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Dendritic domain-selectivity of intracortical excitatory

inputs onto layer 2/3 pyramidal neurons
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Pyramidal neurons in the cerebral cortex are principal neurons projecting their outputs to various
brain areas. A salient feature of pyramidal neurons is their distinct apical and basal dendrites, which
protrude from the apex and the basal of the soma. These neurons receive excitatory inputs from
various cells on their numerous dendritic spines, which amount to several thousands. The
elucidation of signal integration mechanisms in the neuron with numerous inputs is pivotal to the
understanding of cortical information processing. Neuronal connectivity in visual cortex has been
intensively studied and specific neuronal connections are considerably unraveled. For example,
layer 2/3 pyramidal neurons, sending output signals to other cortex, receive various inputs including
those from outside of the cortex, such as the thalamus and other cortex, as well as those from
nearby cortical cells in layer 2/3, 4 and 5. It is known that inputs from the higher-order cortex target
the distal part of apical dendrites. Recent studies have clearly demonstrated that specific and
non-specific thalamic neurons send their outputs mainly on the basal and distal apical dendrites,
respectively. However, the spatial distribution of inputs from nearby cortical neurons on dendrites is
not well resolved yet, mainly due to technical difficulties. Because apical and basal dendrites in
pyramidal cells are separated by the soma which integrates signals sent from synaptic sites that
distributed broadly on dendrites, synaptic inputs on apical and basal dendrites may contribute
differently to the signal integration at the cellular level.

The author attempted to determine whether postsynaptic responses in pyramidal neurons in the
lower part of layer 2/3 (layer 3) are mediated by inputs from nearby cortical cells on apical or basal
dendrites in rat visual cortex. There are no excitatory synapses on the soma and the proximal part
of apical dendrites. This spatial arrangement of the excitatory synapses was utilized to resolve this
issue. The author conducted dual whole-cell voltage-clamp recordings from the dendrite and the
soma of the same pyramidal cell. The author placed one patch pipette on the primary apical
dendrite and the other on the soma, so that there were no excitatory synapses between the two
pipettes. In this condition, it is expected that excitatory postsynaptic currents (EPSCs) recorded
from the dendrite would be larger than those recorded from the soma if the excitatory inputs impinge
on the apical dendrites, while opposite results would be obtained if the excitatory inputs impinge on
the basal dendrites.

In order to investigate this issue, the author first analyzed inward currents evoked by focal
photostimulation of the apical and basal dendrites with glutamate uncaging in the presence of the
Na"* channel blocker tetrodotoxin (TTX). The relationship between the direct responses recorded by
the two electrodes was consistent with the author’s expectations. The author attempted to separate
miniature EPSCs (mEPSCs) into those mediated by inputs to the apical and basal dendrites. In the
graph plotting the amplitude of responses recoded from the dendrite against the amplitude of the
responses recorded from the soma, mEPSCs were clearly separated into two groups. One group of
mEPSCs was distributed along a linear regression line with a slope larger than 1, while the other
group was distributed along another line with a slope smaller than 1. Direct responses evoked by

the stimulation of apical and basal dendrites of the cell were exactly distributed along the former and
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latter regression lines, respectively, suggesting that it is possible to determine whether individual
mEPSCs originated from apical or basal dendrites based on the amplitude ratio of responses
recorded simultaneously.

The author computed a frequency distribution of the log ratios of the dendritic response
amplitude to the somatic response amplitude (logR), to promote this identification of the mEPSC
origin. The logR distribution for mMEPSCs was well fitted by a sum of two Gaussian curves, which
peaked at a negative and a positive logR value, and clearly separated by a trough at around 0
between the two peaks. The direct responses evoked by apical and basal dendrites were distributed
around either the positive or negative peak. This clear dichotomy supports the view that a logR
larger or smaller than the value at the trough reliably indicates apical and basal dendritic origin,
respectively.

This method seemed applicable to the analysis of evoked EPSCs (eEPSCs), because the
frequency distribution for spontaneous EPSCs (sSEPSCs) recorded in a normal solution without TTX
was also fitted with a sum of two Gaussian curves exactly as the distribution for mEPSCs. This
suggests that sSEPSCs were mostly mediated by inputs to either apical or basal dendrites, just like
the mEPSCs. The author analyzed the eEPSCs by activating cortical neurons with laser-scanning
photostimulation. In most of the frequency distribution of logR for the eEPSCs, a large negative
peak was clearly seen, while the positive peak was vague and small, and some of the eEPSC were
located around 0. This suggests that cortical inputs target far more basal than apical dendrites. In
addition, some of inputs likely target apical and basal dendrites together.

The number of eEPSCs derived from one experiment was not enough to reliably quantify the
proportion of eEPSCs mediated by inputs from each layer on the basal or apical dendrites alone, or
common inputs to both apical and basal dendrites. Therefore, the author normalized the frequency
distribution of logR so that the negative and positive peaks were converted to -1 and +1,
respectively, and then constructed a pooled distribution for all of the tested cells. The pooled
distribution was fitted with a sum of two Gaussian curves with the peaks at -1 and 1 using eEPSCs
with abscissa values smaller than -1 or larger than 1, because these eEPSCs are considered to be
mediated by basal or apical dendrites alone. The author estimated the percentage of apical and
basal eEPSCs from the fitting curve with negative and positive values, respectively, and then that of
the eEPSCs due to common inputs from the difference between the distribution and the fitting
curve.

The majority of inputs targeted either the basal or the apical dendrite alone, while the remaining
minor inputs impinged on both dendrites. There were far more basal eEPSCs (66%) than apical
eEPSCs (20%). The proportion of eEPSCs with common inputs (14%) was only slightly lower than
that of the apical eEPSCs. The same type of analysis for responses evoked by the stimulation of
layer 2/3, 4 and 5 showed that layer 3 pyramidal neurons received more synaptic inputs on their
basal than apical dendrites from any of layer 2/3, 4 and 5. The innervations of both apical and basal
dendrites were preferentially found for source neurons located near the target neuron. The strength
of synaptic inputs to layer 3 pyramidal neurons was different depending on the laminar location of
presynaptic neurons and the synaptic site of the dendrites. These results suggest that synaptic
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inputs from different kinds of adjacent cortical neurons are integrated differently.
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