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E-INFRASTRUCTURES AVAILABLE TO RIN FOR BIG-DATA ANALYSIS

Silvia De Francesco1,2, Fulvia Palesi3, Samantha Galluzzi2, Cristina Muscio4, Pietro Tiraboschi4, 
Anna Nigri7, Gabriella Bottini 3,9, Maria Grazia Bruzzone7, Fabrizio Tagliavini4, Giovanni B. 
Frisoni2,10, Philippe Ryvlin11, Jean-François Demonet11, Ferath Kherif11, Stefano F. Cappa8,12, 
Claudia AM Gandini Wheeler- Kingshott3,5,8, Egidio D’Angelo3,8, Alberto Redolfi1, for the ADNI 
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Background: The Italian IRCCS neuroimaging network of Neuroscience and Rehabilitation (RIN) 
promotes the exchange of data and results encouraging innovative research. Two publicly available 
platforms are currently used for big-data analyses by the RIN: (i) neuGRID (https://www.neugrid2.eu) 
which allows efficient storage of data as well as single-case analysis; and (ii) the Medical Informatics 
Platform (MIP), developed by the HBP (https://www.humanbrainproject.eu/), which provides machine 
learning (ML) tools to perform holistic analyses. This study explored the complementarity and 
feasibility of both platforms through a fine-grained stratification of patients in the AD spectrum, 
integrating clinical, CSF, genetics, imaging quantifications with semi-unsupervised ML tools. 

Metodi: neuGRID is a HPC platform with 150TB of storage and 1.8TB of RAM memory. NeuGRID 
hosts, among the others (Fig.1), the RIN dataset covering 300 elderly people with different types  of 
dementia (AD, FTD, LBD) and 150 controls. NeuGRID stores also the phantom data (511 scans) of the 
RIN harmonization phase. The algorithms in neuGRID allow to measure surrogate imaging biomarkers 
as a proxy of neurodegeneration, such as: hippocampal volume, cortical thickness, WM hyperintensity, 
brain hypometabolism. MIP, in contrast, is a grid-cloud e-infrastructure distributed in many European as 
well as in 5 Italian hospitals (Carlo Besta - Milan; FBF - Brescia; CHT Niguarda - Pavia/Milan; Don 
Gnocchi - Milan; San Camillo - Venice). It offers advanced ML algorithms (Gradient-Boosting 
[Friedman, 2002]; CCC [Mitelpunkt, 2015]) for an advanced clusterization of the patients. Data hosted in 
neuGRID and MIP are used to train/test the algorithms of the platforms. To reach our aim we 
trained/tested the CCC algorithm on 432 CN, 456 MCI, 451 AD subjects selected from EDSD, ADNI, 
and the Italian MIPs. We used a nested 10-fold cross validation strategy to find new potential 
homogeneous clusters. 

Risultati: Fig.2 shows the semi-unsupervised clusterization results of CCC algorithm. Each cluster was 
cross-validated in a synoptic table against original diagnostic classes. 

Conclusioni: RIN can leverage on cross-linked platforms combining big-data and advanced ML 
algorithms. These platforms represent innovative second opinion tools. The combination of semi- 
unsupervised tools with informative biomarkers generates novel patient strata which may aid to better 
understand the neurodegenerative disease evolution. 

https://www.neugrid2.eu/
https://www.humanbrainproject.eu/


INFLUENCE OF AGE AND COGNITIVE RESERVE ON BRAIN METABOLISM IN PATIENTS 
WITH DEMENTIA WITH LEWY BODIES (DLB): AN EUROPEAN DLB CONSORTIUM STUDY 

Matteo Bauckneht1,2, Andrea Chincarini3, Enrico Peira3, Stefano Raffa1,2, Dario Arnaldi1,4, Matteo 
Pardini1,4, Maria Isabella Donegani1,2, Alberto Miceli1,2, Michele Balma1,2, Nicola Girtler1,4, Gianmario 
Sambuceti1,2, Dag Aarsland5,6, Flavio Nobili1,4, Silvia Morbelli1,2 for the E-DLB consortium. 
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Background: In a previous project of the E-DLB consortium we identified brain regions whose metabolic 
impairment contributes to the DLB-related FDG-PET pattern across the four core features. In the same study 
we highlighted a significant influence of the severity of global cognitive impairment on the expression of 
this pattern. In this study we aimed to assess the influence of age and cognitive reserve (CR) on the DLB-
related FDG-PET pattern. 

Methods: Brain FDG-PET and clinical/demographic information were available in 171 patients recruited in 
11 centers belonging to the E-DLB consortium (age 73.4±7.0; 93 males; MMSE score 22.2±4.7; Education 
10.4±4.0 years). Principal component analysis was applied to identify brain regions relevant to the local data 
variance. A linear regression model was applied to control core feature-specific patterns for the effect of age 
and education (as a surrogate of CR). Finally, a regression analysis to the locally normalized intensities was 
performed to generate an age-sensitive map as well as a CR-sensitive map (both maps were also adjusted 
for: MMSE score, Gender, and Center).   

Results: Education negatively covaried with metabolism in insula, medial frontal gyrus, hippocampus in the 
both hemispheres and positively covaried with metabolism in left parietal cortex, and bilateral precuneus 
(p<0.001). Influence of CR was thus able to make more evident the DLB-typical cingulate-island sign. 
Similarly, a positive covariance with education was highlighted for the expression of the metabolic patterns 
associated with clinical core features thus showing that more educated patients express more heavily the 
metabolic patterns with their components of relative hypo- and hyper-metabolism. Finally, age negatively 
covaried with metabolism in bilateral posterior cingulate thus reducing the expression of the cingulate-island 
sign (p<0.001). An effect that we previously demonstrated also for MMSE score. 

Conclusions: Cognitive reserve-related mechanisms are at work in DLB patients and affect both the general 
DLB-related pattern as well as the expression of core-features typical patterns. The DLB-typical cingulate-
island sign may be blunted in older DLB patients, as well as in patients with severe dementia. This finding 
suggests the need of looking for other DLB metabolic typical features in older patients and in patients with 
higher severity of global impairment. 



DIFFERENT OCCUPATIONAL PROFILES MODULATE METABOLIC CONNECTIVITY IN 
DEMENTIA WITH LEWY BODIES 

Cecilia Boccalini 1, Giulia Carli1,2, Giovanna Vanoli2, Massimo Filippi 3,4, Sandro Iannaccone 5, 
Giuseppe Magnani 6, Daniela Perani 1,2
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Background: Cognitive reserve (CR) delays cognitive decline due to neurodegeneration. Heterogeneous 
evidence suggests that education may act as CR in Dementia with Lewy Bodies (DLB). No data are 
currently available on the role of occupation levels as proxy of CR in this pathology. We studied brain 
metabolic connectivity, as assessed by FDG-PET, to shed light on the effect of education, occupation and 
specific occupational profiles in DLB. 

Methods: 33 patients with probable DLB were retrospectively included. We sorted occupation levels 
according to a 6-point scale and specific occupational profiles merging from the O*Net network database. 
We used education, occupation levels and occupational profiles as CR proxies to reveals the modulation of 
brain reserve (BR) as assessed with FDG-PET measures. We performed seed-based interregional correlation 
analyses to explore the relationship between brain metabolic connectivity and the different proxies of CR in 
the resting-state networks. Changes in resting-state networks connectivity among sub-groups were assessed 
with the Jaccard similarity coefficient. 

Results: Education modulates executive (ECN), attentive (ATTN) and posterior default mode (pDMN) 
networks, with an increased metabolic connectivity in the high-educated sub-group. Occupation-related 
connectivity changes were found in the anterior default mode (aDMN) and high visual network (HVN), 
where a decreased connectivity was observed in patients with high-reserve. As for the specific occupational 
profiles, high problem solving and visual abilities were associated to a decreased connectivity in visual 
networks and aDMN; on the other hand, occupations with highly demanding visual-constructive and social 
skills were associated to increased ATTN and ECN connectivity. 

Conclusion: This study indicates the role of education and occupation as proxies of CR in DLB, providing 
the frits evidence of specific occupational profile as influencing factors of neural reserve against 
neurodegeneration in DLB. Specifically, our results reveal that education and occupation, and notably, 
specific occupational profiles play a key role in the modulation of BR against DLB neurodegeneration, re-
organizing resting-state brain networks throughout different mechanism, namely neural reserve and 
compensation. The potential beneficial effects of life-long experiences on neuroprotection represent 
important factors for diseases’ assessment, prognostic and social considerations. 



COMBINATION OF A COMPUTERIZED COGNITIVE TRAINING (CORE SYSTEM) WITH 
TRANSCRANIAL DIRECT CURRENT CONTINUOUS STIMULATION (TDCS): WHAT 
EFFECTS IN ALZHEIMER'S DEMENTIA? 

Bernini, S.1, Rodella, C.2 , Panzarasa, S.3, Quaglini, S.3, Picascia, M.1, Tassorelli, C.2, Sinforiani, E.1, 
Vecchi, T.2, Bottiroli, S.1,4 
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Background: Alzheimer's disease (AD) is the most frequent cause of dementia. To date, there is no fully 
proven pharmacological treatment for cognitive impairment and the available pharmacological 
armamentarium has limited efficacy. Therefore, non-pharmacological intervention may represent adjunctive 
therapy to medications in order to delay the evolution of the cognitive deficits.  
This study aims to evaluate the effectiveness of a combined treatment associating a computerized cognitive 
training (CoRe) with non-invasive brain stimulation techniques (transcranial direct current stimulation - 
tDCS). 

Methods: Patients with mild AD were enrolled and randomized to receive CoRe plus anodic tDCS (EG - 
experimental group) or CoRe plus sham tDCS (CG - control group). The treatment protocol consisted of 12 
sessions of CoRe training combined with on-line tDCS applied to the dorso-lateral prefrontal cortex. All 
patients were evaluated before (T0) and after (T1) treatment with an exhaustive neuropsychological 
assessment.  Furthermore, follow-up visits were scheduled 6 months (T2) after the end of the treatment. At 
T0, the cognitive reserve was assessed using Cognitive Reserve Index questionnaire (CRIq). 

Results: For what concerns neuropsychological tests, when comparing T0 vs T1,  CG improved only in one 
attentive test, while EG improved in more executive tests. During the training, both groups improved their 
performance at CoRe tasks, but this improvement was higher in EG. After 6 months (T1 vs T2) no post-
training improvement was maintained in both groups.  With respect to T0 (T0 vs T2), cognitive profile was 
stable in both groups compared to the baseline. 

Conclusions: These preliminary data suggest that this combined treatment has a slightly higher 
rehabilitative efficacy, especially on some aspects of executive functions. Follow-up visits allow to assess 
whether this combined treatment affects the evolution of cognitive decline. The presence of a higher 
cognitive reserve seems to have a positive impact on the cognitive training performance. 



IMAGING DOPAMINE TRANSPORTER ACTIVITY IN ALZHEIMER’S DISEASE: A 
MOLECULAR CONNECTIVITY STUDY 
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Background: Alzheimer’s Disease (AD) is characterized by an involvement of the brain dopamine circuitry, 
the presence of which was associated with emergence of both neuropsychiatric symptoms and cognitive 
deficits. In order to investigate whether and how the dopamine pathways are involved in the 
pathophysiology of AD, we relied on molecular imaging measures of dopaminergic transporter activity, 
using [123I]FP-CIT SPECT, to test (i) presence and degree of alterations in the ventral and dorsal dopamine 
structures and major cortical targets; (ii) presence of alterations in brain molecular connectivity within the 
two dopaminergic pathways.  

Methods:: Sixteen amyloid-positive subjects with amnestic mild cognitive impairment (aMCI due to AD), 
twenty-two amyloid-positive patients with probable AD dementia and seventy-two healthy controls, were 
selected. All subjects underwent an [123I]FP-CIT SPECT imaging session. The subcortical dopaminergic 
structures and cortical targets showed significant tracer binding, as compared to the reference region, and 
were thus selected for further analysis, which included: (i) assessment of regional differences in [123I]FP-
CIT binding, among the three groups; (ii) assessment of regional differences in molecular connectivity 
within the considered dopamine pathways among the three groups. Gender, age and reconstruction method 
were included as nuisance covariates in all the statistical analyses. 

Results:  Significant loss of dopaminergic transporter activity in the mesocorticolimbic pathway 
characterized all the AD subjects, with decreased dopaminergic transporter activity in the ventral striatum 
and hippocampus and the cingulate gyrus. Within the nigrostriatal projections, only the dorsal caudate 
nucleus was affected, bilaterally. Molecular connectivity assessment demonstrated a widespread loss of 
inter-connections among targets of the ventro-striatal pathway only, without loss of inter-connections within 
nigrostriatal projections. All the above results were significant also in the MCI group. 

Conclusions: The decrease in dopaminergic transporter activity in the ventro-striatal subcortical/cortical 
dopaminergic regions is indicative of axonal degeneration starting from the projections arising from the 
dopaminergic ventro-tegmental brainstem nuclei, and subsequently involving the mesocorticolimbic 
pathways. Consistently with previous post-mortem evidence, we in vivo found an involvement of the ventral 
dopaminergic system in AD, since the prodromal disease phases. These remarkable results need to be taken 
into account considering AD neuropsychiatric symptoms and for possible therapy venues. 



 

SMART AGING PLATFORM FOR EVALUATING COGNITIVE FUNCTIONS IN THE EARLY 
PHASES OF COGNITIVE DECLINE  

Sara Bottiroli1,2, Elena Cavallini3, Sara Bernini2, Elena Sinforiani2, Giorgio Sandrini2,3, Tomaso 
Vecchi3, Cristina Tassorelli2,3 

1Giustino Fortunato University, Benevento, Italy; 2IRCCS Mondino Foundation, Pavia, Italy ; 3Dept of Brain and Behavioural Sciences, University 
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Background: Serious games (SGs) based on Virtual Reality (VR) are innovative computer games designed 
for purposes other than pure leisure. SGs approach allows the evaluation of multiple cognitive aspects 
together with the many advantages that they offer in comparison to the traditional screening tests. Smart 
Aging in a SG platform for assessing cognitive functions which has been validated in normal aging (Bottiroli 
et al., 2017). 
This study is aimed to evaluate whether performances in the Smart Aging platform varied according to the 
level of cognitive impairment and correlated with traditional screening tests. 

Methods: We recruited 70 subjects at the “Mondino” Institute of Pavia.  Twenty-one were healthy older 
adults (HC), 24 diagnosed with Mild Cognitive Impairment (MCI) and 25 with Early-Stage Alzheimer 
Disease (AD). They received a cognitive evaluation with the MMSE, the MoCA, and the Smart Aging 
platform. Smart aging required participants to perform 5 tasks closely related to daily life activities and 
evaluating different cognitive functions: executive functions, attention, memory, and visuo-spatial 
orientation.  

Results: Smart Aging platform was sensitive to detect differences in cognitive performances among patients 
with different levels of cognitive impairment. In particular, patients among diagnostic groups performed 
significant differently in term of correctness in mostly of the Smart Aging tasks as well as in the global 
score.   In addition, Smart Aging scores correlated with traditional screening tests. 

Conclusions:  The present study provides evidence that the Smart Aging platform can be used to perform 
large scale, low-cost screening campaigns of cognitive functions of the yielding to earlier detection of 
cognitive impairments and anticipated enrolment in rehabilitation programs. In conclusion, these findings 
demonstrate the validity of Smart Aging for assessing cognitive functions in the early phases of cognitive 
decline. Future studies will validate this platform also in other clinical populations. 



VALIDITY OF THE SMART AGING SERIOUS GAME (SASG) PLATFORM IN THE 
DETECTION OF AMNESTIC MCI AND THE ASSOCIATED HIPPOCAMPUS NEURONAL 
LOSS. 
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Background: Amnestic MCI (aMCI) is a neurocognitive disorder characterized by isolated memory deficit 
and Hippocampal (HP) atrophy (Petersen 2018), highly related to Alzheimer disease. The development of 
valid, reliable and smart tools to detect aMCI is thus mandatory. Aim of this study was to determine the 
validity of the Smart Aging Serious Game (SASG, Bottiroli 2017), a virtual reality-based platform, in 
discriminating aMCI from Healthy Controls (HC). 

Methods: 139 subjects were recruited: 32 aMCI [17M, 76.8±5.3yrs] according to Albert et al (2011), 
MMSEcorr≥24, no impairment in visual/auditory or functional areas. A sample of 107 age, gender and 
education-matched HC was recruited as well [54M, 76.5±3.0yrs]. 
All subjects performed conventional neuropsychological test (Montreal Cognitive Assessment test -MoCA, 
Free and Cued Selective Reminding Test-FCSRT and Trail Making Test-TMT) and a SASG session where 
they had to navigate in a virtual house performing real-life tasks (assessing memory, spatial orientation, 
attention and executive functions). Time and accuracy have been recorded and a Total Score (SATS) 
computed. Between-groups ANOVA have been computed for pencil-paper and SASG. Specificity and 
sensitivity were compared between SATS and pencil-paper test using a ROC comparison analysis (P<0.05corr 
as significant). 
All aMCI underwent MRI examination (1.5 T, Siemens). MPRAGE have been analyzed with FreeSurfer’s 
HP subfield segmentation tool (v 6.0) and normalized HP volumes inserted in a between-group ANOVA 
with a matched dataset of n=30 HC [18M, 73.0±4.6yrs]. In aMCI linear regressions have been computed 
between HP and MoCA and between HP and SATS. 

Results: In aMCI we found: reduced performances in MoCA and FCSRT, reduced accuracy and increased 
time for the majority of SASG tasks and in SATS. SASG was found to have a comparable power to 
discriminate between aMCI and HC than MoCA and FCSRT (p-value n.s.) and higher power than TMT 
(p<0.001). HP reduction was found bilaterally in aMCI (p<0.001), compared to HC, and a linear regression 
was found between right HP and SATS (p=0.042). No regression was found with MoCA score. 

Conclusions: SASG has a comparable sensibility and specificity than gold standard pencil-paper MoCA test 
in discriminating between HC and aMCI. Moreover, SATS score was demonstrated to be related to the 
atrophy of right HP, a biomarker of neuronal injury and clinical progression towards dementia. 



TMS-EVOKED POTENTIALS TO CHARACTERIZE EFFECTIVE CONNECTIVITY CHANGES 
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Background: Alzheimer's disease (AD) has been defined a disconnection syndrome. Therefore, the study 
of brain connectivity has considerable promise for understanding the progressive breakdown of neural 
pathways and its relationship with clinical symptoms in AD. 
Diffusion Tensor (DT) and functional Magnetic Resonance Imaging (fMRI) have shown structural and 
functional brain connectivity changes in AD and amnestic mild cognitive impairment (aMCI) patients:, 
alterations appear early in cortical regions and WM tracts within the default mode network (DMN) and 
then expand to other networks including the executive-control network (ECN). Despite these findings, 
the use of DT and fMRI in the daily clinical practice is limited by the inter-scanner variability and a poor 
reliability of individual measures. However, these limitations can be exceeded by using transcranial 
magnetic stimulation and electroencephalography (TMS-EEG), a technique extensively applied in basic 
research to test large-scale effective connectivity. To explore the potential of TMS-EEG to provide an 
effective marker of AD, it is crucial to establish how TMS-EEG derived connectivity measures are related 
with structural/functional connectivity and AD clinical symptoms. In this first study, we test effective 
connectivity alterations in AD compared to healthy controls. 

Methods: Up to date, we recruited 8 AD and 16 age-matched healthy controls. Each subject underwent a 
MRI scan (with fMRI and DTI sequences), a neuropsychological evaluation and a TMS-EEG coregistration 
session. Single-subject resting-state fMRI data have been analyzed with independent component analysis 
(ICA) to extract TMS target coordinates in each hemisphere within the DMN and ECN. Resting-state TMS-
EEG has been then applied for each target to extract TMS-evoked potentials (TEPs). 

Results: Our preliminary results showed that it is possible to individuate clear TEP responses in both 
patients and controls. The distribution of TEPs on the scalp and their amplitude are both network- and 
hemisphere-specific. Moreover, a sham condition in which the magnetic field from the TMS does not reach 
the cortex shows that the noise masking applied during recording is effective in minimizing multisensory 
artefacts derived by TMS. 

Conclusions: This project provides pivotal insight on the potential of TEPs as a marker of AD compared 
to the currently available methods of structural and functional connectivity.  



THE ROLE OF LIMBIC STRUCTURES IN FINANCIAL ABILITIES OF MILD COGNITIVE 
IMPAIRMENT PATIENTS 
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Background: Mild Cognitive Impairment (MCI) patients experience impairments in financial abilities that 
affect everyday functioning. To date, the neural correlates of decline in this domain are unclear. Previous 
studies exploring the neural correlates of decline in financial capacity indicated that areas traditionally 
associated with executive functions, i.e. the angular gyrus, precuneus, medial and dorsolateral frontal cortex, 
can predict financial capacity scores in MCI. Critically, these studies analyzed only a few brain regions, 
which may be restrictive considering the multidimensional nature of financial abilities that presumably draw 
upon numerous brain networks, cortical hubs, and associated cognitive and emotional processes. This study 
aims to examine the correlation between cortical and sub-cortical brain volume alterations and reduced 
performance in the NADL-F battery in MCI patients.  

Methods: Eighty older adults were included in this study, of which 43 patients had MCI and 37 were 
healthy controls. All participants completed a full neuropsychological evaluation including Numerical 
Activities of Daily Living – Financial (NADL-F) battery and underwent volumetric MRI. 

Results: As compared to healthy controls, MCI patients showed impaired performance in three out of the 
seven domains assessed by NADL-F: Item purchase, percentage, and financial concepts. The patients’ 
performance in the NADL-F correlates with memory, language, visuo-spatial, and abstract reasoning 
composite scores. The analysis also revealed that volumetric differences in the limbic structures significantly 
correlated with financial abilities in MCI. Specifically, the patients’ performance in the NADL-F was 
correlated with atrophy in the left medial and lateral amygdala and the right anterior thalamic radiation. 

Conclusions: n conclusion, we present findings suggesting that completing daily financial tasks involves 
sub-cortical regions in MCI and presumably also the motivational and emotional processes associated to 
them. Involvement of altered limbic structures in MCI patients suggests that impairment in financial abilities 
may be more related to emotional and reflexive processing deficits. 



   CERVICAL SPINAL CORD ATROPHY IN VASCULAR DEMENTIA 

R.M. Lorenzi1, F. Palesi 1,3, G. Castellazzi 2,4, P. Vitali3,N. Anzalone5, S. Bernini6, M. Cotta
Ramusino1,8, E. Sinforiani6, G. Micieli7, A. Costa1,8, E. D'Angelo 1,9, and C.A.M. Gandini Wheeler-
Kingshott 4,1,10
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Background: Brain atrophy is an established biomarker for dementia. Since dementia incidence is growing, 
it is fundamental to find new in-vivo associated biomarkers1. We have already demonstrated the involvement 
of spinal cord (SC) in Alzheimer disease (AD)2, hence, using the same pipeline we investigated whether SC 
can be sensitive also for distinguishing Vascular Dementia (VaD) patients from healthy controls (HC) and 
from AD patients. 

Methods: 3DT1 images of 32 HC (699.45yrs, 17males), 28 AD (737.40yrs, 18males) and 19 VaD 
(769.11yrs, 4males) were acquired using a Siemens Skyra 3T scanner. 
SC was segmented and labelled with Spinal Cord Toolbox to compute cross-sectional area (CSA) and 
volume for each vertebra and C2-C3 pair3. Volume of cortical and subcortical brain structures was 
calculated with FIRST for brain atrophy investigation. CSA and volumes were compared between groups 
with a general linear model regression (covariates: age, gender, total intracranial volume; p<0.05). Features 
ranking was implemented with the ReliefF algorithm and classification accuracy, sensitivity and sensibility 
of Random Forest (RF) were tested. 

Results: CSA of C2-C3, C1, C2, C3 vertebrae, volumes of C2, WM, thalami and left hippocampus were 
significantly decreased in VaD compared to HC. All metrics were smaller in VaD with respect to AD, 
although they did not reach statistical significance. Gender, left hippocampus, GM and C2 volume were the 
best features for classifying VaD-HC and VaD-AD. RF with leave-one-out testing showed an accuracy of 
75% in classify VaD and HC, and of 67% for VaD from AD. For both classifications Area Under ROC 
curve (AUC) was 70%. 

Conclusions: Our findings revealed that cervical SC atrophy contributes to the classification of VaD patients, 
both with respect to HC and AD. The volume of C2 was among the best features for the task and showed a 
considerable weight in classifying VaD patients. Furthermore, RF demonstrated excellent performance in 
classifying VaD and HC, and a good performance in distinguishing VaD from AD. 
Our findings are interesting, nevertheless classification could be improved using a larger cohort of subjects 
and adding clinical and neuropsychological variables, since here we used only imaging features. 
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Background: To evaluate electroencephalogram (EEG) performances alone or combined with resting 
state functional MRI (rs-fMRI) in order to distinguish (i) mild cognitive impairment (MCI) subjects with 
an Alzheimer’s Disease (AD)-like cerebrospinal fluid (CSF) biomarkers profile and (ii) MCI patients who 
converted to AD within 4 years. 

Methods: 39 AD, 86 MCI and 86 healthy subjects underwent EEG and/or rs-fMRI. Two different 
analyses were performed according to the MCI patient characterization: (i) biological analysis: MCI 
subjects were distinguished according to the CSF profile (MCI-ATpos and MCI-ATneg, i.e., respectively 
with phosphorylated tau/βamiloyd-42 ≥ 0.13 or < 0.13) and (ii) clinical analysis: MCI patients were 
classified in converters (MCI-c) and non-converters (MCI-nc). Current source localization analysis was 
applied to EEG data at lobar level. Subsequently, graph analysis assessed global and lobar network 
properties using both EEG and rs-fMRI data. To combine the two techniques, networks mostly affected 
by AD pathology were identified using Independent Component Analysis applied to rs-fMRI data. 
Afterwards, EEG current source localization analysis and graph analysis were focused on these networks. 
Finally, ROC curves were calculated and compared. 

Results: AD showed an increase of slow frequencies (i.e., theta and delta) and a decrease of faster ones 
(i.e., alpha2 and beta1) when compared to other groups in biological and clinical analysis. MCI-ATpos 
were significantly different from MCI-ATneg patients in terms of higher theta density (both at lobar and 
network level) and lower alpha2 density (only at network level). Graph analysis from EEG data did not 
show significant differences between MCI patients groups within the biological analysis. Although no 
differences between MCI-c and MCI-nc patients were detected, current density analysis showed a 
different behavior when compared to AD at alpha2 frequency. Despite an amelioration in accuracy with 
the application of rs-fMRI to EEG data, it did not reach the statistical significance. 

Conclusions: Theta frequency is sensitive to AD-like CSF biomarker profile in MCI patients and it could 
be a promising early noninvasive marker of AD. Furthermore, the integration of EEG with rs-fMRI 
allowed highlighting the role of alpha2 band as neurodegeneration biomarker by correlating with disease 
progression and with a likely conversion to AD. 

Supported by: Italian Ministry of Health (GR-2011-02351217). 
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Background: Atrophy of the parietal lobe is a typical feature of Posterior cortical atrophy (PCA), an 
atypical presentation of Alzheimer disease (AD). It is usually evaluated with Koedam visual rating scale, but 
this scale is complex to assess and its utility in the differential diagnosis with typical AD has not been 
demonstrated yet. The objective of this study is to evaluate differences in the MRI between PCA and typical 
AD using visual rating scales and subsequently validate the results with the automated software Brainvisa 
and with Voxel Based Morphometry (VBM). 

Methods: We selected 15 patients who presented with progressive complex visual disorders and 
predominant occipitoparietal hypometabolism on PET-FDG. These patients were retrospectively compared 
with 30 typical AD patients with and 15 healthy subjects, using previously validated visual rating scales and 
dividing Koedam scale in three components: posterior cingulate, precuneus and parieto-occipital. 
Subsequently, we performed Brainvisa Morphologist for the widening of the sulci corresponding to the 
scales and a VBM grey matter and CSF volume analysis. 

Results: The widening of the parieto-occipital sulcus, assessed both with visual rating scales and with 
Brainvisa, was higher in PCA compared to typical AD and the scores of these two different methods were 
correlated. The VBM analysis showed an inverse correlation of the grey matter volume results obtained from 
visual rating scales, and a direct correlation with CSF volume in the corresponding areas. 

Conclusions: Visual rating scales of parieto-occipital sulci can distinguish between PCA and AD. This 
method has been validated using Brainvisa and VBM. 
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Background: Recently, because of the putative association between the Default Mode Network (DMN) and 
working memory, cortical activations of the DMN have been investigated to assess the underlying 
physiopathology of Alzheimer’s disease (AD) and of a prodromal stage of dementia as Mild Cognitive 
Impairment (MCI). Aim of this study was to explore the EEG functional connectivity in amnesic MCI 
subjects with multidomain impairment in order to characterize the DMN in converted MCI (cMCI), which 
converted to AD, compared to stable MCI (sMCI) subjects.  

Methods: 59 MCI subjects were recruited and divided -after appropriate follow-up- into cMCI or sMCI . 
They were further divided in MCI with linguistic domain (LD) impairment and MCI with executive domain 
(ED) impairment. Small World (SW) index was measured as index of balance between integration and 
segregation brain processes. SW, computed restricting to nodes of DMN regions for all frequency bands, 
evaluated how they differ between MCI subgroups assessed through clinical and neuropsychological 4-years 
follow-up. In addition, SW evaluated how this pattern differs between MCI with LD and MCI with ED. 

Results:Results showed that SW index significantly decreased in gamma band in cMCI compared to sMCI. 
In cMCI with LD impairment, the SW index significantly decreased in delta band, while in cMCI with ED 
impairment the SW index decreased in delta and gamma bands and increased in alpha1 band.  

Conclusions: We proposed that the DMN functional alterations in cognitive impairment could reflect an 
abnormal flow of brain information processing during resting state condition that could be associated to a 
possible status of pre-dementia. 
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Introduction Both Mild cognitive impairment (MCI) and Subjective Cognitive Impairment (SCI) are 
conditions that may precede Alzheimer’s Disease (AD) or dementia. For this reason, differential 
diagnosis of both MCI and SCI subjects is crucial for patient prognosis and management.  

Methods A cohort of 111 elderly subjects (65÷89 years, mean 74.7±5.2)  was recruited. According 
to current guidelines [1][2], 79 were  confirmed at the neurological examination as MCI , 32 as SCI. 
Besides clinical evaluation, all subjects underwent a MR  exam of the brain at a 1.5T scanner (GE 
healthcare). MRI protocol included a T1-weighted 3D FSPGR sequence (TR/TE=12650/5300 ms, 

prep time=700 ms, NEX=1, isotropic voxel=1×1×1 mm3) and a 3D pseudo-continuous Arterial Spin 
Labeling (pCASL) (TR/TE = 4850/10 ms, NEX=4, pld=2025 ms, spiral acquisition with 512 
sampling points on eight spirals, spatial resolution = 3.64 mm, slice thickness = 4 mm). 
The gray matter was segmented on T1-weighted scans through the FreeSurfer recon-all utility [3] and 
87 ROIs (19 subcortical and 68 cortical) were identified. After ASL and T1-weighted registration, for 
each ROI, the gray matter volume (normalized to the supratentorial volume) and the median of the 
ASL signal was measured. The ASL and the gray matters volumes data were separately processed 
through an unsupervised clustering method to identify homogeneous subgroups of subjects. The 
clustering approach was based on on a consensus clustering through a k-means algorithm. 

Results Unsupervised clustering identified 6 different clusters on both ASL and gray matter volume 
data. Perfusion showed to be variable in the different clusters and showed dissimilar patterns at 
subcortical and cortical levels. On the other hand, the patterns of atrophy showed peculiar 
characteristics in different clusters (atrophy limited to subcortical areas, widespread, limited to 
cortical areas but with deep structures spared from degeneration etc).  
The identified clusters showed to be different also when compared at clinical level, with higher Mini 
Mental Score Examination (MMSE) and Rey Auditory Verbal Learning Test values, and lower 
ADAS-cog values in clusters with higher perfusion levels and lower atrophy. 

ConclusionUnsupervised clustering of ASL and structural MR imaging of the brain seems to be 
beneficial in differential diagnosis of subjects at risk of dementia. 
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Background: Episodic memory tests are considered as the most valuable tool to identify subjects with MCI 
who will convert to dementia, alongside with tests assessing executive functions and lexical-semantic 
system. It is conceivable that different neuropsychological markers may predict the conversion to dementia 
at different time-points from the baseline assessment.  

Methods: We recruited 192 individuals with amnesic MCI due to Alzheimer’s Disease (AD) who 
underwent periodical clinical and neuropsychological assessment for 5 years. During the follow-up period, 
121 individuals converted to dementia. They were subdivided into three groups: early converters (EC; 
conversion in the first two years of follow-up; N=63); intermediate converters (IC; between 2 and 4 years; 
N=37); late converters (LC; conversion over 4 years; N=21). The analyses were performed using the 
baseline neuropsychological evaluation, that included: MMSE; Rey Auditory Verbal Learning Test; digit 
span; copy of drawing without and with landmarks; Raven’s Matrices; Stroop’s test; Multiple Features 
Targets Cancellation; phonological and semantic verbal fluency; nouns naming. The discrepancy between 
semantic and phonological verbal fluency (SPD) was computed. Multinomial logistic regression analyses 
were performed in which the groups of converters were set as dependent variables.  

Results: On univariate analyses, EC  was predicted by MMSE (p<0.001); RAVLT immediate (p=0.005) and 
delayed (p=0.007) recall; digit span backward (p=0.033). IC was predicted by the MMSE score (p<0.001); 
and semantic verbal fluency (p=0.012). LC was predicted by phonological verbal fluency (p=0.008) and 
SPD (p=0.05). On the multivariate model, EC was predicted by MMSE (p<0.001); RAVLT immediate recall 
(p=0.046); and SPD (p=0.026); IC was predicted by MMSE (p<0.001); LC was predicted by SPD (p=0.011). 

Conclusion: Different neuropsychological scores may predict conversion at different time points from the 
baseline. Episodic memory tests confirm to be reliable in detecting patients who will progress to dementia, 
but only in the first two years. The conversion over 4 years was predicted by the SPD, a marker of 
impairment of the lexical semantic system. This observation suggests that semantic memory appear earlier 
than episodic memory disorders  in the progression of AD, probably due to the earlier involvement of some 
medial temporal lobe structures like entorhinal and perirhinal cortices.  



SEMANTIC RELATIONS IN A CATEGORICAL VERBAL FLUENCY TEST IN MILD COGNITIVE IMPAIRMENT 

Davide Quaranta1, Chiara Piccininni1, Alessia Caprara1, Alessia Malandrino2, Valeria Guglielmi1, 
Guido Gainotti3, Camillo Marra1,3 

1) IRCCS Fondazione Policlinico Universitario “A. Gemelli”, Roma;
2) Università Europea di Roma, Roma
3) Università Cattolica del Sacro Cuore, Roma

Background: Categorical verbal fluency tests (CFT) are commonly used to assess the integrity of semantic 
memory in individuals with brain damage. Persons with Dementia of the Alzheimer’s Type display a 
reduced output on CFT, and a similar pattern has been reported in persons with amnesic Mild Cognitive 
Impairment (aMCI). The present study aimed to assess whether the semantic relations between lexical 
entries produced on a categorical fluency test were different between healthy persons and those with aMCI 
and whether this difference was more pronounced in individuals who converted to dementia during a 3-year 
follow-up period. 

Methods: We recruited 34 individuals with aMCI and 29 matched healthy persons. During the follow-up 
period, 10 individuals converted to Dementia (aMCI-conv). Two measures assessing semantic relations 
between consecutively produced word pairs (Path length and Extended Gloss Overlap) were obtained from 
the Wordnet database. 

Results: The number of word pairs analyzed among the healthy participants (HP) and persons with aMCI 
were 498 (birds: 262; pieces of furniture: 236) and 395 (birds: 174; pieces of furniture: 221), respectively. 
Path length was lower in aMCI-conv than in HP (p = 0.035), but no differences were found between stable 
aMCI and HP, and between aMCI-stable and aMCI-conv. The ANOVA for lexical entries belonging to the 
“birds” category showed a significant effect of group (F = 5.630; p = 0.004); the post hoc analysis showed a 
significant difference between HP and aMCI-conv (p = 0.003). The “pieces of furniture” category was 
significantly affected by group (F = 4.107; p = 0.017); the post hoc test showed significant differences 
between aMCI-conv and healthy individuals (p = 0.049), and between aMCI-conv and stable aMCI (p = 
0.001). 

Conclusion: Individuals with aMCI who convert to dementia show a deterioration in the semantic relations 
between lexical entries, produced on a CFT. This phenomenon may be interpreted as a marker of very early 
disruption of semantic memory, which, in turn, could be the consequence of the very early neuropathological 
damage of middle temporal structures involved in context-free memory, such as perirhinal and entorhinal 
cortices.  
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Background: The term ‘empathy’ has been applied to a broad spectrum of phenomena, like feelings of 
concern for other people that create a motivation to help them and experiencing emotions that match 
another’s. Although it is not generally considered a major finding in the early stages of Dementia of the 
Alzheimer’s Type (DAT), there is some evidence that the above-mentioned mechanisms could be impaired 
at the prodromal stage of DAT, that is in Mild Cognitive Impairment. In the present study, we aimed to 
assess the relationship between brain atrophy and empathy in subjects affected by MCI.  

Methods: Eighteen subjects diagnosed with MCI due to AD according to current criteria were enrolled in 
the present study. Each of them underwent a comprehensive neuropsychological assessment and the 
Interpersonal Reactivity Index (IRI). The IRI encompasses four factors: Perspective Taking (PT: adopting 
the point of view of others); Fantasy (F: transposing oneself into the feelings and actions of fictitious 
characters); Empathic Concern (EC: feelings of sympathy and concern for unfortunate others); Personal 
Distress (PD: feelings of personal anxiety and unease in interpersonal settings). Each subject underwent an 
MRI scanning; T1-weighted sequences were used to assess volumes of subcortical structures and cortical 
thickness (CT).  

Results: We did not find any correlation between scores on neuropsychological tests and IRI. The PT score 
was positively correlated with CT of the right middle temporal (p=0.007), lingual (p=0.009) and inferior 
parietal (p=0.007) gyri, and inversely correlated to the volume of both amygdalae (right: p=0.010; left: 
p=0.018) . The F score was positively correlated with the volume of the anterior mid cingulate gyrus 
(p=0.003) and CT of postcentral gyrus (p<0.001) in the right hemisphere.  

Conclusion: Different dimensions of empathy may be associated with neuronal loss in different cortical and 
subcortical areas, all in the right hemisphere. The correlation between PT and inferior parietal gyrus could 
reflect the role of such brain region as a a mediator between self and other mental states; the inverse 
correlation with the volume of amygdalae is in agrrement with previous evidence on the down-regulation of 
amygdala during empathic involvement. The correlation between Fantasy and anterior mid cingulate cortex 
is in agreement with evidence suggestic its role in estimating other persons’ goal and the chances that they 
will actually attain them.  



AMYLOID PET:  IS THERE ROOM FOR REGIONAL ANALYSIS? 

Enrico Peira1,2, Matteo Grazzini2, Matteo Baucknet3,4, Federico Massa3, Dario Arnaldi2,3, Silvia 
Morbelli3,4, Matteo Pardini2,3, Andrea Chincarini\, Flavio Nobili2,3. 

1Istituto Nazionale di Fisica Nucleare (INFN), Genoa unit, Genova Italy.; 2 Dept. of Neuroscience, Rehabilitation ,Ophthalmology, Genetics, Child 
and Maternal Health (DINOGMI), University of Genoa, Genova, Italy.; 3 Neurology Clinic, IRCCS Ospedale Policlinico San Martino, Genova, 
Italy.; 4 Nuclear Medicine Unit (DISSAL), University of Genoa, Genova, Italy. 

Background: Amyloid PET (amy-PET) allows to evaluate the presence of increased brain amyloid in 
subjects with Alzheimer disease (AD). In clinical practice amy-PET is visually inspected to provide a binary 
positive/negative reading. Little is known regarding the possible usefulness of regional assessment of amy-
PET. 

Methods: In this retrospective study, we retrieved from our database the clinical, cognitive characteristics 
and the amy-PET images of 109 patients (age=72.1±5.9, m/f 58/51, MMSE=26.7±2.7) who underwent amy-
PET for AD clinical suspicion and a complete neuropsychological assessment (TMT, RAVLT, categorical 
fluency, symbol digit, stroop, visuoconstruction test). Each scan was quantified by averaging cortico-
cerebellar SUVr and ELBA. An anatomo-functional pre-segmented atlas of 11 ROIs was used for regional 
quantification. Regional quantification was used to calculate an inter-region correlation matrix of Pearson 
coefficient for the whole dataset (CD). Patients were ordered on the basis of a whole-brain quantification 
index and the averaged square difference was used to identify the subset whose inter-region correlation 
matrix differed from CD. Then, the 11 ROIs with strong correlation in CD were grouped together into 5 
clusters and their averaged quantification from each cluster was tested on a linear regression model with 
each neuropsychological test corrected for age, sex and education. Similarly, the ratio for each averaged 
quantification cluster pair was tested. 

Results: The bootstrap analysis confirmed that exists at least one subset of patient whose correlation matrix 
based on quantification significantly differs from the overall dataset suggesting that the Aβ deposition 
dynamic vary across regions. The quantification from each cluster was not directly related to cognition. 
Conversely the ratios between the striatal signal quantification and other regions showed significant 
associations to categorical fluency and stroop performance CW (Bonferroni correction for multiple 
comparisons, p<0.05). Interestingly, all the significant ratios involved the striatum indicating that its 
accumulation trajectory differs from the cortex. 

Conclusions: Our results suggest that the Aβ accumulation differently affects brain regions as the global 
burden of Aβ increase, the relationship between regional deposition may provide adjunctive information 
with possible clinical implication. All these findings emphasize the value of topographical information 
provided by amy-PET that should be further investigated. 
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Background : Biomarkers of brain amyloidosis have proven analytical and clinical validity but unknown 
relative diagnostic utility in cognitively impaired patients with possible Alzheimer’s disease (AD) in the 
MCI or early dementia phase. We compared the incremental diagnostic value of [18F]-Florbetaben PET and 
CSF markers (Aβ42, tau and ph-tau) in patients with cognitive impairment. 

Methods: 71 patients from a multicentric study underwent dementia workup for suspected primary 
dementia, amyloid PET and CSF markers. Two independent dementia experts provided etiological diagnosis 
and relative diagnostic confidence in 71 patients on 3 rounds, based on: 1) clinical, neuropsychological and 
structural MRI information alone; 2) adding one biomarker (CSF amyloid and tau levels or amyloid-PET 
with a balanced randomized design); 3) adding the other biomarker. 

Results: Among patients with a pre-biomarker diagnosis of AD, negative PET induced significantly more 
diagnostic changes than amyloid-negative CSF at both Rounds 2 (CSF: 67%, PET: 100%, P=0.028) and 3 
(CSF: 0%; PET: 78%, P<0.001); PET induced a diagnostic confidence increase significantly higher than 
CSF on both Rounds 2 and 3. 

Conclusions: Amyloid-PET should be prioritized over CSF biomarkers in the diagnostic workup of patients 
investigated for suspected AD, as it provides greater changes in diagnosis and diagnostic confidence. 
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Background: Alzheimer’s Disease (AD) is characterized by an involvement of the brain dopamine (DA) 
circuitry, the presence of which has been associated with emergence of both neuropsychiatric symptoms and 
cognitive deficits. In order to investigate whether and how the DA pathways are involved in the 
pathophysiology of AD, we assessed by in vivo neuroimaging the structural and metabolic connectivity 
alterations of DA pathways and targets. 

Methods: We included 54 healthy control participants, 53 amyloid-positive subjects with mild cognitive 
impairment due to AD (MCI-AD), and 60 amyloid-positive patients with probable dementia due to AD 
(ADD) with structural 3T MRI and 18F-FDG-PET scans. We assessed MRI-based gray matter reductions in 
MCI-AD and ADD groups within a priori-defined Nigrostriatal and Mesocorticolimbic DA pathways, 
followed by 18F-FDG-PET metabolic connectivity analyses to evaluate network-level metabolic connectivity 
changes.

Results:We found significant tissue loss in the Mesocorticolimbic pathway. Atrophy was evident in the 
ventral striatum, orbitofrontal cortex and medial temporal lobe structures, and already plateaued in the MCI-
AD stage. Degree of atrophy in Mesocorticolimbic regions positively correlated with the severity of 
depression, anxiety and apathy in MCI-AD and ADD subgroups. Additionally, we observed significant 
alterations of metabolic connectivity between ventral striatum and fronto-cingulate regions in ADD, but not 
in MCI-AD. There were no metabolic connectivity changes within the Nigrostriatal pathway.  

Conclusions: Our data support a clinically-meaningful, yet stage-dependent, involvement of the 
Mesocorticolimbic system in AD. Longitudinal and clinical correlation studies are needed to further 
establish the clinical relevance of DA system involvement in AD, with possible consequences in therapy 
approaches. 



ASSESSMENT OF THE IMPACT OF COGNITIVE IMPAIRMENT ON THE 
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Background: Dementia affects not only patients’ quality of life, but it also involves their family, in 
particular the caregivers’ condition. Several studies underline changes in caregivers’ quality of life, needs, 
burden and stress levels, but only few studies focus on their disease perception. Furthermore, some 
difficulties in patients’ management and disease acceptance are due to the lack of doctor-patient and 
caregiver communication that may increase the risk of non-adherence. This condition can increase the 
probability of worsening of the disease, mortality and health care costs. 

Methods: All outpatients consecutively admitted to Istituti Clinici Scientifici Maugeri IRCCS – Montescano 
(PV), who underwent a dementia Diagnostic-Therapeutic Care Pathway (DTCP) accompanied by a caregiver 
(dyad), will be eligible. Inclusion criteria and administration of the tests are based on the Mini-Mental State 
Examination (MMSE) and Addenbrooke’s Cognitive Examination – Revised (ACE-R) scores: caregiver’s 
MMSE>22; patient’s 18.3≤MMSE≤22 (tests to caregiver and patient); patient’s MMSE<18,3 (tests to 
caregiver only); patient's MMSE>22 and patient’s ACE-R<1 (tests to caregiver and patient). Tests 
administered to patients only: CDR, Morisky Medication Adherence Scale. Tests administered to patient and 
caregiver: EuroQol-5D, EuroQol VAS, Patient Health Questionnaire-9, Generalized Anxiety Disorder-7 and 
Communication Assessment Tool. Tests administered to caregivers only: Family Strain Questionnaire–Short 
Form, Basic and Instrumental Activity of Daily Living and Neuropsychiatric Inventory Questionnaire. 
Subjects will be assessed at T0 (baseline), T1 (at 6 months) and T2 (at 1 year). 

Results: The collected data will allow highlighting any reports related to the progress of the disease, 
adherence with the prescriptions and the general well-being of the patient and caregiver within the DTCP 
planned for the management of the patient with dementia. At the moment we recruited 100 clinical cases 
(n.40 no eligible for exclusion criteria, n.30 dyad, n.30 only caregiver), the statistical analysis is still ongoing 
and the results will be presented at the congress. 

Conclusions: Results could be used to professional dissemination by the implementation of training courses 
to develop expertise in health professionals that work with patients with dementia and that could enlighten 
the importance of the caregiver’s burden in patient’s everyday management. 
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Background: Previous studies reported amnestic Mild Cognitive Impairment (aMCI) subjects with slow 
rate of cognitive decline, benign course and no progression to dementia. Clinical and post-mortem studies 
suggested the presence of both Alzheimer’s disease (AD) and non-AD pathology. The identification of 
aMCI with a benign course has relevant consequences for both prognosis and treatment. The aim of this 
study was to define the role of in vivo biomarkers, namely brain metabolism and CSF pathology measures, to 
predict clinical progression and thus prognosis in large populations of aMCI subjects.  

Methods: We selected 80 aMCI (Cohort1) using the following criteria: observational time of disease 
duration ≥4 years; available baseline and follow-up clinical and neuropsychological evaluations; baseline 
CSF analysis measuring amyloid-β42, total-tau and phosphorylated-tau; FDG-PET individually assessed by 
a validated SPM procedure on a voxel-by-voxel basis. In addition, we selected 75 aMCI due to AD with 
CSF evidence of amyloidopathy (Cohort2). 

Results: Cohort1 presented mean disease duration of 8.45±3.37 years, range 4-19, no MMSE decline, no 
clinical progression with only 7% conversion to AD dementia at follow-up and FDG-PET hypometabolism 
in the medial temporal lobe structures, thus a non-AD brain pattern. Cohort2 showed 81% conversion to AD 
and the AD typical temporo-parietal hypometabolism. FDG-PET individual hypometabolism patterns 
predicted stability in Cohort1 and progression in Cohort2, with high accuracy (AUC=0.88), sensitivity 
(0.85) and specificity (0.90). Within Cohort1, the CSF biomarkers showed great variability and none of them 
was able to predict stability or conversion. The AT(N) classification was misleading in Cohort1, since 54% 
of subjects showed an AD profile and 46% non-AD profile. They all showed comparable stability at follow-
up. 

Conclusions: These results suggest that the specific temporal medial hypometabolism pattern is associated 
with clinical stability and makes progression to AD dementia or other dementia very unlikely. Nor CSF 
biomarkers, neither the AT(N) classification can predict the clinical follow-up in this population. These 
findings underline the key role of FDG-PET metabolism pattern as a fundamental biomarker for diagnosis 
and prognosis in aMCI populations. In the future FDG-PET should be planned also in clinical trials, 
preventing detrimental diagnostic and prognostic mistakes. 



BRAIN METABOLISM AND AMYLOID CORRELATES IN PRECLINICAL DEMENTIA 
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Background: FDG-PET has shown high accuracy in predicting Alzheimer’s Disease (AD) in the prodromal 
stage, while the role of amyloid PET in diagnosis and in predicting the development of AD is debatable. 
However, amyloid PET imaging is applied for screening candidates in early and prodromal phase of AD for 
inclusion in clinical trials. Few data are available in the preclinical AD, where the role of PET imaging is not 
yet established. The aim of this study was to investigate brain metabolism and amyloid load in subjective 
cognitive complaint (SCC) and in pre-Mild Cognitive Impairment (preMCI) conditions. 

Methods: We enrolled 105 subjects (49 SCC and 56 preMCI) with full neurological/neuropsychological 
evaluations. All subjects underwent a baseline FDG-PET scan, analyzed with optimized voxel-based SPM 
procedures, and 67 subjects underwent additional amyloid-PET imaging, analyzed using a validated semi-
quantification method.  The resulting single-subject FDG-PET SPM-t maps classified subjects into six 
categories: 1) normal FDG PET SPM map; 2) Typical AD-like pattern; 3) FTD-like pattern; 5) DLB-like 
pattern; 6) Cerebrovascular pattern. 

Results: 57% of subjects in these preclinical phases showed altered brain metabolism patterns. FTD-like and 
cerebrovascular patterns were the most frequent ones, representing respectively the 24% and 28% of the 
entire cohort. Only 4% of subjects showed an AD-like hypometabolism pattern. Several cases (11%) had 
hypometabolism in the medial temporal limbic structures (as in tauopathies).  A dorsolateral and 
orbitofrontal hypometabolism was present in 26% of SCC cases and in 32 % of preMCI, suggesting either 
neurodegenerative or dysfunctional correlates. Among subjects who underwent amyloid-PET, only 18% 
showed a pathologic amyloid burden. Normal brain FDG-PET metabolic pattern was strongly associated 
with normal cortical amyloid load; however, there was 15% of subjects with negative FDG PET scan and 
amyloid PET positivity. 

Conclusions: FDG-PET single-subjects SPM analysis revealed altered brain metabolism patterns already in 
SCC and pre-MCI cases. Of note, normal FDG-PET SPM maps were also very frequent in this cohort and 
strongly associated with normal brain amyloid load. The high rate of FTD-like pattern may be due to the 
presence of tauopathy or neural dysfunctional correlates responsible of mood disorders particularly in the 
SCC cohort. These findings highlight the relevant role of FDG-PET in identifying early signature of 
neurodegeneration or dysfunctional alterations in preclinical stage. 
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Background: Mild Cognitive Impairment (MCI) is an intermediate condition between normal cognitive 
function and dementia, usually prodromal of Alzheimer’s disease, but also of other neurodegenerative 
conditions. Recent evidence suggests that activated microglia could be part of the pathogenetic processes, 
leading to neuronal dysfunction and neurodegeneration representing a potential therapeutic target 
[Hammond et al., 2019]. Using brain Positron Emission Tomography (PET), we aimed at in vivo 
investigating presence of increased microglia in MCI, and its relationship with brain glucose 
hypometabolism, a biomarker of neurodegeneration. 

Methods: We studied N=10 subjects fulfilling Petersen’s criteria for MCI [Petersen, 2004] and N=10 
healthy controls (HC) for comparison. We quantified microglia activation using [11C]-PK11195, a ligand of 
the 18 kDa Translocator Protein, overexpressed in activated microglia. We created Binding Potentials 
parametric images using optimized clustering reference regions, followed by individual comparison with 
HCs. [18F]-FDG-PET scans were analyzed by an optimized SPM voxel-wise single-subject method based 
on comparison with a large HC (N=112) database [Perani et al., 2014]. We then performed a correlation 
analysis between hypometabolism and microglia activation.  

Results: Single-subject [18F]-FDG-PET-SPM analysis revealed different hypometabolism patterns, as 
expected in MCI with risk of progression to different diseases, and namely AD, FTLD and Lewy body 
spectrums. Of note, there were several clusters of significant microglia activation across frontal, temporal 
and parietal regions with a spatial concordance with regional hypometabolism.  

Conclusions: Previous PET studies investigating neuroinflammation in MCI participants reported 
conflicting results, with presence or not of increased regional microglial activation [Cerami et al., 2017]. In 
our study, the presence of microglia activation in MCI subjects was significant and showed a spatial 
concordance with glucose hypometabolism, suggesting that activated microglia may contribute to 
neurodegeneration and synaptic dysfunction These findings have important implications in considering local 
immune activity in neurodegenerative processes and in evaluating anti-inflammatory therapies in prevention 
of dementia [Mendiola et al., 2016]. 
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Background: Early onset Alzheimer’s disease (EOAD) is characterized by young age of onset (<65 years), 
severe neurodegeneration and rapid disease progression, thus differing significantly from typical late-onset 
Alzheimer’s disease. Growing evidence suggests a primary role of neuroinflammation in AD pathogenesis. 
The role of microglia activation in EOAD remains to be explored. Investigating microglial activation and its 
influence on the development of synaptic dysfunction in EOAD may contribute to the understanding of its 
pathophysiology. In our study, we aimed to assess the amount of neuroinflammation and neurodegeneration 
and their relationship in EOAD patients, through Positron Emission Tomography (PET) measures of 
microglia activation and brain metabolism.  

Methods: We enrolled 12 EOAD patients, classified according to standard criteria, who underwent standard 
neurological and neuropsychological evaluation, CSF analysis, brain MRI, and both FDG- and PK11195-
PET. Healthy controls databases were used for statistical comparison. FDG PET brain metabolism in single 
subjects and as a group was assessed by an optimized SPM voxel-wise method. PK11195 PET Binding 
Potentials (BPs) were obtained using reference regions selected with an optimized clustering procedure 
followed by a parametric analysis. We performed a topographic interaction analysis and correlation analysis 
in AD-signature metabolic dysfunctional regions and regions of microglia activation. A network 
connectivity analysis was also performed using the interaction regions of hypometabolism and PK11195 
PET BPs increases.  

Results: EOAD patients showed a significant and extended microglia activation, as increases in PK11195 
PET Binding Potentials, and brain hypometabolism in typical AD-signature regions, i.e. temporo-parietal 
cortex, with additional variable frontal and occipital hypometabolism in the EOAD variants.  There was a 
spatial concordance in the interaction areas and significant correlations between the two biological changes. 
The network analysis showed a disruption of frontal connectivity induced by the metabolic/microglia effects. 

Conclusions: The severe microglia activation characterizing EOAD and contributing to neurodegeneration 
may be a marker of rapid disease progression. The coupling between brain glucose hypometabolism and 
local immune response in AD-signature regions supports their biological interaction. 



EXPLORING PERFUSION IN FRONTOTEMPORAL DEMENTIA: A FDG-PET/ASL-MRI STUDY 
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Background: Arterial spin labeling (ASL) magnetic resonance imaging (MRI) and fluorodeoxyglucose 
(FDG) positron emission tomography (PET) measure brain perfusion and glucose metabolism, respectively, 
and are valuable diagnostic methods for the diagnosis of frontotemporal dementia (FTD). FTD has a typical 
pattern of hypometabolism and, due to the coupling between perfusion and glucose metabolism, ASL could 
be considered as a noninvasive substitute for FDG-PET. In the present study we used simultaneous FDG-
PET/ASL-MRI to investigate the relationship between brain metabolism and perfusion in FTD patients at 
the same physiological condition. 

Methods: Four patients with FTD-behavioral variant, 4 patients with FTD-primary progressive aphasia 
variant and 5 patients with cerebrovascular disease were enrolled.  
All patients underwent simultaneous FDG-PET/ASL-MRI on a 3T Siemens Biograph mMR. PET data 
acquisition started 30 min after the injection of 18-FDG together with . pseudo-continuous ASLMR 
sequence. Patients also completed a clinical and neuropsychological battery. Cerebral blood flow (CBF) 
images were calculated using Matlab toolbox ASLtbx. CBF and PET counts were extracted from 90 
supratentorial cortical regions from the AAL Atlas. To normalize intensities for a direct comparison, both 
FDG-PET and ASL values in these regions were transformed to z-scores. Pearson’s correlation between 
regional ASL and FDG-PET estimation was determined within-subject and across regions.(p<0.05). 

Results: A qualitative correspondence between FDG-PET and ASL-CBF was observed. Within-subject 
correlations between ASL-CBF and FDG-PET across all 90 regions were significant in 13 out of 15 patients, 
ranging between r=.35 and .61. When correlating the 90 regions across patients, 7 regions showed a 
significant positive one-on-one regional correlation between FDG metabolism and ASL-CBF. 

Conclusions: The present exploratory study on simultaneous PET/MR showed good correspondence 
between FDG-PET and ASL on a global level, both visually and quantitatively, patients with dementia. We 
found that the spatial distribution of FDG–PET and ASL-CBF maps significantly correlated within-subjects 
across 90 supratentorial cortical regions. One-to-one regional correlations were in the inferior frontal 
operculum and inferior parietal cortex, in the angular gyrus, hippocampus and thalamus. This exploratory 
study demonstrates the feasibility of ASL as radiation-free and cost-effective tool in diagnosis of dementia. 
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Background: To assess the clinical impact and incremental diagnostic value of 18F-Fluorodeoxyglucose 
(FDG-PET) among memory clinic patients with uncertain diagnosis. 

Methods: The study population consisted of 277 patients who, despite extensive baseline cognitive 
assessment, MRI and CSF analyses, had an uncertain diagnosis of mild cognitive impairment (MCI) (n=177) 
or dementia (n=100). After baseline diagnosis, each patient underwent an FDG-PET, followed by a post-
FDG-PET diagnosis formulation. We evaluated: (i) the change in diagnosis (baseline vs. post-FDG-PET); 
(ii) the change in diagnostic accuracy when comparing each baseline and post-FDG-PET diagnosis to a long-
term follow-up (3.6 ± 1.8 years) diagnosis used as reference and (iii) comparative FDG-PET performance 
testing in MCI and dementia conditions.

Results: FDG-PET led to a change in diagnosis in 86 of 277 (31%) patients, in particular in 57 of 177 (32%) 
MCI and in 29 of 100 (29%) dementia patients. Diagnostic change was greater than two-fold in the sub-
sample of cases with dementia “of unclear etiology” (change in diagnosis in 20 of 32 (63%) patients). In the 
dementia group, after disclosure of FDG-PET, diagnostic accuracy improved from 77% to 90% in 
Alzheimer’s disease (AD) and from 85% to 94% in frontotemporal lobar degeneration (FTLD) patients 
(p<0.01). FDG-PET performed better in dementia than in MCI (positive likelihood ratios >5 and <5, 
respectively). 

Conclusions: Within a clinical population setting, FDG-PET has a significant clinical impact, both in early 
and differential diagnosis of uncertain dementia. FDG-PET provides significant incremental value to detect 
AD and FTLD over a clinical diagnosis of uncertain dementia. 



METABOLIC FAILURE OF RIGHT INFEROLATERAL FRONTAL CORTEX IMPAIRS 
PROSPECTIVE MEMORY (PM) IN MCI DUE TO ALZHEIMER’S DISEASE (MCI-AD) 

1Grisanti S, 1,3Girtler N, 1,3Brugnolo A, 3Doglione E, 1Orso B, 2,3Morbelli S, 2,3Baucknhet M, 1,3Origone 
P, 1Grazzini M, 1Massa F, 1,3Arnaldi D, 1,3Pardini M, 1,3Nobili F 

1Dept of Neuroscience (DINOGMI), University of Genoa; 2Dept of Health Science (DISSAL), University of Genoa; 3IRCCS Ospedale Policlinico 
San Martino, Genoa 

Background: PM involves executive processes such as forming and maintaining an intention in memory 
over time while performing another task. Prefrontal regions could be involved in PM although little is known 
in early AD. We investigated the brain metabolic correlates of PM in patients with MCI-AD compared to 
healthy controls (HC). 

Methods: Eighteen patients (10 males, age:74±4.9; MMSE score:27.7±1.6) with intermediate (FDG-PET, 6 
patients) or high (plus a positive amyloidosis biomarker, 12 patients) likelihood of MCI-AD were enrolled. 
In ten patients the diagnosis of AD dementia was made 2.7 years later (range: 0.8-3.4) while eight patients 
are not converted after 3.4 years (range: 0.25-6.9). HC included 23 subjects (11 males, age: 71.5±5.7) 
undergoing FDG-PET and neuropsychological evaluation. PM was evaluated with the Ungvari et al (Arch 
Clin Neuropsychol. 2008;23:613–622) paradigm test. Brain metabolism was compared between MCI-AD 
and HC (SPM-12) and correlated with the PM score in all the 41 subjects, then in HC and in MCI-AD 
groups separately, with age and education as nuisance variables. 

Results: In MCI-AD group significant hypometabolism was found in the precuneus/posterior cingulate 
(PC/PCC) region. PM score was positively correlated (uncorrected p<0.001) with the same PC/PCC region 
in all subjects, with right inferior frontal and orbitofrontal gyri (uncorrected p<0.005, p<0.05 FWE-corrected 
at cluster level) in MCI-AD patients (Fig.1); no correlation was found in HC. 

Conclusions: Progressive impairment of brain function in right inferolateral frontal cortex is responsible for 
loss of PM in early AD. 
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Background: Electroencephalographic (EEG) rhythms are linked to any kind of learning and cognitive 
performance including motor tasks. The brain is a complex network consisting of spatially distributed 
networks dedicated to different functions including cognitive domains where dynamic interactions of several 
brain areas play a pivotal role. Brain connectome could be a useful approach not only to mechanisms 
underlying brain cognitive functions, but also to those supporting different mental states. This goal was 
approached via a learning task providing the possibility to predict performance and learning along 
physiological and pathological brain aging. 

Methods: Eighty-six subjects (22 healthy, 47 amnesic mild cognitive impairment, 17 Alzheimer's disease) 
were recruited reflecting the whole spectrum of normal and abnormal brain connectivity scenarios. EEG 
recordings were performed at rest, with closed eyes, both before and after the task (Sensory Motor Learning 
task consisting of a visual rotation paradigm). Brain network properties were described by Small World 
index (SW), representing a combination of segregation and integration properties. 

Results:Correlation analyses showed that alpha 2 SW in pre-task significantly predict learning (r = -0.2592, 
p < 0.0342): lower alpha 2 SW (higher possibility to increase during task and better the learning of this task), 
higher the learning as measured by the number of reached targets. 

Conclusions: These results suggest that, by means of an innovative analysis applied to a low-cost and 
widely available techniques (SW applied to EEG), the functional connectome approach as well as 
conventional biomarkers would be effective methods for monitoring learning progress during training both 
in normal and abnormal conditions. 

. 
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Background: Mild cognitive impairment (MCI) is a condition intermediate between physiological brain 
aging and dementia. Amnesic-MCI (aMCI) subjects progress to dementia (typically to Alzheimer-Dementia 
= AD) at an annual rate which is 20 times higher than that of cognitively intact elderly. The present study 
aims to investigate whether EEG network Small World properties (SW) combined with Apo-E genotyping, 
could reliably discriminate aMCI subjects who will convert to AD after approximately a year. 

Methods: 145 aMCI subjects were divided into two sub-groups and, according to the clinical follow-up, 
were classified as Converted to AD (C-MCI, 71) or Stable (S-MCI, 74). 

Results: Results showed significant differences in SW in delta, alpha1, alpha2, beta2, gamma bands, with C-
MCI in the baseline similar to AD. Receiver Operating Characteristic(ROC) curve, based on a first-order 
polynomial regression of SW, showed 57% sensitivity, 66% specificity and 61% accuracy(area under the 
curve: AUC=0.64). In 97 out of 145 MCI, Apo-E allele testing was also available. Combining this genetic 
risk factor with Small Word EEG, results showed: 96.7% sensitivity, 86% specificity and 91.7% 
accuracy(AUC=0.97). Moreover, using only the Small World values in these 97 subjects, the ROC showed 
an AUC of 0.63; the resulting classifier presented 50% sensitivity, 69% specificity and 59.6% accuracy. 
When different types of EEG analysis (power density spectrum) were tested, the accuracy levels were lower 
(68.86%). 

Conclusions: Concluding, this innovative EEG analysis, in combination with a genetic test (both low-cost 
and widely available), could evaluate on an individual basis with great precision the risk of MCI 
progression. This evaluation could then be used to screen large populations and quickly identify aMCI in a 
prodromal stage of dementia. 
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Background: Several cross-sectional studies showed significant reduction of neuro-retina thickness in AD 
compared with healthy controls. Longitudinal studies focusing on neuroaxonal thinning rates over time in 
AD and age matched CS and possible correlations with disease progression are still lacking. Here, we tried 
to assess the neuroaxonal retinal thinning rate in Alzheimer’s disease (AD), Mild Cognitive Impairment 
(MCI) and cognitively un-impaired subjects (CS), as a possible marker of neuro-degeneration.

Methods: 68 consecutive subjects (16 CS, 24 MCI and 28 AD) underwent OCT with measurement of at 
baseline and at a mean follow up time of 2.5 years. Baseline Cerebrospinal Fluid (CSF) biomarkers (Aβ42, t-
tau and p-tau) and neuropsychological tests, both at baseline and follow-up, were available in AD and MCI 
groups. Group differences in yearly thinning rates were tested with one-way ANCOVA with age, sex and 
RNFL/GCL baseline values as covariates. 

Results: AD showed a significantly higher yearly thinning rate of RNFL global thickness (mean ±S.D.) than 
CS (-1.66 ± 0.58 vs -0.62 ± 0.4 μm, p= 0.037). Considering the RNFL thickness in the superior quadrant, 
AD showed higher thinning rates than both CS (-3.57 ± 1.21 vs 0.07 ± 0.74 μm, p= 0.001) and MCI (-1.28 ± 
0.45 μm, p=0.01). MCI patients with pathological CSF Aβ42 and p-tau values showed a higher decay in 
GCL volume than MCI with normal values (p=0.032). Furthermore, RNFL and GCL thinning over time was 
positively associated with worsening in cognition.  

Conclusions: Our findings prompt further studies to validate neuro-retinal OCT as a cost effective, objective 
and easy to handle neurodegeneration marker in AD, for monitoring the disease course and to test the effects 
of neuroprotective interventions. 
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Background: The SNARE complex plays a crucial role in the synaptic exocytosis of neurotransmitters, a 
process involved in Alzheimer's Disease (AD), the most common form of dementia. Our previous results 
highlighted the role of SNAP-25 Single nucleotide polymorphisms (SNPs) in AD development. For this 
reason, we carried on deep investigation for the other SNARE gene polymorphisms, in particular for STX1a 
and VAMP2. The principal aims are to evaluate the genotype distribution in a case-control study and 
evaluate the possible correlation between such polymorphisms and the neuropsychological assessment. 

Methods: 192 Italian AD patients, 187 individuals affected by MCI and 200 Italian healthy controls (HC) 
were recruited in the main study population. AD and MCI underwent extensive neuropsychological 
evaluation by a team of neuropsychologists. Chi-square analysis was used to compare case-control 
difference of ApoE4, SNAP-25 rs363039, rs363043, rs363950, STX1a rs4717806, rs2293489 and VAMP2 
26bp Ins/Del genotype distribution in the study population. 

Results: Results of genotype and allelic distribution of SNAP-25 rs363050 showed that AA genotype (AD 
vs. HC: p=1.5x10-4; MCI vs. HC: p=8.7x10-3) as well as A allele (AD vs. HC: p=6.0x10-4; MCI vs. HC: 
p=5.7x10-3) are significantly more frequent in AD and MCI compared to HC confirming our previous 
results. Genotype distribution of STX1a rs4717806 and rs2293489 resulted significantly different in AD 
compared to HC (p=0.032 and p=0.047 respectively). Moreover, distribution of the STX1a rs4717806 allele 
in SNAP-25 rs363050 AA carriers was significantly different between MCI and HC (p=0.018). Notably, in 
MCI, visual selective attention impairment was associated with the STX1a rs4717806 AA (pc=0.027) 
genotype as well as the SNAP-25/STX1a rs363050/rs4717806 AA/A (pc=0.022) combination. 

Conclusions: Taken together, the SNAP-25/STX1a rs363050/rs1747806 SNPs combination was more 
frequently carried by AD and MCI patients and resulted associated with visual selective attention in MCI. 
These data, although needing to be confirmed in a larger and independent group, suggest that this SNPs 
combination may interfere and/or modulate the activity of the SNARE complex resulting in impairments of 
neurotransmission that involve attention brain areas.  
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Background: Alzheimer’s disease (AD), Frontotemporal dementia (FTD) and Lewy body dementia (LBD) 
are the three major neurodegenerative diseases leading to dementia. Abnormal protein accumulation 
characterizes all these diseases. Moreover, it is also now clear that protein aggregates spread from neuron to 
neuron and that exosomes, extracellular vesicles of endosomal origin, are potential carriers of misfolded toxic 
proteins. The presence of protein accumulation lead us to investigate protein cellular and vesicular trafficking, 
with a focus on the endo-lysosomal pathway, across  these diseases. A screening of genes related to endo-
lysosomal pathway was performed to detect shared variants in AD, FTD and LBD patients using a targeted 
next generation sequencing (NGS) approach. 

Methods: The endo-lysosomal candidate genes (n=50) were selected by web-resources and bio-informatic 
tools. NGS was done in a group of AD (n=21), FTD (n=43) and LBD (n=44) patients, selected based on 
medium/high family history and early disease onset (≤60 years), on the Illumina MiSeq platform. Variants 
selection was done using ExAC NFE<0.01, SIFT=D and PolyPhen2 HDIV=D or P. Selected variants with a 
DP<200 were validated by Sanger sequencing. 

Results: The endo-lysosomal candidate genes (n=50) were selected using i) web-resources extraction from 
multiple pathways connected to lysosomes and endosome (KEGG pathway, Gene Ontology, GSEA, 
Reactome): n= 314; ii) brain tissue expression as reported in the GTeX database: n=93; iii) gene intolerance to 
mutations by using the RVIS scores: n=32; further genes were included based on the lowest RVIS score and 
expression in at least two brain regions. Detected variants were filtered including all stopgain variants and rare 
and potentially pathogenic nonsynonymous variants. Based on these criteria, 25 variants were selected and 
validated (AD=5, FTD=10 and LBD=10). Of note, 2 genes were found mutated across dementias, with one 
missense mutation shared between an AD and an FTD patient, and a second one between FTD and LBD. 

Conclusions: The detection of shared variants in endo-lysosomal genes confirms the presence of common 
molecular pathways  across neurodegenerative dementias. Specifically, mutated genes are mostly related to 
vesicular trafficking and therefore to release/uptake protein. Further studies are still needed to increase 
knowledge about the correlation between endo-lysosomal pathways and neurodegenerative dementias. 
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Background 
Sleep disturbances are highly prevalent and often disabling features of Alzheimer’s disease (AD) but the 
way AD and sleep-wake cycle interact has not been fully understood. Clock genes CLOCK (Circadian 
Locomotor Output Cycles Kaput) and PER2 (Period2) have been involved in alteration of sleep-wake cycle, 
mood disorders and neurodegenerative diseases. We aimed to evaluate the effect of CLOCK T3111C and 
PER2 C111G polymorphism on sleep in Subjective Cognitive Decline (SCD), Mild Cognitive Impairment 
(MCI) and AD.

Methods: We considered 69 subjects (42 SCD, 27 MCI) referred to our centre from 1996 to 2014. All 
subjects underwent neurological and neuropsychological assessment, CLOCK T3111C and PER2 C111G 
polymorphism genotyping. During the follow-up, 11 SCD converted to MCI, 3 SCD and 15 MCI converted 
to AD. We retrospectively assessed sleep pattern using the Pittsburgh Sleep Quality Index basing on the 
diagnosis at the last follow-up (28 SCD, 23 MCI, 18 AD). 

Results. 32 subjects (13 SCD, 13 MCI, 6 AD) were CLOCK T3111C carriers and 13 subjects (5 SCD, 4 
MCI, 4 AD) were PER2 C111G carriers. There were no differences with respect to age at onset, age at 
baseline or sex between CLOCK T3111C and PER2 C111G carriers and non-carriers. PER2 C111G carriers 
presented lower frequency of family history of AD (p=0.004), less years of education (p=0.006) and lower 
premorbid intelligence score (p=0.036) than non-carriers. No differences were detected in the prevalence of 
anxiety-depressive symptoms between carriers and non-carriers, nor dividing the whole sample in SCD, 
MCI and AD. 
In the SCD group, CLOCK T3111C carriers had a worse self-perceived sleep quality (p=0.028), a worse 
sleep efficiency (p=0.028) and reported short sleep duration (<6h) more frequently (p=0.041) than non-
carriers. In the MCI group CLOCK T3111C carriers woke up earlier than non-carriers (p=0.029) while 
PER2 C111G carriers reported more daytime disfunction than non-carriers (p=0.043; χ2=4.091). In the AD 
group, CLOCK T3111C carriers had a better self-perceived sleep quality compared non-carriers (p=0.018; 
χ2=5.600).  

Conclusions: CLOCK T3111C seems to negatively influence sleep quality in SCD and MCI. Interestingly, 
in AD subgroup this effect seems to be related even with a better subjective sleep quality. PER2 C111G 
seems to influence daytime reactivity in MCI subjects. Further research on this topic might help to 
understand genetic basis of the role of sleep–wake cycle in the pathogenesis of AD. 
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Background: Cognitive decline is normally associated with aging, although it can be related to pathological 
neurodegeneration, Mild Cognitive Impairment (MCI) and eventually, Alzheimer Disease (AD). This study 
aimed to elucidate the contribution of genetic and epigenetic variants in the pathophysiology of MCI and AD 
and to identify new therapeutic and clinically useful biomarkers. 

Methods: 371 patients (217 MCI and 154 AD) were recruited at the IRCCS Santa Lucia. The DNA samples 
were subjected to genotyping analysis by Open Array platform, which consisted of 120 Single Nucleotide 
Polymorphisms (SNPs) located in genes coding for miRNAs and their target genes. The results were 
processed by statistical (Fisher Test, Logistic Regression) and bioinformatic (g:Profiler, Revigo, IPA) tools 
for assessing the association with MCI and AD and identify new druggable targets considering the 
(epi)genomic profile of patients. 

Results: Statistical results showed that 21 SNPs and 16 SNPs were significantly associated with MCI and 
AD, respectively. Bioinformatic analysis allowed to identify distinct miRNAs-target gene networks which 
have been predicted to differentially affect specific pathophysiological mechanisms of MCI 
(neuroinflammation; angiogenesis; cell proliferation/motility/survival/death) and AD (inflammatory/immune 
mechanisms; Beta-Amyloid metabolism; regulation of neurofibrillary tangle assembly; cell 
trafficking/proliferation/differentiation; response to oxidative stress). In particular, MCI-related nets 
included miRNA6499, miR146a, miR499a miR196a2, miR6810, which have been predicted to interact with 
SORL1, TNFSF14, MAPK1, SEMA5A, INPP5D, IL7R, SYT11, CD58, ZMI21, STAT3, ZSWIM4, IL6, IL2RA. 
The miRNA-target gene networks related to AD, instead, consisted of the interaction among miR6810, 
miR6499, miR6796 and MAPK1, CLU, SORL1, ZSWIM4, SYT11, IL23R. 

Conclusions: The identified miRNA-target gene networks represent novel druggable pathways that could be 
exploited for setting-up personalized therapeutic interventions on the basis of patient’s (epi)genomic profile 
and clinical phenotype. In fact, the investigation of the genetics of epigenetics in MCI and AD patients 
highlighted the presence of differential druggable pathways, including neuroinflammation and angiogenesis 
for MCI and β-Amyloid metabolism and neurofibrillary tangle assembly for AD, respectively. 



COUPLING THE REAL TIME QUAKING INDUCED CONVERSION (RT-QUIC) ASSAY WITH 
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Background: Alzheimer’s disease (AD) is the most common neurodegenerative disorder in elderly people. 
The distinctive neuropathological feature of AD is the intracerebral accumulation of abnormally folded 
amyloid beta (Aβ) and tau (tau) that are considered disease-specific biomarkers and the definite diagnosis 
relies on their post-mortem identification. Moreover, differences in the conformation of Aβ are thought to be 
responsible for different pathological AD phenotypes. Traces of misfolded Aβ were found in the 
cerebrospinal fluid (CSF) of AD patients, but at concentrations below the sensitivity of the standard 
diagnostic techniques. Therefore, we decided to exploit the Real Time Quaking Induced Conversion (RT-
QuIC) assay for amplifying trace-amount of Aβ in CSF and couple this technique with the Surface Enhanced 
Raman Spectroscopy (SERS) technology for defining chemostructural information useful to identify 
different Aβ conformers.  

Methods: Two µL of brain homogenate (BH) or 10µL of CSF from AD patients and controls was added to 
the RT-QuIC substrate composed by Tris-HCl 100mM, Thioflavin-T 10µM and synthetic Aβ1-40 peptide 
10µM in a 96-well plate. The samples were analyzed into a FLUOstar OMEGA microplate reader (BMG 
Labtech).  At the end of the reaction 5µL of RT-QuIC amyloid products was deposited onto the SERS 
substrate and Raman spectra were recorded.  

Results: Brain homogenates from neuropathologically confirmed AD patient and non-demented control 
(CTRL) were diluted and analyzed by means of RT-QuIC. All the dilutions of AD BH were able to promote 
Aβ1-40 aggregation while CTRL BH did not. Furthermore, CSF from AD patients induced Aβ1-40 aggregation 
with higher efficiency compared to those of CTRL. RT-QuIC products from BH were adsorbed onto SERS 
substrate and Raman spectra were efficiently recorded.  

Conclusions: This project aims at developing an ultrasensitive assay for definite intra vitam diagnosis of 
AD by coupling two innovative techniques: RT-QuIC and SERS. Our preliminary results demonstrate the 
high sensitivity and specificity of RT-QuIC assay in detecting Aβ in brain homogenates and CSF from AD 
patients. Moreover, amyloid aggregates from RT-QuIC reactions can be efficiently analyzed by SERS 
enabling their chemostructural characterization. This will finally lead to an early diagnosis with the 
recognition of individual disease phenotype. 
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Background: Alzheimer’s disease (AD) is a pathology characterized by the accumulation in brain of intra and 
extracellular amyloid-β (Aβ) aggregates. It is known that N and C-terminally truncated or modified forms of 
Aβ peptides also exist in AD brain and they play a key role in the pathogenesis and the progression of the 
disease. The accumulation in brain of specific Aβ peptides is paralleled by a reduction of the same fragments in 
the cerebrospinal fluid (CSF) of AD patients. 

Methods: CSF samples were purified by Solid-Phase Extraction using Extraction Plate Manifold for Oasis 96-
Well Plates (Waters). Mass spectrometry identifications and quantifications of Aβ peptides were performed on 
a compact QqTOF mass spectrometer (Bruker Daltonics, Germany) coupled to an UltiMate 3000 UPLC 
system (Thermo Fisher Scientific, USA).

Results: We developed an antibody free method based on Solid-Phase-Extraction and Electrospray Ionization 
Liquid Chromatography mass spectrometry for the simultaneous identification and quantification of a panel of 
19 Aβ peptides and their pyroglutamate-modified isoforms in human CSF. Among these, we identified novel 
modified N-terminally truncated Aβ species: 4 bound to copper and 2 phosphorylated forms, which result to 
be the most common proteoforms in AD CSF. Our pilot study revealed that, along with Aβ1- 42, as expected 
reduced in AD and MCI, five N-truncated and post translationally modified N-truncated Aβ peptides are 
altered in CSF from AD and/or MCI subjects, thus representing potential markers of disease onset and 
progression. Thus, this newly developed method could represent a useful tool for patients’ stratification and 
for the identification of new potential therapeutic targets. 

Conclusions: These results demonstrate the usefulness of the described method for clinical practice due to its 
ability to simultaneous quantification of various Aβ isoforms, saving time and, above all, valuable CSF 
sample, and its ability to overcome the problems related to immunoproteomic being an antibody free assay. 
Even if further studies in larger cohorts of CSF, from patients with AD and other neurodegenerative 
dementias, are warranted to clarify the role played by the newly identified Aβ CSF species in 
neurodegeneration, we believe that the newly developed method could represent a useful tool for patients’ 
stratification and for the identification of new potential therapeutic targets. 
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Background: SNARE protein are involved in the exocytosis of neurotransmitters from synapses, a process 
that is altered in Alzheimer’s disease (AD). Changes in Synaptosomal-associated protein of 25kDa (SNAP-
25) levels are suggested to contribute to age-related decline of cognitive function, and single nucleotide
polymorphisms (SNPs)  in the SNAP-25 gene are present in neuropsychiatric conditions.
Correlation between polymorphisms of SNAP25 gene and neuropsychological impairments were verified in
AD and MCI subjects than their association with rehabilitative treatment  outcome was investigated  in AD
patients.

Methods: To verify a possible role of SNAP-25 in AD we analyzed the intronic rs363050, rs363039, 
rs363043 SNPs distribution in 607 patients with AD, replicating the study in 148 subjects with amnestic 
mild cognitive impairment (aMCI) and in two groups of age-matched healthy controls (HC1: N=615 and 
HC2: N=310). Than a subgroup of 58 AD underwent a multidimensional rehabilitative approach (MST), 
based on cognitive stimulation, behavioral and functional therapy, for 10 weeks. Neuro-psychological 
functional and behavioral evaluations were performed blindly by a neuropsychologist at baseline and after 
10 weeks of therapy using MMSE, FLSA and NPI scales. Molecular genotyping of ApoE4 and SNAP-25 
rs363050, rs363039, rs363043 were correlated with SNPI and FLSA scores by multinomial 
logistic regression analysis. 

Results: A strong association of SNAP25 rs363050 SNP, to AD and aMCI development and a correlation 
with pathological scores of categorical fluency in AD were observed. Notably, fMRI analyses indicated that 
SNAP25 rs363050 genotypes correlated with a significantly decreased brain activity in the cingulate cortex 
and in the frontal (middle and superior gyri) and the temporo- parietal (angular gyrus) area. SNAP-25 
rs363050 and rs363039 SNPs resulted also to correlate with significant improvements in behavioural 
parameter after MST, whereas cognitive improvement were mostly associated with ApoE4 polymorphisms 

Conclusions: These results may suggest SNAP25 SNPs as possible predictive marker of AD development 
together with altered brain activity and may predict the outcome of a multi structured rehabilitation protocol 
in AD patients. These data, although needing confirmation on larger case studies, could help optimizing the 
clinical management of individuals with AD, by defining a more intensive treatment in those subjects with a 
lower likelihood of success.  
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Background: Mild cognitive impairment (MCI) is widely accepted as an intermediate state between the 
lack of pathologic cognitive impairment and Alzheimer’s disease (AD). Only a percentage of MCI 
individuals, nevertheless, progresses to AD. Correlates predicting such conversion are poorly defined but 
neuroinflammation and the reactivation of chronic viral infections are suspected to play a role in this 
phenomenon. The innate immune response to pathogens is triggered by the ligation of toll like receptors 
(TLR) on the surface of cells. We recently described that TLR expression is significantly upregulated in 
MCI compared to AD individuals, suggesting that the ability of MCI individual to mount stronger innate 
immune responses against pathogens is impaired in AD.  

Methods:  We analyzed these aspects in two homogeneous groups of MCI; TLR8,9 expression (upon 
TLRs agonists-stimulation) and cytokine production (IL1,IL6,IL33 and IFN-) (upon A42 
stimulation) was measured at baseline in CD14+ immune cells of 46-MCI individuals who did (N=25) or 
did not (N=21) progress to AD using Flow Cytometry and ELISA. ApoE4 status and hippocampus left 
and right volumes (using NMR tecniques) were analyzed as well in all individuals.  

Results:  at baseline when all individuals were clinically classified as MCI, who did not convert to AD: 
1) Aβ42 stimulated production of the pro-inflammatory cytokine, IL6 and IL1β, by CD14+ cells was
significantly reduced (p = 0.01), 2) CD14+/IL33+ cells were increased (p = 0.0004); 3) MFI of TLR8 and
TLR9 was significantly increased, and 4) better preserved hippocampus volumes were observed and
correlated with IL33+/CD14+ cells. Notably, Aβ42-stimulated production of the antiviral cytokine IFN-λ
was increased as well in non-AD converters, although with a borderline statistical significance (p = 0.05).
Data herein indicating that proinflammatory cytokines are reduced, whereas IFN-λ production and TLR8
and 9 are augmented in those aMCI in whom AD conversion is not observed.

Conclusions: this data suggest that the ability to mount stronger antiviral response within an 
antiiflammatory milieu is associates with lack of AD conversion. 
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Background: Interleukin-1 beta (IL-1β) and its key regulator, the inflammasome, are suspected to play a 
role in the neuroinflammation observed in Alzheimer's disease (AD); no conclusive data are nevertheless 
available in AD patients. 
 
Methods: Blood sample collection and cells stimulation: Twenty individuals with a diagnosis of mild 
cognitive impairment (MCI MMSE score >24), 21 patients with moderate Alzheimer’s disease (MMSE 
score 19–23), 19 patients with severe Alzheimer’s disease (MMSE score <19) and 40 age-and sex-matched 
healthy controls (HC) were enrolled in the study. Peripheral blood mononuclear cells (PBMC) were 
separated from whole blood and cultured with 1) 2 μg/ml Lipopolysaccharide (LPS) for 2 h, 2) 10 μg/ml of 
1–42 amyloid-beta peptide oligomer (Aβ42) for 24 h, or 3) primed with LPS for 2 h before stimulation with 
10 μg/ml of Aβ42. For confocal microscopy analyses PBMC were cultured on chamber slide. Non adhering 
PBMC were then washed away and monocytes were either resuspended in medium alone or were stimulated 
as indicated above. RNA extraction: RNA was extracted from all conditions and one microgram was 
reverse transcribed into first-strand cDNA. cDNA were evaluated for GAPDH expression by Real Time 
PCR to test RNA quality. Inflammasome signalling pathway: The human Inflammasomes RT2 Profiler 
PCR Array was used to analyze gene expression of inflammasome components and signalling pathways. In 
this array a set of optimized primer assays allows the detection of mRNA transcripts of 84 genes as well as 
five housekeeping genes in a 96-well plate by real-time PCR. Results are expressed as the fold changes 
between LPS or Aβ42 or LPS-primed and Aβ42 stimulated pools from each disease state and unstimulated 
condition. Real Time quantitative Reverse Transcription PCR was performed on a ABI Prism 7000 
instrument with gene specific primers and the SybrGreen chemistry to confirm the gene expression changes 
observed by arrays. Western blotting: Unstimulated and LPS-primed and Aβ42 stimulated monocytes were 
washed and lysed with M-PER Mammalian Protein Extraction Reagent with phosphatase and protease 
inhibitors. After protein estimation, 20 μg of cell lysate was resolved by electrophoresis on a 10 % SDS-
polyacrylamide gel under reducing conditions. Proteins were then transferred to PVDF membrane by 
electrophoretic blotting and blocked for 1 h in blocking buffer. Membranes were then incubated overnight 
with sheep anti-recombinant NALP3 or for 1 h with sheep anti beta-actin antibody, then diluted 1:1000 in 
blocking buffer followed by HRP-conjugated antisheep IgG. Bound antibodies were visualized with a 
chemiluminescence development reagent (LiteAblot TURBO) according to the manufacturer’s instructions. 
Flow cytometry immunofluorescent staining: Unstimulated and LPS-primed and Aβ42-stimulated 
monocytes were stained with anti-CD14-PC7 mAb for 30 min at 4°. Cells were then washed, treated with 
FIX and PERM Cell kit and stained with anti- NLRP3-PE, −NLRP1-APC, −caspase 5-FITC, − PYCARD-
FITC, IL-1β FITC, IL-33-APC, or IL-37-PE mAb for 30 min; the Fluorochrome Inhibitor of Caspases 
(FLICA) kit was used to analyze caspases. Cells were finally analyzed using a Beckman-Coulter GALLIOS 
flow cytometer. Confocal microscopy analysis: monocytes were grown on chamber slides, fixed in 4 % 
paraformaldehyde in PBS for 15 min, and treated for 1 h at room temperature with FLICA staining of active 
caspase 1 or caspase 8 using green fluorescent FAM-YVADFMK probes, following the procedures 
suggested by the manufacturer (AM-FLICA). Cells were then treated with FIX and PERM Cell kit, and 
stained with PE or APC or FITC conjugated -mAbs specific for NLRP3 or NLRP1 and PYCARD or caspase 
5 for 24 h at 4 °C. Finally cells were fixed with paraformaldehyde 1 % for 15 min, washed and mounted on 
slides using the Vectashield Mounting Medium. Fluorescent images were acquired on a Leica TCS DMRE 
spectral laser-scanning confocal microscope with the appropriate filters and laser (488, 633) and a 63× 
objective lens. Image analysis was performed using the Leica Confocal Software and co-localization index 



with ImageJ Software. Cytokines in supernatants: Supernatants of unstimulated, LPS- or Aβ42- primed, or 
LPS-primed and Aβ42-stimulated-PBMC were analyzed for the presence of interleukin-1β, IL-18 and IL-33. 
Concentrations were measured using the Human IL-1 β, Human IL-18 and Human IL-33 ELISA kit, 
according to the manufacturer’s recommendations. 
 
Results:mRNA for inflammasome components (NLRP1, NLRP3, PYCARD, caspase 1, 5 and 8 and 
downstream effectors (IL-1β, IL-18) was up-regulated in severe and MILD AD. Monocytes co-expressing 
NLRP3 with caspase 1 or caspase 8 were significantly increased in severe AD alone, whereas those co-
expressing NLRP1 and NLRP3 with PYCARD were augmented in both severe and MILD AD. Activation of 
the NLRP1 and NLRP3 inflammasomes in AD was confirmed by confocal microscopy proteins co-
localization and by the significantly higher amounts of the pro-inflammatory cytokines IL-1β and IL-18 
being produced by monocytes. In MCI, the expression of NLRP3, but not the one of PYCARD or caspase 1 
was increased, indicating that functional inflammasomes are not assembled in these individuals: this was 
confirmed by lack of co-localization and of proinflammatory cytokines production. 

 
Conclusions: The activation of at least two different inflammasome complexes explains AD-associated 
neuroinflammation. Strategies targeting inflammasome activation could be useful in the therapy of AD. 
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Background: An impairment of the microglial catabolic mechanisms allows amyloid- (A) accumulation 
in plaques within the brain in Alzheimer’s disease (AD). Monocytes/macrophages (M/M) are activated in 
AD and migrate thorough the blood-brain barrier (BBB) trying to improve A clearing. M/M were analyzed 
in patients with AD or mild cognitive impairment (MCI) and in age-matched healthy controls. 

Methods: Blood sample collection and cells stimulation: 28 AD patients (12M/16F; age range:72–83 
years), 27 MCI patients (12M/15F; age range:71–82 years), and 24 age-matched healthy controls (10M/14F; 
age range: 70–85 years) were enrolled in the study. The cognitive status of AD, MCI, and HC was assessed 
by MMSE (score for inclusion: AD= 18±4; MCI = 25±2; HC≥28). Peripheral blood mononuclear cells 
(PBMC) were separated from whole blood and cultured alone or in presence of 10ug/ml of A42 peptide 
soluble monomer that was either conjugated with HiLyte Fluor 488 (A42 HiLyte) or was not conjugated; a 
pool of non-immunogenic peptides was used as a negative control. In other experiments, PBMC were 
incubated with TLR agonists for 24 h as follows: Heat-Killed Listeria Monocytogenes (HKLM) (108 
cells/ml) (TLR2); 10ug/ml polyinosic:polycytidylic acid (Poly I:C) (TLR3); 2ug/ml Lipopolysaccaride (LPS, 
E.coli, K12) (TLR4); 2.5ug/ml ssRNA40 (TLR7/8); or 5uM ODN2006 (TLR9)Fluorescent microscopy
immunofluorescent staining: A42 HiLyte-stimulated PBMC were stained withanti-HLA-DR APC mAb
for 24 h at 4◦C and fixed with paraformaldehyde 1% for 15 min. Cells were then washed and mounted on
slides using the Vectashield Mounting Medium. Fluorescent image of A+/HLA-DR+cells were acquired
using a Leica TCS DMRE spectral laser-scanning confocal microscope with the appropriatefilters and laser
(488, 633) and a 63X objective lens. Image analysis was performed using the Leica Confocal Software and
co-localization index with ImageJ Software.Flow cytometry immunofluorescent staining and analysis:
PBMC that had been incubated with A42, non-immunogenic peptides, or TLR agonists were resuspended
in PBS and stained with HLA-DR- CD14-, CCR2-, CX3CR1-, or CD16- specific mAbs and surface TLR-
specific mAbs. After 30 min incubation at room temperature in the dark, cells were washed, treated with FIX
and PERM kits and incubated for 30 min at 4°C in the dark with intracellular cytokines specific mAbs: IL-6
PE,  IL-10 PE, IL-12 FITC, IL-23 and or with mAbs against different TLRs. To analyzed the samples, a
Beckman-Coulter Cytomics FC-500 flowcytometer equipped with a single 15mW argon ion laser operating
at 488 nm and interfaced with CXP Software 2.1was used. Two-hundred-thousand events were acquired and
gated on CD14+ cell and side scatter properties for TLRs or intracellular cytokines, and on CD14+ CD16- or
CD14low CD16 + cells for monocyte subsets analyses. Samples were first run using isotype controls or
single fluorochrome-stained preparations for color compensation. Rainbow Calibration Particles were used
to standardize flow-cytometry results.

Results: In A42-stimulated cell cultures showed that significantly higher percentages of inflammatory 
M/M (CD14+ CD16−CCR2++CX3CR1low) expressing toll like receptors (TLR) 2 and 4, as well as IL-6 
and CCR2, a chemokine favoring M/M migration through the BBB, are seen in AD. Confocal microscopy 
suggested the presence of MHC-II/A42 complexes on AD M/M alone. Finally, TRL3- and TLR8- 
expressing and IL-23-producing M/M were increased in both AD and MCI compared to HC. 

Conclusions: These data indicate that M/M in AD are characterized by an inflammatory profile and are 
involved in the induction of both innate immune responses via TLR stimulation and of acquired immunity 
possibly secondarily to the presentation of A peptides in an MHC-restricted fashion. Therapeutic 
approaches designed to interrupt these mechanism might prove beneficial. 



A SYSTEMATIC MOLECULAR STUDY OF NEUROIMMUNE MECHANISMS IN AGING 
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Background: Age-related intellectual disabilities represent one of the leading public health problems of this 
century, increasingly associated with enhanced neuroinflammation. Aim of this work is to provide clear 
associations between inflammation and cognitive impairment, and to unravel whether a program of cognitive 
and motor training is accompanied by significant changes in inflammatory markers. 

Methods: Studies on murine models: A deep immune-profiling and characterization of an Alzheimer’s 
disease (AD) murine model (APPswe/PSEN1dE9) at distinct pathological phases of the disease have been 
performed, by means of a combination of ELISA assays, FACS analysis and mRNA studies.  
Studies on humans: A cohort of elderly MCI and no-MCI patients have been recruited in the Train-The-Brain 
project, consisting of a program of motor and cognitive training lasting 7 months. They have been subjected 
to cognitive assessment, examined for the blood levels of a wide panel of inflammation-derived mediators at 
the beginning of the training, then 7 and 14 months after the enrollment. 

Results: We found an early elevation of several pro-inflammatory cytokines and chemokines (Th1 
response, 
featuring IL-6 and CXCL10) in hippocampus and cortex of our AD murine model. In parallel, we observed 
high levels of inflammatory cytokines in MCI patients, and the efficacy of a 7-monthlasting training on the 
amelioration of the inflammatory levels, with a counteracting effect of improved cognitive status in trained 
subjects. 

Conclusions: Results from this study will allow us to identify molecular underpinnings through which 
neuroinflammation leads to age-related pathologies in the CNS, thus suggesting a proof-of-concept for 
therapeutic treatment. 
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Background: In the effort to find an accessible and affordable source of biomarker for AD diagnosis, 
Neural Derived Small Extracellular Vesicles (NDSEVs) can be considered like a promising candidates. 
NDSEVs are a class of endosome-derived membrane vesicles shed by neural cells, which contain proteins 
and ncRNAs of their cellular origin. In particular, since the levels of some micro-RNA (miRNAs) have 
already been proposed as biomarkers of AD, the aim of our study was to isolate and characterize total and 
neural-derived small EVs and their miRNA cargo in plasma from AD patients and healthy subjects in 
order to detect specific microRNAs signature as potentially non-invasive and easy- to-access AD 
biomarkers.   

Methods We isolated total small EVs from 20 AD patients and 20 controls by using ExoQuick exosome 
precipitation solution (SBI). Total small EVs were enriched for neural sources by immunoprecipitation 
with anti-L1CAM antibody and analyzed by FACS, Transmission Electron Microscopy (TEM) and 
Nanosight Nanoparticle Tracking Analysis (NTA). Total and NDSEVs miRNAs levels were determined 
by RT-qPCR using TaqMan OpenArray technology in a QuantStudio 12K system (Thermo Fisher 
Scientific).  

Results: A specific distribution of miRNAs expression was observed for both the EVs populations 
analyzed, although there was an overlapping for some miRNA expression between the fractions. 
Considering NDEVs, a specific signature was observed: miR-1260a, miR-1-3p, miR-448, miR-628-3p, 
miR-653-5p, miR-452-3p, miR-502-3p and miR-190a-5p were in fact specifically detected in NDSEVs. 
A Mann-Whitney test uncovered a statistically significant up-regulation of miR-23a-3p, miR-223-3p, 
miR-190-5p (P=0.026 and P<0.0001, P<0.05) comparing AD patients versus controls whereas a 
statistically significant down-regulation of miR-100-3p was observed (P<0.0001).  

Conclusions: These preliminary results demonstrated that plasma small EVs, especially NDSEVs, are 
easy detectable and are an enriched source of microRNAs. We observed deregulated expression levels of 
microRNAs, already associated with neurological diseases, supporting their role in the pathogenesis of 
AD. Moreover, our data showed a specific expression microRNAs pattern in NDSEVs, that could likely 
represent reliable early peripheral biomarker for AD diagnosis. Nevertheless, further studies are required 
to confirm these preliminary data. 
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Background Frontotemporal dementia (FTD) is the most common form of dementia accounting for up 
to 20% of patients with a pre-senile onset. The foremost mutations associated with familial FTD are 
in one of three following genes: Microtubule Associated Protein Tau (MAPT), Progranulin (GRN) 
and Chromosome 9 open reading frame72 (C9orf72).  
Despite gene variability impacts the development and progression of FTD, the exact pathogenic 
mechanisms at the basis of the disease remain unknown. Recently, an emerging role of non-coding RNA 
(ncRNA), miRNAs and long non-coding (lnc)RNAs, was demonstrated in several neurodegenerative 
diseases. Given these premises, this study aims to profile a specific ncRNAs signature in serum of FTD 
patients (sporadic and genetic forms) in order to discover possible new preclinical biomarkers of 
this disease. 

Methods. Specific commercially available PCR arrays (Human Serum & Plasma miScript miRNA 
PCR Array and human lncProfiler, Qiagen) were used to profile miRNA and lncRNA expression 
levels in serum of 5 healthy subjects, 5 sporadic FTD patients, 5 GRN mutation carriers, 5 C9orf72 
expansion and 3 MAPT mutation carriers.  

Results: A generalized down-regulation of miRNA expression levels was observed in genetic FTD 
patients (GRN mutation and C9ORF72 expansion carriers) as compared with controls. In particular, 
miR-155-5p, miR-425-5p, miR-21-5p, and let-7a-5p were statistically significant down-regulated 
in both FTD genetic groups of patients (P<0.05).  
This overall down-regulation was not confirmed when sporadic FTLD cases and MAPT mutation carriers 
were analyzed. Interestingly, a significant up-regulation of miR-101-3p, miR-16-5p, miR-181b-5p and 
miR-223-3p was observed in MAPT mutation carriers as compared with controls (P<0.05). Regarding 
serum free circulating lncRNAs, a generalized up-regulation of several molecules (GAS5, HEIH, 
KCNQ1OT1, LINC00570) was observed in all FTD patients, especially for GRN mutation carriers. 

Conclusions: These preliminary data suggest that a number of miRNAs and lncRNAs are deregulated 
in FTLD patients, and that different pathways may be associated to genetic and sporadic forms of 
the pathology.  
Therefore, the study of circulating ncRNAs, including miRNA and lncRNA, has a great potential in the 
field of clinical biomarkers discovery for FTD, opening up the possibility to exploit them as diagnostic 
tools and/or therapeutic targets. However, further studies in larger populations are required. 



SNAP25 GENE POLYMORPHISMS PROTECT AGAINST PARKINSON’S DISEASE AND 
MODULATE DISEASE SEVERITY IN PATIENTS 
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Background: Parkinson’s disease (PD) is a α-synucleinopathy in which intracellular aggregates of α-
synuclein (α-syn) result in neurodegeneration and in the impairment of the soluble N-ethylmaleimide-
sensitive factor attachment protein receptor (SNARE) complex-mediated release of neurotransmitters. 
SNAP25 is a SNARE complex component: its concentration is increased in the cerebrospinal fluid of PD 
patients and this is related to the severity of cognitive and motor symptoms. 

Methods: Five SNAP25 single nucleotide polymorphisms (SNPs) that modulate gene expression and were 
described to play a role in neurologic conditions (rs363050, rs363039, rs363043, rs3746544 and rs1051312) 
were analyzed in a cohort of 412 sporadic Italian PD patients and 1103 healthy controls (HC) in order to 
identify possible correlation with the disease.  

Results: The SNAP25 rs1051312 C allele and CC genotype confer protection against PD onset, in particular 
in males (p=0.003, OR(95%CI)=0.67(0.51-0.88)), (pc=0.008, OR(95%CI)=0.28(0.10-0.70). Co-segregation 
analyses revealed that the rs1051312 effect was reinforced when present within the rs363043 C-rs3746544 
T-rs1051312 C haplotype (p=3.3X10-4, OR=0.47, 95%CI=0.31-0.72), once again in males. Finally, rs363039 
influenced age at onset (p=0.02) and MMSE (Mini-Mental State Examination) scores (p=0.01).

Conclusions The SNAP25 SNPs analyzed herein modulate gene expression at different levels as they are 
involved in binding miRNA and transcription factors; this suggests a possible synergistic effect of SNAP25 
SNPs in the pathogenesis of PD. 



HSV-1-SPECIFIC HUMORAL IMMUNITY IN ALZHEIMER’S DISEASE 
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Background: Alzheimer’s disease (AD) is a neurodegenerative disorder characterized by a progressive 
impairment in cognitive functioning, starting from memory. Mild Cognitive Impairment (MCI) represents a 
clinically intermediate situation between physiological neurocognitive aging and the pathological failure 
typical of dementia. The etiopathogenesis of AD and aMCI is still unknown, and AD is considered as a 
multifactorial disease. Persistent viral infections are suspected to play a role in the etiology of AD. In the last 
five years we decided to investigate the possible role of herpes simplex virus 1 (HSV-1) in AD by merging 
together immunologic, virologic and imaging perspective. 

Methods: 190 AD patients, 68 aMCI individuals and 103 sex- and age-matched healthy controls (HC) were 
enrolled in the study. AD and aMCI subjects underwent Mini Mental State Evaluation (MMSE) and brain 
Magnetic Resonance Imaging (MRI) by 1,5 T scanner. Serum HSV-1 mmunoglobulin G (IgG) antibodies 
(Ab) titers and avidity index – the relative strength with which Ab bind antigen - were tested by ELISA. 
Moreover, after 24 months, 36 MCI individuals were clinically re-evaluated, to verify if they remained 
aMCI (non-converter) or if they progressed to AD (converted). 

Results: AD patients and MCI had higher HSV-1-specific Ab titer (AD: 9.1; 7.1-10.3 AI; MCI: 8.4; 6.1-9.6 
AI) compared to HC (6.0; 4.5-8.2 AI; AD vs. HC: p=0.0001; MCI vs. HC: p=0.002). Moreover, AD patients 
showed a significant positive correlation between HSV-1 specific Ab titers and cortical volumes – as 
measured by magnetic resonance imaging (MRI) – in those brain regions typically affected by the disease 
(p<0.05). Finally, we analyzed avidity Ab in MCI who did or did not progress to AD within a 24-months 
period. Results showed that HSV-1-specific Ab avidity was significantly higher at baseline in aMCI-non-
converters (100; 93.53-100%) compared to those that converted in AD (87.03; 82.74-93.32%; p=0.0018). 

Conclusions:All together these results suggest that:- HSV-1-specific Ab could be protective in the early 
stages of AD. 
- Progression to AD is prevented, or at least slowed down, in those MCI individuals in whom strong HSV-1
humoral responses are observed, whereas individuals in whom humoral immune responses are weaker,
possibly due to genetic reasons or as a consequence of the aging-associated weaning of immune system, will
more likely develop AD.
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Background Bone marrow mesenchymal stem cells (MSC) have been widely investigated for their possible 
therapeutic role in neurodegenerative diseases, such as Alzheimer’s (AD). Their highly proactive secretome, 
composed of soluble factors and Extracellular Vesicles (EVs), showed strong protective and anti-
inflammatory abilities, conveying many of the beneficial features of MSCs, including direct and indirect β-
amyloid degrading-activities, immunoregulatory and neurotrophic abilities. We examined the therapeutic 
potential of MSC- derived EVs, injecting them in a murine model APP/PS1 at 3 and 5 months old, a time 
window in which the cognitive-behavioral phenotype just starts to appear. 

