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Introduction: The increasing identification of specific autoantibodies against brain structures allows further refinement of the group of autoimmune-associated epilepsies and affects diagnostic and therapeutic algorithms. The early etiological allocation of a first seizure is particularly challenging, and the contribution of cerebrospinal fluid (CSF) analysis is not fully understood.

Methods: In this retrospective study with a mean of 7.8 years follow-up involving 39 well-characterized patients with the initial diagnosis of new-onset seizure or epilepsy of unknown etiology and 24 controls, we determined the frequency of autoantibodies to brain proteins in CSF/serum pairs using cell-based assays and unbiased immunofluorescence staining of unfixed murine brain sections.

Results: Autoantibodies were detected in the CSF of 30.8% of patients. Underlying antigens involved glial fibrillary acidic protein (GFAP) and N-methyl-D-aspartate (NMDA) receptors, but also a range of yet undetermined epitopes on neurons, glial and vascular cells. While antibody-positive patients had higher frequencies of cancer, they did not differ from antibody-negative patients with respect to seizure type, electroencephalography (EEG) and cranial magnetic resonance imaging (cMRI) findings, neuropsychiatric comorbidities or pre-existing autoimmune diseases. In 5.1% of patients with seizures or epilepsy of initially presumed unknown etiology, mostly CSF findings resulted in etiological reallocation as autoimmune-associated epilepy.

Discussion: These findings strengthen the potential role for routine CSF analysis. Further studies are needed to understand the autoantibody contribution to etiologically unclear epilepsies, including determining the antigenic targets of underlying autoantibodies.
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Introduction

Seizures and epilepsy are common in autoimmune encephalitis (1) and can even represent the main complaints, which led to the clinical entity of “immune epilepsy” that has been added to the International League Against Epilepsy (ILAE) classification of the epilepsies in 2017 (2) as an etiologic subgroup categorized as “immune disorder in which seizures are a core symptom.” In 2020, the ILAE Autoimmunity and Inflammation Taskforce proposed conceptual definitions for two main diagnostic entities in this field: (a) acute symptomatic seizures secondary to autoimmune encephalitis, and (b) autoimmune-associated epilepsy, the latter of which suggests an enduring predisposition to seizures (3) and corresponds to “immune epilepsy” in the 2017 ILAE classification.

Research on the clinical phenotypes and the underlying disease mechanisms has become a major focus over the past decade (4–7). In many patients, well-established autoantibodies are detected in clinical routine, such as autoantibodies against NMDA receptors (NMDAR) or leucine-rich glioma inactivated protein 1 (LGl1) (8, 9). In antibody-positive patients, new immunotherapeutic approaches became available (5), thus going beyond symptomatic seizure control with anti-seizure medication.

However, the exact proportion of immune epilepsies and the spectrum of underlying autoantibodies are still changing with novel findings. A recent comprehensive meta-analysis (10) revealed estimations between 0 and 24% depending on design and cohort selection. Differences partially relate to availability of bio-samples (often restricted to serum), the limited number of examined autoantibodies, the type and epileptogenic potential of underlying autoantibodies (e.g., targeting neuronal surfaces), and lack of follow-up and inconsistencies when distinguishing seizures from epilepsies (10). Likewise, the role of CSF testing in etiologically unexplained seizures and epilepsies is not fully clear, even though some studies suggest routine CSF diagnostics to not overlook autoimmune etiologies (4). This also considers the presence of some autoantibodies only in CSF and the correlation of clinical courses with CSF titers, such as with anti-NMDAR autoantibodies. However, only few studies screened CSF specimens for autoantibodies in patients with new-onset seizures of unknown etiology (10).

The present study therefore aimed at retrospectively analyzing the presence of autoantibodies in CSF and serum of well-phenotyped patients with seizures or epilepsy of unknown etiology. A particular focus was the potential benefit of CSF analysis, the long follow-up of 6–8 (mean 7.8) years to increase diagnostic accuracy, and the frequency of less well-established autoantibodies using murine brain immunofluorescence imaging.



Materials and methods


Study population

This retrospective study comprised 39 adult patients (mean age = 45 years, ±16.4 SD) who presented with new-onset seizure or epilepsy of unknown etiology and were therefore admitted to the Department of Neurology, Charité—Universitätsmedizin Berlin. Patients were recruited between June 2012 and September 2014, and patient records were followed up every 2 years until December 2021. Diagnosis was made according to the International League Against Epilepsy (ILAE) guidelines by the treating neurologists. Patients in whom etiology of the seizure or of epilepsy had been clarified at the time of emergency room (n = 49) admission were accordingly excluded from the study.

Parallel to clinical routine diagnostics and patient care, additional serum and CSF samples of all patients were taken during hospitalization and archived for later analysis after the end of the recruitment period. As a comparison for autoantibody prevalence in serum, samples of 24 unselected healthy control subjects (mean age = 47.5 years, ±19.7) were age- (p = 0.72; T-test) and sex-matched (p = 0.07; chi-squared test) with the cohort and included into the study. Controls had no history of autoimmunity, psychiatric comorbidities, or previous seizures. CSF of healthy controls was not available, related to the invasive procedure.

