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Brain plasticity refers to the ability of synaptic connections to adapt their function and structure in response to experience, including environmental changes, sensory deprivation and injuries. Plasticity is a distinctive, but not exclusive, property of the developing nervous system. This review introduces the concept of neuroplasticity and describes classic paradigms to illustrate cellular and molecular mechanisms underlying synapse modifiability. Then, we summarize a growing number of studies showing that the adult cerebral cortex retains a significant degree of plasticity highlighting how the identification of strategies to enhance the plastic potential of the adult brain could pave the way for the development of novel therapeutic approaches aimed at treating amblyopia and other neurodevelopmental disorders. Finally, we analyze how the visual system adjusts to neurodegenerative conditions leading to blindness and we discuss the crucial role of spared plasticity in the visual system for sight recovery.

Introduction

Our brain receives a continuous flow of stimulation from the external environment, which builds our ability to perceive stimuli, make movements, think, learn, remember and plan behavioural strategies. Experience, indeed, can functionally and structurally mould synaptic connections of the nervous system. Overall, these processes are known as neural plasticity and represent a distinctive, but not exclusive, feature of the developing nervous system: genes guide early stages of brain development and the initial formation of synaptic junctions, while interactions with the environment are needed for tuning the maturation of circuits in a proper and individual-specific way [START_REF] Berardi | Brain structural and functional development: genetics and experience[END_REF][START_REF] Takesian | Balancing plasticity/stability across brain development[END_REF]. Neural plasticity underlies a selective phenomenon that involves the strengthening of some synaptic connections and the elimination of others, resulting in the final wiring of circuits. The time window during which experience plays an essential role in shaping the developing nervous system is known as a sensitive or critical period (CP). The maturation of different brain functions occurs in different moments in time, therefore, there is not a single CP in the brain development, but a different CP for each function [START_REF] Berardi | Critical periods during sensory development[END_REF][START_REF] Hensch | Critical period regulation[END_REF]).

The visual system has historically been the gold standard for investigating the mechanisms of neural plasticity, since visual experience can be easily manipulated and the consequences of such manipulations on the visual cortex can be measured at the physiological, anatomical and molecular level. In particular, the protocol of monocular deprivation (MD), with the occlusion of one eye causing a significant imbalance in the visual sensory drive, has been studied as a paradigmatic experimental model of plasticity. The classic experiments of Hubel and Wiesel in kittens have shown that MD causes an irreversible weakening of the visual functions of the closed eye and a dramatic change in the primary visual cortex organization.

The deprived eye, in fact, loses much of its ability to activate the visual cortex, resulting in a reduction of neurons that respond preferentially to the stimulation of that eye and the parallel increase of the cells activated by the open eye [START_REF] Hensch | Critical periods in amblyopia[END_REF]Wiesel andHubel, 1965, 1963). This phenomenon is called ocular dominance (OD) plasticity and has been acknowledged in all mammals, but plasticity extends to visual features beyond cortical OD and involves subcortical regions as well [START_REF] Hooks | Circuitry Underlying Experience-Dependent Plasticity in the Mouse Visual System[END_REF]. The effectiveness of MD is more pronounced during the pertaining CP of development, which is of different length depending on the species studied [START_REF] Berardi | Critical periods during sensory development[END_REF][START_REF] Horton | Timing of the critical period for plasticity of ocular dominance columns in macaque striate cortex[END_REF][START_REF] Issa | The critical period for ocular dominance plasticity in the Ferret's visual cortex[END_REF][START_REF] Lehmann | Age-dependent ocular dominance plasticity in adult mice[END_REF]. It is worth noting, however, that some forms of plasticity persist throughout life and can be boosted by different manipulations in the adult brain (Hooks andChen, 2020, 2007;[START_REF] Ribic | Stability in the Face of Change: Lifelong Experience-Dependent Plasticity in the Sensory Cortex[END_REF].

Hebbian and homeostatic mechanisms: plasticity in action

The effects of sensory deprivation can be explained in terms of the Hebb principle: this model of synapse modifiability postulates that the strengthening of connections is due to the temporal coincidence between the discharge activities of the presynaptic and postsynaptic neurons [START_REF] Hebb | Review of Neurology[END_REF]. The fibers driven by the open eye have a rich activity, modulated by visual experience, which effectively depolarizes cortical neurons, while the fibers guided by the deprived eye have a very reduced activity (essentially constituted by the spontaneous activity of the retina and thalamus), which is unrelated to that of the other group and is not sufficient to exceed the activation threshold of the cortex. This ensures that an appropriate temporal coincidence between afferent and cortical activity takes place only at the level of the synapses that convey the information entering from the open eye, resulting in the consequent enhancement of the latter at the expense of deprived eye [START_REF] Bear | Bidirectional synaptic plasticity: from theory to reality[END_REF]. The involvement of homosynaptic plasticity phenomena, defined as long term potentiation (LTP) and long-term depression (LTD), in this process has been repeatedly suggested [START_REF] Bear | Bidirectional synaptic plasticity: from theory to reality[END_REF][START_REF] Cooke | Visual experience induces long-term potentiation in the primary visual cortex[END_REF][START_REF] Kirkwood | Hebbian synapses in visual cortex[END_REF].

However, this form of bidirectional functional plasticity is likely to work in tandem with other processes across visual cortical circuits to store information [START_REF] Cooke | Visual experience induces long-term potentiation in the primary visual cortex[END_REF][START_REF] Kaneko | Homeostatic plasticity mechanisms in mouse V1[END_REF][START_REF] Mccoy | Advances in understanding visual cortex plasticity[END_REF]. Hebbian plasticity co-operates, indeed, with another form of plasticity, called homeostatic plasticity, to refine neural circuits of the primary visual cortex in response to altered visual experience [START_REF] Kaneko | Homeostatic plasticity mechanisms in mouse V1[END_REF][START_REF] Turrigiano | The dialectic of Hebb and homeostasis[END_REF]. Homeostatic plasticity refers to a number of cell autonomous and non-cell autonomous feedback mechanisms maintaining network excitability within a dynamic range allowing effective information transmission [START_REF] Kaneko | Homeostatic plasticity mechanisms in mouse V1[END_REF][START_REF] Turrigiano | The dialectic of Hebb and homeostasis[END_REF].

Homeostatic plasticity acts through synaptic scaling, adjusting the weight of excitatory and inhibitory synapses, and the modification of intrinsic excitability of neuronal circuits [START_REF] Turrigiano | The dialectic of Hebb and homeostasis[END_REF]. In the framework of OD plasticity, the reduction of cortical activity due to the loss of responses driven by the deprived eye might stimulate the homeostatic upregulation of remaining inputs contributing to the dramatic increase in the weight of the open eye after 2-3 days of MD, but also to the boost of deprived-eye responses surprisingly observed at the same time [START_REF] Kaneko | Homeostatic plasticity mechanisms in mouse V1[END_REF]. Moreover, there are other forms of plasticity falling outside the strict Hebbian/homeostatic dualism, and including for example heterosynaptic plasticity and gating mechanisms, that could play a role in the expression of visual cortex plasticity [START_REF] Kaneko | Homeostatic plasticity mechanisms in mouse V1[END_REF][START_REF] Turrigiano | The dialectic of Hebb and homeostasis[END_REF].

