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Glucose transporter type 1 (GLUT1) is a critical protein allowing glucose efflux to the brain through the 
Blood-Brain-Barrier (BBB). Monoallelic or bi-allelic mutations in the GLUT1 encoding gene - SLC2A1 - result 
in GLUT1-deficiency (GLUT1DS) featuring intractable seizures, intellectual disability, ataxia, and dystonia. 
Pathogenic mechanisms are still unclear and specific therapeutic approaches lacking due to the difficulty to 
obtain appropriate human-derived in vitro models. 
In this study we aimed to generate a well-established in vitro Transwell model of BBB with brain endotheli-
al cells derived from controls and GLUT1DS patients’s induced pluripotent stem cells (iPSCs). We selected 
two patients carrying different mutations and showing a severe (p.Leu124Trpfs*12) and a milder 
(p.Arg400Cys) GLUT1-deficiency phenotype. We characterized the BBB model with standard tests of BBB 
functionality, including transendothelial electrical resistance (TEER), GLUT1 expression, immunocytochem-
istry for endothelial and tight junction markers and paracellular transport across the barrier. The results in-
dicated a different rate of BBB differentiation between the severe and the milder patients’ cells with re-
spect to the controls, probably due to the drastic impairment in the nutritional molecules uptake. To im-
prove the BBB model, we are moving from a static to dynamic culture system ensuring optimal microenvi-
ronment conditions and mimicking the in vivo physiology. 
A standardized BBB model could be used to test novel therapeutical approaches aimed at enhancing BBB 
glucose permeability. In this regard, we will initiate the search of genetic (e.g. by CRISPRa technology) and 
pharmacological tools able to increase the expression of SLC2A1 at the transcriptional and translational 
levels. 
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Peripheral neuropathies are a condition in which peripheral nerves are damaged. This condition affects 
millions of people every year worldwide and can be caused by external trauma, or by pathologies that im-
pact peripheral nervous system components. Biocompatible scaffolds are emerging as important tools to 
promote nerve regeneration in case of resection. However, when there is no physical damage of the nerve 
an effective drug delivery system is still lacking. To address these issues, we are working on two different 
approaches. We already demonstrated that nano/micro-grooved substrates are capable to direct neuronal 
and glial cell differentiation, polarization, and migration. We developed microstructured scaffolds, with 
specific directional topographies and tuneable stiffness, for peripheral nerve regeneration: our scaffolds, 
made of biodegradable and soft materials (compliant with nerve mechanics), were tested in vitro with neu-
ronal and glial cell models. Moreover, the restricted permeability of nerves, due to the presence of the 
blood-nerve barrier (BNB), makes difficult to transport drugs into their structure. Polymeric nanoparticles 
are under investigation for their ability to pass biological barriers (such as the blood-brain barrier). We de-
veloped polymeric nanoparticles (NPs) functionalized with peripheral nerve targeting molecules, procaine 
and a peptide, NP41. We tested their biocompatibility and internalization capability in vitro in neural cell 
models. These NPs can be further loaded with drugs of interest. These two strategies can be either used as 
stand-alone systems or can be further combined to create innovative devices (e.g. scaffolds functional-
ized/enriched with NPs loaded with compounds of interest). Such devices would be able to provide both a 
physical support for regeneration, and a controlled release of drugs for treating a wide variety of patholog-
ical conditions impacting PNS (e.g. nerve trauma, resections, neurodegenerative disorders). 
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The Angelman Syndrome (AS) is a neurodevelopmental disorder caused by the loss of maternally ex-
pressed UBE3A gene, which encodes an E3 ubiquitin ligase. Although considerable efforts have been put to 
dissect UBE3A function in the brain, the pathogenic mechanisms remain largely unknown and effective 
treatments are not available yet. Being an E3 ubiquitin ligase, defective ubiquitination is thought to be a 
primary mechanism underlying synaptic dysfunction in AS. However, only a few substrates of UBE3A have 
been shown to be relevant to AS pathogenesis and recent reports suggest that UBE3A might play a global 
regulatory role instead of acting through a specific neuronal pathway. Increasing evidence indicates a tight 
functional interplay between ubiquitination and sumoylation, an ubiquitin-related PTM consisting in the 
covalent conjugation of Small Ubiquitin-like MOdifier (SUMO) proteins to target proteins. In the brain the 
SUMO machinery finely modulates synaptic and extrasynaptic pathways that are fundamental to neuronal 
circuit formation and function. In this project, we evaluate the impact of UBE3A loss on synaptic develop-
ment and test the hypothesis that alterations of the functional cross-talk between ubiquitination and 
sumoylation might contribute to AS pathogenesis. To explore the possibility that an unbalanced sumoy-
lation is at the basis of AS, we are currently evaluating sumoylation of nuclear and cytosolic fractions ob-
tained from cortices of AS and wild type mice throughout neurodevelopment. Strikingly, preliminary data 
obtained in the laboratory indicate that both SUMO1 and SUMO2/3 conjugation is impaired at different 
developmental stages in the nucleus and in the cytosol of AS cortices. These data might unveil a novel 
pathogenic mechanism of AS and provide the rationale to develop new therapeutic strategies to treat AS 
patients. 
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Gliomas and immune system mutually reshape their phenotypes during malignant progression but, the 
mechanisms governing it are not fully elucidated. We used a glioma model, based on somatic gene transfer 
of PDGF-B, that recapitulates glioma progression. PDGF-B overexpression induces tumors that initially 
show low-grade gliomas (LG) features and do not successfully graft in immunocompetent mouse brains be-
ing highly immunostimulatory. Later on, these tumors progress into high-grade gliomas (HG) with a M2 
pro-tumorigenic infiltrate and are able to generate secondary tumors when transplanted in immunocom-
petent mice. Interestingly, we showed that LG cells can successfully graft in immunodeficient NOD/SCID 
mice. To evaluate the ability of HG to modify the immune system phenotype we co-culture HG cells with 
freshly isolated splenocytes. Our results show that HG cells reduce the percentage of proliferating CD8+ 
lymphocytes and drastically reduce the cytolytic activity of both CD8+ and NK cells as shown by the de-
crease of Granzyme-B expression. Moreover, we noticed that HG cells assist the orthotopic grafting of LG 
cells, suggesting that the immunosuppressive environment induced by HG cells could tolerate also im-
munostimulatory LG cells. To dissect which immune subpopulation counteracts the growth of gliomas in 
the early stages of tumor progression, we orthotopically transplant LG in mice depleted for specific im-
mune population (CD4+, CD8+, NK cells). We show that mice depleted for CD4+ lymphocytes sustain the 
grafting of LG cells in vivo but have a dramatic reduction of CD8+ infiltrating lymphocytes. Cytotoxic cells 
appear to serve as the ultimate effectors in immunosurveillance, and thus, the reduction of cytotoxic cell 
activity by glioma during tumor progression emerges as a critical determinant for achieving immunoeva-
sion. However, this evasion mechanism may be indirectly mediated through the action of CD4 lympho-
cytes. 
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Pediatric malignant Central Nervous System (CNS) tumors are the most common solid tumors and the lead-
ing cause of cancer-related death in children, underlying the need for new therapeutic approaches. In this 
regard, CAR T cells have emerged as a new pillar of treatment for pediatric CNS tumors. The interactions 
between NKG2D receptor on immune effector cells and NKG2D ligands on tumor cells are essential for tu-
mor immunosurveillance. In the present study, we have explored the ability of NKG2D CAR T cells to target 
pediatric brain tumors. By using Europium-TDA cytotoxicity assays in vitro, we found 6 out of the 6 tested 
CNS tumor cells lines were sensitive to NKG2D CAR T cells lysis, with a percentage of cytotoxicity ≥30% 
when effector: target ratios of 20:1 were used. Furthermore, in 3D cultures, NKG2D CAR T cells showed 
ability to penetrate and eliminate glioblastoma tumor-spheres. In an orthotopic murine model of human 
glioblastoma, intracranial injections of NKG2D CAR T cells drastically reduced tumor growth, providing their 
potential to treat glioblastoma in vivo. However, NKG2D CAR T cells showed no clinical benefit when they 
were administered intravenously. Since the entrance of NKG2D CAR T cells to the tumor site could be 
hampered by the Blood Brain Barrier (BBB), we are currently exploring the permeability of the BBB to 
NKG2D CAR T cells by using a human BBB model. Additionally, in an attempt to facilitate homing and tumor 
infiltration, we have isolated Extracellular Vesicles (EVs) from NKG2D CAR T cells. At the moment, we have 
found EVs derived from NKG2D CAR T cells maintain CAR expression and we are now exploring their anti-
tumor potential in vitro. In sum, although very preliminary, our results show that NKG2D CAR and Exo-
NKG2D CAR could be a promising therapeutic approach to treat these tumors. 
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Krabbe disease (KD) is a rare condition caused by a deficiency of the lysosomal enzyme galactosylcerami-
dase (GALC). GALC lack leads to the accumulation of the cytotoxic metabolite psychosine (PSY) in the nerv-
ous system, with consequent demyelination and neurodegeneration. The KD-related pathogenetic mecha-
nisms are still not completely understood, and no cure is available for KD. Recently, we demonstrated the 
involvement of autophagy dysfunctions in KD pathogenesis. We found p62-tagged protein aggregates in 
the brain of KD mice and increased p62 levels in the KD sciatic nerve. Here, we decided to test in-vitro and 
in-vivo the autophagy inducer Rapamycin (RAP) to remove unwanted cellular products from KD cells, such 
as p62 aggregates and PSY. We demonstrated that RAP can partially reinstate the WT phenotype in KD 
primary cells by decreasing the number of p62 aggregates. Therefore, we tested RAP in the Twitcher (TWI) 
mouse, a spontaneous KD mouse model. The drug has been administered ad libitum via drinking water (1,5 
mg/Kg) starting from PND 21-23. We longitudinally monitored the mouse motor performance through the 
grip strength and the rotarod tests, and a set of biochemical parameters related to the KD pathogenesis 
(i.e. PSY accumulation, astrogliosis and autophagy markers expression). We found that RAP is able to im-
prove motor functions at selected time points. Interestingly, we found that the treatment diminishes as-
trogliosis in the TWI brain, spinal cord, and sciatic nerves. Additionally, by western blot and immunohisto-
chemistry, we found that RAP decreases the amount of p62 in TWI nervous tissues, confirming our in-vitro 
findings. Finally, RAP treatment demonstrated to be able to partially remove PSY in the spinal cord. Overall, 
these results suggest considering RAP as an option to be tested for KD clinical trials. This is especially en-
couraged by the fact that RAP is already in clinical practice. 
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Alzheimer’s disease (AD) is a chronic incurable neurodegenerative disorder characterized by progressive 
memory loss and cognitive dysfunctions. Brain function is governed by dynamic interactions between neu-
rons and astrocytes. Noteworthy, calcium dynamics in astrocytes represent a fundamental signal that 
through gliotransmitter release regulates synaptic plasticity and behaviour. Here, by using cutting-edge 
techniques including 2-photon Ca2+ imaging, electrophysiology and behavioural memory tests, we present 
a longitudinal study in the PS2APP mouse model of AD linking astrocyte Ca2+ hypoactivity to memory loss. 
At the onset of plaque deposition, somatosensory cortical astrocytes of AD female mice swtich to a reac-
tive pro-inflammatory state and exhibit a drastic reduction of Ca2+ signaling, closely associated with de-
creased endoplasmic reticulum Ca2+ concentration and reduced expression of the Ca2+ sensor STIM1. In 
parallel, astrocyte-dependent long-term synaptic plasticity declines in the somatosensory circuitry, antici-
pating specific tactile memory loss. Notably, we show that both astrocyte Ca2+ signaling and long-term syn-
aptic plasticity are fully recovered by selective STIM1 overexpression in astrocytes. Our data unveil astro-
cyte Ca2+ hypoactivity in neocortical astrocytes as a functional hallmark of early AD stages and indicate as-
trocytic STIM1 as a target to rescue memory deficits. 
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The blood-brain barrier (BBB) is a crucial component of the central nervous system that protects the brain 
from harmful substances while allowing essential nutrients to pass through. Overcoming the BBB remains a 
crucial aspect for the delivery of drugs or therapeutics in neurological disease modelling. It is important to 
underline that in vivo models could provide experimental environments that closely mimic the complexity 
of human physiology, although no animal model can faithfully reproduce all the manifestations of human 
diseases. In this context, in vivo models must be interpreted as an approximation of human biology limited 
to particular regions or other features. The most important disadvantage of in vivo models is the transla-
tion of results towards human application. Furthermore, using an in vitro model it should be possible to 
closely reproduce the essential features of the human BBB in vivo. In this scenario, an ideal in vitro BBB 
model should have: (i)3D vessel-like structure design; (ii) multiple cell lines in co-culture cells line; (iii) flow-
induced shear stress. Accordingly, a novel 3D BBB in vitro model has been provided adopting a bipartite 
vessel-like bioprinted scaffold using cell-laden sodium alginate hydrogels with two different cell lines, 
namely endothelial and neuronal cells. The optimization of both design and printing parameters has been 
carried out to achieve high-quality BBB models. The critical parameters that influence print quality and cell 
viability were also explored and tailored for achieving optimal results. Preliminary results suggested that 
cell-laden alginate hydrogels represent a valuable bioink for complex biological system modelling, also tak-
ing into account the possibility of adopting a bioreactor to study how the shear stress impacts on tight 
junction protein expression. This innovative in vitro BBB model could also be an interesting tool towards 
high-throughput drug screening. 
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Alzheimer’s disease (AD) is a neurodegenerative disease that induce progressive cognitive impairment in 
patients. It affects millions of people all over the world with an expected enormous increase in the next 
years, with a great impact on healthcare systems. In the last decades, a growing body of evidence supports 
the profound link between AD onset and infectious agents. Among infective agents the neurotropic Herpes 
simplex virus type 1 (HSV-1) is extremely attractive for a number of experimental and clinical observations. 
In particular, multiple HSV-1 reactivations from latency are thought to contribute to neuronal dysfunction, 
thus leading to neurodegeneration. To further investigate this hypothesis, our group established and char-
acterized a mouse model of persistent HSV-1 infection (up to 10 weeks) in the enteric nervous system. By 
immunohistochemical staining of ileal Longitudinal Muscle/Myenteric Plexus (LMMP) we observe progres-
sive APP (Amyloid Precursor Protein) and β-amyloid accumulation in response to HSV-1 infection, while by 
qPCR analysis we detect increased expression of β- and γ-secretase genes. A significant decrease in acetyl-
choline levels in the myenteric plexus was demonstrated via HPLC, suggesting synaptic damage. In addi-
tion, HSV-1 persistent infection induces IFNα, IFNβ, IL-1β and IL-6 overexpression in LMMP. Moreover, by 
immunofluorescence analysis on primary enteric neurons isolated from infected mice we found APP and β-
amyloid accumulation and Tau hyperphosphorylation. Furthermore, we analysed myenteric neurons redox 
homeostasis, revealing peroxidation of membrane lipids and an increased mitochondrial production of free 
radicals in cells obtained from in vivo infected mice. Intriguingly, treatment of HSV-1 infected enteric neu-
rons with a mitochondria-targeting antioxidant (MitoTEMPO) reduced β-amyloid accumulation. These pre-
liminary in vivo and ex vivo data further support the active role of HSV-1 in AD pathogenesis. 



 
Synaptic-dependent developmental dysconnectivity in 22q11.2 deletion syndrome  

Filomena Grazia Alvino (1) - Silvia Gini (1) - David Sastre Yagüe (1) - Antea Minetti (2) - Alberto Galbusera (1) - Caterina Montani (1) - 
Marco Pagani (1) - Charlie Schleifer (3) - Francesco Papaleo (4) - Michael Vincent Lombardo (1) - Massimo Pasqualetti (2) - Carrie 
Elyse Bearden (3) - Alessandro Gozzi (1) 

Istituto Italiano di Tecnologia, Centro di Neuroscienze e Sistemi Cognitivi (CNCS), Rovereto (TN), Italy (1) - University of Pisa, Unit 
of Cellular and Developmental Biology, Department of Biology, Pisa, Italy (2) - University of California, Semel Institute for 
Neuroscience and Human Behavior, Los Angeles, United States (3) - Istituto italiano di Tecnologia, Neuroscience Area, Genetics of 
Cognition Laboratory, Genova, Italy (4) 

