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CGRP Mediates Several Types of
Pain in Females

Candler Paige, Isabel Plasencia-
Fernandez, Moeno Kume, Melina
Papalampropoulou-Tsiridou, Louis-
Etienne Lorenzo, et al.

(see pages 1930–1944)

The molecular and cellular mechanisms of
pain are somewhat different in males and
females. In rodents, for example, spinal
microglia are required for the development
of mechanical hypersensitivity after injury
in males, but not females. In contrast, the
cytokines IL-23 and IL-17A increase the
excitability of nociceptors selectively in
females (Luo et al., 2021, Neuron 109:2691).
Similarly, calcitonin gene-related peptide
(CGRP), amolecule implicated inmigraines,
is more potent in inducing pain in females
than in males. In fact, Paige et al. show that
CGRP contributes to several types of chronic
pain in female mice.

Inflammation not only increases me-
chanical sensitivity acutely, but also pro-
duces hyperalgesic priming, so a subsequent
stimulus that would not normally be painful
elicits pain responses. Paige et al. found that
a CGRP receptor antagonist reduced both
acute hypersensitivity and hyperalgesic pri-
ming induced by an inflammatory agent,
but only in female mice. The antagonist also
reduced hyperalgesic priming induced by a
surgical incision and reduced mechanical
hypersensitivity in a model of neuropathic
pain selectively in female mice.

Consistent with previous work, intrathe-
cal injection of CGRP produced greater,
longer-lasting hindpaw hypersensitivity in
females than in males. Systemic injection of
CGRP antagonist reduced hypersensitivity
in females, but had no discernable effect in
males. In addition, CGRP drove a depola-
rizing shift in the GABA reversal potential,
which is expected to reduce the effect of in-
hibitory input, in dorsal horn neurons in
female, but not male, mice. Importantly, an
enhancer of the K1–Cl– cotransporter
KCC2, which should hyperpolarize the
GABA reversal potential, reduced CGRP-
induced paw hypersensitivity selectively in
female mice, but it reduced hyperalgesic
priming in both males and females. CGRP

had no effect on KCC2 surface expression
in dorsal horn neurons, however.

These results suggest that depolarization
of the GABA reversal potential and the
resulting reduction in inhibitory drive to
spinal neurons contribute to hyperalgesic
priming in both males and females, but the
depolarizing shift is induced by CGRP
selectively in females. Therefore CGRP re-
ceptor antagonists, like those that have been
approved for treating migraines, may be
effective in treating a wide range of chronic
pain conditions in women. Future work
should determine how CGRP alters the
GABA reversal potential.

PTEN Loss Speeds Microtubule
Polymerization

Stephanie A. Getz, Kamran Tariq,
Dylan H. Marchand, Conor R.
Dickson, James R. Howe VI, et al.
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Phosphatidylinositol (3,4,5)-triphosphate
(PIP3) is a second messenger involved
in signaling cascades downstream of
numerous growth factors, hormones,
and neuromodulator receptors. These
receptors activate phosphatidylinositol-
3-kinase (PI3K), which phosphorylates
PIP2 to form PIP3. PIP3 activates the
kinase AKT, which phosphorylates targets
regulating many cellular processes involved
in cell proliferation, growth, and synaptic
plasticity. A crucial regulator of the PI3K–
PIP3–Akt signaling pathway is phosphatase
and tensin homolog (PTEN), which

dephosphorylates PIP3 to generate
PIP2.

Mutations in PTEN lead to excessive
cell growth and proliferation, and thus
contribute to several types of cancer.
PTEN mutations have also been linked to
autism spectrum disorders. In neurons,
loss of PTEN leads to excessive dendritic
growth, overproduction of dendritic spines,
and hyperexcitability. Loss of the brake on
PI3K–PIP3–Akt signaling and the resulting
increase in protein synthesis contribute to
these phenotypes. Getz et al. report another,
unexpected contributor to excessive
dendritic growth: increased microtu-
bule polymerization.

Consistent with previous work, knock-
ing out PTEN in a subset of newborn den-
tate neurons in young mice led to an
increase in the number and length of den-
drites. These effects were rescued by wild-
type PTEN but not by PTEN harboring
ASD-linked mutations. Time-lapse imaging
showed that more neurites were initiated in
PTEN-deficient neurons than in controls,
but neurite stability was unchanged.
Tracking fluorescently tagged growing
ends of dendritic microtubules revealed
that the microtubule polymerization rate
was greater in PTEN-deficient neurons
than in controls, but microtubule stability
was similar. Importantly, blocking protein
synthesis or mTORC1 (a downstream effec-
tor of PI3K–PIP3–Akt signaling) did not
reduce the microtubule polymerization rate
in PTEN-deficient neurons. In contrast,
vinblastine, an inhibitor of microtubule po-
lymerization, rescued dendritic length in
PTEN-deficient neurons in vitro and in
vivo at a dose that did not affect microtu-
bule polymerization or dendritic length in
wild-type neurons. Vinblastine did not res-
cue dendritic number or other defects in
PTEN-deficient neurons, however.

These results indicate that PTEN affects
microtubule polymerization rate and thus
affects dendritic growth independently of
its effects on protein synthesis. How PTEN
influences microtubule polymerization re-
mains to be determined, but one possibility
is that PTEN limits PIP3-dependent reor-
ganization of the actin network in the
growth cone, and this limits microtubule
protrusion into the growth cone periphery.
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In normal culture conditions (left), PTEN-deficient neurons (bot-
tom) have longer dendrites than wild type (top). A low dose of
vinblastine (right) rescues dendrite length in PTEN-deficient
neurons without affecting wild type. See Getz et al. for details.

1882 • The Journal of Neuroscience, March 9, 2022 • 42(10):1882

https://orcid.org/0000-0001-6490-1121
https://doi.org/10.1523/JNEUROSCI.twij.42.10.2022

	This Week in The Journal