Given its peculiar characteristics, the NMDA glutamate receptor plays a key role in detecting the correlation between presynaptic and postsynaptic activity, and the pharmacological manipulation of these receptors alters the effects of MD with mechanisms varying according to the cortical layer [START_REF] Crozier | Deprivation-induced synaptic depression by distinct mechanisms in different layers of mouse visual cortex[END_REF]. A requirement of excitatory synapses in triggering the effects of sensory deprivation [START_REF] Daw | LTP and LTD vary with layer in rodent visual cortex[END_REF][START_REF] Dölen | Role for metabotropic glutamate receptor 5 (mGluR5) in the pathogenesis of fragile X syndrome[END_REF][START_REF] Heynen | Molecular mechanism for loss of visual cortical responsiveness following brief monocular deprivation[END_REF], however, does not exclude an important contribution of GABAergic synaptic transmission in the induction of plasticity through the modulation of the activity pattern of the cortical circuits. It has been shown that the maturation of the inhibitory circuits during the development of the visual cortex is crucial for the opening of the CP of plasticity [START_REF] Hensch | Local GABA Circuit Control of Experience-Dependent Plasticity in Developing Visual Cortex[END_REF][START_REF] Iwai | Rapid critical period induction by tonic inhibition in visual cortex[END_REF][START_REF] Katagiri | Optimization of somatic inhibition at critical period onset in mouse visual cortex[END_REF]. Some experiments have also suggested that diffuse projection neuromodulatory systems of the brain stem, in particular those of acetylcholine, norepinephrine and serotonin, exert a facilitating role on cortical plasticity [START_REF] Gu | Neuromodulatory transmitter systems in the cortex and their role in cortical plasticity[END_REF][START_REF] Hong | Pull-push neuromodulation of cortical plasticity enables rapid bi-directional shifts in ocular dominance[END_REF]. A crucial issue emerging from numerous experiments is that MD plays on a mechanism of competition between the two eyes. The neurotrophic hypothesis claims that neurotrophins, synthesized and released from cortical neurons in an activity-dependent manner, are captured by the most active nerve terminals and transported retrogradely along the axons to the cell body where they exert their effect in terms of survival and strengthening of synaptic connections both at functional and morphological level [START_REF] Berardi | Molecular basis of plasticity in the visual cortex[END_REF][START_REF] Tropea | Molecular mechanisms of experience-dependent plasticity in visual cortex[END_REF]. The transport of neurotrophic factors, however, occurs not only retrogradely, but also in anterograde direction (from the cell body to axons and dendrites) and a role for the anterograde action of BDNF in plasticity of the visual cortex has been suggested [START_REF] Caleo | Brain-derived neurotrophic factor is an anterograde survival factor in the rat visual system[END_REF]. Other studies have shown that neurotrophins have an even more complex action in regulating plasticity processes with different effects on specific cell populations: it has been widely documented, for example, that BDNF is involved in the maturation of inhibitory neurons and that NGF promotes cholinergic transmission [START_REF] Berardi | Molecular basis of plasticity in the visual cortex[END_REF][START_REF] Tropea | Molecular mechanisms of experience-dependent plasticity in visual cortex[END_REF].

Once triggered by electrical activity, plasticity processes take place through the activation of a series of intracellular proteins, including the protein kinases PKA (protein kinase A), ERK (protein kinase regulated by extracellular signals) and CaMKII (protein calcium-calmodulin kinase dependent II), which can locally regulate the insertion of new receptors in the membrane of postsynaptic neurons or determine their removal, causing respectively a rapid increase or decrease in the synaptic response [START_REF] Berardi | Molecular basis of plasticity in the visual cortex[END_REF][START_REF] Tropea | Molecular mechanisms of experience-dependent plasticity in visual cortex[END_REF].

Experience-dependent structural plasticity

The activation of gene transcription and the synthesis of new proteins are necessary to make permanent changes in synaptic efficacy and to carry out the morphological changes underlying the phenomena of plasticity [START_REF] Berardi | Molecular basis of plasticity in the visual cortex[END_REF][START_REF] Tropea | Molecular mechanisms of experience-dependent plasticity in visual cortex[END_REF]. Indeed, synaptic structural rearrangements are a crucial mechanism mediating neural circuit adaptation in the brain [START_REF] Berry | Experience-Dependent Structural Plasticity in the Visual System[END_REF].

The classic studies by Hubel and Wiesel already reported that thalamocortical afferents carrying the visual information from each eye are not hardwired, with a shrinkage of thalamic terminals transmitting the stimuli from the closed eye and the expansion of the area of competence of the open eye after MD [START_REF] Antonini | Rapid remodeling of axonal arbors in the visual cortex[END_REF][START_REF] Hubel | Plasticity of ocular dominance columns in monkey striate cortex[END_REF][START_REF] Shatz | Ocular dominance in layer IV of the cat's visual cortex and the effects of monocular deprivation[END_REF]. Few years later, it has been shown that thalamocortical remodeling is guided by changes in extragranular cortical stages, suggesting that alterations in the strength of long-range excitatory horizontal connections might be one of the upstream actors driving plasticity processes [START_REF] Diamond | Laminar comparison of somatosensory cortical plasticity[END_REF][START_REF] Trachtenberg | Rapid extragranular plasticity in the absence of thalamocortical plasticity in the developing primary visual cortex[END_REF]. The more recent advent of techniques for in vivo direct visualization of structural dynamics of dendrites, axons, synaptic spines and glial processes allowed the chronic tracking of morphological changes on a smaller scale and experience-dependent structural plasticity was observed at subcellular level in developing sensory cortices, with a substantial alteration of spine motility and density in response to manipulations of sensory environment [START_REF] Berry | Experience-Dependent Structural Plasticity in the Visual System[END_REF][START_REF] Djurisic | PirB regulates a structural substrate for cortical plasticity[END_REF][START_REF] Lendvai | Experience-dependent plasticity of dendritic spines in the developing rat barrel cortex in vivo[END_REF][START_REF] Majewska | Motility of dendritic spines in visual cortex in vivo: changes during the critical period and effects of visual deprivation[END_REF][START_REF] Mataga | Experience-dependent pruning of dendritic spines in visual cortex by tissue plasminogen activator[END_REF][START_REF] Oray | Dendritic spine dynamics are regulated by monocular deprivation and extracellular matrix degradation[END_REF][START_REF] Tropea | Structural dynamics of synapses in vivo correlate with functional changes during experience-dependent plasticity in visual cortex[END_REF]. This anatomical reorganization is accompanied by the induction of the proteolytic activity of some enzymes aimed at degrading some components of the extracellular matrix, which, by exercising their function of supporting and anchoring the neurons, act as inhibitory factors for synaptic dynamism [START_REF] Mataga | Experience-dependent pruning of dendritic spines in visual cortex by tissue plasminogen activator[END_REF][START_REF] Oray | Dendritic spine dynamics are regulated by monocular deprivation and extracellular matrix degradation[END_REF].

