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Cortical Infarcts Reduce Excitability
in Inhibitory Thalamic Nucleus

Jeanne T. Paz, Catherine A. Christian,
Isabel Parada, David A. Prince,
and John R. Huguenard

(see pages 5465–5479)

Cortical injury kills local neurons and causes
retrograde degeneration of thalamocortical
relay neurons that project to the injured area;
butreticular thalamicnucleus(nRT)neurons,
which inhibit thalamocortical relay neurons,
usually survive. Synaptic reorganization in-
volving these neurons could have positive or
negative effects, such as restoring some func-
tion or increasing the likelihood of seizures,
but effects of cortical lesions on physiological
properties of nRT neurons have not been ex-
amined in detail. Paz et al. created precise cor-
tical infarcts and found that this killed
thalamocortical neurons projecting to the
area,butsparedneuronsintheipsilateralnRT.
Nonetheless, ipsilateral nRT neurons had in-
creased inward potassium currents at
resting potentials and reduced T-type
calcium currents. These changes reduced
excitability, maximum spike rate, and
post-hyperpolarization rebound burst-
ing. In addition, nRT neurons—including
those projecting to thalamic nuclei spared
of degeneration— had shorter axons with
fewer large boutons. Therefore, inhibition
is likely reduced to spared thalamocortical
relay neurons.

Œ Development/Plasticity/Repair

Cholecystokinin Increases Release
Probability in Hippocampus

Pan-Yue Deng, Zhaoyang Xiao,
Archana Jha, David Ramonet,
Toshimitsu Matsui, et al.

(see pages 5136 –5148)

The neuropeptide cholecystokinin (CCK) is
expressed widely in the PNS and CNS, and it
regulates diverse physiological processes and
behaviors—including digestion, respiration,
heartrate, feeding,memory,andanxiety—of-

ten by regulating release of other hormones
and neurotransmitters. In the hippocampus,
CCK is expressed in GABAergic interneurons
that innervate pyramidal cell bodies and den-
tate granule cells, and it increases firing rate,
modulates GABAergic transmission, and in-
creases glutamate release from hippocampal
slices and synaptosomes. Deng et al. show in
rodents that increased glutamate release re-
sults fromanincreaseinbothreleaseprobabil-
ity and the size of the readily releasable pool of
vesicles. Exogenous CCK, acting on CCK-2
receptors, increased AMPA-mediated
EPSCs at entorhinal cortex-granule cell,
CA3-CA3, and CA3-CA1 synapses, but
not at granule cell-CA3 synapses. In ento-
rhinal cortical neurons that project to the
dentate gyrus, increased release probabil-
ity likely resulted from CCK-mediated in-
hibition of voltage-sensitive potassium
channels, which is expected to increase
action-potential-induced calcium influx.

f Behavioral/Systems/Cognitive

Use-Dependent and Error-Based
Learning Occur Together

Jörn Diedrichsen, Olivier White, Darren
Newman, and Níall Lally

(see pages 5159 –5166)

When making goal-directed movements,
people compare the actual result to the in-
tended result, and on subsequent attempts
they either update motor commands to com-
pensate for any error (“error-based learning”)
or, if the goal was reached, make subsequent
movements similar to the last one (“use-
dependent learning”). Diedrichsen et al. dem-
onstrated this by asking subjects to, without
seeing their arm, move a robotic device verti-
cally upward to reach a target before and after
the arm was repeatedly either passively moved
or constrained to move upward at an angle.
After the arm was passively moved, subjects
showed evidence of use-dependent learning:
subsequent active arm movements were bi-
ased in the direction of the passive movement.
After constrained movements, subjects first
showed evidence of error-based learning,
making movements in the opposite direc-
tion of the constraint, but they also showed
evidence of use-dependent learning. The

latter only occurred, however, if the pertur-
bation did not prevent the subject from hit-
ting the target.

� Neurobiology of Disease

Kv1.1 Channels Can Cause Epilepsy
and Heart Arrhythmia

Edward Glasscock, Jong W. Yoo, Tim T.
Chen, Tara L. Klassen, and Jeffrey L. Noebels

(see pages 5167–5175)

People with epilepsy have an increased proba-
bility of dying suddenly. Fatal cardiac arrhyth-
mias have been hypothesized to underlie
suddenunexplaineddeathinepilepsy,andde-
fects in voltage-sensitive ion channels ex-
pressed in heart and brain have been linked to
both pathologies. But abnormal cardiac con-
traction could also result from dysfunction in
autonomicinnervationoftheheart.Glasscock
etal. showthatthelatteroccursinmicelacking
functional Kv1.1 potassium channels, which
are expressed throughout the nervous sys-
tem—regulating action potential propaga-
tion, repetitive firing, and neurotransmitter
release—but are expressed at extremely low
levels in heart. Mice lacking functional
Kv1.1 channels have seizures and die pre-
maturely, and they have bouts of abnor-
mally slow heart rate and cardiac
arrhythmias, including improper coordina-
tion between atrial and ventricular contrac-
tion. Inhibiting the parasympathetic nervous
systemnearlyeliminatedatrioventricularcon-
duction block in these mice, suggesting that
defective parasympathetic regulation greatly
contributes to arrhythmia.

Kv1.1 channel subunits (green) are expressed juxtaparanod-
ally in the vagus nerve, which provides the main parasympa-
thetic innervation of the heart. Paranodes are marked by
Caspr (red). See the article by Glasscock et al. for details.
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