All subjects’ informed consent was collected before participation and CSF and blood withdrawal. Samples were coded and stored at −80°C. The study was approved by the Charité University Hospital Institutional Review Board (EA1/096/12).



Clinical data evaluation

Clinical data of all subjects were obtained by the authors or by treating physicians at the time of hospitalization. It included routine epilepsy assessment {seizure history, seizure classification, routine EEG and neuroimaging [cranial magnetic resonance imaging (cMRI) or cranial computed tomography (cCT)], demographic characteristics (age, sex), and patients’ further medical record (immunosuppressive medication and comorbidities; autoimmune, psychiatric, neurological diseases, and cancer)}. All data were followed up with focus on the reoccurrence of seizures or seizure frequency and/or development of CNS or systemic autoimmunity over the course of 6–8 years (mean 7.8 years) to reappraise the initial diagnosis “new-onset seizure of unknown etiology” or “epilepsy of unknown etiology” and to monitor the individual clinical course. The follow-up was performed by research of the electronic patient database at Charité Berlin.

Microsoft Excel (Microsoft Excel 2023, Redmond, WA, United States) was used for statistical analyses. A T-test was performed for paired and chi-squared analysis for unpaired data with the level of significance defined as p < 0.05.



Autoantibody diagnostics

After recruitment of the last patient, all serum and CSF samples were analyzed in parallel to reduce bias. Autoantibody detection was performed.

1. With indirect immunofluorescence on murine brain tissue for detection of novel anti-neuronal, anti-glial, and anti-vascular autoantibodies as described previously (11, 12). Reactions were evaluated by two experienced histologists and classified according to a semi-quantitative fluorescence score (0–3). This score describes “0” as no specific fluorescence reactivity equal to a representative negative control, “1” as weak, “2” as moderate, and “3” as strong reactivity (equal to a representative antibody positive control). Scores ≥2 were defined as antibody-positive and selected for further evaluation.

2. On cell-based assays (CBA) for determining well-established IgG autoantibodies (Euroimmun AG, Lübeck, Germany). These included antibodies against alpha-amino-3-hydroxy-5-methyl-4-isoxazolpropionic acid (AMPA) receptor 1 + 2, amphiphysin, aquaporin-4 (AQP4), sodium/potassium-transporting ATPase subunit alpha-3 (ATP1A3), CARP VIII, contactin-associated protein-2 (Caspr2), collapsing response mediator protein 5 (CRMP5/CV2), delta-and-notch-like-epidermal-growth-factor-related-receptor (DNER), dipeptidyl-peptidase-like-protein-6 (DPPX), ELKS/rab6-interacting/CAST-family member 1 (ERC1), flotillin 1, gamma-aminobutyric acid (GABA) A + B receptor, glutamic acid decarboxylase (GAD65), GFAP, glutamate ionotropic receptor, delta type subunit 2 (GluRD2), metabotropic glutamate receptor (GRM) 1 + 5, glycine receptor (GlyR), homer protein homolog 3 (Homer3), Hu (Anna1), IgLON family member 5 (IgLON5), inositol 1,4,5-triphosphate receptor type 1 (ITPR1), LGI1, Ma2, myelin oligodendrocyte glycoprotein (MOG), NMDAR, neurexin, neurochondrin, recoverin, Ri (Anna2), ras-homolog-GTPase (Rho-GTPase), and Yo and zinc-finger-protein-4 (Zic4). CSF samples with a titer ≥1:1 and serum samples with a titer ≥1:100 were defined as positive.




Results


Patient cohort

Of 39 adult patients (mean age 45 ± 16.4 years [SD]), 15 (38.5%) were female (37.7 ± 16 years) and 24 (61.5%) were male (50.2 ± 15 years) at the day of admission. The control group (mean age 47.5 ± 19 years) consisted of 7 (29%) females (40.3 ± 20 years) and 17 (71%) males (50.5 ± 18 years).



Seizure classification and epilepsy diagnosis

The initial epilepsy assessment led to the diagnosis of seizure of unknown etiology in 28 (71.8%), epilepsy of unknown etiology in 10 (23.3%), and psychogenic nonepileptic seizure (PNES) in one (2.6%) out of 39 patients (Figure 1).
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FIGURE 1
 Approach to study design, performed tests, and diagnostic classification after long follow-up.


The semiology of the majority of new-onset etiologically unknown seizures was documented as generalized (n = 15; 53.6%), focal impaired awareness (n = 9; 32.1%), and focal to bilateral tonic–clonic (n = 4; 14.3%). No focal aware seizure was recorded (Table 1).



TABLE 1 Demographic data, seizure categorization, imaging, and comorbidities from the time of admission.
[image: Table1]

Epilepsies of unknown origin (n = 10) were most frequently documented as focal impaired awareness (n = 3; 30%) and focal to bilateral tonic–clonic (n = 3; 30%) seizure. Combined focal and generalized (n = 2; 20%) as well as generalized seizures (n = 2; 20%) occurred in equal distribution among epilepsies of unknown origin. Focal aware epileptic seizures were not recorded (Table 1).