Methods BM-MSC were stimulated by serum-deprivation for 3 hrs and EVs, including exosomes and 
microvesicles pools, were isolated from supernatant by differential ultracentrifugation and characterized by 
Nanoparticle tracking, cryo- EM, flow cytometry and Western blot analysis. APP/PS1 mice, 3 and 5 months 
old, were intracortically injected with EV suspension. Brain sections of mice treated or non-treated controls 
were immunohistochemically stained for Abeta (Aβ)1- 42 peptide. Smi31 and 32 antibodies recognizing 
neurofilaments were used for staining dystrophic neurites around Aβ1- 42 plaques stained by Thioflavin-T, a 
typical feature of AD. 

Results APP/PS1 mice treated with MSC-EVs showed a reduction in plaques burden compared to same-age 
untreated mice. The treatment decreased the deposition of Aβ in the brain of transgenic mice but furthermore 
it showed to reduce the toxic effects of Aβ plaques measured as dystrophic neurites. Treatment at 3 months, 
when Aβ has just started to form plaques in the brain of APP/PS1 mice, had a preventive effect on plaque 
formation. Protein characterization of the MSC- EVs showed in addition to CD63, CD81, Alix, TSG101, 
commonly accepted markers of EVs, the presence of Neprilysin a metal-membrane endopeptidase, able to 
degrade Aβ1-42. 

Conclusions We demonstrate that MSC-EVs are effective in reducing the Aβ plaque burden and the amount 
of dystrophic neurites, in cortex and hippocampus. The presence of Neprilysin on MSC-EVs opens the 
possibility of a direct β-amyloid degrading-action. These results indicate a potential role for MSC-EVs 
already at the early stages of AD, suggesting the possibility to intervene at the stage of Mild Cognitive 
Impairment. 
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IN THE APP/PS1 MOUSE MODEL OF ALZHEIMER’S DISEASE. 
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Background. The multiple systems affected in Alzheimer’s disease (AD) brains strongly requires multi-
target therapies. Mesenchymal stem cells (MSC) are promising candidates being endowed with neuro-
regenerative/reparative, immunomodulatory and anti-amyloidogenic abilities, but their clinical application is 
limited by risks related to their direct implantation. We herein wanted to exploit the paracrine action theory 
which states that MSC repair damaged environments by releasing multiple bioactive molecules in their 
“secretome”. We, thus, tested in vivo whether systemically injected MSC-derived conditioned secretome 
(MSC-CS) could itself replicate MSC neuroreparative effects in the APP/PS1dE9 mouse model of AD. 

Methods. MSC were pre-exposed in vitro to APP/PS1dE9 mouse brain extracts to stimulate the production 
of a neuroreparative conditioned secretome (MSC-CS). Twenty-two-month-old APP/PS1dE9 mice received 
repeated intranasal (IN) injections of MSC-CS. At several time point post-treatment mouse memory was 
investigated in the novel object recognition test (NORT). Changes in neuropathology were addressed 
through immunohistochemistry: amyloidosis (6E10 anti-Aβ antibody), neuroinflammation (anti-GFAP, anti-
Iba1 antibodies), phagocytosis (anti-CD68 antibody), neuronal density (NISSL staining). Gene expression 
through RT-PCR. 

Results. Repeated MSC-CS IN injections induced brain repair at many levels in APP/PS1 mice. We found a 
huge plaque reduction in both the cortex and the hippocampus; remaining plaques lacked their nucleation 
core and looked smaller in size with a lower concentration of surrounding oligomers. Gliosis was 
significantly decreased, as well as the expression of the phagocytic microglial marker CD68. Neuronal 
density was higher in both the cortex and hippocampus. Accordingly, mRNA expression for BDNF, NGF, 
GAP43 neurotrophic factors was slightly increased, whereas Caspase 3 mRNA was significantly lower, thus 
corroborating a trend towards neuroprotection. Life span of APP/PS1dE9-treated mice reached a significant 
increase compared to untreated ones. 

Conclusions. Our data prove that MSC-CS can substantially recapitulate multiple neuro-
reparative/regenerative actions of MSC in AD mice, positively modifying crucial targets. These data are 
compelling, since provide an alternative use of stem cell-based therapy, with the great opportunity of 
circumventing their implantation and those risks related to their unknown fate once inside the host. 



NEUROPROTECTIVE EFFECTS OF SECOND-GENERATION ANTIDEPRESSANTS IN AN 
EXPERIMENTAL MODEL OF ALZHEIMER'S DISEASE: THE ROLE OF TGF-ß1 PATHWAY 
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Background : Depression is a risk factor for the development of Alzheimer’s disease (AD), and the 
presence of depressive symptoms significantly increases the conversion of Mild Cognitive Impairment 
(MCI) into AD. A long-term treatment with antidepressants reduces the risk to develop AD and different
second-generation antidepressants such as selective serotonin reuptake inhibitors (SSRIs) are currently
studied for their neuroprotective properties in AD. A deficit of Transforming Growth Factor-β1 (TGF-ß1)
seems to be a common pathophysiological event in depression and AD. In the present work the SSRI
fluoxetine and the new multimodal antidepressant vortioxetine were tested for their ability to prevent
memory deficits and depressive-like phenotype in a non-transgenic (non-Tg) model of AD by rescue of
TGF-ß1 signaling.

Methods  : We used a non-Tg model of AD obtained by intracerebroventricular (i.c.v.) injection of 
amyloid-β (1-42) (Aβ1-42) oligomers in 2-month-old C57BL/6 mice. Memory deficits in Aß-injected 
mice were evaluated with the Novel Object Recognition Tests (ORT) and Passive Avoidance Test 
(PAT),while the Forced Swim test (FST) was used to assess depressive-like behavior. Starting from 7 
days before Aβ i.c.v. injection, fluoxetine (10 mg/kg) and vortioxetine (5 and 10 mg/kg) were 
intraperitoneally injected daily, for 24 or 26 days. 

Results: Chronic treatment with fluoxetine and vortioxetine (both at the dose of 10 mg/kg) was able to 
rescue the loss of memory assessed 14 days after Aβ injection by the passive avoidance task and the 
object recognition test. Both antidepressants reversed the increase in immobility time detected 19 days 
after Aβ injection by forced swim test.  A significant deficit of TGF-β1, paralleling memory deficits and 
depressive-like phenotype, was found in the hippocampus of Aβ-injected mice in combination with a 
significant reduction of the synaptic proteins synaptophysin and PSD-95. Fluoxetine 
and vortioxetine completely rescued hippocampal TGF-β1 levels in Aβ-injected mice as well as 
synaptophysin and PSD-95 levels.  

Conclusions : A chronic treatment with fluoxetine or vortioxetine can prevent both cognitive deficits and 
depressive-like phenotype in a non-transgenic animal model of AD with a key contribution of TGF-
β1.Overall our data suggest that a deficit of TGF-β1 might represent one of the neurobiological links 
between depression and AD and also that rescue of TGF-β1 signaling with second-generation 
antidepressants might represent a new pharmacological strategy to prevent both amyloid-induced 
depression and cognitive decline in AD. 



 DEREGULATED MICROGLIAL PRODUCTION OF EXOSOMES IN A MICE MODEL OF 
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Luisa Malosio1,2 and Michela Matteoli1,2
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Background: Alzheimer’s disease (AD), the most prominent cause of senile dementia, is clinically 
characterized by the extracellular deposition of β-amyloid (Aβ), as a consequence of disturbed amyloid 
homeostasis. Aβ is normally produced at high levels in the brain and is efficiently cleared at an equivalent 
rate through the blood-brain barrier (BBB), and by the proteolytic degradation of both soluble and fibrillar 
forms by microglia. During phagocytosis and degradation of extracellular Aβ peptides, microglia produce and 
release cytokines and Aβ truncated forms, which can be more prone to aggregation and harmful to neurons 
(Mazzitelli, Filipello, Rasile, et al. 2016). However, additional processes could contribute to the microglia-
mediated deleterious effects in the context of AD, such as the release of extracellular vesicles (EVs) that 
recently has been shown to mediate AD spreading. Taking advantage of the double transgenic AD mouse 
model APPswe/PSEN1dE9 (APP/PS1), we analyzed the role of EVs released by microglia derived from WT 
and APP/ PS1 transgenic littermate mice. 

Methods Primary microglia derived from newborn littermate mice was stimulated with Aβ1-42 for 24h. 
Microvesicles (P3) and exosomes (P4) released by microglia upon ATP exposure were isolated by sequential 
centrifugations. EV particle concentration and size distribution were characterized by NanoSight (NTA). An 
in vitro BBB model (Lauranzano et al., 2019) was exploited to test Aβ1-42 clearance upon exposure to P3- 
or P4-EVs derived from WT and APP/PS1 microglia cells. 

Results In response to Aβ1-42, WT microglia decreased exosomes production, while APP/PS1 microglia 
enhanced it (NanoSight). Already at steady-state, and even more when pre-exposed to Aβ1-42, APP/PS1 
microglia produced exosomes showing a detrimental effect on Aβ1-42 clearance in the BBB model. Of note, 
WT microglia-derived exosomes displayed a similar behavior only upon exposure of microglial cells to Aβ1-
42. Preliminary results suggest that the observed differences in Aβ clearance are not due to Aβ peptides
carried by EVs (Mass Spectrometry), nor to altered Aβ aggregation upon EVs exposure (ThT assay).

Conclusions Our findings identify microglial exosome dysregulated production as one of the mechanisms 
ultimately leading to Aβ brain accumulation and plaques burden also in sporadic forms of AD. Future efforts 
will be focused on the characterization of EVs' intrinsic properties and interaction with BBB cells. 
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 HEALTHCARE FACILITIES IN MULTIPLE SCLEROSIS: THE CONTACT EXPERIENCE 
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Background: Healthcare facilities are facing the challenge of providing services with limited resources, 
without reducing the quality of patient care. In this context, the adoption of Business Process 
Management (BPM) is becoming a key enabler for the improvement of healthcare processes. 
We aimed to apply the BPM methodology to analyse and re-design the in-hospital care process of 
patients affected by multiple sclerosis (MS), a chronic disease of the central nervous system, which 
requires continuous care, assessment and monitoring for the entire life of patients. This process was 
carried out within CONTACT (COoperation and integration of cliNical Trial And Care paThways), a 
research project funded by Apulia Region (Italy), involving Casa Sollievo della Sofferenza Hospital as 
clinical partner, Politecnico of Bari and seven technical partner providing innovative ICT solutions. 

Methods: BPM methodology was applied to analyse clinical pathway for MS in our hospital, and to re-
design the process for the management of different MS pharmacologic treatments of MS. A “health 
platform” was designed as a control room to monitor the pathways and to integrate them with hospital- 
and patient data. Once signed an informed consent form, MS patients were given:  
- a multimodal device to detect blood pressure, temperature, hearth rate and blood oxygen level;
- three mobile app, including a daily agenda to remind vital parameter evaluation and compliance to
treatment, a game to evaluate frontal assessment and a chat to communicate with the clinical staff;
- a wearable device to evaluate heart rate and gait during daily activities.
All these information were registered in the control room device and gathered with clinical information.

Results: In this pilot study, six MS patients were included: four were under natalizumab and two under 
fingolimod treatment. Patients were allowed to use the devices for two months, and were fully compliant 
to vital parameters registration (100%) and adherence to treatment (100%). 
No treatment adverse events were observed through parameters evaluated with IT devices. 

Conclusions: This pilot study was designed to evaluate the feasibility of an integrated IT platform to 
monitor MS clinical pathway through hospital- and patient-generated data. Its relevance consists also on 
the possibility to evaluate several clinical parameters at home; this may help the neurologists to perform 
a better follow-up and to tailor personalized clinical pathway for MS patients.  



A COMBINED NEUROPHYSIOLOGICAL AND NEUROIMAGING APPROACH TO EXPLORE 
THE CORTICO-BRAINSTEM INTERACTION IN MULTIPLE SCLEROSIS. 
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Background: Hand blink reflex (HBR) (Sambo et al., 2012a; Bisio et al., 2017) is a subcortical reflex 
consisting in a blink response following a peripheral stimulation. HBR, differently from other reflexes like 
the trigeminofacial blink reflex (TBR) (Magnano et al., 2014), is modulated by the proximity of the 
stimulated hand to the face. Despite brainstem dysfunctions are very common in Multiple Sclerosis (MS), 
HBR has never been investigated in people affected by this disease (PwMS).  
Due to its sensitivity to a top-down modulation, the study of HBR in PwMS could allow investigating the 
activity of the cortico-bulbar circuits and provide information related to functionality of the 
corticalbrainstem pathways. Aim of this work was to investigate HBR response in PwMS, its relationship 
with the motor and associative cortical regions and its possible alteration due to the disease. 

Methods: 10 PwMS with relapsing-remitting MS and 10 healthy controls underwent diffusion MRI scan 
and possible brainstem circuits abnormalities evaluated by means of TBR and HBR recording. The mean 
value of fraction anisotropy, mean diffusivity, axial diffusivity, and radial diffusivity was calculated on each 
scan as indication of tissue integrity in the whole white matter (WM) and in different white matter tracts, 
with special focus on the corona radiata (CR – anterior, posterior and superior). 
HBR and TBR were recorded from the orbicularis oculi muscles bilaterally and evoked by administering 
transcutaneous electrical stimuli to the median nerve or to the supraorbital branch of the trigeminal nerve, 
respectively. HBR was elicited bilaterally with the stimulated hand of the subject kept near and far from the 
face.  

Results: As previously demonstrated some people of PwMS group showed altered TBR responses, 
according to the literature’s standard (Mikropoulos et al., 2010). HBR responses could also be impaired in 
PwMS, specifically some subjects did not shown the modulation due to the hand position with respect to the 
face. PwMS showed less functional anisotropy in all tracts of CR. 

Conclusions:TBR and HBR are impaired differently and should be mediated by different circuits. The 
alteration in HBR modulation could represent an impaired transfer of information between cortical areas and 
brainstem circuits. This finding can be supported by the reduced functional anisotropy in the corona radiata. 
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Background. We aimed to assess the pathophysiological substrates of cervical spinal cord (cSC) damage in 
multiple sclerosis (MS), and to identify the most accurate predictors of disability and disease course, by 
using a comprehensive, multiparametric magnetic resonance imaging (MRI) approach. 

Methods. One-hundred and twenty MS, 58 relapsing-remitting (RRMS) and 62 progressive (PMS), patients 
and 30 age- and sex-matched healthy controls underwent brain and cSC 3.0 Tesla MRI with sequences for 
the assessment of lesions and atrophy. For the cSC, a DW scan was also obtained. The associations between 
MRI variables and disability were explored by age-, sex- and phenotype-adjusted linear models. 

Results. In MS patients, multivariable analysis identified phenotype, cSC grey matter (GM) cross-sectional 
area (CSA), lateral funiculi FA (FA) and brain GM volume as independent predictors of Expanded 
Disability Status Scale (EDSS) score (R2=0.86). The independent predictors of EDSS score were lateral 
funiculi FA, normalized brain volume and cSC GM T2-lesion volume in RRMS (R2=0.51); and cSC GM 
CSA and brain GM volume in PMS patients (R2=0.44). Logistic regression analysis identified cSC GM 
CSA and T2-lesion volume as independent predictors of phenotype (AUC=0.953). An optimal cSC GM 
CSA cut-off value was found to accurately discriminate PMS from RRMS patients (sensitivity=0.90, 
specificity=0.91). 

Conclusions. CSC MRI involvement has a central role in explaining disability in MS: lesion-induced 
damage in the lateral funiculi and GM in RRMS, and GM atrophy in PMS patients are the most relevant 
variables. CSC GM lesions may subsequently cause GM atrophy, which may contribute to evolution to 
PMS. 



MRI-BASED CLUSTERING OF MULTIPLE SCLEROSIS PATIENTS IN THE PERSPECTIVE OF 
PERSONALIZED MEDICINE 

Raffaello Bonacchi1,2, Alessandro Meani1, Elisabetta Pagani1, Massimo Filippi1,2,3,4, Maria A. Rocca2,5 

1Neuroimaging Research Unit, Institute of Experimental Neurology, Division of Neuroscience, IRCCS San Raffaele 
Scientific Institute, Milan, Italy; 2Neurology Unit, IRCCS San Raffaele Scientific Institute, Milan, Italy ; 3Neurophysiology 
Unit, IRCCS San Raffaele Scientific Institute, Milan, Italy ; 4Vita-Salute San Raffaele University, Milan, Italy;  
5Neuroimaging of CNS White Matter Unit, Institute of Experimental Neurology, Division of Neuroscience, IRCCS San 
Raffaele Scientific Institute, Milan, Italy 

Background. We aimed to find clusters of multiple sclerosis (MS) patients with homogeneous underlying 
pathophysiology, by using advanced MRI techniques, in order to better individualize MS patient care. 

Methods. One-hundred-and-fifteen MS (57 relapsing-remitting, 12 primary- and 46 secondary-progressive) 
patients, and 44 age- and sex-matched healthy controls (HC) underwent brain and cervical cord 3T MRI with 
sequences for assessing lesions, atrophy, and microstructural damage (with diffusion-tensor metrics), and 
complete neurological assessment. Clusters of MS patients were identified with hierarchical clustering on 
age- and sex-adjusted MRI variables. 

Results. Five clusters of MS patients were identified: “early”; “intermediate-cord”, “intermediate-cortical”, 
“intermediate-late-lesion”; and “late”. “Early” patients showed similar MRI metrics vs HC (except lesions), 
and lower Expanded Disability Status Scale (EDSS) and shorter disease duration (DD) compared to other 
patients’ groups (p<0.01). Compared to “early” and other “intermediate” groups, “intermediate-cord” 
patients had higher cord T2-lesion volume (LV) (p<0.001), “intermediate-cortical” lower cortical thickness 
(p<0.001), and “intermediate-late-lesion” higher brain T2-LV and deep grey matter (GM) atrophy and longer 
DD (p<0.01). “Late” patients had higher EDSS and DD, compared to “intermediate” groups (p<0.01), and 
worst diffusion-tensor metrics and cord/brain atrophy (p<0.01 vs all). “Intermediate-cord” patients could be 
divided into 2 groups characterized by different cord GM atrophy and cortical thickness (p<0.01), with 
similar DD; the impaired one including mostly progressive phenotypes and higher EDSS. 

Conclusions. MRI-based clustering of MS patients is feasible. It contributes to demonstrate disease 
heterogeneity and in the future it may be useful for personalized medicine. “Intermediate-cord” patients may 
be the best target to study neuroprotective and regenerative strategies. 
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Background: genetic determinants of heterogeneous disease expression are partially investigated in multiple 
sclerosis (MS). We aimed at identifying genetic factors influencing quantitative neuroimaging outcomes in 
two cohorts of Relapsing Remitting (RRMS) and Progressive (PMS) subjects. 

Methods: 99 PMS and 214 RRMS patients underwent a brain MRI using a 3T scanner. Nine MRI metrics 
were obtained, spanning from conventional T1/T2 lesion to cortical lesion load and deep grey-matter volume 
measurements. A knowledge-driven candidate pathway strategy was adopted; brain cell-specific sets of 
enriched expressed genes were also tested. A self-contained gene set analysis was carried out, using 
Adaptive Rank Truncated Product method and adjusting for relevant confounders, followed by single SNP 
regression analysis.   

Results: we tested seventeen KEGG pathways, 42 GO terms and 5 cell-specific enriched gene sets, 
encompassing ~189k SNPs. Gene set analysis revealed a differential pattern of association between the two 
disease subtypes, with processes related to Iron and Leukocyte Migration associated in PMS (p<0.01), 
whereas inflammatory-related themes like Adaptive Immune Response and T Cell Differentiation appeared 
to be implicated in RRMS (p<0.01). As of SNPs, the rs7104613 mapping to SPON1 gene revealed to be 
significantly associated to reduced deep grey matter and thalamus volumes (beta=-731.9, p=3.2*10-7) in the 
PMS cohort, while we found evidence of association between white matter volume and a marker in 
SEMA3A gene (beta=2.2*104, p=5.5*10-6) in RRMS cohort. 

Conclusions: these data suggest a different pattern of association between neuroimaging metrics and 
functional processes across the two disease courses. A replication step in larger cohorts is warranted to 
validate these preliminary findings.    
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Background: Multiple sclerosis (MS) affects several cortical and subcortical structures. The 
multiparametric assessment of cortical, deep grey matter (GM) nuclei, cerebellar and cervical spinal cord 
atrophy is likely to help characterizing MS phenotypes while contributing to explain patients’ disability. 

Methods: Brain and cervical spinal cord T2- and 3D T1-weigthed images were acquired with a 3T 
scanner from 195 MS patients (137 relapsing-remitting [RR] MS, 58 progressive [P] MS) and 67 healthy 
controls (HC) at three European sites. Brain and cervical spinal cord lesion burden were assessed. 
Cortical thickness, volume of the deep GM nuclei, volume of the anterior and posterior cerebellar lobules, 
and the cervical spinal cord cross-sectional area were calculated, respectively, with Freesurfer 6.0, FSL 
FIRST, SPM12 SUIT and the active-surface method of the Jim7.0 software. Differences of cortical 
thickness, volume of the deep GM nuclei, volume of the cerebellar lobules and cervical spinal cord cross-
sectional area were compared between patients and HC as well as between the different MS phenotypes. 
Age-, sex- and site-corrected stepwise linear regression models investigated the association of lesions and 
cortical/subcortical atrophy with clinical disability. 

Results: Compared to HC, MS patients had widespread atrophy in all cortical lobes, deep GM nuclei and 
cerebellar lobules, as well as reduced cervical spinal cord cross-sectional area. Similar results were 
observed in PMS compared to RRMS patients, with a particular involvement of frontal, sensorimotor, 
parietal and insular cortices and anterior cerebellar lobules. In MS patients, higher disability was 
associated with higher atrophy of cortical and deep GM structures, and with reduced cervical spinal cord 
cross-sectional area (p= range<0.00-0.03). The multivariate model retained phenotype (β=0.52, p<0.001), 
brain lesion volume (β=0.16, p=0.002), cortical thickness of the left postcentral gyrus (β=-0.11, p=0.029) 
and cervical spinal cord cross-sectional area (β=-0.25, p<0.001) as significant predictors of clinical 
disability (R^2=0.642, p<0.001). 

Conclusions: The multiparametric evaluation of lesion volume and atrophy of different cortical and 
subcortical structures contribute to explain a large portion of clinical disability in MS. 
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Background: The differential diagnosis of patients presenting with focal T2-hyperintense white matter 
lesions mimicking multiple sclerosis (MS) is challenging and misdiagnosis can occur even in specialized 
settings. We present a deep-learning approach for the automated classification of these disorders and 
compare model performance with that of two expert neuroradiologists blinded to clinical data. 

Methods: 268 brain T2-weighted and T1-weighted MRI scans, acquired on 1.5T and 3T MR scanners, 
were collected from patients with migraine (n=56), MS (n=70), neuromyelitis optica spectrum disorders 
(n=91) and CNS vasculitis (n=51). The model architecture, trained on 178 scans, was based on a cascade 
of four 3D convolutional neural network layers followed by a fully dense layer after features extraction. 
The ability of the final algorithm to correctly classify the diseases in an independent test set of 90 scans 
was compared with that of two expert neuroradiologists. 

Results : Neuroradiologists’ inter-rater agreement was 84.9% (Cohen’s kappa=0.78, p<0.001). In the test 
set, both deep-learning and expert raters reached the highest diagnostic accuracy in MS (98.8% vs 72.8% 
[p<0.001] and 81.8% [p<0.001] for rater 1 and 2 respectively) and the lower in neuromyelitis optica 
(88.6% vs 4.4%, [p<0.001] for both raters), whereas migraine (92.2% vs 53% [p=0.03] and 64.8% 
[p=0.01] for rater 1 and 2 respectively) and vasculitis (92.1% vs 54.6% [p=0.3] and 45.5% [p=0.2] for 
rater 1 and 2 respectively) achieved intermediate values. The overall performance of the automated 
method exceeded that of expert raters, with the main misdiagnosis when discriminating between 
neuromyelitis optica-vasculitis and neuromyelitis optica-migraine. Raters’ uncertainties included also the 
differentiation between neuromyelitis optica-MS and migraine-vasculitis. 

Conclusions : Artificial intelligence better classified white matter disorders than expert raters and may be 
a powerful paraclinical tool in the diagnostic work-up of diseases mimicking MS. 
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Background: Cognitive Impairment (CI) affects a large proportion of Multiple Sclerosis (MS) patients, 
however its underlying substrates require further investigation.  We have applied a multiparametric MRI 
approach to investigate the association between CI in MS patients and specific patterns of structural and 
functional abnormalities. 

Methods: One-hundred healthy subjects (HC) and 297 MS patients underwent a neuropsychological 
evaluation, high-resolution 3D T1-weighted, diffusion tensor, dual-echo and resting state (RS) scans at 
3.0 Tesla. Grey matter (GM) atrophy, white matter (WM) microstructural abnormalities and RS 
functional connectivity (RS-FC) of the default mode network (DMN) were investigated using voxel-wise 
approaches.  

Results : Eighty-nine (30%) MS patients were classified as CI. Compared to HC, CP patients had 
significant GM atrophy of deep GM nuclei, several regions of fronto-temporo-parietal and occipital lobes, 
cingulate cortex, and hippocampus, bilaterally. Additional widespread GM atrophy in supratentorial 
regions and cerebellum were found in CI patients. Compared to CP, CI patients had GM atrophy in the 
thalamus, caudate nucleus, hippocampus, cerebellum, bilaterally, and left supplementary motor area 
(SMA). Compared to HC, CP patients had decreased fractional anisotropy (FA) of supratentorial WM 
tracts, while CI patients had additional decreased FA of infratentorial WM tracts. Compared to HC, CP 
patients had reduced RS-FC in left SMA. CI patients had additional reduced RS-FC in the left posterior 
and middle cingulate cortex, the right inferior parietal lobule as well as increased RS-FC in the left 
inferior parietal lobule and right middle frontal gyrus. Finally, compared to CP, CI patients had reduced 
RS-FC in the left posterior cingulate cortex and right inferior parietal lobule. 

Conclusions : Structural abnormalities of critical CNS structures (deep GM nuclei, hippocampus and 
cerebellum) combined with functional maladaptive mechanisms contribute to explain CI in MS patients.  
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Background : Fatigue is one of the most common and disabling symptom in Multiple Sclerosis (MS). 
According to patients’ reported outcomes, fatigue can affect daily-life activities. We have investigated its 
prevalence in MS patients and its relation with clinical, neuropsychological and brain structural MRI 
variables. 

Methods: The Modified Fatigue Impact Scale (MFIS) and its subdomains 
(cognitive/physical/psychosocial) were collected from 725 healthy controls (HC) and 366 MS patients 
(238 relapsing-remitting [RR] and 128 progressive [P]). For global and sub-domains of MFIS, MS 
patients were classified as fatigued (F-MS) or not-fatigued (nF-MS) according to cut-off values provided 
by logistic regression models with a specificity of 90% in correctly classifying HC. MS patients 
underwent neurological, neuropsychological (Montgomery-Asberg-Depression-Rating Scale and Paced-
Auditory-Serial-Addition Test) and structural MRI evaluations. Clinical and MRI measures were 
compared between F-MS and nF-MS patients using age-, sex- and phenotype-adjusted linear models. 
Heterogeneities between phenotypes were tested with specific interaction terms. 

Results: Global fatigue affected 174 (47.5%) MS patients, being more prevalent in PMS than RRMS 
(PMS=64.1% vs RRMS=38.7%, p=0.014). For all dichotomizations, F-MS patients were older (p from 
<0.001 to 0.041) and more depressed (p<0.001) than nF-MS patients. Compared to nF-MS, cognitive F-
MS patients, had lower education (p=0.035). Compared to nF-MS, patients with global and physical 
fatigue had higher Expanded Disability Status Scale (EDSS) score only in RRMS (p<0.001), but not in 
PMS. RRMS patients with physical fatigue had lower brain (p=0.050), white matter (p=0.039) and 
thalamic volumes (p=0.022) compared to nF MS patients. 

Conclusions : In MS, fatigue is associated with an older age, lower education and higher depression. 
Only in RRMS, fatigue was associated with EDSS score and brain atrophy. A plateau effect of disability 
and structural damage could explain the lack of significant associations in PMS. The impact of fatigue on 
cognitive and physical activities should be considered to improve patients’ care.  



CHARACTERIZATION OF GREY MATTER ATROPHY IN PATIENTS WITH MULTIPLE 
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Background: Grey matter (GM) involvement is crucial in multiple sclerosis (MS) pathophysiology. In 
this study, we used source-based morphometry (SBM) to characterize baseline and 1-year follow-up 
evolution of GM atrophy across different MS stages.  

Methods : Brain MRI and clinical data were obtained from 170 healthy controls (HC) and 398 MS 
patients (34 clinically isolated syndromes [CIS], 226 relapsing-remitting [RR], 95 secondary progressive 
[SP] and 43 primary progressive [PP] MS). Fifty-seven HC and 144 MS patients underwent 1-year 
follow-up. Baseline GM loss, GM atrophy progression and correlations with disability and 1-year clinical 
worsening were evaluated.  

Results: SBM identified 26 GM patterns, associated to cerebellar, subcortical, sensorimotor, visual, 
temporal, default-mode, fronto-parietal, hippocampal, executive and salience networks. GM reduction 
was found in MS vs HC in almost all components (p=range<0.001-0.04). CIS patients showed 
circumscribed subcortical, cerebellar, temporal and salience GM loss vs HC, while RRMS patients 
exhibited diffuse GM atrophy in most of networks. Cerebellar, subcortical, sensorimotor, salience and 
fronto-parietal GM loss was found in PPMS patients vs HC, and in SPMS vs PPMS.  
At 1-year, 21 MS patients (15%) had clinically worsened. GM atrophy progressed over time in MS in 
subcortical, cerebellar, sensorimotor, temporal, and fronto-parietal regions. Baseline higher disability was 
associated (R^2=0.65) with lower normalised brain volume (-0.13p=0.001), higher GM loss in the 
sensorimotor network (-0.12p=0.002) and longer disease duration (=0.09p=0.04). A lower 
baseline normalised GM volume (odds ratio=0.98, p=0.008) and cerebellar GM atrophy (odds ratio=0.40, 
p=0.01) were identified as independent predictors of clinical worsening (AUC=0.83).  

Conclusions : GM involvement differed across disease stages and progressed at 1-year in MS. 
Sensorimotor and cerebellar GM atrophy explained baseline clinical disability and clinical worsening.  



MEASUREMENT OF WHITE MATTER AXONAL FIBER ATROPHY IN MULTIPLE 
SCLEROSIS USING DIFFUSION WEIGHTED IMAGING 
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Background: Atrophy of the gray matter is more important than that of the white matter (WM) in 
explaining clinical disability and cognitive impairment in patients with multiple sclerosis (MS). However, 
WM is a complex structure where the axonal fiber orientation should be taken into account when 
investigating its morphology. Constrained spherical deconvolution (CSD) is an advanced diffusion 
weighted imaging (DWI) method that provides an estimate of the distribution of fibers within each 
imaging voxel, helping in the characterization of regions with crossing fibers. This study aimed to assess 
the applicability of the CSD method in MS, and to estimate a measure of WM atrophy for axonal fiber 
bundles. 

Methods: Multi-shell DWI and 3D T1-weighted MRI scans were obtained from 45 MS patients and 45 
age- and sex-matched healthy controls (HCs). We compared the amplitude and directions of fiber 
orientation density (FOD) distributions between HCs and MS patients, taking account of the presence of 
lesions in the method. ‘Fixel-based morphometry’ was then applied to estimate fiber bundle cross-section 
(FC) atrophy in MS against HCs. Voxel-based analysis of fractional anisotropy (FA) was also performed. 

Results: At locations with lesions, we found significant differences (p<0.001) in FOD amplitude between 
MS and HCs, and between MS patients whether or not the presence of MS lesions is taken into account 
(p<0.001). By considering lesions in the method, CSD was able to estimate FOD, even though fiber 
directions were significantly different (p<0.001). Fixel-based morphometry showed a significant 
reduction of the WM FC in MS compared to HCs that was specific for each fiber bundle. Progressive MS 
patients showed a significant FC reduction in the right anterior cingulum and in the cerebellum compared 
to the relapsing-remitting forms. Decreases in FA in MS patients were less extensive compared to FC. 

Conclusions: The multi-shell CSD method can be applied in MS for a fiber-specific study of the WM 
microstructure and fiber-bundle atrophy quantification, after accounting within the method for the 
presence of MS lesions.  
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Background and Aims: progressive multiple sclerosis (PMS) is a major challenge in neurology. 
The visual pathway is now as an elective platform to study demyelination and neurodegeneration in 
MS. We applied functional (visual evoked potentials-VEPs) and structural (optical coherence 
tomography-OCT) techniques at this level to assess neural damage in PMS. 
 
Methods: 350 PMS patients (228 SPMS - 122 PPMS) underwent a cross-sectional evaluation 
comprehensive of EDSS, visual acuity (VA), full-field (ff-VEPs) as well as multifocal (mf-VEPs) 
VEPs, and OCT. We obtained follow-up data (mean interval 2.0±0.9 years) for 147 patients (52 
PPMS and 95 SPMS) with a parallel collection of clinical  records. 
 
Results: VEPs latency was higher among SPMS compared to PPMS (mean 144.7 vs 137.4 ms, 
p=0.001 for ff-VEPs, similar results for mf-VEPs). Retinal Nerve Fiber Layer (RNFL) was thinner 
among SPMS in comparison to PPMS (mean 79.9 vs 88.5 μm, p<0.001), with similar results for 
Ganglion Cell-Inner Plexiform Layer (GCIPL), independently from previous optic neuritis (ON). 
Reclassifying our cohort according to EDSS status (“stability” n.70 vs “worsening” n.53) we found 
a difference in terms of RNFL evolution (mean annualized percent change -0.2 vs -0.9 %/year 
respectively, p=0.010), independently from MRI activity, with a correlation between EDSS and 
RNFL change (ρ=-0.359, p=0.003). 
 
Conclusions: our results suggest a greater functional-structural involvement of the visual system in 
SPMS compared to PPMS, independently from previous ON. The longitudinal relation between 
RNFL thinning and EDSS worsening suggests OCT to represent a useful tool to assess disease 
progression and neuroprotection in PMS. 
 
Disclosures: part of this work was supported by Merck, Geneva, Switzerland. Merck is the 
biopharmaceutical division of Merck KGaA, Darmstadt, Germany. 
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Background and Aims: full-field visual evoked potentials (ff-VEPs) and optical coherence 
tomography (OCT) are used to monitor acute optic neuritis (aON) evolution, in order to assess 
demyelination and axonal-neuronal loss. Multifocal VEPs (mf-VEPs) represent a research tool to 
characterize topographically optic nerve damage. We applied these techniques to describe 
functional and structural damage occurring after aON in the context of relapsing-remitting multiple 
sclerosis (RRMS) or clinically isolated syndrome (CIS). 
 
Methods: we performed a prospective longitudinal study enrolling 40 patients (16 CIS, 24 RRMS) 
affected by a first aON episode in the study eye, who underwent OCT, ff-VEPs and mf-VEPs at 4 
weeks after aON onset, with follow-up repeated at 3, 6 and 9 months. For 21 patients a pre-baseline 
assessment in the acute diagnostic phase was also available.  
 
Results: we found VEPs latency to progressively recover over time (mean change month 1-9: -8.5 
ms, p<0.001 for ff-VEPs; -9.0 ms, p<0.001 for mf-VEPs) with a parallel peripapillary retinal nerve 
fiber layer (pRNFL) thinning (mean change month 1-9: -9.8 µm, p<0.001); ganglion cells - inner 
plexiform layer (GCIPL) and macular RNFL (mRNFL) thinning were instead already detectable 
within the first month, together with inner (INL) and outer nuclear layer (ONL) thickening.  
pRNFL, mRNFL and GCIPL thinning  over time significantly correlated with both ff-VEPs and mf-
VEPs latency recovery; furthermore when applying a linear regression model ff-VEPs latency at 1 
month could partially predict consequent pRNFL (R2=0.13, p=0.027), mRNFL (R2=0.17, p=0.013)  
and GCIPL (R2=0.17, p=0.012) loss. Finally when assessing the abnormality rates of our study 
techniques, while ff-VEPS and mf-VEPs showed a similar performance in the early phase after 
aON, mf-VEPs maintained a higher sensitivity over time (65% vs 40% at 9 monhts, p=0.035).   
 
Conclusions: our results suggest significant retinal damage has already occurred within the 1 
month after aON with the extent of initial demyelination influencing the degree of consequent 
neurodegeneration, with a need for hyperacute patients’ recruitment to set up remyelinating and 
neuroprotective strategies in order to detect possible clinical effects. Finally, considering their 
ability to maintain sensitivity over time, we suggest mf-VEPs inclusion among aON monitoring and 
interventional protocols. 
 
Disclosures: part of this work was supported by Merck, Geneva, Switzerland. Merck is the 
biopharmaceutical division of Merck KGaA, Darmstadt, Germany. 
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OCT MEASURES ARE ASSOCIATED WITH DISEASE BURDEN AND INFLAMMATORY 
ACTIVITY IN NEWLY DIAGNOSED MS AND CLINICALLY ISOLATED SYNDROMES 
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Background: Features of asymptomatic involvement of optic nerve and retina in early multiple sclerosis 
(MS) and clinically isolated syndromes (CIS) are still unclear. Growing evidences support the use of retinal 
layers as candidate markers of neurodegeneration (ganglion cell-innner plexiform: GCIPL) and 
inflammation (inner nuclear layer: INL) occurring throughout the CNS. 

Methods: After a clinical episode suggestive of MS, 150 consecutive patients underwent OCT, lumbar 
puncture, visual, somatosensory, and motor evoked potentials (VEP, SSEP-MEP), brain MRI, visual acuity, 
and EDSS. The 51.3% reached the McDonald 2010 MS criteria, the 21.3% were clinically defined MS. 

Results: 1) evidence of prior subclinical ON was detected using VEP or OCT in the 19.2% and 17.8% of 
CIS patients, respectively. Asymptomatic VEP involvement was associated with greater disease-burden: 
brain T2 lesion load (p=0.01), MEP-SSEP score (p=0.002), oligoclonal bands (p=0.005), disease duration 
(p=0.02). 
2) GCIPL thinning was associated with a disease-burden independently of prior clinical or subclinical ON
(R2 0.2; p<0.001).
3) INL was thicker in the post-acute phase after a relapse (1.1 to 3.7 months). This phenomenon was
reduced by concomitant steroid treatment. No correlation was found with markers of acute inflammation:
presence of gadolinium enhancing lesions, Link Index, serum neurofilaments.

Conclusions: Asymptomatic optic nerve involvement, revealed by OCT and VEP, is frequent in CIS and 
associated with greater disease-burden. While ganglion cells thinning reveals diffuse disease burden in early 
MS, the INL thickening might reveal a reactive response of Muller cells to neuronal injury. 
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Background : To evaluate the morphology and function of the pre-ganglionic [located in the outer retina 
(OR)] and ganglionic [located in the inner retina (IR)] elements from the macular area in multiple sclerosis 
(MS) patients with and without history of retrobulbar optic neuritis (RBON) for investigating on the retinal 
extent of neurodegeneration in this disorder.  

Methods: In this retrospective case series study, 67 relapsing-remitting MS patients (mean age ± standard 
deviation: 39.4±4.3 years) divided in two Groups, providing 27 eyes previously affected by RBON [MS-
RBON Group] and 40 eyes without RBON [MS-NoRBON Group] were enrolled. Thirty-five age-matched 
healthy subjects served as Controls. All subjects underwent to complete ophthalmological examination, 
including Spectral-domain Optical Coherence Tomography (SdOCT) and multifocal electroretinogram 
(mfERG) recordings. Macular volumes of the whole retina (WR), further segmented in OR and IR, and 
mfERG implicit times (IT) and response amplitude densities (RADs) were assessed from almost 
corresponding retinal areas and compared between MS Groups and Controls (ANOVA). For instance, 
measurements of Sd-OCT and mfERG were obtained in the three Groups from three nearly 
superimposable areas, located in the 15 macular degrees (°): 0°-5° (Area 1, corresponding to the 1 mm 
central area), 5°-10° (Area 2, corresponding to the middle 1-3 mm ring), 10°-15°( Area 3, corresponding to 
the external 3-6 mm ring) and 0°-15° (Area 1+2+3, corresponding to the whole 6 mm area). Sd-OCT and 
mfERG data obtained in MS and Control Groups were compared by the One-Way Analysis of Variance 
(ANOVA).  

Results : In MS-RBON eyes, WR and IR volumes were significantly reduced (P<0.01) exclusively in the 
parafoveal areas (5° to 15°) when compared to Controls and to MS-NoRBON eyes. OR macular volumes 
and mfERG ITs and RADs were not significantly different (P>0.01) in all tested areas between the three 
Groups.  
Conclusions : Results from our study indicate that in MS, with or without RBON, there is a morpho-
functional sparing of the macular OR elements. The extent of the post-neuritis retrograde 
neurodegenerative process is limited to the IR. In fact, in the occurrence of RBON, a selective 
morphological impairment of the IR elements (reduced Sd-OCT volumes) can be found. All this let us to 
hypothesize that specific retinal elements, possibly the bipolar cells, are likely to constitute a physiological 
protective barrier against neurodegeneration in MS.  



INCREASE SENSITIVITY IN DETECTING NEURODEGENERATION IN MULTIPLE 
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Background: Neurodegeneration of multiple sclerosis (MS) can be measured with optic coherence 
tomography (OCT), as thinning of peripapillary retinal nerve fiber layer (pRNFL), or as reduced total 
macula volume (TMV). The macula scan can be further segmented into the ganglion cell layer (GCL), inner 
plexiform layer (IPL), and inner nuclear layer (INL), which are plausible markers for neuronal loss, 
dendritic loss, or ongoing inflammation. Unlike traditional method yields only several averaged values of 
the whole image, voxel-based morphometry (VBM) can visualize and compare the whole macula map, 
therefore it can be more sensitive in detecting focal lesions. Here we applied VBM to macula OCT in 
different types of MS and compare the results with traditional pRNFL analysis. 

Methods: Three groups of patients with CIS (N=12, 2 male, age=32±12 years, disease duration = 0.9±1.3 
years), RRMS (N=9, 6 male, age=32±8 years, disease duration = 1.2±1.2 years), PPMS (N=14, 11 male, 
age=44±9 years, disease duration = 2.5±1.3 years) and eighteen healthy subjects (4M, age = 29±5 y) were 
enrolled. Eyes with histories of optic neuritis were excluded. Peripapillary and Macula volume scans were 
performed and segmented with Heidelberg Spectralis OCT. The segmented thickness maps of RNFL, GCL, 
IPL, and INL were registered to generate group maps with VBM. total macula volume(TMV) and 
peripapillary thickness (pRNFL) were compared with healthy with independent t-test, while voxel-wise t-
tests were performed between patients and healthy maps with correction of false discovery rate(FDR). 

Results: No group difference was found in pRNFL, while the PPMS group showed significantly lower 
TMV of RNFL, GCL, and IPL. On the other hand, the voxel-wise comparison showed significant 
differences in all patients’ groups compared with healthy, while the lesion loads in RNFL and GCL showed 
a gradient increases from CIS to RRMS to PPMS. The significant differences in INL vary in location but 
are mainly close to the nasal side of the macula.  

Conclusions: Our results suggest that applying VBM in macula OCT is more sensitive in detecting 
neurodegeneration in MS patients than traditional measures such as pRNFL or TMV. Also, Common 
neurodegenerative pattern were found in RNFL and GCL and the lesion load increases with disability, while 
the difference of IPL and INL might reflect short term inflammation activity.  



DISEASE ACTIVITY AFTER ALEMTUZUMAB CORRELATES WITH 
SPECIFIC PATTERNS OF IMMUNE RECONSTITUTION IN INDIVIDUALS 
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Background: Alemtuzumab is an anti-CD52 human monoclonal antibody approved for the treatment of MS. 
Differential targeting of immune cells may be associated to its efficacy and/or side effects, including a 30% 
risk in secondary autoimmune diseases. Objective of this study was to assess the changes in the absolute 
numbers of immune cells over the first 24 months post-treatment with alemtuzumab in multiple sclerosis 
(MS) patients and to correlate them with clinical and radiological responses. 

Methods: A single-center cohort of 26 patients with relapsing remitting MS treated with alemtuzumab. 
Patients underwent clinical evaluation and blood sampling every three months, and MRI every six months. 
Absolute and relative numbers of B, T and natural killer (NK) cells were evaluated by conventional flow 
cytometry over the first year post treatment. In order to measure the proportion of effector and regulatory T-, 
B- and NK-cell subsets over treatment, a highly standardized method for flow cytometry was employed in a 
subset of 12 patients. Statistical analysis: a linear mixed model analysis was applied to assess whether 
immune reconstitution correlated with clinical/MRI responses

Results: Responder patients have an increased proportion of NK cells and a decreased proportion of CD3+ T 
cells in the first six months of treatment, compared to non-responders (mixed effect analysis, p= 0.027 for T 
cells and p= 0.025 for NK cells). Analysis of reconstitution of NK cells over the first year of treatment 
demonstrated a persistent increase in the proportion of CD56bright NK cells over the first 6 and 12 months of 
follow up (p= 0.04 at month 6). We observed an overall decrease in the proportion of memory B cells (p=0.01 
at month 6 and p=0.02 at month 12) and an increase in the regulatory phenotype (p=0.03 at month 1 and 
p=0.04 at month 3). 
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Background: the management of MS patients who show disease activity after 2 alemtuzumab 
courses represents an unsolved issue. No real-life data about the switch to ocrelizumab have been 
reported yet. 

Methods: 21 MS patients who switched to ocrelizumab were retro- and prospectively collected from 
different Italian MS centers (mean age: 34.7(SD±7.7); female, 38.9%; Relapsing Remitting, (RR): 
77.8%, active Secondary progressive, (aSP): 22.2%; mean time interval (days) from II alemtuzumab 
course: 91.6(SD±110); cumulative number of relapses: 20; mean number of new T2 and Gd+ lesions: 
3.8(SD±4.8) and 1.3(SD±3.0); median EDSS:3(range 1-7). 

Results: Mean follow-up (FU): 5.4±4.4 months. Efficacy: one patient relapsed during the interval 
between the first and the second infusion of ocrelizumab. No further relapses occurred. One patient 
showed a new asymptomatic T2 lesion at 9 month-FU MRI. EDSS was stable except for 1 aSP patient 
who showed 1-year disability progression. (II) Safety. A) Infusion Associated Reactions (IARs) 
occurrence was significantly lower with respect to alemtuzumab courses (p<0.05). B) Infections: mild 
upper airways (n=1) and urinary infections (n=1), appendicectomy (n=1). No patients showed T 
CD4+ cell count decrease <200 cell/mm3 at 3 month-FU; complete B CD19+ cell depletion (<5 
cell/mm3) was confirmed at 3 and 6 months-FU. None of the patients developed 
hypogammaglobulinemia. C) Autoimmunity: no alemtuzumab-related new complications occurred.  

Conclusions: short-term follow-up seems to suggest that the switch to ocrelizumab in MS patients 
who showed disease activity after 2 alemtuzumab courses is characterized by a good safety and 
efficacy profile. Longer follow-up is warranted and recruitment is still ongoing. 
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Background : Fingolimod and natalizumab are highly effective treatments for relapsing-remitting 
multiple sclerosis (RRMS). We compared their effects on white matter lesions showing a 2-year 
progressive linear enlargement, a putative biomarker of smoldering inflammation. 

Methods: RRMS patients starting fingolimod (n=25) or natalizumab (n=30) underwent 3T brain MRI 
scans at baseline, month 6, 12 and 24. We identified slowly expanding lesions (SELs) among baseline 
lesions, by linearly fitting the Jacobian of the non-linear deformation field between timepoints, obtained 
using T1- and T2-weighted scans. A threshold ≥12.5% of annual increase was applied and neighbour 
voxels were grouped in clusters (≥10 voxels). Number, percentage, volume of lesions defined as SELs, 
and their average magnetization transfer ratio (MTR) and T1 intensity were calculated.  

Results: Treatment-groups were matched for baseline variables. The proportion of patients showing ≥1 
SEL was similar between the two treatments (fingolimod=76%; natalizumab=60%, p=0.21). In the two 
groups, similar number (median [interquartile range]) (fingolimod=2 [0-6]; natalizumab=1 [0-5], p=0.27), 
and volume (fingolimod=7.3 [3.2-14.6]; natalizumab=5.7 [2.7-15.1] ml, p=0.31) of SELs, and 
percentages of lesions (fingolimod=4.2% [0.3-7.5]; natalizumab=1.8% [0.0-10.6], p=0.80) and of lesional 
volume (fingolimod=0.4% [0.0-2.9]; natalizumab=0.1% [0.0-1.7], p=0.28) defined as SELs were found. 
In both groups, compared to not-SELs, SELs showed significantly lower baseline MTR and T1 intensity 
(p≤0.005), without significant between-group differences and longitudinal changes. 

Conclusions: T1-, T2-weighted and MTR sequences could identify chronic active lesions characterized 
by smoldering inflammation, ongoing demyelination and axonal loss. Natalizumab and fingolimod could 
similarly influence SEL burden and prevent microstructural tissue damage accumulation both in SELs 
and not-SELs. 



PATTERNS OF CEREBELLAR ATROPHY AND RESTING STATE FUNCTIONAL 
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Background: Fingolimod and natalizumab are effective treatments for relapsing-remitting multiple 
sclerosis (RRMS). We compared their effects on cerebellar atrophy and resting state (RS) functional 
connectivity (FC) in RRMS after two years of treatment. 

Methods: RRMS patients starting fingolimod (n=23) or natalizumab (n=27) underwent 3T MRI scans at 
month 0 (M0), 6 (M6), 12 (M12) and 24 (M24). Fifteen healthy controls (HC) were also acquired at M0 
and M24. Baseline and longitudinal changes of cerebellar volume (SUIT, SPM12 a Jacobian integration 
method) and RS FC (seed-based analysis from bilateral CrusI/CrusII) were estimated. 

Results: At M0, no cerebellar volumetric difference was found, while patients’ groups showed a reduced 
intra-cerebellar, inter-cerebellar and thalamo-cerebellar RS FC vs HC. Fingolimod-patients experienced a 
significant cerebellar atrophy compared to natalizumab-patients at M6 vs M0 (-1.28% vs -0.06%), M24 
vs M6 (-1.38% vs +0.01%) and M24 vs M0 (-0.93% vs -0.10%) and compared to HC (-0.29%) at M24 vs 
M0 (p<0.001). While RS FC was longitudinally stable in HC, patients’ groups showed a reduced 
cerebellar RS FC with fronto-parietal regions and an increased cerebellar RS FC with bilateral cerebellar 
regions and deep grey matter. In natalizumab-patients, longitudinal RS FC changes were linear and 
independent from atrophy. In fingolimod-patients, cerebellar RS FC mainly decreased at M6, while after 
M6 it mainly increased and was associated with lower cerebellar atrophy progression. 

Conclusions: Natalizumab limits better than fingolimod cerebellar atrophy progression. Both drugs 
promote cerebellar networks reorganization after two years of treatment. Increased RS FC may 
compensate cerebellar structural damage accumulation. 
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TRANSPLANTATION: THE ITALIAN MULTIPLE SCLEROSIS COHORT 
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Importance: Available therapies for multiple sclerosis (MS) have not demonstrated consistent effects in 
preventing long-term disability progression. Objective: To determine whether the ablation of the immune 
system followed by autologous hematopoietic stem cell transplantation (aHSCT) is able to prevent long-
term disability progression in aggressive MS. Design: Multicenter, observational, retrospective cohort 
study.Setting:  All patients who underwent aHSCT for the treatment of MS in Italy from 1996 to 2019.  
Participants: A minimum data set consisting of age, MS phenotype, expanded-disability-status-scale 
(EDSS) at baseline, type of conditioning regimen and at least 1 follow-up visit after aHSCT, was 
required.Exposure: Demographic, disease-related and treatment-related variables were analyzed. 
Main Outcomes: The primary outcome was to analyze the long-term progression-free survival (PFS) after 
aHSCT. Key secondary outcomes were to evaluate the occurrence of MRI inflammatory activity, the 
proportion of patients achieving NEDA-3 (no-evidence-of-disease-activity) and the transplant-related 
mortality (TRM). 

Results: 210 patients from 20 Italian MS centers were included [relapsing-remitting MS (RRMS) 
patients=122 (58%)]. Median baseline EDSS was 6 (range=1-9). Median follow-up was 4.2 years 
(range=0.3-20). 196 patients (93.3%) were eligible for the analysis of the primary outcome. PFS was 
79.5%, 65.5% and 58.1% at 5, 10 and 15 years. In RRMS, PFS was 85.5% and 71.3% at 5 and 10 years. 
In univariate analyses, the factors associate with improved outcome were a younger age [HR 
(95%CI)=1.04 (1.00-1.08), p=0.019], RRMS phenotype [HR (95%CI)= 0.46 (0.24-0.86), p=0.015], lower 
EDSS one year before aHSCT [HR (95%CI)=1.22 (1.02-1.46), p=0.029] and a higher number of relapses 
in the year before aHSCT [HR (95%CI)=0.69 (0.54-0.89), p=0.004]. Median EDSS significantly reduced 
after aHSCT in RRMS patients (p=0.001). MRI scans were available in 167 (79.5%) patients. The 
percentages of patients free of MRI inflammatory activity were 78.7% and 64.3% at 5 and 10 years. 
Among RRMS patients who were transplanted with an intermediate conditioning regimen, percentages of 
NEDA-3 were 68.4% and 52.6% at 5 and 10 years. TRM was 0.9% and no deaths occurred after 2007. 

Conclusions and Relevance: This study provides class III evidence that aHSCT is able to prevent long-
term disability progression in a considerable proportion of aggressive MS patients.  



PM2.5 EXPOSURE IS A RISK FACTOR OF MULTIPLE SCLEROSIS. AN ECOLOGICAL STUDY 
WITH A BAYESIAN MAPPING APPROACH 

Giulia Mallucci1, Roberto Bergamaschi1, Leonardo Trivelli2, Maria Cristina Monti2, Leonardo 
Gerosa1, Enrico Pisoni 3, Cristina Montomoli2 

Affiliazioni: 1IRCCS Mondino Foundation, Pavia, Italy ; 2Department of Public Health, Experimental and Forensic 
Medicine, University of Pavia, Italy, 3European Commission, Joint Research Centre (JRC), Ispra, Italy 

Background Some environmental factors have been associated to the increased risk of multiple sclerosis 
(MS). Air pollution might also play a relevant role. 
The aim of the study was to investigate the association of the air pollutant particulate matter PM2.5 with MS 
prevalence in the province of Pavia, which is one of the most polluted area in Europe.  

Material and methods A total of 927 MS cases (315 M, 612 F) resident in the province of Pavia (547,251 
inhabitants) were identified. Spatial emission data regarding PM2.5 were gathered from the European 
Monitoring and Evaluation Programme database. Gridded data of winter ground-level PM2.5 concentrations 
subdivided into 188 municipalities were extracted for the period 2010-2017. Municipalities were stratified 
into 3 groups by tertiles according to PM2.5 concentrations. Ecological regression and Bayesian statistics 
were used to analyse the association between PM2.5 concentrations, urbanisation degree, deprivation index 
and MS risk. 

Results The overall MS prevalence in the province of Pavia was 169.4 per 100,000 inhabitants (95% 
CI:158.8-180.6). MS risk was significantly higher among those persons living in areas with PM2.5 
concentration higher than the European threshold limit (25 microgram/m3). The Bayesian map revealed 
consistent clusters of MS high risk. 

Conclusions The study found a relationship between MS risk and PM2.5 suggesting that air pollution may 
be one of the environmental risk factors for MS. The detection of high-risk clusters with an excess number 
of MS cases encourages analytical studies in those areas to analyse multiple environmental factors related to 
the different distribution of the MS. 
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Background: Spasticity and spastic dystonia are two positive phenomena (i.e. those characterized by muscle 
over-activity) of the Upper Motor Neuron Syndrome (UMNS). Both phenomena are present at rest. 
Spasticity is defined as the velocity-dependent increase of muscle tone due to the hyper-excitability of the 
stretch reflex. Spastic dystonia is a stretch-sensitive, spontaneous, tonic muscle activation. Its 
pathophysiology is largely unknown. 
Muscle hypertonia is a frequent clinical sign in UMNS subjects. Besides spasticity and intrinsic hypertonia, 
using surface EMG (s-EMG) we have recently shown that also spastic dystonia can lead to muscle 
hypertonia. 
To our knowledge, this study represents the first attempt to investigate the prevalence of spastic dystonia in 
the hypertonic muscles of patients affected by Multiple Sclerosis (MS). 

Methods: Sixty consecutive SM patients were enrolled according to the following inclusion criterion: 
velocity-dependent hypertonia affecting at least one joint among elbow, wrist, knee and ankle. In these 
subjects, s-EMG was used to investigate in the hypertonic muscles the presence of spontaneous, stretch-
sensitive muscle activity. 

Results: Hypertonia in ankle plantar flexors was found in 53 patients. Among these patients, s-EMG showed 
spastic dystonia in 12 patients. Hypertonia in knee extensors was found in 27 patients, 6 of which presented 
spastic dystonia. Hypertonia in knee flexors was found in 19 patients, 5 of which presented spastic dystonia. 
Six patients presented hypertonia in the forearm flexors and 8 patients showed hypertonia in wrist flexors. 
Spastic dystonia in forearm flexors was found in all the 6 patients, while spastic dystonia in wrist flexors was 
found in 4 patients. Six patients showed hypertonia in forearm extensors, 2 of which had spastic dystonia. 
Only a minority of patients with spastic dystonia had pathological postures on clinical examination. 

Conclusion: In the flexor muscles of the upper limb, spastic dystonia was markedly prevalent. In the lower 
limb, spasticity was more prevalent than spastic dystonia. Our results suggest that, to stop spastic dystonia 
from being the neglected phenomena of UMNS, it is essential to link the concept of spastic dystonia to 
increased muscle tone, as it occurred for spasticity. Furthermore, these results state that the EMG assessment 
could help the physician to select the most appropriate outcome measure in UMNS patients with muscle 
hypertonia. 
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Background: Spasticity is the velocity-dependent hypertonia frequently encountered in patients affected by 
Upper Motor Neuron Syndrome. It is due to a tonic stretch reflex, which is evoked in patients at rest. The 
aim of this study, performed using surface electromyography (EMG), was to investigate stretch reflex 
excitability in the hamstrings muscles of patients affected by progressive Multiple Sclerosis (MS) and to 
correlate EMG results with clinical findings. 

Methods: Thirty patients and 20 age-matched healthy controls were investigated. EMG activity was 
recorded from biceps femoris muscle with the patient at rest. To stretch hamstrings muscles, the patient’s leg 
was manually moved from maximal flexion to maximal extension at 3 different velocities to investigate both 
phasic and tonic stretch reflex.  

Results: Only 7 patients were affected by hypertonia of the hamstrings; 4 of them showed muscle 
contracture. A tonic stretch reflex was present in the vast majority of the recruited patients, whether they 
presented hypertonia of the hamstrings or not. From its onset, the tonic stretch reflex persisted for the entire 
duration of muscle stretch. Tonic stretch reflex tended to appear only in the second half of stretching 
movement. In its initial phase, the reflex was low in amplitude. As muscle length increased, the reflex 
gradually increased, reaching the greatest amplitude towards the end of the passive movement or just after 
the end of passive movement. In the overwhelming majority of the patients, EMG activity was maintained 
after cessation of passive movement (static phase of the stretch).  

Discussion: Tonic stretch reflex is often present in the hamstrings muscles of progressive MS patients 
without producing increased muscle tone. This “ghost spasticity” is likely to be, for its intrinsic features, an 
important risk factor for the development of contractures in the hamstrings muscles. Our data suggest that 
tonic stretch reflex in hamstrings muscles is a phenomenon to be searched for in patients with progressive 
MS and possibly treated not so much to alleviate muscle hypertonia as to prevent it. Longitudinal studies are 
needed to confirm this view. 



REAL TIME QUAKING INDUCED CONVERSION ASSAY AS INNOVATIVE TOOL TO 
INVESTIGATE NEURODEGENERATION IN MULTIPLE SCLEROSIS 
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Background: Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system 
characterized by relapsing-remitting (RR) course, potentially followed by secondary progressive phase with 
accumulation of disability. In MS grey matter (GM) atrophy correlates with and predicts clinical 
progression. Tau is a protein involved in neurodegenerative diseases and have been studied also in MS; Real 
Time Quaking Induced Conversion (RT-QuIC) is an innovative technique able to detect small concentrations 
of misfolded proteins including tau in cerebrospinal fluid (CSF) of demented patients. We applied RT-QuIC 
using recombinant tau as a substrate for preliminary analysis of CSF collected at diagnosis from 6 RR MS 
patients (pMS). At time of analysis 3/6 have started to accumulate disability and have been later diagnosed 
as progressive pMS. Results from RT-QuIC revealed that pMS who did not accumulate disability induced 
tau aggregation (seeding), while the progressive ones did not (no seeding). Same results have been obtained 
also on olfactory mucosa samples. 

Methods: We conducted additional RT-QuIC on CSF samples collected from newly diagnosed RR pMS; 
disease onset and duration and EDSS at diagnosis were collected. Brain MRI was performed and total and 
GM brain volume (BV) was calculated by SIENAX. RT-QuIC was conducted to evaluate the ability to 
promote or not tau aggregation. Clinical data about disease duration, EDSS, progression index (PI: 
EDSS/disease duration) were collected at last follow-up available. 

Results: 37 patients were included. At diagnosis mean disease duration was 24.9 months±27.2 and median 
EDSS was 2.0, 0-3.5. At last follow-up pMS had mean disease duration of 4.8 years (±2.5) and median 
EDSS of 1.0 (0-5.5). According to RT-QuIC we identified no seeding (13/37) and seeding pMS (24/37) as 
previously observed. No statistically significant difference was found between the two groups for disease 
duration, EDSS, PI; we found a lower total and GM BV in no seeding pMS, statistically significant (p<0.05). 

Conclusions: RT-QuIC segregates pMS according to CSF ability to induce tau aggregation. Along with 
preliminary data, inhibition of tau aggregation (no seeding) was observed in pMS who accumulate disability; 
on the same frame, data from the cohort showed that no seeding pMS had a lower BV at diagnosis, a feature 
considered as a risk factor for clinical progression. Future studies are needed to assess potential relevance of 
these preliminary results. 



STANDARDIZED MULTI-CENTRIC FLOW CYTOMETRY DEMONSTRATES 
FINGOLIMOD AS THE MS DRUG MOST IMPACTING IMMUNE CELL SUBSETS 
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Objective: To establish cytometric profiles possibly associated with disease stages and/or responses 
to therapies in multiple sclerosis (MS). 

Methods: 227 MS patients and 82 sex and age-matched healthy controls (HC) were prospectively 
enrolled from four European MS centers (Spain, Italy, Germany and Norway). All subjects 
underwent collection of demographic/clinical data and peripheral blood samples. Assays were 
strictly standardized using specifically prepared antibody-cocktail lyotubes. Differences in terms of 
immune cell subsets were assessed between groups of untreated relapsing or progressive MS 
patients (RRMS or PMS) and HC and between groups of RRMS patients taking 6 commonly used 
drugs. 
Results: Overall, the greatest deviation in immune profile of MS patients appeared to be induced by 
treatments rather than by the disease phase, with the strongest impact observed in patients treated 
with fingolimod. Fingolimod induced a decrease in total CD4+ T cells and CD19+ B cells 
(particularly B-mature and B-memory cells) and a clear increase in CD4+ and CD8+ T-regulatory 
and B-regulatory cells. In untreated patients, significantly higher frequencies of Th17 cells in the 
RRMS population compared to HC (P = 0.01), and lower frequencies of B-memory/B-reg as well 
as higher percentages of B-mature cells in PMS patients compared to HC (P = 0.004, P = 0.009 and 
P = 0.01, respectively) emerged. 

Conclusions: Our highly standardized, multi-site findings support the role of flow cytometry as a 
powerful tool for understanding immunopathological mechanisms underlying MS and monitoring 
treatment response, and provide crucial information for the development and management of a 
personalized treatment strategy. 



DIFFERENTIAL RESPONSE OF CD4+ T CELLS AND CD19+ B CELLS TO CLADRIBINE 
TREATMENT IN VITRO IS RELATED TO THEIR ACTIVATION STATUS AND IS 
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Background: Cladribine (2CdA), a drug approved for multiple sclerosis (MS) treatment, is activated by 
deoxycytidine kinase (dCK), a process reversed by cytosolic 5’deoxynucleotidase (NT5C2). The mode of 
action of 2CdA is related to its ability to induce apoptosis in lymphocytes that are particularly susceptible to 
the drug in view of their high dCK content, and high dCK/NT5C2 ratio. Different timing in lymphocyte 
reconstitution following lymphopenia in MS patients might be explained by a particular sensitivity to 2CdA 
of distinct lymphoid subsets, due to differences in dCK expression and/or activity according to their 
activation status. On this basis, our objective is to assess, in healthy donors, the expression and/or the 
activity of dCK and NT5C2 in B and T cells activated or not and exposed to 2CdA in vitro. 

Methods: CD4+ T and CD19+ B cells were isolated by negative selection and activated with anti-
CD3/CD28 antibodies or IL15/CpG respectively in the presence or absence of 500 nM 2CdA. Cell 
proliferation and viability was measured by flow cytometry. dCK and NT5C2 mRNA expression was 
quantified by real time PCR. A new non-radioactive luminescent assay was established to determine dCK 
enzymatic activity.  

Results: Exposure of CD4+ T activated cells to 2CdA inhibited their proliferation and led to their apoptosis 
(60% reduction; P <0.0001). There was no such effect when the cells were resting. In contrast, as expected, 
2CdA induced resting CD19+ B cells death (81% reduction, P <0.001), an effect that was enhanced upon 
activation with IL-15/CpG (90% reduction, P <0.00001). Interestingly, 2CdA stimulation enhanced dCK 
mRNA expression in activated CD4+ T cells (P <0.0001) and CD19+ B cells (P <0.05). dCK enzymatic 
activity was higher in activated CD4+ T cells compared to resting CD4+ T cells (P <0.001). The same effect 
was observed in CD19+ B cells (P <0.001). 

Conclusions: These data suggest that 2CdA affects mainly activated CD4+ T cells by inducing cell death 
and reducing proliferation that could be explained by a higher dCK enzymatic activity. CD19+ B cells, in 
accordance with the literature, were highly sensitive to 2CdA treatment. The data suggest that 2CdA could 
exert its inhibitory effect through the induction of dCK expression in both CD19+ B and CD4+ T cells. 
Further analysis of dCK enzymatic activity in lymphocytes from 2CdA treated MS patients will help to 
dissect the impact of 2CdA on pathological immune responses related to central nervous system 
autoimmunity. 
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Background: Multiple sclerosis (MS) is a chronic autoimmune demyelinating disease of the central nervous 
system. It represents one of the main causes of neurological disability in young people. In MS the 
autoimmune response is directed against myelin antigens.  

Methods:The aim of this work was, through an in silico analysis, to evaluate the transcriptional changes that 
occur in MS patients compared to control subjects. 

Results:The Reactome analysis evidenced that the differentially expressed genes belonged to the pathways 
associated to immune system and neuronal system. Specifically, the genes associated to immune system 
were upregulated, while those belonging to neuronal system were downregulated. Moreover, String analysis 
highlighted that 2 different networks existed, composed by the genes involved in the neuronal system and 
immune system, respectively. Interestingly, the 2 networks were interconnected by 3 central genes 
(CAMK2A, GRIN2B and NEFL), that belonged to both neuronal and immune system pathways. 

Conclusions:These results evidenced the abnormal transcriptome profile in the brain of MS patients, with a 
deregulation of process involved in the functioning of immune and nervous systems. In particular, the altered 
regulation of the genes CAMK2A, GRIN2B and NEFL, given their role as central hubs of the networks, may 
influence both pathways and play a central role in MS pathogenesis. 
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Background: The onset and progression of neurological disorders have been recently linked to neutrophils. 
In addition, the neutrophil-to-lymphocyte ratio has been proposed as a clinical marker both for ischemic 
stroke and Multiple Sclerosis (MS). It is known that CD66b+ neutrophils can exert either a pro-
inflammatory or an anti-inflammatory function, but their role in Multiple Sclerosis is still unclear. 

Methods: We collected whole blood samples from patients with an active or a chronic form of MS, aiming 
to characterize the immune checkpoints expression on circulating blood cells. By multiparametric flow 
cytometry, we observed a small population of neutrophils (CD45+, CD66b+, CD16+) expressing a novel 
immunosuppressive marker. This observation led us to investigate whether they might have an 
immunoregulatory function. 

Results: To our surprise, these novel neutrophils seemed to increase in number in patients with an active 
form of MS, compared to both chronic forms of the disease and to healthy controls. Our preliminary results 
suggest that those neutrophils can slow down the proliferation of activated CD8+ T cells. Moreover, we 
observed that they are able to produce an anti-inflammatory cytokine, like IL-4. Through flow cytometry, 
cytof and functional studies, we are in the process of characterizing their phenotype, functions and release of 
extracellular vesicles in physiological and pathological conditions. 

Conclusions: We speculate that this immune checkpoint marker might identify a novel subpopulation of 
regulatory neutrophils in MS patients, paving the way for innovative approaches in terms of diagnosis, cell 
therapies or new drug delivery tools through vesicles. 
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Background: Multiple Sclerosis (MS) is highly heterogeneous in terms of inflammatory activity and 
disability accumulation. Given the recent increase in the number of approved therapies, there is a strong 
need to identify parameters that can assist treatment choice towards a more personalized approach. To this 
end, the present study is aimed at investigating clinical, genetic and immunological parameters associated 
with MS activity and progression. 

Methods: Clinical and MRI data were collected for 2 cohorts of MS patients that started a first-line 
treatment and were followed up to 4 years: a largest (Extended) cohort of about 1,000 patients with available 
genetic data and a smallest (Core) dataset of 200 patients, sampled before treatment start to obtain genetic 
and immune repertoire information. Patients were classified using the NEDA-3 criterion (absence of 
relapses, active MRI lesions and disability progression) and time to first relapse (TFR). Moreover, we 
considered EDSS progression and the MS Severity Score (MSSS) as complementary outcomes. A regression 
analysis was performed on both cohorts and results were meta-analyzed. 

Results:  a younger age at onset (AAO) and a shorter disease duration strongly correlate with a higher risk 
of inflammatory activity and female gender was also associated with a shorter TFR. Besides, a higher 
baseline EDSS was the best prognostic marker of increase in disability, together with a higher AAO. As for 
the genetic study, our meta-analysis identified signals with suggestive evidence of association: among them, 
rs6925307 on chr6 has a suggestive association (OR 0.55, p: 1.53e-06) with NEDA status and an eQTL 
effect on CLVS2 gene, required for normal morphology of endosomes and lysosomes in neurons. For TFR, 
an interesting association was present in rs9264731 (HR 1.49, p: 4.11e-06) that is intronic to the HLA-C 
gene. Finally, for EDSS progression and MSSS we found additional signals of suggestive association within 
intergenic variants of unknown functions. T cell receptor (TCR) sequencing is ongoing on the Core cohort 
and immune repertoire data are already available for 61 patients. 

Conclusions: in line with previous studies we confirmed the association of clinical parameters with disease 
severity and we also identified some interesting genetic markers whose association need to be replicated in 
larger cohorts. TCR data are being generated and will be integrated with clinical and genetic data to build a 
predictive model of disease activity. 
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Background:  Inflammasome-driven neuroinflammation is postulated to play a role in Multiple Sclerosis 
(MS), but there is no direct evidence that the nod-like receptor protein 3 (NLRP3) inflammasome is 
involved in MS pathogenesis. Uric acid was shown to be one of the ‘danger’ signals involved in the 
activation of NLRP3 inflammasome; notably, the concentration of uric acid is increased in the serum and 
in the CSF of MS individuals.  

Materials and Methods: PBMCs from 41 MS individuals with a diagnosis of primary progressive MS 
(PPMS), stable relapsing-remitting MS (SMS), acute relapsing- remitting MS (AMS), or benign MS 
(BMS) and from 10 age and sex matched healthy controls (HC) were primed with LPS and stimulated 
with Monosodium Urate Crystals (MSU). The expression of the NLRP3, ASC, caspase-1, caspase-8, IL-
1β and IL-18 inflammasome genes was evaluated by RT-PCR whereas production of the pro-
inflammatory cytokines IL-1β and IL-18 was measured by ELISA in supernatants.  

Results: Results showed that: 1) uric acid serum concentration was significantly increased in PPMS alone 
compared to all other groups; 2) mRNA for NLRP3, ASC and IL-18 was up regulated in PPMS and in 
AMS patients, as well, but caspase-8 mRNA was up regulated only in PPMS; 3) IL-18 production was 
significantly increased in PPMS alone, in whom a direct correlation between hyperuricemia and caspase-
8 was detected.  

Discussion:  Taken together our results suggest that in PPMS patients a possibly prolonged and chronic 
stimulation would results in the up-regulation of mRNA expression of NLRP3, ASC, caspase-8 and IL-18 
genes and of IL-18 pro-inflammatory cytokine; this could be justified by the observation that 
hyperuricemia is present in PPMS patients.  

Conclusion: The NLRP3/caspase-8 inflammasome pathway is activated in PPMS, possibly as a 
consequence of hyperuricemia. Therapeutic strategies reducing NLRP3 activation and/or lowering 
hyperuricemia could be useful in the therapy of PPMS. 



THE MULTIPLE SCLEROSIS DRUG, MONOMETHYL FUMARATE, SIGNALS THROUGH 
HYDROXYCARBOXYL RECEPROR 2: POSSIBLE IMPLICATIONS FOR GASTRO-
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Background: We demonstrated that monomethyl fumarate (MMF), the bioactive metabolite of the drug 
dimethyl fumarate (DMF), modulates microglia activation through a new pathway mediated by 
hydroxycarboxylic acid receptor-2 (HCAR2) that inhibits NF-κB, via the AMPK/Sirt1 axis. Increasing 
evidence associates HCAR2-signaling in dendritic cells (DC) with an anti-inflammatory phenotype. Thus, 
we propose that MMF could exert its effect also in these cells by activating the AMPK/Sirt1 axis. Since 
HCAR2 is also the butyrate receptor, an anti-inflammatory commensal metabolite, we have speculated that 
intestinal side effects associated with DMF treatment might be associated with competition of MMF vs 
butyrate for HCAR2 in intestinal epithelial cells (IEC). We propose that MMF would signal in IEC through 
the prostaglandin/cycloxygenase-2 (COX2) inflammatory pathway, whereas butyrate through the 
AMPK/Sirt-axis.  

Methods: Spleen DC were isolated through magnetic bead (anti-CD11c) affinity sorting. IEC were isolated 
from the ileum of naïve or EAE-affected mice treated or not with DMF. Gene expression and pathway 
activation were assessed by real time PCR and western blotting, respectively. 

Results: We showed that MMF induces an anti-inflammatory phenotype in activated-splenic DC (sDC). 
Importantly, MMF does not exerts such effect in sDC isolated from HCAR2-KO mice.  Moreover, we found 
that MMF increases the expression of Tnf and COX2 in IEC isolated from WT-mice, but not in HCAR2-KO 
mice. Otherwise, butyrate has no such pro-inflammatory effect. In in-vitro-activated IEC, both ligands exert 
an anti-inflammatory effect, albeit HCAR2-dependent only for MMF. To confirm the pro-inflammatory 
effect of MMF also in vivo, we isolated IEC from WT and HCAR2-KO EAE-affected mice treated or not 
with DMF. We found that DMF administration induces an HCAR2-dependent increase in the expression of 
pro-inflammatory cytokines on IEC, which is mediated by the activation of the ERK1/2 pathway, rather than 
the COX-2 pathway as might be expected. We have ongoing experiments performed using X-Ray Phase 
Contrast Tomography to evaluate in 3D possible morphological alterations induced by DMF at intestinal 
level. 

Conclusions: Altogether these data suggest a cell- and environment-biased activation of different pathways 
in HCAR2 signaling. 



LONGITUDINAL EVALUATION OF EFFECT OF NATALIZUMAB ON JCV SPECIFIC 
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Background: Natalizumab (NTZ), a humanized antibody directed toward the very late activation 
antigen-4 (VLA-4) adhesion molecule, blocks inflammatory cell entry into the brain and can 
prevent multiple sclerosis (MS) -related clinical relapses. This drug exerts a profound biological 
effect on T and B cells, which might partially account for the increased risk of NTZ-associated 
progressive multifocal leukoencephalopathy (PML), a brain infection caused by human JC 
polyomavirus (JCV). We have evaluated NTZ-induced effects on JCV specific peripheral cytotoxic 
T-lymphocytes phenotype and on oligoclonal IgG bands (OCBs) in the cerebrospinal fluid (CSF) of
MS patients (pts).

Methods: Twenty-four NTZ-treated MS pts entered the study. Serum anti-JCV antibodies were 
measured at baseline (ELISA). JCV presence/viral load was monitored in peripheral blood, serum, 
urine samples over 2 years (at baseline, after 1, 6, 12 and 24 months of therapy) (qPCR) and in CSF 
(at baseline and after 24 months); JCV-specific-CD8+ T cell subsets, perforin and granzyme 
production were compared between pts with or without JCV reactivation. IgG, albumin 
concentration and OCBs (by IEF) were also performed in paired serum and CSF obtained at 
baseline and after 24 months. 

Resulst: No patient developed PML. All CSF samples were negative for JCV DNA. Asymptomatic 
and sporadic JCV viremia (25%) and viruria (42%) were observed in MS pts. after treatment. Three 
patients had negative JCV serology despite the detection of viral DNA in blood or urine.  
In MS pts. showing JCV reactivation, at the moment of JCV detection, a decrease of JCV specific 
naïve- and an increase of effector memory- and terminally differentiated-CD8+ T cells were 
observed, with reduction of perforin/granzyme production. Intrathecal IgG production was 
quantitatively reduced, with a complete (55%) or partial (27%) disappearance of OCBs in the CSF 
samples taken after two-year therapy. 

Conclusionis: Asymptomatic reactivation of JCV can be sporadically observed in blood or urine of 
MS pts treated with NTZ, in conjunction with an effective CD8+T-mediated virus specific response 
for containment of reactivation. JCV serology alone is not sufficient for the assessment of JCV 
infection and should be associated with JCV-DNA detection in body fluids in order to consistently 
identify JCV infected pts, and stratify the PML risk in NTZ treated MS pts. 
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Background: The identification of de-remyelination biomarkers specific and sensitive to monitor disease 
progression and myelin remodeling, to test putative pro-remyelinating compounds and thereby select 
specific treatments is a prime goal within the multiple sclerosis (MS) community. In the CSF of patients 
affected by demyelinating immuno-mediated neuropathies, we found that sphingomyelin is a new 
diagnostic and prognostic biomarker. Therefore, in the present study we investigated whether 
sphingomyelin and other sphingolipids may exert the same role in the CNS and the contribution of 
sphingolipid metabolism to the molecular mechanisms underlying MS. 

Methods: Sphingolipid-targeted high-resolution mass spectrometry has been performed on tissue, CSF 
and serum of the cuprizone-fed and EAE mouse models. Moreover, we profiled sphingolipids in the CSF 
and serum of 48 patients affected by different MS types, including isolated clinical syndrome (CIS), 
relapsing-remitting MS (RRMS), primary and secondary progressive MS (PrMS) and 18 patients affected 
by other neurological diseases, which we used as controls. 

Results: Sphingolipid profiling, neuropathology and molecular studies performed in the animal models 
allowed to demonstrate that within this lipid class, well-characterized species do exist to selectively 
monitor myelin rearrangements or the immune/inflammatory damage, both at tissue and biological fluids 
level. We found that sphingomyelin recognizes MS patients (CIS, RRMS, and PrMS) from controls in 
serum samples and correlates with EDSS in the CSF. These results were also validated by mass 
spectrometry data in which specific sphingomyelins also positively correlate with EDSS. Actually, this 
latter analysis allowed also to demonstrate in the CSF and serum of MS patients a highly significant and 
reliable increase of ceramides and hexosylceramides compared to control subjects. Notably, these lipid 
metabolites were also able to distinguish the different types of MS, assuming thereby significance as 
promising biomarkers.  

Conclusions: Overall, the studies provide insights into the critical role driven by sphingolipid metabolism 
in inflammation and demyelination. Since the overall objective of the project was the identification of 
potential biomarkers to monitor demyelination and remyelination, we are confident that our results 
represent a further step toward this direction.   
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Background: Phase II and III clinical trials revealed the potent suppressive activity of CD20 
directed antibodies in multiple sclerosis (MS). We wanted to evaluate efficacy on inflammatory 
parameter of rituximab (RTX) personalized reinfusion scheme, using a memory B-cell based 
treatment regimen.   

Methods: This is a prospective, uncontrolled, open-label study including patients with MS treated 
with RTX in 2 Italian MS units. All patients were treated with rituximab induction, followed by 
maintenance infusion at the dosage of 375 mg/m2, according to memory B-cells repopula(0.05% of 
peripheral-blood mononuclear cells (PBMC) for the first two years, 0.1% of PBMC for the third 
year). MS activity was assessed as clinical or MRI activity.  

Results: 102 patients were included in the analysis. Mean follow-up was 2.40 years (range 0.577.15 
years). ARR was 0.67 in the year before RTX start and decreased to 0.01 in the 3 years after RTX 
initiation (global ARR). Proportion of patient with MS activity (i.e.: relapse or MRI activity) was 
63.16% in the year before RTX start and decreased to 8.7% (0-6 months), 1.3% (6-12 months),  
0% (12-24 months), and 0% (24-36 months). Annualized RTX infusion rate was 1.67 (95%CI:  
1.43-1.94), 0.76 (95%CI: 0.58-0.98), and 0.78 (95%CI: 0.52-1.12) for the first three years after 
RTX initiation, respectively. Patients were reinfused with a mean infusion interval of 367 days  
(range 181-839 days).  
Discussion: Results of this study show that memory B cells based RTX reinfusion protocol is able 
to reduce mean number of RTX reinfusion with persistent reduction of disease activity.  
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Background: Despite the popularity of the B cell/autoantibody-involvement in autoimmune disease the 
contributions and the role of B cells in human autoimmune diseases remained unclear until recently. 
Alterations in immune regulation could result in the breakdown of immune tolerance; a phenomenon 
associated with the development of Multiple Sclerosis (MS). Oligoclonal IgG bands in the brain and 
cerebrospinal fluid (CSF) of patients with multiple sclerosis (MS) indicate that B lymphocytes contribute 
to the pathogenesis of this disease. This effect is likely mediated, besides antibody production, by 
cytokine secretion.  . Within this scenario, BTLA, a novel inhibitory receptor that ligates B7 family 
members proteins, was identified. Similar to CTLA-4 and PD-1, BTLA is expressed on activated B and T 
cells alone. Binding of BTLA to B7-H4, its putative ligand, inhibits TCR-initiated cytokine production 
and cell cycle progression, suggesting a role for BTLA in peripheral tolerance. Recently a novel subset of 
regulatory B lymphocytes (Breg), which regulate immune responses through the production of the anti-
inflammatory cytokine interleukin-10 (IL-10), was identified.  

Methods:we analysed by flow-cytometry the surface expression of BTLA, as well as IL-10 and TGFbeta 
production, in un-stimulated or in myelin oligodendrocyte glycoprotein (MOG)- stimulated CD19+ B 
lymphocytes of MS patients with a clinical and MRI diagnosis of either relapsing-remitting (RRMS), 
primary progressive (PPMS), secondary progressive (SPMS) or benign MS (BEMS); results were 
compared to those obtained in age and sex matched healthy controls (HC).  

Results:Whereas no differences were seen in un-stimulated cells, MOG-stimulated, BTLA-expressing 
CD19+ cells were augmented in HC compared to PPMS (p<0,001) and to RRMS (p=0,015), in BEMS 
compared to PPMS (p<0,01)) and in SPMS compared to PPMS (p<0,05); TGFbeta-expressing and IL-10 
producing B lymphocytes were significantly reduced in PPMS patients compared to all the other groups 
of patients (p<0,05) and HC (p=0,005); BTLA expressing and IL-10 producing CD19+ B cells were 
augmented in HC compared to all MS groups.  

Conclusions:Data herein indicate that a quantitative and qualitative impairment of Breg accompanies the 
breakdown of immune tolerance associated with MS. Results herein indicating a significant reduction of 
BTLA-expressing and IL-10 producing CD19+ cells offer support to the concept that this pathway plays a 
pivotal role in this disease. 
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Background: Although aberrant co-stimulation leads to MS pathogenesis, insufficient co-inhibition can 
also promote the development and progression of MS. Recent studies demonstrated that CEACAM1, a 
molecule expressed on activated T cells, endows TIM-3 with inhibitory function and facilitates the 
maturation and cell surface expression of TIM-3 by forming interactions. The principal aim of this study 
was to define the possible role of CEACAM1 in the pathogenesis of MS. 

Methods:Peripheral blood mononuclear cells (PBMCs) from all enrolled subjects were stimulated with 
antigenic MBP peptides (10 µg/ml), at 37° C in a humidified 5% CO2 atmosphere for 24 hours. Surface 
expression of CEACAM1 as well as of TIM-3 and of Annexin-V, and IFNγ and Bat-3 production was 
analyzed by flow-cytometry in MBP- stimulated CD4+ and CD8+ lymphocytes of all enrolled subjects. 

Results:Results showed that: 1) CEACAM1- expressing CD4+ T cells were significantly increased in 
BMS compared to HC and PPMS and in RRMS compared to PPMS; 2) MFI of CEACAM1 was 
significantly reduced in CD4+ T cells of PPMS compared to RRMS, BMS and HC; 3) 
CD4+AV+CEACAM1+  and CD8+AV+CEACAM1+ T cells (apoptotic cells) were significantly 
increased in BMS compare to all other groups; 4) TIM-3- expressing CD4+ T cells were significantly 
increased in BMS compared to all other groups of subjects and TIM-3 expressing CD8+ T cells were 
increased in RRMS and BMS compared to PPMS and HC; 5) Bat-3 producing CD4+ T cells were 
increased in PPMS compared to BMS and HC and in RRMS compared to HC; 6) IFNγ- producing CD4+ 
and CD8+ T cells were significantly reduced in BMS compared to all groups with the higher amount of 
the cytokine seen in PPMS. 

Conclusions: CEACAM1 dampens the MBP-specific inflammatory T cell response in BMS probably by 
the trans-interaction with TIM-3, by favoring the MBP- specific apoptosis; this process is reduced in 
PPMS by the up-regulation of Bat-3. CEACAM1 may prove to be a novel target for immunotherapy of 
MS. 
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Background Pathogenesis of autoimmune disorders, including Multiple Sclerosis (MS), has been linked 
to an alteration of the resident microbial commensal community and of the interplay between the 
microbiota and the immune system. Dietary components such as fiber, acting on microbiota composition, 
could, in principle, result in immune modulation and, thus, could be used to obtain beneficial outcomes 
for patients. 

Methods:  We verified this hypothesis in a pilot study involving two groups of clinically similar 
Relapsing-Remitting (RR) MS patients who had undergone either a high-vegetable/low-protein diet 
(HV/LP diet group; N=10) or a “Western Diet” (WD group; N=10) for at least 12 months. Gut microbiota 
composition, analyzed by 16S V4 rRNA gene sequencing and immunological profiles, was examined 
after a minimum of 12 months of diet 

Results: Results showed that, in the HV/LP diet group compared to the WD group: 1) Lachnospiraceae 
family was significantly more abundant; 2) IL-17-producing T CD4+ lymphocytes (p= 0.04) and PD-1 
expressing T CD4+ lymphocytes (p= 0.0004) were significantly decreased; and 3) PD-L1 expressing 
monocytes (p= 0.009) were significantly increased. In the HV/LP diet group, positive correlations 
between Lachnospiraceae and both CD14+/IL-10+ and CD14+/TGF+ monocytes (RSp=0.707, p=0.05 
and RSp= 0.73, p=0.04; respectively), as well as between Lachnospiraceae and CD4+/CD25+/FoxP3 T 
lymphocytes (RSp= 0.68, p=0.02) were observed. Evaluation of clinical parameters showed that in the 
HV/LP diet group alone the relapse rate during the 12 months follow up period and the EDSS score at the 
end of the study period were significantly reduced. 

Conclusions: Diet modulates dysbiosis and improves clinical parameters in MS patients by increasing 
anti-inflammatory circuits. Because Lachnospiraceae favour Treg differentiation as well as TGF and IL-
10 production this effect could be associated with an increase of these bacteria in the microbiota.  
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Background T cell immunoglobulin and mucin domain 3 containing molecule-3 (Tim-3) ligates galectin-
9 (Gal-9); this process, resulting  in the inhibition of Th1 responses and in the apoptosis of antigen-
specific cells, is hampered by binding of the molecular adaptor human leukocyte antigen B (HLA-B)-
associated transcript 3 (Bat3) to the intracellular tail of Tim-3. Apoptosis of myelin basic protein (MBP)-
specific T lymphocytes correlates with reduced rates of disease progression in multiple sclerosis (MS). 

Methods: We extensively analyzed the Tim-3/Gal-9/Bat3 pathway in 87 MS patients with a diagnosis of 
stable relapsing-remitting (RRMS), primary progressive (PPMS), or benign MS (BEMS) and in 40 
healthy controls (HC). 

Results: Results showed that MBP specific CD4+Tim-3+, CD4+/Gal-9+, and CD4+/Tim-3+/AV+ 
(apoptotic) T lymphocytes were augmented in BEMS whereas CD4+/Bat3+ and CD8+/Bat3+ T 
lymphocytes were increased and CD4+/Tim-3+/AV+ T cells were reduced in PPMS (p<0.05 in all cases). 
Blocking the Tim-3/Gal-9 interaction with specific mAb reduced T lymphocytes apoptosis and 
augmented production of IFN and IL-17 in BEMS, SMS and HC, but not in PPMS. 

Conclusions: . The Tim-3/Gal-9 interaction favors apoptosis of MBP-specific T lymphocytes in BEMS; 
this process is reduced in PPMS by the up-regulation of Bat3. Therapeutic interventions aimed at 
silencing Bat3 could be beneficial in MS. 



INTERLEUKIN-9 REGULATES MACROPHAGE ACTIVATION IN THE PROGRESSIVE 
MULTIPLE SCLEROSIS BRAIN 

Gloria Donninelli1, Inbar Saraf-Sinik1,2, Valentina Mazziotti3, Alessia Capone1,4, Maria Grazia 
Grasso5, Luca Battistini1, Richard Reynolds6, Roberta Magliozzi3,6 and Elisabetta Volpe1 

1Neuroimmunology Unit, IRCSS Fondazione Santa Lucia, Rome, Italy;  2Department of Neurobiology, Weizmann Institute of Science, Rehovot, 
Israel;  3Neurology Section of Dept. of Neurological and Movement Sciences, University of Verona, Italy ;  4Department of Biology and 
Biotechnology Charles Darwin, Sapienza University, Rome, Italy 
5Multiple Sclerosis Centre, Santa Lucia Foundation, Rome, Italy ;  6Division of Brain Sciences, Imperial College Faculty of Medicine, London, UK

Background: Multiple sclerosis (MS) is an immune mediated, chronic inflammatory and demyelinating 
disease of the central nervous system (CNS). Several cytokines are thought to be involved in the regulation 
of MS pathogenesis. We recently identified interleukin (IL)-9 as a cytokine reducing inflammation and 
protecting from neurodegeneration in relapsing-remitting MS patients. However, the expression of IL-9 in 
CNS, and the mechanisms underlying the effect of IL-9 on CNS infiltrating immune cells have never been 
investigated.  

Methods: To address this question, we first analyzed the expression levels of IL-9 in post- mortem 
cerebrospinal fluid of MS patients and the in situ expression of IL-9 in post- mortem MS brain samples by 
immunohistochemistry. A complementary investigation focused on identifying which immune cells express 
IL-9R by flow cytometry, western blot and immunohistochemistry. Finally, we explored the effect of IL-9 
on IL-9- responsive cells, analysing the induced signalling pathways and functional properties.  

Results: We found that macrophages, microglia and CD4 T lymphocytes, were the cells expressing the 
highest levels of IL-9 in the MS brain. Of the immune cells circulating in the blood, monocytes/macrophages 
were the most responsive to IL-9. We validated the expression of IL-9R by macrophages/microglia in post-
mortem brain sections of MS patients. IL-9 induced activation of signal transducer and activator of 
transcription (STAT)1, STAT3 and STAT5, and reduced the expression of activation markers, such as 
CD45, CD14, CD68 and CD11b in inflammatory macrophages stimulated in vitro with lipopolysaccharide 
and interferon (IFN)-g. Similarly, in situ the number of activated CD68 + macrophages was significantly 
reduced in areas with high levels of IL-9. Moreover, in the same conditions, IL-9 increased the secretion of 
the anti- inflammatory cytokine, transforming growth factor (TGF)-b.  

Conclusions : These results reveal a new cytokine expressed in the CNS, with a role in the context of MS. 
We have demonstrated that IL-9 and its receptor are both expressed in CNS. Moreover, we found that IL-9 
decreases the activation state and promotes the anti- inflammatory properties of human macrophages. This 
mechanism may contribute to the beneficial effects of IL-9 that are observed in MS, and may be 
therapeutically potentiated by modulating IL-9 expression in MS.  



FUNCTIONAL AND STRUCTURAL IN VIVO ASSESSMENT OF DEMYELINATION AND AXONAL 
LOSS IN EXPERIMENTAL AUTOIMMUNE ENCEPHALOMYELITIS MOUSE MODEL 
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Leocani1 
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Background: Experimental autoimmune encephalomyelitis (EAE) is a common animal model to study 
multiple sclerosis (MS), an autoimmune and demyelinating disease of the central nervous system. In 30% of 
MS patients clinical presentation starts with optic neuritis (ON). We aimed at investigating ON with two 
follow up studies, using visual evoked potentials (VEPs), electroretinograms (ERG), optic coherence 
tomography (OCT) and optic nerve histology. 

MethodsIn this work, C57BL/6 mice (n=41) immunized with myelin oligodendrocyte glycoprotein peptide 
exhibited a chronic disease course. VEPs, pERG and OCT were performed under anesthesia and clinical 
score was measured daily.  

Results: In the first study, eye s of EAE mice were divided in “EAE eyes with latency delay (EAE W LD)” 
and “EAE eyes without latency delay (EAE W/O LD). EAE W LD showed a significant VEP latency 
increase at 7 dpi compared to baseline (p<0.0001), while the b-wave component of ERG showed a 
significant amplitude decrease in EAE W/O LD (p=0.008). Despite these results, any difference was 
detected by OCT, while histology showed significant increase of Iba1+ cells in both EAE groups, axonal loss 
only in EAE W/O LD and demyelination in EAE W LD. In the second study, eyes of EAE mice were 
divided in “EAE eyes with delay before clinical onset (EAE BCO)” and “EAE eyes with delay after clinical 
onset (EAE ACO)”. Interestingly in EAE BCO, a dysfunction seems focused only in the optic nerve. In EAE 
ACO, ERG b-wave decreased before clinical onset and OCT detected a decrease in thickness of neuronal 
ganglion cell complex (p=0.005). However, optic nerve histology at 37 dpi showed no differences between 
EAE groups.  

ConclusionsTo conclude, our non-invasive methods can be applied to characterize the visual pathway 
alterations in order to develop more effective treatments. 
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Background: Multiple Sclerosis (MS) is one of the most diffused neurological diseases and it is 
characterized by fatigue, muscle weakness, vision loss, anxiety and depression. Experimental Autoimmune 
Encephalomyelitis (EAE) is the most used disease model of MS. EAE can be induced through injection of 
myelin peptides to susceptible mouse or rat strains. In particular, EAE elicited by the autoimmune reaction 
against myelin oligodendrocyte glycoprotein (MOG) presents the common features of human MS: 
inflammation, demyelination and axonal loss. Our research is focused on optic neuritis, which affects visual 
pathways in both MS and in several EAE models. 

Methods: In this experiment, Dark-Agouti rats were immunized with increasing doses of MOG to assess if 
visual function could be altered in a dose-response manner. We assessed motor signs and recorded non-
invasive Visual Evoked Potentials (VEPs) at baseline and five weeks after immunization, with final 
histopathology of optic nerves. 

Results: Injected rats exhibited the typical MS relapsing-remitting clinical course. VEP recording detected 
an increase in latency and a decrease in amplitude with a dose-dependent gradient. 

Conclusions: Increasing MOG dosage affected the visual function in EAE, which could be monitored with 
VEP recording to assess demyelination and axonal loss along the optic nerves. 



MICROGLIAL EXTRACELLULAR VESICLES AS THERAPEUTIC VECTOR FOR 
NEUROINFLAMMATION 

Marostica G., Finardi A., Furlan R. 

Clinical Neuroimmunology Unit, Department of Neuroscience, Institute of Experimental Neurology, San Raffaele Scientific Institute, 
20132 Milan, Italy 

Microglia is considered an eligible target against the progressive multiple sclerosis (MS), but 
current available therapies do not allow its efficient targeting. Recently my group described that 
microglia derived-extracellular vesicles (EVs), engineered to encapsulate IL4, are taken up by 
microglia itself, mediating a phenotype switch to a protective phenotype. In vivo studies suggest 
that these EVs can ameliorate established neuroinflammation, thus making them a promising 
drug-delivery tool to target CNS in MS. My project focuses on understanding the mechanism of 
action and the signalling pathway of EVs delivery and to exploit this knowledge to specifically 
deliver different potential therapeutic molecules. A murine microglia cell line (BV2) was cultured 
in exosome-depleted RPMI and, prior to use, stimulated with PMA (20mg/mL) for 30 min to 
increase EVs production. EVs isolation was carried out by collecting supernatant and subjecting it 
to a consequential centrifugation of 300g, 10 min, RT and 2000g, 20 min 4°C. The resulting 
supernatant was filtered (5µm) and ultracentrifuged at 100000g for 2h at 4°C. The EVs pellet was 
re-suspended in ice-cold PBS. 
The EVs analysis with TRPS identify differences that can be consistent with the different pathway 
formation of exosomes and microvesicles. We demonstrated in vivo the strong phenotypic change 
induced by our EVs to resting microglia in a dose- and time-dependent effect. Then impairing the 
physiological procedure of the endosome acidification, the effect of our EVs on recipient cells is 
higher. Thus, suggesting an endocytic pathway for the internalization of the vesicles mediated by 
the recipient cells. We further demonstrate with a gradient ultracentrifugation the capability of our 
formulation to vehicle endogenous IL4 inside the vesicles. Even if some protein is co-purified in 
the procedure, we know that the half-life of this cytokine is too short to elicit a strong in vivo 
response. Consequently, we assume that the anti-inflammatory effect of our EVs in vivo is a result 
of the IL4 internalized in our formulation. 
These data help us understand more in detail the process of internalization and phenotype change 
mediated by these EVs. Our next goals are discriminate between different internalization 
pathways and further validate the efficacy of our therapy on the EAE mouse model. 



ENGINEERING STRATEGIES OF NEURAL PROGENITOR CELLS TO PROMOTE 
REMYELINATION AND NEUROPROTECTION 
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Background: Our laboratory has shown that intra-cerebral ventricular transplant of NPCs in EAE mice 
model, ameliorates the pathophysiology via released of anti-inflammatory and trophic molecules. To 
strengthen this approach, we will genetically engineer NPCs to maximize their bystander effect and 
stimulate remyelination. NPCs will be transduced with an inducible-lentiviral vector expressing the pro-
oligodendrocytic gene Sox10. To support trophic functions, will be engineered with a CRISPR-Cas9 knock-
in approach to express bystander cues tuned by inflammatory responsive genes. The two strategies will be 
eventually combined. 

Metodi: In vitro time course of NPCs stimulated under Th1/Th17-like inflammatory conditions has been 
performed on 3 NPC lines. Genes that are timely regulated upon inflammatory conditions have been 
identified by qRT-PCR. Inducible lentiviral vector expressing Sox10 has been generated, and 
oligodendrocyte differentiation is being tested in vitro. The Rosa26-driven CRISPR-Cas9 and donor plasmid 
are under development. The NPC line to be transduced, has been selected assessing surface markers 
expression by flow cytometry, whole genome expression profile, and by its ability to block dendritic cells 
activation. 

Risultati: Target specific longitudinal expression profile allowed us to identify a few genes, that are 
regulated upon inflammatory conditions. We selected genes that upon inflammatory stimuli were 
upregulated in a narrow time-window. In vitro oligodendrocyte differentiation upon Sox10 transduction is 
ongoing. Preliminary data showed that the generated SOX10 lentiviral vector is sufficient to drive and 
promote oligodendrocyte differentiation – demonstrated by the expression of specific markers (O4, MBP). 
Two out of nine NPC lines have been identified as suitable for engineering 

Conclusioni: SOX10 expression can drive oligodendrocyte formation and maturation in transduced NPCs. 
Thus, engineered cells will be transplanted in healthy mice to test the inducible system feasibility in vivo. 
Meanwhile we are validating the CRISPR-Cas9 approach via flow cytometry. This strategy will be useful to 
sequentially targeting the two major pathological features of the disease: inflammation and 
neurodegeneration. 



IN-VIVO EVIDENCE OF ASTROCITOPATHY IN NMOSD: A DIFFUSION TENSOR AND 
T1/T2-W RATIO STUDY 
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Background: Recent theories have hypothesized that the pathogenetic mechanisms sustaining 
neurological inflammatory diseases, with a particular focus on multiple sclerosis (MS), may originate, at 
least in part, from cerebrospinal-fluid (CSF)-mediated factors. In fact, focal lesions and normal appearing 
white matter (NAWM) damage are more severe near the CSF interface. Similarly, in neuromyelitis optica 
spectrum disorders (NMOSD) patients, focal lesions are highly common at periventricular level 
(periependymal lesions following the ventricular profile), but less is known about the NAWM gradient of 
damage in this disease. 
In this work we aimed to assess whether a gradient of NAWM damage is common in neuroinflammatory 
conditions, by evaluating diffusion tensor imaging (DTI) and T1/T2-weighted ratio (T1/T2-w) measures 
at progressive distances from the ventricular system in NMOSD and MS patients. 

Methods: Fractional anisotropy (FA), mean, axial and radial diffusivity (MD, AD and RD) and T1/T2-w 
maps were obtained from 20 seropositive NMOSD, 20 MS and 20 healthy controls (HC). NAWM 
damage was assessed globally and as function of CSF distance within progressive concentric bands 
originating from CSF-interface. 

Results: NMOSD patients and HC had similar global NAWM measures. MS patients had lower FA than 
HC (p=0.002) and NMOSD patients (p=0.006). Compared to HC, NMOSD patients had similar FA, RD 
and AD, increased MD (p=0.025-0.034) and reduced T1/T2-w (p=0.028-0.041) in all NAWM concentric 
bands. Compared to HC, MS patients had reduced FA (p=0.07-0.460.001-0.028), increased RD (p=0.007-
0.040) and increased AD (p=0.046) in the bands nearer to the CSF-interface, as well as increased MD 
(p<0.001) and similar T1/T2-w in all NAWM bands. Compared to MS, NMOSD patients had reduced 
T1/T2-w in all deep NAWM bands (p=0.05-0.029). In MS patients, a gradient of NAWM damage was 
found, which correlated with disease duration, disability and brain T2 lesion volumes. 

Conclusions: Different mechanisms contribute to explain NAWM abnormalities in neuroinflammatory 
disorders. In MS, CSF-mediated factors are likely to play a role. In NMOSD, FA preservation associated 
with MD increase and T1/T2-w reduction may be specific of an astrocitopathy. 
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Background : Diagnostic criteria of neuromyelitis optica spectrum disorders (NMOSD) exclude 
seronegative patients suffering limited forms of the disease, as they are usually considered prodromal phases 
of multiple sclerosis (MS). Using MRI data, a great effort is ongoing to allow an automatic and reliable 
diagnosis of MS-mimicking diseases. Deep-learning-based imaging diagnostics could go beyond 
conventional MRI and clinical evaluation and contribute to provide objective data-driven classification of 
these patients. 

Methods: The deep-learning model structure was based on four consecutive 3D convolutional neural 
network layers, followed by a fully dense layer. It was trained on conventional brain T2- and T1-weighted 
MRI scans from seropositive NMOSD patients (n=55) and early MS patients (n=65). After validating the 
final algorithm on an independent set of 30 NMOSD and 30 MS, it was applied to a group of seronegative 
patients (n=48) to evaluate their classification as NMOSD or MS with deep-learning-based diagnostics. The 
results of deep-learning classification were then compared to their clinical evolution at follow-up. 

Results : In the validation sample the final algorithm showed a classification accuracy of 0.95. Of 
seronegative patients, 20 were idiopathic recurrent myelitis (IRM, 41.7%), 17 were idiopathic recurrent optic 
neuritis (IRON, 35.4%) and 11 were NMOSD (22.9%). In this dataset, the deep-learning algorithm classified 
47/48 (97.9%) patients as NMOSD. All seronegative-NMOSD patients were classified as NMOSD. Among 
the 27 patients affected by IRON or IRM with clinical follow-up (73.0%), only one patient evolved to MS, 
three developed NMOSD and the others did not change their clinical phenotype. The patient who developed 
MS was a female with a 13-year history of IRM, whereas the patients who was classified as MS but did not 
change clinical phenotype, was a female with a 2-year history of IRON. 

Conclusions : Deep-learning is a promising tool in NMOSD differential diagnosis. Moreover, it provided 
supportive evidence to the current NMOSD classification by correctly classifying seronegative NMOSD 
patients, but also suggested the existence of structural closeness of double-negative patients with limited 
forms of the disease to the spectrum of NMO. 
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Background: Synapsin I (SynI) is phosphoprotein that coats the cytoplasmic side of SVs and plays multiple 
roles in synaptic transmission and plasticity. Autoantibodies against Syn I  have been  described in sera and 
cerebrospinal fluids of patients with numerous neurological diseases, including limibic encephalitis and 
clinically isolated syndrome; however the effects and fate of autoantibodies in neurons are still unexplored. 

Methods:Dissociated hippocampal neuron cultures and patient derived autoantibodies to Syn I were used for 
electrophysiological, cell biology, biochemical  and microscopy studies. 

Results: We found that in vitro exposure of primary hippocampal neurons to patient's autoantibodies to SynI 
decreased the density of excitatory and inhibitory synapses and impaired both glutamatergic and GABAergic 
synaptic transmission. These effects were reproduced with a purified SynI antibody and completely absent in 
SynI knockout neurons. Autoantibodies to SynI are internalized by FcγII/III-mediated endocytosis, interact 
with endogenous SynI, and promote its sequestration and intracellular aggregation. Neurons exposed to 
human autoantibodies to SynI display a reduced density of SVs, mimicking the SynI loss-of-function 
phenotype. 

