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PROGRAM

29 September 2020

8.45 - 9.15 Salutation from the Italian Society of Neuroscience

9.15 – 11.45 SYMPOSIUM 1 

Moderators:     Paolo Calabresi
Maurizio Taglialatela

9.15-9.30 Ceccarelli Francesco - University of Rome La Sapienza
Stable and dynamic coding in dorsolateral and frontal pole prefrontal 
cortex

9.30-9.45 De Rosa Arianna - University of Rome La Sapienza, Ceinge
Anticipated expression of D-aspartate oxidase since embryonic stage 
drastically reduces D-aspartate levels in the mouse brain and influences 
spatial memory

9.45-10.00 Marongiu Jacopo - University of Cagliari
Influence of Dopamine Transmission in the Medial Prefrontal Cortex and 
Dorsal Striatum on the Ultrasonic Vocalizations in Amphetamine-Treated 
Rats 

10.00-10.15 Bruzzone Matteo - University of Padova
A glance at zebrafish behavior and its neural underpinnings 

10.15-10.30 Cammarota Mariarosaria – University of Naples “Federico II”
Neuroprotective effects of UCM1341, a bivalent ligand with melatonin 
receptor agonist and fatty acid amide hydrolase (FAAH) inhibitory activity, 
against excitotoxic and inflammatory damage in hippocampal organotypic 
slices

10.30-10.45 Frumento Giulia – University of Genova
Maladaptive responses to stress alter glutamate release in gliosomes from 
rat pre-frontal and frontal cortex

10.45-11.00 Cosentino Livia - University of Rome La Sapienza, Istituto superiore di 
Sanità
MeCP2 interacts with sex in shaping stress vulnerability: evidence from a 
mouse model

11.00-11.15      Surabhi Ramawat – University of Rome La Sapienza
                         Target Selectivity Related Activity in Primate Prefrontal and Premotor 

Cortex during Logical Decision Making
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      11.15-11.30 Santori Alessia – University of Roma La Sapienza / Univesity of Calgary,     
Alberta, Canada 

                          Hippocampal endocannabinoid signaling regulates short-term recognition 
memory in rats: Influence of stress and circadian rhythm

11.30-11.45      Lorenzati Martina – University of Torino
c-Jun N-terminal Kinase 1 (JNK1) modulates oligodendrocyte progenitor 
cell architecture, proliferation and myelination

 

12.00 – 13.45 SYMPOSIUM 2 

Moderators:     Paola Fadda
Agnese Secondo

12.00-12.15 Ardizzone Alessio – University of Messina
TLR7/8 deletion reduce the pathogenesis of Parkinson’s Disease

12.15-12.30   Campanile Mario - University of Campania Luigi Vanvitelli, University of 
Naples Federico II
Effect of Ruta graveolens water extract on ischemic damage and 
neurological deficits in a rat model of transient focal brain ischemia

12.30-12.45 Barone Annarita - University of Napoli Federico II
                          Different 18F-FDG brain PET metabolic patterns in Treatment-resistant 

schizophrenia patients compared to responsive patients: preliminary data

12.45-13.00 Della Notte Salvatore - University of Napoli Federico II
Evaluation of motor deficits in mice bearing the human mutation A53T of α-
synuclein, a model of Parkinson’s disease

13.00-13.15 Frisina Marialaura – University of Calabria
Neuroprotection triggered by ischemic preconditioning is associated with 
modulation of the innate immune system in mice undergone focal cerebral 
ischemia

13.15-13.30 Mingardi Jessica - University of Brescia
Putative role of miR-9 in the remodelling of hippocampal dendritic 
arborisation induced by chronic stress and ketamine

13.30-13.45 La Russa Daniele - University of Calabria
Modulation of the molecular components of store-operated calcium entry 
(SOCE) following focal cerebral ischemia and ischemic preconditioning in 
mice
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14.00 – 14.45 
Plenary Lecture
Host: Alessandro Usiello           Speaker: Gilberto Fisone

      Department of Neuroscience, Karolinska Institutet, Stockholm,  Sweden.
                    
Motor and non-motor symptoms in Parkinson’s disease: what can we 
learn from animal models?

15.00 – 17.00 SYMPOSIUM 3

Moderators:     Ferdinando di Cunto
Anna Pannaccione

15.00-15.15       Baklou Markella - University of Naples Federico II
                     Axonal transport in motor neuron disease: Dissecting the role of KIF5A

15.15-15.30      Casarotto Elena – University of Milano   
                                 Extracellular vesicles and their role in TDP-43 proteinopathies
 
       15.30-15.45      Lama Adriano - University of Napoli Federico II

Palmitoylethanolamide limits mood disorders and cognitive dysfunction 
induced by high fat diet in obese mice.

       15.45-16.00      Zerbo Roberta Arianna - University of Genova
Effects of exosomes derived from IFNγ-primed mesenchymal stem cells on 
the phenotype of astrocytes cultured from late symptomatic SOD1G93A 
mice.

       16.00-16.15 Guadalupi Livia - University of Roma Tor Vergata, IRCCS San Raffaele
       Pisana, Roma

Impact of physical exercise on the immune-synaptic communication in             
Multiple Sclerosis

       16.15-16.30      Schiavi Sara - University Roma Tre
Reward-related behavioral, and neurochemical changes in a rat model of                  
autism based on prenatal exposure to valproic acid 

16.30-16.45 Cherchi Federica – University of Firenze
                          Adenosine A2B receptors and sphingosine kinase/sphingosine-1  

phosphate signalling axis are involved in the maturation of oligodendrocyte 
precursor cells in vitro

       16.45-17.00      Masia Paolo - University of Cagliari 
Cannabinoid exposure in adolescence reprograms the brain’s response to 
cocaine
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17.00-18.45 SYMPOSIUM 4

Moderators:     Micaela Morelli
Antonella Scorziello

        
17.00-17.15 Bulli Irene - University of Firenze

Protective effect of the adenosine A2B receptor agonist BAY60 6583 in a rat 
model of transient brain ischemia

 17.15-17.30 Pizzi Sara - Institute for Biomedicine, Eurac Research, Bolzano
Microtubule modulation and α-synuclein biology

        17.30-17.45 Bellia Fabio - University of Teramo
                       DNA Methylation and Hydroxymethylation in Obsessive-Compulsive 

Disorder: preliminary findings

        17.45-18.00 Megaro Alfredo – University of Perugia
Pathological alpha-synuclein forms induce time-dependent striatal synaptic 
plasticity alteration in a Parkinson’s disease rat model

        18.00-18.15 Ciano Albanese Naomi - Istituto superiore di sanità, University of Rome La 
Sapienza
Comparing antidepressant efficacy of fluoxetine and minocycline treatment 
in different environmental conditions

        18.15-18.30 Marchetta Enrico – University of Rome La Sapienza, Fondazione Santa 
Lucia Roma
Individual differences in reactivity to stress predict resilience and 
susceptibility in an animal model of post-traumatic stress disorder (PTSD)

        18.30-18.45     Campanelli Federica - IRCCS Fondazione Santa Lucia, Roma
                       Abnormal dopamine D1-glutamate NMDA receptors interaction is linked to 

the loss of corticostriatal LTD in a mouse model of neurodegeneration
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30 September 2020

8.45 – 9.00 2nd Day Webinar Introduction 

9.00 – 10.30 SYMPOSIUM 5

Moderators: Tommaso Pizzorusso
                Carmela Matrone

9.00-9.15     Comincini Alessandro – University of Milano
     Neurodegeneration and microtubule dysfunction: unraveling the emerging                   

interaction between α-synuclein and tubulin in Parkinson's disease models                  
 
         9.15-9.30      Cristiano Claudia – University of Napoli Federico II

                        Role of formyl peptide receptor 2 in two mouse models of autism spectrum     
disorder

         9.30-9.45      Cermelli Aurora – University of Torino
                       Safety and Efficacy of Transcranial Direct Current Stimulation on patients 

with Alzheimer’s Disease or Frontotemporal Dementia: systematic review 
and meta-analysis

         9.45-10.00    Gioia Marino - IRCCS Fondazione Santa Lucia, Roma
                        Early striatal synaptic dysfunction and motor alterations induced by alpha-

synuclein: toward exercise-based rescue strategies

          10.00-10.15   Valente Valeria - University of Napoli Federico II
                       Fig4 regulates the homeostasis of endosomal compartments in different   

cell types

10.15-10.30  Natale Giuseppina - IRCCS Fondazione Santa Lucia Roma, University of      
Perugia
Noninvasive brain stimulation reduces side effects of dopamine replacement 
therapy on striatal plasticity in parkinsonian rats

10.45 – 12.15 SYMPOSIUM 6

Moderators:     Maria Vincenza Catania
                       Giuseppina Cantarella

          

10.45-11.00    Lucrezia Calabrese - University of Napoli Federico II
Identification and Characterization of the Role played by the neuronal 
Na+/Ca2+ Exchanger in Glioblastoma Progression and Malignity

11.00-11.15 Serra Marcello – University of Cagliari
Involvement of 5-HT1A/B and A2A receptors in the prevention of L-DOPA-   
induced dyskinesia and neuroinflammation
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11.15-11.30 Giuliano Claudio - IRCCS Mondino Foundation Pavia
Neuroprotective effects of Cannabidiol in an animal model of Parkinson's 
disease

11.30-11.45 Ongari Gerardo - IRCCS Mondino Foundation Pavia
                       Lysosomal alterations in subjects with RBD could help predict the 

conversion to Parkinson’s Disease

11.45-12.00   Morello Giovanna - Italian National Research Council Catania e Mangone 
(CS)
Integrative multi-omic analysis identifies new drivers and pathways in      
molecularly distinct subtypes of ALS

12.00-12.15 Zerillo Lucrezia - University of Napoli Federico II
Dysregulation of autophagy in synj1-associated early-onset parkinsonism

12.30 – 14.00 SYMPOSIUM 7

Moderators:     Alessandro Vercelli
                 Viviana Trezza

12.30-12.45 Balbi Matilde - University of Genova
Group-I metabotropic glutamate receptors regulate glutamate release in 
spinal cord synaptosomes from SOD1G93A mice at different stages of the 
disease

12.45-13.00 Lamonaca Giulia - Institute La Biomedicine, EURAC Research Bolzano, 
University of Trento
The small GTPase Rin inhibits LRRK2 to correct dysfunctional synaptic 
transmission

13.00-13.15 El Atiallah Ilham - University of Roma Tor Vergata
Ischemic injury precipitates neuronal vulnerability in Parkinson’s disease: 
insights from PINK1 mouse model study

13.15-13.30 Monteverdi Anita - University of Perugia
A deeper insight into the cerebellar network input processing using a High-
Density Multi-Electrode Array.

13.30-13.45 Carotenuto Lidia - University of Napoli Federico II
Identification of novel Kv7.2/Kv7.3 channel modulators using a 
fluorescence-based assay

13.45-14.00 Cisani Francesca - Università of Genova
Immunopharmacological approach to characterize the presynaptic release 
regulating AMPA autoreceptors in the cortex of mice.
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14.30 – 16.00 SYMPOSIUM 8

Moderators:     Viviana Trezza
                               Pasquale Molinaro

 14.30-14.45 Musa Aurora - University of Cagliari
Neurochemical and behavioral characterization of the synthetic 
cannabinoid receptor agonist 5f-mdmb-pica in adolescent and adult mice.

         
         14.45-15.00    Falconieri Alessandro - University of Pisa

Magnetically-guided manipulation of axonal growth: a new scenario in   
regenerative medicine?

15.00-15.15 Maltempo Teresa - University of Rome "Foro Italico", IRCCS Santa Lucia
Preference for locomotion-compatible path curvature in visual and 
somatomotor cortical regions

15.15-15.30 Bellagamba Martina - University of Roma "Foro Italico", IRCCS Santa Lucia
Effect of Self-Motion on Sensitivity to Object-Motion Speed in Virtual 
Reality Environment 

15.30-15.45 Tedesco Barbara – University of Milano
Differentiation of isogenic ipsc reporter lines to motoneurons as tools for 
familial and sporadic amyotrophic lateral sclerosis

15.45-16.00    Scuderi Sarah A. – University of Messina
Neuroprotective effect of PEA-OXA on oxaliplatin-induced neuropathic pain

16.00 – 16.15 Conclusive Remarks
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Stable and dynamic coding in dorsolateral and frontal pole prefrontal cortex

Francesco Ceccarelli1,2, Lorenzo Ferrucci1, Simon Nougaret1, Aldo Genovesio1
1Department of Physiology and Pharmacology, Sapienza University of Rome
2PhD program in Behavioral Neuroscience, Sapienza University of Rome

Introduction and objectives:
Several neurophysiological studies have shown that prefrontal cortex (PFC) activity at 
single-cell level represents the rules necessary for carrying out a cognitive task, such as 
the mapping of associations between stimuli and responses. Decoding algorithms are 
powerful tools that help the understanding of how the brain processes information by 
evaluating the whole activity of large neuronal populations. Adopting this approach, we 
investigated the contribution of dorsolateral and mediolateral neurons of PFC in the coding 
of stimulus-response (S-R) associations across different task epochs in a novel mapping 
task. In this task, two rhesus monkeys were trained to associate three instruction stimuli 
(IS) with three different response targets presented in three positions, such that each IS 
was mapped to only one specific response. During each trial, after a fixation period, one of 
the three IS and three potential targets appeared for a delay period. Then the IS 
disappeared and served as go-signal to perform a saccade toward one of the three 
targets. After a period of maintenance of the target fixation, a reward was delivered if the 
correct target was chosen. 

Results:
We examined whether it was possible to decode from the activity of a population of 338 
prefrontal neurons the three S-R associations using a linear classifier. We observed a high 
classification accuracy since 150 ms after the IS onset until the end of target fixation. We 
subsequently tested and trained the classifier using data from different time periods. Our 
results revealed a dynamic decoding accuracy along the different phases of the behavior.

Conclusions:
Our results show that although the representation of stimulus-response associations is 
maintained through the epochs of the task, its coding scheme at the population level is 
dynamic.

Research Area: Cognition and behaviour
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Anticipated expression of D-aspartate oxidase since embryonic stage drastically 
reduces D-aspartate levels in the mouse brain and influences spatial memory 

Arianna De Rosa1,3, Anna Di Maio1,3, Martina Garofalo2,3, Tommaso Nuzzo2,3, Errico 
Francesco3, Alessandro Usiello2,3.

1Department of Experimental Medicine, Sapienza University of Rome, Italy; 2Department of 
Environmental, Biological and Pharmaceutical Sciences and Technologies, Second 
University of Campania, L. Vanvitelli, Via A. Vivaldi, 4, 81100 Caserta, Italy; 3CEINGE 
Biotecnologie Avanzate, Via G. Salvatore, 482, 80145, Naples, Italy.