Follow-up data were available for 28 patients (71.8%). Follow-up assessment resulted in clinical re-classification as autoimmune-associated epilepsy in two patients (5.1%). One (2.6%) had NMDAR encephalitis previously diagnosed as a focal to bilateral tonic–clonic seizure of unknown etiology, and the other patient (2.6%) had autoimmune-associated epilepsy with high-titer GFAP-antibodies in CSF and serum previously diagnosed as generalized seizure of unknown etiology.

For the rest of the cohort, epilepsy of unknown etiology remained the most frequent diagnosis (n = 23; 59%) followed by seizure of unknown etiology (n = 3; 10.2%) after the follow-up (Figure 1).



EEG and brain imaging

During epilepsy assessment, a routine EEG was recorded in all 39 subjects, abnormalities were found in 10 patients (25.6%). Findings included regional slowing (n = 7), generalized epileptiform discharges (n = 2), and lateralized periodic discharges (n = 1; Table 1). Brain MRI was carried out in 38 subjects and cCT in one, while one subject did not undergo neuroimaging. Eleven subjects (31%) showed visible changes, the most common finding was microvascular leukoencephalopathy (n = 8). Three subjects (21.4%) showed mild presumably post-ictal hippocampal edema.



Further clinical data

Information on immunosuppressive medication and comorbidities was available for all 39 subjects (Table 1). No patient had received immunotherapy within the last 6 months prior to admission. Autoimmune diseases were rare and seen in three subjects (11.1%) including multiple sclerosis (n = 1), Hashimoto thyroiditis (n = 1), and type 1 diabetes (n = 1).

Neuro-psychiatric comorbidities were seen in 13 subjects (33.3%) including polysubstance addiction (n = 3), alcohol use disorder (n = 2), panic disorder (n = 2), depression (n = 1), schizophrenia (n = 1), attention deficit hyperactivity disorder (ADHD; n = 1), additional functional seizures (n = 1), multiple sclerosis (n = 1), and dysosmia (n = 1).

Three patients (7.7%) had a tumor found during the clinical assessment [small-cell lung carcinoma (A8), large cell lung carcinoma (A19), and teratoma (A23)], which was statistically significantly more frequent compared to antibody-negative patients (p = 0.007, chi-square test).



Autoantibody findings

From the 39 patients of this cohort, 12 (30.8%) showed autoantibodies in their CSF, of which one was detected in the CBA only, seven in the tissue indirect immunofluorescence only, and four in both (Table 2). Indirect immunofluorescence was positive in serum of only four of the 12 CSF-positive patients (33.3%), indicating that autoantibodies occurred more frequently in CSF compared to serum (p = 0.054; chi-squared test). One serum sample (4.2%) from the control cohort fulfilled the immunofluorescence test criteria with strong binding to neuronal nuclear antigens. CSF was not available from healthy subjects. Comparison of the serum autoantibody frequency between controls and epilepsy patients revealed no statistically significant differences (p = 0.39; Figure 2).



TABLE 2 Detailed test results and epilepsy diagnosis at admission and at follow-up for the twelve positive subjects. Antibody-positive findings are marked with a bold frame.
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FIGURE 2
 Frequency of autoantibodies in different diagnostic groups.


In detail, five subjects had established CBA-detected autoantibodies in their CSF or serum (Table 2). These included autoantibodies against NMDA receptors [CSF (titer 1:10–1:32) in n = 2, and serum (1:1,000) in n = 1], GFAP [CSF (1:3.2) and serum (1:1,000–1:3,200) in n = 2], and GAD65 [CSF (1:1) and serum (1:320) in one subject]. One subject (A8) showed low-titer serum autoantibodies against Caspr2 in CBA (1:32), which was below our threshold of 1:100 and was therefore considered negative. No autoantibodies were detected in CBA against AMPAR1 + 2, amphiphysin, AQP4, AT1A3, CARPVIII, CV2, DNER, DPPX, ERC1, flotillin 1, GABAAR, GABABR, GluRD2, GlyR, GRM1, GRM5, Homer3, Hu (Anna1), IgLON5, ITPR1, LGI1, Ma2, MOG, neurexin, neurochondrin, recoverin, Ri (Anna2), RhoGTPase, Yo, and Zic4.

Indirect immunofluorescence on unfixed murine brain sections confirmed the anti-NMDAR autoantibodies given their specific tissue staining pattern (Figure 3A). Likewise, anti-GFAP-positive samples showed the characteristic astrocytic pattern in the brain including white matter astrocytes and Bergmann glia (Figure 3B). As expected with a screening assay for potentially novel autoantibodies, some patient CSF samples reacted with further autoantigens, such as brain vasculature ranging from capillaries to larger vessels (Figure 3C) or myelinated fibers in the white matter tracts and around cerebellar Purkinje neurons (Figure 3D). Four patients exhibited autoantibodies binding to neuronal nuclear antigens throughout the brain, exemplarily shown in the cerebellar cortex (Figure 3E), and cytoplasmic binding patterns in Purkinje neurons also involving proximal dendrites (Figure 3F). In total, 11 patients met the indirect immunofluorescence criteria for antibody positivity in CSF (Table 2).