22q11.2 Deletion Syndrome (22qDS) is a genetic syndrome associated with increased risk of developmental 
disorders such as autism and schizophrenia. Brain imaging studies have shown that people with 22qDS ex-
hibit altered large-scale functional connectivity. However, the developmental course and neural underpin-
nings of these alterations remain undetermined. Here, we investigated the developmental trajectory of 
functional connectopathy in 22qDS in both a mouse model and in human 22qDS carriers. To this aim, we 
longitudinally mapped resting-state fMRI connectivity in juvenile and adult LgDel mice, an established 
mouse model of 22qDS. We found that developmental connectopathy in LgDel mice undergoes a dramatic 
reconfiguration during the pubertal period, with widespread prepubertal fMRI hyper-connectivity reverting 
to focal hippocampal hypo-connectivity in adult LgDel mutant mice. We also found that fMRI hyper-
connectivity in juvenile Lgdel mice is paralleled by a surplus of cortical dendritic spines, and that both of 
these phenotypes are normalized by pretreatment with the Gsk3B inhibitor SB216763. To probe the gen-
eralizability of these findings to human 22qDS, we examined fMRI connectivity in both pre-pubertal 
(TD=52, 22qDS n=21) and peri/post-pubertal (TD=204, 22qDS n=118) 22qDS carriers. We found that func-
tional connectopathy in human 22qDS similarly undergoes a reconfiguration from dominant hyperconnec-
tivity in prepubertal carriers, to hippocampal and cortical hypo-connectivity in adulthood. Prompted by our 
mouse investigation, we next tested the hypothesis that this reconfiguration could be driven by Gsk3B-
related synaptic mechanisms. In keeping with this, we found that brain regions exhibiting functional con-
nectivity reversal in 22qDS carriers are spatially enriched for gene transcripts encoding for synaptic pro-
teins that interact with Gsk3B (p=0.001). Collectively, these findings provide evidence of synaptic-
dependent, developmental dysconnectivity in 22qDS. 
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Multiple sclerosis (MS) is a demyelinating disease of the central nervous system that leads to focal lesions 
that may bias structural connectivity estimates. Here we present a novel method for estimating structural 
connectivity in the presence of focal white matter alterations. It comprises the computation of connection 
weights between different gray matter (GM) regions by projecting myelin volume fraction-sensitive scalar 
map values onto streamlines reconstructed by tractography, modeling lesion-affected voxels, and scaling 
streamline weights accordingly. 
We used data from 82 healthy controls (HC) (44 females, mean age 37.1±12.4) and 139 MS patients (82 
females, mean age 45.4±13.8) to evaluate our method’s usefulness in studying MS connectome. To assess 
the method’s sensitivity to pathology, we extracted 4 global network metrics: mean strength, global effi-
ciency, modularity, and clustering coefficient. We also evaluated changes in the myelination of bundles, 
typically affected in MS, connecting the precentral gyrus (PrCG) with the subcortical gray matter nuclei, the 
corticospinal tract (CS), the pons, and the corpus callosum (CC). We perform a robust linear model consid-
ering age, sex, and network density as covariates. 
The results show that mean strength, efficiency, and clustering coefficient are notably higher in HCs than in 
MS patients (p<0.001, R2>0.40), while modularity is significantly higher in MS patients than in HCs 
(p=0.002, R2=0.52). We found that all the bundles analyzed are less myelinated in MS than in HC in both 
hemispheres (p<0.01, R2>0.10 for bundles connecting PrCG to subcortical GM nuclei, and p<0.001, R2>0.10 
for CS, pons, and CC). The method demonstrates significant sensitivity to pathology-induced impairment in 
the structural connectivity of MS patients. In addition, it allows for precise estimation of damage caused by 
focal lesions without introducing any bias in the connectivity estimates, which was unreachable using 
state-of-the-art methods. 
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Multiple sclerosis (MS) is a chronic, neurodegenerative and neuroinflammatory disease characterised by 
the entrance of peripheral immune cells into the central nervous system via a disruption of the blood-brain 
barrier (BBB). The infiltrating immune cells induce inflammatory signalling and attack the myelin sheaths 
surrounding the neuronal axons, leading to their neurodegeneration and death. The oxysterol 7α,25OHC is 
a natural ligand for the Epstein-Barr virus-induced receptor 2 (EBI2) which, among other functions, regu-
lates immune cell migration. We specifically showed that brain microvessels express the EBI2 receptor as 
well as the enzymes necessary for 7α,25OHC synthesis (CH25H and CYP7B1) and that the oxysterol path-
way is upregulated in brain’s plaques in multiple sclerosis but also in the cerebrospinal fluid of MS patients. 
Using human in vitro BBB models, comprised of endothelial cells, pericytes and astrocytes, we character-
ised the expression of EBI2 and EBI2-related enzymes after inflammatory stimuli in the cells forming the 
BBB and how they impact the BBB permeability. Finally, we investigated immune cells migration patterns 
with immortalised monocytes and lymphocytes from MS and non-MS patients towards our in vitro sphe-
roid and transwell models of the BBB. The BBB was stimulated with inhibitors of the EBI2/oxysterol path-
way and showed that immune cell migration is dependent on the EBI2/oxysterol pathway. Thus, modulat-
ing this pathway directly at the BBB represents a therapeutic target in MS to prevent immune cell migra-
tion towards the brain parenchyma. 
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Friedreich’s ataxia (FA) is a neurodegenerative disease characterized by mitochondrial dysfunction due to 
mutation of the gene encoding the matrix protein frataxin (FXN) which is involved in iron metabolism and 
in the assembly of iron-sulfur clusters of mitochondrial enzymes. The Fxn knock-in/knockout (KIKO) mouse 
represents a valid model to study FA. Through a bulk mRNAseq, we found that 700 genes were differential-
ly expressed in cerebellum of KIKO with respect to WT mice. Functional enrichment analysis of KEGG path-
ways revealed 4 clusters of genes pertaining to oxidative phosphorylation, myelin sheath, fatty acid me-
tabolism and synaptic transmission. Taken together, transcriptomics findings revealed a metabolic pertur-
bation in cerebellum of KIKO mice. We also performed qPCR analysis and found that mitochondrial biogen-
esis, ferroptosis/oxidative stress and inflammatory genes were altered in cerebellum of KIKO mice. Based 
on the findings that immune cell activation in the cerebellum induces neuronal hyperexcitability and dis-
ruption of psychomotor behaviors in animals, we focused our attention on immune cells. We isolated bone 
marrow-derived macrophages from WT and KIKO mice and found a higher mRNA expression of the in-
flammatory markers Nos2 in KIKO than WT mice. We therefore moved at characterizing the immunophe-
notype of cerebellum of adult non-symptomatic KIKO mice in search for early alterations of resident im-
mune cells. Albeit a similar abundance of microglia cells was found in cerebellum of KIKO and WT mice, KI-
KO microglia showed increased expression of pro-inflammatory markers. Microglia cells are important in 
brain development, maintenance of neuronal networks, injury repair and in the elimination of cellular deb-
rides and protein aggregates that may endanger the CNS. Hence, the results highlight the importance to 
study the phagocytic activity of microglia in FA in order to find new pharmacological targets to counteract 
neuroinflammation and neurodegeneration. 
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Tolerogenic dendritic cells (tDC) are a specialized subset of DC that promote immune tolerance, suppress-
ing excessive immunogenic reaction thereby promoting milder T-cell response. The loss of immunological 
tolerance is a hallmark of several autoimmune diseases, such as multiple sclerosis (MS) and its animal 
model, the experimental autoimmune encephalomyelitis (EAE). With the perspective of designing thera-
peutic approaches, protocols have been developed to generate tDC but they failed in clinical applications. 
Accordingly, we aimed to use a new protocol to generate tDC by exposure to specialized pro-resolving me-
diators (SPM), a novel class of bioactive lipids involved in the resolution of inflammation. Our in vitro data 
showed that DC generated in the presence of SPM mixture (RvD1, RvE1 and MCTR1) and activated with 
LPS/IFNγ (DCSPM) display decreased migratory capacity, upregulation of tolerogenic markers and concomi-
tant downregulation of pro-inflammatory markers. In addition, DCSPM reduce T cells pro-inflammatory re-
sponse, mainly through a paracrine effect mediated by DC-derived extracellular vesicles (EV). Moreover, 
since tDC display less oxidative stress in comparison with immunogenic DC, we wondered whether SPM 
could influence the coupling between ATP synthesis and oxygen consumption (P/O ratio), incrementing the 
oxidative phosphorylation efficiency. We demonstrated coupled P/O in DCSPM and in T cells cocultured 
with DCSPM or treated with their secreted EV. We further hypothesized that the injection of DCSPM in 
EAE-affected mice could modulate the encephalitogenic response and could exert immunomodulatory ef-
fects in vivo. Our data on preventive and therapeutic treatment of EAE-affected mice revealed a milder 
disease course and decreased pro-inflammatory profile of lymph nodes. Taken together, these data sug-
gest that DCSPM have a protective effect on EAE and could be promising candidates as a therapeutic ap-
proach for possible translation to MS. 
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Autosomal dominant leukodystrophy (ADLD) is a slowly, progressive, genetic, and fatal neurological disor-
der. The genetic cause of ADLD is Lamin B1 (LMNB1) overexpression due to coding duplications or noncod-
ing deletions at the LMNB1 locus. Lamin B1 is a component of the inner nuclear membrane of cells and alt-
hough LMNB1 is ubiquitously expressed, it appears that neurons and glial cells are particularly sensible to 
LMNB1 dosage. Currently, only symptomatic and palliative treatments are available for this fatal disease. 
Since its discovery, human induced pluripotent stem cell (hiPSC) technology has open to the generation of 
novel and pathological-relevant in vitro models for Central Nervous System human diseases, for which no 
appropriate model systems were available. In this work, we describe the reprogramming of peripheral blood 
mononuclear cells and fibroblasts from ADLD patients carrying different genetic mutations into hiPSCs by 
Sendai Virus-based method. These hiPSC lines were characterized to assess their pluripotency state by 
means of qRT-PCR and immunofluorescence assay. Also, embryoid bodies formation assay was used to 
evaluate their functional pluripotency. In parallel, we set up a procedure for the differentiation of hiPSCs in-
to neuronal and astrocyte 2D cultures, and 3D cell models including hiPSCs derived forebrain and cerebel-
lum organoids. These cultures were characterized to assess the expression of stage-specific markers and po-
tential ADLD-relevant phenotypic and functional alterations. In conclusion, patient-derived ADLD hiPSC lines 
coupled with hiPSC-based technologies might represent valuable tools for studies aiming to investigate 
ADLD-specific alterations at molecular and cellular levels and develop potential target-specific drugs. 
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Induced pluripotent stem cells (iPSCs) have been established as a reliable in vitro disease model system 
and represent a particularly informative tool when animal models are not available or do not recapitulate 
the human pathophenotype. The recognized limit in using this technology is linked to some degree of vari-
ability in the behavior of the individual patient-derived clones. The development of CRISPR/Cas9-based 
gene editing solves this drawback by obtaining isogenic iPSCs in which the genetic lesion is corrected, al-
lowing a straightforward comparison with the parental patient-derived iPSC lines. Here, we report the gen-
eration of a footprint-free isogenic cell line of patient-derived TBCD-mutated iPSCs edited using the 
CRISPR/Cas9 and piggyBac technologies. The corrected iPSC line had no genetic footprint after the removal 
of the selection cassette and maintained its «stemness». The correction of the disease-
causing TBCD missense substitution restored proper protein levels of the chaperone and mitotic spindle 
organization, as well as reduced cellular death, which were used as read-outs of the TBCD KO-related en-
dophenotype. The generated line represents an informative in vitro model to understand the impact of 
pathogenic TBCD mutations on nervous system development and physiology. 
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Spinal Muscular Atrophy (SMA) is a severe neurological disorder characterized by early onset and degener-
ation of lower motor neurons due to mutations in the SMN1 gene. To reproduce reliable human models, 
we generated and phenotypically characterized human spinal cord organoids from induced pluripotent 
stem cells (iPSCs) of SMA type 1 subjects (n=3) and healthy controls (n=2). Our study aimed at improving 
the treatment of SMA by investigating the efficacy of a Risdiplam-like compound on 3-dimensional (3D) 
spinal cord model. Treatment, whose main action is restoring SMN protein level, was started at different 
time points during the first 80 days of organoid development which parallels the first trimester post con-
ception and was provided as daily therapy every two days. We observed that SMA samples present a per-
vasive cellular and molecular developmental alteration in multiple cell populations, including neural pro-
genitors, beyond motor neurons. This was ascertained using bulk transcriptomics, single cells RNAseq, and 
multi-electrodes array analysis, along with immunophenotypic characterization. Our preliminary results on 
treatment demonstrated that 1) Risdiplam-like compound modulates at least 15% of disease affected 
genes; 2) long-term in vitro treatment is well-tolerated; 3) ratio between full length SMN2 and Δ7 is robust-
ly restored; 4) pathological hallmarks are reverted, all in all supporting the idea that SMA organoids repre-
sent a reliable model to explore drug kinetics and therapeutic consequences. Moreover, our study high-
lights the early-onset and pervasive developmental nature of SMA pathogenesis, which can be further dis-
entangled exploiting organoids. Our study precisely contributes to the optimization of Risdiplam therapy 
and to the identification of targets for complementary treatment intervention in SMA patients. 
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Introduction: Serum neurofilament light (sNfL) is a robust biomarker to indicate neuro-axonal damage in 
various neurologic conditions including multiple sclerosis (MS). Cognitive impairment (CI) is a frequent fea-
ture in MS with a huge impact on quality of life and social functioning. It is still not clear if sNfL correlates 
with or even predicts CI in MS. This study aims to elucidate the association between sNfL and CI in persons 
with MS (pwMS). 
Methods: 186 pwMS (112 female; mean age=39.6±10.4; mean disease duration=10.6 years; median 
EDSS=1.5 (IQR=2.75)) and 49 healthy controls (HC) (35 females; mean age=33.4±10.7) underwent clinical 
examination, neuropsychological (Brief Cognitive Assessment for MS-BICAMS) and 3T brain-MRI assess-
ment, including T2-hyperintense lesion load and normalized brain volumes calculations. sNfL was quanti-
fied by single molecule array (Simoa SR-X). We calculated sNfL Z-scores corrected for age and body-mass-
index; Symbol Digit Modalities Test (SDMT) Z-scores corrected for age and education; Verbal Learning 
Memory Test (VLMT) and Brief Visuospatial Memory Test (BVMT) T-scores corrected for age. 
Results: In this cross-sectional analysis, 48 pwMS showed CI in at least one BICAMS test and 38 in SDMT 
(M=-0.2±1.1); 6 in VLMT (M=56.2±9.5) and 20 in BVMT (M=54.3±12.7) in comparison to no CI in HC 
(p<0.001). Baseline sNfL Z-scores (M=0.73±1.27) were unrelated to BICAMS sub-tests, including the SDMT, 
VLMT and BVMT (all p>0.05, n.s.) both in pwMS and HC. 
Conclusion: In this cross-sectional analysis, sNfL was unrelated to CI in pwMS. Longitudinal analyses inves-
tigating the relation of sNfL dynamics and MRI metrics with cognitive decline are currently ongoing. 
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Small fiber neuropathy (SFN) is a peripheral neuropathy that manifests clinically with pain and autonomic 
disturbances. Over 50% of cases are idiopathic SFN (iSFN). Some studies suggest a possible autoimmune 
etiology; in particular, the presence of antibodies against FGFR3 has been identified in about 20% of pa-
tients with iSFN. In addition, a recent study suggested a possible role of antibodies to MX1, DBNL, and 
KRT8. Our aim was to evaluate the frequency of antibodies against FGFR3, MX1, DBNL, and KTRT8 in pa-
tients with suspected SFN. We included consecutive patients undergoing skin biopsy at the leg and thigh 
for suspected SFN afferent to the UOC Neurological Clinic of Bologna. Serum was tested for the presence of 
antibodies (Ab) against FGFR3, MX1 and DBNL by in-house cell-based assay. Small-fiber pathology was con-
firmed by a reduction of intraepidermal nerve-fiber (IENF) density. A total of 315 patients were investigat-
ed. Antibodies against the targets of interest were identified in 4/315 cases. Specifically, FGFR3-Ab were 
detected in 1/298, MX1-Ab in 2/296 and DBNL-Ab in 1/309. All positive patients had small fiber neuropathy 
on skin biopsy. Case 1 with MX1-Ab (M, 86 years old) showed somatic and autonomic SFN, whereas case 2 
(M, 79 years old) showed only somatic fiber involvement. The patient with FGFR3-Ab (F, 46 years old) pre-
sented a somatic SFN with minimal autonomic fiber involvement distally. Finally, the patient with DBNL-Ab 
(F, 45 years old) showed somatic and autonomic SFN. In conclusion, antibodies against FGFR3, MX1, DBNL, 
and KRT8 are rare in patients with iSFN. 
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Frailty is a multidimensional geriatric syndrome characterized by increased vulnerability to stressors as a 
result of the reduced functional capacity of different physiological systems. This heterogeneous clinical 
syndrome, conceived as an innovative multidimensional concept, includes cognitive frailty (CF). Oxygen-
Ozone (O2-O3) therapy is a no-invasive/no-pharmacological low-cost procedure with no side effects based 
on effects of low O3 concentrations. This therapy induces a mild oxidative stress stimulating antioxidant 
defenses and prevents the inflammatory response and cell damage. We hypothesized that O2-O3 therapy 
might promote a significant effect on those oxidative and inflammation processes, strongly altered in CF. 
Specifically, we aim to identify in vivo predictive peripheral biological markers of response/improvement to 
treatment, integrating clinical and neuropsychological parameters with -omics analysis. We conducted the 
first pilot double blind randomized controlled trial: seventy-two elderly frail subjects aged between 65 and 
80, were treated with free rectal insufflations of air, O2 or O2-O3 mixture for 5 weeks (3 sessions for 
week). A total amount of 150cc of O2-O3 mixture at the concentration of 30 µg of O3 per cc of O2 over a 5-
10 min period was administered. Subjects were monitored at different times: before (T0), 3 months (T1) 
and 9 months post-treatment (T2) while the RNA profiling was analysed in whole blood by Agilent microar-
ray at T0 and T1. Based on CF evaluation, patients were divided in 3 sub-groups as Low, Moderate and High 
levels. Following O2-O3 treatment differentially expressed genes (DEGs) have been observed in the 3 sub-
groups. Those DEGs involve several molecular pathways highlighting a specific mRNA response to the O2-
O3 treatment and representing potential biomarkers associated to O2-O3 therapy. Lastly, these bi-
omarkers integrated with clinical data, might allow to predict and optimize the therapeutic response to O2-
O3 therapy. 



