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Radial Glia Induce Neuronal
Polarization

Chundi Xu, Yasuhiro Funahashi, Takashi
Watanabe, Tetsuya Takano, Shinichi
Nakamuta, et al.

(see pages 14517–14532)

Cortical pyramidal neurons are generated
from radial glia cells and intermediate
progenitors near the ventricles in the de-
veloping brain. As they begin to migrate
outward, newborn neurons extend several
neurites that lack the defining characteris-
tics of axons or dendrites. These neurites
grow and retract while the neurons mi-
grate, but before the neurons enter the ex-
panding cortical plate, most neurites
retract and the neurons adopt a bipolar
morphology with one leading and one
trailing process. The leading process ulti-
mately develops dendritic characteristics,
whereas the trailing process develops into
the cell’s axon. Previous work suggested
that for �60% of multipolar neurons, the
transition to a bipolar morphology was trig-
gered when one neurite contacted an
earlier-formed axon. This contact was hy-
pothesized to activate intracellular signaling
pathways that mediate axonal specification
(Namba et al. 2014, Neuron 81:814). Xu et
al. now propose a mechanism that estab-
lishes polarity in the remaining newborn
cortical neurons: contact of a neurite with a
radial glial fiber.

When a short neurite of a multipolar
neuron contacted a radial glia cell in
culture, N-cadherin—a cell adhesion
molecule involved in neuronal migra-
tion—accumulated at the neurite– glia
contact site. Soon afterwards, a constitu-
tively active form of RhoA (a small GTP-
ase that inhibits axon formation)
accumulated in the tip of the contacting
neurite, while constitutively active Rac1 (a
GTPase that promotes axon formation)
accumulated in a neurite on the opposite
side of the soma. The neurite farther from
the radial glia cell began extending and
eventually acquired axonal characteris-
tics. Knocking down N-cadherin pre-
vented the polarized accumulation of
RhoA and Rac1 and reduced the likeli-
hood that a neuron’s axon would form
distal from the contact point. Conversely,

introducing N-cadherin in L cells enabled
these cells to direct axon formation
from the far side of a contacting neuron.
Finally, transfecting neurons with
dominant-negative forms of N-cadherin
or RhoA prevented neurons from acquir-
ing a bipolar morphology and entering
the cortical plate in vivo.

These results suggest that homotypic
binding between N-cadherin on neurites
and radial glia cells initiates signaling cas-
cades that lead to polarized activation of
GTPases and axonal specification. Eluci-
dating these signaling cascades will be an
exciting topic for future research.

Glutamatergic and GABAergic
Neurons Help Estradiol Regulate
GnRH Release

Rachel Y. Cheong, Katja Czieselsky, Robert
Porteous, and Allan E. Herbison

(see pages 14533–14543)

The ovulatory cycle is driven by fluctuat-
ing levels of gonadotropin-releasing
hormone (GnRH), luteinizing hormone
(LH), follicle-stimulating hormone (FSH),
and estradiol. GnRH stimulates release of
LH and FSH, which promote follicle mat-
uration and estradiol production in the
ovaries. During most of the cycle, GnRH
release is restrained by negative feedback
from estradiol. As the cycle progresses,
however, estradiol levels gradually in-
crease, and when levels are high enough,
estradiol exerts positive feedback on
GnRH release. This results in an LH surge,
which triggers ovulation.

How estradiol exerts positive and neg-
ative feedback on GnRH release is only
partially understood. The feedback re-
quires estrogen receptor � (ESR1), but
GnRH neurons do not express this recep-
tor. ESR1 is expressed, however, by gluta-
matergic and GABAergic neurons in the
rostral periventricular area of the third
ventricle (RP3V) and arcuate nucleus,
which have essential roles in positive and
negative feedback, respectively. There-
fore, Cheong et al. investigated the role of
ESR1-expressing GABAergic and gluta-
matergic neurons in estradiol-dependent
feedback.

Knocking out ESR1 selectively in gluta-
matergic neurons disrupted both positive
and negative feedback by estradiol. Basal
levels of LH were higher than normal in mu-
tant mice, and neither ovariectomy nor sub-
sequent estradiol replacement significantly
altered LH levels. Furthermore, acute estra-
diol treatment did not increase GnRH neu-
ron activity or induce an LH surge in these
mice. In contrast, knocking out ESR1 selec-
tively in GABAergic neurons disrupted pos-
itive but not negative feedback. LH levels
were similar to wild-type at baseline, in-
creased after ovaries were removed, and
declined to baseline after estradiol replace-
ment, but acute estradiol treatment did not
increase GnRH neuron activity or induce an
LH surge.

Previous work showed that neurons
expressing kisspeptin, a stimulator of
GnRH release, are involved in positive,
but not negative feedback by estradiol
(Dubois et al., 2015, Endocrinology 156:
1111). Cheong et al. found that only
�12% of kisspeptin-expressing RP3V
neurons were glutamatergic, whereas
�22% were GABAergic. Indeed, most
hypothalamic nuclei had more ESR1-
expressing GABAergic neurons than
ESR1-expressing glutamatergic neurons.
Therefore, it is surprising that knocking
out ESR1 in glutamatergic neurons had
such profound effects on estradiol-
mediated feedback. Elucidating the syn-
aptic relationships among the various
neuronal populations will likely be neces-
sary before we fully understand how estra-
diol regulates GnRH release.
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When one neurite (arrow) of a cultured cortical neuron
(green) contacts a radial glia cell (red), the axon (asterisk)
forms from a neurite on the far side of the soma. Blue indi-
cates F-actin. See Xu et al. for details.
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