[image: Figure 3]

FIGURE 3
 Indirect immunofluorescence on unfixed murine brain sections. (A) Cerebrospinal fluid (CSF) of patient A24 showed strong binding of cerebellar granule cells and neuropil in the hippocampus (insert), reflecting the characteristic anti-NMDAR autoantibody pattern. (B) Anti-GFAP antibody-positive CSF of patient B1 displayed the characteristic astrocytic pattern in the brain including Bergmann glia and white matter astrocytes (star-like formation in insert). (C) CSF of patient A38 exhibited strong binding to brain vasculature (insert: higher magnification of a capillary). (D) Serum of patient A36 showed binding of myelinated fibers in white matter tracts (insert), cerebellar white matter (arrows), and around cerebellar Purkinje neurons (arrowheads). (E) Serum of patient A19 displayed binding to nuclear antigens of neurons in the cerebellar cortex (insert: Purkinje cell layer). (F) CSF of Patient A32 exhibited a cytoplasmatic binding pattern in Purkinje neurons also involving proximal dendrites (insert). Scale bars: (A–C,E,F) 100 μm; (D) 50 μm.





Discussion

In this retrospective analysis, (i) we showed that more than one in four patients with new-onset seizures of unknown etiology had autoantibodies in CSF targeting established and novel brain antigens, which resulted in re-classification of the etiology in two patients [2 of 39 (5.1%)]. (ii) Moreover, autoantibodies were much more common in CSF compared to serum, indicating that CSF analysis may be considered more frequently in clinical routine diagnostics. (iii) Also, tumors were significantly more common in the autoantibody-positive cohort.

Of the five patients with established CSF autoantibodies against NMDAR (n = 2), GAD65 (n = 1), and GFAP (n = 2), only one (A23) received the diagnosis of autoimmune encephalitis (NMDAR encephalitis) and appropriate immunotherapy. One further patient (A24) with CSF anti-NMDAR autoantibodies was lost to follow-up, thus precluding reassessment and final diagnosis. Two patients (A36, A32) remained categorized as etiologically unknown epilepsy based on the clinical course (anti-GFAP autoantibodies, but no further seizures; A36) and low-level antibodies (anti-GAD65; A32; Table 2). However, based on the presence of anti-GFAP autoantibodies and the otherwise unexplained epilepsy cause in the fifth patient (B1), we argue that this patient should also be re-classified as autoimmune-associated epilepsy. While in patient A23 with NMDAR encephalitis, the underlying ovarian teratoma represents a known strong association (13), the tumors in patients A8 and A19 are not clearly linked to the neurological syndrome as the underlying antigen is still unclear, thus they were not classified as paraneoplastic (14).

In general, NMDAR encephalitis is diagnosed by the presence of well-established pathogenic anti-NMDAR autoantibodies in CSF together with the compatible clinical picture. Seizures occur in 75% of cases and can be the predominant symptom (9, 15, 16). Also, anti-NMDAR autoantibodies were frequent (4.8%) in some cohorts of epilepsy patients (10). We therefore assume that both cases (A23, A24) with anti-NMDAR autoantibodies in our cohort had autoimmune-associated epilepsy based on the underlying anti-NMDA receptor encephalitis (3).

The causal relationship of anti-GAD65 or GFAP autoantibodies with seizures is much less clear. Although high-level anti-GAD65 autoantibodies (in particular when found in CSF) are strongly associated with a form of autoimmune encephalitis (17) and were detected in 3.7% of epilepsy patients including chronic treatment-refractory cases (10, 18, 19), low-level anti-GAD65 antibodies are also present in the general population (20). Also, their direct pathogenicity has not been demonstrated, in contrast to anti-NMDAR autoantibodies, which may relate to the intracellular localization of GAD65. Therefore, patient A32 of this study was not categorized as autoimmune-associated epilepsy despite of low-titer GAD65 antibodies in CSF.

Likewise, autoantibodies against GFAP target an intracellular epitope, but are strongly linked to a relatively new form of autoimmune encephalitis. First established in 2016 (21), diagnosis of anti-GFAP astrocytopathy was not possible in 2012–2013, when both anti-GFAP antibody-positive patients of our cohort entered the study. It became clear with further studies that detection of anti-GFAP autoantibodies in CSF is required for diagnosis, that seizures occur in 11–37% of these patients and that immunotherapy often has beneficial effects (22–28). Therefore, we re-classified one anti-GFAP antibody-positive patient (from our cohort with seizures refractory to anti-seizure medication as having autoimmune-associated epilepsy) (Figure 1). Even though detailed experimental studies clarifying the direct pathogenicity of human anti-GFAP autoantibodies are still needed (29), the antibodies may already serve as valuable biomarkers for early detection of immunotreatment-responsive epilepsy patients.

