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Abstract
Neurons process information through spatiotemporal integration of synaptic input. Synaptic transmission between any
given pair of neurons is typically a dynamic process with presynaptic action potentials (APs) evoking depressing or
facilitating postsynaptic potentials when presynaptic APs occur within hundreds of milliseconds of each other. In order to
understand neocortical function, it is therefore important to investigate such short-term synaptic plasticity at synapses
between different types of neocortical neurons. Here, we examine short-term synaptic dynamics between excitatory
neurons in different layers of the mouse C2 barrel column through in vitro whole-cell recordings. We find layer-dependent
short-term plasticity, with depression being dominant at many synaptic connections. Interestingly, however, presynaptic
layer 2 neurons predominantly give rise to facilitating excitatory synaptic output at short interspike intervals of 10 and
30ms. Previous studies have found prominent burst firing of excitatory neurons in supragranular layers of awake mice. The
facilitation we observed in the synaptic output of layer 2 may, therefore, be functionally relevant, possibly serving to
enhance the postsynaptic impact of burst firing.
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Introduction
The mammalian neocortex contributes to sensory perception,
sensorimotor processing, cognition, learning, and memory. In
order to understand mechanistically how the neocortex func-
tions, we need to examine the constituent individual neurons
and their interactions within the complex neuronal networks
of the mammalian brain. Each neocortical neuron receives
synaptic inputs from many presynaptic neurons, which are
integrated across the somatodendritic arborization. A wiring

diagram of synaptic connectivity is of enormous importance
for understanding neocortical function, but will not suffice due
to nonlinear spatiotemporal integration of the synaptic input
and neuromodulatory effects on neuronal network function.
The temporal pattern of presynaptic action potentials (APs)
dynamically modulates the efficacy of synaptic transmission, a
process termed short-term synaptic plasticity. Indeed previous
studies have already shown that facilitation and depression
are prominent between diverse types of neocortical neurons
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(Thomson et al. 1993; Thomson 1997; Tsodyks and Markram
1997; Varela et al. 1997, 1999; Galarreta and Hestrin 1998;
Markram et al. 1998; Reyes et al. 1998; Feldmeyer et al. 1999,
2002, 2006; Finnerty et al. 1999; Reyes and Sakmann 1999;
Rozov et al. 2001; Petersen 2002; Frick et al. 2007; Jouhanneau
et al. 2015; Pala and Petersen 2015). It is likely that different
neocortical regions will have different synaptic connectivity,
different short-term synaptic plasticity and different dynamic
functional activities. Before more general hypotheses can be
made, it might therefore be important to examine specific well-
defined cortical regions in detail.

Here, we focus on the mouse C2 barrel column, a region of
primary somatosensory cortex involved in processing tactile
information relating to the C2 whisker (Petersen 2007; Feldmeyer
et al. 2013). In vivo measurements of membrane potential
(Crochet and Petersen 2006; Poulet and Petersen 2008; Crochet
et al. 2011; Gentet et al. 2012; Sachidhanandam et al. 2013;
Yamashita et al. 2013), extracellular measurements of AP firing
(Guo et al. 2014; Hires et al. 2015; Sofroniew et al. 2015; van der
Bourg et al. 2016) and 2-photon calcium imaging (O’Connor et al.
2010; Clancy et al. 2015; Peron et al. 2015; Sofroniew et al. 2015;
van der Bourg et al. 2016) are beginning to shed light on the func-
tional operation of the C2 barrel column in awake mice. In order
to understand the synaptic mechanisms driving this in vivo
activity, we need to examine the dynamic synaptic connectivity
of the neurons. An important fraction of the synaptic input to
any given neocortical neuron comes from nearby neurons form-
ing a local microcircuit organized in a columnar and laminar
fashion. In a previous study, we measured excitatory synaptic
connectivity within the mouse C2 barrel column of primary
somatosensory cortex finding evidence for layer-specific connec-
tivity (Lefort et al. 2009). In a subset of these recorded neurons,
we delivered pairs of presynaptic APs at different interstimulus
intervals, and, here, we present the analysis of the short-term
synaptic dynamics in these recordings (Lefort et al. 2009) accord-
ing to the laminar locations of the cell bodies of the presynaptic
and postsynaptic neurons.

