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Proper development and function of the
nervous system requires a constant bal-
ancing of multiple competing forces: pro-
liferation versus differentiation, growth
versus retraction, synaptic potentiation versus
depression, and excitation versus inhi-
bition. Creating this balance involves
activation of the mechanistic target of
rapamycin (a growth-promoting protein)
by phosphatidylinositol 3-kinases and
AKT, and inhibition of this pathway by
the phosphatase PTEN. Loss of PTEN
function causes excessive brain growth and
increases neural activity. Consequently,
PTEN mutations are linked to megalen-
cephaly, autism, and epilepsy.

To elucidate how loss of PTEN function
affects transmission at different synapse
types, Barrows, McCabe et al. measured
evoked synaptic responses in wild-type
and PTEN-deficient glutamatergic and
GABAergic hippocampal neurons cultured
in pairs. In these cultures, each neuron
forms synapses with itself and with its part-
ner neuron, so all spikes evoke responses in
both cells. All evoked responses in PTEN-
deficient neurons were larger than those in
control cultures (in which both neurons ex-
pressed PTEN) regardless of whether the
PTEN-deficient neuron or its wild-type
partner was glutamatergic or GABAergic.
In contrast, the amplitude of responses
evoked in wild-type neurons depended on
their own and their partner’s phenotype.
Autaptic responses in GABAergic wild-type
neurons were larger than controls when these
neurons were paired with PTEN-deficient
glutamatergic neurons; but GABAergic re-
sponses evoked in wild-type glutamatergic
neurons partnered with GABAergic PTEN-
deficient neurons were smaller than in con-
trols. In all cases, changes in response
amplitude were associated with changes in
the number of synapses between cells.

Barrows, McCabe et al. also examined
how loss of PTEN in a subset of neurons

affected network activity in hippocampal
slice cultures. Calcium imaging revealed
that the number of active neurons and the
frequency of active bouts were unaffected by
PTEN loss. But the amplitude of calcium
events was greater in mutant slices than in
controls, suggesting that the neurons fired
more spikes when active. In addition, more
neurons fired synchronously in mutant
slices than in controls. Notably, both mu-
tant and wild-type neurons contributed to
these effects.

These results indicate that loss of
PTEN in a subset of neurons affects activ-
ity of the whole network by changing the
strength of several types of synapses. Fu-
ture work should test whether similar
changes occur in vivo.
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Atoh1 is a transcription factor required for
differentiation and/or maturation of several
distinct cell types, including auditory hair
cells, cerebellar granule cells, intestinal se-
cretory cells, and mechanosensory Merkel
cells. Atoh1 regulates transcription of differ-
ent sets of genes in each population to gen-
erate these varied cell types. The factors
enabling context-specific transcriptional
regulation by Atoh1 are unknown, but in-
teractions with other transcription factors
might play a role. These interactions, in

turn, might be regulated by phosphoryla-
tion of Atoh1.

Atoh1 has a basic helix-loop-helix
(bHLH) domain, which imparts target
specificity. This domain contains a single
phosphorylatable serine, S193. Previous
work has shown that a phosphomimetic
mutation at the analogous site (S292) in the
Drosophila homolog of Atoh1 prevented
transcriptional activation and thus pro-
duced a null phenotype, whereas a non-
phosphorylatable mutation caused minor
developmental abnormalities. Xie et al. now
report that S193 is phosphorylated in mice
and this phosphorylation affects Atoh1 fun-
ction in vivo. Hemizygous mice express-
ing a single nonphosphorylatable allele
(Atoh1S193A/LacZ mice) had abnormal folia-
tion in the cerebellum, impaired motor
coordination, and abnormal migration of
pontine neurons. The largest effect, how-
ever, was in the cochlea, where hemizygous
expression of Atoh1S193A caused progressive
hair cell degeneration beginning at late em-
bryonic ages, resulting in profound deafness
by 2 months of age. Homozygous expression
of Atoh1S193A produced a milder phenotype,
with hair cell degeneration beginning later
and leading to milder hearing loss. Unex-
pectedly, Atoh1-deficient mice expressing
one wild-type and one null allele also
showed hair cell degeneration and hearing
loss at 2 months of age. Although Atoh1
mutation did not affect expression levels
or DNA binding, the expression of several
target genes was either increased or de-
creased in hair cells expressing Atoh1S193A.

These results suggest that phosphoryla-
tion of Atoh1 regulates its transcriptional
activity in a tissue-specific manner. Given
that Atoh1S193A binds DNA, phosphoryla-
tion of this site likely affects Atoh1 function
by regulating its interactions with other
transcription factors. How disruption of
Atoh1 function causes loss of hair cells after
birth is less clear, given that Atoh1 expression
is substantially downregulated in hair cells
after birth. Future work should investigate
whether insufficient activation of Atoh1 target
genes during development make mature hair
cells more susceptible to degeneration.
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A two-neuron culture containing one wild-type neuron (left)
and one PTEN-deficient neuron (red soma, right). Green is
MAP2 staining. See Barrows, McCabe et al. for details.

The Journal of Neuroscience, September 6, 2017 • 37(36):i • i


