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ABSTRACT: Neuronal circuitries in the mammalian visual system change as a function of experience. Sensory experience modifies neuronal networks

connectivity via the activation of different physiological processes such as excitatory/inhibitory synaptic transmission, neurotrophins, and signaling of

extracellular matrix molecules. Long-lasting phenomena of plasticity occur when intracellular signal transduction pathways promote epigenetic alterations

of chromatin structure that regulate the induction of transcription factors that in turn drive the expression of downstream targets, the products of which

then work via the activation of structural and functional mechanisms that modify synaptic connectivity. Here, we review recent findings in the field of

visual cortical plasticity while focusing on how physiological mechanisms associated with experience promote structural changes that determine functional

modifications of neural circuitries in V1. We revise the role of microRNAs as molecular transducers of environmental stimuli and the role of immediate

early genes that control gene expression programs underlying plasticity in the developing visual cortex.

KEYWORDS: visual cortex, plasticity, extracellular matrix, OTX2, GABAergic interneurons, epigenetics, microRNAs, chromatin remodeling, Npas4

CITATION: Maya-Vetencourt and Pizzorusso. Molecular Mechanisms at the Basis of Plasticity in the Developing Visual Cortex: Epigenetic Processes and Gene Programs.

Journal of Experimental Neuroscience 2013:7 75—-83 doi:10.4137/JEN.S12958.
TYPE: Review

FUNDING: JFMV is supported by a research fellowship at the Italian Institute of Technology.

COMPETING INTERESTS: The authors declare no potential conflict of interests.

COPYRIGHT: © the authors, publisher and licensee Libertas Academica Limited. This is an open-access article distributed under the terms of the Creative Commons

CC-BY-NC 3.0 License.
CORRESPONDENCE: maya.vetencourt@iit.it

Introduction

The neuronal representation of environmental stimuli in sen-
sory areas as well as the selection and association of sensory
input for further neuronal processing seem to be associated
with the spatiotemporal dynamic synchrony of neuronal fir-
ing within and between interconnected neuronal networks in
the brain.b? The structure and organization of sensory sys-
tems ensures the existence of both (i) feedforward connec-
tions that lie behind neurons with feature-selective receptive
fields and (ii) reciprocal connections between these neurons
that serve to dynamically associate them into complexes.
This feature enables cortical regions to detect consistent
associations among incoming electrical signals associated
with experience and to represent such relations by grouping
neuronal responses in a temporal-dependent®® and context-
dependent®’ manner.

The functional nature of computational operations
in sensory areas of the brain relies, at least partially, on
experience-dependent processes of neuronal plasticity. A gen-
eral feature in the nervous system is that the remodeling of

neural networks by early experience®

is actively preserved by
the late appearance of structural and functional factors that
restrict plasticity over the time-course.” 2 This characteristic
seems to be critical in terms of adaptive functions (e.g., sen-
sory perception, memory and learning, language acquisition,
motor skills, reasoning), but determines a major decrease of
plasticity in the adult brain.

Sensory experience during early life drives the consoli-
dation of synaptic circuitries in the primary visual cortex
(V1).3 The rules that control plasticity of visual representa-
tions in V1 are reasonably understood;'*! however, struc-
tural and functional mechanisms underlying these plastic
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phenomena still need further research. A large number of
physiological processes have been identified in parallel to the
decline of plasticity that occurs with age. Modifications have
been described for long-distance projection systems,'¢*® for
BDNF expression,'*?° for a shift in the composition and gat-
ing dynamics of glutamate NMDA receptors,??? for myelin

associated proteins?3° and surface recognition molecules,?®

for the activity of the CRE-CREB system,?” and for the regu-
lation of histones post-translational changes.?8 More recently,
attention has been focused on physiological mechanisms asso-
ciated with experience that promote structural changes and
determine functional modifications in V1.29731

Previous studies have comprehensively reviewed devel-
opment and plasticity of neuronal circuitries in the visual
cortex.’?3% In this review, we discuss recent experimental
findings in the field of plasticity and provide a concise and
updated view that aims to encompass different physiological
processes at the basis of plastic phenomena in V1. We focus
on how intracellular signal transduction pathways associated
with experience drive changes of chromatin structure that
regulate gene programs underlying visual cortical plasticity.

