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Cortical-basal ganglia gamma  oscillations are pathologically reduced in Parkinson’s disease (PD) and the plasticity of the primary motor cortex (M1) is 
impaired. Enhancing  oscillations through transcranial alternating current stimulation (tACS), a non-invasive neurophysiological tool that modulates 
cortical rhythms, can restore this alteration. However, whether tACS-related normalization of M1 plasticity results in positive clinical effects is unknown. 
Motor learning is also impaired in PD and oscillations play a relevant role in different forms of learning in humans. Nevertheless, whether motor learning 
abnormalities relate to reduced oscillations in PD is another unclear issue. We hypothesize that oscillations impairment in M1 contributes to altered 
motor control, plasticity and learning in PD. Accordingly, in this project, we intend totest whether -tACS on M1 in PD patients ameliorates motor 
performance and learning, as objectively assessed with kinematic techniques.

Chronic pain is sustained by a maladaptive form of neuronal plasticity occurring in all stations of the pain neuraxis.
Treatment of chronic pain is still suboptimal because of the incomplete knowledge of the mechanisms underlying
nociceptive sensitization. The study of extracellular matrix (ECM) in the pathophysiology of pain is still in its infancy. Central
nervous system neurons are surrounded by condensed ECM known as perineuronal nets (PNNs). PNNs regulate synaptic
function and mechanisms of activity-dependent synaptic plasticity. We will examine whether (i) changes in PNNs occur in
experimental models of neuropathic pain, and are causally related to the dysfunction of synaptic transmission in the pain
neuraxis; (ii) enzimatic approaches that alter the formation or degradation of PNNs in specific regions of the pain neuraxis
might affect the development of neuropathic pain; and (iii) pain-associated PNN alterations are reversible in response to different classes of analgesic 
drugs.
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Inflammatory synaptopathy is a prominent pathogenic process in multiple sclerosis(MS) induced by imbalanced immune
system homeostasis. Its persistence causes excitotoxic neuronal damage, leading to motor and cognitive deficits. Although
many advances have been made in MS treatment, the development of effective strategies for managing disease
progression driven by excitotoxic synaptic dysfunctions is of great significance.
Gut dysbiosis is commonly associated with both MS and obesity and high-fat diet (HFD) can exacerbate disease by acting
on gut microbiota.
Since gut microbiota can shape the immune response and brain functions, we propose to target gut dysbiosis by dietary
supplementation of prebiotics and probiotics (Pre-Pro) to treat synaptopathy in both human and experimental model of MS,
even when exacerbated by HFD. Overall, this project aims at unveiling the anti-inflammatory and neuroprotective pathways
activated by Pre-Pro supplementation to modulate the immune-synaptic axis.

Diabetes and hypertension are associated with increased incidence of cardiovascular diseases. These conditions promote
the development of endothelial dysfunction, which is the initial pathological event leading to the subsequent development of
atherosclerosis. It is therefore necessary to find new therapies that can prevent and treat diabetes- and hypertension induced endothelial dysfunction and 
vascular damage. The Hippo pathway, a conserved intracellular signaling pathway
involved in the regulation of cell survival, growth, and differentiation may represent a potential therapeutic target for the
treatment of vascular damage. Inhibition of Hippo signaling reduces myocardial injury in response to different kind of
stresses. We will clarify the role of Hippo signaling in the development of endothelial dysfunction, vascular damage,
atherosclerosis, hypertension-related stroke and aortic aneurysm. The crosstalk between Hippo pathway and NOX2 will
also be studied.

Inflammageing - namely age-related chronic inflammation - is conceived as a unifying mechanism at the basis of several
health conditions. An innovative inflammatory age (iAge) marker was recently proposed to measure inflammageing and
associated with cardiovascular health. However, the link between iAge and age-related brain disorders is unexplored. We
would like to fill in this gap testing iAge in a longitudinal Italian population cohort (N=1,000, >=35 years upon recruitment,
~12.8 years follow-up), analyzing its relationship with cognitive performance, depressive symptoms, and its modulation by
nutrition. This setting will be replicated in an experimental study on ageing mouse models across their lifespan, so to establish causality links between 
nutrition, circulating and neuro-inflammation, and behavioral/cognitive outcomes. Overall,
we aim to elucidate the role of inflammageing in age-related psychiatric conditions, suggesting potential targets for antiageing interventions.
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