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Review of Srinivas et al.

The hippocampus plays a key role in en-
coding, storing, and recalling memory,
as well as processing spatiotemporal and
sensory information (Buzsáki and Moser,
2013) The network topology that sup-
ports these sophisticated functions is
traditionally summarized by the wiring
diagram of the trisynaptic loop. This
scheme is a simplified tripartite unidirec-
tional circuit, where the dentate gyrus
(DG) receives and processes the primary
cortical input from the entorhinal cortex
(EC) and its principal cells project to CA3
pyramidal cells (PCs). The CA3 PCs in
turn excite CA1 PCs that are considered
by the classical view as the primary output
of the hippocampus. However, several re-
cent discoveries in the largely neglected
hippocampal CA2 region, which is inter-
posed between the two larger and more
intensely studied CA1 and CA3 regions,
demand a substantial revision of the classi-
cal view (Jones and McHugh, 2011; Dudek
et al., 2016). One of these publications, pub-
lished in The Journal of Neuroscience by

Srinivas et al. (2017) revealed a subfield-
specific, several-fold stronger excitatory
drive from the EC to CA2 PCs than to CA1
and CA3 PCs. The authors discovered that
a delicate interplay between unique den-
dritic morphological features and phy-
siological properties enables the stronger
representation of EC activity in CA2 PCs.
These findings contribute to the emerging
hypothesis that the CA2 region is a potent
relay station of processed cortical infor-
mation, which potentially bypasses and
complements the first stages of the trisyn-
aptic loop.

The first aim of the study by Srinivas et
al. (2017) was to understand what under-
lies an intriguing previous finding that
stimulation of the distal EC fibers caused
approximately fivefold larger somatic
EPSPs in CA2 PCs than in neighboring
CA1 PCs (Chevaleyre and Siegelbaum,
2010). Several factors can influence, either
alone or in combination, the somatic
readout of distal dendritic synaptic in-
puts. These include dendritic morphol-
ogy, active and passive conductances, and
quantal properties of the synapses (Ma-
gee, 1998; Andrasfalvy and Magee, 2001;
London and Häusser, 2005). To investi-
gate the specific involvement of these fac-
tors, Srinivas et al. (2017) first compared
the amplitudes of unitary EPSPs elicited
by glutamate uncaging on distal dendritic
segments, a method that directly activates
postsynaptic receptors within the photo-

stimulated area without the involvement
of presynaptic fibers. Surprisingly, this
approach produced only twofold larger
somatic EPSPs in CA2 versus CA1 PCs,
which is a substantially smaller difference
than the results of the previous EC fiber
stimulation experiments. The authors
showed that the differences in the EPSP
amplitudes were not due to different spine
morphology or AMPA receptor content
in CA1 and CA2 PCs, which excludes dis-
parate local depolarization as the underly-
ing mechanism. Spine densities, however,
were found to be different in the two cell
types, as 3.5 times more spines were found
in CA2 PC distal dendritic segments lo-
cated in the termination zone of the EC
inputs, the stratum lacunosum-moleculate
(SLM), compared with CA1 PC distal den-
drites. This observation suggests that the EC
pathway forms several times more excit-
atory synapses with CA2 PCs than CA1 PCs.

Next, Srinivas et al. (2017) examined
dendritic filtering in CA1 and CA2 PCs.
The substantial contribution of hyper-
polarization-activated nonselective cation
channels (HCNs) to attenuation of distal
dendritic inputs in CA1 PCs is well char-
acterized (Magee, 1998; Lörincz et al.,
2002). However, little is known about the
subcellular distribution of these channels
in CA2 PCs. Using immunohistochemical
labeling, Srinivas et al. (2017) showed that
the amount of HCN1 and HCN2 proteins
in the strata radiatum (SR) and SLM was
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lower in CA2 than in CA1. These findings
were supported by uncaging experiments,
which showed that pharmacological blockade
of HCN channels did not significantly al-
ter the distally evoked responses in CA2
PCs, unlike in CA1 PCs. Dendritic filter-
ing also depends on passive electrical
properties and dendritic geometry (Stuart
and Spruston, 1998). Srinivas et al. (2017)
rigorously examined dendritic morphol-
ogy in the two PC populations and found
that although CA2 PCs had more den-
dritic bifurcations, and wider spread of
dendritic branches in the SLM than CA1
PCs and their apical dendrites divided
into secondary dendrites close to the soma,
CA2 PCs formed fewer oblique dendrites
in the SR. These morphological features
allow CA2 PCs to receive more input from
the EC, compared with CA1 PCs, and also
support efficient dendro-somatic propa-
gation (Sun et al., 2014) of these inputs via
reduced branching in the SR, because the
amount of dendritic bifurcations is in-
versely correlated with the efficiency of
dendritic signal propagation. Together,
these results suggest that CA2 PCs possess
both morphological and physiological
properties that enable robust somatic rep-
resentation of distal dendritic inputs.

