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I. STUDY 1 



Case 

# 

Age at 

AE 

Diagnosis 

Teratoma 

Cystic central 

nervous 

tissue/Solid 

central nervous 

tissue 

Peripheral 

nerve and 

ganglia/enteric 

ganglia 

Inflammatory 

infiltrates in 

contact with 

central nervous 

tissue 

Presence of 

germinal 

centers in 

contact with 

central nervous 

tissue 

1 35 Immature (Grade 1) Yes/Yes No/Yes ++ 0 
2 20 Immature (Grade 2) Yes/Yes Yes/No +++ 0 
3 19 Immature (Grade 2) No/Yes Yes/Yes + 0 
4* 38 Mature Yes/Yes No/No + 0 
5* 22 Mature No/Yes Yes/No + 1 
6* 15 Mature Yes/Yes No/No + 1 
7 32 Mature Yes/No No/No + 0 
8 31 Mature Yes/Yes No/No ++ 0 
9 28 Mature Yes/No No/No ++ 0 
10 26 Mature No/Yes No/No ++ 1 
11 44 Mature Yes/Yes Yes/Yes ++ 0 
12 22 Mature No/No No/No Irrelevant Irrelevant 
13 26 Mature Yes/Yes No/No ++ 0 
14 28 Mature Yes/Yes No/No +++ 1 
15 24 Mature Yes/No Yes/No ++ 0 
16 32 Mature Yes/No Yes/Yes ++ 0 
17 22 Mature No/Yes No/No 0 0 
18 25 Mature Yes/Yes No/Yes ++ 1 
19 24 Mature Yes/Yes Yes/No +++ 1 
20 18 Mature Yes/Yes Yes/No + 1 
21 15 Mature No/Yes Yes/No +++ 1 
22 19 Mature No/Yes No/No ++ 1 
23 16 Mature No/Yes No/No ++ 1 
24 25 Mature Yes/No No/No ++ 1 
25 29 Mature Yes/No No/No +++ 0 
26 23 Mature No/Yes No/Yes + 1 
27 28 Mature No/Yes No/Yes +++ 1 



 NMDAR-AE 

Teratomas 

(n=27) 

Control Teratomas 

(n=40) 
p-value 

Age, y, median (range) 25(15-44) 31(18-53) 0.00104 
Side R/L/Bilateral 

1 missing data in each group 
12/13/1 19/13/7  

Mature teratoma, n (%) 24/27 (88.9%) 40/40 (100%) 
NS 

Immature teratoma, n (%) 3/27 (11.1%) 0/40 (0%) 

Nervous tissue, n (%) 26/27 (96%) 15/40 (38%) 4,85.10-7 
Central 26/27 (96%) 15/15 (100%) NS 

Solid 19/27 (70%) 9/15 (60%) NS 
Cystic 17/27 (63%) 12/15 (80%) NS 

Choroid plexus 12/27 (44%) 5/15 (33%) NS 
Peripheral 9/27 (33%) 7/15 (46%) NS 
Enteric 6/27 (22%) 1/15 (6%) NS 

Neuronal markers expression by neural element 

when present, n(%)* 
   

ChromoA+ 10/17 (59%) 6/12 (50%) NS 

NF+ 7/17 (41%) 7/13 (54%) NS 
GluN1 expression by neural element, n(%)* 18/22 (82%) 11/14 (79%) NS 

Neuronal 12/22 (55%) 9/14 (64%) NS 
Nuclear 7/12 (58%) 3/14 (21%) NS 
Cytoplasmic 11/12 (92%) 9/14 (64%) NS 

Glial 16/22 (73%) 4/14 (29%) 0.015 
Nuclear 16/16 (100%) 4/4 (100%) NS 
Cytoplasmic 13/16 (81%) 3/4 (75%) NS 

Inflammatory infiltrates in contact to neural 

element, n(%)* 
26/26 (100%) 2/15 (13%) 5.96.10-9 

B cells (CD20+) 19/23 (83%) -  
T cells (CD3+) 22/23 (96%) -  
Mature dendritic cells (DClamp+) 11/24 (46%) -  
Germinative centers 13/26 (50%) 1/15 (7%) 0.006 

Teratomas displaying histological feature of CNS 

tumours, n(%) 
3/26 0/15 (0%) NS 
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Antibody Producer Catalog # Dilution Cell Type Stained 

CD3 Roche 2GV6 Pre-diluted T lymphocytes 
CD20 Dako L26 1:200 B lymphocytes 
Chromogranin A    Neuron (perikaryon), neuroendocrine cell 
DC-Lamp Dendritics 1010E1.01 1:100 Mature dendritic cell 
GFAP Dako for IHC 

BD Biosciences for IF 
Z0334 
556330 

1:500 
1:500 

Astrocytes 

GluN1  
 
IgA 
IgG 

Millipore  
 
Dako 
Southern Biotech 

R1JHL 1:250 for IHC 
1:100 for IF 
1/200 
1/500 

NMDAR-GluN1 subunit  
 
IgA deposits and IgA-producing cells 
IgG deposits and IgG-producing cells 

Ki-67    Proliferating cells 
Neurofilament    Neurons (axon) 
Olig2    Oligodendrocytic lineage 
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CSF IgA NMDAR antibodies are
potential biomarkers for teratomas in
anti-NMDAR encephalitis

ABSTRACT

Objective: To evaluate the presence of immunoglobulin A (IgA) subtype of anti-NMDA receptor

(NMDAR) antibodies (IgA-NMDAR-Abs) in the CSF of patients with immunoglobulin G (IgG)-

NMDAR-Ab encephalitis and to describe the potential association with a specific clinical pattern.

Methods: The retrospective analysis for the presence of IgA-NMDAR-Abs in 94 CSF samples

from patients with anti-NMDAR encephalitis diagnosed between October 2007 and February

2014 was conducted at the French Reference Centre on Paraneoplastic Neurological Syndrome.

This observational study compared 39 patients with both IgA- and IgG-NMDAR-Abs to 55 pa-

tients with only IgG-NMDAR-Abs.

Results: In the retrospective cohort, 41% of the patients with NMDAR-Ab encephalitis had both

CSF IgG- and IgA-NMDAR-Abs. Approximately half of the IgA-NMDAR-Ab-positive patients (18/

38, 49%) definitively possessed associated tumors, primarily ovarian teratomas (17/18, 94%),

compared with only 5% (3/55) of the patients in the IgA-NMDAR-Ab-negative group (p, 0.001).

In the adult female population at risk for ovarian teratoma, the detection of CSF IgA-NMDAR-Ab

positivity showed 85% sensitivity, 70% specificity, a 57% positive predictive value, and a 90%

negative predictive value for the diagnosis of ovarian teratoma. No other specific clinical features

or clinical outcome were associated with CSF IgA-NMDAR-Ab positivity.

Conclusion: These results suggest that in patients with IgG-NMDAR-Ab encephalitis, CSF IgA-

NMDAR-Abs could be used as a biological marker for the presence of an ovarian teratoma.

Neurol Neuroimmunol Neuroinflamm 2015;2:e166; doi: 10.1212/NXI.0000000000000166

GLOSSARY

Ab5 antibody; CBA 5 cell-based assay; ICU5 intensive care unit; IgA5 immunoglobulin A; IgG 5 immunoglobulin G; IgM 5

immunoglobulin M; IQR 5 interquartile range; mRS 5 modified Rankin Scale; NMDAR 5 NMDA receptor; PBS 5 phosphate-
buffered saline; QAlb 5 albumin quotient; QIg 5 immunoglobulins quotient.

Anti-NMDA receptor (NMDAR) encephalitis is a severe autoimmune neuropsychiatric disorder
characterized by the circulating immunoglobulin G (IgG) subtype of anti-NMDAR autoantibod-
ies (IgG-NMDAR-Abs). IgG-NMDAR-Abs are directly involved in the pathophysiology of this
encephalitis, leading to the selective and reversible internalization of cell-surface NMDARs.1–3

Diagnosis is based on the presence of highly specific IgG-NMDAR-Abs in the CSF.4,5 Immu-
noglobulin A (IgA) (IgA-NMDAR-Abs) or immunoglobulin M (IgM) (IgM-NMDAR-Abs)
directed against NMDAR have also been reported in the sera of some patients with dementia,
schizophrenia, affective disorders, Parkinson disease, stroke, or amyotrophic lateral sclerosis, or in
healthy controls,6–8 but these findings have an unclear diagnostic value. Some authors suggested
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that under some circumstances, IgA-NMDAR-
Abs could be pathogenic and that IgA-NMDAR-
Abs would be present in the serum of 31% of
patients with IgG-NMDAR-Ab encephalitis.6

The aim of the present study was to evaluate
the presence of IgA-NMDAR-Abs in the CSF of
patients with IgG-NMDAR-Ab encephalitis and
determine the potential association with a spe-
cific clinical pattern. The results suggested that
although CSF IgA-NMDAR-Abs could be used
as biological markers for the presence of ovarian
teratoma, these markers do not have much influ-
ence on the clinical course of the disease.

METHODS Patients and NMDAR-Ab detection. We sys-
tematically tested 94 CSF samples of patients with NMDAR-Ab
encephalitis (25 children [age ,12 years] and 69 adult patients)
diagnosed between October 2007 and February 2014 at the French
Reference Centre on Paraneoplastic Neurological Syndrome for
presence of IgA-NMDAR-Abs. This observational cohort study
was based on patients diagnosed with NMDAR-Ab encephalitis
using the CSF rather than the serum because of the better
quality of the results and the observation of a 3% false-positive
rate of serum IgG-NMDAR-Abs in healthy patients. All analyzed
CSF were the first available CSF obtained by a lumbar puncture
realized for diagnostic purpose (median delay between the onset of
the disease and the lumbar puncture: 30 days; interquartile range
[IQR] 18–56) before any immunosuppressive treatment.

CSF IgG-NMDAR-Abs detection. For a diagnosis of
NMDAR-Ab encephalitis, the CSF analysis had to fulfill the
following previously established criteria for the presence of IgG-
NMDAR-Abs9: (1) CSF samples must produce a specific pattern
of neuropil immunostaining in the rat brain hippocampus; and (2)
CSF samples must yield a positive cell-based assay (CBA) using
HEK293 cells expressing both the GluN1 and GluN2B subunits of
the NMDAR (figure 1).

For immunohistochemistry, rat brains were fixed in 4% par-
aformaldehyde for 1 hour at 4°C, washed in 0.1 M phosphate
buffer, placed in sucrose 30% at 4°C until brain sink, and frozen.
Twelve-micrometer-thick frozen rat brain sections were realized
and were serially incubated with phosphate-buffered saline (PBS)
for 10 minutes, in PBS containing 3% normal goat serum and
3% bovine serum albumin for 1 hour and the patient’s CSF
(1:10) overnight at room temperature. The bound patient anti-
bodies were visualized using Alexa488-conjugated anti-human
IgG (Life Technologies, St. Aubin, France) diluted at 1/1,500
at room temperature for 1 hour and fluorescence microscopy
(Axiophot; Zeiss, Oberkochen, Germany).

CBA was performed on HEK cells overexpressing the GluN1
(fused with the green fluorescent protein) and the GluN2b sub-
units of the NMDAR. Cells, fixed with 4% paraformaldehyde,
were permeabilized in PBS containing 0.2% gelatin and 0.1%
triton and then incubated with the patient’s CSF (1:10) for
90 minutes. The bound antibodies were visualized using Cy3-
conjugated anti-human IgG (Cy™3 AffiniPure Goat Anti-
Human IgG; Jackson ImmunoResearch, West Grove, PA).

CSF IgA-NMDAR-Ab detection. Ninety-four CSF of pa-
tients with NMDAR-Ab encephalitis were available to study
the presence of IgA-NMDAR-Ab. In order to detect such
autoantibodies, we used the same CBA described above using a

Cy3-conjugated anti-human IgA (Jackson ImmunoResearch). For
all positive patients by CBA, we controlled IgA-NMDAR-Abs
immunostained rat brain hippocampus with a specific pattern of
neuropil (figure 1). Absence of cross-reactivity between the
secondary anti-human IgA and IgG was checked on purified
patient IgG as previously described.2

Titration of CSF Ig-NMDAR-Abs. IgG-NMDAR-Ab and
IgA-NMDAR-Ab titers were determined using a CBA and
serial dilutions of CSF until the reactivity was no longer
detectable. The assigned titer value is indicative of the last
dilution in which the positivity was detected. Two investigators
independently evaluated the endpoint dilution (C.B. and V.R.).