 
EBN01 | EPM1 3D human model: altered synaptic plasticity and neuronal morphology  

Natalia Abate (1) - Amelia Pizzella (1) - Eduardo Penna (2) - Elisa Frenna (1) - Mario De Gregorio (1) - Laura Canafoglia (3) - Carla 
Perrone-Capano (4) - Silvia Cappello (5) - Marianna Crispino (1) - Rossella Di Giaimo (1) 

University of Naples, Department of Biology, Naples, Italy (1) - Western University of Health Sciences,, College of Osteopathic 
Medicine of the Pacific, Pomona, United States (2) - Fondazione IRCCS Istituto Neurologico Carlo Besta, Department of Pediatric 
Neurology, Milan, Italy (3) - University of Naples, Department of Pharmacy, Naples, Italy (4) - Max Planck Institute of Psychiatry, 
Department of Developmental Neurobiology,, Munich, Germany (5) 

Progressive myoclonic epilepsy 1 (EPM1) is a neurodegenerative disease characterized by loss-of-function 
mutations in Cystatin B (CSTB) gene. CSTB is an inhibitor of lysosomal cathepsins and it is involved in the 
development of human brain cortex: low levels of functional CSTB impact cell proliferation, differentiation 
and interneuron recruitment during neurogenesis. We previously demonstrated that CSTB is locally syn-
thesized in rat brain synaptosomes and secreted into the media, suggesting its role in synaptic plasticity. In 
this work we investigate if synaptic physiology is impaired by pathological low levels of CSTB in human Cer-
ebral Organoids (hCOs) from EPM1 patients. We showed that the synaptosomal fraction isolated from con-
trol hCOs at different developmental stages is enriched in pre-synaptic proteins and contains CSTB. CSTB 
presence in the synaptic territories was confirmed also by immunostaining on human neurons in vitro. In-
terestingly, CSTB is released by synaptosomes as a soluble protein and in extracellular vesicles-mediated 
manner. In synaptosomes from EPM1 hCOs, the levels of pre-synaptic proteins were significantly reduced 
and the extracellular vesicles trafficking was impaired. Furthermore, the expression levels of initiation fac-
tor linked to local protein synthesis was reduced in synaptosomes from EPM1 hCOs, suggesting an impair-
ment in the synaptic translation system in the pathology. In addition, neurons differentiated from EPM1 
patients NPCs showed longer, thinner and more branched neurites compared to controls, suggesting that 
altered neuronal morphology and connectivity are associated with the pathology. Altogether, these data 
indicate alteration of synaptic plasticity and neuronal morphology in EPM1, opening new venues toward 
the understanding of molecular mechanisms underlying the disease. 
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AGC1 deficiency is an ultra-rare demyelinating disease caused by mutations in the SLC25A12 gene, which 
encodes for isoform 1 of the mitochondrial aspartate-glutamate carrier (AGC1). The main pathological fea-
tures are secondary hypomyelination, along with impaired proliferation of brain cells. Probably, abnormal 
myelin production is due to a reduced synthesis of N-acetyl-aspartate (NAA), from which the acetyl groups 
mainly derive. This, in turn, leads to epigenetic alterations in the brain precursor cells and resulting in tran-
scriptional dysregulation, causing proliferation and differentiation defects, as demonstrated by previous 
data on our in vitro AGC1 deficiency models (precursor cells of mouse oligodendrocytes -OPCs- where 
SLC25A12 is silenced by a shRNA and neurospheres by mouse model of AGC1 deficiency) of our laboratory. 
Along with epigenetic alterations, lower production of NAA leads specifically to reduced levels of acetyl-
CoA, involved in a large number of biological activities, including the synthesis of fatty acids, major compo-
nents of the myelin sheath. Thus, an alteration of their production leads to hypomyelination. This is con-
firmed by RNA-seq analysis on OPCs, which show altered expression of transcriptional factors and enzymes 
involved in the fatty acid synthesis pathway. 
Firstly, we would like to verify the in silico data of the RNA-seq analysis. Moreover, to try to compensate 
for the lack of acetyl-CoA, and the consequent epigenetic and metabolic alterations, supplementations 
with amino acids and ketone bodies -directly involved in the synthesis of acetyl-CoA- will be carried out to 
induce a potential recovery of differentiation/proliferation defects in both our in vitro models. 
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Primary autosomal recessive microcephaly 17 (MCPH17) is a rare neurodevelopmental disorder caused by 
mutations in the CIT gene, which encodes for the Citron Kinase (CIT-K), a kinase involved in DNA repair and 
cytoskeletal dynamics. Patients show reduced brain volume, intellectual disability, motor deficits, epilepsy, 
and early mortality. Cit-k KO mice recapitulate MCPH17 phenotype. In the Cit-k KO mouse brain, DNA 
damage and reactive oxygen species (ROS) accumulation is accompanied by neural progenitor apoptosis 
and glial cell alterations, including oligodendroglia and astroglia reduction, hypomyelination, and increased 
numbers of microglia presenting dysmorphic features and engulfed synaptic material. To identify pharma-
cological treatments that can reduce cellular damage accumulation and improve the pathological features 
in Cit-k KO mice, we chronically treated Cit-k KO mice during the first 2 postnatal weeks with the FDA-
/EMA-approved antioxidant drug N-acetylcysteine (NAC), which can pass the blood-brain-barrier. Treated 
mice showed motor improvement, reduction of epileptic myoclonus and decreased susceptibility to epilep-
togenic drugs, in association with a slight increase in the Cit-k KO mouse life span. These changes were ac-
companied by reduced brain ROS levels and by a prominent increase in the number of cortical oligoden-
droglia and astrocytes, though in the absence of a rescue of myelination. Moreover, microglia density and 
dysmorphic features decreased. Notably, deposition of perineuronal nets around cortical parvalbumin-
positive interneurons was also significantly rescued by NAC treatment, suggesting a positive effect on the 
maturation/function of inhibitory neurons. Our data show that NAC treatment pervasively improves brain 
pathology and mitigates MCPH17 mouse phenotype. They also suggest that NAC-induced functional im-
provements may be at least in part mediated by the correction of Cit-k KO glial cell dysfunctions. Ongoing 
analyses will define the cellular and molecular bases of NAC effects. 
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Mutations in the X-linked CDKL5 gene cause CDKL5 deficiency disorder (CDD), a rare neurodevelopmental 
disease characterized by early onset epilepsy, severe intellectual disability, and autistic features. To date, 
no therapies are available for CDD. Mouse models that mimic the genetic disease, the Cdkl5 knockout (KO) 
mice, were recently generated to study the pathophysiological mechanisms of CDD. Cdkl5 KO mice reca-
pitulate different features of CDD, showing impairments in hippocampus-dependent learning and memory, 
visual deficits, and autistic features. However, although CDD is an early onset neurodevelopmental disor-
der, most of the studies published so far have been conducted on adult Cdkl5 KO mice, and the role of 
CDKL5 in the first weeks of life has not been thoroughly investigated. Importantly, none of the existing 
Cdkl5 mouse models have been assessed for a thorough characterization of early communicative deficits 
through ultrasonic vocalizations (USVs), which could provide insights into brain circuit disruptions relevant 
to autism spectrum disorder (ASD) and language impairments. The aim of this study was to characterize 
communication in newborn/juvenile Cdkl5 KO mice and to further investigate social behaviors during 
adulthood. We recorded USVs and conducted open field and auditory startle tests in newborn/juvenile 
mice. In addition, to evaluate social behaviors in adulthood, mice were subjected to the three-chamber 
test and direct social investigation towards a conspecific. We found that Cdkl5 KO mice exhibited early 
quantitative and qualitative alterations in USVs and showed impairments in social behaviors, together with 
hyperacusis and higher levels of anxiety compared to wild-type mice. Our findings provide, for the first 
time, a comprehensive characterization of communication and social deficits in Cdkl5 KO mice during early 
life phases, which could be useful to test therapeutic interventions for ASD in CDD patients. 
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Genetics variants in SLC16A2 gene encoding for the monocarboxylate transporter 8 (MCT8) cause a severe 
X-linked intellectual deficit and neurological impairment known as Allan-Herndon-Dudley syndrome 
(AHDS). MCT8 promotes cellular uptake and efflux of thyroid hormone and its mutations provoke elevated 
serum T3 levels in children. Iodothyronine deiodinases (DIO) 1 and 2 are implicated in the conversion of T4 
into biologically active T3, while DIO3 converts T4 into the inactive hormone reverse T3 (rT3). Active T3 and 
retinoid X receptors (RXR) can form heterodimer complexes which bind to hormone response elements 
(HREs) that leads to activate or repress transcription. Our aim is to investigate the impact of MCT8 muta-
tions on the pathogenetic mechanisms of AHDS. Fibroblasts were obtained from skin biopsies of 2 AHDS 
and matched controls. To evaluate both MCT8 and thyroid hormone signaling pathway related genes ex-
pression, RNA was extracted with TRIzoLTM and assessed by Real-Time PCR. Protein expression was valuat-
ed via western blot and immunofluorescence. MTT assay was used to compare cell viability. Live and dead 
assay was used to discriminate live and dead populations. Lipids were detected via oil red o staining. MTT 
assay demonstrated a reduced cell viability as consequence of mutations in SLC16A2. We report that 
SLC16A2 RNA expression in AHDS patients was extremely reduced in comparison with total RNA from 
healthy controls. Additionally, DIO2, progastricsin, HR and KLF9 RNA expression resulted upregulated, 
whilst DIO1, DIO2-AS1, DIO3 and TH were downregulated influencing T3 cell entrance. Myelin related 
genes were significatively reduced. The lipid staining revealed an increasing presence of lipid droplets in 
AHDS patients. Taken together, our preliminary data emphasize an impairment in AHDS fibroblasts in rela-
tion to mutations in MCT8 transporter, increasing our understanding in the pathogenic mechanism of mu-
tation in two patients affected by AHDS. 
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CACNA1A encodes the pore-forming α1A subunit of the voltage-gated CaV2.1 calcium channel. This chan-
nel is found primarily on presynaptic terminals, dendrites, and neuroendocrine cells in the brain, and it is 
critical on regulating synaptic function. Many mutations have been identified in CACNA1A, causing differ-
ent neurological disorders, as various forms of ataxia, epilepsy, and migraine. However, the molecular 
mechanisms underlying these disorders are little known, and specific therapeutic approaches are lacking. 
The aim of this study was to investigate the effects of CACNA1A loss-of-function mutations on neuronal 
development and function by using human-derived in vitro models. Accordingly, iPSCs carrying two CAC-
NA1A variants causing episodic ataxia type 2 (Y1854X, selectively affecting CaV2.1[EFa] isoform, and 
F1491S, affecting both CaV2.1[EFa] and [EFb] isoforms) have been produced by CRISPR/Cas9 methods. Mu-
tated and isogenic control iPSC lines were used to generate neuronal cultures by differentiation protocols 
passaging through embryoid bodies, neural rosettes, neural progenitors, and neuronal network stages. 
Morphological, molecular, and functional tests highlighted different neurodevelopmental defects caused 
by the two mutations. Cells carrying F1491S showed an impaired neuronal induction at very early stages, 
with mutated neural progenitors appearing with an altered morphology, reduced expression of neural 
markers, and enhanced migration. Instead, cells carrying Y1854X behaved apparently normal in terms of 
neuronal specification and maturation but showed a reduced spontaneous electrophysiological activity 
with lack of synchronous network events. 
Our findings highlighted novel roles of CaV2.1 in neuronal induction, besides confirming its relevance in 
synaptic communications. Importantly, the iPSC-derived neuronal models developed in this study will pave 
the way for future therapeutics testing for neurological disorders involving CACNA1A. 
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Stress can be defined as a physiological and psychological response to environmental changes that can af-
fect well-being. We examined how stress can modulate the transcriptional regulation of key signalling 
pathways. Perceived Stress Scale-10 (PSS-10) at two time points within a year of each other was adopted 
as the measure of perceived stress level of university students and DNA methylation status at specific CpG 
sites of Oxytocin Receptor (OXTR), Dopamine transporter (DAT), and Serotonin transporter (SERT) genes 
was analysed at the same time points by pyrosequencing in DNA collected from salivary samples. PSS 
scores ranging from 0 – 13 are considered as low self-perceived stress, those ranging from 14 – 26 as mod-
erate self-perceived stress, and those ranging from 27–40 as high self-perceived stress. At the first time-
point, significant increases have been observed for DNA methylation at DAT CpGs 1, 5, and 7 and in the av-
erage of all the CpG sites under study when comparing subjects with low and medium PSS scores to those 
with high scores. When we analysed DAT DNA methylation considering the PSS scores one year later, we 
observed that in people showing a reduction from high to medium or low scores, the alterations in the epi-
genetic mark disappeared, resulting also similar to the levels of controls. No changes between the two 
time points were observed for OXTR and SERT DNA methylation among students with different PSS scores. 
This study focuses on the dynamic nature of stress and DNA methylation patterns, biological markers that 
might have potential applications in stress management and interventions. 
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Aicardi-Goutières Syndrome (AGS) is a rare and genetically determined pediatric disorder majorly defined 
by chronic lymphocytosis and raised levels of type I interferon-alpha (IFN-α) in the absence of demonstra-
ble brain infections. Considering genetic aspects, AGS is associated with mutations in 9 genes (TREX1, 
RNASEH2A, RNASEH2B, RNASEH2C, SAMHD1, ADAR, IFIH1, LSM11 and RNU7-1) which all encode for pro-
teins involved in metabolism and nucleic acids uptake. Mutations in the RNU7-1 gene (AGS9) lead to the 
least characterized form of the disease. This gene encodes for a small nucleolar RNA which is a member of 
the small nuclear ribonucleoprotein complex (U7 snRNP). It has been demonstrated that U7 snRNP is es-
sential during the maturation of pre-mRNA of replication-dependent histones (RDH) as it leads to the cut of 
the Poly-A tail in these transcripts. The main aim of this work is to dissect the role of RNU7-1 mutation in 
AGS pathogenesis. Specifically, we investigated canonical AGS features such as the upregulation of IFN-α, 
interferon-stimulated genes (ISGs) and specific outcomes of RNU7-1 mutation in primary fibroblasts ob-
tained from AGS patients and compared to healthy controls. Total RNA was extracted using TRIzol reagent 
and the genes’ expression levels were determined by Real Time PCR. ELISA, Western Blot analysis and im-
munofluorescence were also performed to assess protein expression levels. Our results confirm the upreg-
ulation of ISGs and the typical “interferon signature” in AGS patients which cause an increase in IFN-α pro-
duction. Moreover, we confirmed the modulation of this “interferon signature” through hydroxychloro-
quine treatment. Lastly, we assessed the increased presence of enriched Poly-A RDH transcripts confirming 
the role of U7 snRNP in the cleavage of Poly-A tail. In conclusion, our work describes the molecular mecha-
nisms involved in AGS9 mutation which lead to the upregulation of ISGs, IFN-α overproduction, and 
misprocessing of RDH mRNAs. 
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By converting physical forces into electrical signals or triggering intracellular cascades, stretch-activated ion 
channels (SACs) allow the cell to respond to osmotic and mechanical stress. Knowledge of the pathophysio-
logical mechanisms underlying associations of SACs with human disease is limited. Here we describe 17 un-
related patients, with severe early onset developmental and epileptic encephalopathy (DEE), intellectual 
disability, and severe motor and cortical visual impairment, associated with progressive neurodegenerative 
brain changes, carrying ten distinct heterozygous variants of TMEM63B, encoding for a highly conserved 
SAC. The variants occurred de novo in 16/17 patients for whom parental DNA was available and either mis-
sense, including the recurrent V44M in 7/17 patients, or in-frame, all affecting conserved residues located 
in transmembrane regions of the protein. In 12 patients, haematological abnormalities co-occurred, such 
as macrocytosis and haemolysis, requiring blood transfusions in some. We modelled six variants (V44M, 
R443H, T481N, G580S, R660T, and F697L), each affecting a distinct transmembrane domain of the channel, 
in transfected Neuro2a cells and demonstrated leak inward cation currents across the mutated channel 
even in isotonic conditions, while the response to hypo-osmotic challenge was impaired, as were the Ca2+ 
transients generated under hypo-osmotic stimulation. In conclusion, TMEM63B-associated DEE represents 
a novel clinicopathological entity in which altered cation conductivity results in a severe neurological phe-
notype with progressive brain damage and early onset epilepsy, associated with haematological abnormal-
ities in most patients. 
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Epilepsy is a pathological condition characterized by recurrent seizures that affects around 50 million peo-
ple worldwide. Based on human clinical data, we hypothesize that spontaneous pathology may occur even 
in animals. Here, we report the case of a non-epileptic control (NEC) rat that showed electrographic ictal 
and interictal patterns, similar to what was described in the animal model of epilepsy. While some cases of 
seizures were reported in NEC rats, interictal activity has never been described in non-epileptic rodents. 
We carried out a video-EEG analysis in NEC adult Sprague Dawley male rats as a control group of rats with 
temporal lobe epilepsy of a larger project. NEC rats were injected intraperitoneally with saline; 2 weeks 
later epidural electrodes in the frontal cortex and depth electrodes in the hippocampal areas were im-
planted. Video-EEG recordings were performed over a period of 14 weeks, and recordings were 24-h long 
to monitor the circadian cycle of the electrical brain activity. Brains were then extracted, sliced, and used 
for histological staining to verify the correct position of the electrodes and the presence of any damage 
due to technical problems during the surgery. While 3 NEC rats showed normal electrographic activity in all 
the recorded traces, 1 animal exhibited interictal and ictal activity starting from week 5 post-injection, of-
ten correlating to scratching or facial automatisms corresponding to stages 1 and 2 of the Racine scale. We 
present here a descriptive analysis of the ictal and interictal activities from this rat. According to our pre-
liminary results, we have hypothesized that this rat may have spontaneous epilepsy; however, histological 
data must demonstrate that there is no damage due to a suboptimal electrode implantation. 



 
EBN07 | Therapeutic Opportunities in Lafora Disease  

Gabriele Trentini (1) - Giulia Cazzanelli (1) - Andrea Dalle Vedove (1) - Nicolò Sbardellati (1) - Giuseppe D’Orsi (2) - Orazio Palumbo (2) - 
Massimo Carella (2) - Andrea Astolfi (3) - Maria Letizia Barreca (3) - Graziano Lolli (1) 

University of Trento, CIBIO, Trento, Italy (1) - IRCCS Casa Sollievo della Sofferenza, UOC Genetica Medica, San Giovanni Rotondo, 
Italy (2) - University of Perugia, Dipartimento di Scienze Farmaceutiche, Perugia, Italy (3) 

