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Anti-NMDA-receptor encephalitis: case series and analysis of 
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Rita Balice-Gordon, David R Lynch

Summary
Background A severe form of encephalitis associated with antibodies against NR1–NR2 heteromers of the NMDA 
receptor was recently identifi ed. We aimed to analyse the clinical and immunological features of patients with the 
disorder and examine the eff ects of antibodies against NMDA receptors in neuronal cultures.

Methods We describe the clinical characteristics of 100 patients with encephalitis and NR1–NR2 antibodies. HEK293 
cells ectopically expressing single or assembled NR1–NR2 subunits were used to determine the epitope targeted by 
the antibodies. Antibody titres were measured with ELISA. The eff ect of antibodies on neuronal cultures was 
determined by quantitative analysis of NMDA-receptor clusters.

Findings Median age of patients was 23 years (range 5–76 years); 91 were women. All patients presented with psychiatric 
symptoms or memory problems; 76 had seizures, 88 unresponsiveness (decreased conciousness), 86 dyskinesias, 
69 autonomic instability, and 66 hypoventilation. 58 (59%) of 98 patients for whom results of oncological assessments 
were available had tumours, most commonly ovarian teratoma. Patients who received early tumour treatment (usually 
with immunotherapy) had better outcome (p=0·004) and fewer neurological relapses (p=0·009) than the rest of the 
patients. 75 patients recovered or had mild defi cits and 25 had severe defi cits or died. Improvement was associated 
with a decrease of serum antibody titres. The main epitope targeted by the antibodies is in the extracellular N-terminal 
domain of the NR1 subunit. Patients’ antibodies decreased the numbers of cell-surface NMDA receptors and NMDA-
receptor clusters in postsynaptic dendrites, an eff ect that could be reversed by antibody removal. 

Interpretation A well-defi ned set of clinical characteristics are associated with anti-NMDA-receptor encephalitis. The 
pathogenesis of the disorder seems to be mediated by antibodies. 

Funding National Institutes for Health, University of Pennsylvania Institute for Translational Medicine, Lankenau 
Institute for Medical Research, Foederer Foundation of the Children’s Hospital of Philadelphia.

Introduction
NMDA receptors are ligand-gated cation channels with 
crucial roles in synaptic transmission and plasticity. The 
receptors are heteromers of NR1 subunits that bind 
glycine and NR2 (A, B, C, or D) subunits that bind 
glutamate.1 NR1 and NR2 combine to form receptor 
subtypes with distinct pharmacological properties, 
localisation, and ability to interact with intracellular 
messengers. Overactivity of NMDA receptors causing 
excitotoxicity is a proposed underlying mechanism for 
epilepsy, dementia, and stroke, whereas low activity 
produces symptoms of schizophrenia.2–4 

We recently identifi ed a disorder, designated anti-
NMDA-receptor encephalitis, that associates with 
antibodies against NR1–NR2 heteromers and results in a 
characteristic neuropsychiatric syndrome.5 The fi rst 
patients identifi ed were young women with ovarian 
teratoma who presented with psychosis or memory 
problems, rapidly progressing to multiple neurological 
defi cits requiring prolonged intensive care support. 
Despite the severity of the disorder, patients often 
recovered after tumour removal and immunotherapy, 
suggesting an immune-mediated pathogenesis. 
Preliminary studies suggested the target epitopes were 

located in extracellular regions of NR1–NR2B NMDA 
receptors.5 However, selective disruption of receptors 
containing NR2B, which are predominantly expressed in 
the forebrain and hippocampus, would not explain the 
extensive defi cits of patients. We postulated that the 
crucial epitopes were present in the more widely 
expressed NR1 subunit. If the antibodies were pathogenic 
we reasoned that their eff ects on NMDA receptors would 
be reversible because most patients recover. 

We report the clinical features of 100 patients, analysing 
the frequency and type of tumour association, antibody 
titres, and response to treatment. We also investigate the 
epitopic region of the NMDA receptor and how antibodies 
aff ect NMDA receptors in primary cultures of 
hippocampal neurons.