Detection of intrathecal antibody synthesis. The IgG, IgA,
and albumin concentrations in the CSF and serum were evaluated
using nephelometry (IMMAGE Immunochemistry Systems;
Beckman-Coulter, Hialeah, FL). The CSF/serum albumin
quotient (QAlb) was used to evaluate the integrity of the CSF–
blood barrier. The QAlb is age-dependent: the upper reference
limit is calculated for each patient.10

To characterize intrathecal immunoglobulin synthesis, the
immunoglobulins quotient (QIg 5 [IgCSF/Igserum]) was calcu-
lated and compared to the corresponding QLim. QLim repre-
sents the maximum QIg that can be expected at a given QAlb in
the absence of intrathecal immunoglobulin synthesis.10

Standard protocol approval, registration, and patient

consent. Written consent was obtained from all patients, and
this study was approved by the institutional review board of the
University Claude Bernard Lyon 1 and Hospices Civils de Lyon.
The biological samples were obtained from NeuroBioTec Hospi-
ces Civils de Lyon BRC (France, AC-208-73 NFS96-900).

Definition of clinical events, ancillary tests, treatment,

and evolution. Detailed clinical data on acute disease stages were
obtained at the time of biological diagnosis, and data regarding dis-
ease clinical course were collected during follow-up examinations.
Clinical events classification was detailed previously.11

Prodromal symptoms were considered to be signs or symp-
toms arising prior to the first neurologic symptoms. These symp-
toms were subdivided into the following subgroups: (1) headache,
(2) gastrointestinal symptoms, (3) infection signs, and (4) other.
The first neurologic symptoms were considered to be the first
clinical signs after the prodromal state, when present, or the first
neurologic symptoms. The subsequent symptoms were clinical
signs that arose after the first symptoms, with a delay interval
of at least 24 hours. All symptoms were categorized into the fol-
lowing subgroups: (1) behavioral and psychiatric features, (2) sei-
zure, (3) cognitive dysfunction (which included anterograde
amnesia, speech disorder, and alteration of mental status), (4)
movement disorders, (5) fluctuating level of consciousness, (6)
dysautonomia, and (7) a subgroup called other for symptoms that
did not correspond to any of the previously described features.
The results from the initial ancillary examinations (MRI, CSF
analysis, EEG, and tumor screening) were also compiled.
Follow-up information was collected at regular intervals (3, 6,
9, 12, 18, and 24 months) after diagnosis. Neurologic disability
was assessed using the modified Rankin Scale (mRS). Recovery
was defined as occurring when the patient’s mRS score was deter-
mined to be 0, 1, or 2 (mRS 0–2).

Teratoma samples analysis. When an associated teratoma was
diagnosed, paraffin-embedded samples were collected. Four-
micrometer-thick sections were cut and stained with hematoxylin-
phloxine-saffron. A reference pathologist (I.T.) assessed the
composition of each teratoma in different tissues, particularly the
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nervous system parenchyma and respiratory and digestive mucosae
(sites of possible IgA production).

Statistical analysis. Statistical analysis was performed using the
R software version 3.1.1 (http://www.r-project.org/). The
p values for demographic information, symptoms, ancillary tests
results, and the clinical severity assessment (mRS, intensive care
unit [ICU] admission, death) were obtained using the Fisher
exact test for contingency tables with Bonferroni correction for
multiple testing. A multivariate analysis was performed using the
logistic regression technique including variables with a p value
,0.05 before Bonferroni adjustment. The logistic mixed model
was fitted using the package lme4 version 1.1–7 (http://CRAN.
R-project.org/package5lme4). Comparisons of the medians and
NMDAR-Ab titers were performed using the Wilcoxon rank-sum
test (Mann-Whitney test). Because of a skewed distribution, we

used a log transformation for the titers. A multivariate linear
regression model, including the presence of a teratoma as
cofactor, was used to assess the relationship between CSF IgA-
NMDAR-Ab titers and CSF IgG-NMDAR-Ab titers. Analysis of
factors affecting outcome (recovery defined as mRS 0–2) was
performed using a logistic binary mixed model including a
random effect per patients (on the intercept only) and 4 fixed
effects (sex, CSF IgA-NMDAR-Ab status, ICU admission, and
time [modeled as a quadratic function]).

RESULTS Detection of CSF IgA-NMDA-Abs and

associated clinical presentation. The cohort of 94
IgG-NMDAR-Ab encephalitis patients (median age
19 years, range 1–76) with available CSF comprised
25 children (median age 6 years, range 1–12; 17 girls

Figure 1 Reactivity of the patients’ antibodies with rat brain and HEK cell-based assays

Rat hippocampal dentate gyrus neuropils were stained with patient CSF; the reactivity was revealed using anti-human

immunoglobulin G (IgG) (in green) or immunoglobulin A (IgA) (in red) (A–F, scale bar 5 50 mm). The CSF of the first patient

(A–C) contained both IgG–NMDA receptor (NMDAR)–antibodies (Abs) (A) and IgA-NMDAR-Abs (B), both showing the same

pattern of neuropil staining (C). The CSF of the second patient (D–F) only contained IgG-NMDAR-Abs (D). No IgA-NMDAR-

Abs was detected (E, F). Human epithelial kidney (HEK) cells were transfected to express green fluorescent protein (GFP)–

tagged GluN1 (green; G, J) and were then incubated with CSF from patients; the reactivity was revealed using anti-human

IgG (red; H) or anti-human IgA (red; K) (G–L, scale bars 5 10 mm). (I, L) The merged image of GFP-GluN1 and IgG or IgA

reactivity, respectively. The nuclei were counterstained with 49,6-diamidino-2-phenylindole (DAPI).

Neurology: Neuroimmunology & Neuroinflammation 3
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and 8 boys), 61 female participants (median age 21
years, range 14–48), and 8 men (median age 33 years,
range 22–76). The CSF samples obtained from these
94 individuals showed that 39 individuals (41%) were
positive for IgA-NMDAR-Abs (figure 1). Among the
39 IgA-NMDAR-Ab-positive patients, 30 patients
were adult women, 3 patients were adult men, and 6
patients were children (age ,12 years; 4 girls and 2
boys).We compared the 39 IgA-NMDAR-Ab-positive
patients with the 55 IgA-NMDAR-Ab-negative
patients identified in the cohort (table). The median
age, sex ratio, and percentage with Caucasian origin
were similar in both groups. The children tended to
be underrepresented in the IgA-NMDAR-Ab-positive
group (15% vs 34% in the IgA-NMDAR-Ab-negative
group, without reaching significance after Bonferroni
adjustment). The incidences of prodromal signs and
the first symptoms were similar in both groups. The
complete clinical pattern was also similar in both
groups. The incidence of abnormalities in ancillary
tests (MRI, EEG, and CSF) and the clinical severity
(mRS at onset, ICU admission, death) were similar in
both populations. Ninety-one patients (39 IgA-
NMDAR-Ab-positive and 52 IgA-NMDAR-Ab-
negative individuals) had a follow-up (median 24
months, range 3–24). The global progression and
recovery were similar in the groups (figure 2). In
multivariable analysis, no effect of the CSF IgA-
NMDAR-Ab status on the time to recovery was
identified.

Associated tumors. The positivity of CSF IgA-
NMDAR-Abs is independently associated with the
presence of an ovarian teratoma (odds ratio 10.59,
confidence interval 2.81–52.88; p 5 0.0012).
Approximately half of the IgA-NMDAR-Ab-positive
patients with a known oncologic status (18/38, 47%)
had a definite associated tumor, primarily ovarian
teratomas (17/18, 94%), compared with 5% (3/55)
in the IgA-NMDAR-Ab-negative group (p, 0.001).
In the adult women, ovarian teratomas were present
in 17/29 (58%) of the IgA-NMDAR-Ab-positive
women vs 3/31 (9.6%) of the IgA-NMDAR-Ab-
negative women (p 5 0.001). The histologic nature
of the ovarian cystic lesion observed through CT scan
was unknown for one IgA-NMDAR-Ab-positive
woman who died before the end of the diagnostic
assessment for an ovarian tumor and surgical
excision. Among the men, only one individual had
a tumor (a perineal schwannoma)11 and was positive
for IgA-NMDAR-Abs. Among the children, no
underlying tumor was detected in the groups (19
IgA-NMDAR-Ab-negative and 6 IgA-NMDAR-Ab-
positive children). In the adult female population at
risk for ovarian teratoma, the CSF positivity of IgA-
NMDAR-Ab detection showed 85% sensitivity,

Table Comparison of the clinical presentation of the 39 IgA-NMDAR-Ab-

positive patients with NMDAR-Ab encephalitis to the 55 IgA-NMDAR-Ab-

negative patients

IgA-NMDAR-Ab-
positive
(n 5 39)

IgA-NMDAR-Ab-
negative
(n 5 55) p Value

Age, y, median (range) 22 (2–76) 17 (1–66) NS

Women 34 (87) 44 (80) NS

Children (age <12 y) 6 (15) 19 (34) NS

Caucasian 29 (74) 33 (60) NS

Prodromal symptomsa

Assessable cases 37 51

Podroms 20 (54) 26 (51) NS

Headache 13 (35) 9 (17) NS

Infectious diseases 8 (21) 11 (21) NS

Gastrointestinal signs 6 (16) 4 (8) NS

Othersb 5 (13) 3 (6) NS

Oncologic status

Assessable cases 38 55

Tumors 18 (47) 3 (5) ,0.001

Ovarian teratoma 17 (44) 3 (5) ,0.001

Otherc 1 (2) 0 (0) NS

First symptomsa

Assessable cases 39 54

Behavior and psychiatric features 24 (61) 23 (43) NS

Seizures 10 (26) 24 (44) NS

Cognitive dysfunction 12 (30) 10 (18) NS

Anterograde amnesia 3 (7) 1 (2) NS

Speech disorders 3 (7) 4 (7) NS

Alteration of mental status 8 (20) 6 (14) NS

Movement disorders 0 (0) 2 (3) NS

Othersd 3 (8) 6 (11) NS

Subsequent symptomsa

Assessable cases 39 53

Behavior and psychiatric features 30 (77) 45 (84) NS

Seizures 26 (67) 46 (86) NS

Cognitive dysfunction 38 (97) 50 (94) NS

Anterograde amnesia 27 (69) 28 (52) NS

Speech disorders 21 (53) 34 (64) NS

Alteration of mental status 28 (71) 35 (66) NS

Movement disorders 30 (77) 34 (64) NS

Fluctuating level of consciousness 26 (67) 33 (62) NS

Dysautonomia 22 (56) 17 (32) NS

Other symptomse 7 (18) 10 (19) NS

Paraclinic examinations (acute phase)a

MRI

Assessable cases 36 49

Abnormal 14 (39) 17 (35) NS

Continued
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70% specificity, a 57% positive predictive value, and
a 90% negative predictive value for the diagnosis of
ovarian teratoma.

All 20 teratomas were detected after the diagnosis
of encephalitis, except for the teratoma in one patient
who was diagnosed after pelvic ultrasound examination
with ovarian cysts of unknown nature at 3 years prior
to the onset of encephalitis. The median time between
the first neurologic symptom and the surgical removal
of the teratoma was 32 days (range 6–386). This
median delay was similar between the IgA-NMDAR-
Ab-positive and IgA-NMDAR-Ab-negative patients
(34 days, range 6–386; and 30 days, range 10–83,
respectively). In 2 patients, an early body CT scan
did not detect a cystic ovarian tumor, which was sub-
sequently diagnosed (a few days later) through pelvic
MRI and endovaginal ultrasound, indicating estimated
tumor sizes of 7 and 18 mm. In 4 patients, teratomas
were detected at several months (from 6 to 10 months)
after the onset of neurologic symptoms and the diag-
nosis of the NMDAR-Ab encephalitis. However, 3 of
them had a diagnostic assessment for an ovarian tumor
during the first weeks of the disease; the assessment
comprised at least one CT scan that was considered

normal. The last patient did not have a paraclinical
checkup before 10 months after the onset of the
encephalitis. These 4 patients were IgA-NMDAR-Ab
positive.

Histologic analysis of teratoma samples.Nineteen of the
20 diagnosed ovarian teratomas in the cohort were
collected at the French Reference Centre on Parane-
oplastic Neurological Syndrome. Sixteen tumors were
from IgA-NMDAR-Ab-positive patients and 3 from
IgA-NMDAR-Ab-negative patients. The mean tumor
size was similar in the IgA-NMDAR-Ab-positive and
IgA-NMDAR-Ab-negative patients (2.71 6 1.20 cm
and 2.16 6 1.26 cm, respectively). Histologic
examination of all cases showed teratomatous lesions
composed of derivatives of all 3 germ cell layers. Two
cases showed neuroepithelial foci corresponding to an
immature glial component. A mature glial component
was present in all cases. Among the 16 teratomas
associated with IgA-NMDAR-Abs, 2 tumors were
immature, and 13/16 tumors (81%) contained
mucosal epithelium (gastrointestinal [9/16] or
respiratory [9/16] epithelium). The 3 teratomas not
associated with IgA-NMDA-Abs were mature and
contained mucosal epithelium (gastrointestinal [2/3]
or respiratory [1/3]) (figure e-1 at Neurology.org/nn).