Lafora disease (LD) is a lethal autosomal recessive epilepsy, caused by loss-of-function mutations in EPM2A 
(encoding laforin) or NHLRC1 (expressing malin). In healthy condition, malin ubiquitinates its targets, 
among which protein targeting to glycogen (PTG), in a laforin dependent manner. PTG is a master regulator 
of brain glycogen synthesis, which is mainly metabolized and stored in astrocytes as glucose source for 
neurons. In LD, PTG escapes from degradation due to dysfunctional laforin-malin complex, leading to the 
accumulation of abnormal glycogen and neurodegeneration. Nowadays, no treatments are available as 
well as cellular models and clinically relevant targets for screening and drug development campaigns. In 
this window of opportunities, two parallel strategies are being investigated. 
On one hand, a reverse chemogenomic approach has been employed with PTG as therapeutic target. The 
crystal structure of the PTG carbohydrate binding motif 21 (CBM21) has been determined for the first time. 
Hence, the molecular docking on PTG-CBM21 uncovered two potential druggable pockets. In the next fu-
ture, the screening of compound libraries will be run to identify PTG-interacting molecules in order to de-
sign specific inhibitors. 
On the other hand, a forward chemogenomic approach is being explored to screen FDA-approved drugs. 
To set up HTS experiments, different phenotypic assays to detect glycogen have been tested and validated. 
Moreover, genetically modified cell lines and LD patient-derived iPSCs have been developed and character-
ized as LD cellular models. 
In this work, a druggable target involved in glycogen synthesis has been identified, aiming to reduce brain 
glycogen accumulation in LD. Meanwhile, the first LD-patient derived iPSCs have been reprogrammed and 
characterized to generate an in vitro model of LD. 
Taken together, these findings will allow a multimethodological approach for drug screenings looking for 
candidates to be advanced to pre-clinical testing. 
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Glioblastoma multiforme (GBM) is the most malignant form of primary brain tumour, with extremely poor 
prognosis due to bad response to therapeutic regimens. Ionizing radiation (IR) has been identified as a cru-
cial treatment for GBM following surgical resection to improve overall survival. Unfortunately, radiothera-
py resistance is a frequently observed phenomenon in affected patients. The mechanisms underlying the 
intrinsic radio-resistance in GBM are multifactorial, although altered DNA damage response seems to be 
the most crucial operator in the outcome to IR exposure. In the present work we are investigating the ef-
fectiveness of a novel approach to radio-sensitize GBM cells through the use of gold nanoparticles (AuNPs). 
AuNPs are promising radio-sensitizing agents due to their high biocompatibility and ability to be synthe-
sized with various shapes and structures. AuNPs act by photothermal therapy (PTT), an efficient method of 
inducing localized hyperthermia aiming to selectively kill tumor cells. In this work, AuNPs, specifically na-
noprisms (NPrs), have been tested in two GBM cell lines: U87MG stabilized cell line and a primary cell line 
named GBM3. Preliminary data show that AuNPrs alone at low concentrations have no toxic effects in both 
GBM cell lines used, where AuNPrs demonstrated an efficient cytosolic internalization. More importantly, 
the combination of AuNPrs with increasing IR doses (2Gy-8Gy) showed a greater reduction in cellular viabil-
ity and colony formation when compared with samples treated with IR alone. This suggests that through-
out thermoablation, AuNPrs are able to weaken cells thus making them more susceptible to lower doses of 
IR. Combination therapy based on AuNPrs and subsequent low-dose IR could be considered a promising al-
ternative to standard GBM treatment involving much higher IR doses (60Gy). 
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Small extracellular vesicles (sEVs) represent a way used from all cells of the body, including brain, to ex-
change biological information (lipids, proteins and nucleic acids as mRNA, miRNA, ctDNA) during neural 
functional processes but also in pathological conditions (such as inflammation, neurodiseases or brain can-
cer). 
sEVs mediate a bidirectional crosstalk between healthy and cancer cells in the most common and malig-
nant primary brain tumor, the glioblastoma (GBM). GBM has a high rate of invasiveness, migration and 
chemoresistance. In the peri-tumoral environment, astrocytes act as pro-tumoral or antitumoral cells de-
pending on the stage of GBM progression. 
In this study, we demonstrated that astrocytes-derived sEVs (ADEVs) have a defensive mechanism against 
tumor invasion and cell growth. sEVs response is mediated by the transfer to tumor cells of factors that 
hinder glioma growth, reducing both tumor volume and tumor cell proliferation and prolonging survival of 
glioma-bearing mice. Among many factors transported by ADEVs, we identified miR124 that is enriched in 
these vesicles. Among downregulated target genes of miR124, we found the volume-regulated anion 
channels (VRACs). VRACs regulate GBM cell migration and invasion. We demonstrated that ADEVs reduce 
migration and invasion of GBM cells by translocating miR124. 
In summary, astrocytes exert an anti-tumor response in the context of GBM by releasing ADEVs enriched in 
miR124. 
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Phospholipases (PLCs) are the hydrolyzing enzymes of phospholipids, which represent the most abundant 
species contributing to the biological membranes of nervous cells of the healthy human brain. Several 
studies have shown the importance of PLCs in the regulation of different mechanisms in the central nerv-
ous system as well as in glioblastoma, the most lethal brain tumor in adults. Nowadays, despite the pro-
gress made in understanding the molecular pathogenesis of glioblastoma, the survival rate of patients re-
mains unsatisfactory. Consequently, a better understanding of the molecular mechanisms underlying tu-
mor transformation could help to find new effective therapeutic strategies. Our studies suggested a poten-
tial role of PLCβ1 and PLCg1, in regulating the phenotypic characteristics of this tumor. It was demonstrat-
ed that PLCβ1 expression was relatively lower in glioblastoma patients compared to their healthy/low-
grade counterparts. PLCβ1 silencing, in both immortalized and primary cell lines, led to increased cell mi-
gration, invasion, proliferation, cell survival and induced the upregulation of mesenchymal markers and 
metalloproteinases. Contrariwise, data collected on patients’ biopsies and engineered cell models, pro-
posed a strong association between PLCγ1 expression and the acquisition of a more aggressive tumor phe-
notype. This trend was deepened using patient derived glioma stem cells (GSCs), which represent a specific 
tumor population that drives aggressiveness and recurrence in glioblastoma. Transcriptomic analysis of 
GSCs confirmed that PLCγ1 downregulation led to the activation of pathways that negatively regulate cell 
motility and migration and led to reduced expression of genes involved in cancer development and pro-
gression. All these data highlight the importance of further investigating phospholipases as potential prog-
nostic biomarkers and targets in the development of new therapeutic strategies for glioblastoma. 
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Glioblastoma multiforme (GBM) is the most common and deadly malignant brain tumor, with a low life ex-
pectancy (around 14-17 months) and poor efficacy of first-line therapies such as maximal surgical resection 
and chemotherapy, leading to a high relapse rate. However, it is already known that lifestyle changes, such 
as restricted diets and fasting, have an impact on GBM tumor growth. Less clear is the effect of eating red 
meat on the tumor. One observational study found that people who consume a diet high in animal protein 
and fat have changes in the composition of their microbiota, in particular an increase in common hydrogen 
sulfide (H2S) producing bacteria. This metabolite appears to counteract GBM growth in both in vitro and in 
vivo models. Recent studies have highlighted the role of the gut-brain axis in altering the GBM tumor mi-
croenvironment and growth. Our aim is to investigate the effect of a standard animal protein diet on tu-
mor growth by the possible involvement of the gut microbiota. To assess such a hypothesis, we fed mice 
two isocaloric diets with different percentages of proteins derived from red meat (protein diets) or animal-
derived proteins (control). After two weeks on the diets, we orthotopically injected murine glioma cells 
(GL261). We allowed the tumors to grow for a further three weeks. At the end of the experiment, we col-
lected stool for each group to assess H2S concentration and brains to assess tumor volume. Preliminary da-
ta showed an increased concentration of H2S in the faeces and a decreased tumor volume in mice fed the 
animal protein diet compared to controls. These results are consistent with our in vitro data showing a re-
duction in GL261 viability following treatment with two doses of sodium hydrosulfide (NaHS), an H2S do-
nor. These preliminary results suggest that a standard red meat diet may have an antitumor effect on GBM 
compared to a standard animal-derived protein diet. 
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Glioblastoma multiforme (GBM) is the most aggressive brain tumour without an effective pharmacological 
treatment. We analyzed the expression levels of the cancer driver gene Lysine (K)-specific demethylase 5C 
(KDM5C) in a series of GBM tissues. KDM5C belongs to the Jumonji C domain-containing histone deme-
thylase family involved in various cancer types. It catalyzes the removal of the methyl groups from di- and 
tri-methylated lysine 4 on histone H3 in a Fe (II)- and α-ketoglutarate-dependent manner. By using real-
time quantitative PCR and Western blotting analysis, we found an altered abundance of KDM5C transcript 
and protein in GBM samples identifying patients with higher (KDM5CHigh) and lower (KDM5CLow) levels 
compared to control samples. By exploring the impact of the defective KDM5C quantity, a positive and 
negative relationship with hypoxia -inducible transcription factor-1α (HIF-1α) and BDNF levels were found 
in KDM5CHigh patients. KDM5C overexpression and hypoxic studies performed in glioblastoma cell line 
(T98G) suggest that the stimulation of KDM5C expression is preceded by the induction of HIF-1α. High lev-
els of HIF1α-KDM5C axis was also found associated with high levels of NANOG, SOX2 and NESTIN in GBM 
tissues isolated from conventional and 5-aminoleveulinic acid (5-ALA) fluorescence-guided surgery (FGS). A 
pro-inflammatory condition was also detected in 5-ALA FGS highlighting differences across the GBM mi-
croenvironment. Taken together, our study reveals for the first time a correlation between the HIF-1α-
KDM5C axis and GBM opening a new field of investigation to validate KDM5C as a new GBM biomarker. 



 
ND03 | Betaine is a substrate of GAT1 that can modulate extracellular GABA 

Manan Bhatt (1,2,4) - Guido Domingo (1) - Erika Lazzarin (3,4) - Angela Di Iacovo (1,2) - Chiara D’agostino (1,2) - Candida Vanini (1) - 
Cristina Roseti (1,2) - Thomas Stockner (3,4) - Elena Bossi (1,2,4) 

Department of Lifesciences and Biotechnology, University of Insubria, Italy (1) - Centre of Neuroscience, University of Insubria, 
Italy (2) - Institute of Pharmacology, Medical University of Vienna, Austria (3) - NeuroTrans MSCA ITN (4) 