Methods
Patients and procedures
Clinical information was obtained by the authors or 
provided by referring physicians, and has been partly 
reported for 21 patients.5–9 The webappendix contains 
additional information and details of control individuals. 
Control samples were obtained from 20 healthy individuals 
and 230 patients with suspected autoimmune or 
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paraneoplastic encephalitis, or patients with tumours 
without encephalitis examined during the period of this 
study. Samples were from patients seen at University of 
Pennsylvania or patients referred to the university for a 
study of autoimmune disorders. All patients had brain 
MRI, radiological screening for a systemic neoplasm, and 
serological or CSF studies that ruled out other disorders 
(webappendix). Serum and CSF were tested for antibodies 
against the NMDA receptor,5 and considered positive if 
three immunohistochemical criteria were fulfi lled 
(fi gure 1). Antibody titres were measured with ELISA on 
HEK293 cell lysates ectopically expressing NR1 or NR1–
NR2B heteromers (webappendix). Studies were approved 
by the University of Pennsylvania Institutional Review 
Board.

Neurological outcome was assessed with the modifi ed 
Rankin scale (MRS)10 and mini-mental state examination 
(MMSE).11 Patients were described as having full recovery 
if they returned to their jobs (MRS 0, MMSE 29–30); mild 
defi cits, if they returned to most activities of daily living 
and remained stable for at least 2 months (MRS 1–2; 
MMSE >25–28); and severe defi cits for all other cases. 

HEK293 cells transfected with rodent (or human) NR1 
or NR2 (A, B, C, or D), or co-transfected with plasmids 
expressing NR1 and NR2 in equimolar ratios were fi xed 
in 4% paraformaldehyde, permeabilised with 0·3% 
Triton X-100 and co-incubated with patients’ sera (diluted 
1:200 [0·5%]) or CSF (1:10 [10%]) along with a rabbit 
monoclonal antibody against NR1 (1:10 000, AB9864 

Chemicon, Temecula, CA, USA) or rabbit polyclonal 
antibodies against NR2A (1:200, Upstate, Lake Placid, 
NY), NR2B (1:200, Zymed, San Francisco, CA) or NR2C 
(1:200, Chemicon), followed by the appropriate 
fl uorescent secondary antibodies.5

To determine the location of the main epitope region, we 
took advantage of the property of NR1 to stably assemble 
homomers,12 and of a modifi ed NR1 subunit (NR1d4), in 
which amino-acid residues 25–380 are deleted but which 
still assembles with NR2B (webappendix). The reactivity of 
patients’ sera with these heteromers (NR1d4–NR2B) was 
examined by immunocytochemistry as described above. 

Embryonic rat hippocampal neurons were cultured as 
previously described.13 To determine the degree of 
immunolabelling of NMDA receptors by patients’ 
antibodies, rat hippocampal neurons after 14 days in vitro 
were incubated with patients’ CSF (1:15 dilution in 0·25% 
Triton X-100) and a rabbit monoclonal antibody against 
NR1 (1:1000, Chemicon) for 2 h at room temperature 
followed by the appropriate fl uorescent-conjugated 
secondary antibodies (Jackson Immunologicals, West 
Grove, PA, USA). Imaging and quantifi cation was done 
as previously reported13 (webappendix).

To determine the eff ects of patients’ antibodies on the 
number of NMDA-receptor clusters, neurons were 
incubated with either patients’ or control CSF applied 
daily from day 7 to day 14 in vitro. Each day, 20 μL of the 
300 μL total medium was replaced with 20 μL of CSF. In 
parallel, neurons were incubated with patients’ CSF from 
day 7 to day 10 followed by incubation with control CSF 
from day 10 to day 14. On day 10 or day 14, neurons were 
washed, fi xed, permeabilised and immunostained. 
Imaging and quantifi cation were done as previously 
described13 (webappendix).

Cultures of embryonic rat hippocampal neurons13 were 
incubated for 24 h with IgG isolated from serum of 
patients or control individuals. Cell-surface proteins were 
biotinylated and then isolated from the whole cell lysate.14 
The cell-surface fraction of NR1 from neurons treated 
with either patients’ or control IgG were then quantifi ed 
by immunoblot analysis (webappendix). 

Statistical analysis
Statistical analyses were done with SAS 9.1 (version 9.1, 
SAS Institute, Cary, NC, USA). Contingency tables were 
analysed with Fisher’s two-sided exact test. Diff erences 
in antibody titres among groups were analysed with the 
Kruskal-Wallis and Wilcoxon sum rank tests, with the 
Bonferroni correction for pairwise tests. The eff ects of 
IgG and CSF on neuronal cultures were analysed with 
the Kruskal-Wallis non-parametric ANOVA followed by 
Dunn’s pairwise comparison.

