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The hippocampus comprises three subfields
that differ in pyramidal cell morphology,
protein expression, and connectivity. Most
studies of hippocampal function focus on
CA1 and/or CA3. For example, CA3–CA1
synapses serve as a model for studying the
cellular and molecular underpinnnings of
long-term potentiation (LTP). Much less is
known about CA2, which lies between CA1
and CA3. Although CA2 neurons are simi-
lar to CA1 or CA3 neurons in many ways,
there are notable differences. For example,
dendrites in stratum radiatum of CA2, like
those in CA1, are innervated by CA3 Shaffer
collaterals, but unlike CA3–CA1 synapses,
CA3–CA2 synapses are extremely resistant
to LTP. This resistance likely stems partly
from differences in calcium buffering and
gene expression between CA1 and CA2
(Dudek et al. 2016 Nat Rev Neurosci, 17:
89). New work suggests that perineuronal
nets also limit LTP in CA2.

Perineuronal nets are scaffolds of ex-
tracellular matrix that coat neuronal so-
mata and dendrites in some parts of the
CNS. The nets develop as synapses ma-
ture, possibly driven by activity-induced
upregulation of protein components. The
nets are thought to stabilize synapses,
thereby closing the critical period in visual
cortex and other regions. Carstens et al.
found that perineuronal net markers, in-
cluding the chondroitin sulfate proteogly-
cans aggrecan and neurocan, were
enriched around pyramidal neurons in
CA2. Moreover, unlike CA1 and CA3
neurons, CA2 pyramidal neurons con-
tained transcripts encoding aggrecan.
Perineuronal nets were especially dense
around pyramidal cell somata and around
dendritic spine necks in stratum radiatum
and stratum oriens. Importantly, treating
hippocampal slices with chondroitinase,
which degrades perineuronal nets, en-

abled LTP induction at Schaffer collateral
synapses in CA2. In fact, LTP in CA2 in
chondroitinase-treated slices was similar
to that in CA1.

These results strongly implicate perineu-
ronal nets in the suppression of LTP in CA2.
How they do so is unclear, but they might
increase the calcium buffering capacity of
CA2 or physically restrict changes in synap-
tic shape and receptor clustering. Perhaps a
more intriguing question, however, is why
plasticity is restricted selectively in CA2. Ex-
amining the effects of perineuronal net
degradation on hippocampus-dependent
behaviors should help to answer this ques-
tion and further our understanding of CA2
functions.
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Circuits in the dorsal striatum are essen-
tial for learning, selecting, sequencing,
and maintaining goal-directed actions.
Because the best course of action varies
across situations, information about cur-
rent conditions must shape striatal out-
put. Much evidence suggests that striatal
cholinergic interneurons convey such
contextual information to striatal output
neurons.

Stalnaker et al. provide support for this
hypothesis. They recorded striatal neu-
rons as rats performed a task in which the
optimal choice differed across blocks. On

each trial, a cue instructed rats to go to the
left or right port, or to choose either port,
to receive a reward. In each block, one
port consistently provided a small reward
(a small volume of chocolate or vanilla
milk) while the other port provided a large
reward of the opposite flavor. The size and
flavor of the reward delivered to each port
differed across blocks, so rats had to reg-
ister the current conditions to obtain large
rewards on free-choice trials. Rats learned
the task and obtained the large reward
most of the time.

Importantly, the firing patterns of cho-
linergic interneurons in the dorsomedial
striatum differed between blocks that had
different reward contingencies. Most neu-
rons fired significantly more on one block
than on others. Moreover, the block in
which a given trial was recorded could be
predicted by an algorithm that classified
blocks based on cholinergic interneuron
activity. Notably, decoding was below
chance level for free-choice trials on
which rats chose the smaller reward; the
decoder typically assigned such trials to
blocks in which the choice would have
yielded a large reward, suggesting rats
chose the small reward because they mis-
identified the block. Consistent with this,
a decoder trained to predict behavior
based on ensemble activity was accurate
�95% of the time. Finally, ipsilateral le-
sions of orbitofrontal cortex eliminated
block-selective firing patterns in cholin-
ergic interneurons and prevented accu-
rate block decoding based on these
neurons’ activity.

These results suggest that the orbito-
frontal cortex, a region previously hy-
pothesized to encode context, shapes the
activity of striatal cholinergic interneu-
rons, which in turn facilitate the selection
of context-appropriate actions. How cho-
linergic activity affects striatal output—
particularly activation of the direct and
indirect pathways that facilitate or sup-
press motor actions—should be investi-
gated in future studies.
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Perineuronal nets (green) are found selectively in the CA2
subfield of hippocampus. See Carstens et al. for details.
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