibodies (4 with anti-VGKC complex  antibody, 2 with anti-GAD65 antibodies and 1 with anti-Hu antibody).

One patient with anti-GAD65 and pharmaco-resistant generalized seizures showed an excellent response to immunosuppressive treatment with >50% reduction in seizures frequency (Nociti et al. 2010). 
Experimental plan, timetable, methods
Experimental plan 
This clinical research proposal is based on immunological analyses of serum and CSF samples from a single population-based cohort of patients with epilepsy. We will recruit serum and CSF samples, when available, from 100 candidate patients. One hundred age and sex matched healthy subjects will be recruited as a control group. 
Patients and controls will give sign an informed consent to participate in the study. The study will be submitted to the local ethic committee.

All the information regarding the medical history and the demoghraphic informations of  patients will be inserted in a database, protected by a password with a limited access.

A coded system will be used for blinding the serum samples of patients and controls. All clinical, serological and radiological data will be entered into a database maintained by the principal investigator. All categorical or continuous variables related to each patient will be collected in data flow sheets and will be analyzed using means and standard deviations or medians and interquartile ranges, as appropriate.

The epilepsy evaluation will be performed at the Center for  Epilepsy, Institute of Neurology, Catholic University, Rome. The evaluation will  include: complete medical history, neurologic  examination, standard EEGs consisting of 21-channel recordings (30-channel for all prolonged EEG studies), acquired by means of scalp electrodes placed  according to the International 10-20 system for electrode placement, brain Magnetic Resonance Imaging (T1 and T2 weighted images, FLAIR images)  before and after gadolinium administration. Clinical monitoring of seizure frequency will be performed by asking the patients to fill in seizure logs. 
We will include three groups of patients in the study:

Group 1: New onset cryptogenic epilepsy plus:

1 or more of the following accompaniments:
1. Psychiatric symptoms (psychosis, hallucinations, delirium)

2. Movement disorder (myoclonus, tremor, dyskinesias, dystonia)

3. Cognitive impairment (e.g. memory disturbances/encephalopathy)
4. Personal or family history of autoimmune disorders (Diabetes Mellitus type I, anemia perniciosa, autoimmune thyroiditis, Myasthenia Gravis, Sjogren syndrome, Rheumatoid Arthritis, Systemic Lupus Erythematosus, Vitiligo, Multiple sclerosis)

5. Smoking History or other cancer risk factors.

6. History of cancer

Group 2: New Onset cryptogenic epilepsy with incomplete seizure control and duration of <2 years:

Group 3: AEDs-resistant epilepsy candidate for surgery.
AEDs-resistant epilepsy patients will be defined as: 
“patients exhibiting refractory epilepsy after receiving treatment with 2 first-choice AEDs or a combination of 2 first-line AEDs appropriate to the type of seizures and epileptic syndrome of the patient at the maximum tolerated doses and with good compliance”.
Every sample will be tested for neural autoantibodies anti-Hu, anti-CV2, anti-Ma2, anti-GAD65, anti-NMDAR1, anti-GABAb, anti-AMPA, Anti-Voltage-gated potassium channel complex (Anti-Lgi-1, anti Caspr-2).
In patients with confirmed antineuronal antibodies an immunotherapy trial will be performed (i.v. methylprednisolone 1 g./day for 5 days every two weeks, prednisone p.o 1-2 mg/kg/day or intravenous immunoglobulin 0.5g/kg/day for 3-5 days) for 3-6 months.
After 3-6 months response to immunotherapy will be categorized on the basis of physician evaluations and patient reports of the percentage of reduction in seizure frequency as follows:

- <20% no/little response

- 20 to 50%: good 

- >50%: excellent

The Immunotherapy trial will be performed without changing in AEDs therapy to avoid confounding factors. If immunotherapy will not be successful a change in AEDs regimen will be considered.
Timetable

Here is a tentative timetable for the study.

The study will start in June 2011 with recruitment of participants and it will end in May 2012.
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Even if we will continue to recruit patients with suspected autoimmune epilepsy throughout the study, the second phase of the research period (last six months) will be focused on follow up of patients with suspected autoimmune epilepsy.

Methods
Serum Preabsorption

To minimize non-specific staining, each patient's serum will be preabsorbed with liver antigens by mixing 40 mg of commercial guinea pig tissue powder (Sigma Chemical Co., St. Louis, Mo.) with 10 μL of serum diluted in 590 μL of phosphate-buffered saline (PBS) containing 1% bovine serum albumen. After gently mixing for 1 hour at room temperature, insoluble residue will be removed by centrifuging (20,800×g for 10 minutes). Fresh liver powder (40 mg) will then immediately added to the serum supernatant, and the process will be repeated an additional two times for a total of 3 consecutive absorptions. 