Betaine, N,N,N-trimethyl glycine, is an osmolyte that shows ameliorating effects in neurological and neu-
rodegenerative diseases like Alzheimer’s, Parkinson’s, schizophrenia. While there has been an ongoing 
surge of the studies demonstrating positive effects of betaine, the molecular mechanism of action and the 
translocation process is still not clear. The betaine/ γ-aminobutyric acid (GABA) transporter 1 (BGT-1, 
slc6a12) and the sodium-coupled neutral amino acid transporter 2 (SNAT2, slc38a2) can transport betaine 
in the brain, however due to their little expression, it has been suggested that betaine should be interact-
ing with proteins other than these, especially across the GABAergic pathways. 
In this work, we show that GAT1 (slc6a1), the most expressed GABA transporter in the central nervous sys-
tem (CNS), can translocate betaine across the neuronal membrane, though with lower affinity (K0.5≈11mM 
at -60mV) than GABA. Using electrophysiological experiments on Xenopus laevis oocytes heterologously 
expressing rGAT1, we demonstrate that betaine induces inward transport currents, which are dose-, volt-
age-, and Na+ dependent. The betaine transport can be blocked by GAT1 specific inhibitor like SKF89976a. 
We also confirmed that betaine is a substrate of GAT1 using molecular docking, radiolabelled release assay 
in HEK293 cells, and LCMS-MS technique. More interestingly, our results on GABA-betaine relationship for 
GAT1 show that betaine at μM concentration can effectively modulate the GABA transport. It inhibits the 
transport when the extracellular GABA concentration is less than its K0.5 (≈16 μM at -60mV), while at higher 
extracellular GABA concentration, betaine behaves like a secondary substrate. Uptake data obtained by 
LCMS-MS detection of GABA and betaine inside the oocytes expressing rGAT1, provide direct supporting 
evidence for the same phenomena. This modulatory behaviour of betaine on GABA transport suggests a 
role of neuromodulator in maintaining GABA homeostasis and excitatory/inhibitory balance in the CNS. 
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CMT2A is an autosomal dominantly inherited disease characterized by progressive muscle weakness, and 
atrophy, loss of sensation and motor difficulties mainly in the distal limbs. It is caused by missense muta-
tions in the Mitofusin2 (MFN2) gene which induce the disease with a dominant negative mechanism, nega-
tively regulating the wild-type MFN2 allele expression. Gene therapy for dominant inherited diseases uses 
RNA interference (RNAi) to selectively inhibit expression of the mutant allele, which results in a toxic pro-
tein. Since this approach can also reduce the expression of the wild-type functional allele, wild-type allele 
restoration, in combination with mutant allele silencing, could improve the therapeutic effects. Here, we 
propose this novel potential therapeutic approach combining RNAi and gene therapy, whereby mutant and 
wild-type MFN2 mRNA are inhibited by RNAi, while the wild-type protein is restored by overexpressing 
cDNA encoding functional MFN2 modified to be resistant to RNAi. First, we tested the effective silence of 
the endogenous MFN2 (both mutant and wild-type MFN2 alleles) and its replacement with an exogenous 
copy of the wild-type MFN2 gene in CMT2A human induced pluripotent stem cells (iPSCs)-differentiated 
motor neurons, confirming the molecular efficacy of our strategy. To evaluate the amelioration of the dis-
ease phenotype, we analysed key motoneuronal features relevant to CMT2A, observing an enhancement 
in mitochondrial distribution and function, beyond in apoptotic and autophagic parameters in CMT2A 
MNs. We, also, assessed the molecular efficacy in Mitocharc1 CMT2A mouse model after cerebrospinal flu-
id (CSF) delivery of the constructs into newborn mice using adeno-associated virus 9 (AAV9). Our data con-
firm the feasibility of combined RNAi and gene therapy approach as potential therapeutic strategy for 
treating CMT2A and other similar genetic neurological disorders even if the therapeutical efficacy need to 
be validated in vivo. 
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Amyotrophic Lateral Sclerosis (ALS) is the most common adult motor neuron disease, with a poor progno-
sis, a highly unmet therapeutic need, and a burden on health care costs. Hitherto, strategies aimed at pro-
tecting motor neurons have missed or modestly delayed ALS due to a failure in countering the irreversible 
muscular atrophy. We recently provided direct evidence underlying the pivotal role of macrophages in pre-
serving skeletal muscle mass. 
Based on these results, we explored whether the modulation of macrophage muscle response and the en-
hancement of satellite cell differentiation could effectively promote the generation of new myofibers and 
counteract muscle dysfunction in ALS mice. For this purpose, disease progression and the survival of 
SOD1G93A mice were evaluated following IL-10 injections in the hindlimb skeletal muscles. Thereafter, we 
used ex vivo methodologies and in vitro approaches on primary cells to assess the effect of the treatment 
on the main pathological signatures. 
We found that IL-10 improved the motor performance of ALS mice by enhancing satellite cells and the 
muscle pro-regenerative activity of macrophages. This resulted in delayed muscle atrophy and motor neu-
ron loss. Our findings provide the basis for a suitable adjunct multisystem therapeutic approach that pin-
points a primary role of muscle pathology in ALS. 
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Alzheimer’s disease (AD) is a progressive neurodegenerative disorder leading to the most common form of 
dementia in elderly people. Over time, a person with Alzheimer’s gradually loses his/her ability to live in-
dependently. Research on the pathogenesis of AD is mainly focused on the amyloid cascade, tau protein, 
neuroinflammation, metal ions, and oxidative stress hypotheses. Oxidative stress is a process that causes 
neuronal damage and occurs in various pathways, acting as a bridge between the different hypotheses and 
mechanisms of AD. Meanwhile, nanocomposite and nanostructured hydrogels, functionalized for drug and 
cell delivery, offer a variety of possible cutting-edge scenarios such as tissue repairing and bioinspired scaf-
folds, extracellular matrix analogues, exploiting their good biocompatibility. The aim of this study was to 
develop a novel in vitro model based on co-culture of MG63/SHSY5Y cell lines embedded in different for-
mulations of collagen and hyaluronic acid-based semi-IPNs. Alamar Blue assay and western blot analysis 
were performed to investigate the differentiative and proliferative capacities of the proposed model after 
oxidative stress. Moreover, Confocal Laser Scanning Microscopy has allowed to evaluate the capability to 
improve the expression of neurological differentiation markers for the co-culture system, if compared to 
single culture system. Results showed an improved expression of Neuron Specific Enolase(NSE) in co-
culture systems in comparison to single culture system. The obtained results support a biomaterials-based 
approach for controlled delivery of cell-produced neuroprotective factors in AD experimental context. The 
authors thank PRIN2017 2017XKJTLW_003 - “EXPLOITATION OF CIRCULATING MIRNAS FOR DIAGNOSIS 
AND NEUROPROTECTION IN TRANSLATIONAL STROKE STUDIES” and PRIN 2020WREYF2 “3D Customized 
HYbrid MedicAl Devices for Alzheimer’s disease-related Periodontitis Treatment - 3D CHYM ADAPT” for 
providing the financial support to this work. 
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Neurodegenerative diseases (NDs) are characterized by the progressive loss of neurons in the Central 
Nervous System (CNS). In the healthy brain, oxidative stress (OS) is well counterbalanced by antioxidative 
defences. The augmented OS is generally associated with neuronal loss, a typical hallmark of several NDs. A 
pivotal role in the pathogenesis and progression of NDs is played by heme oxygenase-1 (HO-1), a 32 kDa 
heat-shock protein which may be protective or toxic, depending on its levels of expression. Therefore, it 
becomes of fundamental importance to consider antioxidants (AOs) as an adjuvant strategy to control cel-
lular OS within the CNS. 
The aim of this study was to investigate the antioxidant activity of four newly synthesized benzofuran-2-
one derivatives in differentiated SH-SY5Y cells exposed to catechol-induced OS. 
Our results show that, upon phorbol 12-myristate 13-acetate (PMA) differentiation, SH-SY5Y cells were 
more sensitive to OS than the undifferentiated counterpart. Among the tested AOs, compounds 1 and 4 
significantly reduced catechol-induced cell death, being the AO 4 the most effective. Moreover, dichloro-
fluorescin diacetate (DCFH-DA) assay confirmed that both molecules can reduce intracellular ROS concen-
tration in our cellular model in a greater extent than Trolox, a reference AO. Further, western blot analysis 
showed that catechol induced high levels of HO-1, thus confirming toxic effects on cells, and that AOs 1 
and 4 can limit this induction. Additionally, we have evaluated the efficacy of the AOs in an in vitro model 
of microglia/neuron interplay by treating SH-SY5Y cells with supernatants collected from LPS/IFN-γ activat-
ed THP-1 monocytes. In this condition, only AO 4 showed an appreciable antioxidant capacity. 
In conclusion, the newly synthesized benzofuran-2-ones tested in this work could represent promising 
molecules to contrast OS, opening the way for new adjuvant strategies that might improve the life quality 
of patients with NDs. 
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Hereditary Spastic Paraplegias (HSPs) are a group of inherited neurologic disorders in which lower extremi-
ty weakness and spasticity are the predominant symptoms. HSPs are characterized by high genetic hetero-
geneity. Nevertheless, alterations in morphology or distribution of the Endoplasmic Reticulum (ER) appear 
to be a critical pathogenic factor. Mutations in two genes encoding crucial enzymes to the plasmalogens 
(PLs) biosynthetic pathway, i.e., SPG81 and SPG82, have been recently identified in HSP patients. PLs are 
ether phospholipids abundant in ER membranes. Ethanolamine-based PLs (PE-PLs) are enriched in nervous 
system membranes, constituting up to 85 mol% of total phosphatidylethanolamine (PE) species and up to 
30 mol% of total phospholipids in mammalian brains. Notably, PLs amount was found decreased in several 
neurological diseases, suggesting that PLs could play a role in neuronal membranes welfare. PE-PLs are 
suggested to promote the formation of inverted hexagonal phases, thus facilitating membrane fusion 
events. However, the sub-molecular details behind the above properties are not fully understood. We aim 
at identifying a potential role for PLs in the remodeling of ER membranes. Our hypothesis is that manipu-
lating ER membrane lipid composition in a way that favors membrane dynamics, we could rescue HSP-
related ER morphology defects. Our goal is to test if administration of bioavailable PLs precursors to vali-
dated HSP fly models is able to increase the amount of membrane PLs, and to improve HSP-related pheno-
types (birth rate, survival rate, and locomotor ability). The validated approach could prove a new therapeu-
tic option for HSPs and potentially for other neurodegenerative diseases involving phospholipid-related 
membrane impairment. 
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The triggering receptor expressed on myeloid cells 2 (TREM2) is a member of immunoglobulin superfamily 
mainly expressed by microglia. This receptor promotes microglial proliferation and survival, as well as regu-
lating phagocytosis and metabolism, and is proposed to mediate a novel form of microglial anti-
inflammatory activation. A number of TREM2 variants have been identified as risk factors for a wide array 
of neurodegenerative diseases (NDs), including Nasu-Hakola disease, Alzheimer’s disease and Parkinson 
disease (PD). In AD-related conditions, TREM2 interacts with lipoproteins, anionic lipids, and Aβ, which 
contributes to microglial metabolism remodelling, as well as promotes microglial phagocytosis of cell de-
bris and Aβ. These effects support the hypothesis that TREM2 might play a protective role through regulat-
ing microglia polarization and be a potential target for AD prevention and treatment. 
Many proteins or compounds that bind to TREM2 have been reported, but the natural signal-transducing 
ligands of TREM2 present in the brain have not been identified. We recently reported a novel immuno-
modulatory sulfolipid named Sulfavant A (SULF-A), which primes maturation of dendritic cells (DC) towards 
a novel homeostasis-determining phenotype (homeDCs) by engagement of TREM2. Preliminary results 
suggested the ability of this molecule to activate also microglial cells towards an unconventional non in-
flammatory state, prompting the idea that the investigation of TREM2 pathway may lay the groundwork 
for the development of a new class of drugs with therapeutic potential in neurodegenerative diseases, 
chronic-inflammation and cancer. 
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The excitatory/inhibitory (E/I) balance of neural circuits is tightly regulated by an appropriate ratio of excit-
atory to inhibitory synaptic signals, which falls in several neurodevelopmental and neurodegenerative dis-
orders. Parkinson’s disease (PD) is associated with general modifications in the circuitry, resulting in E/I 
imbalance in the striatum caused by an aberrant excitatory input responsible for the excitotoxicity phe-
nomenon. Recently, Leucine-rich repeat kinase 2 (LRRK2) has been discovered to play a role in both mono-
genic and sporadic forms of PD, in which the substitution Gly2019Ser has been observed at a high frequen-
cy. It has been demonstrated that G2019S LRRK2 takes part in glutamatergic reuptake process by regulat-
ing the activity of glutamate transporter EAAT2 and its membrane localization. On the contrary, the role of 
LRRK2 on GABAergic transmission is poorly understood. By two-electrode voltage-clamp technique, we in-
vestigated the possible modulation of LRRK2 on inhibitory neurotransmission. Taking advantage of micro-
transplantation technique, striatal membranes derived from G2019S LRRK2-associated mouse model were 
be injected in Xenopus laevis oocytes. 
Our data showed a significant reduction of GABA evoked current amplitude in G2019S LRRK2 striatum 
compared to the wild-type tissue, indicating that LRRK2 affects GABAergic transmission. The reason behind 
this reduction is still unclear as the GABAA receptors are functionally unaltered. Notably, our findings sug-
gest an altered distribution of different GABAA receptor isoforms in G2019S LRRK2 striatum membrane 
compared to the wild-type counterpart, demonstrated by both slower desensitization of GABAA receptor 
and reduced phasic GABA current. 
Overall, our results highlight a critical role of LRRK2 on GABAergic signalling, participating in E/I imbalance 
of PD LRRK2-associated. 
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The human brain is the most complex organ in biology, being composed of an extraordinary number of 
synapses. Considering that the brain pathologies are bound to rise, there is an essential need to establish 
effective in-vitro system of Central Nervous System that could be applied to test new therapeutic avenues. 
To this aim, we set up a new model of hippocampal neurons and astrocytes co-culture taking advantage of 
the Nichoid technology, a 3D scaffold microfabricated by two photon laser polymerization technology, to 
generate brain micro-tissues of 30 μm thickness. After 21 days in-vitro, by confocal microscopy, we mor-
phologically characterized the co-cultures comparing 2D and 3D conditions. We observed that astrocytes 
as well as and neurons had become well-differentiated and colonized the entire volume of the Nichoid. 
This was further elaborated with the use of Drebrin, PSD-95, and Synaptophysin antibodies that labelled 
most neurons, both in the 2D as well as in the 3D co-cultures. Interestingly, in the Nichoid, astrocytes dis-
played a more physiological morphology, closer to the in-vivo condition, appearing more starry compared 
to 2D cultures. Lastly, using Scanning Electron Microscopy, we found that neurons co-cultured with astro-
cytes in the 3D environment showed more dendritic spine protrusions compared to the 2D culture, sug-
gesting they could be more prone to form connections. 
Our results show that the Nichoid can be used as a 3D device to investigate the structure and morphology 
of neurons and astrocytes in-vitro as well as the complex cell-cell interactions within the brain. In addition, 
it may serve as a tool to study mechanisms governing synaptic plasticity/dysfunction and to drug discovery. 
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Autosomal Dominant Leukodystrophy (ADLD) is an ultra-rare and fatal late-onset neurodegenerative disor-
der that affects the central nervous system myelination and lacks effective therapy. The disease is caused 
by lamin B1 (LMNB1) gene alteration that leads to demyelination with the disease mechanisms remaining 
unknown. Although oligodendrocytes are responsible for myelination, astrocytes and ADLD patients’ cells 
overexpressing LMNB1 have displayed nuclear alterations with activation of proinflammatory and oxidative 
stress mechanisms that were absent in oligodendrocytes. The present study involved the characterization 
of astrocytes overexpressing lamin B1 and the elucidation of their new role in demyelination. Human as-
trocytes (HA) were transfected with LMNB1 and sorted for two assays: 1) characterization of astrocytes for 
expression of proinflammatory markers, and 2) myelination assay on 3D microfiber co-cultures with oli-
godendrocyte precursor cells (OPCs). For the characterization, immunocytochemical analysis displayed nu-
clear localization of NFAT4 (nuclear factor of activated T cells 4) and NF-κB (nuclear factor kappa-light-
chain-enhancer of activated B cells) suggesting astrocytic activation and inflammation. Additionally, prote-
ome array of the transfected HA supernatants revealed increased levels of serpin E1, osteopontin and Dkk-
1 which are markers present in activated astrocytes during CNS injury. For the myelination assay the sorted 
HA were co-cultured with human OPCs on a microfiber scaffold for two weeks. It was displayed that OPCs 
were unable to produce myelin basic protein when grown with HA overexpressing LMNB1 indicating the 
crucial role of astrocytes in supporting myelination. Overall, the study elucidated that LMNB1 overexpres-
sion leads to astrocyte activation that consequently triggers inflammatory states and hinders myelination. 
Thus, these novel findings could place astrocytes at the epicenter of ADLD demyelination and drug devel-
opment studies. 
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The complexity of the human brain has made the study of brain disorders difficult, thus highlighting the 
need to generate in vitro models for human brain degeneration to overcome the limitations of in vivo ani-
mal studies. The generation of a three-dimensional model is one of the most promising approaches to 
study human diseases of the central nervous system (CNS), as it provides robust and consistent pheno-
types with clinical translatability. Here, we take advantage of optimized iPSC-derived cortical organoids to 
study the pathological mechanisms underlying two rare neurological diseases, Multiple System Atrophy 
Cerebellar type (MSA-C) and Spinocerebellar Ataxia type 2 (SCA2), associated with the expansion of Ataxin-
2. First, we generated iPSC lines for MSA-C subjects (n=3), age-matched controls (n=3), SCA2 individuals 
(n=3) and respective isogenic controls. Further, we cultured and deeply characterized via immunofluores-
cence, RT-PCR, calcium imaging and electrophysiology cortical organoids derived from subject-specific iP-
SCs lines. Finally, we also explored the use of antisense oligonucleotides (ASOs) designed with Morpholino 
chemistry to modulate the expansion of ATXN2. Indeed, although there are currently no approved disease-
modifying treatments for these two diseases, RNA-targeted therapies are promising for neurodegenerative 
disorders. Regarding SCA2, creating new reliable human models may help optimize this antisense thera-
peutic strategy. On the other hand, the pathogenesis of MSA is still puzzling, and a comparison of data ob-
tained in 3D models of MSA-C with those from SCA2 may provide insights into understanding the patho-
genesis of this complex disorder. 
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Parkinson’s disease (PD) is characterized by Lewy-body aggregates formation, and dopaminergic neuronal 
loss. Clinically, PD is associated with motor slowing, rigidity, and tremor. Intensive physical exercise has 
beneficial effects on PD patients at early stages, but the underlying mechanisms are not completely under-
stood. In this study, we investigated whether an intensive treadmill training program, at an early phase, 
counteracts nigrostriatal neurodegeneration in intrastriatal alpha-synuclein (α-syn) preformed-fibrils 
(PFFs)-injected rats. To evaluate the effects of treadmill on nigrostriatal morpho-functional changes, we as-
sessed the dopaminergic neurons survival, counting tyrosine hydroxylase (TH)-positive neurons of the Sub-
stantia Nigra pars compacta (SNpc); and the functional integrity of their striatal terminals, by dopamine ac-
tive transporter (DAT) expression level. Furthermore, we analyzed the dendritic spine density of the striatal 
spiny projection neurons. Comparisons were made between sedentary and active α-syn-PFFs-injected ani-
mals compared to control animals. Interestingly, in active parkinsonian animals we found increased num-
ber of SNpc neurons with a higher density of DAT+ - terminal-fibers in the dorsolateral-striatum, compared 
to sedentary α-syn-PFF-injected rats. Furthermore, active animals showed increased spine density in stria-
tal projection neurons with a greater proportion of young immature spines. These structural changes were 
also associated with a functional outcome as active animals displayed better performances in motor coor-
dination and visuospatial learning tests. In conclusion, we demonstrate that intensive exercise training in 
parkinsonian animals, at presymptomatic stages of disease, has effects in counteracting neurodegenera-
tion of the nigrostriatal pathway. Physical activity induces striatal adaptive responses to the α-syn-PFFs in-
toxication, associated with improved motor and cognitive performances compared to the parkinsonian 
sedentary group. 
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Parkinson’s Disease (PD) is a complex and progressive neurodegenerative disorder associated with the 
gradual loss of dopaminergic neurons in the nigrostriatal circuit, which leads to the development of motor 
dysfunctions, such as rest tremors and rigidity, and non-motor symptoms, including dementia. Currently, 
no disease-modifying pharmacological treatments are available, and dopamine-based therapies typically 
help to mitigate symptoms but also cause side-effects such as dyskinesia. In this context, indirect pieces of 
evidence have suggested that activation of metabotropic Glutamate Receptor 3 (mGluR3) is able to exert 
neuroprotective effects in animal models of PD. However, so far, the lack of selective agonists/ligands for 
this receptor has hindered more in-depth investigations. Recently, a new Positive Allosteric Modulator 
(PAM) selective for mGluR3 has been synthesized. In this study, we demonstrate that the novel mGluR3 
PAM is able to protect SH-SY5Y cells, a human neuroblastoma cell line, against the degeneration induced 
by 6-hydroxydopamine (6-OHDA) exposure through the modulation of Mitogen-activated protein kinas-
es/extracellular signal-regulated kinase (MAPK/ERK) and phosphatidylinositol 3-kinase (PI3K)-Akt signaling 
pathways. Furthermore, in vivo treatment with mGluR3 PAM up-regulates the expression of Glial cell line-
derived neurotrophic factor (GDNF) and Brain-derived neurotrophic factor (BDNF), and modulates the acti-
vation of MAPK/ERK and PI3K-Akt pathways in several mouse brain regions. Overall, though preliminary, 