Conclusions:Our data indicate that autoantibodies to intracellular antigens such as SynI can reach and 
inactivate their targets and suggest that an antibody-mediated synaptic dysfunction may contribute to the 
evolution and progression of autoimmune-mediated neurological diseases positive for SynI autoantibodies. 
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Background: Seizures are frequently the presenting symptom and one of the most prominent 
manifestations of autoimmune encephalitis. They are usually resistant to antiepileptic drugs but may 
benefit from immunotherapy. This study aims to analyse seizure semiology, management, and outcomes 
of patients with autoimmune encephalitis. 

Methods: The Autoimmune Epilepsies Study Group of the Italian League Against Epilepsy performed a 
multicentre retrospective observational cohort study over 10 years period (2008 – 2018), and enrolled 
patients affected by epileptic seizures with an autoimmune aetiology, defined by the detection of 
pathogenic auto-antibodies, and on the basis of internationally accepted criteria for the diagnosis of 
autoimmune encephalitis (Graus et al., 2016). 

Results: The series comprise 278 patients (65 children, 213 adults), followed-up for a median time of 24 
months (range: 16-54 months). Autoantibodies were detected in 60%. Most patients had focal seizures 
(85%), usually of temporal or bitemporal origin, drug-refractory in 56% of cases. At disease onset, high 
seizure frequency and episodes of status epilepticus occurred in 68% and 42%, respectively.  

In the majority of patients (90%), associated symptoms, such as neuropsychological deficits, psychiatric 
symptoms, movement disorders, and decreased consciousness, were also present. Most patients (86%) 
received immunotherapy. A favourable response, with seizure freedom or significant (≥ 50%) seizure 
reduction, was detected in those patients who received early immunotherapy, and in those with cell-
surface antibodies (p<0.05). Long-term sequelae as psychiatric symptoms and neuropsychological deficits 
(45%) were present also in seizure-free patients. 

Conclusions: Early detection of seizures of definite or possible autoimmune aetiology, may improve the 
tailored management of the underline brain dysfunction, likely leading to an improvement of long-term 
outcomes. 



MYASTHENIA GRAVIS: A MOLECULAR STUDY OF COMPLEMENT PATHWAY 
ACTIVATION, CLINICAL IMPLICATIONS AND IDENTIFICATION OF POTENTIAL 
BIOMARKERS. 

Chiara Vantaggiato, Paola Cavalcante, Matteo Carmiati, Rita Frangiamore, Carlo Antozzi, Renato 
Mantegazza, Pia Bernasconi. 

Neurology IV Unit – Neuroimmunology and Neuromuscular Diseases, Fondazione IRCCS Istituto Neurologico “Carlo Besta”, 
Milan, Italy. 

Background: Myasthenia gravis (MG) is a rare autoimmune disease affecting neuromuscular junction 
(NMJ), mainly caused by anti-acetylcholine receptor antibodies. These antibodies bind the complement 
factors, which induce the formation of membrane attack complex leading to NMJ damage. 

Methods: We stratified MG patients in: generalized MG (gMG) AChR+, pharmacological remission 
(PR) and MuSK+. gMG AChR+ were also classified as responder (R) and non-responder (NR) to 
immunosuppressive drugs. Two gMG patients treated with eculizumab, an inhibitor of C5, were also 
included. Disease severity was estimated by QMG score. Total RNA, isolated from PBMCs, was 
subjected to qRT-PCR using predesigned assays specific for human complement pathways. 

Results: By gene expression analysis we observed that the expression levels of C1R and C5 were 
significantly higher (p<0.05) in PBMCs from gMG patients compared to pharmacological remission and 
C2 compared to MuSK-positive MG patients (p<0.05). The expression levels of C3 were significantly 
lower in all MG patients compared to controls (p<0.01). In PR- and MuSK-MG patients the complement-
related genes were expressed at normal or lower levels. Correlation analysis between the different 
expression levels of complement factors in PBMCs from gMG patients, showed a positive and significant 
correlation between C2 and C3 (p<0.003), C3 and C5 (p<0.001), C3 and CFD (p<0.001), C5 and CFD 
(p<0.001). By ROC curve analysis, we observed that C1R and C5 expression levels were able to 
discriminate between gMG and PR-MG patients: AUC was 0.746 (95% CI: 0.576-0.917) for C1R gene 
and 0.710 (95% CI: 0.534-0.887) for C5 gene. According to drug response, C1R expression levels were 
significantly higher in NR versus R gMG patients (p<0.001). This trend was observed also for C2, C5 and 
CFD genes indicating that the expression levels of these genes might be associated with a lower response 
to immunosuppressive treatments. C3 gene was apparently more expressed in R compared to NR MG 
AChR-positive patients. As regards the gMG patients treated with eculizumab, the expression levels of 
C1R, C2, C3 and CFD decreased in PBMCs of both patients after respectively 20 and 22 months of 
treatment, whereas C5 decreased only in PBMCs of one patient. 

Conclusions : Complement components of the classical pathway, in particular C1R and C5, might serve 
as clinical biomarkers useful for monitoring response to therapy and potentially anti-complement drug 
efficacy in MG AChR-positive patients.  
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Background: Beneficial effects of probiotics are not restricted to inflammatory conditions in the gut, but 
also to systemic immune responses; indeed, the effects of probiotic administration has been investigated in 
several experimental models of autoimmune diseases. In the Lewis rat model of Myasthenia Gravis 
(EAMG), we have demonstrated that prevention of disease manifestations is associated to administration of 
selected probiotic strains (Bifidobacteria and Lactobacilli genera). Here, we evaluated the clinical efficacy of 
therapeutic administration of bifidobacteria strains, and describe the mechanisms involved in 
immunomodulation, with ex vivo/in vitro studies. 

Methods: EAMG has been induced in Lewis rats via TAChR/CFA immunization; probiotics were 
administered (10^9 CFU) after EAMG onset; disease manifestations were evaluated every day. Anti-AChR 
antibodies and AChR-specific proliferations were assessed. Fluorescently-labeled probiotics were used to 
perform confocal, super-resolution and time-lapse video microscopy studies. Gut microbiota was studied by 
16S rRNA NGS sequencing, and bioinformatic analyses were done with QIIME2 pipelines. 

Results: Therapeutic Bifidobacteria administration induces EAMG improvement; anti-rat AChR antibody 
levels and AChR proliferative responses were reduced. Exposure of rat bone marrow-derived dendritic cells 
(BMDCs) to bifidobacteria strains upregulated toll-like receptor 2 mRNA expression, a key molecule 
involved in bacterium recognition via lipotheicoic acid. Probiotic/BMDCs interaction resulted in TLR2 
redistribution on BMDC surface, after engagement with LTA. In addition, BMDC membrane reorganization 
could interfere with the formation of the MHC-Ag-TCR complex, a crucial step to effector T cell activation. 
Live imaging experiments of AChR-specific effector T cells, co-cultured with BMDCs pre-exposed to 
bifidobacteria, demonstrated increased percentages of motile effector T cells, suggesting a hindered 
formation of TCR-peptide-MHC complex. Bioinformatic analysis (α- and β-diversity) of the gut microbiota 
composition showed differences in the relative abundancies among Tenericutes and Verrucomicrobia 
(phylum level), and Ruminococcaceae and Lachnospiraceae (family level) in probiotic treated EAMG rats. 

Conclusions: Therapeutic administration of probiotics exerts beneficial effects on EAMG progression; this 
study further supports clinical research in human MG to evaluate probiotic efficacy as supplementary 
therapy. 
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Background: Myasthenia gravis (MG) is a prototypic autoimmune disorder affecting neuromuscular 
junction, mainly caused by anti-acetylcholine receptor antibodies, leading to muscle weakness and 
fatigability. The thymus is the main site of  autosensitization in MG patients, who mostly present thymic 
alterations, including follicular hyperplasia and thymoma. MG thymus may be considered a paradigm for 
autoimmune organs, since it encompasses a number of pathological features shared by different organs target 
of autoimmunity, such as inflammation, innate immune activation, lymphoid neogenesis and regulatory T 
cell (Treg) impairment. However, the exact molecular events triggering the autoimmune process in MG 
thymus are not fully known. MicroRNAs (miRNAs) are key regulators of innate and adaptive immune 
response. They have been implicated in many autoimmune diseases, but their role in the intra-thymic MG 
pathogenesis has been poorly investigated yet.  

Methods: Whole miRNome sequencing was performed in 8 follicular hyperplastic MG thymuses (MG-FH), 
8 MG thymomas (MG-T), 8 normal thymuses (NT) and 8 thymomas (T) from non-MG patients. Validation 
of selected miRNAs, and analysis of their putative/experimentally validated target genes, was performed by 
qPCR in the same tissues and additional 15 MG-FH, 16 MG-T, 7 NT, and 19 T. DIANA-tool softwares were 
employed for target prediction of differentially expressed (DE) miRNAs and in silico functional modeling.  

Results:MiRNA-seq identified 45 DE (27 up- and 18 down-regulated) miRNAs in MG-FH compared to NT, 
and 163 DE (102 up- and 61 down-regulated) miRNAs in MG-T compared to T. Gene Ontology terms 
associated with DE miRNAs were enriched in TGF-β signaling-related biological processes. Validation of 
selected miRNAs, analysis of their mRNA targets and in silico data revealed dysregulation of miR-150-
5p/STAT1, miR-486-5p/SMAD2, and miR-486-5p/PTEN pairs in MG-FH, and of the miR-20b-
5p/STAT3/RORγ axis in MG-T. Due to the well-known role of STAT1, SMAD2, PTEN, STAT3 and RORγ 
in TGF-β pathways regulating Treg/Th17 cell balance, we suggested a contribution of the identified miRNA 
pattern to immune dysregulation in MG thymus. Of interest, pre-thymectomy corticosteroid treatment 
affected the miRNA profile in MG-FH and MG-T.  

Conclusions: Our findings disclose miRNA/mRNA target pairs relevant for MG pathogenesis, setting the 
basis for future development of possible miRNA-targeting treatments for MG and, potentially, other 
autoimmune diseases. 
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INTRODUCTION: Parkinson disease (PD) is a complex disorder for which both rare and common 
genetic variants contribute to the pathogenesis. Genetic forms of PD may have different phenotype 
compared to idiopathic patients. Mutations of the gene for glucocerebrosidase (GBA) have been 
recognized as the major genetic risk factor for PD, accounting for nearly the 7% of all cases. PD 
patients with GBA mutation may show early disease onset, and higher occurrence of motor 
complication and non-motor features. While the cognitive profile of GBA carriers has been widely 
described, less is known regarding their psychiatric symptoms. Impulse control behaviours (ICBs) 
are among the most disabling psychiatric conditions related to PD medical therapy, in particular to 
dopamine agonists. Aim of this study was to assess prevalence and severity of ICBs in GBA 
carriers of PD. 

METHODS:: From the in-house PD genetic registry, 21 carriers of mutations in the GBA gene, 20 
in the PARK2 gene and 32 patients without mutations in genes associated to PD were recruited. No 
patients had dementia. ICBs were diagnosed using a semi-structured interview with patient and 
caregiver based on current criteria for gambling, hypersexuality, compulsive shopping, compulsive 
eating, hobbyism/punding and compulsive medication use. The severity of ICB symptoms was 
assessed by the Questionnaire for impulsive-compulsive disorders in PD–rating scale (QUIP-RS). 
Furthermore, data on motor features, antiparkinsonian medications, executive functions and 
psychiatric symptoms were collected. Between-group comparisons and logistic regression analysis 
were carried out. 

RESULTS:The three groups were comparable for most of demographic and clinical characteristics, 
including antiparkinsonian medications and severity of motor signs. PARK2 patients showed 
younger age at disease onset, longer disease duration and a better performance on executive 
functions tests. GBA patients had higher prevalence of ICB (62%) compared to PARK2 (30%) and 
idiopathic (25%) patients; the QUIP-RS total score was higher in the GBA group. The logistic 
regression analysis showed that harboring GBA mutations as well as the dopamine agonists’ daily 
dose increased the odd-ratio for ICB occurrence. 

CONCLUSIONS: This study enriches the clinical phenotype associated to GBA mutations, showing 
higher prevalence and severity of ICB symptoms. Although this finding has to be confirmed in large 
cohort studies, it may stand as advice in clinical management of PD patients with GBA mutations. 
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Background: Heterozygous mutations of the GBA1 gene, encoding the lysosomal enzyme 
glucocerebrosidase (GCase), are the main risk factor for Parkinson's disease (PD). PD patients carrying 
GBA1 mutations (PD-GBA) are clinically indistinguishable from patients with sporadic PD except for 
earlier age of disease onset and a more rapid and severe cognitive decline. Moreover, PD patients with 
distinct GBA1 mutations show distinctive clinical features. The exact mechanisms underlying this 
susceptibility as well as the reason why different mutations prompt different degrees of severity and 
clinical phenotype have yet to be fully elucidated. We used in vivo and in vitro approaches as well as 
biological samples from PD patients to investigate the role of GCase dysfunction in PD predisposition 
and to identify biomarkers characterizing PD-GBA condition. 

Methods : In vivo. We developed a PD murine model bearing a defective GCase activity, by co-
administration of neurotoxin MPTP (30 mg/kg/day, 5 days i.p.) and GCase inhibitor conduritol-beta-
epoxide (CBE, 50 mg/Kg/day, 28-50 days i.p.). 
In vitro and ex vivo. We evaluated GCase-related lysosomal alterations in dermal fibroblasts - 
challenged with CBE - and peripheral blood lymphocytes from PD and PD-GBA patients.  

Results: In vivo. GCase dysfunction does not exacerbate MPTP-induced neurodegeneration. However, 
an increase in microglia activation and total and pathological alpha-synuclein levels in surviving 
neurons, in association with worsened cognitive performances, were observed in animals bearing 
GCase deficiency.  
In vitro and ex vivo. Lymphocytes from PD-GBA patients with severe mutation showed a lower GCase 
activity and higher levels of alpha-synuclein and GCase transporter LIMP2, in comparison with 
patients carrying mild mutation.  Analogously, different alterations in the expression pattern of GCase-
related proteins was observed in PD fibroblasts carrying distinct mutations. Moreover, fibroblasts from 
PD patients carrying severe mutations  showed a greater susceptibility to CBE compared to fibroblasts 
with mild mutation. 

Conclusions 
This combined approach provided new insight into contribution of GCase deficiency in the 
development of PD and  
highlighted molecular features potentially suggesting how distinct GBA1 mutation may contribute to 
specific PD phenotypes. Overall, these findings may pave the way to the development of more 
efficient and personalized therapeutic strategies for PD patients carrying GBA1 mutations. 
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Background: Idiopathic delayed-onset edema (IDE) is an uncommon, self-limiting complication of deep 
brain stimulation (DBS) procedures, defined as onset of edema along the DBS lead, occurring 72 h after 
implantation, in the absence of trauma, vascular events or signs of infection. 

Objective: To describe the onset and outcome of a patient with IDE who presented with subacute cognitive 
decline three days after subthalamic nucleus (STN) DBS.  

Case observation: A 55-year-old man with a 10-year history of Parkinson’s disease and generalized 
seizures was admitted one month after implant due to subacute onset of apathy, memory impairment and 
apraxia. These symptoms started three days after surgery and stimulation had not yet been started.  
Cerebrospinal fluid examination revealed slightly increased protein concentration with normal cells count. 
There was no evidence for viral or bacterial infections.  
Electroencephalogram showed diffuse slowing, with bilateral theta rhythm and sporadic delta waves on the 
left hemisphere without epileptiform activity. 
Brain magnetic resonance imaging showed bilateral edema (increased FLAIR signal and increased T2 signal 
intensity) and micro-hemorrhages along the DBS electrode at the level of the left thalamus and supra-
adjacent white matter with no associated significant mass effect. Left side was more involved.  
Neuropsychological evaluation showed a decay on tests assessing executive functions (phonemic fluency, 
Stroop Test and Trial Making Test) and anterograde verbal memory. The scores had worsened compared to a 
pre-implant assessment.  
Brain metabolic activity was assessed with [18F]-fluorodeoxyglucose positron emission tomography. 

Conclusions: IDE-related cognitive decline may indicate that a surgical microlesion has involved cortical–
basal ganglionic circuits or more distant cortical regions. Functional neuroimaging may contribute to 
identify the anatomical boundaries affected by IDE. 
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Background: Word production was demonstrated to be associated with the cortical thickness of the left 
Inferior Frontal Gyrus (IFG) probably due to the frontostriatal dysfunction in Parkinson's Disease (PD). Recent 
observations suggest that a critical role is played by the uncinate fasciculus (UF), the tract that connects the 
lexical semantic store in the anterior temporal lobe to the IFG. We explored by Diffusion Tensor Imaging 
(DTI) if the ability to select words among competitive alternatives during linguistic tasks is related to the 
integrity of the UF in PD. 

Methods: Nineteen PD patients (10 right-sided and 9 left-sided) and 17 healthy controls (HC) took part in the 
study. The experimental task consists in the production of nouns from verbs (derivation task: [‘observation’ 
from ‘to observe’]), and verbs from nouns (generation task: [‘to fail’ from ‘failure’]). Derivation is more 
difficult than generation task, since it requires to select the target among a larger number of alternatives. 
Phonological and semantic fluency were also explored. DTI was acquired for all the participants on a 1.5T 
scanner. Fractional anisotropy (FA) maps were derived and registered to MNI standard space. For each subject, 
median FA values were computed within left and right UF. 

Results: In the whole PD group, left UF FA was significantly correlated with the noun production, the most 
difficult task (r = 0.664, p = 0.005). Moreover, FA of the left UF also significantly correlated with semantic 
fluency (r = 0.562, p = 0.024). A significant correlation also emerged between FA of the right UF and the most 
difficult task (r = 0.624, p = 0.010). In right-sided PD, correlations were found with the FA of the contralateral 
UF (noun production: r = 0.774, p = 0.041; verb production: r = 0.802, p = 0.030). In left-sided PD the most 
difficult task, noun production, positively correlated with the FA of both the left UF (r = 0.912, p = 0.011) and 
right UF (r = 0.922, p = 0.009); verb production only positively correlated with the FA of the right UF (r = 
0.832, p = 0.040). 

Conclusions: Our data suggest that the left UF may modulate the item selection processes among alternatives 
within the lexical-semantic domain. The association with bilateral UF highlights that both the left and right 
UF intervene in word selection processes among many competitive alternatives. The involvement of the right 
UF suggests that also non-linguistic factors might contribute to selection processes. 
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Background: Emotion recognition supports communication and social interactions. Human beings express 
their emotions principally by the visual and auditory channels. Along with recognition of emotional facial 
expressions, identification of emotions from voices is fundamental. Some studies suggest that the emotional 
processing is compromised in Parkinson’s Disease (PD), due to striatal pathology. Although movement 
disorder is the principal symptom in this disease, non-motor impairment such as emotion recognition deficit 
in both facial and vocal expressions has been reported. Aim of this study was to investigate whether emotion 
recognition conveyed by voice is impaired in PD, and whether the impairment is related to striatal pathology. 

Methods: Fifteen PD patients and 15 healthy controls (HC) were requested to listen to six audio tracks and to 
recognize the emotions expressed by a professional actor while reading a meaning-neutral sentence. Accuracy 
of different emotions was analyzed by a 2 × 6 ANOVA (Group x Emotion). All subjects also received a 
structural MRI examination. Volumetric measurements were extracted for the striatum, a key region involved 
in emotional processing and typically impaired in PD. Point biserial correlation coefficients (rbp) were 
calculated in HC and PD groups between the volume of the bilateral striatum normalized for the total grey 
volume and the accuracy of the task in which were reported differences between the two groups. 

Results: The ANOVA showed a significant effect of interaction Group x Emotion (F (5, 140) = 2.67, p = 
0.024; partial η2 = 0.09, ω = 0.80). Post hoc comparisons revealed that the accuracy for the sadness was lower 
in PD than in HC group (p = 0.011). Significant correlation was found in the PD group (rbp = 0.549, p = 0.034); 
whereas no significant correlation emerged for the HC group (rbp = -0.034; p = 0.909). 

Conclusions: PD were specifically impaired in emotion recognition conveyed by voice and specifically in 
identifying the emotion of sadness compared to HC. The ability to correctly recognize sadness resulted 
positively associated with the volume of striatum bilaterally. Our findings reinforce the view that the striatum 
might play an important role not only in motor symptomatology, but also in the network involved in emotional 
processing. 

. 
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Background 
The nigrosome-1 (N1) is a substructure of the healthy substantia nigra pars compacta (SNpc), enriched by 
dopaminergic neurons; their loss in Parkinson’s disease and atypical parkinsonian syndromes is related to the 
iron accumulation. N1 changes are supportive MR markers for differential diagnosis of these 
neurodegenerative disorders, but its detection is hard with conventional sequences, also at 3T. 
Quantitative susceptibility mapping (QSM) is an iron-sensitive technique that enables the direct detection of 
N1. 
In this study, a QSM sequence was optimized to visualize N1 on a Siemens Magnetom Skyra 3T, VEC11C-
SP01, using Siemens Head/Neck 64 Coil as receiver. 

Methods 
3D GRE T2*-w images were acquired in three healthy subjects (20- and 46-year-old women, 29-year-old 
man). To calculate the tissue susceptibility distribution, the phase maps were processed by Laplacian 
unwrapping, V-SHARP background field removal and iLSQR technique (Li,2015). Measurements with 
different spatial resolution, number and values of echo times and coil combination method were performed: 
a) 2 TEs (TE1/ΔTE/TR=9.42/9.42/27ms) and resolution 1x1x1, 0.8x0.8x1.5, 0.5x0.5x1.5, 0.5x0.5x1 mm3,
ASPIRE (Eckstein,2018) as coil combination method (scan time ~ 3,4,5,7 mins respectively)
b) 5 TEs and 0.5x0.5x1.5 mm3 (TR=60ms, ~9 mins), comparing ASPIRE, manually implemented, with the
adaptive combination method (Walsh,2000), automatically performed by the scanner
c) 8 TEs (TE1/ΔTE/TR=5.6/5.6/51ms) and 0.8x0.8x1.5 mm3
N1 and SN ware manually segmented and the CNR N1-SN was evaluated, with 0.5 as estimated error.

Results 
a) N1 was visually detected only with in-plane resolution 0.8x0.8 and 0.5x0.5 mm2, the returned CNR values

were 1.5 and 6.1.
Decreasing the slice thickness, the scan time increases and CNR did not change 
b) N1-SN CNR, with 5TEs, was 6.9 (ASPIRE) and 8.7 (adaptive combination)
c) Number of TEs and resolution setting was a good compromise for an acceptable scan time, but without a

visible N1-SN contrast.

Conclusions 
A protocol for the optimization of QSM (3T, Siemens Head/Neck 64 Coil) imaging of N1 was obtained. The 
best CNR N1-SN has been obtained with 0.5x0.5x1.5 mm3, 5 TEs (TE1/ΔTE/TR=9.42/9.42/60ms), adaptive 
coil combination method. A greater cohort of both healthy and unhealthy subjects is necessary to validate 
this result. 
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Background: Magnetic Resonance-guided Focused UltraSound (MRgFUS) is an innovative approach to 
treat Essential tremor (ET) and tremor associated to Parkinson’Disease (PD). This work aim to investigate, 
in a longitudinal design, the cortical and subcortical reorganization after MRgFUS treatment, by using 
resting state functional magnetic resonance (RS-fMRI). 

Methods: We enrolled 6 subjects: 3 patients affected by ET and 3 by PD (mean age 65±4.2, 5 males and 1 
female). 
Tremor was assessed using the Clinical Rating Scale for Tremor (CRST) score. PD patients was assessed by 
MDS Unified Parkinson's Disease Rating Scale (MDS-UPDRS). All patients had a MiniMental State 
Examinatio (MMSE) > 24. All subjects was examined which included combined conventional MRI, and 
resting fMRI examinations. Acquisitions of brain was obtained using a Philips Gyroscan operating at 3.0 T 
(Philips Medical Systems, Best, The Netherlands). fMRI-analysis was performed with FSL (FMRIB’s 
Software Library, www.fmrib.ox.ac.uk/fsl). MRgFUS ultrasonic bursts (sonications) was performed using a 
1.5-Tesla MRI (Signa HDx, GE Healthcare, Milwaukee, USA) and a focused ultrasound system (Exablate 
4000, InSightec, Tirat Carmel, Israel), for unilateral MRgFUS thalamotomy. The neurological and MRI 
examination was performed at T0 (pre-treatment), T1 (7 days post-treatment), T2 (one month post-
treatment), T3 (3 months post-treatment). 

Results: These are very preliminary data that showed a cortical reorganization in primary motor and 
supplementary motor area especially in ET (T1 p<0.1, T2 p<0.05 and T3 p<0.05) but also in PD patients (T1 
p<0.1, T2 p<0.002 and T3 p<0.001). 
ET patients, infact, showed a better motor performances after MRgFUS at T1, T2 and T3 (p<0.01, p<0.005 
and p<0.005, respectively), if compared to PD subjects, that showed a significative increase in motor 
performances after MRgFUS at T1, T2 and T3 (p<0.5, p<0.01 and p<0.01, respectively). 

Conclusions: To date, very few studies about neuroimaging has been used to assess the variations of 
residual cerebral activity in patients with ET and tremorigen PD treated with MRgFUS. Our preliminary 
results, showed that MRgFUS is an efficacy treatment for tremor, over the time, and that the benefit of this 
treatment are evident, not only by clinical evaluation, but also with an objective evidence of cortical and 
subcortical reorganization in primary motor and supplementary motor areas. 

. 
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Background. To investigate the topological similarity between brain connectivity networks (both in healthy 
controls [HC] and Parkinson’s disease [PD] patients) and gene expression patterns of SNCA gene (encoding 
alpha-synuclein protein) across the human cortex; and to explore the neuroimaging-genetic relationship 
using alpha-synuclein histopathology density scores in postmortem PD. 

Methods. 60 HC performed clinical and cognitive evaluations and resting state functional MRI. A graph 
theory metric based on Stepwise Functional Connectivity (SFC) analysis was applied in order to map 
connectivity patterns of medulla (a pathological epicenter in PD). The genetic intersection of large-scale 
SFC patterns and genetic transcription profiles was built using the Allen Human Brain Atlas (AHBA). A 
surface anatomical transformation of the transcription profiles of 20,737 protein-coding genes obtained from 
the 6 adult human subjects of the AHBA was used. We computed the cortical spatial similarity among PD-
related genes’ expression (with specific focus on SNCA levels) and the observed functional connectivity 
patterns maps in HC using a Pearson’s similarity approach. We investigated whether the data-driven genetic 
imaging profiles, obtained from the similarity analysis, displayed specific biological functionality. Using 
postmortem PD patients’ data, the association between α-synuclein histopathology density scores in 10 brain 
regions of PD patients and the connectivity patterns in HC maps was evaluated. 

Results. SNCA gene expression is associated with stepwise connectivity patterns in HC (r=-0.29; p=0.006). 
Gene expression levels of 614 genes (including SNCA) were distributed along the cortical mantle similarly 
as stepwise connectivity maps in HC. These 614 genes displayed also an association with the regulation of 
dopamine secretion. Furthermore, the analysis of spatial similarity among stepwise connectivity and alpha-
synuclein histopathology density scores demonstrated that regions closer to the epicenter present higher 
density of alpha-synuclein.   

Conclusions. Functional connectivity patterns of the medulla in HC are associated with a rich set of genes 
devoted to regulation of dopamine secretion, in which SNCA plays central role. This study may offer novel 
avenues for enhancing PD detectability via the evaluation of in vivo trajectories of connectivity changes in 
the human brain. 

Supported by: Ministry of Education and Science Republic of Serbia (Grant #175090). 
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Background. To investigate progressive cortical thinning in Parkinson’s disease (PD) patients with different 
longitudinal patterns of cognitive decline: stable normal cognition (PD-CN), stable mild cognitive 
impairment (PD-MCIs), conversion to MCI (PD-CNtoMCI), and conversion to dementia (PD-MCItoD). 

Methods. We recruited 112 patients (37 PD-CN, 20 PD-MCIs, 36 PD-CNtoMCI, 19 PD-MCItoD) and 38 
healthy controls. All patients underwent at least two visits within 4 years including clinical/cognitive 
assessments and structural MRI (total visits=393). Baseline cortical thickness was compared between 
patients and controls. In PD, cortical thinning progression over time was investigated and compared between 
groups. 

Results. At baseline, compared to PD-CN cases, PD-CNtoMCI patients showed cortical atrophy of the 
parietal and occipital lobes, similar to PD-MCIs and PD-MCItoD patients. The latter groups (i.e., patients 
with cognitive impairment from the study entry) showed an additional involvement of the fronto-temporal 
cortices. The longitudinal analysis (group-by-time interaction) showed that- vs the other patient groups: PD-
MCIs and PD-MCItoD cases accumulated the least cortical damage; PD-CNtoMCI patients had specific 
cortical thinning accumulation in medial and superior frontal gyri, inferior temporal, precuneus, posterior 
cingulum and supramarginal gyrus bilaterally; PD-CN patients showed cortical thinning progression mainly 
in occipital and parietal regions bilaterally. 

Conclusion. Cortical thinning progression is more prominent in the initial stages of PD cognitive decline. 
The involvement of fronto-temporo-parietal regions is associated with the conversion to a more severe stage 
of cognitive impairment. In PD, cortical thinning of critical cortical associative brain regions may be a 
marker for the identification of patients at risk of developing dementia. 

Funding. Ministry of Education and Science Republic of Serbia (Grant #175090). 
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Background: Tower of London (Shallice, 1982) is a traditional neuropsychological test to measure 
planning and reasoning capability. It consists of 12 problems of increasing difficulty, in which 
individuals are asked to rearrange three beads from a starting to a target configuration, following a set 
of rules. In order to solve the problem, individuals have to produce a mental planning that demands a 
mental anticipation, evaluation of future actions and their resulting consequences. It was recently 
reported that the traditional scoring system might be not adequate to disentangle accuracy and 
ideomotor velocity (Mihalovic et al., 2017). This represent a crucial issue in case of neurological 
patients, such as individuals affected by Parkinson’s Disease.  

Methods:  We assessed 50 individuals affected byParkinson’s Diseaseand with no sign of dementia, 
and 20 healthy controls with the traditional Tower of London (Shallice, 1982). The performance was 
scored according to two indexes (Mihalovic, et al., 2017) for measuring ideomotor velocity (time score; 
0–36 points) and the level of accuracy (accuracy score, 0–36 points).All individuals were assessed 
through the traditional neuropsychological tests relative to the global cognitive functioning and 
executive cognitive functioning. The performance of the two groups was compared through an 
independent sample t-test; moreover, the relationship between the Tower of London indexes and the 
traditional tests was studied.   

 Results: Affected individuals reported lower score in both parameters of time [p < 0.001] and 
accuracy[p < 0.001]. Only for the affected individuals, lower level of accuracy inTower of Londonto 
the lower performance in the other neuropsychological tests [p < 0.027].  

 Conclusions; When Tower of London is scored considering accuracy and velocity independently, it 
seems to be more adequate to investigate problem solving in a clinical populations like Parkinson’s 
Disease.  
This scoring method might be suitable not only in clinical context, but also in research.  



VALIDATION OF A SCREENING QUESTIONNAIRE FOR DYSPHAGIA IN PARKINSON’S 
DISEASE: FROM DYMUS TO DYPARK 
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INTRODUCTION: Dysphagia is a common debilitating symptom in people with Parkinson’s Disease 
(PD). So far, no validated screening tools have shown reliable performance when compared to noninvasive 
swallowing instrumental assessment. The DYMUS questionnaire has shown very good characteristics for the 
screening of dysphagia in Multiple Sclerosis, and it might also prove useful for screening dysphagia in PD. 
The primary aim was to validate the DYMUS questionnaire in PD patients (DYPARK). The secondary aim 
was to explore sensitivity and specificity between DYPARK and other validated clinical and instrumental 
dysphagia assessments. 

METHODS: This is an observational multi-centric study involving 103 patients affected by PD. All 
subjects filled in the DYPARK and the Eating Assessment Tool (EAT-10) questionnaires. A subgroup of 
patients (n=53) underwent a fiber-optic endoscopic evaluation of swallowing (FEES) and their dysphagia 
was scored by means the Dysphagia Outcome Severity Scale (DOSS). 

RESULTS: The DYPARK questionnaire showed a good level of internal consistency (Cronbach’s alfa 
0.79). A significant positive correlation was found between the DYPARK and the EAT 10 scale scores 
(p<0.001), while a negative correlation was found between the DYPARK and the DOSS score (p<0.001). 
The DYPARK scale showed a a good sensitivity and specificity compared to FEES for detecting PD 
subjects with dysphagia (area under the curve: 0.82, p <0.001). The ROC curve analysis showed that a 
DYPARK score ≥ 6 represents a reliable cut-off for detecting the risk of dysphagia. 

CONCLUSION: The DYPARK questionnaire proved to be a reliable screening tool to detect dysphagia in 
patients suffering from PD. It is easy to understand and can be self-administered, which makes it adequate 
for widespread uptake in the clinical practice. 



PARKINSON'S DISEASE WITH COGNITIVE ONSET: UTILITY OF QUANTITATIVE EEG 
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Background In Parkinson’s disease (PD) subtle cognitive deficits may precede the onset of motor 
symptoms in a substantial part of patients. These patients must be distinguished from those with mild 
cognitive impairment (MCI) due to another neurodegenerative disease. The reduction of background activity 
and the increase of low-frequency powers on electroencephalogram (EEG) correlate in PD with cognitive 
impairment and have been suggested to be underpinned by cholinergic deficit. Within this context the ratio 
between alpha (α) and theta (θ) frequency powers (α /θ ratio) is considered a reliable synoptic index of 
quantitative EEG (qEEG) slowing-down, as assessed in different neurodegenerative disorders. We aimed to 
investigate the α/θ ratio in a peculiar group of patients with PD with cognitive onset (MCI-P), as compared 
to de novo PD patients without cognitive impairment (PD-MOT), patients with MCI due to Alzheimer’s 
disease (MCI-AD) and healthy controls (HC). 

Methods Twelve patients with MCI-P (8 males; mean age 74.8±3.6), 11 PD-MOT, 11 MCI-AD and 24 HC 
subjects undergoing qEEG were matched for gender, age, and education. Following logarithmic 
transformation, the α/θ ratio was compared among groups and brain regions by repeated measures ANOVA, 
also exploring group*regions interactions. 

Results ANOVA showed a significant effect of group (p<0.0003), regions (p<0.0001), and group*regions 
interaction (p<0.0001). At post-hoc analysis, α/θ ratio was significantly lower in MCI-P (p<0.001) and in 
PD-MOT (p<0.02) compared to HC, and in MCI-P than MCI-AD (p<0.05). Also, by considering 
group*region interaction post-hoc analysis showed a significant difference between MCI-P and HC in 
central-parietal (C3-P3, C4-P4), temporal (T3-T5, T4-T6) and temporal-occipital (T5-O1, T6-O2) regions. 

Conclusions We showed a significant reduction of qEEG background power together with an increase of 
slower frequencies, expressed by a lower α/θ ratio in de novo PD as compared to matched controls, more 
significant in those patients with MCI preceding the onset of motor symptoms (MCI-P). Moreover, this 
qEEG slowing-down was even more severe in MCI-P than in MCI-AD patients. The α/θ power ratio as a 
synoptic index of EEG background slowing-down could be a simple and easily comparable indirect qEEG 
index of cholinergic failure, useful to pick-up those MCI patients with an underlying Lewy-body disease at 
higher risk of cognitive impairment.  
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NOVO PARKINSON DISEASE (PD) 

Silvia Morbelli1,2, Stefano Raffa1,2, Michele Balma1,2, Dario Arnaldi1,3, Nicola Girtler1,3, Matteo 
Pardini1,3, Isabella Donegani1,3, Matteo Bauckneht1,2, Francesco Biagini2, Federico Massa1,3, Laura 
Filippi1,2, Gianmario Sambuceti1,2 , Flavio Nobili1,3 

1 IRCCS Policlinico San Martino Genoa; 2 Nuclear Medicine Unit, Department of Health Sciences, University of Genoa ; 2.3 Clinical Neurology, 
Department of Neuroscience (DINOGMI, Dept. of Excellence of the Italian Ministry for University and Research- MIUR), University of Genoa, 
Italy. 

Background: Few imaging studies addressed the role of CR in PD and the influence of dopaminergic 
function is unknown. We aimed to disclose brain metabolic and dopaminergic correlates of CR in de novo 
PD. 

Methods: 62 de novo PD patients (36 m; Age 70.1±8.5; MDS-UPDRSIII 20±9.9; Education 12.1±4.7; 
MMSE 28±1.9) underwent both brain 18F-FDG-PET and Dopamine Transporter SPECT. CR index 
questionnaire including a total score (Total-CR) and 3 subscores concerning education (Educational-CR), 
occupational complexity (occupational-CR) and leisure activities (Leisure-CR) was administered. Based 
on the median value of CR subscores patients were divided into high and low CR subgroups and then 
independently compared in SPM8 (uncorrected p<.001) with 18F-FDG PET of 48 age-matched normal 
controls (CTR). To assess the interaction between dopaminergic function and CR, specific binding ratios 
(SBRs) in the basal ganglia were computed with 'BasGan V2'. Z-scores of SBR in caudate (C) and 
putamen (P) nuclei and P/C ratio were obtained by comparing with 122 CTR recruited in the 'ENC-DAT' 
study. Z-scores were used as the dependent variables in a repeated measures general linear model 
analysis. 

Results: Hypometabolism was evident with respect to CTR in bilateral posterior parietal cortex in both 
High- and Low-Total-CR PD. Extension and severity of hypometabolism were more pronounced in high-
Total-CR patients who also showed clusters of hypometabolism in lateral occipital cortex in both 
hemispheres and in left dorsolateral frontal cortex (PWE-corrected p<0.05). Moreover, only PD patients 
with high occupational attainment showed hypometabolism in precuneus and left dorsolateral frontal 
cortex (p<0.001). Only Occupational-CR was inversely correlated with metabolism in both cerebellar 
hemispheres (p<0.001). Correlation between Total-CR and related subscores on the one side and 
dopaminergic functions on the other, demonstrated instead a positive correlation namely between SBR of 
both putamen and right P/C ratio on the one side and Total-CR, occupational-CR and leisure-CR on the 
other side (p<0.03).  

Conclusion: While hypometabolism was more marked in patients with high-CR and in particular in 
patients with higher occupational-CR, a positive correlation was evident between dopaminergic function 
and CR.  This finding could reflect a compensatory mechanism secondary to cholinergic network 
disruption, testified by the more severe hypometabolism in posterior regions in patients with high CR. 
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Background. To assess brain functional MRI (fMRI) activity during an “empathy” task in Parkinson’s 
disease patients with Freezing of Gait (PD-FoG) relative to healthy controls (HC). 

Methods. Twenty-four PD-FoG patients were recruited and performed clinical and neuropsychological 
evaluations and fMRI. Eighteen age- and sex-matched HC were also included to perform 
neuropsychological and fMRI evaluations. PD-FoG patients and HC performed two fMRI tasks: i) the 
“empathy task” consisted of watching a patient who experienced FoG during a walking task usually 
evoking FoG; ii) the “control task” consisted of watching a healthy subject performing similar walking 
tasks (e.g., turning or walking through narrow spaces) without experiencing FoG. HC were emotively 
educated to the FoG phenomenon before undergoing the fMRI scan.  

Results. PD-FoG patients had cognitive deficits relative to HC, particularly in attention/working memory 
and executive functions. During the empathy task, PD-FoG patients showed reduced activity of the 
sensorimotor part of the mirror neuron system (MNS) relative to HC. When comparing the empathy task 
with the control task activity, PD-FoG revealed increased recruitment of the right anterior prefrontal 
cortex and decreased activity of the left inferior parietal cortex during the “empathy task”, while HC 
showed increased recruitment of the anterior prefrontal cortex during the “empathy task” and of the MNS 
during the “control task”. 

Conclusion. Our results suggested that when PD-FoG patients observe a subject experiencing FoG, there 
is increased brain activity in the limbic part of the MNS. This finding might suggest an involvement of 
the limbic circuit and, thus, of the emotional processes in the mechanisms underlying FoG in PD.   



CLINICAL PATHWAY (PDT) APPLICATION FOR THE SELECTION OF PATIENTS WITH 
MOVEMENT DISORDERS TO BE TREATED WITH HIGH INTENSITY ULTRASOUND AB-
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Background: Magnetic resonance–guided high-intensity focused ultrasound (MRgFUS) is the newest in-
cisionless technology for lesioning procedures in movement disorders. In September 2018 the IRCCS 
Foundation “Carlo Besta” emit his first document to describe the diagnostic therapeutic path (PDT) for the 
selection of patients with Essential Tremor and other Movement Disorders to be treated with high intensity 
ultrasound ablation therapy under Magnetic Resonance (MRgFUS) guidance. 
Metodhs 
3 phases have been identified in this PDT: 
• Pre-Treatment Screening Phase (for patient selection)
• In-hospital phase (Surgical Procedure)
• Follow-up phase (post-treatment)
The following assessments were carried out in the first screening phase:
1. Extensive Neurological Evaluation with specific clinical scales;
2. Neuropsychological assessment;
3. Brain MRI;
4. Brain CT for bone;

Results: 112 patient have been included in the list for evaluations. 56 for Tremor, 56 for PD. 12 patients 
refused to undertake the process once the modalities of the procedure were contacted and illustrated. 
The individual clinical cases were evaluated by the “MRgFUS multi-professional team” through a collec-
tive discussion to make the final operative decision. In this discussion one of the options described below 
was decided: 
1. inclusion of the patient in the waiting list for the MRgFUS procedure (positive screening): 28 patient

underwent to sugery, and 20 are waiting to;
2. further evaluation after some time (there are some clinical and / or instrumental elements that do not

allow with certainty to reach a favorable conclusion), referring the patient to the observation of the
referring doctor: 9 patients;

3. exclusion from the MRgFUS procedure but possible applicability of the subject to other procedures
such as: implantation of subthalamic stimulators (DBS); radiosurgery (SRS) of thalamic targets (VIM,
VoA-VoP); only for patients with MP, the infusion system implant (Duodopa with PEG-PEJ): 15 pa-
tients.

32 patient are still in waiting list: 12 have completed exams (waiting for SDR calculation, reports…) 20 are 
waiting to schedule appointments to complete the evaluation . 

Conclusions: The PDT appear to be a good procedure to verify the appropriateness of patient selection. 
This pathway is applicable only to patients with essential tremor (TE) and unilateral tremor in Parkinson's 
disease. The PDT is a useful tool for sharing the methods of selection, treatment and follow-up of patients 
subjected to MRgFUS at the Foundation, through a multidisciplinary and multi-professional team made up 
of staff belonging to different Operating Units that make up a work team synergistic: UOC Neurology 1, 
UOC Neurosurgery III, UOC Radiotherapy, UOC Neuroradiology, UOC Intensive Care-Neuroanesthesia 
and Resuscitation, UOC Neurophysiopathology, Health Physics Service, SS Clinical Neuropsychology. 
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Background: Previous studies suggested that action observation training (AOT) and motor imagery (MI) 
improve motor learning in Parkinson’s disease (PD) patients. The aims of this study were to assess: i) the 
brain functional reorganization and ii) gait/ balance changes performing motor and dual tasks following 6 
weeks of AOT and MI associated with dual-task gait/balance exercises in PD patients with postural 
instability and gait disorders (PD-PIGD). 

Methods: Twenty-five PD-PIGD subjects were randomized into 2 groups: i) AOT-MI+DUAL-TASK 
group performed a 6-week training (1 hour session, 3 times a week) consisting of AOT-MI combined 
with practicing the observed-imagined gait and balance exercises; ii) DUAL-TASK-group performed the 
same exercises combined with landscape-videos observation. Exercises were increasingly difficult up to 
include dual-task during complex gait and balance tasks. At baseline (T0) and week 6 (W6) patients 
underwent Timed up and go (TUG), TUG with cognitive dual-task (TUG-COG) and with manual dual-
task (TUG-MAN), MiniBESTest, self-confidence and quality of life questionnaires. Spatio-temporal 
parameters of straight and turn phases during TUG, TUG-COG and TUG-MAN were obtained using a 
six-camera SMART DX7000 optoelectronic system. At T0 and W6, patients also performed an fMRI 
motor task and a dual-task consisting of foot anti-phase movements with or without counting backwards 
by threes starting from 100. 

Results: Dual-task gait and balance training can improve mobility both during single and dual-task 
conditions in PD-PIGD patients, with the possibility to maintain the effect over two months after the end 
of training. When exercises are preceded by AOT-MI, PD-PIGD patients showed greater improvements 
of balance and gait velocity both with and without dual-task, particularly during the turning phase.  
AOT-MI+DUAL-TASK relative to DUAL-TASK group showed: 1) reduced recruitment of fronto-
temporal areas and increased activity of the cerebello-thalamo-cortical circuit during the fMRI motor 
task; 2) reduced recruitment of frontal, occipital, temporal areas and right putamen and increased activity 
of dorso-lateral prefrontal cortex, paracentral lobule, cingulum and cerebellum during the fMRI dual-task. 

Conclusions: Motor-learning facilitation strategies (AOT-MI) promote greater mobility/balance 
improvements during turning and increased brain efficiency during dual-task circumstances, which are 
among the most challenging for PD-PIGD patients.   
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Background. No strong MRI biomarkers were identified to define the Parkinson’s Disease (PD) 
progression. We aimed to investigate the longitudinal evolution of cerebral white matter (WM) micro- 
and macrostructural damage and its relationship with clinical picture. 

Methods. 154 PD patients underwent clinical assessment, cognitive evaluation and MRI scan (including 
T2-weighted and diffusion tensor [DT] MRI sequences) once a year over a follow-up of 36 months. 
White matter lesions (WML) were manually identified on T2-weighted scans and the total WML volume 
was calculated and excluded to define normal appearing white matter (NAWM). Applying tract-based 
spatial statistics, mean fractional anisotropy (FA), mean (MD), axial (axD) and radial (radD) diffusivity 
values of the total WM and NAWM skeleton were extracted. Regression models and Pearson’s 
correlation between MRI and clinical/cognitive data were performed.  

Results. UPDRS-III score (p<0.001) and WML volume (p<0.001) showed significant progression over 
follow-up. DTI metrics differed significantly between total and NAWM (p ≤ 0.001). Longitudinal 
differences of MD, axD, and radD values significantly correlated with UPDRS-III (r ranging 0.24/0.37, p 
ranging 0.01/0.04) and Addenbrooke Cognitive Examination total score (r ranging -0.27/-0.29, p ranging 
0.01/0.02). Regression analyses showed a significant interaction between MRI biomarkers and UPDRSIII 
and cognitive scores, both in total WM and in NAWM. 

Conclusions. Our study showed that longitudinal evolution of WM microstructural damage is associated 
with both motor and global cognitive deterioration in PD and it might provide a sensitive biomarker of 
disease progression. 

Funding: Ministry of Education and Science Republic of Serbia (Grant #175090). 
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Background: Patients with Parkinson’s disease (PD) have been reported to be at risk for falls, trauma or 
fractures. However, motor and pre-motor features of PD associated with risk of injuries are not clearly defined. 
Our study aimed at investigating the association between potential prognostic factors (demographic, motor 
and pre-motor) and the risk of hospitalization for falls, trauma, or fractures after onset of PD in the Local 
Health Trust of Bologna (LHTB). 

Methods: We identified a historical cohort of patients with PD onset between 2008 and 2018. The clinical 
and demographic information was recorded through the “ParkLink-Bologna”, a record linkage system of 
clinical and administrative databases (drugs, hospital discharges, copayment exemption, medical homecare 
and mortality) in the LHTB. Hospitalization for falls, trauma or fractures (outcome) was detected on hospital 
discharge (ICD-9 codes: 800-829, E880-E888, 850-854). The prognostic factors evaluated were age, sex, 
comorbidity (Chronic Disease Score), depression before onset (use of antidepressants for at least 180 days in 
1 year) and type of onset (unilateral, bilateral). The time of entry into the analysis was the year of PD onset 
and the endpoint was the year of hospitalization, migration, death or 2019, whichever came first. A 
multivariate Cox regression model adjusted for age and comorbidity was performed. Results are presented as 
Hazard Ratio (HR) and 95% confidence interval (95% CI). 

Results: We included 586 patients with a follow-up of 4,477 person-years and 68 hospitalizations. Mean age 
at onset was 75 years (SD=9), 224 patients (38%) were female, 120 patients (20%) had a bilateral onset and 
61 patients (10%) had depression before the onset of PD. Multivariate analysis showed an association between 
the time to hospitalization and sex (female vs. male HR=1.7, 95% CI=1.1–2.8), type of onset (bilateral vs. 
unilateral HR=1.9, 95%CI=1.1–3.2) and depression before onset (yes vs. no HR=2.0, 95%CI=1.1–3.7). 

Conclusions: This study suggests that women, patients with history of depression or with bilateral onset may 
have a higher risk of hospitalization for falls, trauma and fractures after developing PD. These pre-motor and 
motor features of PD could reflect a more aggressive type of the disease (called “diffuse malignant subtype”), 
provoking the early occurrence of traumatic injuries. Our hypothesis will be explored analyzing other 
milestones of a worse prognosis (infections, thrombosis and death). 
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Background: The fronto-parietal network is commonly affected in Parkinson’s disease (PD). The aims of 
this study were to investigate perfusion and gray matter (GM) volume within this network in PD patients 
without dementia, and to assess their association with neuropsychological status. 

Method: Twenty-seven PD patients without dementia (mean [standard deviation, SD] age=67.4 [8.1] years, 
20 males, mean [SD] Montreal Cognitive Assessment, MoCA score=24. [2.9], median [interquartile range, 
IQR] Hoehn and Yahr scale=1.5 [1-2]) and twenty-six age- and sex-matched healthy controls (HC, mean 
[SD] age=66.1 [7.5] years, 17 males) were scanned with arterial spin labeling (ASL) magnetic resonance 
imaging (MRI) and high-resolution 3D T1-weighted MRI sequences. The cognitive performance of PD 
patients was assessed with MoCA, Trail Making Test (TMT, part A, B, B-A), phonemic fluency and semantic 
fluency tests. The scores were adjusted for age and education. Standard processing was performed to derive 
cerebral blood flow (CBF) and gray matter (GM) maps from ASL and T1-weighted MRI data respectively. 
CBF and GM volume differences between PD and HC groups were tested with a voxel-wise approach, 
restricting the analyses to the caudate nucleus, the parietal cortex and the prefrontal cortex. Age was 
considered as a covariate and results were family-wise error (FWE) corrected. The association of CBF and 
GM volume with neuropsychological status was tested within either hypoperfused or atrophic regions 
respectively, as follows: 1) voxel-wise correlation with neuropsychological test scores; 2) voxel-wise 
subgroup comparison after PD median split on each neuropsychological test score. 

Results: Significant hypoperfusion was detected in the superior parietal lobule (SPL) bilaterally (ppeak= 
0.037), and in the left inferior parietal lobule (IPL, ppeak=0.035) of PD patients. GM volume was not 
statistically different between PD and HC. Neuropsychological test scores did not significantly correlate with 
CBF within hypoperfused regions. However, significantly lower CBF was observed in the left SPL and IPL of 
PD patients with a TMT part A score below the median value (ppeak= 0.035). 

Conclusions: Parietal CBF alterations may be present in PD patients, even in absence of frank dementia, and 
may be associated with lower visuomotor skills. Parietal perfusion might be an early biomarker to monitor 
cognitive decline in PD longitudinal studies. 
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Background: Parkinson's disease (PD) is a multi-system disorder affecting both dopaminergic and non-dopaminergic 
neurotransmitter systems. Previous MRI studies reported alterations of both BOLD functional connectivity (FC) and 
cerebral blood flow (CBF) as common PD features. The aim of the work was to investigate the integrity of the 
neurovascular coupling (NVC) in PD with a multimodal MRI study. 

Methods: Twenty-six early PD patients (66.8±8 years, 22 males, median [interquartile range] Hoehn & 
Yahr=1.5[1]) and 18 age and sex-matched healthy controls (HCs) were enrolled for the study. The scanning 
session was performed on a 1.5T Siemens Avanto scanner and comprised the acquisition of an high-resolution 
T1-weighted MPRAGE, a multiecho  resting state funcitonal (rsfMRI) dataset, and a multi-delay arterial spin 
labeling (ASL) dataset. After a standard preprocessing resting state networks and CBF maps were derived 
from the functional datasets separately; a voxel- based morphometry (VBM) analysis was instead performed 
on the MPRAGE. FC differences between groups were obtained from the rsfMRI dataset by means of a dual 
regression. Both CBF and GM volume voxel-wise comparisons between groups were restricted to the clusters 
of altered BOLD FC. 

Results: A reduction in FC was detected in sensory-motor network (SMN, pFWE=0.01) and visual networks 
(VN, primary pFWE=0.022 and lateral pFWE=0.01) in PD patient with respect to HC group. Lower FC in the 
VNs was reflected by a decreased CBF (primary pFWE=0.037, lateral pFWE=0.014 VNs). No differences in GM 
volume were instead detected with the VBM analysis. 

Conclusions: The FC alteration found in the SMN of PD might be an indication of a functional disconnection 
due to a dopaminergic denervation occurring within the striatal pathways. FC alteration detected in VNs were 
accompanied by perfusion changes which might be related to alterations in the cholinergic system; 
furthermore the concurrent alteration of FC and CBF in the VNs might be indicative of a compromised NVC. 
These evidences confirm the multi-systemic nature of PD involving different neurotransmitter pathways. 
Finally, BOLD FC and CBF might be proposed as early functional biomarkers as they anticipate gross 
structural changes. 
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Background. The study aims to investigate psychometric properties of the Edinburgh Cognitive and 
Behavioural ALS Screen (ECAS), recently validated in the Italian language, in Parkinson’s (PD) and 
Huntington’s (HD) diseases. In particular, the sensitivity and specificity of the ECAS in highlighting HD 
and PD cognitive-behavioural features and in differentiating between these two populations and from 
healthy controls (HC) were evaluated. 

Metodi. Participants were administered the ECAS, together with other cognitive screening tools (Frontal 
Assessment Battery - FAB, Montreal Cognitive Assessment - MoCA, Reading the Mind in the Eyes Test 
- RMET) and psychological questionnaires (Beck Depression Inventory - BDI, State-Trait Anxiety
Inventory - STAI/Y, Dimensional Apathy Scale - I-DAS). Patients’ possible changes in behaviour were
evaluated by carers interview (ECAS Carer Interview). 73 PD, 38 HD patients and 49 HC were recruited
at the San Luca Hospital, IRCCS Istituto Auxologico Italiano and at the CSS Mendel Institute of Human
Genetics. Correlations between the ECAS and traditional cognitive measures, together with core clinical
features were analysed.

Results:  The ECAS distinguished between HD patients and HC (p < .001) and between the two clinical 
syndromes (p < .001) with high sensitivity and specificity. Even if diagnostic accuracy of the ECAS in 
distinguishing between PD and HC was very low (p = .05), the PD cognitive phenotype was very well 
described by the ECAS. Convergent validity of the ECAS against other traditional cognitive screening 
was observed, as well as correlations with psychological aspects and typical clinical features, especially 
for the HD group. 

Conclusions: The ECAS represents a rapid, feasible and sensitive tool, useful also in other 
neurodegenerative disorders affecting verbal-motor abilities than ALS such as PD and HD. Clinical 
applications in these neurodegenerative conditions require further investigations. 
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Background: Neurogenetic disorders have been extensively investigated in order to develop novel and 
personalized treatment strategies on the basis of the patient’s profile and the disease of interest. This study 
aimed to investigate SNPs regulating miRNA-mRNA interactions that could be utilized as novel biomarkers 
or therapeutic targets for the treatment of Parkinson Disease (PD).  

Methods: 343 patients with idiopathic PD and 503 control subjects were recruited at the IRCCS Santa 
Lucia. Genomic DNA was subjected to genotyping analysis by Open Array platform, consisting of the 
analysis of 120 Single Nucleotide Polymorphisms (SNPs) located in genes coding for miRNAs and their 
target genes. The obtained results were processed by statistical (Fisher Test, Odd Ratio, Logistic Regression) 
and bioinformatic (g:Profiler, Revigo, IPA) tools in order to identify the network of miRNAs-mRNAs which 
could be targeted for therapeutic purposes. 

Results: The statistical analysis identified 28 SNPs significantly associated with PD that could be utilized to 
investigate the contribution of genetic and epigenetic variants to disease. In fact, the associated variants were 
located in genes encoding both miRNAs (miR29a, miR29c, miR499a, miR196a2) and their related target 
mRNAs (TNFSF14, MAPK1, CYP27B1, ATF6, IL7R, INPP5D, MEF2C, MAOA, SYT11, IL12B, CLU, 
SORL1). These findings highlighted the existence of specific miRNAs-mRNA network that could be 
employed to design novel therapeutic molecules addressed to selectively hit or interfere with specific 
biological pathways affecting the pathophysiology of PD. Bioinformatic analysis revealed that the associated 
miRNA-mRNA network could act as disease modifiers, by regulating different pathophysiological PD 
mechanisms, particularly cell survival/death, cell motility, immune-inflammatory processes, neurofibrillary 
tangle assembly and cell trafficking. Finally, these results highlighted how the patient’s (epi)genomic profile 
could be exploited to design personalized and precision medicine treatment approaches.  

Conclusions: The study of SNPs regulating miRNA-mRNA interactions in PD patients revealed novel 
druggable targets and clinically useful biomarkers for PD treatment. In particular, miR29a, miR499a, 
miR196a2 represent the most promising targets since they have been predicted to regulate several biological 
mechanisms in PD pathophysiology, especially immune-inflammatory processes and the assembly of 
neurofibrillary tangle.  



ULTRASENSITIVE DETECTION, MORPHOLOGICAL CHARACTERIZATION AND 
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Background: Parkinson’s disease (PD) and Multiple System Atrophy (MSA) are degenerative disorders 
caused by the accumulation of misfolded α-synuclein (mαS) in specific areas of the central nervous system 
(CNS). Their definite diagnosis relies on post-mortem detection and localization of mαS aggregates in the 
brain. By using the ultrasensitive Real Time Quaking Induced Conversion assay (RT-QuIC) we have 
recently demonstrated that traces of mαS can be detected in the olfactory mucosa (OM) of PD and MSA 
patients. RT-QuIC reaction products were characterized by peculiar biochemical and morphological 
properties exploitable for disease discrimination (De Luca et al. Transl Neurodegener 2019). We are now 
aimed at evaluating whether these reaction products have acquired pathological properties when challenged 
in mice. Moreover, we are using RT-QuIC to evaluate whether and to what extent mαS can be found in 
urine, blood, cerebrospinal fluid (CSF) and OM of the same patients with a clinical diagnosis of PD and 
MSA. 

Methods: Twenty µL of RT-QuIC products generated from OM analyses of PD and MSA patients were 
injected in the striatum (AP 0.2mm, ML -2.0mm, DV -2.6mm) of mice that will be sacrificed (n=3/group) at 
9 or 18 months after the inoculation. Urine, blood, CSF and OM of PD and MSA patients were collected. To 
increase RT-QuIC efficiency, exosomes from urine and blood will be analyzed. For this reason, specific 
protocols of exosomes isolation have been developed. 

Results: At 10 months post inoculation, all mice challenged with MSA generated RT-QuIC aggregates show 
increased body weight, while some of those inoculated with PD generated RT-QuIC aggregates developed 
significant behavioral alterations. Three animals per group have been sacrificed at 9 months post-injection 
and neuropathological assessment is ongoing. Western blot and Electron microscopy analyses revealed that 
our protocols enabled efficient exosomes isolation. However, RT-QuIC experimental conditions require 
further optimization for the analysis of these samples. 

Conclusions: Our results suggest that RT-QuIC generated products, after seeding with biological samples, 
might have acquired pathological properties when transmitted to mice. The possibility of coupling RT-QuIC 
with specialized biophysical techniques for ultrasensitive detection and characterization of mαS in peripheral 
tissues of patients in the early stages of PD and MSA represent an important step forward for the diagnostic 
workup of these diseases. 
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Background: PROPAG-AGEING project is an H2020 funded project that aims to identify specific 
cellular and molecular perturbations deviating from healthy ageing trajectories towards Parkinson’s 
Disease (PD). N-glycans represent interesting candidates in the framework of PROPAG-AGEING project 
because a shift of the serum N-glycan profile with ageing has been described and validated in different 
studies. In particular, the GlycoAge Test (i.e. the log of the ratio of two N-glycan peaks) represents a 
measure of the biological age of an individual and variations in its estimations have been observed in 
healthy people between 20 and 99 years old, together with an increase of this parameter from the age of 
40 to 99 years. Moreover, the GlycoAge Test identified a signature of accelerated aging in dementia 
patients affected by Cockayne syndrome and Down syndrome.  

Methods: Circulating N-Glycome profile (either from serum or plasma) was analysed using the “DNA 
Sequencer Adapted-Fluorophore Assisted Carbohydrate Electrophore” (DSA-FACE) approach. This 
method has been previously described by Vanhooren et al. (2007) and generates an accurate fingerprint of 
the glycan  mixture by evaluating 10 peaks, each of which identifies a specific N-glycan structure. 
Briefly, N-glycans were enzymatically released from formerly denatured glycoproteins, cleaned from 
sialic acid residuals,  finally labelled and subsequently subjected to carbohydrate analytical profiling by 
DSA-FACE  technology, with the ABI 3130 sequencer (Applied Biosystems). The output from the 
electrophoresis run was further used in fragment analysis performed with Peak Scanner 2 (Thermo 
Fisher). 

Results: Samples from de-novo PD, healthy age- and sex-matched controls, centenarians and younger 
controls were included in the discovery phase of the study. No age-acceleration in the GlycoAge was 
observed but  some N-glycan peaks differed between de-novo PD and controls with a sex-dependent 
effect. These  results were validated in a cohort of advanced PD patients and controls in which the 
GlycoAge acceleration was found only among the males.  

Conclusions: The analysis of the profile of ten circulating N-glycans in the considered cohorts revealed 
no age-acceleration in the GlycoAge comparing de-novo PD, centenarians and controls. However, an age 
acceleration was observed in advanced PD patients, suggesting that the treatment of PD may affect the N-
glycan profile. 
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Background: MicroRNAs (miRNAs) are important non coding RNAs emerging in the last decade as key 
regulators of gene expression and cell function. Circulating miRNAs are currently being investigated as 
potential biomarkers for different human diseases to provide noninvasive, sensitive and specific diagnostic 
measures, as indicators of disease progression or efficacy of farmacological and rehabilitative 
treatment.MiR-223-3p is an important regulator of broad range of cellular processes, with a very large 
number of targets, that  play an anti-inflammatory role, as it is a negative regulator of NLRP3 protein, a key 
protein of inflammasome. The chronic inflammasome activation, an underlying feature of neurodegenerative 
disorders, is induced by misfolded protein aggregates (as amyloid-beta and alpha-synuclein), resulting in 
pro-inflammatory cytokines secretion and propagating of neuroinflammation. The aim of the study was to 
analyze whether circulatory miR-223-3p could be used as biomarker for different neurodegenerative 
conditions and to clarify its possible relationship with inflammasome activation. 

Methods: The expression levels of miR-223-3p were evaluated in sera of 40 Alzheimer’s (AD) and 28 
Parkinson’s disease (PD) patients, 35 mild cognitive impairment (MCI) subjects and 40 healthy controls 
(HC) using qPCR with specific LNA-based miRNA primers. Caspase-1 concentration in serum was 
determined by ELISA test. 

Results: Compared to HC, miR-223-3p serum concentration was significantly reduced in MCI and AD (p < 
0.001 for both) but up-regulated in PD ( p < 0.001) and it decreased progressively from MCI to moderate 
(p<0.0001) to severe AD (p=0.0016). Receiver operating characteristic (ROC) analysis showed that miR-
223-3p concentration discriminate between AD, PD and MCI vs. HC, as well as between AD and PD. 
Caspase-1 serum concentration was significantly increased in MCI (p = 0.0033) and PD (p < 0.0001) and, 
although not significantly, also in AD patients (p = 0.068).

Conclusions:miR-223-3p serum concentration discriminates between AD/MCI and PD, suggesting that this 
molecule could be a potential non-invasive biomarker for differential diagnosis and prognosis of these 
neurodegenerative conditions. The NLRP3 inflammasome activation observed in the three groups of subjects 
affected by neurodegenerative conditions seems to indicate that overexpression of miR-223-3p in PD serum 
could be related to mechanisms different from inflammasome.  
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BACKGROUND: Loss of function mutations in the PARK2 gene encoding the protein parkin cause 
autosomal recessive juvenile parkinsonism (ARJP), a neurodegenerative disease characterized by 
early loss of dopaminergic neurons in the substantia nigra pars compacta (SNc). The PARK2-
associated disease in humans is characterized by juvenile onset and slow progression. No 
neuroprotective therapy exists. The development and characterization of preclinical models are 
essential to clarify the neurodegeneration mechanisms and lay the groundwork for developing 
pharmacological treatments. ParkinQ311X is a transgenic mouse model expressing a human ARJP 
parkin variant selectively in dopaminergic neurons. 

METHODS: We analyzed dopaminergic neuron number in the SNc of parkinQ311X mice and 
littermate wild-type mice by stereological cell count. Electrophysiological patch clamp recordings 
from DA neurons of SNc were performed in acute ventral midbrain slices of 25-day-old mice in order 
to assess whether parkinQ311X mice display an early DA neuron dysfunction. We also performed 
in-vivo single-unit extracellular recordings of SNc DA neurons in 3-months-old mice. We analyzed 
by biochemical assays the levels of mitochondrial and autophagic markers and previously identified 
parkin substrates in SNc and striatum of 1-month-old mice. 

RESULTS: The parkinQ311X mouse model displays an abnormal firing rate of SNc DA neurons at 
1 month of age, an increase of the number of spikes per burst in SNc DA neurons at 3 months of age 
and early dopaminergic neuron loss starting from 6 months of age. In SNc of parkinQ311X mice we 
also found features of mitochondrial dysfunction, abnormalities of the autophagic pathway and 
accumulation of parkin substrates. 

CONCLUSIONS: These data show that the transgenic strain parkinQ311X recapitulates key features 
of ARJP. Coherently, this murine model can be a useful tool for the study of ARJP pathogenesis and 
for the screening of neuroprotective drugs. 
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Background:A loss of synaptic density and connectivity is observed in multiple brain regions of 
Alzheimer’s disease (AD) patients, resulting in a reduced expression of synaptic proteins such as SNAP-
25 (synaptosomal-associated-protein-25). SNAP-25 alterations thus could be an index of the degree of 
synaptic degeneration in the central nervous system (CNS). Exosomes are nano-sized (30-100 nm 
diameter) spherical particles surrounded by a phospholipid bilayer and loaded with a variety of bioactive 
molecules as protein and nucleic acids from donor cells. They participate in intercellular communication 
and are found in biologic fluids such as blood, urine, saliva, seminal fluid, ascites, amniotic liquid, 
synovial fluid, breast milk and CSF. Exosomes are released as a result of the fusion of the multivesicular 
bodies (MVBs) with the plasma membrane, their composition is a consequence of their formation as well 
as the mechanisms of their secretion. Accumulating evidence shows that exosomes, because of their size, 
can cross the blood-brain barrier (BBB) in both directions. We wanted to verify whether SNAP-25-
containing neural derived exosomes (NDEs) could be identified in peripheral blood and, if that was the 
case, whether such SNAP-25-contaning NDEs could be used as a biomarker of synaptic loss in central 
nervous system (CNS), and, as a consequence, of AD. 

Methods: Total exosomes from 500 ul of serum were isolated from 25 AD patients and 17 healthy 
controls (HC) than only NDEs were enriched from them using a biotinylated antibody against the specific 
neural marker L1CAM. NDEs lysates were than used for SNAP-25 dosage by ELISA method. 

Results: The levels of SNAP-25 carried by NDEs resulted reduced in AD patients (mean: 459.05 ng/ml, 
SD:146.35 ng/ml) compared to HC (mean: 686.42 ng/ml, SD:204.08 ng/ml) (p<0.001). As a further 
confirmation of these results, ROC (receiver operating characteristic) analyses indicated that the level of 
SNAP-25 carried by NDEs has the power to discriminate between AD and HC (AUC=0.826, 
sensitivity=87.5%, specificity=70.6%, p<0.0001, cut-off value: 587.07 ng/ml). Notably, a correlation 
between the levels of SNAP-25 carried by NDEs and levels and cognitive status measured by MMSE 
score (r =0.465, 95% CI: 0.11 to 0.714, p=0.01) was detected. 

Conclusions: This is the first report of SNAP-25 measurement in serum. These data suggest that NDEs-
carried SNAP-25 could be an effective and accessible biomarker that reflects synapses integrity in the 
brain. 
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Background:  Though dysphagia is a common and disabling symptom in parkinsonism, specific guidelines 
regarding diagnostics procedures are lacking. In order to optimize the diagnostic workup for dysphagia in 
parkinsonism, in this study we evaluated the performance of three different methodologies of investigation: 
“bedside test” (BST) performed by a speech therapist, fiberoptic endoscopic evaluation of swallowing 
(FEES) performed by an ENT specialist and electrophysiological study of swallowing (EPSS) performed by 
a neurophysiologist.  

Methods: We enrolled 46 consecutive parkinsonian patients: 21 with idiopathic Parkinson’s Disease (PD) and 
25 with atypical parkinsonism. All subjects underwent a multimodal assessment that included the three types 
of evaluations made by 3 different experts who were blind to each other’s findings.  

Results: The three diagnostic modalities across all dysphagia severity levels showed a slight inter-rater 
agreement, with an overall k value of 0.20. The agreement analysis between pairs of raters (BST vs FEES, 
FEES vs EPSS, BST vs EPSS) showed the highest concordance between BST and FEES (percentage 
agreement 63.0%, K=0.33),while the lowest agreement was found between BST and EPSS (percentage 
agreement 45.7%, k= 0.16).  

Conclusions: These results suggest the need for a multimodal approach to dysphagia in parkinsonism, 
especially in those patients that are rated as mildly or moderately dysphagic at the BST or who have been 
diagnosed with an atypical parkinsonism. This approach includes the 3 diagnostics modalities evaluated in this 
study, which together will provide the qualitative and quantitative data necessary for an optimized 
management.  
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Background:  Mutations in the GBA1 gene, encoding the lysosomal enzyme glucocerebrosidase (GCase), 
are the most frequent risk factor for Parkinson’s disease (PD).  The aim of this study is to characterize the 
blood profile of alpha-synuclein and the main lysosomal proteins of PD subjects carrying GBA1 mutations 
(GBA-PD), as well as their clinical features.  

Methods: In this study we recruited 14 GBA-PD, 25 PD subjects without GBA1 mutations (iPD) and 31 
healthy subjects (HC). We evaluated alpha-synuclein levels in peripheral blood lymphocytes, plasma 
exosomes and whole plasma and lysosomal alterations in lymphocytes by analyzing the expression of the 
main GCase-related proteins (cathepsin D, LAMP1, LIMP2, Saposin C). Moreover, we assessed motor and 
non-motor signs in all subjects by means of clinical questionnaires and scales (MoCA, UPSIT, RBDsq, 
UPDRS-III, SCOPA-AUT and BDI).  

Results: GCase activity was significantly affected in PD-GBA patients compared with iPD and HC. In 
GBA-PD, decreased GCase activity was associated with higher alpha-synuclein levels in lymphocytes 
compared with iPD. Both GBA-PD and iPD patients showed increased levels of exosomal alphasynuclein; 
whereas plasma exosomal α-syn/total α-syn ratio was significantly higher in iPD than in GBAPD. 
Interestingly, a significant inverse correlation between GCase activity and plasma exosomal αsyn/total α-
syn ratio was detected, suggesting a potential mechanism by which changes in GCase activity may affect 
the α-synuclein release. The GBA-PD group also displayed lower Saposin C levels and higher LIMP-2 
levels compared to iPD. A prevalence of non-motor features were also observed in GBA-PD group 
compared to iPD.   

Conclusion: This study confirms the presence of distinctive lysosomal alterations related to GCase enzyme 
deficiency in GBA-PD group compared to iPD and highlights that differences also exist in the blood alpha-
synuclein profile between patient’s group. These features could be distinctive of GBArelated condition and 
potentially trigger pathological conversion.  
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 Background: 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). 

Metodi: 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.  

Risultati: 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.  

Conclusioni: 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  



NEUROPROTECTIVE EFFECTS OF CANNABIDIOL IN AN ANIMAL MODEL OF 
PARKINSON'S DISEASE 

Claudio Giuliano1, Miriam Francavilla1, Cristina Ghezzi1, Silvia Cerri1, Nora Rossini2, Fabio 
Blandini1 

(1) Laboratory of Cellular and Molecular Neurobiology, IRCCS Mondino Foundation, Pavia, Italy    (2) Linnea SA, Riazzino (TI), Switzerland

Background: 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 on PD-associated neurodegenerative and neuroinflammatory processes, and motor 
deficits in the 6-hydroxydopamine model of PD. 

Methods: Sprague–Dawley male rats underwent CBD (10mg/Kg) or vehicle treatment (i.p.) for 4 weeks 
starting from 6-hydroxydopamine injection in the striatum. The degree of nigrostriatal damage and the extent 
of neuroinflammatory process was evaluated by immunohistochemistry. Motor performance was assessed by 
cylinder, rotarod and apomorphine-induced rotation tests. 

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).   



DOXYCYCLINE PROMOTES COGNITIVE FUNCTIONS AND INHIBITS GLIAL ACTIVATION 
IN A TRANSGENIC PARKINSON MOUSE MODEL 

Pietro La Vitola1, Claudia Balducci1, Luisa Artioli1, Daphne Mastropaolo1, Gianluigi Forloni1 

Istituto di ricerche farmacologiche Mario Negri - IRCCS 

Background: Parkinson’s disease (PD) is a devastating neurodegenerative disorder orphan of valuable 
modifying therapeutic treatments. Single target therapeutic approaches counteracting α-synuclein (α-syn) 
aggregation as well as neuroinflammation, neuropathological hallmarks of PD, have failed in clinical trials. 
Thus, while a single target therapy cannot be beneficial in the complex scenario of PD, a therapeutic strategy 
simultaneously affecting α-syn aggregation as well as neuroinflammation may be useful to halt PD 
progression. In this regard, it has been recently demonstrated that the antimicrobial drug Doxycycline 
(Doxy) inhibits α-syn aggregation, leading to non-toxic off-set α-syn oligomers. In addition, we have 
demonstrated that Doxy at sub-antibiotic doses efficiently counteracts memory impairment and 
neuroinflammation in a transgenic (Tg) mouse model of Alzheimer Disease. Based on the multiple action 
mechanism of Doxy, we herein aimed at investigating the potential therapeutic property of Doxy in a Tg PD 
mouse model.  

Methods : A53T mice and their non-Tg (NTG) littermates were intraperitoneally treated with 10mg/Kg 
Doxy for 30 days. At the end of treatment cognitive and motor performances were assessed in the Novel 
object recognition test (NORT), Nesting test, Beam-walk, Paw grip endurance. At the end of the beavioural 
tests mice were euthanized and neuropathological markers were assessed through immunohistological 
approaches.  

Results : Doxy abolished the cognitive deficit in the NORT. In fact, A53T+Doxy had a discrimination index 
higher than A53T+veh-treated mice. Moreover, Doxy restored daily live activity of A53T mice in the 
Nesting test, which is dependent by hippocampal and cortical networks. Aside from an effect at cognitive 
level, we found that Doxy treatment ameliorated motor performances in both the Beam-walk test and in the 
Paw grip endurance. The effect on cognitive functions was strictly linked to a reduced neuronal loss in the 
cortex and hippocampus of A53T+Doxy compared to A53T+Veh group. Moreover, glial activation were 
blocked by our pharmacological approach both in the cortex and hippocampus.  

Conclusions: Our findings for the first time pinpoint Doxy as a valuable therapeutic approach to counteract 
both symptoms and neuropathological hallmarks in the complex scenario of a Tg PD mouse model. 
Moreover, our results depict PD as a novel field for repurposing Doxy and corroborate previous data 
indicating Doxy as a multi-target drug.   
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PAEDIATRIC REHABILITATION IN VIRTUAL REALITY: FROM IMMERSIVE CAVES TO 
THE DEVELOPMENT OF SYSTEMS FOR HOME REHABILITATION 

Biffi Emilia1, Gennaro Malafronte2, Gianluigi Reni1 

Scientific Institute IRCCS E. Medea, Bosisio Parini, Italy; 2. IISS "Alessandro Greppi", Monticello Brianza (Lc), Italy 

Background: Recent literature has shown that virtual reality (VR)-based devices introduced into clinical 
practice can support traditional neuromotor rehabilitation treatments, even in children (Biffi 2017; Gagliardi 
2018, Biffi 2018). It is thus interesting the perspective offered by light systems that are born for gaming but 
increasingly offer interesting tele-rehabilitation applications. As part of a school at workplace project 
conducted at the Greppi Institute, 15 fourth grade students were involved in the creation of VR rehabilitation 
applications. 

Methods: It was decided to develop a main application through which the user accesses a series of 
exergames whose main purposes are: 
- to train upper limbs and balance from a motor point of view, and attention and reactivity from a cognitive
point of view
- to monitor the performance of the subjects in performing a certain type of task through detailed log of
controller movements and scores.
The viewers used are the ASUS Windows Mixed Reality Headset, and the software was developed in Unity.

Results: The main environment of the application is a playground in which the child can virtually move 
towards easily recognizable lands, where each exergame begins, through the controllers. Until now, the 
following exercises have been developed: 
• The virtual shooting gallery, in which the child has to pop balloons
• Virtual lightsaber combat against coloured blocks in a tunnel
• Outdoor basketball: the controllers simulate the catch and throw of a basketball with the aim of making a
basket in different targets
• Virtual tennis
• The treasure hunt in a children's room
For each game, the application creates log files that allow monitoring progress of the child.
The developed system was tested by 27 volunteers (age 5-18 years) at school or at home; their feedback
suggests high usability of the application and great emotional impact.

Conclusions: The developed system is light, easy to use and offers highly engaging activities: this makes it 
suitable for home use. Involvement of students from high school allowed raising awareness in young 
population about paediatric rehabilitation and scientific research. Their technological support was valuable 
too, given up-to-date skills required in VR field. The next steps should be the system validation in the 
context of tele-rehabilitation, with the ultimate goal of ensuring continuity of care for patients in the 
developmental age.  



APPLICATION OF VIRTUAL REALITY FOR REHABILITATION OF SOCIAL PERCEPTION 
IN PATIENTS WITH CEREBELLAR MALFORMATIONS: PRELIMINARY RESULTS OF A 
CLINICAL TRIAL*. 

Niccolò Butti1, Emilia Biffi 1, Romina Romaniello1, Gianluigi Reni 1, Renato Borgatti 1,2, Cosimo 
Urgesi 1,3. 

1 Scientific Institute, IRCCS E. Medea, Bosisio Parini, Lecco, Italy; 2 IRCCS C. Mondino National Neurological Institute, 
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Background : Patients with cerebellar malformations exhibit not only movement problems, but also a 
complex pattern of cognitive, affective and behavioral diseases. Thus, rehabilitation approaches should not 
only address motor difficulties but also cognitive and social abilities. In keeping with the general role of the 
cerebellum in anticipating and predicting events, we developed a VR-based intensive training specifically 
tailored to improve predictive abilities in social scenarios (VR-Spirit). 

Methods: The study is an interventional randomized controlled trial that aims to recruit 42 children, 
adolescents and young adults with congenital cerebellar malformations, randomly allocated to the 
experimental group (EG) or the control group (CG). 
For both the groups the training is composed by eight 45-min sessions and is administered in the GRAIL VR 
laboratory (Motek, NL) of the IRCCS E. Medea, equipped with a 180° cylindrical projection screen that 
allows participants to move in VR environments. The EG is administered the VR-Spirit, competing with 4 
different avatars in the reaching of recreational equipment in a playground scenario. Specific features of the 
application force patients to form internal models about avatars’ preferences and to anticipate their behavior. 
The CG participates in a VR-training with standard games without social contexts currently adopted for 
motor rehabilitation. Social prediction abilities are evaluated in both the groups before (T0) and after the 
training (T2) adopting a different VR-scenario. Moreover, all participants receive a full neuropsychological 
assessment (NEPSY-II) at T0, T2, and after 2 months from the end of the training (T3). Ten patients for each 
groups currently completed the whole protocol.  

Results: The EG shows a significant increase in using predictive strategies in the VR application compared 
to the CG. Furthermore, only the EG improves its scores in the Theory of Mind test, although both the 
groups show an enhancement in tests assessing executive functions and visuospatial abilities. 

Conclusions VR-Spirit appears to be specifically effective in boosting social prediction abilities in 
cerebellar patients when compared to a VR motor training. Moreover, VR-Spirit enhances theory of mind 
skills beyond the VR scenarios, providing evidence of the generalizability of the effects. 



IMPACT OF AN EARLY AUDITORY TRAINING ON THE ELECTROPHYSIOLOGICAL 
FUNCTIONING UNDERLYING LANGUAGE ACQUISITION: EVIDENCE FROM 
TYPICALLY DEVELOPING INFANTS  

Chiara Cantiani, Chiara Dondena, Massimo Molteni , Valentina Riva 

Scientific Institute, IRCCS Eugenio Medea, Bosisio Parini, Lecco, Italy 

Background:Developmental Language Disorder (DLD) is the most common childhood disorder. It 
is becoming increasingly clear that the key to its ultimately remediation lies in understanding the 
early mechanisms that come into play as the developing brain assembles functional networks. Basic 
auditory perception develops very early in life and is involved in language acquisition. Studies from 
our research group show that (a) early auditory processing is impaired in infants at familial risk for 
DLD and (b) it impacts later linguistic development. These pieces of evidence paved the way to the 
development of an innovative and ecological early intervention based on environmental auditory 
enrichment that may be administered early in life within the period of known maximum cerebral 
plasticity. Here, the efficacy of this early intervention is tested on typically developing infants (7-10 
months of age) on the electrophysiological markers of auditory processing and on early linguistic 
skills.  

Methods: 27 typically developing 6-month-olds participated to this study: 13 infants participated to 
the early auditory intervention (INT+) whereas 14 did not (INT-). It took place in small groups of 
infant-caregiver pairs (N=4) for 1 hour/week for 6 weeks. All infants underwent the same 
evaluations: at age 6 and 12 months (1) auditory processing skills were characterized via ERP using a 
double-deviant oddball paradigm and (2) expressive/receptive language skills were assessed (Bayley 
Scales).  

Results: The results show that INT+ infants presented at age 12 months a more mature ERP pattern, 
characterized by shorter latency of the P1 peak and enhanced amplitude of the P2 peak. Interestingly, 
such ERP pattern resembled that of INT- children at later ages. In addition, INT+ infants showed 
significantly broader improvement in expressive/receptive language skills.  

Conclusions: Taken together, these results provide some preliminary evidence on the efficacy of an 
early intervention based on active acoustic experience in modifying infants’ neuronal and 
electrophysiological functioning underlying auditory processing skills, as well as early linguistic 
competences. The next steps of the present study will include the investigation of the efficacy that 
this intervention may have on infants with a family history for DLD, who have higher risk of atypical 
linguistic developmental trajectories, in an attempt to modify such trajectories before the emergence 
and crystallization of any behavioural symptoms.  



SMART OBJECTS IN PEDIATRIC REHABILITATION: SOME 
PRELIMINARY RESULT FROM A PILOT STUDY  

P. MERIGGI, M. MANDALÀ, M. MAZZOLA, J. Malacart, E.
Brazzoli, I. Olivieri

IRCCS Fondazione Don C. Gnocchi, Centro S. Maria Nascente, Milano 

Background: The concept of Smart Objects (SO), and the Internet of Things (IoT), have been 
introduced some years ago. Despite the exponential growth of IoT devices and applications, they 
have not found yet a wide use in rehabilitation, whereas SO may enable new quantitative 
approaches. In this paper, we present a proof-of-concept and preliminary results of novel pediatric 
rehabilitation training based on SO and biofeedback. The novelty of the approach consists of 
placing sensing devices into common objects (i.e. ball, plastic building blocks, handles) and to use 
biofeedback for engaging multimediaenriched activities for upper limbs rehabilitation.  

Methods : For this exploratory study we developed 13 different interactive exercises, based on the 
use of small wireless inertial units (Cometa Wavetrack) placed into selected objects, and a 
biofeedback, presented to the child on a large LCD screen connected to a computer running a 
software developed on purpose: PRESO (Pediatric REhabilitation with Smart Objects). The 
proposed exercises may be divided into three types of activity (i.e. reaching, grasping, 
manipulation, bimanual actions), with a ball, plastic building blocks, big colored buttons and with 
handles (see fig.1).  
10 children with unilateral cerebral palsy were enrolled for 10 sessions of around 45 minutes.  
All children were evaluated before and after the treatment with: Melbourne Assessment Scale 2, Besta 
Scale, Modified Ashworth scale, Passive and Active Range of Motion, Abilhand-kids.  

Results : All children enjoyed very much performing the activities and none experienced any 
adverse event. Despite the limited number of treatments, all the participants showed an increase in 
the results of the administered scales. The correlation among the clinical scales and the measures 
collected during the exercises, currently under evaluation, as well seems to show an increase in the 
abilities along the sessions.  

Conclusion : Despite the limited number of subjects and the few sessions, there seems to be a 
general improvement in performances and abilities in all participants. This is an important result 
which we will compare in the near future with the extended measures collected during the exercises, 
studying which of them could be taken into consideration as prospective outcome measures in the 
intervention. Moreover, these positive results suggest to further assess this novel approach by a 
larger controlled study for a more thorough evaluation.  



INTERACTIVE MIRRORING GAMES WITH SOCIAL ROBOT (IOGIOCO): 
COMMUNICATIVE GESTURES TRAINING FOR PRESCHOOLER CHILDREN WITH 
AUTISM SPECTRUM DISORDER  
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Pedrocchi1, I. Olivieri2
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Background : Autism Spectrum Disorder (ASD) is characterized by deficits in social and 
communication skills, including non-verbal communication, like gestures [1]. ASD children may 
have a delayed development of intransitive gestures, which are crucial for communication and 
social skills. Early and targeted training may play a fundamental role. Robotic applications have 
recently been developed for patients with different disabilities: in ASD child-sized and stylized 
robots are recommended for their non-intrusiveness and ease of setup [2]. A collaboration with 
Politecnico of Milan allowed to develop and test an embodied mirroring setup for ASD gesture 
training, using NAO robot.  

Methods : Ten ASD preschooler children, aged 3-6 years, followed in the Child Neuropsychiatric 
and Rehabilitation Unit of Don Gnocchi Foundation, are enrolled in a pilot study. The setup 
includes a NAO robot, a computer and a Microsoft Kinect. The robot, programmed to produce 19 
intransitive gestures (Fig.1), incites therapist or child to do them. While each subject is moving, 
NAO mirrors him/her using movement signals processed from the Kinect. The training consists of 
five phases within a period of 14 weeks (2 sessions per week). Phase 1-familiarization and Phase 2-
mirroring (two weeks) aim to get familiarity with NAO and increase compliance. Phase 3, 4 and 5 
(4 weeks) contain 8 training sessions of 30 minutes, including new-gesture-teaching and 
progressive generalization of gestures taught, within short narratives and different daily-life 
scenarios. Finally, two post-test sessions are acquired.  

Results :A first prototype of the embodied mirroring setup was developed and validated, to improve 
motor and social skills in ASD therapy [3]. We are now testing a new protocol of intervention to teach 
and improve non-verbal and verbal communication. In the first sessions of the pilot study, children 
showed different reactions to the robot, in terms of feelings triggered (fright/surprise/happiness) and 
attraction to the robot (instantaneous focus/distraction by the room). However, all children 
experienced interaction moments with NAO.  

Conclusions : A new rehabilitation protocol for preschooler ASD children was created, using a social 
robot and therapist involvement. The potential in teaching gestures and promoting engagement in the 
relationship with the therapist is being tested in a pilot study. Generalization in everyday-life activities 
and communication improvement will be evaluated in future work.   



AN ICF-BASED INDIVIDUAL REHABILITATION PROJECT (IRP) FOR CHILDREN AND 
TEENAGERS SURVIVORS OF CANCER BLOOD DISORDERS. 

C. Di Pede, M. Lorenzon, M. Lustro, F. Tessarotto, A. Martinuzzi.

 IRCCS E. Medea Conegliano 

Background Aggressive treatment in pediatric cancer blood disorders has led to a marked improvement 
in life expectancy but is often accompanied by secondary disability related both to the side effects of 
therapy and to forced reduction of motor activity. Neuromuscular complications affect 18-66% of 
children, with variable manifestations that impair the whole child health status, independence in activities 
of daily living and quality of life.  
These elements can lead to progressive worsening of the physical and psychological aspects. In our 
Institution the conceptual framework of the International Classification of Functioning, disability ad 
health (ICF) was introduced several years ago as a roadmap to guide rehabilitation planning. In this study, 
we aimed to design an ICF-based individual rehabilitation project (IRP) for children and teenagers 
survivors of cancer blood disorders.  

Methods: we included in the study 8 children (5 M, mean age at diagnosis: 11,5 ys). Diagnosis included: 
5 acute lymphoblastic leukemias and 3 lymphomas. Our evaluation took place during oncological 
therapies in 2 cases; in 6 cases on average 2 months after the end of oncological therapies. 

Results: The definition of the disability functional profile highlighting areas of need and strength 
represented the starting point for IRP formulation. Patients showed several specific limitations 
impairments in their body functions (b455-exercise tolerance, b7101-mobility of several joints, b280-
sensation of pain, b1300-energy level, b1301–motivation, b1266-confidence) and limitations in their 
activities/and participation (d450-walking, d455-moving around,d540-dressing, d920-recreation and 
leisure, d440 fine hand use). Environmental factors modulating the functional profile were identified in 
family and assistive technology (as facilitators), lack of accessible environments (as barriers).  A 
multidisciplinary IRP was defined, according to disability profile. 

Conclusions: We designed an ICF-based IRP for children and teenagers survivors of cancer blood 
disorders. In our experience, the multidisciplinary evaluation performed by an ICF-trained team 
contributes to highlight the key areas in need for intervention, providing a holistic approach. This might 
facilitate daily communication among health professionals, providing a flow of accurate information to be 
used in the continuum of rehabilitative care from hospital to families/and care givers.   



UPPER LIMB “RE-HABILITATION” IN MUSCULAR DYSTROPHIES 
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Molteni F3, Pedrocchi A2 and D’Angelo MG1  
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Background : So far, technology for people with muscular dystrophy has been mainly devoted to 
mobility for the evident impact on independence, and respiratory assistance for surveillance, while 
assistance of upper limb functions has been less explored. Few examples of commercial 
exoskeletons for gravity compensation exist but their clinical validation is missing and they can be 
used only in subject with residual muscular activity. On the contrary, no commercial devices are 
able to move, under direct control of the user, their arm without any muscular activity.  

Methods: Two studies were performed. In a crossover Randomized Controlled Trial, funded by 
Telethon-UILDM, we tested two commercial exoskeletons for gravity compensation (i.e., Jaeco 
Wrex, a passive exoskeleton, and Armon Ayura, a motorized arm exoskeleton) in a group of 32 
dystrophic patients (divided in 3 groups depending on upper limb muscular strength). In a second 
study, funded by Cariplo, we developed a 4 degree of freedom exoskeleton supporting movement at 
shoulder and elbow. The user controls the systemby driving a joystick or by speech recognition. 
The system was tested in five patients (18-53 yrs). In both studies, PUL scale was the main outcome 
measure.  

Results: In the first study, the slightly impaired group do not benefits from the use of assistive 
devices, since it tends to use compensatory movements that are often constrained by the device. 
Mild impaired subjects, on the other side, do greatly benefit from the assistive devices in terms of 
externally assessed and self-perceived functional gain, both with passive or active devices. Mild-to-
severely impaired subjects functionally benefit only from the use of a motorized device.  
In the second study, upper-limb performance improved when wearing the exoskeleton, with a median 
improvement of 12 points at the PUL. The Abilhand questionnaire showed that all participants, except 
one, perceived their upper-limb functionality increased when using the exoskeleton and the overall 
high usability was accomplished during the tests.  

Conclusions: Upper limb assistive devices can help dystrophic patients increasing their ability in 
performing several tasks, depending on residual ability. The motorized device (either commercial or 
the fully motorized exoskeleton)is indicated for a wider population, from less impaired to mild-
severe patients. The passive device is only suggested for slightly or moderately impaired patients.    



IMPROVED DUAL-TASK PERFORMANCE DURING TURNING AFTER A SINGLE SESSION 
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Background. Parkinson’s disease (PD) patients with postural instability and gait disorders (PIGD) 
usually show reduced gait speed and postural stability performing attention-demanding tasks such as 
turning and dual-task. Difficulty performing dual-task is probably due to the automaticity loss and the 
consequent cognitive overload. Turning represents a challenge as it requests an increased cognitive load 
in order to modify the locomotor pattern and to increase interlimb coordination. This study assessed the 
effect of a single session of action observation (AO) on spatio-temporal dual-task gait parameters, 
particularly during the turning phase, in PD-PIGD patients.  

Methods. Fourteen PD-PIGD patients were included and randomized into two groups: “AO group” and 
“Control group”. Both groups performed a baseline evaluation including Timed Up and Go (TUG) test 
and TUG with cognitive dual-task (TUG-COG), which consisted in TUG while counting backwards by 
threes starting from 100 or 82. After the baseline acquisition, the AO group was asked to watch a video 
representing a high quality TUG performance while the Control group observed images of static 
landscapes. After the video observation, both groups performed again TUG and TUG-COG. Spatio-
temporal gait parameters were acquired using a six cameras SMART-DX7000 optoelectronic system. 

Results. After video observation, the AO group showed a significant improvement in execution time both 
in TUG and TUG-COG and in turning stride length during TUG, while Control group did not show 
significant changes. AO group also showed a trend toward an increased mean turning velocity during 
TUG-COG. 

Conclusions. A single session of AO showed the possibility to improve mobility during TUG both with 
and without dual-task, particularly during turning. We hypothesized that AO might facilitate mobility by 
reducing the necessity to control movement also during dual-task. A randomized controlled trial 
investigating the effect of a longer AO training on dual-task gait abilities is needed to validate our 
hypothesis. 



TRANSCRANIAL DIRECT CURRENT STIMULATION AS ADD-ON TO 
NEUROREHABILITATION OF PISA SYNDROME IN PARKINSON’S DISEASE 
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Background : Pisa Syndrome (PS) is a lateral trunk flexion associated to Parkinson’s disease (PD). 
Transcranial Direct Current Stimulation (t-DCS) is a non-invasive neuromodulation technique, with 
promising results in focal dystonia. Aim of our study is to evaluate the role of t-DCS as add-on to 
neurorehabilitation in PS. 

Methods: Twenty-seven patients affected by PD and PS (19 male, age 73.0±4.8 years, disease duration 
9.1±7.3 years, duration of PS 2.8±1.9 years) were managed with neurorehabilitation combined with: 1) t-
DCS group (5 daily sessions - 20 minutes - 2 mA) with cathode over the M1 cortex contralateral to PS and 
anode over the M1 cortex ipsilateral to PS; 2) SHAM group.  Patients were tested with UPDRS-III, FIM, 
EMG and cinematic motion analysis at hospital admission (T0) and after 1 month of neurorehabilitation 
(T1). We plan to complete also a 6 months follow-up. 

Results: The study groups were comparable for clinical/demographic, trunk mobility and EMG features. At 
T1 we find a significant reduction of lateral trunk flexion in both groups (p= 0.013), while the anterior trunk 
flexion improvement was more pronounced in t-DCS group when compared to SHAM group (p=0.046). At 
T1 the overall improvement in lateral and anterior trunk flexion in upright standing position was higher in 
the t-DCS group when compared to SHAM group (p=0.032). 
Regarding dynamic tasks, the improvement in the range of motion (ROM) of the trunk bending ipsilateral to 
trunk deviation was significantly higher in t-DCS group (p=0.014). Although a trend towards improvement 
was recorded, it didn’t reach a statistical significance for trunk bending contralateral to trunk deviation, 
anterior trunk flexion and trunk extension. 
The global ROM of the trunk significantly improved at T1 in both groups (p=0.031), being significantly 
more evident in the medio-lateral plane (p=0.011), and here in the t-DCS group (p=0.005). 
The UPDRS-III, FIM and VAS scores significantly improved at T1 in both groups. The item posture of 
UPDRS-III improvement was more pronounced in t-DCS group when compared to SHAM group at T1 
(p=0.001). 

Conclusions: Our data supports the use of neuromodulation with t-DCS as add on to neurorehabilitation for 
the treatment of PS. 



TRANSCRANIAL DIRECT CURRENT STIMULATION OF THE PREFRONTAL CORTEX 
MODULATES SEROTONERGIC NEURAL ACTIVITY OF THE DORSAL RAPHE NUCLEUS IN 
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Background: Serotonin (5-HT) is a key neurotransmitter involved in the pathophysiology and 
psychopharmacology of major depression. The dorsal and median raphe nuclei, where 5-HT neurons 
originate, send axons to the whole forebrain, including the prefrontal areas, a key target for the treatment of 
depression. Transcranial direct current stimulation (tDCS) is being increasingly considered as an alternative 
strategy for the treatment of depression. In particular, the application of anodal stimulation to the left 
dorsolateral prefrontal cortex has been observed to improve symptoms in depressed patients. However, the 
mechanism by which tDCS induces antidepressant effects is still unknown. The aim of this study is to 
investigate the effects of tDCS over prefrontal areas on the activity of 5-HT neurons of the dorsal raphe 
nucleus (DRN) in mice. 

Methods:For tDCS, an epicranial plastic tube filled with saline solution was implanted over left frontal 
areas, while the counter electrode was applied on the ventral thorax. In anesthetized mice, spontaneous DRN 
5-HT neurons were isolated using in vivo single-unit electrophysiology. After baseline recording, 250μA 
anodal or cathodal tDCS was applied for 10 min and the 5-HT activity was monitored for 20 min. For cell 
activation analysis, cFos protein expression was quantified in the prelimbic cortex (PrL) and the dorsal 
portion of the DRN (DRD).

Results:The application of both anodal and cathodal tDCS over left prefrontal areas induced a significant 
reduction in DRN 5-HT firing activity compared with baseline. The inhibitory effect was still present 10 min 
after the stimulus ended. Interestingly, the inhibitory effect of cathodal tDCS was greater than that of anodal 
tDCS, both during (p=0.010) and after the stimulus (p=0.023). The analysis of cFos levels suggested an 
increase in the number of cFos+ cells after tDCS in both polarities, with respect to the sham group. In the 
PrL cortex, cathodal tDCS resulted in higher cell activation compared with anodal tDCS (p=0.023). 

Conclusions:Acute tDCS over left prefrontal areas resulted in the inhibition of DRN 5-HT activity, 
resembling the effects of current antidepressants, such as selective serotonin reuptake inhibitors (SSRIs). In 
particular, the effect induced by cathodal stimulation was significantly greater than that of anodic tDCS. 
These results suggest that the antidepressant effects of tDCS may occur through the direct or indirect 
modulation of DRN 5-HT neurons.  
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Background: Cognitive dysfunction is commonly present in people with MS, affecting up to 70% of 
Progressive MS (PMS) patients and exhibiting a deleterious effect on their employment, relationships and 
daily living activities. Preliminary evidence suggests a potential improvement of patient’s impairment, if 
treatments such as cognitive rehabilitation (CR) and aerobic exercise are performed. Even though these 
findings sound encouraging, they were obtained from patients with relapsing-remitting MS. There is, 
therefore, a need to investigate if this could be applied also to people with progressive forms of the 
disease. 

Study hypotheses: The study aims to test whether patients with PMS and cognitive impairment show 
improvements when CR and aerobic-exercise treatments are applied. Specifically, we expect more 
effective results in processing speed, when these treatments are administered together, rather than applied 
individually. We further hypothesized that improvements in processing speed will be associated with MR 
modifications of functional and/or structural plasticity within specific brain networks/regions involved.  

Methods: The study protocol is a randomized, double-blinded, sham controlled clinical trial of CR and 
aerobic exercise. A total of 360 subjects will be randomly assigned to one of the four groups: CR plus 
aerobic exercise; CR plus non aerobic exercise; passive CR plus aerobic exercise and passive CR plus 
non aerobic exercise. Subjects will receive one of these treatments for 12 weeks, twice a week. All 
patients will be evaluated through a cognitive and physical assessment at baseline, after 12 weeks, and 6 
months. One out of three subjects will undergo structural and functional MRI to investigate the 
mechanisms underlying the response.  
The primary outcome measure is the symbol digit modalities test (SDMT) which measures processing 
speed. There are a number of secondary outcome measures, including: indices of verbal and non-verbal 
memory, depression, walking speed and a dual cognitive-motor task.  

Discussion: The study is being undertaken in 6 countries (11 centres) in multiple languages (English, 
Italian, Danish, Dutch), with testing material validated and standardized in these languages. The reason 
for this approach is to obtain a robustly powered sample size and to demonstrate that these two 
interventions can be applied effectively in multiple countries and in different languages. 
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Background: Motor and cognitive impairments (CI) are the main clinical features of Multiple Sclerosis 
(MS) with an incidence of around 85% for the former and 65 % for the latter. Cognitive deficits are less 
visible for patients and poorly sensitive to pharmacological treatments. Aim of the present study was to 
compare the outcomes of three formats of cognitive and motor rehabilitation in order to understand which 
is the most efficient in reducing cognitive deficits in MS patients.   

Methods:A initial group of 42 patients (23 RR and 19 SP) was submitted to detailed neuropsychological 
(MACFIMS battery) and motor assessments, before (T0) and after (T1) being randomly attributed to one 
of three rehabilitation conditions (two cognitive training/week-C1; one cognitive and one motor 
training/week-C2; two motor training/week-C3, for 12 weeks). The cognitive rehabilitation was focused 
on memory functioning and performed with Rehacom (http://www.emsmedical.net). 

Results: The patients were distributed as follows: 12 patients in C1; 16 patients in C2; 14 patients in C3. 
No significant differences in age, sex, education and disease course was found between the three groups 
(sig.>.05). In the C1 condition, T0 evaluation showed a severe CI in 33.3% of patients and a mild CI in 
25% of patients, while at T1 only 8.3% of patients had a severe CI and 66.7% resulted cognitively 
preserved. In the C2 condition, at T0 50% of patients was preserved while at T1 the percentage reached 
69%; 50% of patients had from mild to severe CI at T0 while at T1 the patient with a CI was 31%. In the 
C3 group the preserved patients were 64.3% at T0; the mildly and severely impaired patients represented 
the remaining 36%. In this group the percentages at T1 remained stable.    

Conclusion:These preliminary data confirm that to include a cognitive training within rehabilitation 
programs may induce important benefits in MS patients. Furthermore, patients seem to benefit from a 
combined approach (cognitive and motor) almost as those who performed only the cognitive treatment 
(C1). 
Rehabilitation programs combining motor and cognitive treatments could give a stronger advantage in the 
improvement of MS-related symptoms giving benefit in both cognitive and motor functioning. These 
preliminary results need to be confirmed by a trial with a wider sample but they represent, however, an 
encouraging incentive to continue. 
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Background: Aerobic training (AT) induces cardiovascular, metabolic and muscular changes and has 
been proposed as a promising rehabilitative approach in elderly and neurological patients to improve both 
motor and cognitive performances. The study aims to investigate the role of AT in patients with multiple 
sclerosis (MS) on motor and cognitive functions and the underlying anatomo-functional brain substrates, 
using advanced magnetic resonance imaging (MRI) techniques. 

Methods: This randomized, controlled, monocentric trial will enroll 40 healthy controls (HC) and 40 
patients with MS, randomized into 2 aerobic groups (currently HC-AG=10, MS-AG=14) and 2 
nonspecific motor groups (currently HC-MG=10, MS-MG=14) who perform mobilization, stretching and 
balance exercises. In all subjects, cardiological, neuropsychological, global mobility and structural and 
functional MRI data at rest (hippocampal and anterior cingulum networks) are collected at baseline (t0) 
and after 2 months of treatment (t2). 

Results: The preliminary analysis shows that at t0, there are significant differences between HC and MS 
for all cardiovascular, motor and some cognitive parameters (p<0.05). At t2, aerobic fitness improved in 
both HC- and MS-AG. Both MS subgroups improved significantly in mobility, while MS-AG also 
improved in fatigue perception and walking endurance (p <0.05). All groups reported improvements in 
cognitive performance regardless of type of training (p<0.05). There were improvements in depressive 
symptoms in all groups except HC-MG (p<0.04). Structural MRI analyses showed changes in gray matter 
volumes in sensorimotor, prefrontal and temporal areas in both HC-AG and MS-AG; while there were no 
changes in the white matter and in the hippocampus. MS-AG group also showed changes in resting state 
functional connectivity of sensorimotor and medial-temporal areas of the two networks analyzed. Clinical 
improvements were associated with the MRI changes observed (r range -0.86/0.84, p<0.001). 

Conclusions: Two months of AT induce clinical and emotional/behavioral benefits in MS patients. This 
effects are mediated by structural and functional modifications of relevant brain networks. 
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Background Since no drug is effective in ameliorating imbalance in persons with multiple sclerosis (PwMS), 
rehabilitation remains the milestone for the treatment of this symptom. However, after discharge from 
rehabilitation center, there is a high risk of decrease of the clinical improvement. In this regard, the use of 
virtual reality is promising with a growing interest in developing new rehabilitative strategies. The aim of this 
study is to evaluate the experience of PwMS in using an at-home rehabilitative instrument that incorporate a 
virtual therapist for balance rehabilitation 

Materials and methods This study is part of a wider research plan to create a home tele-rehabilitation system 
targeted to postural balance impairment in PwMS, the IGER system (Intelligent Game Engine for 
Rehabilitation, based on the use of low-cost commercial devices such as Wii Balance Board and Microsoft 
Kinect) developed by the AISLab of the University of Milano. The study is composed of three sub-studies: 1) 
a pilot study with a nested qualitative study in which the system was tested in the hospital setting; 2) A case 
series longitudinal study in which the IGER system is used at patient’s home under remote control; 3) A multi-
center RCT. The study was held at the Fondazione IRCCS Istituto Neurologico C. Besta.  

Results Eleven persons with MS participated in the pilot study: their mean age was 50.0 (SD=6.6), the majority 
had a relapsing remitting MS (63.6%), the median EDSS score was 4 (min-max: 2-6), the mean time from 
diagnosis was 8.9 years (SD=6.0). Participants reported high level of satisfaction in using the IGER system in 
clinical setting; it has a statistically significant effect in improving walking speed (TUG p=0.004, T25FW 
p=0.007) and balance (BBS p=0.007). Thirteen patients are now participating in the ongoing longitudinal 
study, playing at home under remote control: preliminary results are confirming the high adherence to the 
personal exercise program and a statistically significant improvement in walking speed and balance. 