Our findings pointed to the usefulness of CSF analysis for increased detection of potentially pathogenic autoantibodies in patients with unknown seizures and unknown epilepsy. A recent meta-analysis (10) revealed that most published studies screen for autoantibodies in serum only for epilepsy patients, with only 3.4% of all patients undergoing an additional CSF testing. Different to routine procedures in most hospitals, we here systematically performed CSF analysis in all patients and tested for autoantibodies in CSF and serum independent of the presence of inflammatory signs (i.e., also in the absence of pleocytosis, high CSF protein, or oligoclonal bands). Using indirect immunofluorescence on both, transfected cells and unfixed brain sections, may explain why our cohort showed a higher frequency of autoantibodies compared to previous epilepsy studies that also included CSF specimens (30–35), in which autoantibody frequency was up to 16.8% (33). For the yet uncharacterized autoantibodies, future studies will have to identify the underlying antigens and structural epitopes, the pathogenicity of the antibodies in functional assays and the immunological mechanisms leading to humoral autoimmunity (1, 29).

Our study has some limitations. First, our sample size is relatively small thus complicating solid conclusions about the frequency of autoimmune-associated epilepsy. Future prospective studies with higher statistical power are therefore needed, however, inclusion of CSF analysis is beyond clinical routine in most centers. Second, several autoantibodies bind to as yet undetermined autoantigens, identification of which will require further work including antigen identification by protein arrays or immunoprecipitation/mass spectrometry. Furthermore, incomplete clinical information in the follow-up of some cases hinders clear correlation with antibody test results.

Taken together, our data support the notion that autoimmune-associated epilepsy may be more common than previously assumed, in particular with screening for a broad panel of established and novel autoantibodies. Given the retrospective nature of the study, autoantibody detection did not result in immediate treatment decisions. Together with the number of subjects lost to follow-up, we cannot infer solid conclusions on the relationship between autoantibody levels, clinical courses, and treatment options. CSF analysis seems to be of relevant additional help in the assessment of patients with new-onset seizures or epilepsy of otherwise unknown etiology, in particular as early autoantibody detection is a prerequisite for early treatment in confirmed cases of autoimmune-associated epilepsy. Re-classification of one patient with anti-GFAP autoantibodies as having autoimmune-associated epilepsy is a clear example of the fascinating ongoing progress in the field, given that these autoantibodies were first described in the literature not until the patient had already entered our study. Although further studies are needed to understand the autoantibody repertoire in epilepsy patients and the proportion of patients that might benefit already from available immunotherapies, it is tempting to speculate that even low-level autoantibodies, which are currently considered unspecific, may become more relevant once antibody-selective immunotherapies reach the clinical level.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants and animal study were reviewed and approved by Charité University Hospital Institutional Review Board. The patients/participants provided their written informed consent to participate in this study.



Author contributions

PS, MH, and HP contributed to the conception and design of the study. PS, AL, and HP contributed to the acquisition, analysis of data, drafting the text, and preparing the figures. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by grants from the German Research Foundation (DFG; grants FOR3004, PR1274/3-1, PR1274/5-1, and PR1274/9-1), by the Helmholtz Association (HIL-A03 BaoBab), and by the German Federal Ministry of Education and Research (Connect-Generate 01GM1908D) to HP. Dr. Lütt is participant in the BIH Charité Junior Digital Clinician Scientist Program funded by the Charité - Universitätsmedizin Berlin, and the Berlin Institute of Health at Charité (BIH).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Prüss, H
. Autoantibodies in neurological disease. Nat Rev Immunol. (2021) 21:798–813. doi: 10.1038/s41577-021-00543-w 

 2. Scheffer, IE, Berkovic, S, Capovilla, G, Connolly, MB, French, J, Guilhoto, L , et al. ILAE classification of the epilepsies: position paper of the ILAE Commission for Classification and Terminology. Epilepsia. (2017) 58:512–21. doi: 10.1111/epi.13709 

 3. Steriade, C, Britton, J, Dale, RC, Gadoth, A, Irani, SR, Linnoila, J , et al. Acute symptomatic seizures secondary to autoimmune encephalitis and autoimmune-associated epilepsy: conceptual definitions. Epilepsia. (2020) 61:1341–51. doi: 10.1111/epi.16571 

 4. Graus, F, Titulaer, MJ, Balu, R, Benseler, S, Bien, CG, Cellucci, T , et al. A clinical approach to diagnosis of autoimmune encephalitis. Lancet Neurol. (2016) 15:391–404. doi: 10.1016/S1474-4422(15)00401-9 

 5. Nosadini, M, Eyre, M, Molteni, E, Thomas, T, Irani, SR, Dalmau, J , et al. Use and safety of immunotherapeutic management of N-methyl-d-aspartate receptor antibody encephalitis: a Meta-analysis. JAMA Neurol. (2021) 78:1333–44. doi: 10.1001/jamaneurol.2021.3188 

 6. Dalmau, J, Armangué, T, Planagumà, J, Radosevic, M, Mannara, F, Leypoldt, F , et al. An update on anti-NMDA receptor encephalitis for neurologists and psychiatrists: mechanisms and models. Lancet Neurol. (2019) 18:1045–57. doi: 10.1016/S1474-4422(19)30244-3 

 7. Smith, KM, Dubey, D, Liebo, GB, Flanagan, EP, and Britton, JW. Clinical course and features of seizures associated with LGI1-antibody encephalitis. Neurology. (2021) 97:e1141–9. doi: 10.1212/WNL.0000000000012465 