Intracortical Inhibitory/Excitatory Balance

and Visual Cortex Plasticity in Early Life

Inhibitory GABAergic networks in the brain consist of a wide
variety of different interneuron cell types that show diverse
physiological properties and display different innervation tar-
gets in subcellular compartments of excitatory cells.>* GABA-
mediated inhibitory transmission is critical in shaping patterns
of electrical activity associated with experience.?* Inhibitory
circuitries that include large-basket cells expressing the calcium
binding protein parvalbumin (Pv) are one kind of interneuron
anatomically suited to compute this task as they send axons
across large areas in the cortex while enwrapping cell bodies of
pyramidal excitatory neurons and establishing inhibitory syn-
aptic contacts enriched on GABA ,-receptors containing the
ol subunit.3® Notably, studies performed in rodents revealed
that development of GABAergic inhibition and the presence
of GABA ;-0 receptors on perisomatic inhibitory synapses in
pyramidal cells are critical for defining the critical period (CP)
during early stages of development in which neuronal networks
in V1 are highly sensitive to experience.*37-3?

Plasticity in the visual system is normally assessed in
terms of the induction of sensory deprivation effects. The ocu-
lar dominance (OD) distribution in V1, for instance, markedly
changes in favor of the open (not deprived) eye after unilat-
eral eyelid suture (monocular deprivation, MD) during the
CP but not later.**~** The study of plasticity using this experi-
mental design revealed that the developmental maturation of
GABAergic inhibitory circuitries controls the time-course of
the CP for OD plasticity. Sensory experience sets in motion a
two-threshold mechanism for the time-course of the CP dur-
ing development. An initial threshold of inhibition3”3? drives
the CP in which neuronal circuitries in in the visual cortex

are highly sensitive to experience, whereas a second inhibitory
threshold® signals the end of this phase of enhanced plasticity.!*
An important issue that has been subject of recent attention is
the role of parvalbumin-positive (Pv+) GABAergic neurons in
the regulation of CP plasticity.

CP Plasticity and Experience-dependent Transfer

of OTX2 in the Visual Pathway

The time-course of the CP for V1 plasticity critically
depends on sensory experience. This notion derives from
classical experiments combining sensory deprivation and
electrophysiological analysis. While rearing animals in total
darkness from birth delays the functional maturation of stri-
ate cortex and prolongs neuronal plasticity beyond its nor-

mal limits,*3:45:46

raising animals in an environment enriched
in terms of sensory-motor activity and social stimulation
accelerates visual system development and promotes a preco-
cious closure of the CP.#7

How do Pv+ GABAergic neurons come into play in the
regulation of the CP? There is evidence that visual experience
drives the transfer of the retina-derived homeoprotein OTX2
along the visual pathway, which in turn promotes the matu-
ration of the Pv+ subclass of cortical GABAergic interneu-
rons critically involved in the regulation of the CP for OD
plasticity.?»*% In rodents, OTX2 mRNA appears to not be
synthesized in the visual cortex but in subcortical structures
of the visual pathway: retina, lateral geniculate nucleus and
superior colliculus. Yet, OTX2 protein accumulates in Pv+
GABAergic cells in the cortex, indicating that a possible
source of cortical OTX2 protein may be the retina. OTX2
possesses both secretion and internalization sequences in the
homeodomain, allowing the potential transfer of the protein
from cell to cell,® which appears to be relayed by retinogenic-
ulocortical projections that form onto Pv+ interneurons over
development.?

In summary, the geniculocortical transfer of OTX2 is
regulated by experience, and OTX2 seems to direct Pv+ cells
maturation in V1. While dark rearing decreases OTX2 as
well as Pv protein levels in the cortex and delays the matura-
tion of GABAergic inhibition, OTX2 delivery rescues Pv+
cells maturation in complete darkness.?’ Notably, infusion of
recombinant OTX2 in the visual cortex of young animals,
before the start of the CP, causes a premature occurrence of
plasticity in response to MD. Moreover, intraocular injection
of biotinylated OTX2 leads to an increase of OTX2 labeled
protein into Pv+ cells in V1, whereas interfering with OTX2
synthesis in the retina, by means of RNA interference, eftec-
tively prevents CP plasticity.?’ These findings indicate that
OTX2 regulates the time-course of the CP, most likely by
controlling the maturation of GABAergic inhibition.’! In line
with this, delivery of OTX2 in the visual cortex of dark- and
normally-reared mice increases the number of Pv+ inhibitory
interneurons.?” Moreover, OTX2 infusion in V1 of pre-CP
mice reduces the excessive spike firing of single units that is
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normally observed in early life, indicating that O'TX2 induces
the maturation of inhibition.

