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Cultured Neurons Exhibit Sleep-Like
State

Valérie Hinard, Cyril Mikhail, Sylvain
Pradervand, Thomas Curie, Riekelt H.
Houtkooper, et al.

(see pages 12506 –12517)

Sleep is usually thought of as a whole-
body state initiated by specific brain areas.
But accumulating evidence suggests that
sleep is not always an organism-wide
phenomenon. For example, in some ceta-
ceans, EEG delta waves that define non-
REM sleep occur in one hemisphere at a
time; in humans, non-REM sleep activity
arises in frontal cortex and spreads poste-
riorly; in monkeys, sleep-like activity can
be recorded in some visual cortical neu-
rons while the animal is performing a task;
and in rats, individual cortical columns
can exhibit sleep- or wake-like activity
patterns when the animal is in the oppo-
site behavioral state. Hinard et al. show
that cultures of dissociated cortical neu-
rons from mice develop into mature net-
works that exhibit a stable, sleep-like state
comprising synchronized, low-frequency
burst activity. Adding a mixture of wake-
associated excitatory neurotransmitters
(glutamate, histamine, orexin, etc.) shifted
neurons to a tonic firing mode that lasted
several hours before returning to the sleep-
like state. Moreover, gene expression pro-
files and metabolite levels during sleep- and
wake-like states in vitro resembled those of
sleep and wakefulness in vivo.

Œ Development/Plasticity/Repair

Sox21 Represses Hes5, Allowing
Neuronal Differentiation

Satoru Matsuda, Ken-ichiro Kuwako,
Hirotaka James Okano, Shuichi
Tsutsumi, Hiroyuki Aburatani, et al.

(see pages 12543–12557)

Neural stem cells (NSCs) of the adult den-
tate gyrus are self-renewing and multipo-
tent, producing both glia and neurons.
Neurogenesis occurs in stages defined

morphologically and by expression of
specific markers. Dividing NSCs give rise
to neuronal progenitor cells (NPs) whose
progeny are committed to neuronal fate.
NPs proliferate and gradually acquire
neuronal properties as they progress
through three additional stages, the last of
which gives rise to postmitotic neurons.
Orderly, temporally appropriate progres-
sion through these stages is driven by
transcriptional activators and repressors,
but few of these transcription factors have
been identified. Matsuda et al. expand the
list by showing that Sox21, expressed in
stage 2a NPs, represses transcription of
Hes5, a transcription factor that inhibits
neuronal differentiation and maintains the
progenitor pool. Knockdown of Sox21 pre-
vented progression of NPs from stage 2a to
2b, whereas Sox21 overexpression increased
production of neurons. The latter effect was
counteracted by overexpressing Hes5.

f Behavioral/Systems/Cognitive

Orexin Neurons Use Glutamate to
Activate Histamine Neurons

Cornelia Schöne, Zhen Fang Huang
Cao, John Apergis-Schoute, Antoine
Adamantidis, Takeshi Sakurai, et al.

(see pages 12437–12443)

Orexin-expressing hypothalamic neurons
have roles in arousal, reward, and energy
balance. The effects on arousal are
thought to be mediated by orexinergic
projections to histaminergic neurons in
the hypothalamic tuberomammillary nu-
cleus. Although exogenous orexin induces
arousal that involves histaminergic signal-

ing, other neurotransmitters, including
glutamate, are also expressed in orexin-
containing neurons, and the effect of these
transmitters has not been examined until
now. Schöne et al. investigated such roles
by expressing channelrhodopsin in mouse
orexinergic neurons. Optical stimulation
of orexinergic axons in brain slices pro-
duced fast EPSCs in histaminergic neurons,
resulting in increased action potential firing.
These effects were blocked by AMPA recep-
tor antagonists, indicating that they were
mediated by glutamate release.

� Neurobiology of Disease

Rapamycin Reduces PrP Deposits in
Prion Disease

Constanza J. Cortes, Kefeng Qin, Julie
Cook, Ani Solanki, and James A.
Mastrianni

(see pages 12396 –12405)

The mammalian target of rapamycin
(mTOR), stimulated by nutrients and
growth factors, promotes nutrient use in
protein and lipid synthesis. Rapamycin
inhibits mTOR activity, thus slowing an-
abolic processes and stimulating au-
tophagy. Autophagy frees molecules from
dysfunctional proteins and organelles for
use in essential cell functions. Because au-
tophagy prevents accumulation of mis-
folded and aggregation-prone proteins,
rapamycin might be beneficial in neuro-
degenerative diseases characterized by
such accumulation. Indeed, rapamycin
has shown promise in animal models of
Alzheimer’s, Parkinson’s, and Hunting-
ton’s diseases. Cortes et al. investigated
whether rapamycin might be therapeutic
in Gerstmann-Sträussler-Scheinker dis-
ease (GSS), which is characterized by ex-
tracellular deposits of prion protein
(PrP). Rapamycin greatly reduced insolu-
ble PrP levels and nearly eliminated extra-
cellular PrP deposits in a mouse model.
Nonetheless, rapamycin only slightly de-
layed the onset and progression of ataxia
and slightly extended lifespan. Therefore,
neither PrP deposition nor impaired au-
tophagy is likely responsible for reduced
motor function and survival in GSS.

In mice at embryonic day 15.5, Sox21 (red) is expressed in
proliferating NPs (green, left) in the ventricular zone, but not
in mature neurons labeled with �III-tubulin (green, right).
Blue labels nuclei. See the article by Matsuda et al. for details.
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