Materials and Methods
All experiments were carried out in accordance with protocols
approved by the Swiss Federal Veterinary Office. In this study, we
report the analysis of short-term synaptic plasticity from whole-
cell membrane potential recordings of synaptically connected
excitatory neurons in the C2 barrel column. These data form a
subset of previously reported recordings measuring synaptic con-
nectivity (Lefort et al. 2009), and the methods used to obtain
these recordings are described in detail in the previous publica-
tion (Lefort et al. 2009). Here, we therefore only briefly describe
the methods used for the electrophysiological recordings. Since
we did not analyze short-term synaptic plasticity in the previous
publication (Lefort et al. 2009), here, we specifically describe in
detail only the analysis of short-term synaptic dynamics.

Electrophysiology

C57BL6J mice of both sexes aged P18–21 were anesthetized with
1.5mg/g urethane and kept at 37 °C on a heating blanket.
Intrinsic optical signal imaging was used to identify the loca-
tion of the C2 barrel column and a drop of fluorescent dye (DiI
or SR101) was laid down onto the exposed cortex. Subsequently,
300 μm-thick parasagittal brain slices were cut on a vibratome
(Leica VT1000S, Germany) in standard chilled artificial cerebro-
spinal fluid (ACSF) containing (in mM): 125 NaCl, 2.5 KCl,

25 D-glucose, 25 NaHCO3, 1.25 NaH2PO4, 2 CaCl2 and one MgCl2,
or in a modified ACSF (Bureau et al. 2006) containing (in mM): 110
choline chloride, 25 NaHCO3, 25 D-glucose, 11.6 sodium ascor-
bate, 7 MgCl2, 3.1 sodium pyruvate, 2.5 KCl, 1.25 NaH2PO4, and 0.5
CaCl2. Slices were then transferred to a chamber filled with stan-
dard oxycarbonated ACSF at 35 °C for 15min followed by a post-
incubation period of at least 30min at room temperature.

Electrophysiological recordings were carried out at 35 °C.
Pyramidal or spiny stellate neurons (according to their laminar
location and morphology) were visualized with a video micro-
scope (Olympus BX51WI) coupled to a 20×/0.95 NA objective, 4×
post-magnification with infrared gradient contrast. Up to 6
simultaneous somatic whole-cell patch-clamp recordings were
obtained with Multiclamp 700A amplifiers (Axon Instruments,
Molecular Devices). Patch-pipettes (5–7MΩ) filled with (in mM):
135 K-gluconate, 4 KCl, 4 Mg-ATP, 10 Na2-phosphocreatine, 0.3
Na-GTP, 10 HEPES (pH 7.3, 280mOsm) were used. Biocytin
(3mg/ml) was included in the intracellular solution to allow
post hoc anatomical reconstruction. Electrophysiological data
were Bessel filtered at 5–10 kHz and sampled at 20–40 kHz (ITC-
18, Instrutech). Measurements were not corrected for liquid
junction potential. The short-term synaptic plasticity stimula-
tion protocol consisted in injecting pairs of brief suprathreshold
current pulses into a presynaptic neuron separated by 10ms,
30ms, 100ms, 300ms, 1 s and 3 s in an interleaved manner
with inter-trial intervals of 15 s repeated 20 times for each
interstimulus interval. The short-term plasticity measurements
were thus recorded over a period of ~30min, and in some
experiments the amplitude of the postsynaptic potentials
changed slowly during the recording, typically showing a run-
down in both the first and the second postsynaptic potentials.
The paired-pulse ratios (PPR) remained stable across the dura-
tion of the recordings without significant change in 92% of
recordings according to linear correlation analysis across trials.

