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The concept of unisensory cortices has
been challenged by growing evidence that
neurons in primary sensory regions re-
spond to stimuli of different modalities
(Driver and Noesselt, 2008). The tradi-
tional view is that these crossmodal influ-
ences result from backward projections
from higher-order areas to primary cortical
areas. This feedback hypothesis is supported
by a large body of evidence showing cross-
modal attentional modulation in lower-
order sensory regions (Driver and Noesselt,
2008). More recently, it has been proposed
that feedforward and lateral pathways at the
earliest processing stages also mediate mul-
tisensory interactions. This view is based on
two lines of evidence. First, multisensory in-
teractions in sensory cortices first appear
30–50 ms after stimulus onset. Thus, they
are faster than those resulting from feedback
connections. Second, anatomical studies re-
veal direct connections between primary
sensory cortices in nonprimate animals
(Schroeder and Foxe, 2005). The impact of
lateral cortical connectivity on multisensory
interactions is unclear.

A recent report by Sieben et al. (2013)
provided anatomical and electrophysio-
logical evidence for lower-order inter-

actions between primary visual and
somatosensory cortex (V1 and S1). The
authors extracellularly recorded electrical
activity evoked by unimodal visual (light
flashes) or tactile stimulation (whisker de-
flection) from multiple sites in V1 and S1.
Unimodal stimulation was compared
with bimodal stimulation consisting of
flash and whisker deflection simultane-
ously presented in the same (congruent)
or in opposite (incongruent) hemifields.
To investigate whether the visual cortex
mediates visual-somatosensory interac-
tions, the authors blocked action potentials
in V1 by intracortical injection of lidocaine,
and studied the effect of this block on so-
matosensory evoked potentials, as well as
stimulus-induced and spontaneous oscilla-
tions in S1. Finally, anatomical tracing of
neurons in S1 and V1 was performed
postmortem.

Extracellular recordings from all layers
of the barrel field in S1 revealed that bi-
modal stimulation enhanced the early com-
ponents of evoked potentials, compared
with unimodal stimulation. In the rat,
evoked potentials are characterized by a first
large positive component (P1), followed
within 10 ms by a negative component
(N1), and then by two slower components
(N2 and P2). Congruent bimodal stimula-
tion elicited a superadditive augmentation
of the P1 and N1 components of evoked
potentials originating in the granular lay-
ers of S1.

Sieben et al. (2013) suggest that sub-
cortical feedforward pathways that bypass

V1 mediate the cross-modal augmenta-
tion of early evoked responses in S1. Their
interpretation is based on two findings.
First, the onset of the first peak of bimodal
enhanced potentials in S1 had a shorter
latency than the onset of visual evoked re-
sponses in V1. Second, lidocaine-induced
blockade of V1 activity did not affect the
bimodal augmentation of the first peak
(P1), while eliminating the enhancement
of the second peak (N1). Indeed, the N1 is
often thought to reflect corticocortical in-
teractions (Szentagothai, 1978).

Sieben et al. (2013) also investigated
the effect of vision on both spontaneous
and induced somatosensory oscillations.
Unimodal visual stimulation reset the
phase of � and � spontaneous oscillations
bilaterally in all layers of S1, but most
prominently in the granular layers of the
contralateral barrel field. Similar phase re-
set of slow oscillations was also observed
in V1 after unimodal tactile stimulation.
Furthermore, visual input modulated
stimulus-induced somatosensory oscilla-
tions. Lidocaine-induced blockade of V1
both decreased and delayed the phase
concentration of � and � band oscillations
by contralateral visual input. In addition, si-
lencing V1 eliminated most of the power
differences between bimodal and unimodal
stimulus-induced responses.

Finally, anatomical tracing revealed
sparse, direct, intrahemispheric connec-
tivity between the granular and supra-
granular layers of V1/V2 and S1. Sieben et
al. (2013) propose that this corticocortical
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connectivity accounts for visual modula-
tion of both spontaneous and induced so-
matosensory oscillations.