CSF NMDAR-Ab titers and intrathecal immunoglobulin

synthesis. We examined the CSF IgG-NMDAR-Ab
titers at diagnosis in 12 patients with IgA-
NMDAR-Abs (6/12 with a teratoma) and 12
patients without IgA-NMDAR-Abs (2/12 with a
teratoma). The CSF IgG-NMDAR-Ab titers were
significantly higher in the patients positive for IgA-
NMDAR-Abs (median 320; IQR [50–560] vs 40
[20–140], p 5 0.0136, Mann-Whitney test) and in
the patients with a teratoma (320; IQR [100–640] vs
40 [20–160], p 5 0.0081). The CSF IgA-NMDAR-
Ab titers were significantly lower than the CSF IgG-
NMDAR-Ab titers (median 30; IQR [12.5–80] vs
320 [50–560], p 5 0.0037). In IgA-NMDAR-Ab-
positive patients, the CSF IgA-NMDAR-Ab titers
were linearly related to the CSF IgG-NMDAR-Ab
titers (r2 5 0.54, p 5 0.012).

The IgG and IgA quotients were assessed in 4 patients
with IgA-NMDAR-Abs. Two patients had an associated
teratoma, while the other 2 patients did not. The QAlb
was consistently inferior to the upper age-related refer-
ence, reflecting the integrity of the CSF–blood–brain
barrier in all cases. Intrathecal IgG synthesis (QIgG .

QLim) was detected in 3/4 patients. The only patient
without IgG intrathecal synthesis had no associated ter-
atoma. Intrathecal IgA synthesis (QIgA . QLim) was
only detected in the 2 patients without teratomas.

DISCUSSION The present study evaluates the pres-
ence of IgA-NMDAR-Abs in the CSF of patients

Table Continued

IgA-NMDAR-Ab-
positive
(n 5 39)

IgA-NMDAR-Ab-
negative
(n 5 55) p Value

CSF

Assessable cases 37 48

Abnormal 32 (86) 43 (88) NS

EEG

Assessable cases 33 48

Abnormal 31 (94) 42 (87) NS

Epileptiform abnormalitiesf 7 (23) 16 (38) NS

Clinical severitya

Assessable cases 39 53

ICU 27 (69) 32 (60) NS

Death 1 (3) 1 (2) NS

Initial mRS

mRS 0 0 (0) 0 (0) NS

mRS 1–2 0 (0) 0 (0) NS

mRS 3–4 9 (23) 18 (35) NS

mRS 5 30 (77) 34 (65) NS

Abbreviations: Ab 5 antibody; ICU 5 intensive care unit; IgA 5 immunoglobulin A; mRS 5

modified Rankin Scale; NMDAR 5 NMDA receptor; NS 5 not significant.

Values are n (%) unless noted otherwise.
aNo. on assessable cases.
bAsthenia, anorexia, myalgia, cervicalgia, photophobia.
cPerineal schwanomma.
dDiplopia, walking problem, upper limb and face pain, sleep disorder, gait ataxia.
eWalking problem, cerebellar syndrome, pyramidal syndrome, rigidity, neuroleptic malignant

syndrome, nystagmus, acouphobia, sensory and motor disorder, myelitis.
fClustered seizures, status epilepticus, critical activities.
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with NMDAR-Ab encephalitis and determines their
relative contribution to this syndrome. In the
retrospective cohort, 41% of the patients with
NMDAR-Ab encephalitis had both CSF IgG- and
IgA-NMDAR-Abs. This CSF IgA-NMDAR-Ab-
positive rate was consistent with the 30% serologic
IgA-NMDAR-Ab-positive rate previously reported
in NMDAR-Ab encephalitis6 and markedly higher
than the false-positive rate observed in large

seroprevalence studies.7 No significant differences in
clinical and paraclinical presentation, severity, and
prognosis according to the IgA status were
identified. No specific clinical features were
associated with CSF IgA-NMDAR-Ab positivity,
except that ovarian teratomas were much more
frequent in patients with CSF IgA-NMDAR-Abs.
These results suggest that CSF IgA-NMDAR-Abs
could be biomarkers for the presence of an ovarian

Figure 2 Clinical outcome after extended follow-up

The clinical outcome was measured using the modified Rankin Scale (mRS) at 0, 3, 6, 9, 12, 18, and 24 months after the

onset of NMDA receptor (NMDAR)–antibody (Ab) encephalitis in immunoglobulin A (IgA)–NMDAR-Ab-positive (A) and IgA-

NMDAR-Ab-negative (B) patients.
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teratoma, without influencing the clinical course of
this disease.

The absence of a clinical influence of IgA-
NMDAR-Ab status is not in favor of a particular
pathogenic role for IgA-NMDAR-Abs in the neuro-
logic symptoms, although it was suggested by other
authors.6 The specific role of IgA and IgG autoanti-
bodies has previously been discussed in other
autoantibody-mediated diseases. In the mucous
membrane pemphigoid, the dual circulating antibody
response with IgA in addition to IgG has been asso-
ciated with a more severe disease,12 although studies
have not confirmed the importance of IgA antibodies
as a prognostic indicator.13 Thus, the clinical rele-
vance of these IgA-Abs remains controversial, and if
present, might be weak, with an uncertain
pathogenesis.

The site of IgA production is another noneluci-
dated issue. The absence of intrathecal secretion of
IgA-NMDAR-Abs in IgA-positive patients with a ter-
atoma should be confirmed but could suggest a
peripheral antibody response when a teratoma is pre-
sent. One hypothesis could be that teratomas directly
trigger the production of the IgA serotype of immu-
noglobulins in the periphery. We also observed that
CSF IgA-NMDAR-Ab positivity was associated with
higher CSF IgG-NMDAR-Ab titers. When available,
CSF IgA-NMDAR-Ab titers seem to be proportional
to the CSF IgG NMDAR-Ab titers. This result sug-
gests that IgA status might primarily reflect the inten-
sity of humoral autoimmunity against the NMDAR,
and this response could be particularly activated in
the periphery through the presence of teratomas.
Indeed, previous studies have shown that patients
with an ovarian teratoma have significantly higher
titers of IgG-NMDAR-Abs than those of patients
without teratoma.4 Nevertheless, we observed 3 pa-
tients with NMDAR-Ab encephalitis and a teratoma
but without CSF IgA-NMDAR-Abs, suggesting that
the humoral reaction might differ according to the
patient. We did not observe any difference in the
histopathologic examination of the teratoma accord-
ing to the patient IgA status among the 19 analyzed
teratomas. Specifically, the presence of gastrointesti-
nal or respiratory mucosa in the teratoma was not
sufficient to explain the observed IgA-NMDAR-Ab
production. Thus, the teratoma-associated mecha-
nism leading to IgA production remains unclear,
and another external agent, such as a viral infection,
could be involved.

A practical issue of the present study is the value of
the CSF IgA-NMDAR-Ab status as an indicator of an
associated teratoma in the context of NMDAR-Ab
encephalitis. At the individual level, there is no avail-
able predictive surrogate marker for the association of
an ovarian tumor or a primary tumor elsewhere. In

the present study, initial radiologic examinations
did not reveal an ovarian teratoma in 5 cases. In clin-
ical practice, the detection of a small teratoma (mean
tumor size of 2.3 cm in the present study) in a patient
with a severe neurologic state requiring respiratory
assistance and sedation is typically difficult but must
be considered a high priority. Because of the observed
85% sensitivity and 90% negative predictive value in
the adult female population at risk for ovarian terato-
mas, we suggest that CSF-IgA-NMDAR-Ab status
could be a predictive indicator for managing the
patient screening for an associated teratoma. For an
IgA-NMDAR-Ab-positive woman, when early radio-
logic pelvic investigations are negative, a second
screening with pelvic CT or MRI or endovaginal
ultrasound should be conducted promptly and
repeated if negative. Future prospective studies are
needed to further demonstrate the usefulness of
CSF IgA-NMDAR-Ab status as a biomarker for a ter-
atoma in anti-NMDAR-Abs encephalitis.
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Abstract

In the last few years, a rapidly growing number of autoantibodies targeting neuronal cell-surface antigens have been identified in

patients presenting with neurological symptoms. Targeted antigens include ionotropic receptors such as N-methyl-D-aspartate

receptor or the a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor, metabotropic receptors such as mGluR1 and

mGluR5, and other synaptic proteins, some of them belonging to the voltage-gated potassium channel complex. Importantly, the

cell-surface location of these antigens makes them vulnerable to direct antibody-mediated modulation. Some of these autoanti-

bodies, generally targeting ionotropic channels or their partner proteins, define clinical syndromes resembling models of pharma-

cological or genetic disruption of the corresponding antigen, suggesting a direct pathogenic role of the associated autoantibodies.

Moreover, the associated neurological symptoms are usually immunotherapy-responsive, further arguing for a pathogenic effect

of the antibodies. Some studies have shown that some patients’ antibodies may have structural and functional in vitro effects on

the targeted antigens. Definite proof of the pathogenicity of these autoantibodies has been obtained for just a few through passive

transfer experiments in animal models. In this review we present existing and converging evidence suggesting a pathogenic role

of some autoantibodies directed against neuronal cell-surface antigens observed in patients with central nervous system disor-

ders. We describe the main clinical symptoms characterizing the patients and discuss conflicting arguments regarding the

pathogenicity of these antibodies.

Introduction

In the last few years, a rapidly growing number of patients with

non-infectious, autoimmune encephalitis associated with autoanti-

bodies targeting the central nervous system (CNS) have been

described. The first anti-neuronal autoantibodies – anti-Hu (Szabo

et al., 1991), anti-Yo, anti-CV2/CRMP5 (Honnorat et al., 1996) and

anti-Ri (Pittock et al., 2003) – were identified about 25 years ago in

paraneoplastic neurological syndromes (PNSs). These anti-neuronal

autoantibodies recognize intracellular antigens and therefore do not

appear to be directly pathogenic, but may be used as diagnostic

biomarkers of cancer (Honnorat, 2006; Raspotnig et al., 2011).

Cytotoxic neuronal damage and neuronal death are responsible for

symptoms found in these PNSs and immunization with the paraneo-

plastic antigen does not induce disease in rodents, further supporting

a non-pathogenic role of the respective autoantibodies (Sillevis Smitt

et al., 1995). Rather, the antibodies may reflect a T-cell-mediated

immune response against neurons (Bien et al., 2012). On the other

hand, an increasing number of autoantibodies targeting neuronal

cell-surface antigens have been identified recently in patients pre-

senting with neurological symptoms resembling PNSs. Targets

include ionotropic receptors including N-methyl-D-aspartate receptor

(NMDAR), a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid

receptor (AMPAR), c-aminobutyric acid (GABA)AR and glycine

receptor (GlyR); metabotropic receptors such as mGluR1, mGluR5

and GABABR; and proteins belonging to the voltage-gated potas-

sium channel (VGKC) complex, namely Lgi1 and Caspr2. Several

key features differentiate patients with cell-surface autoantibodies

from patients with autoantibodies recognizing intracellular targets:

(i) associated neurological symptoms are usually immunotherapy-

responsive and reversible, suggesting a direct pathogenic effect of

antibodies without cytotoxically induced neuronal loss; and (ii)

tumour association is far less consistent. Encephalitis associated with

antibodies directed against cell-surface antigens such as NMDAR or

VGKC complex are much more common than PNSs with intracellu-

lar targets and were identified to account for ~8% of encephalitis

cases in a population-based prospective study in England (Granerod

et al., 2010). The location of cell-surface antigens allows their

recognition by autoantibodies on the intact cell and evidence

Correspondence: Professor J!erôme Honnorat, 3French Reference Center on Paraneoplas-

tic Neurological Syndrome, as above.

E-mail: jerome.honnorat@chu-lyon.fr

© 2016 Federation of European Neuroscience Societies and John Wiley & Sons Ltd

European Journal of Neuroscience, pp. 1–18, 2016 doi:10.1111/ejn.13212



suggests that these antibodies may play a direct pathogenic role in

the neurological and psychiatric symptoms of patients with

encephalitis. The purpose of this review is to present existing and

converging evidence suggesting a pathogenic role of some autoanti-

bodies directed against neuronal cell-surface antigens observed in

patients with encephalitis. We describe the main clinical symptoms

characterizing the patients and discuss conflicting arguments

regarding the pathogenicity of these antibodies.