Conclusions To our knowledge, this is the first information and communications technology-based system 
with ad hoc exergames for balance rehabilitation customizable on patients’ needs, with a real time automatic 
supervision and a subsequent processing of the data extrapolated from the at home sessions. Our preliminary 
data confirmed IGER system as a promising informatics platform for accurate maintenance rehabilitation 
program at home. 
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Background: Rehabilitation is a significant part of overall disease management. Neurological diseases and 
related disorders are responsible for a large fraction of temporary and permanent disabilities in Italy and 
Europe. The benefits of therapeutic exercise and daily physical activity are known and play a fundamental 
role in the recovery of patients with neurological diseases. To date, clinical scales are relatively unspecific 
and are not sensitive enough to monitor and to detect the subtle and small changes or progress of the disease. 
The aim of this project is the development of new technologies and applications for specific activities in 
clinical evaluation, therapy and rehabilitation. 

Methods: We developed a device, called Smart Pants (SP), which may be used to monitor the evolution of 
the recovery in people who has suffered from stroke, providing the measure of amplitude, direction and 
angle of movement and the distribution of the weight, through sensors. By exploiting signal processing 
techniques and machine learning algorithms SP is able to automatically recognize the type of exercise the 
patient is performing. The effectiveness of therapy intervention will be monitored by the routine use of 
standardized outcome measures and the device. Inclusion criteria: Patients older than 18, patients suffering 
from neurological diseases, cognitive state not seriously affected, trunk control, cooperation of family and / 
or caregiver. Exclusion criteria: Pain not controlled by the medical or physical therapy, severe comorbidity, 
presence of pacemakers, presence of oncology pathology rapidly evolving, lack of family who can support 
the patient. 

Results: We monitored 7 post- stroke patients who underwent a rehabilitation process at the intensive 
rehabilitation department. Experimental tests show that our platform is able to estimate the execution time of 
the different exercises. Algorithm results show that the SP system is able to correctly identify the type of 
exercise currently being performed. The overall accuracy averaged over different algorithms and exercises, 
is around 96.5% which further demonstrates the validity of the proposed approach. 

Conclusion: Our study shows that the SP has the potential of monitoring lower limb movements during the 
exercises, confirming the importance of control in neuro-rehabiliation. The study is still ongoing and further 
results will be provided regarding the possibility of using this device in telere-habiltaion. 
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Background: The main issue that limits the discovery of new drugs in neurodegenerative diseases (NDs) is 
the lack of in vivo and in vitro models that recapitulates the fisiopathogenesis of NDs. The combination 
between the use of neurons derived from induced pluripotent stem cells (iPSCs) and 3D bioprinting allows 
the generation of very realistic models. Indeed, 3D cultures can result in a large diversity of cell types and 
allow the study of cell-cell interactions between different populations, leading to the generation of a model 
that can mimic both the physiologic and the pathologic tissues. Aim of our work is the development of two 
different models: a conductive 3D scaffold-based synaptogenic model for the study of neural connectomics 
and a 3D hydrogel-based model of neuromuscular junction. 

Methods: We used two different approaches: 
• For the first one, we prepared a conductive bioink and bioprinted it for the development of

conductive scaffolds. We tested the differentiating effect of this scaffold, using Scanning Electron
Microscope (SEM), confocal microscope and qPCR to develop a 3D synapse.

• For the second one, we bioprinted sALS patients’ iPSCs into a hydrogel composed of gelatin and
sodium alginate. We differentiated iPSCs encapsulated in the hydrogel into motor neurons. We
measured viability using LIVE/DEAD Cell Viability Assay and analyzed by immunofluorescence
every differentiating step to define the capability to make muscular junction.

Results: We evaluated different read-outs: 
• SEM and confocal analysis suggested that the conductive scaffold allows the maturation of SH-

SY5Y cells also without differentiation factors, with the spontaneous generation of mature synapses
between neural cells. Finally, we confirmed this hypothesis by RT-qPCR analyzing the expression of
TUBB3 and Nestin genes.

• We confirmed the optimal biocompatibility of our hydrogel. Moreover, we confirmed by
immunofluorescence that iPSCs differentiated into motor neurons and maintained a higher viability
and proliferation respect to classic 2D in vitro differentiation and are able to make connections.

Conclusions: Our data lay the foundation for the generation of 3D realistic models of both synaptogenesis 
and neuromuscular junction. Our data strongly suggest that the 3D spatial organization allows the generation 
of a realistic model that can mimic the neural tissue. Such models could be used to study NDs mechanisms 
and for high-throughput drug discovery. 
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Background Preterm birth is one of the major challenges for the healthcare systems world-wide, representing 
the leading cause of long-lasting morbidities and psychomotor retardation in infants and children. The need of 
dedicated care in the Neonatal Intensive Care Unit  too often implies early parental separation and stress 
exposures. Investing in early parenting interventions is advocated as the primary source of prevention and 
protection for preterm infants. This study aimed to assess the effect of an early and simple psycho-educational 
parenting intervention in the Neonatal Intensive Care Unit on the psychomotor outcome (developmental 
quotient, DQ) at 24 months corrected age (CA) in preterm children. 

Methods Forty-two preterm children and their parents were randomly allocated to Early Intervention (EI; 2 
educational peer-group sessions and 4 individual joint infant observation sessions) or Care as Usual (CU; all 
necessary interventions for infants’ medical safety and care, without additional dedicated parental support). 
All children were followed at regular intervals through neurodevelopmental (neurological and psychomotor) 
assessment up to 24 months of corrected age. At 24 months CA they underwent a psychomotor evaluation 
(Griffiths Scales of Child Development II) for estimating total and specific DQs. 

Results Both children and parents in the EI and CU groups did not differ for socio-demographic and clinical 
variables (including presence of brain lesions and  pathological neurological examination).  At 24 months CA, 
children in the EI group had greater total DQ as well as higher scores for the Hearing-Speech and Personal-
Social developmental sub-scales. 

Conclusions By promoting dedicated early psycho-educational parenting interventions, the staff of Neonatal 
Intensive Care Unit may be successful in supporting the long-term adaptation and health of preterm children, 
reducing the risk of detrimental outcomes in social and cognitive development. Future studies are needed to 
better understand the mechanisms involved in this neuroprotective association. 
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Background: Children with periventricular leukomalacia (PVL), a lesion typical of very preterm infants 
involving bilaterally the white matter around the ventricles, generally present with impaired visuo-spatial 
abilities, and spared verbal abilities. Executive function difficulties are also reported in these children, 
mainly involving working memory and inhibition, and are belived to have a significant impact on long term 
functional outcome and quality of life. In the present study we tested the effects of the CogMed Working 
Memory Training (RoboMemo®, CogMed Cognitive Medical Systems AB, Stockholm, Sweden), an 
evidence-based, intensive and auto-adaptive tele-rehabilitation software, in children with PVL. More 
specifically, we determined the neuroplastic changes determined by CogMed as expressed by Sleep Slow 
Waves Activity (SWA, EEG power between 0.5-4.5 Hz), a reliable measure of cortico-cortical connectivity 
regulated locally in a use- and experience-dependent manner. SWA changes in topographical distribution 
were then correlated with post-training improvement in neuropsychological functions as well as with lesion 
asymmetry. 

Methods: The intervention study followed a stepped wedge design. The participants were 19 children with 
PVL (11 females and 8 males, mean age 7;3 yrs, sd: 2;4 yrs), with mild to moderate upper limb impairment ( 
MACS) and Verbal IQ>80 (Wechsler scales). All children were trained with CogMed software at their home 
over a 5-week period. Neuropsychological assessment (NEPSY-II) and sleep hdEEG postprandial napping 
data were collected at the 3 time points.  

Results: CogMed training significantly improved working memory as well as other abilities, not-directly 
trained, such as visuo-spatial skills, inhibition and phonological processing. The sleep hdEEG data, analysed 
in a subgroup of 13 children, showed SWA topography changes which shifted to a fronto-parietal-occipital 
network in 11/13 children after the training. Statistically significant associations were found between the 
improvement in an inhibition task and SWA changes in both right-frontal and parietal regions. All children 
with the left hemisphere more damaged than the right, showed SWA changes in the right frontal lobe.  

Conclusions: The present study is the first to describe sleep neurophysiological correlates of an intensive 
working memory training in children with congenital brain lesions, suggesting cortical plasticity may be 
induced in children with PVL by reinforcing fronto-parietal cortical network and inter-hemispheric 
reorganization. 
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Background: Children with Neurodevelopmental Disorders may have problems in maintaining postural 
stability if compared to their healthy peers. The assessment of postural stability has been sometimes 
performed with technical platforms or balance but mainly in adults; reports the in literature, in particular in 
developmental age, are very few. The aim of this work is to assess postural control while standing with an 
innovative system, the Virtual Reality Rehabilitation System (VRRS, Khymeia) in children. 

Methods: A total of 51 children (age range 4-15 years) have been selected by voluntary participation within 
an inclusive roller-skating school. Participants have been divided in three groups: 29 TD (Typically 
Developing), 9 with CP (Cerebral Palsy), and 13 with SEN (Special Educational Needs). The assessment has 
been conducted during their skating training sessions thanks to the portable VRRS system (tablet). 
All subjects have been tested with a technological assessment tool, i.e. the stabilometric balance of VRRS, for 
the evaluation of the ability of maintaining standing static balance connected to the tablet; moreover, TD and 
SEN were tested also with Movement ABC-2nd edition test to quantify their motor and coordination abilities. 
The assessments have been carried out mainly outside the clinical context, directly in the skating-school 
environment. The software used for statistical analysis was SPSS 20.0 and a multivariate ANOVA and a 
correlation analysis have been carried out. 

Results: All VRRS values about distances were different among the three groups (p<0.05). CP group had 
significantly higher scores than the two other groups. Moreover, in TD and SEN groups there were a 
significant relationship between the parameter “distances” at the VRRS test and the M-ABC scores (Total and 
Balance Section percentile). The present findings suggest that the amount of oscillations, i.e. the variation of 
the Center of Pressure (COP) while the subject is in standing position, has a relationship with the clinical 
picture: in fact, CP children have more and wider oscillations than SEN and TD children and SEN children 
have more and wider oscillations than TD. 

Conclusions: The stabilometric balance of VRRS system is a tool able to assess postural control in children 
and its results comply with those obtained from clinical assessments. Moreover, VRRS system (tablet and 
stabilometric balance) seems to be suitable for being administered also in a non-clinical environment. 
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Background: Upper limb (UL) movements are crucial during developmental age and technology can help for a 
quantitative evaluation. The Virtual Reality Rehabilitation System (VRRS, Khymeia), already used with adults, 
may represent a new approach for the assessment in developmental age. The aim of this work is to analyze the 
feasibility of the assessment of UL movements by the use of VRRS sensors, exploring differences in children 
with Neurodevelopmental Disorders. 

Methods: 21 children (mean age 8,98 ± 3,48 years) have been selected: 12 with Unilateral Cerebral Palsy 
(UCP), 4 with Diplegic Cerebral Palsy (DCP) and 5 with Dystonic Movement Disorder (DMD). 
They were tested with the sensor of the VRRS on the wrist while they performed three categories of playful 
activities: Catching 1, in which a movement was required only in one direction (e.g. back/forth, left/right, 
up/down); Catching 2 in two directions; 3D that interested all spatial dimensions. The first two exercises 
(Catching 1 and 2) were analyzed based on the number of corrected items and the number of errors, in the 
third exercise (3D) a kinematic analysis has been carried out. 

Results: Results revealed some differences based on Neurodevelopmental Disorders. In Catching 2 DCP 
children had significantly lower scores and number of item ok than DMD and UCP (Score DCP and DMD: 
p=0,001; Score DCP and UCP: p<0,001; Item OK DCP and DMD: p=0,006; Item OK DCP and UCP: 
p<0,001). DCP children had a major number of Errors and Omissions than DMD (p=0,032) and UCP 
(p=0,001). DMD children had significantly higher scores and items in Catching 2 and lower in Catching 1. 
Children with UCP showed inferior skills in both exercises. 
For 3D exercises, all groups had significantly different results for Trajectory Length (p=0,017), Average 
Speed (p=0,022), and for Fluidity (p=0,028). 
DMD children had significantly higher Trajectory Length and Average Speed than UCP (respectively 
p=0,034, p=0,021) and DCP children. Moreover, they had significantly lower Fluidity than DCP and UCP 
(respectively: p=0,033; p=0,025). Instead, UCP children had lower Trajectory Length and Average Speed 
than DCP. 

Conclusions: VRRS appeared to be a useful system for collecting quantitative data about the use of the UL in 
playful activities. Different tasks and analysis on motor behavior of UL and hands can be carried out. 
Moreover, it may help clinicians for a more detailed assessment of UL abilities and the planning of a goal 
directed and tailored training. 



DESIGN AND DEVELOPMENT OF A QUESTIONNAIRE FOR ASSESSING THE 
USABILITY AND ACCEPTABILITY OF VRRS SYSTEM IN CHILDREN WITH 
CEREBRAL PALSY 

Sgandurra G1,2, Beani E1, Iannello A1 Cioni G1,2

1 Department of Developmental Neuroscience, Istituto di Ricovero e Cura a Carattere Scientifico (IRCCS) Fondazione Stella Maris, Pisa, Italy. 
2 Department of Clinical and Experimental Medicine, University of Pisa, Pisa, Italy. 

Background: New treatment strategies for Cerebral Palsy (CP) are now available, thanks to the use of 
Information and Communication Technology (ICT) in rehabilitation. In this context, the virtual reality 
rehabilitation system (VRRS, Khymeia), already used with adults, can represent a new approach in the 
assessment and treatment of CP children. 
The aim of this study was to plan, develop and test the feasibility of two questionnaires to evaluate the 
usability and acceptability of VRRS system for CP children and for health care professionals. 

Methods: A first literature analysis has been carried out for detecting the standards criteria to refer to. 
For acceptability criteria, we selected as items perceived usefulness, perceived ease of use and attitude 
towards the system while for the usability we selected effectiveness, efficiency and satisfaction. Starting 
from these items, some questions tailored on the VRRS have been created, adding also some extra questions 
about motivation. 
Two questionnaires have been created: Child Questionnaire (CQ) and Therapist Questionnaire (TQ); both 
have been structured with a 5 points Likert scale (smileyometer for children and numbers for therapists) and 
created with Google Modules, to make administration and data collection easy and fast. 
Participants of this study were 8 children with Cerebral Palsy (mean age 9,5 years) and their therapists. 
Children were interviewed and the CQ was filled in together with the therapist. The therapist completed the 
TQ after the session. 

Results: The data collection was easy, the questions were clear and no help was needed during the use of 
Google Modules questionnaires. In both questionnaires, all domains reported scores above 75%, with a slight 
difference between CQ and TQ: therapists demonstrates lower scores in the section acceptability. 

Conclusions: This is the first study about the analysis of children and therapists usability and acceptability of 
VRRS. The architecture of the questionnaire in terms of investigated items and administration method seemed 
feasible and raised useful comments for a further development of the system. In general, all scores reported 
positive usability and acceptability of VRRS. 



NEUROCOGNITIVE REHABILITATION IN A HETEROGENEOUS SAMPLE OF CANCER 
PATIENTS 

 Antonio Tanzilli1, Veronica Villani1, Andrea Pace1. 

1Neuro-Oncology Unit, IRCCS Regina Elena National Cancer Institute, Via Elio Chianesi 53, 00144 Rome, Italy. 

Background: Neurocognitive impairment is one of the most debilitating symptoms in different subsets of 
cancer survivors [1]. Its etiology is not fully understood, but many reports suggest a multifactorial origin, as 
neurocognitive impairment can be direct or indirect consequence of tumor and anti-tumor treatments [2]. 
Cancer itself may alter the hypothalamic-pituitary-adrenal axis functioning, worsen microvascular 
circulation or induce neurotoxic injuries [3]. Anti-cancer treatments may interfere with neurocognitive 
functioning by producing brain inflammation or oxidative stress and symptoms can be tightened by 
demographical and clinical conditions. Nevertheless, contrasting cancer-related neuropsychological 
dysfunctions is mandatory and cognitive rehabilitation is considered a first-line intervention. 
In the present study we aimed at investigating the effect of cognitive training in different types of cancer 
patients. 

Methods: In this retrospective study, each patient underwent pre and post treatment neuropsychological 
assessments describing 7 cognitive domains: verbal learning (VL); short and long-term memory (STM, 
LTM); executive functioning (FE); abstract reasoning (AR); attention (ATT) and language (L). A computer-
based rehabilitation program (E.R.I.C.A. giuntipsychometrics) was administered for two months according 
to the cognitive deficits detected. We also collected demographic and clinical data. 
ResultsWe assessed 24 cancer patients affected by glioma, breast and lung tumor (13 female) [median age: 
49,5 (range 33-70) median education: 13 (range 8-18)]. All of them had undergone surgery and post-
operative treatments (CT and RT). At baseline evaluation most of the patients presented with deficit in LTM 
(11), STM (8) and L (7). At follow-up assessment, [median time of 6 months (range5-7)], most represented 
deficits concerned LTM (9), STM (6) and ATT (6). 17 patients (89%) with radiological response to 
treatments (stable or partial response) did not worsen cognitive status. In particular, 11 (58%) of them 
improved their neurocognitive performance and 7 (37%) did not show any deficit. Patients with disease 
progression instead, worsened neurocognitive status and 2 patients showed deterioration despite a stable 
disease condition. 

Conclusions: Our results underline the central role of disease course on neurocognitive deficits in cancer 
patients. Nevertheless, cognitive training may help to improve neuropsychological status in patients with 
disease control, thus supporting a better quality of life. 



HOME-BASED COMPUTERIZED COGNITIVE TRAINING IN PEDIATRIC PATIENTS WITH 
CONGENITAL OR ACQUIRED BRAIN INJURY 

Alessandra Bardoni, Claudia Corti, Cosimo Urgesi, Romina Romaniello, Sandra Strazzer, Geraldina 
Poggi 

Scientific Institute IRCCS E. Medea, Bosisio Parini, Lecco, Itlay 

Background: Pediatric patients with congenital (CBI) or acquired (ABI) brain injury suffer from a variety 
of cognitive impairments, which cause short- and long-term sequelae in different life domains. Cognitive 
rehabilitation may prevent long-term cognitive decay, especially when interventions start early, are intensive 
and continue after patients’ return at home. In recent years, the development of technology-based 
rehabilitation interventions has allowed the provision of services remotely and in non-medical settings, 
leading to the diffusion of telerehabilitation also in the field of cognitive psychology. Studies on the 
feasibility and efficacy of telerehabilitation interventions aimed at stimulating cognitive functions in 
pediatric patients with brain damage are still limited in Italy, with no available evidence for children with 
CBI. We will present the preliminary results of a clinical trial conducted at Scientific Institute IRCCS E. 
Medea on the feasibility and efficacy of a remote computerized cognitive training (CCT) in adolescents with 
ABI or CBI. 

Methods: The clinical trial has been registered with ISRCTN registry. Two groups of patients were asked to 
perform 40 CCT sessions in 8 weeks. According to a stepped-wedge research design, one group started the 
CCT immediately after baseline assessment, whereas the other group started the CCT after a comparable 
time of waiting list. A preliminary study on feasibility was conducted on 32 patients (28 ABI and 4 CBI) 
recruited within 6 months from trial start, then studies on efficacy based on specific diagnoses (progressive 
ABI, non-progressive ABI, CBI) were performed. 

Results: For the feasibility study, 31 out of the 32 enrolled participants demonstrated adherence to the CCT. 
With respect to training efficacy, the manuscript on non-progressive ABI has already been published and 
reported that a multi-domain CCT may enhance visual-spatial abilities in this subpopulation, with a 
maintenance of benefits at follow-up and irrespective of intellectual functioning. Data on the efficacy of the 
training in children with progressive ABI and CBI are still being collected. 

Conclusions: Telerehabilitation seems to be a feasible practice for pediatric patients with brain damage. 
Data on efficacy are promising and support the need to further explore the effects of such kind of 
intervention to identify the best treatment format to improve cognitive abilities in this population and in 
patient subgroups based on specific etiology. 



CAN NEUROMODULATION THROUGH TDCS PROMOTE RECOVERY OF BEHAVIOURAL 
IMPAIRMENTS IN THE CUPRIZONE DEMYELINATION/REMYELINATION MOUSE 
MODEL? PRELIMINARY RESULTS 

Raffaele d'Isa 1, Silvia Marenna 1, Valerio Castoldi 1,2, Giancarlo Comi 1,2, Letizia Leocani 1,2 
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Background – In the cuprizone murine model of demyelination neurotoxin cuprizone is fed to mice, 
inducing death of oligodendrocytes and consequent CNS demyelination, which leads to demyelination-
associated behavioural impairments, occurring within 5-7 weeks, with spontaneous remyelination after 4 
weeks of diet suspension. In vitro experiments have demonstrated that neuronal electrical activity, which can 
be modulated in vivo through transcranial direct current stimulation (tDCS), is able to promote axonal 
remyelination. Moreover, anodal tDCS ameliorated motor and cognitive impairments in several 
experimental models of neurological disorders, including stroke, Parkinson’s disease and epilepsy. 

Aim of the Study – To explore the usefulness of tDCS to promote recovery of demyelination-associated 
behavioural impairments during the remyelinization phase. 

Materials & Methods – Male wild-type C57BL/6 (n = 22) were fed cuprizone (n = 10) or control regular 
diet (n = 12) for 7 weeks, followed by regular diet for one more week. At cuprizone suspension, anodal (n = 
5) or sham (n = 5) tDCS (350 microA, 20 min) was performed under sevoflurane anaesthesia through
epicranial electrodes for 5 consecutive days. Motor performance was assessed through rotarod and spatial
working memory through spontaneous alternation T-maze on the last two days of cuprizone diet and on the
two days after the last tDCS treatment.

Results – At the end of cuprizone diet, a significant worsening of rotarod motor performance was observed 
in cuprizone mice vs controls (p = 0.017). No significant effects were found on T-maze. After tDCS, anodal 
tDCS led to a significant rescue of motor performance in cuprizone mice (post-tDCS vs pre-tDCS: p = 
0.013). 

Conclusions – These findings suggest a potential effect of anodal tDCS in promoting remyelination in the 
cuprizone model and prompts confirmatory experiments. Indeed, tDCS, could represent an innovative, non 
invasive and easy to use remyelination-boosting treatment. 

. 



USABILITY AND CLINICAL IMPACT EVALUATION OF AN ADVANCED HOME-BASED 
TELEREHABILITATION PLATFORM FOR STROKE SURVIVORS 

Francesco Infarinato1, Paola Romano1, Sanaz Pournajaf1, Marco Ottaviani1, Marianna Valente1, 
Roberta Ginocchi1, Annalisa Gison1. and Marco Franceschini1,2
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Background :Nowadays, the constant increase of average age of the population in industrialized countries 
increments the request of comprehensive support to execute physical and cognitive rehabilitation in home 
setting, new solutions to manage stroke survivors are needed, which could provide a continuous 
rehabilitation service after discharge from healthcare facilities. In this context, we developed a low-cost 
home-based platform (SmartCARE) for both physical and cognitive rehabilitation of stroke survivors. An 
experimental study has been designed with the purpose of demonstrating the suitability and the clinical 
impact of the produced platform with chronic stroke patients. In details, in the evaluation process, we will 
study the feasibility and usability of the SmartCARE technology. This project was partially funded by ESA 
in the scope of the ARTES 3-4 Satcom Application Projects. 

Methods:During the Pilot phase, 16 patients participated the study. The platform managed the rehabilitative 
plans administering and measuring motor, cognitive and speech therapy exercises in a exergames approach. 
Acceptance of technology, user experience and clinical effects were evaluated using different methods, a 
comprehensive analysis was carried out using psychometrics, correlation and regression analyses, 
descriptive and inferential statistics methods. 

Results: This study demonstrates how an innovative ICT platform supports the rehabilitation therapy plans 
to afford the neuro-motor and neuro-cognitive disease suffered by post-stroke patients. The analysis of 
results makes evident the acceptance of rehabilitation therapy. Backward linear regression analysis showed 
that the simplicity of use of the platform, together with the subjectively perceived utility by the patients are 
the main aspects that could be drivers whose influence can lead to the choice of using the platform. Clinical 
results were of great interest: telerehabilitation users exhibited a significant improvement of comprehension 
skills, especially related to visual word comprehension, and auditory and visual sentences. 
Clinical evaluation, on the other hand, revealed a significant reduction of shoulder spasticity and 
hypertonicity in telerehabilitation users. 

Conclusions:On the basis of the clinical experience made during the pilot, it can be asserted that the use of 
SmartCARE is a viable way to administer an effective rehabilitation in many domains: neuro-motor, 
cognitive and speech functions. 



MULTIPARAMETRIC ANALYSIS FOR PREDICTING REHABILIATATION OUTCOMES IN 
STROKE 
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Background Stroke is a main health concern with a high incidence (100,000 person/years in Italy) and a 
prevalence of 6.5% in the elderly population (65-84 years). Stroke in Italy is the main cause of disability, the 
second cause of dementia and the third cause of death. One third of stroke survivors have a high degree of 
disability at 1 year after the event. This determines social and psychological problems of the relatives and 
high health care costs. 
Objective of the study was to perform a multiparametric analysis post-stroke to identify structural features 
(imaging) and inflammatory parameters (biohumoral) predicting a better rehabilitation outcome in patients. 

Methods:  The study involved a cohort of 30 stroke patients (age 50-85) hospitalized in the Stroke Unit of 
IRCCS Humanitas Clinical and Research Center on whom 
1) analysis of lesional and contra-lesional structural integrity of the cortico-spinal tract (CST) by advanced
DTI Magnetic Resonance Imaging (NODDI) at 3T was performed at a subacute time-point (10-15 days) and
at 6-12 months after stroke;
2) multiple markers (cytokines, chemokines and growth factors) were measured on serum and plasma
samples at early subacute (5 days) and at two later stages (30 days and 6-12 months).

Results: The lesional side of the CST at the level of the internal capsule and the cerebral peduncle showed 
significant alterations in the fibre organization (ODI, FA) both at 10 -15 days and at 6-12 months. In addition 
at 6-12 months other parameters were also altered suggesting a reduction of fibre volume. These alterations 
correlate with clinical and mobility scores at the end of rehabilitation, suggesting a prognostic value. Some 
of the biohumoral factors measured at day 5 correlated with lesion volume and disability scores at the end of 
rehabilitation. Some of the biohumoral factors correlate also with alterations of the CST measured by MRI. 

Conclusions:  We have identified MRI features (DTI and NODDI models), which allow identifying 
structural alterations in the CST downstream of the stroke lesion (Mastropietro et al. 2019). This could 
provide a greater diagnostic detail and explain some mechanisms accompanying post stroke nerve 
remodeling. Fibre disorganization (ODI values) 15 days post-stroke correlates with clinical outcome after 
rehabilitation, i.e. patient disability (Barthel index) and upper limb rehabilitation scores. Analysis of 
biomarkers shows alterations in levels of markers compared to control subjects some of them correlate with 
clinical scores and with imaging parameters. 

mailto:maria_luisa.malosio@humanitasresearch.it


ASSESSMENT AND MODULATION OF CORTICAL GAMMA SYNCHRONY TO PREDICT AND IMPROVE STROKE 
RECOVERY 

Giovanni Pellegrino, Francesco Piccione, Giorgio Arcara 

IRCCS Ospedale S. Camillo, Venezia 

Background: Stroke rehabilitation poses two major problems: the outcome is very difficult to anticipate and 
typically not satisfying. There is a constant search for prognostic markers and adjuvant treatments, 
exploiting for instance the effects on non-invasive brain stimulation techniques (NIBS) on brain plasticity.  
With the goal of addressing and harnessing stroke recovery, we have focused on the physio-pathological role 
of cortical gamma (40Hz) synchrony. This is an ideal marker of brain function, as it has a crucial role for the 
integration of information, it is a marker of Glutamate/GABA balance and estimates the reserve of 
parvalbulin-positive neurons. Two magnetoencephalography (MEG) experiments were performed. In the 
first one, we measured gamma synchronization driven by external auditory stimulation in stroke patients 
undergoing rehabilitation and tested whether it was predictive of the outcome. In the second one, we 
investigated whether transcranial direct current stimulation (tDCS) -a NIBS technique- affects gamma 
synchronization 

Material and methods: The first study was performed prospectively on 11 patients. Gamma synchrony was 
measured at admission at rest and during entrainment with 40Hz amplitude-modulated binaural tones. 
Lesion features were assessed from a high-resolution MRI. Barthel index (BI) and Functional Independence 
Measure (FIM) scales were taken at the beginning and end of rehabilitation. The second study was a 
randomized, sham‐controlled, double‐blind experiment on healthy subjects. Gamma synchronization was 
assessed before and after bilateral tDCS of the primary sensory‐motor hand regions (anode left, cathode 
right) 

Results: The spatial distribution of cortical gamma synchrony was altered, and the physiological right 
hemispheric dominance observed in healthy controls was attenuated or lost in stroke survivors. Entrained 
gamma synchronization showed a very high correlation with the clinical status at admission and discharge 
(both BI and FIM). Neither clinical status nor gamma synchrony correlated with lesion volume. tDCS 
decreased gamma synchrony in areas at distance from the stimulated regions in healthy subjects 

Conclusions: Cortical gamma synchrony related to auditory entrainment is strongly associated with the 
clinical outcome after rehabilitation. tDCS has a net effect of reducing gamma synchrony. This warrants 
caution in applying this NIBS technique and may explain the variability of the its efficacy in rehabilitation 



PREDICTION OF INFECTIOUS COMPLICATIONS DURING STROKE REHABILITATION 
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Background: Infectious complications (IC) are common in patients hospitalized for acute ischemic stroke 
and are independently associated with unfavorable prognosis. Aim of our study is to validate a risk 
stratification tool to predict infectious complications during stroke rehabilitation. 

Methods: We included a total of 104 stroke patients (85 with ischemic stroke and 19 with intracerebral 
hemorrhage). 
IC (pneumonia, urinary tract infection, sepsis, other) during hospital stay were the outcome of interest. The 
IC prediction tool (range 0-7) was previously proposed for use in the acute phase of stroke and is based on 
the following items: age>70: 1 point, history of diabetes: 1 point, National Institute of Health Stroke Scale 
(NIHSS) 4-15: 3 points and baseline NIHSS>15: 5 points. The occurrence of IC was assessed by blinded 
investigators using validated criteria. 

Results: The overall frequency of IC was 33.7% and urinary tract infection was the most common (26%). 
Age and NIHSS were significantly higher in patients with IC (median 78 vs 70, p=0.004 and 10 vs 6, 
p<0.001 respectively) whereas diabetes was not associated with IC occurrence. The prediction score 
identified patients experiencing IC with good discrimination (area under the curve 0.71, p=0.001) and the 
prevalence of IC increased linearly with higher score strata (Score 0, 0%; Score 1-3, 22.9%; Score 4-7, 
45.8%). A dichotomized score (>4) identified stroke patients with IC with a 0.77 sensitivity and 0.54 
specificity. 

Conclusion: An easy prediction tool predicts the risk of IC during stroke rehabilitation. This may improve 
the stratification of IC risk in clinical practice and future clinical trials. 



DECANNULATION PROBABILITY AND TIMING IN PATIENTS WITH ACQUIRED SEVERE 
BRAIN INJURY: STUDY AND DEVELOPMENT OF A PREDICTIVE MODEL 
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Background: Patients with acquired Severe Brain Injury (aSBI) often needs tracheostomy; a fast and safe 
decannulation can speed up the recovery. Albeit most previous works aimed at identifying clinical predictors 
of decannulation, predictive models to estimate the decannulation probability (and its timing) from data at 
admission are a recent research topic. In this work, we moved in this direction studying and developing a 
predictive algorithm using from data acquired at the admission. The final objective is to provide useful 
information for the initial assessment of the patient and for the definition of the rehabilitation plan. 

Methods: Data were acquired from 147 aSBI patients with tracheostomy, hospitalized in 5 centers of the 
Fondazione Don Gnocchi (Firenze, La Spezia, Rovato, Torino, Milano Ist. Palazzolo) in a time span of one 
year. Expert experimenters acquired data about anamnesis, clinical conditions and about the tracheal 
cannula. A first statistical analysis was conducted to identify candidate decannulation-predicting variables 
and to identify variables that significantly correlate with decannulation timing. Then, considering variables 
acquired at admission that showed a statistically significant effect, predictive models were developed. In 
particular, the decannulation prediction was obtained by training a binary classifier based on support vector 
machines (SVM) with a cascaded logistic regression for classification probability estimate. The 
decannulation timing estimate was also obtained by a regression algorithm based on SVM. Both machine 
learning methods were cross-validated using the leave-one-subject-out method. This was done to assess the 
algorithm accuracy when dealing with data from a new patient whose data were not included in the training 
of algorithm parameters. 

Results: The decannulation predictor recognizes patients that will be decannulated with a 77.8% accuracy 
(sensitivity 75.0%, specificity 80.9%). The decannulation timing is estimated with a median error of -3.6 
days and an interquartile range of 10.5 days. Results refers to the cross-validation aggregated output. 

Conclusions: The proposed prototype solution is a concept of automatic solution for predicting 
decannulation probability and timing. Despite being a preliminary work, the achieved accuracies look 
promising and suggest that automatic methods could be adopted in future as a useful assessment tool during 
hospital admission.  



PATIENT-PERCEIVED THERAPIST’S EMPATHY DURING TELENEUROREHABILITATION: 
A RETROSPECTIVE PILOT STUDY 
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Background: Therapist-patient relationship, of which empathy is a crucial aspect, is gaining increasing 
interest in rehabilitation (1). Little is known about patients’ perception of therapist’s empathy in 
telerehabilitation interventions. One tool to evaluate patient-perceived therapist’s empathy is the CARE 
measure, a self-administered 10-item scale (2). CARE score ranges from 10 to 50, with higher values 
indicating a higher perceived empathy. This study evaluates patient-perceived therapist’s empathy after a 
virtual reality-based telerehabilitation (VRT) protocol in patients with Stroke and Parkinson’s Disease (PD). 

Methods: We sent by email the Italian version of the CARE measure to 9 patients with stroke and 15 with 
Parkinson’s disease (PD), previously enrolled in two telerehabilitation protocols. For the Stroke group we 
compared CARE scores between the in-patient period (SI) and the home-based VRT protocol (ST). 
Concerning PD patients, we compared CARE scores between the VRT group (PDT) and the control group 
(PDC) who had to follow a written exercises program. CARE scores between PDT and ST were also 
compared. 

Results : Eight Stroke patients (mean age: 51±13 years) and 15 PD patients (mean age: 66±9 years) 
answered the questionnaire.  
Median (range) CARE scores were: SI = 45(31-50); ST = 47(34-50); PDT = 45(41-50); PDC = 41(33-50).  
No significant differences in CARE scores between ST and SI (p=0.1), PDT and PDC (p=0.07) and between 
PDT and ST (p=0.9) were found. 

Conclusions Stroke patients perceived high levels of empathy both during telerehabilitation and during 
the inpatient period. PD patients’ perception of therapist’s empathy was high irrespectively of group 
assignment. 
These results must be handled carefully because 1) of the poor sample sizes; 2) they are collected 
retrospectively; 3) in Stroke patients they are referred to different environments (hospital and home). 
However, these preliminary results seem to suggest that patients’ perception of therapist’s empathy during a 
VRT protocol is not hindered by the absence of a face-to-face relationship and is not pathology-dependent. 



CEREBELLUM INVOLVEMENT IN THE PREDICTION OF SOCIAL AND SENSORY EVENTS: 
A TDCS STUDY 
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Background Congenital or acquired alterations of the cerebellum are associated with a complex pattern of 
motor, cognitive and social disorders. These disturbances may reflect the involvement of the cerebellum in 
the generation and updating of internal models sub-serving the prediction of sensory events. 

Methods: In this experiment, we tested the hypothesis that transcranial direct current stimulation protocols 
(tDCS) applied to the cerebellum would modulate the performance of an adult sample in two tasks requiring 
the prediction of social actions (action prediction task) or of the shape of moving figures (shape prediction 
task). For both tasks, we manipulated the probability of co-occurrence between a particular action/shape and 
contextual elements, thus testing the use of contextual expectations in interpreting ambiguous sensory 
sceneries. Participants were asked to perform the two tasks during the administration of anodic and cathodic 
stimulation, as well as in a control condition mimicking the somato-sensory effects of the real stimulation 
(sham). 

Results:Analyses showed a selective effect for the action prediction task according to the type of stimulation 
and the expectation level of the associations. Specifically, a reduced sensitivity (calculated by means of the 
d’prime index) emerged for high-expectancy actions (10/90% probability of co-occurrence between target 
stimulus and contextual element) during cathodic stimulation as compared to both anodic and sham 
stimulation. Conversely, a higher sensitivity was observed for low-expectancy actions (40/60% probability 
of co-occurrence) during anodic stimulation compared to sham stimulation. 

Conclusions:These results suggest the presence of a facilitation effect for poorly predictable actions 
following anodic stimulation of the cerebellum. Moreover, the selective effect for the action prediction 
learning task points to a  specific involvement of the cerebellum in the ability to form predictions related to 
social events. In conclusion, these results are encouraging with respect to the exploration of possible 
rehabilitative effects of cerebellar stimulation protocols via tDCS in patients suffering from deficits in the 
social perception domain. 
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Background: Alzheimer’s disease (AD) induces severe disruption of large-scale brain networks 
connectivity. Repetitive Transcranial Magnetic Stimulation (rTMS), as an effective tool to modulate 
connectivity, may represent a potential treatment for AD by boosting connectivity of the impaired 
systems. Considering the highly inter-individual variability in the anatomical localization of networks’ 
hubs together with the functional alterations associated with the progressive nature of AD, individually 
targeting the stimulation site may improve the effectiveness of rTMS intervention. This method was 
reported to significantly increase the efficacy of rTMS treatments in depression, but has never been 
adopted in AD interventions, which have been relying solely on average coordinates. 
We propose a novel approach to guide personalized rTMS interventions in AD, that takes advantage of the 
implementation of imaging biomarkers by targeting patho-physiologically and clinically relevant networks 
associated with AD symptoms, i.e. the Default Mode Network (DMN), which plays a crucial role in 
episodic memory retrieval, and the Central Executive Network (CEN), which supports executive 
functions.  

Methods: The proposed methodology relies on single-subject resting-state fMRI, that is used to extract 
individual rTMS target coordinates through an independent component analysis (ICA) of the large-scale 
functional networks of interest (i.e. DMN and CEN). 
We are applying this approach to an ongoing double-blind, placebo-controlled, multicenter trial, which 
aims at testing the efficacy of two network-based rTMS treatment protocols in reducing cognitive 
impairment in mild AD patients (MMSE score >=18, <=24). 

Results We show preliminary results reporting the coordinates of the two target areas (the left inferior 
parietal lobe hub of the DMN and the dorsolateral prefrontal cortex hub of the CEN) obtained with this 
approach in five AD patients. Data reveal that, although the coordinates are relatively variable across 
subjects and do not always correspond to anatomical features, they are functionally homologous (i.e. part 
of the same network). 

Conclusions: This tailored network-based approach for rTMS treatment has the ambition to account for 
the inter-individual variability and the disorder-specific functional connectivity profile for improving 
clinical efficacy of rTMS treatment in patients with dementia. 



AN INTENSIVE, INPATIENT, MULTIDISCIPLINARY, NON-PHARMACOLOGICAL 
REHABILITATIVE PROGRAM IN PERSONS WITH PARKINSON'S DISEASE IN MILD-
MODERATE TO SEVERE STAGES: SHORT-TERM EFFECTS OF A RETROSPECTIVE AND 
OBSERVATIONAL STUDY. 
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Background: Parkinson's Disease (PD) is a neurodegenerative disorder characterized by motor (resting 
tremor, rigidity, bradykinesia, postural instability and gait disturbances) and non-motor symptoms 
(neuropsychological, autonomic and sensory problems). In recent years, several studies demonstrated that 
neurorehabilitation therapy is an effective treatment in addition to pharmacological personalized interventions 
in Persons with Parkinson’s Disease (PwPD). The aim of this study was to explore the effects of an intensive, 
inpatient, multidisciplinary and person-tailored rehabilitative program in PwPD in Mild-Moderate(M-Ms) to 
Severe (Ss) stages. 

Methods: 24 PwPD in M-Ms to Ss [age (mean, SD)=76.25ys±9.42; M/F=10/14; H&Y 
(median;IQR)=4.00;1.75] were included in a retrospective, non-pharmacological, observational study. Motor, 
cognitive, functional and neuropsychiatric aspects were collected in admission (T0) and in discharge (T1). 
Type, dose/number of sessions about pharmacological and non- pharmacological treatments were filled in a 
database created ad hoc. PwPD were involved in a comprehensive, tailored to individual’s needs, inpatient, 
multidisciplinary rehabilitation program, combining cognitive, physical, occupational and speech therapy, 5 
to 7 days per week. According to MDS-UPDRS-III cut-off, PwPD were classified in M-Ms or Ss (M- Ms≤ 
59; Ss>59). In addition to the total score, 7 Factor Scores were calculated. Paired Samples T-Test, Wilcoxon 
Test, χ2 Test were performed to evaluate differences between T1vs.T0. Spearman's correlations (rs) were 
computed between ΔT1-T0 and the 7 MDS-UPDRS-III Factors at T0. 

Results: 87.50% of our sample reported significant reduction of functional disability at Barthel Index (BI) 
(p<0.001). Significant differences were also found for the Scale of Pain (p<0.001) and for the Norton Scale 
(p<0.001). A significant improvement in Token Test (p=0.020), Rey’s Figure-Copy (p=0.001) and Raven’s 
Coloured Progressive Matrices (p=0.005) were observed. ΔBI was positively associated with the scores in 
Right (p=0.028) and Left Upper Bradykinesia scores (p=0.012) of MDS-UPDRS-III. 

Conclusions: Our findings suggest that an intensive, inpatient, multidisciplinary rehabilitation program for 
PwPD leads to significant short-term effects albeit in Mild-Moderate to Severe phases of Parkinson’s Disease. 



Q-WALK CUES SYSTEM FOR GAIT REHABILITATION IN PERSONS AFFECTED BY
PARKINSON’S DISEASE: A PILOT STUDY AND PROPOSAL FOR REMOTE APPROACH
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Background Parkinson’s disease (PD) is one of the most prevalent neurodegenerative disorder, primarily 
affecting automatic motor performance. The positive effect of conventional physical therapy on 
improvement of gait parameters in PD patients has been demonstrated. Encouraging evidences revealed that 
external sensory cueing might produce an additional benefit. Q-Walk cues system (QUICKLYPRO s.r.l., 
BG, Italy), is a wearable device consisting of a pair of knee-pads, each provided by a LED spotlight with a 
lens that projects a customized circular light beam on the floor in front of the patient.  
AIMS The aim of this study was to investigate the effects of a gait rehabilitation treatment performed by 
means of Q-walk cues system, in addition to conventional physiotherapy, for the improvement of gait 
parameters in PD patients. 

Methods Patients diagnosed with idiopathic PD (UK Brain Bank Criteria) were enrolled. Inclusion criteria 
were absence of cognitive impairment (MMSE ≥ 24); Hoehn & Yahr stage II-IV; mild to severe gait 
disturbance with score ≥2 on the Unified Parkinson’s Disease Rating Scale (UPDRS). Patient received a 
clinical and functional examination and an instrumental evaluation with a kinematic analysis of gait, both at 
the time of enrollment (T0) and at the end of the rehabilitative treatment (T1). Participants underwent 60 
minutes individual sessions of conventional physiotherapy (for a total of 10 sessions), followed by an 
additional gait training (30 minutes) performed by means of the Q-Walk cues system (sperimental group, 
SG) or by means of visual floor markers (control group, CG). 

Results 16 patients were enrolled, 8 were allocated in the SG (5M, 3F) and other 8 in the CG (4M, 4F); SG 
results showed a statistically significant improvement in Tinetti scale (T0 23±4.53, T1 24.5±3.5), UPDRS III 
(T0 28.75±12.93, T1 24.38±10.9), double stance (T0 31.85±6.24, T1 28.75±5.01), step length (T0 
104.9±25.11, T1 112.7±22.17). CG results showed an improvement in Tinetti scale (T0 23.88±4, T1 
25.75±2.87), step length (T0 99.9±15.55, T1 106.22±17.66). Intergroup statistical analysis showed a 
homogeneous improvement of both groups in step length and a statistically significant increase of SG 
(p<0.05) in UPDRSIII and double stance. 

Conclusions The results showed that Q-Walk cues system associated with conventional physiotherapy 
might improve kinematic gait parameters in PD patients. Q-walk cues system seems to be effective as 
traditional cues stimulation modalities. Further studies with wider sample size need to confirm these results. 
Currently the study aims to implement the Q-walk cues system in order to develop an IT platform for a tele-
rehabilitation approach. 



 USE OF GAITRITE SYSTEM AND G-WALK TO INVESTIGATE WALKING ABILITY IN 
CHARCOT MARIE TOOTH PATIENTS 
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Background: Charcot Marie Tooth (CMT) neuropathy is an inherited neurological disorder; symptoms 
usually start in 1st-2nd decade of life with slowly progressive distal muscle weakness and atrophy. These 
persons often complain gait disorders with frequent falls. In the clinical assessment we dispose of several 
outcome scales (Mori 2019; Monti Bragadin 2015). Associating a rapid and objective instrumental 
evaluation could lead to useful information on gait and risk of falls. 

Methods : We recruited 18 subjects affected by CMT. All subjects underwent an evaluation with clinical 
scales (10 meters walk test-10MWT; 6 minutes walk test–6MWT; Berg Balance scale–BBS; Short Physical 
performance Battery-SPPB; CMT examination score–CMTES; Walk12) and an instrumental gait assessment 
with GAITRite and G-Walk. GAITRite is a 7 m walkway able to measure spatio-temporal gait parameters. 
Subjects walk on the carpet for one minute at normal speed (NW), fast speed (FW), and dual task (DT). G-
Walk is a wearable inertial system placed on the lower back of patients. This device determines 
spatiotemporal parameters of gait and adds information about pelvic rotations. Wearing G-Walk, subjects 
were tested with 10MWT, 6MWT and Time Up and Go (TUG) test. We also collected data of a healthy 
subjects (HS) control group. Subjects were evaluated at baseline (T0), after 1 month (T1) and 1 year after 
(T2). 

Results: The study is still ongoing. So far, we evaluated 18 subjects with GAITRite and 6 with G-Walk. 
Comparing GAITRite data between CMT and HS at T0, we found significant differences in all parameters at 
NW and FW except for Step Width. We haven’t found significant differences at DT compared with NW, 
confirming that in CMT the cognitive performance has not repercussions on gait. Comparing the different 
follow up evaluation with the baseline data, at NW we found significant differences in Step Length and 
Velocity. G-Walk data show a significant difference in the Average Rotation Speed between T0 and T1. In 
10MWT we recorded a Total Pelvis Symmetry Index of 95.7%±1.61. In clinical scales, there was no 
significant difference between T0 and T1.  

Conclusions: The study is still ongoing, but these preliminary data allow us to suggest the use of GAITRite 
and G-Walk in CMT persons assessment. These systems can provide rapid information about gait and risk of 
falls. These findings could be useful to better understand the gait pattern of CMT persons and to better tailor 
the rehabilitative treatment to prevent falls. 



CHARACTERISTICS AND EVOLUTION OF THE CHARCOT-MARIE-TOOTH HAND: AN 
OBSERVATIONAL STUDY WITH AN ENGINEERED GLOVE 
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Background: Charcot-Marie-Tooth (CMT) disease is the most common hereditary neuropathy, with an 
overall prevalence estimated at 10-28/100 000. The disease is caused by multiple genetic mutations, but the 
typical symptomatology mainly involves the feet in the lower limbs and the hand in the upper limbs . The 
fact that this condition is rare implies that there is not an abundance of rehabilitative indications in the 
literature, especially as regarding the functional aspect of the upper limbs and their evolution in time. 
Moreover, there are few validated measurement tools, and they often have limitations. The aim of this work 
is to analyzed the characteristics of the CMT hand and monitoring the evolution in time. 

Methods:In this work we have analyzed the hand evaluation of 105 patients with diagnosis of CMT that 
underwent to our integrated outpatient for hereditary neuropathy, considering the baseline evaluation and a 
second evaluation of the hand after 24 months. The outcome measure selected are: thumb opposition test 
(TOT), Sollerman Hand Function Test (SHFT), Tripod Pinch, Hand Grip, CMT neuropathy score. 
Moreover, we use an innovative tool, an engineered glove that measure the dexterity of the hand (Alberti et 
al., 2015). 

Results:At the baseline, we confirmed that all parameters collected are lower comparing to normal subjects. 
Comparing the motor performances of the different forms of CMT, we observed that CMT2 has better 
results in strength, articularity and dexterity compared to the other forms, as expected. Moreover, SHFT, 
TOT, strength correlate with CMTNS significantly (more severe is the disease generally, more affected is 
the hand). Anyway, the age of patients does not correlate with the hand disfunction. The longterm analyses 
shows in a range time of 24 months that TOT and Sollerman diminish significantly, above all in the 
dominant hand. Strength tests show an impairment but not significantly. 

Conclusions: The impairment of the hands in CMT is an important problem for the quality of life and it 
should have deepen to find rehabilitative or occupational solutions for the patients. In this work we could 
observe that dexterity and articularity are very impaired in patients and these are the first dysfunction present 
in the hand patients. Moreover, we could hypothesize a the stage of the hand impairment with a rapid eye to 
the CMTNS. Further studies will be made for understand better the dysfunction mechanisms, even with the 
help of innovative technologies. 
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Background: Trial readiness for rare neurodegenerative disease would be greatly advanced by the 
identification of meaningful, objective, reliable indicators of disease that could function as biomarkers. 
Hereditary Spastic Paraplegia (HSP) and Friedreich Ataxia (FRDA) are rare progressive neurodegenerative 
diseases lacking effective treatments. Neuroimaging techniques can help understand structure, function and 
brain metabolism. Longitudinal study may provide valuable information on disease progression. We studied 
HSP and FRDA patients to investigate the underlying cerebral involvement, progression and sensitivity to 
treatment. 

Methods: HSP and FRDA patients and matched controls (HC) were recruited in two IRCCS Medea 
Departments and underwent MRI protocols that included morphometric studies (VBM), diffusion tensor 
imaging (DTI), brain spectroscopy (MRS), and fMRI (motor-task, resting-state). 

Results: We completed a multimodal cross-sectional and longitudinal analysis (VBM/MRS/DTI) for 22 
HSP patients and 22 HC. We detected decreased FA and increased RD in the antero-posterior frontal 
circuitry. FA and MD changes consistently discriminated patients from controls. MRS findings at baseline 
showed pre-frontal and thalami atrophy, NAA/Cr reduction in pre-frontal cortex, Cho/Cr increase in pre-
central regions and mI/Cr increase in pre-central regions. DTI indexes impairment in the M1 was further 
confirmed at the follow-up. 21 FRDA patients and 18 HC were studied in a multimodal protocol (VBM, 
DTI, motor-task fMRI). In FRDA we observed infratentorial GM volume decrease, diffuse FA reduction and 
AD increase in infra- and supratentorial WM, in particular in the Superior and Middle Cerebellar Peduncles. 
WM findings correlated with clinical and genetic variables. fMRI revealed significant differences during the 
non-dominant hand movement with a stronger activation in the superior cerebellar hemisphere in FRDA 
patients. 11 patients were treated for 6 months with IFNy in a phase 2 study and we included MRI measures 
at 4 time-points. The main neuroimaging findings confirmed the WM indexes impairment not modified by 
treatment, but showed treatment associated enhanced activation of the primary motor cortex during 
dominant hand movements. 

Conclusions: Our experience suggests that MRI may be a useful tool to document the extension of the 
neurological impairment in HSP and FRDA. These are promising results in the search for useful objective 
indicators that need to be further validated. 



IMPACT OF POSTTRAUMATIC SEIZURE AND POSTTRAUMATIC EPILEPSY ON 
RECOVERY FOLLOWING TRAUMATIC BRAIN INJURY: A RETROSPECTIVE STUDY. 
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Background. Posttraumatic seizure (PTS) and posttraumatic epilepsy (PTE) are common and debilitating 
complications after traumatic brain injury (TBI). We investigated recovery and outcomes following mild-to-
moderate and severe TBI.  

Methods. In this retrospective study, we included all subjects with TBI consecutively admitted to the 
Neurorehabilitation Unit of the Istituti Clinici Scientifici Maugeri of Pavia from the Intensive Care or 
Neurosurgery Units between January 1, 2009 and December 31, 2018. The inclusion criteria were: age ≥18, 
TBI on presentation, admitted to hospital emergency department within 24 h of injury and subsequently 
moved to the rehabilitation unit. We recorded the following variables: sex, medical history, age at 
occurrence of injury, injury characteristics, presence of subarachnoid haemorrhage, associated neurosurgical 
procedures, neurologic and functional assessments, brain imaging, occurrence of seizure, presence and type 
of anti-epileptic drugs (AEDs), possible death during hospitalization. We excluded patients with preexisting 
brain injury or with history of epilepsy. Multinomial logistic regression analysis was conducted in order to 
evaluate the association between the above variables and the risk of epilepsy.  

Results. Of 2082 patients admitted to our unit, 341 met the inclusion criteria. 66 individuals (19.4%) had 
reported or documented seizure activity after injury (from acute care to rehabilitation unit admission). A 
significant risk of epilepsy was associated only with craniotomy (OR=2.13, IC95% 1.24-3.66, p<0.01) and 
cranioplasty (OR=2.07, IC95% 1.01-4.25, p<0.05). Early postraumatic seizure (EPTS, occurring 24h-7 days 
after injury) were diagnosed in 34 patients (10.0%) whereas late posttraumatic seizure (LPTS, occurring >7 
days after injury) in 42 patients (12.3%). The presence of EPTS was associated with a higher risk of 
developing LPTS (OR=3.58, IC95% 1.57-8.16, p<0.01). Both types of seizure were associated with worse 
FIM scores on discharge, whereas the presence of PTE also with worse Glasgow Coma Scale scores. The 
use of AEDs both for therapeutic and prophylactic purposes was associated with worse FIM score 
(OR=0.98, IC95% 0.97-0.99, p<0.01 and OR=0.99, IC95% 0.98-0.99, p=0.01, respectively).  

Conclusions. Our findings are consistent with studies demonstrating significant negative effect of PTS and 
PTE1, as well as AEDs2,3,4, on functional recovery following TBI. Our study also suggests to carefully 
consider prophylactic prescription of AEDs for the prevention of early PTS since AEDs do not seem to 
reduce future risk of PTE in patients with TBI5,6. 
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Background Patients with Mild Cognitive Impairment (MCI) and Vascular Cognitive Impairment (VCI) are at high risk of 
progressing to dementia. Recent guidelines indicate the importance of promoting multidimensional and multi-domain 
interventions to prevent further decline. Since the comparable effectiveness to conventional face-to-face interventions, 
the use of technology is gaining relevance. Tele-rehabilitation system has the potential to engage patients in multi-
dimensional activity programs and to guarantee a low-cost continuum of care through remote control. A possible 
limitation of such programs is represented by the lack of familiarization with technology and computers in olders. The 
purpose of this study is to describe the feasibility, adherence, and appreciation of the GOAL Tele-R system, 
administered by a web-application through remote control in patients with MCI/VCI. 

Methods: Feasibility of the Tele-R system was evaluated by means of distribution of patients’ attrition along the study 
phases, controlling for potential systematic bias in drop-out rates due to the technological device. Adherence was 
evaluated analyzing drop-out rates and indexes of carried out activities. Patients’ appreciation was analyzed through an 
ad hoc satisfaction questionnaire items. 

Results: Out of 86 approached patients, 25 (29%) were not enrolled, 30 (35%) dropped-out after randomization, and 31 
(36%) completed the study (standard care group n=12, the tele-R group n=19). Compared to the tele-R group, rates of 
drop-outs resulted significantly higher for the standard care group (34% vs. 62%, respectively, p= .029). Taking into 
account baseline characteristics, females resulted in a statistically significant higher rates of drop-outs compared to 
males (66% vs. 27%, respectively, p= .003). Overall adherence to the proposed activities was 84% (85% for cognitive 
module and 83% for physical activity module). Concerning satisfaction, participants provided a good mean level of 
appreciation (3.7±0.8, range 1-5), a positive feedback for usability, and a subjective perception of cognitive, emotional 
and physical benefits due to the training. 

Conclusions: The GOAL Tele-R system seems a feasible technological rehabilitation program, reaching also 
acceptable levels of adherence and appreciation in patients with MCI/VCI condition.  



DOES COGNITIVE AND PHYSIOTHERAPY REHABILITATION PROMOTES NEURONAL 
PLASTICITY PROCESSES? TOWARDS A COGNITIVE-MOTOR SYSTEM AND ALZHEIMER 
DISEASE (AD).  
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Introduction. Some studies claim that cognitive rehabilitation and physioterapy in the elderly population 
influences the structure and function of the brain, on the one hand, and cognition, on the other, in different 
ways. Is it possible to assume that they bring greater benefits when combined in the same intervention than 
when both forms are used alone? The synergy between neurologist, neuropsychologist and physiotherapist 
has allowed to design and implement a project of motor-cognitive rehabilitation integrated with the aim of 
intervening on a patient diagnosed with neurocognitive disorder major type AD. The aim of our intervention 
is to open a debate on motor and cognitive rehabilitation conducted synchronously.  

Methods. RI, female, 59 yrs., married, 4 children, housewife, diagnosis of major neurocognitive disorder 
type AD in treatment with rivastigmine. After diagnosis, she is taken over by our rehabilitation service. The 
meetings, lasting 60 minutes, are held in the gym of our Centre twice a week. We proposed to the patient 
digitized exercises of neuropsychological rehabilitation with the Neurotablet on attention, memory, 
perception, executive functions, language, while at the same time physiotherapy rehabilitation involves 
performing physical exercise and body manipulations, to improve joint and muscle function.  

Results. It was possible to simultaneously activate a motor-cognitive rehabilitation program in order to 
promote neuronal plasticity processes. The compliance of the patient was demonstrated by finding 
improvement trends on tests and evaluation scales.  

Conclusion. Exercise, which has fewer side effects and better adherence than medications, can transmit a 
protective effect against cognitive decline in aging and Alzheimer's disease. While the long-term protective 
effects of exercise are encouraging, its potential to induce neuronal and vascular plasticity in the brain is 
still poorly understood. It is unclear whether it slows the trajectory of normal aging by changing the vascular 
and metabolic risk factors and/or constantly increases brain function, inducing structural and neurochemical 
changes in the brain areas that are important for learning and memory. In literature some results support a 
complementarity between cognitive and physical training, others the superiority of cognitive and physical 
training in co-conducting. The current state of knowledge does not allow any definitive conclusion. 
Although our preliminary findings on a single case are encouraging, they require a widening of case studies 
in order to be consolidated. If our study does not intend to have generalization power, instead it wants to 
open a discussion on the importance of cognitive and motor co-conduction in patients with AD.  



THE JOINT USE OF WHO-FIC TO CAPTURE HEALTH AND THE ASSOCIATED PROCESSES 
IN A NEUROREHABILITATIVE ENVIRONMENT 

Andrea Martinuzzi1, Robert Jacob2, Nenad Kostanjsek2, Richard Madden3, Lucilla Frattura4. 

1) IRCCS “E. Medea” Department of Conegliano and Pieve di Soligo; 2) World Health Organization, Geneva, 3) Sydney University, Sydney, 4) 
Italian WHO-FIC collaborating Centre, Direzione centrale salute, politiche sociali e disabilità, Regione Autonoma Friuli Venezia Giulia.

Background: The WHO family of international classifications (WHO-FIC) is a set of products that can be 
used to support the production of health information nationally and internationally. The WHO-FIC provides 
a standardized common language for coding a wide range of information about health and wellbeing, and 
about interventions delivered to individuals and populations. While the mandatory use of ICD provides in 
most settings reliable data on morbidity, the other two areas of health description, functioning and health 
interventions, are only partially if at all captured and described. In the case of functioning because the 
available classification, ICF, is seen as complex and difficult to implement, in the case of interventions 
because a modern classification is still not available. The IRCCS Medea is research branch of the Italian 
WHO collaborating Centre for the international classifications.  

Methods We describe the process by which ICF has been introduced and applied organically to describe 
functioning and its rehabilitation driven changes in an in-patient neurorehabilitation setting. We also 
describe the development of the new International Classification of Health Interventions with specific focus 
on the interventions on functioning, which are the most relevant in a rehabilitative setting. 

ResultsICF introduction was preceded by a systematic training program. The description of patient’s 
functioning profile using the ICF formed the basis for the identification of needs and the setting of 
rehabilitative goals in a disease unspecific format that unifies the process for all admitted patients. Along 6 
years of progressive implementation over 1500 rehabilitation projects have been built based on the ICF. 
Team members and patients or caregivers reported improved efficiency and perceived quality. The 
development of the functioning part of ICHI moved from the existing list of interventions currently used 
(ICD9cm based) but then exploited the three axis content model (target action and means) widening the 
targets by including categories taken from ICF. ICHI now encompass over 5000 interventions on targets 
linked to ICF and relevant for rehabilitation and after the last tour of formal field testing will be officially 
launched for use.  
Conclusions:Work and experiences at the Medea provide evidence of the feasibility and utility of the joint 
use of WHO-FIC in the clinical neurorehabilitative process. 



CYBERHEALTH AS A NEW FRONTIER OF PSYCHOTHERAPY 
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Background: Telemedicine: Objectives 
The importance of telemedicine is growing as a valuable method for providing high-quality home 
healthcare and eliminate costs and difficulties associated with travel to healthcare facilities. Aim of this 
study is to verify the effects of psychotherapy through telemedicine. 

Materials: A 33-year-old female patient with Central Pontine Myelinolysis (CPM) secondary to 
potomania has been hospitalized to our Institute, GCA- Centro Spoke of Catania, IRCCS Centro 
Neurolesi “Bonino Pulejo” - Messina- Italy, to undergo intensive rehabilitation training for about 2 
months. The patient completed a diagnostic interview as well as the virtual glass, the 36-item shortform 
health survey (SF-36), the Beck Depression Inventory (BDI-II) and the Hamilton anxiety rating scale 
(Ham-A). 

Methods: One-to-one sessions were performed twice weekly for about two month by a psyschotherapist 
of the Hub centre of Messina. 

Results: Our results showed a significant improvement in emotional status and quality of life outcomes 
with a better adherence to pharmacological and physical therapy. Discussion: The “telemental health” is a 
new and different frontier of providing mental health assessment and treatment at a distance. Despite the 
distance, the telemedicine allowed to perform psychology session on-time by creating and maintaining a 
psychologist/patient trusted relationship. The doctor-patient good relationship has been maintaining over 
time upholding her dignity, and respecting the patient's privacy. Although these services has been 
successfully using and health costs are dramatically decreasing, further studies are needed. 

Conclusions: Our case showed that psychotherapy by telemedicine could be considered as a useful tool 
to arrange rehabilitation goals. 
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Background: Cognitive decline is one of the most frequent age-related conditions, especially of executive 
functions and spatial memory. Decline in these domains is due to physiological alterations of prefrontal and 
temporal medial cortices. In order to slow down or prevent negative consequences, it is important to apply 
effective and innovative rehabilitation programs. In the last years, research is showing ho virtual reality is a 
promising tool that offers many advantages compared to ‘paper and pencil’ training, among these we 
mention ecologicity, standardization, personalization and greater involvement of interventions. 

Methods: 18 patients with mild cognitive decline (mean age = 79, SD = 5.53; education = 11.89, SD = 4.13) 
were randomly assigned to immersive virtual reality (N = 9) or ‘paper and pencil’ (N = 9) groups. After 
complete baseline neuropsychological evaluation, the groups underwent 10 sessions (CAVE or ‘paper and 
pencil’). The CAVE is an immersive virtual reality room, composed by 4 retro-projected walls, experienced 
by the patient with 3D glasses and joypad. Each session, with increasing level of difficulty, aim at 
stimulating both executive functions and spatial memory. In particular, CAVE training consisted of a virtual 
supermarket (shopping planning according to rules) and city (object locations to encode and recall); ‘paper 
and pencil’ consisted of daily planning and spatial matrices/figures. After the sessions, patients were 
revaluated to assess treatment effects. 

Results: Mixed ANOVAs 2x2 (time x group) with Jasp (0.9.2) were carried out for each measure. We found 
a significant improvement for the CAVE group in the frontal functioning (Frontal Assessment Battery – 
FAB) [F (1)=9.94, p=0.006, η2=0.34] at post-treatment evaluation. Any other significances were found. 

Conclusions: From the results of this pilot study we can conclude that our advanced technology-based 
treatment can improve patients’ performances in one (executive functions) of the two selected domains. 
However, sample size is small and data collection is still undergoing. Despite preliminary results are 
promising.  



ORIENTATION IN SPACE DURING QUIET STANCE IS AFFECTED BY PROLONGED 
ASYMMETRIC TRANSLATIONS OF THE SUPPORTING PLATFORM  
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Background: Weight transfer capacity is a characteristic feature of standing and is vital to allow gait 
initiation. This capacity is reduced in older persons, stroke and Parkinson’s Disease (PD) patients. 
Typically, patients with stroke and PD show asymmetric distribution of body weight and problems in 
voluntary shifting the body toward the paretic extremity. Here, we wanted to test the hypothesis that 
simply standing on a support base that continuously translates in the frontal plane in an asymmetric mode 
can produce a prolonged medio-lateral displacement of the centre of foot pressure. 

Methods: Ten healthy subjects were administered a conditioning stimulation consisting in asymmetric 
displacement of a platform upon which they stood feet apart at pelvis width. This moved periodically 10 
cm in frontal plane with a fast phase (0.5 Hz) toward one side and a slow phase (0.2 Hz) toward the 
opposite side. One hundred perturbation cycles separated periods of quiet stance. The perturbations were 
administered both with eyes open (EO) and with eyes closed (EC). Control stimulation was a symmetrical 
translation (0.5 Hz). The centre of foot pressure (CoP) was recorded by a force platform placed on the top 
of the translating support base. 

Results:: Post-stimulation, CoP position in the frontal plane was displaced toward the side of the fast 
translation phase with respect to the pre-stimulation period. The average displacement was about 0.5 cm 
(range 0.1-3 cm) both under EC and EO condition, regardless of direction of the fast phase. This post-
effect, unbeknownst to the subjects, lasted about 2 min (range 20-250 s). Under control condition 
(symmetrical perturbation) there was no difference between pre- and post-stimulation mediolateral CoP 
shift. 

Conclusions: We would conjecture that the post-effect is constructed by the continuous asymmetric 
proprioceptive input from the platform translation, since its production is not prevented by visual 
reference. Patients with stroke or PD experience poor standing balance, asymmetric weight distribution, 
impaired weight shifting ability, or gait abnormality. One objective of rehabilitation is to improve their 
balance and gait and to reduce the risk of falls. The protocol described here can be easily tested in these 
patients in order to assess its effectiveness. 
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Background: Chronic pain, such as low-back pain, can be a highly disabling condition degrading people’s 
quality of life (QoL). Besides pain, patients can also present with cognitive and emotional symptoms, such 
as depression and deficits in attention, verbal memory and executive functions. Not every patient responds to 
pharmacological therapies, thus alternative treatments have to be developed. The chronicity of pain can lead 
to a somatic dysperception, meaning a mismatch between patients’ own body perception and its actual 
physical state. Since clinical evaluation of pain relies on patients’ subjective reports, a body image disruption 
can be associated with an incorrect pain rating inducing incorrect treatment and a possible risk of drug 
abuse. Our aim was to reduce chronic low-back pain through a multimodal neurorehabilitative strategy using 
innovative technologies based on virtual reality to help patients regain a correct body image. 

Methods: Twenty patients with chronic low-back pain were included. Before and after treatment, patients 
underwent: a neurological exam; a neuro-psychological evaluation testing cognitive functions (memory, 
attention, executive functions) and personality traits, QoL and mood; pain ratings; sensorimotor functional 
abilities’ testing. Patients underwent a 6 week-neurorehabilitative treatment (total 12 sessions) using virtual 
reality (VR). Treatment consisted on teaching patients to execute correct movements with the painful body 
parts to regain a correct body image, based on the augmented multisensory feedback (auditory, visual) 
provided by VR. 

Results: Our data showed significant reductions in all pain rating scale scores (p<0.05); significant 
improvements of QoL in the domains of physical functioning, physical role functioning, bodily pain, vitality, 
and social role functioning; improvements in cognitive functions (p<0.05); improvements in sensorimotor 
functional scales (p<0.05) and mood (p=0.04). 

Conclusion: This non-pharmacological approach was able to reduce chronic pain and act on the multi-
dimensional aspects of pain, such as pain sensation itself, QoL, sensorimotor sensations as well as cognitive 
functions. This proof-of-concept study should lead to larger, controlled, clinical trials to better investigate 
the potential of VR to act on body perception to treat chronic pain. 
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Background: Recent evidences have shown that covert cognition may be present in around 15% of 
the patients with DoC. The lack of overt behavioural responsiveness may be due to many clinical 
confounding factors, including aphasia (Formisano et al, 2019), and critical illness polyneuropathy 
(CIP) or critical illness myoneuropathy (CRIMYNE), more recently named ICU-acquired weakness 
(ICU-AW). Many of the above clinical conditions may be deemed as possible sources of pain or 
discomfort, thus assessing pain perception by means of specific clinical scales and more objective 
investigation tools is of paramount importance also to evaluate behavioral responsiveness, severe 
spasticity and diffuse pain. Aim of the present study was to compare, in non-communicative 
patients with DoC, NCS-R scores obtained with the standard pressure on fingernail bed (standard 
stimulus, SS) versus other personalized painful stimuli (PS), shared with the rehabilitation staff, to 
verify possible correlations between NCS-R and Coma Recovery Scale-Revised (CRS-R). 

Methods: From a population of sixtysix patients (35 M and 31 F) with  a mean age of 42,74 years 
(range 14-69) diagnosed with DoC, according to the CRS-R  enrolled in the study, we selected a 
subgroup of  22 patients [10 M and 12 F; mean age =40,72 years (range 14-69); etiology: 10 TBI; 3 
anoxia; 7 vascular (hemorrhagic or ischemic); 1 encephalitis], who were assessed with NCS-R with 
personalized versus standard painful stimulation. 

Results:: The personalized painful stimulation (NCS-R-PS) reached higher scores in comparison 
with the standard stimulus (NCS-R-PS), either for the total score or for motor and facial expression 
subscores (p<0.05). 
Significant correlation with CRS-R were found for both NCS-R-SS (r=0.613, p=0.0031) and NCS-
R-PS (r=0.539, p=0.0117). 

Conclusion:Standard painful stimulation may be affected by sensory deficits (hypoesthesia, 
anestesia) of central and peripheral etiology and by the different pain sources. A personalized 
painful stimulation may be of some support to unveil covert cognition in non-communicative 
patients, alleviating their possible sufferance and improving their responsiveness and quality of life. 
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Background: One of the major challenges in MRI data quality are artefacts caused by subject’s movements. 
Several approaches for motion correction exist, however motion remains an open problem, especially when 
examining children or elderly patients.  
Magnetic resonance fingerprinting (MRF) is a highly promising multi-parametric technique featuring a 
reduced sensitivity to motion. However, in challenging populations some difficulties remain. Here, we aimed 
at performing motion correction on three-dimensional, whole brain MRF. 

Methods: Our work was based on 3D SSFP MRF using a variable density spiral projection k-space 
trajectory. We considered the dataset as a combination of 56 segments of 7s duration, acquired sequentially 
with the same flip angle train, each preceded by an adiabatic inversion pulse. Images were reconstructed at a 
1.125 isotropic resolution. 
Navigator-based retrospective motion correction: We performed a separate image reconstruction for each 
segment producing 56 whole-brain volumes, extracting segment-wise rotations and translations, to then be 
applied to each acquired segment in k-space for motion correction. The motion-corrected segments were 
then combined prior to dictionary matching. 
In vivo test of motion correction: We acquired data from ten healthy subjects. Participants were instructed to 
stay still during a first acquisition, while in a second one they were advised to change the position of their 
head about 10 times during the 7min scan. All subjects were acquired both on a GE HDxt 1.5T and a GE 
MR750 3.0T scanner. To compare the quantitative maps we used voxel-wise CCC (concordance correlation 
coefficient). In all comparisons the motionless data was used as the reference dataset. 

Results: Severe motion significantly corrupted the images and quantitative values when not using motion 
correction. After motion correction, a significant improvement on the motion-affected maps was noted in the 
images. However, some residual artefacts remained especially on the T2 maps. Motion artefacts were clearly 
reduced after applying the motion correction routine, as shown both by quantitative analysis and visual 
inspection. The improvement of CCC after motion correction was 20% on average for both T1 and T2 
estimations. 

Conclusions: In conclusion, motion-corrected 3D MRF scan features fully-quantitative data and a reduced 
sensitivity to motion without additional acquisition, and can be used to acquire an anatomical exam in 7 
minutes at a standard resolution for clinical examination. 
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Background: Magnetic Resonance Fingerprinting (MRF) efficiently samples the transient state of the MRI 
signal to extract multi-parametric, fully quantitative maps. Recent studies have shown a high repeatability of 
T1 and T2 values by 2D MRF in the ISMRM/NIST phantom, as well as in human volunteers. MR 
Fingerprinting has also been extended to 3D acquisitions for improved spatial resolution and diagnostic 
value. Here, we aimed to assess the repeatability and reproducibility of 3D MRF in the human brain. 

Methods: We performed a travelling head study involving a total of 12 subjects and 8 different MR scanners 
from a single vendor (GE Healthcare, Chicago, IL), each operating either at 1.5T or 3T and each with 
different hardware (RF/gradient coils) and software release. The subjects were imaged in two identical 
sessions per scanner, each including a 3D SSFP MRF with spiral projection k-space acquisition. Subjects 
were removed from the scanner between imaging sessions. MRF maps were obtained at 1.125mm isotropic 
resolution by matching with the dictionary, computed using extended phase graphs. M0 values were self-
normalised to the average inside the brain mask (PDn).  After registration between test and retest, each 
subject’s volumetric image was warped to a custom DARTEL atlas. After applying 6mm Gaussian 
smoothing, coefficients of variation were calculated between each voxel in test and retest measurements to 
measure the associated variability. Values were reported averaged on each tissue class, using a threshold of 
70% probability as a mask per each tissue. A general linear model was also estimated assessing the biases 
associated with each covariate in the experiment including: test, field, subject and site. 

Results: The fully-quantitative maps showed a high anatomical detail and values within literature ranges. 
Voxel-wise coefficients of Variation (CV) between test and re-test were under 2% for nPD and T1, and 5% 
for T2 in solid matter compartments (with the exception of site 8 with CV around 8%). Biases associated 
with site were under 10% for T1 and T2 in solid matter compartments. T1 showed uniform bias, while T2 
displayed the bias pattern typical of B1+ effects at 3.0T, where PDn bias spatial distribution was consistent 
with the different receiver coil profiles. 

Conclusions: In conclusion, three-dimensional MRF with spiral projection k-space trajectory obtains 
detailed parametric maps with highly repeatable and reproducible nPD, T1 and T2 values. 
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Background: Cognitive Reserve (CR) corresponds to the ability to preserve cognitive functioning facing 
brain damage and it contributes to explain differences in cognitive performances between healthy 
subjects. The aim of this study is to investigate the impact of CR on structural and functional brain 
networks in healthy young adults.  

Methods: Structural and resting-state functional magnetic resonance imaging (MRI) sequences were 
acquired from 77 healthy subjects (40 men; mean age=36.16 years). For all subjects, a global Cognitive 
Reserve Index (CRI) and its subdomains (cognitive, social, and physical) were assessed (higher scores 
reflect higher CR). Regional grey matter (GM) volume, white matter (WM) fractional anisotropy (FA) 
and resting-state functional connectivity (RS-FC) were estimated. Linear regression analyses were 
performed to correlate CR indexes and MRI measures.  

Results: Higher CR was positively associated with higher GM volume of brain regions involved in motor 
functions, such as right (R) supplementary motor area, left (L) orbital middle frontal gyrus and L 
cerebellum. Higher cognitive-CRI was also correlated with higher GM volume of L angular gyrus, while 
higher physical-CRI was correlated with higher GM volume of L medial frontal gyrus and R middle 
cingulum. No significant correlations between CRI and WM FA were found. Higher CR was associated 
with lower RS-FC of L postcentral gyrus in sensory-motor network (SMN). Moreover, higher global and 
social-CRI were correlated with lower RS-FC of R rolandic operculum in SMN and L postcentral gyrus 
in salience network (SN). Higher cognitive-CRI was correlated with lower RS-FC of R insula in SMN 
and L middle frontal gyrus in SN, whereas the remaining CRI scores (global, social and physical) were 
correlated with lower RS-FC of R cerebellum in the executive-control network. 

Conclusions: In young-adult healthy subjects, higher CRI modulates GM volumes of motor network and 
RS-FC of several motor and cognitive networks, whereas it is likely not to influence WM integrity. 
These findings support the hypothesis that higher CR may contribute to a more efficient network 
organization, even in a sample of young healthy individuals. 
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Background: In the field of neuroimaging, diffusion tractography (DT) is the eligible technique to study in-
vivo white matter microstructure. In addition, DT provides insightful and complementary information on the 
organization of axonal pathways, i.e. structural connectome (SC). Moreover, connectome studies allow brain 
network analysis which characterizes structural organization not detectable at local anatomical level. 
The process to obtain the SC consists in a non-trivial procedure in which different imaging and processing 
approaches are synergistically adopted to obtain an optimal reconstruction. In this setting, DT studies are 
strongly influenced by acquisition and processing steps. In the present work, the reproducibility of the 
structural connectome and related topological properties is investigated with the change of different 
acquisition and tractography reconstruction protocols. 

Methods: 14 experimental configurations were applied on 44 test-retest subjects from HCP dataset. In 
particular, four different acquisition settings (b-value = 1000/2000/3000 s/mm2 and multishell) were 
considered. Moreover, state-of-the-art deterministic and probabilistic DT approaches based on both fiber 
orientation distribution (FOD) and tensor models were applied. SCs were generated by evaluating 
streamlines connecting each cortical and sub-cortical gray matter parcel from the processing of T1-weighted 
image. Global and local graph metrics were calculated for each tractography reconstruction and 
reproducibility was assessed by ICC measure both for connectomes and graph metrics. One-way ANOVA 
analysis was performed to statistically compare the reproducibility for each configuration. 

Results: The analysed configurations show statistically different reproducibility (p<0.001) when different 
tractography approaches were adopted. Deterministic reconstructions demonstrate to reach highest test/retest 
reproducibility both for connectomes and topological properties. In particular, FOD-based reconstruction 
provides best ICC values. The influence of b-value to the reproducibility is low, especially in case of tensor-
based models.  

Conclusions: Reproducibility of SC is clearly influenced by the DT acquisition and reconstruction 
protocols. 
While the b-value setting partially affects the reproducibility of the results, the choice of DT reconstruction 
algorithm is critical. In particular, deterministic FOD-based approach scores the highest reproducibility for 
structural brain network analysis. 
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Background: The rare yet severe consequences of brain radiation and/or chemotherapy in survivors of 
childhood leukaemia such as focal necrosis, necrotizing and mineralizing leukoencephalopathy, major 
arterial occlusion, small vascular malformations, intraparenchymal cysts and secondary neoplasms are 
well described. We present the case of a 5y old child subjected to chemotherapy and radiotherapy for 
acute lymphoid leukaemia. Brain MRI performed outside after the first cycle of chemotherapy was 
normal. After 9 months, he started brain prophylaxis radiotherapy, that was wrongly executed at triple 
dose. A follow-up MRI, performed after 3y, showed diffuse leukoencephalopathy, affecting bilaterally 
the deep and fronto-temporo-parietal subcortical white matter, with cystic formations.  

Methods: The child arrived at our Institute, when he was 9y old. He performed a complete 
neuropsychiatric evaluation and had a 1.5T MR exam including T1, T2 and T2* weighted imaging 
sequences. After 3 days the child underwent a 7T MR exam.  The protocol included high-resolution 3D 
T1-weighted (BRAVO), 2D FSE T2-weighted, 3D FLAIR, 3D SWAN for Quantitative Susceptibility 
Mapping (QSM), calculated according to [1]. 

Results : Clinical evaluations reveal a mild impairment of executive functions, without specific 
neurological signs. MR images obtained at our 1.5T confirmed previous MR data, within the framework 
of leukoencephalopathy with several hypo-intense signal alterations, due to elevated magnetic 
susceptibility, mainly localized within the white matter at the cortico-medullary junction and some cystic 
lesions. T2-w images acquired at 7T showed diffuse hyper-intense signal in deep and sub-cortical white 
matter on both hemispheres. QSM allowed to distinguish vascular malformations like cavernomas or 
capillary teleangectasias (small roundish paramagnetic formations at the cortical subcortical junction) 
separately from mineralizing microangiopathy (multiple linear diamagnetic formations with a gyriform 
pattern referable to calcium deposition), located preferentially within the cortex. 

Conclusions: QSM allows to distinguish radio-induced vascular malformations from mineralizing 
microangiopathy (complication dependent on combined chemo-radio treatment), classically described as 
affecting the basal ganglia (perforating vessels) and the cortico-medullary junction (arciform fibers). 
Actually, 7T MR proves that most lesions have an intracortical distribution.  
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Background: Quantitative Susceptibility Mapping (QSM) provides a way of measuring tissue 
magnetic susceptibility (χ), opening new possibilities for MRI studies, through the quantitative 
assessment of concentrations of tissues of interest such as of myelin, calcium and iron. However, to 
fulfill the promise of a fully quantitative method, the consistency of measures obtained on 
multivendor/multisite scanners must be assessed.  

Methods: Data were acquired according to a Standard Operating Procedure (SOP) developed for a 
harmonized protocol, as part of the neuroimaging project of the RIN network.All QSM data were 
acquired at 3T by using a 3D Gradient-Recalled Multi-Echo sequence (FFE/GRE (swi3d8r)/SWAN 
for Philips/Siemens/GE vendors respectively). All scans shared the following acquisition 
parameters: 1mm3 isotropic voxel, square FOV/matrix=224mm/224; FA=18°; acceleration factor=2 
(SENSE/GRAPPA/ASSET), whole-brain coverage. Other parameters were chosen as much similar 
as possible across vendors: TR= 40/51/51ms; number of echoes=7/8/7; first TE=5.4/5.6/5.6ms; 
ΔTE=5.2/5.6/5.6ms; scan duration about 8min.For each echo, Philips and Siemens scanners 
produced magnitude and phase images; GE scanners saved real and imaginary parts of images 
which were converted into phase and magnitude data. 3D T1-weighted images were acquired 
according to the SOP, with isotropic resolution of 1mm3. T1 images were segmented and processed 
through FreeSurfer (FS 6.0), in order to obtain a parceling of the brain structures, then registered to 
QSM space via ANTs. We collected 58 dataset acquired on healthy volunteers, recruited in 17 
IRCCS. Data processing for QSM was performed following the same pipeline of [1] by using 



AFNI, MATLAB and STI suite [2-7]. QSM values from globus pallidus and putamen were 
extracted for each subject. 

 
Results: QSM maps were obtained on 37 of collected dataset, acquired in 11 sites. Quantitative data 
showed a coefficient of variation among subjects of 15% (13/16/13% separately for 
Philips/Siemens/GE) for χ values of globus pallidus and 29% (22/29/35%) for putamen. Statistical 
analysis revealed a significant difference in the comparison of χ values of putamen obtained by 
Philips and Siemens (p=0.03). 

Conclusion: Preliminary results provide encouraging indications on the possibility of harmonizing 
a protocol for multisite acquisition of QSM. Further work is required to increase the number of sites 
capable of collecting harmonic data in accordance with the SOP.  
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Background: Given the non-quantitative nature of structural MRI imaging, the extraction of brain structural 
metrics from multisite datasets can be affected by the acquisition protocol, the static magnetic field and 
scanner manufacturer, which can cause increased variability.1-3 
 

Methods:We pooled 174 3DT1-weighted MRI scans acquired on healthy volunteers (age 29±5 years) 
recruited in 18 IRCCS. For each scan we measured Signal-to-Noise Ratio, Contrast-to-Noise Ratio, Entropy-
Focus-Criterion according to the PCP protocol4. The scans were also processed through the FreeSurfer 
recon-all workflow5 (FS 6.0) and the volumes of the subcortical structures, the area and thickness of cortical 
structures were extracted. On these metrics a linear SVM classifier was trained in a 5-fold validation scheme 
to classify the acquisition site, the static magnetic field strength and the scanner vendor. After the 
harmonization of protocol for 3D T1 acquisition, 50 MRI scans were pooled and the quality control analysis 
was repeated. 

 
Results: In the first analysis, ANOVA tests on SNR, CNR and EFC distributions show significant 
differences between sites (p<<10-3). An SVM classifier was able to classify the FS derived metrics as 
belonging to a scan acquired in a specific site with an accuracy of 55.1% (chance level=5.6%). A similar 
classifier was capable to identify the static magnetic field with an accuracy of 85.6% (chance level=50%). 
The 3 different vendors were also classified with an accuracy of 75.4% (chance level=33%). Similar 
performances were obtained in male vs. female discrimination starting from FS metrics (accuracy=76.6%). 
We considered as a benchmark for the overall variability of the data the hippocampal volume, which we 
found to be 4240 ± 340 (8%) mm3..The collection and data analysis of MRI scans after protocol 



harmonization are still on going. Preliminary results show that there no significant change on QC metrics but 
the standard deviation of the measurements of cortical thickness is decreased of about 2%. 

 
Conclusions: Quality controls measurements confirmed that acquisition protocol, the static magnetic field 
strength and vendor have a strong impact on image quality and characterization. Even high-level measures, 
such as FS derived metrics, are dependent on site, magnetic field and vendor. Nevertheless, a significant 
clinically-meaningful task performed with a standard classifier was successful in distinguishing with a good 
accuracy male and female subjects. 
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Background: In recent years, multisite imaging networks all over the world have been created to 
generate large databases [1,2]. The Italian IRCCS advanced neuroimaging network (23 centers), funded 
by the Italian Ministry of Health, was born to share MRI protocols and evaluate MRI scanners 
performance, essential for quantitative in vivo assessment of multisite studies. Aims of this work were 
to evaluate the accuracy and reproducibility of different geometrical and contrast metrics across sites 
and vendors and to assess scanner stability over time using the ACR protocol. 

Methods: Phantoms: ACR large and small phantoms were selected. IRCCS sites: 18/23 sites have a 3T 
scanner. 3T scanners were from different vendors or on different software releases and, in some cases, 
had different types of receive coils. Acquisition protocol: starting from the standardized ACR protocol 
[3] that includes T1w/T2w images, sequence parameters were adapted as follows: in-plane isotropic
voxel, disabled post-processing filters, receiver bandwidth 250±20 Hz/px. The protocol was repeated
monthly from 2018 To 2019. ACR analysis: semi-automatic quality assurance Matlab script was
applied to perform: uniformity, ghosting, geometric accuracy, slice thickness, high-contrast detectability
tests. Scanners were considered not stable if the same test failed at least at two consecutive time points.

Results: ACR small phantom: all sites passed all tests except one, that failed the slice thickness measure. 
ACR large phantom: all sites passed the ghosting and slice thickness tests, while for the other tests at 
least 1 site highlighted problems at 1 or more time points. In detail, 3 sites failed the uniformity test; 4 
sites (2 at more than 3 time-points, and 2 at 1 time-point) failed the geometric accuracy test. 

Conclusions 
Slice thickness is affected by the number of coil channels. Geometric accuracy highlighted a significant 
deformation along the cranio-caudal direction at some sites, suggesting the need for scanner gradients 
calibration. Geometric accuracy and low contrast gave indications of possible B0 inhomogeneities and low 
SNR. These findings demonstrated that the reported ACR protocol was able to identify sites acquiring data 
with below standard image quality and provided such sites with advice on possible corrective actions. 
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Background: The main limitations of neuroimaging studies are the small series of patients and controls due 
to difficulties  Harmonization and sharing of magnetic resonance imaging (MRI) data in n collecting 
multicenter data. Harmonization is an effective approach to increase the number of subjects in the populations 
of interest. Such studies allow the collection of large samples of data ("BIG-DATA"); however, the 
heterogeneity of MRI scanners and several parameters (magnetic field, gradient system, manufacturer, 
sequences), the lack of benchmark for standard acquisition protocols, combined with rapid technological 
evolution, limit the ability to combine data. Multicenter studies should, therefore, include the standardization 
of brain imaging with the assessment of data reproducibility over time and between several centers. With this 
in mind, the advanced Italian neuroimaging network, a branch of the RIN that brings together 23 IRCCS with 
3 T MRI, has moved. The project aimed to develop methods and guidelines for acquisition, processing, and 
sharing of multi-parametric MRI protocols specific for pathologies of interest between the different IRCCSs 
of the network. 

Methods and Results: Through numerous comparisons between the various actors of the Network, the project 
was structured as follows: 
1. Identification of minimal and advanced MRI protocols of the main neurological pathologies.
2. Harmonization of advanced MRI sequences among centers:
• Identification of phantoms (ACR and FUNSTAR) for the standardization and calibration of the parameters

of the MRI sequences of interest and MRI acquisitions on healthy controls with traveling brain procedure;
• Definition of guidelines for the acquisition and analysis protocol on phantoms and control subjects aimed

at assessing the stability of the single scanner over time and comparing different MRI scanners
(manufacturer and coils).

• Analysis of phantoms and control subjects data
3. Implementation of platforms for the collection and analysis of data from patients with demented diseases
with the integration of clinical and radiological information (big data).

Conclusions: The extraordinary results achieved by the advanced IRCCS Neuroimaging Network, in 
scientific, technical and social terms have become a working framework for all the centers of the Network. 



Furthermore, continuous dialectics has been the driving force for the development of a solid 
collaboration among the various Network actors. found to be 4240 ± 340 (8%) mm3..The collection and data 
analysis of MRI scans after protocol harmonization are still on going. Preliminary results show that there no 
significant change on QC metrics but the standard deviation of the measurements of cortical thickness is 
decreased of about 2%. 
Conclusions: Quality controls measurements confirmed that acquisition protocol, the static magnetic field 
strength and vendor have a strong impact on image quality and characterization. Even high-level measures, 
such as FS derived metrics, are dependent on site, magnetic field and vendor. Nevertheless, a significant 
clinically-meaningful task performed with a standard classifier was successful in distinguishing with a good 
accuracy male and female subjects. 
IRCCS. Data processing for QSM was performed following the same pipeline of [1] by using AFNI, 
MATLAB and STI suite [2-7]. QSM values from globus pallidus and putamen were extracted for each 
subject. 
Results: QSM maps were obtained on 37 of collected dataset, acquired in 11 sites. Quantitative data showed 
a coefficient of variation among subjects of 15% (13/16/13% separately for 
Philips/Siemens/GE) for χ values of globus pallidus and 29% (22/29/35%) for putamen. Statistical analysis 
revealed a significant difference in the comparison of χ values of putamen obtained by Philips and Siemens 
(p=0.03). 
Conclusion: Preliminary results provide encouraging indications on the possibility of harmonizing a protocol 
for multisite acquisition of QSM. Further work is required to increase the number of sites capable of 
collecting harmonic data in accordance with the SOP. 
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Background: To reach the sample size needed for a satisfactory statistical power that allows 
generalization of MRI findings, it is often necessary to acquire data from multiple sites using 
different scanners. Considerable non-biological variability of measurements is related to individual 
scanners and acquisition protocols. Here, we used Combat algorithm to harmonize diffusion-
derived measures and quantitative susceptibility mapping (QSM) data from different centers and 
compared data reliability using intraclass correlation coefficient (ICC). 

Methods: Two-shell diffusion-weighted and multi-echo gradient-echo (GRE) sequences were 
acquired from 3 different centers using 2 types of MRI scanners (IRCCS C. Besta, Milan and 
IRCCS Santa Lucia, Rome: Philips Achieva 3T; ASST Spedali Civili Hospital, Brescia: Siemens 
Skyra 3T), within the Italian Alzheimer’s Disease Project (AD-NET). Each center collected brain 
images from 5 healthy subjects (15 in total) who underwent MRI scanning twice (test/retest) at 
about 1 week interval (30 scans in total). Diffusion-weighted data were processed to derive 
fractional anisotropy (FA), mean diffusivity (MD), orientation dispersion (ODI) and neurite density 
(NDI) indexes, while multi-echo GRE images were processed to obtain susceptibility maps (QSM). 
All 5 groups of 30 derived maps were spatially normalized to MNI space and then separately 
harmonized using Combat algorithm to remove unwanted (due to scanner) inter-site variability. 
Inter-site reliability (reflecting the degree of correlation and agreement between measurements) was 
assessed using the mean ICC value (two-way random-effect model) in gray and white matter 
separately for each derived map, before and after Combat application.  

Results: Figure 1 and 2 summarize the results.  A consistent increase of mean ICC value was 
observed in all data after Combat filtering in both gray and white matter tissue. A remarkable 
increase (from 0.19 to 0.58) was observed for the mean ICC value in white matter relative to MD 
maps (see Figure 2). 

Conclusions:Our results strongly indicate that Combat algorithm is able to detect and remove most 
of data variability due to scanners, preserving the biological information in diffusion-weighted 
derived measures as well as in QSM maps. In light of these findings, we recommend the 
harmonization of these kind of data when collected in multi-center studies or with different scanners 
before running any statistical analyses.  
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Background. One of the aims of the multicenter network of Italian Neurological Research Hospital was 
to establish quality assessment protocols for quantitative imaging studies. Monitoring temporal signal 
stability typical of fMRI acquisitions is an important aspect of scanner performance. The aim of this work 
is to report the outcome of 18 months of data collection using a dedicated phantom and processing 
pipeline.  

Methods. The study includes 22 IRCCS, equipped with different MR hardware: Siemens(S1), Philips(S2) 
and GE(S3). Each centre acquired the Functional Stability Reference (FUNSTAR) Phantom and set up 
the FBIRN protocol for temporal stability acquired over 18 months at 16 sites (6 S1, 7 S2, 3 S3): 
TR=2000msec, TE=30msec, FA=90degree, FOV=220mm, matrix=64x64, slices=32 interleaved (4mm 
thick and 5mm gap), volumes=200, readout=RL, phase-encoding=PA, bandwidth=1595 Hz/px @S1, 
1857 Hz/px @S2, 7812 Hz/px @S3. The FUNSTAR phantom consists of a spherical shell filled with 
synthetic gel for relevant T1/T2 values. The analysis was performed by automatically placing Region of 
Interest (ROI) in the medial section of the phantom: center (Central ROI), periphery (Peripheral ROIs) 
and background. The following parameters were computed: Signal-to-noise ratio (SNR), signal-to-
fluctuation-noise ratio (SFNR), Static Spatial Noise (SSN), drift, presence of spikes, Weisskoff analysis 
and mean intensity fluctuation in Peripheral ROIs. Python was used for the analysis.  

Results. Data were grouped by manufacturer. Central ROI: we found significant differences in SNR 
between S1 and S2 and in drift between S1 and S3. Pheripheral ROIs: significant differences were found 
in SNR, SFNR and drift% between S1 and other vendors; mean intensity fluctuation produces highly 
variabile values (20% (S3) to 90% (S1). Significant differences resulted in Weisskoff for all centers, 
while in SSN between S1 and others. None of the centres detected spikes.  

Conclusions. This is the first large sample of stability data collected in the research hospitals of the 
neuroimaging network. We expect to continue collecting regular data from all sites in order to keep 
assessing multi-site temporal stability. We aim to be able to define parameter values that will be useful to 
identify minimum stability requirements necessary for good quality of multi-centre data. 
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Background. A multicenter network of Italian Neurological Research Hospital was approved, with the 
aim to harmonize and share MRI data, allowing the generalization of results, limiting the effects of 
variability and increasing the diagnostic and prognostic power of quantitative parameters derived from 
MRI data. In this context, this study focused on the reproducibility assessment of data from a Travelling 
Brain protocol, evaluated on volumetric, DWI and fMRI images.  Given the importance of harmonising 
acquisition protocols across sites for multi-centre studies, it is important to reach consensus on post-
processing strategies able to reduce variability and improve reliability of data.  

Methods. Seven subjects were scanned at six 3T sites, equipped with different MRI scanners: 2 
Siemens(S1), 2 Philips(S2), 2 GE(S3). MRI sequences included T1-weigthed, FLAIR, DWI, SQM and 
Resting State fMRI (RS-fMRI). Using FreeSurfer recon-all pipeline, we extracted cortical thickness (CT) 
and local gyrification (LGI) maps from T1-weigthed images, whereas we computed Local Efficiency 
(LE) and Eigenvector Centrality (EC) from RS-fMRI data. Applying Bingham-NODDI model on DWI 
data, we also obtained main diffusion parameters, i.e. Orientation Dispersion Index (ODI) and Dispersion 
Anisotropy (DA). Each MRI parameter was then processed with the ComBat harmonization algorithm 
(https://github.com/Jfortin1/ComBatHarmonization). We assessed reliability among different sites 
computing the Intra-class Correlation Coefficient (ICC) values both before and after harmonization. 

Results. We computed the mean ICC value for each parameter, obtaining very good reliability for LGI 
(ICC=0.74) and moderate value for CT (ICC=0.58). After ComBat harmonization, ICC enhancement 
resulted for both CT (0.65) and LGI (0.81). Concerning functional parameters, very poor reliability 
resulted for EC (ICC=0.09) and LE (ICC=0.16), both before and after harmonization. On diffusion 
parameters, ICC appeared low for ODI (0.33) and DA (0.38) before harmonization. ComBat was highly 
effective in this case, since we found important ICC enhancement for both ODI (0.64) and DA (0.69).  

Conclusions. We assessed the reliability of quantitative MRI parameters measured on the same subjects 
across scanners. Since data collected across different sites produced highly variable results, we needed to 
apply dedicated algorithms to improve data harmonization of multi-centre studies. 

https://github.com/Jfortin1/ComBatHarmonization
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Background: The neuroimaging project of the Italian RIN aims to create a large database of magnetic 
resonance images (MRI) collected at multiple institutes. To this end, the data acquired at different sites must 
be comparable, but this is hampered by the heterogeneity of existing MRI hardware and software. Therefore, 
work package 2 (WP2) of the neuroimaging project aimed to develop an advanced harmonized quantitative 
3T MRI protocol that includes T1-weighted structural imaging (3DT1w) and multi-shell diffusion-weighted 
imaging (DWI). The purpose of this work is to present the results of this harmonization, focusing on the 
reproducibility of DWI measures. 

Methods: The harmonized protocol underwent two testing phases: I) 4 healthy subjects were scanned at 3 
different institutes equipped with MRI scanners of the three principal vendors (“travelling brain” test, TB), 
thus generating 12 datasets; II) the protocol was shared among collaborating institutes that were asked to 
acquire and provide anonymized MR images of 5 healthy volunteers (HV) each (age 20-40y). We analyzed 
images of TB and of the first 51 HV from the partner institutes. Binary masks of the brain, grey matter and 
white matter were obtained from T1w images. Preprocessed DWI images were used to fit diffusion tensor 
and kurtosis models and to compute quantitative diffusion metrics. Tissue-specific mean values of FA, MD 
and MK from TB were used to assess the intra-subject inter-scanner and the inter-subject intra-scanner 
reproducibility by computing the coefficient of variation (CV) and performing a regression analysis. TB 
results were also used to determine a range of values to be used as a reference for the multi-centric data. 

Results: The analysis of the TB data provided CV values <10% for both intra-subject inter-scanner and 
inter-subject intra-scanner reproducibility with one single exception due to sub-optimal subject positioning 
during one scan session. Regression analysis between values from a single scanner and values computed by 
averaging all scanners together provided correlation coefficients between 0.858 and 0.971, most of them 
being greater than 0.9. We also found that 76% of HV data fell within 2 standard deviations of TB data. 

Conclusions: With regards to DWI, the results produced by the harmonized protocol can be considered 
reproducible and comparable between different scanners. Therefore, it can be adopted by the institutes of the 
RIN to create a large and homogeneous database of MR images. 
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Background: The neuroimaging project of the Italian RIN aims to create a large database of magnetic 
resonance images (MRI) collected at multiple institutes. Within work package 2 (WP2) we developed an 
advanced harmonized 3T MRI protocol that includes T1-weighted structural imaging (3DT1w) and multi-
shell diffusion-weighted imaging (DWI). Simultaneous-multi-slice (SMS) DWI sequences can greatly 
reduce the acquisition time, but within a multi-centric setting, attention should be paid to the reproducibility 
of results given that not all sites have such option. The purpose of this work is to compare results from 
standard and accelerated DWI protocols, focusing on the reproducibility of DWI-derived metrics. 

Methods: 19 healthy subjects (age 20-40y) were recruited and scanned at 4 different institutes (3 Siemens 
and 1 Philips 3T MRI scanners) using both standard and accelerated DWI protocols. Binary masks of the 
brain, grey matter and white matter were obtained from 3DT1w images. Preprocessed DWI images were 
used to fit diffusion tensor and kurtosis models and to compute quantitative diffusion metrics. Coefficients 
of variation (CV) per tissue and per metric were computed to assess the reproducibility between the two 
protocols. This analysis was first performed keeping separate protocols while grouping different institutes 
and then grouping protocols and considering each institute independently from the others. Finally, diffusion 
metric maps from both protocols were registered to MNI standard space to perform a voxelwise regression 
analysis between corresponding metrics for each subject. 

Results: When grouping data from different institutes, we found that the standard protocol CV was <10% 
for each tissue/metric combination. On the other hand, the accelerated protocol provided CV values ranging 
from 10% to 52%, depending on the tissue/metric considered. When considering institutes independently 
from one another we found that only one institute provided CV larger than 10% (range 13%-79%), while the 
others produced results <10%. Data from these institutes showed correlation coefficients between metrics 
from standard and accelerated protocols of the order of 0.9. 

Conclusions: An accelerated DWI protocol can greatly reduce the acquisition time and in 3 out of 4 sites (2 
Siemens and 1 Philips) it produces metrics highly consistent with the non accelerated protocol. Further 
investigations will highlight reasons for the large discrepancy of the fourth site. 
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Background: Spinal muscular atrophy (SMA) is a rare genetic neuromuscular disorder that results in the 
loss of motor neurons located in the ventral horns (VH) of the spinal cord (SC). From a clinical point of 
view, this is generally associated with muscle weakness and fasciculation, leading to difficulties in motion, 
breathing and nutrition. Nusinersen is a medication that is administered using an intrathecal injection and 
that was shown to slow disease progression and to improve motor function. Magnetic resonance imaging 
(MRI) of the cervical SC has been used to assess cord atrophy in patients affected by SMA, but it has never 
been used to monitor drug treatment. The aim of this work is to investigate whether SC imaging can provide 
useful biomarkers for monitoring pharmacological treatment in SMA patients. 

Methods: 3 female patients (age 22-28y) affected by SMA and under treatment with nusinersen and 7 
female healthy controls (age 20-26y) were recruited for this study. All subjects underwent a cervical SC 3T 
MRI session (time point 1: TP1), which included 3D T2-weighted and 2D T2*-weighted sequences. SMA 
patients underwent a second MRI session after 4 months (TP2). MR images were processed, segmented and 
analyzed using the Spinal Cord Toolbox. From T2-weighted images we computed the cross-sectional area 
(CSA) of the SC from C2 to C6, while from T2*-weighted images we obtained CSA of the grey matter 
(GM) and VH from C2 to C4. We compared values of CSA between HC and SMA groups at TP1 and also 
between time points for SMA patients. 

Results: The comparison between HC and SMA patients at TP1 showed that all computed CSA values of all 
patients fell below the corresponding HC group average, but within 2 standard deviations. The comparison 
between different time points of SMA patients showed an overall increase of CSA values for all patients 
with a single exception (GM CSA of one patient decreased). Ranges: SC +2.3% +5.1%; GM -4.2% +1.7%; 
VH +0.3% +3.4%. 

Conclusions: To the authors knowledge this is the first attempt to use MRI-derived SC volumes as 
biomarkers of drug treatment in SMA patients. Our results seem to suggest that treatment with intrathecal 
nusinersen has an effect on SC volume and on GM in particular. However, the sample size does not allow us 
to draw certain conclusions yet. Future studies will aim to increase the sample size and will investigate the 
relationship of SC MRI data with clinical scores and conventional imaging biomarkers of the pathology. 
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Background: The “European Ultrahigh-Field Imaging Network in Neurodegenerative Diseases” (EUFIND) 
is a working group established in 2016, comprising MR physicists, neuroscientists and clinicians 
representing 20+ European sites equipped with 7T MR scanners. The aim is to identify opportunities and 
challenges of 7T MRI and draw a roadmap for implementing and harmonizing ultrahigh-field MRI methods 
for the in-vivo assessment of neurodegenerative diseases. EUFIND focuses on a number of core topics 
including: clinical research and applications; highest resolution anatomy; functional imaging; vascular 
systems and pathology; iron mapping and neuropathology detection; spectroscopy; quality assurance; safety.  

Methods: A multicenter proof-of-concept study is currently being conducted by 15 European 7T sites 
(including Imago7, Pisa, Italy), each of them committed to scan 10 healthy subjects: five in the age-range 
50-59y and five in the range 60-69y. The protocol includes (but is not limited to): 3D T1 “whole-brain” and 
2D T2 “hippocampal” highest-resolution anatomical imaging; 3D GRE for “whole-brain” quantitative 
susceptibility mapping (QSM); resting state fMRI targeting the perirhinal and parahippocampal cortices.

Results: At the time of the most recent EUFIND workshop, which was held in Bonn on 30-31 January 2020, 
136 MR exams were already available. A subset of exams from scanners of the three 7T MR vendors 
underwent preliminary analysis, to lay the foundation to evaluate the scanning protocol. Highest resolution 
anatomical scans enabled inter-scanner consistency of segmentation of regions-of-interest. fMRI correlation 
maps exhibited clearly distinct patterns with no large differences across sites and subjects. Quantitative maps 
of magnetic susceptibility were successfully obtained from scanners of all vendors, and their consistency is 
currently under quantitative evaluation.  

Conclusions: While some limitations in the protocol are being observed (e.g.: some images obtained with 
long sequences exhibit motion artefacts; inhomogeneities in the static and transmit fields should be 
compensated for; better sequence harmonization should be achieved to compensate for hardware and 
software differences across sites; etc.), preliminary results suggest that a large multicenter 7T imaging 
network with highly advanced and harmonized MR sequences is feasible and may enable future multicentre 
ultrahigh-field MRI studies and clinical trials. 
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Background: The most common drug-resistant epilepsy in adults is temporal lobe epilepsy (TLE). TLE is 
frequently associated with hippocampal sclerosis (HS), characterized by neuronal loss. HS is usually 
diagnosed on conventional MRI even if in many cases is not detectable (no-HS). 
Diffusion Weighted Imaging (DWI) is a MRI technique able to infer neuroanatomical information from 
water diffusion in tissues. Diffusion Tensor Imaging (DTI) principal metrics are Mean Diffusivity (MD) and 
Fractional Anisotropy (FA). Neurite Orientation Dispersion and Density Imaging (NODDI) investigates the 
microstructural complexity of brain using a 3-compartment model. Principal metrics are Neurite Density 
(ND) and Orientation Dispersion Index (ODI). 
Aim of this study is the hippocampal microstructural characterization in histologically-confirmed HS and 
no-HS patients using NODDI and DTI metrics. 