Introduction
The atypical amino acid, D-aspartate (D-Asp), has a transient emergence in the brain, 
being abundant in the embryonic and perinatal days, before significantly decreasing 
thereafter. Postnatal reduction of D-Asp is due to the concomitant onset of D-aspartate 
oxidase (DDO) enzymatic activity. D-Asp exists at extracellular level and acts as an 
agonist at NMDA and mGlu5 receptors1.To clarify the still enigmatic biological meaning of 
D-Asp during brain development, we generated knockin mice in order to anticipate Ddo 
expression starting from the zygotic stage.
Results
In line with our gene targeting strategy, we found increased transcription of cerebral Ddo 
and a selective depletion of D-Asp in knockin mice during ontogenesis. Histological 
analysis revealed no gross differences in brain size or structural organization. On the other 
hand, we observed a significant increase of PV-positive interneurons in the medial 
prefrontal cortex of mutant mice, which was accompanied by increased spatial memory in 
the Morris water maze and object recognition tasks.
Conclusions
Despite D-Asp is present at high levels only in the embryonic brain, its constitutive 
depletion allows mice to live without evident deficits and gross alterations of brain 
morphology. Future studies are mandatory to understand how the lack of D-Asp increases 
the number of PV-positive interneurons, their influence on mouse brain functions, and the 
biological meaning of cognitive ameliorations observed in knockin mice.

1. Errico F et al., 2018 

Research area: Cognition and behavior
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Influence of Dopamine Transmission in the Medial Prefrontal Cortex and Dorsal 
Striatum on the Ultrasonic Vocalizations in Amphetamine-Treated Rats

 
Jacopo Marongiu, Giulia Costa, Marcello Serra, Micaela Morelli, Nicola Simola 

Division of Neuroscience, Department of Biomedical Sciences, University of Cagliari, 
Cagliari, Italy. 

Introduction and objectives: 
Rat ultrasonic vocalizations (USVs) of 50 kHz are increasingly being evaluated as a 
behavioral marker of the affective properties of drugs (Simola and Brudzynski, 2018). 
Studies in amphetamine-treated rats have shown that activation of dopamine transmission 
in the nucleus accumbens (NAc) initiates the emission of 50-kHz USVs (Thompson et al., 
2006), but little is known on how dopamine transmission in other brain regions modulates 
the effects of drugs on calling behavior. To clarify this issue, we evaluated 50-kHz USV 
emissions in rats subjected to dopaminergic denervation of either the medial prefrontal 
cortex (mPFC) or the dorsal striatum (DS) and treated with amphetamine. The numbers of 
total and categorized 50-kHz USVs emitted were evaluated, along with 
immunofluorescence for Zif-268 in the NAc. 

Results: 
Dopamine-denervated and sham-operated rats displayed comparable patterns of calling 
behavior during amphetamine treatment and after amphetamine challenge. Conversely, 
rats that were dopamine-denervated in the mPFC, but not DS, emitted low numbers of 50-
kHz USVs on test cage re-exposure. Finally, dopamine-denervated rats displayed a less 
marked increase in Zif-268-positive neurons in the NAc shell after amphetamine challenge, 
compared with sham-operated rats. 

Conclusions: 
The present study demonstrates that dopamine transmission in the mPFC and DS 
modulates certain aspects of 50-kHz USV emissions in rats treated with amphetamine. 
These findings are of interest to identify the neuronal circuits that regulate the effects of 
psychoactive drugs on calling behavior. Indeed, as suggested by previous studies (Simola 
and Granon, 2019) measuring calling behavior may represent a useful ethological 
methodology able to clarify the mechanisms of drug-induced effects on emotional and 
motivational states. 

Research Area: Cognition and behavior
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A glance at zebrafish behavior and its neural underpinnings  

Matteo Bruzzone1, Elia Gatto1, Tyrone Lucon-Xiccato2, Luisa Dalla Valle3, Camilla Maria 
Fontana3, Giacomo Meneghetti3 and Angelo Bisazza1,4

1. Department of General Psychology, University of Padova, Padova, Italy; 2. Department 
of Life Sciences and Biotechnology, University of Ferrara, Ferrara, Italy; 3. Department of 
Biology, University of Padova, Padova, Italy; 4. Padova Neuroscience Center, University of 
Padova, Padova, Italy

Introduction and objectives: Recognition memory is the ability to recognize an object 
when it is encountered again. It allows one to discriminate familiar stimuli from novel ones 
and to adjust one’s own behaviour accordingly (Antunes & Biala, 2012; Blaser & Heiser, 
2015). Recognition memory is widespread across vertebrates and it seems to appear very 
early in mammals and fish (Reger et al., 2009; Miletto Petrazzini et al., 2012). A common 
paradigm to study it is the Novel Object Recognition test (NORt) (Ennaceur & Delacour, 
1988). The scope of our study was to investigate the presence of recognition memory in a 
popular animal model in research on brain (zebrafish larvae), the developmental evolution 
of this ability, and the use of a NORt to measure it.
Results:We tested a NOR procedure in zebrafish larvae of 7-, 14- and 21-days post-
fertilization (dpf) to investigate when recognition memory first appears during ontogeny. 
Overall, we found that larvae explored a novel stimulus longer than a familiar one. This 
response was fully significant only for 14-dpf larvae. A control experiment evidenced that 
larvae become neophobic at 21-dpf, which may explain the poor performance at this age. 
The preference for the novel stimulus was also affected by the type of stimulus, being 
significant with tri-dimensional objects varying in shape and bi-dimensional geometrical 
figures but not with objects differing in colour.
Conclusions:Although our experiments generally suggest that zebrafish larvae already 
possess some form of recognition memory and that this can be measured at 14 dpf, we 
demonstrated that NOR tests have some limitations in assessing it. In fact, at least in the 
version developed for rats, this test seems influenced by non-cognitive factors, such as 
neophobia, previous experience and spontaneous preferences (Ennaceur, 2010).

Bibliography
 Antunes M, Biala G. 2012. The novel object recognition memory: neurobiology, test 

procedure, and its modifications. Cogntive Processing 13:93-110 DOI: 10.1007/s10339-
011-0430-z.

 Blaser R, Heyser C. 2015. Spontaneous object recognition: a promising approach to the 
comparative study of memory. Frontiers in Behavioral Neuroscience 9:183 DOI: 
10.3389/fnbeh.2015.00183.

 Ennaceur A. 2010. One-trial object recognition memory in rats and mice: methodological 
and theoretical issues. Behavioural Brain Research 215:244–54 DOI: 
10.1016/j.bbr.2009.12.036.

 Ennaceur A, Delacour J. 1988. A new one-trial test for neurobiological studies of memory 
in rats. 1: Behavioral data. Behavioural Brain Research 31:47-59 DOI: 10.1016/0166-
4328(88)90157-X.

 Miletto Petrazzini ME, Agrillo C, Piffer L, Dadda M, Bisazza A. 2012. Development and 
application of a new method to investigate cognition in newborn guppies. Behavioural 
Brain Research 233:443-449 DOI: 10.1016/j.bbr.2012.05.044.

 Reger ML, Hovda DA, Giza CC. 2009. Ontogeny of rat recognition memory measured by 
the novel object recognition task. Developmental Psychobiology 51:672-678 DOI: 
10.1002/dev.20402.
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Maladaptive responses to stress alter glutamate release in gliosomes from rat pre-
frontal and frontal cortex

Giulia Frumento1, Tiziana Bonifacino1,2, Claudia Rebosio1, Mandeep Kumar1, Giambattista 
Bonanno1,2,3

1 Pharmacology and Toxicology Unit, Department of Pharmacy, University of Genoa, 
Genoa, Italy
2 Center of Excellence for Biomedical Research, University of Genoa, Genoa, Italy.
3 IRCCS, San Martino Polyclinic Hospital, Genoa, Italy. 

Introduction and objectives:
Stress is a response retained throughout evolution and acts as an integral part of any 
biological system, promoting an adaptive plasticity or maladaptive and harmful effects 
(McEwen, 2005; Popoli et al., 2011). Exposure to acute or subacute stress can induce not 
only rapid but also sustained changes in synaptic function and neuroarchitecture.
The aim of the present study was to investigate in the short term the effect of acute stress 
on the release of glutamate from gliosomes, that represent the perisynaptic areas of 
astrocytes (Stigliani et al., 2006; Paluzzi et al., 2007).
Rats were exposed to an acute paradigm of foot-shock (FS) stress (Musazzi et al., 2010) 
and, on the basis of sucrose consumption, they were divided in vulnerable (VUL, subjects 
with a reduction in sucrose consumption >25% after FS, compared to the basal 
consumption) or resilient (RES, subjects with a variation <10%). Differences between the 
spontaneous and stimulus-evoked glutamate release in these two groups of animals were 
evaluated in gliosomes obtained from pre-frontal and frontal cortex (PFC/FC), after 
sucrose test had been administered, 24 hours after FS stress.

Results:
The 15 mM KCl-evoked release of [3H]D-Asp, used to label the glutamate gliosomal pools, 
was significantly increased after FS-stress in VUL rats only, while the basal release was 
unmodified. In VUL rats, the EAAT1 and EAAT2 inhibitor TFB-TBOA significantly reduced 
the KCl-evoked and the basal [3H]D-Asp release; while, abolishing calcium produced a 
non-significant decrease of the stimulus-evoked [3H]D-Asp release.

Conclusions:
These data suggest that acute FS stress produced an increase of [3H]D-Asp release from 
PFC/FC gliosomes, possibly increasing the glutamate availability in the synaptic cleft. This 
increase could be observed only in rat that were VUL to stress application. Glutamate 
release seems to be supported mainly by reversal of glutamate transporters and, possibly, 
by exocytosis. 

Research area: Cognition and behavior.
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MeCP2 interacts with sex in shaping stress vulnerability: evidence from a mouse 
model

Livia Cosentino1,2, Fabio Bellia3, Nicole Pavoncello1, Chiara Urbinati1, Claudio 
D’Addario3, Bianca De Filippis1 

1Center for Behavioral Sciences and Mental Health, Istituto Superiore di Sanità, Roma, 
Italy; 
2PhD program in Behavioral Neuroscience, Sapienza University of Roma, Italy; 
3University of Teramo, Bioscience, Teramo, Italy. 

Introduction and objectives: Females heterozygous (+/-) for mutations in the X-linked 
epigenetic modulator methyl-CpG binding protein 2 (MECP2) suffers from Rett syndrome, 
an intellectual disability disorder. Recent evidence proposes MeCP2 as a key player in 
stress response programming (Murgatroyd et al., 2009). The present study evaluated 
whether MeCP2 dysfunctionality is involved in stress modulation of memory. Sex effects 
were also addressed, since stress sex-dependently influences cognitive performances 
(Shors, 2002). Mice carrying truncated MeCP2 protein (females: +/-, -/-; males: -/Y) and 
wild-type littermates (wt; +/+, +/Y) were tested in a T-maze task under both basal and 
stressed conditions (2 footshocks 0.4mA) to assess memory retrieval. Fear memory 
consolidation, stress-induced plasma corticosterone and hypothalamic expression of the 
stress axis regulatory genes were also analyzed. 

Results: The absence of full-length MeCP2 oppositely affected males and females 
memory retrieval under basal conditions, with -/Y performing worse and -/- better than sex-
matched wt controls (+/Y, +/+). Under stressed conditions, however, both -/Y and -/- 
underperformed wt. Consistently, stress increased memory consolidation of -/Y and -/- 
compared to wt. By contrast, memory retrieval of females carrying one copy of MeCP2 full-
length (+/-) appeared unaffected by stress, while memory consolidation was impaired 
compared to wt. Stress-induced corticosterone was reduced in mutant females (+/-, -/-) 
while increased in males (-/Y) compared to sex-matched controls. Hypothalamic mRNA of 
Corticotropin releasing factor and Arginine-Vasopressin was increased in the absence of 
full-length MeCP2 (-/-, -/Y), while Propiomelanocortine decreased in mutant females (+/-, -
/-). 

Conclusions: MeCP2 appears to have a crucial albeit complex role in shaping sex 
differences in stress axis regulation and stress effects on memory. Further analyses are 
needed to dissect the mechanisms of MeCP2 interaction with sex-dependent pathways, 
which could boost insight on the neurobiological basis of the sex bias underlying stress-
disorders vulnerability. 

Research area: Cognition and behavior 

Bibliography 
Murgatroyd, C., Patchev, A., Wu, Y. et al. Dynamic DNA methylation programs persistent 
adverse effects of early-life stress. Nat Neurosci. 2009; 12, 1559–1566. 
Shors TJ. Opposite effects of stressful experience on memory formation in males versus 
females. Dialogues Clin Neurosci. 2002;4(2):139–147.
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Target Selectivity Related Activity in Primate Prefrontal and Premotor Cortex during 
Logical Decision Making

*Surabhi Ramawat, Fabio Di Bello, Valentina Mione, Stefano Ferraina and Emiliano 
Brunamonti

 Department of Physiology and Pharmacology and *PhD program in Behavioral 
Neuroscience, Sapienza University, Rome

Introduction and Objectives
The similarities between available options give rise to a choice difficulty, which is reflected 
in both behavior and neuronal activity. Many studies have reported such neuronal 
correlations in both prefrontal cortex (PFC) and dorsal premotor cortex (PMd) using 
perceptual decision tasks, while very few have focused on choice difficulty based on the 
noisy representation in memory of learned information. Tasks, such as Transitive 
Inference (TI) task rely on decision between items located on mental-models after 
learning. In a TI task of six items, where A>B>C>D>E>F, subjects are able to infer at test, 
the reciprocal relationship of all items even those never experienced during learning (e.g., 
B > E) using a mental model of the series representation. Items are believed to be mapped 
in mental line with adjacent items partially overlapped. As a consequence, a strong 
symbolic distance effect (SDE) is normally described – i.e., performance is worst for pairs 
closely located in the series than for those pairs which are located more far away. We 
investigated the neuronal correlates of decision-making based on mental models by 
recording the activity of single neurons in the PFC and PMd of three macaque monkeys 
performing the TI task. 

Results
Here we confirmed a direct relationship between performance and symbolic distance of 
items. Moreover, we observed that the number of neurons selective for the target location 
increased and that the latency of the neuronal modulation decreased in both the brain 
areas for more difficult decisions. A comparison between the latencies of two areas 
revealed that this modulation occurred earlier in PFC. 

Conclusions
The results are in line with a role of both PFC and PMd in the studied form of decision-
making. The anticipated PFC and PMd modulation suggests a key role of these areas for 
the use of information stored in memory, although at different time points. 

Research Area: Cognition and behavior
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Introduction and objectives: The endocannabinoid system plays a key role in the control 
of emotional responses to environmental challenges (Morena and Campolongo, 2014). We 
previously demonstrated that different stress intensities, experienced soon after encoding, 
impaired rat short-term recognition memory in a circadian-dependent manner, and that 
boosting endocannabinoid anandamide (AEA) levels restored memory performance 
(Santori et al., 2019). The effects of stress on the endocannabinoid system are complex, 
regionally specific and dependent on time (Morena et al., 2016). Here, we examined if two 
different stress intensities and circadian rhythm alter endocannabinoid system components 
within the hippocampus, and whether these changes modulate short-term memory. Thus, 
Sprague-Dawley rats were subjected to an object recognition task and exposed, at two 
different times of the day (i.e. morning or afternoon), to low or high stress conditions, 
immediately after encoding. Memory retention was assessed 1-hr later. Hippocampal AEA 
and 2-arachidonoylglycerol (2-AG) content and the activity of their degrading enzymes, 
FAAH and MAGL (respectively), were measured soon after testing. 