Role of the funding source
The sponsor of the study had no role in study design, 
data collection, data analysis, data interpretation, or the 
writing of the report. The corresponding author had full 
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Figure 1: Immunohistochemical criteria for the presence of NR1–NR2B antibodies

Sera and CSF from all patients’ with anti-NMDA-receptor encephalitis showed identical antibody reactivity in three 

diff erent assays. Coronal section of rat brain incubated with a representative CSF (A) shows intense reactivity 

predominantly involving the hippocampus. Cultures of non-permeabilised live rat hippocampal neurons (B) 

incubated with the same CSF show extensive cell-surface immunolabelling. HEK293 cells transfected with NR1 and 

NR2B (forming NR1–NR2B heteromers of the NMDA receptor) show intense reactivity with patients’ CSF (C); this 

reactivity co-localises (D) with the reactivity of a monoclonal rabbit antibody against NR1 (E). Immunofl uorescence 

method, nuclei of cells shown with 4’,6-diamidino-2-phenylindole (DAPI). A x25; B x800 oil lens; C–E x400.
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access to all the data in the study and had fi nal 
responsibility for the decision to submit for publication.

Results
Table 1 summarises the clinical information. 86 patients 
who could be assessed had headache, low-grade fever, or 
a non-specifi c viral-like illness within 2 weeks before 
hospital admission. 77 patients presented with prominent 
psychiatric symptoms, including anxiety, agitation, 
bizarre behaviour, delusional or paranoid thoughts, and 
visual or auditory hallucinations. 23 presented with short-
term memory loss or seizures alone or associated with 
psychiatric manifestations. 

During the fi rst 3 weeks of symptom presentation, 76 
patients had seizures. 88 patients developed decreased 
consciousness, progressing to a catatonic-like state, with 
periods of akinesis alternating with agitation, and 
diminished or paradoxical responses to stimuli (eg, no 
response to pain but resisting eye opening). Some 
patients mumbled unintelligible words or had echolalia. 
Eye contact or visual tracking was absent or inconsistent. 
During this clinical stage, large proportions of patients 
developed dyskinesias, autonomic instability, and central 
hypoventilation (median time of ventilatory support, 

8 weeks; range 2–40 weeks). Orofacial dyskinesias were 
the most common; these included grimacing, masticatory-
like movements, and forceful jaw opening and closing, 
resulting in lip and tongue injuries or broken teeth. 37 
patients had cardiac dysrhythmias, including tachycardia 
or bradycardia, with prolonged pauses in seven patients; 
four needed pacemakers. 52 patients had dyskinesias, 

Patients

Women and girls 91 

Median age, range (years) 23, 5–76

Prodromal symptoms (information available for 84 patients) 72

Symptom presentation 

Psychiatric (fi rst seen by psychiatrist) 77

Neuropsychiatric (fi rst seen by neurologists) 23

Seizures

Any type 76

Generalised tonic-clonic 45

Partial complex 10

Other* 30

Dyskinesias and movement disorders 

Any type 86

Orofacial 55

Choreoathetoid and complex movements with extremities, 

abdomen or pelvis 

47

Abnormal postures (dystonic, extension), muscle rigidity, 

or increased tone

47

Other† 25

Autonomic instability‡ 69

Central hypoventilation 66

Data are numbers unless otherwise stated. *Eight secondary generalised seizures, 

six refractory status epilepticus, seven focal motor, seven not classifi ed, two 

epilepsia partialis continua. †Nine myoclonus, eight abnormal ocular movements 

(eye deviation, nystagmus or ocular dipping), fi ve tremor, three ballismus. 

‡37 cardiac dysrhythmia (16 tachycardia, seven bradycardia, 14 both); 

36 dysthermia (27 hyperthermia, three hypothermia, six both); 21 blood pressure 

instability (12 hypertension, three hypotension, six both); 20 hyperhydrosis; 

18 sialorrhoea; six hyperpnoea; four adynamic ileus.