Encephalitis associated with antibodies directed against
NMDAR

Definition and clinical presentation

Encephalitis associated with anti-NMDAR autoantibodies is a clin-

ico-biological entity defined by a clinical presentation of encephali-

tis, and the presence of IgG antibodies in the cerebrospinal fluid

(CSF) that are directed against the GluN1 subunit of the NMDAR

(Dalmau et al., 2008). Detection of anti-NMDAR antibodies relies

on two tests: a specific immunohistochemical staining pattern on rat

brain section with patients’ IgG; and patients’ IgG binding to

NMDAR-expressing HEK cells in a cell-based assay (Dalmau et al.,

2008; Gresa-Arribas et al., 2014; Viaccoz et al., 2014). Encephalitis

with anti-NMDAR antibodies was initially described in 2007 in 12

women with associated ovarian teratoma (Dalmau et al., 2007). The

clinical presentation was more comprehensively described 1 year

later in 100 autoantibody-positive encephalitis patients (Dalmau

et al., 2008). To date, several hundred cases have been published

(Titulaer et al., 2013), indicating a relatively frequent disorder.

Accordingly, NMDAR encephalitis was identified as the most com-

mon cause of non-infectious encephalitis in patients under 30 years

old (Gable et al., 2012). Among all autoimmune encephalitides,

NMDAR encephalitis is the most frequent (Thomas et al., 2014).

The clinical disorder, predominantly affecting young women, shows

a progression of similar symptoms (Titulaer et al., 2013), usually

starting with a prodromal syndrome including headache, low-grade

fever or non-specific viral-like illness followed by the development

of psychiatric symptoms (anxiety, agitation, delusional thoughts, hal-

lucinations, and personality or behavioural changes) and/or neuro-

logical symptoms (seizures, movement disorders, catatonia,

alteration of mental state, speech impairment and rapid development

of short-term memory loss) within the next days or weeks. During

the course of the disease, patients often develop decreased respon-

siveness, abnormal movements (the most characteristic being oro-

facial dyskinesia) and autonomic instabilities (Dalmau et al., 2008,

2011). Only a few adult male patients have been described and tend

to present with seizures as first symptoms whereas female patients

usually present with psychiatric symptoms (Viaccoz et al., 2014).

Psychiatric symptoms and abnormal movements are more prominent

in children (Florance et al., 2009). A good recovery is generally

observed in about 80% of patients but is typically slow, occurring

in stages following the reverse order from symptom appearance

(Dalmau et al., 2011; Titulaer et al., 2013; Gresa-Arribas et al.,

2014). In the largest published series, more than 75% of patients

recovered fully or retained only mild deficits (Dalmau et al., 2008).

An underlying neoplasm is found in about 40% of patients, primar-

ily in females aged between 12 and 45 years (Dalmau et al., 2011;

Titulaer et al., 2013). More than 90% of all tumours associated

with anti-NMDAR encephalitis are ovarian teratoma, while the fre-

quency of an underlying tumour is less than 5% in men and chil-

dren (Titulaer et al., 2013). All immunopathological studies of

teratomas associated with NMDAR encephalitis revealed the

presence of GluN1-expressing nervous tissue (Dalmau et al., 2008;

T€uz€un et al., 2009). In more than 60% of cases, no tumour is

found and mechanisms leading to the breaking of immunological

tolerance remain unclear. In a few cases, anti-NMDAR antibodies

have been observed a few weeks after a typical herpes simplex

encephalitis, suggesting that viral encephalitis may sometimes

trigger anti-NMDAR auto-immunity (Pr€uss et al., 2012; Armangue

et al., 2013; Hacohen et al., 2014) (Fig. 1).

Antigen

NMDAR belong to the family of ionotropic glutamate receptors

(iGluRs). They are involved in excitatory neurotransmission and are

the pivots of synaptic plasticity (e.g. long-term potentiation and

long-term depression) underlying cognitive functions such as learn-

ing and memory. Functional NMDAR are heterotetramers consisting

of two obligatory GluN1 subunits and GluN2 or GluN3 subunits.

Antibodies of patients with anti-NMDAR encephalitis target the

obligatory subunit GluN1 (Dalmau et al., 2008; Gleichman et al.,

2012). Each NMDAR subunit comprises two extracellular domains,

the amino-terminal domain (ATD) and the ligand-binding domain,

one transmembrane domain and a large intracellular domain (Paoletti

et al., 2013). Remarkably, this subunit structure is conserved for all

members of the iGluR family (Traynelis et al., 2010). Antibodies of

patients with anti-NMDAR encephalitis target a conformational epi-

tope located in the ATD of the GluN1 subunit, in a small region

located near the hinge of a clamshell-like structure (Gleichman

et al., 2012). Within this region, the amino acid N368 was identified

as crucial for patients’ anti-NMDAR antibody binding (Gleichman

et al., 2012).

Antibody pathogenicity

Strong clinical arguments support the hypothesis of an antibody-

mediated pathogenicity in anti-NMDAR encephalitis. First,

pharmacological antagonists of NMDAR (e.g. ketamine) may induce

specific clinical symptoms similar to those presented by patients

with anti-NMDAR encephalitis. Moreover, the majority of patients

respond well to plasma exchanges and intravenous immunoglobu-

lins, often with full recovery (Titulaer et al., 2013). Furthermore

immunotherapy targeting an antibody producing CD20+ B-cells

(e.g. Rituximab) improves patients’ recovery (Titulaer et al., 2013).

Substantial evidence points toward an intrathecal synthesis of

autoantibodies in anti-NMDAR encephalitis. Indeed, in patients with

preserved blood–brain barrier integrity, antibody titres are higher in

the CSF than in the serum (Dalmau et al., 2007, 2008). Accord-

ingly, several immunopathological studies reported deposits of IgG,

B-cells and plasma cells cuffing in the brain perivascular spaces

(Dalmau et al., 2007, 2008; T€uz€un et al., 2009; Hughes et al.,

2010; Camdessanch!e et al., 2011). Although anti-NMDAR antibod-

ies are of the subclasses IgG1 and IgG3 that are capable of comple-

ment activation, no deposits of complement were found (T€uz€un

et al., 2009; Hughes et al., 2010). Taken together, these data sup-

port the hypothesis of an antibody-mediated pathogenicity, without

major involvement of T-cells or complement-mediated cytotoxicity.

Incubation of neuronal cultures with patients’ NMDAR autoanti-

bodies caused a selective and reversible decrease in NMDAR

surface density and synaptic localization without affecting other

synaptic components, neuronal morphology or causing neuronal loss

(Hughes et al., 2010; Moscato et al., 2014). The effect size corre-

lated with patients’ autoantibody titres. The mechanism of this

decrease is selective antibody-mediated capping and internalization
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Fig. 1. Example of encephalitis associated with anti-NMDAR autoantibodies.
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of surface NMDAR (Hughes et al., 2010). NMDAR antibody bind-

ing does not appear to distinguish between excitatory and inhibitory

neurons (Moscato et al., 2014). Interestingly, patients’ antibody-

mediated decrease of NMDAR clusters relies upon the presence of

the Fc domain of anti-NMDAR IgG that allows cross-linking of

NMDAR (Hughes et al., 2010; Moscato et al., 2014) and suggests

an antibody-mediated alteration of NMDAR surface diffusion. In

accordance with those results, a subsequent study confirmed the

effect of patients’ NMDAR antibodies on NMDAR surface diffusion

by disruption of NMDAR and EphrinB2 receptor (EPHB2R) inter-

actions (Mikasova et al., 2012) leading to NMDAR internalization.

Activation of EPHB2R by its ligand EphrinB2 prevents patients’

NMDAR antibodies’ effects on their target (Mikasova et al., 2012).

Data from several electrophysiological recordings performed in

in vitro and ex vivo studies point toward a functional effect of

patients’ NMDAR antibodies. Whole cell-patch clamp recordings

showed that application of patients’ CSF decreased the NMDAR-

mediated component of excitatory currents (Hughes et al., 2010). A

decrease of the NMDAR-mediated current seems to be caused only

by internalization of NMDAR and not by an antagonistic effect

(Moscato et al., 2014). Acute application of patients’ CSF also

decreased neuronal network activity in neuronal cultures (Jantzen

et al., 2013). Finally, two studies reported an alteration of NMDAR-

mediated plasticity by patients’ NMDAR antibodies as they

prevented induction of chemical long-term potentiation (LTP)

(Mikasova et al., 2012) and electrophysiologically induced LTP in

neuronal cell cultures (Zhang et al., 2012).

Independent studies reported a reduction of NMDAR clusters

after intrathecal administration of NMDAR antibodies (Hughes

et al., 2010; Mikasova et al., 2012; Planaguma et al., 2014). Inter-

estingly, this effect was partly reversed by co-injection of EphrinB2

(Mikasova et al., 2012) confirming the above described in vitro

studies. Microdialysis after hippocampal injection of patients’

NMDAR antibodies in rodents revealed an increase in extracellular

glutamate concentration (Manto et al., 2010). Furthermore, injection

of the motor prefrontal cortex with patients’ NMDAR antibodies

increased motor stimulation after high-frequency stimulation (Manto

et al., 2011a). Both studies support the hypothesis of induction of

hyperactivity of glutamatergic pathways by patients’ NMDAR anti-

bodies. Recently, an in vivo study (Planaguma et al., 2014) demon-

strated that continuous intrathecal infusion of patients’ CSF induced

behavioural changes in mice (memory impairment, depressive-like

and anhedonic behaviour; all symptoms also observed in patients).

These effects were reversible upon cessation of patients’ CSF infu-

sion. No effect of patients’ CSF infusion was observed on anxiety,

aggressiveness and locomotor activity (Planaguma et al., 2014).

To summarize, anti-NMDAR encephalitis is the best-described

autoimmune encephalitis and appears to be a disorder much more

common than initially expected. A direct pathogenic effect of

NMDAR antibodies is suggested by altered behaviour in mice partly

mimicking anti-NMDAR encephalitis symptoms after infusion with

patients’ CSF (Planaguma et al., 2014), clinical data, patients’ out-

come, and other in vitro and in vivo studies. The possible mecha-

nisms of NMDAR antibody action on NMDAR have started to be

elucidated in vitro (Dalmau et al., 2008; Hughes et al., 2010;

Gleichman et al., 2012; Mikasova et al., 2012), arguing for an anti-

genic modulation. Yet studies on the long-term effect of NMDAR

antibodies on neuronal networks and pathways underlying synaptic

plasticity are still lacking. Although clinical data such as treatment

response and histopathological studies are not in favour of the

involvement of cellular-mediated cytotoxicity, further experimental

research is still needed to confirm this impression.

Encephalitis associated with antibodies directed against
AMPAR

Definition and clinical presentation

Limbic encephalitis associated with antibodies directed against

AMPAR was identified in 2009 in 10 of 109 patients with limbic

encephalitis (Lai et al., 2009). Subsequently, three studies describing

a few cases were reported (Graus et al., 2010; Hoftberger et al.,

2015; Joubert & Honnorat, 2015). The majority of patients were

women (60%) with a median age around 60 years (Lai et al., 2009;

Graus et al., 2010; Hoftberger et al., 2015; Joubert & Honnorat,

2015). Clinical features are more variable than in anti-NMDAR

encephalitis. The most common presentation reported is classical lim-

bic encephalitis dominated by short-term memory loss, confusion and

abnormal behaviour (Lai et al., 2009; Hoftberger et al., 2015). Dif-

fuse encephalitis with limbic dysfunction associated with various

other symptoms (e.g. seizures, psychiatric manifestations, ataxia,

abnormal movements, aphasia and neuropathy) has also been

described (Spatola et al., 2014; Hoftberger et al., 2015). A few

patients presented with fulminant encephalitis (Wei et al., 2013;

Joubert & Honnorat, 2015), and a few cases of atypical presentation

with prominent psychiatric symptoms resembling acute psychosis

have also been reported (Graus et al., 2010; Hoftberger et al., 2015).

Additional associated antibodies recognizing cell-surface (GABABR,

NMDAR, LGI1, VGCC), intracellular (SOX1, Hu) or synaptic (am-

phiphysin, GAD) targets have been identified in about 30% of these

patients (Lai et al., 2009; Hoftberger et al., 2015; Joubert et al.,

2015). Overlapping immune responses may complicate clinical pre-

sentations and explain some aspects of the clinical heterogeneity

observed in patients with anti-AMPAR encephalitis (Lai et al., 2009;

Hoftberger et al., 2015). Associated tumours (thymus, lung, breast)

were observed in 65% of patients with anti-AMPAR encephalitis (Lai

et al., 2009; Hoftberger et al., 2015) and these tumours expressed

AMPAR (Lai et al., 2009). This finding supports the hypothesis of a

break in immune tolerance induced by ectopic expression of AMPAR

by the underlying neoplasm. However, anti-AMPAR encephalitis can

occur without an identified tumour (Lai et al., 2009). In these cases,

the immune trigger remains unknown. Patients usually respond to

immunotherapy although relapses may occur (Lai et al., 2009).