our results suggest the therapeutic potential of the new mGluR3 PAM in the context of PD management. 
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Extracellular vesicles (EVs) are lipid-encased nanoparticles that convey bioactive signals from a donor to 
specific target cells, influencing their functions, and can transfer misfolded pathological proteins. Our pre-
vious work demonstrated that large (>200 nm) microglial EVs carrying Aβ (Aβ-EVs) are more prone to mo-
tility and move faster on neuronal surface (optical manipulation) and can propagate synaptic dysfunction 
in the mouse brain compared to EVs from non-treated microglia (Ctr-EVs). Here we investigated the effects 
of Tau on microglia and the interaction of large EVs derived from tau-treated microglia (Tau-EVs) and neu-
rons. Microglial primary culture has been exposed to recombinant tau protein (200nM o/n) and EVs have 
been isolated from the cell supernatant by differential centrifugation after ATP stimulation. Analyses of EV 
production and size distribution by Tunable Resistive Pulse Sensing (TRPS) technique didn’t highlight any 
difference between Tau-EVs and Ctr-EVs. Tau-EVs ability to interact and move at the surface of axonal pro-
jections has been tested in vitro by optical manipulation, finding no differences compared to Ctr-EVs. How-
ever, calcium imaging experiments showed that Tau-EVs increase basal calcium levels in neurons, and ste-
reotaxic injection of Tau-EVs but not Ctr-EVs caused LTP impairment at the enthorinal cortex and in its tar-
get region, the dentate gyrus of the hippocampus, suggesting the presence of detrimental EV cargoes. We 
are currently investigating whether the detrimental action of Tau-EVs on neurons and synaptic plasticity 
depends on tau or other pathogenic molecules. Our preliminary data indicate decreased proliferation 
(EdU+ cells %Ctr=26.71%; %Tau=1.99%) and decreased expression of activation markers (CLEC7A, CD11c) in 
tau-treated microglia, suggesting that tau can drive a microglial senescent phenotype. Further experiments 
are needed to clarify whether tau-treated microglia may sort ageing/senescent signals into EVs. 
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Mitochondria undergo processes of fusion, fission and selective degradation via mitophagy, collectively re-
ferred as mitochondrial dynamics. Alterations in the fine tuning of these processes negatively impact on 
neuronal cells, which are characterised by a high energetic demand. In fact, dysfunctional mitochondrial 
dynamics have been widely associated to neurodegenerative diseases, like Parkinson’s disease (PD). Muta-
tions in mitophagy-related PRKN gene, which encodes the E3 ubiquitin ligase Parkin, have been linked to 
autosomal recessive juvenile PD. Recently, also genetic/functional alterations of Rab proteins, involved in 
vesicles trafficking in the endosomal-lysosomal pathway, have been implicated in PD pathogenesis. In or-
der to investigate the interplay between Rab proteins and dysfunctional mitophagy in the context of PD, 
we evaluated levels and sub-cellular localization of a subset of Rab proteins in different models: 1) human 
neuroblastoma SH-SY5Y cells treated with dopamine (DA), to recapitulate the impaired DA homeostasis of 
early PD stages, 2) SH-SY5Y cells after carbonyl cyanide 3-chlorophenylhydrazone (CCCP) treatment, as a 
positive control of mitophagy induction, and 3) patient-derived primary skin fibroblasts carrying PRKN mu-
tations. After CCCP-induced mitophagy, Rab5 levels were increased, while in DA-induced impaired mitoph-
agy, Rab5 and Rab7 proteins were up-regulated. In PRKN-mutated fibroblasts, Rab7 and Rab11 protein lev-
els were increased with respect to controls. Moreover, preliminary data suggest Rabs colocalization with 
the mitochondrial network. Thus, our results suggest that Rab proteins may be an interesting molecular 
target to unveil early pathogenetic events related to mitochondria dynamics in PD. 
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GDNF (glial cell line-derived neurotrophic factor) is a neurotropic factor produced and secreted by glial 
cells and neurons in the brain, where it has been found to exert potent neuroprotective effects. Based on 
these data, GDNF has been employed as a drug candidate for the treatment of Parkinson’s disease (PD), a 
progressive neurodegenerative disorder characterized by loss of dopaminergic neurons. However, while 
promising results were observed in preclinical studies, GDNF-based therapies failed in patients. To fully ex-
plore the therapeutic potential of GDNF, we plan to employ integrating lentiviral vectors (LVs) to achieve 
its prolonged expression in the substantia nigra (s. nigra). At variance with previous studies, we plan to 
perform the in vivo testing in a recently developed genetic animal model of Juvenile PD that resembles 
most of the features of the human disease. In particular, we will engineer a bicistronic LV containing the 
GDNF sequence and a reporter gene (GFP) and we will inject it directly in s. nigra of mice before the symp-
toms onset. With the aim to identify an ideal vector design, we performed in vitro experiments using the 
two different isoforms of GDNF (alpha and beta) and investigated possible differences in their expression 
levels and secretion efficiency. In parallel, to investigate the ability of the LV to reach the target area and 
express the transgene in vivo, we injected wild type animals with a control, GFP-expressing, LV. Confocal 
microscopy confirmed local transduction of neurons in the s. nigra but revealed poor transduction of the 
dopaminergic population. Stereological counting highlighted potential toxicity of the vector, likely related 
to the dose employed. Further studies are now ongoing to better characterise this toxicity and to under-
stand whether GDNF production by neurons and/or glial cells in the s. nigra might prevent symptoms onset 
in the mouse model of PD. 
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Alzheimer´s disease (AD) is a neurodegenerative condition which affects more than 40 million people 
worldwide, as reported by the World Health Organization. AD patients develop cognitive decline and learn-
ing issues. Two important hallmarks for AD diagnosis are i) the presence of amyloid plaques, formed by ag-
gregation of amyloid beta (Aβ) peptides and ii) neurofibrillary tangles, characterized by hyper-
phosphorylation of microtubule associated protein tau. It is widely believed that accumulation of Aβ pep-
tides triggers the disease arise. Indeed, it was shown that Aβ oligomers are prone to aggregation which in-
duces cell death and inflammation. Furthermore, Aβ oligomers are able to bind the alpha7 nicotinic recep-
tor (A7-nAChR) inducing glutamate release at the pre-synaptic terminal. With the progression of AD dis-
ease and the increasing levels of Aβ, the complex A7-nAChR/Aβ gets internalized. This reduces the amount 
of glutamate released, contributing to a loss of synaptic plasticity. Several studies demonstrate that A7-
nAChR is expressed by several cells types in the central nervous system, including astrocytes and microglia. 
In astrocytes, the activation of A7-nAChR by Aβ oligomers triggers Ca2+ elevation and glutamate release. In 
this project we aim to investigate the role of astrocytic A7-nAChR in the AD pathophysiology. By employing 
Ca2+ sensitive fluorescent probes, such as GCaMP6f, we are characterizing astrocytic spontaneous and 
evoked Ca2+ signal in hippocampal slices from young and aged mice. The same approach will be used in 
hippocampal slices of A7-nAChR KO AD mouse model to investigate the possible changes of astrocyte Ca2+ 
activity and the influence of astrocytic A7-nAChR on AD progression. Furthermore, we plan to analyse how 
astrocytic Ca2+ events change in presence of pathological levels of Aβ1-42 oligomers, to possibly find a new 
therapeutic target to treat AD. 
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Alzheimer’s disease (AD) is emerging as the most prevalent and socially disruptive illness of aging popula-
tions. The major organelle involved in protein folding and quality control, the endoplasmic reticulum (ER), 
is dramatically affected in AD neurons. The abnormal levels of misfolded proteins at the ER engage the un-
folded protein response (UPR) that in turn activates a quick response to restore proteostasis. The present 
work aims to study the role of UPR an ER stress in AD by using an integrated approach of behavioral test, 
bioinformatics and biomolecular analysis in a murine model of AD induced. Murine model (mice C57BL76) 
of AD was obtained by intracerebroventricular injection of β-amyloid oligomers (Aβ1-42) at different ages, 3 
and 18 months. After 10 days, mice underwent behavioral assessment and then were sacrificed to collect 
hippocampal sample. RNA sequencing was carried out. The expression of each gene was assessed for dif-
ferent age and treated and not treated mice (3 Aβ1-42/18 Aβ1-42, 3/18 Sham, 18 Sham/18 Aβ1-42, 3 
Sham/18 Aβ1-42) by their log2 fold change (log2FC) from the basal-state to investigate the UPR, oxidative 
stress, inflammation and cell death on hippocampal samples. Our data showed as the impairment induced 
by Aβ1-42 injection worsen in aging, underlying the involvement of UPR and inflammatory response. RNA-
seq data highlighted the presence of 125 common genes between all group, 47 of them involved in im-
portant pathways as “Neurodegenerative disorder” and “Inflammation mediated by chemokine and cyto-
kine signaling pathway”. The injection of Aβ1-42 in mice of different age turn on cellular pathways involved 
in the cellular response to stress and in the regulation of cellular death. Among them, the involvement of 
the ER stress and the UPR seem to play a role not only in relation to the presence of Aβ1-42 oligomers but 
also to the aging process. These results are preliminary and point out the close relation between ER 
stress,AD and aging process. 
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Alzheimer’s Disease (AD), a progressive neurodegenerative disease, is the leading cause of dementia 
worldwide. Histopathological hallmarks of AD include brain region-specific extracellular deposition of Amy-
loid-β (Aβ) plaques and intracellular Tau neurofibril aggregation, accompanied by neuronal loss. Current 
treatments for AD, focussed mainly on addressing Aβ plaques, have had limited success at controlling the 
cognitive decline associated with the disease. Compared to plaque deposition, neuroinflammation in the 
brain is known to better correspond with AD-related cognitive decline, and understanding inflammatory 
mechanisms in AD could reveal potentially more effective therapeutic targets. While microglia are the 
main initiators of inflammatory responses in the central nervous system, the active role of astrocytes in 
propagating and sustaining the response has been elaborated in recent years. Astrocytes possess several 
receptors that respond to extracellular stimuli, including neurotransmitters and inflammatory molecules, 
causing elevations in cytosolic levels of calcium ion (Ca2+). Intracellular Ca2+ responses are an important 
secondary signal in the physiological function of astrocytes. In this project, we analyse the changes in as-
trocytic Ca2+ handling during Alzheimer’s disease-linked neuroinflammation and the associated functional 
changes of astrocytes which might promote neurodegeneration. We investigate the role of these Ca2+ re-
sponses in inducing and amplifying inflammatory responses of astrocytes, including the release of inflam-
matory cytokines. Further, we investigate the involvement of astrocytic mitochondria in these changes, 
since they localize to the regions of Ca2+ elevation and, by actively taking up or releasing Ca2+, can tune the 
cytosolic Ca2+ signal. We assess whether manipulating mitochondrial Ca2+ dynamics can modulate the neu-
roinflammatory markers of astrocytes in AD. 
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Spinal Muscular Atrophy (SMA), one of the most common infantile inherited neurological diseases charac-
terized by impairing function and survival of lower motor neurons (LMNs), is caused by mutations in the 
Survival Motor Neuron 1 gene (SMN1). The recently approved SMA therapeutic approaches are focused on 
increasing the levels of full-length SMN protein. However, some critical issues still remain and research 
aims to identify novel SMN-independent targets as future complementary strategies, to improve the ther-
apeutic opportunities for all SMA treated patients. To develop this complementary approach, one possibil-
ity is to identify downstream genes responsible for selective motoneurons (MNs) dysfunction. Recent stud-
ies showed how STATHMIN-2 (STMN2), a protein involved in neurite outgrowth and axonal regeneration, is 
dysregulated in different neurodegenerative disorders and that its overexpression rescues axonal defects 
in vitro Amyotrophic Lateral Sclerosis (ALS) models. Remarkably, our group also observed STMN2 deregula-
tion in SMA mice spinal cord and in human SMA MNs, suggesting a potential involvement of STMN2 in 
SMA pathogenesis and hinting at STMN2 as a new therapeutic target. In this study, we investigate for the 
first time the therapeutic impact of STMN2 modulation on in vitro and in vivo SMA models. Interestingly, 
the overexpression of STMN2 ameliorated the typical pathological features in SMA MNs, especially the ax-
onal integrity and complexity. Similarly, in severe SMAΔ7 mouse models the treatment with AAV9 encod-
ing Stmn2 improved motor phenotype and histologic features related to muscle and neuromuscular junc-
tion (NMJ) alteration. Therefore, the capability of STMN2 to ameliorate the effects of reduced SMN levels 
on axon growth supports the view that axon biology is crucial for SMA pathogenesis and that the modula-
tion of axon stabilizing proteins can modify the disease phenotype. Overall, our data provide evidence that 
STMN2 may act as a protective modifier of SMA. 
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Prokineticin 2 (PK2) is an inducible chemokine that is overexpressed in response to pathological perturba-
tions to promote neuroprotective or neurotoxic responses. Remarkable neuroprotective effects have been 
observed in animal models of Parkinson’s disease (PD). Specifically, PK2 increases in dopaminergic nigral 
cells in early stages of neurodegeneration or immediately after toxic exposure, triggering positive bioener-
getic and anti-inflammatory cascades. Although a preliminary study measured higher levels of PK2 in the 
blood and substantia nigra of PD patients, the actual contribution of PK2 to PD in humans remains to be 
elucidated. Because PK2 signaling is also critical for the proper development and survival of the olfactory 
system, which is affected early and has the specific neuropathological features of PD, we examined the 
mRNA and protein expression of PK2 and its receptors (PKRs) in the olfactory neurons (ONs) of 38 PD pa-
tients at different stages of disease and 26 healthy controls (CTRLs). PK2 protein expression was also corre-
lated with the expression of different α-synuclein species (total and oligomeric) and with the clinical pa-
rameters of the patients. We found that PK2 expression was significantly increased in the ONs of PD pa-
tients compared with CTRLs. PK2 expression was higher in early disease stages, proportional to motor se-
verity, and associated with accumulation of pathological α-synuclein forms. Conversely, PKR1 and PKR2 ex-
pression levels remained unchanged, suggesting that PK2 increase serves as a mediator and does not com-
pensate for loss of receptors due to neurodegeneration and cell depletion. In later stages of disease, in pa-
tients receiving dopaminergic therapy, PK2 expression instead decreased and did not correlate with key 
clinical features. These data, consistent with preclinical findings, support PK2 as a potential target in the 
early stages of PD and confirm the reliability of olfactory neurons in reflecting PD pathological changes. 
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Background: The detection of contrast-enhanced lesions (CELs) is fundamental for the diagnosis of multiple 
sclerosis (MS) and for the monitoring of MS patients. CELs detection in clinical practice is time-consuming 
and suffers from high inter- and intra-rater variability, especially for small CELs. Objective: To develop a 
deep-learning tool to automatically detect and segment CELs, which can support clinical radiological prac-
tice. Methods: We studied 157 MS patients with CELs and 129 patients without CELs who underwent a clini-
cal MRI scan including a T1-weighted image acquired with pre- and post-injection of a gadolinium-based 
contrast agent, as well as FLAIR images. White matter lesion (WML) masks were obtained with an automat-
ed method and then manually corrected. 557 CELs were segmented by experienced clinicians and the masks 
are utilized as ground truth. For the purpose of this study, we adapted a UNet-based convolutional neural 
network that had been previously tested for the detection of cortical lesions, which are notoriously small. 
To overcome the problem of the low frequency of CELs smaller patches are cropped based on WML mask 
regions. Moreover, a new loss function is introduced, which takes into account the class imbalance and 
partly also the heterogeneous shape of CELs. Finally, an ablation study was performed to fine-tune the neu-
ral network architecture. Results: In the test dataset (n= 63 patients, 125 CELs) we obtained a DSC of 0.74, a 
True Positive (TP) rate of 0.94 and a False Positive (FP) rate of 0.0085. These values for small lesion sizes (3-
10 mm3) are 0.76/0.769/0.090, for medium lesion sizes are 0.67/0.92/0 and for lesions with volume larger 
than 50 mm3 are 0.79/1/0. Conclusions: Our results were comparable with those obtained in a few previous 
studies performed using larger datasets, more contrast images and considering larger lesion size. Future 
work will aim for improving its performance and integration into clinical practice. 
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Multiple sclerosis (MS) can be conceptualized as a network disorder. The accumulation of white matter 
(WM) lesions leads to progressive disconnection, while the development of atrophy disrupts the morpho-
logical similarity between brain regions. We used conventional MRI to assess cross-sectional and longitudi-
nal modifications of structural disconnection and morphometric similarity networks in MS. 
We retrospectively collected 3T structural brain MRIs of 461 MS patients (age=37.2±10.6y; F:M=324:137), 
corresponding to 1235 visits (follow-up time=1.9±2.0y; range=0.1-13.3y), and 55 healthy controls 
(age=42.4±15.7y;F:M=25:30). From 3D-T1w and FLAIR-T2w scans, WM lesions were automatically seg-
mented and the brain was parcellated into 100 cortical (Schaefer atlas) and 14 subcortical (Aseg atlas) re-
gions. For MS patients, subject-level WM masks were registered to MNI space and, using the Lesion Quan-
tification Toolkit, disconnection between pairs of regions was estimated as the proportion of connecting 
streamlines passing through WM lesions. Likewise, with the Morphometric Inverse Divergence (MIND) 
method, we computed networks of morphometric similarity between cortical regions from 3D-T1w derived 
FreeSurfer outputs for both groups. Using network-based statistics, effect of time (and group, for MIND 
networks) was tested with linear mixed-effects models. 
We identified a small subnetwork (27 edges) of significant progressive structural disconnection mainly en-
compassing cortico-subcortical tracts (p≤0.001). MIND networks were sensitive to disease status and time, 
with distributed effects of decreased morphological similarity in large subnetworks of 125 and 174 edges, 
respectively (p≤0.001). 
We demonstrated that structural disconnection and morphometric similarity networks, as assessed 
through conventional MRI, are sensitive to MS-related brain damage and its evolution over time, potential-
ly adding to established MRI-derived measures as biomarkers of disease severity and progression. 
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The Transcranial Doppler (TCD) is a noninvasive neuroimaging technique used to assess the cerebral blood 
flow velocity (CBFV) in the major cerebral arteries, which closely correlates with cerebral metabolism and 
function. Compared to other neuroimaging methods, TCD is portable, cost-effective, and robust in as-
sessing brain area activation. Functional Transcranial Doppler (fTCD) employs TCD to analyze brain activity 
during specific tasks and to detect brain lateralization. Brain activity lateralization refers to the preferential 
increase in blood flow to one hemisphere compared to the other when performing a particular task or 
function. This study presents a preliminary exploration of local cerebral perfusion by monitoring bilaterally 
Posterior Cerebral Arteries (PCA), the suppliers of the visual cortex, using fTCD. The study focuses on selec-
tive stimulation of the visual field using a black and white checkerboard pattern with a inversion frequency 
of 10 Hz. The brain lateralization of nine healthy subjects was evaluated during three visual stimuli: bilat-
eral, left hemifield only and right hemifield only, obtained by extending the checkerboard over the full 
screen or limiting it to left or right half-screen, respectively. Based on the hemodynamic changes exhibited 
by the two PCAs a Lateralization Index (LI) was calculated, quantifying the asymmetry (right-left) of the re-
sponse during each stimulus. 
The results demonstrated a low LI during bilateral stimulation. Conversely, a larger and positive (negative) LI 
was observed in response to the left (right) hemifield stimulations, in agreement with the expected func-
tional splitting of visual pathways at the optic chiasm. The assessment of cerebral lateralization through 
fTCD presents an additional potential in supporting and monitoring post-stroke rehabilitation, as well as fa-
cilitating comprehension of cerebral reorganization subsequent to cerebrovascular accidents, particularly 
among patients experiencing hemianopia. 
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Parkinson’s disease (PD) is a neurodegenerative disorder characterized by progressive loss of dopaminergic 
neurons affecting the nigrostriatal system. Diagnosis of PD relies on the clinical manifestation of motor 
symptoms, when neurodegeneration is already advanced, thus compromising the efficacy of disease-
modifying treatment approaches. Therefore, research has been focusing on the study of prodromal PD, the 
stage preceding the appearance of motor signs. Here, we characterized the prodromal stage using a mouse 
model of PD obtained by sub-chronic treatment with the neurotoxin MPTP and the clearance inhibitor 
probenecid (MPTPp), by combining in-vivo PET-CT imaging and immunohistochemistry. 
A group of 10 mice were injected with 100 mg/kg of probenecid followed by 25 mg/kg of MPTP, twice a 
week, for a total of 5 weeks. They were monitored longitudinally with PET-CT imaging before treatment 
and after 1, 3 and 10 MPTPp injections using two radiotracers: [18F]-FP-CIT, a marker of dopamine trans-
porter (DAT) and [18F]-FDG, to assess brain glucose metabolism and metabolic connectivity. They were 
then sacrificed and brains were collected for post-mortem immunohistochemical analysis of DAT and tyro-
sine hydroxylase. 
We found that both striatal DAT binding in-vivo assessed with [18F]-FP-CIT PET and the density of striatal 
DAT-positive fibers observed post-mortem started to decrease significantly from the third MPTPp injection. 
[18F]-FDG uptake was significantly decreased in the striatum and thalamus already at the first administra-
tion, while at 10 MPTPp injections [18F]-FDG uptake was increased in the somatosensory and somatomotor 
cortex. Metabolic connectivity analysis revealed that already after 1 MPTPp injection all significant connec-
tions between cortical and subcortical regions were lost, while almost all connections were lost after 10 in-
jections. 
Our results suggest that glucose metabolism is an earlier marker than DAT-binding in detecting neuro-
degeneration in PD mice model. 