Results: Independently of the time of the day, stress exposure induced an overall 
decrease of hippocampal AEA levels not linked to cognitive alterations. Interestingly, 
exposure to high stress decreased hippocampal 2-AG content and, accordingly, increased 
MAGL activity, selectively in the afternoon. Therefore, to further investigate hippocampal 
2-AG modulation of short-term recognition memory, rats were given bilateral intra-
hippocampal administration of the 2-AG hydrolysis inhibitor KML29 immediately after 
training, then subjected to low or high stress conditions and tested 1-hr later. Consistent 
with our previous findings (Santori et al., 2019), low stress impaired 1-hr memory 
performance only in the morning, where exposure to high stress impaired memory 
performance independently of the testing time. 

Conclusions: KML29 counteracted stress detrimental effects on short-term recognition 
memory, both in the morning and the afternoon. 

Research area: Cognition and behavior
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Introduction and objectives: The C-Jun N-terminal kinase (JNK) pathway participates in 
several physiological and pathological mechanisms. JNK1 exerts pleiotropic roles during 
brain development such as control of regional apoptosis, of microtubule dynamics during 
dendrite morphogenesis and cortical interneuron migration. Moreover, JNK1KO mice show 
alterations of the corpus callosum suggestive of myelin defects. Therefore, we investigated 
the role of JNK1 in oligodendrocyte (OL) development. 

Results: The dorsal cortex and the corpus callosum of JNK1KO mice was stained with 
anti-MBP antibody to first inspect the myelination. JNK1KO mice at both early postnatal 
and adult ages showed a lower extent of MBP expression, indicative of abnormal myelin 
deposition. Based on these data, we examined the nodes of Ranvier by labelling for 
contactin associated protein 1, one of the proteins of the adhesion complex that mediates 
their assembly. We found that JNK1KO mice display a higher density of nodes, that are 
longer compared to the WT. 
Furthermore, JNK1KO mice show a significant increase in the density and in the 
proliferation of oligodendrocyte progenitor cells (OPCs) at P7 and P15 compared to WT, 
while in adult ages this phenotype is lost. However, at all stages JNK1KO OPCs are 
characterized by a lower extension and complexity of ramifications. 
With the aim to assess cell autonomous defects of JNK1KO OLs, we performed in vitro 
cultures of WT and JNK1KO MACS-sorted OPCs and of WT rat OPCs treated with DJNKI 
(a specific inhibitor of JNK). JNK1KO/DJNKI-treated OPCs appear highly proliferative, 
even in condition of high cell density, when WT OPCs reduce cell division. Further, 
JNK1KO cells display a less complex architecture. 

Conclusions: Our findings suggest that JNK1 takes part cell autonomously in the 
regulation of OL architecture and proliferation. This may occur through the transduction of 
contact/adhesion signals. 

Research area: Development
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Regulating endocannabinoid (eCB) levels by inhibiting the eCB-hydrolysing enzymes is an 
attractive therapeutic perspective in several neuroinflammatory and neurodegenerative 
diseases. Fatty acid amide hydrolase (FAAH) is a membrane enzyme that catalyzes the 
inactivation of biologically active amides, including the endocannabinoid anandamide. 
Melatonin is a hormone released by the pineal gland that is currently used as a dietary 
supplement for the short-term treatment of insomnia.
Both melatonin and endocannabinoids exert physiological brain functions and are provided 
by immunomodulatory, antioxidant, and protective roles. In the present study we 
investigated the neuroprotective potential exerted by the bivalent ligand UCM1341, 
provided of melatonin receptor agonist and FAAH inhibitory activity, in rat hippocampal 
organotypic slice cultures exposed to different models of neurodegeneration, including 
excitotoxic and inflammation models. To this aim, slices were exposed to 10-30 µM N-
Methyl-D-Aspartate (NMDA) or 10 µg/ml lipopolysaccharides + interferon-g (IFN-g) in 
absence or in presence of 0.1-1-10µM UCM, and cell death was assessed by quantitative 
analysis of propidium iodide (PI) uptake. UCM dose-dependently prevented CA1 neuronal 
death induced by 10 µM NMDA after 48 hours. By contrast, it was less effective in 
counteracting 30 µM NMDA-induced neurodegeneration in hippocampal slices, although a 
significant neuroprotective effect was observed in the CA1 region with 10 µM UCM. 
Interestingly, when slices were exposed to LPS+IFN-g in presence of 0.1-10 µM UCM, PI 
uptake was significantly prevented, in a dose-dependent manner, both in CA1 and CA3 
hippocampal subfields.
Collectively, these findings suggested that UCM1341 exerts significant neuroprotective 
actions against excitotoxic and inflammatory models of neurodegeneration.

Research area: Disorders of the nervous system
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Introduction and objectives: Toll-like receptors (TLRs) are a family of pattern-recognition
receptors expressed on cells of the innate immune system that allow for the recognition of
conserved structural motifs on a wide array of pathogens, referred as pathogen-associated
molecular patterns (Krieg, A.M., Vollmer, J., 2007). The recent studies indicated that these
receptors not only play a role in innate immunity response but also participate in 
neurodegeneration and Central Nervous System (CNS) diseases. In particular, 
neuroinflammation and autoimmune mechanisms have been recognized to have a key 
part in the pathogenesis of Parkinson’s disease (PD) (Kannarkat et al., 2013). Thus, the 
aim of the present work was to evaluate the role of the intracellular TLRs (TLR7, TLR 8 
and TLR9) as a link between inflammation and autoimmunity in PD.

Results: We performed an in vivo model of PD, by 1-metil 4-fenil 1,2,3,6-tetraidro-piridina
(MPTP) administration for 7 days, both in single KO mice for TLR7, TLR 8 and TLR9 and 
in double KO mice TLR7/8. All animals were compared with WT animals used as a control
group. The result obtained demonstrated that the genetic absence of TLR 7 and 8 
modulate PD pathway increasing the immunoreactivity for TH and DAT compared to PD 
groups and decreasing microglia and astrocytes activation. Moreover, the deletion of TLR7 
and TLR8 significantly reduced T-cell production in the lymph nodes, suggesting a 
reduction of T-cell activation.

Conclusions: Our results highlight a possibility that a dual antagonist for TLR 7 and 8 
could be considered as a new therapeutic approach for Parkinson diseases.

Research area: Disorders of the nervous system
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Introduction and objectives Current therapeutic approaches of ischemic stroke are 
based on thrombolytic drugs which have a narrow therapeutic window and important side 
effects. Therefore, research for new approaches is necessary. 
Natural compounds are gaining more attention in recent years in a one drug multi target 
paradigm.
In our study, we set up a brain ischemic model in rats through the transient occlusion of 
Middle Cerebral Artery (MCA) by an intraluminal filament to evaluate the neuroprotective 
potential of the aqueous extract from leaves of Ruta graveolens (RGWE) in brain 
ischemia.

Results Our preliminary data, based on a small number of animals (n=3 per experimental 
group) show that ip injection of two different doses of RGWE, containing respectively 10 
and 30 mg/kg of Rutin, the main component of the extract, may have a neuroprotective 
effect on ischemic volume. Neurological deficits measured 24 h after stroke induction show 
that the low dose (10 mg/kg) has a protective effect.

Conclusions Natural compounds may have a neuroprotective effect on ischemic volume 
and on neurological deficits.
In the future experiments it will be important to increase the number of animals per 
experimental group and to define a reliable time window. 
    
Consulted sites: Pubmed, http://www.strokecenter.org/patients/about-stroke/stroke-
statistics/

Keywords: stroke, animal models, brain ischemia, behavioral tests, natural products
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Introduction and objectives: Approximately 30% of patients affected by schizophrenia 
do not respond adequately to antipsychotics (Lindenmayer et al, 2000) and are defined as 
Treatment Resistant, displaying greater severity of symptoms and more relevant cognitive 
deficits of putative neurodevelopmental origin (Elkis et al, 2016, de Bartolomeis et al, 
2013). The aim of our study is to detect significant differences also in FDG-PET metabolic 
cerebral patterns of TRS patients compared to non-TRS, and to identify potential 
correlations between metabolic findings and psychopathological or neurocognitive 
variables. Therefore, 38 patients affected by schizophrenia and cognitive impairment, 
admitted to the Outpatient Clinics for Treatment Resistant Psychosis of AOU Federico II, 
were enrolled and underwent: i)assessment of clinical response to antipsychotics; 
ii)psychopathological, functional and cognitive evaluation; iii)cerebral 18-FDG-PET with 
consequent visual and voxel-based analysis.

Results: The data we present are referring to the first 12 patients recruited (of which 7 
TRS and 5 non-TRS). The visual assessment of individual scans showed a more 
pronounced hypometabolism in TRS patients in comparison to non-TRS, in medial and 
lateral frontal areas, whereas striatum and occipital cortex were relatively well preserved. 
The voxel-based analysis detected a reduced glucose metabolism in TRS patients 
compared to controls (13653 voxel) in the whole frontal lobe, with a slight prevalence to 
the left side. Non-TRS patients showed a relative reduced metabolism, compared to 
controls, confined to the superior frontal areas. In direct comparison between patients, 
TRS ones exhibited a relative metabolic reduction bilaterally in superior lateral and medial 
frontal areas. 

Conclusions: The frontal cortical metabolism of glucose appears progressively and 
increasingly altered from controls to TRS in our sample. Although the preliminary nature of 
the data, our results are highly suggestive of evident differences between TRS and non-
TRS, therefore patients recruitment is ongoing for sample enlargement and further 
processing.

Research Area:  Disorders of the nervous system
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Introduction and objectives: Parkinson’s disease (PD) is a progressive
neurodegenerative disorder characterized by the loss of dopaminergic neurons in the
Substantia Nigra and the formation of inclusions mainly composed of alpha-synuclein (α-
syn), the Lewy bodies. α-Syn mutations (A53T, A30P and E46K) are implicated in the
pathogenesis of autosomal dominant forms of PD. The timing and the type of symptomatic
dysfunctions are important to understanding the impact of -syn on disease progression
and to identify new pathways and molecular targets for therapeutic intervention. The
present study was addressed to characterize the locomotor behavior in A53T -syn
transgenic mice during aging.

Results: Open Field and Rotarod tests performed in A53T-mice reveal a hyperactive
phenotype that precedes the age-related motor dysfunction typical of PD. Indeed, 4-
month-old A53T mice show a greater spontaneous exploratory locomotor activity,
measured by Open-Field-Test, compared to 12-month- old Tg and to the same age old WT
mice, as confirmed by the greater distance travelled. Similarly, 4-month-old A53T mice
display better balance and motor coordination compared to WT, during the Rotarod-Test,
whereas no differences are observed between 12-month-old Tg and WT mice.
Interestingly, 4- and 12-month-old A53T mice exhibit a progressive imbalance and
bradykinesia, measured by Pole-Test, since they spend more time climbing down the pole
compared to WT.

Conclusions: These data let to hypothesize the A53T α-Syn mutation might have a role in
anxiety-like and hyperactive behaviors in the early stage of disease, in a PD mouse model.
Therefore, A53T mice represent a useful model to investigate the molecular mechanisms
involved in the early-onset behavioral impairments occurring in PD patients and to identify
novel molecular targets for developing alternative strategies to block PD progression.

Research area: Disorders of Nervous System
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Introduction and objectives: 
The innate immune system plays a pivotal, dualistic role in cerebral ischemia, whereby 
inflammatory phenotypes contribute to damage progression, while alternatively activated 
cells provide beneficial roles. Preliminary work suggests that inflammatory and immune 
responses may also underlie cerebral ischemic tolerance induced by a sublethal 
preconditioning (PC) stimulus. 
Here, we investigate whether modulation of the central and peripheral innate immune 
system contributes to neuroprotection associated with ischemic PC in adult male mice. 

Results: 
Ischemic PC (15-min middle cerebral artery occlusion, MCAo) significantly (P<0.01, n=10-
12) reduced both infarct volume and neurological deficit produced, 72h later, by a more 
severe ischemic insult (1h MCAo + 24h of reperfusion). Cerebral damage was associated 
with increased mRNA and protein levels of the inflammatory cytokine interleukin (IL)-1β in 
the ischemic cortex, and this effect was prevented by the PC stimulus. The involvement of 
the peripheral immune response was confirmed by the 70% increase in spleen weight 
observed after 1h MCAo (P<0.05 vs sham) that was abolished in mice pre-exposed to PC. 
Indeed, flow cytometry analysis revealed that PC significantly (P<0.05) attenuated 
elevation of neutrophil counts produced by MCAo in blood (number of Ly6G+ events over 
10.000: sham=1710+/-500; MCAO=3420+/-700; PC=1124+/317; n=5). 
Regarding reparative phenotypes, a significant elevation of the expression of the M2 
marker Ym1 occurred in the ischemic cortex, as compared to contralateral tissue. 
Interestingly, PC further elevated (5.9-fold; P<0.001, n=5) the expression of Ym1 in the 
ipsilateral cortex as compared to 1h MCAo, being the Ym1 immunosignal mainly localized 
in myeloid cells infiltrating from the periphery. 

Conclusions: 
Tolerance produced by ischemic PC involves both central and peripheral modulation of the 
innate immune system, further underscoring the relevance of exploiting 
immunomodulatory approaches for the development of novel stroke therapies. 

Research area: Disorders of the nervous system
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Stress-based animal models of depression have shown dendritic remodelling in the 
hippocampus (HPC), suggesting a primary role of stress-induced maladaptive changes in 
etiopathogenesis. Antidepressant treatment with ketamine was shown to rapidly reverse 
the dendritic simplification induced by stress. Using the Chronic Mild Stress (CMS) animal 
model of depression, we have shown a reduction of CA3 pyramidal neurons apical 
dendritic length and complexity selectively in vulnerable animals, which was completely 
rescued by acute ketamine (Tornese et al, 2019). 

Here we aimed at studying putative molecular mechanisms underlying the morphological 
alterations induced by stress and ketamine. We found that dendritic simplification in CMS 
vulnerable rats was accompanied by changes in microRNAs known to play a role in 
neuroplasticity and stress response. In particular, miR-9-5p was selectively reduced in the 
HPC of vulnerable animals, while KET restored its levels to basal condition. 

To assess whether miR-9-5p was able to directly induce neuronal tree remodelling, we 
used in vitro expression modulation studies on primary HPC cultures and found that miR-
9-5p  downregulation significantly decreased total dendritic length and spine number, while 
miR-9-5p overexpression exerted the opposite effect. Bioinformatic analysis highlighted a 
number of putative target genes, and the top-hit ones (Gsk-3β, REST, Sirt1) were 
validated with Luciferase assay. Changes in protein expression levels of validated targets 
were measured in the HPC of CMS animals by Western-blot. 

Our results suggest that alterations in miR-9-5p levels may be involved both in 
mechanisms of stress resilience/vulnerability and in the fast antidepressant effect.

Research area: Disorders of the nervous system
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Introduction and objectives: 
Store-operated calcium entry (SOCE) plays a dualistic role in brain ischemia: complete 
depletion of Ca2+ from endoplasmic reticulum (ER) leads to neuronal death via ER stress, 
while Ca2+ refilling through SOCE protects neurons. Conversely, SOCE also provides a 
non-excitotoxic mechanism of ischemic neuronal death through excessive Ca2+ influx. 
SOCE involves the interaction between the Ca2+ sensor stromal interaction molecule 
(STIM)1 and the Ca2+ selective plasmamembrane channel Orai1. To prevent excess Ca2+ 
refilling, SOCE-associated regulatory factor (SARAF) associates with STIM to facilitate 
slow Ca2+-dependent SOCE inactivation.
Here, we investigate whether ischemic damage and neuroprotection conferred by ischemic 
preconditioning (PC) are associated with modulation of the expression of the molecular 
components of SOCE in mice.