A two-threshold model for the OTX2 regulation of OD
plasticity that is perfectly in line with the role of inhibition
has been recently postulated.?3! Early sensory experi-
ence is believed to drive OTX2 accumulation in cortical
Pv+ GABAergic cells, thus favoring their functional mat-
uration and CP onset (Fig. 1). 'This is likely to promote the
condensation of extracellular matrix components around
Pv+ interneurons leading to higher levels of OTX2 incorpora-
tion that, in turn, result in further maturation of intracorti-
cal inhibition and associated structural stabilization of neural
circuitries that cause the end of CP plasticity in V1.

Role of PNNs Organization in OTX2
Internalization by GABAergic Cells During the CP
Extracellular matrix components such as perineuronal nets

(PNNGs) in V1, which consist of hyaluronic acids, chondroitin

sulfate proteoglycans (CSPGs) and cell adhesion molecules,
aggregate and enwrap mainly around the soma and den-
dritic processes of Pv+ interneurons.’>**> PNNs appear late
in development in concomitance with the closure of the CP
for plasticity, this phenomenon being associated to the sta-
bilization of neuronal connectivity patterns and inhibition

of structural and functional plasticity of dendritic spines.’*

Targeting PNNs with Chondroitinase-ABC enhances OD
plasticity>® and promotes the rescue of visual functions in
adult amblyopic rats.*

There is evidence that OTX2 modifies PNNs struc-
tures in V1. On the one hand, OTX2 accumulation in
Pv+ GABAergic interneurons serves as a positive feedback
loop in promoting PNNs maturation, which eventually favors
OTX2 uptake and therefore the strengthening of somatic
inhibition during the CP in the visual system. The reduc-
tion of OTX2 in the visual cortex of young OTX2%/* mice
by CRE recombination actually delays PNNs formation while
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Figure 1. A two-threshold model for OTX2 in the regulation of visual cortical plasticity during early life. Visual experience drives the initial incorporation
of the OTX2 protein into Pv+ GABAergic cells. This results in the initial functional maturation of inhibition and the CP onset. As development proceeds,
PNNs condense around inhibitory interneurons, leading to higher levels of OTX2 accumulation that in turn promote inhibition and eventually reduce
plasticity while causing neuronal circuitries consolidation and stability in V1. OTX2 is synthesized, secreted and maintained in Pv+ GABAergic cells in the

mature brain.3°
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reducing the number of Pv+ interneurons.”” On the other
hand, OTX2 delivery into the visual cortex of CP animals
not only increases the incorporation of OTX2 in Pv+ GABA
cells, but also enhances the number of PNNs enwrapping
Pv+ GABAergic neurons while promoting the expression of
different GABAergic markers.?” As PNNs seem to facilitate
OTX2 internalization by Pv+ cells, OTX2 promotes the mat-
uration of intracortical inhibition by its gradual appearance
on Pv+ interneurons in response to experience after the onset
of vision. This is a compelling example of how physiologi-
cal mechanisms associated to experience promote structural
changes that determine functional modifications of neural
circuitries.

The role of OTX2 in mediating the recovery from the
effects caused by long-term sensory deprivation in rodents has
also been recently explored. A common finding in all species
tested so far is that depriving animals of visual experience
during the CP irreversibly alters the quality of sight in adult-
hood. Long-term MD leads to marked impairments of nor-
mal visual functions; binocularity, spatial acuity and contrast
sensitivity are severely impaired in amblyopic animals.*0~#4 Tt
has been reported that exogenous administration of a peptide
that disrupts OTX2 availability in GABAergic interneurons
and hampers inhibition, promotes the rescue of spatial acuity
in adult amblyopic mice.3! Amblyopia recovery has also been
claimed in adult OTX288x animals after deletion of the
OTX2 protein in the choroid plexus by CRE recombina-
tion.3® Surprisingly, though, these electrophysiological stud-
ies found only a partial rescue of acuity in adult life (nearly
0.4 cycles per degree).33! Because visual acuity in normally
reared, mature mice is around 0.6 cycles per degree of visual
angle, this notion being consistently confirmed both electro-

physiologically and behaviorally,'*57->

the behavioral analysis
of acuity in adult amblyopic animals after OTX2 deletion is

likely to shed light on this important subject.