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Current technologies for precise genetic manipulation of neurons mostly rely on the use of site-specific re-
combinases (SSR) and CRISPR-Cas9 gene editing tool. Together, these systems are routinely used to gener-
ate conditional transgenic models for studying gene functions within specific tissue and/or at specific time 
points, both in vivo and in vitro. In this context, the use of drug-inducible SSR is a widely diffused approach 
to obtain fine spatiotemporal control of specific gene expression. Here we present RUBIK, a fluorescent 
tool specifically tailored for the reporting of the combinatorial action of Cre and Flp recombinases depend-
ing on the spatiotemporal sequence of recombination events. To test this reporter, we generated and iso-
lated a stable knock-in HeLa cell line using the CRISPR-Cas9 technology and single cell-sorting. Our prelimi-
nary data show proper functioning of our system upon recombination with both Cre and Flp recombinases 
alone or in combination. Additionally, we optimized a variant of the Trimethoprim (TMP)-inducible Flp re-
combinase (FlpDD) designed to decrease the activity of the recombinase without TMP. Overall, we were 
able to set up a system that could be exploited in the field of neuroscience by the generation of knock-in 
mice expressing RUBIK. These transgenic mice could be resourceful to study and precisely define the roles 
of specific neuronal populations depending on the activity of Cre and Flp. 
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The dentate-thalamo-cortical tract (DTT) is the main cerebellar efferent pathway. Microstructural changes 
of the DTT are considered core features of Friedreich ataxia (FRDA). Nonetheless, whether some areas of 
the DTT are more impacted than others, possibly determining a gradient of disruption, is still a matter a 
debate. This study aimed to investigate microstructural integrity along the DTT in FRDA using a profilome-
try diffusion MRI (dMRI) approach. 
MRI data from 45 FRDA patients (mean age: 33.2±13.2, M/F:26/19) and 37 healthy controls (HCs; mean 
age: 36.5±12.7, M/F:18/19) were included in this cross-sectional multicenter study. A profilometry analysis 
was performed on dMRI data by first using tractography to define the DTT as the white matter tract con-
necting the dentate nuclei to the contralateral motor cortex. The tract was then divided into 100 segments 
and diffusion tensor metrics of microstructural integrity (fractional anisotropy [FA], mean diffusivity [MD], 
and radial diffusivity [RD]) were extracted at each segment and compared between FRDA and HC groups. 
The process was replicated on the arcuate fasciculus for comparison. 
The profilometry analysis indicated that, across all diffusion metrics, the region of the DTT connecting the 
dentate nucleus and thalamus was more impacted in FRDA than downstream cerebral sections from the 
thalamus to the cortex. The arcuate fasciculus was minimally impacted. 
Our study further expands the current knowledge about brain involvement in FRDA, showing that the 
presence of microstructural abnormalities within the main cerebellar-cerebral tract are weighted to early 
segments of the tract (i.e., the superior cerebellar peduncle). These findings are in line with the hypothesis 
of the DTT undergoing anterograde degeneration arising from the dentate nuclei and progressing to the 
primary motor cortex. 
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Alzheimer’s disease (AD), the most common cause of dementia, is an irreversible neurodegenerative dis-
ease characterized by progressive memory loss and cognitive deficits. Despite intensive investigations, 
pathogenic mechanisms of AD are poorly known and effective treatments are still lacking. It is reasonable 
that some important neurophysiological processes are altered years before the onset of clinical symptoms, 
highlighting the importance of identifying early dysfunctions and biomarkers useful for both therapeutic 
and diagnostic purposes. Even though most AD cases are sporadic, a small percentage is due to autosomal 
dominant mutations in amyloid precursor protein (APP), presenilin-1 (PS1), and presenilin-2 (PS2) genes. 
We used an AD mouse model (B6.152H), double transgenic for PS2 (N141I) and APP (Swedish mutations), 
which is characterized by neuronal electrical hyperexcitability. In these mice, changes in brain circuitry, rel-
evant to the development of AD, are detectable at both 3 and 6 months of age, earlier than the onset of 
spatial memory deficits, revealed at 8 months. We first analysed the state of excitatory and inhibitory syn-
apses in the somatosensory cortex (SSCx) of AD and WT mice at 2, 6 and 9 months. Moreover, we evaluat-
ed Ca2+ activity in neurons from ex vivo and in vivo SSCx preparations by using advanced imaging tech-
niques, to investigate spontaneous and evoked Ca2+ hyperexcitability at different disease stages. Moreo-
ver, since glial cells are actively involved in synaptic transmission, and microglia are emerging as critical 
negative regulators of neuronal Ca2+ hyperactivity in mice, we plan to assess and modulate microglia in-
flammatory state in order to possibly rescue neuronal Ca2+ phenotype in AD mice. 
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The interplay between nervous and immune systems is emerging as an important mechanism of immune 
cell function control. Immune cells express the receptors for neurotransmitters and neuropeptides re-
leased by neurons of both peripheral and central nervous system. We have previously demonstrated that 
activation of hypothalamic neurons producing Agouti-related peptide (AgRP) impairs hematopoiesis and 
promotes the generation of Treg by reducing the release of norepinephrine in bone marrow and thymus, 
thus suggesting a possible immune-regulatory function of these neurons. AgRP neurons are activated in 
the mouse model of Multiple Sclerosis (MS), the experimental autoimmune encephalomyelitis. Activation 
of AgRP neurons leads to increased expression of AgRP, that is partially released into circulation, as these 
neurons lye out of the blood brain barrier. Accordingly, we have observed an increase of AgRP level in the 
serum of people with MS, suggesting that AgRP neurons are activated also in MS. Whether increase of cir-
culating AgRP is specific of MS or also occurs in other neurological diseases of the central nervous system is 
completely unknown. AgRP is a potent competitive antagonist of the melanocortin receptors 3 and 4 
(MCR), and previous studies indicated that immune cells express MC3R at mRNA level. However, a com-
prehensive expression map of MC3R receptor in immune cells at protein level is still missing, and a possible 
effect exerted by AgRP on immune cell functions has never been investigated. 
Here we have quantified the levels of AgRP peptide in the serum of people with Parkinson disease (PD) and 
with ischemic stroke (IS), to understand whether increased level of AgRP is a common hallmark or neuronal 
damage or if it is specific of MS. Then, we have performed an extensive FACS analysis to assess the expres-
sion of MC3R in mouse and human immune cells. Our results reveal an increase of circulating AgRP in 
pwPD and 7 day after IS, when neuronal death is prominent, suggesting that AgRP may be a marker of neu-
rodegeneration. Moreover, we have demonstrated that the AgRP receptor MC3R is expressed by human 
and mouse dendritic cells (DC) and NK cells. Functional in vitro assays suggest that AgRP may exert a regu-
latory effect on these cells. 
These preliminary results appear promising both in suggesting AgRP as a marker of neuronal damage in 
neurological diseases and in describing a new mechanism of neuro-immune interplay mediated by AgRP 
and its receptor MC3R. 
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Neuroinflammation is a crucial pathogenic mechanism that commonly underlies most neurodegenerative 
diseases. Microglia, the immune cells of the brain, play a critical role according to the stage of neuropa-
thology. Indeed, at early phases of brain diseases microglia display the neuroprotective, alternatively acti-
vated phenotype which is switched to the classically activated pro-inflammatory subtype at later stages, 
when activated microglia contribute to neurodegeneration. The microglial phenotypic shift is characterized 
by a change in the release of bioactive molecules (especially proteins and miRNAs), both soluble and 
through extracellular vesicles. With the progression of neuropathology, microgliosis, i.e. an increase in 
number and reactivity of microglial cells, is always observed, thus suggesting a spreading of microglia acti-
vation. However, the role of extracellular vesicles released by activated microglia in neuroinflammation 
spreading has never been demonstrated. We took advantage of the in vitro model of murine microglia N9 
cells to evaluate the effect of conditioned media or isolated vesicles to spread the neuroinflammation 
through the release of specific miRNAs. We demonstrated that conditioned media or exosomes obtained 
from pharmacologically activated microglia were able to promote a pro-inflammatory phenotype to con-
trol cells, leading us to prove, in vitro, the existence of a neuroinflammation spreading process mediated 
by the secretome of microglia with a crucial role of extracellular vesicles in terms of miRNAs content.  
In this regard, the downregulation of the inflamma-miR-34a, by using cleaving sequences of anti-miR34a 
DNAzyme delivered by DNA nanostructures, led to a reduction of microglia polarization towards the neuro-
toxic phenotype confirming the involvement of miR-34a in the neuroinflammatory process. 
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Fragile X Syndrome (FXS) is the most common neurodevelopmental disorder associated with intellectual 
disabilities. In FXS, an increased CGG triplet repetition (more than 200) in the fmr1 gene, cause the hyper-
methylation of the 5’UTR and, in turn leads to the gene silencing and the absence of the Fragile X mental 
retardation protein (FMRP). FMRP is an RNA binding protein, able to regulate the expression of different 
RNAs, and fundamental for synapses formation and function. FMRP is expressed in neurons but also in as-
trocytes and microglia, the other key cells of the brain. Despite many studies have focused their attentions 
on the role of FMRP in neurons and locally at synapses, only a few pieces of evidences have reported the 
role of the protein in other brain cells types. In preliminary results, performed in fmr1ko mice, revealed an 
hyperactivated state of microglia, measured with phagocytic marker CD68, and an increase of microglia-
specific transcriptor factor PU.1/Spi1. Interestingly, activated microglia is present in many neurodegenera-
tive disorders, such as Alzheimer’s disease (AD), Huntington’s disease, and Amyotrophic Lateral Sclerosis 
(ALS). Based on this rationale, we aim to clarify the role of FMRP in microglia through a deep transcription-
al profiling of fmr1ko microglial cells compared to wild type (WT). Furthermore, increase level of transcrip-
tional factor PU.1 in fmr1ko mice suggest an unbalance of epigenetic mechanism in absence of FMRP and a 
Chip-Seq analysis to study a PU.1-regulated genes in fmr1ko microglia will be fundamental. This approach 
will be instrumental to identify new molecular pathways responsible for the activated-state of microglia in 
fmr1ko mice and suggest that modulating PU.1 expression may be a valid therapeutic target to prevent mi-
croglial-mediated hyperactivation in fmr1ko mice model. 
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Neuroinflammation involves different populations of brain-resident or peripheral immune cells, which may 
be part of innate or adaptive immunity. The integrity of the blood-brain barrier is crucial to ensure the 
normal inflammatory framework of the brain, and its damage leads to increased recall of periphery im-
mune cells. This condition is known to be related to several neurological and neurodegenerative diseases. 
Alginate is a marine biopolymer capable of gelation and is used for drug delivery, wound healing, and tis-
sue engineering. While its structural, pro-differentiation, and neuroprotective properties have been shown 
in vitro, the in vivo anti-inflammatory effects have not been deeply described. The main purpose of this 
study is to highlight the anti-inflammatory and protective properties of alginate in the brain lesioned with 
ibotenic acid (IBO), an excitotoxic agent. Sprague-Dawley adult male rats were bilaterally injected in ven-
tral Cornus Ammonis 3 with IBO. Four days later, a subgroup of these rats received a further injection of sa-
line or alginate. After ten weeks, neuronal damage and the presence of resident and infiltrating immune 
cells were evaluated by immunofluorescence using immune response biomarkers. Behavioral impairments 
in the different groups were also investigated. Our experiments revealed that alginate hydrogel is still pre-
sent and filling the lesion ten weeks after the injection, suggesting that it is neither dissolved nor washed 
out by the liquor. Moreover, we found a low immune response in vivo, which makes it a promising candi-
date to support cellular differentiation and neuronal maturation in cell-based therapy. Our results shed 
light on the future application of alginate in innovative therapeutic interventions for neurological diseases 
aiming at repairing brain lesions. 
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Friedreich’s Ataxia (FA) is an inherited autosomal neurodegenerative disorder caused by a mutation in the 
gene encoding for mitochondrial protein frataxin (FXN) leading to the decrease of FXN content. Neurologi-
cal diseases are usually associated with microbiota dysfunction. Analysing the microbiota of FXN knock-
in/knock-out (KIKO) mice, we found that KIKO mice show a decrease of bacteria producing the short chain 
fatty acid butyrate. This is a small, short chain fatty acid physiologically produced by gut microbiota and 
has been studied for its neuroprotective and anti-inflammatory role. Our preliminary data show that the 
cerebellum of KIKO mice has signs of inflammation and an increase of microglial population. We generated 
an in vitro model of FA consisting in a microglial cell line (BV2) with FXN downregulation (FXN-). We ob-
served that FXN- cells are more susceptible to a pro-inflammatory stimulus (i.e., lipopolysaccharides, LPS) if 
compared to cells with normal FXN levels and that butyrate treatment can counteract the increase of pro-
inflammatory cytokine production. By supplementing butyrate through diet for 16 weeks, we observed 
that KIKO mice underwent an amelioration of neuro-mobility as assessed by rotarod test. Overall, these 
data suggest the use of butyrate as a safe and valuable molecule to counteract neuroinflammation in FA. 
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It is a common finding that myelin repairing mechanisms in people with MS are altered and ineffective. As 
myelin offers protection against stressors, demyelinated axons are exposed to damaging factors, leading to 
neurodegeneration commonly found especially in the progressive MS phenotypes. To date, remyelination 
is one of the greatest unmet needs in MS. Since its underlying mechanisms are still unclear, their deeper 
comprehension may help in understanding the disease modifying treatments (DMT) effects on myelin re-
pairing mechanisms and offers food for thought for new therapeutic approach. Extracellular vesicles (EVs) 
represent a way of intercellular communication thanks to their contain of proteins, nucleic acids and more 
on. EVs derived from human mesenchymal stem cells and from neural stem cells have already shown the 
potential therapeutic ability to ameliorate both progressive and relapsing remitting models of MS. Bruton’s 
tyrosine kinase inhibitors (BTKi) are a new DMT class primary acting on myeloid cells as microglia, the im-
mune cells of the central nervous system. A recent study has shown that ibrutinib, one BTKi, is able to 
modulate EVs release from BV2 cells, a microglial murine cell line. Our first aim is to analyze EVs released 
by microglia (untreated, proinflammatory, anti- inflammatory and BTKi-treated cells) in single culture and 
in a complex system (brain cortex and spinal cord cultures), both in de- and a re-myelinating in vitro mod-
els. Second aim is to evaluate the role played by EVs released from microglial cells in a remyelination in 
vitro model of MS. First aim will provide further insights about microglial response to BTKi, mainly acting 
on myeloid cells and currently tested on MS patients. Second aim will clarify microglial role, exerted 
through EVs, in remyelination. 
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We recently generated a mouse model carrying the D61N heterozygous mutation in the MPZ gene, which 
encodes a structural protein of peripheral myelin. This mutation causes, in humans, a severe early-onset 
form of CMT1B, characterized by extensive demyelination. Considering that previous studies described a 
potential role of innate immunity in the pathogenesis of neuropathy in CMT animal models, and molecular 
imaging has proved to be a valuable non-invasive means to explore the development of micro-
inflammatory processes in vivo, we aimed at verifying the presence of immune/inflammatory cell infiltra-
tion in the nerves and muscles of this novel CMT1B model, and correlating the imaging findings with dis-
ease progression. To do this, we subjected MPZ-D61N heterozygous (MPZD61N/+) and homozygous 
(MPZD61N/D61N) mice to a sequential protocol including evaluation of motor performance, ultrasonography, 
magnetic resonance imaging (MRI) before and after administration of Ferumoxytol (a contrast agent classi-
cally used to label macrophages), and whole-body micro-PET imaging, after administration of a tracer for 
the TPSO protein. Finally, animals were sacrificed, and sciatic nerves and muscles were collected for histo-
logical analyses. Both MRI and micro-PET imaging indicated that macrophage infiltration is absent in our 
models. However, histological analysis revealed a marked increase in the number of neutrophils in the sci-
atic nerve of MPZD61N/D61N mice. Moreover, our MRI scanning protocol was sensitive enough to detect 
structural alterations in the sciatic nerves of both MPZD61N/+ and MPZD61N/D61N mice. Even if this study rep-
resents a pilot investigation of inflammatory response in the muscle and nerve in a severe form of CMT1B 
neuropathy, our results suggest that low-grade inflammation is present in the sciatic nerve of D61N-
homozygous mice and may exacerbate the neuropathic phenotype. 
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An increased amount of evidence suggest that bacteria-derived metabolites play a role in shaping immune 
cell function. We and others have shown dysfunction in regulation of the T-cell response by NK cells in mul-
tiple sclerosis (MS). The objective of this work was to assess whether microbial-derived metabolites affect 
the regulatory function of NK cells. We cultured NK cells from healthy controls (HC) in presence/absence of 
the butyrate and of different tryptophan derivatives in presence of activating cytokines and then co-
cultured them with autologous T cells. We cultured PBMCs from HC in presence/absence of the butyrate 
and tryptophan derivatives and assessed the phenotype of NK cells through a 14-marker flow cytometry 
panel. We performed Assay for Transposase-Accessible Chromatin using sequencing (ATAC-seq) on NK cells 
sorted from PBMCs cultured in presence of butyrate. ATAC-Seq data were analyzed by GUAVA tool starting 
from raw data to the calls of the identified peaks and their functional characterization in Gene Ontology 
(GO). Further, data were compared to those from a public single-cell RNA sequencing dataset of NK cell 
clusters. We found that butyrate decreased the percentage of CD56bright NK cells, increased the percentage 
of CD69+ NK cells and decreased the suppressor function of NK cells. Tryptophan derivatives did not affect 
the function, nor the phenotype of NK cells. ATAC-seq revealed that butyrate affects chromatin modifica-
tions in 218 genes causing demethylation in the promoter region of most (> 80%) genes, involved in (i) the 
regulation of specific populations of T cells within the immune system, (ii) the modulation of cellular pro-
cesses in neurons and (iii) to inflammation. The epigenetic signature of butyrate-treated NK cells increased 
similarly to terminally differentiated CD56dim NK cells. In conclusion, we describe a novel effect of butyrate 
on human NK cells, whereby butyrate induces their maturation and decreases their regulatory function. 
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Transcranial magnetic stimulation (TMS) is a form of non-invasive brain stimulation used to induce neuro-
plasticity in the brain and a non-pharmacological treatment in different neuropathological conditions. Alt-
hough TMS has been shown to modulate several aspects of neuronal plasticity, there is still limited infor-
mation on how TMS works at the cellular and molecular levels, as well as its impact on non-neuronal cells, 
like astrocytes and microglia and other different components of the Blood-Brain-Barrier (BBB), the peri-
cytes and the endothelial cells (EC).This study investigated changes in RNA and protein levels of the main 
components of the BBB following different treatments of theta-burst stimulation (TBS), repetitive TMS pat-
terns, such as continuous (cTBS) and intermittent (iTBS) protocols, used in a 6-hydroxydopamine (6-OHDA)-
lesioned hemiparkinsonian rat model. In the striatum of parkinsonian animals, mRNA and protein levels of 
markers of pericytes, such as PDGFβ, decreased significantly after the lesion compared to control animals. 
Notably, in 6-OHDA-lesioned animals, the decrease of pericytes markers correlated with a reduction of 
PECAM-1 (also known as CD31), a marker of vessel endothelial cells, and these changes were associated 
with impairments in brain microvasculature. After the injury, treatment with iTBS protected both pericytes 
and endothelial cells of the striatal microvasculature from 6-OHDA-induced damage. Similarly, cTBS treat-
ment restores microvessels integrity by restoring lectin and PECAM-1 expression, thus improving microvas-
culature integrity, that was found similar to what was observed in unlesioned animals. Collectively, these 
findings demonstrate the ability of TMS to modulate specific aspects of non-neuronal cell phenotype and 
restore the microvasculature integrity, highly impaired after 6-OHDA lesion, potentially contributing to the 
known effects of TMS on neuroprotection. 
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The hygiene hypothesis suggests that certain aspects of modern life are linked to lower rates of exposure 
to pathogens and lower immune system stimulation, being in turn positively related to Alzheimer’s-disease 
risk. Amazonian tribes exhibit an exceptionally high prevalence of infections in individuals of all ages. It re-
sults in a better-regulated degree of inflammation and improved cognitive functions after infection with 
Leishmanias (L) parasite. Indeed, parasitic infections recognized the same receptors that sense misfolded-
Aß in microglia; it is followed by subsequent regulation of the NLRP3, a cytosolic multiprotein complex 
mainly expressed in myeloid cells and composed of the Nod-like receptor (NLR), the adaptor apoptosis-
associated speck-like protein (ASC), and the pro-caspase1, leading to the cleavage in bioactive IL1ß and 
IL18.  
Since the N is considered a therapeutic target against neuroinflammation in AD, herein we investigated a 
possible connection between L tarantulae (t), nonpathogenic for humans to reduce IL1ß, IL18, Caspase1 
release and ASC-speck formation. THP1cells wild-type and ASC-knockout were cultured in unstimulated or 
Lypolisaccaride+Aß-treatment post Lt-p10 infection. L phagocytosis were quantified by confocal mycrosco-
py, cytokines by ELLA and inflammasome formation and by AMNIS FlowSight. ASC-speck formation as well 
as IL18 and caspase1 were significant (p<0.05)downregulated in LPS+Aß THP1 wild-type and post L-
