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Respiration is an ongoing motor rhythm
driven by a pattern generator in the brain-
stem. This pattern generator is regulated
by various inputs that allow voluntary
modulation of respiratory rate and depth,
as well as homeostatic regulation and re-
sponses to changes in physical activity.
One of the most important regulators of
respiration is blood pH, which is inversely
related to CO2 levels. Changes in CO2 /pH
are detected by many cells in the CNS, but
Phox2b-expressing neurons in the retro-
trapezoid nucleus (RTN) are thought to
be especially important for increasing
breathing rate in response to rising CO2

levels (hypercapnia). These neurons pro-
vide tonic excitatory drive to the respira-
tory pattern generator, and their firing
rate increases—thus increasing breathing
rate—in response to local hypercapnia
and/or acidification. This activation is
mediated partly by acid-induced inhibi-
tion of a resting K� conductance (Guy-
enet et al. (2016) J Physiology 594: 1529).

Shi et al. now show that the spike rate of
RTN neurons is also influenced by a resting
Na� conductance mediated by tetrodotox-
in-insensitive, voltage-independent, non-
selective cation channels called Nalcn
channels. Most Phox2b-expressing RTN
neurons expressed Nalcn, and expression
was highest in neurons that maintained ro-
bust spiking when pH was �7.4. Knocking
down Nalcn expression in cultured brain-
stem slices hyperpolarized RTN neurons,
reduced inward Na� current, and reduced
basal spike rate. It also made neurons much
less sensitive to substance P, which has pre-
viously been shown to activate RTN neu-
rons. Nalcn knockdown did not affect the
pH-sensitive K� leak conductance, and sen-
sitivity to acidification remained intact.
Nevertheless, knocking down Nalcn selec-
tively in Phox-2b-expressing RTN neurons

in vivo reduced neuronal activation in re-
sponse to increases in inhaled CO2, and it
reduced CO2-induced increases in respira-
tory frequency and tidal volume.

These results indicate that Nalcn helps
set the tonic firing rate of RTN neurons
and contributes to the ability of these neu-
rons to modulate respiration in response
to CO2 elevation. In addition, the results
suggest that substance P affects breathing
rate in part by regulating Nalcn in RTN
neurons. These effects may explain the re-
spiratory insufficiency present in some
people with Nalcn mutations.
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The dentate gyrus plays an important role in
learning by creating distinct neural repre-
sentations of similar events or contexts. This
process, called pattern separation, requires
adult neurogenesis and the incorporation of
newborn neurons into established circuits.
Numerous studies have shown that dis-
rupting either neurogenesis or the matura-

tion/activation of newborn neurons impairs
learning in tasks requiring fine discrimina-
tion of contexts. It has recently been sug-
gested that such learning is made possible by
neurogenesis-induced forgetting of previ-
ously learned information. Most notably,
after learning which of two scented pots
contained food in different contexts, mice
that engaged in voluntary wheel-running
(which increases adult neurogenesis) chose
the correct pot less often than controls;
when the reward contingencies were re-
versed, however, running mice learned the
new associations more quickly than con-
trols (Epp et al. 2016 Nat Comm 7:1). Sim-
ilarly, in a Morris water maze, running mice
were less likely than controls to explore the
quadrant that previously held a hidden
platform, but they were quicker to find the
platform after it was moved.

In contrast to these previous studies,
Kodali et al. found that running exercise
did not affect performance on the Morris
water maze in rats. After rats had learned
the location of the hidden platform, half
of the rats were given access to a running
wheel, on which they ran, on average,
�2.8 km/d. Four weeks later, hippocam-
pal neurogenesis was significantly greater
in running rats than in rats housed in
standard cages. Nonetheless, the perfor-
mance of the two groups was not signifi-
cantly different on a subsequent probe of
spatial memory. Moreover, there was no
significant difference in performance be-
tween rats that ran the most and those that
ran the least, even though production of
new neurons was greater in the former
group.

These results suggest that the effect of
neurogenesis on previously learned mem-
ories differs between species. The authors
hypothesize that this difference stems from
the fact that newborn neurons are more rap-
idly incorporated into dentate circuitry in
rats than in mice, and thus may have a less
destabilizing impact on neural representa-
tions. Whether people are more like rats or
mice regarding the effects of exercise on
memory recall remains an open question.
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Newly generated cells (dark spots) were more numerous in
the dentate gyrus of rats given 8 weeks of running-wheel
access (bottom) than in sedentary rats (top). See Kodali et al.
for details.

The Journal of Neuroscience, August 3, 2016 • 36(31):i • i