Sulfactation Patterns of CSPGs in PNNs

and the Regulation of CP Plasticity

A novel role for specific sulfation patterns of chondroitin
sulfates as permissive factors for visual cortical plasticity has
been subject of attention in recent years.®® Chondroitin sul-
fate chains are long linear polysaccharides that consist of a
repeating disaccharide subunit composed of glucoronic acid
as well as N-acetylgalactosamine.®® While there is evidence
that the functional information of CSPGs may be encoded by
the specific sulfation sequence (sugar code) of chondroitin sul-
fate chains,®276* OTX2 appears to recognize sugar sequences
in PNNs presumably enriched in chondroitin-6-sulfate

moieties.?!

Notably, OTX2 possess an “arginine-lysine”
binding motif in its primary sequence that recognizes PNNs
sugars, preferentially glycosaminoglycans (GAGs) around Pv+
interneurons in layer IV.3! This observation sheds light on how
OTX2 could be specifically internalized in PV+ GABAergic

interneurons.

Recent findings suggest that a developmental increase in
the 4-sulfaction/6-sulfaction ratio of CSPGs is necessary for
the accumulation of OTX2 in the cortex as well as for the
maturation of Pv+ interneurons and that it does lead to the
end of CP plasticity in the mouse visual cortex.®® Indeed, a
low 4-sulfaction/6-sulfaction ratio of CSPGs in transgenic
mice that overexpress the C6ST-1 sulfotransferase enzyme
prevents both the condensation of CSPGs in PNNs that
enwrap Pv+ interneurons and the associated maturation of
inhibition in V1. Accordingly, these transgenic animals retain
juvenile-like plasticity in adult life: short- and long-term sen-
sory deprivation by monocular occlusion results in a shift of

OD in favor of the open eye.*

Epigenetic Regulation of CP Plasticity

Plasticity requires the activity-dependent activation of molec-
ular pathways controlling gene expression. Several studies
have shown that signaling pathways involving ERK, PKA,
and CaMKII signaling mediate experience-dependent acti-
vation of gene expression and are required for OD plasticity in
juvenile rodents.®>~® Inhibition of ERK results in a dramatic
decrease of the activation of CREB-regulated transcription
in the visual cortex and effectively prevents plasticity.®>”°
CREB-regulated transcription appears to set in motion
mechanisms that modify chromatin and chromatin-bound
proteins, thus promoting the transition of heterochromatin
to a permissive state for transcription. This mechanism is not
specific for CREB and it is thought to occur on many activity-
dependent genes. However, additional studies are needed to
determine how specificity for selected genes is obtained. The
experiments on the visual cortex demonstrate that global lev-
els of epigenetic modifications of chromatin usually associ-
ated with active gene transcription (e.g., acetylation of lysine
9 and 14, dimethylation of lysine 4, and phosphorylation of
Ser 3 on histone H3) are quickly upregulated by visual experi-
ence after dark rearing.?® Moreover, ERK inhibitors prevent
experience-dependent induction of these marks. Intriguingly,
visual stimulation is much less effective in activating CREB-
mediated and epigenetic modifications in adult (>P100)
mice.?® Accordingly, when histone acetylation is enhanced
in adult animals using inhibitors of histone deacetylases
(HDAC:S), reactivation of CP-like plasticity is observed.?®"!
Rats monocularly deprived for three months did recover
normal visual acuity after treatment with HDAC inhibitors
combined with deprived eye reopening.”? Thus, the upregula-
tion of the mechanisms mediating the action of experience on
histone posttranslational modifications restore CP plasticity
late in life.

These findings raise considerable interest for epigen-
etic mechanisms as therapeutic targets to promote functional
recovery in the visual cortex and possibly also in other sen-
sory systems. There are, however, many questions that remain
to be answered in future experiments. First, there are many
enzymes that add and remove histone epigenetic marks; a
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thorough analysis of the most relevant modifications, and the
corresponding enzymes, for plasticity enhancement in the
adult visual cortex would lead to elaborate specific treatments
to increase plasticity and may shed light into the mechanisms
by which epigenetic marks become less sensitive to visual
input in the adult visual cortex. Second, a key issue in the
field of epigenetics and plasticity is that most of the studies
have not been able to identify the cell types in which the epi-
genetic regulation occurs. Considering the complexity of the
visual cortical microcircuit and the specific roles that differ-
ent cell types could play in plasticity, it would be important
to develop tools to study epigenetic modifications in specific
cells. Finally, an obvious key question is the identification
of the genes regulated by epigenetic marks in OD plasticity.
Answering this question will require extensive sequencing
and bioinformatic analysis.