infection compare to unstimulated cells; no significant differences were found for IL1ß and NLRP3 proteins 
between wild-type and ASC-knockout cells. 
L is able to modulate the inflammasome-assembly suppressing the inflammatory response. Given this abil-
ity, we propose a protective role of L in Alzheimer’s disease as a consequence of the molecular inhibition of 
the NLRP3-inflammasome. 
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Activation of cladribine (2CdA), a drug approved for multiple sclerosis, is driven by a high deoxycytidine ki-
nase (dCK)/5’nucleotidase (5NT) ratio in the cytoplasm. Due to their high dCK/5NT ratio, lymphocytes are a 
preferential target for 2CdA. We have previously demonstrated that 2CdA-induced apoptosis in stimulated 
T cells is correlated with enhanced dCK expression and activity and that cladribine treatment of lympho-
cytes affects the phosphorylation of dCK in activated T cells. Little is known regarding how phosphorylation 
of dCK at different sites affects its activity and intracellular localization. 
The objective of this work was to assess the composition of differently phosphorylated dCK isoforms in 
healthy donor peripheral blood mononuclear cells and T cells. 
For this aim, protein lysates from CD4+ T cells treated with or without anti-CD3/CD28 dynabeads and cul-
tured for 72h, were digested with trypsin after protein purification. Phosphopeptides were enriched using 
High-SelectTM Fe-NTA enrichment kit and analyzed using Q Exactive™ Plus Hybrid Quadrupole-Orbitrap™ 
mass spectrometer. Activated/not activated CD4+ T cells were mounted on microscope slides and, after 
staining with dCK, CD4+ and SYTO™ 16, confocal images were acquired with a Leica Stellaris confocal mi-
croscope to observe dCK nuclear Vs cytoplasmic localization. 
Activation of T cells led to phosphorylation of dCK at Ser11 residue. In Ser11-P-enriched, activated CD4+ T 
cells, dCK was localized mostly in the cytoplasm, whereas in unstimulated cells the highest dCK signal den-
sity was in the nucleus. In conclusion, these results suggest that T cell activation leads to phosphorylation 
of dCK at Ser11 leading to dCK preferential localization in the cytoplasm. Assessing baseline phosphoryla-
tion of Ser11 in T cells from untreated patients with MS may permit to identify those who are more likely 
to respond to treatment. 
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Aging is a time-related deterioration of physiological functions, associated with oxidative stress, chronic in-
flammation and high production of inflammatory compounds. During brain aging, among the first changes, 
there are modifications of microglia (MG), the resident immune cells of the central nervous system (CNS), 
which become hyper-responsive and nonfunctional. These cells undergo the most prominent aging-related 
changes in both the morphological and functional phenotypes; their progressive loss of neuroprotective 
functions results in chronic neuroinflammation (i.e., increase of inflammatory markers and dystrophic 
morphology), which impacts the whole brain homeostasis. All these alterations occur differently in aged 
males and females and cause cognitive functions deterioration, lack of motor coordination and memory 
loss. Extracellular vesicles (EVs) are key players of the inter-cellular communication between donor and 
target cells; EVs are exploited by the cells to exchange a package of molecular information consisting of li-
pids, proteins and nucleic acids. Given their properties, EVs are emerging as a promising tool to develop 
revolutionary non-invasive therapies for a wide range of diseases. We investigated the effect of EVs re-
leased by anti-inflammatory MG and intranasally administered to both male and female mice during the 
old age (16-18 months). We evaluated in vivo memory and anxiety-like behavior and ex vivo inflammatory 
and homeostatic MG profile by RT-qPCR and cellular morphology analysis. EVs treatment ameliorated 
brain functionality in terms of reduction of anxiety; we observed a reduction of pro-inflammatory genes (Il-
6, Tnfα, Il1β, Cd86) and a recovery of the homeostatic MG morphology. The effects on microglia were dis-
similar in male and female mice pointing out sex-differences in the anti-aging effects of EVs treatment. The 
findings indicate EVs as an innovative strategy to slow down the effects of aging on brain functioning. 
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CDKL5 (cyclin-dependent kinase-like 5) deficiency disorder (CDD) is a rare and severe neurodevelopmental 
disease that mostly affects girls who are heterozygous for mutations in the X-linked CDKL5 gene. The lack 
of CDKL5 protein expression or function leads to the appearance of numerous clinical features, including 
early-onset seizures, marked hypotonia, autistic features, and severe neurodevelopmental impairment. 
Mouse models of CDD, Cdkl5 KO mice, exhibit several behavioral phenotypes that mimic CDD features, 
such as impaired learning and memory, social interaction, and motor coordination. CDD symptomatology, 
along with the high CDKL5 expression levels in the brain, underscores the critical role that CDKL5 plays in 
proper brain development and function. Nevertheless, the improvement of the clinical overview of CDD in 
the past few years has defined a more detailed phenotypic spectrum; this includes very common altera-
tions in peripheral organ and tissue function, such as gastrointestinal problems, irregular breathing, hypo-
tonia, and scoliosis, suggesting that CDKL5 deficiency compromises not only CNS function but also that of 
other organs/tissues. Here we report, for the first time, that a mouse model of CDD, the heterozygous 
Cdkl5 KO (Cdkl5 +/-) female mouse, exhibits cardiac functional and structural abnormalities. The mice also 
showed QTc prolongation and increased heart rate. These changes correlate with a marked decrease in 
parasympathetic activity to the heart and in the expression of the Scn5a and Hcn4 voltage-gated channels. 
Moreover, the Cdkl5 +/- heart shows typical signs of heart aging, including increased fibrosis, mitochondrial 
dysfunctions, and increased ROS production. Overall, our study not only contributes to the understanding 
of the role of CDKL5 in heart structure/function but also documents a novel preclinical phenotype for fu-
ture therapeutic investigation. 
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Endocrine disruptors (EDs) are a heterogeneous group of chemicals that may interfere with several mech-
anisms of the endocrine system. Some of them derived from natural sources, but most are synthetic chem-
icals released by human activity into the environment, such as ethinyl estradiol (EE), an estrogen medica-
tion. Their danger lies in the constant exposure of the global population and in the possibility of an induc-
tion of toxic effects not only on the hormones, but also on various physiological systems, such as the cen-
tral nervous system. Among the mechanisms by which EDs could impact human health, of interest is the 
modulation of microRNA (miRNA). Therefore, the aim of the study was to identify the cellular pathways 
deregulated following exposure to subtoxic concentrations of EE and the effects on the expression of miR-
NAs implicated in pathways involved in neurotoxicity mechanisms. A human neuroblastoma cell line, SH-
SY5Y, was exposed to different concentrations of EE for 48h to identify the experimental conditions to 
which cytotoxicity was not induced and which did not affect the cellular redox state. Afterwards, a miRNA 
profiling unveiled an important modulation in the expression of some miRNAs implicated in neurotoxicity. 
The genes target of these miRNAs were identified thanks to a computational analysis and the results 
showed that several of them were members of the PI3K/Akt/mTOR pathway. The modulation of the genes 
and the proteins included in this pathway has been validated by Real-Time PCR and Western Blotting as-
says. The study identified upregulation in the phosphorylation of Akt and mTOR, while p53 underwent 
downregulation following exposure to EE. Although these analyses are preliminary, they allow to investi-
gate the role of EE as ED able to modulate pathways involved in neurodegeneration and tumor develop-
ment. 
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The serotonin receptor 7 (5-HT7R) is a G-protein coupled receptor, which is involved in various forms of 
synaptic plasticity in the brain. This receptor has been associated with several neurological and neurode-
velopmental disorders including schizophrenia, depression and Autism Spectrum Disorders (ASD), which 
are characterized by abnormal neuronal connectivity and intellectual disabilities. Angelman Syndrome (AS) 
is a rare neurodevelopmental disorder exhibiting a high comorbidity with ASD. Interestingly, our research 
has revealed that several signalling pathways affected in AS are positively regulated by 5-HT7R. We first 
demonstrated that 5-HT7R activation by acute systemic injection of LP-211, a potent and selective agonist, 
could rescue behavioral impairment (fear conditioning test) in AS mice, suggesting a potential involvement 
of 5-HT7Rs in AS pathogenesis. We next investigated synaptic protein synthesis using synaptosomes isolat-
ed from the cortex of AS and wild type (WT) mice. Our results showed a significant impairment in synapto-
somal protein synthesis in AS as compared to WT mice and stimulation of synaptosomes with LP-211 res-
cued this impairment. Additionally, we examined neuronal morphology of hippocampal primary neurons 
from AS and WT mice brains. Our results revealed a decrease in the density of dendritic spines in neurons 
from AS mice as compared to WT. Interestingly, chronic stimulation for 3 days with LP-211 restored spine 
density to the value found in neurons from WT mice. Overall, our study demonstrates that activation of 5-
HT7R can rescue multiple synaptic plasticity mechanisms that are disrupted in AS mice. These results thus 
provide a new perspective for therapeutical approaches of the disease, using 5-HT7R receptor as a poten-
tial target. 
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Noonan syndrome (NS) is a rare, genetically inherited disease due to mutations on the PTPN11 gene, lead-
ing to the hyperactivity of the encoded Shp-2 tyrosine-kinase. Around 50% of NS patients show cognitive 
disabilities, such as learning and memory impairments. Unfortunately, drugs for the treatment of these 
symptoms are not available and how Shp-2 hyperactivation affects neuronal functions is still elusive. The 
comprehension of the molecular mechanisms underlying NS-associated cognitive deficits is needed for un-
derstanding their pathogenesis and for the identification of new molecular targets. Hence, we used the in-
duced pluripotent stem cells (iPSCs) technology as an “in vitro” tool to model NS and study the molecular 
mechanisms underlying the cognitive deficits. Peripheral blood mononuclear cells were isolated from three 
different NS patients with cognitive deficits and the 188A>G mutation in the PTPN11 gene and treated with 
the Yamanaka factors (Oct3/4, c-Myc, Klf4, Sox2). We then selected two iPSCs lines for each patient and we 
confirmed their stemness and their pluripotency both by gene expression and immunofluorescence anal-
yses. Moreover, iPSCs-derived embryoid bodies were analyzed for the expression of typical ectodermic en-
dodermic and mesodermic genes, and therefore for their ability to generate all the body tissues. Each iPSCs 
line was also karyotyped and analyzed for the presence of the 188A>G mutation in the PTPN11 gene. Since 
it has been shown how Shp-2 hyperactivity impacts glutamatergic neuron function, we also developed a 
protocol to differentiate iPSCs into neuronal cells with a high percent of glutamatergic neurons. 
Thus, iPSCs lines generated from NS-patients and cognitive deficits, and their corresponding genetic-
manipulated lines with the corrected mutation used as control, represent a powerful tool to identify the 
molecular mechanisms underlying the neurological feature of the disease. 
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Glyphosate (Gly)-based herbicides (GBH), that are widely used worldwide, act by inhibiting the enolpy-
ruvylshikimate-3-phosphate synthase of the shikimate pathway, an enzyme expressed in plants but not in 
mammals. We recently found that chronic exposure to toxic doses of GBH produces: reduced expression of 
neurotransmitters, increased cellular oxidative stress, augmented anxiety/depression-like behaviors, and 
impairments of learning and memory. Although the safety of Gly is actively investigated, so far very little is 
known on the mechanisms underlying Gly neurotoxicity. Importantly, only few studies addressed the neu-
ronal consequences of the acceptable daily intake (ADI) dose. To fill this gap, we investigated the effects of 
an acute Gly (3µM) treatment on both structural and functional organization of synaptic connections by 
patch-clamp recordings, immunofluorescence and confocal microscopy of primary hippocampal neuronal 
cultures. The measure of evoked excitatory and inhibitory postsynaptic currents showed that Gly admin-
istration reduces the amplitude of inhibitory GABAergic neurotransmission without affecting glutamatergic 
responses. Moreover, both the amplitude and frequency of miniature inhibitory postsynaptic currentswere 
affected by Gly administration, suggesting that GABAergic transmission is affected both pre- and post-
synaptically. In line with this, we found that Gly reduces the number of postsynaptic GABAA receptors 
channels, the size of the readily releasable pool of synaptic vesicles and the number of release sites. Con-
sistently, morphological analyses showed that the density of both pre- (vGAT-positive) and post-synaptic 
(gephyrin-positive) inhibitory compartments are reduced in Gly-treated neurons while excitatory contacts 
are unaffected. In sum, these data disclose novel neuronal and synaptic abnormalities caused by the ADI 
dose of Gly, which strongly prompts for further investigations to assess the underlying molecular path-
ways. 
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Cytokines are potent immunomodulators exerting several pleiotropic effects also in the CNS. They influ-
ence neuronal functions and circuit activity with effects on memory processes and behaviours. In particu-
lar, the interleukin 15 (IL-15) play a pivotal role in the differentiation, activation and viability of innate and 
adaptive lymphocytes. Here, we unravel the neuromodulatory function of the IL-15 in the brain. In ex vivo 
hippocampal slices, acute exposure to IL-15 enhances GABA release and reduces glutamatergic currents, 
while chronic delivery of IL-15 in vivo into the hippocampus alters synaptic transmission and impairs 
memory in the novel object recognition test. Moreover, we describe the involvement of serotonin receptor 
in the neuromodulatory effect of IL-15: indeed the pre-treatment with a selective 5HT3A receptor antago-
nist prevents the IL-15-mediated effects on inhibition and ameliorates performance in NOR. These findings 
provide new insights into the complex interaction between cytokines and CNS at the functional levels with 
implications on behaviour. 
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Autism Spectrum Disorders (ASD) is a complex neurodevelopmental disorder characterized by persistent 
deficits in social interaction and restricted patterns of behavior. The etiology of ASD remains poorly under-
stood, but emerging evidence suggests a potential involvement of the serotonin system. Serotonin signal-
ing, mediated by the serotonin receptor 7 (5-HT7R), plays a crucial role in neurodevelopment, synaptic 
plasticity, and social behavior. Our research focused on local synthesis at central nervous system synapses 
using synaptosomes, an in vitro model mimicking synaptic contacts in living organisms. We used a novel, 
non-radioactive protein labeling technique named SUnSET (Surface and Sensing of Translation) to investi-
gate the synaptic system of protein synthesis. We examined the effects of a selective 5-HT7R agonist 
named LP-211 on protein synthesis of the synaptosomal fraction from the brain cortex of BTBR mice, a 
well-established animal model of ASD. We observed that LP-211 treatment significantly increased synaptic 
protein synthesis. These results suggest that the activation of 5-HT7R by LP-211, in an ASD animal model, 
promotes the molecular processes involved in protein synthesis at the synapses. To further investigate the 
specificity of this effect, synaptosomes were co-incubated with LP-211 and the selective 5-HT7R antagonist 
SB-269970. This treatment successfully restored protein synthesis levels to the baseline, indicating a 5-
HT7R modulatory role in synaptic protein synthesis. These results shed light on the involvement of 5-HT7R 
in the molecular mechanisms underlying synaptic plasticity in ASD, opening a new perspective in the identi-
fication of therapeutic targets for ASD. 
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Sleep is a fundamental physiological process regulated by several mechanisms. In the last years it has been 
demonstrated that not only neurons, but also glial cells and immune system cells participate in in the sleep 
process through the release of cytokines, regulating neuronal activity. 
In this study, we investigate the involvement of Natural Killer (NK) cells in the regulation of the sleep pro-
cess. Through a combination of EEG analysis and behavioral assessments, we demonstrate that NK cells 
exert a significant influence on sleep process. In particular, NK cells depletion in mice induces a decrease in 
the sleeping time during the resting phase and a reduction in the sleep pressure, a mark of the necessity to 
sleep, during the active-to-resting phase transition. We, also, identify the interferon (IFN)-γ as key molecu-
lar mediator responsible for this regulation. Using XMG1.2 antibody, which specifically targets and blocks 
IFN-γ, we demonstrated that the blockade of the cytokine mimics the effect of NK cell-depletion in mice. 
Moreover, we demonstrated that IFN-γ and NK cells modulate the activation of nNOS+ (neuronal nitric ox-
ide synthase) inhibitory interneurons, that are directly responsible in the generation of the sleep pressure. 
These findings provide important insights into the complex network of factors involved in the regulation of 
sleep, and highlights the intricate interplay between the immune system and neuronal circuits in physio-
logical processes. 
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Cyclin-dependent kinase-like 5 (CDKL5) deficiency disorder (CDD) is a rare neurodevelopmental disease 
caused by mutations in the X-linked CDKL5 gene. CDD is characterized by a broad spectrum of clinical mani-
festations, including early-onset refractory epileptic seizures, intellectual disability, hypotonia, visual dis-
turbances, and autism-like features. The Cdkl5 knockout (KO) mouse recapitulates several features of CDD, 
including autistic-like behavior, impaired learning and memory, and motor stereotypies. These behavioral 
alterations are accompanied by diminished neuronal maturation and survival, reduced dendritic branching 
and spine maturation, and marked microglia activation. There is currently no cure or effective treatment to 
ameliorate the symptoms of the disease. Aerobic exercise is known to exert multiple beneficial effects in 
the brain, not only by increasing neurogenesis, but also by improving motor and cognitive tasks. To date, 
no studies have analyzed the effect of physical exercise on the phenotype of a CDD mouse model. In view 
of the positive effects of voluntary running on the brain of mouse models of various human neurodevel-
opmental disorders, we sought to determine whether voluntary daily running, sustained over a month 
could improve brain development and behavioral defects in Cdkl5 KO mice. Our study showed that long-
term voluntary running improved hyperlocomotion and impulsivity behaviors, and memory performance 
of Cdkl5 -/Y mice. This is correlated with increased hippocampal neurogenesis, neuronal survival, spine 
maturation, and inhibition of microglia activation. These behavioral and structural improvements were as-
sociated with increased BDNF levels. Given the positive effects of BDNF on brain development and func-
tion, the present findings support the positive benefits of exercise as an adjuvant therapy for CDD. 
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The cerebellum is a versatile brain region that regulates various motor/non-motor behaviors. Thus, im-
pairments in its architecture and circuitry lead to a wide range of neurodevelopmental/neuropsychiatric 
disorders. During postnatal development, the cerebellum undergoes changes in its cellular arrangement, 
guided by the Brain-derived Neurotrophic Factor (BDNF), which plays a role in appropriate development, 
synaptogenesis, and maintenance of cerebellar connectivity. In Niemann-Pick C1 disease (NPC1), a rare ly-
sosomal lipid storage disease, we have previously shown that a decline in Sonic hedgehog (Shh) and BDNF 
expression in the first weeks of postnatal development disrupts cerebellar granule cell (GC) migration and 
maturation, influencing the final cerebellar cytoarchitecture. In Npc1 mice, through immunohistochemis-
try/ Neurolucida analysis at various stages of early postnatal life, we observed a significant decrease in the 
amount, size and tortuosity of glomeruli, the main synaptic contact between GC dendrites and axons of 
mossy fibers. These results prompted us to investigate the presence of functional abnormalities in mature 
glutamatergic synapses. Therefore, by subcellular protein fractionation, we examined the expression levels 
of specific presynaptic (Syntaxin 1A, VAMP2, SNAP-25) and postsynaptic (Drebrin, Shank3) proteins during 
different stages of postnatal development, finding a general SNAP-25 deficiency in Npc1 mice compared to 
wild type (wt) mice. Furthermore, through Golgi-Cox staining analysis, we characterized the density and 
morphology of GC dendritic spines in the internal granular layer, both in wt and mutant mice, to identify 
abnormalities in synapse maturation and pruning processes, during critical stages of cerebellar develop-
ment. Finally, Npc1 male mice showed no preference for social/nonsocial cues in a typical task used to 
study autistic-like behavior, consistent with studies indicating reduced levels of cerebellar BDNF in autistic 
patients. 
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Major depressive disorder (MDD) is a debilitating illness characterized by depressed mood, anhedonia, and 
impaired cognitive function. In the last few years, compounds targeting serotonin receptors 5-HT2A or N-
methyl-D-aspartate (NMDA) receptors have emerged as promising rapid-onset antidepressant agents. 
These drugs, collectively known as fast-acting antidepressant, may show clinical efficacy within 24 hours 
after the first administration and their effects may last long after the compounds have been cleared from 
the body. Fast-acting antidepressants have been shown to promote structural and functional neuroplastici-
ty in the prefrontal cortex (PFC), which is one of the brain areas that have been documented to undergo 
neuronal atrophy in MDD patients. Despite evidence for clinical efficacy is growing, the molecular mecha-
nism underlying the neuroplastic effect of these drugs is not fully understood. Intriguingly, neuroplasticity-
promoting molecules seem to share similar downstream pathways that recapitulate in the increase of den-
dritogenesis and spinogenesis; nonetheless, their upstream binding partners and interactors might be dis-
tinct. Our aim is to investigate the mechanism of action of fast-acting antidepressants targeting the sero-
tonin receptor 5-HT2A or the NMDA receptor, such as psilocin and esmethadone, respectively. By combin-
ing pharmacological, genetic, and imaging interventions on primary cortical neurons and neuron-
differentiated cells, we aspire at dissecting the intracellular pathways underlying the neuroplastic potential 
of fast-acting antidepressants. Our approach may be useful to characterize the neuroplastic activity of new 
5-HT2A agonists or NMDA receptor antagonists. 