Results: 
PC (15-min occlusion of the middle cerebral artery, MCAo) induced significant reduction of 
cerebral infarct volume and neurological deficit produced, 72 h later, by 1h MCAo + 24h 
reperfusion. Western blotting analysis revealed no differences in the expression of Orai1 
or STIM1 after MCAo and/or PC in brain cortex. Immunofluorescence revealed that STIM1 
was mainly expressed in neurons, whereas Orai1 was also expressed in circulating 
myeloid cells infiltrating the ischemic territory. Flow cytometry assay showed elevation of 
Orai1+ events mainly corresponding to Ly-6G+ neutrophils in the blood of ischemic mice, 
but this effect was unaffected by PC. Interestingly, a significant reduction in the (neuronal) 
expression of SARAF was observed in the ischemic cortex of mice subjected to 1h MCAo 
(as compared with contralateral or sham, P<0.01). This effect was abolished in the 
ipsilateral cortex of the animals subjected to the neuroprotective PC stimulus.

Conclusions:
Since SARAF protects cells from rapid Ca2+ overfilling, blocking SARAF downregulation 
may represent a pivotal mechanism implicated in neuroprotection provided by ischemic PC 
and should be exploited as an original target for novel stroke therapies.

Research area: Disorders of the nervous system
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Axonal transport defects are a common feature in motor neuron disease (MND),
manifesting early in the pathology. Recent data suggest that axonal transport impairment
may not only be a contributing factor but can cause neurodegeneration (reviewed by Guo
et al, 2019). Given the significance of the kinesin proteins in the anterograde transport of
cargo along microtubules, the findings of a recent amyotrophic lateral sclerosis (ALS)
genome-wide association study implicating a member of the kinesin-1 family, KIF5A,
previously associated with several other neurodegenerative diseases (Nicolas et al, 2018),
are of particular interest. An important cargo of KIF5A is mitochondria, transported via the
KIF5A/TRAK/RHOT1 complex (reviewed by De Vos & Hafezparast, 2017). This study
attempts to (1) explore the mechanisms that underlie mitochondrial axonal transport
impairment through KIF5A in a spinal muscular atrophy (SMA) mouse model and (2)
reveal the functional consequences of the most common KIF5A mutations recently
identified in ALS patients.
Preliminary results showed an upregulation of KIF5A both at mRNA and protein level in 
the brain stem of early symptomatic SMΑ mouse model (SMAΔ7) and a significant 
decrease in the mRNA levels of RHOT1 in the spinal cord of both early and late 
symptomatic SMAΔ7 mice compared to control mice.
The results are consistent with previous studies in ALS showing increased expression of
KIF5A and implication of this complex in the observed mitochondrial transport impairment
(Maniatis et al, 2019; Moller et al, 2017). This study is expected to provide additional
evidence that axonal transport defects not only play a crucial role in neurodegeneration but
could also be a causative factor in MNDs possibly acting through a common KIF5A-related
mechanism. Further studies will be carried out to establish these findings, confirm
mitochondrial transport defects and examine whether SMN1 is responsible for the
upregulation of KIF5A and the downregulation of RHOT1.

Research Area: Disorders of the nervous system



35

Adenosine A2B receptors and sphingosine kinase/sphingosine-1-phosphate 
signalling axis are involved in the maturation of oligodendrocyte precursor cells in 
vitro 

Federica Cherchi1, Irene Fusco1, Francesca Cencetti2, Ilaria Dettori1, Lisa Gaviano1, 
Martina Venturini1, Felicita Pedata1, Vittoria Colotta3, Daniela Catarzi3, Elisabetta Coppi1, 
Anna M Pugliese1 

1Division of Pharmacology and Toxicology, Dept. of Neuroscience, Psychology, Drug 
Research and Child Health (NEUROFARBA), University of Florence, Italy. 
2Dept. of Experimental and Clinical Biomedical Sciences, University of Florence, Italy. 
3Division of Pharmaceutical and Nutraceutical Sciences, Dept. of NEUROFARBA, 
University of Florence, Florence, Italy. 

Introduction and objectives: Oligodendrocytes (OL) are the myelinating cells in the brain 
and differentiate from their progenitors (OPCs) throughout adult life; this process fails in 
demyelinating pathologies. 
Adenosine is emerging as an important player in OPC differentiation; we recently 
demonstrated that selective stimulation of adenosine A2A receptors (A2AAR) inhibit OPC 
maturation by reducing voltage-dependent K+ currents (Coppi et al., 2013). Sphingosine-
1-phosphate (S1P) is a bioactive lipid that is produced by sphingosine kinases (SphK1 and 
SphK2) and can act as an intracellular mediator or as ligand of specific receptors (S1P1-
5). 
Fingolimod (FTY720) is a sphingosine analog and the first approved oral agent for Multiple 
Sclerosis, due to well-known immunomodulatory effect. However, the phosphorylated form 
of FTY720 (FTY720-P) regulates also OPC maturation and survival but the specific 
mechanisms are still unknown. 
S1P/SphK pathway have been shown to interact with A2BAR signaling in human 
erythrocytes (Sun et al., 2015). In this work we disclosed the functional role of A2BARs in 
modulating K+ currents (Pugliese et al., 2017) and OPC differentiation and we investigated 
its possible interplay with S1P/SphK signaling. 

Results: Western blot analysis showed that SphK1 phosphorylation was enhanced after 
acute treatment with BAY60-6583, a selective A2BAR agonist. FTY720-P (1μM) mimicked 
and partially occluded the inhibitory effect of BAY60-6583 on K+ currents. Conversely, a 
low concentration of FTY720-P (10nM) did not modify the amplitude of K+ currents, but 
significantly increased the effect of a subsequent application of BAY60-6583. Furthermore, 
we demonstrated, by RT-PCR, that chronic A2BAR stimulation reduced the expression of 
mature OL markers. Finally, silencing of A2BAR significantly reduced the BAY60-6583 
effect on K+ currents, enhanced S1P lyase expression and increased OPC differentiation. 

Conclusions: Our data show that A2BARs interact with SphK/S1P pathway to modulate 
oligodendrogliogenesis, thus they could represent a new pharmacological target to 
modulate remyelination processes. 

Research Area: Disorders of the nervous system
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Introduction and objectives: Recently, the effects of cannabis use on the brain received 
increasing attention in relationship with the implications for public health (Hall and Linskey, 
2016). Noteworthy, cannabis consumption is also associated with later use of cocaine. The 
epidemiological studies describing such progressive pattern of different substance use, 
refers to the Gateway Hypothesis (Kandel, 1975). In this context, since the 
endocannabinoid system plays a central role in the development of the adolescent brain 
(Galve-Roperh et al., 2009), it is relevant to understand if and how early exposure to 
cannabinoids could cause neurobiological changes that increase the risk of vulnerability to 
abuse other drugs. 
For this purpose, we investigated the prospective gateway effect of WIN55,212-2 (WIN), a 
full agonist of the CB1 receptors, evaluating drug’s cross-sensitizing behavioural and 
neurobiological effects to cocaine in both adolescence and adulthood. 

Results: Adolescent and adult male rats received administration of increasing doses of 
WIN, or its vehicle, twice-daily for 11 consecutive days. After 7 days of abstinence, rats 
were treated with cocaine, and tested with voltammetry in the nucleus accumbens (NAcc), 
or with locomotor activity 24 hours after the last day of abstinence. Adolescent, but not 
adult WIN-pre-treated rats later exposed to cocaine, showed a significant increase in the 
amplitude of dopamine release in the NAcc, and in the motor-activating effects of cocaine 
compared to vehicle-pre-treated animals. Furthermore, using a multi-omics approach, we 
found that the cocaine-induced behavioural cross-sensitization of WIN-pre-treated rats 
correlates with a variety of molecular modifications at the level of the PFC. 

Conclusions: These findings aim to provide a contribution to the literature to better 
understand the effects of cannabis use on the brain, and to provide a significant piece of 
knowledge for decision makers to address more effectively the subtle issue of cannabis 
legalization. 
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Introduction and objectives:
Amyotrophic Lateral Sclerosis (ALS) and frontotemporal dementia (FTD) are two 
neurodegenerative diseases. 98% of ALS cases and the majority of Tau-negative FTD 
cases are characterized by the presence of abnormal cytoplasmic inclusions of TAR DNA 
binding protein 43 (TDP-43) in affected cells (Feneberg et al., 2018). In these aggregates, 
together with the full-length TDP-43 are often present two TDP-43 C-terminal fragments of 
35 and 25KDa, resulting from the caspase 3-dependent cleavage of TDP-43 (Neumann et 
al., 2006). 
The main mechanism responsible for the clearance of these neurotoxic inclusions is the 
protein quality control (PQC) system (Cristofani et al., 2019). However, also the secretory 
pathway, composed by spherical extracellular vesicles (EVs), classified mainly in small 
(MVs) and large (EXOs) vesicles, on the basis of their biogenesis, size and surface 
markers, contributes to it (Iguchi et al., 2016).
Our first objective is to evaluate if the TDPs species are preferentially secreted in MVs or 
in EXOs. Our second objective is to evaluate if exists a possible correlation between PQC 
and EVs.

Results: 
We separated MVs and EXOs from neuronal cells using an ultracentrifugation method and 
analyzed them, for their size, number and morphology through the Nanoparticle Tracking 
Analysis and the transmission electron microscopy. Then, we evaluated EVs protein 
content through western blot analysis. Our results confirmed that all TDPs species are 
secreted in EVs; moreover, we demonstrated that insoluble TDPs species are secreted 
preferentially in MVs. In addition, we found that important PQC-components are secreted 
in EVs.

Conclusions:
The secretion of TDPs species through MVs and EXOs may have a protective role for the 
affected cells but it may also contribute to the prion-like distribution of toxic proteins. While, 
the presence of some members of the PQC in EVs, suggests a possible interplay between 
PQC and EVs.
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Abstract
Introduction and objectives: Obesity represents an important risk factor for the onset 
and the progression of neuropsychiatric disorders. (Mansur et al. 2015). 
Palmitoylethanolamide (PEA) is an endogenous lipidic mediator, whose central and multi-
faceted activity has been recently associated to the activation of peroxisome proliferator-
activated receptor (PPAR)- (Locci and Pinna, 2019). The aim of this study was focused 
on the effects of PEA in a murine model of mood disorders induced by high fat diet (HFD).

Results: Male C57Bl/6J mice were randomly divided into three groups: controls receiving 
chow diet; HFD group; HFD group treated with um-PEA (ultra-micronized formulation, 30 
mg/kg/die). The oral treatment with um-PEA started after 12 weeks of HFD feeding and 
lasted for 7 weeks along with HFD. At the end of the treatment, mice were undergone to 
behavioral tests (forced swimming and tail suspension test) for the evaluation of 
depressive-like behavior, anhedonia (sucrose preference and splash test), anxiety (open 
field test), and cognitive function (novel object recognition test). Um-PEA limited the 
detrimental effects of HFD in obese mice, increasing their responsiveness and effort to 
escape from adverse states, stimulating them to pleasure and self-care, reducing 
thigmotaxis, and restoring cognitive functions. The beneficial effects of um-PEA on mice 
behavior were correlated to an improvement of dopaminergic, serotoninergic, and 
glutamatergic systems in different brain areas involved in mood and cognition (i.e. nucleus 
accumbens, hippocampus and prefrontal cortex). Later, we also investigated many factors 
involved in synaptic plasticity. Indeed, um-PEA stimulated the expression of BDNF, its 
receptor TrkB, and the phosphorylation of CREB in hippocampus and prefrontal cortex. 
Even in hippocampus, um-PEA also stimulated neurogenesis (i.e. doublecortin, nestin, 
and Ki67) and reduced neuroinflammation triggered by HFD feeding.
Conclusions: Um-PEA is a multifunctional compound, useful to limit complex diseases, 
including metabolic and central ones, because of its neuroprotective and anti-inflammatory 
effects.
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Introduction and objectives:
Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease that affects upper and 
lower motor neurons (MNs), leading to muscle atrophy and paralysis. Within 3-5 years 
from diagnosis patients succumb due to respiratory failure (Eisen A., 2009). 
We previously demonstrated that the intravenous administration of mesenchymal stem 
cells (MSCs) in the SOD1G93A mouse model of ALS prolonged survival, improved motor 
skills and reduced reactive gliosis (Uccelli et al., 2012). These beneficial effects were not 
associated with MSC differentiation, being possibly mediated through paracrine 
mechanisms. We postulated that MSC-derived exosomes can be a mode to sustain the 
paracrine effects of MSCs.
We studied here the activity of exosomes derived from mouse IFNγ-primed MSCs on 
spinal cord astrocytes primary cell cultures prepared from late symptomatic, 120 day-old, 
SOD1G93A mice.

Results:
GFAP, S100β and vimentin expression was increased in 120 days-old SOD1G93A astrocytes 

compared to age-matched WT astrocytes. The in-vitro exposure to MSC-derived 
exosomes significantly reduced the overexpression of the three astrocyte activation 
markers. The expression of the inflammation complex NLRP3 was increased in SOD1G93A 
astrocytes and the increase was reversed after exposure to exosomes. Accordingly, the 
pro-inflammatory cytokines IL-1β, TNF-α and IL-6 were significantly more expressed and 
more efficiently released in SOD1G93A astrocytes and exosomes significantly decreased 
their overexpression and release. Conversely, the expression of the anti-inflammatory 
cytokine IL-10 was decreased in SOD1G93A astrocytes and normalized after exposure to 
exosomes. Finally, the viability of embryonic SOD1G93A mouse-derived MNs was 
significantly increased when seeded on exosome-treated late-symptomatic SOD1G93A 

astrocytes, compared to co-cultures with non-treated astrocytes. 

Conclusions:
Our results suggest that the reactive phenotype and the neuroinflammatory pathways of 
ALS-astrocytes are ameliorated by exosomes derived from IFNγ-primed-MSCs. Spinal MN 
viability was also improved. These results open to the possibility of in-vivo preclinical trials 
in SOD1G93A mice.
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Introduction and objectives: Inflammatory dependent demyelination and 
neurodegeneration are typical hallmarks of the autoimmune disease Multiple Sclerosis 
(MS) and of its mouse model experimental autoimmune encephalomyelitis (EAE). In the 
past years, an unexpected interaction between the immune and nervous systems emerged 
in the synaptic compartment independently of demyelination, as a trigger of synaptotoxic 
events leading to neurodegeneration. We recently developed an EAE homologous- and a 
MS chimeric- model (healthy murine slices co-incubated with EAE or MS derived T cells, 
respectively) as valuable tools to study the immune-synaptic interaction. In this respect, we 
provided evidence that EAE/MS T lymphocytes can directly cause synaptopathy 
(Centonze et al.,2009; Gentile et al.,2019). The aim of this study is to take advantage of 
the EAE model and of the homologous and chimeric models, to explore the impact of 
exercise on EAE disease and T-cell mediated synaptopathy. Although it is well recognized 
that exercise promotes wellness in MS patients and slows down EAE disease progression, 
the underlying mechanisms are still elusive. In order to investigate a potential 
immunomodulatory effect of voluntary exercise, we housed EAE mice in normal or wheel-
equipped cages and performed behavioral and biochemical experiments. 