A decline of dendritic and spine motility has been reported after the end of critical periods [START_REF] Chen | Clustered dynamics of inhibitory synapses and dendritic spines in the adult neocortex[END_REF][START_REF] Grutzendler | Long-term dendritic spine stability in the adult cortex[END_REF][START_REF] Holtmaat | Transient and persistent dendritic spines in the neocortex in vivo[END_REF][START_REF] Keck | Massive restructuring of neuronal circuits during functional reorganization of adult visual cortex[END_REF], but a refinement process of neuronal wiring continues in the adult brain where recent evidence demonstrates changes in circuit structure [START_REF] Chen | Clustered dynamics of inhibitory synapses and dendritic spines in the adult neocortex[END_REF][START_REF] Frenkel | How monocular deprivation shifts ocular dominance in visual cortex of young mice[END_REF][START_REF] Hofer | Experience leaves a lasting structural trace in cortical circuits[END_REF][START_REF] Holtmaat | Transient and persistent dendritic spines in the neocortex in vivo[END_REF][START_REF] Keck | Loss of sensory input causes rapid structural changes of inhibitory neurons in adult mouse visual cortex[END_REF][START_REF] Majewska | Remodeling of synaptic structure in sensory cortical areas in vivo[END_REF][START_REF] Montey | Recovery from chronic monocular deprivation following reactivation of thalamocortical plasticity by dark exposure[END_REF], characterized by cell-type and laminar specificity [START_REF] Chen | Structural basis for the role of inhibition in facilitating adult brain plasticity[END_REF][START_REF] Lee | A dynamic zone defines interneuron remodeling in the adult neocortex[END_REF][START_REF] Lee | Dynamic remodeling of dendritic arbors in GABAergic interneurons of adult visual cortex[END_REF]. Presynaptic terminals are also dynamic on a cell-specific and experience-dependent scale in the adult neocortex [START_REF] Chen | Structural basis for the role of inhibition in facilitating adult brain plasticity[END_REF][START_REF] De Paola | Cell type-specific structural plasticity of axonal branches and boutons in the adult neocortex[END_REF][START_REF] Marik | Axonal dynamics of excitatory and inhibitory neurons in somatosensory cortex[END_REF][START_REF] Stettler | Axons and synaptic boutons are highly dynamic in adult visual cortex[END_REF].

Finally, functional and morphological changes of white matter and glial cells play a critical role in supporting experience-dependent synaptic modifications [START_REF] Pietrasanta | A switch from inter-ocular to inter-hemispheric suppression following monocular deprivation in the rat visual cortex[END_REF][START_REF] Pietrasanta | The corpus callosum and the visual cortex: plasticity is a game for two[END_REF][START_REF] Restani | Functional masking of deprived eye responses by callosal input during ocular dominance plasticity[END_REF][START_REF] Sipe | Microglial P2Y12 is necessary for synaptic plasticity in mouse visual cortex[END_REF].

A diagram summarizing the neural mechanisms underlying OD plasticity is reported in Figure 1A.

Maladaptive plasticity: the paradigmatic case of amblyopia

Alterations of environmental input during early temporal windows can determine the establishment of 'maladaptive' plasticity processes that lead to permanent changes in the organization of neural circuits and the onset of pathological conditions, potentially causing cortical blindness. By way of example, let's consider what happens in children suffering from bilateral congenital cataract: the lack of adequate visual stimulation, due to the opacification of the lens, hampers the maturation of different properties of the visual system and, if cataract is not promptly removed, it causes the irreversible impairment of vision [START_REF] Maurer | Missing sights: consequences for visual cognitive development[END_REF].

Equally disabling is the pathology arising from a unilateral alteration of visual experience (due to unequal alignment of the two eyes or lens defects affecting only one eye), known as amblyopia. Amblyopia is the most common cause of monocular decreased vision in children and young adults [START_REF] Birch | Amblyopia and binocular vision[END_REF], and the clinical picture includes reduced visual acuity and contrast sensitivity in the amblyopic eye, accompanied by a disruption of cortical binocular connections leading to deficits in depth perception [START_REF] Birch | Amblyopia and binocular vision[END_REF][START_REF] Daw | Critical periods and amblyopia[END_REF][START_REF] Mitchell | The present and potential impact of research on animal models for clinical treatment of stimulus deprivation amblyopia[END_REF][START_REF] Simons | Amblyopia characterization, treatment, and prophylaxis[END_REF]. Current treatments for amblyopia rely on the long-term occlusion of the healthy, fellow eye of vision to force use of the amblyopic eye [START_REF] Birch | Amblyopia and binocular vision[END_REF][START_REF] Loudon | The history of the treatment of amblyopia[END_REF]. However, because of the age-dependent reduction of plasticity, an early beginning of the treatment is critical for obtaining optimal visual acuity outcome and children older than 7 years are significantly less responsive to the occlusion therapy [START_REF] Birch | Amblyopia and binocular vision[END_REF].

Neuroplasticity in the adult cortex

The transition to adulthood entails a reduction in the plastic potential of the nervous circuits (Hooks andChen, 2020, 2007;[START_REF] Ribic | Stability in the Face of Change: Lifelong Experience-Dependent Plasticity in the Sensory Cortex[END_REF]. However, growing experimental studies in animal models and humans have shown that rapid physiological plasticity can be enabled in the adult cortex as well [START_REF] Binda | Response to short-term deprivation of the human adult visual cortex measured with 7T BOLD[END_REF]Lunghi et al., 2015aLunghi et al., , 2015b[START_REF] Lunghi | Long-term effects of monocular deprivation revealed with binocular rivalry gratings modulated in luminance and in color[END_REF][START_REF] Lunghi | Brief periods of monocular deprivation disrupt ocular balance in human adult visual cortex[END_REF][START_REF] Mccoy | Advances in understanding visual cortex plasticity[END_REF][START_REF] Sawtell | NMDA receptor-dependent ocular dominance plasticity in adult visual cortex[END_REF].