Aggressive immunotherapy significantly reduces risks of relapses

(Hoftberger et al., 2015). Regarding clinical presentation and sever-

ity, the outcome is heterogeneous and the presence of an underlying

tumour seems to be associated with a poor outcome (Hoftberger

et al., 2015).

Antigen

Like NMDAR, AMPAR belong to the family of iGluRs. AMPAR

mediate fast excitatory transmission in the brain. They are required

for basal synaptic transmission and are involved in the mechanisms

of synaptic plasticity (Santos et al., 2009). AMPAR are heterote-

tramers composed of four subunits (GluA1 to GluA4) (Traynelis

et al., 2010). Patients’ antibodies are IgG of uncharacterized subtype

targeting GluA1 and/or GluA2 subunits of AMPAR, with a higher

incidence of GluA2 antibodies (Lai et al., 2009; Hoftberger et al.,

2015). Like NMDAR subunits, each AMPAR subunit is composed

of two extracellular domains, the ATD and the ligand-binding

domain, a transmembrane domain and an intracellular domain. The

bottom lobe of the ATD is the main receptor epitope recognized by

AMPAR antibodies (Gleichman et al., 2014). This region matches

the location of the epitope on the NMDAR in patients with

anti-NMDAR encephalitis, suggesting that the bottom lobe of the
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Fig. 2. Example of cerebellitis associated with anti-mGluR1 autoantibodies.
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iGluRs might be particularly antigenic (Gleichman et al., 2014).

The possible detection of AMPAR antibodies by western blot

suggests a non-conformational epitope (Gleichman et al., 2014).

Antibody pathogenicity

As in patients with anti-NMDAR encephalitis, clinical data tend to

support the hypothesis of AMPAR-antibody-mediated pathogenicity.

Clinical improvement after immune therapy occurred concurrent

with a decline in CSF antibody titre, supporting a pathogenic role of

the antibodies (Wei et al., 2013). Some evidence indicates that

patients’ AMPAR antibody synthesis is intrathecal; antibody titres

were higher in the CSF than in the serum (Lai et al., 2009) and

some patients have antibodies only detected in CSF (Hoftberger

et al., 2015). Moreover, serum AMPAR antibodies differ in their

epitope specificity from CSF antibodies (Gleichman et al., 2014).

Concerning the pathological effects of antibodies on affected brain

structures, diffuse cortical atrophy was observed in a few patients

with anti-AMPAR encephalitis (Joubert & Honnorat, 2015),

suggesting a possible neuronal loss in these patients. However,

neuropathological data to support this hypothesis are lacking.

Patients’ CSF specifically decreases the number of AMPAR and

alter their synaptic localization in cultured neurons. This effect is

reversible upon removal of antibodies (Lai et al., 2009). In vitro,

patients’ AMPAR antibodies do not seem to alter other components

of glutamatergic synapses, or excitatory synapse density or cell via-

bility (Lai et al., 2009; Peng et al., 2015). Cross-linking assay using

patients’ F(ab) fragment antibodies or full patient antibodies have

not been published and the mechanisms leading to this AMPAR

internalization have not yet been demonstrated. Functionally,

patients’ AMPAR antibodies specifically alter AMPAR-mediated

synaptic transmission, as demonstrated by the reduction of ampli-

tude and frequency of excitatory current recordings in cultured

neurons treated with patients’ CSF (Gleichman et al., 2014; Peng

et al., 2015). Interestingly, patients’ AMPAR antibodies also

reduced inhibitory currents and increased neuronal excitability in

cultured neurons, suggesting a compensatory decrease of inhibitory

synaptic strength leading to a homeostatic increase in intrinsic

neuronal excitability to counteract the effects of patients’ AMPAR

antibodies (Peng et al., 2015). This imbalance between excitatory

and inhibitory transmission has been suggested to account for sei-

zures observed in some patients suffering from AMPAR encephalitis

(Peng et al., 2015). No published in vivo experimental data are

available regarding a possible role of patients’ AMPAR antibodies.

To summarize, contrary to anti-NMDAR encephalitis patients, the

clinical presentations of anti-AMPAR encephalitis are more variable.

This heterogeneity could reflect a wider diversity of pathological

mechanisms in anti-AMPAR encephalitis that remains to be eluci-

dated. While in vitro data strongly suggest a possible direct pathologi-

cal effect of patients’ AMPAR antibodies, the proof of their

pathogenicity remains lacking and other immune factors such as

T-cells or some cytokines could be also involved in the pathogenesis.

Encephalitis associated with antibodies directed against
the GABAAR

Clinical presentation

GABAAR antibodies have been recently described in patients with

encephalitis and refractory seizures or status epilepticus (Ohkawa

et al., 2014; Petit-Pedrol et al., 2014; Pettingill et al., 2015). Two

subgroups of patients can be differentiated based on immunological

and clinical criteria. The first group presents with encephalitis and

refractory seizures and high titres of serum and CSF GABAAR

antibodies. The second group presents with diverse clinical features

(encephalitis with seizures, stiff-person syndrome and opsoclonus–

myoclonus) and low titres of GABAAR antibodies present only in

the serum (Pettingill et al., 2015). No strong tumour association has

been reported in this disorder. These initial reports suggest a treat-

ment-responsive disorder but the novelty of this discovery needs

certitude regarding treatment response and patient outcome.

Antigen

GABAARs belong to the family of heteropentameric ligand-gated

ion channels, which also includes the glycine receptor. Various sub-

unit combinations generate structurally and functionally distinct

GABAAR subtypes with different pharmacology and channel gating

properties (Luscher et al., 2011). Synaptic GABAARs are composed

of three a subunits (a1–3), two b subunits (b2 or b3) and a single

c2 subunit and mediate most fast inhibitory neurotransmissions in

the adult brain (Jacob et al., 2008). Mutations in GABAAR subunits

associate with genetic epilepsy syndrome in humans (Macdonald

et al., 2010). In patients with encephalitis and high GABAAR anti-

body serum titres, the antibodies are mainly of the IgG1 or rarely

IgG3 subtype with subunit specificity (a1 or b3 or c2) (Ohkawa

et al., 2014; Petit-Pedrol et al., 2014; Pettingill et al., 2015). No

further epitope mapping has been reported. In patients with low

GABAAR antibody serum titre, the antibodies were mainly of the

IgM subtype without subunit specificity (Pettingill et al., 2015).

Antibody pathogenicity

Patients with anti-GABAAR encephalitis tend to improve when trea-

ted with immunosuppressors and at least in one case clinical

improvement was correlated with reduction of GABAAR antibody

titre in the serum (Pettingill et al., 2015). Studies linking clinical

evolution to CSF antibody titres are still lacking. Patients’ CSF and

sera reduce the synaptic density of GABAAR when applied to neu-

ronal culture with no effect on other synaptic components (Ohkawa

et al., 2014; Petit-Pedrol et al., 2014; Pettingill et al., 2015). This

effect is not mediated by complement activation (Ohkawa et al.,

2014; Pettingill et al., 2015). A functional effect of GABAAR anti-

bodies on inhibitory synaptic currents in vitro has been demon-

strated by whole-cell patch clamp (Ohkawa et al., 2014). However,

effects of patients’ antibodies on extrasynaptic GABAAR are still

unclear, with some contradictory data (Ohkawa et al., 2014; Petit-

Pedrol et al., 2014) and there are as yet no in vivo studies published

on the effect of GABAAR antibodies.

To summarize, the clinical manifestation of encephalitis with anti-

GABAARs seem to be dependent on the CSF autoantibody titre. In

vitro data suggest a potential structural and functional effect of the

patients’ CSF antibodies on their target antigen by a mechanism of

antigenic modulation, similar to that demonstrated for other antibod-

ies directed against the ionotropic channel receptor, but this effect

must be confirmed by other studies.

Encephalitis associated with antibodies directed against
Lgi1

Clinical presentation

Anti-Lgi1 antibodies were initially described in a cohort of

patients with ‘VGKC-Ab’-associated encephalitis (Shillito et al.,

© 2016 Federation of European Neuroscience Societies and John Wiley & Sons Ltd
European Journal of Neuroscience, 1–18

6 A. Chefdeville et al.



1995; Lai et al., 2010). Indeed, autoantibodies called ‘anti-VGKC

antibodies’ were first described in patients with neuromyotonia,

and later in patients with autoimmune limbic encephalitis and

Morvan’s syndrome (Lee et al., 1998; Buckley et al., 2001). Fur-

ther studies revealed that the target of these autoantibodies was

not the potassium channel itself but other proteins interacting with

the channel, namely contactin-associated protein-like 2 (Caspr2)

and leucin-rich, glioma inactivated 1 (Lgi1) (Irani et al., 2010; Lai

et al., 2010; Lancaster et al., 2011a).

Lgi1 antibodies are predominantly encountered in patients with a

clinical picture of autoimmune encephalitis (Lai et al., 2010; Klein

et al., 2013; Ohkawa et al., 2013). Age of onset is usually in the

sixth decade but can vary from 20 to 80 years (Lai et al., 2010;

Shin et al., 2013; Malter et al., 2014). Both limbic (anterograde

amnesia, behavioural/psychiatric disturbances, seizures) and extra-

limbic symptoms (motor, cerebellar, extrapyramidal involvement)

can be observed. Epilepsy is found in 80% of the patients and

may represent the initial symptom (Lai et al., 2010; Klein et al.,

2013; Shin et al., 2013; Malter et al., 2014). Insomnia, paradoxical

sleep disorders, severe bradyarrythmias and hyponatraemia are

other typical features (Lai et al., 2010; Klein et al., 2013; Kim

et al., 2014; Malter et al., 2014). Importantly, abnormal move-

ments called facio-brachial dystonic seizures are closely associated

with anti-Lgi1 encephalitis (Irani et al., 2011, 2013). Interestingly,

facio-brachial seizures respond only poorly to anti-epileptic drugs,

but are highly responsive to immunotherapy (Irani et al., 2011,

2013). Anti-Lgi1 encephalitis seems to be associated with a poor

cognitive outcome and frequent evolution to hippocampal atrophy

(Malter et al., 2014), but no prospective studies are available.

Relapses occur in 10% of patients (Lai et al., 2010; Kim et al.,

2014; Malter et al., 2014). Aggressive and prolonged immunother-

apy seems important to relieve symptoms and prevent relapses

(Irani et al., 2013; Kim et al., 2014). The prevalence of cancers

varies among different studies but does not appear to exceed 20%

of patients (Irani et al., 2010; Klein et al., 2013; Shin et al., 2013;

Malter et al., 2014).

Antigen

Lgi1 is a secreted synaptic protein expressed in neural tissues. It

interacts with the synaptic receptors ADAM22 and ADAM23 to cre-

ate a trans-synaptic complex bridging post-synaptic glutamatergic

AMPAR and pre-synaptic Kv1.1 (Fukata et al., 2010). Lgi1 was

proposed to act as a regulating factor for neuronal excitability at

synapses. Indeed, Lgi1 mutations in humans are related to a heredi-

tary epileptic syndrome (Ottman et al., 1995) and Lgi1-knockout

mice develop a phenotype of lethal epilepsy (Fukata et al., 2010).

Anti-Lgi1 antibodies are of the IgG4 type, as demonstrated by sub-

class-specific staining (Irani et al., 2012). The results of epitope

mapping performed using patients’ serum antibodies suggest that

different parts of the protein are recognized by these antibodies

(Ohkawa et al., 2013).

Antibody pathogenicity

The clinical symptoms of anti-Lgi1 encephalitis suggest CNS hyper-

excitability, similar to what is reported in Lgi1 genetic deletion

models (human hereditary epileptic syndrome and mutant mice),

suggesting that patients’ antibodies may alter Lgi1 functions leading

to neuronal hyperexcitability. In vitro, Lgi1 antibodies were shown

to impair Lgi1 binding to ADAM22 and to decrease surface expres-

sion of post-synaptic AMPAR in a reversible and dose-dependent

manner (Ohkawa et al., 2013). Although anti-Lgi1 antibodies are

mainly of the IgG4 subtype (Irani et al., 2012) and thus unlikely to

fix complement, deposition of complement on neuronal membranes

has been demonstrated in the brain of patients with anti-Lgi1

encephalitis, suggesting the involvement of complement-dependent

cytotoxicity (Bien et al., 2012). Moreover, Lgi1 antibodies fixed

complement on the surfaces of Lgi1-transfected cells (Irani et al.,

2012). These observations might explain the more frequent occur-

rence of hippocampal atrophy associated with Lgi1 antibodies com-

pared to other anti-cell surface antigen antibodies associated with

autoimmune encephalitis, such as anti-NMDAR or anti-Caspr2

antibodies. No in vivo experimental data arguing for Lgi1 antibody

pathogenicity are available.

