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1. Summary of the Project 
 

Our work has revealed a new category of potentially lethal autoimmune 

encephalitides that are curable if recognized and treated. Patients with these 

syndromes were previously diagnosed incorrectly or not known to have a treatable 

autoimmune process. We showed that these patients had autoimmune responses 

characterized by the presence of antibodies against extracellular epitopes of neuronal 

cell surface or synaptic receptors. We postulated and have since shown in some cases 

that the antibodies caused dysfunction of the target antigens resulting in alterations 

in synaptic transmission and excitability. In addition to providing a definitive diagnosis 

for patients that directs appropriate therapy with immunosuppressants, the 

identification of the target antigen(s) is used to develop highly specific blood tests that 

facilitate diagnosis. In this project we aimed to study 3 syndromes for which we had 

evidence of autoimmunity but for which the specific antibodies and target antigens 

had not been identified (Specific Aim 1). We also planned to continue studies on 

several previously identified novel autoimmune syndromes (Specific Aim 2). Finally in 

Specific Aim 3 we planned to investigate the effects of patients’ antibodies on 

neuronal function. 

 

 

2. Results 

 

Aim 1- To determine the range of symptoms/syndromes associated with NMDA, AMPA 

and GABAB receptor antibody related encephalitis 

 

Global Summary: Over the 3 years of this grant we determined the range of 

symptoms and syndromes associated with NMDA, AMPA and GABAB receptor 

encephalitis. As detailed below this work has provided the clinical descriptions of 

these 3 syndromes that allow for prompt recognition and diagnosis, and has provided 
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guidelines for treatment. We have further characterized the associated immune 

responses and are in the process of developing serologic tests (not an aim of the 

study). Importantly, we have shown that these autoimmune encephalitis syndromes 

are not uncommon and represent an expanding group of potentially treatable 

disorders that should be included in the differential diagnosis of any type of 

encephalitis [1,2]. 

 

NMDA receptor encephalitis. 

Our studies, including one of 577 patients with NMDA receptor encephalitis [3], have 

established the full clinical spectrum of this disorder, response to treatment and 

prognostic factors for long-term outcome. We have also characterized the clinical 

spectrum, response to treatment and outcome of NMDA receptor encephalitis in the 

pediatric and older aged populations [4-6]. We have also demonstrated that although 

rare, patients can present with partial syndromes such as isolated psychiatric 

presentations [7]. In some of these cases the patient were initially diagnosed with new 

onset psychosis or schizophrenia. We have uncovered a novel EEG pattern specific to 

this disorder that we have labeled extreme delta brush [8], and we have studied a 

variety of antibody testing methodologies and outlined optimal antibody testing 

strategies [9,10]. 

 

Our studies of this disorder have uncovered several new clinical-immunological 

associations. For example we have found that anti-NMDA receptor encephalitis can be 

triggered by a prior viral infection with herpes simplex virus and results in a syndrome 

previously described as non-viral choreoathetosis post-herpes encephalitis [11-15]. 

We have also shown that patients can develop overlapping autoimmune syndromes 

such as NMDA receptor encephalitis and a demyelinating disorder [16,17]. 

Recognition that these 2 disorders can co-exist is important because treatment and 

responses of each disorder are different. 
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AMPA receptor encephalitis. 

We first described this disorder in 2009 as mostly cancer associated, with seizures and 

memory deficits and primarily affecting adult women. We have now developed an 

improved screening method for these antibodies that facilitates this diagnosis [18]. 

The identification of additional cases suggests a broader clinical picture and although 

older women are more often affected than men, this disorder does rarely occur in 

young patients and men. 

 

GABAB encephalitis. 

We first reported this encephalitis in 2010 in 10 patients. We have now studied 

additional patients and published the findings of 20 of these patients [19]. This work 

confirmed the GABAB receptor as an autoantigen of paraneoplastic and non-

paraneoplastic limbic encephalitis, and expanded the phenotype of the syndrome to 

include ataxia, opsomyoclonus and status epilepticus. We also showed that long-term 

prognosis is dictated by the presence of a tumor. Our studies facilitate recognition of 

this disorder, which is important because these patients usually respond to treatment. 

 

Aim 2- To identity novel autoantigens of the indicated subgroups noted below of 

encephalitis using highly sensitive methods for the presence of antibodies to cell 

surface proteins: 

-Non-paraneoplastic limbic encephalitis 

-Rapidly progressive neuropsychiatric and autistic-like syndromes with CSF pleocytosis 

-Brainstem encephalitis/cerebellitis with opsomyoclonus and other eye movement 

disorders. 

 

Global Summary: We have identified a novel autoantigen associated with one of the 

indicated subgroups (non-paraneoplastic limbic encephalitis) that lead to the 

description of a previously unknown autoimmune encephalitis (anti-DPPX 

encephalitis). We have found that patients in the second subgroup, rapidly 
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progressive neuropsychiatric and autistic-like syndromes with CSF pleocytosis, in fact, 

often have anti-NMDA receptor encephalitis despite the unusual presentation. Finally 

we have shown that patients in the 3rd subgroup, brainstem encephalitis/cerebellitis 

with opsomyoclonus and other eye movement disorders, are often young women 

with ovarian teratoma, without autoantibodies and that this disorder responds to 

immunotherapy. Additionally, we have discovered several novel autoimmune 

encephalitis syndromes as noted below in further detail. In sum, with the completion 

of the work of this Aim, as with Aim 1, we have provided physicians with clinical 

descriptions that help them to recognize these treatment-responsive autoimmune 

conditions and are providing them with specific diagnostic tests. 