Methods: Twelve TLE patients (5 males,34 mean age;8 HS,4 no-HS) and 9 healthy controls (5 males,34.8 
mean age) were enrolled. MRI were acquired on a Philips Achieva 3T scanner with the following protocol: 
1)T1-weighted volumetric sequence 2)double-shell DWI sequence (b=700s/mm2, 30 directions and 
b=2400s/mm2, 61 directions, 12 b0 volumes).
Eddy current correction, spatial coregistration and maps estimation were performed using FSL and NODDI 
Toolbox. Hippocampal volume was segmented by Freesurfer and used as ROI for DWI metrics. Subject 
were divided into 3 groups: healthy controls (HC), patients with and without radiological evidence of HS. 
Comparisons for each metric were performed using unpaired sum rank test. A p-value<0.05 was considered 
significant.

Results: In the comparison between all patients and HCs a significant decrease in ODI and an increase in 
MD were found. A significant ODI reduction, increase in MD and FA were found comparing HS vs no-HS 
and HS vs controls. Conversely, no significant difference was found comparing no-HS vs controls. 

Conclusions:: Results highlight the potential role of advanced DWI techniques to differentiate HS patients 
vs controls and vs no-HS patients. 
The observed MD increase may be consequence of neuronal cell loss and an increased extracellular space. 
FA increase and ODI decrease could be explained by a rearrangement of fibers trajectory secondary to 
neuronal death. Further histological verifications on patients surgically excised hippocampi are in progress. 
Funding support was provided by the Italian Ministry of Health grant NET2013-02355313. 
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Background: Dentate nuclei (DNs) segmentation is helpful for characterizing neurological diseases. 
Indeed, it is possible to assess whether DNs are affected by pathologies through quantitative analysis of 
parameter maps, e.g. calculated from diffusion weighted imaging (DWI). This study, therefore, aimed 
to develop a fully automated segmentation method using the non-DWI (b0) images from the DWI dataset 
to obtain DN masks inherently registered with the parameters of interest. 

Methods: Three different automatic methods were applied to heathy subjects in order to segment the 
DNs: registration to SUIT1, OPAL2 (Optimized Patch Match for Label fusion) and CNN (Convolutional 
Neural Network). CNN is based on dilated convolutions and the architecture was inspired to the one 
used for segmenting the spinal cord3. CNN was optimised on heathy subjects’ data with high spatial 
resolution from the Human Connectome Project (HCP) (http://db.humanconnectome.org). For 
developing the method 76 healthy subjects (33males, 29.41±3.62y) from the HCP were used.A second 
data set was used to demonstrate the clinical utility of this work. The best method was applied to segment 
the DNs of subjects with Temporal Lobe Epilepsy (TLE) participating to a research study (Italian 
Ministry of Health, NET-2013-02355313) using a clinical 3T scanner in an Italian IRCCS hospital. This 
study included 86 subjects including 34 healthy subjects (17males, 32.65±8.46y) and 52 TLE patients: 
25 left (11males, 32.36±11.02y) and 27 right (10males, 38.89±9.41y). 

Results: Results show that the segmentation obtained with SUIT has a mediocre performance, with a 
Dice Similarity Coefficient (DSC) of 0.4907±0.0793 between the automatic SUIT DNs and manual 
segmentations, considered as gold standards. A comparison was also performed between OPAL (DSC 
0.7852±0.0970) and CNN (DSC=0.8494±0.0447), showing the superior performance of CNN.Statistical 
comparison of microstructural metrics (from DWI data), as well as volumes of DNs, revealed altered 
and lateralised changes in TLE patients compared to healthy controls. 

ConclusionsThe CNN developed here can be useful in clinical studies. Statistical comparison of DNs 
microstructural metrics revealed altered and lateralised changes in TLE patients compared to healthy 
controls. 
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Background: Neuroimaging and neuropathological studies have reported that the structural network affected 
in Temporal Lobe Epilepsy (TLE) extends to both temporal and extra-temporal brain structures1. Here, 
temporal and extra-temporal white matter (WM) microstructural abnormalities were assessed in TLE with 
diffusion tensor imaging (DTI) and advanced models: diffusion kurtosis imaging (DKI), spherical mean 
technique (SMT) and neurite orientation dispersion and density imaging (NODDI)2. 

Methods: 91 subjects including 55 TLE patients (28 left: 33 10yrs, 13males; 27 right: 93 10yrs, 11males) 
and 36 controls (33 8yrs, 19males) were recruited within the 3TLE project (Italian Ministry of Health, 
NET-2013-02355313). After temporal lobectomy, histopathology revealed hippocampal sclerosis (HS) in 11 
cases (6 left/5 right). 
Diffusion images were acquired with a two-shell SE-EPI on a Skyra 3T scanner (Siemens AG, Germany). 
After preprocessing, diffusion maps were calculated with DTI, DKI, SMT and NODDI to evaluate axonal 
density, diffusivity and entropy. For each metric, mean values were calculated in temporal, limbic and other 
main axonal tracts and compared between groups with a one-way ANOVA (p<0.05, Bonferroni corrected). 

Results: DTI detected temporal abnormalities: right inferior fronto-occipital (IFOF), inferior longitudinal 
(ILF) and uncinate tracts in right TLE, left parahippocampus and IFOF in left TLE. Advanced model showed 
the same temporal alterations plus right parahippocampus in right TLE and left uncinate in left TLE. 
All models detected extra-temporal alterations: right fornix, anterior thalamic radiations and forceps minor in 
right TLE, left cingulum, anterior thalamic radiations and corticospinal tract in left TLE. 
HS showed DTI alterations in the limbic circuit (stria terminalis, fornix and left cingulum), while advanced 
models revealed the same limbic and extra-limbic abnormalities (IFOF and ILF). 

Conclusions: Our findings showed that different diffusion models identified the same WM alterations but 
parameters like axial diffusivity/kurtosis were not informative. In the most homogeneous subgroup of patients 
(HS), advanced models detected limbic and extra-limbic deep temporal alteration. These preliminary results 
suggest that advanced diffusion models can be more sensitive than conventional DTI to detect WM alterations 
in TLE. 
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Background: The activity of several interconnected networks, comprising both cerebral and cerebellar 
structures, contributes to generate global brain dynamics1. The relationship between brain structure, function 
and dynamics can be investigated using appropriate modeling approaches. The Virtual Brain (TVB)2 has been 
developed to simulate brain dynamics starting from individual structural (SC) and functional connectivity 
(FC) MRI data. Here, we provided the first TVB simulations including cerebellar nodes on single-subject 
datasets. 

Methods: Pre-processed 3DT1 images, high-quality diffusion data and resting state fMRI (rs-fMRI) of 5 
subjects (1male; 22-35yrs) were downloaded from the ConnectomeDB (http://db.humanconnectome.org)3. 
Whole-brain tractography was combined with an atlas to obtain the SC weighted by the number of 
streamlines. SC was calculated for only 93 cerebral nodes and also including 40 cerebellar nodes. 
The average time-courses extracted from resting state fMRI were correlated each other to evaluate the 
experimental functional connectome (eFC) both including and excluding cerebellar nodes. 
In TVB, the SC defined the long-range connectivity while a reduced Wong-Wang model4 was chosen to 
generate brain dynamics, i.e. the simulated FC (sFC). Both for cerebro-cerebellar and cerebral circuits, 
correlation coefficients between eFC-sFC and SC-sFC were calculated and compared with a two samples t-
test. 

Results: The average correlation eFC-sFC was 0.262 0.091 for cerebro-cerebellar activity and 0.218 0.086 
for cerebral activity, while SC-sFC was 0.298 0.060 for cerebro-cerebellar activity and 0.294 0.108 for 
cerebral activity. No significant differences were found. 

Conclusions: This work provides the first extension of TVB including cerebellar nodes and cerebro-
cerebellar connectivity. The brain dynamics simulated by either including or excluding cerebro-cerebellar 
connectivity were compared, revealing that the predictive power of eFC is not significantly modified by the 
inclusion of cerebro-cerebellar loops. Thus, to improve the present results and consistently apply this pipeline 
to predict disease states, specific models accounting for cerebellar microcircuit physiology need to be 
integrated in TVB. 

http://db.humanconnectome.org/
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Background: Disorders of consciousness (DOC) encompassing vegetative state (VS), minimally conscious 
state (MCS) and severe disability (SD) represent one of the least understood conditions of the human brain, 
where diagnosis remains challenging. 
Resting-state functional MRI (rs-fMRI) networks can be useful to differentiate VS from MCS. We studied 
the structural integrity underlying the rs-fMRI networks that are more related to the clinical behaviour, i.e. 
the visual, auditory and sensori-motor networks, as the presence of these networks depends (also) from the 
presence of grey matter. The aim is to investigate whether the structural integrity of each network, assessed 
qualitatively and quantitatively, is related to the Coma Recovery Scale Revised (CRS-R) score. 

Methods: A group of 77 patients (34 VS, 32 MCS, and 11 SD) and 34 healthy controls (HCs) underwent 
MRI. For each patient, gray matter segmentation was performed and, only if accurate, quantitatively 
assessed through masks of visual, auditory and sensory-motor networks extracted from the HCs rs-fMRI 
group. Gray matter estimates of each network node were extracted. Each network node was also assessed 
qualitatively through visual ratings of anatomical damage performed by 2 neuroradiologists. Multiple linear 
regression analyses were performed. 

Results: The amount of grey matter of each network can estimate the total CRS-R score (visual components: 
 p<0.05; auditory: p<0.05; sensory-motor: p<0.05). The amount of gray matter in all networks can 
distinguish VS from MCS (n=16, p<0.01). 
Importantly, considering all the networks, a relation between total gray matter and total CRS-R score 
(r2=0.48, n=25, p<0.01) is observed and this relation increases if single nodes of gray matter are inserted as 
variables in the model (r2=0.67, n=25, p<0.01). 
On the other hand, visual ratings (mean of all network nodes) are correlated to the CRS-R score (p<0.05), 
but less sensitive to distinguish VS from MCS (n=77, p<0.05). 

Conclusions: The gray matter integrity underlying rs-fMRI networks, assessed with quantitative and 
qualitative analyses, is related to the CRS-R score. The quantitative assessment brings to better results but 
can be applied only to a limited group of patients. Importantly, the amount of gray matter of all networks is 
related to the clinical status, with some brain areas being more important to determine the level of 
consciousness. 



IN VIVO SIGNATURES OF NEURODEGENERATION IN ISOLATED RAPID EYE MOVEMENT 
BEHAVIOUR DISORDER 

Giulia Carli 1,2, Silvia Paola Caminiti 1,2, Andrea Galbiati 1,3, Sara Marelli 3, Francesca Casoni 3, 
Alessandro Padovani 4, Luigi Ferini-Strambi 1,3, Daniela Perani 1,2,5 

1 School of Psychology, Vita-Salute San Raffaele University, Milan, Italy; 2 Division of Neuroscience, In vivo structural and molecular 
neuroimaging unit, IRCCS San Raffaele Scientific Institute, Milan, Italy; 3 Department of Clinical Neuroscience, Sleep Disorders Centre, IRCCS 
San Raffaele Scientific Institute, Milan, Italy; 4 Neurology Unit, Department of Clinical and Experimental Sciences, University of Brescia,Brescia, 
Italy; 5 Nuclear Medicine Unit, IRCCS San Raffaele Scientific Institute, Milan, Italy 

BACKGROUND: Isolated REM behaviour disorder (iRBD) is a parasomnia, recently recognized as a risk 
factor for progression to Parkinson’s disease, dementia with Lewy Body (DLB) and multiple system 
atrophy. Biomarker studies in iRBD are relevant due to lack of evidence in this condition. The identification 
of biomarkers able to predict progression to synucleinopathy diseases is critical for iRBD. FDG-PET 
imaging might provide information about ongoing neurodegenerative processes. In the present study, we 
tested for presence of brain hypometabolism patterns, as biomarkers of neurodegeneration in single iRBD 
individuals.  

METHODS: We recruited 37 polysomnography-confirmed iRBD subjects, with neuropsychological 
assessment and available FDG-PET scan. Images were analysed with a validated statistical parametric 
mapping (SPM) procedure, providing individual hypometabolism maps.  

RESULTS: According to the neuropsychological evaluation, 22 iRBD subjects had normal cognition and 15 
subjects showed impairments, particularly in visuo-perceptive/visuospatial and memory domains. One/fifth 
of the cases was impaired at the qualitative scoring of pentagon test. In 32 iRBD, FDG-PET SPM maps 
revealed significant cerebral hypometabolism and namely, in the occipital lobes (N=5), occipital and 
cerebellar regions (N=13), occipito-parietal regions (N=13) and a selective cerebellar hypometabolism 
(N=1). Five cases had normal FDG-PET scans.  

CONCLUSIONS: These imaging findings indicate that brain neurodegenerative processes are present and 
already detectable in iRBD. The different hypometabolism patterns in the single individuals may reflect 
specific early pathophysiological events due to the underlying synucleinopathy, with a specific neural 
vulnerability for the occipital cortex that might predate a risk of progression towards DLB.    
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Objective. To define initial and progressive brain functional activity associated with silent naming (SN) 
and object knowledge (OK) in a case of prodromal semantic variant of primary progressive aphasia 
(svPPA). 

Methods. We collected clinical, cognitive, and neuroimaging data [T1-weighted and task-based 
functional MRI (fMRI) with SN and OK paradigms] at baseline, month 8 and month 16 from a 49-year-
old right-handed lady presenting with frequent anomias.  

Results. At the first visit, patient showed isolated anomias during a confrontation naming test and a mild 
left temporal pole atrophy at MRI. During the SN–fMRI paradigm (vs the control task), we detected 
activations in the bilateral temporal poles and left inferior frontal gyrus (iFG). During the OK-fMRI (vs 
the control task), we observed normal performance and the recruitment of bilateral posterior hippocampi, 
iFG and left middle orbitofrontal gyrus (mOFG). At the second visit (month 8), compared to baseline, she 
showed the svPPA core symptomatology, an isolated right iFG activity during SN-fMRI, and a borderline 
performance during OK-fMRI together with a lack of mOFG recruitment. Soon after, she undertook a 7-
month speech therapy program focused on reinforcing lexical-semantic abilities. At the last visit (month 
16), she showed a stabilization of naming disturbances and an improvement on single-word 
comprehension. At the SN-fMRI, compared to previous scans, we observed an increased recruitment of 
the left iFG. During the OK–fMRI, compared to previous visits, she performed abnormally and did not 
show activity in the mOFG and iFG. Across all visits, the structural MRI pattern of atrophy remained 
unchanged. 

Conclusions. We showed the progression of brain functional activity during semantic tasks from the 
prodromal to the overt stage of svPPA. The functional activations during OK-fMRI, together with the 
progressive decline of semantic knowledge, suggested a critical role of the iFG and mOFG for the success 
of this cognitive domain. At the last visit, the hyperactivity of the left iFG during SN-fMRI reflects a 
compensatory mechanism in line with the stabilization of naming disturbances, likely due to the speech-
therapy. Compared with structural MRI, the investigation of brain functional activity seems to be more 
powerful to detect early and progressive brain changes associated with the disease and to observe the 
effects of treatment. 
. 
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,  
Background. The aim of the present study is to assess the resting state (RS) functional connectivity 
patterns associated with each of the three variants of primary progressive aphasia (PPA). 

Methods. We enrolled 40 nonfluent (nfvPPA), 28 semantic (svPPA), and 22 logopenic (lvPPA) variants 
of PPA and 62 age- and sex-matched healthy controls (HC). All participants underwent 
neuropsychological and clinical assessments, and a MRI scan. T1-weighted and RS-fMRI sequences were 
obtained from all participants, brain networks of interest were identified using an independent component 
analysis and compared between groups accounting for gray matter atrophy (GIFT and BPM toolboxes, 
SPM12). Clinical and neuropsychological scores were also compared among groups. 

Results. Compared to HC, all PPA patients showed reduced connectivity in the left posterior cingulum 
and inferior parietal cortex within the default mode network (DMN). Compared to HC and lvPPA, 
nfvPPA and svPPA patients showed: reduced connectivity in the left superior frontal and parietal gyri, 
and increased connectivity in the right lateral parietal cortex within the left frontoparietal network, in the 
bilateral insular cortices and anterior cingulum within the salience network, in the left cerebellar 
subregion VIII within the cerebellar network, and in the left anterior cingulate cortex within the 
frontostriatal network. Compared to HC, lvPPA patients showed increased connectivity in the right insula 
and thalamus within the salience network.  

Conclusions. In the three PPA variants, the DMN is affected regardless the underlying pathology. 
NfvPPA and svPPA cases showed common alterations within cerebellar, frontal and frontoparietal 
networks reflecting their common frontotemporal degeneration. Compared to the other two variants, 
lvPPA showed increased connectivity in anterior regions within the salience and frontostriatal networks, 
as observed in patients with typical Alzheimer’s disease. Whether increased connectivity in regions which 
are initially spared by the disease reflects a compensatory mechanism in PPA variants need to be further 
investigated.  

Supported by: Italian Ministry of Health (GR-2010-2303035; GR-2011-02351217; GR-2013-
02357415); European Research Council (StG-2016_714388_NeuroTRACK); Ministry of Education and 
Science, Republic of Serbia (Grant#175090). 
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Background: Primary progressive aphasia (PPA) is a neurodegenerative disorder with heterogeneous 
neuropathological patterns, characterised by an isolated and gradual dissolution of language function. 
Impairment of language abilities could also be an early manifestation of Alzheimer’s disease (AD), therefore 
a differential diagnosis based on clinical grounds alone is sometimes difficult, especially in the early stages. 
The aim of this study was to investigate the ability of proton magnetic resonance spectroscopy (1H-MRS) of 
Posterior Cingulate Cortex (PCC) and brain volume asymmetries to differentiate PPA from AD. 

Methods: Nineteen PPA patients (age=69.88+6.91yrs), and twenty-three AD patients (mean 
age=71.13+9.48) were included in this study. All participants underwent a brain MR protocol (1.5T GE 
scanner) including high-resolution T1-weighted volumetric sequence and 1H-MRS of PCC. Voxel-wise 
differences in brain volumetry were evaluated using FreeSurfer software and volumes were normalized by 
the total intracranial volume (TIV) of each participant. Asymmetry indexes (Right–Left)/(Right+Left) were 
also calculated for each brain area, and were compared among groups. Proton MR spectra of PCC were 
acquired using the point-resolved spectroscopy (PRESS) single voxel technique and were processed with the 
LCModel program. Both parametric and non-parametric tests were used for multiple comparisons. Single 
and combined ROC curve analyses were performed in order to determine the level of accuracy of the most 
significant parameters. 

Results: The N-acetyl-aspartate (neuroaxonal marker) to myo-inositol (glial marker) ratio (NAA/mI) in the 
PCC was able to differentiate PPA from AD (p=0.004) with an accuracy of 76.8%, showing lower values in 
the AD group. A comparison of the asymmetry indexes showed significant differences in temporo-parietal 
areas, indicating a greater left-lateralized atrophy in the PPA group compared to AD; the greatest accuracy 
was found in the PCC (81.8%). Furthermore, a combined ROC curve run with the results of both techniques 
showed a strong increase in the level of accuracy (94%) with a sensibility of 91% and a specificity of 94%. 

Conclusions: Reduced level of NAA/mI ratio in the PCC combined with an asymmetrical volume reduction 
of PCC appears to be a highly sensitive indicator for distinguishing PPA from AD. Further studies with 
larger samples and follow-ups are needed to confirm these encouraging results. 
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Background: Sporadic Creutzfeldt-Jakob disease (sCJD), the most common form of human prion diseases, 
comprises several subtypes with different clinical phenotypes, that have been associated to distinct strains 
named M1 (MM1 and MV1 subtypes), V2 (MV2K and VV2), M2C (MM2C and MV2C), and V1 (VV1 
alone).  
Diffusion-weighted MRI (DWI) can accurately detect in vivo the presence of signal hyperintensities in 
selectively vulnerable brain regions and may propagate with time as disease progresses. Aim of this study 
was to identify groups of patients with similar progression patterns of DWI abnormalities and verify whether 
the groups correlate with subtype diagnosis at autopsy. 

Methods: MRIs of 412 autopsy-confirmed sCJD and 120 non-prion disease patients (control group) were 
examined by one neuroradiologist, who evaluated semi-quantitatively the DWI hyperintensities of 12 brain 
regions: frontal, temporal, occipital, parietal, precuneus, cingulate, insula, hippocampus, caudate, putamen, 
thalamus, and cerebellum.  
We adopted Subtype and Stage Inference (SuStaIn) model, an unsupervised machine-learning technique that 
uncovers population subgroups with common patterns of biomarker evolution. SuStaIn determines the 
optimal number of subgroups based on the available imaging data and simultaneously reconstructs the 
sequence of biomarkers becoming abnormal that defines each subgroup. The optimal number of clusters is 
estimated via model selection criteria obtained from cross-validation. The sCJD subtype diagnosis made at 
autopsy is not included in the model and it is used to validate the results. 

Results: SuStaIn identified three subgroups of sCJD patients with specific DWI progression patterns: 
(i) epicenter of disease in the parieto-frontal cortex with early involvement of the striatum: this group was
associated to MM(V)1 subtype;
(ii) epicenter in striatum or cerebellum: this group was associated to MV2K and VV2;
(iii) involvement of cortical and limbic regions before striatum and other subcortical regions: this group was
associated with MM(V)2C and in particular to the rare VV1 subtype.

Conclusions: This study shows that the epicenter of prion disease and propagation of DWI abnormalities are 
strongly linked to sCJD subtype, suggesting that strain-specific features of the disease could be captured by 
diffusion MRI. SuStaIn has potential to be used in the clinics to diagnose prion disease subtype and 
determine prognosis. 
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Background: Trial readiness for rare neurodegenerative disease would be greatly advanced by the 
identification of meaningful, objective, reliable indicators of disease that could function as biomarkers. 
Hereditary Spastic Paraplegia (HSP) and Friedreich Ataxia (FRDA) are rare progressive neurodegenerative 
diseases lacking effective treatments. Neuroimaging techniques can help understand structure, function and 
brain metabolism. Longitudinal study may provide valuable information on disease progression. We studied 
HSP and FRDA patients to investigate the underlying cerebral involvement, progression and sensitivity to 
treatment. 

Methods: HSP and FRDA patients and matched controls (HC) were recruited in two IRCCS Medea 
Departments and underwent MRI protocols that included morphometric studies (VBM), diffusion tensor 
imaging (DTI), brain spectroscopy (MRS), and fMRI (motor-task, resting-state). 

Results: We completed a multimodal cross-sectional and longitudinal analysis (VBM/MRS/DTI) for 22 
HSP patients and 22 HC. We detected decreased FA and increased RD in the antero-posterior frontal 
circuitry. FA and MD changes consistently discriminated patients from controls. MRS findings at baseline 
showed pre-frontal and thalami atrophy, NAA/Cr reduction in pre-frontal cortex, Cho/Cr increase in pre-
central regions and mI/Cr increase in pre-central regions. DTI indexes impairment in the M1 was further 
confirmed at the follow-up. 21 FRDA patients and 18 HC were studied in a multimodal protocol (VBM, 
DTI, motor-task fMRI). In FRDA we observed infratentorial GM volume decrease, diffuse FA reduction and 
AD increase in infra- and supratentorial WM, in particular in the Superior and Middle Cerebellar Peduncles. 
WM findings correlated with clinical and genetic variables. fMRI revealed significant differences during the 
non-dominant hand movement with a stronger activation in the superior cerebellar hemisphere in FRDA 
patients. 11 patients were treated for 6 months with IFNy in a phase 2 study and we included MRI measures 
at 4 time-points. The main neuroimaging findings confirmed the WM indexes impairment not modified by 
treatment, but showed treatment associated enhanced activation of the primary motor cortex during 
dominant hand movements. 

Conclusions: Our experience suggests that MRI may be a useful tool to document the extension of the 
neurological impairment in HSP and FRDA. These are promising results in the search for useful objective 
indicators that need to be further validated. 
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Background: One recent molecular PET imaging study revealed cholinergic (CHergic), dopaminergic 
(DAergic) and noradrenergic (NAergic) impairments in isolated REM sleep behaviour disorder (iRBD) 
subjects, known as prodromal stage of α-synuclein pathology. Of note, this preliminary evidence supports an 
impairment of neurotransmitter circuits in IRBD to a similar extent to that found in Parkinson’s disease (PD) 
patients, with however less impaired DAergic storage capacity. The present new study addresses metabolic 
network connectivity in NAergic, CHergic and DAergic nigrostriatal systems considering the whole 
synucleinopathy spectrum, namely iRBD, PD and Lewy Bodies Dementia (DLB). 

Methods: We retrospectively recruited 34 polysomnography-confirmed iRBD subjects, 29 idiopathic PD 
and 30 DLB patients. We included 50 healthy controls (HC) for comparison. Each participant underwent an 
FDG-PET scan. Regions of interest were selected as specific nodes of the NAergic, CHergic and DAergic 
nigrostriatal networks. Metabolic connectivity was assessed by computing partial correlations among 
networks’ nodes in each group. 

Results: An extended connectivity reconfiguration of the NAergic network was found in iRBD, PD and 
DLB groups. The DAergic system showed a reconfiguration of metabolic connectivity in the putamen and 
caudate in PD and DLB, while and limited alterations in the putamen in iRBD. The CHergic networks 
showed connectivity changes in the whole disease spectrum, with some differences, namely: the DLB group 
showed a diffuse reconfiguration, encompassing the Ch3, Ch5-6, medial and perisylvian Ch4 divisions; the 
PD group showed more moderate connectivity alterations encompassing the medial and perisylvian Ch4 
divisions; the iRBD group showed alteration of metabolic connectivity in CHergic networks, i.e. the CH5-6, 
medial and perisylvian Ch4 divisions, sharing with DLB group the functional reconfiguration of CH5-6 
division, that was instead spared in PD patients. 

Conclusions: Our results suggest that in addition to the expected changes in the DAergic system, the 
NAergic and CHergic dysfunction represents an early signature of α-synuclein pathology. The impairment of 
these neurotransmitter systems, as a shared feature of iRBD, PD and DLB, might have a role in the 
pathophysiology of sleep disorders, cognitive deficit and other core clinical symptoms. FDG–PET imaging 
combined with multivariate analysis is a promising method to assess neurotransmitters networks 
dysfunction in neurodegenerative diseases even in the prodromal phase. 



THE MIRROR NEURON SYSTEM AND THE MOTOR NETWORK IN IDIOPATHIC 
CERVICAL DYSTONIA: AN FMRI STUDY. 

Anna Castagna, Sonia Di Tella, Valeria Blasi, Monia Cabinio, Francesca Baglio 

IRCCS Fondazione Don Carlo Gnocchi Onlus 

Introduction: Idiopathic Cervical Dystonia (ICD) is a movement disorder caused by faulty 
sensorimotor integration and impaired motor planning involving sensorimotor cortices, basal ganglia 
and cerebellum network. Despite the central origin of the disease, the gold standard therapy is the 
botulinum neurotoxin (BoNT), acting on the neuromuscular junction. BoNT is more effective 
when integrated with rehabilitative interventions. These typically involve higher order cortical 
areas to learn strategies able to compensate the subcortical dysfunctionality. For a better planning of 
these interventions studies on functional and structural integrity of the motor system are needed. 

Objective: To determine the morphological and functional properties of the action 
execution and observation system, involving both the mirror neuron system (MNS) and the cortical 
and subcortical motor network. 

Methods: Twenty-three healthy adults (HC, mean age [SD]=55.09 [19.83]; 16 females) and 
22 subjects with ICD (mean age [SD]= 46.96 [9.19] 14 females) performed an MRI acquisition 
for high resolution anatomical images, and a functional MRI (fMRI) with two tasks: 1. “Move” 
executing grasping movements; and 2. ”Observe” watching videos of a right hand grasping 
objects.Structural data were analyzed with Freesurfer; 3 to measure cortical thickness and subcortical 
volumes. FMRI data were analyzed with SPM 12.  A region of interest (ROI) analysis was performed 
on Move condition and Move and Observe conjunction data. Statistical analyses were performed with 
JASP (Version 0.11.1). 

Results: Significant differences between groups were found in: 1.in the Move condition R-precentral 
gyrus (p = 0.029); L-thalamus(p = 0.039); and R-lentiform nucleus (p = 0.031); 2. in the 
conjunction L-inferior frontal gyrus (p = 0.020); 3. in structural analysis L-pallidum volume (p = 
0.042). 

Conclusions: Our results showed substantial preservation of the MNS 
in ICD patients with differences in the motor network. These data are relevant for the future 
planning of effective rehabilitation interventions in ICD. 
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Background. Previous clinical studies demonstrated worse cognitive performance in migraine patients 
during the inter-ictal phase. The most affected cognitive domains are visuospatial abilities, processing 
speed, attention, memory and executive functions. In this study, we aimed to explore functional and 
structural magnetic resonance imaging (MRI) correlates of visuospatial processing in migraine 
patients. 

Methods: A functional MRI visuospatial task, including an angle and a colour discrimination 
paradigm, was administrated to 17 headache-free migraine patients and 16 controls. 3D T1-weighted 
scans and voxel-based morphometry were used to explore whether cortical areas activated during the 
visuospatial task had significant grey matter volume (GMV) alterations. The correlations between 
functional and structural MRI abnormalities and subjects’ performance, clinical and 
neuropsychological variables were also investigated. 

Results: The response accuracy and reaction times did not differ between migraineurs and controls. 
All study subjects activated frontal, parietal, occipital and cerebellar regions during both the angle and 
colour task. The comparison angle vs colour task revealed an increased activity of the right insula, 
middle frontal gyrus, bilateral orbitofrontal cortex and middle cingulate cortex and decreased activity 
of the bilateral posterior cingulate cortex (PCC) in migraine patients compared to controls (p<0.05, 
FWE corrected). No significant regional GMV differences were found between patients and controls. 
In migraineurs, a better performance in the angle task was associated with higher activation of the right 
insula (r=0.84, p<0.001, uncorrected) and orbitofrontal cortex (r=0.83, p<0.001, uncorrected). 
Decreased activity of the PCC correlated with shorter disease duration (r=0.92, p<0.05, FWE 
corrected). 

Conclusions: Migraine patients experienced abnormal activation of visuospatial processing brain areas 
that are commonly involved also in nociception.  The increased activity of the insula and frontal lobes 
and the decreased recruitment of the PCC might represent an adaptive response, strengthen by the 
recurrent activation of these regions during migraine attacks. 
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Background: Migraine is a cyclical disorder where the attack evolves over the span of hours to days. 
Resting state functional MRI (rs-fMRI) has been widely used to study the brain functional connectivity 
changes during migraine attacks, helping to better understand the complex mechanisms underlying this 
disorder. In this pilot study, we used rs-fMRI to investigate the functional connectivity (FC) changes 
occurring within and between large-scale brain networks during the different phases of an NTG-induced 
migraine attack.  

Methods: 5 episodic migraineurs underwent MRI examination including 4 rs-fMRI scan repetitions matched 
with the different phases of the NTG-induced migraine attack: baseline, prodromal, full-blown attack, 
recovery. For each subject, rs-fMRI images were analysed using the Independent Component Analysis (ICA)
to identify the resting state networks (RSNs). A non-parametric permutation test (dual regression) was 
applied to obtain the mean effect statistical maps for each rs-fMRI repetition. The FSLNets tool was then 
used to obtain the functional connectome (f-connectome) modelling, considering each previously identified 
RSN as a node in the model. For each rs-fMRI scan, we computed the full correlation matrix to estimate the 
connection strengths among the f-connectome nodes. Finally, a new non-parametric permutation test was 
applied to statistically compare the attack phase-specific correlation matrices. For all the analyses, a 
statistical threshold of p<0.05, FWE-corrected, was considered. 

Results: The medial visual network (MVN) showed significant within-network FC reductions during the 
full-blown phase. When looking at the networks’ interactions, all the medial and lateral visual networks 
(MVN, LVN) showed the most significant alterations among themselves during the full-blown, while the 
salience network (SN) showed significant increased interaction with the frontal cortex and the auditory 
networks (FCN, AN) during the prodromal phase.  

Conclusions: These results suggest that the SN and MVN, which are part of the brain functional circuitries 
implicated in pain processing, are differently involved during migraine attacks. Overall, this study with the 
NTG model applied to advanced fMRI approach provides further support to the idea of migraine as a 
cyclical functional disorder in which specific brain areas’ changes, such as those involved in the SN, cause 
alterations in the cortical processing of both sensory and cognitive information.  
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Background: Cluster headache (CH) is characterized by excruciatingly severe pain associated with 
oculofacial autonomic phenomena ipsilateral to the pain [1, 2]. It is considered one of the most disabling 
headache disorders, also nicknamed as “suicide headache”. Neuroimaging structural studies shed some light 
on the pathophysiology of the disease [3]. However, no consensus has been reached on the morphological 
alterations previously reported  in CH. Aim of this study is to explore grey matter (GM) alterations of CH 
patients applying advanced methods of analysis.  

Methods: Twenty-eight patients with chronic CH and twenty-eight sex and age-matched healthy controls 
(CTRL) were recruited and scanned using Achieva 3T MR scanner (Philips) to acquire high-resolution 3D 
T1-weighted images. First, a voxel-based analysis (VBM) of GM volumes was implemented on 3D T1-
weighted images using DARTEL SPM12 tool [4]. All images were segmented, normalised to the MNI 
standard space with an iterative process to ensure the best voxel correspondence and, then, smoothed. 
Second, automatic segmentation on the same images was performed using Freesurfer 6.0 software package 
[5] to extrapolate the cortical surface. Each volume was firstly automatically segmented and then registered 
to a standard surface space. A Vertex analysis was finally performed to compare the cortical thickness 
between the groups.

Results: Both cortical volume and thickness were significantly reduced in CH patients compared with 
CTRL subjects. 
Using VBM, significant clusters of GM volume reduction in voxel-wise t maps were observed in the frontal 
areas and in the cerebellum of CH participants (p<0.001, cluster size corrected).   
Cortical vertex analysis, performed with Freesurfer, showed small clusters of cortical thinning both intra and 
extra pain matrix areas in CH patients compared to CTRL (p<0.001, cluster size corrected).   

Conclusions: In chronic CH the reduction in cortical volume and thickness involved pain matrix as well as 
extra pain matrix brain areas as reported in previous studies conducted using less sensitive techniques. This 
suggests that also extra-hypothalamic circuits are probably involved in the pathophysiology of the disease [6, 
7].  
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Background: Cardio and cerebrovascular diseases are a leading cause of mortality worldwide. Heart and 
brain have superficial conductance arteries that provide tissue perfusion through penetrating collaterals. 
Both organs require fine tuning of the microcirculation to meet metabolic needs. In both cases, the 
loss of microcirculatory function leads to disease. The aim of the present study was to evaluate the impact 
of carotid artery disease and of cardiovascular risk factor on cerebral microcirculation. 

Methods : 67 patients with non-critical carotid artery stenosis were included, and underwent multimodality 
imaging of the carotid arteries. Cerebal magnetic resonance imaging (MRI) was performed to evaluate the 
volume of white matter hyperintensities (WMH) on FLAIR sequences and of total brain volume. Cerebral 
MRI was repeated after 20 months to evaluate the same parameters. 

Results: Resistant hypertension and plaque ulcer were associated to a higher burden of WMH (p<0.05). 
New WMH were evident in 49% of patients at follow up. No plaque parameter was found to predict 
WMH progression. Female sex, chronic kidney disease and dyslipidemia were associated to WMH 
progression (p<0.05). Age, and fibrocalcific plaques were associated to lower cerebral volumes on 
multivariable analysis (p<0.05). No clinical parameter was associated to cerebral volume loss at follow up. 
Global cerebral volume reduction was 0.58% (p<0.001). 

Conclusions: The relation between carotid atherosclerosis and WMH appears to be complex and not 
completely explained by plaque characteristics. WMH progression could be related to the same risk factors 
which predict vascular disease in other locations. We could speculate that a systemic compromise of 
microcirculatory disease exist, which affects brain, heart and possibly the kidneys. Therefore, is of the 
outmost importance to evaluate microvessel dysfunction in many microvessel beds simultaneously 
in subjects with risk factors, such as arterial hypertension. Hypertensive subjects in fact have coronary 
and cerebral microvascular dysfunction.  
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Background: Corticobasal syndrome (CBS) is the usual clinical presentation of patients with corticobasal 
degeneration (CBD) pathology. Nevertheless, there are CBS individuals with post-mortem neuropathology 
typical of Alzheimer’s disease (AD). In this study, we aim to detect FDG-PET metabolic signatures at the 
single-subject level in a CBS sample, also evaluated by CSF markers for AD pathology. 

Methods: 21 patients (68.9±6.4 years; MMSE score = 21.7±6.3) fulfilling current criteria for CBS were 
enrolled. All underwent a clinical-neuropsychological assessment and an instrumental evaluation for 
biomarkers of neurodegeneration, amyloid and tau pathology (i.e., FDG-PET imaging and CSF Aβ42 and 
Tau levels) at close intervals. Optimized voxel-based SPM procedures provided FDG-PET brain metabolic 
patterns at the single-subject and group levels. CBS subjects were classified according to the presence or 
absence of CSF markers of AD pathology (i.e., low Aβ42 and high phosphorylated Tau levels). 

Results: Eight CBS had an AD-like CSF profile (CBS-AD), while thirteen were negative (CBS-noAD). The 
two subgroups did not differ in demographic characteristics or global cognitive impairment. FDG-PET SPM 
t-maps identified different metabolic signatures. Namely, all CBS-AD patients showed the typical AD-like 
hypometabolic pattern involving posterior cingulate cortex, precuneus and temporo-parietal cortex, whereas 
CBS-noAD cases showed bilateral hypometabolism in fronto-insular cortex and basal ganglia that is the 
typical pattern of the frontotemporal lobar degeneration spectrum.

Conclusions: These results strongly suggest the inclusion of FDG-PET imaging in the diagnostic algorithm 
of individuals with CBS clinical phenotype in order to early identify functional metabolic signatures due to 
different neuropathological substrates, thus improving the diagnostic accuracy, patient management and 
prognosis. 
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Introduction: Diagnosing idiopathic normal pressure hydrocephalus (iNPH) is a clinical challenge.  The 
callosal angle (CA) is a widely used neuroradiological marker for idiopathic Normal Pressure 
Hydrocephalus (iNPH). This measurement is made on a coronal plane, perpendicular to Anterior 
Commissure-Posterior Commissure (AC-PC) line at the level of the PC. However, most symptoms in iNPH 
seem to origin in more anterior cerebral areas, such as frontal lobes and mid-cingulate cortex. Thus, we 
propose the anterior callosal angle (ACA), which is measured along the AC-PC line at the level of the AC.  
We aim to establish the utility of the ACA measurement for the diagnosis of iNPH compared to current 
radiological parameters, and to find possible correlations with clinical symptoms, gait apraxia in particular. 

Methods: CA and ACA were measured on MRI studies and compared among normal subjects, Alzheimer’s 
disease patients and probable iNPH patients, enrolled by the Pro-Hydro multidisciplinary team of Institute 
of Neurological Sciences in Bologna. 62 iNPH patients underwent ventriculo-peritoneal shunt surgery, 47 
patients completed a 6 months clinical and neuroradiological follow-up. Gait, balance and risk of fall were 
assessed with Tinetti Performance Oriented Mobility Assessment (POMA) scale before and 6 months after 
shunt surgery.  
CA, ACA and Tinetti score were tested for preoperative and postoperative correlations. 

Results: ACA shows high sensitivity and specificity in distinguishing iNPH patients from healthy control 
and AD patients. The optimal cut-off value for ACA is 119°. The diagnostic accuracy of the ACA is not 
significantly different from the CA.  Compared to CA, ACA has stronger correlations with severity of 
preoperative gait impairment and risk of fall. Notably, ACA is also able to predict gait and risk of fall 
improvement after VPS.  

Conclusions: ACA could be a valid radiological parameter in the diagnostic armamentarium for iNPH. 
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Background: Mood disorder is a severe mental illness characterised by alterations in one’s mood and 
include major depressive (MDD) and bipolar (BD) disorders. Both disorders show disrupted white matter 
(WM) microstructure and altered inflammatory cytokines. Activation of indoleamine 2,3-dioxygenase 
following a pro-inflammatory state could increase the amount of tryptophan (Trp) converted to kynurenine 
(Kyn) possibly leading to the production of detrimental catabolites of the Kyn pathway with neurotoxic 
effects. We investigated peripheral levels of Trp and Kyn and the Kyn/Trp ratio, an indirect measure of IDO 
enzyme activity, in MDD and BD depressed patients, and whether the levels of these metabolites are related 
to WM microstructure. 

Methods: Peripheral levels of Trp and Kyn were analysed in 82 female patients (35 BD, 47 MDD) and 26 
healthy controls (HC). Patients also underwent MRI in a Philips 3T scanner. Differences in plasma levels of 
Trp, Kyn, and the Kyn/Trp ratio were analysed within the context of the General Linear Model adding age as 
nuisance covariates. Whole-brain fractional anisotropy (FA) values to investigate WM microstructure, were 
extracted according to ENIGMA-DTI protocols. WM differences between MDD and BD patients and the 
influence of Trp, Kyn, and the Kyn/Trp ratio on WM where analyzed with age and frequency of depressive 
episodes as nuisance covariates. 

Results: BD patients showed lower Trp Levels compared to both MDD subjects (p=.006) and HC (p=.048). 
MDD patients exhibited lower Kyn levels compared to BD patients (p<.001) and HC (p=.007). Finally, 
MDD patients showed lower Kyn/Trp ratio compared to BD patients (p<.001) and HC (p=.038), while BD 
patients showed higher Kyn/Trp ratio compared to HC (p=.006). MRI analyses indicated that FA in the body 
(BCC: F=8.75, p=.004) and splenium (SCC: F=7.97, p=.006) of corpus callosum was lower in BD compared 
to MDD. In patients with BD, we observed a negative association between the Kyn/Trp ratio and the body of 
corbus callosum (F=6, p=.020). No association was observed in the MDD sample. 

Conclusions: In MDD,  higher levels of Trp and lower levels of Kyn do not affect WM microstructure as 
suggest by higher FA  compared to BD. In BD, the activation of the Kyn pathway as suggested by the 
increased Kyn/Trp ratio may lead to an imbalance of the neurotoxic vs the neuroprotective arm of the Kyn 
pathway, resulting in significant changes in WM regions of brain areas strongly implicated in the 
pathophysiology of BD such as the corpus callosum. 
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Background: The evaluation of the changes induced by immunotherapies (IT) on conventional magnetic 
resonance imaging (cMRI) is a difficult task because of the therapy-induced inflammatory responses. Aim of 
the study is to explore the contribution of perfusion MRI (PWI) in differentiating pseudoprogression (PsP) 
and true tumor progression (TTP) in Glioblastoma Multiforme (GBM) patients treated by IT with dendritic 
cells (DC) added to standard of care (SOC). 

Methods: The images of 24 GBM patients under vaccination with DC plus SOC were acquired with a 3T 
scanner, every two months. The acquisition protocol included cMRI and PWI (iv 5ml/sec and 2ml/sec bolus 
injection of  Gadovist ®  0.1cc/kg, respectively). The analysed sequences were: i) a T1w Fast Field Echo 
(FFE) DCE-MRI (TR/TE=3.92/1.88ms, thickness=5mm, FA=15°, matrix=112x112); ii) a T2*w DSC FFE 
(TR/TE=1500/40ms, slice thickness=5mm, FA= 75°,matrix=112×112); iii) a axial 3DT1w post-Gd Turbo 
Field Echo (TFE) used to extract the contrast-enhancement (CE) volume. According to iRANO criteria, 
patients were divided into two groups (TTP and PsP): T1-enhancing volumes and Ktrans/rCBV values were 
compared using Wilcoxon's statistical rank test. 

Results: Out of 24 patients, 6 showed radiological PsP (25%, 5.1±3.9 months after the first vaccination) and 
18 TTP (75%, 9.5 ± 6, 9 months after the first administration). In PsP patients a greater CE volume change 
(compared to baseline) was registered (p=0.0075). The values of Ktrans and rCBV raised in both groups, 
with a more marked variation trend in the PsP and with greater differences for the values of Ktrans 
compared to rCBV. 

Conclusions: The radiological distinction between TTP and PsP in GBM treated with IT is challenging due 
to the existence of mixed scenarios. 
The longitudinal evaluation of post-contrast T1w images with eventual retrospective dating (iRANO criteria) 
remains the reference method to assess treatment response in GBM patients under IT with DC. Nevertheless, 
the mismatch between rCBV and CE volumes and the prevalence of permeability parameters’ (Ktrans) 
modification in PsP are useful to direct the clinician to the correct diagnostic hypothesis.  
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Background: Currently, the application of tractography as a clinical tool is under debate, while its utility in 
the neurosurgical workflow is widely explored (Costabile 2019). Previous studies assessed tract infiltration on 
major segments or dislocation qualitatively (Delgado 2016). However, along-tract analysis can provide more 
accurate WM evaluation. The study aims to investigate a patient candidate to awake-surgery for a left 
hemisphere glioma (Broca’s area), compared to healthy controls (HC). Bilateral probabilistic tractography 
was performed to evaluate along-tract DTI measures and curvature mapping in the arcuate fasciculus (AF). 

Methods: A patient (F, 29y.o., right-handed) presented a diffuse astrocytoma in the left precentral, inferior 
and middle frontal gyri; IDH 1-mutant (p.R132H (c.395G>A, Exon 4), grade II (WHO 2016), no codeletion 
1p19q, nor methylation of MGMT gene. Patient and HC (F/M=7/12, 41±15y) underwent 3T MRI T1w 
(1x1x1mm) and DTI (2x2x2mm, 2000s/mm2, 64 directions). PCA denoising, top-up, eddy, Ifod2 probabilistic 
CSD tractography (FSL, MRtrix3). MNI VOIs were non- linearly registered: a seed in WM under the angular 
gyrus, targets frontal and temporal lobes. Tractography was threshold at 10% of the max connectivity and 
linear registered to MNI to preserve space geometry. Along-tract restricted to WM core divided in fifteen 
segments (Talozzi 2018). FA, MD and segment coordinates were computed. Paired Wilcoxon signed-rank test 
(p<0.05,FDR) used for L-R comparison. Tract dislocation was reported as the MNI distance compared to HC 
median coordinates. 

Results: Bilateral AF tractography was successfully computed. In HCs and in this patient, along-tract analysis 
showed higher FA values on the left in comparison to the right, in frontal AF segments, suggesting 
preservation of microstructural integrity in tumour presence. The patients left AF was shifted inward, towards 
the midsagittal plane. The median inward dislocation was 3.84mm [min=1.68mm, max=8mm], with higher 
values located in frontal segments. This patient’s dislocation was beyond HC 25th percentile (min=0.3mm, 
max=2.99mm) in 14/15 segments. After surgery, the patient did not show any neurological defic 

Conclusions: The implemented AF along-tract analysis provides a valid approach for a quantitative 
tractography report to evaluate infiltration/dislocation in the presence of expansive masses. For future 
applications, the proposed approach can be applied for other WM tracts. 
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Background: Although interest in Guinea Pigs is increasing as models for different neurological conditions 
[1,2], no studies investigated how resting state functional connectivity (FC) is affected by the use of different 
anesthetics, as done in other rodent species [3,4]. The study aimed to assess the effect of different anesthetics 
on the FC and physiological parameters in Guinea Pigs. 

Methods: 14 Dunkin Hartley guinea pigs were examined twice using a 7T preclinical BioSpec Bruker MRI 
scanner with an Echo Planar Imaging (EPI) functional MRI sequence (1200 volumes) and a Proton Density 
(PD) sequence as anatomical reference. Heart rate, respiratory frequency, and rectal temperature were 
continuously monitored. In the first session, all animals were anesthetized with 4% isoflurane–ISO delivered 
in a mixture of air and oxygen. In the second session (7 days later) dexmedetomidine-DEX was given 
through a 0.5 mg/kg subcutaneously injected bolus followed by a continuous infusion (0.5 mg/kg/h). All EPI 
images were preprocessed using SPM12 [5]: images were realigned to the mean image and normalized to an 
in-house PD template. A motion parameter regression and a band-pass filter were applied to reduce motion 
and biological artifacts. Finally, a seed based FC analysis was performed with DPABI Toolbox [6] using as 
seeds bilateral cortex and thalamus, manually drawn by an expert operator. 

Results: Under DEX, the cortex seeds showed an ipsilateral and contro-lateral FC more circumscriptive at 
cortical level, while under ISO the same seeds presented a widespread FC across different brain structures, 
cortical and subcortical, both ipsi- and contra-lateral. Under DEX, FC in the thalamic seeds was confined to 
the whole ipsilateral thalamic region, mainly, and the bilateral hippocampal region. Under ISO, the pattern 
of FC in the thalamic seeds was more widespread to other subcortical and cortical regions both ipsi- and 
contra-lateral. Heart rate was lower under DEX than in ISO, while the respiratory rate was higher. 

Conclusions: Different anesthetics seem to influence the resting state FC and the physiological parameters 
of Guinea Pigs, reflecting different interactions between anesthesia, neural activity, and metabolism, in line 
with other rodent data. 



ALTERED RESTING-STATE FUNCTIONAL CONNECTIVITY IN EARLY STAGE C9ORF72 
ALS PATIENTS 

Anna Nigri1, Eleonora Dalla Bella2, Monica Consonni2, Giuseppe Lauria2,3, Chiara Pinardi1, Greta 
Demichelis1, Jean Paul Medina1, Ruben Gianeri1, Mario Stanziano1, Stefania Ferraro1, Maria Grazia 
Bruzzone1

1 Neuroradiology, Fondazione I.R.C.C.S. Istituto Neurologico Carlo Besta, Milan, Italy; 
2 3rd Neurology Unit and Motor Neuron Disease Centre, Fondazione IRCCS Istituto Neurologico Carlo Besta, Milan, Italy 
3 Department of Biomedical and Clinical Sciences "Luigi Sacco", University of Milan 

Background: Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease dominated by the 
progressive impairment of the upper and lower motor neuron pathways and characterized by heterogeneous 
clinical and genetic phenotypes.The C9orf72 hexanucleotide repeat expansion is the most common genetic 
mutation. Few neuroimaging studies in ALS patients harboring C9orf72 expansion have been reported. The 
aims of the study were 1) to characterize the pattern of functional connectivity (FC) alteration in the bilateral 
sensorimotor primary cortex in ALS patients at early stage of disease, either harboring or not the C9orf72 
expansion compared to healthy controls (HC); 2) to evaluate changes in FC related to disease severity 
measured using the revised ALS functional rating scale (ALSFRS‐R). 

Methods: Thirteen positive (C9orf72+) and 48 negative (C9orf72-) patients diagnosed with probable or 
definite ALS and 28 healthy controls (HC) underwent 3T MRI (Philips). Resting state functional magnetic 
resonance imaging sequence was acquired. Disease severity was evaluated using the ALSFRS‐R. Seed-
based functional connectivity analyses were performed using the CONN toolbox [19]. The bilateral 
precentral gyri and bilateral postcentral gyri were used as seeds. We analyzed C9orf72+, C9orf72-, and HC 
groups to identify any association between FC alterations in each seed and ALSFRS-R scale through voxel-
wise regression analysis.  

Results: We found a local decreased FC in bilateral primary sensory regions in C9orf72+ patients compared 
with HC. Moreover, ALSFRS-R showed a correlation with FC between sensory-motor and extra-motor 
regions in left inferior temporal gyrus, orbital gyrus, paracingulate gyrus, and right inferior frontal gyrus in 
C9orf72+ patients, whereas in C9orf72- patients it correlated with sensory-motor regions and left temporal 
region and cerebellum. 

Conclusions: ALS C9orf72+ patients showed a different pattern of FC alterations in bilateral primary 
sensory regions, which was not found in C9orf72- patients. Besides, C9orf72+ patients showed a more 
frontal pattern of FC alteration that correlated with ALSFRS-R, whereas C9orf72- patients showed a 
cerebellar pattern. 
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Background. To investigate structural and functional neural organization in amyotrophic lateral sclerosis 
(ALS), primary lateral sclerosis (PLS) and progressive muscular atrophy (PMA) patients. 

Methods. 173 ALS, 38 PLS, 28 PMA sporadic patients and 79 healthy controls were recruited from three 
Italian centers. Subjects underwent clinical, neuropsychological and brain MRI evaluations. Using graph 
analysis and connectomics, global and lobar topological network properties and regional structural and 
functional brain connectivity were assessed. The association between structural and functional network 
organization and clinical/cognitive data was investigated. 

Results. Compared to healthy controls, ALS and PLS patients showed altered structural global network 
properties, as well as local topological alterations and decreased structural connectivity in sensorimotor, 
basal ganglia, frontal and parietal areas. PMA patients showed preserved global structure. Patient groups 
did not show significant alterations of functional network topological properties relative to controls. 
Increased local functional connectivity was observed in ALS patients in the precentral, middle and 
superior frontal areas, and in PLS patients in the sensorimotor, basal ganglia and temporal networks. In 
both ALS and PLS patients, structural connectivity alterations correlated with motor impairment, while 
functional connectivity disruption was closely related to executive dysfunctions and behavioral 
disturbances. 

Conclusions. This multicenter study showed widespread motor/extra-motor network degeneration in 
ALS and PLS, suggesting that graph analysis and connectomics might represent a powerful approach to 
detect upper motor neuron degeneration, extra-motor brain changes and network reorganization 
associated with the disease. Network-based advanced MRI provides an objective in vivo assessment of 
motor neuron diseases, delivering potential prognostic markers. 

Funding. This study was partially supported by the Italian Ministry of Health (grant #RF-2011-
02351193) and AriSLA - Fondazione Italiana di Ricerca per la SLA (project ConnectALS). 
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Background. To explore the progression of clinical and structural brain changes in patients with 
amyotrophic lateral sclerosis (ALS), and to assess magnetic resonance imaging (MRI) measures of brain 
damage as predictors of subsequent functional decline. 

Methods. 50 patients with ALS underwent clinical evaluations and 3T MRI scans at regular intervals for 
a maximum of 2 years (total MRI scans=164). MRI measures of cortical thickness, as well as diffusion 
tensor (DT) metrics of microstructural damage along white matter (WM) tracts were obtained. Voxel-
wise regression models and longitudinal mixed-effects models were used to test the relationship between 
clinical decline and baseline and longitudinal MRI features. 

Results. The rate of decline of the ALS Functional Rating Scale revised (ALSFRS-r) was significantly 
associated with the rate of fractional anisotropy (FA) decrease in the body of the corpus callosum (CC). 
Damage to the corticospinal tract (CST) and CC-body had a faster progression in patients with higher 
baseline ALSFRS-r scores and greater CC-body damage at baseline. Lower FA of the cerebral peduncle 
was associated with faster subsequent clinical progression. 

Conclusions. In this longitudinal study, we identified a significant association between measures of WM 
damage of the motor tracts and functional decline in patients with ALS. Our data suggest that a 
multiparametric approach including DT MRI measures of brain damage would provide an optimal 
method for an accurate stratification of patients with ALS into prognostic classes. 
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Background 
Cortical neuron degenerative process underlying upper motor neuron involvement in amyotrophic lateral 
sclerosis (ALS) spreads to extra-motor regions as disease progresses. This is associated with cognitive and 
behavioural worsening in more severe disease stages. However, the clinical variability of ALS patients 
might reflect different cortical involvement in extra-motor areas. Consistently, we aim to investigate cortical 
thinning across disease stages in ALS patients accounting for their cognitive/behavioural impairment. 

Methods 
Thirty-six ALS patients (17 with cognitive/behavioural impairment, ALSimp) and 26 healthy controls 
underwent structural 3T magnetic resonance imaging. Cortical thickness was measured with a region-wise 
approach. The King's Clinical Staging System was used to determine disease stages. The Jonckheere-
Terpstra test tested for trends in cortical thinning and cognitive involvement across disease stages. 

Results 
Significant trends toward cortical atrophy across disease stages were found in bilateral frontal and cingular 
cortex, left temporal gyrus and right occipital gyrus of ALS patients, consistently with cognitive impairment 
in phonemic fluency, language, verbal episodic memory and social cognition. Sub-group analyses revealed 
that ALSimp had specific thinning in the right fronto-temporal insular cortex related to more pronounced 
cognitive involvement. 

Conclusions 
Looking at ALS patients irrespective of their cognitive phenotype, motor and extra-motor cortical 
involvement is consistent with neuropathological studies of disease dissemination. Segregating patients 
according to their cognitive status, a distinctive trajectory of cortical thinning emerged for ALSimp patients, 
suggesting a specific course distinct to that of the classic ALS phenotype. 
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Background. Genetic heterogeneity underlying different clinical presentations of the FTLD spectrum 
hampers the identification of useful biomarkers that may be able to monitor disease progression. This study 
aimed to assess atrophy of deep grey matter (GM) and hippocampal structures using magnetic resonance 
imaging (MRI) in patients affected by disorders of the frontotemporal lobar degeneration (FTLD) spectrum 
with known genetic mutations. 

Methods. 362 patients with disorders of the FTLD spectrum were screened for known pathogenic mutations. 
3D T1-weighted MRI sequences were obtained on a 3T scanner from 58 patients carrying mutations in the 
C9ORF72, GRN, TARDBP or SOD1 genes, including 39 with pure motor neuron disease (MND) and 19 
with frontotemporal dementia (FTD). 57 age- and sex-matched healthy controls (HC) were also enrolled. 
GM volumes of the basal ganglia, thalami and hippocampi were obtained using FIRST in FSL and 
normalized for head size. MRI measures were compared between groups using ANOVA tests followed by 
post-hoc analyses with Bonferroni correction for multiple comparisons. 

Results. The 33 patients carrying a C9ORF72 expansion were divided into two groups of 22 C9-MND and 
11 C9-FTD. All 8 GRN-positive patients had an FTD clinical presentation, whereas patients showing 
TARDBP (n=10) and SOD1 (n=7) mutations had pure MND. Compared with HC, C9-MND patients showed 
atrophy of the bilateral thalami and left caudate; C9-FTD patients showed atrophy in the same structures, as 
well as in the right caudate and putamen; GRN-FTD patients showed a severe involvement of the thalami, 
left putamen and bilateral hippocampi. TARDBP-MND and SOD1-MND patients showed GM volume 
values that overlapped with those of HC.  

Conclusions. Our data suggest that measures of deep GM involvement might be useful markers of 
C9ORF72-related disorders, regardless of the clinical presentation within the FTLD spectrum.  
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Background. This study aimed to investigate the progression of brain functional connectivity alterations 
in patients with amyotrophic lateral sclerosis (ALS) and to define the relationship between ALS cognitive 
alterations and resting state-functional connectivity (RS-FC) changes over time. 

Methods. At baseline and after six months, 23 newly diagnosed ALS patients underwent 3D T1-weighted 
MRI, RS functional MRI, and the computerized Test of Attentional Performance (TAP). To assess RS-FC 
over time, an independent component analysis (ICA) was performed using MELODIC in FSL. For each 
network of interest, we obtained delta images between baseline and follow-up. General linear models 
accounting for voxel-based grey matter assessed: RS-FC changes over time; the relationship between RS-
FC changes, baseline cognitive scores and cognitive changes over time. Finally, a seed-based FC analysis 
was run in FSL to assess FC changes over time between the left and right middle frontal gyrus (MFG, a 
key region observed in the ICA analysis) and the rest of the brain. 

Results. Longitudinally, ALS patients showed an increased FC in the left anterior cingulate cortex, left 
middle frontal gyrus and bilateral superior frontal gyrus within the frontostriatal network, and in the left 
middle frontal gyrus, right inferior frontal gyrus and bilateral inferior parietal gyri within the left 
frontoparietal network. A worse performance at baseline TAP divided attention subtest was related with 
increased FC over time in the left MFG within the frontostriatal network. The seed-based analysis showed 
increased FC between the left and right MFG and the ipsilateral superior and orbital frontal and anterior 
temporal regions, and reduced FC between the left and right MFG and the ipsilateral posterior regions, 
mainly involving the dorsolateral occipital and parietal cortices. 

Conclusions. Over six months, FC progressed beyond the brain motor network. Increased connectivity in 
frontal regions in relation with greater frontal-executive deficits at baseline suggests that it is likely not a 
mechanism of compensation but rather a sign of disease progression. This is also revealed by the reduced 
FC between MFG and posterior brain regions that reflects an anterior-posterior functional disconnection 
as observed in the frontotemporal-lobar degeneration. These findings offer new potential markers for 
monitoring the ALS progression. 
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Background: Neuroinflammation has been proposed as key driver of neurodegeneration in 
neurodegenerative diseases including amyotrophic lateral sclerosis (ALS), representing a potential 
therapeutic target [Ban et al., 2019]. SOD1 mutations cause about 20% of Familial Amyotrophic Lateral 
Sclerosis (ALS), and SOD1 pathology might generate microglial activation triggering neurodegeneration 
[Turner et al., 2004]. [11C]-PK11195 is the prototypical and most validated PET radiotracer to measure 
microglia activation, targeting the 18 kDa translocator protein which is overexpressed by activated 
microglia. We in vivo investigated microglia activation in pre-symptomatic (preSOD1) and symptomatic 
(symSOD1) mutated carriers of familial ALS SOD1 mutation, by using [11C]-PK11195-PET. 

Methods: We evaluated N=4 preSOD1, neurologically normal, N=6 symSOD1 with probable ALS, and 
N=10 healthy controls (HC) for comparison.  Receptor Parametric Mapping procedure, a basis function 
implementation of the Simplified Reference Tissue Modeling method, estimated [11C]-PK11195 binding 
potentials and Voxel-wise statistical comparisons were performed at group and single-subject levels, 
considering the HCs as reference. 

Results: Both the symSOD1 and preSOD1 groups showed significant microglia activation in cortical and 
subcortical structures, with a pattern variability at individual level. Several clusters of activation were 
present in temporal and occipital regions, plus, cerebellum, thalamus and medulla oblongata. The symSOD1 
additionally showed microglia activation in supplementary, primary motor and somatosensory regions. 

Conclusions: SOD1 ALS is characterised by a significant but heterogeneous microglia activation since the 
earliest preclinical phases that seems to evolve during disease progression up to the involvement of 
structures implicated in motor control and execution, as confirmed in previous in vivo studies [Alshiko et al., 
2018]. The involvement of the medulla, occipital and cerebellar structures, suggests a pattern of posterior 
spreading. Further researches to clarify the temporal and spatial dynamics of microglia activation and its 
relationship with neurodegeneration are needed. 
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Purpose: Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease leading to neuromuscular 
palsy and death. We propose a translational approach to [18F]-fluorodeoxyglucose (FDG) PET/CT images 
in a model of SOD1G93A mice and in a cohort of ALS patients, aiming to analyse the structure and 
metabolic pattern of skeletal muscle and its relationship with disease aggressiveness in ALS. 

Materials and Methods: 15 wild-type and 15 SOD1G93A mutated mice at end-stage of life underwent 
micro-PET imaging. Soon after mice sacrifice, randomly selected quadriceps muscles of each group were 
homogenized, and enzymatic assays were performed to asses their bioenergetics status. Similarly, hind limb 
muscles from both subgroups were harvested, processed and incubated with MitoTracker Red, H2DCFDA 
and analysed by confocal microscopy. Finally, electron microscopy was used to assess their ultrastructure in 
both subgroups. 
Concurrently, a computational 3D method was used to extract whole psoas muscle’s volumes and average 
attenuation coefficient (AAC) from CT images obtained by FDG PET/CT performed in 62 ALS patients and 
healthy controls. Psoas average standardized uptake value (normalized on liver, N-SUV) and its distribution 
heterogeneity (defined as N-SUV variation coefficient, VC-SUV) were also extracted.   

Results: On the experimental ground, quadriceps muscles of mutated SOD1G93A mice were characterized 
by enhanced FDG uptake despite a significant deceleration in glycolytic flux. This metabolic reprogramming 
was associated with a significant increase in reactive oxygen species (ROS) production that selectively 
enhanced endoplasmic reticulum (ER) function. Moreover, evident mitochondrial dysfunction leading to a 
decreased oxygen consumption rate and ATP synthesis was observed in SOD1G93A quadriceps. The 
electron microscopy analysis confirmed the occurrence of alterations in skeletal muscle mitochondrial 
structure. 
The metabolic reprogramming involving ALS skeletal muscle showed a relevant prognostic value in 
humans. Indeed, while psoas AAC was similar in patients and controls, in ALS a significant reduction in 
psoas volume (3.6±1.02 vs 4.12±1.33 mL/Kg; p<0.01) and increase in psoas N-SUV (0.45±0.19 vs 
0.29±0.09; p<0.001) were observed. Moreover, higher heterogeneity of psoas FDG uptake was also 
documented in ALS (VC-SUV 8±4%, vs 5±2%, respectively, p<0.001) and significantly predicted overall 
survival at Kaplan-Meyer analysis. 

Conclusion: The present data suggest the existence of a peculiar metabolic alteration of skeletal muscle in 
ALS which can be non-invasively indexed by FDG PET imaging. This metabolic reprogramming is 
intrinsically related to oxidative damage and mitochondrial disfunction and is potentially able to provide 
prognostic insights in ALS.  
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Introduction: Becker muscular dystrophy (BMD) is a X-linked inherited allelic disorder caused by mutations 
of the dystrophin gene. At the moment no effective treatment is available, but a number of promising 
therapeutic strategies are under development.  
Aim of this study is to compare Quantitative Magnetic Resonance Imaging (qMRI) measures between BMD 
and Healthy Subjects (HS) and to correlate these parameters with clinical scores in order to: i) test drug 
efficacy; 2) evaluate disease progression in a more sensitive and reproducible way. 

Methods: The images of ten BMD patients (38.7±15.0 years) and ten age-matched HS, were acquired through 
a 1.5T Siemens Avanto scanner at thigh and calf levels. The acquisition protocol included these sequences: 1) 
a standard axial T1w; 2) a volumetric T2w; 3) a T2w multiecho spin-echo (16 echoes, TE=8.4/8.4/142.8 msec); 
4) a 2-point Dixon (TE=2.39/4.78msec); 5) a Diffusion Tensor Imaging (DTI): 100 non-collinear directions, 
10 b=0s/mm2 volumes every 8 DWI volumes, max b-value=500s/mm2. Regions of interest (ROIs) were traced 
at thigh and calf level.  DTI images were pre-processed and then co-registered to the Dixon water component 
using ExploreDTI. Fat Fraction (FF), expressed as F/(F+W)*100, was estimated from the Dixon sequence 
using Matlab (F,W= fat/water components).
The level of significance was set to p<0.05.

Results: Mean FF, T2 and Fractional Anisotropy (FA) at thigh and calf levels were significantly higher in 
BMD patients than in HS. Fat Fraction at thigh/calf levels significantly correlated with North Star Ambulatory 
Assessment (NSAA) score, 6 Minutes Walking Test (6MWT) and 10-m walk, whereas only calf muscle FF 
was significantly associated with time to get up from floor. T2 significantly correlated with NSAA score, 
6MWT and time to get up from floor only at calf level. Among DTI values, only FA in thigh/calf muscles 
significantly correlated with NSAA score, 6MWT and 10-m walk; only FA in calf muscles significantly 
correlated with time to get up from floor. A significant correlation between FA and FF (aka paradoxical effect) 
was observed, in agreement with other studies. 

Conclusions: In conclusion, muscle FF, T2and DTI seem to be promising biomarkers to assess BMD disease 
severity. In particular, FF (and FA) showed a good correlation with all clinical scores whereas T2 seemed to 
be able to depict the first stages of the disease. Ongoing studies will evaluate the 1-year changes in these 
parameters. 
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Background: Duchenne Muscular Dystrophy (DMD) results in progressive wasting of locomotor 
and respiratory muscles, with consequent chronic ventilatory failure and death. Although 
spirometry is considered the standard tool for routine lung function evaluation in DMD, it does not 
provide any specific information on the impairment of ribcage muscles, diaphragm and abdominal 
muscles.  

Methods: Our group studied respiratory muscles function and pathophysiology in a large 
population of genetically and clinically defined DMD patients (aged from 6 to 24 years) through 
standard techniques (spirometry) and through more innovative noninvasive techniques such as opto-
electronic plethysmography (OEP), ultrasonography (US) and magnetic resonance imaging (MRI). 
OEP is a motion capture system that, using infrared TV cameras, passive reflective markers and 
dedicated geometrical models, provides accurate measurements of the thoraco-abdominal 
contributions to tidal volume. A 7-year retrospective study on 115 DMD patients, evaluated once or 
twice per year through spirometry and OEP, with 574 visits in total, was also performed.  

Results: Through OEP we showed that progressive loss of respiratory muscle strength determines 
alterations in the pattern of spontaneous breathing, and that abdominal contribution to tidal volume, 
an index of the action of the diaphragm, progressively decays with age (LoMauro 2010, 2018) and 
is being a strong predictor of nocturnal hypoxemia (Romei 2012) and inefficient cough (LoMauro 
2013).  The restrospective study allowed the identification of evolution mean curves of spirometry, 
lung volumes, spontaneous breathing and thoraco-abdominal pattern (measured by OEP) through a 
nonlinear regression model analysis (LoMauro 2018). Diaphragm ultrasound showed a progressive 
reduction of diaphragmatic thickness and thickening with age (Laviola2018) meanwhile MRI 
showed that fat infiltration and reduced mobility of the diaphragm are strongly correlated with the 
decrease of diaphragmatic contribution during both quiet spontaneous breathing and forced vital 
capacity (Pennati  2019).  

 Conclusioni : Therefore the pattern of spontaneous breathing recorded through OEP, fat infiltration 
recorded through quantitative MRI, diaphragm excursion and thickening recorded through US 
measures,  strongly correlate with disease progression and could be considered as more specific 
outcome indexes for clinical trials involving DMD patients.  
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Background: MR examinations during childhood provide valuable insights in the neurodevelopment and 
potentially detect abnormal development of white matter (WM). Myelin fraction estimation can be performed by 
multicomponent relaxation (MCR) analysis of the steady-state MR signal, separating the different components 
according to their relaxation times. Recently, the same principles have been applied to transient-state acquisitions 
such as MR Fingerprinting (MRF), combining the specificity of myelin fraction mapping with the robustness and 
the short   acquisition time of MRF. Here, we studied a cohort of 38 patients referred to our child 
neurology unit using  MRF acquisitions. 

Methods 
Signal model: We used a three-component signal model, assuming each voxel as a weighted combination 

of myelin water (MW), an intra-extracellular water (IEW) and a free water (FW). For each component 
fixed T1  and T2 based on literature values were assumed. Using this model, we built a dictionary of 
signal evolutions using the EPG formalism. Step size for the weights was 0.01. 

Data acquisition: We acquired data in 38 children from 2 months to 11 years old. Amongst all subjects, 23 
did not present visible alterations of WM. All the data were obtained using 2D spiral SSFP MRF on a 
GE HDxt 1.5T with 8-channels receiver. 

Data analysis: After obtaining the quantitative maps by matching the acquired signal with the precomputed 
dictionary, a single ROI was manually drawn delineating the splenium of corpus callosum. Myelin 
fractions were calculated within the ROI and the results were reported as a function of the patient age. 
This curve was fitted using a modified Gompertz function, as previously reported in literature. 

Results: Using the proposed signal model, MW Fraction (MWF) maps were successfully obtained. 
Quantitative analysis of normal subjects data revealed that myelin content undergoes a rapid increase 
within the early years of life and then stabilizes at around 30 months of age. Myelin grow rates resulted 
to be r1=2.00±0.90 months-1, r2=0.0007±0.0023 months-1 (R=0.94). Moreover, it appears that subjects 
with WM alterations have a significantly lower MWF for comparable ages. 

Conclusions: We successfully used MRF to estimate myelination during development. Further studies 
should focus on different ROIs, as it is possible to find local regions of lower MWF not bound to main 
WM bundles, and on the implementation of more sophisticated signal models to improve quantification. 



EVALUATION OF BRAIN MRI QUALITY IN NATURAL SLEEP VS ANAESTHESIA IN 
INFANTS WITHIN 6 MONTHS OF LIFE 
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BACKGROUND Brain MRI has been recently described as the recommended neuroimaging 
technique to support early diagnosis and prognosis of cerebral palsy in term and preterm infants at 
high-risk for adverse outcome1,2. However, motionless MRI is challenging and very often obtained 
by sedation, whose safety in such a young population is still a matter of debate3,4. We aim at evaluating 
the quality of brain MRI imaging during natural sleep (nsMRI), extended up to 6 months of life in a 
clinical setting, in comparison to “standard” MRI during sedation (sMRI). 

METHODS: We retrospectively evaluated clinical images of infants younger than 6 months (age 
range 0-5 months) who underwent sMRI (n=23, age range 0-5 months, mean 3.4±1.4) or nsMRI 
(n=53, age range 0-5 months, mean 2.5±1.5) at a 1.5 T GE MR scanner. All exams included at least 
a 3D T1-weighted isotropic acquisition. Other MRI sequences used for quality evaluation were 2D 
and/or 3D acquisition with different weights (T1, T2, T2*, DWI). Post-processing steps included gray 
matter and white matter probability maps identification on the 3D T1-weighted sequence by using 
ANTS diffeomorphic registration5 of age-matched atlases6-7. By applying a threshold of 0.9 we 
obtained a selection of areas containing almost only GM or WM. By using these regions we identified 
the following quality measures: Signal to Noise Ratio (SNR), Contrast to Noise ratio (CNR), 
Foreground to Background Energy Ratio (FBER)8-9. The same metrics were extracted on all the MRI 
sequences. Groups comparisons on the median of extracted metrics were performed through non-
parametric Kruskal Wallis tests. 

RESULTS: The extracted metrics showed to be comparable in terms of SNR, CNR, FBER for nsMRI 
and sMRI groups in 2D axial T2w and T2*w, 3D T2*w SWAN and 3D T2w CUBE acquisitions. We 
observed a higher FBER in sMRI for 3D T1w sequence (p<0.001), a higher FBER in sMRI for 
coronal T2w sequence (p=0.04) and a higher SNR in sMRI for sagittal T1w SE sequence (p=0.001). 
On the contrary, we measured higher CNR and FBER in nsMRI DWI acquisitions (p=0.01 and 
p=0.008, respectively). 

CONCLUSIONS: Natural sleep MRI is feasible within 5 months of life.  Our quality analysis 
suggests that there are no significant differences in overall quality for main images between nsMRI 
and sMRI. Our quality analysis support the use of a feasible protocol including 2D T1w, T2,w T2*w, 
3D T1w, DWI and SWI to result in a high quality nsMRI exam for clinical purposes up to five months 
of age.  



ALTERED GLOBAL EFFICIENCY AND LIMBIC SYSTEM CONNECTIVITY IN CHILDREN 
WITH EARLY LIFE ADVERSITIES: A CONNECTOMICS-BASED STUDY 
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Background: Epigenetic factors related to early life adversity (ELA) in childhood are major risk factors for 
borderline intellectual functioning (BIF). BIF affects both adaptive and intellectual abilities, commonly 
leading to school failure and to an increased risk to develop mental and social problems in the adulthood. 
This study aimed to investigate the neurobiological underpinnings of ELA associated with BIF in terms of 
global topological organization and structural connectivity and their relation with intellectual functioning. 

Methods: BIF (N=32) and age-matched typical development (TD, N=14) children were evaluated for 
intelligence quotient (IQ), behavioral competencies (Child Behavior Check List, CBCL), and ELA. Children 
underwent an anatomical and diffusion-weighted MR imaging (DWI) protocol. Global brain topological 
organization was assessed measuring segregation and integration indexes. Moreover, structural matrices, 
measuring normalized number of fibers (NFn), were compared between the 2 groups using network-based 
statistics. Finally, a linear regression model was used to explore the relationship between network 
parameters and clinical measures. 

Results:  Results showed increased behavioral difficulties (CBCL, p=0.005), and ELA (p= 0.0001), together 
with decreased network integration in BIF children (Characteristic Path Length p=0.0002; Global Efficiency 
p=0.001). Moreover, significantly lower NFn was observed in the BIF group (p=.039, FWER corrected) in a 
sub-network comprising anterior and posterior cingulate, the pericallosal sulcus, the orbital frontal areas, 
amygdala, basal ganglia, the accumbens nucleus, and the hippocampus. Linear regression analysis showed 
that NFn was significantly related to IQ (p<.0001). 

Conclusions: This study demonstrated that ELA in children with BIF is associated with a decreased 
information integration at the global level, and with an altered structural connectivity in a sub-network 
connecting areas belonging to the limbic system that are relevant for emotion regulation and motivation, and 
memory. Moreover, the mNFnet predicted the FSIQ of children, suggesting a close relationship. These data 
are in line with the clinical manifestations of children with BIF and underline the importance of early 
detection of BIF condition to implement effective interventions preventing poor outcome in the adult age. 



BRAIN MORPHOMETRY ABNORMALITIES AND WHITE MATTER ALTERATIONS IN 
SUBJECTS WITH CHILDHOOD APRAXIA OF SPEECH: A PRELIMINARY ANALYSIS. 
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Background: Childhood Apraxia of Speech (CAS) is a pediatric speech sound disorder in which 
precision and consistency of speech movements are impaired. Most children with idiopathic CAS 
have normal structural brain MRI. However, recent studies detected microstructural abnormalities in 
small samples of children with CAS. This study aims to provide further evidences on brain 
morphometric and white matter (WM) alterations of patients with CAS compared to typically developing 
controls. 

Methods: A sample of 25 children with CAS and 25 age and gender (42 males and 8 females) matched 
controls was recruited. Subjects underwent to the same protocol at 1.5T: a 3D T1-weighted structural 
sequence (FSPGR, TR/TE=14/4ms, flip angle=10°, 1 mm3 isotropic voxel); a Diffusion Weighted sequence 
(DWI-EPI, 31 gradient directions, b-value=1000s/mm2, TR/TE=10000/92ms, 3 mm3 isotropic voxel). 
FreeSurferer 6.0 recon-all pipeline was used for segmentation of brain structures from T1-weighted MR 
images. The statistical examination of volumes was performed using a multi-way analysis of variance 
(ANOVA) test using gender and supratentorial volume as covariate. Based on Fractional Anisotropy maps 
(FA), the tract-based spatial statistics (TBSS) method was used to investigate the changes of WM microstructure. 

Results: Statistical analyses detected alterations of cortical thickness in the CAS cohort compared to the 
control group. Cortical thickness was decreased bilaterally in the temporal cortex, whereas it was increased 
in left pericalcarine and left rostral middle-frontal cortices. An increase in volume was found in CAS 
children compared to the control group, bilaterally in thalami and right nucleus accumbens. Augmented 
surfaces were observed in left superior-parietal and left precentral cortex, whereas reduction was detected 
bilaterally in the rostral anterior cingulate area. TBSS method showed a decrease of FA bilaterally in the 
inferior parietal WM and in the right middle frontal in the CAS compared to control group. An increase of 
FA was found in CAS in the left external capsule and in the right superior temporal WM. 

Conclusions: Our results provide evidence in support of the presence of morphometric brain abnormalities 
in children with CAS. These alterations involve bilaterally both cortical and subcortical structures together 
with WM. A larger sample size is required to better understand the relationship between the biological bases 
of CAS and the detected morphometric alterations. 



SPECIFIC AND SHARED BRAIN CONNECTIVITY ALTERATIONS IN CHILDREN WITH 
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Background Autism spectrum disorder (ASD) and attention deficit hyperactivity disorder (ADHD) 
share similar impairments across different domains. Whether such shared clinical presentations reflect 
common underlying neural mechanisms is yet unknown. In both ASD and ADHD, abnormal long-range 
networks have been consistently reported using different neuroimaging methods. Among these modalities, 
diffusion tensor imaging (DTI) studies have found atypical structural connectivity in individuals with ASD 
or ADHD compared with typical controls, but the findings were based on independent comparisons. 
The present study investigated white matter structure of 60 school-aged, high-functioning children with 
ASD, with and without ADHD, compared to 60 typically developing peers. 

Methods Participants were matched by sex, age, and intellectual reasoning ability. Given the well-known 
sensitivity of DTI technique to motion, participants were closely matched for different motion measures. 
DTI images were acquired with a single-shot, echo-planar diffusion-weighted sequence. Two runs were 
collected in each subject, with 32 gradient directions (b = 700 s/mm3) and one b0 in each run. Sixty 2.2-mm 
axial slices were acquired for each volume, with 0.8 mm in-plane reconstructed resolution. We used 
Automated Fiber Quantification, to individually examine three long-distance tracts ─inferior fronto-occipital 
fasciculus (IFOF), inferior and superior longitudinal fasciculus (ILF and SLF)─. Diagnostic effects on FA 
and MD were assessed using independent t-tests conducted point-wise along each fiber tract. False discovery 
rate correction was applied to adjust for multiple comparisons (p = 0.05 corrected). 

Results Consistent with our hypothesis, participants with ASD, irrespective the comorbid ADHD, showed a 
pattern of left-lateralized white matter abnormalities within the ILF and SLF, including but not limited 
to motor and social networks. The co-occurrence of ADHD had a significant impact on these results, with 
the left lateralization found to be specific to children with ASD without comorbid ADHD in a wide, 
temporal portion of the left SLF. 

Conclusions The present study provides evidence for alterations in white matter diffusivity of three 
anterior-posterior tracts in a well-characterized group of high-functioning children with ASD. 
Furthermore, our findings denote ASD with co-occurent ADHD as independent 
neuroendophenotype, supporting the hypothesis of a developmental ASD-ADHD subtype. 



NEW INSIGHTS OF NEUROCHEMICAL DYSFUNCTION IN A CDKL5 NULL MOUSE 
REVEALED BY IN VIVO MAGNETIC RESONANCE SPECTROSCOPY 
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Background : CDKL5 deficiency disorder (CDD) is a devastating neurodevelopmental disorder caused by 
mutation in the X-linked CDKL5 gene. It is characterized by early onset seizure, autistic features and 
intellectual disability. Nowadays, no biomarker is available to follow the progression of the disease and to 
assess the efficacy of a pharmacological intervention in an objective way. To fill this gap of knowledge, we 
analyzed, for the first time in the field, the Cdkl5 KO brain through different approaches of Magnetic 
Resonance Imaging (MRI). In particular, we used ex vivo Manganese Enhanced MRI (MEMRI) to select 
areas showing major dysfunctions, exploiting the capability of Manganese ion (Mn2+) to enter into excitable 
cells via voltage-gated calcium channels and to accumulate into active cerebral regions. Then, we 
investigated the neurochemical signature of the selected areas by proton-MR Spectroscopy (1H-MRS) and 
we validated the obtained results through molecular studies. 

Methods: MRI experiments were conducted on a 7-Tesla MRI scanner for rodent. MnCl2 was administered 
to adult Cdkl5 animals of both sexes. In order to analyze animals with a mild neurological phenotype, KO 
males were analyzed at P70, while heterozygous females at P150. Paravision 6.0 was used to analyze MR 
images, while LCMODEL was used to analyze metabolite concentrations from MRS spectra. Hippocampus 
and thalamus from Cdkl5 KO mice and their WT littermates (P70) were used to validate the results through 
qPCR. 

Conclusions: No sign of atrophy or difference in brain morphology was found in both ex vivo and in vivo 
MRI analysis. MEMRI of both sexes highlighted a general increase of Mn2+ uptake in the mutant brain. 
Obtained results led us to select the hippocampus as the most reactive area and the thalamus as a weakly 
affected region. The neurochemical profile of these areas was assessed through in vivo 1H-MRS. We 
revealed that, as already observed in Autism Spectrum Disorders, in Cdkl5 KO brain there is a significant 
reduction of metabolites involved in oxidative stress and mitochondrial activity. As already observed in 
Autism Spectrum Disorders, 1H-MRS demonstrated that the Cdkl5 KO brain suffers from a metabolic 
deregulation. Accordingly, quantitative RT-PCR showed a downregulation of several genes involved in 
mitochondrial function. Cumulatively, our results indicate the existence of a mitochondrial dysregulation 
that might participate to the development of the disease. 



VISUAL PROCESSING ASSESSMENT IN DEVELOPMENTAL DYSLEXIA COMBINING 
MULTIPLE FMRI TASKS 
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Background: Developmental Dyslexia (DD) is a common neurodevelopmental disorder characterized by 
reading deficit. According to the magnocellular (M) deficit theory, deficits in the visual M functions 
predict reading difficulties and are often associated with DD. We applied a Multi-Variate Pattern Analysis 
(MVPA) approach to investigate the impact of the DD in the functional activations associated with the M 
functions. 

Methods: Twenty-two Normal Readers (NR) and 22 children with DD underwent a 3T MRI scan session 
including a T1-weighted 3D sequence and two fMRI task sequences. The first task consisted of a block-
design stimulation of the M and Parvocellular (P) pathways through a sinusoidal grating stimulation with 
counterphase flicker. The second task consisted of an event related design task of sensitivity to Coherent 
Dots Motion (CDM), with three different ratios of coherently moving dots (CMR), i.e. 6%, 15% and 40%. 
MRI images images were processed using FreeSurfer (v6.0) to extract the cortical surfaces and compute 
the contrast maps. In particular, for each subject five contrast maps (i.e. M Vs baseline, P Vs baseline, 
CMR-6% Vs baseline, CMR-15% Vs baseline, CMR-40% Vs baseline) were computed and sampled over 
the Regions Of Interest (ROIs) in the HCP-MMP 1.0 atlas. 
A Multiple Kernel - Support Vector Machine (MK-SVM) algorithm was used to predict the subjects class 
(NR/DD) on the basis of the fMRI data in the ROIs. The algorithm assigned a kernel to each ROI and 
computed a weight that can be interpreted as the ROI importance for the classification task. Finally, a 
leave-one-out cross validation procedure and a permutation test were performed to investigate the 
classifier performances. 

Results: The MK-SVM algorithm reached a classification accuracy of 65.9% and an AUC of 0.647, 
significantly over the random choice (p=0.043). Figure 1 shows the kernel weights associated with each 
ROI. Fifteen ROIs account for more than 50% of the overall classification weights and are located mainly 
in the visual areas, in the dorsal stream, including the neighbouring parietal areas, and in the inferior 
frontal area. 



WHITE MATTER TRACTS ORGANIZATION IN PATIENTS WITH COMPLEX 
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Background: Malformations of cortical development (MCD) are characterized by abnormal folding, 
thickness and gyrification of cerebral cortex, resulting from defects of cortical formation. Anomalies in the 
shape of cortical ribbon may be associated with abnormal organizations of underlying white matter (WM) 
tracts. This study aims to assess, patterns of WM tract organization and structural abnormalities in a cohort 
of children and adolescents with different subtypes of MCD (Polymicrogyria - PMG and lissencephaly - 
LIS), using diffusion MRI based WM modelling and tractography techniques. 

Methods: We retrospectively reviewed 50 patients (mean age: 8.3 ± 5.4; range: 1.4 - 21.2; 27 males) with 
different subtypes of PMG (n = 42) and LIS (n = 8). The CSD technique was used to estimate local fiber 
orientation distribution, generating fiber direction-encoded color (DEC) maps and reconstructing 
tractography of the major association WM tracts for each patient. They were visually compared to DEC 
maps and tractography reconstructed from seven age-matched, healthy control WM templates. Each WM 
tract was assessed by two experienced paediatric neuroradiologists, and scored in consensus, based on 
severity of structural abnormality ranging from absent to thickened. The results were categorized by 
different PMG and LIS subgroups. 

Results: More abnormal-appearing WM tracts were identified in LIS compared to PMG patients (79.2% 
versus 37.3%). In LIS, tract abnormalities were identified in all studied WM tracts while in PMG, the more 
frequently affected tracts were cingulum (CG), superior longitudinal fasciculus (SLF), inferior longitudinal 
fasciculus and posterior corona radiata.  The extent of WM tract abnormalities reflected MCD severity and 
location. This association was particularly noticeable when comparing generalized versus focal PMG, and 
the frequent involvement of CG and SLF in our frontal and perisylvian PMG cohorts. The association was 
less clear for the posterior WM tracts  (i.e. the ILF, IFOF and PCR-OR) with occipital fiber projections. 
Thickened superior fronto-occipital fasciculus was demonstrated in three patients. 

Conclusions: White matter tract organization in patients with complex MCD can be characterized using 
tissue-specific CSD white matter modelling and probabilistic tractography techniques. Patterns of white 
matter abnormalities observed are related to the MCD distribution and subgroups, and possibly to their 
underlying aetiologies. 
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Background Children with attention deficit hyperactivity disorder (ADHD) are often characterized by lack 
of emotional self-regulation and by deficits in organizing behaviors in response to emotional stimuli 
[Shaw,2014]. The present study aims to evaluate possible peculiar sensibility to emotional stimuli in children 
with ADHD, measuring cortical hemodynamic activation with functional Near Infrared Spectroscopy 
(fNIRS).  

 Methods  43 children aged 6 to 16 years (18 drug-naïve with ADHD, 16 males; 25 typically developing, 21 
males) underwent fNIRS while performing a sustained attention task with emotional visual stimuli (faces 
with positive, negative or neutral expressions)[Ekman,1976]. Oxygenated (HbO) and Deoxygenated 
hemoglobin (HbR) concentration changes were recorded in prefrontal cortical areas. ADHD and emotive 
symptoms were evaluated with Conners’ Parents Rating Scales (CPRS)[Conners,1997] and Child Behavior 
Checklist (CBCL/6-18)[Achenbach, 2001]. Between-groups differences in clinical, cognitive and behavioral 
measures were analyzed with Mann-Whitney or independent samples ttest. Between groups differences in 
HbO and HbR concentrations in different task conditions were evaluated with MannWhitney test. 
Associations between symptoms and hemodynamic characteristics were evaluated with Spearman 
correlations.  

Results Between-groups comparisons revealed worse performances in ADHD children, with statistically 
significant differences for negative and positive blocks. fNIRS analysis showed higher activation in typically 
developing group, as measured by higher HbO concentration changes, localized in right prefrontal cortex, 
regardless of the emotional stimuli valence. Correlations conducted between fNIRS activation and CPRS and 
CBCL revealed several negative associations between hemodynamic changes in right prefrontal regions and 
inattention and hyperactivity.  

Conclusions Emotional-regulation deficits seems to impact on ADHD children ability to process emotional 
stimuli, as revealed by worse performances and hemodynamic peculiarities in right prefrontal cortex, 
compared to typically developing peers during emotional content task.  



LONG TERM FOLLOW-UP OF A COHOORT OF SUBJECTS AFFECTED BY CORPUS 
CALLOSUM AGENESIS DETECTED DURING FETAL LIFE. NEUROPSHYCOLOGICAL, 
NEURADIOLOGICAL  AND GENETIC CORRELATION 
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Background : In the recent years there has been an exponential growth of prenatal imaging techniques, as 
fetal ultrasound and fetal MRI, aiming to better identify fetal malformations and to provide information on 
clinical prognosis and counseling. With the aim to study clinical evolution during post-natal life, a cohort of 
subjects with isolated complete agenesis of corpus callosum (ACC) detected in fetal life has been evaluated 
during a long-term follow-up. A detailed postnatal neuropsychological, neuroradiological and genetic 
assessment has been performed in order to achieve prognostic indicator indexes. 

Methods: Since 2003, about 100 fetal MRI were performed in corpus callosum agenesis detected by a 
second-level ultrasound at the Department of Neuroradiology, Children’s Hospital Buzzi, Milan. Fifty 
subjects with isolated corpus callosum agenesis oldest two years  of age (from 2 to 16 years old) were 
selected for a detailed evaluation at the Neuropsychiatry and Neurorehabilitation Unit, Scientific Institute E. 
Medea, Bosisio Parini. A telephonic interview was administered. Information about parents’ personal data, 
familial anamnestic history, medical history, possible school difficulties, any behavioral disorders and 
rehabilitation therapies were collected. Subsequently the children were underwent to a clinical, and 
neuroradiological evaluation. During evaluation, a genetic analysis was proposed. 

Results: Fetal MRI have been classified based on the presence or absence of commissural structures 
(anterior commissure, hippocampal commissural, heterotopic vestigial commissures) into 4 subgroups of 
anatomical variants of corpus callosum agenesis. In 33/50 (66%) subjects a postnatal MRI (1.5 or 3 Tesla) 
was performed. From a comparison between fetal and postnatal classification system a pre-postnatal 
concordance was obtained overall in 26/33 (79%). Additional findings at postnatal MRI were detected in 
8/33 (24%) patients. During evaluation, a genetic analysis was proposed and performed in twenty-seven 
subjects (54%). A neuropsychological assessment has been performed in accordance with the age and the 
skills of the subjects to obtain data on cognition, motor abilities, memory, attention, executive functions, 
language, behavior. Outcome data of the first two years of life have been obtained in all the 50 enrolled 
cases. A detailed neuropsychologic evaluation was performed in 38/50 (76%) subjects over the age of 6 
years. Overall intellective functions are adequate in the half of the patients (50%) with better results in 
behavior (79 %) and worst (39%) in language.  

Conclusions: Fetal MRI findings have been compared with postnatal MRI data, neuropsychological data 
and genetic results in search of prognostic indicators to predict neurodevelopmental outcome, to develop 
early rehabilitation strategies and to address the prenatal counselling. 
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Background Antibodies against neuronal surface antigens (NSA-Ab) frequently associate with cognitive 
impairment, often as the first and prevalent manifestation, but few studies have systematically assessed 
the frequency of NSA-Ab in consecutive patients with established neurodegenerative disorders.  

Methods: We studied sera of 94 patients (41F, 53M), aged 69 ± 9.7 years, with neurodegenerative conditions, 
and of 50 population controls aged over 60 years. Sera were screened for NSA-Ab by immunohistochemistry 
on rat brain sections and immunofluorescence on hippocampal rat cultured neurons. Antibodies to specific 
antigens were investigated by cell-based assays (CBAs). After testing, we dichotomized patients on the basis 
of two main clinical presentation, parkinsonism or dementia, and evaluated the association between clinical, 
CSF and radiological findings and the presence of NSA-Ab.  

Results Overall 28 patients (29.7%) showed some neuronal immunoreactivity (either on CBAs,tissue or 
neurons), compared with only one control (2%; NMDAR-ab positive) (P <0.0001, Fishers’ exact test). 
Fourteen patients (14.9%) had specific antibodies: 7 GlyR, 1 CASPR2, 2 LGI1, 3 GABAAR (1 co-
reactive for AMPAR), 1 to GABABR. Two patients (2.1%) had undetermined reactivities on both tissue and 
neurons, four (4.2%) only on tissue and 8 (8.5%) only on neurons. Among parkinsonism patients, 
seropositive status (n=11/34) did not associate with any specific parkinsonism features; however, 
seropositive patients showed more severe cognitive impairment (P=0.039, Mann-Whitney U-test) than 
those without antibodies. Among patients presenting with dementia, seropositive cases (n=17/60) had 
more frequently undefined diagnosis (P=0.013, Pearson Chi-Square) and subacute onset (P=0.001, 
Fisher’s exact test) than the 43 seronegative. Seropositive status was also associated with the absence of 
brain atrophy at brain MRI (P=0.01, Fisher’s exact test) and the presence of aspecific EEG changes (i.e. slow-
waves) (P=0.013, Fisher’s exact test). 

Conclusions NSA-Ab are frequent in patients diagnosed with neurodegenerative disorders, particularly in 
those presenting with dementia. Seropositive cases often did not present all the criteria to fulfill a specific 
neurodegenerative disease diagnosis, nor the typical CSF and radiological features commonly associated with 
autoimmune encephalitis. The significance of these antibodies and their role need to be investigated in 
prospective studies. 
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Background: Sporadic Creutzfeldt-Jacob diseases (sCJD) are rare neurodegenerative disorders caused by the 
conformational conversion of the prion protein (PrPC) into an abnormally folded form, named prion (or PrPSc). 
PrPSc can acquire at least six different aberrant structures which cause as many different clinicopathological 
phenotypes of sCJD. The polymorphism at codon 129 of the PrP gene (coding either methionine or valine) 
has an important role in driving such structural rearrangement. The definitive diagnosis of sCJD and its 
classification can be achieved only at post-mortem after PrPSc identification and characterization in the brain. 
By exploiting the Real Time-Quaking Induced Conversion (RT-QuIC) assay, traces of PrPSc were found in the 
olfactory mucosa (OM) of sCJD patients, thus demonstrating that PrPSc is not confined to the brain. We have 
recently optimized another technique named protein misfolding cyclic amplification (PMCA) for detecting 
PrPSc in OM samples of sCJD patients. 

Methods: OM samples were collected from well-characterized sCJD patients (n=31) and controls (n=20). The 
presence of PrPSc in OM of sCJD patients was previously confirmed with RT-QuIC. PMCA analyses were 
performed in a QSonica Q700 sonicator using as a substrate brain of mice genetically modified to express 
human PrPC. Brain homogenates were prepared in conversion buffer (PBS supplemented with 150 mM NaCl 
and 1% Triton X-100, protease inhibitors) with the addition of a specific penta-anionic compound. Amplified 
products were analyzed by Western blot (Wb) after proteinase K (PK) digestion. 

Results: Preliminary results suggest that the optimized PMCA could efficiently amplify PrPSc from the OM 
of patients with different forms of sCJD. In particular, the rate of amplification seemed to be more efficient in 
patients with valine homozygosity at codon 129. PrPSc was not detected in OM samples of controls. 

Conclusions: Here we demonstrate for the first time that the optimized PMCA can amplify PrPSc from the 
OM of patients with sCJD. While RT-QuIC analyses indicate only if PrPSc is present or not in our OM samples, 
PMCA provides additional information that is crucial for recognizing specific PrPSc strain thus enabling the 
identification of individual disease phenotype. If this were the case, in the near future, PMCA and RT-QuIC 
could be exploited for a premortem definite diagnosis of sCJD while avoiding the need for autoptic 
confirmatory tests. 
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Finding biomarkers to support diagnosis, monitor disease activity, treatment response and duration is a 
priority for the GBS/CIDP community. Published guidelines improve diagnostic accuracy but are often 
underutilized during routine clinical practice. To date, besides clinical and neurophysiological criteria, there 
are no effective, reliable and clinically acceptable biological markers useful to the management of these 
patients. We have already demonstrated that sphingomyelin (SM), a myelin-enriched lipid, is extremely 
higher in the CSF of patients affected by GBS/CIDP compared to controls. 
To definitively validate SM as myelin biomarker relevant for the management of these patients, we planned 
an Italian multicentre prospective study. In particular, we planned to quantify SM by a fluorescence-based 
assay optimized and patented in our lab on a large number of clinically and neurophysiologically well-
characterized patients. 
We confirmed that SM is significantly higher in the CSF of patients affected by typical CIDP (n=35), 
atypical CIDP (n=18) and AIDP (n=12) compared to patients affected by non-demyelinating diseases used 
as controls (n=85) (p=1.3*10-12, p=6.5*10-3 and p=3.4*10-5, respectively). Actually, to test the good 
performance of SM as a myelin biomarker we ran a ROC curve analysis obtaining an AUC of 0.9447 and an 
optimum cut-off of 0.0009819 nmol/μl with a sensitivity of 80.85% and a specificity of 98.82%. We also 
found that SM is significantly higher in AIDP compared to axonal GBS (p=8.0*10-2) discerning 
demyelinating from axonal variant to further sustain the issue and to overcome the current delay and 
misinterpretation of neurophysiology. Moreover, SM identifies disease activity in CIDP patients applying 
for a selective tool to treatment tailoring or withdrawal. Finally, SM correlates with the main clinical scores 
(ONLS, MRC, INCAT, GBS disability scale) and some neurophysiological parameters in CIDP and AIDP 
patients. Notably, CSF SM is more specific than CSF protein concentration to finalize a correct diagnosis for 
suspected CIDP and can be very useful to avoid misdiagnosis. 
Overall, our study demonstrates that SM dosage can be used as a routine CSF analysis to effectively improve 
the management of GBS/CIDP patients. 



STIFF PERSON SPECTRUM DISORDER - A DIAGNOSTIC AND THERAPEUTIC CHALLENGE 
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Background: Stiff-person syndrome (SPS) is characterized by muscle rigidity and painful spasms occurring 
spontaneously or triggered by diverse stimuli. Other forms, such as stiff-limb syndrome (SLS) and 
progressive encephalomyelitis with rigidity and myoclonus (PERM), are considered within the spectrum of 
SPS. SPS is a difficult disease to diagnose due to the heterogenicity of presentation and the limited 
specificity of diagnostic tests. For example, 33% of cases are seronegative, OCBs can be detected in CSF 
only in 60% of patients and EMG shows abnormalities in about 72% of cases. Moreover, there isn’t a 
standard consensus about the adequate therapy. Here, we present the case series of two different center. 

Methods: We collected the data about clinical presentation, CSF, MRI, EMG and antibody essay of all the 
patients with SPS admitted to IRCCS San Martino in Genoa and Ospedale Sant’Andrea in La Spezia 
between 2005 and 2019. Patients were treated with symptomatic therapies (BDZ), first-line 
immunomodulatory therapies (corticosteroids, IVIG) or second-line immunomodulatory therapies 
(azatoprine and rituximab). 

Results: We analyzed the data of 8 patients (5 female, mean age 53 years), 5 classified as SLS, 2 as 
classical-SPS and one as PERM. In addiction to spasm and stiffness, 75% of patients had psychiatric 
symptoms, 37.5% had urinary disorders and 50% had taste and smell alterations. We found OCBs in CSF in 
25% of samples. 25% of EMG showed typical abnormalities. 35% of sera lacked specific antibodies. MRI of 
brain and spinal cord were unremarkable, except in a patient with PERM in which MRI showed contrast 
enhancement of cauda equina. Only one patient found full benefit from BZD administrated alone, one from 
BZD plus low doses of corticosteroids, and two from the coadministration of azathioprine. Two patients 
showed partial benefit with BZD and lower doses of steroids. Two patients didn’t improve after different 
therapies. The three patients treated with rituximab didn’t show any benefit.   

Conclusions: We found the same percentage of seronegative-SPS reported in literature, but EMG and CSF 
analyses were less useful in the diagnosis of SPS. We observed some clinical features (e.g. smell and taste 
alterations) in classical-SPS and SLS and not only in PERM. Then, we confirmed the efficacy of BDZ and 
the lack of response to rituximab, as previously reported in literature. More studies about predictive response 
to treatment are needed to clarify these findings. 
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Background In B-cell CNS lymphoproliferative diseases the histopathological confirmation is the 
diagnostic gold standard, but its risks and technical pitfalls limit routinely use. The combination of 
clinical, radiological, serum and standard cerebrospinal fluid (CSF) studies represent a useful first-line 
workup, but might be inconclusive in a substantial part of patients. Within this setting, PCR assay for 
clonal rearrangement in immunoglobulin genes is a second-line assay aimed to detect monoclonal cells 
production, giving indirect sign of lymphoproliferative neoplasms. Though, less is known about the 
relative incremental value (RIV%) of such assay when added to an inconclusive first-line diagnostic 
approach. 

Methods We retrospectively collected CSF data of all patients who performed PCR assay for clonal 
rearrangement to indagate suspicious lymphoproliferative diseases in our center from 2006 to 2017. As 
for selection criteria i) lymphoproliferative diseases had to be one of the possible diagnoses ii) first-line 
workup was inconclusive iii) all patients had a definite diagnosis based on histopathological data. 
Rearrangement patterns were matched with the final diagnoses as follows: monoclonal pattern with CNS 
lymphoproliferative disease and non-monoclonal (oligoclonal, polyclonal) patterns with other non-
lymphoproliferative diseases (glial neoplasms, inflammatory, infective).  
Finally, we computed the RIV% as follows: patients in which the rearrangement pattern matched with the 
pathologically-confirmed diagnosis/all patients with uninformative first-line assessment)*100. 

Results Twenty-three patients fitted our selection criteria. Precisely, 4 out of 9 patients with a monoclonal 
pattern had primary or secondary CNS B-cell lymphoma, while in 8 out of 14 patients the non-
monoclonal pattern matched with a non-lymphoproliferative disease (5 glial neoplasms, 3 inflammatory 
diseases). Thus, 12 out of 23 patients were correctly classified by molecular analysis of clonal 
rearrangement with respect to the final pathological diagnosis, with a RIV% of 52% when added to an 
inconclusive first-line diagnostic approach.  

Conclusions Our real-world data confirm the added value of molecular analysis of clonal rearrangement 
in immunoglobulin genes in the diagnostic pathway of lymphoproliferative diseases, thus enforcing 
indication to invasive bioptic procedures or allowing specific therapies when histological evaluation is not 
feasible or inconclusive.  
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Background: Sodium oxybate, the sodium salt of gamma-hydroxybutyric acid (GHB), is marketed as 
an oral solution and approved for the adult symptoms induced by type 1 narcolepsy. Because of its 
pharmacokinetic characteristics and administration modalities, GHB could be present on morning 
awakening in concentrations that can still produce significant residual side effects, particularly 
drowsiness and psychomotor deficits. At-home monitoring of GHB morning plasma concentrations 
inpatients complaining of these side effects could be useful to disclose potential underlying 
pharmacokinetic mechanisms and optimize the individual dosing schedule. Volumetric absorptive 
microsampling (VAMS) is a recent technique used to obtain dried specimens of blood and other 
biological matrices for quantitative bioanalyses. It is proposed as a reliable alternative for classic venous 
sampling for quantitative bioanalyses. The main aim of this study was to develop and validate an ultra 
high performance liquid chromatography - tandem mass spectrometry (UHPLC-MS/MS) method using 
VAMS devices, for the quantification of GHB venous blood concentrations. 

Methods: A VAMS device (20 μL) was evaluated and validated for the analysis of GHB in venous 
blood using a simple UHPLC-MS/MS method. GHB was extracted from the VAMS device by 
acetonitrile, after a re-hydration step at a controlled temperature of 60°C for 10 min. Chromatographic 
analysis was carried out on a Kinetex C18 column using 0.1% formic acid in water and acetonitrile as 
binary gradient mobile phase at a flow rate of 0.3 mL/min. The validated method was applied to a series 
of venous blood samples obtained from a GHB treated narcoleptic patient after the intake of two 
consecutive evening and night drug doses. GHB blood concentrations obtained by VAMS were 
compared to matched plasma concentrations. 

Results: The VAMS method was successfully validated according to current guidelines. The linearity 
was determined from 0.5 to 200 μg/mL. The lower limit of quantitation was 0.5 μg/mL. Intrasubject 
plasma GHB and VAMS concentrations were highly correlated (r = 0.996, p< 0.001). 