Despite the inevitable simplifications,
sufficiently well constrained computa-
tional models can reinforce experimental
results, as well as providing insights that
cannot be easily gleaned from experi-
ments. Therefore, Srinivas et al. (2017)
built multicompartmental models of CA1
and CA2 PCs with experimentally derived
morphological and physiological features.
These models were able to replicate the
authors’ experimental findings. Impor-
tantly, the modeling results also provided
an explanation for the different somatic
readout of distal dendritic inputs (either a
fivefold or twofold difference between the
EPSPs evoked in CA1 or CA2 PCs by Che-
valeyre and Siegelbaum, 2010 and Srinivas
et al., 2017). According to the model, the
fivefold EPSP difference originates from
the combination of the distinct biophysi-
cal properties of CA1 and CA2 PCs (which
explains only a twofold difference) and
the different number of stimulated fibers.
The latter difference accounts for the ad-
ditional threefold difference in the EPSPs,
which is not present if the EPSPs are tested
using photostimulation of single spines in
the SLM. Because the larger spine density
in the distal dendrites of CA2 PCs com-
pared with CA1 PCs suggests larger num-
ber of excitatory synapses from the EC to
CA2 PCs, the same electrical stimulation
in the SLM recruits more excitatory syn-

apses, resulting in much larger EPSPs in
CA2 PCs than in CA1 PCs. Overall, the
modeling results strengthen the experi-
mental conclusions that distinct dendritic
morphologies, spine densities, and ion
channel distributions are sufficient to ac-
count for the observed stronger effect of
EC-EPSPs in CA2 PCs.

What are the potential functional con-
sequences of the distinct cellular prop-
erties of CA2 PCs? Within the classical
trisynaptic loop, the CA1 region is consid-
ered to be the main output of the hippocam-
pus, and its activity primarily reflects inputs
arriving from the EC and the CA3 (Bittner
et al., 2015). However, it has recently been
suggested that the CA2 region also con-
veys strong excitation onto CA1 PCs
(Chevaleyre and Siegelbaum, 2010). The
observations of Srinivas et al. (2017) add
further essential details about the impact
and potential roles of the CA2-CA1 path-
way. Regarding the context of these discov-
eries, some fundamental in vivo findings
have to be taken into consideration as
well. Namely, in the absence of Schaffer
collateral input from CA3 to CA1, CA1
PCs maintain high firing rates and spa-
tially modulated activity patterns (Na-
kashiba et al., 2008). This suggests that the
CA1 region can sufficiently perform com-
plex network functions independent of
CA3 activity, which has been shown to be
one of the main excitatory drivers of CA1
PCs. Furthermore, because the distal EC
inputs are not sufficient for driving CA1
cells (Takahashi and Magee, 2009), other
strong afferents are needed for activating
CA1 PCs while also conveying spatial in-
formation. The CA2 is an ideal candidate
for this function due to the fact that the
activity of CA2 PCs are spatially modu-
lated (Mankin et al., 2015), similarly to
the other CA regions. Together with the
findings of Srinivas et al. (2017) this sug-
gests that processed sensory information
can effectively flow through the EC-CA2-
CA1 tripartite system, bypassing the
conventional trisynaptic loop. This prop-
osition gains further support from a recent
publication (Boehringer et al., 2017) demon-
strating that activation of CA2 efficiently
silences the efferent impact of CA3 on
CA1 via feedforward inhibition, which
specifically limits excitation through the
DG-CA3-CA1 channel. Recent publications
therefore suggest that cortical information
can enter the hippocampus through the
CA2 region via a dedicated mechanism for
effective representation of EC activity in
CA2 PCs.

Although it has been established that
EC inputs can potently recruit CA2 PCs,

these cells also receive mossy fiber and
Schaffer collateral inputs onto their more
proximal dendritic regions. These proxi-
mal inputs appear to be ideal for driving
CA2 PCs because they are less attenuated
by dendritic filtering. Therefore, the com-
parison of the effects of proximal and
distal excitatory inputs to CA2 PCs is
essential to understand the potential func-
tions of the EC-CA2 pathway. The Schaf-
fer collaterals from CA3 PCs have been
shown to evoke robust feedforward inhi-
bition in CA2 PCs (Chevaleyre and Sieg-
elbaum, 2010), which strongly limits the
efficacy of this excitatory pathway, and
synapses made by Schaffer collaterals have
also been shown to be remarkably plasticity-
resistant (Zhao et al., 2007). The effect of
the recently discovered mossy fiber input
from DG granule cells to CA2 PCs (Ko-
hara et al., 2014) is also limited by the
miniscule size of the postsynaptic responses
in CA2 PCs compared with those of the
classical detonator synapses on CA3 PCs.
In addition, these fibers originate from
one of the most quiescence cells in the
nervous system (Pernía-Andrade and
Jonas, 2014). Thus, it is reasonable to as-
sume that the EC input is one of the
major, if not the most important deter-
minant of CA2 PC activity. This idea is
supported by the unique spine density,
dendritic geometry, and active and pas-
sive electrical properties of CA2 PCs, as
well as the fact that EC cells show remark-
ably high basal activity, regularly displaying
high-frequency bursts in vivo (Burgalossi et
al., 2011).

In conclusion, the wiring properties of
the CA2 area suggests that its major func-
tion might be the direct routing of processed
cortical sensory information to CA1 by by-
passing the first two elements of the tri-
synaptic loop. This property of the system
might be beneficial in some pathophysio-
logical states that disrupt information
flow from the CA3 to CA1. Although fur-
ther studies are needed to confirm this
new hypothesis, the findings of Srinivas et
al. (2017) together with other recent stud-
ies on the CA2 region finally invite the
smallest hippocampal region to join its
larger neighbors at an eminent position
within hippocampal circuit diagram.
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