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How Hippocampus Connects to
Prefrontal Cortex

Xingchen Liu and Adam G. Carter

(see pages 7351–7363)

Interactions between the hippocampus
and medial prefrontal cortex (mPFC) are
essential for forming long-term memo-
ries, applying these memories to guide
decisions under present conditions, and
regulating emotion. The ventral hip-
pocampus projects directly to the mPFC,
but which subpopulations of mPFC pyra-
midal cells receive these inputs has been
unknown. Because such knowledge is re-
quired to understand the projections’
functions, Liu and Carter measured the
strength of connections between hip-
pocampal afferents and various neuron
types in two mPFC subregions.

Anterograde tracing revealed that hip-
pocampal afferents innervate deep and
superficial layers of the infralimbic subre-
gion (IL) of mPFC, but only deep layers of
the prelimbic region (PL). Stimulation of
channelrhodopsin-expressing hippocam-
pal afferents produced large, monosynap-
tic EPSCs in pyramidal cells in layer 2/3
(L2/3) of IL and in L5 of IL and PL, but not
in L6 of either region. In IL L2/3, hip-
pocampal afferents evoked EPSCs of sim-
ilar amplitude in neurons that project to
the amygdala and those that project to the
contralateral cortex, whereas in L5, inputs
to corticocortical neurons were stronger
than inputs to corticopontine neurons, and
connections with corticothalamic neurons
were weakest. Over all, hippocampal affer-
ents exerted the strongest influence on IL
L5 neurons, followed by IL L2/3 neurons.
Consistent with this, afferent stimulation
was most likely to evoke spiking in IL L5
neurons, and the ability to evoke spiking
persisted even in the presence of feed-
forward inhibition from local interneu-
rons. Finally, stimulating hippocampal
afferents with pulse trains resulted in
facilitation of EPSCs and concomitant
depression of IPSCs in IL L5 corticocor-
tical neurons.

Together, these results suggest that
projections from ventral hippocampus to
the mPFC have the greatest influence on
corticocortical neurons in L5 of IL.
Among other functions, IL is involved
in the extinction of learned fear and
drug-seeking behaviors. Moreover, phar-
macological inactivation of ventral hip-
pocampus increases fear behaviors after
extinction training (Sotres-Bayon et al.,
2012 Neuron 76:804). Therefore, projec-
tions from the ventral hippocampus
might be important for learning that a cue
is no longer associated with a predicted
outcome and/or for suppressing inappro-
priate responses to such cues.

How Owls Orient toward Sounds
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Animals use interaural time difference
(ITD)—the difference in the time at which
sound waves emanating from a source
reaches each ear—to create a topographic
map of auditory space that can be used to
guide behaviors. In barn owls, this map is
generated in the external nucleus of the
inferior colliculus (ICx) and is transmit-
ted to the optic tectum (OT). The OT, in
turn, projects to the midbrain tegmentum
(mTeg), which contains premotor neu-
rons responsible for turning the head.

Much is known about how the audi-
tory space map is generated in owls. No-
tably, because the reliability of ITD for
indicating sound-source location de-
pends on sound frequency, ICx neurons
respond best to frequencies associated
with the most reliable ITD for a given spa-
tial location. For example, ICx neurons
with preferred ITDs near 0 �s (represent-
ing frontal locations) respond best to
high-frequency sounds. The same is true
of OT neurons. Relatively little is known
about how this information is used by
mTeg to drive head movements, however.

Cazettes et al. addressed this question
by presenting sounds with various ITDs
while recording neural responses and ori-
entation behaviors in owls. Like neurons
in ICx and OT, mTeg neurons responded
preferentially to a subset of ITDs. When
pure-tone stimuli were used, ITD tuning
curves were similar in the three areas. But
for broadband sounds, tuning differed:
mTeg neurons responded to a broader
range of ITDs corresponding to locations
throughout the contralateral hemisphere.
Frequency tuning was also broader in
mTeg than in ICx and OT neurons. Fur-
thermore, whereas ICx and OT neurons
have a single preferred ITD and frequency,
the preferred ITD for mTeg neurons varied
with frequency, shifting toward 0 �s as fre-
quency increased.

These results suggest that mTeg neu-
rons receive converging inputs from
differently tuned OT neurons. Further
analyses indicated that these inputs were
weighted such that those that carried the
most reliable information had the largest
influence on mTeg responses. Finally,
activity in the mTeg population was cor-
related with behavioral responses, and ex-
plained orientation errors that occurred
when ITD cues were degraded by the
addition of noise to auditory stimuli. All
together, the work adds to increasing evi-
dence that the nervous system takes into
account the reliability of sensory informa-
tion when planning behavioral responses.
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Hippocampal afferents to PL L5 evoke larger EPSCs (right) in
corticocortical pyramidal cells (black) than in corticopontine
cells (purple). See Liu and Carter for details.

The Journal of Neuroscience, August 15, 2018 • 38(33):i • i