In the first place, a series of experiments in the mouse model instilled the idea that visual cortex plasticity is not restricted to the CP early in life and MD can stimulate the functional reorganization of adult visual circuits as well [START_REF] Hofer | Prior experience enhances plasticity in adult visual cortex[END_REF][START_REF] Sawtell | NMDA receptor-dependent ocular dominance plasticity in adult visual cortex[END_REF], see figure 1C for a schematic representation of OD plasticity in adult animals), although the net effect of MD is quantitatively and qualitatively different in juveniles and adult mice [START_REF] Frenkel | How monocular deprivation shifts ocular dominance in visual cortex of young mice[END_REF][START_REF] Hofer | Prior experience enhances plasticity in adult visual cortex[END_REF][START_REF] Morishita | Critical period revisited: impact on vision[END_REF][START_REF] Sato | Distinctive features of adult ocular dominance plasticity[END_REF]. More specifically, young animals undergo a reduction in the cortical response driven by the deprived eye followed by a potentiation of the fellow eye response, whereas the adult visual cortex only exhibits the delayed potentiation of the open eye [START_REF] Frenkel | How monocular deprivation shifts ocular dominance in visual cortex of young mice[END_REF]. Similar results have been reported in the primary somatosensory cortex, where whisker deprivation is still effective in reinforcing the responses to the stimulation of spared whiskers in layer II/III [START_REF] Glazewski | The role of alpha-CaMKII autophosphorylation in neocortical experience-dependent plasticity[END_REF]. Recent work in adult humans revealed that a very short period of MD (2-2.5 hours) induces a transient shift of OD surprisingly in favor of the deprived eye [START_REF] Lunghi | Long-term effects of monocular deprivation revealed with binocular rivalry gratings modulated in luminance and in color[END_REF][START_REF] Lunghi | Brief periods of monocular deprivation disrupt ocular balance in human adult visual cortex[END_REF], figure 1D). The OD shift is observed both at the perceptual [START_REF] Lunghi | Long-term effects of monocular deprivation revealed with binocular rivalry gratings modulated in luminance and in color[END_REF][START_REF] Lunghi | Brief periods of monocular deprivation disrupt ocular balance in human adult visual cortex[END_REF] and at the neural level [START_REF] Binda | Response to short-term deprivation of the human adult visual cortex measured with 7T BOLD[END_REF][START_REF] Binda | Short-Term Monocular Deprivation Enhances Physiological Pupillary Oscillations[END_REF]Lunghi et al., 2015aLunghi et al., , 2015b)), and it is thought to reflect a form homeostatic plasticity of the adult visual cortex aimed at maintaining the average activity constant in response to MD. At the perceptual level, the dominance shift is observed both for competitive [START_REF] Lunghi | Long-term effects of monocular deprivation revealed with binocular rivalry gratings modulated in luminance and in color[END_REF][START_REF] Lunghi | Brief periods of monocular deprivation disrupt ocular balance in human adult visual cortex[END_REF] and collaborative interocular interactions and it may last for up to 3 hours after eye-patch removal depending on the visual stimulus used to test ocular dominance [START_REF] Lunghi | Long-term effects of monocular deprivation revealed with binocular rivalry gratings modulated in luminance and in color[END_REF]. Interestingly, the perceptual boost of the deprived eye responses following short-term MD has been also observed in amblyopic patients (Lunghi et al., 2019c(Lunghi et al., , 2016;;[START_REF] Zhou | Inverse Occlusion: A Binocularly Motivated Treatment for Amblyopia[END_REF][START_REF] Zhou | Time course of dichoptic masking in normals and suppression in amblyopes[END_REF], indicating that homeostatic plasticity mechanisms operate in the amblyopic visual system and opening the way to new therapeutic approaches for the treatment of amblyopia (Lunghi et al., 2019c;[START_REF] Zhou | Inverse Occlusion: A Binocularly Motivated Treatment for Amblyopia[END_REF]. At the neural level, short-term MD induces a transient change in OD in the primary visual cortex towards a direction consistent with the perceptual changes: the amplitude of the earliest component of the visual evoked potential (C1) increases for the deprived eye, while it decreases for the non-deprived eye (Lunghi et al., 2015a). A similar effect is also observed for steady-state responses measured by magnetoencephalography [START_REF] Chadnova | Short-term monocular occlusion produces changes in ocular dominance by a reciprocal modulation of interocular inhibition[END_REF]. Consistently, BOLD responses at the level of primary visual cortex are boosted for the deprived and depressed for the non-deprived eye, and this change is accompanied by a shift of neural tuning in favor of higher spatial frequencies [START_REF] Binda | Response to short-term deprivation of the human adult visual cortex measured with 7T BOLD[END_REF]. Moreover, the OD shift is also accompanied by a change in the intracortical excitation/inhibition balance: GABA concentration (measured by Magnetic Resonance Spectroscopy in the primary visual cortex), indeed, decreases of about 9% after 2.5 hours of MD (Lunghi et al., 2015b) and the amplitude of slow pupillary oscillations increases [START_REF] Binda | Short-Term Monocular Deprivation Enhances Physiological Pupillary Oscillations[END_REF], indicating an involvement of cholinergic and noradrenergic systems as well.

Rejuvenating the adult visual cortex

Since OD plasticity is quantitatively larger in younger animals and residual plasticity in the adult brain appears to differ in many aspects from the plasticity measured during the CP [START_REF] Medini | Experience-dependent plasticity of visual cortical microcircuits[END_REF][START_REF] Sato | Distinctive features of adult ocular dominance plasticity[END_REF], several studies attempted to identify the molecular mechanisms responsible for this plasticity decline and to reinstate a window of opportunity for juvenile-like plasticity in adult animals [START_REF] Castaldi | Neuroplasticity in adult human visual cortex[END_REF][START_REF] Mccoy | Advances in understanding visual cortex plasticity[END_REF][START_REF] Medini | Experience-dependent plasticity of visual cortical microcircuits[END_REF]. Finding new strategies to enhance the plastic potential of the adult visual cortex is also instrumental to develop therapeutic approaches for the treatment of amblyopia and other neurodevelopmental disorders past the CP (L. Baroncelli et al., 2010;[START_REF] Hensch | Critical periods in amblyopia[END_REF].

The first factor that regulates the closure of CPs is experience itself. The lack of appropriate environmental stimulation, indeed, prolongs the temporal window of brain maturation. Once again the example of the visual system is paradigmatic: the visual cortex of animals reared in dark conditions from birth remains in a state of immaturity and MD is effective in modifying the OD properties of cortical neurons well after the closure of CP [START_REF] Cynader | Prolonged sensitivity to monocular deprivation in dark-reared cats[END_REF][START_REF] Fagiolini | Functional postnatal development of the rat primary visual cortex and the role of visual experience: dark rearing and monocular deprivation[END_REF][START_REF] Kang | Visual acuity development and plasticity in the absence of sensory experience[END_REF][START_REF] Pizzorusso | Temporal aspects of contrast visual evoked potentials in the pigmented rat: effect of dark rearing[END_REF]. Intriguingly, complete visual deprivation through dark exposure restores rapid OD plasticity and promotes amblyopia recovery in the adult visual cortex [START_REF] He | Experience-dependent recovery of vision following chronic deprivation amblyopia[END_REF][START_REF] Montey | Recovery from chronic monocular deprivation following reactivation of thalamocortical plasticity by dark exposure[END_REF][START_REF] Stodieck | Brief dark exposure restored ocular dominance plasticity in aging mice and after a cortical stroke[END_REF]. In addition, temporary retinal inactivation efficiently drives recovery of visual function in amblyopic mice and kittens [START_REF] Duffy | Recovery from the anatomical effects of long-term monocular deprivation in cat lateral geniculate nucleus[END_REF][START_REF] Fong | Rapid recovery from the effects of early monocular deprivation is enabled by temporary inactivation of the retinas[END_REF] These results suggest that experience regulates the expression of cellular and molecular factors, whose maturation is responsible for restricting plasticity to CP [START_REF] Berardi | Molecular basis of plasticity in the visual cortex[END_REF].

Neurotrophic factors were the first group of molecules for which a causal relationship between their action and the duration of the visual cortex CP has been established [START_REF] Caleo | Neurotrophins and plasticity in the visual cortex[END_REF]: dark rearing, indeed, reduces the expression of neurotrophic factors [START_REF] Capsoni | Differential regulation of brain-derived neurotrophic factor messenger RNA cellular expression in the adult rat visual cortex[END_REF][START_REF] Castrén | Light regulates expression of brain-derived neurotrophic factor mRNA in rat visual cortex[END_REF][START_REF] Viegi | Effects of dark rearing on phosphorylation of neurotrophin Trk receptors[END_REF] and the blockage of their intracellular signalling pathways, induced by the administration of specific antibodies, significantly delays the closure of CP [START_REF] Domenici | Antibodies to nerve growth factor (NGF) prolong the sensitive period for monocular deprivation in the rat[END_REF][START_REF] Zhang | Uncovering a critical period of synaptic imbalance during postnatal development of the rat visual cortex: role of brain-derived neurotrophic factor[END_REF], while the overexpression of BDNF has the very opposite effect [START_REF] Gianfranceschi | Visual cortex is rescued from the effects of dark rearing by overexpression of BDNF[END_REF][START_REF] Hanover | Brain-derived neurotrophic factor overexpression induces precocious critical period in mouse visual cortex[END_REF][START_REF] Huang | BDNF regulates the maturation of inhibition and the critical period of plasticity in mouse visual cortex[END_REF]. Manipulation of BDNF signalling also affects experience-dependent plasticity in the auditory and barrel cortex [START_REF] Anomal | Manipulation of BDNF signaling modifies the experience-dependent plasticity induced by pure tone exposure during the critical period in the primary auditory cortex[END_REF][START_REF] Itami | Brain-derived neurotrophic factor regulates the maturation of layer 4 fast-spiking cells after the second postnatal week in the developing barrel cortex[END_REF][START_REF] Itami | Role of BDNF in neuronal plasticity in barrel field[END_REF].