 8. Dalmau, J, and Graus, F. Antibody-mediated encephalitis. N Engl J Med. (2018) 378:840–51. doi: 10.1056/NEJMra1708712


 9. Chen, L, Zhu, L, Lu, D, Dai, S, Han, Y, Wu, Z , et al. Association between autoimmune encephalitis and epilepsy: systematic review and meta-analysis. Seizure. (2021) 91:346–59. doi: 10.1016/j.seizure.2021.07.005 

 10. Steriade, C, Gillinder, L, Rickett, K, Hartel, G, Higdon, L, Britton, J , et al. Discerning the role of autoimmunity and autoantibodies in epilepsy: a review. JAMA Neurol. (2021) 78:1383–90. doi: 10.1001/jamaneurol.2021.3113 

 11. Lütt, A, Michel, K, Krüger, D, Volz, MS, Nassir, M, Schulz, E , et al. High prevalence and functional effects of serum antineuronal antibodies in patients with gastrointestinal disorders. Neurogastroenterol Motil. (2018) 30:e13292. doi: 10.1111/nmo.13292 

 12. Kreye, J, Reincke, SM, Kornau, HC, Sánchez-Sendin, E, Corman, VM, Liu, H , et al. A therapeutic non-self-reactive SARS-CoV-2 antibody protects from lung pathology in a COVID-19 Hamster model. Cells. (2020) 183:1058–1069.e19. doi: 10.1016/j.cell.2020.09.049 

 13. Titulaer, MJ, McCracken, L, Gabilondo, I, Armangué, T, Glaser, C, Iizuka, T , et al. Treatment and prognostic factors for long-term outcome in patients with anti-NMDA receptor encephalitis: an observational cohort study. Lancet Neurol. (2013) 12:157–65. doi: 10.1016/S1474-4422(12)70310-1 

 14. Graus, F, Vogrig, A, Muñiz-Castrillo, S, Antoine, JG, Desestret, V, Dubey, D , et al. Updated diagnostic criteria for paraneoplastic neurologic syndromes. Neurol Neuroimmunol Neuroinflamm. (2021) 8:e1014. doi: 10.1212/NXI.0000000000001014 

 15. Geis, C, Planaguma, J, Carreno, M, Graus, F, and Dalmau, J. Autoimmune seizures and epilepsy. J Clin Invest. (2019) 129:926–40. doi: 10.1172/JCI125178 

 16. Dalmau, J, Geis, C, and Graus, F. Autoantibodies to synaptic receptors and neuronal cell surface proteins in autoimmune diseases of the central nervous system. Physiol Rev. (2017) 97:839–87. doi: 10.1152/physrev.00010.2016 

 17. Malter, MP, Helmstaedter, C, Urbach, H, Vincent, A, and Bien, CG. Antibodies to glutamic acid decarboxylase define a form of limbic encephalitis. Ann Neurol. (2010) 67:470–8. doi: 10.1002/ana.21917 

 18. Brenner, T, Sills, GJ, Hart, Y, Howell, S, Waters, P, Brodie, MJ , et al. Prevalence of neurologic autoantibodies in cohorts of patients with new and established epilepsy. Epilepsia. (2013) 54:1028–35. doi: 10.1111/epi.12127 

 19. Dubey, D, Pittock, SJ, Kelly, CR, McKeon, A, Lopez-Chiriboga, AS, Lennon, VA , et al. Autoimmune encephalitis epidemiology and a comparison to infectious encephalitis. Ann Neurol. (2018) 83:166–77. doi: 10.1002/ana.25131 

 20. Sorgjerd, EP, Thorsby, PM, Torjesen, PA, Skorpen, F, Kvaloy, K, and Grill, V. Presence of anti-GAD in a non-diabetic population of adults; time dynamics and clinical influence: results from the HUNT study. BMJ Open Diabetes Res Care. (2015) 3:e000076. doi: 10.1136/bmjdrc-2014-000076 

 21. Fang, B, McKeon, A, Hinson, SR, Kryzer, TJ, Pittock, SJ, Aksamit, AJ , et al. Autoimmune glial fibrillary acidic protein Astrocytopathy: a novel Meningoencephalomyelitis. JAMA Neurol. (2016) 73:1297–307. doi: 10.1001/jamaneurol.2016.2549


 22. Flanagan, EP, Hinson, SR, Lennon, VA, Fang, B, Aksamit, AJ, Morris, PP , et al. Glial fibrillary acidic protein immunoglobulin G as biomarker of autoimmune astrocytopathy: analysis of 102 patients. Ann Neurol. (2017) 81:298–309. doi: 10.1002/ana.24881 

 23. Iorio, R, Damato, V, Evoli, A, Gessi, M, Gaudino, S, di Lazzaro, V , et al. Clinical and immunological characteristics of the spectrum of GFAP autoimmunity: a case series of 22 patients. J Neurol Neurosurg Psychiatry. (2018) 89:138–46. doi: 10.1136/jnnp-2017-316583 

 24. Long, Y, Liang, J, Xu, H, Huang, Q, Yang, J, Gao, C , et al. Autoimmune glial fibrillary acidic protein astrocytopathy in Chinese patients: a retrospective study. Eur J Neurol. (2018) 25:477–83. doi: 10.1111/ene.13531 