Overall, the authors conclude that vi-
sual and tactile inputs are integrated at
both subcortical and neocortical levels,
supporting the view that feedforward and
lateral connections contribute to multi-
sensory processing. More specifically,
they suggest that thalamic integration is
responsible for supraadditive augmenta-
tion of somatosensory evoked responses,
while direct projections from V1 modu-
late the power of induced network oscilla-
tions in S1 by resetting their phase.

The effects of blocking V1 activity
point to a role for this region in the mod-
ulation of somatosensory activity, and the
finding of direct connectivity between V1
and S1 is also suggestive of direct commu-
nication between these regions. However,
the evidence in support of the hypothesis
that direct connectivity between S1 and
V1 mediates changes in somatosensory
oscillations is not conclusive. Indeed, it
cannot be excluded that V1 modulates S1
activity indirectly, through higher-order
convergence areas.

The ultimate challenge is to understand
the specific role of direct connectivity be-
tween sensory cortices in multisensory pro-
cessing and behavior. A recent study on
visual-auditory interactions demonstrated
that activation of primary auditory cortex
(A1) by a noise burst suppresses visually
driven behavioral responses, by driving local
GABAergic inhibition on V1 via corticocor-
tical connections (Iurilli et al., 2012). The
role of V1/A1 connectivity was demon-
strated through transection of these connec-
tions. This evidence thus supports the view
that corticocortical connectivity mediates
multisensory interactions.

In humans, there is extensive evidence
of cross-modal modulation of activity in
primary sensory cortices (Ghazanfar and
Schroeder, 2006; Driver and Noesselt,
2008). Given the pervasiveness of multi-
sensory interactions at the early stages of

sensory processing, it has been proposed
that the neocortex is essentially multisen-
sory (Ghazanfar and Schroeder, 2006).
This view finds novel support in a functional
magnetic imaging (fMRI) study using mul-
tivariate pattern analysis in humans. Liang
et al. (2013) demonstrated that unimodal
stimulation (visual, tactile, auditory, or no-
ciceptive) elicits distinguishable spatial pat-
terns of neuronal responses in both their
corresponding primary sensory cortex, and
in other primary sensory cortices. It is,
however, unclear whether feedback, feed-
forward, or lateral connections drive multi-
sensory responses at neocortical level.

Interestingly, the study by Sieben et al.
(2013) indicates the phase reset of network
oscillations as a possible mechanism of mul-
tisensory interaction. Similar phase reset-
ting has been demonstrated in monkeys as a
correlate of integration between auditory
and somatosensory inputs (Lakatos et al.,
2007), and it is thought to facilitate sensory
processing. However, the effect on behavior
has not been investigated in the present
study.

Finally, it would be important to un-
derstand whether the mechanisms of
visual-somatosensory interplay described
by Sieben et al. (2013) are specific for tac-
tile input, or may extend also to nocicep-
tive signals. For example, future studies
could determine whether V1–S1 connec-
tions target a specific area in S1, and
whether they make synapses on specific
cell types. Although nociceptive inputs are
strongly modulated by other sensory in-
puts (Mancini et al., 2012), the underlying
neural correlates of these interactions are
rarely investigated. In humans, they may
involve a change in the functional cou-
pling between visual and somatosensory
areas (Longo et al., 2012), possibly depen-
dent on excitability shifts in the occipital
cortex (Mancini et al., 2012).

In conclusion, the strength of the work
by Sieben et al. (2013) is to combine an array
of electrophysiological measures with phar-
macological interventions and anatomical

tracing. Their results are suggestive of sub-
cortical and neocortical mechanisms of
visual-somatosensory interplay. The hope
is that their valuable work will stimulate
research oriented at understanding the
specific contribution of corticocortical
connectivity to multisensory processing
and perception.
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