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Chronic Gq-DREADD Activation
Causes Cell Loss
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Motor behaviors are coordinated by two
classes of striatal medium spiny neurons
(MSNs). Direct-pathway MSNs facilitate
movements by disinhibiting basal ganglia tar-
gets, while indirect-pathway MSNs suppress
movements by enhancing target inhibition.
Activity in both MSN classes is modulated by
neurotransmitters that bind to g-protein
coupled receptors. For example, dopamine
increases activity in direct-pathway MSNs
(D1R-MSNs) via Golf-coupled D1 receptors
and decreases activity in indirect-pathway
MSNs (D2R-MSNs) via Gi-coupled D2
receptors.

Both MSN classes also express Group I
metabotropic glutamate receptors (mGluRs)
and type 1 muscarinic acetylcholine receptors,
which are coupled to Gq. Unlike Golf and Gi,
which signal through increases and decreases
incAMP,respectively,Gq signalsviaphospho-
lipase C and increased intracellular calcium
levels. Although excessive mGluR-dependent
signaling has been proposed to contribute to
MSN loss in Huntington’s disease (Dowie et
al. 2010 Pharmacol Ther 128:305), the intra-
cellular signaling cascades activated in MSNs
by these receptors are poorly understood.
To address this, Bellocchio et al. expressed
hM3Dq, a Gq-coupled designer receptor
exclusively activated by designer drugs
(DREADD), in mouse D1R- or D2R-MSNs.

Acute activation of hM3Dq in D1R-MSNs
increased daytime activity and reduced sleep.
Conversely, acute hM3Dq activation in D2R-
MSNs reduced activity and increased sleep.
These effects disappeared with chronic activa-
tion of Gq signaling, and in D2R-MSNs, pro-
longed (14 d) Gq activation caused mice to
become more active and sleep less than con-
trols—the opposite of the acute effects. These
changes were associated with a decrease in
MSN numbers after chronic Gq activation. In
vitro experiments revealed a hM3Dq-depen-
dent neurotoxic pathway involving activation
of phospholipase C, release of calcium from
internalstores,activationofthetyrosinekinase

PYK2,andphosphorylation/activationofJNK
kinase. Consistent with this, a JNK inhibitor
prevented neuronal loss and the reversal of
behavioraleffectsduringchronicGqactivation
in vivo.

These results show that chronic activation
of Gq signaling can kill MSNs by activating
JNK. Such cytotoxic effects should be consid-
ered in future experiments using chronic
DREADD activation. Nonetheless, previous
studies either found no effect of chronic Gq

activation or attributed diminished effects to
receptor desensitization. An intriguing possi-
bility is that MSNs are particularly sensitive to
chronicGqsignaling,whichmaycontributeto
their susceptibility to death in Huntington’s
disease.

Neural Precursors Improve
Ischemic Outcome via VEGF
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Cerebral artery obstruction leads to excessive
glutamate release and excitotoxicity, causing
functional impairment. Often function is par-
tially restored by plasticity in spared circuits,
however. Importantly, the extent of recovery
can be increased by treatments that limit exci-
totoxicityandenhanceplasticity.Onepromis-
ingtreatment inthisregardisneuralprecursor
cell (NPC) transplantation. NPCs can pro-
mote recovery not only by generating new

neurons, but also by secreting growth factors
and neuroprotective molecules. Bacigaluppi
et al. demonstrate the latter effect in a mouse
model of stroke.

Three days after middle cerebral artery oc-
clusion, NPCs were injected intravenously.
NPCs migrated to the lesion area and re-
mained there, undifferentiated, for at least
60 d. Compared to controls, NPC-treated
micehadsmaller lesionvolumes, lessdegener-
ation in the corticospinal tract, and more sen-
sory and motor improvement. Furthermore,
the dendritic arbors of corticospinal tract neu-
rons were longer in both ipsilesional and con-
tralesional hemispheres and sprouting of
contralesional cortical axons towards dener-
vated targets was greater in NPC-treated mice
than controls.

Arterial occlusion reduced the frequency
and amplitude of spontaneous IPSCs and in-
creasedthefrequencyandamplitudeofEPSCs
in striatal medium spiny neurons (MSNs),
which receive cortical input. In addition, the
proportionofEPSCscarriedbyNMDArecep-
tors was reduced in ipsilesional striatum. NPC
treatment reduced ischemic effects on IPSC
frequency, IPSC amplitude, and EPSC ampli-
tude in ipsilesional MSNs. It also increased
neuronal survival in the ipsilesional striatum
and increased NMDA-receptor currents in
contralateral MSNs.

The beneficial effects of NPCs likely
stemmed from their secretion of vascular en-
dothelial growth factor (VEGF), which up-
regulated the glutamate transporter GLT-1 in
astrocytes, resulting in reduced extracellular
glutamate. Blocking VEGF with a neutralizing
antibody reduced GLT-1 upregulation, and a
GLT-1 inhibitor both prevented the NPC-
induced enhancement of NMDA-receptor
currents and eliminated the beneficial effect of
NPC treatment on functional recovery.

These results complement previous work
showing that VEGF and GLT-1 enhance plas-
ticity and reduce damage resulting from isch-
emia, and they demonstrate that NPCs can
improve stroke outcomes without differenti-
ating into neurons. Given that NPCs were not
detected in the contralesional hemisphere, the
enhancement of contralesional plasticity is
surprising, Future work should investigate the
mechanisms underlying this effect.
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Reconstructions of the peri-ischemic area (lesion border indicated by
dashed white line) show that GLT-1 (green) expression is higher 10 d
after NPC injection (bottom) than at the same time in controls (top).
SeeBacigaluppietal. fordetails.
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