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Autoimmune ‘secondary synaptopathies’: do
NMDAR antibodies cause a primary

extra-synaptopathy?

This scientific commentary refers to ‘NMDA receptor autoanti-
bodies primarily impair the extrasynaptic compartment’ by Jamet
et al. (https://doi.org/10.1093/brain/awae163).

The field of autoantibody-mediated neurological illnesses has ex-
panded rapidly over the past 15 years, with many new forms of en-
cephalitis identified. Today, the two most commonly diagnosed
autoimmune encephalitides are those associated with autoanti-
bodies against leucine-rich glioma-inactivated protein 1 (LGI1)" or
the N-methyl-p-aspartate receptor (NMDAR).? In both conditions,
autoantibodies are exclusively directed against known brain anti-
gens, and passive transfer of these autoantibodies to experimental
rodents mimics key aspects of the disease phenotype, fulfilling
Witebsky’s criteria for pathogenicity.? But despite these advances,
the molecular mechanisms underlying pathogenicity remain poorly
understood, limiting the development of new therapies for patients.

The presence of NMDAR antibodies has been associated with di-
verse psychiatric features, as well as with multifocal seizures,
memory deficits, decreased consciousness and autonomic instabil-
ity.>* Studies have concluded that these bivalent antibodies trigger
internalization of surface neuronal NMDARs within 2 h (without af-
fecting neighbouring synaptic proteins), leading to synaptic
NMDAR hypofunction.>*® This NMDAR internalization is not ob-
served with monovalent Fab fragments. Autoimmune disease asso-
ciated with NMDAR antibodies is therefore considered a pure
NMDAR-IgG-opathy, with disruption of glutamatergic transmission
leading to the induction of symptoms. Removal of autoantibodies
from hippocampal neuronal cultures reverses this effect, restoring
NMDARs to the cell surface’ this is considered the molecular
mechanism for patient recovery. Current dogma thus upholds a
simple pathophysiological model whereby bivalent autoantibodies
cross-link synaptic NMDARSs, leading to their internalization. In this
issue of Brain, Jamet and colleagues’ challenge the details of this
mechanism by reframing the primacy of synaptic dysfunction,
the purity of the dysfunction and the relevance of antibody biva-
lency. Their findings call for a change in the classification and mo-
lecular nosology of NMDAR-antibody encephalitis, and potentially
for other syndromes associated with autoantibodies that target
key neuronal autoantigens.

For several years, it has been recognized that the synaptic cleft,
which is 10-40-nm wide and further constrained by the presence of

abundant extracellular matrix proteins,® is an inaccessible and in-
hospitable space for ~10-15-nm high IgG molecules. The question
then arises, are these disorders truly ‘synapt’-opathies and, if so,
how do autoantibodies infiltrate this narrow space to trigger dys-
function of synaptic autoantigens (Fig. 1)?

To address these questions, Jamet and colleagues’ employed
advanced single molecule-based imaging to observe the action of
NMDAR antibodies on live dissociated hippocampal neurons.
Their findings yield new insights which may reframe thinking in
the field. First, they observed that within 30 min of incubation
with neurons, patient CSF or monoclonal NMDAR antibodies mark-
edly enhanced the dynamics of extrasynaptic NMDARs, without af-
fecting synaptic (Homer-co-localized) NMDARs. These changes
were accompanied by an increase in the area of the extrasynaptic
surface protein interactome, with marked disorganization of mem-
brane proteins in the extrasynaptic compartment.

Importantly, synaptic proteins were not altered over this time
course. However, after 24 h of antibody incubation, synaptic dy-
namics and the synaptic interactome had also been disrupted.
This suggests that the immediate effect of NMDAR antibodies
was extrasynaptic, occurring in a subcellular region not con-
strained by the ~20 nm synaptic cleft. Further, these rapid effects
included modulation of proteins neighbouring the NMDAR, indicat-
ing a broader impact than previously understood. To complement
co-localizations with canonical synaptic markers, the authors
then conjugated NMDAR antibodies to 1-um wide beads to defini-
tively deny them access to the synaptic cleft. This purely extrasy-
naptic model effectively mimicked the effects of the patients’
antibodies over the 30-min and 24-h time courses. Finally, this
study challenged the long-standing dogma of crosslinking-
mediated internalization of NMDARs by showing that the number
of GluN1l-expressing clathrin-coated pits did not increase after
antibody exposure; instead NMDARs were redistributed at the
neuronal surface, as was also observed for Fab fragments.

The findings of Jamet and colleagues’ (summarized in Fig. 1) re-
present molecular, clinical and nosological advances in our under-
standing of NMDAR-antibody encephalitis. They suggest that
primary autoantibody-induced dysfunction is extrasynaptic, and
that the synaptic effects are secondary, occurring over a delayed
time course. This is consistent with early reports of an extrasynap-
tic mechanism based on autoantibody specificity.” According to
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NMDA receptor autoantibodies primarily
impair the extrasynaptic compartment
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Figure 1 Dysregulation of the extrasynaptic compartment is proposed to result in secondary synaptopathy. Left: The synaptic cleft is a narrow space
rich in extracellular matrix proteins; its small size means that molecules crossing it must also be small. Right: Overview of the findings of Jamet and
colleagues.” Figure created with BioRender.com.
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