Encephalitis associated with antibodies directed against
Caspr2

Clinical-resentation

Anti-Caspr2 antibodies (Caspr2 Abs) were initially described in eight

‘VGKC Ab’ patients with encephalitis and/or peripheral nervous sys-

tem symptoms (Shillito et al., 1995; Irani et al., 2010). Caspr2 Abs

correlate with the presence of peripheral symptoms, mostly neuromy-

otonia and Morvan’s syndrome (Shillito et al., 1995; Irani et al.,

2010; Lancaster et al., 2011a; Klein et al., 2013). By definition, CNS

involvement is excluded in patients with pure neuromyotonia. Mor-

van’s syndrome, by contrast, is a rare autoimmune disorder present-

ing neuromyotonia features together with marked dysautonomic

symptoms (profuse sweating, tachycardia, genito-urinary dysfunc-

tion), complete disruption of sleep organization and encephalopathy

(visual hallucinations, delusion and impaired vigilance) (Irani et al.,

2012). Caspr2 Abs are found in most of Morvan’s syndromes, either

alone or with moderately elevated anti-Lgi1 Abs (Irani et al., 2012;

Ohkawa et al., 2013). Nevertheless, Caspr2 Abs can also be found in

patients with pure limbic encephalitis, whose specific clinical pattern

and prognosis remain to be precisely determined (Lancaster et al.,

2011a; Malter et al., 2014). Differences in epitope specificities and

location of the production of autoantibodies have been hypothesized

to account for such a variety of clinical presentations. An associ-

ated malignant thymoma is observed in more than 50% of Caspr2

Ab-positive neuromyotonia/Morvan’s syndrome patients (Irani et al.,

2012), while the prevalence of tumours is much lower in patients

with pure limbic encephalitis (Lai et al., 2010; Klein et al.,

2013; zShin et al., 2013; Malter et al., 2014). Patients with Caspr2

Ab-associated syndrome seem to have low titre of multiple autoanti-

bodies such as Lgi1 Abs, anti-DCC or anti-DPP10 antibodies

(Ohkawa et al., 2013). The pathogenic role of these antibodies has

not yet been evaluated.

Antigen

Caspr2 is a membrane cell adhesion molecule that clusters voltage-

gated potassium channels (Kv1.1/1.2) at the juxtaparanodes of

myelinated axons and may regulate axonal excitability (Poliak,

2003; Labasque & Faivre-Sarrailh, 2010). Experimental findings

suggest that Caspr2 may also be present in the CNS at pre-synaptic

sites where it may interact with the pre-synaptic Kv1 channels

(Zweier et al., 2009). Caspr2 was also suggested to play a role in

synapse formation and dendritic arborization (Labasque & Faivre-

Sarrailh, 2010). Polymorphisms of the CASPR2 gene (CNTNAP2)

have notably been described in the autistic spectrum disorders

(Anderson et al., 2012).

© 2016 Federation of European Neuroscience Societies and John Wiley & Sons Ltd
European Journal of Neuroscience, 1–18

Antibody pathogenicity in CNS syndromes 7



Antibody pathogenicity

A recent in vitro study, using Caspr2 Abs from patients affected by

pure limbic encephalitis, determined that Caspr2 Abs from patients’

CSF mainly recognize the N-terminal Disco€ıdin and LamininG1

modules of Caspr2 and strongly target inhibitory interneurons

(Pinatel et al., 2015). Functional assays indicated that limbic

encephalitis with Caspr2 Abs may induce alteration of Gephyrin

clusters at inhibitory synaptic contacts (Pinatel et al., 2015). This

work provides new insight into the potential pathogenic effect of

Caspr2 Abs in central hyperexcitability that may be related to per-

turbation of inhibitory interneuron activity. However, in vivo studies

are still lacking to assess the potential pathogenic effects of Caspr2

Abs according to the different associated clinical presentations.

To conclude, despite the overlap of clinical syndromes, neurologi-

cal symptoms specific to Lgi1 or Caspr2 Abs begin to emerge, but

further work is needed to understand the exact role of the respective

autoantibodies (Table 1).

Encephalitis associated with antibodies directed against
GABABR

Clinical presentation

Antibodies against GABABR were described in an initial series of 15

patients (Lancaster et al., 2010) and subsequently followed by several

case series (Boronat et al., 2011; H€oftberger et al., 2013b; Jeffery

et al., 2013; Kim et al., 2014). Patients with GABABR antibodies

usually present a pure limbic encephalitis with prominent severe

seizures or status epilepticus (Lancaster et al., 2010; H€oftberger et al.,

2013b). Other rare clinical presentations such as opsoclonus–

myoclonus or cerebellar ataxia have also been described (Lancaster

et al., 2010; H€oftberger et al., 2013b; Jarius et al., 2013; Defelipe-

Mimbrera et al., 2014). About 50% of patients with GABABR anti-

bodies present an underlying small-cell lung carcinoma (H€oftberger

et al., 2013b). In this paraneoplastic subgroup, the median age of

patients is higher (around 60 years) with a shorter overall survival

(H€oftberger et al., 2013b). Almost all patients achieve partial to com-

plete neurological recovery with immunotherapy and appropriate

oncological treatment (Lancaster et al., 2010; H€oftberger et al.,

2013b; Jeffery et al., 2013; Kim et al., 2014). As observed with anti-

NMDAR encephalitis, recovery might be improved using more

aggressive immunotherapy targeting B-cells and antibody production

(e.g. rituximab) (Kim et al., 2014). Interestingly, as observed in

patients with GABAAR antibodies, a subset of patients with low titres

of GABABR antibodies in the serum or the CSF and with heteroge-

neous clinical syndrome has also been described (Lancaster et al.,

2010; Jeffery et al., 2013). These patients present with additional anti-

bodies (CV2/CRMP5, ANNA-1 or ANNA-3) revealing a larger anti-

neuronal immunization and their prognosis is less favourable in spite

of treatment (Jeffery et al., 2013).

Antigen

The GABABRs are transmembrane metabotropic G-protein coupled

receptors that trigger cAMP cascades and thereby regulate specific

ion channel properties. GABABRs have been found to play a key

role in regulating membrane excitability and synaptic transmission

in the brain. Indeed, they can stimulate the opening of K+ and Ca2+

channels and elicit both presynaptic and slow postsynaptic inhibition

(Benarroch, 2012; Gassmann & Bettler, 2012). GABABR is an

obligatory heterodimer formed by 2 subunits (GABAB1 and

GABAB2) (Bettler, 2004; Gassmann & Bettler, 2012). Patients’

antibodies target the GABAB1 subunit and are mainly of the IgG1

subtype, but IgG2 and IgG3 also occur (Lancaster et al., 2010).

Failure of GABABR detection by patient antibody in immunoblots

suggests that the antibodies are directed against a conformational

epitope (H€oftberger et al., 2013b). Recent deletion mapping

experiments suggest that patients’ anti-GABABR antibodies bind to

alternatively spliced Sushi domains present in the presynaptically

localized GABAB1A isoform (Jain et al., 2015).

Antibody pathogenicity

Aside from the good neurological outcome under immunosuppres-

sive treatment, no in vivo experimental data are available on the

direct neuronal pathogenicity of GABABR antibodies. However, the

above in vitro experiments by Jain et al. (2015) showed that

patients’ anti-GABABR antibodies block baclofen-mediated activa-

tion of the GABABR without decreasing GABABR surface expres-

sion. These data suggest that anti-GABABR antibodies interfere with

GABA-mediated inhibition, thereby contributing to seizures.

Encephalomyelitis associated with antibodies directed
against the glycine receptor

Clinical presentation

Glycine receptor (GlyR) antibodies were first described in

association with progressive encephalomyelitis rigidity and myoclo-

nus (Hutchinson et al., 2008). Stiff-person syndrome (SPS), defined

as axial rigidity with or without hyperreflexia and/or autonomic

disturbances (Ciccotto et al., 2013), progressive encephalomyelitis

with rigidity and myoclonus (PERM or SPS with brainstem involve-

ment) are the most common clinical presentations of patients with

GlyR antibodies (McKeon et al., 2013; Carvajal-Gonz!alez et al.,

2014). However, a strong phenotypic association is lacking, because

GlyR antibodies could also be associated with demyelinating

phenotypes including optic neuritis (Woodhall et al., 2013;

Martinez-Hernandez et al., 2015). SPS and PERM symptoms are

acute or subacute in 70% of cases (Carvajal-Gonz!alez et al., 2014).

In the largest described cohort of patients, median age at symptom

onset was 50 years (range: 1–75 years) with equal male/female pres-

ence (Carvajal-Gonz!alez et al., 2014). Contrary to patients with

GlyR antibody-negative SPS/PERM, antibody-positive patients

improved markedly with symptomatic treatment and immunotherapy

(McKeon et al., 2013; Carvajal-Gonz!alez et al., 2014) although

relapses and relapsing/remitting courses are frequent (Carvajal-

Gonz!alez et al., 2014). Associated tumours (mainly thymoma and

lymphoma, but also malignant melanoma and metastatic breast can-

cer) have been reported in a few patients (Clerinx et al., 2011;

McKeon et al., 2013; Bourke et al., 2014; Carvajal-Gonz!alez et al.,

2014). A clear causality link is lacking and the majority of cases are

not paraneoplastic.

Antigen

GlyRs are chloride pentameric channels composed of a variable

arrangement of a and b subunits (Legendre, 2001; Betz & Laube,

2006). GlyRs are distributed mainly in the spine and brainstem and

have a prominent role in the inhibitory modulation of motor, visual,

auditory and autonomic networks (Lynch, 2004; Dutertre et al.,

2012). GlyR antibodies are predominantly of the IgG1 subclass,

intrathecally synthesized and directed against an extracellular epitope
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Table 1. Main autoantibodies suspected to play a direct role in neurological symptoms

Antigen
Nature of the
antigen Number of described cases Clinical syndrome Tumour association Described mechanisms

NMDAR Ionotropic
Glutamate
Receptor

> 500 (Titulaer et al., 2013) Psychiatric symptoms
(anxiety, abnormal
behaviour, delusion) and/or

neurological symptoms
(seizures, movement
disorders, altered mental
state, short-term memory
loss), autonomic
instabilities (Titulaer
et al., 2013).

Age-dependent, up to 40%
(ovarian teratoma) in young
women (Titulaer et al.,

2013)

Antibodies disrupt NMDAR
function by cross-linking
and internalization of

receptors (Hughes et al.,
2010; Mikasova et al.,
2012). In vitro: reduced
surface expression (Hughes
et al., 2010), disrupted
interaction with EphB2R
(Mikasova et al., 2012).

In vivo: hyperactivity of
glutamatergic pathway
(Manto et al., 2010),
reduced number of
NMDAR clusters (Hughes
et al., 2010), impaired

memory and depression-like
behaviour (Planaguma
et al., 2014).

AMPAR Ionotropic
Glutamate
Receptor

!58 (Lai et al., 2009;
Bataller et al., 2010;
Graus et al., 2010;

Wei et al., 2013;
Gleichman et al., 2014;
Spatola et al., 2014;
Hoftberger et al., 2015;
Joubert et al., 2015)

Four distinct clinical
presentations: classical
limbic encephalitis, diffuse

encephalitis, fulminant
encephalitis, psychiatric
presentation (Hoftberger
et al., 2015; Joubert
et al., 2015)

34% (thymus, breast, lung) In vitro: antibody-induced
internalization of AMPAR
(Lai et al., 2009; Peng

et al., 2015), reduced
excitatory transmission
(Gleichman et al., 2014).

mGluR1 Metabotropic

Glutamate
Receptor

5 (Sillevis Smitt et al., 2000;

Marignier et al., 2010;
Lancaster et al., 2011b;
Iorio et al., 2013)

Cerebellitis with cerebellar

ataxia, balance and gait
disturbances, dysarthria
and nystagmus

2 cases with Hodgkin’s

lymphoma (Sillevis Smitt
et al., 2000), 1 case with
prostate adenocarcinoma
(Iorio et al., 2013)

In vitro: blockage of

mGluR1 activation (Sillevis
Smitt et al., 2000), reduced
cerebellar LTD (Coesmans
et al., 2003). In vivo:

severe but transient ataxia
induced by patients’ IgG
infusion in mice (Sillevis

Smitt et al., 2000),
impaired compensatory eye
movement (Coesmans
et al., 2003).

mGluR5 Metabotropic
Glutamate

Receptor

4 (Lancaster et al.,
2011b; Mat et al.,

2013; Pruss et al., 2014)

Limbic encephalitis 3 cases with Hodgkin’s
lymphoma (Lancaster et al.,

2011b; Mat et al., 2013)

No experimental study
available.

