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Shaping Head-Direction Signals in
Presubiculum
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Bertrand Mathon, Ivan Cohen, et al.

(see pages 6411– 6425)

As a rodent explores its environment, its
changing positions and heading directions
are reflected in the activity of different sets of
neurons. These neurons work together to
facilitate navigation. Neurons that fire selec-
tivelywhenaratheads inaparticulardirection
were first identified in the presubiculum, but
they have since been found in several other
brain regions, most notably the anterior tha-
lamic nucleus (ATN). ATN head-direction
cells project to the presubiculum, where the
heading representation is sharpened and
integrated with visual information about
landmarks. Output from presubiculum
head-direction cells is thought to shape the
activity of grid cells in the medial entorhi-
nal cortex (Dumont and Taube, 2015
http://doi.org/10.1016/bs.pbr.2015.03.004).

To understand how ATN projections
affect the activity of neurons in the presubic-
ulum, Nassar et al. activated channelrho-
dopsin-expressing ATN afferents in mouse
brain slices while recording from pyramidal
cells and inhibitory interneurons in pre-
subiculum layer 3. ATN afferents made di-
rect excitatory synapses with pyramidal
neurons, and stimulating ATN was some-
times sufficient to evoke spiking in those
cells. But ATN stimulation also evoked
monosynaptic EPSCs and spiking in parval-
bumin (PV)-expressing interneurons that
inhibited pyramidal cells. Moreover, EPSC
amplitude and spike probability were
greater and spike latency was shorter in PV
cells than in pyramidal cells. Consequently,
ATM stimulation often produced biphasic
responses in pyramidal cells, with direct
EPSCs followed by indirect, PV-mediated
IPSCs. Pyramidal neurons provided input
to PV and somatostatin-expressing inter-
neurons. The latter did not receive direct in-
put from ATN.

During trains of ATN stimulation, the
amplitude of EPSCs in PV and pyramidal
cells gradually decreased. Importantly, PV-
cell synapses depressed more quickly than
pyramidal-cell synapses. Indeed, synaptic
depression significantly reduced spike prob-

ability in PV neurons after the second pulse
of afferent stimulation. At this point, ATN
input to pyramidal cells was not yet depressed.
And because this excitatory input to pyrami-
dal cells remained strong while feedforward
inhibition from PV cells was reduced, pyra-
midal cells were more likely to spike after the
second pulse of ATN stimulation.

These results reveal a circuit mecha-
nism by which head-direction coding
becomes refined between ATN and pre-
subiculum. How visual inputs are inte-
grated into these responses should be
explored in future work.

Effects of RP3V Kisspeptin and
GABA on the LH Surge
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During the estrous cycle, maturing ovarian
follicles secrete estrogen. When estrogen
levels are sufficiently high, a surge of lutein-
izing hormone (LH) is released from the pi-
tuitary gland, triggering ovulation. Estrogen
produces the LH surge indirectly, however.
In rodents, estrogen increases the activity of

neurons in the rostral periventricular area of
the third ventricle (RP3V). When spiking at
high-frequency, these neurons release kiss-
peptin onto neurons that release gonado-
tropin-releasing hormone (GnRH). A surge
in GnRH release, in turn, triggers the LH
surge. Besides releasing kisspeptin, however,
some RP3V neurons release GABA, which
depolarizes GnRH neurons in adult rodents
(Liu et al., 2011 J Neurosci 31:2421). Whether
GABA influences the LH surge has been
unclear.

To elucidate how kisspeptin and GABA
influence GnRH neuron activity and the LH
surge, Piet, Kalil, et al. expressed channel-
rhodopsin selectively in RP3V kisspeptin-
releasing (RP3VKISS) or RP3VGABA neurons
(these populations only partially overlap).
High-frequency (�10 Hz) stimulation of
RP3VKISS neurons in brain slices often
evoked spiking in GnRH neurons, and this
spiking outlasted RP3VKISS stimulation. As
expected, stimulating RP3VKISS neurons at
10 Hz for 15 min in vivo caused a significant
increase in LH secretion. This effect was ab-
sent in mice lacking the kisspeptin gene.

Stimulation of RP3VGABA neurons also
evoked spiking in GnRH neurons in brain
slices. Although stimulating RP3VGABA neu-
rons at 2 Hz was sufficient to induce reliable
spiking in GnRH neurons, stimulating at 10
Hz increased the firing rate of GnRH neu-
rons, as well as the proportion that contin-
ued spiking after stimulation stopped.
Notably, a GABAA receptor antagonist
eliminated the earliest spikes elicited in
GnRH neurons, but did not affect the long-
lasting response, suggesting the latter re-
sulted from kisspeptin release. Importantly,
stimulation of RP3VGABA neurons at 10 Hz
increased LH secretion in vivo, whereas
stimulation at 2 Hz did not.

These results suggest that low-frequency
stimulation of RP3V triggers GABA release,
which can cause GnRH neurons to spike
briefly, but is insufficient to trigger an LH
surge. Instead, high-frequency stimulation
sufficient to evoke kisspeptin release is re-
quired to evoke prolonged spiking of GnRH
neurons and induce the LH surge. The func-
tion of GABA release by RP3V neurons re-
mains unclear, but it might regulate GnRH
releaseduringotherphasesoftheestrouscycle.
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Simultaneous recordings from a pyramidal neuron (den-
drites, blue; axon, yellow) and a PV interneuron (dendrites,
green; axon, red) show that activation of ATN afferents (blue
bar in traces) evokes EPSCs with greater amplitude in PV in-
terneurons (green traces) than in pyramidal cells (black
traces). See Nassar et al. for details.

The Journal of Neuroscience, July 11, 2018 • 38(28):i • i