These data made BDNF a very attractive candidate for the implementation of strategies aimed at drug delivery in amblyopic subjects and it has been recently reported that intranasal administration of this neurotrophin promotes the functional recovery of neural connections conveying sensory information from the amblyopic eye to the visual cortex [START_REF] Sansevero | Intranasal BDNF administration promotes visual function recovery in adult amblyopic rats[END_REF]. Importantly, the recovery effect induced by BDNF was evident not only in association with occlusion therapy, but also in binocular sight conditions, thus reinforcing the chance for clinical application to human patients [START_REF] Hess | Amblyopia and the binocular approach to its therapy[END_REF][START_REF] Sansevero | Intranasal BDNF administration promotes visual function recovery in adult amblyopic rats[END_REF].

Dark rearing also delays the maturation of intracortical inhibitory circuits [START_REF] Benevento | gamma-Aminobutyric acid and somatostatin immunoreactivity in the visual cortex of normal and dark-reared rats[END_REF][START_REF] Morales | Dark rearing alters the development of GABAergic transmission in visual cortex[END_REF] and induces a significant decrease of GABA receptors in the adult visual cortex [START_REF] He | Visual deprivation reactivates rapid ocular dominance plasticity in adult visual cortex[END_REF] thus suggesting that the development of GABAergic neurotransmission represents one of the main driver in the regulation of experience-dependent plasticity. Accordingly, an early potentiation of inhibitory neurotransmission can induce a premature initiation and closure of visual cortex CP [START_REF] Di Cristo | Activity-dependent PSA expression regulates inhibitory maturation and onset of critical period plasticity[END_REF][START_REF] Fagiolini | Specific GABAA circuits for visual cortical plasticity[END_REF][START_REF] Fagiolini | Inhibitory threshold for critical-period activation in primary visual cortex[END_REF][START_REF] Gao | Development of inhibitory circuitry in visual and auditory cortex of postnatal ferrets: immunocytochemical localization of GABAergic neurons[END_REF][START_REF] Hanover | Brain-derived neurotrophic factor overexpression induces precocious critical period in mouse visual cortex[END_REF][START_REF] Hensch | Local GABA Circuit Control of Experience-Dependent Plasticity in Developing Visual Cortex[END_REF][START_REF] Huang | BDNF regulates the maturation of inhibition and the critical period of plasticity in mouse visual cortex[END_REF][START_REF] Iwai | Rapid critical period induction by tonic inhibition in visual cortex[END_REF][START_REF] Krishnan | MeCP2 regulates the timing of critical period plasticity that shapes functional connectivity in primary visual cortex[END_REF][START_REF] Sugiyama | Experience-dependent transfer of Otx2 homeoprotein into the visual cortex activates postnatal plasticity[END_REF], and the pharmacological manipulation of the intracortical inhibitory tone completely restores plasticity in sensory cortices of adult animals [START_REF] Beurdeley | Otx2 binding to perineuronal nets persistently regulates plasticity in the mature visual cortex[END_REF][START_REF] Cisneros-Franco | Reactivation of critical period plasticity in adult auditory cortex through chemogenetic silencing of parvalbumin-positive interneurons[END_REF][START_REF] Harauzov | Reducing intracortical inhibition in the adult visual cortex promotes ocular dominance plasticity[END_REF]. In particular, fast-spiking parvalbumin (PV) and vasoactive intestinal peptide (VIP) interneurons powerfully affect the expression of cortical plasticity [START_REF] Fu | A cortical disinhibitory circuit for enhancing adult plasticity[END_REF][START_REF] Gu | Neuregulin-Dependent Regulation of Fast-Spiking Interneuron Excitability Controls the Timing of the Critical Period[END_REF][START_REF] Katagiri | Optimization of somatic inhibition at critical period onset in mouse visual cortex[END_REF][START_REF] Kuhlman | A disinhibitory microcircuit initiates critical-period plasticity in the visual cortex[END_REF][START_REF] Niell | Modulation of visual responses by behavioral state in mouse visual cortex[END_REF][START_REF] Pi | Cortical interneurons that specialize in disinhibitory control[END_REF][START_REF] Vickers | Parvalbumin-Interneuron Output Synapses Show Spike-Timing-Dependent Plasticity that Contributes to Auditory Map Remodeling[END_REF].

Recent results revealed an important function of p75 neurotrophin receptor in the regulation of the time course of PV cell maturation and in limiting the remodelling of cortical circuits in adulthood [START_REF] Baho | p75 Neurotrophin Receptor Activation Regulates the Timing of the Maturation of Cortical Parvalbumin Interneuron Connectivity and Promotes Juvenile-like Plasticity in Adult Visual Cortex[END_REF].

In the attempt to identify translational strategies for pharmacological intervention, it has been shown that magnifying the neuromodulatory actions of acetylcholine and serotonin adjusts the excitatory/inhibitory balance of neural circuits enabling the recovery of plasticity in the adult visual cortex [START_REF] Bachatene | Fluoxetine and serotonin facilitate attractive-adaptation-induced orientation plasticity in adult cat visual cortex[END_REF][START_REF] Hong | Pull-push neuromodulation of cortical plasticity enables rapid bi-directional shifts in ocular dominance[END_REF][START_REF] Lagas | The Effect of Combined Patching and Citalopram on Visual Acuity in Adults with Amblyopia: A Randomized, Crossover, Placebo-Controlled Trial[END_REF][START_REF] Vetencourt | Serotonin triggers a transient epigenetic mechanism that reinstates adult visual cortex plasticity in rats[END_REF][START_REF] Stasheff | Emergence of sustained spontaneous hyperactivity and temporary preservation of OFF responses in ganglion cells of the retinal degeneration (rd1) mouse[END_REF][START_REF] Morishita | Lynx1, a cholinergic brake, limits plasticity in adult visual cortex[END_REF][START_REF] Sajo | Lynx1 Limits Dendritic Spine Turnover in the Adult Visual Cortex[END_REF][START_REF] Sharif | Oral fluoxetine in the management of amblyopic patients aged between 10 and 40 years old: a randomized clinical trial[END_REF]. The promising results of smallsample clinical trials endorse larger-scale trials of treatment with selective serotonin reuptake inhibitors for adult amblyopia [START_REF] Lagas | The Effect of Combined Patching and Citalopram on Visual Acuity in Adults with Amblyopia: A Randomized, Crossover, Placebo-Controlled Trial[END_REF][START_REF] Sharif | Oral fluoxetine in the management of amblyopic patients aged between 10 and 40 years old: a randomized clinical trial[END_REF].

