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F Cellular/Molecular

Dopaminergic Neurons Drive Striatal
Cholinergic Interneurons

Sebastian Wieland, Dan Du, Manfred J. Oswald,
Rosanna Parlato, Georg Köhr, et al.

(see pages 11549 –11559)

One function of dopaminergic projections
to the striatum is to signal the occurrence of
important stimuli, such as those that indi-
cate the possibility of reward. Striatal cho-
linergic interneurons (CINs) also reflect the
occurrence of salient stimuli: with an
early burst of spikes, a pause in tonic firing,
and/or a late burst. The late bursts—like
phasic firing in dopaminergic neurons—are
correlated with the likelihood and magni-
tude of reward, and the pauses allow princi-
pal striatal neurons to respond more
strongly to sensory input. Wieland et al.
asked how dopaminergic inputs shape CIN
activity in the mouse olfactory tubercle
(OT), a striatal region activated when odors
are attended to. Phasic optogenetic activa-
tion of dopaminergic neurons could evoke
each of the characteristic responses in CINs.
Initial burst responses required activation of
NMDA receptors, whereas late bursts re-
quired activation of D1-type dopamine re-
ceptors. Pauses in the absence of an initial
burst required activation of D2-type dopa-
mine receptors, but pauses after initial
bursts did not.

F Development/Plasticity/Repair

GluN2B and GluN2D Have Opposite
Effects on Map Refinement

Miwako Yamasaki, Rieko Okada,
Chihiro Takasaki, Shima Toki,
Masahiro Fukaya, et al.

(see pages 11534 –11548)

In rodents, facial whiskers are topographi-
cally represented in barrelettes in the tri-
geminal nucleus, barreloids in the thalamus,
and barrels in somatosensory cortex. These
topographic maps are refined by synaptic
activity during a critical period, and the re-
finement depends on NMDA receptors
(NMDARs). Yamasaki et al. report that
GluN2B and GluN2D, the two NMDAR
regulatory subunits expressed during pre-
natal and neonatal development, have op-

posing roles in map refinement. Whereas
barrelettes, barreloids, and barrels appeared
1 d later in mice lacking one copy of GluN2B
than in wild-type mice, the structures ap-
peared 1 d sooner than controls in GluN2D-
null mice. Similarly, the critical period
closed 1 d later than controls in GluN2B�/–

and 1 d sooner than controls in GluN2D–/–

mice. Neither mutation altered the extent of
barrel organization after whisker follicle
cauterization, however. The opposing ef-
fects might stem from the fact that GluN2D
was expressed predominantly in GABAergic
neurons in the whisker pathway, whereas
GluN2B was expressed only in non-
GABAergic, presumably glutamatergic
neurons.

F Behavioral/Cognitive

CRF Receptors Contribute to Drug
Seeking after Abstinence

Nicola A. Chen, Bianca Jupp, Yehezkel Sztainberg,
Maya Lebow, Robyn M. Brown, et al.

(see pages 11560–11570)

The hedonic properties of drugs of abuse are
thought to be countered by homeostatic
processes in reward and other circuits in the
brain. With repeated drug use, these ho-
meostatic responses become stronger, lon-
ger lasting, and activated more quickly,
producing a negative affective state that
masks the hedonic response. This leads to
escalation of drug use as the user attempts to
recapture the positive state. The stress neu-
ropeptide corticotrophin-releasing factor

(CRF), which is released during acute
withdrawal, is one component of the ho-
meostatic response, and it contributes to
stress-induced reinstatement of drug
seeking. Chen et al. show that CRF drives
drug seeking after abstinence via type 1
receptors (CRFR1) in the ventral tegmen-
tal area (VTA). When CRFR1 was
knocked down in mouse VTA, mice were
less likely than control mice to attempt to
self-administer cocaine after 3 weeks of
abstinence. Furthermore, CRFR1 knock-
down prevented reinstatement of lever
pressing by exposure to acute food-
deprivation stress. In contrast, CRFR1
knockdown did not affect cocaine self-
administration before abstinence.

F Neurobiology of Disease

AC5 Activity Underlies
L-DOPA-Induced Dyskinesia

Hye-Yeon Park, Young-Mi Kang, Young Kang,
Tae-Shin Park, Young-Kyoung Ryu, et al.

(see pages 11744–11753)

L-DOPA is commonly used to treat Parkin-
son’s disease, but it eventually causes involun-
tary movements (dyskinesia) by sensitizing
striatal D1 dopamine receptors. This effect is
mediated by adenylyl cyclase (AC) and
downstream cAMP-dependent signaling.
To determine which of the nine striatal AC
isoforms are involved in L-DOPA-induced
dyskinesia (LID), Park et al. studied the
effects of L-DOPA in mice in which dopa-
minergic neurons were killed with 6-
hydroxydopamine. In wild-type mice,
chronic L-DOPA treatment increased phos-
phorylation of several PKA targets and their
downstream effectors in the striatum, lead-
ing to increased expression of FosB/�FosB.
These effects, which have previously been
linked to LID, were much smaller in mice
lacking AC5, one of the most abundant AC
subtypes in the striatum. Furthermore, LID
was attenuated in AC5-null mice and in
wild-type mice in which AC5 was knocked
down selectively in the striatum. Impor-
tantly, AC5 knock-out did not reduce the
therapeutic effects of L-DOPA. Therefore,
development of an AC5-specific inhibitor
may help Parkinson’s disease patients suf-
fering from LID.

At postnatal day 3 (P3, top), cortical barrels have not yet de-
veloped in wild-type mice (left) but are present in GluN2D-
null mice (right). At P5 (bottom), barrels have formed in
wild-type (left) mice, but have not yet developed in GluN2B
heterozygotes. See the article by Yamasaki et al. for details.
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