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BiP Reduces CB1 Receptor
Activity in GABAergic Neurons
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Endocannabinoids are produced at post-
synaptic sites throughout the brain, and
they act predominantly on presynaptic G-
protein-coupled CB1 receptors (CB1Rs)
to inhibit neurotransmitter release.
Although CB1Rs are expressed at especially
high levels in cortical and hippocampal
GABAergic neurons, cannabinoids evoke
stronger activation of downstream signaling
pathways in nearby glutamatergic neurons,
which have lower CB1R levels. This re-
markable difference in signaling efficiency
is presumed to result from differential
expression of proteins that interact with
CB1Rs. Costas-Insua et al. report that BiP is
one such protein.

BiP was identified as a potential CB1R-
interacting protein in a yeast two-hybrid
screen. Notably, coexpression of BiP in
CB1R-expressing HEK293T cells reduced
signaling evoked by a CB1R agonist, and
this effect was absent when CB1Rs were
mutated to prevent BiP binding. Never-
theless, BiP had surprisingly little effect on
the canonical CB1R signaling pathway,
including coupling between CB1R and
Gai/o and downstream reduction in cAMP
levels. Instead, BiP reduced CB1R coupling
with Gaq/11 and reduced agonist-induced
activation of Akt/mTORC1 and ERK.
Importantly, deleting one copy of the BiP
gene increased CB1R–Gaq/11 coupling in
mouse hippocampal extracts, suggesting that
BiP-mediated suppression of this pathway
normally occurs in hippocampal neurons.

Although BiP is best known as amolecu-
lar chaperone that helps ensure proper pro-
tein folding in the endoplasmic reticulum, it
can also be expressed in the cytoplasm or
near the plasma membrane. Indeed, Costas-
Insua et al. found that BiP and CB1R inter-
acted in synaptosomes isolated from
hippocampus, striatum, and cortex.
Moreover, BiP was expressed predomi-
nantly in GABAergic neurons; it was not
detected in glutamatergic neurons of

hippocampal areas CA1 and CA3.
Consistent with this, tetrahydrocannabinol
(THC) evoked behaviors attributed to acti-
vation of CB1Rs in glutamatergic and/or
dopaminergic neurons—hypolocomotion,
analgesia, catalepsy, and hypothermia—to
similar extents in wild-type and BiP1/–

mice. In contrast, THC-induced anxiety-
like behaviors, thought to be mediated by
CB1Rs on GABAergic neurons, were
greater in BiP1/–mice than in controls.

These results suggest that BiP interacts
with CB1Rs and blunts their interaction
with Gaq/11 selectively in GABAergic termi-
nals. How BiP disrupts CB1R coupling with
Gaq/11, but not Gai/o, and how this contrib-
utes to neural circuit function remain to be
determined.

CNS Stem Cells Expressing
Prominin-1 Can Generate
Microglia
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Microglia are macrophage-like cells that
have important roles in brain development,
homeostasis, and repair after injury. Unlike
neurons and other glia, microglia are derived
during embryogenesis from stem cells
located outside of the CNS, in the yolk sac.
These progenitors migrate into the brain
and differentiate into microglia, which are

then thought to produce new microglia as
needed over the life span. Some evidence
suggests that microglia can also be produced
by a pool of progenitors that reside in the
adult brain, but because of conflicting
reports, this idea remains controversial.

To gather stronger evidence regarding
the existence of undifferentiated microglial
progenitors in the postnatal brain, Prater et
al. sought a specific marker that would allow
isolation of such cells by fluorescence-acti-
vated cell sorting. Prominin-1 seemed a
good candidate because this protein is
expressed by multipotent progenitors in the
brain and is also expressed on hematopoietic
stem cells similar to those that produce
microglial precursors during embryonic de-
velopment. Indeed, Prominin-1-expressing
cells isolated from neonatal mice and grown
in culture were able to generate cells that
expressed several microglial markers, includ-
ing Iba-1 and CD11b. Notably, Prominin-1-
expressing cells did not express CD11b
themselves, and CD11b-expressing cells did
not express Prominin-1. In contrast, CD45,
a protein that marks immature myeloid cells
(including those that generatemicroglia dur-
ing development), was found in 10–30% of
Prominin-1-expressing cells, and a large pro-
portion of CD45-expressing cells in the
brain also expressed Prominin-1.

Fate-mapping studies in which a fluores-
cent protein was expressed in Prominin-1-
expressing cells and their progeny starting at
10 weeks of age confirmed that Prominin-1-
expressing cells generate microglia in the
adult brain. These microglia comprised only
a small proportion of the total microglial
population, however, and subjecting mice to
middle-cerebral-artery occlusion and reper-
fusion—an insult that stimulates microglia
proliferation—did not increase the number
of microglia generated from Prominin-1-
expressing cells.

These data suggest that some Prominin-
1-expressing stem cells generate microglia in
the adult brain in the absence of overt injury.
Production of microglia by these cells does
not appear to be stimulated by ischemic
injury, however. Future work should deter-
mine whether other injuries induce micro-
glia generation from Prominin-1-expressing
cells and whether these microglia form a dis-
tinct population with specialized functions.
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Fate mapping shows that the daughters of stem cells
expressing Prominin-1 (red) include cells that express a
microglial marker (green). See Prater et al. for details.
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