MicroRNAs as Molecular Transducers

of Environmental Stimuli

In addition to epigenetic factors, another type of regula-
tion of gene expression is mediated by microRNAs at post-
translational level. MicroRNAs are short noncoding RNAs
that interact with specific mRNA targets to control their
stability and translation. MircoRNAs are involved in several
models of plasticity and can be synthesized in an activity-
dependent manner.”? Interestingly, mircroRNA stability
also is regulated by mechanisms of activity that are still
unknown but that are diverse for different microRNAs.”
At neuronal level, one well-studied action of microRNAs
is the regulation of dendritic spine maturation. Indeed, sev-
eral microRNAs are enriched in synaptodendritic compart-
ments.”? One of these, miR134, has been shown to control
size and density of dendritic spines by targeting Limk1
mRNA.”> Another microRNA that seems to be involved
in synaptic plasticity is miR132.7 There is evidence that
synaptic activity rapidly induces miR132 expression, which
in turn promotes activity-dependent dendritic growth in
vitro. These effects on dendrites morphology are mediated
by miR132 translational inhibition of its target protein
p250GAP, a Rho family GTPase activating protein. It has
been proposed that by down-regulating p250GAP, miR132
controls dendritic growth increasing Rac signaling cascade
activity.”” This protein is also involved in mediating miR132
induction of activity-dependent spine formation.”® Struc-
tural and electrophysiological analyses in hippocampal neu-
rons in culture have shown that overexpression of miR132
promotes the maturation of dendritic spines assessed by
increased presence of mushroom and stubby spines and
increased miniature EPSC amplitude and frequency.””
In vivo studies of structural plasticity in newborn hippo-
campal neurons in adult animals have also demonstrated
that conditional knock down of miR212/132 locus causes
a significant decrease in total dendritic length, arborization
and spine density.5°

Interestingly, miR132 undergoes visual stimulation
induced upregulation together with histone phoshoacetylation
and dimethylation (Lys 4) on the CREB-bound sequences
present in its promoter (Fig. 2). Visual induction of miR132
is reduced in adult life but it does increase after treatment
with the HDAC inhibitor trichostatin.®! These results sug-
gest that dynamic regulation of miR132 levels is mediated by
epigenetic factors. Additionally, MD during the CP induces
a decrease of miR132 levels in the cortex that is necessary for
the plasticity process completion.?! If an exogenous miR132
mimic is administered to the visual cortex during the period
of MDD to counteract the reduction normally observed in mon-
ocularly deprived mice, OD plasticity is fully blocked. Inter-
estingly, a certain level of miR132 must be preserved to have
plasticity. Indeed, the OD shift induced by MD is prevented
also in visual cortical neurons that were infected with a len-
tivirus expressing a miR132-sequestering sponge.®? Notably,
microchip miRNA analysis followed by quantitative PCR
confirmation revealed that 19 miRNAs are regulated by dark
rearing or MD, suggesting that microRNAs could represent
another layer of activity-dependent regulation of plasticity.3?
As for the research on epigenetic marks, identification of the
targets of miR132 relevant for OD plasticity is a challenge for
future studies.

Immediate Early Genes in CP Plasticity:
Activity-dependent Npas4 Expression

Recent studies suggest that the IEG Arc (activity-regulated
cytoskeletal associated protein) is a candidate gene for the
occurrence of experience-dependent plasticity in V1.8 The
activity-dependent Arc expression has been implicated in
different forms of synaptic plasticity (e.g., LTP, LTD).34-88
While transcription and translation of Arc depends on NMDA
receptors,®® Arc expression modulates AMPA receptor-
mediated synaptic transmission.”® These signal transduction
pathways have been implicated in experience-dependent forms
of neuronal plasticity.” ™% Accordingly, intrinsic signal optical
imaging and electrophysiological analysis revealed that knock-
out Arc’/" mice show no OD plasticity in response to MD dur-
ing the CP, indicating that in the absence of this IEG, synapses
in V1 become insensitive to the effects of sensory experience.53
Additionally, the IEG Narp (neuronal activity regulated pen-
traxin), which encodes a secreted synaptic protein that can
bind to and induce clustering of glutamate AMPA receptors,
appears to be involved in phenomena of V1 plasticity during
early life. There is evidence that Narp recruits AMPA recep-
tors at excitatory synapses onto Pv+ interneurons to rebalance
excitation/inhibition dynamics of neuronal networks after epi-
sodes of increased excitability’* and Narp expression seems to
play a key role in enabling V1 plasticity during the CP.%