Analysis and Statistics

Electrophysiological data analysis and statistics were conducted
with custom routines written in IgorPro. The resting membrane
potential (Vm) and the amplitude of the first unitary excitatory
postsynaptic potential (uEPSP) were calculated as described in
Lefort et al. (2009). First, the baseline was calculated as an average
across 5ms before the onset of the presynaptic AP. Then, the first
uEPSP amplitude was computed as the difference between the
mean voltage averaged across 1 ± 0.5ms around the peak of the
first uEPSP and the previously obtained baseline. The second
uEPSP waveform for 10, 30, and 100ms intervals was obtained as
follows: all traces from 300ms to 3 s intervals were averaged and
only the first uEPSP of the obtained averaged trace was subtracted
from the 10, 30, and 100ms mean trace. The amplitude of the
resulting waveform corresponding to the second uEPSP was cal-
culated as described for the first uEPSP. The PPR for each interval
was defined as the ratio between the amplitude of the second
uEPSP obtained from the subtracted trace and the first uEPSP. The
peak depolarization ratio (PDR) was defined as the ratio between
the peak depolarization of the second uEPSP from the original
averaged trace (without subtraction) and the first uEPSP. Data are
reported in the text and figures as mean ± SEM. In order to deter-
mine whether there was statistically significant (P < 0.05; see
Supplementary Tables) synaptic plasticity, a Wilcoxon signed-
rank test for paired data was performed between each distribu-
tion and a value of 1. Linear regression analysis was carried out
in IgorPro to investigate the relationship between PPR, first uEPSP
amplitude and first uEPSP coefficient of variation.
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Results
Intralaminar Short-Term Synaptic Plasticity

Simultaneous whole-cell recordings were obtained in vitro
from nearby excitatory neurons located within the same neo-
cortical layer of the C2 barrel column, and suprathreshold cur-
rent pulses were injected into each recorded neuron in turn to
test for synaptic connectivity (Lefort et al. 2009). In the exam-
ple recording shown in Fig. 1A, 3 spiny stellate neurons were
recorded in L4, and all 6 possible synaptic connections were
found (Lefort et al. 2009). Having identified the synaptic part-
ners, paired-pulse APs interspaced by 10ms, 30ms, 100ms,
300ms, 1 s, and 3 s were elicited alternately in a presynaptic
cell in order to evaluate the short-term dynamics of the syn-
aptic connections (Fig. 1B,C). The amplitude of the second
uEPSP for the shortest stimulation intervals (10, 30, and
100ms) was calculated in 2 steps. First, a reference uEPSP was
obtained by averaging all postsynaptic responses correspond-
ing to the 300ms, 1 s, and 3 s paired-pulse APs. The first uEPSP
of this averaged trace was then subtracted from the averaged
trace of the 10, 30, and 100ms, respectively, thus leading to
the second uEPSP only (Fig. 1B). In the L4→L4 excitatory syn-
aptic connection example, paired-pulse presynaptic APs at
short stimulus intervals evoked a strong depression of synap-
tic efficacy that progressively recovered as the time between
the paired presynaptic APs increases (Fig. 1C). Short-term syn-
aptic plasticity was quantified by calculating the PPR (ratio
between the amplitude of the second uEPSP and the first
uEPSP; Fig. 1D). We also calculated the PDR as the ratio of the
maximal summated depolarization evoked by the second
uEPSP and the amplitude of the first uEPSP (Fig. 1D).

In some recordings, we found short-term synaptic facilita-
tion as depicted in an example recording of connected neurons
in layer 2 (L2; Fig. 2A). Further, as exemplified for layer 5B (L5B)
recordings, different connected neurons within the same layer
could show either depression (Fig. 2B) or facilitation (Fig. 2C).
There is therefore some diversity of short-term synaptic
dynamics within a given cortical layer.