 25. Kimura, A, Takekoshi, A, Yoshikura, N, Hayashi, Y, and Shimohata, T. Clinical characteristics of autoimmune GFAP astrocytopathy. J Neuroimmunol. (2019) 332:91–8. doi: 10.1016/j.jneuroim.2019.04.004 

 26. Gravier-Dumonceau, A, Ameli, R, Rogemond, V, Ruiz, A, Joubert, B, Muñiz-Castrillo, S , et al. Glial fibrillary acidic protein autoimmunity: a French cohort study. Neurology. (2022) 98:e653–68. doi: 10.1212/WNL.0000000000013087 

 27. Dubey, D, Hinson, SR, Jolliffe, EA, Zekeridou, A, Flanagan, EP, Pittock, SJ , et al. Autoimmune GFAP astrocytopathy: prospective evaluation of 90 patients in 1year. J Neuroimmunol. (2018) 321:157–63. doi: 10.1016/j.jneuroim.2018.04.016 

 28. McKeon, A
. Glial fibrillary acidic protein immunoglobulin G in CSF: a biomarker of severe but reversible encephalitis. Neurology. (2022) 98:221–2. doi: 10.1212/WNL.0000000000013089 

 29. Duong, SL, and Prüss, H. Molecular disease mechanisms of human antineuronal monoclonal autoantibodies. Trends Mol Med. (2023) 29:20–34. doi: 10.1016/j.molmed.2022.09.011 

 30. Elisak, M, Krysl, D, Hanzalova, J, Volna, K, Bien, CG, Leypoldt, F , et al. The prevalence of neural antibodies in temporal lobe epilepsy and the clinical characteristics of seropositive patients. Seizure. (2018) 63:1–6. doi: 10.1016/j.seizure.2018.09.009


 31. Liimatainen, S, Peltola, M, Sabater, L, Fallah, M, Kharazmi, E, Haapala, AM , et al. Clinical significance of glutamic acid decarboxylase antibodies in patients with epilepsy. Epilepsia. (2010) 51:760–7. doi: 10.1111/j.1528-1167.2009.02325.x 

 32. Miró, J, Fortuny, R, Juncadella, M, Aiguabella, M, Veciana, M, Castañer, S , et al. Antithyroid antibodies as a potential marker of autoimmune-mediated late onset temporal lobe epilepsy. Clin Neurol Neurosurg. (2014) 121:46–50. doi: 10.1016/j.clineuro.2014.03.017 

 33. Dubey, D, Alqallaf, A, Hays, R, Freeman, M, Chen, K, Ding, K , et al. Neurological autoantibody prevalence in epilepsy of unknown etiology. JAMA Neurol. (2017) 74:397–402. doi: 10.1001/jamaneurol.2016.5429 

 34. Iorio, R, Assenza, G, Tombini, M, Colicchio, G, Della Marca, G, Benvenga, A , et al. The detection of neural autoantibodies in patients with antiepileptic-drug-resistant epilepsy predicts response to immunotherapy. Eur J Neurol. (2015) 22:70–8. doi: 10.1111/ene.12529


 35. Dubey, D, Singh, J, Britton, JW, Pittock, SJ, Flanagan, EP, Lennon, VA , et al. Predictive models in the diagnosis and treatment of autoimmune epilepsy. Epilepsia. (2017) 58:1181–9. doi: 10.1111/epi.13797 



OPS/images/fneur-14-1211812-t001.jpg
Total cohort p value (T-test or

Clinical data

n (%) Chi-squared test)
1. Total number 12(30.8) 27(69.2) 39 -
2. Mean age (+ Standard deviation) 512171 132159 152164 o1
3. Female: Male 39 1214 1524 025
4. Seizure category
4.1. Etiologically unknown seizure 10(83.3) 18 (6,67) 28(71.8) 029
a. Focal aware 0(0) 0(0) 0(0)
b. Focal impaired awareness 2(0) 7(389) 9(32.1)
a. Focal to bilateral tonic-clonic 2(20) 201 4(143)
c. Generalized 6(60) 9(50) 15(536)
42. Etiologically unknown epilepsy 2(16.7) 8(29.6) 10(233) 0.01
a. Focal aware 00) 0(0) 0(0)
b. Focal impaired awareness 1(50) 2(29) 37)
. Focal to bilateral tonic-clonic 000) 3(375) 30)
d. Focal and generalized 1(50) 10125) 2047)
e Generalized 000) 209) 247)
43. Psychogenic nonepileptic seizure (PNES) 0(0) 167) 123) 05
5. Abnormal EEG 2(16.7) 8(29.6) 10 25.6) 015
a. Focal slowing 1(50) 6(75) 7(70)
b. Generalized epileptiform discharges 1(50) 1(125) 2(20)
. Lateralized periodic discharges (LPD) 0(0) 10125) 100)
6. Abnormal MRT/cCT 2(167) 9(34.6) (n=26) 11G31) (n=38) 0.26
a. Microvascular leukoencephalopathy 1(50) 7(778) 8(727)
b. Mild post-ictal hippocampal edema 1(50) 2(222) 3273)
7. Immunosuppressive medication 0(0) 167) 126) 05