The experience-dependent transcription factor Npas4
appears to be another gene implicated in the occurrence of
plastic phenomena in V1. This neuronal-specific IEG seems
to lie behind homeostatic mechanisms of plasticity that keep
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neuronal firing in response to sensory experience within nor-
mal levels.”® In rodents, Npas# expression appears to medi-
ate that of IEGs such as c-Fos, Zif268 and Arc® and there
is evidence that Npas4 binds to the BDNF promoters I and
1V, indicating that Npas4 directly mediates the activity-
dependent BDNF expression.”® Interestingly, BDNF regu-
lates the maturation of inhibition and the time-course of the
CP for V1 plasticity.! Most importantly, Npas4 drives a tran-
scriptional program that enhances inhibition by promoting
the expression of genes that direct the formation of inhibitory
synaptic contacts on pyramidal neurons in V1.%¢ Because the
maturation of intracortical inhibition triggers both the start
and the end of the CP for V1 plasticity,!* it seems reason-
able to speculate that Npas4 expression is likely involved in
the regulation of CP plasticity. In agreement with this notion,
PRMT8 (protein arginine-methyl transferase) null mice, in
which Npas4 is significantly downregulated, show behavioral
deficits of visual acuity.”” Because the functional development
of acuity in the visual system depends on the maturation of
inhibitory circuitries,* this points toward an Npas4-medi-
ated impairment of inhibition that could hamper plasticity in
V1. In line with key role for Npas4 in mediating V1 plastic
phenomena, there is evidence that the experience-dependent
expression of this transcription factor regulates plasticity in

the adult visual cortex.100-101

How can one reconcile Npas4 findings with previous
data on the role of OTX2 in driving the maturation of intra-
cortical inhibition? A dual action of molecular players in dif-
ferent cell types driving inhibitory transmission in concert is
likely to be in place. On the one hand, there is evidence that
homeoproteins regulate both transcription and translation
processes.!?7105 Hence, the observation that OTX2 is selec-
tively internalized by Pv+ interneurons suggests that OTX2-
mediated transcriptional and translational mechanisms are
likely to modify axonal projections of GABAergic cells that
make inhibitory synaptic contacts. On the other hand, the
experience-dependent transcription factor Npas4 may act, in
parallel or in series, at the level of pyramidal excitatory neurons
regulating gene programs required for the formation of inhibi-
tory synapses that match GABAergic axonal projections and
lead to the functional maturation of visual cortical circuitries.

Conclusion and Future Perspectives

The nervous system translates information from the external
world by analyzing electrical signals associated with sensory
inputs and drives appropriate adaptive responses to chang-
ing environmental conditions. In the visual system, plastic-
ity of neuronal circuitries is maximal during early stages of
development but decreases with age. Some of the factors that
restrict plasticity are structural, such as experience-dependent
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modifications in the extracellular matrix (e.g., condensation
of PNNs, myelin associated proteins). Some others are func-
tional (e.g., maturation of intracortical inhibition) and lead to
the physiological establishment of the inhibitory/excitatory
balance within neuronal circuitries. An emerging and excit-
ing view in the field of plasticity is the novel role of epigen-
etic mechanisms and microRNAs as molecular transducers of
environmental stimuli.

The visual system as a model of experience-dependent
modifications of neuronal circuitries has been remarkably illu-
minating in the field of brain plasticity and continues to point
the way ahead. Seminal studies in cats and monkeys laid down
the physiological basis for our current view of neuronal represen-
tations of environmental input in sensory areas. The more recent
introduction of the rodent visual cortex in the field provided the
opportunity to use invaluable tools, from genetics to biochem-
istry and behavior, for the study of plasticity in a relatively less
expensive model with a shorter life cycle as compared to higher
species. This has confirmed the existence of feedforward con-
nections that underlie feature-selective receptive fields, which
are now known to share high similarity from mouse to man.
A major challenge we have left is how to translate biological
manipulations in animal experimentation into feasible and safe
clinical interventions in humans. Interestingly, recent studies in
animal models’19%1%7 have been successfully applied to facili-
tate the recovery from stroke in humans'®® and lead the way to
develop potential therapeutic strategies that promote the recov-
ery of sensory functions after long-term sensory deprivation.
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