In order to examine this diversity and find out if there are
any overall layer-dependent organizing principles, we ana-
lyzed short-term synaptic plasticity across many recordings.
In general, the strongest short-term plasticity was found at
short interstimulus intervals of 10 and 30ms, with relatively
similar effects at both time intervals, and less short-term
synaptic plasticity at 100ms (Fig. 3 and Supplementary
Tables 1–3). For intralaminar excitatory synaptic connections
with interstimulus interval of 10ms, we found PPR of
(mean ± SEM, median): L2 1.43 ± 0.17, 1.16 (n = 37 pairs), L3
0.83 ± 0.1, 0.74 (n = 21 pairs), L4 0.69 ± 0.03, 0.61 (n = 74 pairs),
L5A 0.71 ± 0.08, 0.62 (n = 35 pairs), L5B 1.11 ± 0.13, 1.06 (n = 14
pairs), and L6 0.99 ± 0.28, 1.14 (n = 4 pairs) (Fig. 3 and
Supplementary Table 1). Therefore, at the short interstimulus
interval of 10ms, intralaminar excitatory synaptic connec-
tions in L2 on average underwent short-term facilitation,
whereas depression dominated in L4 and L5A. On average
across recordings, there was no significant short-term plas-
ticity at connections within L3, L5B, or L6 (although only a
small number of pairs were screened for short-term dynam-
ics in L6).

Overall, similar short-term dynamics were observed at inter-
stimulus intervals of 30ms, with facilitation dominating for L2
synaptic connections, and depression or no substantial short-term
plasticity occurring in other layers (Fig. 3 and Supplementary

Table 2). However, spacing consecutive APs by 100ms decreased
the short-term facilitation at intralaminar L2 synaptic connections
(Fig. 3 and Supplementary Table 3).

Across recordings, we correlated the PPR with uEPSP1 ampli-
tude and the coefficient of variation of uEPSP1. We found a
weak but significant negative correlation of PPR with uEPSP1
amplitude (Supplementary Fig. 1A). We also found a weak but
significant positive correlation of PPR with the trial-by-trial coef-
ficient of variation of the amplitude of uEPSP1 (Supplementary
Fig. 1B). These data are consistent with the notion that connec-
tions with smaller uEPSP1 amplitudes might have lower initial
release probability resulting in larger coefficients of variation
and stronger facilitation. However, it is important to note that
only a small amount of variance across recordings is explained
through these correlations.

Summation of first and second uEPSPs at short interstimu-
lus intervals of 10, 30, and 100ms typically generated peak
depolarizations which were larger than the amplitude of the
first uEPSP (Fig. 3 and Supplementary Tables 4–6). The PDR at
an interstimulus interval of 10ms was (mean ± SEM, median):
L2 2.21 ± 0.16, 1.96 (n = 37 pairs), L3 1.63 ± 0.1, 1.56 (n = 21 pairs),
L4 1.51 ± 0.04, 1.49 (n = 74 pairs), L5A 1.54 ± 0.08, 1.53 (n = 35
pairs), L5B 1.92 ± 0.14, 1.91 (n = 14 pairs), and L6 1.86 ± 0.19, 1.88
(n = 4 pairs) (Fig. 3 and Supplementary Table 4). Burst firing of
doublets of APs in presynaptic excitatory neurons therefore
generated considerably larger depolarization than single APs in
postsynaptic excitatory neurons located in the same layer.