Conclusions: The VAMS technique requires a small blood volume and simplifies sample logistical 
management. VAMS collection from patients should be standardized as much as possible along with 
experimental tested conditions. From our preliminary clinical application, the VAMS UHPLC-MS/MS 
method seems to be promising for future applications in GHB treated patients. 
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Background: Several evidence report the utility of cerebrospinal fluid (CSF) biomarkers in the diagnostic 
setting of Alzheimer’s disease (AD). Indeed, AD patients typically display low concentrations of Amyloid-
beta 1-42 (Aβ1-42), high concentration of total tau (T-tau) and phosphorylated tau (p-tau181), a pattern 
commonly referred as the “AD signature”. So, by combining CSF Aβ1-42, T-tau, and p-tau181 a higher 
diagnostic accuracy for identification of AD from non-AD dementia, as well as the prediction of progression 
to AD in patients with Mild Cognitive Impairment (MCI), is reached. 

Methods: CSF biomarkers Aβ1-42 and T-tau were assessed in 220 patients admitted to the Fondazione 
IRCCS Cà Granda Ospedale Policlinico of Milan, University of Milan, during January-February 2017-2020. 
We evaluated the analytical performance of a new automated chemiluminescence method (Lumipulse G 
System, Fujirebio) for the measurement of Aβ1-42 and T-tau in CSF samples, obtained respectively from 
151 and 69 patients. We compared the results with the standard enzymatic method (ELISA) (Innotest Aβ1-
42 and T-tau, Fujirebio). Statistical analysis was performed using non-parametric Passing-Bablok regression 
for method comparison. 

Results: We found a significant correlation between the two methods both for Aβ1-42 and T-tau analysis. 
Aβ1-42 regression analysis in our cohort showed a Passing-Bablok regression r=0.91, intercept=-118.9, 
slope 1.39. Regarding T-tau analysis, we observed a correlation r=0.93, intercept= 47.80; slope= 1.04. New 
optimal normal value for Aβ1-42 was defined 714 pg/mL. For T-tau were 298 pg/mL in the group 21-50 
years of age; 505 pg/mL in the group 51-70 years of age and 575 pg/mL in the group 71-93 years of age. 

Conclusions: Nowadays it is necessary to examine laboratory procedures that potentially contribute to this 
variation in addition to validate the diagnostic value of biomarkers in large multi-center studies. The 
diagnostic performance of the new method in automation was comparable to standard ELISA, in our 
population. Analytical harmonization for CSF Aβ1-42 and T-tau biomarkers will reduce confusion both in 
the association of the absolute values with the clinical interpretation of CSF biomarker results and enable 
worldwide comparison of CSF biomarker results across AD clinical studies. 
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 Background : Real-time quaking-induced conversion (RT-QuIC) is a novel ultrasensitive 
technique that exploits the properties of misfolded amyloidogenic proteins (seeds) to structurally 
convert their native counterpart, reproducing in-vitro the prion-like mechanism that characterize 
these disorders. The assay, originally developed to detect seeding activity in brain and cerebrospinal 
fluid (CSF) of animals and humans affected by prion diseases, has been more recently applied to 
other neurodegenerative diseases such as synucleinopathies and tauopathies. Here, we summarize 
the results obtained to date with RT-QuIC at the Laboratory of Neuropathology at IRCCS-ISNB.  

Methods: We have applied the RT-QuIC to almost 1000 samples from patients with a 
neuropathological or clinical diagnosis of Creutzfeldt-Jakob disease (CJD), dementia with Lewy 
bodies (DLB), Alzheimer’s disease, Parkinson’s disease, and other neurological disorders. We 
performed prion RT-QuIC on CSF and skin tissue and α-syn RT-QuIC on CSF. Our current RT-
QuIC settings include both first (PQ-CSF) and second (IQCSF) generation prion RT-QuIC, three 
different recombinant PrP substrates (Ha23–231, Ha90-231 and Bv23-230), and the α-syn RT-QuIC 
assay using human wild type (WT) recombinant protein as substrate.   

Results: In our hand the PQ-CSF RT-QuIC demonstrated a sensitivity of 82.1% and specificity of 
99.4% for CJD, while the performance of the IQ-CSF RT-QuIC raised to a sensitivity of 97.2% and 
a specificity of 100%. We also applied the prion RT-QuIC to skin samples from the cervical area of 
20 MM1 and 3 VV2 CJD cases. Using Ha23–231 as a substrate, seeding activity was observed in 
only 40% of MM1 but in 100% of VV2, whereas with Bv23-230 the sensitivity raised to 85% in the 
former and remained 100% in the latter. Both substrates demonstrated a 100% specificity.  
Finally, in a preliminary series of 35 neuropathologically verified cases, including 15 DLB and 20 
subjects lacking α-Syn deposits, our preliminary α-Syn RT-QuIC test showed >95% in both 
sensitivity and specificity.  

Conclusions: Our recent results, combined with data from other groups, confirm the high 
robustness and reliability of RTQuIC for the early recognition of prion diseases and highlight the 
diagnostic potential of the assay for prionlike neurodegenerative disorders such as 
synucleinoipathies.   
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Background : The glymphatic pathway is a highly organised fluid transport system constituted by the 
periarterial and perivenous spaces and the interposed brain parenchyma. This process is supported by the 
astroglial water channel aquaporin-4 (AQP4) which is localized to perivascular astrocytic endfeet. 
Glymphatic system seems to be involved in Alzheimer’s disease (AD) and Normal Pressure Hydrocephalus 
(NPH) pathophysiology. The purpose of this work was therefore to study the possible role of AQP4 in the 
pathophysiology of AD and NPH, evaluating its cerebrospinal fluid (CSF) concentration in a cohort of 
patients with AD and NPH compared to normal subjects.  

Methods: 30 subjects were enrolled in the study: 11 patients with AD (diagnosis according to IWG-2 
criteria), 10 patients with NPH (diagnosis according to clinical and radiological data and tap-test) and 9 
controls. CSF Amyloid Beta (Aβ), Tau, P-Tau and AQP4 levels were measured using commercially 
available ELISA kits.  

Results:We found significantly reduced AQP4 levels in AD patients, a trend in reduction in NPH patients 
and a correlation between AQP4 and Amyloid-β CSF levels.  

Conclusions: Reduced levels of AQP4 in AD and NPH can be explained by the mislocalization of AQP4 
related with the loss of perivascular AQP4 and by reduced AQP4 expression in astrocytic endfeet, described 
in literature. Correlation between Aβ and AQP4 levels in CSF can be explained by correlation between Aβ 
deposition and glymphatic system dysfunction. The low levels of AQP4 in both AD and NPH patients and 
the correlation with Aβ levels may be the link between these two neurodegenerative diseases. The major 
limitation of the present study is the small number of participants, although very well characterized by using 
CSF biomarkers in AD group and tap-test in NPH group.  
This study indicates the potential usefulness of CSF AQP4 to elucidated the role of glymphatic system 
alterations in neurodegenerative diseases pathophysiology. This is relevant not only for speculative reasons 
but also for add in future new tools for clinical approach in patients with dementia.  
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Background: There is growing interest in biomarkers for neurodegenerative diseases, especially with the 
availability of new methods such as the single-molecule array (Simoa) technology. Neurofilaments (NFs) are 
among the most promising biomarkers, displaying high CSF levels due to release from degenerating motor 
neurons (MNs) in ALS. The microglial neuroinflammatory molecule chitotrosidase (Chit1) is also raised in 
the CSF of ALS patients. Both NFs and Chit1 have been scarcely studied in the rare PLS, characterized by 
isolated degeneration of upper MNs. New diagnostic criteria have been recently published (Turner et al., 
2020), but PLS still lacks a diagnostic biomarker, and differentiation from the much more ominous ALS is 
therefore not possible at an early stage. 

Methods: We measured phosphorylated neurofilament heavy chain (pNFH) and Chit1 in the CSF of 10 PLS 
patients (selected from our large cohort based on availabilty of CSF samples), 28 ALS patients, and 30 non-
neurodegenerative neurological controls by means of ELISA. 

Results: Both pNFH and Chit1 showed a gradient of increasing concentrations from control subjects to PLS 
patients to ALS patients. pNFH demonstrated an excellent diagnostic performance in distinguishing ALS 
patients from controls (AUC = 0.996) as well as PLS patients from controls (AUC = 0.933), but also a good 
potential in discriminating between PLS and ALS (AUC, 0.77). Among ALS patients, pNFH showed a 
moderate positive correlation with progression rate (r = 0.529) and a significant relationship with survival 
(HR = 4.95 for patients with pNFH above vs below the median). Chit1 behaved similarly to pNFH in the 3 
groups but had a slightly lower diagnostic performance. 

Conclusions: pNFH and, to a lesser extent, Chit1 are good diagnostic biomarkers for ALS, can distinghish 
PLS patients from controls, and, most importantly, can aid early discrimination between ALS and PLS, 
which would help ameliorate the critical issues of delayed diagnosis, lack of early-phase drug trials for PLS, 
and high psychological burden on patients. Given the availability of the Simoa Quanterix SR-X analyzer in 
our laboratory, our next aim will be to replicate these findings in blood, which also enables longitudinal 
biomarker measurements. The interplay with other members of the proteomic network of the Virtual 
Neurological Institutes will also give rise to multicenter studies resulting in large cohorts with accordingly 
high statistical power for biomarker investigations. 
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Background 
Multiple Sclerosis (MS) is a chronic inflammatory disease of the CNS, characterized by clinical and biological 
heterogeneity. Despite continuous refinements of diagnostic criteria, the degree of MS misdiagnosis remains quite high, 
especially for primary-progressive (PP) MS, which manifests MRI findings often overlapping with relapsing-remitting (RR) 
MS or other neurological disorders. Further, the transition from RR-MS to secondary-progressive (SP) disease is poorly 
predictable, as it can be defined retrospectively once a sustained period of worsening neurologic impairment is observed, 
often resulting in a long period of diagnostic uncertainty. 
Recent advancements in artificial intelligence applied to MRI data showed promising results in discriminating MS from the 
healthy condition, but revealed limited power in the classification of single MS courses. 
As peripheral blood mononuclear cells (PBMC) bear specific dysregulations in genes and pathways at distinct stages of 
MS, we verified whether blood transcriptomes could help in classifying MS from non-MS subjects, specifying the early 
stage of disease, or discriminating among MS forms. 

Methods 
We generated and analysed transcriptomic profiles of PBMC relative to more than 300 individuals, including healthy 
subjects and patients with clinically isolated syndrome (CIS), relapsing-remitting MS, primary or secondary progressive 
MS, or other neurological disorders. To obtain optimal classifiers for MS stages we designed an unbiased statistical 
framework based on nested cross validation comparing the performance of distinct machine learning algorithms on the 
training dataset. Fine-tuning of each algorithm was designed to maximize performance on each classification task. Final 
classifier validations were conducted on the independent test set. 

Results 
Classification models optimized on the training dataset and tested on the independent validation cohort demonstrated 
predictive power with an accuracy above 90% for most of the classification tasks. In particular, classifiers discriminating 
PP-MS or SP-MS from RR-MS reached prediction accuracies of 95.6% and 97.7% respectively and contained distinctive 
biological information for each progressive state.   

Conclusions 
The application of a properly designed machine learning workflow to transcriptional profiles of circulating blood cells may 
allow the identification of stages and courses in MS.  
Financed by Merck-Serono and Italian Ministry for Health (RF-2011-02349698). 
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Background: The aim of the H2020 funded project PROPAG-AGEING (2015-2019) was to identify the 
contribution of the aging process to the pathogenesis of idiopathic Parkinson's disease (PD), given that 
advanced age is a main risk factor for the disease. One of the main characteristics of aging is a large 
remodelling of epigenetic patterns. A DNA methylation-based biomarker of ageing has been previously 
shown to detect signs of accelerated ageing in advanced PD patients; more in general, the characterization of 
epigenetic profiles is attracting increasing interest in the study of neurodegenerative diseases, as it is likely to 
provide new molecular insights in their pathogenesis. 
In this framework, we characterized DNA methylation patterns in a cohort of PD patients from the 
PROPAG-AGEING cohort. 

Methods: We used the Infinium MethylationEPIC microarray to analyse genome-wide DNA methylation in 
whole blood from 61 de novo (i.e., collected before therapy) PD samples and 20 advanced PD samples; as 
controls, we used 122 healthy samples from 25 to 98 years, representative of the trajectories of DNA 
methylation changes during ageing. Finally, we analysed a model of exceptionally healthy ageing, i.e. 
centenarians and their offspring. Epigenetic age was estimated using Horvath's predictor. Blood cell counts 
were predicted using the minfi R package. DNA methylation profiles were compared between the groups 
using in-house developed pipelines. 

Results: De novo PD samples did not show accelerated aging according to Horvath's epigenetic clock, while 
models of healthy aging resulted epigenetically younger than expected. We showed that DNA methylation 
patterns predict an increase in neutrophil/lymphocyte ratio in PD samples. Finally, we identified a subset of 
small but highly reproducible DNA methylation changes in de novo PD compared to age-matched controls, 
that in part involves loci having an age-dependent trend which are not included in Horvath's epigenetic 
clock. 

Conclusions: Previous studies suggested an epigenetic age acceleration in peripheral blood from advanced 
PD samples. Our results indicate that no DNA methylation age acceleration, detected using standard 
epigenetic clocks, occurs in de novo PD, suggesting that each stage of the disease is characterized by a 
peculiar epigenetic pattern. Furthermore, we identified specific alterations in blood cell counts and DNA 
methylation changes in PD samples that can provide novel insights into the pathogenesis of the disease. 
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Background: Early Onset Alzheimer’s Disease (EOAD) is an almost entirely genetically determined disease 
with a heritability ranging between 92% to 100%. Although mutations in Presenilin 1 (PSEN1), Presenilin 2 
(PSEN2), and Amyloid precursor protein (APP) genes are major genetic causes, they explain the 5%-10% of 
cases, and only 50% of all familial forms (fEOAD). In addition to APOE ε4, variants in the ABCA7, SORL1, 
and TREM2 risk genes contribute to the heritability, as well as pathogenic variants in genes linked to other 
types of dementia (Cacace et al., 2016). In this scenario, we applied an extended multigene panel, covering a 
wide spectrum of dementia-causing or risk factor genes to analyze a population of Italian fEOAD or sporadic 
EOAD patients (sEOAD).  

Methods: 101 EOAD patients with a probable or definite diagnosis were included in this study (age of onset 
56±5.8 years). The 45.54% presented a positive family history. APP, PSEN1, PSEN2, and other 24 dementia 
related genes were analyzed as in Bartoletti-Stella et al., 2018. In addition to the APOE haplotype, we searched 
for rare variants in the other three major AD gene risk: ABCA7, SORL1, and TREM2.  

Results: Among fEOAD patients, we identified seven pathogenic or likely pathogenic variants (15.22%) in 
APP, PSEN1, PSEN2. Seven were homozygous for APOE ε4 (15.22%), three carried rare likely pathogenic 
variants in TREM2 and SORL1 genes (6.52%), and four in genes linked to other types of dementia (8.88%, 
MAPT, OPTN, PRKAR1B and SQSTM1). Overall, we identified in the 46.67% of fEOAD a possible causative 
variant. As previously reported, genetic component was recognized also in sEOAD. In addition to two patients 
with variants in the AD causative genes (3.63%) and one with homozygous APOE ε4 (1.78%), we identified 
11 carriers of rare variants in ABCA7, SORL1 and TREM2 (19.64%), and seven in the other dementia genes 
(12.72%). Since four patients carried double variants, we identified a genetic abnormality in the 30.35% of 
sEOAD. 

Conclusions: Our EOAD cohort was characterized by a substantial proportion of variants not only in familial 
forms but also in sporadic patients. However, while in fEOAD causing variants in APP, PSEN1, PSEN2 genes 
and APOE ε4 homozygosis explained most of the cases, in sEOAD rare variants in AD “risk genes” were 
prevalent. These findings are useful for the development of genetic screening protocols and for counselling 
strategies for these patients. 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/heritability
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Background: Frontotemporal Dementia (FTD) is a common form of dementia among early-onset 
cases with a positive family history in 30-40% of patients. Genetic factors for FTD have been 
revealed, but a large proportion of cases still have an unidentified genetic origin. Based on a frequent 
overlap in symptomatology, common pathobiological mechanisms are increasingly highlighted 
among neurodegenerative disorders.  

Methods: We selected a cohort of sporadic FTD (sFTD) subjects belonging to an our previous 
characterized FTD cohort (Fostinelli et al., 2019), lacking of genetic causes in GRN, MAPT and 
C9orf72 (the 3 well-known FTD causing genes) and with an early onset <65 years. We performed 
Next Generation Sequencing (Trusight One panel on MiSeq Illumina) coupled with bioinformatics 
approaches to detect rare variants, potentially with functional effects, in a panel of 43 genes associated 
with FTD and other neurodegenerative diseases. Regarding in silico analysis, prediction tools were 
selected to evaluate the functional consequences on protein conformation and function, as well as 
evolutionary conservation of both nucleotide variants and aminoacid variations.  

Results: The 50% of sFTD showed at least one rare missense potentially pathogenetic variant in 
specific candidate genes (GBA, ABCA7, PARK7, FUS, SORL1, LRRK2, ALS2) notoriously associated 
with Alzheimer’s and Parkinson’s Diseases, Amyotrophic Lateral Sclerosis and Lewy Body 
Dementia. In silico analysis supported the potential pathogenicity of the identified variants. Of note, 
all these molecular targets are involved in keypathways (e.g. inflammatory response, energy 
metabolism, vesicle trafficking) altered in FTD. Moreover, no rare variants were detected in all the 
known FTD-causing genes; in addition, 4 patients did not carry any variants in any of the screened 
genes.  

Conclusions: Thanks to a combined genomics-bioinformatics approach, this study provided novel 
insights into the complex aethiopathogenesis of FTD. In particular, sFTD could be due to rare 
mutations in one or more genes involved in other neurodegenerative disorders, confirming genetic 
pleiotropy in neurodegeneration. In parallel, a synergic genetic effect on FTD is suggested by the 
presence of variants in five different genes in one single patient. Further studies employing genome-
wide approaches might highlight pathogenic variants in novel genes that explain the still missing 
heritability of FTD.  
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Background: Next-generation sequencing technologies allow for rapid and inexpensive large-scale genomic 
analysis.. HaloPlex target enrichment system is a new NGS targeted-sequencing approach that enable to 
detect contemporarily a number of mutations. 
Our aim was to set up and validate a new genetic panel able to screen simultaneously 43 genes for 
neurodegenerative diseases.  

Methods: One-hundred subjects with a robust anamnestic disease inheritance, suggesting the presence of an 
unknown genetic component but negative for genetic screening of common causative genes, have been 
screened from December 2016 to date. The panel design was performed and validated using SureDesign 
software (Agilent Genomics). All samples were pooled and loaded on a cartridge Illumina v2 and sequenced 
on Illumina MiSeq. Rare variants detected were validated by Sanger sequencing using a 3130 gene analyzer, 
and Polyphen bioinformatic analysis was performed. 

Results: Using this approach we found an average of 150 variants per sample, including several rare 
heterozygous pathogenic variants in PRNP, NPC2, SQSTM1 genes in patients with atypical prodromal 
Alzheimer’s disease, familial history positive for dementia and cerebrospinal fluid AD signature. Moreover, 
different already known pathogenic mutations in APP, PSEN1 and PSEN2 genes have been detected in 5 
patients.  

Conclusions: The high throughput and efficiency of this approach indicated that it could be applied to 
diagnose inherited neurodegenerative diseases with multiple causative genes in clinical practice. Moreover, 
unexpectedly findings in patients who met current criteria for AD suggest a role of different genes as genetic 
risk factors. 

mailto:chiara.fenoglio@unimi.it
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Background: To date, 282 pathogenic Presenilin1 (PSEN1) mutations in 480 different families [1] have 
been described in the Familial form of Alzheimer’s disease (FAD), making PSEN1 mutations the 
most common known genetic cause of Early onset FAD. 
Objectives: The aim of the study was to genetically characterize the family of a 55 years old patient  with an 
early onset FAD (mother and two aunts with onset around 60 years of age) and Cerebral Amyloid 
Angiopathy carrying the p.Ala260Gly mutation in PSEN1 gene and Apoe 3/3 genotype according to recent 
genetic test.  

Methods: DNA samples of three family members (one brother, 64 years old and two sisters 55 years old; 69 
years old) have been collected. Methods: The PSEN1 p.Ala260Gly genetic screening was conducted by 
direct sequencinq (ABI PRISM 310 sequencer). 

Results: The brother and the youngest sister are carriers of the mutation. However only the woman during 
the 2 years follow up developed symptoms of cognitive decline. The oldest healthy sister is not carrying 
the variant. 

Conclusion: The mutation was previously described in one family worldwide with a mean age at onset of 
53±9.91years [2]. Our data supported that the identified PSEN1 mutation is most likely pathogenic. 
However, the presence of the asymptomatic 64 years old male carrying the mutation is providing evidence of 
a possible incomplete penetrance leading to a wider range of age at onset compared to the previously 
described mutations. In fact, both symptomatic sisters have high school education while the brother reached 
university education and has highly intellectually demanding occupations. The study suggests that 
the cognitive reserve may operate in prodromal stages and that modifier factors could contribute to 
slow or possibly protect from the manifestation of the symptoms even in monogenic diseases, emphasizing 
the great complexity of FAD.  



A VERSATILE AND COST-EFFECTIVE APPROACH TO FLEXIBLE SINGLE-GENE ANALYSIS 
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Background: NGS technology represents one of the most revolutionary innovations of the last decades. 
However, standard NGS approaches present limitations in the sequencing of homologous, repetitive, and 
GC-rich regions, that still require traditional methods. Moreover, traditional Sanger sequencing is 
currently used for single-gene analysis  when either gene panels and WES are too rigid and expensive to 
analyse small target regions or analysis is strongly driven by the phenotype. To overcome these limits, we 
optimized a flexible and cost-effective amplicon sequencing method for the analysis of single-gene, 
homologous regions, and repeat expansions.  

Methods: Sample-specific target regions are amplified with multiplexed PCR and pooled in order to: 1) 
put amplicons from the same target region in different pools; 2) process the fewest pools possible; 3) 
balance amplicon number in different pools. Pools are processed with a genome sequencing kit ( Illumina 
Nextera XT DNA Kit or Agilent SureSelectQXT Whole Genome kit) and sequenced on an Illumina NGS 
apparatus. Sequencing of repeat expansion region up to 500 bp (as in SCA1, SCA2, SCA17, and HD) is 
performed with a 2-step PCR with adapter-tiled primers and analysed with an ad hoc bioinformatic 
pipeline.  

Results: This method allows the analysis of small gene panel customized for each patient. Targeted 
regions amplified from >200 patients are multiplexed in 16-24 pools, for a total of >3000 amplicons 
analysed in each session, with a reagent cost ≤1€/amplicon. Genes with highly homologous pseudogenes 
are screened combining primers designed to target only the functional gene and alignment on an ad-hoc-
modified masked reference genome. Moreover, CAG repeat expansions (as in SCA1, SCA2, SCA17, and 
HD) can be sequenced to investigate the architecture of the repeat region. Compared to traditional sizing, 
a discrepancy of 2 triplets is systematically observed in all interrupted SCA2 alleles and SCA17 repeat 
sizing shows an error rate ranging from 1.8% in the lower-size alleles to 75% in the larger alleles. 

Conclusions: This amplicon NGS approach represents a versatile and time- and cost-effective method for 
the analysis of small on-demand gene panels personalized for each patient. Moreover, this method 
overcomes the limits of standard NGS approach in the sequencing of highly homologous regions and 
repetitive regions, allowing accurate sizing and architecture definition of repeat expansions, crucial to 
improve diagnostic precision. 
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Background: Genetic risk factors play a major role in amyotrophic lateral sclerosis (ALS). Notwithstanding 
massive research efforts, a large part of ALS heritability is still missing, mostly due to the genetic and 
phenotypic heterogeneity of the disease and the scarcity of informative pedigrees. The recent development of 
next generation sequencing (NGS) technologies offers an unprecedented opportunity to shed light on the 
genetic architecture of ALS. 

Methods: To maximize the chance to identify novel disease-associated genes, we carefully selected ALS 
cases with high genetic component, such as familial (FALS) and early-onset ALS patients. As part of an 
international collaboration, we performed whole exome (WES) and/or whole genome sequencing (WGS) on 
~1400 ALS cases. Control WES/WGS data were obtained from internal samples and public databases. 
Interpretation of NGS data was performed under different models, including linkage analysis of affected 
pedigrees, rare variant burden analysis and manual sorting.    

Results: We identified eight novel causative genes, collectively accounting for ~5% of FALS cases. In 
particular, we initially coupled traditional linkage analysis with WES data, finding pathogenic mutations in 
PFN1 and CCNF genes in several FALS pedigrees. Subsequently, by performing a genome-wide, case-
control rare variant burden analysis on NGS data, we identified an association between mutations within the 
TUBA4A, TBK1, NEK1 and KIF5A genes and ALS susceptibility. Lastly, by manually sorting all novel 
variants recurring in multiple unrelated ALS cases, we found an association with the ANXA11 and ARPP21 
genes. These findings have been robustly replicated in independent cohorts and the role of several mutations 
in ALS pathogenesis has been validated by functional assays.   

Conclusions: Our analysis led to the direct identification of many novel ALS-causing genes, as well as to a 
better understanding of genotype-phenotype correlations and of ALS genetic epidemiology in Italy. 
Identified genes are involved in many neuronal pathways, such as cytoskeletal organization and axonal 
transport (PFN1, TUBA4A, KIF5A), nucleic acid binding and DNA repair (NEK1, CCNF, ARPP21), and 
protein homeostasis (TBK1, ANXA11), thus strongly suggesting that dysfunctions in different cellular 
processes are crucial in ALS pathogenesis. Ongoing optimization of analytic protocols will allow to identify 
additional novel ALS-causing genes, with several candidates currently being validated.  



THE GENETIC BURDEN IN THE AMYOTROPHIC LATERAL SCLEROSIS CLINICAL 
SPECTRA OF AN ITALIAN COHORT 

Palmieri1,2, Conti3, Pansarasa2, Diamanti4, Gagliardi2, Filosto5, Cereda2 

1. Department of Molecular Medicine, University of Pavia, Pavia, Italy ; 2. Genomic and post-Genomic Center, IRCCS Mondino Foundation, 
Pavia, Italy; 3. Department of Biology and Biotechnology "L. Spallanzani", University of Pavia, Pavia, Italy; 4. General Neurology, IRCCS 
Mondino Foundation, Pavia, Italy; 5. Center for Neuromuscular Diseases and Neuropathies, Unit of Neurology, ASST 'Spedali Civili', University 
of Brescia, Brescia, Italy

 

Background: Amyotrophic Lateral Sclerosis (ALS) is a neurodegenerative disease (ND) characterized by 
heterogeneous clinical manifestations. Genetic and phenotypic Als features sometime overlaps with other 
NDs, such as Frontotemporal dementia (FTD), Parkinson’s disease (PD) and Hereditary spastic paraplegia 
(HSP) (Elert-Dobkowska et al., 2019; Abramzon et al., 2020). Here, we screened an Italian population of 
210 sporadic ALS patients for 95 genes related to ALS, FTD, PD and HSP in order to enlighten the genetic 
burden in ALS syndrome. 

Methods: Next Generation Sequencing (NGS) was done using a customized panel of 175 genes (SureSelect, 
Agilent). The eVai software (https://evai.engenome.com) was used for variant calling and classification. 
Pathogenic, likely pathogenic and uncertain variants, with a frequency < 1% in the general population, were 
retained and validated by Sanger sequencing. C9orf72 repeat expansion was assessed using the AmplideX® 
PCR/CE C9orf72 Kit (Asuragen). 

Results: 81 out of 210 ALS patients (38,6%) resulted to carry one or more variants only in ALS/FTD 
associated genes, while 56 patients (29,5%) carry variants in genes related either to ALS and other NDs. 
Moreover, 19 ALS patients (9,05%) resulted to be positive for variants only in PD-linked genes, 9 ALS 
individuals (4,29%) were positive only for variants in genes associated to HSP while 4 patients (1,90%) 
resulted to be negative for variants in ALS/FTD associated gene,  carrying variants only in PD/HSP-
associated gene.  

Conclusions: Our study confirmed that the genetic architecture of ALS is extremely complex, highlighting 
the importance to analise also genes related to other NDs. Considering a broader genetic spectrum will help 
in understanding also atypical clinical presentations. 

. 

https://evai.engenome.com/#login
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Background: Neurodegenerative diseases sometimes share rare genetic causes that are responsible for 
the heterogeneity of clinical features. In particular, mutations causative for Niemann-Pick Type C disease 
(NPC) have also been implicated in dementia, supporting the hypothesis that heterozygous genetic 
variability in NPC genes may have etiological relevance. To investigate the role of NPC in dementia a 
cohort of 144 patients with clear anamnestic familiar history for neurodegenerative diseases and low CSF 
levels of Aβ1-42 was screened for NPC1 and NPC2 genetic variability. 

Methods: The panel design was performed and validated using SureDesign software (Agilent Genomics). 
It was composed of 7 causative genes for dementia: PSEN1, PSEN2, APP, MAPT, GRN, NPC1 and 
NPC2. All samples were pooled and loaded on a cartridge Illumina v2 and sequenced on Illumina MiSeq 
platform. Rare variants detected with Alissa Align and Call (Agilent Genomics) were validated by Sanger 
sequencing using a 3130 gene analyzer and further investigated in a large population of geriatric controls 
by allelic discrimination with QuantStudio 12K Real-time system (Applied Biosystem). PolyPhen2 and 
Mutation Taster bioinformatic analysis was performed. C9ORF72 repeated expansion was detected using 
the 3030 gene analyzer and APO E genotype screened by allelic discrimination. 

Results: Using this approach we found 5 out of 144 patients (3,4%) carrying heterozygous mutations 
either in NPC1 or NPC2. These mutations are known to be NPC disease causing in the homozygous 
status. We also found an unknown variant in NPC1 gene that was predicted to be pathogenic in silico and 
that was not found in a cohort of 258 geriatric healthy controls. The mutated patients were heterogeneous 
from a clinical point of view.  

Conclusions: According to our results heterozygous mutations of NPC genes could contribute to 
dementia with different clinical phenotype suggesting a possible role in the pathogenesis of the disease. 
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Background  
Gliomas are the most common primary brain tumours accounting for approximately 70% of all neoplasms 
of central nervous system (CNS). Current standard treatments consists of surgical resection followed by 
radiotherapy and/or chemotherapy. However, the prognosis of CNS tumours is still very poor, especially 
for glioblastoma. Molecularly targeted therapies using receptor inhibitors, small molecules or monoclonal 
antibodies are routinely applied in oncology. However, in neuroncology the treatment is not yet 
customized due to the failure to identify actionable mutations. Our aim was to establish the frequency of 
mutations in glioma and to detect potential molecular targets.  

Metods  
We analyzed the glioma tissue at diagnosis through the next generation sequencing (NGS) method 
performed on DNA extracted from conventional histological samples (tDNA) of glial fixed, formalin-
fixed and paraffin-embedded (FFPE) neoplasms. First, we used a 50-gene NGS panel in 93 patients 
with glioblastoma (n=54) or other glioma types (n=39).   
More recently, we used a 50-gene Focus panel for the presence of point variants and fusion genes or 
variations in the number of gene copies in another smaller group of 10 patients.  

Results  
The 50-gene NGS panel detected at least one mutation in 64 gliomas, including IDH1 (n=30), TP53 
(n=21), EGFR (n=8), PIK3 (n=8). In the remaining cases, the other genes were wild-type. Seven patients 
were discarded from the analysis since the NGS was not valid. Longer overall survival (OS) and 
progression-free survival (PFS) were observed in the presence of IDH1 mutation (p<0.001) and TP53 
mutation versus wild-type (p<0.05). A multivariate analysis confirmed that IDH1 and TP53 were two 
significant prognostic factors. Shorter PFS and OS were also found in patients having all the 50 wild-type 
genes when compared with those with at least one (whatever) NGS-panel mutation (p<0.005).  
The Focus panel detected mutations in 3 out of 10 patients, as follows: PIK3 (n=1), CDK4 (n=1), 
BRAF(n=1). In these 3 patients, we gave indication to alpesilib, abemaciclib and cobimetinib, 
respectively.However, only the patient with BRAF+ cervical glioma started treatment with cobimetinib, 
whereas in the other patients the deteriorated clinical conditions contraindicated the treatment initiation.  

Conclusion  
These preliminary results not only confirm the prognostic role of IDH1 and TP53 mutations in brain 
gliomas, but also indicate the importance of the precision medicine in glioma.  
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Background : Epilepsy is one of the most common neurological disorders and affects 5–8/1.000 individuals 
worldwide. Approximately 70–80% of cases of epilepsy are caused by one or more genetic factors. In the 
last decade, advances in genomic technologies have led to a rapid increase in the understanding of the 
genetics of epilepsy. Today, about 1000 genes have been associated with epilepsy. The aim of this study is 
to identify novel variants in epilepsy genes useful to expand our knowledge about the molecular mechanisms 
of the disease and characterize, both from a molecular and then from a clinical point of view, novel 
syndromic and non-syndromic forms of the disease useful for diagnosis purposes, counseling and 
management of affected patients and their families.  

Methods: We designed a panel of genes for Targeted Resequencing (TRS) containing 85 relevant epilepsy 
genes responsible for the most common epilepsy phenotypes known so far. A cohort of 108 Italian 
patients (51 male and 57 female) with a clinical diagnosis of epilepsy, including both sporadic and familial 
cases, has been enrolled for the study and analyzed by TRS.  

Discussions: This approach allowed us to identify variants in 52/108 (48%) patients analyzed. In detail, 
disease-causing mutations (classified as pathogenic or likely pathogenic following the American College 
of Medical genetics guidelines) have been identified in 25/108 (23,1%) affecting the genes SCN1A, 
TCF4, MECP2, KCNQ2, ATP1A2, GRIN2A, POLG, CLN3, PRRT2, SPTAN1, STXBP1, ARX, GAMT, 
CDKL5 while variants of uncertain clinical significance (VUS) affecting the genes NRXN1, CPA6, 
STXBP1, SCN9A, POLG, TSC1, SCN2A, GRIN2A, GRIN2B, CLN3, CACNB4, CNTN4, ATP1A2, 
LIAS, PRICKLE2, CNTNAP2, CLN6, PNKP, CACNA1H, SPTAN1, CRBN, SCN1A, GOSR2, PCDH19, 
GAMT, CHRNA2, and ALDH7A have been identified in the remaining 27/108 patients (25%).  

Conclusions: Next Generation Sequencing technologies have revolutionized our approach to 
genetic epilepsies both from research and then from a clinical perspective. The identification of novel 
mutations in known epilepsy associated genes is useful to increase our knowledge about the molecular 
mechanisms of the disease. More importantly, our study highlights once again the utility of Next 
Generation Sequencing in establishing an etiological basis in clinically and genetically heterogeneous 
conditions such as epilepsy. Knowing the genetic basis of the disease can be useful not only for 
diagnosis but also for guiding the treatment and, above all, estimating recurrence risk. 
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Background: Focal epilepsy (FE) affects 1% of the population and over 1/3 of cases are drug-resistant 
(DR). DRFEs are often caused by structural brain lesions, particularly Focal Cortical Dysplasias (FCD) type 
I and II. Germline and somatic mutations in the mammalian target of rapamycin (mTOR) pathway genes 
have been identified in up to 40% of cases with FCD II. Most variants occur in mutational hot spots of the 
MTOR gene itself. However, so far few genetic surgical cases have been reported, with poor long-term 
follow-up data. The impact of genetics on surgical outcome is still unknown. Formalin-fixed, paraffin-
embedded (FFPE) lesional brain specimens would represent a rich resource for genetic and long-term 
prognostic studies. However, DNA extracted from FFPE samples is characterized by poor yield and 
extensive degradation. We investigated the mutation rate of MTOR gene in patients with FCD II and 
evaluated the accuracy of single-molecule Molecular Inversion Probes (smMIPs) to detect low variant allele 
fraction (VAF) from FFPE specimens. 

Methods:We selected 50 surgically-treated patients with histologic diagnosis of FCD type II. We designed 
smMIPs to target MTOR somatic mutational hot-spots associated with FCDII and sequenced genomic DNA 
extracted from FFPE tissue slides using MiSeq Illumina platform. We used MIPgen v1.0 to collapse reads 
with the same single-molecule tag. 

Results: We achieved adequate DNA and sequencing quality in FCDII specimens from 28 out of the 50 
selected patients. In 7 patients (M/F:4/3, mean age 13 years) we identified and validated 6 different hot spot 
MTOR variants (25% diagnostic yield): all were in hot spot mutational sites but one, which was not 
previously reported. VAF ranges between 2 and 5%. All mutated patients had a positive brain MRI and FCD 
type IIb on histology. Lesionectomy was successfully performed in all of them (Engel class I after a 45-
month mean follow-up) but one who underwent hemispherotomy after multiple surgeries, without seizure 
control. 

Conclusions: smMIPs assay allows accurate detection of clinically relevant mutations in MTOR even in 
difficult FFPE FCDII samples. Somatic mutations of MTOR account for 25% of our FCDIIb surgical cohort. 
Retrospective analysis on surgical outcome suggests that MTOR somatic mutations did not represent a 
contraindication for epilepsy surgery. These results have relevant implication for the management of DRFEs 
patients eligible for surgery. 
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Background: Patients with epileptic encephalopathy (EE) and developmental encephalopathy (DE) usually 
undergo multiple clinical evaluations and several genetics test before reaching the final diagnosis. The 
purpose of this study was to assess the utility of clinical Whole‐Exome Sequencing (WES) in patients with 
EE/DE with unknown aetiology 

Methods: We analysed the exomes of adult unrelated patients with EE/DE recruited for the EPI25 Project 
between 2016-17 previously undiagnosed. All patients underwent an accurate clinical and 
electrophysiological characterization. Variants were classified according to the American College of 
Medical Genetics and Genomics (ACMG) guidelines. Significative variants were discussed by a 
multidisciplinary team including neurologist/epileptologist, geneticist, molecular biologist and 
bioinformatics and were validated and verified for inheritance by Sanger sequencing, when possible. 

Results: We included 71 patients (34M/37F; mean age 41 years (21-65)). Most of them (90.8%) had already 
undergone single or multiple prior genetic tests (array-CGH, single gene or gene-panel screening), which 
turned out negative. In 18 patients WES analysis disclosed a total of 24 causative variants in epilepsy 
associated genes with either autosomal dominant (DYNC1H1; ZBTB20; CACNA1E; DYRK1A; ANKRD11; 
GABRG2; KCNB1; KCNH5; SCN1A; GABRB2; YWHAG; STXBP1), recessive (PRODH; LAMB1; PNKP; 
APC2; RARS2) or X-linked (KIAA2022;SMC1A) inheritance. Eleven out of 24 variants were novel. In 4 
(22%) patients the new genetic diagnosis had therapeutic implications. We estimated a diagnostic delay of 
38.5 years (18-64.9). 

Conclusions: In our cohort of undiagnosed adult EE/DE patients, WES analysis allowed us to obtain a 
diagnostic yield of 25.3%. Considering the clinical features, the number of solved cases was higher in 
patients with early-onset epilepsy, cortical developmental malformations and dysmorphisms. Despite the 
considerable diagnostic delay, genetic diagnosis had a significant impact on patients’ management, allowing 
in selected cases for a targeted therapy. 
Concluding, this study highlights the importance of involving a multidisciplinary team in variants evaluation 
and confirm that early WES analysis in EEOE/DE patients would prevent the “diagnostic odysseys” and 
unnecessary costs. 
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Background: Neuropathic pain is a frequent feature of peripheral neuropathy (PN) causing a significant 
impact on patients’ quality of life. Painful manifestations could be highly variable and it is not possible to 
predict high-risk subjects. Recent genetic studies suggested an etiological genetics basis of PN that involves 
voltage gated sodium channels (VGSCs) genes and open the discussion about the role of other pain-related 
genes. We applied a whole exome sequencing (WES) study in Italian families and early-onset patients (EO) 
affected by PN to identify rare variants and new pain-related genes to better understand the genetic 
architecture and modulation of pain in PN. 

Methods: Eight Italian families with ≥ 2 affected members (22 patients and 9 controls) and 26 cases with an 
early-onset (< 40 years) were recruited. DNA extracted from peripheral blood was enriched for coding genes 
using the Agilent SureSelect Human All Exon V5 and libraries were sequenced on Illumina Hiseq2500 
platform. Sequencing analysis was performed using an in-house bioinformatics pipeline. Variants were 
filtered according to depth, allele frequency in global-population databases (< 5%) and in-house Italian 
controls cohort (< 5%), evolutionary conservation, and computational predictors. Segregation models were 
applied to families and sharing models in EO patients. 

Results: Among the protein-coding genes covered by WES, ~4% of them were found mutated in at least 1 
family, 1.65% of them were pain-related genes (hypergeometric test enrichment p value = 0.018). ~21% of 
genes were mutated in at least 1 EO, and 1.54% of genes mutated in at least 2 EO were pain-related genes 
(hypergeometric test enrichment p value = 0.006). Around 2.5% of mutated genes overlapped between 
families and EO and 5% of them were shared in at least 2 EO and segregating in at least 2 families. We 
found a different percentage of variants in VGSCs in EO compared to families. 

Conclusions:Our data suggests a genetic heterogeneity of painful PN, in which VGSCs along with genes 
that impair the nervous signal transmission and transduction, the sensory perception and the maintenance of 
peripheral nerves structure are involved with disease onset and pain modulation. WES may be an effective 
approach in identifying pain-related genes, to better understand the pathophysiology of the disease and to 
enhance the future identification of biomarkers of neuropathic pain potentially helpful to improve diagnosis 
and optimize treatment. 
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Background: An Italian network for pediatric ataxias (PAs) has been established, with the aims to improve 
epidemiology, clinical and molecular diagnosis and management of patients. Several IRCCS and the ISS are 
involved in the network, which to date has recruited over 1000 patients with distinct PAs. Here we present 
the results of this network activity focusing on Joubert syndrome (JS), a PA characterized by a unique mid-
hindbrain malformation (the “molar tooth sign”) and variable organ involvement, mainly eyes, kidneys and 
liver. JS is recessively inherited and about 40 causative genes are known, overall responsible for about 60% 
cases.  

Methods: Over 15 years, the network recruited and clinically characterized 595 JS families (mostly Italian). 
Of them, 507 underwent genetic screening either by Sanger sequencing of selected JS genes, targeted 
sequencing or whole exome sequencing (WES).  

Results: Biallelic pathogenic variants were identified in 284 probands (56%), with six major genes 
accounting for two-thirds of mutated cases (CEP290 14.8%; CPLANE1 14.4%; CC2D2A 12.3%; TMEM67 
10.9%; AHI1 9.5%; KIAA0586 5.3%). Additional 86 probands (17%) carried a single pathogenetic variant 
in a JS gene: to date, 42 of them underwent high-resolution custom array, which disclosed large 
heterozygous deletions in 5 (1 AHI1, 2 CPLANE1, 2 KIAA0586). Array-negative single heterozygous 
carriers are currently undergoing RNA studies to search for cryptic variants affecting splicing. In 137 
probands, no pathogenic variants were identified. As most of them have been tested only for a subset of JS 
genes, WES is now in progress. Clinical evaluation of mutated cases confirmed strong gene-phenotype 
correlates for some major genes (CEP290 with JS+retina+kidney; CPLANE1 with pure JS/OFDVI 
syndrome; TMEM67 with JS+liver; AHI1 with JS+retina), while no obvious correlates emerge for CC2D2A 
and KIAA0586.  
The recruitment of this well characterized JS cohort across the whole national territory has fostered not only 
large-scale genetic studies, but also relevant clinical studies, such as the systematic evaluation of JS 
prevalence in Italy (first epidemiological study on JS ever), the identification of prognostic factors for renal 
complications and the evaluation of quality of life in adult JS patients. 

Conclusions: These findings have major implications for prognosis and counselling of JS families and 
highlight the importance of networks, not only to promote research but also healthcare in Italy. 



STUB1-RELATED ATAXIA IS NOT TOO RARE: EVIDENCES FROM A MULTICENTRE 
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Background: More than 40 genetic subtypes of autosomal dominant spinocerebellar ataxias (SCAs) have 
been identified so far. SCA48, due to heterozygous mutations in STUB1, has recently been described in a 
Spanish kindred presenting with ataxia and cognitive dysfunction. Originally, autosomal recessive mutations 
in STUB1 had been associated with early- onset ataxia, cognitive impairment, movement disorders, and 
hypogonadism (SCAR16). STUB1 codes for CHIP, a protein highly expressed in neurons and with a pivotal 
role in regulating the cellular balance between protein folding and degradation. Our aim was to ascertain the 
relative frequency of STUB1 mutations in Italian patients with spinocerebellar ataxias. 

Methods: We assessed the prevalence of heterozygous STUB1 mutations (SCA48) in a cohort of 235 
unrelated adult-onset, autosomal dominant or sporadic patients with degenerative ataxias, negative to SCA1, 
2, 3, 6, 7, 17, FRDA and FXTAS genetic testing, by using targeted multigene panels or whole-exome 
sequencing followed by in silico and segregation analyses. Clinical and diagnostic findings were extensively 
reviewed to define the phenotypic spectrum. 

Results: We identified 19 patients in 10 unrelated families carrying different heterozygous mutations in 
STUB1. Bioinformatics analyses, reverse phenotyping and family segregation studies corroborated the 
pathogenicity of the novel mutations. All probands presented with progressive ataxia and dysarthria. 
Cognitive dysfunction was present in 16 patients (84%), and psychiatric symptoms in 15 (79%). Furthermore, 
movement disorders were often present: chorea in 12 (63%), parkinsonism in 9 (47%), dystonia in 8 (42%), 
and tremor in 3 (16%). Brain MRI showed cerebellar atrophy, affecting both the vermis and the cerebellar 
hemispheres, in all patients. In addition, 5 patients showed a bilateral T2-weighted hyperintense signal 
extending from the dentate nuclei to the middle cerebellar peduncles. 

Conclusions: SCA48 seems to be a not rare cause of autosomal dominant ataxia. The clinical phenotype 
appears more complex than initially described and this has also been confirmed in one additional Turkish and 
in two further North American families, where neuropathological studies revealed loss of Purkinje cells and 
aberrant neuronal CHIP localization. Our results hence suggest the existence of a continuum clinical spectrum 
among recessively and dominantly inherited mutations in STUB1. 
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Background. Inherited optic neuropathies include complex phenotypes, mostly driven by mitochondrial 
dysfunction. One key factor implicated in mtDNA replication has been missing: mitochondrial single-strand 
binding protein 1 (SSBP1). SSBP1 has been shown to coat the displaced, parental H-strand during mtDNA 
synthesis, a critical function according to the strand displacement mode of mitochondrial DNA (mtDNA) 
replication. 
Methods By whole-exome sequencing, we identified mutations affecting SSBP1 in four families with 
dominant and one with recessive inheritance. We study the pathogenic effect of SSBP1 mutations on 
mtDNA maintenance and OXPHOS efficiency in patient-derived fibroblasts and tissues and in zebrafish 
model. The efficiency of mtDNA replication was also analyzed in vitro.  
Results. We report an optic atrophy spectrum disorder in adults, including retinal macular dystrophy and 
kidney insufficiency leading to transplantation, associated with mtDNA depletion without accumulation of 
multiple deletions. We show that SSBP1 mutations in patient-derived fibroblasts variably affect its amount 
and alter multimer formation, but not the binding to ssDNA. SSBP1 mutations impaired mtDNA, nucleoids 
and 7S-DNA amounts as well as mtDNA replication, impacting replisome machinery. The variable degrees 
of  mtDNA depletion in cells is reflected in severity of mitochondrial dysfunction, including respiratory 
efficiency, OXPHOS subunits and complexes amount and assembly. mtDNA depletion and cytochrome c 
oxidase-negative cells were found ex vivo in biopsies of affected tissues, like kidney and skeletal muscle. 
Reduced efficiency of mtDNA replication was also reproduced in vitro, confirming the pathogenic 
mechanism. Furthermore, ssbp1 suppression in zebrafish reduced optic nerve size, a phenotype 
complemented by wild-type mRNA but not by SSBP1 mutant transcripts.  
Conclusions We report the identification of a spectrum of phenotypes associated with SSBP1 mutations and 
mtDNA depletion transmitted as autosomal dominant and recessive traits, which ranged from isolated optic 
atrophy to additional clinical features including retinal macular dystrophy, sensorineural deafness, 



mitochondrial myopathy, and kidney failure necessitating transplantation. This previously unrecognized 
disease of mtDNA maintenance implicates SSBP1 mutations as novel cause of human pathology. 
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Background: Each human cell has thousands of mitochondria and within each single mitochondrion are 
present multiple copies of mitochondrial DNA (mtDNA). Defects in its replication or nucleotide metabolism 
cause mtDNA deletions, point mutations, or depletion. The presence of identical mtDNA molecules is a 
status known as homoplasmy but mutant mtDNA can coexist with wild type mtDNA in the same cell, a 
condition termed as heteroplasmy. This is a dynamic phenomenon and the proportion of mutated vs. wt 
mtDNA may be different among cells in the same individual. Clinically these genetic alterations can lead to 
early death or a wide range of pathological conditions, such as neuromuscular and neurodegenerative 
diseases, cancer or diabetes. To date, approaches based on Sanger sequencing and Southern blot have 
formed the basis of mtDNA screening but these technologies are inherently hampered by limitations in 
speed, throughput, resolution and associated costs. 

Methods: We describe NGS strategies for screening mtDNA alterations in order to assess with high 
accuracy point mutations and single or multiple large deletions in both homoplasmic or heteroplasmic state. 
Whole mitochondrial DNA was amplified by PCR producing a single amplicon of 16.5Kb, PCR product was 
then processed according to Nextera XT DNA library Prep Kit (Illumina) and sequenced on MiSeq 
sequencer (Illumina).  For the detection of large deletions, mtDNA was isolated from cells and directly 
sequenced by NGS,  avoiding PCR amplification. PCR free NGS analysis based on long reads, instead, was 
tested to detect mtDNA multiple deletions and complex re-arrangements. 

Results: mtDNA sequencing showed a high depth of coverage with homogeneous distribution, allowing us 
to identify haplogroups and to detect heteroplasmic point mutations with high accuracy, even for mutations 
with very low percentages of heteroplasmy (about 2-3%). Through the PCR free NGS analysis we were able 
to precisely detect boundaries and heteroplasmy percentage of large mtDNA deletions in one step, avoiding 
bias introduced by PCR amplification. 

Conclusions: We optimized different NGS approaches for the analysis of mtDNA sequence allowing us to 
assess point mutations and large deletions with high accuracy, in both homoplasmic or heteroplasmic state, 
even at very low percentages of heteroplasmy. The increased sensitivity allowed the use of DNA from 
specimens usually not suitable for this type of analysis performed through the standard techniques. 
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Background: The aromatic L-amino acid decarboxylase (AADC) deficiency (AADCD) is a rare, autosomal 
recessive neurometabolic disorder caused by a deficit of the AADC that is involved in serotonin and 
dopamine biosynthesis, causing as a consequence, their deficits, but also a lack of norepinephrine and 
epinephrine, given that dopamine is their precursor. 

Methods: We report the case of a Caucasian 43-year-old woman heterozygous for p.Ser250Phe in DDC, 
encoding for AADC with a positive family history for behavioral problems. 

Results:Since adolescence, she manifested behavioral abnormalities. Three months before the admission to 
our hospital, she presented with a permanent dystonic posture at the 4 limbs with numbness and tingling, 
diplopia, and low potassium levels. She was treated with muscle relaxants and potassium, but with no 
results. Olanzapine was administrated, worsening mood problems. Later, after fever, low potassium levels, 
and increased difficulty to move, she was admitted to the neurology unit where, after bradycardia alternating 
with atrial and ventricular fibrillation, she had loss of consciousness. She started to complain involuntary 
parossistic eye and head movements, bilateral ptosis, oculogyric crises with dystonia of the head, muscle 
hypotrophy, and absent deep tendon reflexes. During the hospital stay, she continued having episodes of 
untreatable bradycardia and fever. 
Hemocultures were performed, resulting positive for Enterococcus faecalis and Acinetobacter baumanii. 
Exome sequencing was performed evidencing that the patient harbored the heterozygous p.Ser250Phe 
variant in the gene DDC. 
A treatment with Pyridoxine and Pramipexole was prescribed, but never started because she died. 

Conclusions:The heterozygosity for p.Ser250Phe may have influenced the clinical manifestations, given 
that the patient presented some overlapping symptoms with those in AADCD, but while AADCD normally 
is diagnosed during childhood, the fact that the patient carried the mutation in heterozygosity may have 
alleviated and delayed the clinical manifestations. 



THE MOLECULAR BASIS OF THE GENETIC STABILITY ACROSS READING FROM AGES 5 
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Background:Reading skills are increasingly stable and heritable from the pre-school to the highy-school 
years. To investigate the molecular basis of this genetic stability, we tested association between SNPs 
included in the Infinium PsychArray chip and an average score of reading skills evaluated at 8 time-points 
from ages 5 to 15 years in a sample of 473 twins (154 MZ and 319 DZ) from the Québec Newborn Twin 
Study.  

Methods:Association analyses were conducted using the --qfam function and an adaptive permutation 
procedure (--aperm) implemented in PLINK v1.9 (https://www.cog-genomics.org/plink2/; Chang et al., 
2015,doi:10.1186/s13742-015-0047-8). Moreover, a pathway/network-based association analysis within 
neurobiological pathways that are prominent in prior literature on reading (i.e., cilium, neurite outgrowth, 
axon guidance, neuronal migration, estrogen receptor) was run with INRICH v1.0 
(http://atgu.mgh.harvard.edu/inrich/started.html;  Lee et al., 2012,doi:10.1093/bioinformatics/bts191). The 
average score included letter knowledge at age 5, reading skills at 6, 7 and 8, teacher reports of reading 
achievement at 9, 10 and 12, and reading ability at 15. 

Results:We identified a trend toward suggestive association at the SNP rs436898 (empirical p=0.0000051), 
located in an intergenic region nearby a transmembrane protein, i.e., TMEM30A. Rs436898 regulates 
TMEM30A gene expression in the cerebellum. Moreover, the association with the axon guidance-related 
pathway -a function linked to the previously identified candidate genes in reading disability- approached 
significance (p=0.076).  

Conclusions:These findings provide the first evidence about the molecular basis of the genetic stability of 
reading skills across time and will form an important part of ongoing efforts to identify genes contributing to 
reading (dis)abilities. 

https://www.cog-genomics.org/plink2/


EMOTIONAL REGULATION IN 4.5‐YEAR‐OLD PRETERM AND FULL-TERM CHILDREN: 
THE ROLE OF EPIGENETIC MECHANISMS AND PARENTAL STRESS 

Eleonora Mascheroni1, Livio Provenzi1, Ida Sirgiovanni2, Roberto Giorda4, Isabella Lucia Chiara 
Mariani Wigley1-5, Francesco Morandi6, Paola Schiavolin3, Monica Fumagalli2,3, Fabio Mosca2,3, 
Rosario Montirosso1 

1 0-3 Centre for the at-Risk Infant, Scientific Institute IRCCS E. Medea, Bosisio Parini, Lecco, Italy; 2 Foundation IRCCS Ca' Granda Ospedale 
Maggiore Policlinico, Milan, Italy; 3 University of Milan Department of Clinical Sciences and Community Health, Milan, Italy ; 4 Molecular Biology 
Lab, Scientific Institute IRCCS E. Medea, Bosisio Parini, Lecco, Italy; 5 Department of Developmental and Social Psychology, University of 
Padua, Padua, Italy; 6 ASST Lecco - Ospedale San L. Mandic, Merate, Lecco, Italy 

Background. Preterm (PT) birth (gestational age, GA<37 weeks) is associated both with emotional 
dysregulation during early childhood (Clark et al., 2008) and higher levels of parental stress, which, in turn 
can impact on emotional problems in these children (O'Hara and McCabe, 2013). The serotonin system is a 
key regulator of emotional regulation and the early exposure to pain-related stress during NICU stay is 
linked with increased methylation of the SLC6A4 gene encoding for the serotonin transporter (Provenzi et 
al., 2015). The main goals were to examine: (a) the emotional regulation in 4.5-year-old in PT children 
compared with full-term (FT) children; (b) the relation between SLC6A4 methylation status and emotional 
regulation in PT compared with FT counterparts; (c) the link between parental stress and emotional 
regulation controlling for SLC6A4 methylation status.  

Methods. Preterm (n=21; GA: M=30.81±1.17 weeks) and FT (n=20; GA: M=39.80±0.63 weeks) children 
participated in the study. Collection of saliva for SLC6A4 methylation analysis was obtained by buccal 
swabs. Emotional regulation was assessed through an observational standardized procedure that assessed 
response to four age-appropriate stress-inducing episodes, with three-phase structure: Baseline, Reactivity 
and Recovery (Provenzi et al., 2017). Parenting Stress Index (Abidin, 1995) was used to assess mothers’ 
level of parental stress. To test our aims, hierarchical regression models were run. T-test for independent 
sample were computed to control methylation status at 4.5 years in PT and FT.  

Results. No differences were found between the SLC6A4 methylation status in PT and FT at 4.5 years 
(│.24│<t<│1.45│.155 < p < .981). During the Reactivity phase, emotional dysregulation was predicted by 
greater SCL6A4 methylation in CpG1 site both in PT and FT (F=3.55, p=.046, R2=.18, β=.44). During the 
Recovery phase, emotional dysregulation was predicted by greater SCL6A4 methylation in CpG1 site, PT 
birth and higher level of parental stress (F=19.27, p<.001, R2=.69; βgroup=-.37, p=.003; βmethylation =.59, 
p<.001; βparental stress=.28, p=.037).  

Conclusions. Children of two groups did not differ in the epigenetic states. However, increased SLC6A4 
methylation was associated with higher emotional reactivity during a stressful situation, regardless of the 
birth status. The recovery from a stressful situation was associated with an increased methylation, 
prematurity and higher level of parental stress.  



WHOLE EXOME NON-SYNONYMOUS VARIANTS PATTERN ANALYSIS IN CHILDREN 
WITH AUTISM SPECTRUM DISORDER PROVIDES SUPPORT FOR KNOWN AUTISM RISK 
GENES AND FUNCTIONALLY DESCRIBES DIFFERENT SUBGROUPS OF PATIENTS. 
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Background: Precision medicine typically focus its analysis on genes carrying rare or de novo mutations in 
an individual. This is an effective approach in disorders with a reproducible set of associated genes. 
However, in complex diseases such as autism spectrum disorder (ASD), different mutation patterns can 
underpin the same biological functionality. Considering that only 10% of the genetic variability in ASD is 
de-novo or pathogenic, in the present work, we shifted the focus of variant analysis from the identification of 
single risk genes to that of specific molecular functions and biological processes, potential targets of 
personalized medicine, due to overall mutational burden. 

Methods: In this pilot study, we analyzed a set of 130 individual exomes (100 of children with ASD 
between the ages of 2 and 10, 30 of age-matched healthy controls) using two different methodological 
approaches. First, we evaluated non-synonymous variants enrichment in gene sets built on a protein-protein 
interactions database. For each term, we performed a Fisher’s exact test to compare subjects with ASD and 
controls, evaluating if the set was significantly more or less enriched of variants in one of the two groups . 
Second, we explored variant enrichment in Gene Ontology and Human Phenotype Ontology terms within 
children with ASD. For this purpose, we split the sample based on a priori participant criterium (i.e., high vs. 
low intellectual functioning).  

Results: Non-synonymous variants enrichment identified 30 significant gene sets. Among these, six genes 
(ADNP, CDC27, CHD8, MIB1, RAI1, and RELN) ─a significantly unexpected proportion─ were 
previously associated to ASD according to the Simons Foundation Autism Research Initiative database. 
Others identified genes participate in functions, such as social behavior and attentional control. 
The within-ASD-group analysis identified 4 groups of terms, differentiating the two groups, strongly related 
to reported ASD characteristics, such as gastrointestinal issues, DNA binding, EEG alterations, and language 
disorders. 

Conclusions: The present study provides evidence that different mutational patterns act on genes and their 
interactors. Thus, it is possible to identify specific molecular and biological processes of a complex disease, 
such as ASD, and then to deepen the analysis of these gene paths alterations. 
These results should be further examined and a similar analysis will be applied on a greater exomes 
collection. 



MULTIPLE GENETIC RARE VARIANTS IN AUTISM SPECTRUM DISORDERS: A SINGLE-
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Background Many studies based on chromosomal microarray and next generation sequencing (NGS) 
identified hundreds of genes associated with autism spectrum disorder (ASD) risk, demonstrating that 
genetic factors that contribute to ASD risk are several and complex. However, our ability to identify 
causative genetic risk factors in a single individual remains scarce, with limited understanding of the role 
played by these variants in disease causation, particularly those inherited from seemingly unaffected parents. 

Methods We performed targeted NGS gene panels, consisting of 120 selected genes, in a clinical population 
of 40 well characterized children with ASD. The variants identified were annotated and filtered, focusing on 
rare variants with minimum allele frequency <1% in GnomAD.  

Results We found 147 variants in 39 of 40 patients, all heterozygous except one missense variant in MET 
gene. It was possible to perform family segregation analysis in 28 of 40 patients. We found 4 de novo and 
101 inherited variants. As for inherited variants, we observed that all variants identified in the patients came 
equally from the paternal and maternal genetic makeup. We identified 9 genes that are more frequently 
mutated respect to the others, and comparing the mutational frequency of these 9 genes in our cohort and 
mutational frequency in GnomAD population we found significantly increased frequencies of rare variants 
in our study population. 

Conclusions Our study supports the hypothesis that ASD could be the result of a combination of rare 
deleterious variants (low contribution) and many low-risk alleles (genetic background), highlights the 
importance of MET and SLIT3 and the potential stronger involvement of FAT1 and VPS13B in ASD. 
Looking for a possible genotype-phenotype correlation, we didn’t find overlapping phenotypic 
characteristics among patients with many rare or extremely rare variants, neither more severe symptoms 
compared to other patients in those with several variants with at least one deleterious prediction. 



CHROMOSOME CONFORMATION SIGNATURE (CCS) AS A COMPLEX DISEASES 
BIOMARKER: THE RESULTS FROM A COHORT OF SUBJECTS AFFECTED BY AUTISM 
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Background: Chromatin spatial remodeling (CSR) is nowadays considered one of the earliest epigenetic 
events involved in gene regulation, that can be influenced by environmental hits and that is hypothesized 
to be stable in different cell types despite its dynamic nature. Chromosome conformations capture 
techniques (3C) are methods to study CSR by analysing chromatin contacts (CCs) between genomic loci 
that can be far away in the linear genome. When multiple sites are collectively assessed for the 
absence/presence of CCs, a chromosome conformation signature (CCS) emerges. CCS represent a 
promising class of blood-based biomarkers already tested in a range of complex disorders, including 
rheumatoid arthritis, amyotrophic lateral sclerosis and other diseases.  
Autism is defined as a spectrum of neurodevelopmental diseases (ASD) with a strong heritable 
component. Genetic variants and/or copy number variations account for up to 20-30%, but for the most of 
cases, due to an underlying polygenic risk factor and/or environmental causes, the diagnosis remains 
solely clinical and often delayed. 

Methods:In this work, we investigated the blood CCs in 36 individuals: 12 High-Functioning (HF: 
IQ>85) ASD, 12 Low-Functioning (LF: IQ<85) ASD and 12 Healthy Controls (HCs) using a 3C 
microarray-based chromatin conformation analysis platform (EpiSwitch), consisting of 180K potential 
CCs derived from literature data. All subjects (age: 24 – 96 months) were evaluated by ADOS-2, Leiter-R 
scale or GMDS-ER II and VABS-I testings. ASD samples were run against HCs. ASD CCs were 
analysed to find the closest protein coding regions and transcription factor binding sites, to generate lists 
for further bioinformatic analysis. 

Results: We identified 417 CCs distinctive of both HF- and LF-ASD subjects in respect to HCs and 183 
and 182 CCs unique for each group, respectively. Principal Component Analysis based on the enrichment 
analysis data clearly distinguished the ASD patients group from HCs. Moreover, enrichment analyses 
based on the CCS unique for each group, showed in LF-ASD the involvement of pathways related to 
immunity, such as NK cell-mediated cytotoxicity and Interleukins-mediated signalling, and related to 
synapse development/function, namely Neurexins and Neuroligins, in HF-ASD, suggesting different 
pathogenic mechanisms. 

Conclusions: Our results confirm that a blood-based CCS can represent a robust disease-biomarker that 
could be used in the future to contribute to complex disorders diagnosis. 



POLG1 GENE MUTATIONS: A POSSIBLE CAUSE OF NEURODEVELOPMENTAL DISORDERS 
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Background: The POLG1 gene encodes the catalytic subunit of DNA polymerase gamma, essential for 
mitochondrial DNA replication and repair. POLG1 mutations are the most common cause of inherited 
mitochondrial disorders (MD), with a continuum of overlapping phenotypes with onset from infancy to late 
adulthood. In the last period, there is emerging evidence of a link between mitochondrial dysfunction and 
neurodevelopmental disorders (NDD), including intellectual disability (ID), childhood epilepsy, and Autism 
Spectrum Disorder (ASD). To investigate the role of POLG1 mutations in these disorders, we screened 150 
subjects with NDD and multiple neurological and/or extraneurological signs suggestive of MD. 

Methods: We performed clinical and genetic studies in 150 unrelated patients with NDD including ID, ASD, 
attention-deficit/hyperactivity disorder (ADHD), learning disabilities, and impaired motor functions. The main 
additional clinical signs, suggestive of MD, were muscle tone alterations, dysmorphisms, short stature, 
microcephaly, epilepsy, ocular signs, abnormal EEG, and neuroimaging abnormalities. Mutations in the 
POLG1 gene were identified using Next Generation Sequencing performed on Ion Torrent PGM platform, 
and validated by Sanger sequencing. For 130 patients muscle biopsy was also available for additional 
histological, biochemical and genetic investigations. 

Results: Nine known POLG1 mutations (S64L, P116Q, T251I, G268A, G517V, P587L, Y831C, R1146C, 
S1176L) and four new mutations (Q439E, G609V, G723V, R1026C) were identified in 14 patients, whose 
clinical signs included PEO, spastic tetraplegia, myopathy, polyneuropathy, and ataxia. Intellectual Disability 
was present in 10 subjects, another one presented ID and autism, while the other three patients presented 
learning and motor skills impairment. On muscle biopsy studies, performed in 11 of the 14 patients, lipid 
accumulation, COX deficient fibers, and biochemical RC complexes deficiency were observed. 

Conclusions: In summary POLG1 gene mutations were identified in 9,3% of the examined sample. It is 
plausible that deleterious variants of nuclear genes encoding mitochondrial-related proteins, leading to 
mitochondrial dysfunction, can cause NDD in some cases, and that this dual genetic basis, involving both the 
nuclear and mitochondrial genomes, contributes to the heterogeneity observed. 
Our results expand the genotype-phenotype spectrum of POLG1 mutations and strengthens its involvement in 
neurodevelopment. 
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Background : Neurodevelopmental disorders (NDDs) are a collection of heterogeneous phenotypes which 
include, but are not limited to, autism spectrum disorder (ASD), intellectual disability (ID), developmental 
delay (DD), and epilepsy, which are thought to affect 2–5% of children. Conventionally NDDs may be 
divided into syndromic (S-NDDs) and non-syndromic (NS-NDDs) forms. Genetic factors play a key role in 
the onset of these conditions, which are challenging for genetic and clinical diagnosis. A combined approach 
of next-generation sequencing (NGS), SNP-array and bioinformatics analysis has identified new ways to 
understand the causes of NDDs and to help discover novel NDDs-causing genes/variants.  

Methods We collected 153 patients suffering both from S-NDDs and NS-NDDs (115 male and 38 female). 
All patients were negative to Karyotipe, SNP-array and Fragile X analysis and were sequenced by using a 
custom NGS panel (Sure Select QXT, Agilent) composed of 98 genes, of which 74 (76%) responsible for 
NS-NDDs and 24 (24%) for S-NDDs. Among them, 38 (39%) genes caused X-linked forms of NDDs, 12 
(12%) autosomal recessive forms of NDDs and 48 (49%) autosomal dominant forms of NDDs. The 
sequencing was performed on the NextSeq 500 Sequencer (Illumina) by using Mid Output Flow Cells. 
Variant calling and annotation were performed by following an in-house bioinformatics pipeline, while 
variant filtering and classification were performed by following ACMGG guidelines. 30 patients negative to 
custom NGS panel underwent Whole Exome Sequencing (WES) (Sure Select QXT V6, Agilent).  

Results: 100 patients (65,4%) resulted to be negative to NGS custom panel, while 53 (34,6%) carrier of a 
variant detected by the custom panel. Among them, 31 variants (23,5%)  were classified as Variant of 
Uncertain Significance, 9 variants (5,8%) as Likely Pathogenic and 8 variants (5,2%) as Pathogenic. Among 
them, we identified novel variants in known NDDs genes (i.e. STAG1, SRPX2, AUTS2 and GRIN2A). By 
WES we identified likely pathogenic variants in genes responsible for emerging forms of NDDs (PSMD12, 
NRXN3, BRPF1) or in genes not yet associated to neurological phenotypes (ATP1A4).  

Conclusions: Recent technological advances have driven genetic discovery in NDDs, have increased our 
understanding of the molecular mechanisms of many disorders, providing novel insights into the biological 
pathways underlying NDDs, and have improved the diagnostic process and offered new targets for future 
studies aimed to discover pharmacological therapies. 
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Background: Human gingival mesenchymal stem cells (hGMSCs) have outstanding characteristics of 
proliferation and are able to differentiate into osteogenic, chondrogenic, adipogenic, and neurogenic cell 
lineages. The extracellular vesicles (EVs) secreted by hGMSCs contain proteins, lipids, mRNA and 
microRNA have emerged as important mediators of cell-to-cell communication.  

Methods: In this study, we analyzed the transcriptome of hGMSCs-derived EVs using Next Generation 
Sequencing (NGS). 

Results: The functional evaluation of the transcriptome highlighted 26 structural protein classes and the 
presence of "non-coding RNAs". Our results showed that EVs contain several growth factors such as 
Transforming Growth Factor-β (TGF-β), Fibroblast Growth Factor (FGF), and Vascular Endothelial Growth 
Factors (VEGF) implicated in osteoblast differentiation and in angiogenetic process. Furthermore, the 
transcriptomic analysis showed the presence of glial cell-derived neurotrophic factor (GDNF) family ligands 
and neurotrophins involved in neuronal development. The NGS analysis also identified the presence of 
several interleukins among which some with anti-inflammatory action. Moreover, the transcriptome profile 
of EVs contained members of the Wnt family, involved in several biological processes, such as cellular 
proliferation and tissue regeneration 

Conclusioni 
In conclusion, the huge amount of growth factors included in the hGMSCs-derived EVs could make them a 
big resource in regenerative medicine. 
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Background: Human cytomegalovirus (HCMV) is an important opportunistic pathogen among 
immunocompromised individuals and represents the most common infectious cause of birth defects. HCMV 
possesses the largest genome among viruses known to infect humans and is exquisitely adapted to our 
species. HCMV genetic diversity is higher than that observed for other human-infecting herpesviruses and 
mixed infections caused by genetically distant strains are also common. Thus, the within-host HCMV 
genetic diversity can be very high, suggesting that HCMV populations are the target of strong selective 
pressures exerted by the host and by competing viral strains and displays high genetic diversity. 

Methods: We performed a genome-wide scan of positive selection to identify viral variants that arose during 
adaptation to the human host. A population genetics-phylogenetics approach was applied to study the 
ongoing evolution of HCMV coding genes. To functionally characterize two selected variants in the viral 
primase, we generated recombinant mutant viruses. We used time-course immunofluorescence to assess the 
effect of selected sites in the UL144 signal peptide (SP). 

Results:We leveraged information on inter-species divergence of primate-infecting cytomegaloviruses and 
intra-species diversity of clinical isolates to provide a genome-wide picture of HCMV adaptation across 
different time-frames. During adaptation to the human host, core viral genes were commonly targeted by 
positive selection. Functional characterization of adaptive mutations in the primase gene (UL70) indicated 
that selection favored amino acid replacements that decrease viral replication, suggesting evolution towards 
viral temperance. HCMV intra-species diversity was largely governed by immune system-driven selective 
pressure, with several adaptive variants located in antigenic domains. A significant excess of positively 
selected sites was also detected in the SPs of viral proteins, indicating that, although they are removed from 
mature proteins, SPs can contribute to viral adaptation. Functional characterization of one of these SPs 
indicated that adaptive variants modulate the timing of cleavage by the signal peptidase and the dynamics of 
glycoprotein intracellular trafficking. 

Conclusions:We thus used evolutionary information to generate experimentally-testable hypotheses on the 
functional effect of HCMV genetic diversity and we define modulators of viral phenotypes. 
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CEREBELLUM AND SEMANTIC MEMORY: A TMS STUDY WITH THE DRM TASK 
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Background: It has been proposed that memory is not actually a memory system, but rather a predictive 
system. This view accounts for the “errors” that memory makes under normal conditions and for the 
adaptive value of processes such as transformation, reconsolidation and updating. In the last decades, it has 
also been shown that the cerebellum is involved in a wide range of motor and non-motor functions linked to 
predictive processes. Neuromodulation studies reported cerebellar involvement in semantic domains, such as 
semantic prediction and associative priming, but no brain stimulation study has directly investigated whether 
the cerebellum is also involved in semantic memory processes. 

Methods: Here, we administered online transcranial magnetic stimulation (TMS) during a classical semantic 
memory task, the DRM, to investigate the role of the right cerebellar hemisphere in semantic memory. The 
TMS was administered during the recognition phase over the right cerebellum and over the vertex as control 
condition. 

Results:In two experiments, Cerebellar TMS impaired participants’ discriminability without affecting bias 
measures. The decrease in sensitivity was not predicted by the decrease in RTs, ruling out speed-accuracy 
tradeoff causal relationship. 

Conclusions:Overall, results support the hypothesis of cerebellar involvement in semantic memory and are 
discussed within the activation monitoring framework and the fuzzy trace theory. These results will be 
further investigated in forthcoming studies. 



NOT JUST THEORY: THE ROLE OF COMPUTATIONAL NEUROSCIENCE IN CLINICAL 
NEUROPHYSIOLOGY 
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Background: Neurocomputational modelling has the ultimate goal of enhancing the understanding of the 
behavior of neural cells and circuits. This aim is usually reached by starting from the experimental 
phenomena, then by postulating hypotheses or conceptual models of the biophysical events, and finally by 
transforming them in computational models. The conversion of experimental data in 
neurocomputational models takes mainly advantage of two well established mathematical theories: the 
cable conductor theory and the Hodgkin-Huxley equations. In this study the considered experimental 
phenomena are the axon-somatic back-propagation and the recurrent discharge, which are the basis of a 
clinical test known as the F wave. This neurophysiological test is commonly used to assess the motor 
conduction along the most proximal segments of the peripheral axons, a portion of nerves 
otherwise poorly accessible to the electrophysiological examination. The F wave arises from the 
backfiring (recurrent discharge) of antidromically activated spinal motoneurons. Until recently the 
test has been also used as a measure of motoneuronal excitability in experimental studies. 

Methods:In order to show in detail the reciprocal interplay of the axonal initial segment and the soma 
leading to recurrent discharge, we developed both reduced and morphologically detailed conductance-based 
multi-compartmental computational models of a spinal a-motoneuron, by means of the NEURON v7.2 
simulation environment.  

Results:By modelling the axon-somatic back-propagation and the recurrent discharge and by showing their 
dependance from the biophysical properties of the transition zone between axonal initial segment (AIS) and 
soma of the spinal motoneurons, a clearer insight is gained about the relations between the F wave and 
the spinal excitability. 

Conclusions: The modelling study appears able to provide both a clearer interpretation of the 
electrophysiological interplay between motoneuronal regions of high morphological inhomogeneity, and 
a novel demonstration of the flawed role of F-wave recordings in estimating the motoneuronal excitability. 



EEG MICROSTATES ANALYSIS: A NEUROPHYSIOLOGICAL BIOMARKER TO 
DIFFERENTIATE TEMPORAL LOBE EPILEPSY (TLE) FROM BITEMPORAL LOBE 
EPILEPSY (BTLE)? 

Baldini S., Danieli A., Antoniazzi L., Vettorel A., Bonanni P. 

IRCCS Medea Polo Regionale di Coneegliano-Pieve di Soligo 

Background: EEG microstates abnormalities have been documented in different neurological disorders. We 
aimed to asses if physiological EEG microstates are altered also in patients with temporal epilepsy (TLE) 
and whether they show different activations between patients with unitemporal lobe epilepsy (uTLE) and 
bitemporal lobe epilepsy (BTLE). 

Methods: Fifteen patients with uTLE, 10 with BTLE and 15 healthy controls (HCs) were enrolled. 128 
channels high-density EEG (hdEEG) was recorded for 15-min, with closed-eyes, sampling at 1KHz. EEG 
data were filtered 1-40Hz, ICA-corrected for eye movement artifacts and downsampled to 256Hz. The 
procedure for microstates analysis was performed as in Tomescu et al. (2014). Briefly, for each individual 
we identified a limited number of scalp potential topographies that described the EEG activity at rest. We 
obtained, then, a set of voltage maps representing the EEG activity for all participants and we fitted these 
templates on the corrected-EEGs in order to acquire the following variables: global explained variance 
(GEV), mean duration (MD), time coverage (TM) and frequency of occurrence (Frequ.). One-way ANOVA 
(multiple comparisons) was used to compare groups and multiple linear regression was performed to study 
the maps in correlation to the presence of hippocampal sclerosis (HS); alpha=0.05. 

Results: BTLE and uTLE showed a significant increase (GEV, MD, TM, Frequ.) and decrease (GEV, MD, 
TM) in the temporal dynamic, respectively, for the Map-A and Map-C compared to HCs; no difference 
between patient’s group. Interestingly, BTLE showed a significant increase in the presence of Map-B (GEV, 
MD, TM, Frequ.) than to uTLE and controls and a significant decrease in the Map-D (GEV, MD, TM, 
Frequ.) with respect to controls; no differences compared with uTLE. Moreover, the stepwise multiple linear 
regression revealed that the GEV of Map-B was predicted by the diagnosis of BTLE and the GEV of Map-D 
was predicted by the presence of HS.  

Conclusions: BTLE and uTLE are significantly associated to an alteration in the Map-A (temporal lobe) and 
Map-C (precuneus and PCC), suggesting changes in the activation of neural generators respectively related 
to resting-state networks of acoustic processing and salience. This data might be considered as markers of 
temporal epilepsy. Changes in the temporal dynamic of Map-B (occipital lobe, visual processing), found in 
BTLE, might be a distinctive feature of this type of epilepsy.  
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DISTINCTIVE SEMEIOLOGICAL FEATURES IN COMPARISON TO NREM PARASOMNIAS. 

Federica Provini1,2, Giuseppe Loddo1, Lorenzo Baldassarri1, Fabio Cirignotta3, Susanna Mondini3, 
Laura Licchetta1,2, Francesca Bisulli1,2, Paolo Tinuper1,2.  

1Department of Biomedical and Neuromotor Sciences, University of Bologna, Bologna, Italy 
2IRCCS Istituto delle Scienze Neurologiche di Bologna, Italy 
3Department of Head, Neck and Sensory System, Neurology Unit, Sant’Orsola-Malpighi Hospital, University of Bologna, Bologna, Italy 

Background: Sleep-Related Hypermotor Epilepsy (SHE) is a form of focal epilepsy characterized by 
seizures occurring mostly during sleep ranging from brief paroxysmal arousals (PA) to complex hypermotor 
seizures and, more seldom, protracted ambulatory behaviors. Distinguishing PA from Disorders of Arousal 
(DOA), in particular from their simplest and shortest episodes called Simple Arousal Movements (SAMs), 
remains difficult even for epileptologists and sleep disorders experts. The main objective of our study is to 
describe the semeiological features of PA and SAMs in patients with a confirmed diagnosis of SHE or DOA 
in order to identify possible video-polysomnographic (V-PSG) semeiological distinctive features that can 
assist in the diagnosis. 

Methods: The study involved 15 SHE and 30 DOA adult patients consecutively admitted to our sleep 
laboratory between January 2016 and January 2018 who underwent a full-night V-PSG. All V-PSGs were 
analysed by 2 neurologists with experience in sleep disorders and epilepsy who classified all the sleep-
related movements and described the semeiology of the episodes arising during sleep. 

Results: In comparison to DOA, SHE patients showed a marked reduction in sleep efficiency and stage 3 
NREM sleep percentage. We recorded 121 PA mostly emerging during stage 1-2 NREM sleep and lasting 6 
± 4 s. PA motor pattern at onset was hyperkinetic in 78 episodes (64%), often involving ≥ 3 non-contiguous 
body parts. A constant progression of movements during the episodes without any motor arrests was the 
rule. In DOA patients we recorded 140 SAMs mostly emerging during stage 3 NREM sleep and lasting 12 ± 
5 s as a mean. In SAMs episodes we did not observe any tonic/dystonic or hypermotor patterns nor 
stereotypy; motor arrest was present in the course of about half of the episodes. 

Conclusions: PA in SHE and SAMs in DOA present different semeiological and clinical features. Their 
recognition could be useful to guide the diagnosis in particular when major episodes are not recorded during 
V-PSG in patients with a clear clinical history of SHE or DOA.



MOTOR PATTERNS OF DISORDERS OF AROUSAL (DOA) IN ADULTS. A VIDEO-
POLYSOMNOGRAPHIC ANALYSIS OF 300 EPISODES 
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Background: Disorders of Arousal (DoA) are NREM parasomnias typically considered as self-limited 
childhood manifestations. According to the Third Edition of the International Classification of Sleep 
Disorders (ICSD-3), DoA include sleepwalking, sleep terrors, and confusional arousals.   
According to different reports, the prevalence of DoA in adulthood could be underestimated with the 
different prevalence rates between children and adults more related to an artefact of not being observed 
rather than a true value. 
Although childhood DoA are usually harmless, in adulthood DoA are often associated with injurious or 
violent behaviours to the patient or others. 
Nevertheless, few video-polysomnographic (V-PSG) studies described the semeiology of DoA episodes in 
adulthood. 
Our twofold aim was (1) to compile an objective and accurate description of the motor patterns of DoA in 
adulthood, and (2) to establish whether these motor patterns are specific to DoA patients or also common 
among age-matched healthy subjects. 

Methods: We reviewed 93 nocturnal V-PSG recordings of 40 adult patients (>15 years). We scrutinized the 
semeiology of the episodes recorded, classifying them into three groups according to three semeiological 
motor patterns with increasing intensity and complexity: Simple Arousal Movements (pattern I or SAMs), 
characterized by head flexion/extension, head flexion/extension and limb movement or head 
flexion/extension and partial trunk flexion/extension; Rising Arousal Movements (pattern II or RAMs), 
characterized by a complete trunk flexion with patient sitting up in bed; Complex Arousal with Ambulatory 
Movements (pattern III or CAMs) characterized by sleepwalking. The V-PSG findings were compared to 
those of 15 healthy controls. 

Results: Among DoA patients 300 episodes were recorded: 248 (82%) SAMs, 34 (11%) RAMs, and 18 
(7%) CAMs. Episodes lasted 33 ± 35 seconds as a mean. Movements tended to halt temporarily during 64% 
episodes. Explorative behaviours were frequently observed. We recorded 983 sleep-related movements in 
the healthy controls. Only 8 of them were characterized by head flexion/extension but in the context of a 
body position change. 

Conclusions: We identified three specific motor patterns in DoA adult patients never hitherto reported and 
not observed in healthy controls. Identification of these patterns could be important for the diagnosis and 
serve as the basis for a new definition of DoA in adults.  



SWALLOWING’S EVALUATION WITH NON-INVASIVE SURFACE EMG AND KINEMATIC 
ANALYSIS: A PILOT STUDY.  
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Background: Dysphagia is an alteration of the normal progression of food with variable prevalence in 
neurological diseases. Inspired by different studies (Alfonsi 2007 and 2015; Cosentino 2017) we decided to 
perform a non-invasive neurophysiological assessment of swallowing in a population of adult’s healthy 
subjects (age 18-88 yo) with innovative technologies.   

Methods: The assessment is performed in a single session, by combining EMG analysis of 
submental/suprahyoid muscles activity with surface EMG electrodes (Cometa System Wave Plus Wireless 
EMG) with evaluation of laryngeal-pharyngeal movement during swallowing by means of kinematic 
analysis (Vicon Motion Capture Systems). The swallowing act is examined with different consistencies: 
water, creamy and solid consistency (5 consecutive tests for each consistency, with 5 seconds interval). The 
evaluation of the EMG activity of the submental/ suprahyoid muscles is measured using 2 surface electrodes, 
placed on the skin in the suprahyoid region. Laryngopharyngeal movement is assessed using 4 specific 
infrared markers placed on the cricothyroid membrane in a row; reference markers are placed on 
sternocleidomastoid muscle and C7. 

Results: The study is ongoing and here we present preliminary data. We aim to collect at least 100 healthy 
subject parameters in various age groups. The analysis includes several measurements: EMG activity; RMS 
and shape of EMG; symmetry in the EMG tracing of the submental muscles (right vs left); the movement of 
the markers on the vertical plane; amplitude of the swing on the vertical plane; latency between the 
beginning of the EMG trace and the beginning of the movement of the markers on the vertical plane; latency 
between the trigger signal (start) and the movement of the markers on the vertical plane. 

Conclusions: The purpose of our study is to evaluate the swallowing act first in healthy subjects and then to 
perform the same assessment in a neurological population (in particular patients affected by stroke and 
Parkinson's disease) to discriminate subjects at-risk for dysphagia and eventually refer them to second level 
evaluation. 
Our technology is innovative, comfortable and allows a non-invasive and first-level assessment, which can 
be used by healthcare professionals as a screening or as objective feedback in rehabilitation treatment. It 
could also be used as a guide for speech therapist in evaluating the effectiveness of the treatment. 



CLINICAL AND NEUROPHSYCHOLOGICAL CORRELATES OF PARATONIA 
QUANTITATIVELY ASSESSED USING ELECTROMYOGRAPHY 
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Background: Paratonia is described as the inability to relax muscles during muscle tone assessment with the 
subject involuntary facilitating or opposing the examiner (Facilitating Paratonia and Opposing Paratonia, FP 
and OP). The purpose of this study is to correlate the clinical assessment of paratonia with the surface 
electromyographical (s-EMG) assessment of paratonia. Furthermore, we want to assess the prevalence of 
paratonia in both patients with cognitive impairment and in healthy subjects of different ages. 

Methods: All subjects underwent a geriatric and neurological clinical examination, as well as a thorough 
neuropsychological testing. Scores of scale for facilitatory and oppositional paratonia as well as modified 
Kral procedure were collected. Goniometric and s-EMG recordings were performed on biceps and triceps 
brachii muscles of the dominant side. Passive elbow movements were performed manually by the same 
examiner. To control the velocity, the passive movements were synchronized with tones played by a 
metronome. In each subject, several continuous (sinusoidal) and discontinuous (linear) flexion and extension 
passive movements of the elbow were performed, while urging the subject to remain relaxed.  

Results: The study was performed on 86 subjects: 18 patients with Alzheimer’s disease (AD); 7 patients 
with vascular dementia; 21 patients with mild cognitive impairment (MCI); 10 young healthy subjects and 
30 older healthy subjects. The analysis of the s-EMG showed the facilitating effect of sinusoidal movements 
for both FP and OP. The speed-dependence is clear for the OP, so faster movements evoke greater 
resistance. Elbow flexors are most involved in paratonic activity. The analysis revealed a strong direct 
correlation between the clinical scores of FP, OP and Kral procedure, as well as between FP and OP 
assessed with s-EMG. Only a weak correlation was found between neuropsychological tests and paratonia, 
which was higher in the elderly subjects both for the clinical scales and s-EMG evaluation. 

Conclusions: The s-EMG assessment of paratonia is reliable and correlates with clinical evaluation, being 
however more sensitive and able to clearly distinguish between FP and OP. The main feature of paratonia is 
the increase during repeated movements and its dependence from velocity, especially as regards the OP.  
Paratonia is also present in healthy subjects, although of less amplitude than in patients with cognitive 
impairment. 



SHEAR WAVE ELASTOGRAPHY TO EVALUATE THE EFFECT OF 
INCOBOTULINUMTOXINA IN CHRONIC STROKE PATIENTS WITH MUSCLE HYPERTONIA 
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Background: Shear wave elastography (SWE) is an ultrasound-based technique to evaluate tissues 
mechanical properties assessing spatial distribution of ultrasound waves velocities. Neuro-mediated 
muscle hypertonia (neuroHYPER), including both spasticity or spastic dystonia, is caused by spinal 
hyper-excitability and it can be properly assessed recording the stretch reflex by means of 
surface electromyography (s-EMG). Acting together with muscle weakness, NeuroHYPER 
contributes to the development of muscle fibrosis and muscle shortening, which in turn are the cause 
of intrinsic muscle hypertonia (intrinsicHYPER). Usually, muscle hypertonia is a mix of neuroHYPER 
and intrinsicHYPER. Botulinum toxin is the treatment of choice for focal muscle hypertonia, being 
very effective in reducing neuroHYPER. The objective of this study is to assess the efficacy of SWE in 
detecting intrinsicHYPER in parallel with stretch reflex recording, before and after incobotulinumtoxinA 
treatment. 

Methods: We included 14 patients with focal muscle hypertonia following stroke. Independent blinded 
assessments on a target hypertonic muscle before and after incobotulinumtoxinA injection included modified 
Ashworth scale (MAS), modified Heckmatt scale (MHS), SWE (transverse and longitudinal scans with 
muscle either in shortened or elongated condition, as well as the contra lateral healthy muscle) and stretch 
reflex recording using s-EMG. Scores were compared using Wilcoxon test. 

Results: IncobotulinumtoxinA treatment determined a significant reduction of MAS (p=0.018), stretch 
reflex (p<0.001) and SWE measures (particularly in longitudinal/shortened condition, p=0.001). All SWE 
parameters were significantly increased in the hypertonic muscle compared to the healthy homologue not 
only before treatment but also while botulinum toxin effect is optimal.  

Conclusions: This first study suggests that SWE is able to detect the effect of botulinum toxin in hypertonic 
muscles of patients with chronic stroke. IncobotulinumtoxinA not only reduced neuroHYPER assessed by 
stretch reflex, but also SWE values. The comparison with the contra lateral healthy muscle indicates that 
SWE values are increased not only when the muscle is elongated and without treatment effect, but also when 
the muscle is shortened and during botulinum maximal effect, suggesting that SWE is able to detect changes 
in the muscle structure of hypertonic muscles, likely reflecting intrinsicHYPER. 



CLINICAL COMPLEXITY MARKERS IMPROVE THE PREDICTION OF FUNCTIONAL 
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Background: We hypothesized that the clinical complexity markers, on which the patient-centered 
rehabilitation program is tailored, could also considerably influence the functional recovery prognosis of 
patients with sub-acute ischemic stroke. We developed and validated internally a Functional Risk Index 
After Stroke (FRIAS) score predictive of dependency in basic mobility 2-month after stroke (2-months 
DBM), and compared its performance with a disease- specific reference index (RI), derived by fitting 
only age, gender, and NIHSS (National Institute of Health Stroke Scale) score. 

Methods: We derived the two indices using a composite two-cohort dataset of 274 acute ischemic stroke 
patients, discharged consecutively in 2011 (n=123) and in 2018 (n=151) from the Stroke Unit of our 
Institute. 
Two-months DBM was defined as the inability of independently get up from a chair and walk at least 3 
metres.For the development of the FRIAS index we have used some indicators of the IPER-2.0 (Indicators 
for Performance Evaluation in Rehabilitation, version 2.0) system as predictors. The chosen indicators mark 
the complexity of the patients with regard to: 1) pre-stroke history (chronic organ-system failure, severe 
dementia, chronic multimorbidity, cancer in the last year, social frailty, and disability assessed by mRankin 
score); 2) the care burden at baseline for medical (reduced alertness, delirium, medical instability, infection, 
depression, pain, dysphagia, malnutrition, bladder catheter, urinary incontinence, and tracheostomy), and 
functional (communicative disability and dependency in sitting balance) conditions. 

Results: The incidence of 2-months DBM in the patient sample was 39.4%. Following a multivariate 
10-fold cross-validation procedure using the Elastic Net and LASSO estimators, we found that in
addition to the NIHSS score, the dependence on sitting balance, communicative disability, pre-stroke
mRankin score, and number of markers of medical complexity were retained as significant predictors for
the FRIAS index. The FRIAS index outperforms the RI for overall accuracy in the classification (79.9%
vs. 75.5%), and in the discriminative capacity [(AUROC= 0.89 (95% CI=0.85-0.93) vs. 0.76 (95% CI=
0.71-0.82)].

Conclusions: In estimating the short-term functional prognosis, the FRIAS index is more accurate and 
useful than the measurement of stroke severity alone, and can be used to address rehabilitation pathways 
tailored to care intensity needs and expected outcome of patients. 
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Background: Prediction of functional outcomes after spinal cord injury (SCI) is essential to establish the 
rehabilitative objective, to counsel patients and to plan discharge.  
Moreover, the knowledge of spontaneous evolution and a reliable prognostication of functional outcomes 
after SCI are necessary for patients’ allocation in clinical trials. 

Methods: The European Multicenter Study about Spinal Cord Injury (EMSCI) (ClinicalTrials.gov 
Identifier: NCT01571531) is an international collaboration started in 2001 by 19 paraplegic centers with the 
aim to improve the knowledge of SCI evolution and clarify the prognostic value of clinical, functional and 
neurophysiological measurements. The database prospectively collects data of patients affected by traumatic 
and ischemic SCI during the first year after injury according to standardized evaluations. Data for 
neurological and functional assessments are prospectively collected within the first 15 days, between 16–40 
days, 3, 6 and 12 months after SCI. The examinations include the International Standards for Neurological 
Classification of Spinal Cord Injury, the Spinal Cord Independence Measure, the Walking Index for Spinal 
Cord Injury, the Timed Up & Go test, the 10-meter walking test and the 6-minute walk test. Additional 
assessments are: neurophysiology, pain, hand function and urodynamics. 

Results: Our SCI Unit has adhered to the network as candidate center and actively collaborates to the 
development and validation of prediction models of functional outcomes after traumatic and ischemic SCI. 
We contributed to the development and validation of the first model to predict bladder outcomes after 
traumatic and ischemic SCI, to the development of a model to predict bowel outcomes after traumatic SCI 
and to a study focused on the role of neurophysiological measurements in the prediction of global functional 
recovery after traumatic SCI. Currently, we are contributing to the validation of the prediction model of 
bowel outcomes in both traumatic and ischemic cohorts and to the analysis of functional outcomes after 
central cord syndrome.  

Conclusions: The knowledge of spontaneous evolution and the availability of prediction models of 
functional outcomes after traumatic and ischemic SCI may deepen our knowledge of the mechanisms of 
spontaneous recovery after SCI, help designing patients’ tailored rehabilitative interventions, favor clinical 
counseling, orient resource allocation and guide design of clinical trials.  
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Background:Idiopathic normal pressure hydrocephalus (iNPH), a neurodegenerative disorder of the senile 
age,  is characterized by urinary, cognitive and gait alterations. The latter symptom, classically defined as 
gait apraxia, is widely described in literature.  Despite this, the use of  clinical tests  to detect gait apraxia’s 
improvement after a cerebrospinal fluid tap test (CSFtt) in iNPH, is controversial. Timed Up and Go Test 
(TUGT)  is a useful, time saving and easy to perform test in these patients. Furthermore,  it is one of the 
most studied for iNPH [1], because of its correlation with fall risk. We instrumentally analyzed  the main  
modifications of Spatial-Temporal (ST) parameters of TUGT after the CSFtt and their correlation with 
shunt surgery outcome. 

Methods: Ambulatory patients with iNPH (Bologna PRO-HYDRO Study [2], in progress) performed an 
instrumented Timed-Up and Go (iTUG) pre (T0) and post (T24-72h) the CSFtt. Patients that completed the 
6 months follow up (T6) after shunt surgery, repeated the same instrumental evaluation. The test was in-
strumented with mGait (mHealth Technologies, IT) a system based on a smartphone and 3 inertial sensors, 
two wore on the shoes and one on the trunk [3]. mGait was used to obtain accurate gait spatio- temporal 
and trunk posture parameters. 

Results: A total of 82 subjects (mean age 75 years) completed the analysis at T72h. A sub-sample of 34 
patients completed the 6 months follow up (T6) after shunt surgery. After CSFtt, we registered an improve-
ment in gait speed, cadence, stride length, double support % and total time, in particular at T72h. Shunt 
surgery outcome shows a good correlation with all TUG’s spatiotemporal parameters improvement. 

Conclusions:Our data describe an overall improvement of main TUGT’s spatio-temporal parameters 72h 
after  the CSFtt. These modifications seem to reflect the shunt surgery outcome. Interestingly, TUGT’s 
total time shows a trend toward normalisation [1].  
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Background: The organization of semantic memory is a highly debated topic in neuroscience, and recently 
it is particularly focused on abstract concepts. Neuroimaging and transcranial magnetic stimulation studies 
show an association between social concepts (friendship) and the anterior temporal lobe (Zahn et al., 2007), 
and between quantity-related concepts (immensity) and the intraparietal sulcus (Catricalà et al., 2020). 
Additional data come from studies with neurodegenerative patients. Patients with the semantic variant of 
Primary Progressive Aphasia (sv-PPA), associated with atrophy of the temporal lobe, show an impairment in 
the processing of social concepts (Catricalà et al., 2014), but not of quantifiers (some) (Cappelletti et al., 
2006); patients with Cortico-Basal syndrome (CBS), involving parietal areas, instead show the opposite 
pattern (Troiani et al., 2011). The aim of the present study is to explore the presence of specific deficits for 
social and quantity-related concepts, in two patients respectively affected by sv-PPA and CBS. 

Methods: Two patients have been recruited, C.V., affected by sv-PPA (male, 66 years, 13 years of 
education) and M.E., affected by CBS (female, 69 years, 5 years of education); and six controls (2 male, 
age-range: 60-80, education-range: 5-13). 
We administered a lexical decision task, including 60 semantically related and 60 unrelated words pairs, 
belonging to 5 categories: animals, tools, emotions, social, quantity. Priming effect is computed as difference 
in reaction times between related and unrelated pairs, separately for each category. Priming effect of each 
patient has been compared to that of controls, separately for each category (Crawford & Garthwaite, 2005). 

Results: Controls show a priming effect in all the explored categories. The statistically significant inverse 
effect is found in patient C.V. only for social concepts (p= .032), and in patient M.E. only for quantity-
related concepts (p= .008). 

Conclusions: Results suggest that social and quantity-related concepts are processed in different cerebral 
regions, respectively involved in the two pathologies, namely the anterior temporal lobe and the parietal 
areas, in line with semantic memory theories claiming that different semantic dimensions contribute to the 
representation of abstract concepts. 



THE IMPACT OF COGNITIVE RESERVE ON CLINICAL EXPRESSIONS OF INCIDENT CASES 
OF AMYOTROPHIC LATERAL SCLEROSIS. 

 Monica Consonni,a Eleonora dalla Bella,a Enrica Bersano,a Alessandra Telesca,a Giuseppe Lauria a,b 

a) 3rd Neurology Unit and Motor Neuron Diseases Center, IRCCS Foundation “Carlo Besta” Neurological Institute, via Celoria 11, 20133 Milan,
Italy;
b) Department of Biomedical and Clinical Sciences "Luigi Sacco", University of Milan, via G.B. Grassi 74, 20157 Milan, Italy.

Background 
Early‐life education, occupational attainment, leisure activities and bilingualism have been considered 
proxies of cognitive reserve (CR). It is currently accepted the concept of CR as a modulator associated with 
a more favourable cognitive trajectory in older people, and, in the case of progressive neurodegeneration, of 
delayed clinical expression. The effects of CR on measures of the severity of cognitive decline, motor 
disability, and age of disease onset have never been addressed in people with amyotrophic lateral sclerosis 
(ALS). 

Methods 
Assessments of cognition and clinical and demographic information were obtained in 101 incident patients 
with ALS. CR was measured considering years of education, level of occupation, amount of leisure activities 
and bilingualism.  We used ALS-specific scales to assess disease severity (ALSFRS-R) and cognition 
(ECAS). Correlation and regression analyses were performed to test the influence of CR on the clinical 
expression of ALS. Between group comparison tested for clinical and neuropsychological differences in 
patients with high (ALS-H) and low (ALS-L) CR. 

Results 
All proxies of CR were associated with better global cognition. As expected ALS-H patients obtained better 
performance at executive function (p=.01), fluency (p<.01) and memory (p<0.001) tests than ALS-L. 
Correlation analyses showed more severe motor impairment for ALS-L patients (p=.037), indicating that 
motor impairment was inversely related to educational level and occupational attainment.  Age negatively 
correlated to the severity of the disease and cognitive performances, meaning that older patients had more 
severe disease stage. The stepwise regression analyses demonstrated the positive predictive value of CR in 
cognitive performances in all ALS patients and the protective role of CR in determining the severity of 
motor disabilities in bulbar-onset patients. 

Conclusions 
Our study first sought to investigate the role of CR in incident cases of ALS patients. We found that higher 
CR has a beneficial effect on cognitive performances. We also found that ALS patients with high CR had 
lower motor impairment than ALS patients with low CRI score, especially in ALS-bulbar patients. This 
might suggest that bulbar-onset ALS patient with high CR cope better with brain damage possibly protecting 
against the sprouting of the disease.   



REPRODUCIBILITY OF OROPHARYNGEAL SWALLOWING IN AMYOTROPHIC LATERAL 
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STUDY.   
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Background Swallowing is a physiological activity involving a series of both sequential and concurrent 
neuromuscular events finely integrated into a smooth and continuous process. Various kinesiological and 
electromyographic (EMG) parameters can be assessed in order to better understand physiological aspects of 
human swallowing and pathophysiological mechanisms underlying different kinds of neurogenic dysphagia 
(Fig. 1) [1]. In a previous study we assessed in the normal subjects the overall reproducibility of deglutition, 
i.e., the similarity, across different swallowing acts, of the activation pattern characterizing oropharyngeal 
swallowing, showing a high reproducibility of both the oral and pharyngeal phases of deglutition [2]. Aim of 
the study was to investigate with an electrophysiological technique the reproducibility of oropharyngeal 
swallowing in patients with amyotrophic lateral sclerosis (ALS) and extrapyramidal syndromes, i.e. 
Parkinson’s disease (PD) and atypical parkinsonisms (AP).

Methods We enrolled 26 ALS patients and 40 patients with extrapyramidal syndromes (20 patients with PD 
and 20 patients with AT), both with and without clinical signs of dysphagia, and 20 age-matched controls. 
The reproducibility of the electrophysiological signals related to the oral phase (electromyographic activity 
of the submental/suprahyoid muscles) and the pharyngeal phase (laryngeal-pharyngeal mechanogram) of 
swallowing across repeated swallows was assessed. To do this we computed two similarity indexes (SI) by 
using customized mathematical algorithms. 

ResultsThe reproducibility of oropharyngeal swallowing was significantly reduced in both patients with 
ALS or PD/AP suffering from clinical signs of dysphagia. The SI of both phases of swallowing, oral and 
pharyngeal, correlated significantly with dysphagia severity and disease severity in all patients’ groups. In 
ALS patients without clinical signs of dysphagia a significant decrease in the SI values relating both phases 
of swallowing (oral and pharyngeal) was found, whilst in the patients with extrapyramidal syndromes a 
significant decrease was observed only as regard reproducibility of the pharyngeal phase of swallowing.  

Conclusions In neurodegenerative disorders such as motoneuron disease and extrapyramidal syndromes 
different pathophysiological mechanisms can alter the stereotyped motor behaviors underlying normal 
swallowing, thus reducing the reproducibility and safety of the swallowing act. A decrease in swallowing 
reproducibility could be a preclinical sign of dysphagia and, beyond a certain threshold, a pathological 
hallmark of oropharyngeal dysphagia. 



 “NEUROLOGICAL ADVERSE EVENTS DURING IMMUNE-CHECKPOINT INHIBITORS 
TREATMENT: A REPORT FROM THE ITALIAN NEUROLOGICAL SOCIETY (SIN) 
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Background: Immune-related adverse events (irAEs) due to immune-checkpoint inhibitors (ICI) treatment 
are increasingly recognized. Although rare, neurological irAEs may be severe and often difficult to diagnose. 
Their prompt recognition is crucial, as they may be reversed with proper treatment. To better define the 
clinical spectrum of ICI-related neurological toxicities the Neuro-oncology Study Group of the Italian 
Neurological Society promoted the creation of a national database. 

Methods: A national, web-based database was created. All physicians who manage oncological patients 
were allowed to spontaneously include cases. 

Results: From 01/01/2019 to 01/01/2020, nineteen patients (16 males, 3 females; median age 71 years) have 
been entered in the database. The most frequent underlying malignancy is melanoma, and the most common 
type of ICI treatment is nivolumab. The median number of ICI cycles at irAE onset was three (range 1-22). 
Fifteen patients developed a peripheral nervous system (PNS) toxicity (polyneuropathies, myopathies, 
myasthenia gravis), while four had a central involvement (encephalopathies). All but one required treatment 
(n=14: corticosteroids, n=3: IVIg, n=1: corticosteroids+IVIg), with a complete response in three, partial in 
10. Five required a second-line treatment. Toxicity was severe (CTCAE≥3) in 17/19, with three fatalities. 
Three patients resumed ICI, without neurological relapses.

Conclusions: Neurological irAEs affected most frequently the PNS, and a multiple involvement (“overlap” 
syndromes) appeared common. Although they frequently improved with immunomodulating treatments (as 
corticosteroids), irAE progression to death have been reported. In a subset of less severe cases, however, ICI 
resumption appeared feasible with no neurological irAE relapses. Further inclusions will possibly help us to 
identify predictors of outcome and response to treatments. 
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Background: Some patients with autonomic failure onset maintain a Pure Autonomic Failure(PAF) 
presentation for many years, others develop motor and/or cognitive deficits.While motor changes had been 
exhaustively evaluated in previous cohorts, cognitive functions had been marginally examined with 
screening tests, like MMSE, to detect the presence or not of a dementia stage. To find out whether mild 
cognitive impairment is associated to phenotype conversion as well, we extensively assessed cognitive 
performances in a prospective cohort of PAF patients. 

Methods: From the well-characterized IAF-BO cohort, we selected patients who meet PAF criteria and 
underwent a comprehensive neuropsychological evaluation (NPS). 

Results: Twenty-four patients performed NPS (mean age 59,75±8,66 years; disease duration 11,76±5,43 
years).Although nobody had subjective complains, 10 out of 24 patients (41,7%) were cognitively 
impaired(CI), 9 on attentive-executive tests and 1 on short-term verbal memory. 5 out of 10 patients met 
criteria for mild cognitive impairment(MCI).No differences in clinical variables, cardiovascular autonomic 
function parameters or sleep disturbances were found between cognitive normal, CI and MCI patients.After 
2-8 years of follow-up, 3 patients converted to overt synucleinopathies. Nobody was cognitive impaired at
NPS. None of PAF patients with CI patients converted during follow-up.

