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Pallidostriatal Neurons Inhibit
Direct and Indirect Pathways
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Hegeman, Qiaoling Cui, Harry S. Xenias, et al.
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Most neurons in the external segment of
the globus pallidus (GPe) contribute to
the indirect pathway from the dorsal stria-
tum to the output nuclei of the basal
ganglia, relaying information from the stria-
tum to the subthalamic nucleus. But �25%
of GPe neurons project back to the striatum.
These neurons, called arkypallidal neurons,
were recently proposed to cancel move-
ments that are in the preparation stage
(Mallet, et al. 2016 Neuron, 89: 308). They
are distinguishable from prototypic indirect-
pathway GPe neurons not only by their
projections, but also by their firing and
protein-expression patterns.

Glajch et al. report that most palli-
dostriatal neurons express the transcription
factor Npas1 (although some expressed
parvalbumin, a marker of prototypic GPe
neurons). Npas1-expressing GPe neurons
densely innervated the striatum, and optical
stimulation of their axon terminals evoked
IPSCs in both direct- and indirect-pathway
medium spiny projection neurons (SPNs),
as well as in interneurons. Evoked IPSCs
were larger in indirect-pathway SPNs than
in direct-pathway SPNs, and this difference
was at least partially attributable to the fact
that GPe inputs were closer to the soma in
indirect-pathway SPNs.

Previous work has shown that loss of
dopaminergic inputs to the striatum—as
occurs in Parkinson’s disease—increases
activity in indirect-pathway SPNs, thus
increasing inhibition of SPN targets in the
GPe. How does this affect pallidostriatal
feedback? Glajch et al. found that loss of
dopaminergic input increased the ampli-
tude of IPSCs evoked by Npas1-expressing
GPe neurons in both direct- and indirect-
pathway SPNs. In direct-pathway SPNs, this
appeared to result from GPe inputs moving
closer to the soma, whereas in indirect-
pathway SPNs it was attributable to in-
creased GABA receptor expression. In both
cases, however, the result was a decrease in
the excitability of SPNs.

This work shows that pallidostriatal
neurons inhibit SPNs in both the direct
pathway, which is thought to facilitate
production of desired behaviors, and in
the indirect pathway, which is thought to
suppress conflicting behaviors. Thus,
these projections may not only cancel
planned movements, but also facilitate
production of an alternative action. Opti-
cal activation of Npas1-expressing neu-
rons in vivo should test this hypothesis to
further elucidate the function of palli-
dostriatal projections.

Ca2� and cAMP Induce Turning
via Different VAMPs
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Guidance cues direct axonal growth by ac-
tivating intracellular signaling cascades
that regulate cytoskeletal dynamics and
membrane trafficking in growth cones.
Many attractive cues trigger production of
cAMP and/or release of Ca 2� from inter-
nal stores, and these promote microtu-
bule extension and membrane insertion.
In contrast, repellent cues typically trigger
Ca 2� influx through plasma membrane
channels and/or production of cGMP,
leading to microtubule disassembly and
membrane endocytosis. Gradients of
extracellular cues induce intracellular gra-
dients of these signaling molecules,
resulting in localized regulation of micro-
tubules and membrane insertion, thus
causing growth cones to turn.

While examining chick dorsal root gan-
glion axons growing in culture, Akiyama et
al. observed that microtubules, which are
normally restricted to the center of the
growth cone, occasionally extended
through the actin-rich, peripheral lamelli-
podium and contacted the leading edge.
This was followed by local protrusion of
the plasma membrane. Vesicle-associated
membrane protein 7 (VAMP7), which me-
diates vesicle fusion with the plasma mem-
brane, moved into the lamellipodium along
with microtubules, and blocking VAMP7-
dependent exocytosis prevented membrane
protrusion. Importantly, the frequency of
microtubule/VAMP7 incursions was regu-
lated by cyclic nucleotides: cGMP applica-
tion decreased incursions, whereas cAMP
increased incursions. Local application of
PACAP, a guidance cue that increases
cAMP production, also increased microtu-
bule/VAMP7 incursions into growth cone
lamellipodia. In contrast, Ca2� application
had no effect. Furthermore, whereas knock-
ing down VAMP7 blocked the attractive ef-
fects of PACAP and cAMP, it did not affect
attraction by Ca2�. In contrast, disabling
VAMP2, a molecule required for Ca 2�-
induced growth-cone turning, did not af-
fect PACAP- or cAMP-induced turning
or microtubule-associated membrane
protrusion.

These results suggest that cyclic nucle-
otides and Ca 2� elevation regulate growth
cone turning in different ways: while
Ca 2�-induced turning requires exocyto-
sis of VAMP2-containing vesicles, cAMP-
induced turning requires exocytosis of
VAMP7 vesicles. The functional signifi-
cance of this difference is unclear. One
possibility is that it allows guidance cues
that increase both Ca 2� and cAMP—
which several cues do—to mobilize more
vesicles than cues that elevate just one sig-
naling molecule. Alternatively, it may al-
low different cues to trigger delivery of
different vesicle cargoes. Investigating
these possibilities may reveal subtle differ-
ences in the effects of different guidance
cues and thus deepen our understanding
of how precise wiring is achieved in the
nervous system.

This Week in The Journal is written by X Teresa Esch, Ph.D.

More microtubules extend in to the lamellipodium of growth
cones when treated with cAMP analogs (right) than when
treated with cGMP analogs (left). See Akiyama et al. for
details.
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