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F Cellular/Molecular
Reducing Ca2� Induces Plasticity via
Retinoic Acid

Hui-Li Wang, Zhenjie Zhang, Maik
Hintze, and Lu Chen

(see pages 17764 –17771)

Prolonged suppression of neuronal activity
causes an increase in synaptic strength, which
is thought to keep neurons operating within
an optimal dynamic range. One mechanism
underlying this plasticity is synthesis of reti-
noic acid (RA), which increases local trans-
lation of GluR1, resulting in increased
surface expression of calcium-permeable
AMPA receptors and increased amplitude
of quantal responses. Wang et al. found that
in hippocampal cultures, increased RA syn-
thesis required reduction of intracellular
calcium: blocking spiking without pre-
venting calcium influx caused RA-
independent increases in AMPA responses
mediated by calcium-impermeable recep-
tors, whereas blocking dendritic calcium in-
flux caused RA-dependent increases in
AMPA responses even when activity was
not blocked. Furthermore, chelating cal-
cium increased RA synthesis, suggesting
that calcium normally inhibits synthesis.
Because RA-dependent homoeostatic
plasticity involved insertion of calcium-
permeable AMPA receptors, it is likely to be
self-limiting, as increased calcium influx
through these receptors would inhibit fur-
ther RA synthesis. Finally, although RA is
membrane permeable, it appeared to act in a
cell-autonomous manner.

Œ Development/Plasticity/Repair

Combined Approach Increases
Connectivity after Spinal Injury

Guillermo García-Alías, Hayk A.
Petrosyan, Lisa Schnell, Philip J.
Horner, William J. Bowers, et al.

(see pages 17788 –17799)

Restoring function after spinal cord injury will
require a multipronged approach to over-
come growth inhibition while stimulating
axon growth and synaptogenesis. Injured ax-
ons do not necessarily need to regrow across a

lesion site to restore function, however: in rats,
sprouting of spared axons allows some func-
tional recovery. This can be enhanced in
young rats by treating injured cords with neu-
rotrophin to stimulate axon growth and up-
regulating the NMDA receptor subunit
NR2D to promote synaptic plasticity. The
treatment is less effective in adults, however,
likely because more scar tissue containing
chondroitin sulfate proteoglycans is present in
adults. Therefore, García-Alías et al. added
chondroitinase to the treatment regimen. The
combination increased axonal sprouting and
increased the production of EPSPs in lumbar
motor neurons upon stimulation of axons
rostral to the lesion. Electrophysiological con-
nectivity appeared to result from formation of
new polysynaptic connections. Despite im-
proved connectivity, however, functional re-
covery was not significantly improved by the
combination treatment.

f Behavioral/Systems/Cognitive

Caudate and PFC Neurons Encode
Prediction Errors

Wael F. Asaad and Emad N. Eskandar

(see pages 17772–17787)

Pavlovian conditioning and instrumental
learningareshapedbyunexpectedevents,par-
ticularly the receipt of or failure to receive a
reward. The firing rate of midbrain dopamine
neurons transiently increases when an unex-
pected reward is received and decreases when
an expected reward is omitted, suggesting
these neurons encode positive and negative
reward prediction errors (RPEs). RPE-
associated activity has also been identified in
striatum and prefrontal cortex (PFC). Asaad
and Eskandar recorded from lateral PFC and
anterior caudate nucleus while monkeys per-
formed an item-selection task in which the re-
warded option was continually changed.
Choosing a newly rewarded item should pro-
duce a positive RPE, whereas a newly unre-
warded item should elicit a negative RPE.
Firing rates of most neurons recorded in PFC
and caudate transiently increased either after
unexpected reward or after unexpected omis-
sion. The increased firing appeared to influ-
ence behavior, because firing was greater on
trials in which the monkey responded appro-
priately to an unexpected outcome.

� Neurobiology of Disease

Reduced Parvalbumin Might Alter
Gamma in Schizophrenics

Vladislav Volman, M. Margarita
Behrens, and Terrence J. Sejnowski

(see pages 18137–18148)

Synchronized activity at gamma frequencies
(40–100 Hz) increases in cortical circuits
when people attend to sensory stimuli or
perform cognitive tasks. This activity
arises from interactions between pyrami-
dal neurons and fast-spiking parvalbumin-
expressing GABAergic interneurons. In
schizophrenia, parvalbumin expression in
prefrontal cortex is reduced and gamma os-
cillations are disrupted, but how these ef-
fects are related is unclear. Parvalbumin, a
calcium-binding protein, helps reduce post-
spike calcium levels in presynaptic termi-
nals, thus narrowing the window of
neurotransmitter release. Reducing parval-
bumin should increase residual calcium lev-
els, thus increasing asynchronous release
and prolonging inhibition of target neu-
rons. To examine how this might affect os-
cillatory activity, Volman et al. created a
computational model of a cortical circuit
that exhibited synchronous oscillations. Re-
ducing parvalbumin reduced firing of both
pyramidal neurons and interneurons, con-
sistent with increased asynchronous GABA
release. In addition, the peak oscillation fre-
quency and overall power decreased, sug-
gesting that decreased synchronization of
GABA release reduces gamma oscillations.

In uninjured spinal cord, stimulation of thoracic axons (arrow)
produces short-latency, likely monosynaptic EPSPs in ipsilateral
lumbar motor neurons (top). Treatment of injured cords with a
combination treatment restores EPSPs in ipsilateral motor neu-
rons (bottom), but these likely arise from new polysynaptic con-
nections. See the article by García-Alías et al. for details.
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