By transferring our attention to the extracellular components of the nervous system, it has been documented that the maturation of the extracellular matrix determines the morphological stabilization of neural connections and that disrupting this physical network enables plasticity in the mature brain [START_REF] Carulli | Animals lacking link protein have attenuated perineuronal nets and persistent plasticity[END_REF][START_REF] De Vivo | Extracellular matrix inhibits structural and functional plasticity of dendritic spines in the adult visual cortex[END_REF][START_REF] Fawcett | The roles of perineuronal nets and the perinodal extracellular matrix in neuronal function[END_REF][START_REF] Murase | Homeostatic regulation of perisynaptic matrix metalloproteinase 9 (MMP9) activity in the amblyopic visual cortex[END_REF][START_REF] Murase | Light reintroduction after dark exposure reactivates plasticity in adults via perisynaptic activation of MMP-9[END_REF][START_REF] Pizzorusso | Reactivation of Ocular Dominance Plasticity in the Adult Visual Cortex[END_REF][START_REF] Pizzorusso | Structural and functional recovery from early monocular deprivation in adult rats[END_REF]. Extracellular matrix is particularly condensed in the socalled perineuronal nets (PNNs) enwrapping PV cells and the communication between PNNs and neuronal circuits is conveyed by semaphorin proteins [START_REF] Boggio | Inhibition of Semaphorin3A Promotes Ocular Dominance Plasticity in the Adult Rat Visual Cortex[END_REF]. Similar results have been achieved by molecular interference with myelination and myelin-related proteins [START_REF] Bochner | Blocking PirB up-regulates spines and functional synapses to unlock visual cortical plasticity and facilitate recovery from amblyopia[END_REF][START_REF] Mcgee | Experience-driven plasticity of visual cortex limited by myelin and Nogo receptor[END_REF][START_REF] Stephany | Plasticity of binocularity and visual acuity are differentially limited by nogo receptor[END_REF][START_REF] Syken | PirB Restricts Ocular-Dominance Plasticity in Visual Cortex[END_REF].

Finally, epigenetic mechanisms such as DNA methylation and histone modifications downregulate the expression of plasticity-related genes over development and the manipulation of these repressive effects increases plasticity in adult cortex [START_REF] Baroncelli | Experience Affects Critical Period Plasticity in the Visual Cortex through an Epigenetic Regulation of Histone Post-Translational Modifications[END_REF][START_REF] Putignano | Developmental downregulation of histone posttranslational modifications regulates visual cortical plasticity[END_REF][START_REF] Silingardi | Epigenetic treatments of adult rats promote recovery from visual acuity deficits induced by long-term monocular deprivation[END_REF][START_REF] Tognini | Experience-dependent DNA methylation regulates plasticity in the developing visual cortex[END_REF]. A coordinated action of some microRNAs and epigenetic factors is likely involved in the government of specific stages of brain maturation and plasticity [START_REF] Mazziotti | Mir-132/212 is required for maturation of binocular matching of orientation preference and depth perception[END_REF][START_REF] Mellios | miR-132, an experience-dependent microRNA, is essential for visual cortex plasticity[END_REF][START_REF] Napoli | MiR-29 coordinates age-dependent plasticity brakes in the adult visual cortex[END_REF][START_REF] Remenyi | miR-132/212 knockout mice reveal roles for these miRNAs in regulating cortical synaptic transmission and plasticity[END_REF][START_REF] Tognini | Experience-dependent expression of miR-132 regulates ocular dominance plasticity[END_REF]).

An exciting development in the field is that environmental and behavioral protocols can be used to enhance adult visual cortex plasticity and these noninvasive strategies might be more easily translated to clinical therapies [START_REF] Bonaccorsi | Treatment of amblyopia in the adult: insights from a new rodent model of visual perceptual learning[END_REF][START_REF] Sale | Environment and brain plasticity: towards an endogenous pharmacotherapy[END_REF]. One of the most promising approaches for the potential application to the clinics is environmental enrichment promoting robust OD plasticity and a complete recovery from amblyopia in adult rodents through a reduction of intracortical inhibition (Laura Baroncelli et al., 2010;[START_REF] Greifzu | Environmental enrichment extends ocular dominance plasticity into adulthood and protects from stroke-induced impairments of plasticity[END_REF][START_REF] Sale | Environmental enrichment in adulthood promotes amblyopia recovery through a reduction of intracortical inhibition[END_REF][START_REF] Scali | A rich environmental experience reactivates visual cortex plasticity in aged rats[END_REF]. The crucial components promoting visual plasticity observed in enriched animals is voluntary physical activity [START_REF] Baroncelli | Enriched experience and recovery from amblyopia in adult rats: impact of motor, social and sensory components[END_REF]. Physical exercise can enhance the gain of visual cortical activity [START_REF] Niell | Modulation of visual responses by behavioral state in mouse visual cortex[END_REF] and neural plasticity in adult rodents [START_REF] Baroncelli | Enriched experience and recovery from amblyopia in adult rats: impact of motor, social and sensory components[END_REF] by reducing the inhibitory tone: cholinergic projections from the basal forebrain triggered by locomotion selectively activate a disinhibitory interneuron circuit (containing both VIP and somatostatin GABAergic interneurons) in the primary visual cortex, with the net effect of releasing pyramidal neurons from inhibition [START_REF] Fu | A cortical disinhibitory circuit for enhancing adult plasticity[END_REF][START_REF] Fu | A cortical circuit for gain control by behavioral state[END_REF]. In addition to the decrease of the intracortical inhibitory tone, the beneficial effects of physical activity on brain plasticity might be mediated by an alteration of energy metabolism. Growing evidence suggests an interplay between energy metabolism and plasticity: obesity is associated with deficits in cognitive functions and increased liability to neurodegenerative diseases (Guillemot-Legris and Muccioli, 2017), and caloric restriction promotes neuronal plasticity in adult rodents [START_REF] Spolidoro | Food restriction enhances visual cortex plasticity in adulthood[END_REF]. Consistently, a recent work reported that visual homeostatic plasticity in response to short-term MD is impaired in morbidly obese adult humans (Lunghi et al., 2019a).

Taken together, these results suggest that physical exercise might be a powerful candidate as a non-invasive therapeutic strategy to promote visual plasticity also in humans. This hypothesis has been supported by recent studies showing that moderate physical exercise can enhance visual homeostatic plasticity in adult humans (Lunghi et al., 2019c;Lunghi andSale, 2016, 2015). Importantly, the combination of physical exercise and short-term deprivation of the amblyopic eye effectively promoted the long-term recovery of both visual acuity and stereopsis in adult amblyopic subjects (Lunghi et al., 2019c). It is also compelling to note that the adult visual cortex retains learning competences and this is reflected into the success of perceptual learning protocols to promote recovery from amblyopia in rodents [START_REF] Baroncelli | Enriched experience and recovery from amblyopia in adult rats: impact of motor, social and sensory components[END_REF][START_REF] Bonaccorsi | Treatment of amblyopia in the adult: insights from a new rodent model of visual perceptual learning[END_REF]. Some perceptual improvement has been demonstrated in human patients as well, with the essential ingredients of visual training protocols being incorporated into video game formats for home-based interventions [START_REF] Astle | Can perceptual learning be used to treat amblyopia beyond the critical period of visual development?[END_REF][START_REF] Green | Learning, attentional control, and action video games[END_REF][START_REF] Levi | Perceptual learning as a potential treatment for amblyopia: A mini-review[END_REF][START_REF] Tsirlin | Behavioral Training as New Treatment for Adult Amblyopia: A Meta-Analysis and Systematic Review[END_REF]. These data indicate that a combined approach including both physical activity and visual training could maximize the recovery of visual system function. A schematic representation of the strategies endorsing the reopening of a critical period in adulthood and the underlying neural mechanisms is reported in Figure 1B.