Table 1: Characteristics and clinical features

Patients

EEG (information for 92 patients)

Total with abnormal fi ndings 92

Slow activity* 71

Epileptic activity 21

Brain MRI 

Total with abnormal fi ndings 55

Medial temporal lobes 22

Cerebral cortex 17

Cerebellum 6

Brainstem 6

Basal ganglia 5

Contrast enhancement in cortex, meninges, basal ganglia 14

Other† 8

CSF

Total with abnormal fi ndings 95

Lymphocytic pleocytosis‡ 91

Increased protein concentration§ 32

Oligoclonal bands positive (information for 39 patients) 26

Tumour (information for 98 patients) 

All 58

Women

Mature teratoma of the ovary 35

Inmature teratoma of the ovary 14

Radiologically demonstrated teratoma 4

Other¶ 3

Men

Immature teratoma of the testis 1

Small-cell lung cancer 1

Treatment

Tumour resection 51

Immunotherapy 92

Corticosteroids 76

Intravenous immunoglobulin 62

Plasma exchange 34

Rituximab 10

Cyclophosphamide 9

Azathioprine 1

Other|| 10

Only supportive care 2

*EEG delta or theta activity, generalized or in frontotemporal regions. †Other 

areas of abnormal signal in MRI FLAIR/T2: four corpus callosum, two 

hypothalamus, one periventricular, one multifocal white-matter change. ‡Median 

32 cells/μL, range 5–480 cells/μL. §Median 67 mg/dL, range 49–213 mg/dL. ¶One 

sex-cord stromal tumour, one neuroendocrine tumour, one teratoma of the 

mediastinum. ||Seven chemotherapy, three electroconvulsive therapy.

Table 2: Ancillary tests and treatment 
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autonomic instability, and hypoventilation, 27 patients 
had two of these symptoms, and 14 had just one; the 
remaining seven patients developed a milder syndrome 
of seizures and psychiatric symptoms. 

Table 2 shows EEG, brain MRI, and CSF fi ndings. 
92 patients had extensive EEG monitoring, 77% had 
generalised or predominantly frontotemporal slow or 
disorganised activity (delta-theta) without epileptic 
discharges. Of the 100 patients, 55 had increased signal 
on MRI fl uid-attenuated inversion recovery or T2 
sequences; 14 of these patients had faint or transient 
contrast enhancement of the cerebral cortex, overlaying 
meninges, or basal ganglia. These fi ndings were limited 
to a single area of the brain in 19 patients: 16 had 
abnormalities in medial temporal lobes, two in the corpus 
callosum, and one in the brainstem. Follow-up studies in 
70 patients showed that many of those who recovered or 
were left with mild defi cits had improved or normalised 
MRI (webappendix).  

14 patients had brain biopsy: fi ndings for two were 
normal, 12 showed mild perivascular lymphocytic cuffi  ng, 
and ten microglial activation. All had negative results for 
neuronophagic nodules and viral assays.

58 (59%) of 98 patients had a neoplasm (table 2); two 
died before tumour assessment. All but one of these 
patients developed neurological symptoms before the 
tumour diagnosis (median 8 weeks, range 1–380 weeks). 

In six patients, the tumour was diagnosed after recovery 
from the encephalitis (56–380 months). Ovarian teratoma 
identifi ed with CT, MRI, or ultrasound was a common 
tumour type (median size 6 cm, range 1–22 cm). Eight 
patients had bilateral teratomas; four were synchronous, 
two had history of a contralateral teratoma, and two 
developed contralateral teratomas before recurrence of 
the encephalitis. All teratomas contained nervous tissue; 
25 were examined for expression of NMDA receptors, 
and all were positive (data not shown).

One boy (11 years old, without tumour) and 21 women 
and girls were younger than 19 years (median 15 years, 
range 5–18 years); 12 had an ovarian teratoma (fi ve with 
immature features), and nine had no tumour. Metastases 
were identifi ed only in one man with immature teratoma 
of the testis. 

Seven patients with cancer did not have tumour 
resection (one small-cell lung cancer, two teratomas 
found at autopsy, four not removed). Six patients who 
had tumours removed did not receive immunotherapy 
(table 2). 40 of 42 patients without tumour had 
immunotherapy and two had supportive care. 

