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DISCLOSURES



Learning objectives

1. In autoantibody-mediated diseases, the antibodies target 
extracellular epitopes

2. During B cell development, naïve B cells evolve to acquire memory 
for antigens

3. Autoantibody generation can occur by contrasting mechanisms 
involving germinal centres and/or long lived plasma cells

4. Autoantibody levels are higher in the periphery than in the CSF
5. The CNS is no longer considered ‘immune privileged’, with clear 

afferent and efferent limbs
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development of GAD65 antibodies in mice with B cells; 
these antibodies did not alter the course of the disease.

Amphiphysin antibodies might be pathogenic. Passive 
transfer to mice of either IgG from two patients with these 
antibodies or affinity-purified amphiphysin antibodies 
resulted in stiffness and muscle spasms in the animals.43,44 
The antibodies alter GABAergic neuro transmission, 
possibly by reducing the surface expression of sodium–
potassium–chloride cotransporter 1.45 The antibodies are 
internalized in presynaptic terminals of spinal inhibitory 
neurons,44 and disrupt inhibitory synaptic transmission 
in the spinal cord and the recycling of inhibitory synap-
tic vesicles. Conversely, postmortem study of a patient 
with a syndrome associated with amphiphysin antibodies 
showed a CD8-predominant T-cell infiltrate in the brain, 
spinal cord and dorsal root ganglia.38

Overall, therefore, intracellular synaptic antigens 
are important for the function of inhibitory synapses. 
Although disruption of these proteins by antibodies might 
be responsible for some of the symptoms seen in patients, 
T-cell-mediated mechanisms also seem to be involved.

Cell-surface and synaptic antigens
Antibodies against cell-surface and synaptic antigens are 
being identified with increasing frequency (Table 2). The 
associated syndromes often mimic genetic or pharmaco-
logical disruption of the target antigens. Studying the 
functions of these important proteins will, therefore, 
prove helpful in improving our understanding of patients’ 
sy mptoms and the functions of these proteins in humans.

NMDA receptors
Since its discovery in 2007,1 the disorder associated with 
NMDAR antibodies has been reported in over 500 patients, 
including children,46 women with or without tera toma, 
and men.47 In the California Encephalitis Pro ject, which 
focuses on diagnosis of encephalitis of unclear aetiology, 

the incidence of encephalitis associated with NMDAR 
antibodies currently surpasses that of encephalit is with 
viral aetiology identified in young patients.48

NMDAR antibodies are associated with a characteris tic 
syndrome that frequently includes prodromal symp toms 
resembling a viral illness, followed in a few days or weeks 
by prominent psychiatric symptoms, catatonia, agita-
tion, seizures, decreased level of consciousness, abnor-
mal movements, and autonomic instability.49 This acute 
stage is followed by a prolonged phase of recovery, during 
which executive functions are altered and psychiatric 
symptoms often resurface. About 75% of patients ulti-
mately recover, usually slowly, over a period of months.47 
These symptoms resemble those associated with NMDAR 
antagonists, such as phencyclidine.47

The only tumour that is strongly associated with anti-
NMDAR encephalitis is ovarian teratoma.50 Prompt 
removal of this tumour, together with immuno therapy, 
is associated with more-rapid improvement of the 
encephalitis.47

The NMDAR is crucial for synaptic plasticity, learn-
ing, and memory. NMDAR antibodies produce effects 
similar to genetic disruption of the NMDAR. Mice with 
partial genetic disruption of the NR1 subunit of the  
NMDAR—the subunit that is the primary target of  
the antibodies—show impaired learning and stereotyped 
behavioural abnormalities that are suggestive of schizo-
phrenia, and mice with profound disruption of NR1 die 
early of respirato ry failure.51

Several lines of evidence support a pathogenic role 
for NMDAR antibodies in patients. First, these anti-
bodies decrease the levels of synaptic NMDAR and 
dis rupt NMDAR-dependent synaptic currents in cul-
tured neurons.49,52 These effects are reversible and 
depend on antibody-mediated capping and internaliza-
tion of the receptor, as Fab fragments do not have these 
effects.52 Second, patients with NMDAR antibodies 

Figure 1 | Autoantigens and mechanisms of neuronal dysfunction. a | Antibodies to intracellular antigens, such as HuD, might 
not be pathogenic but could instead indicate a T-cell-mediated response against neurons. b | Intracellular synaptic antigens, 
such as GAD65, may be targeted by both antibodies and T-cell-mediated mechanisms. Which of these mechanisms is more 
important remains controversial. c | Cell-surface receptors are functionally disrupted by antibodies. Antibodies against NMDAR 
and AMPAR have been shown to cause receptor cross-linking and internalization. Abbreviations: AMPAR, α-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid receptor; GAD65, 65 kDa glutamic acid decarboxylase; NMDAR, N-methyl-D-aspartate receptor.
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