Conclusions: A comprehensive neuropsychological evaluation disclosed an attentive-executive dysfunction 
in 37,5% of PAF patients.Cognitive deficits are not strictly associated with phenotype conversion over 5 
years.Further evaluations are mandatory to disclose the cause of cognitive impairment in Pure Autonomic 
Failure. 



COGNITIVE DETERMINANTS IN ISOLATED REM SLEEP BEHAVIOR DISORDER: A CROSS-
SECTIONAL AND LONGITUDINAL APPROACH  
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Background:: iRBD has been related to poorer cognitive performances and to higher frequency of mild 
cognitive impairment (MCI). Impairment in executive functions and attention, verbal episodic memory, and 
visuospatial abilities has been described towards the development of a full-blown dementia (with Lewy 
Bodies).  
The aim of the project is to assess cognitive functions in a group of patients with isolated REM sleep 
behavior disorder (iRBD) and their longitudinal prognostic progression.  

Methods: We enrolled consecutive videopolisomnography-confirmed iRBD patients (iRBDs) referring to 
our center and age and sex matched controls (HC). Each subject underwent an evaluation of cognitive 
performances through validated neuropsychological tests. Additionally, participants underwent neurological 
examination, autonomic and odor tests and filled questionnaires for non-motor symptoms. Procedures were 
performed at baseline (T0), and annually (T1: 12 months).  

Results:We recruited 29 patients and 26 controls, at 36 months 5 patients had converted to overt disease (2 
PD, 2 prodromal DLB, 1 MSA). At baseline, 17 patients were cognitively normal (CN), 5 had 1 test 
impaired (CI) and 7 fulfilled the criteria for MCI. iRBDs showed poorer performance than HC in global 
cognition (FR BMDB - iRBD:1,88±0,64, HC:2,39±0,70; p:0,007), short term verbal (RAVLT IR - 
iRBD:37,88±7,70, HC:44,00±8,66; p:0,008) and immediate visual memory (IVM - iRBD:19,43± 2,28, 
HC:20,66±1,75; p:0,03), visuo-constructional abilities (SCD - iRBD:10,52±1,62; HC:11,36±1,18; p:0,03) 
and executive functions (SVAT - iRBD:16,63±2,72, HC:17,93±1,82; p:0,04). 
Odor and autonomic tests and sleep features were not different between CN, CI and MCI patients. 
At T1 evaluation (14 patients) iRBDs worsened in IVM (T0:19,02±2,11, T1:18,39±1,47; p:0,04) and 
attention (Stroop Time - T0:20,42±10,39, T1:21,33±11,92, p:0,02). iRBDs became also more apathetic than 
controls (Apathy scale - iRBD:35,94±6,85, HC:30,07 ±6,46, p:0,020).  

Conclusions:Our results suggest a continuum from HC to CI iRBDs, with sparing of language and 
impairment of visuospatial function. During progression verbal memory and executive functions get worse 
in the MCI stage, eventually deteriorating toward dementia.  
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Background: Every 40 seconds one person dies from suicide worldwide, half of which are related to 
depression. Neuroinflammation has been reported in major depressive disorder (MDD). Preliminary findings 
also show a link between inflammation and suicidal behaviour. To the best of our knowledge, no previous 
study explored how a wide-range of cytokines may differentiate life-time suicidal behaviours in MDD 
patients. The aim of the current study is to provide new candidate targets for suicidality based on 
inflammation in MDD patients. 

Methods: In 28 healthy controls (HC), 28 MDD patients with a positive history of attempting suicide (SA), 
and 28 MDD patients with a negative history (nSA), we determined concentrations of immune analytes 
using an ultra-sensitive Pro Human Cytokine Group 27-Plex Panel and Chemokine immunoassay panels 
(Bioplex). In order to deal with the 27 highly correlated cytokines we applied two different statistical 
approaches that reduce the dimensionality of data: Principal Component Analysis, exploring if suicidality 
may be related to a comprehensive derived inflammatory state, and elastic net penalized regression that 
allows to consider as predictor each single cytokine.  Age, sex, duration of current episodes, frequency of 
mood episodes, BMI, equivalent doses for imipramine and chlorpromazine, and HDRS total were entered as 
nuisance covariates. 

Results: HC were younger than SA and nSA, no other differences were detected among groups. 
Inflammatory components (PCA) differentiated both SA and nSA from HC but not SA vs nSA. Elastic net 
prompted IL-13 as new candidate marker of suicide in patients with MDD (logOR=3.95; VIP=85.96%; 95% 
CI:-2.03-10.83).  

Conclusions: IL-13 in healthy condition act as protective molecules in CNS inducing a microglia M2 
phenotype while under pathological conditions (i.e. neuroinflammation), IL-13 can exert a cytotoxic effects. 
Our results show, both an association between IL-13 and lifetime suicidality, both we observed that SA and 
nSA patients present a higher comprehensive inflammatory signature compared HC. Considering the 
potential role as neuromodulator of the IL-13, we can speculate that in SA rather than in nSA, the IL-13 can 
act on a vulnerable inflamed brain and participate to tissue damage inducing a toxic effects on both glia and 
neurons.  
Exploring a wide range of cytokines not only may provide a new inflammatory signature of suicide, but also 
allow the identification of at-risk factors. 
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SLEEP DEPRIVATION AND LIGHT THERAPY IN BIPOLAR DISORDER 

Silvia Cazzettaa, Mario Gennaro Mazzaa,b, Benedetta Vaia,b,c, Sara Polettia,b, Cristina Lorenzia, 
Cristina Colomboa,b, Francesco Benedettia,b

a Psychiatry and Clinical Psychobioloy, Division of Neuroscience, IRCCS Ospedale San Raffaele, Milano, Italy; b University Vita-Salute San 
Raffaele, Milano, Italy; c  Fondazione Centro San Raffaele, Milano, Italy 

Background. The combination of Total Sleep Deprivation (TSD) and Light Therapy (LT) has been proven 
to be an effective antidepressant non-pharmacological treatment in bipolar disorder (BD). Previous studies 
have investigated how aberrant level of cytokines may be associated to a poor clinical response to 
conventional antidepressant drugs. The aim of this study is to explore the effect of a wide range of 
inflammatory cytokines on antidepressant response to chronotherapeutic treatment. 

Methods: In 45 BD patients presenting a major depressive episode treated with three TSD cycles and LT, 
concentrations of immune analytes were determined using Pro Human Cytokine and Chemokine 
immunoassay panels (Bioplex). Elastic net penalized regression was applied in order to explore the influence 
of cytokines on antidepressant response (delta Hamilton Depression Rating Scale (HDRS) before and after 
treatment) to chronotherapeutic treatments, dealing with highly correlated cytokines. 

Results:  Elastic net model Variable Inclusion Probability (VIP) estimated through 5000 bootstrapped 
resamples showed that higher level of baseline IL-13 is associated to a poor antidepressant response to TSD 
and LT in BD (β=-0.29; VIP=86.66%; 95% CI: -0.75, 0.17). No other clinical features or cytokines emerged 
as relevant predictors (VIP>85%). A simple linear regression confirmed the effect of IL-13 on 
symptomatologic improvement (b = -3.49; p = .023; R2 = .12). 

Conclusions: Our preliminary findings confirmed the results present in literature about the effect of 
proinflammatory cytokines on antidepressant response, prompting IL-13 as a possible biomarker of 
antidepressant response to chronotherapeutic treatments. 
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Background: The burden of mood disorders is growing despite the availability of new interventions. The 
most critical issue in providing optimal treatment in Bipolar disorder (BD) is the differential diagnosis 
with Major Depressive Disorder (MDD): 60% are initially misdiagnosed [1]. Identifying reliable 
biomarkers seems crucial to improve treatments and prognosis. Neuroimaging data have been previously 
implemented in machine learning (ML) procedure, reaching a predictive accuracy 73% [2]. This estimate 
may be improved including biomarkers for immuno-inflammatory system, which emerges as a critical 
feature in depression and mood disorders [3]. 

Methods:  118 depressed patients suffering from BD and MDD underwent an MRI (3T) session and 
venous blood sampling. We used whole brain grey matter volumes (CAT12) and diffusivity white matter 
measures (TBSS, FSL). Plasmatic concentrations of a 27-plex cytokines assay (Bio-Rad, Hercules, CA, 
USA) were obtained via Luminex. For ML we modelled: 1) kernel Support Vector Machine (SVM) for 
neuroimaging and immunoassay, 2) SVM on immunoassay, and 3) elastic net logistic regression on 
immunoassay. In each model, 10-folds nested cross-validations were performed for inner and outer loops. 
SVM was implemented in Pattern Recognition for Neuroimaging Toolbox [4], elastic net was solved 
through the coordinate descent algorithm as implemented in MATLAB, and variable inclusion percentage 
(VIP) was assessed in 5000 permutations. Age, sex, number of previous mood episodes, total intracranial 
volume, MRI scanner, medication load and body mass index were entered as nuisance covariates. Models 
were compared with Area Under the Receiver Operator Curve (AUC). 

Results: Elastic net with immunoassay quantification showed the higher accuracy (AUC=0.98) compared 
to other models (SVM on immunoassay AUC=0.93, support vector machine on neuroimaging dataset and 
immunoassay AUC=94% [2]). Elastic net differentiates BD and MDD with 95% balance accuracy, 96%, 
sensitivity for BD and 93% specificity for MDD. Interleukin (IL) 4, IL7, IL9, IL10, CCL11, PDGF-BB, 
CCL3, CCL4, CCL5, and TNF α had VIP>80%. 

Conclusions : Elastic net allowed to distinguish BD and MDD on specific inflammatory markers with an 
accuracy of 95%. The performance of this model was higher compared to ones fitted with neuroimaging 
data and elastic net emerges as promising method for classifying psychiatric disorder from biological 
blood markers. This study contributes to identify novel biomarkers for BD. 
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Background: Healthy lifestyle may have beneficial effects to slowdown cognitive impairment leading to 
dementia. Diet is the main determinant of gut microbiota composition, which in turn affects brain functions, 
however to date only a few data on this topic are available. The main goal of the NutBrain Study is to 
explore the association of dietary habits with cognitive function, and their role in modulating the gut 
microbiota and brain characteristics as well. We here present the study design and the preliminary 
characteristics of the cohort. 

Methods: This is an ongoing Italian population-based study of older adults living in Northern Italy. At the 
point of presentation, participants are screened for global cognitive function and specific domains (memory, 
executive functions, attention, language and visuospatial abilities) using standardized neuropsychological 
tests. Socio-demographic characteristics along with lifestyles, nutritional and functional status, medical 
history, drugs, and anthropometric measurements are also recorded. Participants suspected of having Mild 
Cognitive Impairment (MCI), undergo a clinical evaluation including a neurological examination and brain 
MRI scanning protocol. Stool and blood samples are also collected for the gut microbiota analysis and 
APOE genotyping. For each MCI patient two cognitively normal individuals (CN) matched for sex and age 
are enrolled for clinical valuation. 

Results: Participant’s inclusion started in April 2019. Up to date, 383 individuals have completed the initial 
screening evaluation (mean age of 74.5±6.4 years, 61.7% are females, and mean educational level of 9.8±4.2 
years) and 119 underwent the clinical evaluation. At the screening phase, 25% of participants live alone, 9% 
are current smokers, and 43% use 3 or more daily medications. The distribution of comorbidities is 
represented as follows: hypertension (54%), hypercholesterolemia (39%), diabetes (11%), stroke (8.6%), 
heart failure (17%), depressive symptoms and low mood (21%). The mean MMSE score is 27.8±2.8 and 83 
persons (21%) are suspected of having MCI (60% are multiple-domain). Dietary, microbiota, MRI, and 
genetic data are in processing. 

Conclusions: The NutBrain Study offers a unique opportunity to understand the processes underlying the 
relationship between nutrition, gut microbiota, and markers of brain aging. The results of this study will 
encourage planning lifestyle interventions for both prevention and treatment of cognitive aging. 
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Background:With the phenomenon of the aging population and the increasing prevalence of Alzheimer’s 
disease, much energy has been spent on the study of the potential role of modifiable risk factors, such as 
dietary habits, on cognition. Specifically, many studies reported a preventive effect of some dietary patterns, 
in particular of the Mediterranean diet (MD), on the risk of cognitive decline. All studies highlighted that the 
compounds typical of the MD are characterized by proprieties like reduction of oxidative stress and 
inflammation. Furthermore, it is important to take into account that the concept of the Mediterranean dietary 
pattern also includes a “lifestyle” aspect (e.g. practice of moderate physical activity). The main aim of this 
study is to evaluate the interrelationship among nutrition, anthropometric and physical activity parameters and 
cognitive performance in a frail elderly population. 

Methods:140 participants aged 65-80 years old were included; all subjects were evaluated with a 
comprehensive neuropsychological, anthropometric and nutritional assessment. From the assessment scores, 
using the statistical models for latent constructs, different variables were obtained: Verbal fluency, 
Attention/executive function and Memory from the neuropsychological assessment; Anthropometric/physical 
activity from the anthropometric measures and physical activity scores; Nutrition from the nutritional 
assessment combined with the MD score. Through the structural equation model approach, the variable 
Nutrition was tested in association to the three cognitive variables considering  the Anthropometric/physical 
activity variable as a possible mediator of the relationship. 

Results:In our sample, 54% of subjects have a medium-high adherence to MD and only 4% have a risk of 
malnutrition. The variable Nutrition was significantly associated (p<0.001) with the cognitive variable 
Attention/executive function showing that an increase in Nutrition was directly associated with an 
improvement in Attention/executive function without the influence of the considered mediator. 

Conclusions:The main result of the study is that in a sample of frail elderly Italian subjects there is a selective 
association of a good nutritional status related to a higher adherence to the MD, with a better performance on 
the neuropsychological variable Attention/executive function. This confirms the beneficial effect of the 
nutritional status and the adherence to the MD on cognitive performance. 



 PRAGMATIC LANGUAGE DISORDER IN CLINICAL POPULATIONS. 
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Background Pragmatics is the ability that allows speakers to use and interpret language in context and to 
engage in successful communication. Several studies showed that impairment in pragmatics causes reduced 
social interactions and lower quality of life for both patients and their family. Despite its potential relevance, 
pragmatics is seldom considered in assessment and rehabilitation and typically deficits in this domain are 
traced back to other more basic impairments, like impairment in social cognition or in executive functions. 
As a consequence, available data on pragmatic language disorder are often fragmented and based on 
different assessment tests, and the literature lacks of systematic and wide reports of the patterns of pragmatic 
impairment across clinical conditions. By adopting a transdiagnostic approach, here we report data on a wide 
range of clinical conditions (mostly neurological) using the APACS battery (Assessment of Pragmatic 
Abilities and Cognitive Substrates, Arcara & Bambini, 2016), showing the difference and commonalities in 
pragmatic language disorder across pathologies. 

Material and methods: We collected data on 119 healthy controls and 299 patients belonging to different 
clinical conditions with different clinical diagnosis consecutively enrolled across different Italian centres 
(Stroke, TBI, Multiple Sclerosis, Parkinson’s Disease, Amyotrophic Lateral Sclerosis, Schizophrenia, 
Dyslexia). All patients were administered with the APACS battery. 

Results: All clinical conditions showed significant impairment in APACS, with slightly different patterns. A 
principal component analysis on all pathologies with APACS tasks as variables show that although some 
peculiarities may emerge, a single component captured a large amount of variance in the pragmatic battery 
in all clinical conditions.  

Conclusions: Pragmatic language disorder appears to be diffuse and widespread across several clinical 
conditions. Although pragmatic disorder correlated with many other cognitive functions, literature shows that 
correlations are often weak and it is rarely possible to infer the pragmatic impairment from a standard 
neuropsychological testing. We argue that pragmatic language disorders should be more thoroughly included 
in clinical neuropsychological settings. 
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Background: Converging neuropsychological and neuroimaging evidence suggests that the posterior 
cerebellum is involved in visuospatial functions and in the control of spatial attention, possibly via 
connections with prefrontal and parietal cortices (Buckner et al., 2011; Habas et al., 2009). However, a clear 
functional topography of cerebellar regions involved in the control of spatial attention is still missing and 
available evidence is overall controversial on whether the cerebellum is indeed critical in subserving spatial 
attention. 

Methods: In this study, we aimed to shed light on this issue by using online neuronavigated transcranial 
magnetic stimulation (TMS) to temporarily interfere with medial and left lateral cerebellar activity during 
performance of tasks measuring spatial attention allocation. In two different experiments we stimulated via 
TMS the left cerebellum (Crus I), the vermis (Lobule VII) and a control cortical site whilst participants 
performed the Landmark task (Experiment 1 and 2) and a numerical bisection task (Experiment 2). 

Results: We found that in the number bisection task, TMS over the left cerebellar Crus I specifically 
interfered with the orienting of attention toward the left side of the mental number line, thus producing a 
pattern reminiscent of representational neglect. In turn, interfering with neural activity in the left cerebellar 
hemisphere did not affect allocation of attention in the physical space. Moreover, interfering with vermal 
sectors of the posterior cerebellum did not affect participants’ performance in either task. 

Conclusions: Overall our results suggest that the left cerebellar hemisphere is causally involved in the 
control of spatial attention, at least when attention needs to be allocated to an internal representational space, 
as in case of numerical bisection (for similar results, see Oliver et al., 2011). Why the role of the left 
cerebellar hemisphere remains confined to allocation of spatial attention in the representation space deserves 
further investigation. Although null results always need to be interpreted with caution, our results also 
suggest that vermal regions of the posterior cerebellum may not be critically involved in the control of 
spatial-attention. Our findings may be interpreted in light of the cerebellar-cerebro connectivity, where the 
left cerebellar hemisphere seems to be specifically connected with the right fronto-parietal network involved 
in the control of spatial attention (Buckner et al., 2011; Habas et al., 2009; Sang et al., 2012). 
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Background: Space and time are tightly coupled to each other in both the physical world and in the human 
mind. For instance, we subjectively experience that the passage of time goes along with the passage of space 
when we move from one place to another. But does this experience of time in a physical space affect our 
cognition of temporal concepts?  

Methods: Here, we take congenital blindness as the ideal model to probe the role of the visual system in 
space-time mappings. In particular, we present evidence comparing blind and sighted individuals in 
psychophysical tasks requiring the mapping of spatial and temporal information.  

Results: Our results indicate that prior visual experience plays a crucial role in the setting of space-time 
mappings. That is, we do not observe any consistent space-time association in blind individuals, thus in 
striking contrast to sighted participants.  

Conclusions: Together, these findings clarity the distinct contribution of visual experience on the way 
temporal information is implemented in our cognitive architecture. 
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 Background : Psychological functioning is determined by complex interplays of genetic, neuronal 
and environmental risk and resilience factors across the life-span [1]. Consequently, studies adopting 
longitudinal designs and multisystem approaches are needed to better understand the underpinnings of 
neuropsychiatric disorders.  
Our project ReMIND is a 15-years follow-up study aimed at parsing heterogeneity in psychiatric 
developmental trajectories, by investigating the role of genetics/epigenetics, environmental risk factors and 
neuroimaging measures, in shaping developmental trajectories.   
We are going to re-assess an epidemiological and a clinical sample of adults who had already been assessed 
in childhood and adolescence. This presentation will be focused on the description of an innovative online 
platform implemented to collect socio-demographic and clinical data related to our project first phase.  

Methods : 3418 and 1225 subjects respectively from the epidemiological and clinical samples were recruited 
throughout the Italian territory 15 years ago and re-evaluated 5 years later. In both phases, social, 
environmental, clinical [2, 3], cognitive/neuropsychological, neuroimaging, genetic and epigenetic data have 
been collected.   
All this data will be re-collected in the current phase, jointly with an evaluation of the HPA axis functioning 
(as indexed by cortisol levels).   
A new (MedicalBit) online platform has been developed. It allows to quickly and inexpensively gather 
sociodemographic and clinical information through standardized checklists and interviews.     

Results : ReMIND project is currently ongoing. In January 2020 a first group of 150 epidemiological 
subjects was invited to participate. Based on the current rate of response we expect to involve at least 60 
subjects from the epidemiological sample.  

 Conclusions : Our ReMIND project will collect longitudinal data from these unique populations. The 
remote data collection through the on-line platform will enable to address domains that represent potential 
predictors of psychopathological trajectories and outcomes in a money- and time-saving way.  
We also expect to better understand the role of environmental risk factors and serotonergic polymorphisms 
in determining mental health symptoms [4, 5], and the role played by stressful life events in 
determining homotypic versus heterotypic psychopathology evolution [6]. Moreover, several brain 
modifications that could be defined as markers of disease will be identified in patients with psychiatric 
conditions [7].  
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Background:Moyamoya angiopathy (MA) is a rare cerebrovascular condition characterized by a 
progressive stenosis of the terminal part of the supraclinoid internal carotid arteries (ICA) and their 
proximal branches associated with the compensatory development of a fragile collateral vessels network. 
The pathogenesis of MA is largely unknown. GENetics of mOyaMoyA (GEN-O-MA) project is a 
multicentre observational study aimed at describing the disease phenotype and clinical course as well as 
discovering biological and cellular markers of MA. Herein, we present the preliminary study results.  

Metodi:Nineteen Italian centres are participating in the study. Patients younger than 75 years with both 
bilateral and unilateral radiologically defined MA, diagnosed according to literature criteria, are being 
included in the study. For each patient, detailed clinical and neuroimaging data are being collected 
(retrospectively and prospectively). Biological samples including blood and, in subjects undergoing to 
revascularization surgery, cerebrospinal fluid (CSF) and middle cerebral artery (MCA) specimens are 
being also collected.  

Risultati: From 2015 to 2018 124 patients (age of onset mean ± SD 34.9±19.6 years; 67.5% females) 
have been collected. Twentyone (17%) patients were younger than 18 years old. MA was bilateral in 61% 
of cases. Sitxty-five patients presented with stroke that was ischemic in 74.6% and haemorrhagic in 
25.3% of cases. Headache, cognitive disorders and seizures were found respectively in 51.7%, 21.5% and 
26.5% of patients. Fourty per cent of these patients underwent a revascularization surgery.   

Conclusioni:At a preliminary analysis, the results of GEN-O-MA project, that is the first Italian MA 
network, are in line with previous studies on Western patients, except for an increased rate of headache 
and seizures. The wide MA population collected in Italy by GEN-O-MA project will favour the 
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Background Moyamoya angiopathy (MA) is a rare and disabling cerebrovascular condition 
characterized by recurrent ischemic/hemorrhagic strokes. Surgical revascularization of the occluded 
middle cerebral artery (MCA) is the only treatment for reducing the follow-up stroke risk. The 
pathogenesis is still largely unknown and an imbalance of vasculogenic/angiogenic mechanisms has 
been suggested, due to the detection of altered levels of cytokines/chemokines/growth factors in 
cerebrospinal fluid (CSF) and blood of MA patients. Circulating endothelial progenitor cells (cEPCs) 
were hypothesized to be involved in vascular remodelling of MA. It remains unclear whether cEPCs 
might be considered as a prognostic marker or a disease effect. Our aims are (i) to characterize the 
level/function of cEPCs and (ii) to analyse vasculogenic/angiogenic factors in samples from selected 
MA patients. 

Methods A subgroup of MA adult Caucasian and un-operated patients, healthy donors (HD) and 
unrelated controls (UNR) were included in the project. Clinical/neuroradiological data as well as 
plasma, CSF and MCA samples were collected (if available) from the included subjects. cEPCs were 
isolated from whole blood as CD45dimCD34+CD133+mononuclear cells. We performed functional 
assays, gene-expression analyses and ELISA to characterize cEPCs and to detect angiogenic factors 
in biological samples. 

Results 20 MA patients (85% females, mean age 47,3±11,5), 18 HD and 10 UNR were included in 
our study. cEPC level was significantly reduced in MA patients in comparison to HD (p=0,038). 
However, at early stage of endothelial differentiation, MA patient-EPCs did not show an impaired 
vasculogenic capacity in comparison to HD. Although the level of angiogenic factors implicated in 
MA (i.e., VEGF, ANG-2) did not differ in plasma of MA patients in comparison to HD and UNR, 
we detected a significant increase of ANG-2 level in CSF and MCA of MA patients in comparison 
to UNR subjects. 

Conclusion Our findings suggest that cEPC level in peripheral blood as well as ANG-2 expression 
in CSF and MCA could represent potential pathogenetic markers of MA. A better characterization of 
the disease mechanisms is expected through a careful stratification of MA patients based on their 
clinical/neuroradiological profile. The validation of our results on a larger population and the 
correlation with clinical data could help our understanding of the disease and the development of 
novel therapeutic options for MA patients. 
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Background: Cerebral amyloid angiopathy (CAA) is one of the major causes of cerebral small vessel 
disease, spontaneous intracerebral hemorrhage and cognitive decline in elderly patients. However, the 
pathogenesis and natural history of CAA remain largely unknown (Charidimou et al, 2017). SENECA 
(SEarchiNg biomarkErs for Cerebral Angiopathy) is an Italian multicenter study aimed at characterizing 
CAA clinical phenotypes and identifying neuroradiological and biological markers of disease progression 
through the collection of data from a large and homogeneous population. 

Methods: Fifty Italian centers are participating to the study. All consecutive patients referred to the 
participating centers with a diagnosis of possible, probable or definite symptomatic or asymptomatic CAA 
according to the modified Boston neuroradiological criteria are being enrolled. The study includes a 
retrospective and a prospective phase. Detailed clinical and neuroradiological data are being collected at 
baseline (retrospective and prospective study) and at follow-up (at 12 and 24 months, prospective study). In 
the prospective study, biological samples (blood and cerebral spinal fluid) will be collected in subgroups of 
patients for genetic studies (cases with early onset clinical manifestations and/or rapid clinical progression 
and/or relatives with a diagnosis of CAA) and markers of neurodegeneration (cases with cognitive decline) 
and biomarkers’ assessment. Likewise, neurophthalmological evaluation (50 consecutive patients with a 
MOCA score> 22/30 referred to the principal investigator (PI) center) and amyloid PET Scan (50 
consecutive patients referred to the PI center) will be performed in subgroups of patients. 

Results: 114 patients (mean age+SD: 70.8+7.4 years; 69.3% males) have been included at Fondazione 
IRCCS Istituto Neurologico Carlo Besta (PI center) so far. In this cohort, the mean age at onset was 
66.8+7.8 (SD). Hemorrhagic stroke and cognitive impairment were the most common index events (53.5% 
and 29.8% of cases respectively and hypertension (61.4%) and dyslipidemia (46.5%) were the most frequent 
cerebrovascular risk factors. 

Conclusions: SENECA is the first Italian CAA Network and is expected to enroll at least 500 patients in the 
next three years. The collection and analysis of detailed clinical and neuroradiological data and biological 
samples of a large sample of patients will contribute to the identification of CAA clinical and radiological 
phenotypes and “susceptibility” markers. 
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Background : The aim of neurosurgical neuropsychology in the operating room is to provide continuous 
feedback on the cognitive status of the patient operated in awake surgery. The goal of the neurosurgeon is to 
maximize surgical resection and keep cognitive and motor functions at a normal functioning level. 

Methods: We have designed a completely innovative intraoperative monitoring method, the Real-Time 
Neuropsychological Testing (RTNT) 1, and used it in patients with brain tumors that invade the eloquent 
areas. Tests are continuously administered throughout all the tissue resection, so one can continuously 
monitor and record the immediate effects of brain changes on behavior. It allows the early reporting, in real-
time, of any decreases that may occur.   

Results: We used RTNT in 195 patients with lesions in the left hemisphere and 105 patients with lesions in 
the right hemisphere. We monitored the neuropsychology of many areas involved in resection and observed 
decreases, oscillations in performance and stable responses, both at cortical and subcortical level2. RTNT is 
feasible and produces consistent results. Cognitive tests performed at follow-up have shown which functions 
recover most.We also used RTNT to test the consequences of permanent endovascular occlusion of the 
insular branch of the left middle cerebral artery3, which corresponds to a region around the Broca’s area. The 
aim is to avoid cognitive and neurological complications that can result from occlusion.Finally, we adapted 
RTNT to junior patients (j-RTNT) 4 who underwent awake surgery, including some NEPSY-II tests. 

Conclusions: Only a sufficiently sensitive and extensive testing can early and accurately detect cognitive 
decrements during awake surgery. A detailed neuropsychological evaluation is mandatory to quantify 
language and other cognitive performances during surgery in patients with gliomas. 
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Background: The advent of flow diverter (FD) stents have apparently lowered the role of 
microneurosurgery for paraclinoid aneurysms, despite high-quality evidences about their long-term effects 
are still scanty.  
The present study is aimed to critically review the results of microneurosurgery in a retrospective surgical 
series of paraclinoid aneurysms in order to differentiate those more indicated for surgery from those instead 
more suitable for endovascular therapy.   

Methods: Data about demographics, clinical onset, Barami’s type site and size, approaches, as well 
neurological and visual outcome of 53 patients consecutively operated for one or more paraclinoid aneurysm 
have been retrospectively reviewed.  
Neurological outcome was evaluated by means of modified Rankin Scale, whereas angiographic outcome 
was evaluated upon the complete exclusion of the aneurysm at 6th-month follow-up. Visual outcome was 
measured basing on the perimetry assessment at 6th-month follow-up.   

Results: A 47.4% of the aneurysms were regular in size, while 19.3 were giant. Barami type I was 
predominant. In 21 aneurysms a hemorrhagic onset occurred. Pterional approach with intradural anterior 
clinoidectomy was preferred by far. Clipping was possible in 91.2% of aneurysms, whereas a high flow by-
pass was the choice in 5 cases. An mRS of 0-2 was achieved in 77.3% of patients, typically <50 years old.  
Visual field appeared improved or unchanged in 36.3% and 63.6% of the symptomatic patients, respectively. 
In 76.1% of incidental aneurysms, campimetry was unaffected by surgery.  
A complete aneurysm exclusion was achieved in 93% of cases by means of a single procedure. No 
recurrences were documented on an average follow-up of 54.1±34 months.  

Conclusions: Microneurosurgery is still a valuable, definitive and durable option for Barami type Ia, Ib or II 
paraclinoid aneurysm, especially in patients <50 years old and visually symptomatic. Conditions other than 
these are ideal candidate for FD stents. 
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Background: Pediatric genetic ataxias may be thought as rare diseases, but they are not uncommon when 
considered as a whole. The frequent cerebellar involvement in childhood is due to its peculiar maturation 
process, starting in a late stage of fetal development and protracting in postnatal life. Different molecular 
pathways may be disrupted, leading to congenital malformative conditions or degenerative diseases: in both 
cases cerebellar involvement may be isolated, part of a complex radiological pattern, or one of the element 
of a multisystemic syndrome. The molecular knowledge of pediatric ataxias is constantly growing, thanks to 
the availability of new diagnostic techniques. The NGS era brings with her the need of a precise clinical 
categorization of such disorders, a crucial tool to guide both the diagnostic process and the correct 
interpretation of big molecular data. 

Methods: We conducted a study on 156 pediatric patients showing MRI evidence of cerebellar anomalies, 
seen in our Department in the last 10 years. Patients were divided into 2 groups: congenital malformative 
conditions vs neurodegenerative diseases and in each group we analyzed personal data, prenatal history, 
general and neurological presentation, developmental history and cognitive level, comorbidities, brain MRI 
and additional diagnostic procedures and laboratory exams. 

Results: Overall diagnostic rate was 91 out of 156 patients enrolled. Significant differences among the two 
groups were found in almost all the variables explored, including sex and age at diagnosis, neuroradiological 
data, psychomotor development, prevalence of comorbidities and diagnostic tests result. Neurological 
presentation was very similar between the two groups; in spite of that, genetic findings reveal high molecular 
heterogeneity in both cohorts. 

Conclusions: This study offers a comprehensive overview on the clinical presentation in a large cohort of 
children with genetic ataxia and underlines how a precise categorization is essential to guide both the 
patient-tailored diagnostic plan and back phenotyping process. Furthermore, it allows us to propose a clinical 
based diagnostic approach to such conditions, which often share a common clinical presentation but have 
highly heterogeneous etiopathogenesis. 
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Background: Spinal muscular atrophy (SMA) is characterized by degeneration of spinal motor neurons, with 
progressive muscle atrophy and paralysis. The most common form is due to a survival motor neuron 1 
(SMN1) gene defect, resulting in a marked reduction of the SMN protein in the whole body. SMA type 1 is 
the  most severe form of the disease: affected babies are unable to achieve the sitting position and have a life 
expectancy of 2 years. Limited data are available on brain involvement and cognitive abilities in SMA type 1 
patients, because of the difficulties in assessing cerebral functions of so severely affected patients. New 
pharmacological treatments have recently become available to treat the disease, and clinicians are facing the 
emergence of new clinical phenotypes of type 1 SMA. The improvement in motor skills revealed the 
cognitive potential of these children, with the need to characterize their developmental profiles. 

Methods: We studied 20 children (aged 13-36 months) with SMA type 1, treated with innovative 
pharmacological therapies. The test battery included Bayley-III subscales to assess developmental skills and 
motor milestones classification according to WHO. Bayley’s cognitive, language and motor domains were 
assessed by qualified personnel in the outpatient clinic; socio-emotional and adaptive behavior questionnaires 
were completed by the primary caregivers. Spearman's correlations were performed to examine the 
relationship between different subtests; Mann-Whitney U test was performed to evaluate the difference 
between the two groups of sitters and non sitters children. 

Results: A significant correlation between cognitive, language and motor scores was found. Socio-emotional 
questionnaire correlated with language subtest and adaptive behavior scores. All the subjects obtained the 
minimum score in Bayley’s gross motor subscale, but differed in fine motor skills.  A significant difference  in 
fine motor scores was found between sitters and non sitters children, and the same difference emerged 
between the two groups in cognitive scores. However, there is a large group of patients for whom a direct 
correlation between sitting position and cognitive abilities is not clearly identified. 

Conclusions: Pharmacological treatments led to the emergence of new SMA type 1 phenotypes. Limited data 
are available on the correlation between the disease, motor recovery and cognitive development in these 
patients. A detailed assessment of the developmental profile of these children is needed to define targeted and 
personalized rehabilitation protocols. 
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Background: Many therapeutic trials Duchenne and Becker Muscular Dystrophy, are currently available, 
therefore a proper clinical characterization of patients has become imperative in order to accurately assess 
the efficacy of such treatments. Up to now, numerous papers have focused on the determination of a 
genotype-phenotype, despite not yielding precise correlations or obtaining discordant results (Pane et 
al.,2014;v.d.Bergen et al.,2014;Servais et al.,2015; Ricotti et al.,2016;Bello et al.,2016;Magri et 
al.,2011;Desguerre et al. 2009;Humbertclaude, et al., 2012 and 2013). 

Methods: We analyzed the phenotypic variability, studying a population of pairs of siblings affected by 
DMD or BMD. 
We included 107 patients, from 5 Italian Reference Centres. 
Clinical data (information about onset/diagnosis, neuropsychomotor development, comorbidities, North 
Star Ambulatory Assessment Scale, Timed Function Tests and 6-Minutes Walk Test for motor function; 
FE% and/or FA% for cardiac involvement; FVC and FVC% for respiratory involvement) were collected 
longitudinally between 1989 and 2018 and classified according to clinical criteria based on the available 
literature (Angelini et al.,1996;Humbertclaude et al.,2013;Pane et al.,2014; Bello et al., 2016) in order to 
define concordant/discordant trends. 

Results: We collected a population of siblings almost equally distributed between DMD and BMD, 
followed-up for a mean of 8,2 (±5,16) years for DMD and 9,6 (±7,61) for BMD siblings. We found high 
percentages of discordance regarding the course of cardiomyopathy and neuropsychomotor development. 

Conclusions: The literature regarding pairs of brothers with dystrophinopathy is currently limited 
(Birnkrant et al., 2010,Pettygrove et al.,2014). The preliminary results of our work confirm the 
phenotypic variability within couples, manifesting not only in the progression of the disease (i.e. 
cardiorespiratory issues), but also in early development. Such an intra-family phenotypic variability 
suggests the presence of significant epigenetic factors. The results encourage further enlargement of the 
population of couples of brothers, especially because the study of discordant siblings pairs may be useful 
to identify candidate modifier genes. 
We also highlighted the case of one of the included couples of siblings affected by Charcot-Marie-Tooth 
disease (type1A) and BMD at the same time, as an example of the importance of a fine clinical 
assessment in order in order to adopt personalized therapeutic and follow-up protocols. 
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Background : A central concern of developmental cognitive psychology regards the acquisition of social 
skills in children with typical and atypical development with the aim to design early intervention for social 
competence improvement.  Previous studies investigated the impact of general cognitive abilities on the 
acquisition of social skills using tests normed on different samples to measure single cognitive domains. This 
method, however, introduces variability to the findings and prevents direct comparisons of the impact of each 
specific domain. In this study, we administered co-normed subtests of Nepsy-II with the aim to investigate 
precursors of social competence in children with congenital atypical development. We tested two hypotheses: 
i) Contribution of sensorimotor functioning to the development of social skills, especially of emotion
processing (embodied cognition); ii) Role of visuo-spatial abilities in the acquisition of social skills,
specifically for the ability to infer others’ mental states (mentalizing).

Methods: Participants: 84 patients (age range: 4-16 y.o.) with congenital atypical development associated 
(N=58) or not (N=26) to cerebral malformations. All participants underwent an MRI examination.  
Evaluation: Visual Attention, Sensory-motor Functioning (Fingertip Tapping, Imitating Hands Position, 
Manual Motor Sequences), Visuospatial processing (Block construction), and Social Perception (Theory of 
Mind, Affect Recognition). 
Data Analysis: Multiple linear regression models with the score obtained in Social Perception subtests as the 
dependent variable, and the scores obtained in the other NEPSY-II subtests, total QI, and malformation site as 
predictors. 

Results: Regardless of the presence and site of malformation and controlling for general cognitive abilities, 
results showed that visual attention is a key predictor of the abilities in the discrimination of facial emotions, 
while visuo-spatial processing has a strong influence on both affect recognition and Theory of Mind abilities. 

Conclusions: At least in the age range that we have examined, a delay in social competence development 
seems associated to difficulties in forming a visuo-spatial representation of the external world, which may 
impact the ability to assume the mental perspective of others. These results may inform the design of new 
interventions aimed at improving social capacities by boosting the abilities to form mental representations of 
the external physical and social world. 
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Background: Developmental coordination disorder (DCD) is defined by impairments in motor coordination 
and motor learning, which also involve difficulties in perceiving others’ actions. However, it is still unclear 
whether such perceptual difficulties are specific for the social domain or also extend to the perception of 
physical events. Here we used two observational learning tasks aiming to test the ability to learn and use 
contextual cues (colors) to estimate the probability of future events, pertaining to either social (others’ 
actions) or physical (geometrical figures) domain. 

Methods: Children with DCD (N=18) were compared with an age- and gender-matched group of children 
with typical development (TD, N= 20). In the action prediction task, children were asked to observe object-
grasping actions performed by a child model and to infer the underlying intention (e.g., to eat or to offer). In 
the shape prediction task, children were asked to observe and recognize the shape of geometrical figures 
(e.g. a square or rectangle) appearing from the left of the screen and moving toward its centre. Both tasks 
consisted of a familiarization and a testing phase. During familiarization, the action- or figure-context 
associations were implicitly biased in terms of their probability of co-occurrence. During the testing phase, 
the same videos were presented but their duration was dramatically shortened to make the action intention or 
the figure shape less clear to be inferred by using the visual information only. Thus, we expected children’s 
responses to be biased to contextual priors, thus compensating for perceptual uncertainty. 

Results: Preliminary analyses. on participants’ accuracy showed a progressive increase in accuracy from the 
low to the high probabilities, higher accuracy in the action prediction in the DCD group with respect to the 
other task and with respect to the TD and crucially that while the accuracy was higher with increase 
probability of co-occurrence in the TD group, no such modulation was observed in the DCD children. 
Importantly, a tendency toward a significant interaction with the task was found suggesting that the 
difference in the probabilisitc effect between the two groups seem to be specific for the action prediction 
task.  

Conclusions: This suggests that DCD involves an overall deficit in learning and using contextual priors to 
predict the unfolding of future events, which is, however, particularly impairing when predicting other 
people’s actions in uncertain environments. 
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Background: Advances in the identification of early markers for autism spectrum disorder (ASD) have 
occurred in the direction of the formulation of intervention programs to be applied at very young ages. 
There is a growing interest in identifying reliable brain-based predictors, which may constitute useful 
tools for early detection on at-risk cases. Atypical responses to sensory input is included in the DSM-
5, becoming part of the ASD diagnostic criteria. In particular, individuals with ASD perform poorly 
during conditions that require integrating information across auditory and visual modalities (AV 
integration), a skill that is a key building block upon higher-level skills (communication). However, 
using ERP techniques, AV integration has not been assessed in infants at-risk for ASD (HR-ASD).   
The aim of the study is to explore whether and to what extent the ERP measures of AV integration 
would be able to compare and differentiate HR-ASD from typically developing infants (TD) at 12 
months of age  

Methods: At age 12 months, 21 HR-ASD and 19 TD took part in the study. ERPs were recorded during 
an AV integration task measuring the McGurk effect. AV match and mismatch videos of 2 female faces 
pronouncing /pa/ and /ka/ syllables were presented in a block design: two congruent AV pairs (visual 
/pa/ audio /pa/, visual /ka/ audio /ka/) and two incongruent AV pairs (audio /pa/ onto a visual /ka/ 
‘fusion condition’ and audio /ka/ onto a visual /pa/ ‘mismatch condition’). Mean amplitude was 
calculated in successive 100-ms time windows (200 to 600 ms from the sound onset) for AV stimuli in 
frontal, central, temporal and occipital areas  

Results: The results showed a significant Condition x Hemisphere x Region x Group interaction (F= 
2.86, p= .040). ANOVAs contrasting the 4 conditions by group in each cluster of channels showed a 
significant Condition x Group interaction only in the temporal left region (p= .015). In the TD group, 
mean amplitude for the Mismatch condition is significant higher compared to both congruent 
conditions (Bonferroni p= .027, p= .028)   

Conclusions: Differential brain responses related to AV integration emerge at 12 months between TD 
and HR-ASD, specifically when auditory and visual stimuli cannot be integrated into a fused percept 
(i.e. mismatch condition). Given the crucial role of AV integration in later socio-communicative skills, 
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Background: At present, no specific genetic marker can support the diagnosis of autism spectrum disorders 
(ASDs) and provide tailored therapeutic strategies. Attention disfunctions are widely recognized in these 
patients and their exact role (simple symptom or comorbidity or relevant clinical aspect of an 
endophenotype) has not been established. We have already shown that some single nucleotide 
polymorphisms of SNAP-25 gene correlate with attentive disfunctions in children with ASD. 

Methods: We collected clinical, behavioural and neuropsychological data of 41 children (33 males, 8 
females, mean age 4.4±2.4 years) through clinical observations, questionnaires and interviews. Moreover, 
every child was genotyped for single nucleotide polymorphisms of SNAP-25: rs363039 (G/A), rs363043 
(C/T), rs363050 (A/G), rs3746544 (T/G) and rs1051312 (T/C). Then, we divided participants in two groups 
according to the severity scores of the Autism Diagnostic Observation Schedule (ADOS-2). 

Results: We found that the group with the highest severity scores showed significant associations with 
genotype rs363050 (A/G). Particularly, children with the GG genotype had lower total IQ, more severe 
autistic functioning and more attention difficulties.  

Conclusions: Our research offered a first line of evidence for a possible clinical and genetic characterisation 
of the subgroup “severe ASD with associated attention difficulties”. 
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Background : Attention deficit hyperactivity disorder (ADHD) is a multifactorial 
neurodevelopmental disorder, with heterogeneous manifestations. Polyunsaturated fatty acids (PUFAs) 
biostatus could represent a possible ADHD diagnosis biomarker, given its role in neuronal 
development, as recently highlighted [Crippa, 2019]. This study investigated the association between 
PUFAs biostatus and cerebral cortex metabolism measured by functional Near Infrared Spectroscopy 
(fNIRS) in children with and without ADHD. 

Methods:  24 children with ADHD and 22 typically developing (TD) peers, aged 8-14, were recruited. 
Participants’ parents completed Conners’ Parent Rating Scale [Conners, 1997] to assess ADHD behavior 
severity. For each participant, Linoleic (LA), arachidonic (AA), docosahexaenoic (DHA) and 
eicosapentaenoic (EPA) acids levels were evaluated. All children underwent fNIRS while performing an n-
back working memory task [Cui, 2011], that consisted of 3 conditions with increasing difficulty (0-back, 1-
back, and 2-back). Oxygenated- and Deoxygenated-hemoglobin (HbO and HbR) concentration changes were 
acquired in bilateral frontoparietal and prefrontal areas. 
Relationships between PUFAs and HbO and HbR activation in each task condition were analyzed using 
Spearman correlations. Regression analyses were conducted to identify relations between HbO and HbR 
changes (dependent variable) and PUFA levels (independent variable). 

Results:  Between groups comparisons revealed lower levels of AA in children with ADHD and stronger 
NIRS signal in TD participants, especially when completing more difficult tasks, in light of comparable 
n-back task performances. These features are not associated with the severity of ADHD 
symptoms. Correlations between fNIRS activation and PUFA biostatus revealed associations between 
hemodynamic changes in frontoparietal regions and PUFAs profile across participants. This result was 
also confirmed by the multiple regression analyses that remarked an inverse effect of EPA levels on 
HbO values in right frontoparietal region.

Conclusions:  This study preliminary findings would suggest that biological measures, such as PUFA 
biostatus and hemodynamic data recorded through fNIRS, could be used to better asses the heterogeneity of 
ADHD’s symptomatology. 
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Background: Evidence linking maternal antenatal stress (e.g. depression or anxiety) with an increased 
risk of altered biological and behavioral outcomes in offspring is now substantial [1]. However, 
knowledge concerning the underlying mechanisms is strikingly less advanced. The “Effects of 
Depression on Infants” (EDI) Study is an ongoing longitudinal study that addresses this gap by adopting 
a multi-systems approach and prospectively investigating several biological and psychological pathways 
possibly underlying the effects of maternal antenatal stress on child development.  

Methods: Our sample is composed of one-hundred-ten healthy women, together with their offspring, 
who were assessed from late pregnancy to 3 years after childbirth. Maternal biomarkers of stress, 
inflammation and tryptophan metabolism were assessed at 34-36th gestational weeks, whereas 
depressive and anxiety symptoms were evaluated in pregnancy, after delivery and at 3, 12 and 36 
months. Infants’ cortisol and behavioral stress reactivity was assessed at each postnatal phase, together 
with measures of infant’s health, cognitive development, temperament, behavioral-emotional problems 
and maternal sensitive caregiving.  

Results: Depressive symptoms were significantly associated with an altered cortisol diurnal pattern and 
heightened levels of inflammation during pregnancy [2]. Furthermore, prenatal Trp levels and the 
Kyn/Trp ratio moderate the association between IL-6 levels and the trajectories of depressive symptoms 
across the first postnatal year [3].  
Maternal antenatal inflammation was associated with newborns’ smaller head circumference [4] and 3-
month-olds’ poorer cognitive outcomes [5], whereas maternal antenatal cortisol predicted infant’s 
patterns of stress reactivity [4]. 
Women at risk for depression showed a more dysfunctional caregiving pattern, as compared to non-
depressed women and women with substance use disorder [6]. Moreover, maternal sensitive behaviours 
moderated the effects of antenatal risk factors on 3-month-olds’ stress reactivity and 12-month-olds’ 
behavioral problems. 

Conclusions: Albeit correlational, our results are in keeping with the hypothesis that maternal antenatal 
stress exerts a programming effect on offspring bio-behavioral development [7, 8] and that the impact 
partially depends on the quality of early caregiving with important implications for the development of 
targeted intervention.  
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Background: Cerebral cavernous malformation (CCM) is a capillary malformation affecting the central 
nervous system with hemorrhage-prone multiple lumen vascular malformations and potentially severe 
neurological sequelae. CCM may occur sporadically or cluster in families with autosomal dominant 
transmission, incomplete penetrance and variable expressivity. Three genes, including KRIT1, CCM2 and 
PDCD10, are associated with familial CCM. So far, the sequence of signaling responses elicited by the 
ablation of  familial CCM-related genes still remains to be defined.  

Methods: Molecular genetic testing has been based on Sanger or Next-Generation sequencing, followed by 
MLPA analysis. Large rearrangements were refined by SNParray assay. Functional studies were carried out 
by western blot and co-immunoprecipitation studies. Transcriptome profiling, was performed by applying 
RNA- sequencing and differential expression analysis. Validation of RNA-sequencing data was assessed by 
quantitative real time PCR. 

Results: We report the clinical and molecular data of 140 CCM Italian patients. From a pool of 317 CCM 
index patients we found germline variants in each of the three genes in 80 (25.2%) probands, for a total of 55 
different variants. In available families, extended molecular analysis found segregation in 60 additional 
subjects, for a total of 140 mutated individuals. Of the 55 variants, 39 occurred in KRIT1 (20 novel), 8 in 
CCM2 (4 novel) and 8 in PDCD10 (4 novel). Effects of the 3 novel KRIT1 missense variants were 
characterized in silico. We also investigated a novel PDCD10 deletion spanning exon 4-10,on patient’s 
fibroblasts, which showed a significant reduction of interactions between KRIT1 and CCM2 encoded proteins 
and impaired autophagy process. A systematic approach for dissecting the molecular mechanisms of PDCD10 
in the pathogenesis of CCM was provided by profiling a whole transcriptome of Pdcd10-silenced cell lines 
through RNA-sequencing. Gene set enrichment analysis yielded significantly represented biological functions 
and diseases associated to neurological, fibrosis and immunological systems.  

Conclusions: This is the largest study on Italian CCM patients and expands the known mutational spectrum 
of KRIT1, CCM2 and PDCD10.  
Also, our molecular approach introduces a previously unreported “omic-scale” features related to PDCD10 
haploinsufficiency in order to gain insights into potential therapeutic strategies for PDCD10 affected patients. 
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Background: Aicardi Goutières syndrome (AGS) is a monogenic interferonopathy. Most individuals with 
AGS show various degrees of neurological symptoms. Although at least a quarter of patients with AGS 
experiences epileptic seizures, their phenotypic and electrophysiological characterization remains elusive. 
We collected patients with established diagnosis of typical AGS and detailed electro-clinical data to 
characterize epilepsy and electroencephalographic patterns and identify possible correlations with genetic 
and neuroradiologic features. 

Methods: This is a multicenter retrospective study. We enrolled 27 patients with established diagnosis of 
typical AGS, adequate EEG study and contemporary neuroimaging. 63 EEGs were independently and 
blindly reviewed by three pediatric epileptologists. Medical records, EEGs and MRI/CT findings were 
reviewed for each patient.  

Results: Epilepsy is present in 37%, mean age at seizure onset was 9.5 months (range 1-36). Semiology was 
mainly represented by epileptic spasms and focal seizures. Significant correlation was found between 
presence of epilepsy and calcification severity (p 0.016) and presence of startle reactions (p 0.05).  
Concerning EEG pattern, background activity was disrupted in 85%. Organization was rated as disorganized 
or markedly disorganized in 73% of cases.  
Both background activity and EEG organization disruption appeared to be statistically related to high 
abnormality of MRI signal intensity (p 0.028 and p 0.022). Disrupted EEG organization was also 
significantly related to microcephaly (p < 0.001).Physiological organization was found to be more adequate 
in sleep (87%) than in wakefulness (38%). Focal slow activity was recorded in more than 30%. Fast activity 
was found more frequently in waking (78%), rather than in sleep (50%), either generalized or with frontal 
localization. Interictal epileptiform discharges (IEDs) were present in 33% of awake and in 45% of sleep 
recordings. Significant correlation was found between presence of IEDs during sleep and epileptic seizures 
(p 0.008). 

Conclusions: This is the first study providing detailed epileptological description and its correlation with 
clinical and neuroradiological data. Hallmarks of EEG pattern are represented by organization disruption, 
focal slow and fast activity, presence of IEDs  both in patients with and without epilepsy.  
Epilepsy and EEG pattern are at least partly related to neuroradiologic findings, but their complex anatomo-
electro-clinical basis still needs to be fully elucidated. 
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Background: The role of familiar factors in the development and maintenance of eating disorders has been 
studied since times (Holtom-Viesel & Allan, 2014). Previous studies, using Lausanne Trilogue Play in its 
clinical version (LTPc) (Malagoli-Togliatti & Mazzoni, 2006), a rigorous semi-standardized tool used to 
evaluate family functioning, underlined that AN families show dysfunctional dynamics compared to control 
ones (Balottin et al., 2017; Balottin et al., 2018).Nevertheless, FACES-IV (Olson, 2014), a self-report 
questionnaire, showed different results.So, our aim is to compare Faces-IV results with LTPc, in order to 
demonstrate if it could be considered reliable and objective. 

Methods: We enrolled 40 adolescents affected by anorexia nervosa or ED NOS (Eating Disorder Not 
Otherwise Specified) with restrictive behaviours and patients’ parents. Parents filled in Faces-IV 
questionnaire and the whole family was videotaped during LTPc procedure. 

Results: LTPc, consistent with previous studies, highlights dysfunctional alliances, while results at FACES-
IV underlined that parents perceived their family as positive. However, we found that father’s perception is 
more objective and like clinician’s one. 

Conclusions: LTPc results underline that parents’ perception is less objective than the clinical evaluation. 
So, we suggest using LTPc for the assessment of anorexic patients and for the whole families’ outcome.  
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Background: The identification of people at high risk of developing psychosis, or with attenuated psychotic 
symptoms (APS), is one of the most promising strategies to improve outcomes.  However, in children and 
adolescents clinical validity of at risk criteria appears understudied. Thus, in this longitudinal cohort study, 
we aimed to (1) characterize the clinical profile of adolescents with APS, early onset psychosis (EOP) or 
psychiatric disorders other than APS and EOP (non-APS) and (2) to calculate the cumulative transition rate 
to psychosis at follow-ups and investigate related conversion predictors.  

Methods: 243 adolescents, aged 12-18, admitted to Child and Adolescent Neuropsychiatric inpatient and 
outpatient units of the IRCCS Mondino Foundation were recruited. The final sample consisted of 31 EOP, 
110 APS and 102 non-APS adolescents, according to Comprehensive Assessment of At-Risk Mental State 
(CAARMS) criteria with which we defined also transition to psychosis. At baseline patients underwent a 
clinical and, in a subset, neuropsychological assessment that were repeated every 12 months.  

Results:  At baseline clinical severity (p<0.0001) was significantly associated with APS status. APS group 
showed a higher level of suicidality compared to non-APS (p=0.0003), higher number of comorbid disorders 
compared to the EOP and non-APS (p<0.0001) and significant impairment in socio-occupational 
functioning.  APS and non-APS adolescents did not significantly differ in neuropsychological assessment, 
although there were lower scores in APS group. The cumulative proportion of psychosis transition in the 
APS group was 13%, 17%, 24.2% and 26.8% at 1,2,3 and 4-year follow-ups, respectively. Baseline lower 
global and social functioning (p=0.0092), higher clinical severity (p<0.0001), negative symptoms, lower 
Total IQ (p=0.02) and Processing Speed Index (p=0.03) were associated with transitioning to psychosis at 
follow-ups.  

Conclusions: Our findings support the validity and clinical relevance of the identification of APS status. 
APS patients showed a marked impairment compared to other groups, both from psychological and socio-
occupational functioning point of view. Furthermore, they showed a cumulative transition risk to psychosis 
of 26.8% at 4 years, comparable to other conditions in preventive medicine. To conclude, we are currently 
working on correlate these results to neuroimaging, focusing both on white matter integrity and 
neurofunctional correlates.  



Cognitive functioning in children and adolescent with headache: a study exploiting the CHC model of 
intelligence 
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Background: There are few literature evidences about the intellectual profile of adolescents with headache 
and no study has used the fourth edition of the Wechsler Intelligence Scale for Children (WISC-IV) in 
patients with a diagnosis of headache according to the ICDH-III-beta. 

Methods: We recruited 30 patients (age 11-14 years; male: female = 1: 2) seen for headache in a tertiary 
center in Northern Italy and 30 healthy controls matched for age and sex, recruited in a public school from 
the same geographic area. The diagnosis of headache was done according to the ICHD-III criteria (beta 
version): the case group was composed of 16 patients with migraine and 14 with tension-type headache. 
Cognitive functioning was assessed using the WISC-IV (which was developed according to the Cattel-Horn 
Carrol Theory of Cognitive Abilities). 

Results:Recruited patients with idiopathic headache diagnosis had on average a cognitive function within 
the normal range. We found no statistically significant differences in the total Intellective Quotient 
comparing patients with headache and controls; the Working Memory index was however lower in patients 
with headache (p = 0.012) and in particular we found a lower Digit Span (p <0.001). We also found a 
borderline statistical difference (p = 0.051) between case and controls CVI (Verbal Comprehension Index), 
which was due to a lower score in the Similarities subtest (p <0.001). 

Conclusions: Our results suggest that, although within normal limits, cognitive functioning of adolescents 
with headache differs from that of healthy peers regarding memory and verbal skills. The Working Memory 
Index is related to the subject's ability to store new information and keep them in short-term memory, to 
maintain focused attention and to manipulate them to find solutions. The difference in Similarities is also 
important because it provides a measure of the level of verbal reasoning and concept formation; it is also a 
measure of verbal abstract thinking skills relevant for language development, lexical knowledge, auditory 
comprehension, memory and ability to discriminate between essential and non-essential characteristics. Our 
data, in keep with previous findings, suggest the need for further researches in order to better understand the 
pathogenesis of these difficulties and obtain ideas for an adequate rehabilitative treatment. 



SPATIAL PERCEPTION DEVELOPMENT IN VISUALLY IMPAIRED CHILDREN 
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Background: There is a general consensus on the crucial role of visual experience in guiding the maturation 
of spatial competence [1]. Several evidences indicate that early visual deprivation compromises spatial 
development [2-4] but also that early multisensory intervention can improve spatial capabilities [5,6] and 
prevent the risk of social isolation [7] of visually impaired children. Here we present two studies assessing 
spatial competence in infants and children with a visual disability, with the main aim to provide new insights 
into the role played by vision in the development of spatial perception. The studies have been conducted in the 
context of a joint-lab collaboration between IRCCS Mondino (Pavia) and the Istituto Italiano di Tecnologia 
(Genova). 

Methods:The first study evaluates the ability of fifteen 6-24 months old visually impaired infants to reach a 
vibrotactile stimulus on the body. Success in targets removal was analyzed. 
The second study evaluates the ability of thirty-eight sighted and fifteen low vision children from 4 to 9 years 
old to switch from an egocentric to an allocentric frame of reference in a task where they encoded and 
reproduced a visual configuration of stimuli presented on a board when assuming one of two spatial 
perspectives (egocentric, allocentric) by changing their spatial position in the room. We analyzed accuracy as 
the number of correct responses over all trials. 

Results:The first study shows that sighted and visually impaired infants reach differently for vibrotactile 
targets on the body depending on whether the targets are potentially visible (e.g., hand) or non visible (e.g., 
forehead), indicating that vision is important to develop appropriate body reaching capabilities. 
The second study shows that visually impaired children performed significantly worse than sighted peers in 
the switching perspective task, indicating that there is a different developmental trend in the ability to 
localize spatial stimuli by relying on egocentric and allocentric reference depending on visual experience. 

Conclusions: The present work shows that vision is important for body awareness and spatial development, 
suggesting that early therapeutic intervention for visually impaired children is necessary to prevent the risk of 
developmental delays. The present findings also indicate the need to develop specific standardized methods to 
evaluate and rehabilitate spatial perception in individuals with a visual disability. 
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CONJUGATED POLYMER NANOPARTICLES FULLY RESCUE VISION IN A RAT MODEL OF 
RETINAL DYSTROPHY 
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Background: Inherited retinal dystrophies and late-stage age-related macular degeneration are among the 
most prevalent causes of legal blindness for which treatments remain limited and relatively unproven. 
Retinal prostheses have been developed to stimulate the inner retinal network, although problems such as 
sensitivity, resolution, wiring or external cameras have limited their application. 

Methods: Pure polythiophene (P3HT) nanoparticles (NPs) were fabricated using the re-precipitation method 
in sterile aqueous solvent, purified and sized (300-400 nm in diameter). The efficacy of NPs to induce 
photoexcitation was tested by patch-clamp and MEA electrophysiology in blind retinal explants. Afterwards, 
NPs were microinjected subretinally in dystrophic Royal College of Surgeons rats, whose visual system was 
examined in vivo by studying subcortical and cortical evoked visual activity and visually driven behavior. 

Results: P3HT NPs of 300-400 nm in diameter remained extracellular and endowed neurons in blind retinal 
explants with light sensitivity. When microinjected in the eye of RCS rats, P3HT-NPs widely and 
persistently distributed in the whole subretinal space in the absence of significant inflammatory reactions or 
trophic effects on residual photoreceptors and rescued light-driven behaviors, visual cortex activity and 
visual acuity to levels indistinguishable from healthy congenic rats for up to 8 months after a single 
injection.  

Conclusions: By conferring sustained light-sensitivity to degenerate retinas after a single injection, and with 
the potential for high spatial resolution, these NPs represent a new avenue in retinal prosthetics with 
potential large-scale applications not only in RP, but also in age-related macular degeneration. 



COMPONENTS OF MOTOR CONTROL AND LEARNING DEPEND ON MODULATIONS OF 
INTRINSIC EXCITABILITY IN CEREBELLAR PURKINJE CELLS INDEPENDENTLY 
FROM SYNAPTIC PLASTICITY 
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Background: Neurons store information content by changing synaptic input weights (i.e., by synaptic 
plasticity: LTP and LTD). However, accumulating evidence suggests that in addition they use their ability to 
adjust membrane excitability to reach spike firing ranges that are optimal for specific behavioral learning 
tasks (‘intrinsic plasticity’). This type of adaptation can be observed in cerebellar Purkinje cells that are 
spontaneously active and enhance their rate of simple spike firing in gain upregulation of the vestibulo-
ocular reflex (VOR), but reduce spike firing to enable eyelid closure in delay eyeblink conditioning (EBC). 
SK2-type, calcium-dependent K+ conductances are critically involved in the regulation of excitability as 
they contribute to the afterhyperpolarization (AHP) that is initiated by spike bursts, and are downregulated in 
activity-dependent plasticity of Purkinje cell excitability (‘intrinsic plasticity’).  

Methods: To study the relevance of excitability modulation in cerebellar motor learning, we generated mice 
with a Purkinje cell-specific SK2 knockout (L7-SK2) and tested by histology, patch-clamp 
electrophysiology and an array of behavioral assay for motor coordination and learning (rotarod, DigiGait, 
Erasmus Ladder, eye movements and their adaptation including the vestibulo-ocular reflex, eyeblink 
conditioning) 

Results: Deletion of SK2 channels enhanced Purkinje cell excitability, cancel lobule-specific differences in 
simple spike firing rate  and prevented intrinsic plasticity, while synaptic plasticity remained intact. L7-SK2 
mice showed EBC impairment and subtle but significant alterations in locomotion. 

Conclusions: These findings suggest that cell-autonomous adjustment of membrane excitability to the 
demands of specific motor behaviors provide a distinct component of cellular learning, in addition to, and 
separable from, changes in synaptic strength. 



A HUMANIZED MODEL OF BLOOD BRAIN BARRIER TO INVESTIGATE IMMUNE CELL 
INFILTRATION AND NANOPARTICLE TRANSPORT: TOWARD A PERSONALIZED 
MEDICINE APPROACH 
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Background: The neurovascular unit (NVU) is the most important biological barrier between vascular 
districts and central nervous system (CNS) parenchyma, which maintains brain homeostasis, protects the CNS 
from pathogens penetration, and mediates neuroimmune communication. T lymphocytes migration across the 
blood–brain barrier (BBB) is heavily affected in different brain diseases, representing a major target for novel 
drug development. In vitro models of NVU could represent a primary tool to investigate the molecular events 
occurring at this interface. They may also represent a key platform for investigating the transport of 
nanoparticles for drug delivery to the brain in a patient-specific manner. 

Methods: T lymphocytes were isolated from healthy subjects or Multiple Sclerosis (MS) patients. Primary 
human astrocytes (hA) were purified from the peripheral area of surgical samples of patients undergoing 
cerebral tumor resection and characterized to confirm their astrocytic identity. Endothelial cells (hE) and hA 
were integrated in a contact co-culture NVU model. 

Results: Abluminal GFAP and Kir4.1 positive hA processes protruding through filter pores and terminating 
in close proximity of luminal hE were observed, with a morphology reminiscent of end-feet, a key feature of 
the NVU. hE responded  positively to hA integration, improving barrier properties, forming a less permissive 
model in terms of trans-endothelial electrical resistance (TEER) and permeability. When challenged with the 
pro-inflammatory stimuli IL-6 or TNFα, the barrier resistance was reduced and the permissiveness increased. 
CD4+ T cells transmigration toward the brain side of the NVU model was analyzed. The pro-inflammatory 
chemokine TNF-α increased T cells transmigration. IL-17 producing CD4+ T cells (Th17) and IFN- 
producing CD4+ T cells (Th1) subsets were compared for their ability to cross the NVU model. Greater 
transmigration of CD4+ T cells, Th1 and Th17, in MS patients in respect to healthy controls was observed. 
Preliminary results obtained using our in vitro NVU model showed active transcellular passage of 
nanovectors across the barrier when irradiated (2 Gy). 

Conclusions: To move toward the establishment of personalized therapies, a patient-related NVU in vitro 
model was set, incorporating primary hA integrated into a microfluidic platform. The model represents an 
advantageous tool to investigate lymphocytes transmigration and the efficacy of potential novel drugs 
affecting this process. 



DOXYCYCLINE TREATMENT IN TRANSGENIC FATAL FAMILIAL INSOMNIA MICE 
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Background: Fatal familial insomnia (FFI) is a genetic prion disease linked to the D178N/M129 mutation in 
the PRNP gene encoding the cellular prion protein (PrPC). Symptoms, including insomnia, motor 
abnormalities and memory loss, appear in the 5th decade of life, leading to death within two years. No 
treatment is available. PRNP mutations promote PrP misfolding, eventually leading to formation of an 
insoluble and protease-resistant isoform (PrPSc) which propagates by imprinting its abnormal conformation 
onto PrPC molecules. Doxycycline (doxy) favors PrPSc degradation and extends survival of prion-infected 
hamsters. However, two clinical trials did not show significant beneficial effects of doxy in symptomatic 
prion disease patients. A preventive treatment with doxy is ongoing in asymptomatic carriers of the FFI 
mutation. The study will last 10 years with results expected by 2023. 

Methods: We tested doxy in transgenic Tg(FFI) mice, which develop a fatal neurological illness with clinical 
and neuropathological abnormalities highly reminiscent of FFI (Bouybayoune et al., PLoS Pathog. 2015; 
11(4):e1004796). Mice were treated daily with 10 mg/kg by intraperitoneal injection and scored periodically 
for motor and memory function. 

Results: In a first experiment, treatment was started from a symptomatic stage. Interim analysis found no 
significant differences in progression of motor dysfunction between vehicle- and doxy-treated Tg(FFI) mice, 
and the experiment was terminated after three months. In a second experiment, mice were treated starting 
from a pre-symptomatic stage. Analysis after six months, when the treatment was terminated, found no 
significant difference in onset and progression of motor dysfunction between vehicle- and doxy-treated 
Tg(FFI) mice, but a protective effect of doxy on memory deficits. Some mice of each experimental group 
were culled for biochemical and histological analyses. Analysis of PrP insolubility and protease-resistance 
did not detect any significant difference between doxy-and vehicle-treated mice. We are monitoring the 
remaining mice to see if the treatment had any effect on development of late stage symptomatology and 
survival. 

Conclusions: Doxycycline had no significant effect on the progression of disease when administered to 
Tg(FFI) mice in a symptomatic stage of disease. It may have some beneficial disease-modifying effects if 
given pre-symptomatically. 



AN EXAMPLE OF TRANSLATIONAL APPROACH: ARSACS, FROM BENCH TO BEDSIDE 
AND VICEVERSA. 
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Background : The autosomal-recessive spastic ataxia of Charlevoix-Saguenay (ARSACS) is characterized 
by cerebellar ataxia, lower limb spasticity and sensorimotor peripheral neuropathy. ARSACS is caused by 
loss of function mutations in SACS gene encoding the 520kDa protein sacsin. Up to now, sacsin function and 
ARSACS pathogenesis remain largely unknow, consequently no treatments are available for this disease. 
We have previously demonstrated that the absence of sacsin strongly impacts on intermediate filament 
cytoskeleton and mitochondrial morphology and function, in both patient fibroblasts and in neurons from the 
ARSACS mouse model.  
As a multidisciplinary team, we are integrating molecular studies on ARSACS mouse/cell models and 
clinical/paraclinical assessment of patients, with the aim to improve the knowledge of ARSACS 
pathogenesis and to accelerate the development of therapeutic strategies. 

Methods: ARSACS subjects undergo extensive clinical evaluation including functional scales, OCT 
imaging and skin biopsy. Sacs KO mice are phenotypically assessed by beamwalking test and histology. 
Patient fibroblasts and SACS KO cell models are studied by imaging and biochemical approaches. 

Results: Using the ARSACS preclinical model and patient-derived fibroblasts, we have shed light on the 
molecular mechanisms underlying the disease. Likely as consequence of abnormal neurofilament 
accumulation, we demonstrated that mitochondrial transport is altered in distal processes of Sacs KO 
primary neurons. This leads to reduced ATP supply and faulty mitochondrial calcium buffering, altering 
global calcium homeostasis. Interestingly, we have identified a potential disease-modifying compound 
acting on this mechanism, which attenuates motor symptoms and delays neurodegeneration in Sacs KO 
mice. 
To validate these findings in ARSACS patients and to identify biomarkers of disease progression, we are 
adopting a mouse/human cross species approach. We are longitudinally assessing disease progression rates 
for ARSACS subjects, focusing on sensory assessments (retinal function and small fiber studies) in order to 
establish clinical and paraclinical tools to use as outcome parameters. Indeed, OCT data show that ARSACS 
patients present increased retinal fiber layer. We are also longitudinally collecting serum biomarkers 
defining dysregulated pathways underlying neurodegeneration from mice and men.   

Conclusions: We hope with this translational approach to foster clinical trial readiness for ARSACS. 
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Background: Carnosine is a natural dipeptide widely distributed in mammalian tissues and exists at 
particularly high concentrations in muscles and brain. Carnosine is involved in cellular defense mechanisms 
against oxidative stress, including inhibition of amyloid-β aggregation and scavenging of reactive species. 
Microglia exert a dual role in the pathogenesis of Alzheimer’s disease (AD); on one hand promoting the 
clearance of amyloid-β (Aβ) via phagocytosis, on the other hand increasing neuroinflammation through the 
secretion of inflammatory mediators and free radicals. The aim of this study was to investigate the protective 
effects of carnosine against Aβ-induced oxidative stress and neuroinflammation. 

Methods: A well-validated model of Aβ-induced stress along with a combination of methods including 
MTT assay, UV-Vis spectroscopy, high-throughput real-time PCR, and multi-Analyte ELISArray was used 
to assess the ability of carnosine to protect microglial cells as well as its ability to modulate the expression of 
genes related to oxidative stress and the secretion of pro-inflammatory and anti-inflammatory cytokines. We 
also tested by trypan blue exclusion assay the toxicity induced in rat primary mixed neuronal cultures after 
Aβ oligomers treatment. 

Results: Carnosine prevented cell death in BV-2 cells challenged with Aβ oligomers through multiple 
mechanisms. Specifically, carnosine lowered oxidative stress decreasing the expression of Aβ-induced 
enzymes, nitric oxide synthase and NADPH oxidase, and the concentrations of both nitric oxide and 
superoxide anion. Carnosine also decreased the secretion of pro-inflammatory cytokines such as IL-1β 
simultaneously rescuing IL-10 levels and increasing the expression and the release of TGF-β1. Additionally, 
carnosine prevented Aβ-induced neurodegeneration in primary mixed neuronal cultures challenged with Aβ 
oligomers and these neuroprotective effects were completely abolished by the specific inhibitor of type-1 
TGF-β receptor, SB431542. 

Conclusions: Our data suggest a novel multimodal mechanism of action of carnosine underlying its 
protective effects on neurons and microglial cells. Inhibition of Aβ oligomer-mediated inflammation and 
rescue of TGF-β1 signaling have been recently considered as effective strategies for protecting against 
neurodegeneration and disease progression in AD. Carnosine, through its multipurpose activity, might 
represent a new pharmacological tool to yield neuroprotection in AD. 



AFG3L2 MUTATIONS IN THE ATPASE DOMAIN AFFECT OPA1 PROCESSING AND CAUSE 
ISOLATED AND SYNDROMIC OPTIC NEUROPATHY 
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 Background: Dominant optic atrophy (DOA) is one of the most common inherited optic neuropathies with 
a prevalence of 1:12,000 to 1:25,000. Seventy percent of DOA is caused by heterozygous mutations in the 
OPA1 gene. Mutations in other genes are rare and a significant number of patients still need a molecular 
diagnosis. Mutations in AFG3L2 has been already described as cause of autosomal dominant spinocerebellar 
ataxia (SCA28). 

Methods: We screened 286 index cases presenting optic atrophy, negative for OPA1 mutations, by targeted 
NGS or whole-exome sequencing. Pathogenicity and molecular mechanisms of the identified variants were 
studied in yeast and patient-derived fibroblasts. 

Results: Twelve cases were found to carry novel AFG3L2 variants, including three families carrying the 
p.A462C variant, impacting for about 4% in our cohort. Half of cases were familial with an autosomal
dominant pattern of inheritance, while 50% were sporadic, including two de novo mutations. A total of 24
affected subjects with AFG3L2 variants were identified. Biallelic mutations were found in three probands
with severe syndromic optic neuropathy. In two cases with biallelic AFG3L2 variants the presence of
healthy heterozygous parents suggests a recessive pattern of inheritance. In one family, we found the
recurrent p.A462V variant causing DOA in trans with the p.Q620K variant that acts as a phenotype-
modifier. All the DOA-associated AFG3L2 variants are clustered in the ATPase domain, which makes them
clearly distinguishable from the mutations causing SCA28, usually located in the proteolytic domain, and
from those present in biallelic cases. Functional studies in yeast demonstrate the pathogenic role of DOA-
associated AFG3L2 mutations, unraveling a mechanism distinct from that of SCA28-associated AFG3L2
mutations. Furthermore, analysis of patients' fibroblasts showed an abnormal processing pattern of OPA1
with accumulation of the fission-inducing short forms. Consistently, analysis of mitochondrial morphology
revealed a fragmentation of the mitochondrial network, not observed in SCA28 patients’ cells.

Conclusions: Mutations in AFG3L2 are a relevant cause of optic neuropathy, broadening the spectrum of 
clinical manifestations and genetic mechanisms associated with AFG3L2 mutations, and underscore the 
pivotal role of OPA1 and its processing in the pathogenesis of DOA. 
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Background: The main issue that limits the discovery of new drugs in neurodegenerative diseases (NDs) is 
the lack of in vivo and in vitro models that recapitulates the fisiopathogenesis of NDs. The combination 
between the use of neurons derived from induced pluripotent stem cells (iPSCs) and 3D bioprinting allows 
the generation of very realistic models. Indeed, 3D cultures can result in a large diversity of cell types and 
allow the study of cell-cell interactions between different populations, leading to the generation of a 
model that can mimic both the physiologic and the pathologic tissues. Aim of our work is the development 
of two different models: a conductive 3D scaffold-based synaptogenic model for the study of neural 
connectomics and a 3D hydrogel-based model of neuromuscular junction. 

Methods: We used two different approaches: 
• For the first one, we prepared a conductive bioink and bioprinted it for the development of

conductive scaffolds. We tested the differentiating effect of this scaffold, using Scanning Electron
Microscope (SEM), confocal microscope and qPCR to develop a 3D synapse.

• For the second one, we bioprinted sALS patients’ iPSCs into a hydrogel composed of gelatin and
sodium alginate. We differentiated iPSCs encapsulated in the hydrogel into motor neurons. We
measured viability using LIVE/DEAD Cell Viability Assay and analyzed by immunofluorescence
every differentiating step to define the capability to make muscular junction.

Results: We evaluated different read-outs: 
• SEM and confocal analysis suggested that the conductive scaffold allows the maturation of SH-

SY5Y cells also without differentiation factors, with the spontaneous generation of mature synapses
between neural cells. Finally, we confirmed this hypothesis by RT-qPCR analyzing the expression of
TUBB3 and Nestin genes.

• We confirmed the optimal biocompatibility of our hydrogel. Moreover, we confirmed by
immunofluorescence that iPSCs differentiated into motor neurons and maintained a higher viability
and proliferation respect to classic 2D in vitro differentiation and are able to make connections.

Conclusions: Our data lay the foundation for the generation of 3D realistic models of both synaptogenesis 
and neuromuscular junction. Our data strongly suggest that the 3D spatial organization allows the generation 
of a realistic model that can mimic the neural tissue. Such models could be used to study NDs mechanisms 
and for high-throughput drug discovery. 
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Background: The pathological mechanisms of neurodegenerative disorders such as Amyotrophic Lateral 
Sclerosis (ALS) and Frontotemporal Dementia (FTD) have been difficult to depict due to the problematic 
access to alive patient’s cells. Induced pluripotent stem cells (iPSCs) have been shown to be a useful model 
for the creation of “diseases in a dish”. iPSCs can be reprogrammed from different tissues and therefore 
differentiated into the neuronal cells of interest. Comparison of specific phenotypic and functional hallmarks 
of pathological cells to healthy donors-derived cells may help to elucidate disease related mechanisms. In 
this study, ALS/FTD patient-derived TDP-43 and C9orf72 samples were compared to healthy donor samples 
by analyzing different specific features. 

Methods: Reprogramming of cells from ALS/FTD patients and healthy donors with Sendai virus and 
characterization of iPSCs (karyotype, stemness, spontaneous differentiation into three germ layers). 
Differentiation of iPSCs into motor neurons (MNs) and cortical neurons. Analysis for expression of specific 
markers and investigation of TDP-43 localization. Presence of the hexanucleotide expansion confirmed by 
repeat primed PCR and southern blot analysis and presence of RNA Foci by FISH. Stress granules formation 
as response to arsenite mediated acute stress. Whole-cell voltage clamp, patch-clamp recordings to ascertain 
the electric activity of cells. 

Results: iPSCs were successfully and equally generated from mutated patients and healthy donors and 
displayed the same differentiation potential as highlighted by the expression of betaIII-tubulin, SMI312, 
Chat and HB9 specific markers in MNs and of CUX1, VGLUT and MAP2 in cortical neurons. Regarding 
the specific pathological hallmarks, none of the mutated samples displayed cytoplasmic mislocalization nor 
aggregation of the TDP-43 protein. Conversely, C9orf72 mutated iPSCs displayed expansion of the 
GGGGCC sequence although with a reduced number of repeats compared to cells of origin. RNA foci were 
observed in both iPSCs and iPSC-derived MNs. iPSC-derived MNs were also able to produce TIAR positive 
stress granules. Finally, recordings of cortical neurons from healthy donors showed a strong maturation trend 
over time as indicated by the constant increase of mEPSCs frequency and amplitude indicating 
electrophysiological active neurons. 

Conclusions: We further confirmed the efficacy of iPSC model even derived from peripheral blood as an in 
vitro tool to study neurodegenerative diseases. 



AGING WORSENS NEUROLOGICAL OUTCOMES FOLLOWING TRAUMATIC BRAIN 
INJURY AND IS ASSOCIATED WITH AN EXAGGERATED ASTROGLIAL RESPONSE 
IN MICE. 

, 2Enrico Caruso, 1Gloria Vegliante, 1,2Federico Moro, 1,3Rosaria Pascente, 1Edoardo Micotti, 
1Daniele Tolomeo, 1Eliana Sammali, 1Francesca Pischiutta, 4David Menon, 1Elisa R Zanier 

1Department of Neuroscience, Istituto di Ricerche Farmacologiche Mario Negri IRCCS, Milan, Italy  
2Department of Anesthesiology and Intensive Care, Fondazione Ca'Granda – Ospedale Maggiore Policlinico, Milan, Italy 
3Fondazione IRCCS – Istituto Neurologico Carlo Besta, Milan, Italy 
4Division of Anaesthesia, Department of Medicine, University of Cambridge, Cambridge, UK 

Background: There is evidence that aging worsens outcome after traumatic brain injury (TBI). The 
mechanisms underpinning the higher susceptibility to progressive neurological deterioration and 
neurodegeneration in the elderly are uncertain. We tested if an exacerbated aged dependent inflam-
matory activation may contribute to brain dysfunction in the elderly after TBI. 

Methods: Adult (8 weeks old) and aged (18 months old) mice were subjected to sham, moderate (m) 
or severe (s) TBI by controlled cortical impact. Sensorimotor deficits were scored weekly by 
neuroscore and Simple Neuroassessment of Asymmetric imPairment (SNAP) up to 6 weeks post-
TBI. Magnetic resonance imaging (MRI) images were acquired on a 7T small-bore animal scanner 
(Bruker Biospec). Contusion volume was measured using T2-weighted MRI, while white-matter 
integrity was evaluated by diffusion tensor imaging. Histopathology was assessed at 6 weeks by 
cresyl violet (neuronal viability staining), GFAP (astrocytes marker), Iba1 (microglial marker). 
Cortical mRNA expression of astrocytes related genes were analyzed 3 and 7 days after TBI (GFAP, 
A1: Serping1, H2-T23, Ggta1; A2: Tgm1, S100a10). RPL27 was used as reference gene. 

Results: TBI aged mice showed greater sensorimotor deficits than adult mice, with mTBI in the 
elderly producing a functional impairment similar to that observed in adult sTBI mice. We found a 
high correlation between SNAP and contusion volume in adult and aged mice at 1 week. Functional 
deficits at 6 weeks only correlated with contusion volume in aged mice suggesting a higher recovery 
potential in the young. TBI induced loss of white matter integrity highlighted by a reduction of 
fractional anisotropy with no age-related differences. In contrast, an increased axial and radial 
diffusivity was observed in aged compared to adult sTBI mice. In the elderly, histopathology showed 
increased microgliosis which was observed exclusively in the lesioned cortex; while astrogliopathy 
was widespread involving white matter and contralateral brain structures. Gene expression analysis 
showed an early increase of  astrocytes pro-inflammatory markers (Gata-1 and H2-D1) both in young 
and aged animals that persisted  up to 7 days only in the aged group. 

Conclusions: Aged TBI mice showed a greater white matter damage, exacerbated microgliosis and 
widespread astrogliosis compared to young TBI, suggesting a major contribution of astroglial 
activation in driving neurological dysfunction in the elderly. 



STORAGE AFFECTS INTEGRITY AND PHYSICAL PROPERTIES OF HUMAN PLASMA 
EXOSOMES. 
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Background: Interest in exosomes research is increasing in Neuroscience, with a special focus on their 
potential use as biomarkers.  
The international society for extracellular vesicles guidelines suggests -80°C storage as the gold standard, 
pointing out the need for further research in this field. To date no extensive studies comparing different 
storage strategies have been conducted. 

Methods: Blood samples were collected from healthy controls(n=5). After consecutive centrifugations 
platelet free plasma (PFP) was obtained. Exosomes were isolated from PFP by size exclusion 
cromatography. PFP and exosomes samples were then divided into 8 aliquots each. Every aliquot was stored 
in a different condition (+4°C with sodium azide, -80 °C; -80°C plus the following: Trehalose 25 mM, 
DMSO 6% and  10%, glycerole 30%, protease inhibitor, Trehalose 25 mM+lyophilization). Samples were 
analyzed freshly and after 4 weeks (4w) and 6 months (6m). PFP samples were defrosted at 4w and 6m for 
exosomes isolation and analysis. Concentration and size distribution of particles at different time-points has 
been assessed with tunable resistive pulse sensing, total protein concentration was measured (Pierce BCA 
protein assay kit). In addition to this, transmission electron microscopy has been performed.  

Results: Fresh exosome samples had a mean concentration of 6,3x1010/ml, size of 94 ±5,6 nm, protein 
concentration of 4,3µg/µl. 
We found a time-dependent significant reduction in exosome load after storage both for exosome and PFP 
samples (mean reduction 4w 40%, p<0.05, 6m 72% p<0.001), not influenced by the different storing 
conditions. 
Secondly, we observed increased protein concentration in all samples after storage, higher at 6m (p<0.0001) 
than at 4w (p<0.01) 
Finally, storage induced increase in size variability in all condition and a significant size reduction  after 6m 
for PFP stored samples (p<0.05). 

Conclusios Our results suggest a significant reduction in exosome load after storage, greater after 6m. 
Together with load reduction, we observed a progressive increase of protein concentration, likely linked to 
the exosomes disruption. None of tested storage strategies was able to prevent what observed. In addition to 
this, storage increased exosome size variability, significantly affecting the size mean values in stored PFP 
conditions. These data may suggest that exosomes content and functional analysis should be performed 
immediately after their isolation. 
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Background: Glioblastoma (GBM) is the most aggressive primary brain tumor in adults. GBM is highly 
proliferative, invasive and characterized by remarkable biological heterogeneity. Despite extensive surgery 
and aggressive therapies, the mean overall survival is about 14  months. The presence within the tumor 
bulk of cells displaying intrinsic plasticity, remarkable resistance and invasiveness, the GBM Stem Cells 
(GSCs), contributes to poor patient survival. Moreover, the presence of the Blood-Brain Barrier (BBB) 
hamper the efficacy of most anti-cancer options operating for other districts of the body. 
In the recent years, a growing and unmet need to develop innovative approaches to treat GBM patients 
has been  highlighted. Targeted Nanoparticles (NPs) and tumoral Extracellular Vesicles (EVs) 
interference represent intriguing and promising approaches to improve current therapeutic options. 

Methods: In collaboration with the Neurosurgery Unit at the Humanitas Research Hospital, we established 
several GSC lines from different GBM patients (WHO grade IV, IDH wt). Following GSC 
characterization and stemness assessment, GSC were tested for NPs sensitivity and EVs production. 
We tested and compared two different NPs loaded with Doxorubicin (DOXO): liposomes (LIP) and 
polymeric NPs composed by polycaprolactone (PCL). To better target BBB and enhance GBM uptake 
LIP were functionalized with mApoE, whereas PCL-NPs were functionalized with Low Molecular Weigh 
Protamine (LMWP) activated by matrix- metalloproteinase 2 and 9. NPs were tested for GSC uptake 
ability by fluorescent microscopy and cytotoxicity by MTT assay. 
EVs were isolated by mean of serial ultracentrifugations and they are characterized in terms of EV-marker 
content, particles number and size using Nanoparticles tracking analysis (NanoSight, Malvern Panac). 

Results: 1) Both mApoE-DOXO-LIP and PCL-DOXO-ALMWP were efficiently uptaked by GSC in 
culture and reduced GSC metabolic activity at micromolar level In addition, NPs functionalization was 
effective, as demonstrated by the reduced GSC toxicity of non-functionalized NPs (DOXO-LIP, PCL-
DOXO). 
1) GSCs release spontaneously two type of EVs: Microvesicles and Exosomes. Preliminary data suggest
that EVs are capable to foster GBM invasiveness on coated surfaces.

Conclusion: The feasibility of drug-loaded nanoparticles and the better comprehension of EV role in 
GBM will open new perspectives on GBM therapeutic landscape and in the understanding of glioblastoma 
biology. 
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Background: Amyotrophic lateral sclerosis (ALS), a fatal neurodegenerative disease affecting motor 
neurons (MNs), also involves non-neuronal cells. Degeneration of MNs has been linked to 
neuroinflammation, supported mostly by activated glial cells. We previously showed that the intravenous 
administration of mesenchymal stem cells (MSCs) in SOD1G93A mice, an animal model of ALS, prolonged 
survival, ameliorated motor skills and reduced gliosis and inflammation in spinal cord. We postulate that 
these beneficial effects could be mediated through paracrine mechanisms via exosome-shutteld miRNAs. 

Methods: We studied the effect of exosomes derived from IFNƳ-conditioned MSCs on spinal cord-derived 
astrocytes of SOD1G93A mice at late stage of the disease and analyzed the expression of astrocyte markers 
by confocal microscopy and western blot. We assessed the effect of exosomes on the inflammatory pattern 
of SOD1G93A astrocytes by confocal microscopy and ELISA and performed astrocyte-MN co-cultures to 
study the impact of exosome-pretreated SOD1G93A astrocytes on MN survival. 
To verify that the effect of the exosomes might be attributable to their shuttled miRNAs, we tested the effect 
of four miRNAs up-regulated in IFNƳ-primed MSCs and in their derived exosomes by transfecting 
SOD1G93A astrocytes with their respective synthetic mimics. 
We used mirWalk and Panther and KEGG Pathway databases to predict target genes of specific miRNAs 
and possible pathways. 

Results: A significant increase in glial fibrillary acidic protein, vimentin and pro-inflammatory cytokine 
expression was observed in adult SOD1G93A astrocytes compared to age-matched WT controls, which was 
significantly reduced after exposure to exosomes. 
Co-culture of MNs with SOD1G93A astrocytes exposed to MSC-derived exosomes resulted in increased 
viability of the MNs, when compared to co-culture with non-treated astrocytes. 
Transfection of SOD1G93A astrocytes with miR-466q and miR-467f that are up-regulated in IFNƳ-
conditioned MSCs and in their derived exosomes significantly reduced the pro-inflammatory phenotype of 
SOD1G93A astrocytes and was associated with downregulated mRNA expression of their target gene 
MAPK11. 

ConclusionsThese results indicate that exosomes and exosome-shuttled miRNAs can reduce astrocyte 
reactivity and that this occurrence has a positive impact on MN viability. We have ongoing experiments to 
analyse the possible therapeutic effect of MSC-derived exosomes in preclinical in-vivo study in SOD1G93A 
mice. 
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Background. Amyotrophic lateral sclerosis is a progressive neurodegenerative disease that affects nerve 
cells in the brain and the spinal cord. The rapid disease progression strongly suggests that cell-to-cell 
spreading of noxious factors could take place in ALS pathogenesis. Extracellular vesicles (EVs) could 
potentially spread the disease.EVs are spherical vesicles, which are classified mainly in microvesicles 
(MVs) and exosomes (EXOs) based on their biogenesis, size and surface markers. In this study, we 
characterized MVs and EXOs isolated from plasma of sporadic ALS patients and healthy controls and 
determined their number and their different composition (protein, lipids, nucleic acids etc.) in order to 
understand their neuroprotective or neurotoxic role in ALS pathogenesis.  

Methods. MVs and EXOs were isolated from plasma of 40 ALS patients and 30 healthy volunteers by 
differential centrifugation and characterized by Nanosight NS300. CD45, CD31, CD61, CD235a and 
Annexin V were used for flow cytometry. SOD1, TDP43, FUS protein level was investigated by Western 
Blot. For Raman Spectroscopy, Raman spectra were acquired using a 633 nm laser line. miRNA libraries 
were prepared by TruSeq Small RNA Library kit (Illumina). 

Results. No variation was found in the number of EVs between ALS patients and controls. MVs derived 
from ALS patients were enriched in SOD-1, TDP-43 and FUS proteins compared to CTRLs. In order to 
understand if the difference in dimension was driven by any major biological macromolecules, we 
analyzed MVs and EXOs by Raman Spectroscopy. EXOs showed a distinct spectral pattern from MVs. In 
addition, MVs of ALS patients were richer in lipids and had less intense bands relative to aromatic 
aminoacids compared to healthy controls. We also found a great presence of leukocyte derived MVs 
(LMVs) in ALS patients compared to AD patients and healthy donors and significant correlation with the 
Progression Rate of the disease. On the other hand, miRNA and RNA whole transcriptome sequencing 
identified a specific signature of miRNAs in plasma derived EXOs of ALS patients compared to a group 
of healthy and three neurological groups of control.  

Conclusions. In summary, these data may suggest that MVs derived from ALS patients, enriched in 
lipids and toxic proteins, might play a role in prion-like propagation and immunity of ALS disease, while 
EXOs, deriving from endosomes, might be involved in the impairment of RNA, specific feature of ALS 
disease.  
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Background: Alterations in mitochondrial morphology have been reported in Peripheral Blood 
Mononuclear Cells (PBMCs) of sporadic ALS (sALS) patients and controls. This led us to suppose that the 
presence of damaged mitochondria could be due to an unefficient degradation, resulting into the 
accumulation of non-functional mitochondria. Aim of this work is to study mitophagy in sALS PBMCs and 
we hypothesize the pathogenic mechanism that leads to mitochondria accumulation. 

Methods: Transmission Electron Microscopy (TEM) and MitoTracker were used to analyze mitochondria 
morphology in PBMCs. Western Blotting (WB) was used to evaluate, LC3-II/LC3-I ratio and PINK1 for 
mitophagy. Moreover, using immunofluorescence we evaluated the localization of different mitophagy 
markers. We evaluated by flow cytometry the percentage of functional mitochondria in both CTRL and 
sALS PBMCs. By both RT-qPCR and WB we analyzed mRNA and proteins levels of histone deacetylase 
6 (HDAC6), a tubulin deacetylase. Finally, SH-SY5Y cell line was transfected to evaluate the effect of 
TDP-43 overexpression in the mitophagy pathway. 

Results: In patients PBMCs, TEM analysis and MitoTracker evidenced the presence of atypical and 
aggregate mitochondria. We observed a significant increase in LC3-II/LC3-I ratio and in PINK1 levels in 
PBMCs of sALS patients. By immunofluorescence the co-localization of PINK1 and LC3 in PBMCs of 
sALS patients was confirmed, suggesting an accumulation of mitochondria-containing autophagosomes. 
Moreover, the presence of a low number of healthy mitochondria in patients’ cells led us to conclude an 
accumulation of dysfunctional mitochondria. We found a decrease in the level of cytoplasmic HDAC6, that 
regulates microtubule stability. Thus, we hypothesized that the mRNA of HDAC6 is sequestered by TDP-
43 cytoplasmic aggregates, causing a decrease in protein synthesis. The destabilization of microtubule 
could results in the impairment of mitophagy pathway. 

Conclusions: Mitophagy seems to play a crucial role in PBMCs of sALS patients to get rid the non-
functional mitochondria. In particular, it seems that dysfunctional mitochondria accumulate in cell because 
of the impairment of mitophagy pathway. Such impairment could be due to the overexpression and 
aggregation of cytoplasmic TDP-43 that binds and sequester HDAC6 mRNA leading to a decrease of 
protein level. HDAC6 dysregulation leads to the destabilization of microtubules causing the lack of 
autophagosomes and lysosomes.  
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Background: Amyotrophic Lateral Sclerosis (ALS) is an adult-onset, progressive and fatal 
neurodegenerative disease caused by the selective loss of motor neurons in brainstem and spinal cord. 
Several data support the hypothesis of a toxic role played by SOD1 in the pathogenesis of ALS when its 
solubility is compromised and the protein aggregates in the cytoplasm; we demonstrated that increased 
accumulation of nuclear SOD1 (nSOD1) represents a protective cellular reaction (Cereda et al., 2013) by 
counteracting the DNA damage mediated by oxidative stress (Bordoni et al., 2019). To investigate pathways 
activated by nSOD1, we have performed a Total RNA-seq profiling of Peripheral Blood Mononuclear Cells 
(PBMCs) of sporadic ALS patients by dividing them depending on the “high” or “low” concentration of 
nSOD1.  

Methods: Subcellular fractionation from PBMCs of ALS patients (18) and healthy controls (12) was 
performed and proteins were quantified by Western blotting analysis. Total RNA was isolated by Trizol® 
reagent and libraries were prepared with the Illumina TruSeq Stranded RNA Library Prep (Illumina) and run on 
a NextSeq instrument (Illumina). Differential expression analysis was performed using R package EBSeq 
(Leng et al., 2013). 

Results: We obtained two distinct gene expression patterns for high and low nSOD patients. Differentially 
expressed genes (DEG) in patients with high nSOD1 form a cluster that is more similar to controls compared 
to DEG in low nSOD1 group. These results are consistent with our findings concerning the “protective role” 
of SOD1 in the nucleus. Pathways activated in high nSOD1 patients are related to the up-regulation of 
SEMA6B, a semaphorin involved in axon guidance and central nervous system development, and HSP70, 
molecular chaperones ensuring the correct folding of proteins, the re-folding of misfolded proteins and 
controlling the targeting of proteins for subsequent degradation. In low nSOD1 group the up-regulation of 
KDM4C and S100B may be respectively responsible for hyper demethylation of histone H3, thereby 
epigenetically perturbing histone code, and for aberrant cytoskeleton reorganization, impaired in ALS.  

Conclusions: Our findings highlight the importance of subcelluar localization of soluble nSOD1 in sALS 
patients. In fact we observed a different behavior of RNA regulation in the two groups of patients, leading to 
the activation of pathways conferring “protection” where nSOD1 was high, and a general “perturbations” 
where nSOD1 was low.   
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Background: Amyotrophic Lateral Sclerosis (ALS) and Frontotemporal dementia (FTD) are characterized 
by neuropathological aggregates of the RNA-binding protein TDP-43 translocating from the nucleus to 
accumulate in the cytoplasm of neural cells. The events triggering TDP-43 mislocalization and aggregation 
include post-translational modifications, defects in nucleo-cytoplasmic transport and formation of 
stress granules (SG) in response to environmental insults. SG are cytoplasmic ribonucleoprotein 
complexes forming upon cell exposure to a variety of sub-lethal stresses to temporarily arrest protein 
translation as a cell stress response. SG formation is supposed to trigger the initial events of TDP-43 
aggregation in ALS/FTD because of failure of SG disassembly in a condition of chronic and persistent 
stress as in the neurodegenerative process, leading to a gradual and pathological accumulation of 
TDP-43. However, up to date no experimental evidence support the formation of SG in condition of a 
mild and chronic stress but strong and short-lasting insults.   

Methods: ALS patient-derived fibroblasts and iPSC-motoneurons (MN) carrying mutations in TARDBP and 
C9orf72 genes were exposed to low doses of arsenite (10-50 M) for a prolonged time (24-48h) to mimic a 
condition of chronic oxidative stress as in neurodegeneration. Formation of SG was monitored and 
quantified by immunofluorescence analyses and electron microscopy.  

Results: A time-course analysis showed formation of SG upon 30h-treatment with low arsenite doses 
(15 M) in ALS fibroblasts and iPSC-MN. We observed that also TDP-43 was recruited into SG in these 
conditions, but not under sub-lethal oxidative stress. Formation of SG differed in terms of amount and size, 
suggesting a different response to stress. Moreover, formation of phosphorylated TDP-43 aggregates was 
observed independently of SG in both fibroblasts and iPSC-MN, similarly to the cytoplasmic 
pathological inclusions reported in ALS/FTD brains. Analysis of p62 marker revealed also an impairment of 
autophagy.    

Conclusions: Our results show that formation of TDP-43-containing SG and of phosphorylated TDP-43 
aggregates can be modeled in patient-derived fibroblasts and iPSC-MNs upon a persistent and chronic 
oxidative stress, a condition mimicking the neurodegenerative state in ALS/FTD. Importantly, these disease 
cell models may be exploited to test novel therapeutic options in a translational setting for all 
TDP-43-presenting neurodegenerative disorders.   
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Background: Amyotrophic Lateral Sclerosis (ALS) is an incurable disease that targets motor neurons 
(MNs). Non cell-autonomous mechanisms, particularly micro and macro-gliosis are implicated in MNs 
degeneration. We describe here the results from studies testing the ability of human neural stem cells 
(hNSCs) – whose clinical GMP-status was granted by the Italian Medicines Agency (AIFA) – to elicit anti-
inflammatory effects upon transplantation in the SOD1 rat ALS model and data emerging from a 
standardized phase I clinical trial on ALS patients 

Methods: SOD1 experiments: hNSCs were injected bilaterally into the anterior horns of the spinal cord (4 
grafts; L3-L4 tract) of early symptomatic SOD1 rats. Control groups: HBSS treated SOD1 and untreated 
ones. Phase I clinical trial: In 2012 started a phase 1 clinical trial (EudraCT Nr 2009-014484-39) to assess 
the safety and feasibility of intraspinal transplantation of hNSCs in 18 ALS subjects. Stereotactic 
microinjection procedures (n=6 thoracolumbar [T10/11], n=12 cervical [C3-5]) delivered hNSCs into 
definite ALS patients, in three cohorts. Each injection series comprised 3 injections of 15 µl of 
50,000cells/µl suspension. All patients were immunosuppressed for 6 months after surgery and monitored 
monthly by both clinical and radiological standardised assessment. 

Results: SOD1: hNSCs migrated rostro-caudally up to 3.77±1.63 cm differentiating into neurons and glia. 
At late-symptomatic stage, hNSCs SOD1 displayed higher spinal MNs density (L3-L4) and reduced 
astroglial and microglial cell numbers. hNSCs slowed body weight loss and motor performances 
deterioration. hNSCs SOD1 survived more respect to HBSS  and Ctrl Phase I Clinical Trial: No patients 
manifested severe treatment-related adverse events (post-surgical mild pain disappearing in ~4days), no 
structural changes (including tumor or syrinx formation) and no evidence of acceleration of disease 
progression due to the treatment has been evidenced so far. Eleven patients showed a transitory 
improvement of MRC score respectively in the leg and in the arm. Nine patients died 8-35 months after 
surgery due to natural history of the disease 

Conclusions: This studies are a proof of principles in the use of hNSCs in ALS and demonstrate the safety 
of this procedure because patients shows no evidence of immediate or delayed toxicity related to hNSCs. 
Based on these results we are now submitting to the ISS a request to proceed with a phase II trial examining 
therapeutic efficacy. 



FM19G11 PRESERVES BLOOD BRAIN BARRIER INTEGRITY AND LIMITS P-GP 
OVEREXPRESSION BY REDUCING ASTROCYTES TOXICITY IN A HUMAN-DERIVED IN 
VITRO CELL MODEL OF FAMILIAL AND SPORADIC AMYOTROPHIC LATERAL 
SCLEROSIS 
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Background: Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease in which 
blood brain barrier (BBB) dysfunction contributes to the pathogenesis and significantly limits the 
development of successful therapies. Astrocytes from familial and sporadic ALS patients (FALS and SALS, 
respectively) release soluble factors implicated in BBB injury and upregulation of P-glycoprotein (P-gp), a 
multidrug efflux transporter responsible for progressive pharmacoresistance in ALS. Recently, FM19G11, a 
new chemical compound, was shown to reduce astroglial reactivity in a spinal cord injury model. 
The overall goal of this work was to examine the effect of FM19G11 on astrocytes at the BBB, and 
consequently whether FM19G11 is able to influence P-gp expression, using human-derived ALS in vitro 
models. 

Methods: We set up a BBB in vitro system composed of human induced pluripotent stem cells (hiPSCs)-
derived endothelial cells (ECs) co-cultured with hiPSCs-derived astrocytes from FALS, SALS patients and 
controls. ECs were seeded as a monolayer on transwell polyester membrane inserts. 500nM solution of 
FM19G11 was applied to ECs and astrocytes alone for 48h. Following, ECs-inserts were placed atop of the 
treated astrocytes layer. Integrity of the barrier was measured on ECs inserts starting from 72h after 
treatment by transendothelial electrical resistance (TEER). On day 
5 of co-culture, sodium fluorescein permeability assay and P-gp expression by western-blot analysis and 
immunocytochemistry were assessed. Astrocytes-derived reactive oxygen species (ROS) and glutamate 
levels were also measured. 

Results: Compared to untreated FALS- and SALS-derived co-cultures, FM19G11 treatment significantly 
decreased the passive permeability across the endothelial monolayer; P-gp expression was consistently lower 
in endothelial cells exposed to FM19G11-treated ALS astrocytes; FM19G11-treated ALS astrocytes showed 
ROS and glutamate decreased production. 

Conclusions: FM19G11 maintains BBB integrity and restrains P-gP overexpression by reducing toxic 
factors released from FALS- and SALS-derived astrocytes in a human-derived in vitro cell model. 
The outcome of our investigation suggests that FM19G11 is able to limit BBB dysfunction and could impact 
brain accessibility of therapeutics thus, it might be considered as target of future combinatorial therapeutic 
strategies for ALS. 



HUMAN FIBROBLAST-DERIVED ASTROCYTES AS CELL MODEL SYSTEM FOR STUDYING 
NEUROPROTECTIVE COMPOUNDS TARGETING GLIA-NEURON INTERACTION: THE 
SIPONIMOD CASE STUDY 

Emanuela Colombo1, Claudia Bassani1, De Angelis Anthea1, Francesca Ruffini1, Linda Ottoboni1, 
Giancarlo Comi1, Gianvito Martino1 and Cinthia Farina1
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Background: Glia cells greatly participate to inflammatory and neurotoxic reactions occurring in 
neurodegenerative diseases. This implies that the ideal therapeutic agent needs to target all cellular 
components present in the injured niche to induce proper neuroprotection. Here we propose human 
astrocytes generated from reprogrammed fibroblast as cell model to study the effect of candidate 
neuroprotective agents targeting astrocyte function and astrocyte-neuron interaction. As case study we tested 
glial responses to Siponimod, a S1P receptor modulator recently approved for the treatment of secondary 
progressive multiple sclerosis. 

Methods: Induced pluripotent stem cells generated from reprogrammed human fibroblasts were 
differentiated first into neural precursor cells and then mature iAstrocytes. We set up in vitro assays to 
analyze the effects of Siponimod on physiological, inflammatory and protective astrocyte functions. Finally, 
we employed cultures of primary spinal neurons to investigate astrocyte-neuron interaction. 

Results: Human iAstrocytes displayed the typical morphology and markers of astroglia and were susceptible 
to the action of inflammatory factors because expressing receptors for the cytokines IL1 and IL17 and the 
lipid mediator S1P. Exposure of iAstrocytes to inflammatory cues induced nuclear translocation of NFκB, a 
key inflammatory transcription factor, and downregulated protein levels of glial glutamate transporters. On 
the other hand, modulation of S1P signaling by Siponimod inhibited NFκB translocation and contributed to 
the maintenance of glutamate transporters despite the presence of inflammatory mediators. Notably, 
targeting of the solely S1P1 receptor was sufficient to attenuate the inflammatory activation of the astrocyte. 
Further, astrocyte exposure to Siponimod rapidly induced nuclear translocation of Nrf2, a critical 
transcription factor in anti-oxidant responses, but this effect declined during inflammatory insults. Finally, in 
vitro experiments with spinal neurons exposed to astrocyte-conditioned media showed that modulation of 
S1P signaling in human iAstrocytes via Siponimod inhibited astrocyte-mediated neurodegeneration. 

Conclusions: Our findings indicates that fibroblast-derived human astrocytes represent a suitable model to 
study astrocyte-neuron crosstalk and test the effects of candidate neuroprotective compounds. 