Median follow-up was 17 months (1–194 months): 
47 patients had full recovery, 28 mild stable defi cits, 
18 severe defi cits, and seven died as a result of the 
neurological disorder. Patients whose tumour was 
identifi ed and removed within the fi rst 4 months of the 
onset of the neurological disease had better outcome 
than the rest of the patients (fi gure 2). The median time 
from symptom presentation to initial signs of 
improvement was 8 weeks (range 2–24 weeks) for the 
group of patients with early tumour treatment, 11 weeks 
(4–40 weeks) for the group whose tumour was treated 
late or not treated, and 10 weeks (2–50 weeks) for the 
group without tumour (Kruskal-Wallis, p=0·10)

The median duration of hospitalisation was 2·5 months 
(range 1–14 months). While hospitalised, seven patients 
had high levels of serum creatine kinase, six developed 
pulmonary embolism, six transient aphasia, four 
hemiparesis, and four tetraparesis. After discharge, 
64 (85%) of the 75 patients who were left with mild 
defi cits or eventually attained full recovery had signs of 
frontal-lobe dysfunction including poor attention and 
planning, impulsivity, and behavioral dysinhibition; 
20 (27%) had prominent sleep dysfunction, including 
hypersomnia and inversion of sleep patterns.

15 patients had one to three relapses of encephalitis 
(webtable 2). The median time between initial presentation 
and last relapse was 18 months (1–84 months). Relapses 
were less common in patients with early tumour 
treatment (1 of 36) than in other patients (14 of 64; 
p=0·009), including patients whose tumour was treated 
late (six of 22; p=0·009) and patients without tumour 
(eight of 42; p=0·03). None of the patients was receiving 
immunotherapy at the time of the neurological relapse.

Seven patients died of the neurological disorder 
(webappendix), although the diagnosis was established 
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Figure 2: Response to treatment 

Patients whose tumour was diagnosed and treated within 4 months of 

neurological symptom development had better outcomes (full recovery or mild 

defi cits) than those whose tumour was treated after 4 months of neurological 

symptom development or not treated (p=0·03), those without tumour 

(p=0·006), and these two groups combined (p=0·004). See webtable 1 for more 

details.

See Online for webtable 2

See Online for webtable 1
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retrospectively by examining archived CSF for all of 
them.

Analysis of the reactivity of patients’ sera or CSF against 
the indicated NMDA-receptor subunits or heteromers 
showed that antibody reactivity was not modifi ed by 
changing the NR2 subunit (A, B, C, or D) and was 
retained by homomers of NR1 (webtable 3). Having 
established that NR1 was recognised by all patients’ 
antibodies, we investigated the epitope region by use of a 
plasmid (NR1d4) that encodes an NR1 subunit lacking 
amino-acid residues 25–380 that can nevertheless 
assemble with NR2B. The successful expression of 
NR1d4–NR2B in HEK293 cells was confi rmed by 
immunocytochemistry with the indicated mouse and 
rabbit antibodies against NR1 and NR2B (data not 
shown). The use of these heteromers abrogated the 
reactivity of sera or CSF from 92 patients’, and 
substantially decreased the reactivity of the samples of 
the remaining eight cases. Hence the main epitope 
region recognised by all patients’ antibodies lies within 
the extracellular region of the NR1 subunit (webtable 3). 

To determine whether patients had intrathecal synthesis 
of antibodies, we fi rst measured the integrity of the 
blood–brain barrier.15 Of 58 patients with paired serum 
and CSF available, 53 had preserved integrity of the 
blood–brain barrier. Analysis of normalised concentrations 
of IgG showed that all 53 patients had higher 

concentrations of antibodies in CSF than in sera, 
indicating intrathecal synthesis of antibodies (fi gure 3). 
Of the 83 patients whose CSF was available, those with 
tumours had higher antibody titres than those without 
(fi gure 3). Four patients who died and whose CSF was 
available were among the group with the highest titres, 
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Figure 3: Analysis of NR1 antibody titres

In 53 patients with anti-NMDA-receptor encephalitis, antibody titres were higher in CSF than in serum (A). In 83 patients with anti-NMDA-receptor encephalitis (54 with tumour, 29 without tumour) 

and 50 controls (B), those with tumours had higher titres than those without (Wilcoxon rank, p<0·0001) and controls (p<0·0001). Six patients (one with tumour, fi ve without tumour) had very low 

ELISA readings that overlapped with the signal given by negative controls. These six patients had low antibody titres; in contrast, the 50 controls were negative. Solid lines indicate the mean of the 

titres in each group. The dotted line indicates three SD above the mean value given by background signal of negative controls. Follow-up of serum antibody titres (C) in 14 representative patients who 

had neurological improvement (black lines) and four who did not (red lines); the second time-point is the sample obtained at the last follow-up (median 5·6 months, range 2–83 months). The dotted 

line indicates three SD of the mean value given by background signal of 50 negative control sera. Similar results were obtained by ELISA with NR1–NR2 heteromers (data not shown). Values in A, B, and 