Interlaminar Short-Term Synaptic Plasticity

We next examined short-term synaptic plasticity between excit-
atory neurons located in different layers. The example experi-
ment in Fig. 4A–C shows a synaptic connection between a L4
spiny stellate neuron and a L2 pyramidal neuron, which exhibits
short-term synaptic depression at short interstimulus intervals.
The example experiment in Fig. 4D–F shows a synaptic connec-
tion between a L3 pyramidal neuron and a L5B pyramidal neu-
ron, which exhibits weak synaptic depression. Analyzed across
recordings in our interlaminar data set, the most prominent
short-term plasticity was found to occur at short interstimulus
of 10 and 30ms, similar to the intralaminar synaptic connections
(Fig. 5 and Supplementary Tables 1–3). For interlaminar excit-
atory synaptic connections with interstimulus interval of 10ms,
we found PPR of mean ± SEM, median: L2→L3 1.34 ± 0.55, 0.92
(n = 3 pairs), L2→L5A 1.29 ± 0.14, 1.23 (n = 12 pairs), L3→L2 1.19 ±
0.25, 0.95 (n = 12 pairs), L3→L5B 0.84 ± 0.12, 0.79 (n = 9 pairs),
L4→L2 0.87 ± 0.06, 0.88 (n = 12 pairs), L4→L3 1.05 ± 0.11, 0.94 (n =
10 pairs), L4→L5A 0.99 ± 0.31, 0.53 (n = 13 pairs), L4→L5B 0.54 ±
0.06, 0.55 (n = 6 pairs), L5A→L5B 1.06 ± 0.13, 1.12 (n = 3 pairs), and
L5B→L6 1.03 ± 0.19, 0.98 (n = 3 pairs) (Fig. 5 and Supplementary
Table 1). For interlaminar synaptic connections at short inter-
stimulus intervals of 10 and 30ms, presynaptic neurons in L2
tend to give rise to facilitating responses in postsynaptic L5A
neurons, whereas presynaptic neurons in L4 synapsing onto L5B
neurons tend to give rise to depressing responses. Color-coded
PPR matrices help visualize the short-term synaptic plasticity
data for both intralaminar and interlaminar excitatory synaptic
connections for interstimulus intervals of 10ms (Fig. 5A), 30ms
(Fig. 5B), and 100ms (Fig. 5C). Similar to the data for intralaminar
synaptic connections, the second uEPSP summated with the first
uEPSP at short interstimulus intervals generating PDRs greater
than unity at interlaminar synaptic connections (Fig. 5D–F;
Supplementary Tables 4–6). In addition to plotting the short-term
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synaptic plasticity matrices according to layers, we also com-
puted PPR (Fig. 5G–I) and PDR (Fig. 5J–L) according to the subpial
depth of the presynaptic and postsynaptic neurons. This revealed

a similar pattern of short-term plasticity with facilitation being
most prominent for presynaptic neurons located in the superficial
part of the neocortex.

Figure 1. Example of short-term synaptic plasticity between excitatory neurons in layer 4 of the mouse C2 barrel column. (A) Example of a recording from L4 spiny

stellate neurons within the C2 barrel column. Left: color-coded dendritic reconstructions of the recorded neurons. Right: color-coded schematic connectivity diagram

with associated postsynaptic response following a single AP in the presynaptic neurons. (B) The short-term plasticity was assessed by evoking paired-pulse APs at dif-

ferent time intervals in the presynaptic neuron. The second postsynaptic potential (uEPSP2) was obtained by subtracting the postsynaptic response to a single AP

(uEPSP1). (C) Membrane potential responses to paired-pulse stimulation of the L4→L4 synaptic connection at different stimulus frequencies. (D) PPR and PDR obtained

from this L4→L4 connection (mean ± SEM, n = 20 trials).
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Figure 2. Examples of paired-pulse facilitation and depression at intralaminar synaptic connections in L2 and L5B in the mouse C2 barrel column. (A) An example of a

L2→L2 synaptic connection showing short-term synaptic facilitation at interstimulus intervals of 10 and 30ms. (B) An example of a L5B→L5B synaptic connection

showing short-term synaptic depression. (C) The cells shown in panel B were reciprocally connected. The reciprocal connection showed short-term synaptic facilita-

tion at interstimulus intervals of 10 and 30ms. PPR and PDR are shown as mean ± SEM (n = 20 trials).
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Figure 3. Layer-dependent analysis of intralaminar PPR and PDR for short-term synaptic plasticity at excitatory synapses in the mouse C2 barrel column. (A) The post-

synaptic responses of L2→L2 synaptic connections (n = 37) were normalized to the amplitude of the first EPSP of each synaptic connection and averaged. The grand-

average uEPSPs for 10ms (red) and 30ms (blue) paired-pulse interstimulus intervals are shown in the upper panel. The time-course of paired-pulse short-term synaptic

plasticity across all L2→L2 synaptic connections is shown as the PPR (black) and the PDR (gray) (middle panel), with data presented as mean ± SEM. Statistically signifi-

cant plasticity is indicated by a * indicating P < 0.015. The cumulative distribution of PPR (thick lines) and the PDR (thin lines) for 10ms, (red), 30ms (blue), and 100ms