 

Novel autoimmune encephalitis discovered in this grant 

Encephalitis with antibodies to the GABAA receptor: Patients with this syndrome are 

children and adults who develop a rapidly progressive encephalopathy with refractory 

seizures, status epilepticus and/or epilepsia partialis continua. The disorder appears 

to be responsive to immunotherapy although the seizures often require 

pharmacologically induced coma until improvement [20]. 

 

Encephalitis with antibodies to IgLON5: These patients develop non-REM and REM 

parasomnias and sleep breathing dysfunction with stridor. The patients are often 

initially misdiagnosed with obstructive sleep apnea [21]. This disorder is associated 

with neurodegeneration and a novel tauopathy and thus provides a possible link 

between autoimmunity and neurodegenerative diseases. 

 

Encephalitis with antibodies to DPPX: This is a rapidly, progressive encephalitis, 

characterized by agitation, delusions, hallucinations, and myoclonic jerks and in most 

patients by severe diarrhea [22]. 
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Brainstem encephalitis/cerebellitis with opsomyoclonus and other eye movement 

disorders. This disorder primarily occurs in young women with ovarian teratoma 

without autoantibodies to the neuronal cell surface [23]. Patients often respond to 

immunotherapy. 

 

Encephalitis with antibodies to Homer-3. These patients develop acute cerebellar 

ataxia [24]. 

 

Encephalitis with antibodies to carbonic anhydrase: These patients developed a pan-

cerebellar syndrome in association with a systemic cancer [25]. 

 

Aim 3- To determine the effects of patients’ antibodies on the antigens and synapses 

in neuronal cultures. 

 

Global Summary: Our work has confirmed that the antibodies associated with 

autoimmune encephalitis are pathogenic. For example, for anti-NMDA receptor 

encephalitis we have proved that major mechanism of neuronal dysfunction is due to 

antibody mediated loss of NMDA receptors due to IgG-mediated cross-linking and 

internalization [26]. The antibody-mediated down-regulation of surface NMDARs was 

shown to engage homeostatic synaptic plasticity mechanisms. For anti-AMPA receptor 

encephalitis we have shown that patient antibodies selectively eliminate surface and 

synaptic AMPARs, resulting in a homeostatic decrease in inhibitory synaptic 

transmission and increased intrinsic excitability [18]. The implications of these 

findings extend beyond the autoimmune encephalitis under study in this application. 

For example, homeostatic responses to altered levels of neuronal activity have been 

found or hypothesized to occur in several neurological disorders, including epilepsy, 

myasthenia gravis, Alzheimer’s disease, and schizophrenia. In schizophrenia, and 

NMDA hypofunction models, loss of inhibition may contribute to symptom profile and 

disease progression. Thus our findings add to the general understanding of the 



	  
	  

7 
	  

mechanisms that drive synaptic circuit-level changes that underlie behavioral and 

neurological symptoms and may provide an important link between the 

pathophysiological events of anti-NMDAR encephalitis with those of other disorders 

with similar neuropsychiatric manifestations. 

 

 

3. Relevance and possible implications 

 

Our work has directly impacted patient care in several ways. 

 

1- The identification of new autoimmune encephalitis has reclassified syndromes 

of unclear pathogenesis (e.g. patients previously diagnosed with idiopathic disorders, 

or viral related diseases even when no viruses were found). We now know that many 

of these patients have autoimmune encephalitis and are potentially responsive to 

immunotherapy. 

 

2- Our detailed description of the clinical characteristics of these disorders helps 

to diagnose patients with atypical syndromes that did not fit well with any one 

particular disorder. For example, by revealing that some patients develop overlapping 

syndromes, patients that were previously considered as simply having an atypical 

presentation of one disease are now known to have 2 concurrent disorders (e.g. anti-

NMDA receptor encephalitis and a demyelinating disease) that each require different 

treatment. 

 

3- We have developed simple diagnostic tests that are in clinical use. 

 

4- Our studies of these patients (in particular anti-NMDA receptor encephalitis, 

which is the most frequent) have demonstrated prognostic and predictive factors for 

response to treatment and outcome that directs management of these patients. 
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5- Our studies of different antibody testing methods have demonstrated which 

method is the most sensitive and specific. 

 

On a basic level our work has the following relevance and impact. 

1- By examining antibody-induced changes of the structure and function of the 

target receptors our work has revealed novel and important mechanisms that link 

synaptic function with alterations in memory, behavior, seizures, movement disorders 

and sleep disturbances, among others. 

 

2- Knowledge of how antibodies affect receptor function has provided a new 

framework for analyzing and understanding synaptic health and function. 

 

3- Understanding how antibodies cause symptoms will lead to strategies to block 

their effects. 

 

Our findings will improve the understanding of the neuronal basis of symptoms in 

other disorders (e.g. NMDAR hypofunction hypothesis of schizophrenia or the 

decrease of synaptic GABAaR and status epilepticus). 
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