C are given in relative fl uorescence units (rfu) from the ELISA reader, and plotted in a logarithmic scale.
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Figure 4: Immunolabelling of neuronal NR1 clusters 

Left: Hippocampal neurons (14 days in vitro) immunostained with antibody against NR1 (black and white and 

green) or a patient’s CSF (black and white and red). Right: 91% of NR1 clusters are colabelled with patient’s CSF 

(yellow puncta in overlay), less than 9% of NR1-positive puncta remain unlabelled (green in overlay). Kruskal-Wallis 

non-parametric ANOVA followed by Dunn’s pairwise comparison, p<0·01.

See Online for webtable 3
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whereas the seven patients with milder syndromes had 
the lowest titres (data not shown). Patients who improved 
had a parallel decrease of serum titres, whereas those who 
did not improve maintained high titres in CSF and serum 
(fi gure 3). Follow-up CSF titres were not obtained in most 
patients after improvement. 

To assess the eff ect of patients’ antibodies on neuronal 
cultures, we fi rst determined the extent of immuno-
labelling of NR1 (or NMDA receptor) clusters in 
postsynaptic dendrites. Patients’ antibodies labelled 
nearly all clusters of NMDA receptors (fi gure 4). This 

antibody binding did not cause apoptosis (data not 
shown). However, adding patients’ IgG to rat hippocampal 
neuronal cultures produced a concentration-dependent 
decrease of the cell-surface fraction of NMDA receptors 
(fi gure 5). IgG from patients with high antibody titres 
produced a greater decrease of NMDA receptors than 
IgG from patients with low antibody titres (data not 
shown).

The eff ect of patients’ antibodies on clusters of NMDA 
receptors in postsynaptic dendrites was quantifi ed by 
confocal microscopy. Neurons treated with patients’ CSF 
for 3 days or 7 days had fewer clusters of NMDA receptors 
per length of postsynaptic dendrite than neurons treated 
with control CSF. By contrast, neurons treated for 3 days 
with patients’ CSF followed by 4 days with control CSF 
had similar numbers of clusters of NMDA receptors to 
those in neurons treated only with control CSF (fi gure 5). 
Patients’ antibodies did not change the concentrations of 
the postsynaptic protein PSD-95 (fi gure 5). Together, 
these fi ndings show that patients’ antibodies produce a 
selective and reversible decrease of NMDA-receptor 
clusters in postsynaptic dendrites. 

Discussion
Of 100 patients with anti-NMDA-receptor encephalitis, a 
disorder that associates with antibodies against the NR1 
subunit of the receptor, many were initially seen by 
psychiatrists or admitted to psychiatric centres but 
subsequently developed seizures, decline of 
consciousness, and complex symptoms requiring 
multidisciplinary care. While poorly responsive or in a 
catatonic-like state, 93 patients developed hypoventilation, 
autonomic imbalance, or abnormal movements, all 
overlapping in 52 patients. 59% of patients had a tumour, 
most commonly ovarian teratoma. Despite the severity of 
the disorder, 75 patients recovered and 25 had severe 
defi cits or died. 

This disorder largely aff ects young people, and its 
diagnosis is facilitated by the characteristic clinical picture 
that develops in association with CSF pleocytosis. By 
contrast to the consistency of the clinical picture, MRI 
fi ndings are less predictable; only 55% of patients had 
increased FLAIR or T2 signal in one or several brain 
regions, without signifi cant correlation with patients’ 
symptoms (data not shown). Our study indicates that 41% 
of patients with anti-NMDA-receptor encephalitis do not 
have a clinically detectable tumour, and that men and 
children can also be aff ected. Therefore, although the 
presence of a tumour that expresses NMDA receptors 
likely contributes to breaking immune tolerance, other 
unknown immunological triggers seem to be involved. 
This paradigm is similar to the Lambert-Eaton myasthenic 
syndrome, an antibody-mediated disorder of the 
neuromuscular junction that can occur with or without 
tumour association.16 In Lambert-Eaton myasthenic 
syndrome the presence of a small-cell lung cancer confers 
a poor neurological prognosis; however, in anti-NMDA-
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Figure 5: Eff ect of antibodies on the number of NMDA-receptor clusters in live neurons 

Representative immunoblot (A) of neuronal surface NR1 detection after incubation with control or patients’ IgG 