(green) interstimulus intervals (below). (B) As for panel A, but for L3→L3 synaptic connections (n = 21). (C) As for panel A, but for L4→L4 synaptic connections (n = 74). (D)

As for panel A, but for L5A→L5A synaptic connections (n = 35). (E) As for panel A, but for L5B→L5B synaptic connections (n = 14). (F) As for panel A, but for L6→L6 synaptic

connections (n = 5).
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Discussion
Layer-Specific Short-term Synaptic Plasticity

Our data from simultaneous whole-cell recordings of presynap-
tic and postsynaptic neurons reveal prominent layer-specific
short-term synaptic plasticity between excitatory neurons in
the C2 barrel column of mouse primary somatosensory cortex.
The most prominent synaptic facilitation was observed at
L2→L2 and L2→L5A connections. Synaptic depression was
prominent at L4→L4, L4→L5B, and L5A→L5A connections. At
other synaptic connections, the effects were more varied, either

reflecting a real biological variability or a smaller sample size in
our study.

Our data are largely in agreement with studies regarding the
most commonly investigated synaptic pathways within the bar-
rel cortex. Strong synaptic depression was previously reported at
L4→L4 and L5A→L5A synaptic connections in rat barrel cortex,
as well as occasional facilitation at short interspike intervals at
L2/3→L2/3 synapses (Feldmeyer et al. 1999, 2006; Petersen 2002;
Cowan and Stricker 2004; Frick et al. 2008). Some previous
reports also found a strong depression at L2/3→L2/3 synapses
and a mix of synaptic dynamics at L5A→L5A connections, but

Figure 4. Example experiments investigating interlaminar short-term synaptic plasticity between excitatory neurons in the mouse C2 barrel column. (A) In this exam-

ple experiment, 2 neurons were recorded in L2 and 2 neurons were recorded in L4. Both L4 neurons were presynaptic to one of the L2 neurons. (B) The average post-

synaptic response of cell 3 located in L2 to different interstimulus intervals of APs applied to cell 2 located in L4. (C) PPR and PDR obtained from this L4→L2 example

synaptic connection at different interstimulus intervals. Data are shown as mean ± SEM (n = 20 trials). (D) A different example showing the connectivity and short-

term synaptic plasticity between neurons in L3 and L5B. (E) Color-coded postsynaptic responses resulting from different interstimulus intervals of presynaptic

paired-pulse stimulation. (F) PPR and PDR obtained from this L3→L5B example.

Layer-Dependent Short-Term Synaptic Plasticity Between Excitatory Neocortical Neurons Lefort and Petersen | 3875



Figure 5. Short-term synaptic plasticity of excitatory synaptic connections in the C2 barrel column. (A–C) Color-coded matrices showing the PPR of synaptic connec-

tions between neurons in specific layers when the APs were separated by 10, 30, and 100ms. (D–F) Color-coded matrices showing the PDR of synaptic connections

between specific layers when the APs were separated by 10, 30, and 100ms. (G–I) same as panels A–C except that the matrices are computed based on the presynaptic

and postsynaptic location of the recorded neurons with a 50 μm binning in subpial depth. (J–L) same as panels G–I but for PDR matrices.
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these differences may be accounted for by changes in short-
term synaptic plasticity during early development (Reyes and
Sakmann 1999; Frick et al. 2007; Cheetham and Fox 2010). Short-
term dynamic variability among synaptic connections within a
given layer can also be due to the different excitatory cell types
populating the layer. For instance, a mix of facilitation and
depression at L6→L6 synaptic connections has been observed
and partly attributed to nonthalamic L6 projecting neurons in
the case of depression (Beierlein and Connors 2002).