Results: Preliminary analyses show a significant improvement of clinical disability, 
neuromuscular dysfunction, body weight and spinal cord demyelination in EAE-exercise 
mice. Furthermore, we observed that EAE-exercise derived T cells released less IL-1β, a 
pro-inflammatory cytokine proven to drive synaptopathy in EAE. 
Conclusions: By means of electrophysiological experiments we will evaluate a potential 
synaptic recovery induced by exercise, in support of its immunomodulatory and beneficial 
impact on EAE/MS disease. 
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Introduction and Objectives: Prenatal exposure to the antiepileptic drug valproic acid 
(VPA) induces autistic-like core behavioral symptoms in both humans and rodents, which 
makes it a good model to study the neural underpinnings of autism spectrum disorder 
(ASD). Rats prenatally exposed to VPA show profound deficits in the social domain. The 
altered social behavior displayed by VPA-exposed rats may be due to either a deficit in 
social reward processing or to a more general inability to properly understand and respond 
to social signals. To address this issue, we performed behavioral and neurochemical 
experiments and tested the involvement of the brain reward system in the social 
dysfunctions displayed by rats prenatally exposed to VPA (500 mg/kg). 

Results: We found that, compared to control animals, VPA-exposed rats showed reduced 
play responsiveness, impaired sociability in the three-chamber test and altered social 
discrimination abilities. Moreover, VPA-exposed rats showed altered expression of 
dopamine receptors in the nucleus accumbens (NAc). However, when tested for socially-
induced conditioned place preference, locomotor response to amphetamine and sucrose 
preference, VPA-exposed rats responded normally to social, drug and food rewards. 

Conclusions: our data suggest that the social dysfunctions displayed by VPA-exposed 
rats are more likely caused by alterations in cognitive aspects of the social interaction, 
rather than to inability to enjoy the pleasurable aspects of the social interaction. The 
observed neurochemical and alterations in the NAc may contribute to the inability of VPA-
exposed rats to process and respond to social cues, or, alternatively, represent a 
compensatory mechanism towards VPA-induced neurodevelopmental insults.
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Introduction and objectives: Ischemic stroke is a leading cause of death worldwide, 
characterized by excitotoxicity followed by neuroinflammation (Dirnagl et al., 1999). 
Adenosine concentrations increase dramatically during ischemia at a level able to 
stimulate all (A1, A2A, A2B and A3) receptors. The recent introduction of new 
pharmacological tools led to study the role of the most enigmatic low-affinity adenosine 
A2B receptor in brain ischemia. 
Aim of this study was to investigate the effect of the A2B receptor agonist BAY60-6583 
(BAY), chronically administered (0.1mg/kg, i.p., twice/day for 7 days), on damage 
parameters in a rat model of focal cerebral ischemia induced by transient (1 hour) Middle 
Cerebral Artery occlusion (tMCAo). Seven days after tMCAo brain infarct volume and the 
cytoarchitecture of the ischemic tissue were determined by cresyl violet and 
hematoxylin/eosin. Immunohistochemical analysis were performed to quantify and to 
assess type of damaged cells. 

Results: Chronic treatment with BAY reduced the neurological deficit at 1, 5 and 7 days 
(p<0.0005-0.05) after tMCAo. Seven days after ischemia, BAY reduced the infarct volume 
(p<0.05-0.001) and restablished the cytoarchitecture of the ischemic tissue. Moreover, it 
reduced number of heterochromatic nuclei belonging to glial cells, in the ischemic striatum 
(p<0.02) and in the ischemic cortex (p<0.005) and counteracted microglia activation in the 
striatum. Two days after tMCAo, BAY reduced the number of granulocytes (stained by 
anti-HIS48 antibody) infiltrating the cortex (p<0.004). 
Seven days after ischemia, BAY decreased TNF-α and increased IL-10 plasma levels 
(p<0.001-0.01). This last result stresses the key research questions of the predictive value 
of blood biomarkers in stroke. 

Conclusions: The results show that BAY60-6583, possibly acting on both neural and 
hematopoietic cells, by controlling the secondary neuroinflammatory damage, represents a 
new interesting target after brain ischemia. 
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Introduction and Objectives: Parkinson’s disease (PD) results from an intricate interplay 
between environmental and genetic factors affecting crucial cellular processes. Emerging 
evidence suggest that dysfunction of the microtubule system may underlie PD 
pathogenesis. Consistently, microtubules interact with different PD-linked proteins 
(Calogero et al., 2019), including α-Synuclein (αSyn), which is the main protein 
accumulated in Lewy bodies, the neuropathological feature of PD. Moreover, missense 
mutations and gene multiplications of the αSyn encoding gene, SNCA, cause familial 
forms of PD (Villar-Piqué et al., 2016). Recently, we demonstrated an enrichment of 
acetylated α-tubulin (AcTub) in the neuronal bodies in PD patient brains, which appears to 
inversely correlate with pathologic αSyn burden (Mazzetti et al., manuscript in 
preparation). Here, we aim at better elucidating how microtubule dynamics are modulated 
by αSyn and, on the other hand, how the microtubule cytoskeleton impacts on αSyn 
aggregation, adopting a cell biology approach. First, we used iPSCs-derived dopaminergic 
neurons obtained from a SNCA-triplication carrier, given their translational relevance; then, 
neuroblastoma cell lines overexpressing wild-type and mutated αSyn were used for their 
ease of manipulation. 

Results: In iPSCs-derived dopaminergic neurons with SNCA triplication, we observed a 
redistribution of AcTub comparable to that previously observed in autoptic PD patient 
brains. On the other hand, neuroblastoma cell lines overexpressing αSyn do not show 
remarkable alterations of the microtubule cytoskeleton, but they display an increase in the 
oligomeric forms of αSyn (assessed by proximity ligation assay). To investigate the 
dynamics of these processes, we treated the cells with tubacin, an inhibitor of HDAC6 that 
is responsible for α-tubulin deacetylation. Upon treatment, αSyn oligomers were reduced 
in A53T-aSyn cells, in parallel with increased AcTub levels. 

Conclusions: Our data suggest a functional connection between microtubule dynamics 
and αSyn biology, setting the stage for mechanistic studies designed to clarify the 
pathways involved. 
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Introduction and objectives:
Obsessive-compulsive disorder (OCD) is a psychiatric disorder characterized by recurrent,
time- consuming obsessive or compulsive behaviors that cause distress and/or impairment
(Milad & Rauch 2012). Candidate genes have been implicated in disease process, 
however the
results are still sparse and environmental factors are also involved in its development 
(Sinopoli
et al., 2017). Environmental signals are integrated by epigenetic processes and the aim of 
this study is to understand their contribution to individual OCD development, evaluating the
regulation of the main pathways involved in this kind of disorders.
We studied the transcriptional regulation of key genes analyzing mRNA abundance and 
DNA Methylation/Hydroxymethylation levels in peripheral blood mononuclear cells of OCD 
subjects and healthy controls. We used real-time PCR for gene expression analysis and a 
modified version of Pyrosequencing assay to analyze DNA 
Methylation/Hydroxymethylation levels in the promoter region of studied genes.

Results:
We observed significant increases of BDNF, DAT and MBCOMT and decreases of SERT,
MAOB and OXTR mRNA levels in OCD patients compared to controls. We also observed 
in OCD samples a consistent significant higher DNA methylation at OXTR gene promoter 
region and higher DNA hydroxymethylation at BDNF promoter region when compared to 
healthy controls.

Conclusions:
Our preliminary findings confirm the relevance of epigenetic changes in OCD to identify
diagnosis and prognosis biomarkers. On going studies are focusing on the study of the
epigenetic marks at the early stages of the disease, in order to identify possible 
geneenvironmental risk factors eventually responsible for OCD development.
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Introduction and objectives. Parkinson's disease (PD) is characterized by progressive 
loss of dopaminergic neurons of the substantia nigra pars compacta (SNc) and 
consequent reduction of striatal dopamine (DA). Histological, biochemical and genetic 
studies indicate a central role of alpha-synuclein (α-syn) in the pathogenesis of PD. 
The aim of the study was to characterize the effect of aggregated forms of α-syn 
(oligomers or preformed fibrils, PFF) in an experimental rat model of PD obtained by 
stereotactic intracerebral injections of α-syn forms.

Results. Basal electrical membrane properties and long-term synaptic plasticity were 
measured by patch-clamp recordings of striatal slices in rats 6 and 12 weeks after injection 
of α-syn and in animals injected with PBS (Sham). We found that in spiny projection 
neurons (SPNs) the current-voltage relationship, at 6 and 12 weeks after the lesion was 
not significantly different in α-syn-treated rats respect to sham-operated animals. 
Moreover, at 6 weeks from the injection, long-term potentiation (LTP), but not long-term 
depression (LTD), of synaptic transmission was absent (P<0.05) in α-syn-treated rats 
(oligomeric and PFF). Finally, in rats recorded at 12 weeks after α-syn injection, both 
SPNs LTP and LTD were significantly impaired (P<0.05).

Conclusions. The present study provided evidence supporting the time-dependent 
neurotoxicity of α-syn on SPNs striatal synaptic plasticity in an experimental condition 
resembling early stage of PD.
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Introduction and objectives: Major depression is a common mental disorder affecting 
over 300 million people worldwide. Selective serotonin reuptake inhibitors (SSRIs) are the 
first line treatment for depression. However, their efficacy is variable and incomplete. In 
order to explain this variability, it has been proposed that SSRI do not affect mood by per 
se but enhance neural plasticity and, thus, amplify the influences of living environment on 
mood. Consequently, their efficacy is affected by the quality of the environment. In order to 
overcome this limit, we investigated minocycline, a second-generation tetracycline 
antibiotic able to inhibit the immune system response, as novel and alternative 
antidepressant drug. To compare the efficacy of minocycline and fluoxetine, C57BL/6 adult 
female mice underwent to two weeks of chronic stress to induce depressive-like profile 
and, afterwards, treated with vehicle, fluoxetine or minocycline for 3 weeks, while exposing 
them to either a stressful or an enriched environment. 

Results: Fluoxetine, but not minocycline, outcome was affected by the living condition. In 
enrichment, fluoxetine led to an improvement of the depression-like phenotype, i.e. a 
decrease in liking-type anhedonia (increased saccharin preference) 
[F(2,132)=3.918,p=0.0283], while, in stress, had a similar efficacy compared to vehicle. By 
contrast, minocycline treatment led to an improvement in both enrichment and stress, 
minocycline-treated subjects displaying always a better recovery from the depression like 
profile, showing an increased saccharin preference compared to controls (Tukey’s post-
hoc, p<0.05). In addition, minocycline decreased wanting-type anhedonia compared to 
fluoxetine in stress [F(2,30)=4.423,p=0.0207]. 

Conclusions: These findings confirm the role of the environment in moderating SSRI 
treatment outcome and show that minocycline effects are independent from it, suggesting 
that minocycline represents a potential alternative treatment to SSRIs especially when 
administered in stressful conditions. 
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Introduction and objectives: Post-traumatic stress disorder (PTSD) is a psychiatric 
disorder whose pathogenesis relies on a maladaptive expression of the memory for a life-
threatening experience, characterized by over-consolidation, generalization and impaired 
extinction, which in turn are responsible of dramatic changes in arousal, mood, anxiety and 
social behavior (Trezza and Campolongo, 2013, Yehuda et al., 2015). Even if human 
subjects experiencing a traumatic event during lifetime all show an acute response to the 
trauma, only a subset (susceptible) of them ultimately develops PTSD, meanwhile the 
others (resilient) fully recover after the first acute response (Lewis et al., 2019). The 
majority of the available animal models of PTSD lacks of a dynamic dissection to better 
understand how this acute response can turn into PTSD-related maladaptive changes 
(Daskalakis et al., 2013; Hendriksen et al., 2014). Here we have implemented the PTSD 
model we previously developed (Morena et al., 2018), to make it suitable to differentiate 
between susceptible (high responders, HR) and resilient (low responders, LR) rats in 
terms of over-consolidation, impaired extinction, enhanced anxiety and social impairment 
after trauma experience. Rats were exposed to inescapable foot-shocks paired with social 
isolation. One week after trauma and before starting the extinction sessions, animals were 
tested in the Open Field (OF) and Social Interaction (SI) tests to search for a predictive 
variable for HR and LR classification. 

Results: We found a correlation between the number of crossings in the OF test and the 
cognitive and behavioral outcomes associated with PTSD-related maladaptive changes. 

Conclusions: These results suggested that this parameter is a reliable predictive variable 
in term of resilience or susceptibility to develop a PTSD-like phenotype after trauma 
exposure in rats. 

Research area: Disorders of the nervous system
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Introduction and objectives:
Movement disorders characterized by hyperkinesia and selective neurodegeneration of 
striatal neurons, are often associated to abnormal dopamine (DA)-glutamate interactions, 
striatal plastic changes and lack of behavioral flexibility (Bates, 2003). Experimental 
models of hyperkinetic disorders show as a common trait the loss of synaptic downscaling 
strategies and loss of bidirectional plasticity in the striatal spiny projection neurons (SPNs) 
(Andre, Cepeda, & Levine, 2010; Rangel‐Barajas & Rebec, 2016).
Here we explore corticostriatal plasticity alterations in symptomatic R6/1 mice, focusing on 
long-term depression (LTD), a well-conserved scaling down response of striatal neurons to 
environmental stimuli.

Results: 
In vitro patch clamp and intracellular recordings of corticostriatal slices from mutant mice, 
confirm that, similar to other models characterized by hyperkinesia and striatal DA D1 
receptor pathway dysregulation, while Long Term Potentiation (LTP) is expressed in 
dorsolateral striatum, synaptic depotentiation is lost (Calabresi et al., 2016; Martella et al., 
2009; Picconi et al., 2003; Quartarone & Pisani, 2011). In mutants, SPNs failed to respond 
to an LTD protocol with a reduction of excitatory postsynaptic potentials amplitude. Bath 
application of dopamine was able to induce an abnormal form of potentiation through D1 
receptor activation that was blocked by N-methyl-d-aspartate (NMDA) antagonist. 

Conclusions: 
Our results demonstrate that the main forms of DA- and NMDA-dependent corticostriatal 
synaptic plasticity are altered in R6/1 mouse model and confirm the role of aberrant DA-
glutamate interactions in the alterations of striatal synaptic downscaling in this and 
potentially other hyperkinetic movement disorders.

Research Area: Disorders of Nervous System



49

Neurodegeneration and microtubule dysfunction: unraveling the emerging 
interaction between α-synuclein and tubulin in Parkinson's disease models

Alessandro Comincini

Prof. Graziella Cappelletti’s laboratory, Neurobiology and neuroanatomy division, 
Department of Biosciences, University of Milan

Introduction and objectives:

Neuronal microtubules play a pivotal role in maintaining cell morphology while regulating 
intracellular trafficking along axons and dendrites. It is known that their activity is strictly 
controlled and modifications in their dynamics can elicit neuronal damage (Calogero et al., 
2019). Hence, the defects in microtubule system are emerging as a novel contributing 
factor in several neurodegenerative processes including Parkinson’s disease (PD). Among 
the triggers of PD, the aggregation of -synuclein inside neurons is considered to be one 
of the culprits. 
Despite decades of intensive investigation, the physiological role of -synuclein remains 
elusive (Burré, 2015) and, consequently, its contribution to pathology not well cleared up. It 
was previously found that -synuclein folds upon interaction with tubulin and pointed out 
its novel role in regulating multiple steps of microtubule dynamics in vitro (Cartelli et al., 
2016). Starting from these findings, we decided to deeply investigate whether the interplay 
between these proteins is affected by PD-linked mutations in vitro and how -synuclein 
could induce neurodegeneration via defective regulation of the microtubule cytoskeleton in 
neurons. 