(μg/mL). Protein concentrations were normalised to concentrations of GABAA receptor subunit α2. Hippocampal 

neurons (B) cultured with control CSF or patients’ CSF from day 7 to day 14 in vitro (7 day treatment), or with 

patients’ CSF from day 7 to day 10 in vitro followed by control CSF from day 11 to day 14 in vitro (3 day treatment 

and 4 day recovery), then immunostained for NR1 (18–36 cells from each of three experiments). Boxed areas are 

shown below at higher magnifi cation. Fewer NR1-labelled clusters (C) were found in cultures treated with patient 

CSF for 3 or 7 days compared with those treated with control CSF or cultures treated with patient CSF followed by 

4 days recovery (18–36 cells from each of three experiments; Kruskal-Wallis non-parametric ANOVA, Dunn’s 

pairwise comparison, p<0·01). Incubation with patients’ CSF for 3 days or 7 days did not  aff ect the number of 

PSD-95 clusters (D; 18–36 cells from each of three experiments). 
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receptor encephalitis, detection of teratoma is a good 
prognostic factor, probably because this tumour is 
curable.

In anti-NMDA-receptor encephalitis the high prevalence 
of prodromal viral-like symptoms is intriguing. Direct 
viral pathogenesis is unlikely because extensive studies 
of CSF samples, brain biopsies, and autopsies were 
negative for viruses (data not shown). Whether the 
prodromal symptoms form part of an early immune 
activation,17,18 or result from a non-specifi c infection that 
facilitates crossing of the blood–brain barrier by the 
immune response is unknown.19,20 Nevertheless, the 
immune response eventually predominates in the 
nervous system as suggested by the high frequency of 
pleocytosis, oligoclonal bands, and intrathecal synthesis 
of NR1 antibodies. In general, patients with an underlying 
tumour develop more robust immune responses than 
those without a tumour.

A pathogenic role of patients’ antibodies is suggested by 
the correlation between antibody titres and neurological 
outcome and by the decrease in number of postsynaptic 
clusters of NMDA receptors caused by patients’ antibodies. 
The latter eff ect was reversed by removing the antibodies 
from the cultures, explaining the potential reversibility of 
patients’ symptoms. Consistent with this antibody-
induced decrease in the numbers of NMDA receptors, 
several NMDA-receptor antagonists such as MK801, 
ketamine, and phencyclidine cause symptoms similar to 
anti-NMDA-receptor encephalitis, including psychotic 
behaviour,21,22 signs of involvement of dopaminergic 
pathways (rigidity, dystonia, orofacial movements, 
tremor)22–25 and autonomic dysfunction (cardiac dys-
rhythmia, hypertension, hypersalivation).22,23,26,27 Further-
more, disruption of NR1 in animals results in 
hypoventilation.28 

A characteristic feature of patients who recover from 
anti-NMDA-receptor encephalitis is a persisting amnesia 
of the entire process (data not shown). This feature is 
compatible with disruption of the mechanisms of 
synaptic plasticity, thought to underlie learning and 
memory, in which the NMDA receptors play a key part.4

Recovery from this disorder is typically slow, and 
symptoms may relapse, especially in patients with 
undetected or recurrent tumours and patients with no 
associated tumours. Some of these patients may have an 
occult tumour; however, in only one of seven patients 
who underwent exploratory laparotomy was a tumour 
found (sex-cord stromal tumour; data not shown). A 
possible explanation for the slow recovery could be the 
inability of most commonly used treatments 
(corticosteroids, plasma exchange, intravenous 
immunoglobulin) to result in a rapid and sustained 
control of the immune response within the CNS. For 
example, in a few patients whose CSF was obtained 
during neurological improvement, the decrease of CSF 
antibody titres was substantially slower than that of 
serum titres.9 Furthermore, 13 of 17 patients unresponsive 

to the above therapies, responded to cyclophosphamide 
(fi ve), rituximab (six), or both (two; data not shown), 
drugs that are eff ective in other immune-mediated 
disorders of the CNS.29,30 

Anti-NMDA-receptor encephalitis represents a new 
category of immune-mediated disorder that is often 
paraneoplastic, treatable, and can be diagnosed 
serologically. Future studies should clarify the best type 
and duration of immunotherapy, the role of prodromal 
events in triggering the immune response, and the 
molecular mechanisms involved in decreasing the 
number of NMDA receptors.
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