Neuroplasticity in the time of retinal disorders

Retinal degenerative disorders, including retinitis pigmentosa (RP) and macular degeneration (MaD), are among the principal causes of adult-onset blindness worldwide [START_REF] Parmeggiani | Clinics, epidemiology and genetics of retinitis pigmentosa[END_REF][START_REF] Wong | Global prevalence of age-related macular degeneration and disease burden projection for 2020 and 2040: a systematic review and meta-analysis[END_REF]. There is no effective cure for these disorders, but research aimed at preventing photoreceptor loss, or at substituting light-responsive elements, is catalyzing new hope for patients [START_REF] Aguirre | Canine and human visual cortex intact and responsive despite early retinal blindness from RPE65 mutation[END_REF][START_REF] Cohen | Prosthetic interfaces with the visual system: biological issues[END_REF][START_REF] Dias | Molecular genetics and emerging therapies for retinitis pigmentosa: Basic research and clinical perspectives[END_REF][START_REF] Lagali | Light-activated channels targeted to ON bipolar cells restore visual function in retinal degeneration[END_REF][START_REF] Maya-Vetencourt | Subretinally injected semiconducting polymer nanoparticles rescue vision in a rat model of retinal dystrophy[END_REF][START_REF] Turrigiano | The dialectic of Hebb and homeostasis[END_REF][START_REF] Strettoi | Inhibition of ceramide biosynthesis preserves photoreceptor structure and function in a mouse model of retinitis pigmentosa[END_REF][START_REF] Thyagarajan | Visual function in mice with photoreceptor degeneration and transgenic expression of channelrhodopsin 2 in ganglion cells[END_REF]. In particular, retinal prostheses electrically stimulating the residual retinal neurons represent an emerging technology in the treatment of such diseases and have been shown to restore some useful vision, substantially improving the quality of life of patients [START_REF] Castaldi | Neuroplasticity in adult human visual cortex[END_REF][START_REF] Castaldi | Visual BOLD Response in Late Blind Subjects with Argus II Retinal Prosthesis[END_REF][START_REF] Mills | Electronic retinal implants and artificial vision: journey and present[END_REF], but a number of other therapeutic approaches recently moved to the clinical phase and novel biological products are coming to the market [START_REF] Dias | Molecular genetics and emerging therapies for retinitis pigmentosa: Basic research and clinical perspectives[END_REF]Mandai et al., 2017aMandai et al., , 2017b;;[START_REF] Russell | Efficacy and safety of voretigene neparvovec (AAV2-hRPE65v2) in patients with RPE65mediated inherited retinal dystrophy: a randomised, controlled, open-label, phase 3 trial[END_REF].

All potential therapeutic strategies for retinal disorders, however, rely on the integrity of the visual system downstream of photoreceptors to deliver effective and meaningful visual information to the central stations. Moreover, potentially maladaptive changes of cortical circuits could take place in neurodegenerative conditions [START_REF] Dumoulin | How Visual Cortical Organization Is Altered by Ophthalmologic and Neurologic Disorders[END_REF][START_REF] Merabet | Neural reorganization following sensory loss: the opportunity of change[END_REF] and characterizing plastic reorganization induced by visual defects is essential for any attempt to develop efficient strategies for disease management and rehabilitation.

Morphological investigation suggested a relatively good preservation of the visual pathway conveying sensory information from photoreceptors to the cortex, despite a progressive remodelling of inner retinal neurons and glial cells [START_REF] Aguirre | Canine and human visual cortex intact and responsive despite early retinal blindness from RPE65 mutation[END_REF][START_REF] Marc | Neural remodeling in retinal degeneration[END_REF][START_REF] Mazzoni | Retinal ganglion cells survive and maintain normal dendritic morphology in a mouse model of inherited photoreceptor degeneration[END_REF][START_REF] Milam | Histopathology of the human retina in retinitis pigmentosa[END_REF][START_REF] Ohno | Alteration of the optic radiations using diffusion-tensor MRI in patients with retinitis pigmentosa[END_REF][START_REF] Schoth | Diffusion tensor imaging in acquired blind humans[END_REF][START_REF] Strettoi | Remodeling of second-order neurons in the retina of rd/rd mutant mice[END_REF]. At the functional level, however, retinal ganglion cells (RGCs) displayed a deterioration of the signal to noise ratio, due to a combination of decreased light-evoked responses and a significant increase of spontaneous activity [START_REF] Margolis | Functional stability of retinal ganglion cells after degeneration-induced changes in synaptic input[END_REF][START_REF] Menzler | Network oscillations in rod-degenerated mouse retinas[END_REF][START_REF] Sekirnjak | Changes in physiological properties of rat ganglion cells during retinal degeneration[END_REF][START_REF] Stasheff | Emergence of sustained spontaneous hyperactivity and temporary preservation of OFF responses in ganglion cells of the retinal degeneration (rd1) mouse[END_REF]. Reduced light responsiveness and poor signal to noise ratio are also described in the lateral geniculate nucleus and superior colliculus [START_REF] Alexander | Contrast response properties of magnocellular and parvocellular pathways in retinitis pigmentosa assessed by the visual evoked potential[END_REF][START_REF] Sauvé | Progressive visual sensitivity loss in the Royal College of Surgeons rat: perimetric study in the superior colliculus[END_REF], and electrical stimulation of the optic nerve requires higher threshold to elicit the perception of phosphenes in RP patients [START_REF] Gothe | Changes in visual cortex excitability in blind subjects as demonstrated by transcranial magnetic stimulation[END_REF].

In the framework of retinal disorders, the visual cortex has received surprisingly little attention, although this brain region is the stage where important information processing occurs. Recently, a voxel-based morphometry study showed a significant reduction in gray matter volume of the occipital cortex in RP patients with the pattern of degeneration correlated to the extent of visual field loss [START_REF] Machado | Structure-function correlations in Retinitis Pigmentosa patients with partially preserved vision: a voxel-based morphometry study[END_REF][START_REF] Sanda | Visual brain plasticity induced by central and peripheral visual field loss[END_REF]. Magnetic resonance imaging highlighted the sparing of some visual responses in the striate and extrastriate cortex of patients affected with RP [START_REF] Castaldi | Residual Visual Responses in Patients With Retinitis Pigmentosa Revealed by Functional Magnetic Resonance Imaging[END_REF][START_REF] Masuda | Task-dependent V1 responses in human retinitis pigmentosa[END_REF], but electrophysiological properties of visual cortical neurons, including orientation selectivity, spatial and temporal frequency tuning and receptive field size appeared very degraded in animal models [START_REF] Chen | Electrophysiology Alterations in Primary Visual Cortex Neurons of Retinal Degeneration (S334ter-line-3)[END_REF][START_REF] Gias | Degeneration of cortical function in the Royal College of Surgeons rat[END_REF].