Indirect Immunofluorescence Assay on tissue
As an initial screening for antineuronal antibodies we will use a frozen composite block of three normal mammalian tissues (e.g., mouse or monkey brain (both cerebellum and midbrain) for anti-Hu, anti-CV2, anti-Ma, anti-GAD65; hippocampus, basal ganglia, thalamus and cortex for anti-NMDAR1, anti-Lgi1 and anti-Caspr-2, anti-AMPA, anti-GABAb plus stomach and kidney) cryosectioned (4μ thickness) onto individual wells of an 8-well microscope slide. The inclusion of non Central Nervous system substrates (e.g. stomach and kidney) will let us to exclude any non-organ specific antibodies.  These slides will be purchased as a custom product (from MeDiCa, Encinitas, Calif., USA) or as a commercial product (Neurology Mosaic 1 and Hippocampus antigens, Euroimmun, Luebeck, Germany) and stored at −70° C. in individual sealed packets containing desiccant. Before opening for use, each packet will be equilibrated at room temperature. Chilled detergent (1% CHAPS in PBS) will be applied to each section and aspirated after 4 minutes. After 3 washes in chilled PBS (each wash was for 5 minutes on a shaker), chilled 10% phosphate-buffered formalin will be applied and aspirated after 4 minutes. After 3 more 5-minute washes in chilled PBS, PBS containing 10% normal goat serum (at room temperature) will be applied and aspirated after 60 minutes. Absorbed, diluted patient and control sera (40 μL volumes) will be applied individually to wells containing the above-described treated tissue sections. After 40 minutes at room temperature, each well will be washed thoroughly with chilled PBS. A commercial fluorochrome-conjugated IgG specific for human IgG (e.g., fluoresceinated goat anti-human IgG, Southern Biotechnology Assoc., Inc., Birmingham, Ala.) will then be applied at the appropriate dilution. After 35 minutes at room temperature, the wells will be washed thoroughly in chilled PBS and a glass coverslip (#1 thickness) will be applied to each slide with mounting medium containing an anti-fade reagent. The slides will be evaluated by fluorescence microscopy (20× objective) for the characteristic anti-neural antibody pattern of tissue-bound IgG. 

The staining intensity of each characteristic will be graded on a formal score sheet (FIG. 1), using the following scoring system: 

· negative: − or ±/− 

· faint positive, may be equivocal: ± 

· definite positive, strong: ±/+, + or 2+ 

A positive result will require a minimum of a ‘±’ score to be assigned. 
Fig.1
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Indirect immunofluorescence assay on transfected cells

To further characterize serum samples recognizing hippocampus and cortex antigens we will use a commercially available substrate of fixed HEK293 cells transfected with NMDAR1, AMPA, GABAb, Lgi-1 and Caspr-2  cDNA (Euroimmun, Luebeck, Germany).
Western blot

To confirm positive results for anti-Hu, anti-CV2, anti-Ma-2 antibodies samples will be tested by Western blot with a commercially available kit (Euroline, Neuronal Antigens Profile 2, Euroimmun., Luebeck, Germany).

Radioimmunoprecipitation assay

To confirm positive results for anti-GAD65 a commercially available radioimmunoprecipitation assay, using 125I-labelled human recombinant GAD65, will be performed. The results will be expressed in relative units (RU) based on a standard curve constructed from the dilution of a pool of highly positive samples with a negative sample and run on each plate.
Statistics
We will use descriptive statistics to analyze demographic data and anti-neuronal antibody frequency.

Differences between immunotherapy responders and non responders will be compared using unpaired Student’s t‑test, Analysis of Variance (ANOVA) and Wilcoxon Rank-Sum tests for continuous measures, Chi-squared and Fisher’s Exact test for categorical variables. 
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Dr Batocchi contributed to identify and characterise new congenital myasthenic syndromes

- Clinical, immunological and therapeutical aspects of paraneoplastic disorders

- Clinical, immunological and therapeutical aspects of multiple sclerosis, role of leptin and neurotrophic factors in MS

- Clinical, immunological and therapeutical aspects of acute disseminated encephalomyelitis, post-infectious encephalomyelitis, autoimmune polyneuropathy  

- Clinical, immunological and therapeutical aspects of sleep disorders

- Study of cytokine and transcription factor expression in autoimmune diseases

- Clinical and immunological aspects of neurological syndromes associated with celiac disease 
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