GABAAR Ligand-gated
ion Channel

!35 (Ohkawa et al., 2014;
Petit-Pedrol et al., 2014;
Pettingill et al., 2015)

Encephalitis with
refractory seizures

2 cases with thymoma
(Ohkawa et al., 2014),
1 case with a
neuroepithelial tumour
(Pettingill et al., 2015)

In vitro: reduction of
GABAAR synaptic density
(Ohkawa et al., 2014;
Petit-Pedrol et al., 2014;
Pettingill et al., 2015),

reduced inhibitory currents
(Ohkawa et al., 2014).

GABABR Metabotropic
Receptor

!67 (Lancaster et al., 2010;
Boronat et al., 2011;
H€oftberger et al., 2013a,b;
Jeffery et al., 2013;

Kim et al., 2014)

Limbic encephalitis with
prominent seizures

50% (small-cell lung cancer)
(H€oftberger et al., 2013a,b)

In vitro: blockage of
GABABR activation by
baclofen without decrease
of surface GABABRs (Jain

et al., 2015)
GlyR Chloride

pentameric
channel

!77 (Hutchinson et al.,
2008; Clerinx et al., 2011;
Mas et al., 2011; Turner
et al., 2011; Iizuka et al.,
2012; Dam!asio et al., 2013;
Kyskan et al., 2013;

McKeon et al., 2013;
Carvajal-Gonz!alez et al.,
2014; Kenda et al., 2015;
Bourke et al., 2014;
Carvajal-Gonz!alez et al.,
2014)

Stiff-person syndrome &
progressive
encephalomyelitis with
rigidity and myoclonus

!20% (thymoma,
lymphoma, malignant
melanoma, breast cancer)

In vitro: internalization of
GlyR by GlyR in
recombinant cellular model
(Wuerfel et al., 2014).

(continued)
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on the GlyRa subunit, probably common to the three isoforms of

the subunit (Carvajal-Gonz!alez et al., 2014).

Antibody pathogenicity

GlyR antibody titres in serum and CSF may correlate with the clini-

cal course (Hutchinson et al., 2008; Iizuka et al., 2012). In one

case, rituximab treatment (anti-CD20 antibody) led to a marked clin-

ical improvement, suggesting a B-cell-mediated pathology. Interest-

ingly, an increase in CSF GABA levels and a decrease in glutamate

level suggestive of a compensatory mechanism have been reported

in one patient (Carvajal-Gonz!alez et al., 2014). Recently, the ability

of patients’ GlyR antibodies to induce GlyR internalization in HEK-

transfected cells was reported (Carvajal-Gonz!alez et al., 2014), but

no in vivo experimental data arguing for GlyR antibody pathogenic-

ity are available.

Other autoimmune encephalitis associated with
pathogenic antibodies

Encephalitis associated with antibodies directed against

mGluR5

Four patients with limbic encephalitis and antibodies against

mGluR5 were recently described (Lancaster et al., 2011b; Mat

et al., 2013; Pruss et al., 2014). All presented with pure limbic

encephalitis. This syndrome was previously described and named

Ophelia syndrome by Carr (1982). The first described patients with

mGluR5 antibodies were three patients with Hodgkin’s lymphoma

(Lancaster et al., 2011b; Mat et al., 2013), but no tumour was

observed in a recently published case (Pruss et al., 2014). Patients

appear to respond well to immunosuppressive treatment (Lancaster

et al., 2011b; Mat et al., 2013; Pruss et al., 2014) and this recovery

correlates with serum antibody titre reduction (Pruss et al., 2014),

indirectly arguing for a link between mGluR5 antibodies and

pathogenicity. However, no in vitro or in vivo experimental data on

the effect of mGluR5 antibodies have been reported.

Encephalitis associated with antibodies directed against DPPX

Antibodies against dipeptidyl-peptidase-like protein X (DPPX)

(DPP6), an accessory subunit of Kv4.2 potassium channels, were

detected in four patients with hallucinations and confusion

associated with symptoms reflecting CNS hyperexcitability (e.g.

myoclonus, tremor, hyperekplexia and seizures) (Boronat et al.,

2013). Subsequently, three additional patients with anti-DPPX

antibodies were reported with a syndrome resembling PERM

(Balint et al., 2014). Until today, 21 patients with this disorder

have been described (Tobin et al., 2014; Piepgras et al., 2015).

Interestingly, half of the reported encephalitic patients with

TABLE 1 (continued)

Antigen
Nature of the
antigen Number of described cases Clinical syndrome Tumour association Described mechanisms

LGI1 Secreted
Protein

> 150 (Irani et al., 2010,
2011; Lai et al., 2010;

Ohkawa et al., 2013; Shin
et al., 2013)

Encephalitis with limbic
(amnesia, behavioural

alterations, seizures) and
extra-limbic symptoms

No consistent tumour
association

In vitro: patients’ LGI1
antibodies impair LGI1

binding to partner proteins
and decrease synaptic
AMPAR expression
(Ohkawa et al., 2013)

Caspr2 Adhesion
Protein

95 (Irani et al., 2010, 2012;
Lancaster et al., 2011a;

Klein et al., 2013)

Limbic encephalitis,
Morvan’s syndrome

50% (thymoma) (Irani et al.,
2012)

In vitro: Caspr2 antibodies
from patients with limbic

encephalitis alter gephyrin
clusters (Pinatel et al., 2015).

DPPX Membrane
glycoprotein

28 Pronounced gastrointestinal
symptoms, agitation,
hallucinations, confusion,
myoclonus, tremor and

seizures, sleep-disturbance,
PERM-like syndrome

No tumour associations
reported

In vitro: patient’s IgG reduce
expression of DPPX and
Kv4.2 in cultured neurons
(Piepgras et al., 2015).

Amphiphysin Synaptic
vesicle
protein

> 35 (Antoine et al., 1999;
Murinson & Guarnaccia,
2008; Moon et al., 2014)

Stiff-person syndrome !90% (breast cancer) In vivo: transfer of IgG from
patients to rat causes
muscles stiffness and
spasms (Sommer et al.,

2005).
GAD GABA

synthesis
enzyme

> 100 (Saiz et al., 2008;
Ari~no et al., 2015; Fouka
et al., 2015)

Limbic encephalitis,
cerebellitis

Usually none. Associated
with neuroendocrine
tumours and lung cancer
(Ari~no et al., 2014) in 2
case series (Saiz et al.,
2008; Ari~no et al., 2014).

In vitro: autoantibodies
uptake in heterologous cell
systems expressing GAD-
65 (Hampe et al., 2013). In
vivo: altered behaviour
induced by GAD antibodies

transfer to rodents (Manto
et al., 2007, 2015; Hampe
et al., 2013).

VGCC Calcium
channel

> 40 (Mason et al., 1997;
Lorenzoni et al., 2008;
B€urk et al., 2010; Ogawa

et al., 2011)

Cerebellar ataxia Small cell lung carcinoma In vivo: passive transfer of
patients’ antibodies to mice
induces acute ataxia

(Mart!ın-Garc!ıa et al., 2013).
Tr/DNER Neuron-

specific
signalling
protein

> 40 (Graus et al.,1997; de
Graaff et al., 2012; Probst
et al., 2015)

Cerebellar ataxia !90% (Hodgkin’s
lymphoma)

No experimental study
available.
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anti-DPPX had prominent gastrointestinal symptoms, mainly

severe diarrhoea, but also constipation (Boronat et al., 2013;

Balint et al., 2014; Tobin et al., 2014). DPPX is a membrane

glycoprotein that critically determines the conductance of neuronal

Kv4.2 channels and thus regulates membrane excitability (Kim

et al., 2008; Kaulin et al., 2009). DPPX expression is spread in

the hippocampus, striatum and cerebellum, and remarkably in the

myenteric plexus, which may explain the characteristic gastroin-

testinal symptoms of anti-DPPX encephalitis. DPPX-knockout

mice have hyperexcitability of CNS neurons (Boronat et al.,

2013; Balint et al., 2014). Recently, it was observed that patients’

purified IgG reduced expression of DPPX and Kv4.2 channels on

hippocampal neurons and demonstrated a significantly increased

activity of enteric neurons after application of anti-DPPX sera to

myenteric plexus preparations (Piepgras et al., 2015). These

in vitro data suggest that downregulation of DPPX and Kv4.2 by

a patient’s anti-DPPX antibodies results in CNS and enteric neu-

ron hyperexcitability, which may underlie the neuropsychiatric

and gastrointestinal manifestations of anti-DPPX encephalitis.

Therefore, these first in vitro data support a pathogenic role of

anti-DPPX antibodies in this newly identified autoimmune

encephalitis.

CNS syndromes associated with antibodies directed against

amphiphysin

Amphiphysin antibodies were first described in patients with

paraneoplastic SPS (Camilli et al., 1993), although they can also

be found in other neurological manifestations such as limbic

encephalitis, dysautonomia and cerebellar dysfunction (Pittock

et al., 2005; Moon et al., 2014). Classically, patients with SPS

and anti-amphiphysin antibodies are female with a median age at

symptom onset around 60 years and associated breast cancer

(Murinson & Guarnaccia, 2008). These patients improve with

immunotherapy and tumour removal (Murinson & Guarnaccia,

2008). An underlying tumour (lung cancer, ovarian cancer, gastric

cancer) can also be found in some cases of non-SPS associated

with amphiphysin antibodies and some clinical improvement can

be achieved through immunotherapy (Moon et al., 2014). Amphi-

physin is an intracellular synaptic vesicle protein (Lichte et al.,

1992) involved in clathrin-mediated endocytosis. Alteration of

GABAergic neurotransmission induced by patients’ anti-amphiphy-

sin antibodies has been reported (Geis et al., 2010). Moreover,

transfer of amphiphysin antibodies from patients to rodents causes

stiffness and muscle spasms (Sommer et al., 2005). Taken

together, these data suggest that amphiphysin antibodies might be

pathogenic although the mechanisms of antibody action on their

intracellular target remain unknown.

Encephalitis and cerebellitis associated with antibodies
directed against glutamate decarboxylase (GAD)

Clinical presentation

GAD autoantibodies associated with neurological syndromes were

initially described by Solimena et al. (1988). Several neurological

syndromes have been described in association with high titres of

GAD autoantibodies, including SPS, cerebellar ataxia, epilepsy and

limbic encephalitis (Saiz et al., 2008; Ali et al., 2011; Alexopoulos

& Dalakas, 2013; Fouka et al., 2015; Gresa-Arribas et al., 2015).

While GAD autoantibodies are generally not associated with cancer,

they can occur as a paraneoplastic event (Saiz et al., 2008; Ari~no

et al., 2015). Patients with limbic encephalitis associated with GAD

autoantibodies usually do not respond well to treatment (Malter

et al., 2010). Patients with cerebellar ataxia are mainly women with

a median age around 55 years (Ari~no et al., 2014). Clinical presen-

tation is insidious or subacute (Honnorat et al., 2001; Ari~no et al.,

2014) with the most common presenting symptom being gait ataxia,

followed by limb ataxia, dysarthria and nystagmus (Ari~no et al.,

2014). In contrast to limbic encephalitis patients, good outcome

(modified Rankin scale < 3) with immunotherapy has been reported

in 50% of patients with cerebellar ataxia (Ari~no et al., 2014).

Finally, patients with SPS associated with GAD antibodies appear to

have the best probability of clinical improvement compared to

patients who developed another GAD-associated neurological

syndrome (Ari~no et al., 2015).

Antigen

GAD is the rate-limiting enzyme implicated in the synthesis of

GABA, which is the major inhibitory neurotransmitter in the CNS

(Buddhala et al., 2009). Two isoforms of GAD (65 and 67 kDa)

are expressed predominantly in the brain. GAD-65 can be found

concentrated in presynaptic terminals and appears to be the domi-

nant target of patients’ autoantibodies that seem to recognize

mainly the decarboxylase catalytic domain of GAD-65 (Gresa-

Arribas et al., 2015). Although GAD-65 is an intracellular

enzyme, it has been suggested that autoantibodies may interact

with their target during the synaptic release event (Gresa-Arribas

et al., 2015). GAD-65 antibody titres are significantly higher in

patients with cerebellar ataxia than in patients with SPS associated

with GAD antibodies (Gresa-Arribas et al., 2015). Notably, GAD

autoantibodies present in patients with SPS and cerebellar ataxia

recognize an epitope distinct from that recognized by GAD

autoantibodies present in patients with type 1 diabetes mellitus or

limbic encephalitis (Manto et al., 2015), arguing for GAD-65

antibodies recognizing disease-specific epitopes.