Possible Functional Relevance

In vivo recordings of identified excitatory pyramidal neurons
from barrel cortex of awake behaving mice have typically
shown low firing rates, with a few neurons firing at rates well
above the median (Petersen and Crochet 2013). Brief bursts or
doublets of APs at short interspike intervals have been found to
be prominent in L2/3 pyramidal neurons of awake head-
restrained mice (Poulet and Petersen 2008) and rats (de Kock
and Sakmann 2008). It is of interest to note that in our data set,
synaptic facilitation at short interspike intervals of 10 and 30ms
was most prominent at synaptic connections L2→L2 and
L2→L5A. The facilitation of postsynaptic potentials induced by
burst firing of L2 neurons in awake barrel cortex might there-
fore contribute to enhancing the importance of synaptic input
from L2 to its downstream postsynaptic targets in L2 and L5A.
The synaptic facilitation at L2→L2 synapses may also contrib-
ute to the relatively long-time scale integration of sensory pro-
cessing observed in L2 excitatory neurons during active touch
(Crochet et al. 2011), especially in L2 neurons projecting to sec-
ondary somatosensory cortex (Yamashita et al. 2013).

The short-term synaptic depression, which dominated at
L4→L4, L4→L5B, and L5A→L5A connections, may serve to enhance
the processing of changes in sensory input, acting as a low-pass
filter reducing the postsynaptic impact of repetitive activity
within the same presynaptic neurons (Abbott et al. 1997).

Although short-term synaptic plasticity had a strong effect
at some synaptic connections, the most robust effects were
mediated through temporal summation of uEPSPs. At short
interstimulus intervals of 10 and 30ms, summation of uEPSPs
robustly led to PDR greater than unity. Even in the absence of
facilitation, burst firing can therefore make an important
impact upon postsynaptic targets, and indeed burst firing of L5
pyramidal neurons is thought to be prominent in awake ani-
mals (Murayama and Larkum 2009; Xu et al. 2012).

Limitations

There are many limitations to the current study. Most impor-
tantly, our measurements were made in vitro from acutely pre-
pared brain slices. It is possible that synaptic plasticity in vivo
differs from our in vitro measurements, since the ionic concen-
trations and presence of various neuromodulators will likely
affect synaptic transmission and dynamics. However, a recent
in vivo study of synaptic connections between L2 excitatory
neurons of mouse barrel cortex found a mean ± SEM PPR of
1.15 ± 0.09 for a mean interspike interval of 14.00 ± 0.84ms
(Jouhanneau et al. 2015), which is in rough agreement with our
in vitro measurements of L2 pairs showing PPR of mean ± SEM
1.43 ± 0.17 and median of 1.16 for an interspike interval of
10ms. The in vivo data were collected under anesthesia
(Jouhanneau et al. 2015), which could affect synaptic transmis-
sion and plasticity. In the future, it will therefore be important
to make measurements in awake mice during different brain

states to further examine the physiological properties of synap-
tic transmission and synaptic dynamics.

Another important drawback of the current study is that we
only separated excitatory cell classes according to the laminar
position of the cell body, which is likely to mix many different
cell types together. For example in L2/3, there are at least 2 dif-
ferent types of excitatory projection neurons, one type project-
ing to S2 and the other projecting to M1. In infragranular layers,
there are many further cell types projecting to different cortical
and subcortical targets. It is likely that these cells both have dif-
ferent synaptic connectivity and also different short-term syn-
aptic dynamics (Kiritani et al. 2012). There is, therefore, an
enormous amount of further experimental work to be done
before we have a complete understanding of excitatory synap-
tic connectivity and short-term synaptic plasticity in the mouse
C2 barrel column.
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Supplementary data is available at Cerebral Cortex online.
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