Despite these general alterations of neuronal activity, we recently reported that RP cortical circuits retain a remarkable capability of input-dependent remodelling: more specifically, physiological ocular dominance and synaptic plasticity are observed in the primary visual cortex of a murine model of RP (rd10 mouse) (Begenisic et al., 2020, figure 1E) and RP patients show a degree of visual homeostatic plasticity induced by short-term MD comparable to healthy control subjects (Lunghi et al., 2019b, figure 1F). Since successful application of eyetargeted intervention treatments requires that the visual cortex is able to adapt to the restored visual input, the preservation of sufficient levels of plasticity is highly relevant in therapeutic perspective. More detailed functional mapping revealed an alteration of intrinsic activity and synchronicity in the visual cortex, with higher threshold for eliciting cortical responses, loss of retinotopy, visual network disconnection and reorganization of the retino-cortical pathway, in particular at the level of dorsal stream. These changes seem to be dependent on the magnitude of visual deficits and can be explained by cortical adaptation mechanisms [START_REF] Dan | Altered intra-and inter-regional functional connectivity of the visual cortex in individuals with peripheral vision loss due to retinitis pigmentosa[END_REF][START_REF] Ferreira | Primary visual cortical remapping in patients with inherited peripheral retinal degeneration[END_REF][START_REF] Ferreira | Brain structural and functional reorganization due to long term retinal peripheral degeneration in retinitis pigmentosa[END_REF][START_REF] Huang | Abnormal intrinsic brain activity in individuals with peripheral vision loss because of retinitis pigmentosa using amplitude of low-frequency fluctuations[END_REF]Lunghi et al., 2019b;[START_REF] Nimmagadda | Retinotopic Responses in the Visual Cortex Elicited by Epiretinal Electrical Stimulation in Normal and Retinal Degenerate Rats[END_REF]. Moreover, the visual cortex receives inputs from other sensory modalities that can be rapidly unmasked and take over cortical processing in conditions of retinal degeneration [START_REF] Cunningham | Visual cortex activation induced by tactile stimulation in late-blind individuals with retinitis pigmentosa[END_REF][START_REF] Merabet | Rapid and reversible recruitment of early visual cortex for touch[END_REF][START_REF] Merabet | Neural reorganization following sensory loss: the opportunity of change[END_REF][START_REF] Röder | Speech processing activates visual cortex in congenitally blind humans[END_REF][START_REF] Sabbah | Reorganization of early visual cortex functional connectivity following selective peripheral and central visual loss[END_REF][START_REF] Sadato | Activation of the primary visual cortex by Braille reading in blind subjects[END_REF]. Altogether, these data suggest that the design of therapeutic strategies, and in particular of retinal prosthesis, should include a level of flexibility that accounts for the patient-specific variability of cortical activity.

In contrast to RP, commonly causing a full degradation of the visual field, MaD patients present with a focused degeneration of the macula and their peripheral vision is not damaged [START_REF] Mitchell | Age-related macular degeneration[END_REF], despite a volumetric reduction of structures along the visual pathway [START_REF] Hernowo | Morphometric analyses of the visual pathways in macular degeneration[END_REF] and a significant cortical atrophy across the whole occipital lobe [START_REF] Beer | Aging and central vision loss: Relationship between the cortical macro-structure and micro-structure[END_REF][START_REF] Hanson | Following the Status of Visual Cortex Over Time in Patients With Macular Degeneration Reveals Atrophy of Visually Deprived Brain Regions[END_REF]. It is worth noting that large-scale compensatory reorganization of cortical circuits could be set in motion by retinal degeneration in multiple areas of MaD visual cortex [START_REF] Baker | Reorganization of visual processing in macular degeneration[END_REF][START_REF] Baseler | Large-scale remapping of visual cortex is absent in adult humans with macular degeneration[END_REF][START_REF] Cheung | Functional and cortical adaptations to central vision loss[END_REF][START_REF] Dilks | Reorganization of visual processing in age-related macular degeneration depends on foveal loss[END_REF][START_REF] Shao | Visual cortex organisation in a macaque monkey with macular degeneration[END_REF]. In this pathology, the implant of exogenous prostheses leads the retina to respond to electrical stimulation in its central part and to natural light pattern in the peripheral healthy portion. The visual cortex seems to homogeneously adjust these concurrent stimuli presumably thanks to intact cortico-cortical connections [START_REF] Haak | Preserved retinotopic brain connectivity in macular degeneration[END_REF], encouraging the use of prosthetic devices for the restoration of sight in AMD patients [START_REF] Arens-Arad | Cortical Interactions between Prosthetic and Natural Vision[END_REF][START_REF] Haak | Preserved retinotopic brain connectivity in macular degeneration[END_REF][START_REF] Lorach | Interactions of Prosthetic and Natural Vision in Animals With Local Retinal Degeneration[END_REF].

An additional leading cause of irreversible blindness worldwide is glaucoma, a neurodegenerative disorder characterized by the progressive degeneration of the optic nerve and visual field loss [START_REF] Kasi | imaging of structural, metabolic and functional brain changes in glaucoma[END_REF]. Currently, the standard of care for glaucoma patients envisages multiple treatments aimed at lowering intraocular pressure and reducing the risk of vision impairment. However, the disorder can continue to advance even at reduced intraocular pressure and novel therapeutic options targeting other key factors of disease onset and progression might reduce the prevalence of glaucoma [START_REF] Kasi | imaging of structural, metabolic and functional brain changes in glaucoma[END_REF]. Despite the lack of spontaneous recovery of the damaged optic nerve, recent evidence suggests that proper stimulation of RGCs, alone or in combination with the modulation of intrinsic cell growth-promoting factors, induces full-length axonal regeneration in the visual pathway up to the correct target regions in lateral geniculate nucleus, superior colliculus, and other visual centers. This morphological recovery and the reestablishment of accurate circuit connections are accompanied by the reinstatement of simple visual-dependent behaviors, such as optomotor response, depth perception, and circadian photoentrainment [START_REF] Bei | Restoration of Visual Function by Enhancing Conduction in Regenerated Axons[END_REF][START_REF] De Lima | Full-length axon regeneration in the adult mouse optic nerve and partial recovery of simple visual behaviors[END_REF][START_REF] Kurimoto | Long-distance axon regeneration in the mature optic nerve: contributions of oncomodulin, cAMP, and pten gene deletion[END_REF][START_REF] Lim | Neural activity promotes long-distance, target-specific regeneration of adult retinal axons[END_REF][START_REF] Li | Injured adult retinal axons with Pten and Socs3 co-deletion reform active synapses with suprachiasmatic neurons[END_REF][START_REF] Murphy | Retinal Structures and Visual Cortex Activity are Impaired Prior to Clinical Vision Loss in Glaucoma[END_REF]Wang et al., 2018).

Conclusions

The capability of the visual cortex to remodel in response to environmental pressures is essential for the rehabilitation of visual diseases, especially in adulthood, when the plastic potential of the cerebral cortex is thought to be reduced. Altogether, the studies reviewed here force us to rethink the importance experience-dependent plasticity in adulthood and in the case of visual diseases.

During the past decade, growing evidence demonstrates that the adult visual cortex retains a degree of neural plasticity higher than previously thought, which can be further enhanced by non-invasive environmental manipulations, such as voluntary physical activity. These findings pave the way for the development of non-invasive therapeutic strategies for visual diseases that were thought to be untreatable in adults (e.g. amblyopia), with potential broader applications for neuro-rehabilitation in adults (e.g. rehabilitation after stroke) and the prevention of pathological brain aging. Furthermore, recent evidence shows that the plastic potential of the visual cortex is preserved in clinical populations with retinal disorders, despite a degraded visual input. This advance in our understanding of visual cortical plasticity is encouraging for the development of new therapies aimed at reactivating the visual cortex of blind individuals (e.g. by artificially restoring retinal input by means of retinal implants), indicating that in these patients the deafferented visual cortex might have the potential to rewire and benefit from these prospective treatments. Data replotted from Lunghi et al., 2019b. 
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