Results:
Tubulin assembly kinetics was investigated in vitro by co-incubating pure tubulin with full 
length WT and PD-related mutant -synuclein. We found that all the variants elicit the 
significant reduction in MT mass. WT and E46K -synucleins induce also the decrease in 
the elongation rate of tubulin polymers compared to controls. In addition, by microscale 
thermophoresis analysis we revealed that mutated -synucleins loose their affinity for 
binding to tubulin. 
Conclusions:
Our in vitro results support the idea that the interaction of -synuclein with tubulin could be 
impaired in PD. We are planning to validate these data in primary neuronal cultures 
overexpressing wild-type and mutated -synucleins, and in mouse model as well. 
Research area: disorders of the nervous system
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Introduction and objectives: Autism spectrum disorder (ASD) is a neurodevelopmental 
disorder characterized by abnormal social interactions and repetitive behaviors. Among 
environmental factors associated with the risk of autism, one of the most common is the 
presence of ongoing neuroinflammation (Gupta et al.,2014). Lipoxin A4 (LXA4) is one of 
the most important arachidonic acid metabolites and has potent anti-inflammatory 
properties mediated by its receptor formyl peptide receptor 2 (FPR2) (Filep et al.,2018). 
Interestingly, decreased plasma levels of LXA4 were recently found in children with autism 
spectrum disorders (Yan et al., 2015). However, there has been a paucity of studies 
investigating the role of LXA4 and FPR2 in animal models of autism.
In the present work, we examined for the first time the effect of a novel ureidopropanamide 
based N-formyl peptide receptor 2 (FPR2) agonist, synthetized in collaboration with the 
University of Bari, on neuro-inflammatory state and behavioural phenotype in two mouse 
models of ASD.

Results: Our data showed that chronic systemic administration of this FPR2 agonist in a 
sub-chronic regimen, was able to attenuate in a dose dependent manner deficits in social 
behavior in two mouse models of autism: the inbred strain BTBR T + tf/J mice and the 
murine model of ASD induced by prenatal exposure to valproic acid. Moreover, RT-PCR 
and ELISA analysis revealed the activation of FPR2 by the agonist in mouse brain of both 
strains. In addition, we found that the FPR2 agonist was able to decrease some pro-
inflammatory cytokines and stimulates neurite outgrowth in hippocampal neurons of BTBR 
mice.
Conclusions: These findings suggest for the first time an important role for FPR2 in this 
disease. Our results are very promising and open a new scenario in the treatment of ASD.

Research Area: Disorders of the nervous system



51

Safety and Efficacy of Transcranial Direct Current Stimulation on patients with 
Alzheimer’s Disease or Frontotemporal Dementia: systematic review and meta-
analysis

Aurora Cermelli, Marcella Caglio, Camilla Carbone, Andrea Marcinnò, Alessandro Vacca, 
Elisa Rubino, Innocenzo Rainero. 

Aging Brain and Memory Clinic, Department of Neuroscience, University of Turin.

Introductions and objectives: In recent years, new techniques, such as Transcranical 
Direct Current Stimulation (tDCS), have been tested to treat neuropsychological symptoms 
in neurodegenerative diseases. Nevertheless, clinical benefits remain unclear (Pellicciari & 
Miniussi, 2018). The objective of this review is to evaluate the safety and efficacy of tDCS 
on cognitive functions in patients with a diagnosis of Alzheimer Disease (AD) or 
Frontotemporal Dementia (FTD).

Methods: In our review we included studies that investigate the clinical effects of using 
active tDCS versus sham tDCS on patients with Alzheimer Disease or Frontotemporal 
Dementia. We excluded from our survey all the studies that recruited patients with other 
types of neurodegenerative diseases (such as Parkinson Disease or Vascular Dementia) 
or Mild Cognitive Impairment, studies without a sham group stimulation and case studies 
or pilot studies. We researched several literature archives including Pubmed, EMBASE, 
Science Direct and other trial registries up to January 2020. We used PRISMA guidelines 
to assess the validity of each study (Moher et al., 2009). 

Results: We reviewed a total of 933 papers. Among these, only 122 were selected, the 
rest were excluded because they did not meet our inclusion criteria. From a preliminary 
qualitative analysis, the clinical effects of using tDCS in these patients are variable, due to 
the differences in preserving cognitive functions within the same pathology. 

Conclusions: The review presented in this study is still on-going and the results are 
therefore preliminary. A more comprehensive assessment of the existing evidence will only 
be possible once the study reaches completion. Nevertheless, it is clear from these 
preliminary results that more randomized trials with a larger number of subjects are 
needed in order to test the effectiveness of tDCS in improving cognitive functions in 
patients with AD or FTD. 

Research Area: Disorders of the nervous system
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Introduction and objectives: 
In patients with PD at the early stages of the disease, the use of intensive physical activity 
in rehabilitation protocols leads to both an increase in serum brain-derived neurotrophic 
factor (BDNF) levels and an improvement in motor functions. In addition, physical training, 
in toxin-based animal models of PD, has been shown to reduce the expression of alpha-
synuclein (α-syn), the main component of Lewy bodies, also responsible of corticostriatal 
plastic alterations both in vitro and in vivo models of synucleinopathies (Shin MS et al., 
2017; Koo JH et al., 2017). 
Our hypothesis is that intense exercise counteracts corticostriatal alterations caused by α-
syn overexpression, preventing early alterations of dopamine and NMDA receptor-
dependent corticostriatal synaptic plasticity. Based on previous studies, we propose that α-
syn, in pre-degenerative stages of disease affects corticostriatal plasticity and that 
intensive exercise may exert neuroprotective effects. To test this hypothesis, we subjected 
adult rats to intrastriatal injections of α-syn pre-formed fibrils (PFF) and studied 
behavioural and plastic changes in sedentary subjects and in age-matching littermates 
exposed to intensive exercise training. 

Results: 
Our data show that corticostriatal long-term potentiation is not expressed in striatal spiny 
projection neurons recorded from sedentary animals injected with α-syn PFF. This form of 
plasticity was restored in the experimental group subjected to a physical training program. 

Conclusions: 
Intense physical exercise exerts beneficial effects by preventing early synaptic alterations 
of NMDAR-dependent corticostriatal plasticity induced by α-syn PFF. 

Research Area: Disorders of the nervous system. 
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Introduction and objectives: In Parkinson’s disease (PD), dopaminergic agonists are 
used in combination with other drugs to reduce motor and nonmotor symptoms. Oral 
pulsatile administration inevitably exerts an initial good effect in controlling motor aspects 
of disease, but long-term chronic treatments with dopaminergic agonists are associated 
with wearing-off and development of hyperkinesia, gait disturbances and psychiatric 
symptoms. In animal models, electrophysiological correlates of motor symptoms include 
an impairment in corticostriatal bidirectional synaptic plasticity with alterations of NMDA 
receptor (NMDAR) subunits ratio and of post-synaptic density composition (Calabresi et 
al., 2016). In the last decades, transcranial magnetic stimulation has been widely used as 
a possible treatment for both PD and its therapy complications such as L-Dopa-induced 
dyskinesia (LID) (Koch et al., 2005). In the present study we hypothesized that transcranial 
noninvasive neuromodulation of brain activity, using an inhibitory stimulation protocol 
(Huang et al., 2011), could lead to a reduction of LID and a recovery of striatal synaptic 
depotentiation, a form of synaptic downscaling dependent on NMDAR. Rats receiving 
unilateral intracerebral injection of 6-OHDA were subjected to a combined pharmacological 
and nonpharmacological treatment, and long-term potentiation and synaptic depotentiation 
of medium spiny neurons of the dorsolateral striatum were studied ex vivo with patch 
clamp and intracellular recordings techniques. Behavioral analysis was also done to test 
the antidyskinetic effect of transcranial stimulation. 

Results: In vitro electrophysiological recordings from corticostriatal slices in parkinsonian 
animals show that co-treatment was able to reduce both frequency and intensity of 
dyskinetic behaviors and prevents NMDAR-dependent plastic abnormalities. 

Conclusions: Our results provide an evidence that noninvasive stimulation may protect 
corticostriatal synapse in combination with current pharmacological PD therapy. 

Research Area: Disorders of the nervous system 
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Introduction and objectives:
Glioblastoma multiforme (GBM) is the most frequent and malignant brain tumor in adults 
with an aggressive phenotype and resistance to cancer-therapy. Furthermore, GBM shows 
the alteration of several transcription factors involved in genetic and epigenetic 
mechanisms controlling a large number of target genes including Slc8a2, encoding for 
Sodium/Calcium Exchanger 2 (NCX2). Indeed, NCX2 is physiologically expressed in 
neuronal and glial cells of CNS, but it is silenced in GBM, suggesting that it might 
represent a tumor suppressor gene for this disease.
To this aim, we investigated genetic and epigenetic mechanisms that lead to NCX2 
downregulation and we evaluated possible pharmacological approaches to increase NCX2 
expression/activity to hamper the malignity and the progression of GBM.

Results: 
The transfection of several transcription factors, whose expression is altered in a GBM cell 
line (U87) modified the promoter activity and the mRNA expression of NCX2 in PC12 cells, 
whereas they were ineffective in U87 cells, suggesting the presence of an epigenetic 
upstream mechanism that turns off Slc8a2 gene in GBM. Indeed, we found that the 
genomic DNA demethylation of U87 cells, induced by 5-Aza-2′-deoxycytidine treatment, 
increased NCX2 mRNA expression levels. 
We also analyzed the effect of two compounds, neurounina-1 and CN-PYB2, on the vitality 
and cell growth of U87 cell line. Neurounina-1 is a stimulator of NCX1 and NCX2 activity, 
whereas CN-PYB2 is a selective stimulator of NCX1 activity. Results showed that these 
compounds hampered in a concentration-dependent manner cell growth of glioblastoma 
cell line, whereas they were ineffective in others cell lines.

Conclusions: 
There are some molecular determinants on NCX2 promoter that, by an epigenetic 
mechanism, prevent NCX2 expression in GBM. In addition, the stimulation of NCX1/NCX2 
activity might represent a new strategy to hamper cell growth and invasiveness of GBM. 

Research Area: Disorders of the nervous system
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Introduction and objectives: L-DOPA-induced dyskinesia (LID) is a severe motor side 
effect frequently observed in parkinsonian patients receiving dopamine replacement 
therapies. Importantly, although the etiology of LID is still not clear, several evidences 
have implicated neuroinflammation in Parkinson’s disease (PD) progression LID (Del-Bel 
et al., 2016; Pisanu et al., 2018). A previous study performed by our group demonstrated 
as the combined administration of eltoprazine, a 5-HT1A/1B receptor agonist having anti-
dyskientic effects at the expense of the therapeutic action of L-DOPA (Bezard at al., 2013), 
with preladenant, a A2A receptor antagonist having neuroprotective and anti-akinetic 
properties, was able to reduced the expression of LID without impairing the therapeutic 
actions of L-DOPA. With the present study, we investigated whether an early and chronic 
pre-treatment with the serotonin 5-HT1A/1B receptor agonist eltoprazine (0.6 mg/kg) and 
the adenosine A2A receptor antagonist preladenant (0.3 mg/kg) may prevent the 
development of LID and counteract neuroinflammation in unilateral 6-OHDA-lesioned rats 
challenged with L-DOPA (4 mg/kg) following 4 days of drug washout. 

Results: We found as the combined and chronic pre-treatment of L-DOPA and 
eltoprazine, either alone or in combination with preladenant, significantly reduced the pro-
dyskinetic effects induced by L-DOPA challenge, as well as the pathological higher 
production of the immediate early gene zif-268 in the dorsolateral caudate-putamen. 
Importantly, although 6-OHDA-induced degeneration of nigrostriatal neurons did not differ 
among the experimental groups, the combined pre-administration of L-DOPA plus 
preladenant plus eltoprazine exerted a significant reduction of both the astrogliosis and 
microgliosis at the level of the caudate-putamen and the substantia nigra pars compacta. 

Conclusions. The present findings indicated that the combined pre-administration of L-
dopa plus eltoprazine plus preladenant not only prevent L-DOPA-induced dyskinesia, but 
also reduced the neuroinflammatory responses in the nigrostriatal system of 6-OHDA-
lesioned rats. 

Research Area: Disorders of the nervous systems
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Introduction and objectives: Parkinson’s disease (PD) is the second most common 
human neurodegenerative disorder characterized by the loss of dopaminergic neurons in 
the Substantia Nigra pars compacta, accompanied by a combination of motor symptoms 
that appear only when the dopaminergic neuron loss reaches 50%-60%. Several biological 
mechanisms are involved in the pathogenesis of PD, with an increasingly recognized role 
for neuroinflammation. Current PD therapies are purely symptomatic and do not modify 
disease progression. Cannabidiol (CBD), one of the main phytocannabinoids identified in 
Cannabis sativa, exhibits a large spectrum of therapeutic properties including anti-
inflammatory and antioxidant effects, suggesting its potential as disease-modifying agent 
for PD. The aim of this study was to evaluate the effects of chronic treatment with CBD 
(10mg/Kg, i.p.) on PD-associated neurodegenerative and neuroinflammatory processes, 
and motor deficits in the 6-hydroxydopamine model of PD. The degree of nigrostriatal 
damage and the extent of neuroinflammatory process was evaluated by 
immunohistochemistry. 

Results: Our results showed that CBD treatment significantly reduces the nigrostriatal 
damage and improves motor performance, without affecting neuroinflammatory response. 

Conclusions: These results further confirm that CBD may have therapeutic utility in PD 
and suggest intriguing symptomatic properties of this drug. Further analyses are needed to 
clarify if CBD exerts neuroprotective effects in PD by modulating neuroinflammation or 
through other mechanisms (i.e. antioxidant action). 

Research Area: Disorders of the nervous system 
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Introduction and objectives: Idiopathic REM sleep behavior disorders (iRBD) represent 
the most important prodromal marker for Parkinson’s Disease (PD). Recent studies have 
shown an increased incidence of RBD in subjects with lysosomal dysfunctions, such as 
deficiency of the enzyme glucocerebrosidase. Moreover, iRBD patients show clinical 
phenotypes similar to these subjects (Gan-Or et al., 2015; Alcalay et al., 2012; Brockmann 
et al., 2011, Postuma et al., 2012., Beavan et al, 2015). 
This study aims to combine biochemical and clinical data to provide a stratification of iRBD 
subjects predicting the risk of converting to PD. We investigated lysosomal dysfunctions, 
mainly related to glucocerebrosidase deficiency, in fibroblasts from iRBD subjects, iRBD 
subjects converted to PD (RBD-PD) and PD patients who developed RBD (PD-RBD). We 
enrolled 29 subjects: healthy subjects (n=8), iRBD (n=6), PD-RBD (n=5) and RBD-PD 
(n=5). The expression levels and the activity of the main glucocerebrosidase-related 
proteins (cathepsin D, LAMP1, LIMP2, Saposin C) were assessed by Western blotting and 
fluorometric assays. 