(Dimethylfumarate)
8. Autoimmune comorbidities 0 30111 30.7) 023
(Hashimoto thyroiditis, type
1 diabetes, multiple

sclerosis)
9. Neoplasia past or present 3(29) 0(0) 30.7) 0.007
(Large cell lung carcinoma,
small-cell lang carcinoma,
teratoma)
10. Neuro-psychiatric comorl 4(33.3) 9(33.3) 13(333) 10
a. Polysubstance addiction 105) 2(222) 330
b. Alcohol use disorder 2(50) 0(0) 20154)
<. Panic disorder 000) 2(22) 20154)
d. Depression 0 1L 17.7)
e. Schizophrenia 00 1Ly 127)
f. Attention deficit hyperactivity disorder 0(0) 111 1(7.7)
g Additional functional seizures 0 11y 127)
h. Multiple sclerosis 000) 1Ly 1027)

. Dysosmia 1(25) 0(0) 17.7)





OPS/images/fneur-14-1211812-t002.jpg
Patient  Immunofluorescence: Immunofluorescence: Duration Tumor

number  staining pattern CSF staining pattern serum CBA:serum  Diagnosis at follow-up (in  Diagnosisat  diagnosis

sample sample titer admission years) follow-up

A2 Pancellular: nuclear Negative Negative Negative Etiologically unknown 9 Lost to follow-up -
seizure (focal impaired
awareness)

A8 Brain vasculature: capillaries Negative Negative Negative (1:32 Etiologically unknown 9 Etiologically Small cell lung

Caspr2) seizure (generalized) unknown seizure | cancer
(generalized)

A1 Pancellular: nuclear Pancellular: nuclear Negative Negative Etiologically unknown fl Etiologically Large cell lung
seizure (focal impaired unknown seizure | cancer
awareness) (focal impaired

awareness)

A2 NMDAR-like NMDAR-like 1:10 (NMDAR) 1:1000 (NMDAR) | Etiologically unknown 8 Autoimmune- Teratoma
seizure (generalized) associated epilepsy

A NMDARlike Negative 1:32 (NMDAR) Negative Etiologically unknown 8 Lost to follow-up -
seizure (focal impaired
awareness)

A2 Pancellular: non-nuclear Negative Negative Negative Etiologically unknown pl Epilepsy of -
seizure (generalized) unknown etiology

A2 Brain vasculature: capillaries and Negative Negative Negative Epilepsy of unknown 8 Lost to follow-up -

vessels etiology (combined focal
and generalized)

A3l Negative Negative 1:1 (GADS5) 1320 (GAD65) Epilepsy of unknown 7 Epilepsy of -
etiology (focal impaired unknown etiology
awareness)

AR Pancellular: non- nuclear Negative Negative Negative Etiologically unknown 7 Epilepsy of -
seizure (focal to bilateral unknown etiology
tonic-clonic)

A36 Astrocytic (GFAP, Myelin) Astrocytic (GFAP, Myelin) 1:3.2 (GEAP) 1:3200 (GFAP) Etiologically unknown 7 Etiologically .
Seizure (generalized) unknown seizure

(generalized)

A3 Brain vasculature: capillaries Negative Negative Negative Etiologically unknown 7 Lost to follow-up -
seizure (focal to bilateral
tonic-clonic)

Bl Astrocytic (GFAP) Astrocytic (GFAP) 1:3.2 (GFAP) 1:1000 (GFAP) Etiologically unknown 8 Autoimmune- -
seizure (generalized) associated epilepsy






OPS/images/fneur-14-1211812-g003.jpg





OPS/xhtml/Nav.xhtml




Contents





		Cover



		High frequency of cerebrospinal fluid autoantibodies in patients with seizures or epilepsies of unknown etiology



		Introduction



		Materials and methods



		Study population



		Clinical data evaluation



		Autoantibody diagnostics









		Results



		Patient cohort



		Seizure classification and epilepsy diagnosis



		EEG and brain imaging



		Further clinical data



		Autoantibody findings









		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fneur-14-1211812-g001.jpg
Suspected seizure or epilepsy of unknown etiology

([ spiepey assessment il Gt EEG, MRUoGT)a Gt Bor |

Etiologically Epilopsy of unknown Psychogenic
unknown seizure etiology nonoplleptic seizure
(PNES)
0 n=1

=28

Antibody diagnostics. =
Indirect Inmunofluorescence screening” Commercial CBA
Follow-up assessment n eplilepsy clinic at Lostto follow-up.
Charité Berlin
n=28 =t
i -
Etiologically Epllopsy of unknown ‘Autoimmune-
unknown selzure stiology associated
epilepsy
=3 =23 =2






OPS/images/fneur-14-1211812-g002.jpg
Number of patients.

1]

8

5

“Negative
~ Only CSF-posiive
# CSF- and serum-positve

=Only serum-positive





OPS/images/cover.jpg
, frontiers | Frontiers in Neurology

High frequency of cerebrospinal
flfl id autoantibodies in patients
with seizures or epilepsies of
unknown etiology












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
¥ frontiers = Frontiers in Neurology






