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Structural Role for Protein
Phosphatase 2B at Synapses

Zhanmin Lin, Bin Wu, Maarten W.
Paul, Ka Wan Li, Yao Yao, et al.

(see pages 5579–5594)

Synaptic strength is regulated partly by ki-
nases and phosphatases that determine the
phosphorylation state of various synaptic
proteins. In the cerebellum, for example,
protein kinase C and CaMKII contribute to
long-term depression at parallel-fiber inputs
to Purkinje cells (PF–PC synapses), whereas
protein phosphatase 2B (PP2B) promotes
long-term potentiation (LTP) at these syn-
apses. The function of kinases and phos-
phatases is not limited to the regulation of
phosphorylation state, however. Previous
work has shown that CaMKII helps main-
tain synaptic organization by serving as a
docking protein. Lin et al. provide evidence
that PP2B has a similar role.

Previous work showed that deleting
PP2B selectively in Purkinje cells impaired
LTP at PF–PC synapses and disrupted adap-
tation of the vestibulo-ocular reflex (VOR).
This reflex causes the eyes to turn to coun-
teract head turning when one is fixating on
an object, and the amplitude of the reflex
adapts when the relationship between
head and visual field movement changes.
Knocking out PP2B reduced both decreases
and increases in VOR amplitude that occur
when a mouse and its visual field are rotated
in the same or opposite directions, and it
prevented phase reversal when the direction
of movement was reversed. Surprisingly, Lin
et al. found that a PP2B inhibitor did not
mimic the effect of PP2B deletion: it did
not prevent amplitude reduction, and it had
a relatively small effect on phase reversal
learning. Furthermore, learning deficits
caused by knocking out PP2B were partially
rescued by expressing mutant PP2B without
phosphatase activity.

PP2B knockout in Purkinje cells also
reduced levels of several postsynaptic density
proteins, including glutamate receptor subu-
nits and associated proteins, scaffolding
proteins, and CaMKII. Notably, expressing
kinase-dead PP2B in mutant mice rescued
expression levels of three of these proteins—
Shank2, Homer3, and mGluR1. Kinase-

dead PP2B also rescued reductions in post-
synaptic-density thickness induced by PP2B
knockout.

These data suggest that PP2B contrib-
utes to cerebellar learning not only by regu-
lating phosphorylation of synaptic proteins,
but also by helping to maintain the struc-
ture and composition of the postsynaptic
density. Given that PP2B is one of the most
abundant phosphatases in the brain, it is
likely to play similar roles at many other
synapses.

Link Between Misophonia and
the Mirror Neuron System
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Misophonia is a disorder in which specific
sounds evoke intense feelings of disgust or
anger that interfere with normal daily activ-
ities. The condition is distinct from sound
hypersensitivity in that only specific trigger
sounds evoke the emotional response. The
most common triggers are chewing,

sniffing, breathing, and similar sounds
made by others. Although little is known
about the neurological basis of misophonia,
imaging studies show that trigger sounds
activate the anterior insula and the salience
network. Given that most trigger sounds
are produced by orofacial movements,
Kumar et al. hypothesized that the mirror
neuron system is also involved.

The mirror neuron system, including
part of the ventral premotor cortex, is acti-
vated when one observes or hears the
actions of another, and it results in activa-
tion of motor cortical areas involved in pro-
ducing the same action. To determine
whether this system is involved in misopho-
nia, Kumar et al. measured brain activity in
people with or without misophonia using
fMRI, and assessed correlations in activity
(i.e., functional connectivity) when partici-
pants were at rest and when they were
exposed to trigger sounds, sounds that were
simply unpleasant, and neutral sounds.
Activation of auditory and orofacial motor
cortex by these sounds was also examined.

Compared with control subjects, people
with misophonia exhibited greater resting-
state connectivity between secondary audi-
tory cortex, secondary visual cortex, and the
portion of ventral premotor cortex activated
when people make or observe mouth move-
ments. Connectivity between the anterior
insula and ventral premotor, motor, somato-
sensory, primary visual, and secondary visual
cortices was also enhanced in people with
misophonia. All sounds evoked similar levels
of activity in auditory cortex in misophonia
subjects and control subjects, but sound-
evoked functional connectivity between au-
ditory cortex and the orofacial area of ventral
premotor cortex was greater in people with
misophonia, regardless of sound category.
Finally, in people with misophonia, trigger
sounds evoked greater activation of the oro-
facial area than other sounds.

These data support the hypothesis that
misophonia stems from hyperactivation of
the mirror neuron system and greater-
than-normal connectivity between this sys-
tem and the anterior insula. Why this
hyperactivation produces anger or disgust
and whether similar hyperactivation occurs
when misophonia triggers that are not pro-
duced by orofacial movement are encoun-
tered remain to be tested.
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The postsynaptic density of synapses between parallel fibers
(black asterisks) and Purkinje cell spines (white asterisks) is
thinner in Purkinje cells lacking PP2B (bottom) than in
wild-type neurons (top). See Lin et al. for details.
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