Results: We highlighted lysosomal alterations associated with the presence of RBD. RBD-
PD showed a different alteration pattern than PD-RBD, characterized by increased levels 
of glucocerebrosidase, Saposin-C and LIMP2. In all groups, glucocerebrosidase activity 
was not affected. Moreover, we identify two subpopulations within RBD-PD group which 
differ in the time to convert to PD. "Fast-converters” (˂ 3 years) showed a lower 
expression of lysosomal proteins compared to “slow-converters". Lastly, cathepsin-D 
levels in iRBD group correlated with the severity of sleep disorders, suggesting its 
implication in their onset. 

Conclusion: If confirmed, the alterations identified in this study pave the way for future 
longitudinal study on predictive markers of conversion to PD, in iRBD subjects 

Research Area: Disorders of the nervous system 
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Introduction and objectives: Amyotrophic lateral sclerosis (ALS) is an incurable and fatal 
neurodegenerative disease. Increasing the chances of success for future clinical strategies 
requires more in-depth knowledge of the molecular basis underlying disease 
heterogeneity. We recently laid the foundation for a molecular taxonomy of ALS by whole 
genome expression profiling of motor cortex from sporadic ALS (SALS) patients1-3. 

Results: Here, we analyzed copy number variants (CNVs) occurring in the same patients, 
by using a customized exon-centered comparative genomic hybridization array (aCGH) 
covering a large panel of ALS-related genes4. A large number of novel and known disease-
associated CNVs were detected in SALS samples, including several subgroup-specific 
loci, suggestive of a great divergence of two subgroups at the molecular level. Integrative 
analysis of copy number profiles with their associated transcriptomic data revealed 
subtype-specific genomic perturbations and candidate driver genes positively correlated 
with transcriptional signatures, suggesting a strong interaction between genomic and 
transcriptomic events in ALS pathogenesis. Functional analysis confirmed our previous 
pathway-based characterization of SALS subtypes and identified 24 potential candidates 
for genomic-based patient stratification. 

Conclusions: To our knowledge, this is the first comprehensive “omics” analysis of 
molecular events characterizing SALS pathology, providing a road map to facilitate 
genome-guided personalized diagnosis and treatments for this devastating disease.
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Introduction and objectives: Several genes responsible for some of the hereditary forms 
of Parkinson’s disease are implicated in regulating membrane trafficking. We have recently 
highlighted that alteration of homeostasis and functions of early endosomal compartments 
is associated with early-onset parkinsonism caused by SYNJ1 mutations, emphasizing the 
role of endosomal trafficking in the pathogenesis of Parkinson’s disease. 
Alteration of lysosome structure was observed in Synj1-deficient cells, despite any 
substantial difference in the levels of two lysosomal markers, Lamp-1 and cathepsin D. 
Because trafficking toward lysosomes is unaffected upon Synj1 silencing, we hypothesized 
that the alteration of lysosomes could be due to changes in the autophagic pathway, 
whose activity is critical in many neurodegenerative diseases.

Results: Higher levels of the autophagic markers, LC3-II and p62/SQSTM1, were 
observed in Synj1 silenced cells with respect to control interfered cells as well as the 
increase of the number of autophagosomes. In addition, by using an imaging and 
biochemical approaches autophagic flux results perturbed and the clearance of autophagy 
substrates was drastically reduced in Synj1-depleted cells. Moreover, we also observed 
the alteration of some signalling modulators of autophagy. 

Conclusions: All these data indicate a role of Synj1 in the autophagy pathway from one 
side and highlights a potential role of autophagy dysregulation in PARK20 pathogenesis 
from the other one.

Research Area: Disorders of the nervous system
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Introduction and objectives: Since the early 2000s, herbal mixtures containing SC, 
broadly known as Spice/K2, have been marketed as legal marijuana surrogate and 
became very popular among adolescents. Adolescence is a critical period of development, 
which is associated with an increased vulnerability to the central effects of drugs. Despite 
growing concerns about the negative effects of the use of SC, newly synthetized 
compounds are increasingly detected in drugs seized by the authorities, posing a serious 
threat to public health. 5F-MDMB-PICA [Methyl (2S)-2-{[1-(5-fluoropentyl)-1H-indole-3-
carbonyl]amino}-3,3-dimethylbutanoate] has been recently detected and classified as 
highly potent CB1 and CB2 receptor agonist. 

Results: Here we investigated the rewarding and reinforcing properties of 5F-MDMB-PICA 
in male CD1 adolescent mice (PND 31-53) by in vivo brain microdialysis and intravenous 
self-administration (IVSA). Data showed that 5F-MDMB-PICA (0.01 mg/kg ip) stimulates 
the release of dopamine in NAc shell and that mice acquired operant behavior (lever 
pressing, Fixed-Ratio 1-3) at the dose of 2.5 ug/kg/inf. In addition, at adulthood (PND 58-
65) we performed a battery of behavioral tests (elevated plus maze, novel object 
recognition, Y-maze, marble burying), and neurochemical and NMR metabolomics 
evaluation of selected brain areas (mPFC, Cpu, NAc, Cerebellum) of mice administered 
with 5F-MDMB-PICA, either by IVSA or passively (0.01 mg/kg ip, 14 consecutive days) 
during adolescence. Data analysis are still in progress. 

Conclusions: Our study suggests an alarming vulnerability of adolescent mice to 5F-
MDMB-PICA; it might be useful to understand the long-lasting detrimental effects after the 
use of SC during adolescence. 

Research Area: Disorders of the nervous system.
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Introduction and objectives: Amyotrophic lateral sclerosis (ALS) is a fatal 
neurodegenerative disease characterized by motor neurons death. One major disease 
cause is glutamate(Glu)-mediated excitotoxicity, possibly sustained by Glu exocytosis 
(Milanese et al, 2011; Bonifacino et al., 2016). Our previous studies demonstrated that 
presynaptic Group-I metabotropic Glu receptors (mGluR1 and mGluR5) are over-
expressed in spinal cord synaptosomes of late-symptomatic (120 day-old) SOD1G93A 
mice and that their activation by the selective mGluR1/5 agonist 3,5-DHPG produced 
abnormal Glu release (Giribaldi et al., 2013). We studied here whether mGluR1 and 
mGluR5 affect Glu release during the pre- (30 and 60 days) and early-symptomatic (90 
days) stages of ALS in SOD1G93A mice.
Results: Release experiments showed that the selective mGluR1/5 agonist 3,5-DHPG 
concentration-dependently evoked Glu release at 30 and 60 days, which was similar in 
SOD1G93A and in age-matched control mice. At variance, 0.3 μM 3,5-DHPG significantly 
increased Glu release in 90 day-old SOD1G93A respect to WT mice. Pre-exposing 
synaptosomes to the selective mGluR1 antagonist LY367385 or to the mGluR5 negative 
allosteric modulator MPEP, prevented the 3,5-DHPG-evoked Glu release, suggesting the 
cross-talk between receptors. The analysis of the molecular mechanisms underlying 3,5-
DHPG effects revealed that glutamate release was of vesicular origin and induced by 
Ca2+ release from intra-terminal stores. While no changes were observed in the whole 
nerve terminal population in spinal cord, confocal imaging proved that mGluR1 and 
mGluR5 were co-localized in glutamatergic nerve terminals, where their expression was 
increased in 90 days-old SOD1G93A mice. Moreover, mGluR1 and mGluR5 expression 
was augmented in total tissue already at 60 days, suggesting their precocious alteration at 
post synaptic level. Conclusions: In conclusion, our previous and present data indicate that 
presynaptic mGluR1 and mGluR5 are hyperactive in SOD1G93A mice at early and late 
symptomatic stages of the pathology, suggesting their implication during disease 
progression.

Research Area: Excitability, synaptic transmission, network functions.



63

The small GTPase Rin inhibits LRRK2 to correct dysfunctional synaptic 
transmission

Giulia Lamonaca1, Julia Obergasteiger1, Marcelo D. Rosato Siri1, Giovanni Piccoli2, 
Francesca Pischedda2, Giulia Frapporti2, Andrew A. Hicks1, Peter P. Pramstaller1, Mattia 
Volta1

1Institute for Biomedicine, EURAC Research, Bolzano, Italy
2Department of Cellular, Computational and Integrative Biology, CIBIO, University of 
Trento, Italy

Introduction and Objectives:
Mutations in leucine-rich repeat kinase 2 (LRRK2) are amongst the most common genetic 
causes of familial and idiopathic Parkinson ́s disease (PD). LRRK2 regulates several 
cellular processes, including the autophagy-lysosome pathway (ALP) (Senkevich et al., 
2019). In addition, the G2019S mutation produces kinase-dependent aberrant synaptic 
transmission (Volta and Melrose, 2017). Interestingly, ALP has been recently proposed to 
modulate presynaptic dynamics (Vijayan and Verstreken, 2017). The RIT2 gene is a novel 
risk factor encoding for the protein Rin, which shows reduced expression in human PD 
brains (Pankratz et al., 2012), (Bossers et al., 2009). Previous work of our laboratory 
demonstrate that G2019S neuroblastoma cells display several LRRK2 kinase-dependent 
abnormalities in the ALP (Obergasteiger et al., 2019). Here, we aim at probing the efficacy 
of Rin positive modulation in rescuing early synaptic deficits and validate it as a novel 
target for disease-modifying therapy in PD.

Results:
The overexpression (OE) of Rin in LRRK2-G2019S cells rescues endogenous LC3 
accumulation, lysosome morphology abnormalities and impaired proteolytic function; these 
defects are LRRK2 kinase-dependent and Rin OE phenocopies the effect of 
pharmacological LRRK2 inhibition. We found that Rin OE also decreased LRRK2 kinase 
activity, as measured by pSer1292-LRRK2 levels. In order to study the relevance of the 
Rin-LRRK2 pathway in synaptic transmission, we used cortical neurons derived from WT 
and BAC G2019S-LRRK2 transgenic mice and transduced them with AAV-FLex-Rin+AAV-
Cre-GFP to force Rin expression. At DIV14-16, we measured miniature excitatory post-
synaptic currents (mEPSCs) and observed an increased frequency in BAC G2019S-RRK2 
neurons (Beccano-Kelly et al., 2014), which is reverted by Rin OE, consistent with an 
inhibitory effect on LRRK2 kinase activity.

Conclusions:
The PD-associated small GTPase Rin modulates LRRK2 kinase activity, influences ALP 
functionality and synaptic transmission. Targeting Rin could be an effective strategy for 
early PD deficits.

Research area: 2. Excitability, synaptic transmission, network functions 
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Introduction and objectives: Increasing evidence demonstrates the relevant association 
between Parkinson’s disease (PD) and vascular diseases/risk factors, although the precise 
mechanisms underlying this relationship have not been clarified yet (Kummer et al., 2019). 
The aim of the present study is to examine striatal neuronal sensibility to hypoxia in PD. 
For this purpose, we performed an experimental protocol of ischemic injury (glucose-
oxygen deprivation, OGD; Pisani et al., 2006) on PTEN-induced kinase 1 knockout 
(PINK1-/-) mice, a well-established mouse model of PD (Kitada et al., 2007). We assessed 
the effects of OGD on both electrophysiological and morphological properties of striatal 
medium spiny neurons (MSNs), cholinergic interneurons (ChIs) and nigral dopaminergic 
neurons (DANs) in PINK1-/- mice compared to wild-type littermates.
Results: Electrophysiological recordings from PINK1-/- coronal slices showed prolonged 
membrane depolarization of striatal MSNs and DANs in PINK1-/-, while ChIs did not exhibit 
significant differences in the two genotypes. In addition, histochemical analysis, carried out 
with Hematoxylin and Eosin (H&E) and Nissl staining, demonstrated significant 
morphological alterations (e.g. picnotic cells, cellular loss and swelling, thickening of 
nuclear chromatin) in PINK1-/- MSNs and DANs compared to controls. 
Conclusions: The present data show that PINK1 deletion strongly enhances the neuronal 
sensitivity to ischemic damage. PINK1 covers critical functions in cellular homeostasis, 
particularly at mitochondrial level, being involved in the maintenance of redox balance and 
antioxidant response. Therefore, PINK1 haploinsufficiency is likely to impair mitochondrial 
metabolism, increasing neuronal vulnerability to OGD protocol. Overall, these results 
provide a potential mechanistic explanation for the association between vascular diseases 
and PD and their reciprocal interactions in determining the clinico-pathological burden of 
PD patients (Pilotto et al., 2016; Mollenhauer et al., 2019). 
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Introduction and objectives:
The cerebellum has been investigated for centuries only for its role in sensorimotor control
(D'Angelo,2018). In the last decade, an increased amount of studies demonstrated the
involvement of the cerebellum in non-motor and higher-order cognitive functions
(D'Angelo,2019). Interestingly, the cerebellar cortical network is characterized by a 
wellorganized
modular structure, repeating itself almost identically along the whole cortex,
independent from the different nature of the afferent inputs. It has been suggested that the
cerebellum operates the same processing on every input, both in the motor and non-motor
domains (where it is involved in cerebro-cerebellar loops). Therefore, a detailed
investigation of cerebellar cortical network activity is needed to understand its role in
complex processing. Thus, the main aim of this work is to investigate cerebellar input
processing and its modulation during different ranges of activity taking advantage of a
high-density multielectrode array (HD-MEA). This state of the art technology allows
extracellular recordings simultaneously from 4096 electrodes with unprecedented spatial
and temporal resolution.

Results:
Mossy fibers stimulation evoked a response in form of Local Field Potentials (LFP)
propagating through the granular layer. Different ranges of activity have been mimicked
activating mossy fibers at different frequencies (5 pulses at 6Hz,20Hz,50Hz,100Hz).
Puzzlingly, short term plasticity in the granular layer showed a spatial distribution with
higher depression levels along the mossy fiber axis. This spatial distribution correlated with
lower paired-pulse ratios. Ongoing analysis are characterizing Purkinje cells responses at
the same frequencies, reconstructing the whole network activation.

Conclusions:
In this work, the spatial distribution of granular and Purkinje cell layers activation has been
investigated in a frequency-dependent manner. This detailed characterization of cerebellar
cortical input processing will contribute to better understand cerebellar circuit functioning,
providing a deeper insight into its dependence on different regimes of activity.

Research area:
Excitability, synaptic transmission, network functions
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Introduction and objectives: Potassium channels encoded by the Kv7 subfamily are 
critical regulators of neuronal excitability and attractive pharmacological targets for several 
neuropsychiatric conditions. The Kv7.2/Kv7.3 channel activator retigabine has been 
approved for epilepsy treatment, but unfortunately its clinical use has been limited because 
of its poor selectivity for Kv7 subtypes, short half-life, poor brain penetration and chemical 
instability. In this work, we developed a small library of retigabine derivates and used a 
fluorescence Thallium (Tl+)-based assay (FluxOR) to identify novel Kv7.2/Kv7.3 channel 
activators with improved potency and efficacy over retigabine.