Antibody pathogenicity

In vitro and in vivo experiments with purified IgGs of patients with

GAD-65 autoantibodies and SPS or cerebellar ataxia further sup-

ported the hypothesis that GAD-65 autoantibodies target and inhibit

GAD-65 function in these diseases (Manto et al., 2007, 2011b;

Holmøy & Geis, 2011; Hampe et al., 2013; Hansen et al., 2013).

Moreover, the administration of a monoclonal GAD-65 antibody

directed against the epitope recognized by SPS patients disrupted

in vitro the association of GAD with GABAergic synaptic vesicles

and depressed the inhibitory synaptic transmission in cerebellar

slices (Manto et al., 2015). In vivo, this monoclonal antibody

induced decreased exploratory behaviour and impaired locomotor

function in rats (Manto et al., 2007, 2015). These findings support a

specific pathological role of GAD-65 autoantibodies in the patho-

genesis of SPS and cerebellar ataxia. In contrast, no effect of GAD-

65 antibodies from a patient with limbic encephalitis was observed

in vitro on GABAergic neurotransmission (Stemmler et al., 2015).

To summarize, numerous evidence suggests a direct role of GAD-

65 antibodies in some associated neurological syndromes, but the

antibodies may not always play a direct role. Differences in epitope

specificities according the neurological syndromes may explain at

least in part the spectrum of anti-GAD-associated neurological disor-

ders (Mitoma et al., 2016). Strong experimental evidence exists in

favour of a pathogenic effect of GAD-65 antibodies in SPS and

cerebellar ataxia.
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Cerebellitis associated with antibodies directed against
mGluR1

Clinical presentation

Since their first description in 2000, mGluR1 autoantibodies have

been reported in five patients with cerebellitis. All patients experi-

enced severe cerebellar ataxia with balance and gait disturbances,

dysarthria and nystagmus. In two cases, mGluR1 cerebellitis was

associated with a Hodgkin’s lymphoma (Sillevis Smitt et al., 2000)

and in one case with a prostate adenocarcinoma (Iorio et al., 2013).

In the two remaining published cases, no underlying tumours were

found in spite of an extensive examination (Marignier et al., 2010;

Lancaster et al., 2011b), raising the hypothesis of a ‘primary’

autoimmune-mediated disorder for which mechanisms leading to

cross-reactivity remain unknown. Treatment allows only limited

recovery (Sillevis Smitt et al., 2000; Marignier et al., 2010;

Lancaster et al., 2011b; Iorio et al., 2013) (Fig. 2).

Antigen

mGluR1 is a metabotropic glutamate receptor localized postsynapti-

cally in somatodendritic domains and strongly expressed in hip-

pocampus and cerebellum (Martin et al., 1992). In Purkinje cells,

mGluR1 is critically involved in long-term depression (LTD) and

motor coordination (Ichise et al., 2000). Interestingly, mGluR1-

knockout mice exhibit cerebellar symptoms and impaired cerebellar

LTD (Aiba et al., 1994). A role for mGluR1 in eye response move-

ment adaption has also been reported (Shutoh et al., 2002). The

mGluR1 epitope is located extracellularly as indicated by the detec-

tion of patients’ antibodies in cell-based assay experiments, but no

further epitope mapping has yet been published. Although there is a

strong sequence homology between mGluR1 and other members of

the mGluR family (for instance mGluR5), antibodies do not cross-

react (Lancaster et al., 2011b). The IgG subtypes of patient

antibodies have not been reported.

Antibody pathogenicity

The rarity of the disease does not allow a conclusion to be made

regarding a pathogenic role of the associated autoantibody. Interest-

ingly, antibodies to Homer-3, which co-localizes with and organizes

mGluR1 at synapses in the dendritic spines of the Purkinje cells,

have been reported in two exceptional patients who presented with

clinical symptoms similar to patients with mGluR1-ab antibodies

(Zuliani et al., 2007; H€oftberger et al., 2013a). In one case of anti-

mGluR1 cerebellitis, early immunosuppressive treatment led in one

patient to a reduction of mGluR1 antibody titres in serum and CSF

and recovery (Sillevis Smitt et al., 2000) but the other described

patients developed cerebellar atrophy and responded only partially

to treatment (Coesmans et al., 2003; Marignier et al., 2010; Lan-

caster et al., 2011b; Iorio et al., 2013). In the only reported post-

mortem study of brain tissue, Purkinje cell loss was observed, sug-

gesting involvement of cytotoxic mechanisms although no cytotoxic

CD8+ T-lymphocytes were observed (Coesmans et al., 2003).

Patients’ antibodies are able to block mGluR1 activation in

mGluR1-expressing CHO cells (Sillevis Smitt et al., 2000). Accord-

ingly, slice recordings and whole-cells patch clamp recordings indi-

cate that patients’ mGluR1 antibodies reduce Purkinje neuron

excitability and spontaneous firing rate (Coesmans et al., 2003).

Extracellular bath application onto cultured embryonic Purkinje cells

but not intracellular microinjection reduces LTD, further confirming

that patients’ mGluR1 antibodies are directed against the extracellu-

lar part of the receptor and that they can block mGluR1 activation

and impair synaptic plasticity (Coesmans et al., 2003). Passive

transfer of patients’ mGluR1 antibodies into mouse brain provoked

transient ataxia and this behavioural effect was abolished by

patients’ CSF pre-absorption on CHO cells expressing mGluR1a,

confirming that this effect was directly caused by mGluR1 IgG

(Sillevis Smitt et al., 2000). Moreover, antibody infusion into the

flocculus of mice acutely and reversibly decreases compensatory

eye movements in a way similar to the impairment of saccadic eye

movements observed in patients (Coesmans et al., 2003).

These experimental models provided the ultimate proof of the

pathogenicity of patients’ mGluR1 antibodies.

To summarize, cerebellitis associated with mGluR1 is an excep-

tional disorder for which the pathogenicity of the patients’ antibod-

ies has been clearly demonstrated. The metabotropic nature of the

target of this antibody-mediated neurological disease is unique in

this group of autoimmune encephalitides that generally share ion

channel dysfunction as a common pathogenesis. Elucidation of the

cellular consequences of this singular antibody-mediated metabotro-

pic receptor dysfunction needs further investigation.

Cerebellitis associated with antibodies directed against
the VGCC

Antibodies targeting the P/Q-type of the voltage-gated calcium chan-

nels (VGCC-Abs) are associated with Lambert-Eaton myasthenic

syndrome, cerebellar ataxia or both (Lennon et al., 1995). Cerebellar

ataxia associated with VGCC-Abs is essentially paraneoplastic, asso-

ciated with small cell lung carcinoma expressing functional VGCC

(Meriney et al., 1996). The accepted hypothesis for paraneoplastic

cases proposes that the immune adapted reaction against the tumour

triggers the autoimmune response. VGCC-Ab-associated cerebellar

ataxia is usually subacute with symmetrical gait and limb ataxia,

dysarthria and nystagmus. However, anti-VGCC cerebellar ataxia

may sometimes develop progressively, mimicking idiopathic spo-

radic late-onset ataxia (B€urk et al., 2010). Patients respond poorly

to immunotherapy. This poor response is imputed to the early and

diffuse loss of Purkinje cells observed in these patients (Fukuda

et al., 2003). In contrast, some case reports suggest that patients

with the rare non-paraneoplastic VGCC-Ab-associated cerebellar

ataxia may respond well to immunotherapy (Rigamonti et al.,

2014). Numerous observations support the hypothesis of a direct

pathogenic role of VGCC-Abs in the development of cerebellar

ataxia: P/Q-type VGCCs, which are involved in neurotransmitter

release in the synaptic cleft (Simms & Zamponi, 2014), are promi-

nent in the cerebellum (Hillman et al., 1991), and mutations of P/Q

VGCCs cause ataxia in mice (Hillman et al., 1991; Fletcher &

Lennon, 2003). Post-mortem brain examination revealed a diffuse

loss of Purkinje cells along with Bergmann’s gliosis, with only

minor or absent lymphocytic perivascular infiltration (Fukuda et al.,

2003), arguing against a major role of cellular immunity. Further-

more, P/Q type VGCC density is decreased by 70–80% in the cere-

bellum of VGCC-Ab cerebellar ataxia patients compared to control

subjects (Fukuda et al., 2003). Indirect experimental arguments were

provided by a study using a polyclonal antibody generated against a

major epitope in the P/Q-type VGCCs that inhibited VGCC function

in neuronal and recombinant VGCCs, altered cerebellar synaptic

transmission, and conferred the phenotype of cerebellar ataxia (Liao

et al., 2008). More importantly, passive immunization of mice with

antibodies from VGCC-Ab cerebellar ataxia patients induced acute

ataxia in mice, demonstrating the pathogenic potential of VGCC-

Abs (Mart!ın-Garc!ıa et al., 2013). Questions remain concerning the
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variability of the clinical manifestations associated with VGCC-Abs

between patients. Differences in the production site of VGCC-Abs

and in antibody epitope specificities may provide an explanation for

this variability.

Cerebellitis associated with antibodies directed against
Tr/DNER

Anti-Tr/Delta/notch-like epidermal growth factor-related receptor

(DNER) antibodies are associated with paraneoplasic cerebellar

degeneration and Hodgkin’s lymphoma (Graus et al., 1997; de

Graaff et al., 2012; Greene et al., 2014). More than 40 patients have

been reported with symptoms typically including progressive nystag-

mus, limb ataxia, dysarthria and gait ataxia (Trotter et al., 1976;

Graus et al., 1997; Bernal et al., 2003; de Graaff et al., 2012;

Greene et al., 2014; Probst et al., 2015). Even with successful

Hodgkin disease treatment, ataxia correlated with cerebellar atrophy

is irreversible in many patients (de Graaff et al., 2012). DNER, the

actual target antigen of anti-Tr antibodies, is a CNS-specific Notch

ligand transmembrane protein expressed on Purkinje cells (de Graaff

et al., 2012). During development, DNER is involved in the crucial

interaction between Purkinje cells and Bergmann’s glia (Eiraku

et al., 2005). Anti-Tr/DNER antibodies are mainly of the IgG1 and

IgG3 subclass (Bernal et al., 2003) and intrathecally produced

(Graus et al., 1997). Their main epitopes have been mapped to an

N-glycosylated extracellular region of DNER (de Graaff et al.,

2012). While it is plausible that DNER antibodies act by disrupting

DNER-Notch signalling, this remains to be confirmed. Thus, proof

of the pathogenicity of anti-DNER antibodies is still lacking and the

exact pathogenic mechanisms of this disorder remain to be

demonstrated.

Conclusions

The rapidly expanding types of autoimmune encephalitis have stim-

ulated fruitful clinical and fundamental investigations, aiming to

specify the role of the autoantibodies associated with these disorders

(Table 1). Interestingly, some of these autoantibodies, in general tar-

geting ionotropic channels or their partner proteins, define clinical

syndromes that resemble the models of pharmacological or genetic

disruption of the corresponding antigen, arguing for a pathogenic

role of the associated autoantibodies. Different studies have shown

that patients’ antibodies may have structural and functional in vitro

effects on the targeted antigens. However, definitive proof of the

pathogenicity of these autoantibodies has been obtained for only a

few antibodies by passive transfer experiments in murine models

reproducing the human disease symptoms. Examples for autoanti-

bodies with a direct effect are mGluR1R, NMDAR, amphiphysin,

VGCC and GAD-65 antibodies. However, although strong evidence

points toward a dysfunction of the targeted antigen’s signalling and

the synaptic apparatus that regulates it, the molecular cascades and

cellular dynamics by which these autoantibodies induce pathological

processes remain often poorly understood. In diseases for which no

direct pathogenic role for associated autoantibodies has been demon-

strated, patients often show great variability of the clinical presenta-

tions, which may possibly reflect a more complex pathogenicity. In

these cases, the autoantibodies may serve as disease biomarkers and

for characterization of the involvement of the immune system in the

disease. However, they may present only one factor among other

immune agents. Further clinico-biological correlation and experi-

mental investigations will be necessary to understand the

mechanisms of the underlying immune reaction.

Finally, these autoimmune encephalitides offer unique models of

brain–immune interactions in which the targeted antigens have

critical roles in synaptic transmission and plasticity. Therefore,

studies of the role of each associated autoantibody should open

new avenues to understand the molecular mechanisms of some

neurological and psychiatric disorders. These rare diseases with

specific antibodies may provide novel experimental tools to deci-

pher the role of the targeted synaptic proteins and their involve-

ment in neurological and psychiatric dysfunctions observed in

patients.
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