Results: Kv7.2-, Kv7.2/Kv7.3- and Kv7.3 A315T stable cell lines were used in the 
fluorescence-based assay. The activator retigabine (1-100µM) dose-dependently 
increased the maximal fluorescence and the initial slope of the fluorescent signal in all 
stable cell lines. Both effects were abolished by the Kv7 blocker XE991 (10µM). The 
calculated EC50 for retigabine was 5.0±0.6µM in Kv7.2/3,- 4.6±0.4µM in Kv7.3A315T- and 
6.31±0.21 µM in Kv7.2-expressing cells. The Kv7.2/Kv7.3 stable cell line was then used to 
screen newly-synthesized retigabine analogues showing one or more of the following 
structural features: I) modification on the fluorophenyl moiety to increases the potency and 
the selectivity over other Kv7 channel subunit composition, II) substitutions on the aniline 
group to increase light stability and to reduce dimerization; and III) introduction of longer 
chains at the methoxy group to stabilize drug-target complex. Among the newly derivates, 
some were found to be more potent than retigabine, showing EC50s down to about 0.1µM 
in the FluxOR assay. Electrophysiological experiments confirmed the increased potency 
and maximal efficacy of these compounds over retigabine.

 
Conclusions: We have developed a fluorescence-based assay suitable for identifying 
novel Kv7.2/3 channel activators with improved pharmacodynamic properties over 
retigabine which will be further evaluated as potential anticonvulsants.

Research Area: 1. Excitability, synaptic transmission, network functions; 2. Novel 
Methods and Technology Development
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Introduction and objectives: Sleep is an active physiological process involved in several 
restorative processes for maintaining brain health (Tononi et al., 2016). Several studies 
showed that lack of sleep affects physiological functioning and behavior leading to 
changes in brain connectivity (Kaufmann et al., 2016) and worsening cognition (Lim et al., 
2012). 
The aim of this research was to investigate the effects of 24h of sleep deprivation (SD) on 
brain connectivity, attention and switching abilitiy. 
34 healthy males underwent 2 test sessions which took place at 9 a.m. at day 1 (T0) and 
24 hours later, day 2 (T1). In each session were carried out: Magnetoencephalography 
(MEG) recording, Karolinska Sleepiness Scale (KSS), Task Switching Test (TST), Letter 
Cancellation Test (LCT), NASA Task Load Index (NASA). 

Results: Wilcoxon test was used to compare T0vsT1. MEG analysis showed a significant 
increase in Alpha and Delta bands “Diameter” (p<0,05) in T1; conversely, Alpha band 
“Degree” was lower after 24h of SD in Occipital lobe (p<0,05). In TST significant reduction 
in reaction times (rt) (p<0,01) and Switch Cost (p<0,01) was found in T1. LCT showed 
significative reduction in accuracy and velocity parameters (p<0,01) in T1. KSS and NASA 
score was higher in T1 than in T0 (p<0,05). We also found correlations between MEG 
parameters, KSS and cognitive tasks: KSS correlated with “Diameter” in Alpha (p<0,05, 
r=0,255) and Delta band (p<0,05, r=0,252) and TSTrt correlated with Alpha band 
“Diameter” (p<0,01, r=-0,316). 

Conclusions: 24h of SD, accompanied by the increase in the level of perceived 
sleepiness, determine changes in brain connectivity which correlated with behavioral 
performances requiring a greater cognitive load. In particular, attention seems to be 
negatively affected by SD with a worsening in execution speed and accuracy while 
switching abilities were not affected by SD, leading to hypothesize a dissociation between 
these cognitive functions. 

Research Area: 
Excitability, synaptic transmission, network functions
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Introduction and objectives
We have characterized the subunit composition of AMPA receptors in the CNS through an
immuno-pharmacological approach. Here, we direct subunit-selective antibodies against
the extracellular domain of the receptor, resulting in modifications in receptor function.
In recent years, several studies have shown that, in the cerebrospinal fluid of
Rasmussen’s encephalitis patients there are high levels of antibody directed against the
GluA3 subunit of AMPA receptors. It is unclear if the auto-antibody anti-GluA3 directly
modifies the synaptic transmission or if it could indirectly activate immunocompetent
responses that are at the basis of the neuropathological condition.

Results
Our first approach was to perform confocal microscopy to investigate whether AMPA
receptor subunits co-localize with syntaxin1a, marker of isolated nerve terminals namely
synaptosomes, and with VGLUT-1, marker of glutamatergic synaptosomes.
The cortical synaptosomal preparation showed a significant co-localization of AMPA
subunits (GluA1, GluA2, GluA3 and GluA4) both with Syntaxin1a and VGLUT1.
As functional studies we use synaptosomes incubated in presence of all anti-GluA
antibodies (one antibody for each preparation) or in absence, and we quantified the
release of glutamate elicited by AMPA.
The results show a significant increase of the AMPA-evoked glutamate release in cortical
synaptosomes incubated with anti-GluA3 and anti-GluA2 respect to control.
Whereas no changes were found in synaptosomes incubated with anti-GluA1, anti-GluA4
antibodies.

Conclusion
We have demonstrated that the subunits of AMPA receptors exist in cortex glutamatergic
synaptosomes.
Further, the functional studies show a significant increase of glutamate release in cortical
synaptosomes incubated with anti-GluA3 and Anti-GluA2.
Given that one of the hallmarks of Rasmussen’s encephalitis is abnormally glutamate
excitotoxicity, it is possible that the auto-antibody anti-GluA3, by increasing the 
AMPAevoked glutamate release, could be a cause of the altered glutamatergic 
transmission seen in this disease.

Research area:
Excitability, synaptic transmission, network functions
Disorders of the nervous system
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Introduction and objectives: Manipulation of axonal growth is a topic of great interest to 
the scientific community, as well as the search for new targets to increase axonal 
elongation rate. The growth cone is the motor that governs axonal elongation, influencing 
its movement, orientation and development in response to chemical signalling (Athamneh 
et al., 2009). However, recent discoveries have shown that mechanical forces could 
significantly influence phenomena related to axonal growth (Smith, 2009). We developed a 
method to generate extremely low forces, very similar to the endogenous ones, by 
labelling neurons with iron oxide magnetic nanoparticles (MNPs) and manipulating the 
labelled neurites by magnetic fields (Raffa et al., 2018). 

Results: We found that extremely low (piconewton) forces, generated by the action of 
MNPs under the effect of the magnetic field, stimulates axonal elongation of mouse 
hippocampal neurons, as well as sprouting and maturation of the stretched axons. 
Interestingly, we found that stretched axons show an increase of microtubule density 
compared to control cultures. 

Conclusions: MNPs are biologically compatible and their use has already been approved 
for human therapies, as well as the use of external magnetic fields. This could open up 
new vistas for exploiting the MNPs as a tool for promoting axonal and, ultimately, neuronal 
regeneration. 

Research area: Novel Methods and Technology Development
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Introduction and objectives: Mutations in the inositol phosphatase Fig4 were firstly
associated with Charcot-Marie-Tooth 4J (CMT4J) neuropathy, a rare recessive
demyelinating form of CMT with highly variable onset characterized by severe motor 
dysfunction and involvement of motor and sensory neurons. Interestingly, frameshift and 
other missense mutations have been reported to be responsible of Yunis-Varon syndrome 
and familial epilepsy with polymicrogyria extending the spectrum of phenotypes associated 
with Fig4 mutations. Fig4 dephosphorylates the endolysosomeenriched PI(3,5)P2 to 
generate PI(3)P. Enlarged LAMP2 positive vacuoles with watery appearance or filled with 
electron dense material (depending on cell type) are found in neurons, muscle and 
cartilage of Fig4 null mice, suggesting a dysfunction of these compartments. However, the 
pathogenic mechanism(s) remain still elusive.

Results: We show that Fig4 knockdown, drastically alters the whole endo-lysosome axis: 
lysosomes appear as large dots and also late and early endosomes are numerous and 
enlarged. In addition, the levels of endocytic resistant proteins are increased, suggesting 
an alteration of their dynamics. In contrast, the morphology of exocytic organelles is 
comparable to wild-type cells. In addition, the trafficking of transferrin and EGF receptors, 
which follow different routes upon their internalization, is altered in Fig4-depleted cells. In 
both cases, progressive accumulation of proteins inside the cells is observed, indicating 
that protein trafficking through endosomal compartments is altered.

Conclusions: These data indicate that Fig4 activity is crucial for the homeostasis and 
function of endosomal compartments in different cells types. The dysfunction of thes 
pathways might underlie the pathogenesis of Fig4-associated diseases.

Research Area: Sensory and motor systems.
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Introduction and objectives 
The human fMRI studies investigating the neural basis of heading encoding focused on 
cortical regions classically associated with visual motion processing (Furlan et al., 2014; 
Huang et al., 2015). Surprisingly, so far only few studies have examined the relationship 
between heading and path perception, and always considering heading perception during 
straight path. Here, we explored with fMRI the response to locomotion-relevant visual 
motion aspects such as path trajectory (linear, curve) and direction of movement (forward, 
backward) of either egomotion-related visual areas (V6+, V3A, IPSmot/VIP, CSv, pCi, PIC) 
and leg-related somatomotor regions (hPEc, hPE, S-I), which have been found activated 
by egomotion-compatible visual stimuli or leg movements or both (Serra et al., 2019; 
Pitzalis et al., 2019). 

Results 
Some regions shown a significant preference for the curve path condition but are 
insensitive to the direction (PEc, PE, S-I, VIP) or the opposite (V3A), while other regions 
have both a preference for the curve path condition and for the forward direction (V6+, 
CSv, pCi). The curve path preference in V6+ derives from the retinotopic visual rV6 and 
rV6Av, but not from the pointing-selective fV6Ad, where we did not find any significant 
effects (like in PIC).The regions not responding to leg movements likely play a visual role 
in the analysis of visual motion processing, signaling changes in direction of movement 
during natural locomotion, whereas regions responding to leg movements might play a 
motor role aimed at coordinating lower limbs movements during locomotion, likely by 
integrating visual cues and proprioceptive signals. 

Conclusions 
Since controlling locomotion mainly means controlling changes in movement direction 
during self-motion, the preference for the curve path (typical visual feedback of changing 
direction of movement in the environment) observed in PEc, PE, S-I, V6+, CSv, pCi and 
VIP suggest that these cortical regions play a critical role in visual guidance of locomotion. 
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Introduction and Objectives:
Everyday interaction with the environment requires a motion speed estimation of objects 
and self through the world. Self-motion complicates object-motion perception, generating a 
global pattern of motion on the observer’s retina. Although human psychophysical studies 
investigated the possible process that consent to perceive scene-relative object-motion 
during self-motion (Warren et al., 2009; Niehorster et al., 2017), it is still unknown whether 
and how the self-motion speed can influence this mechanism.
Effect of different self-motion velocities on the perception of object-motion velocities was 
tested with a virtual reality experiment. Participants carried out a motion velocity 
discrimination task on a target object, comparing a test speed with a standard. 
Psychometric functions reflecting velocity discrimination were obtained to derive the point 
of subjective equality (PSE) and the speed discrimination threshold (just noticeable 
di erences: JND).

Results:
Results on both PSE and JND revealed a main effect of self-motion velocity. In the first 
analysis we found a linear increase of PSE values as a function of self-motion velocities (0 
> 30 > 60). While the PSE values were negative in the stationary condition, they became 
positive with increasing self-motion velocities. In the second analysis we found an increase 
of JND values only in the faster self-motion condition with respect to the stationary 
condition (0 > 60). 

Conclusions:
Preliminary results indicate that the amount of self-motion affected the perceived velocity 
of moving objects. These data show a trend whereby increasing self-motion speed tends 
to overestimate the speed of a target, which instead is underestimated if the observer is 
stationary. In addition, with faster self-motion speed there is greater uncertainty in 
discriminating different object motion velocities.
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Introduction and objectives:Amyotrophic Lateral Sclerosis (ALS) is a devastating 
disease in which patients suffer increasing paralysis due to the loss of motor neurons 
(MNs). 97% of all ALS cases show TDP-43 pathogenic inclusions, and mutations in the 
gene TARDBP, encoding TDP-43, cause familial ALS, suggesting that TDP43 pathology 
plays a causal role in MN degeneration in most ALS patients.TDP-43 is an mRNA-binding 
protein that predominantly resides in the nucleus. Pathogenic modifications include its 
cytoplasmic mislocalization, cleavage, phosphorylation and aggregation. Here, we 
differentiated isogenic iPSC reporter lines expressing DENDRA2-tagged TDP-43 in its 
wild-type (WT) or A315T mutant form into MN precursors and MNs and evaluated TDP-43 
behaviour under unstressed conditions and following proteasome blockage. 

Results: Differentiated MN precursors stained positive for Nestin, while MNs expressed 
Smi-32 and a small fraction for MN-specific marker HB9. DENDRA2-tagged TDP-43 WT 
and A315T showed no differences in localization nor signal intensity when analysed by 
fluorescence microscopy. Western blot (WB) and filter retardation assay showed that 
untagged and DENDRA2-tagged TDP-43 protein levels were similar among cell lines. 
Aging is a major risk factor for ALS pathogenesis and is associated with proteasome 
dysfunction. Treatment with the proteasome inhibitor MG-132 increased the amount of 
detected TDP-43 fragments as well as the TDP-43 insoluble species, in all cases. 
Additionally, proteasome inhibition allowed the detection of phosphorylated TDP-43 in all 
cell lines. Under unstressed conditions, untagged TDP-43 and DENDRA2-tagged TDP-43 
in MNs showed nuclear localization. In contrast, after proteasome inhibition, untagged 
TDP-43 mislocalized to the cytoplasm, while DENDRA2-tagged TDP-43 was still nuclear. 
MG-132 treatment increased MN degeneration as marked by cleaved-caspase 3. 

Conclusions: Our results show that differentiated isogenic reporter cell lines MNs 
represent a valuable model to study and validate novel molecular mechanisms related to 
TDP-43 pathology in ALS as well as related diseases.
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Introduction and objectives: Chemotherapy-induced neuropathy is a common, dose-
dependent adverse effect of several antineoplastics, like oxaliplatin (Starobova et al., 
2017). N-Acylethanolamines (NAEs) involve a family of lipid molecules, of which is N-
palmitoylethanolamide (PEA) arouses great attention owing to its anti-inflammatory, 
analgesic, and neuroprotective activities (Petrosino et al., 2017). The modulation of 
specific amidases for NAEs could be a condition to preserve its levels. The aim of the 
present work was to evaluate the potential beneficial effects of 2-pentadecyl-2-oxazoline 
(PEA-OXA) in a model of oxaliplatin-induced peripheral neuropathy. 

Results: Chemotherapic pain was induced by an intraperitoneally injection of oxaliplatin 
(oxa) in rats on 5 consecutive days (D0–4) for a final cumulative dose of 10 mg/kg. PEA-
OXA was given orally 15-20 min prior oxa and sacrifice was made on day 25 (Salvemini et 
al., 2015). Our results demonstrated that oxaliplatin developed mechano-hypersensitivity 
in rats, this was associated with the hyperactivation of glia cells and an increased 
production of pro-inflammatory cytokines in the dorsal horn of the spinal cord. Moreover, 
we showed that oxaliplatin activated NF-κB pathway and modulated Nrf-2 ones.

Conclusions: Our findings identify PEA-OXA as a therapeutic target in chemotherapy-
induced painful neuropathy, throughout the biomolecular signaling NF-κB/Nrf-2 axis. 
Therefore, we can consider PEA-OXA as a promising adjunct to chemotherapy to reduce 
chronic pain in patients.
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