Supported by Novartis Pharma and Fondazione Italiana Sclerosi Multipla (FISM) 



IPS-DERIVED NEURONS AND ASTROCYTES AS MODEL TO INVESTIGATE 
NEUROFERRITINOPATHY 
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Background: Neurodegeneration with brain iron accumulation (NBIA) is a group of disorders characterized 
by the accumulation of iron in the basal ganglia and extrapyramidal signs. The main common symptoms of 
NBIA include movement disorders, spasticity, and cognitive impairment; the age of onset averaging is 
around 40 years. One of them is Neuroferritinopathy  (NF), which is a rare dominantly inherited late-onset 
monogenic disease caused by mutations in L-ferritin gene. The hallmark of this disease is the presence in the 
patient’s brain of abundant spherical inclusions positive for iron, ferritin and ubiquitin stains. Previous 
results on fibroblasts, neuronal progenitors and neurons indicated that cytosolic free iron determined 
oxidative stress. Thus, NF results a unique pathophysiological model for determining the direct 
consequences of cell iron dysregulation.  

Methods; hiPSCs-derived neurons of two NF patients (NF1 and NF2) (carrying respectively the 
c469_484dup and c352delG_insTTT mutations) and of three healthy subjects were analysed in comparison 
to isogenic control NF1 (R-NF1). On these models we analyzed the role of iron in triggering senescence 
phenotype and ferroptosis. Now we are going to produce astrocytes that will be characterized also in co-
cultured with the neurons.  

Results: All cells types showed significant reduced cell viability compared to the control cells in MTT-
assay, reverted in neurons by treatment with the iron-chelating deferiprone. Moreover the neurons showed 
onset of senescence phenotype:  induction of SA-β-GAL activity, increased of LC3II, p53, p62 and deceased 
of the lysosomal-ferritin-cargo NCOA4. The phenotype seems more severe after treatment with iron, while 
the iron chelator and antioxidant prevent iron-induced senescence. Neurons were also grown in presence of 
ferrostatin-1 which rescued the viability of the cells, suggesting that ferroptosis is involved in cell death 
program.  

Conclusions: We demonstrated that non-ferritin-bound iron is able to cause both cell senescence and 
ferroptotic cell death indicating a primary role of iron in accelerating the processes of neurodegeneration 
suggesting an involvement in aging process.  



IN VIVO MODELLING OF NBIA (NEURODEGENERATION WITH BRAIN IRON 
ACCUMULATION) ASSOCIATED TO INBORN ERRORS OF COENZYME A METABOLISM 

Ivano Di Meo, Chiara Cavestro, Antonello Manocchio, Lucrezia Lavermicocca, Valeria Tiranti 
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Background: Inborn errors of Coenzyme A (CoA) biosynthesis are responsible for distinct forms of 
neurodegeneration with brain iron accumulation (NBIA), a group of devastating rare genetic diseases, for 
which there is no effective treatment available. PKAN and CoPAN (Pantothenate Kinase and CoA synthase 
Associated Neurodegeneration) are caused by mutations in PANK2 and COASY genes respectively, which 
are involved in the CoA mitochondrial biosynthetic pathway starting from pantothenic acid. Several cellular 
and animal models have been developed with the attempt to clarify the molecular events that generate these 
disorders. All these models, despite being informative for studying pathological mechanisms, display only 
few neuropathological signs with milder severity compared to those associated with the human disorder, 
limiting their impact in developing novel therapies. 

Methods: COASY is the only gene encoding for CoA synthase in mammals and we hypothesized that a 
mouse model defective for this enzyme could display a pathological, neurodegenerative phenotype. Since 
constitutively ablation of Coasy gene in mouse is not compatible with life, we recently generated an 
astrocytic- and a neuronal-specific conditional Coasy null mouse models by Cre/loxP technology, using Cre 
recombinase under the control of the human glial fibrillary acidic protein (GFAP) and of the rat synapsin 1 
(SYN1) promoters, respectively. 

Results: SYN1-Coasy mice showed an early-onset severe phenotype, leading to shortened life span with a 
median survival of 15 days. Investigation of the autoptic brains revealed an accumulation of ferritine in 
sparse neurons from cortex, striatum, subthalamic nuclei and brainstem, and a significant reduction of 
mitochondrial respiration 
GFAP-Coasy mice showed early-onset appearance of typical neurodegenerative signs, such as hind limb 
clasping phenotype, reduction of motor coordination, and movement disorders. Histopathological 
examination showed pronounced astrocytosis and severe cortical atrophy. 

Conclusions: These models could be very useful to gain new insights into the pathogenic mechanisms of 
neurodegeneration in these diseases and to test therapeutic approaches. 
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Background: Coenzyme A (CoA) and its derivatives (acyl-CoA) participate in more than 100 metabolic 
reactions, playing a key role in protein acetylation, fatty acid metabolism, autophagy, TCA cycle and signal 
transduction. CoA biosynthetic pathway involves five universal enzymatic steps catalyzed by four enzymes, 
two of them have been found mutated, the pantothenate kinase 2 (PANK2) and CoA synthase (COASY) thus 
impairing synthesis or functionality of CoA. Mutation on PANK2 and on COASY caused PKAN and 
CoPAN, respectively, which belongs to a heterogeneous group of neurodegenerative diseases, named 
neurodegeneration with brain iron accumulation. PKAN and CoPAN are characterized by early-onset 
spastic-dystonic paraparesis with a later appearance of parkinsonian features, cognitive impairment, 
obsessive-compulsive disorder and severe iron accumulation in specific brain region. The pathogenetic 
mechanisms of these disorders are still not completely clear and the available therapies are only 
symptomatic. Moreover, the available cell and animal models only partially represent the human phenotypes 
of these diseases thus affecting the characterization of the pathogenesis. 

Methods: iPS-derived neurons and astrocytes were characterized for the presence of specific markers by 
immunofluorescence, for the presence of iron deposit by specific stain and EM imaging and for vesicular 
compartment behavior by SynaptoZip method. CoA treatment was tested with the purpose of preventing, 
delaying or even stopping neurodegeneration.  

Results: iPS-derived GABAergic neurons obtained from PKAN patients showed the presence of iron 
aggregates in the cytoplasm. The phenotype was even more evident in the PKAN and CoPAN iPS-derived 
astrocytes that presented massive iron aggregates in the cytoplasm, thus displaying the main phenotype 
observed in humans. They also had impaired vesicular compartments and a propensity to form stellated 
shapes, a reactive behavior linked to some neurodegenerative diseases. CoA treatment of the cells 
ameliorated the observed phenotypes. 

Conclusions: iPS-derived GABAergic neurons and astrocytes derived from patients recapitulate the 
phenotype of the human disease and thus it appears to be an ideal model to study the pathogenetic 
mechanism of the disorder. CoA treatment increases the viability of iPS-derived neurons and astrocytes of 
PKAN patients and it has an effect on the development of iron accumulation. 



SMITH MAGENIS SYNDROME: IN VITRO EVALUATION OF IPS-DERIVED HUMAN 
NEURAL STEM CELLS FOR DISEASE MODELING AND THERAPEUTIC APPROACHES 
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Background :Smith-Magenis syndrome (SMS; MIM 182290, incidence 1/25000) is a complex rare genetic 
disorder characterized by multiple congenital anomalies, including dysmorphic craniofacial features, 
brachydactyly, hypotonia, developmental delay and sleep abnormalities. Usually after puberty, SMS patients 
develop mood instability, anxiety and/or aggressivity that worsen during adolescence. Most individuals 
present a moderate range of intellectual disability; however, the abovementioned behavioral factors are 
substantially deleterious, leading to altered adaptive functions (communication and socialization) and a 
lower perceived cognition. Autistic features and/or autistic spectrum disorder have been reported in as many 
as 90% of subjects affected by SMS, with severity ranging from mild to severe autism. SMS has been 
associated to 4-Mb deletion Copy Number Variation on chromosome 17p11.2. More recently it has been 
shown that single nucleotide mutations in RAI1 gene - in the absence of Chr17p11.2 deletions - reproduce 
SMS phenotype. Thus, it has been recognized that RAI1 haploinsufficiency is itself the primary cause of the 
syndrome. Little is known about RAI1 molecular function and its role in neural development. 

Methods: We investigated the role of the novel RAI1 mutation (NM_030665.3:c.1194) on the functional 
properties of: 1) human  fibroblasts obtained from SMS patients’ skin biopsies and 2) Neural Stem Cells 
(SMS-hiNSCs) generated through differentiation of SMS human induced pluripotent stem cells. 

Results and Conclusion: The mutation generated a RAI1 protein incapable of entering the nucleus and 
acting as transcription factor. Fibroblast analysis showed a strong alteration in the circadian cycle associated 
with an impairment in cell growth caused by an altered metabolism. Based on these results, we produced 
induced pluripotent stem cells and differentiated them into SMS-hiNSC. We evaluated the influence that the 
truncated form of RAI1 might have on self-renewal, cell fate, proliferation and differentiation pattern of 
these cells. Our results showed that hiNSC cells carrying the RAI1 mutation showed a low ability to 
differentiate compared to the control lines, consistent with the SMS phenotype. 



UNRAVELLING NEW PATHOGENIC MECHANISMS IN AICARDI-GOUTIÈRES 
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Background: Aicardi-Goutières Syndrome (AGS) is a rare genetic disorder with recessive and 
dominant inheritance. Partial loss-of-function of heterotrimeric complex RNase H2 genes (RNase 
H2A, RNase H2B and RNase H2C subunits) are the major cause of AGS. Mutations in these genes 
lead to an accumulation of endogenous nucleic acids (NA) which are recognized by the organism as 
viral bodies and trigger an Interferon-alpha (IFN-α) mediated immune response. However, mutations 
on these genes can lead to different clinical phenotypes, which were considered untreatable disorders 
till recently. The aim of our study was to understand possible pathological mechanisms in 
lymphoblastoid cell lines (LCLs) from RNASEH2A and RNASEH2B mutated AGS patients. 

Methods: NA were detected by immunofluorescence and flow cytometry in LCLs from RNASEH2A 
and RNASEH2B mutated AGS patients and CTRL. Autophagic and mitophagy markers were 
investigated by Western Blot (WB). Mitochondrial alterations were investigated by transmission 
electron microscope (TEM) and mt-DNA release by Real-time PCR.  

Results: We detected an increased level of RNA:DNA hybrids and an induction of interferon genes 
only in mutated RNASEH2B cell line. We could estimate that in the CTRL cell line there was an 
homogeneous distribution of RNA:DNA hybrids, while in RNASEH2B mutated cell lines they 
accumulated in the endosome. We also observed morphological alterations of mitochondrial 
structures and a decreased level of mt-DNA in mutated RNASEH2 cell line AGS patients. 
Hydroxychloroquine (HCQ), antimalaric drug, which can bind cGAS but also trigger the autophagic 
flux, decreased RNA:DNA hybrids level only in RNASEH2B cell line. Mitophagy markers were not 
aberrantly expressed. However, LC3 and p62 colocalized with RNA-DNA hybrids after treatment 
only in RNASEH2B mutated LCLs. 

Conclusions: In AGS patients the accumulation of NA trigger the immune response and it is not 
known how they are eliminated. We described an accumulation of RNA:DNA hybrids in 
RNASEH2B mutated cell line in endosomes and an alteration of mitochondria. We found that HCQ 
reduces the inflammatory status of AGS patients and colocalization between LC3 and p62 and 
RNA:DNA hybrids after treatment only in RNASEH2B mutated LCLs might suggest a possible 
implication of the autophagy pathway in eliminating these NA. Understanding of these pathways 
might lead to possible therapeutic targets for a disease that, for now, lacks of a proven effective cure. 



EXPLORING THE REVERSIBILITY OF DRAVET SYNDROME AS A SUPPORT FOR GENE 
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Background: Dravet syndrome (DS) is a severe epileptic encephalopathy that appears during the first year 
of life generally with a febrile seizure and evolve later on when severe cognitive, social and motor deficits 
appear. It is mostly caused by heterozygous loss-of-function mutations in the SCN1A gene, which encodes 
for the alpha-subunit of the voltage-gated sodium channel (Nav1.1) and is responsible of GABAergic 
interneuron excitability.  To date, no effective cure is available for DS patients.  
Innovative therapeutic approaches based on up-regulation of the wild-type allele of Scn1a to re-establish 
sufficient levels of GABAergic inhibition are being developed. However, important information on the 
degree of reversibility of DS, upon restoration of Nav1.1 physiological level, are lacking.  

Metods: To rigorously address this issue, we have recently generated a reversible mouse model of DS 
(Scn1aflloxSTOP/+) that we generated, in which a floxed STOP cassette has been introduced in an intron of the 
gene.   

Results: We first proved the correct functionality of the floxSTOP allele showing that it is able to abrogate 
the expression of the gene while, upon Cre mediated recombination, Nav1.1 expression levels are restored 
to a level comparable to wild type animals.  
Then we exploited this model to restore physiological levels of Nav1.1 after symptom onset, occurring at 
P21-P24 when spontaneous seizures often accompanied by SUDEP and behavioral alteration appease. 
Therefore, at P30 Scn1aflloxSTOP/+ animale were subjected to systemic injection of PHP.eB adenoassociated 
vectors (AAV) expressing CRE recombinase, that is able to cross the BBB and to reactivate the floxed 
Scn1a gene at P30. Those mice were subjected to EEG analysis and to a battery of behavioral test. EEG 
analysis highlighted that both spontaneous and thermos-induced epileptic seizures were completely rescued. 
Conversely, typical anxiety and hyperactivity were not recovered after full Nav1.1 reactivation, while a 
complete recovery of social interaction deficits and of spatial learning ability was detected.  

Conclusions: Our study proceeds in parallel to several gene therapy approaches that are being developed 
in the field of DS and will make them more proximal to translations in patients addressing important open 
issues on dynamics of disease.  
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Background In the central nervous system, the mTOR signaling cascade is involved in normal neuronal 
homeostasis by promoting neuronal differentiation, neurite elongation and branching, synaptic formation 
during development and regulation of excitability in mature synapses. DEPDC5 protein is a member of 
GATOR1, a negative regulator of mTOR complex 1 (mTORC1). Recently, mutations in DEPDC5 have been 
associated with various focal epileptic syndromes, often associated with focal cortical dysplasia (FCD) 
typeIIb. Here we have characterized morphologically and physiologically the epileptogenic mutants 
belonging to the mammalian target of rapamycin (mTOR) pathway, in particular DEPDC5. Since it has been 
demonstrated that the complete knockout is embryonically lethal in rodents, we decided to compare a 
constitutive condition of haploinsufficiency (DEPDC5+/-) with the acute silencing of DEPDC5 obtained by 
RNA interference, in order to unveil new aspects of GATOR1-related epileptogenesis. 

 Methods We employ a combination of Real-Time PCR, Western Blot, Immunofluorescence and Patch-
Clamp recordings to evaluate the effect of DEPDC5 deficiency in both DEPDC5+/- and DEPDC5 acutely 
silenced cortical primary neurons.  
Results While we do not observe a strong epileptogenic phenotype in DEPDC5+/- primary cortical neurons 
compared to wild type neurons, DEPDC5 silenced neurons show mTOR pathway hyperactivation associated 
with increased soma size and dendritic arborization and coupled with increased excitatory synaptic 
transmission and intrinsic excitability.  

Conclusions This study shows novel aspects of GATOR1-related epileptogenesis due to DEPDC5 
deficiency resulting in increased excitatory synaptic connectivity and intrinsic excitability and confirming its 
role in epileptogenic process. 
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Background: Traumatic brain injury (TBI) is associated with widespread tau pathology in a proportion of 
humans surviving late after injury. We previously found that TBI in mice induces a transmissible tau 
pathology (tauTBI), with late cognitive decline and synaptic dysfunction. However, it is not clear whether 
tauTBI is a marker of ongoing neurodegeneration or a driver of functional decline. In this study we employed 
the nematode C. elegans, which can recognize pathogenic forms of misfolded proteins, to investigate 
whether tauTBI is the primary toxic culprit in post-TBI neurodegeneration. 

Methods: Male C57BL/6J or B6.129S4(Cg)-Mapttm1(EGFP)Klt/J (tau knockout) mice were subjected to 
controlled cortical impact TBI and sacrificed at acute (3 months) or chronic (12 months) time points after 
injury. Brain homogenates from TBI or P301L mice, along with appropriate controls, were administered to 
Bristol N2 nematodes at L3-L4 larval stage. Worms were also fed with: i) homogenates pre-incubated with 
proteinase K or anti-human tau monoclonal antibody SP70 or anti-mouse tau monoclonal antibody T46; ii) 
aggregated recombinant tau WT and P301L expressed in E. coli and purified by exchange chromatography 
followed by size-exclusion chromatography. C. elegans locomotor activity and pharyngeal pumping rate 
were assessed up to 7 days post treatment. 

Results: Worms given brain homogenates from chronic but not acute TBI mice, or from mice in which 
tauTBI had been transmitted by intracerebral inoculation, had impaired motility and neuromuscular synaptic 
transmission. Results were similar when worms were exposed to brain homogenates from transgenic mice 
overexpressing tau P301L, a tauopathy mouse model, suggesting that TBI-induced and mutant tau have 
similar toxic properties. Protease digestion to eliminate the protein component of the homogenates or pre-
incubation with anti-tau antibodies abolished the toxicity. Homogenates of chronic TBI brains from tau 
knockout mice were not toxic to C. elegans, whereas pre-aggregated recombinant tau was sufficient to 
impair their motility. 

Conclusions: These results support a vital role of abnormal tau species in chronic neurodegeneration after 
TBI and set the groundwork for the development of a C. elegans-based platform for screening anti-tau 
compounds to interfere with the late consequences of TBI. 
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Background: Spinal cord injury (SCI) is the most frequent disabling injury of the spine. The magnitude of 
SCI pathology and the related functional loss correlates with a robust astrocytes response. Astrocytes do not 
constitute a single uniform cell population, but comprise a family of cells with a spectrum of activation 
states with opposing phenotypes, some destructive (A1) and others beneficial (A2). This suggests that A1 
astrocytes may be a good therapeutic target for SCI. In this project, we studied a new therapeutic treatment 
to block the pro-inflammatory A1 response in SCI by acting on astrocytes with a selective drug-loaded 
nanovector system.  

Methods: A new functionalized nanogel-based nanovector (NG) was tested on activated primary cultures of 
mouse or human astrocytes. We measured: (i) uptake (ii) subcellular distribution (iii) biocompatibility and 
(iv) drug delivery (Rolipram). In vivo experiments were conducted to validate the NG system and
therapeutic effect.

Results: Rolipram administered by NG limits the inflammatory response of A1 astrocytes, reducing 
inflammatory factors (iNOS and Lcn2) and astrocytosis. Moreover, it improves motor performance in in vivo 
SCI mouse model. 

Conclusions: We demonstrated the capability of the NG system to selectively deliver drugs in astrocytes 
with a cell-specific therapeutic approach and demonstrated therapeutic effect in SCI. This delivery strategy 
could also be considered for other molecules which are able to enhance the neuroprotective A2 in SCI 
progression. 
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After spinal cord injury (SCI), stimulated microglia/macrophages, astrocytes and the increased 
production of inhibitory chondroitin sulphate proteoglycans (CSPGs) are involved in the spinal cord 
pathogenesis. Indeed, the gliotic scar at the injury site constitute a long lasting physical and chemical 
barrier to axonal regrowth in the chronic SCI. In the past years, great progresses have been made on the 
development of curative interventions targeting the glial scar so as to overcome the unfavourable host 
microenvironment at the injury site: e.g. various studies showed that biomaterial scaffolds are a 
promising strategy for cell transplantation and in vivo tissue restoration. We focused our efforts on 
elucidating the link between treatments to promote the regeneration of SCI and the neuroregenerative 
potential of engineered tissue, in order to develop new strategies for human neural stem cells (hNSC) 
therapies in vivo. We developed a strategy to preserve Chondroitinase ABC (ChABC), a thermolabile 
enzyme (activity approaches 0 in less than 72 hours) degrading the inhibitory CSPGs. We stabilized 
ChABC with sucrose solution to efficiently retain its enzymatic activity in vitro: moreover, in chronic 
SCI in rats we proved that intraspinal injections of stabilized ChABC  increased the degradation of the 
CSPGs, thus creating a permissive environment for nervous tissue regeneration. In addition to the 
enzyme-based approach, to overcome the unfavourable host environment at injury site, we developed a 
3D nanostructured construct densely seeded with hNSC and we assessed its neuroregenerative potential 
into a subacute hemisection model of SCI. To this purpose, self-assembling peptides (SAP), biomimetic 
scaffolds with tunable mechanical properties have been used as carrier for hNSCs in order to favor their 
engraftment in vivo. Data revealed an amelioration of hindlimb motor functions and reduced gliotic scar 
formation: this study could pave the way to several other treatments in SCI fostering host neural tissue 
regeneration. In summary, stabilized-ChABC injections, corroborated by daily animal rehabilitation, 
resulted in decreased astrogliosis and increased ECM remodelling, while SAP-based scaffolds seeded 
with hNSCs demonstrated a significant improvement in hNSC engraftment and differentiation upon 
transplantation in vivo. 



HUMAN AMNIONIOTIC MESENCHYMAL STROMAL CELL SECRETOME PROTECTS THE 
BRAIN AFTER TRAUMATIC INJURY 
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Background: We demonstrated that human amniotic mesenchymal stromal cells (hAMSC) protect the brain 
after traumatic injury (TBI) with comparable effects after central or systemic administrations. hAMSC are 
present in the brain only after local but not systemic infusion, suggesting that contact between hAMSC and 
damaged tissue is not vital for efficacy and that the release of soluble factors (secretome) mediates hAMSC 
effects. In an in vitro model, we demonstrated that hAMSC or their secretome exert similar protective effects 
after acute brain injury. Here we evaluate if hAMSC-secretome protects TBI mice and investigate possible 
mechanisms of protection in the in vitro model. 

Methods: In vivo: C57BL/6J male mice were subjected to sham or TBI followed by daily intraperitoneal 
injection of 150 µl of saline or hAMSC-secretome starting 3 h after injury. Sensorimotor deficits were tested 
weekly by simple neuroassessment of asymmetric impairment (SNAP) and neuroscore tests. Mice were 
sacrificed at 5 weeks for contusion volume and neuronal count (NeuN) assessments. 
In vitro: organotypic brain slices from prefrontal cortex were isolated from newborn mice. Injury was 
delivered by oxygen and glucose deprivation (OGD) for two hours. One hour after OGD, slices were 
cultured in culture medium (control), or with 50% hAMSC-secretome. At 48h, mRNA was extracted for 
gene expression analysis.  

Results: In vivo: compared to saline, hAMSC-secretome induced: 1) an improvement of sensorimotor 
function at both SNAP and neuroscore tests, starting from 1 week after TBI; 2) a reduction of contusion 
volume and 3) an increased neuron survival in the contused cortex.  
In vitro: gene expression analysis revealed that, compared to control slices, treatment with hAMSC-
secretome: 1) rescued OGD-induced MAP2 (a neuronal marker) downregulation; 2) reduced the OGD-
induced oxidative stress (HO-1 and NQO1 downregulation); 3) polarized microglia activation toward a 
protective phenotype (Ym1 upregulation); 4) reverted OGD-induced astrocyte activation (GFAP 
downregulation); 5) reduced astrocytic toxic polarization (Serping 1 downregulation). 

Conclusions: hAMSC-secretome improves sensorimotor function, reduces anatomical damage and 
promotes neuronal survival in TBI mice. In vitro hAMSC-secretome modulates glial activation toward 
beneficial phenotype possibly contributing to the protective effects observed in vivo. These data support 
hAMSC-secretome as a therapeutic strategy for acute brain injury. 



3D NANOSTRUCTURED SCAFFOLDS AS AN EMERGING PLATFORM FOR HNSC 
MATURATION AND THEIR RELATED APPLICATION IN SPINAL CORD INJURY 

 Amanda Marchini, Andrea Raspa, Angelo Vescovi, Fabrizio Gelain 
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Background 3D cell culture systems represent an important technique for tissue engineering applications by 
re-creating in vitro similar chemical and mechanical properties of nervous tissue. Among biomaterials, self-
assembling peptides (SAPs), with biophysical and biochemical properties tunable ad hoc for specific tissues, 
are excellent platforms for 3D cultures. To this purpose, we developed and characterized a SAP-based 
substrate (HYDROSAP) designed to support human neural stem cells (hNSCs) differentiation and 
maturation in vitro and we evaluated its neuroregenerative potential in a subacute model of spinal cord 
injury (SCI). 

Methods; A droplet of hNSC-HYDROSAP was cultured in serum-free medium supplemented with bFGF 
and, subsequently, shifted with LIF and BDNF supplements. Samples were maintained in culture up to 
different time-points (1 DIV and 1, 2, 4, 6, 8, 10 WIV) during which electrophysiology analyses were 
tracked. 20 adult female Sprague Dawley were used for implantation of HYDROSAP, hNSC-
HYDROSAP(1DIV) and hNSC-HYDROSAP(6WIV) in a dorsal hemisection model of SCI; SHAM-
operated animals were used as control. Functional recovery was assessed by the Basso, Beattie, Bresnahan 
(BBB) Locomotor Rating Scale. In vitro and in vivo immunofluorescence studies were performed using a 
plethora of neuronal and glial markers; Tunel assay was performed to detect apoptotic cells. 

Results: We developed a 3D construct composed by synthetic multifunctionalized SAPs with densely 
seeded hNSCs in serum-free media. We tracked hNSC viability, proliferation, differentiation and maturation 
up to 10 weeks in vitro, revealing GABAergic, glutamatergic, cholinergic neurons and mature 
oligodendrocytes expressing MBP marker in an entangled electrically active neural network. Its 
neuroregenerative potential was assessed in subacute hemisection model of SCI, where hNSC-HYDROSAP, 
at two level of maturation (hNSC-HYDROSAP(1DIV) and hNSC-HYDROSAP(6WIV)) was implanted and 
decreased astrogliosis and immune response. Notably, scaffolds with pre-differentiated hNSCs for 6 weeks 
showed higher percentages of neuronal markers, better hNSC engraftment, improved axonal regeneration 
and motor functional recovery. 

Conclusions: We demonstrated the formation of an entangled network of mature and functional neurons, 
suitable for in vitro studies and in vivo application in subacute SCI. Our construct allows novel strategies for 
hNSC treatment in vivo and may be a useful tool to better control stem cell differentiation for future 
therapies.  
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Background: Genetic prion diseases are fatal neurodegenerative disorders linked to mutations in the PRNP 
gene encoding the cellular prion protein (PrPC). PRNP mutations are associated with different clinical and 
neuropathological phenotypes: genetic Creutzfeldt-Jakob disease (gCJD), Gerstmann-Sträussler-Scheinker 
(GSS) syndrome and fatal familial insomnia (FFI). How mutant PrP triggers neurodegeneration is not 
known. Synaptic dysfunction precedes neuronal loss but it is not clear whether, and through which 
mechanisms, disruption of synaptic activity ultimately leads to neuronal death.  

Methods: We explored the contribution of AMPAR dysfunction in genetic prion diseases by morphological 
and functional analyses in primary neurons from Tg mice expressing mouse homologs of the CJD178 and 
FFI mutations (moPrP D177N/V128 and moPrP D177N/M128), and of a nine-octapeptide repeat insertion 
(moPrP PG14) associated with GSS. We carried out toxicity assays in cells and organotypic brain cultures 
from transgenic mice to explore the contribution of AMPA receptor (AMPAR) dysfunction in 
neurodegeneration. 

Results: We found that mutant PrP affects intracellular trafficking of GluA2, leading to cell surface 
exposure of GluA2-lacking, calcium-permeable AMPARs and increased vulnerability to excitotoxic, 
calcium-mediated cell death. We documented a physical interaction between PrP and AMPAR subunits and 
found that PrP mutants, which tended to accumulate in different compartments of the secretory pathway, had 
distinct effects on GluA2 trafficking and excitatory neurotransmission. 

Conclusions: Our findings identify AMPARs as pathogenic targets in genetic prion diseases, and support 
the involvement of excitotoxicity in neurodegeneration. They also suggest a mechanistic explanation for 
how different mutant PrPs may cause distinct disease phenotypes. 



A NOVEL APPROACH TO STUDY THE CELLULAR TRAFFICKING AND METABOLISM OF 
THE PRION PROTEIN (PRP): GENERATION OF A PRP-HALOTAG CHIMAERA 
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Background: Prion diseases are fatal neurodegenerative disorders due to the conformational conversion of 
the cellular prion protein (PrPC) into a β-sheet-rich, infectious isoform (PrPSc or prion), which replicates by 
inducing misfolding of native PrPC. To investigate the cellular localization and metabolism of PrP in 
physiological and pathological conditions, we have generated a PrP chimaera containing a HaloTag domain 
(PrP-Halo) derived from Rhodococcus rhodochrous haloalkane dehalogenase that can covalently bind 
specific fluorescent ligands. 

Methods: PrP-Halo DNA sequences were synthesized by Thermo Fisher and cloned into pCDNA3.1. 
Human embryonic kidney (HEK293) cells were transfected with Fugene HD, and transfectants were grown 
in selective medium containing hygromycin. Cell membrane-permeable and impermeable HaloTag 
fluorescent ligands were used to label PrP-Halo, mouse antibody 12B2 to label PrP and rabbit antibody 
LAMP1 to label lysosomes. Cell were analysed by confocal or structured illumination microscopy. 
Cycloheximide was used to block protein synthesis. Cell lysates were deglycosylated with peptide N-
glycosidase F (PNGase F) or with Endoglycosidase H (Endo H). 

Results: We designed two different PrP-Halo constructs by inserting the HaloTag sequence at either the N 
or C terminus of PrPC, named PrP_N-Halo and PrP_C-Halo respectively. We observed that both PrP-Halo 
constructs were efficiently expressed and glycosylated. They could be easily detected by Western blot with 
anti-PrP antibodies, SDS-PAGE and typhoon imaging. We labelled PrP-Halo with different fluorescent 
ligand and observed that the protein traffics the secretory pathway and is correctly exposed on the plasma 
membrane like untagged PrPC. To confirm that PrP-Halo was normally degraded through the lysosomal 
pathway we treated cells with the lysosomal inhibitor bafilomycin A1 and we observed accumulation of PrP-
Halo in lysosomes. 

Conclusions: Our analysis indicates that both constructs of PrP-Halo are correctly expressed on the plasma 
membrane and easily detected by western blot and SDS-PAGE typhoon imaging. The possibility of 
specifically labelling different subsets of PrPC molecules with cell-permeant and impermeant ligands, and to 
analyze the protein by imaging and biochemical approaches, will allow to precisely defining the cellular 
trafficking and metabolism of PrPC. 



A NEWLY REFINED MOUSE MODEL OF POST-TRAUMATIC EPILEPSY FOR 

BIOMARKER AND DRUG DISCOVERY 
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Background: Post-traumatic epilepsy (PTE) represents 5% of all epilepsies and 10-20% of the acquired 
forms. There is a latent period between traumatic brain injury (TBI) and epilepsy onset that presents a 
unique window of opportunity for preventive treatments in high-risk patients, or for improving the disease 
course. The aim of this study was to generate a clinically relevant murine model of severe TBI suitable for 
biomarker and drug discovery.  

Methods: Animal randomization and blinding procedures were applied. Severe TBI was performed in 
anesthetized 8 week-old CD1 male mice (n=28) by controlled cortical impact (CCI; 2 mm depth) over the 
left parieto-temporal cortex. TBI mice were longitudinally video-ECoG monitored, exposed to diffusion 
tensor imaging (DTI), 1H-magnetic resonance spectroscopy (MRS) in the thalamus ipsilateral to the injury, 
and tested for sensorimotor deficits (composite neuroscore and beam walk). At the end of video-ECoG 
recording all mice were sacrificed, and their brain were used for histopathological analysis. Sham animals 
were handled as TBI mice but were not exposed to CCI (n=14). 

Results: TBI was associate with a 30% mortality (n=10) within the first month after TBI. PTE occurred in 
55% of mice as determined by 3 weeks 24/7 video-ECoG recordings at 5 months post-TBI [number of 
spontaneous recurrent seizures (SRS)/day, 0.7 ± 0.2; SRS duration 50.1 ± 2.7 sec; n=10]. Consistently with 
clinical findings, mice with PTE (n=10) and mice with no SRS (n=8) showed similar degree of sensorimotor 
deficits up to 8 weeks post-TBI and a similar contusion volume at 6 months post-TBI compared to sham 
mice. White matter damage (DTI) was increased similarly in the two groups compared to sham mice. 
Notably, 1H-MRS at 2.5 months post-TBI revealed a 20% increase in glutamate and GLX 
(glutamate+glutamine) levels in the thalamus of PTE mice compared to sham mice, whereas no changes 
were detected in mice with no SRS.  

Conclusions: We characterized in-depth a PTE mouse model that recapitulates key features of the clinical 
condition. This model shows a PTE incidence and  SRS frequency highly suitable for testing disease-
modifying interventions, and for the discovery and validation of PTE biomarkers. 1H-MRS data highlight a 
deregulation of  the glutamate-glutamine cycle which possibly contributes to PTE development. 



CHARACTERIZATION OF AN INFANTILE RAT MODEL OF DE NOVO STATUS 
EPILEPTICUS: LONG-TERM OUTCOMES  
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Background  Paediatric status epilepticus (SE)may result from acquired, metabolic, immune, genetic or 
unknown causes and often leads to neurological sequelae. The underlying pathologic mechanisms are 
unclear and effective treatments are lacking. Animal models allow to study the mechanisms induced by 
unremitting seizures that lead to cognitive deficits and epilepsy, and to test novel treatments. Since 
neuroinflammation and oxidative stress are ignited in activated glial cells during SE and may contribute to 
disease development, we investigated this brain response in a newly refined  infant rat model of de novo SE 
and epileptogenesis.  

Methods  Postnatal day (PN)13 rat male pups were implanted with cortical electrodes and a guide cannula to 
evoke SE under video-EEG recording by injecting 2 µg of kainic acid in the right basolateral amygdala. 
Immunohistochemical analysis of the forebrain was used to determine glia activation in rats killed 6 h-1 
week post-SE (n=6/group). Markers of neuroinflammation and oxidative stress were measured in 
hippocampus of SE-exposed rats by RT-qPCR (n=7-12/group). Different cohorts of rats underwent SE and 
were followed longitudinally by MRI and video-EEG monitoring to determine the onset of epilepsy and the 
frequency and progression of Spontaneous Seizures (SS). Rats were tested in the Morris Water Maze 
(MWM) to evaluate the cognitive deficit. Parallel groups of rats were similarly injected with saline and used 
as controls.  

Results Immunohistochemical and RT-qPCR analyses showed neuroinflammation, oxidative stress, glial cell 
activation and neurodegeneration in forebrain during the first week post-SE. SS (i.e. epilepsy) developed in 
65% of animals as assessed by video-EEG recording. MRI analysis showed a reduction in cortical thickness 
and a significant hippocampal atrophy in rats with epilepsy. Epileptic rats displayed a progressive 
impairment in the MWM during the development of the disease. Nissl staining showed that hippocampal 
neuronal loss occurs bilaterally in epileptic rats while it is restricted to the amygdala-injected hemisphere in 
non epileptic animals.. Conclusions This  model reproduces salient features of the clinical condition and can 
be used for mechanistic studies and for testing novel drugs. Since the model provides rats with and without 
epilepsy (although all animals are similarly injured), it can be exploited to identify biomarkers of disease 
progression.  



INVESTIGATING THE ROLE OF TBC1D24 IN NEURONAL FUNCTION AND 
EPILEPTOGENESIS: CELLULAR AND ANIMAL MODELS 
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Mutations in TBC1D24 cause a spectrum of neurodevelopmental and neurodegenerative disorders, 
from mild epilepsy and hearing loss, to severe, drug-refractory epileptic syndromes. To date, no 
clinical phenotype/genotype correlations are apparent and the molecular function of the gene in 
disease is unclear. 
Aims: To study the role of TBC1D24 in mammalian neurons and to understand molecular 
mechanisms that underlie alterations in the development and excitability in patients’ brains.  

Methods: We are utilising a combination of acute silencing and genetic modification of mouse 
TBC1D24 to analyse neurite elongation, synapse formation, synaptic vesicle trafficking and 
neurotransmission.  

Results: We have revealed a defect in axonal specification induced by TBC1D24 acute silencing 
both in vitro and in vivo, accompanied by an impairment of endocytosis at the growth cone. 
Haploinsufficiency of TBC1D24 resulted in defective neurite elongation and synaptic vesicle cycling 
at hippocampal nerve terminals, with accumulation of synaptic endosomes, and decreased frequency 
of excitatory miniature events together with increased number of inhibitory synapses and amplitude 
of inhibitory miniature events. How chronic loss of TBC1D24 impacts on neuronal excitability, 
synapse formation and function is under investigation. 

Conclusions: Our data support a role of TBC1D24 in membrane trafficking at the tip of axons in 
developing neurons and at synaptic sites in mature neurons, and suggest that TBC1D24 loss alters 
neuronal excitability and excitation/inhibition balance in the mammalian brain.   
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Background: Microglia is activated and proliferates in seizure-generating brain areas in both human 
epilepsy and animal models; however, the consequences of this activation for neuropathology and epilepsy 
development are unclear. Inhibition of microglia activation with nonspecific drugs such as minocyclin 
provided contrasting results in animal models; therefore, our aim was to interrogate microglia involvement 
in epileptogenesis and cognitive-associated deficits in a murine model of acquired epilepsy using a novel and 
specific microglia-directed approach. 

Methods: We reversibly depleted microglia in C57BL6N adult male mice with PLX3397, which blocks the 
CSF1 receptor governing survival of microglia. PLX3397 administered in food pellet (290 mg/kg) depleted 
microglia by ~95% after 3 weeks. After mice were returned to standard diet devoid of PLX3397, microglia 
repopulated the brain within 1 week. Microglia was depleted in naive mice, and in disease mice during three 
critical disease phases, namely before epilepsy onset, early after the onset of epilepsy, or in the chronic 
disease phase. Video-EEG monitoring determined the onset of epilepsy and the frequency of spontaneous 
seizures. Nissl staining was used to quantify neuronal cell loss. 

Results:  In naive mice, depletion of microglia did not affect synaptic transmission or neuronal excitability 
in the hippocampus, as assessed by electrophysiology in ex vivo slices and in Xenopous oocytes transfected 
with hippocampal membranes from mice with or without microglia. In disease mice, microglia depletion 
either before or at the onset of epilepsy or in the chronic phase did not modify the frequency and duration of 
spontaneous seizures. When microglia was depleted before the onset of epilepsy, however, neuronal cell loss 
was prevented in the entorhinal cortex. Post-mortem 7 Tesla MRI brain analysis showed that neuroprotection 
was associated with prevention of thinning of entorhinal cortex in epileptic mice. Lack of these structural 
changes in microglia-depleted mice was associated with rescue of cognitive deficit in Novel Object 
Recognition test.  

Conclusions: Our data establish a novel causal link between activation of microglia before disease 
development and brain structural changes, which are associated with cognitive dysfunctions. Since these 
phenomena also occur in human acquired epilepsy, our data highlight microglia as a cellular target for early 
neuroprotective interventions. 



"IMPAIRED PRESYNAPTIC CA2+ INFLUX AS POSSIBLE CAUSATIVE ROLE IN THE 
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Background: PRRT2 is a single causative gene for paroxysmal kinesigenic dyskinesia, the most common 
type of familial paroxysmal movement disorder. We have previously shown that PRRT2 is a key component 
of regulated exocytosis and its silencing dramatically impairs neurotransmitter release by markedly 
reducing release probability. Moreover, we demonstrated that PRRT2 interacts with the fast Ca2+ sensors 
synaptotagmin 1/2 and endows the SNARE complex with Ca2+ sensitivity. Here, we investigated the altered 
Ca2+ dependence of glutamatergic synaptic transmission as a possible causative role in the pathogenesis of 
PRRT2-linked paroxysmal diseases by focusing on voltage-gated Ca2+channels (VGCaCh) and presynaptic 
Ca2+ influx. 

Methods: We used multiple experimental approaches, including electrophysiology, 
immunocytochemistry, biochemistry and live Ca2+ imaging aimed at identifying changes of somatic and 
presynaptic VGCaCh subtypes in PRRT2-deficient neurons. 

Results: We observed that PRRT2 deletion induces a significant decrease in the amplitude of evoked 
excitatory synaptic currents (eESPCs) recorded at increasing concentrations of extracellular Ca2+. This 
effect was associated with a reduction of P/Q- and N-type VGCa currents paralleled by a decrease in the 
amplitude of N- and P/Q-type sensitive eESPCs. Using surface biotinylation, we observed that PRRT2 
deletion impaired the P/Q-type VGCaChs trafficking to the membrane. Double immunostaining revealed 
that in presynaptic terminals lacking PRRT2, the P/Q-type VGCaChs diffuse in the presynaptic membrane 
and reduce their clustering at the active zone. In parallel, using SyGCaMP-6s, an ultra-sensitive fluorescent 
Ca2+ indicator selectively expressed at the presynapse, we investigated presynaptic Ca2+ influx and 
observed a significant decrease of the P/Q-dependent presynaptic Ca2+ signal in PRRT2-deficient synapses. 

Conclusion: In summary, our results strongly suggest that PRRT2 deletion causes mistargeting of P/Q-
type VGCaChs far away from the active zone, reducing the availability of VGCaCh strictly associated with 
the release machinery and thereby the glutamate release probability. 



INACTIVATION OF THE PRRT2 GENE ALTERS SHORT-TERM SYNAPTIC PLASTICITY AND 
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Background: Over the last years, several studies have identified an array of heterozygous loss-of- function 
nonsense/frameshift and missense mutations in the gene encoding proline-rich transmembrane protein 2 
(PRRT2) that through non-sense mediated RNA decay and/or degradation of truncated/misfolded protein 
cause a condition of haploinsufficiency. These mutations are described in a large number of cases affected 
by paroxysmal disorders, including paroxysmal kinesigenic dyskinesia, the most common type of familial 
paroxysmal movement disorder, as well as epilepsy, migraine and episodic ataxia. We have previously 
described that PRRT2-silenced neurons by RNA interference exhibit a severe impairment in Ca2+-dependent 
synchronous release of glutamate (Valente et al., 2016).  

Methods: In this work, we investigated the phenotype of primary hippocampal neurons obtained from 
mouse embryos in which the PRRT2 gene was constitutively inactivated. We also examined the phenotype 
of neurons differentiated from induced pluripotent stem cells (iPSCs) from patients homozygous for the 
PRRT2c.649dupC mutation. 

Results: Although PRRT2 is expressed by both excitatory and inhibitory neurons, its deletion decreases the 
number of excitatory synapses without significantly affecting the number of inhibitory synapses or the nerve 
terminal ultrastructure. Analysis of synaptic function in primary PRRT2 knockout excitatory neurons by live 
imaging and electrophysiology showed slowdown of the kinetics of exocytosis, weakened spontaneous and 
evoked synaptic transmission and markedly increased facilitation. Inhibitory neurons showed strengthening 
of basal synaptic transmission, accompanied by faster depression. At the network level these complex 
synaptic effects resulted in a state of heightened spontaneous and evoked activity that was associated with 
increased excitability of excitatory neurons in both PRRT2 knockout primary neurons and acute 
hippocampal slices. Patient iPSC-derived neurons showed increased Na+ currents and firing activity that 
were rescued by wild-type PRRT2 expression. 

Conclusions: The data indicate the existence of network instability/hyperexcitability as the basis of the 
paroxysmal phenotypes associated with PRRT2 mutations. 



STUDY OF THE INTERACTION BETWEEN PRRT2 AND THE GLUA1 SUBUNIT OF 
AMPA RECEPTOR 

Zanetti1, Maria Regoni1, Jenny Sassone1, Flavia Valtorta1

1 Division of Neuroscience, San Raffaele Scientific Institute and Vita-Salute University, Milan, Italy 

BACKGROUND : Mutations in the gene Proline-rich transmembrane protein 2 (PRRT2) associate 
with paroxysmal movement disorders. PRRT2 encodes a protein, mainly localized at pre-synaptic 
level, able to modulate neurotransmitter release. Recent studies highlighted that PRRT2 also 
localizes at the post-synaptic density, thus raising the possibility that PRRT2 protein can regulate 
post-synaptic glutamate receptors. A recent study also suggested an interaction between PRRT2 
protein and the ionotropic glutamate receptor α-amino-3-hydroxy-5-methyl-4-isoxazole propionic 
acid (AMPAR), highlighting and interaction between PRRT2 protein and the subunit GluA1 of 
AMPAR.  
This study will test the hypothesis that PRRT2 interacts with AMPAR and can modulate AMPAR 
levels or subcellular localization.  

METHODS : The cDNA encoding mouse PRRT2 was subcloned in the plasmid pEGFPc2 to 
create the tagged sequence GFP-PRRT2. The plasmid encoding mouse GluA1 named 
GluA1(Q)flip-myc-HisA-pcDNA4-TO-myc-His A was modified in order to replace the C-terminal 
myc-His tag with the mCherry tag. The interaction between GFP-PRRT2 and GluA1-cherry was 
investigated in transiently transfected HEK293T cells by means of Fluorescence Lifetime Imaging - 
Forster Resonance Energy Transfer technique (FLIM-FRET). The levels of GluA1 were 
investigated by western blot in heterologous cell culture models transfected for GluA1 and PRRT2. 

RESULTS : Results from our FLIM-FRET experiments suggest an interaction between GFP-
PRRT2 and GluA1-cherry and that such an interaction can be modulate by AMPAR agonists. 
Western blot and immunofluorescence experiments in HEK293T cells showed a decrease in levels 
of the GluA1 subunit upon PRRT2 expression. We tested the hypothesis that PRRT2 induces a 
degradation of the GluA1 protein by activating proteasome-mediated or lysosome-mediated 
pathways. HEK 293T cells transiently transfected with GluA1 and PRRT2 were treated with 
chloroquine (lysosome inhibitor) or MG132 (proteasome inhibitor) to block the degradation 
pathways. Our experiments revealed that lysosome and proteasome degradation pathways are not 
involved in the PRRT2-mediated GluA1 subunit downregulation. Ongoing experiments are testing 
whether GluA1 is substrate of proteolytic enzymes including calpains and caspases. 

CONCLUSIONS : Our results suggest a physical and functional interaction between PRRT2 and 
GluA1.  
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Background Mutations in the PRoline-Rich Transmembrane protein 2 (PRRT2) gene have been identified 
as the cause for several paroxysmal neurological disorders, including paroxysmal kinesigenic dyskinesia, 
benign infantile epilepsy as well as other seizure and migraine disorders. Beyond the recently described roles 
of PRRT2 in the regulation of the neurotransmitter release machinery and neuronal excitability, we 
uncovered a novel function of the protein in the regulation of actin remodelling in the synapse. 

Methods We used primary hippocampal neurons in culture transduced with lentiviral vectors for silencing 
PRRT2, as well as non-neuronal cell lines expressing the heterologous protein. We applied biochemical and 
imaging approaches to characterize cellular phenotypes and intracellular pathways induced by perturbations 
of PRRT2 expression. 

Results We demonstrated that the silencing of PRRT2 in hippocampal neurons in vitro causes a reduction of 
actin filament concentration and polymerization within synapses at 14 DIV. Consistently, actin dynamic 
defects resulted in an alteration of both synaptic density and dendritic spine number and morphology. We 
discovered that PRRT2 silencing leads to an aberrant activation state of cofilin, a master regulator of actin 
dynamics in neurons. In particular, the unbalanced stoichiometry between cofilin and actin induced the 
accumulation of cofilin-actin aggregates within PRRT2-silenced neurites. Restoring cofilin activity through 
the overexpression of a pseudophosphorylated form of the protein we were able to rescue the structural 
phenotypes observed in PRRT2 knocked-down hippocampal neurons. Finally, we further corroborated our 
observations in non-neuronal cell lines where PRRT2 ectopic expression promoted actin-related phenotypes.  

Conclusions Our results indicate that PRRT2 affects the actin cytoskeleton by interacting with cofilin. This 
newly characterized function could be relevant to address the role of the protein in the pathophysiology of 
paroxysmal diseases and may provide novel targets for the therapy of neurological diseases such as epilepsy, 
migraine and movement disorders. 



DYSFUNCTION OF THE SEROTONINERGIC SYSTEM IN THE BRAIN OF SYNAPSIN TRIPLE 
KNOCKOUT MICE MAY UNDERLIE BEHAVIORAL ABNORMALITIES RESEMBLING 
SYNAPSIN-RELATED HUMAN PATHOLOGIES 

Margherita Tassan Mazzocco, Fabrizia Guarnieri, Elena Monzani, Flavia Valtorta, Stefano Comai 
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Background: Synapsins (Syns) are a family of neuronal phosphoproteins encoded by the SYNI, SYNII and 
SYNIII genes. They have several functions in synaptic development, neurotransmission and plasticity. In 
particular, they modulate neurotransmitter release by linking synaptic vesicles to the actin cytoskeleton in a 
reversible way. Previous studies have shown that the genetic deletion of one or more Syn genes in mice 
leads to an epileptic phenotype and autism-related behavioral abnormalities. Here, we aim at better 
characterizing the role of Syns in brain function by performing in-vivo electrophysiology, behavioral 
pharmacology and neurochemical studies in a mouse model in which the genes encoding for SynI, Syn II and 
SynIII have been deleted (Syn triple knockout mice, SynTKO). 

Methods: Wild-type (WT) control and SynTKO mice have been tested in the open field, novelty suppressed 
feeding, light/dark box, forced swim, tail suspension and three chamber sociability tests. Using single unit 
in-vivo electrophysiology, we have recorded the spontaneous activity of dorsal raphe nucleus (DRN) 
serotonin (5-HT) and ventral tegmental area (VTA) dopamine (DA) neurons. Levels of 5-HT in the 
prefrontal cortex and hippocampus of WT and SynTKO mice have been determined using a High 
Performance Liquid Chromatography (HPLC) system coupled with fluorometric detection system. 

Results: SynTKO mice show hyperactivity, an anxiety-like phenotype, as well as a reduction in social 
behavior as compared with WT. These behavioral dysfunctions in SynTKO mice were associated with a 
significant reduction in the activity of DRN 5-HT but not of VTA DA neurons that are implicated in 
regulating mood, emotions but also neuronal development. Interestingly, the reduced DRN 5-HT activity in 
SynTKO mice is associated with  hyperactivity of DRN 5-HT1A auto-receptors measured as reduced dose of 
the 5-HT1A agonist 8-hydroxy-2-(di-N-propylamino)tetralin (8-OH-DPAT) able to inhibit by 50% DRN 5-
HT neural activity (EC50: 1.949 µg/kg in TKO vs 4.492 µg/kg in WT, p=0.0006). Finally, hippocampal but 
not prefrontal cortex 5-HT levels are significantly lower in SynTKO than in WT mice (p=0.0035). 

Conclusions: The present results suggest that Syns by modulating 5-HT activity may be involved in 
behavioral and mood alterations typical of neuropsychiatric disorders including autism, anxiety disorder, and 
attention deficit hyperactivity disorder (ADHD). 



RETT SYNDROME: TESTING THE THERAPEUTIC EFFICACY OF EARLY 
ENHANCEMENT OF NEURONAL ACTIVITY 
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Background: Mutations in the X-linked MECP2 gene cause a broad spectrum of neuropsychiatric disorders 
including Rett syndrome (RTT), a devastating neurological disorder that represents the most common 
genetic cause of severe intellectual disability in girls worldwide (1:10000 female births). Basic and 
preclinical studies on RTT have largely benefitted from the use of mouse models mutated in Mecp2. Among 
these the mostly used is the full Mecp2 knock out (KO) mouse, that recapitulates many RTT features. Brain 
atrophy, reduction of neuronal size, dendritic complexity, spine density and several transcriptional defects 
are pathological features of patients, mice and cultured mouse/human neurons bearing a genetic lesion in 
MECP2. Although RTT symptoms manifest mainly post-natally, we have demonstrated that lack of Mecp2 
affects early development of the mammalian brain, when the process of neuronal differentiation is strongly 
affected by neuronal activity. Considering the evident correlation between neuronal activity and maturation, 
we hypothesized that by acting on neuronal activity we could rescue neuronal phenotypes typically observed 
in neurodevelopmental pathologies, such as Rett syndrome. 

Methods: We thus studied the mechanisms of neuronal differentiation of wild type and Mecp2 null in vitro 
differentiated neural precursor cells obtained from embryonic mouse cortex. To enhance activity and rescue 
maturation we used Ampakine CX546, a positive AMPA receptor modulator. We tested the capacity of the 
treatment to rescue typical transcriptional, morphological and functional defects affecting MECP2 defective 
neurons. We then tested in vivo the efficacy of an early treatment with CX546. 

Results: We demonstrate that: I) this cellular model enables to study the early phases of the neuronal 
differentiation and reproduces the typical transcriptional, morphological and functional defects driven by the 
lack of Mecp2; II) CX546 produces a significant rescue of typical RTT morphological and transcriptional 
phenotypes; III) an early treatment with CX546 significantly prolongs the lifespan of the mouse model of 
RTT and ameliorates its general conditions.  

Conclusions: Our results confirm the value of an early therapeutic approach acting on neuronal activity.  
Further, our in vitro studies indicate neural precursors as a fast, convenient, versatile and novel for Rett 
syndrome cell-based system for drug screening. 



THE NEURONAL PROTEIN APACHE IS IMPLICATED IN SYNAPTIC VESICLE AND 
AUTOPHAGOSOME TRAFFICKING 
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Background: Synaptic transmission relies on regulated cycles of synaptic vesicle exocytosis and 
endocytosis in the presynaptic terminal. To guarantee an efficient release, dysfunctional presynaptic proteins 
and organelles have to be continuously removed through endosomal sorting and autophagy. Alterations in 
synaptic vesicle recycling and in the endosomal-autophagic pathway have been extensively linked to 
neurodevelopmental abnormalities and neurodegeneration, as they directly impact on neuronal survival, 
synaptic transmission and plasticity. Interestingly, several proteins with a well-known function in the 
regulation of synaptic vesicle recycling have recently been reported to participate in the endosome-
autophagosome trafficking at presynaptic terminals. This finding implicates an unexpected interconnection 
between the machinery for neurotransmitter release and the synaptic protein quality control, but we still have 
very poor information on how they are reciprocally regulated. 

Methods: In the attempt of identifying new molecular players involved in synaptic vesicle recycling, we 
used the algorithm GAMMA (Global Microarray Meta-Analysis) and selected APache (KIAA1107) as an 
interesting candidate. Further characterization was performed in mouse cortical tissues and on cultured 
primary cortical neurons in which APache expression was silenced by RNA interference using a 
combination of biochemistry, electron microscopy and immunocytochemistry approaches.  

Results: APache is highly enriched in the central nervous system, with the highest levels in the cerebral 
cortex. Its expression is neuron-specific and developmentally regulated in both mouse brain and primary 
neurons. APache interacts with the clathrin adaptor protein complex AP-2. Its silencing in mature neurons 
results in a marked reduction of synaptic vesicle density accompanied by an accumulation of enlarged 
endosomes and autophagic vacuoles at synapses. Accordingly, APache-silenced neurons display defects in 
synaptic transmission. Moreover, the induction of autophagy increases APache levels in neurons and, 
conversely, APache expression is significantly reduced in the brain of sporadic Alzheimer’s disease patients. 

Conclusions: These data point to APache as a novel regulator of clathrin-mediated endocytosis and 
autophagosome trafficking in neurons and suggest that altered APache levels may contribute to the 
precocious cellular alterations observed in neurodegenerative diseases.  



MECP2 MUTATIONS AFFECT CILIOGENESIS: A NOVEL PERSPECTIVE FOR RETT 
SYNDROME AND RELATED DISORDERS   
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Background: Rett syndrome (RTT; OMIM 312750) is a progressive X 
linked neurodevelopmental disorder that represents the most common cause of severe intellectual disability 
in girls worldwide. RTT is caused by mutations in the methyl-CpG-binding protein 2 (MeCP2), a 
multifunctional protein mainly localized in the nucleus where functions as an epigenetic transcriptional 
repressor. However, we have recently revealed a role for Mecp2 also at the centrosome, where primary 
cilium originates. Primary cilium functions as “sensory antennae” protruding from all quiescent cells 
including neurons and astrocytes. The relevance of primary cilium for mammalian brain is highlighted by 
several evidences connecting its dysfunctions with mental illness and autism spectrum disorders (ASD). 

Methods: Our study includes cell lines (MEF, hTert-RPE-1, human fibroblasts), neurons and astrocytes 
from primary culture and tissues from WT and Mecp2 null mice analyze at p7 and p14. Western blot 
analysis, immunohistochemistry and confocal microscopy analyses have been used to examine the structure 
and functionality of primary cilium in Mecp2 null cells and tissues and for the analysis of neuronal 
morphology and synapses. 

Results: We demonstrate that MeCP2 deficiency affects ciliogenesis not only in cultured cells, including 
primary neurons, astrocytes and Rett patients’ fibroblasts, but also in the developing mouse brain and 
cerebellum. Further, we show that the cilium related Sonic Hedgehog pathway, is impaired in MeCP2 
deficient cells. We demonstrate that microtubule instability, caused by increased levels of acetylated α-
tubulin, participates to these phenotypes that can be rescued by HDAC6 inhibition. Indeed, the 
pharmacological inhibition of HDAC6 by tubacin and the more cilium specific Aurora A inhibitor TC-S 
7010 restores ciliogenesis and cilia functioning in MeCP2 deficient neurons, together with the recovery of 
typical RTT defects, such as altered dendritic arborisation and synaptic maturation. 

Conclusions: Our data demonstrate, for the first time, that MeCP2 influences the structure and the 
functionality of primary cilium and proposed the alteration of this organelle as a pathogenic mechanism 
participating to the clinical features of MECP2 related disorders therefore representing a new potential 
therapeutic target for the treatment of Rett syndrome. 



BIALLELIC DMXL2 MUTATIONS IMPAIR AUTOPHAGY AND CAUSE OHTAHARA 
SYNDROME 
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Background: DMXL2 encodes for a vesicular protein DMXL2, also known as rabconnectin-3a, that 
regulates the trafficking and activity of v-ATPase, a multi-subunit proton pump that governs intracellular 
organelle acidification in all eukaryotic cells. Through whole exome sequencing, we identified biallelic 
DMXL2 mutations in three sibling pairs with Ohtahara syndrome, belonging to three unrelated families.  

Aim: Goal of the project was to uncover the impact of DMXL2mutations on lysosomal homeostasis and 
autophagy. 

Methods: To address the impact of the mutations on lysosomal homeostasis and function, we analyzed the 
distribution of the lysosomal marker lysotracker and LAMP1 immunoreactivity. To study the lysosomal 
function, we analyzed EGF-induced degradation of EGF receptors and degradation of ectopically introduced 
dextran.  Since lysosomal function is intimately linked to autophagy, we also investigated autophagy process 
by measuring LC3 levels, p62 signal and polyubiquitinated proteins. Experiments were performed in patient 
fibroblasts or mouse neurons silenced for DMXL2 expression. In neurons, we also analyzed neurite 
elongation by Sholl analysis and excitatory synapse density by immunofluorescence. 

Results: Experiments on patient fibroblasts and neurons revealed a decreased level of the lysosomal marker 
LAMP1 and a slowdown of the lysosomal degradative capacity comparing with control fibroblasts. Patient’s 
fibroblasts and transfected neurons exhibited a decreased total LC3 signal with an increased p62 signal and 
upregulation of high molecular weight polyubiquitinated proteins. In neurons, we also found a defect in 
neurite elongation accompanied by a loss of excitatory inputs. 

Conclusions: We establish DMXL2 encephalopathy as a neurodevelopmental disease related to lysosomal 
and autophagy defects and demonstrate that DMXL2 regulates autophagy in neurons which in turn impacts 
on neurodevelopment and connectivity.  
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Background: Autophagy is a key player in the pathogenesis of different types of disorders including 
neurodegenerative diseases. We found defective autophagy in SPG15, an hereditary spastic paraplegia 
(HSP) form associated with mutations in the ZFYVE26 gene, encoding Spastizin. We demonstrated that 
ZFYVE26 mutations lead to the accumulation of immature autophagosomes in SPG15 patient derived 
cells due to defects in the autophagosomes to lysosomes fusion step. Spastizin has a critical role in 
autophagic lysosomal reformation, a process of lysosomes biogenesis from autolysosomes after cargo 
degradation. Loss of Spastizin results in defects in lysosomes biogenesis with depletion of free lysosomes 
and accumulation of enlarged lysosomes in patient-derived cells. Endocytosis and autophagy are strictly 
interconnected: autophagosome maturation requires the fusion of autophagosomes with early and late 
endosomes and depletion of proteins involved in endocytic trafficking and endosome fusion results in 
autophagosomes accumulation. We analysed the role of Spastizin in the endocytic pathway and we 
analysed the role of Spastizin in vivo in a SP15 Drosophila model. 

Methods: We analyzed the effects of Spastizin mutations on endosome-endosome fusion, on Rab5A and 
Rab11 activity and on autophagosome-endosome fusion in SPG15 cells. We quantified autophagosomes 
and lysosomes in Drosophila tissues, in the absence of Spastizin. 

Results: We found that Spastizin interact with Rab5A and Rab11, two proteins regulating endosome 
trafficking and maturation, and that ZFYVE26 mutations affect Rab proteins interactions and activation 
leading to endosome fusion and trafficking defects that reduce autophagosome-endosome fusion 
exacerbating autophagosome accumulation. Expression of the constitutively active form of Rab5A in 
SPG15 cells partially rescues the autophagy defect. We characterized a SPG15 Drosophila model, 
obtained silencing the ZFYVE26 gene with a specific RNA interference, confirming the role of Spastizin 
in vivo. Indeed SPG15RNAi Drosophila line replicates the SPG15 pathological phenotype showing 
autophagosome accumulation in brain and muscles.  

Conclusions: We demonstrated that Spastizin is involved in endosome-autophagosome fusion and that 
SPG15 mutated cells present defects in autophagosome-endosome fusion with accumulation of 
amphisomes. We characterized a SPG15 Drosophila model, confirming the role of Spastizin in autophagy 
in vivo. 



DNMT1 MUTATIONS LEADING TO NEURODEGENERATION PARADOXICALLY REFLECT 
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Background: ADCA-DN and HSN-IE are rare neurodegenerative syndromes caused by dominant mutations 
in the replication foci targeting sequence (RFTS) of the DNA methyltransferase 1 (DNMT1) gene. Both 
phenotypes resemble mitochondrial disorders and mitochondrial dysfunction was first observed in ADCA-
DN.   

Methods: To explore mitochondrial involvement we studied the effects of DNMT1 mutations in fibroblasts 
from four ADCA-DN and two HSN-IE patients. We analyzed methyltransferase activity of human DNMT1 
mutant proteins expressed in E. coli, as well as gene expression and protein levels of DNMT1 in control and 
mutant fibroblasts. We also studied DNMT1 localization in mitochondria in different cell lines and 
mitochondrial DNA (mtDNA) methylation, mitochondrial biogenesis and mitochondrial metabolism in 
fibroblasts. Lastly, we performed metabolomics profile and validated the most altered pathway evaluating 
expression of key enzymes. 

Results: We documented impaired activity of purified DNMT1 mutant proteins, which in fibroblasts results 
in increased DNMT1 amount. We demonstrated that DNMT1 is not localized within mitochondria but it is 
associated to the mitochondrial outer membrane. Concordantly, mitochondrial DNA failed to show 
meaningful CpG methylation. Strikingly, we found activated mitobiogenesis and OXPHOS with significant 
increase of H2O2, sharply contrasting with a reduced ATP content. Metabolomics profiling of mutant cells 
highlighted purine, arginine/urea cycle and glutamate metabolisms as the most consistently altered 
pathways, similar to primary mitochondrial diseases. The most severe mutations showed activation of energy 
shortage AMPK-dependent sensing, leading to mTORC1 inhibition. 

Conclusions: We propose that DNMT1 RFTS mutations deregulate metabolism lowering ATP levels, as the 
result of increased purine catabolism and urea cycle pathways. This is associated with a paradoxical 
mitochondrial hyper-function and increased oxidative stress, possibly resulting in neurodegeneration in non-
dividing cells. 
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Background: Mitochondrial disorders (MD) are a group of multisystem syndromes due to impairment in the 
mitochondrial function, as a results of either nuclear (nDNA) or mitochondrial DNA (mtDNA) mutations. 
Major advances in understanding mtDNA related mitochondrial diseases are prevented by the lack of 
appropriate in vivo models since it is difficult to manipulate mtDNA.  We therefore wanted to develop a 
cellular model starting from cells of patients affected by different mitochondrial diseases. We focused on 
Leber’s Hereditary Optic Neuropathy (LHON), caused by homoplasmic missense mutations affecting 
mitochondrial genes coding for respiratory chain Complex I subunits, and Pearson’s syndrome caused by 
heteroplasmic macro-deletion of mtDNA. 

Methods Fibroblasts from LHON and Pearson’s patients were reprogrammed into iPSC (induced pluripotent 
stem cells) with the use of the Sendai virus and subsequently differentiated into neurons, RGC or 
cardiomyocytes in order to specifically study the mechanisms involved in these pathologies. 

Results: The first results show a reduction in mitochondrial motility along the axons of LHON neurons, a 
significant decrease in mtDNA copy number in these neurons and a lower mitochondrial respiration both in 
the cells of LHON and Pearson’s patients.  

Conclusions: This will allow obtaining, for the first time, an in vitro system more physiologically relevant 
than traditional cell cultures. Moreover, these models will represent an innovative platform for pre-clinical 
drug screening and will pave the way for personalized medicine to identify potential therapeutic options, for 
each mtDNA mutation or even for each patient. 



ROLE OF THE COILED-COIL STRUCTURE OF THE HUNTINGTIN PROTEIN IN THE 
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Background: PolyQ sequences are characterized by the presence of helices that can assume a peculiar 
Coled coil (CC) fold (Fiumara et al., 2010). CCs are supersecondary structures mediating protein-protein 
interactions and oligomerization through the coiling of helices belonging to the same or different 
polypeptide chains (Parry et al., 2008). CC structures mediates the aggregation and toxicity of polyQ 
proteins (Fiumara et al., 2010) and might be implicated in other aspects of mutant Huntingtin (Htt) 
misfunction.PolyQ protein aggregates produced in one cell can pass into neighboring cells both through 
extracellular space (Ren et al., 2009) and/or tunneling nanotubes (Costanzo et al., 2013). For Hungtington 
Disease (HD) there is evidence that mutated and aggregated Htt can be released by sick cells and be taken 
up by healthy ones. With a prion-like mechanism, mutated and aggregated Htt can then seed the 
misfolding of normal Htt spreading the disorder (Cicchetti et al, 2009). 

Methods: To determine whether the CC structure of polyQ-Htt plays a role in the extracellular release of 
Htt aggregates we transfected HEK293 and HeLa cell lines with non-expanded-Htt (25QHtt), polyQ-
expanded- (72QHtt) and 72Q CC defective mutant (CC#2). After 6h we removed the transfection mixture 
and 24h later we centrifuged and filtered the media and collected cells for western blot analysis. 

Risultati: We found that all the Htt variants were released in the medium and that the 72QHtt is released 
more than the 25QHtt. However when the CC structure is hampered (CC#2), Htt secretion is reduced, 
suggesting that the CC domain mediates the release of 72QHtt.We also found that transfected 72QHtt is 
released by atypical exocytosis through calcium- dependent endolysosomal secretion. Moreover we found 
that endogenous Htt is secreted from cells under normal conditions following a pattern similar to that of 
exosome markers. When exosome release is reduced by treatment with the neutral sphingomyelinase 
inhibitor GW4869 for 20 hours, we found a significant reduction in the release of Htt. Together these 
results indicate that both 72Q and 25QHtt are released in exosomes and this event can be modulated 
pharmacologically. 

Conclusioni: The transcellular propagation property of Htt might be an important but underestimated 
contributor in the pathogenesis of HD. Our future experiments should determine what role this process has 
in HD onset and/or progression and whether its inhibition is of therapeutic relevance. 
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Background: REST/NRSF has been initially identified as a negative transcription factor. Its target genes 
encode postsynaptic receptors, ion channels and transporters, neuropeptides and synaptic proteins. Low 
levels of REST are found in adult neurons in the cortex and hippocampus. Emerging evidence shows that, 
in mature neurons, REST works as a master modulator of epigenetic processes, acting mostly as 
transcriptional repressor and, occasionally, as a transcriptional activator. We have previously demonstrated 
that REST is critical for the downscaling of intrinsic excitability and excitatory synaptic strength in neurons 
subjected to prolonged electrical activity.   

Methods: By combining multiple electrophysiological approaches with immunocytochemistry and 
qRTPCR, we investigated whether chronic hyperactivity also induces homeostatic plasticity in inhibitory 
synapses.   

Results: We observed a fast increase of REST mRNA in response to neural hyperactivity induced by 
treating primary hippocampal neurons with 4-aminopyridine. Two days of hyperactivity induced a 
RESTdependent potentiation of the strength and number of somatic GABAergic synapses onto excitatory, 
but not onto inhibitory, neurons. These effects were accompanied by an increased transcription of vGAT, 
GAD67 and epsilon subunit of the GABAA receptors. We demonstrated that the postsynaptic target 
specificity was attributable to a REST-dependent induction of a downstream transcription factor, NPAS4, 
known for its capability of activating BDNF release from excitatory neurons upon hyperactivity.   

Conclusions: The retrograde action of BDNF, released from the soma of excitatory neurons onto the 
somatic GABAergic presynaptic contacts, could explain the observed postsynaptic target specificity of 
REST-induced homeostatic increase of GABAergic inhibition. Altogether, these data identify REST as the 
central molecular player of a complex remodeling of the neuronal transcriptional profile aimed at 
counteracting hyperactivity and maintaining neuronal homeostasis.  



MOLECULAR CHARACTERIZATION OF SCHINZEL-GIEDION SYNDROME 
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Background: Schinzel-Giedion syndrome (SGS) is an ultra-rare developmental disorder characterized by 
multiple congenital malformations, with a strong involvement of the central nervous system. The majority of 
SGS patients dies during early infancy, with those who can survive longer being characterized by increased 
prevalence of malignant tumors. Despite the severity of the disease, it has been poorly studied, no 
experimental models currently exist and results still incurable. 
The sole genetic causes of this destructive syndrome are de novo heterozygous point mutations in SETBP1 
gene, leading to the accumulation of SETBP1 protein. Interestingly, somatic point mutations in SETBP1, 
affecting exactly the same residues that were found to be mutated at germline level in SGS, were discovered 
in patients affected by different types of leukemia. The proposed pathological mechanism, at least in cancer, 
is centered around the accumulation of SET, of which SETBP1 is a stabilizer, and the inhibition of PP2A, a 
major phosphatase, as direct consequence. However, the molecular basis of SGS is missing. 

Methods: We generated induced pluripotent stem cells (iPSCs) from SGS patients and their isogenic 
corrected control by CRISPR/Cas9 correction. To study of the role of SETBP1 in neurodevelopment and in 
the establishment of both neurodevelopmental defects and neurodegeneration typical of SGS we obtained 
iPSC-derived neural precursors (NPCs), differentiated neurons and cortical organoids. We analyzed our 
experimental models by biochemical, immunochemical and genomic approaches. 

Results: We didn’t found any alteration of PP2A activity in neural derivatives, suggesting a different 
pathological in mechanism SGS than in cancer. We found that SET accumulation cause hypo-functionality 
of P53 protein and defects in chromatin accessibility. These molecular features promote both cancer-like 
features of SGS NPCs, including DNA damage accumulation that eventually leads to degeneration of 
neuronal progeny and defects in the execution of correct neural development leaving immature, poorly 
functional neurons. 

Conclusions: Our data describe the SETBP1-SET axis as a previously undescribed protector of neural 
development assuring the correct mechanisms at the basis of proliferation and differentiation of progenitors. 
Its corruption may be the molecular basis of both the early neurodegeneration and the other different 
neurological involvements that characterize SGS patients. 
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Background: Aceruloplasminemia is a monogenic disease caused by mutations in the ceruloplasmin gene 
that result in loss of protein ferroxidase activity. Ceruloplasmin (Cp) plays a role in iron homeostasis, and its 
activity impairment leads to iron accumulation in liver, pancreas, and brain. Iron deposition promotes 
diabetes, retinal degeneration, and progressive neurodegeneration. Current therapies, mainly based on iron 
chelation, partially control systemic iron deposition but are ineffective on neurodegeneration. We 
investigated the potential of Cp replacement therapy in reducing the neurological pathology in the CpKO 
mouse model of aceruloplasminemia and the mechanism by which administered Cp cross the brain barriers, 
to reach the central nervous system, with focus on the blood-cerebrospinal fluid barrier (BCSFB). 

Methods: CpKO mice were intraperitoneal administered for 2 months, every 5 days, with purified Cp. Then 
mice were analyzed with behavioral tests, biochemical and histological analysis to asses the presence and 
functional efficacy of the protein. To study the BCSFB properties in aceruloplasminemia, we generated by 
CRISPR-Cas9 technique a choroid plexus epithelial cell line lacking Cp expression. Cells were analyzed for 
iron metabolism-related and tight junctions proteins expression, and for barrier properties in the transwell 
system. The analysis were also performed on cells challenged with iron, to mimic the iron accumulation 
observed in aceruloplasminemia. 

Results: Injected Cp was able to enter the brain inducing replacement of the protein levels and rescue of 
ferroxidase activity. Cp-treated mice showed amelioration of motor coordination that was associated with 
diminished loss of Purkinje neurons and reduced brain iron deposition, in particular in the choroid plexus. 
Computational analysis showed that Cp-treated CpKO mice share a pattern similar to wild-type animals, 
highlighting the efficacy of the therapy. 
Preliminary results on wild-type choroid plexus cell line showed that iron accumulation can be induced in 
this in vitro model of BCSFB without affecting barrier properties. 

Conclusions: These data suggest that enzyme replacement therapy may be a promising strategy for the 
treatment of aceruloplasminemia. Moreover, iron accumulation is not sufficient to induce barrier leakage in 
choroid plexus cells in normal condition. 



THE PURINERGIC RECEPTOR P2RY12 AS A KEY MOLECULE IN MS GLIAL 
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Background Multiple Sclerosis (MS) is an inflammatory, demyelinating, neurodegenerative disease 
highly challenging for innovative drug discovery and evaluation. We observed an upregulation of the 
purinergic receptor P2RY12 in PBMCs from RR-MS patients, quickly reversed by effective 
immunomodulating drugs. Moreover, P2RY12 is involved in neuron/glia interplay and in acute 
inflammatory events and it may play major roles in microglia activation, oligodendrocyte maturation and 
myelin production, thus being a putative key-molecule in MS pathogenic events. Here, we aim to unravel 
the functions of P2RY12 in microglia and oligodendrocytes.  

Methods Cell cultures (astrocytes-microglia co-culture and oligodendrocytes) were obtained from 
neonatal rat cortices and treated with purine ligand (ATP – 30 μg/ml) and specific P2RY12 inhibitor 
(Elinogrel – 100 μM). Glial cells were activated with LPS (10 ng/ml). Immunofluorescence assays and 
quantitative real time PCR were performed to dissect the specific pathways associated with purinergic 
activation/inhibition.  

Results Molecular biology experiments on primary glial co-cultures (astrocytes-microglia) revealed a 
reduction of P2RY12 level in cells activated with LPS (p=0,002), while IL6 (p=0,01), TNFα and SOD2 
(p<0,001) were significantly upregulated with LPS. Interestingly, we observed that Elinogrel incubation 
in LPS-treated cells promoted a significant upregulation of TNFα (p=0,02) in comparison with the only 
LPS activation, suggesting a role of P2RY12 also in the neuroinflammatory process. We verified the 
expression of P2RY12 in microglia and oligodendrocytes. Quantifications of oligodendrocytes filaments 
and branches, as indicator of active protrusion abundance and cellular displacement, showed that ATP 
treatment induced more protrusions, whereas Elinogrel treatment induced a protrusion pattern, dependent 
on differentiation. Oligodendrocytes appeared more expanded with more protrusions during maturation, 
showing reduced circularity in almost all samples, a part for Elinogrel. These results suggest that P2RY12 
may have a role in regulating oligodendrocyte branches formation during differentiation. 

Conclusions Our results suggest a key role of the purinergic receptor P2RY12 in oligodendrocytes 
maturation/differentiation and in the inflammatory events. In this context, we aim to dissect its role in 
microglia polarization in order to better understand the contribution in maintaining normal immune 
microglia surveillance. 
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Background: Perineural invasion (PNI) is the neoplastic invasion of nerves. PNI has the highest incidence in 
pancreatic ductal adenocarcinoma among gastrointestinal tumors and it is an alternative route for tumor 
dissemination. It is associated with pain, early recurrence and poor survival. In this work, we aim at 
characterizing PNI molecular features in order to develop novel therapeutic approaches, which are still 
lacking. 

Methods: To study PNI mechanism, we analyzed the effect of mouse K484 (KPC) and human MiaPaCa-2 
pancreatic cancer cells conditioned media (CM) onto primary mouse Schwann cells (SCs)-Dorsal Root 
Ganglia (DRG) neurons cocultures, an established model that allows to monitor glial cells and neuronal 
growth, contact and myelin formation. Moreover, to set up a more representative in vitro model of pancreatic 
cancer, we developed 3D organoids both human and murine from healthy and neoplastic tissue. Human 
tissue was obtained in collaboration with the OSR Pancreatic Surgery Unit. 

Results: We observed that treatment of non-myelinating SCs-DRG neurons cocultures with KPC CM 
impairs neuronal growth but does not alter SCs proliferation or survival. Interestingly, treatment of 
myelinating cocultures with KPC CM activates typical markers of nerve damage in SCs and induce SCs 
trans-differentiation leading to myelin degeneration.In similar experiments, we observed that also human 
MiaPaCa-2 cells CM impaired SCs-DRG neurons growth and induced myelin degeneration.  

Conclusions: Cancer cells release factors that influence morphology and integrity of nerves and alter 
myelination, similar to what happens during nerve injury response. These results suggest a strong interaction 
between nerves and pancreatic cancer cells that may be a possible target for future therapies. We are now 
investigating if CM of organoids from murine cancer cells and surgically resected PDAC patients could 
similarly affect nerve physiology and myelination.  



ELECTROSPUN SCAFFOLDS BASED ON SELF-ASSEMBLING PEPTIDES AS A 
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Extra-cellular matrix (ECM) is a three-dimensional structure constituted by interconnected nanofibers, 
which serves as a scaffold for cell proliferation and plays also a significant role in tissue function. One of 
the biggest challenges in spinal cord injury (SCI) regeneration is to create an artificial scaffold that could 
mimic the ECM and support nervous regeneration. In this regard, scaffolds based on electrospun self-
assembling peptides (SAPs) have received considerable attention due to having promising properties 
similar to ECM, such as large surface area, high porosity with small pore size and appropriate bioactivity, 
that favor cell adhesion, migration, and proliferation. To reach this object SAPs were cross-linked with 
genipin and electrospun under various parameters to achieve optimum fibers. Afterward, the obtained 
scaffold was assessed via viability and differentiation assays carried out with neural stem cells (NSC). 
Briefly, SAPs were cross-linked with genipin as a favorable cross-linking agent due to its low 
cytotoxicity compared to widely used cross-linkers. It cross-links compounds with primary amine groups 
such as proteins and peptides. Afterward, genipin cross-linked SAPs (SAPs-GP) were electrospun. 
Electrospinning solution was prepared by dissolving 38% of SAPs-GP in a mixture of solvents, 
containing HFIP and TFA. The electrospinning solution was employed for spinning with different 
parameters to find the optimum condition to fabricate the 3D channel on the rotating collector. Finally, to 
stabilize the fabricated microchannel, electrospun micro-channels were annealed by exposure to the vapor 
phase of NaOH in PBS for three days. Subsequently, the annealed channel was immersed in a genipin 
solution in PBS:EtOH (80:20) to reach the stabilized structure. Regarding the morphological 
characterization of fibers, SEM outcomes demonstrate the influence of electrospinning parameters, such 
as flow rate, voltage, and distance on the morphology and size of electrospun fibers. Meanwhile, the 
optimum condition (10kV, 12cm, 40µl/h, and 50% humidity) to obtain more uniform and defect-free 
fibers was achieved. On the other hand, in vitro experiments on the lamina and channel scaffolds proved 
differentiated NSCs with branched and spread cellular morphologies as well as low cytotoxicity. These 
results pave the way to their application in experiments for the regeneration of the chronic SCI in the near 
future. 
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Background Computational chemistry is the ensemble of numerical and computer methods aiming to unveil 
details of molecular systems in different conditions. Till ten years ago, the investigation of bio-macromolecular 
assemblies, akin peptide nano-fibrils, and the subsequent elucidation of structure-property relationship looked 
was almost inaccessible target. During the last decade, thanks to the advent of molecular dynamics simulations 
methods, several complex phenomena were investigated, such as the self-assembly pathway of peptide 
systems or protein folding mechanisms. Such achievements, combined with the development of innovative 
molecular dynamics and coarsening methods, allowed to elucidate nano-scale phenomena, such as the failure 
mechanisms of peptide fibrils.  

Methods:  Due to the high computational cost, the simulations of large bio-macromolecular systems, required 
the development of innovative coarse-graining methods. Self-assembling peptides (SAPs) systems were 
modeled according to the MARTINI force-field mapping strategy. The GoMARTINI modeling strategy, 
combined with the innovative software  Morphoscanner, was developed and adopted in order investigate the 
secondary structure transitions of SAPs, occurring when they interact to each other. Steered Molecular 
dynamics (SMD) simulations were used for the estimation of the stress profile within SAPs nano-fibril 
structures, when are subjected to the application of external forces.  

Results:  The results of GoMARTINI based SMD simulations, and subsequent Morphoscanner analysis, of 
SAPs assemblies are in agreement with the results obtained from atomistic SMD. In addition, GoMARTINI 
SMD allowed to monitor the stress profile within SAPs fibrils. Such evidences demonstrated that 
GoMARTINI SMD are suitable for the investigation of the stress-profile within SAPs assemblies. 

Conclusions: Such work demonstrated the versatility of GoMARTINI based SMD simulations. Indeed, 
GoMARTINI based SMD simulations were initially used for the investigation of structural-property 
relationship in peptide systems. Then, the GoMARTINI modeling stategy will find applications in the field of 
computational neurochemistry, that is the branch of computational chemistry aiming to unveil details of the 
effects of several chemical compounds on neurophysiology. In the next future, the GoMARTINI SMD 
simulations will be used for the investigation of secondary structure transitions of integrins interacting with 
glycosylated ligands.  
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Background: TACE is a transmembrane metalloprotease implicated in the cleavage of several molecules, 
including Notch, p75NTR and Neuregulin1 (Nrg1). In the Peripheral Nervous System (PNS), TACE is 
expressed on both neurons and Schwann cells and tightly inhibits developmental myelination by 
inactivating axonal Nrg1. After damage, the distal part of the injured nerve degenerates and myelin 
breaks, following a process termed Wallerian degeneration (WD). Unlike the Central Nervous System, 
axons in the PNS regenerate and regrow and regeneration is supported by the trans-differentiation of 
Schwann cells. Given the role of TACE in myelin formation, we investigated whether it might play a role 
also during nerve regeneration and remyelination. 

Methods: We thus performed sciatic nerve injury in two different animal models: P0-Cre//TACEfl/fl mice, 
which lack TACE specifically in Schwann cells, and Chat-Cre//TACEfl/fl mice, which lack TACE in 
neurons. Next, we analyzed crushed nerves morphology and performed biochemical analyses to identify 
TACE effector(s) and mechanism of action during WD. 

Results: Our analyses show a specific role for glial TACE during late nerve regeneration, as we observed 
impaired remyelination only in P0-Cre//TACEfl/fl nerves 60 days after crush, while we did not detect any 
alteration in ChatCre//TACEfl/fl mice. Interestingly, p75NTR, a known substrate of TACE, regulates 
nerve regeneration and remyelination by modulating fibrinolysis. In damaged nerves fibrin accumulates 
favoring degeneration and the concomitant upregulation of p75NTR inhibits fibrin degradation to 
facilitate this process. During regeneration, p75NTR is downregulated allowing fibrin degradation. 
Interestingly, in P0Cre//TACEfl/fl nerves, p75NTR abnormally accumulates during remyelination, 
suggesting a defective processing of this molecule in the absence of glial TACE. Further, we observed 
excessive fibrin accumulation in P0Cre//TACEfl/fl mutant nerves, possibly reflecting p75NTR increase 
and causing impaired remyelination. 

Conclusions: During nerve regeneration, conversely to what happens in development, glial TACE 
promotes remyelination regulating p75NTR–mediated fibrinolysis. 
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Background: Motor neuron diseases (MNDs) are characterized by selective degeneration of upper and 
lower motor neurons. They include amyotrophic lateral sclerosis (ALS), spinal muscular atrophy (SMA) 
and bulbar muscular atrophy (SBMA). Despite differences in onset, progression and genetic causes, 
recent studies revealed a common involvement of skeletal muscle in MNDs. Growing evidence indicates 
that muscle wasting is not only due to motor neuron death, but also to intrinsic changes in muscle cells, 
that may be responsible for the heterogeneity of disease onset and/or progression. It is widely accepted 
that several microRNAs (myomiRs), including miR-206, miR-133a, miR-133b and miR-1, are 
specifically expressed in skeletal muscle and regulate the fundamental processes of myogenesis. 
However, the exact role of myomiRs in muscle atrophy, and how damage selectively occurs in muscle 
tissue, are still unknown. 

Methods: miR-206, miR-133a, miR-133b and miR-1 were analyzed by qPCR in muscle tissue of ALS-
G93A-SOD1, Δ7SMA-SMA and AR113Q-SBMA mice during disease progression. Expression of 
putative target genes, PAX7, MYOD, MYOG, and MEF2 was assessed by qPCR, and Sperman’s 
correlation analyses were performed to examine the myomiR/mRNA relationships. The corresponding 
myomiR target proteins were analysed by western blot (WB). Additionally, by qPCR, myomiR profiling 
was performed in serum of 14 ALS-SOD1, 23 SMA pediatric, 10 SBMA patients, and 30 controls, 
including 19 pediatric patients with encephalitis. 

Results: A significant miR-206 increase in muscle tissue of G93A-SOD1, Δ7SMA and AR113Q mice 
compared to control mice was found. miR-133a, miR-133b and miR-1 levels were decreased in G93A-
SOD1 and AR113Q mice compared to controls, and increased in Δ7SMA mice. Significant correlations 
were found between myomiR levels and those of their target genes. WB data were in line with molecular 
data. A similar myomiR expression trend was observed in serum of MND patients. 

Conclusions: Our findings suggest that myomiRs, and their target genes, are involved in muscle atrophy 
during ALS, SMA and SBMA pathogenesis, suggesting further investigation to depict the functional 
myomiR interaction between pathogenesis and disease progression. Indeed, intervention on myomiR 
expression to control their levels could represent a future therapeutic approach for ALS, SMA and 
SBMA. 
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Background: Myelin provides trophic support to neurons and electrical insulation for rapid impulse 
transmission. In the peripheral nervous system (PNS), myelin stability strictly depends on constant and 
optimal communication between axons and Schwann cells (SC). We previously showed that in the PNS, 
prostaglandin D2 (PGD2), one of the final products of the arachidonic acid metabolism, is synthesized by 
neuronal L-prostaglandin D2 synthase (L-PGDS) and binds Gpr44 receptor on Schwann cells in order to 
promote myelin synthesis. We also showed both in vitro and in vivo that loss of L-PGDS enzymatic activity 
causes PNS hypomyelination early in development and myelin aberrations and degeneration in adulthood. 

Methods: To identify the molecular constituents of myelin degeneration caused by loss of L-PGDS 
enzymatic activity in PNS, we performed: 1) RNAseq analyses on rat SC–mouse neuronal cocultures treated 
with an L-PGDS inhibitor and presenting signs of demyelination; 2) metabolic flux experiments on these 
cocultures to determine changes in metabolites’ consumption and 3) lipidomic and metabolomic studies on 
sciatic nerves from aged L-PGDS null mice. 

Results:in vitro assays revealed a set of genes specifically upregulated in SC, the majority of which are 
involved in arachidonic acid transport and glucose metabolism and are under the control of PPARγ nuclear 
receptor. Further, metabolic fluxes analyses revealed pyruvate accumulation, decreased AcetylCoA 
production and increased acetate metabolism. Finally, in vivo, we observed decreased levels of 
phosphatidycholines containing arachidonic acid and of key metabolites of glycolysis and of Krebs cycle. 

Conclusions: Collectively, we posit that in the absence of PGD2, myelin degeneration could arise from 
increased levels of arachidonic acid in SC that activating PPARγ receptor leads to up-regulation in the 
expression of its target genes and rewiring of glial cells metabolism. 
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Background: Mutations in the Myelin Protein Zero gene (MPZ), encoding P0, the major structural 
glycoprotein of peripheral nerve myelin, are found in 5% of Charcot-Marie-Tooth (CMT) patients. P0 
variants may cause different gain of function including misglycosylation (either gain-of-glycosylation or 
loss-of-glycosylation), a novel pathomechanism encompassing several genetic disorders. We decided to 
establish a mouse model carrying the D61N mutation, a MPZ variant causing hyperglycosylation of P0. 

Methods:  The knock-in mouse model was generated by the CFCM facility using the Crispr/Cas9 system. 
We evaluated the presence of tremor, the motor capacity, the sciatic motor nerve conduction velocity and 
cMAP. We performed light microscopy morphological observations, analyzing sciatic nerve semithin 
sections. Molecular and biochemical analysis were performed: P0 protein and the other major myelin 
proteins (such as MBP and PMP22) were analyzed with Western Blot (WB); genes involved in myelination 
were analyzed also with qRT-PCR.  We also decided to establish myelinating DRG cultures from wild type 
(WT) and  Mpz D61N/+ embryos. 

Results: At one and three months of age, all evaluations showed significant differences in Mpz D61N/+ 
mice compared with WT animals. Tremor was evident in all Mpz D61N/+ mice and correlated with a 
significant motor impairment on the accelerating Rotarod where mutant mice showed a reduced average 
latency to fall. Electrophysiological parameters also differed between the two groups: at one month of age, 
the average MCV was 12,05m/s ±1,2 in Mpz D61N/+ as compared with 33,02m/s ±1,6 in controls. Important 
differences are also detectable in myelinating DRG cultures from WT and D61N 13,5-day-old embryos. 

Conclusions: In conclusion, we obtained an animal model expressing the P0D61N variant, a mutation 
causing gain-of-glycosylation in P0. We present here the preliminary phenotypical characterization which 
recapitulates the human phenotype of this variant. 


	LORENZI.pdf
	Cervical spinal cord atrophy in Vascular Dementia
	Methods: 3DT1 images of 32 HC (699.45yrs, 17males), 28 AD (737.40yrs, 18males) and 19 VaD (769.11yrs, 4males) were acquired using a Siemens Skyra 3T scanner.
	Conclusions: Our findings revealed that cervical SC atrophy contributes to the classification of VaD patients, both with respect to HC and AD. The volume of C2 was among the best features for the task and showed a considerable weight in classifying Va...

	LONGOBARDI.pdf
	Methods: The endo-lysosomal candidate genes (n=50) were selected by web-resources and bio-informatic tools. NGS was done in a group of AD (n=21), FTD (n=43) and LBD (n=44) patients, selected based on medium/high family history and early disease onset ...
	Results: The endo-lysosomal candidate genes (n=50) were selected using i) web-resources extraction from multiple pathways connected to lysosomes and endosome (KEGG pathway, Gene Ontology, GSEA, Reactome): n= 314; ii) brain tissue expression as reporte...
	Conclusions: The detection of shared variants in endo-lysosomal genes confirms the presence of common molecular pathways  across neurodegenerative dementias. Specifically, mutated genes are mostly related to vesicular trafficking and therefore to rele...
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	Methods: CSF samples were purified by Solid-Phase Extraction using Extraction Plate Manifold for Oasis 96-Well Plates (Waters). Mass spectrometry identifications and quantifications of Aβ peptides were performed on a compact QqTOF mass spectrometer (B...
	Results: We developed an antibody free method based on Solid-Phase-Extraction and Electrospray Ionization Liquid Chromatography mass spectrometry for the simultaneous identification and quantification of a panel of 19 Aβ peptides and their pyroglutama...
	Conclusions: These results demonstrate the usefulness of the described method for clinical practice due to its ability to simultaneous quantification of various Aβ isoforms, saving time and, above all, valuable CSF sample, and its ability to overcome ...
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	Background: Neurodegeneration of multiple sclerosis (MS) can be measured with optic coherence tomography (OCT), as thinning of peripapillary retinal nerve fiber layer (pRNFL), or as reduced total macula volume (TMV). The macula scan can be further seg...
	Methods: Three groups of patients with CIS (N=12, 2 male, age=32±12 years, disease duration = 0.9±1.3 years), RRMS (N=9, 6 male, age=32±8 years, disease duration = 1.2±1.2 years), PPMS (N=14, 11 male, age=44±9 years, disease duration = 2.5±1.3 years) ...
	Results: No group difference was found in pRNFL, while the PPMS group showed significantly lower TMV of RNFL, GCL, and IPL. On the other hand, the voxel-wise comparison showed significant differences in all patients’ groups compared with healthy, whil...
	Conclusions: Our results suggest that applying VBM in macula OCT is more sensitive in detecting neurodegeneration in MS patients than traditional measures such as pRNFL or TMV. Also, Common neurodegenerative pattern were found in RNFL and GCL and the ...
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	Methods: A single-center cohort of 26 patients with relapsing remitting MS treated with alemtuzumab. Patients underwent clinical evaluation and blood sampling every three months, and MRI every six months. Absolute and relative numbers of B, T and natu...
	Results: Responder patients have an increased proportion of NK cells and a decreased proportion of CD3+ T cells in the first six months of treatment, compared to non-responders (mixed effect analysis, p= 0.027 for T cells and p= 0.025 for NK cells). A...
	Conclusions
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	Method: Twenty-seven PD patients without dementia (mean [standard deviation, SD] age=67.4 [8.1] years, 20 males, mean [SD] Montreal Cognitive Assessment, MoCA score=24. [2.9], median [interquartile range, IQR] Hoehn and Yahr scale=1.5 [1-2]) and twent...
	Results: Significant hypoperfusion was detected in the superior parietal lobule (SPL) bilaterally (ppeak= 0.037), and in the left inferior parietal lobule (IPL, ppeak=0.035) of PD patients. GM volume was not statistically different between PD and HC. ...
	Conclusions: Parietal CBF alterations may be present in PD patients, even in absence of frank dementia, and may be associated with lower visuomotor skills. Parietal perfusion might be an early biomarker to monitor cognitive decline in PD longitudinal ...
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	Investigating neurovascular mechanism in early Parkinson's disease: a multimodal MRI study.
	Methods: Twenty-six early PD patients (66.8±8 years, 22 males, median [interquartile range] Hoehn & Yahr=1.5[1]) and 18 age and sex-matched healthy controls (HCs) were enrolled for the study. The scanning session was performed on a 1.5T Siemens Avanto...
	Results: A reduction in FC was detected in sensory-motor network (SMN, pFWE=0.01) and visual networks (VN, primary pFWE=0.022 and lateral pFWE=0.01) in PD patient with respect to HC group. Lower FC in the VNs was reflected by a decreased CBF (primary ...
	Conclusions: The FC alteration found in the SMN of PD might be an indication of a functional disconnection due to a dopaminergic denervation occurring within the striatal pathways. FC alteration detected in VNs were accompanied by perfusion changes wh...
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	Background:Developmental Language Disorder (DLD) is the most common childhood disorder. It is becoming increasingly clear that the key to its ultimately remediation lies in understanding the early mechanisms that come into play as the developing brain...
	Methods: 27 typically developing 6-month-olds participated to this study: 13 infants participated to the early auditory intervention (INT+) whereas 14 did not (INT-). It took place in small groups of infant-caregiver pairs (N=4) for 1 hour/week for 6 ...
	Results: The results show that INT+ infants presented at age 12 months a more mature ERP pattern, characterized by shorter latency of the P1 peak and enhanced amplitude of the P2 peak. Interestingly, such ERP pattern resembled that of INT- children at...
	Conclusions: Taken together, these results provide some preliminary evidence on the efficacy of an early intervention based on active acoustic experience in modifying infants’ neuronal and electrophysiological functioning underlying auditory processin...
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	Background : So far, technology for people with muscular dystrophy has been mainly devoted to mobility for the evident impact on independence, and respiratory assistance for surveillance, while assistance of upper limb functions has been less explored...
	Methods: Two studies were performed. In a crossover Randomized Controlled Trial, funded by Telethon-UILDM, we tested two commercial exoskeletons for gravity compensation (i.e., Jaeco Wrex, a passive exoskeleton, and Armon Ayura, a motorized arm exoske...
	Results: In the first study, the slightly impaired group do not benefits from the use of assistive devices, since it tends to use compensatory movements that are often constrained by the device. Mild impaired subjects, on the other side, do greatly be...
	Conclusions: Upper limb assistive devices can help dystrophic patients increasing their ability in performing several tasks, depending on residual ability. The motorized device (either commercial or the fully motorized exoskeleton)is indicated for a w...
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	Background: Global proprioceptive resonance (GPR) mechanically induces multifocal vibration at specific frequency among various cutaneous mechanoreceptors. Preliminary results suggest that GPR can modulate neuromuscular and neuroendocrine systems, the...
	Methods: Ten patients with MS(PwMS, 8 males; mean age: 48±9.1 years; mean EDSS: 5.9±0.74), in a randomized order, underwent 15 minutes GPR and sham session(Keope GPR, ANDROMEDA, Italy) with a week interval. Nine Hole Peg Test(9HPT) and 6-meter-walking...
	Results: Compared with sham stimulus, significant improvement was found in 9HPT(p=.02) of the dominant hand after the active GPR session. For SMWT, increased velocity(p = .05) and cadence(p =.03) after active stimulus was found under Vp condition only...
	Conclusions: Our preliminary results suggest that a single active GPR session can improve the motor performance in both upper and lower limbs. Our results suggest that GPR could boost muscle recovery and can be beneficial to be incorporated into rehab...
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	Background: Multiple sclerosis(MS) is a chronic autoimmune disease characterized by multifocal demyelination and neurodegeneration of the central nervous system. The accumulation of neurodegeneration resulted in disability in patients with MS(PwMS) an...
	Methods: Forty patients with MS (PwMS, 20 males; mean age: 51±9.8 years; mean EDSS: 5.51±1) and 15 age- and gender-matched healthy controls were enrolled. All subjects performed 10-meter-walking-test (10MWT) with an accelerator attached on the waist a...
	Results: PwMS showed longer time, lower cadence, and shorter step length in both conditions than controls(p<.05 for all). Increased coactivation than controls was found in RF-BF in both MA and LA sides, while only in MA of TA-GM. PwMS walked worse(lon...
	Conclusions: The results quantified the altered walking pattern in PwMS, the situation worsen when walking in barefoot. Further, increased coactivation was found in both the proximal(RF-BF) and distal(TA-GM) levels and correlated with higher EDSS and ...
	Ai sensi del General Data Protection Regulation- Regolamento UE 2016/679 la informiamo che il titolare del trattamento dei dati è Achelois srl.
	Achelois dichiara che questi dati non saranno divulgati o rilasciati a parti terze, non strettamente coinvolte nella gestione dell’evento.
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	Background: Gait deficit is a hallmark of multiple sclerosis (MS) and the walking capacity can be improved with rehabilitation. Technological advances in biomechanics offer opportunities to assess the effects of rehabilitation objectively. Here we emp...
	Methods: Forty patients with MS (PwMS, 20 males; mean age: 51±9.8 years; mean EDSS: 5.51±1) were enrolled. All subjects performed 10-meter-walking-test (10MWT) before and after 4 weeks of intensive personalized physical rehabilitation. Clinical sympto...
	Results: The time(p<.001) and cadence(p=.01) were significantly improved after rehabilitation. CoI of RF-BF reduced in both LA sides post-treatment (p = .03). The combined effect size of our measure outcomes (0.55, Cohen d) is greater than what report...
	Conclusions: Our results showed that the improvement of walking capacity after rehabilitation in PwMS may be related to reduced coactivation of the distal muscle. Combining objective assessment allows us to better evaluate and design the personalized ...
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	Methods: 24 PwPD in M-Ms to Ss [age (mean, SD)=76.25ys±9.42; M/F=10/14; H&Y (median;IQR)=4.00;1.75] were included in a retrospective, non-pharmacological, observational study. Motor, cognitive, functional and neuropsychiatric aspects were collected in...
	Results: 87.50% of our sample reported significant reduction of functional disability at Barthel Index (BI) (p<0.001). Significant differences were also found for the Scale of Pain (p<0.001) and for the Norton Scale (p<0.001). A significant improvemen...
	Conclusions: Our findings suggest that an intensive, inpatient, multidisciplinary rehabilitation program for PwPD leads to significant short-term effects albeit in Mild-Moderate to Severe phases of Parkinson’s Disease.
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	Methods : For this exploratory study we developed 13 different interactive exercises, based on the use of small wireless inertial units (Cometa Wavetrack) placed into selected objects, and a biofeedback, presented to the child on a large LCD screen co...
	Results : All children enjoyed very much performing the activities and none experienced any adverse event. Despite the limited number of treatments, all the participants showed an increase in the results of the administered scales. The correlation amo...
	Conclusion : Despite the limited number of subjects and the few sessions, there seems to be a general improvement in performances and abilities in all participants. This is an important result which we will compare in the near future with the extended...
	Figure 1 – some pictures taken during the exercises
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	Background:Developmental Language Disorder (DLD) is the most common childhood disorder. It is becoming increasingly clear that the key to its ultimately remediation lies in understanding the early mechanisms that come into play as the developing brain...
	Methods: 27 typically developing 6-month-olds participated to this study: 13 infants participated to the early auditory intervention (INT+) whereas 14 did not (INT-). It took place in small groups of infant-caregiver pairs (N=4) for 1 hour/week for 6 ...
	Results: The results show that INT+ infants presented at age 12 months a more mature ERP pattern, characterized by shorter latency of the P1 peak and enhanced amplitude of the P2 peak. Interestingly, such ERP pattern resembled that of INT- children at...
	Conclusions: Taken together, these results provide some preliminary evidence on the efficacy of an early intervention based on active acoustic experience in modifying infants’ neuronal and electrophysiological functioning underlying auditory processin...
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	Comparison of multiple multi-compartment diffusion models in temporal lobe epilepsy
	Methods: 91 subjects including 55 TLE patients (28 left: 3310yrs, 13males; 27 right: 3910yrs, 11males) and 36 controls (338yrs, 19males) were recruited within the 3TLE project (Italian Ministry of Health, NET-2013-02355313). After temporal lobectom...
	Results: DTI detected temporal abnormalities: right inferior fronto-occipital (IFOF), inferior longitudinal (ILF) and uncinate tracts in right TLE, left parahippocampus and IFOF in left TLE. Advanced model showed the same temporal alterations plus rig...
	Conclusions: Our findings showed that different diffusion models identified the same WM alterations but parameters like axial diffusivity/kurtosis were not informative. In the most homogeneous subgroup of patients (HS), advanced models detected limbic...
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	The impact of cerebrocortical-cerebellar loops on brain dynamics in simulations using The Virtual Brain
	Methods: Pre-processed 3DT1 images, high-quality diffusion data and resting state fMRI (rs-fMRI) of 5 subjects (1male; 22-35yrs) were downloaded from the ConnectomeDB (http://db.humanconnectome.org)3.
	Results: The average correlation eFC-sFC was 0.2620.091 for cerebro-cerebellar activity and 0.2180.086 for cerebral activity, while SC-sFC was 0.2980.060 for cerebro-cerebellar activity and 0.2940.108 for cerebral activity. No significant differen...
	Conclusions: This work provides the first extension of TVB including cerebellar nodes and cerebro-cerebellar connectivity. The brain dynamics simulated by either including or excluding cerebro-cerebellar connectivity were compared, revealing that the ...
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	Along-tract quantitative analysis of arcuate fasciculus for awake glioma surgery
	Background: Currently, the application of tractography as a clinical tool is under debate, while its utility in the neurosurgical workflow is widely explored (Costabile 2019). Previous studies assessed tract infiltration on major segments or dislocati...
	Methods: A patient (F, 29y.o., right-handed) presented a diffuse astrocytoma in the left precentral, inferior and middle frontal gyri; IDH 1-mutant (p.R132H (c.395G>A, Exon 4), grade II (WHO 2016), no codeletion 1p19q, nor methylation of MGMT gene. Pa...
	Results: Bilateral AF tractography was successfully computed. In HCs and in this patient, along-tract analysis showed higher FA values on the left in comparison to the right, in frontal AF segments, suggesting preservation of microstructural integrity...
	Conclusions: The implemented AF along-tract analysis provides a valid approach for a quantitative tractography report to evaluate infiltration/dislocation in the presence of expansive masses. For future applications, the proposed approach can be appli...
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	Methods: We have applied the RT-QuIC to almost 1000 samples from patients with a neuropathological or clinical diagnosis of Creutzfeldt-Jakob disease (CJD), dementia with Lewy bodies (DLB), Alzheimer’s disease, Parkinson’s disease, and other neurologi...
	Results: In our hand the PQ-CSF RT-QuIC demonstrated a sensitivity of 82.1% and specificity of 99.4% for CJD, while the performance of the IQ-CSF RT-QuIC raised to a sensitivity of 97.2% and a specificity of 100%. We also applied the prion RT-QuIC to ...
	Conclusions: Our recent results, combined with data from other groups, confirm the high robustness and reliability of RTQuIC for the early recognition of prion diseases and highlight the diagnostic potential of the assay for prionlike neurodegenerativ...
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	Background : The glymphatic pathway is a highly organised fluid transport system constituted by the periarterial and perivenous spaces and the interposed brain parenchyma. This process is supported by the astroglial water channel aquaporin-4 (AQP4) wh...
	Methods: 30 subjects were enrolled in the study: 11 patients with AD (diagnosis according to IWG-2 criteria), 10 patients with NPH (diagnosis according to clinical and radiological data and tap-test) and 9 controls. CSF Amyloid Beta (Aβ), Tau, P-Tau a...
	Results:We found significantly reduced AQP4 levels in AD patients, a trend in reduction in NPH patients and a correlation between AQP4 and Amyloid-β CSF levels.
	Conclusions: Reduced levels of AQP4 in AD and NPH can be explained by the mislocalization of AQP4 related with the loss of perivascular AQP4 and by reduced AQP4 expression in astrocytic endfeet, described in literature. Correlation between Aβ and AQP4...
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	STUB1-related ataxia is not too rare: evidences from a multicentre Italian study.
	Background: More than 40 genetic subtypes of autosomal dominant spinocerebellar ataxias (SCAs) have been identified so far. SCA48, due to heterozygous mutations in STUB1, has recently been described in a Spanish kindred presenting with ataxia and cogn...
	Methods: We assessed the prevalence of heterozygous STUB1 mutations (SCA48) in a cohort of 235 unrelated adult-onset, autosomal dominant or sporadic patients with degenerative ataxias, negative to SCA1, 2, 3, 6, 7, 17, FRDA and FXTAS genetic testing, ...
	Results: We identified 19 patients in 10 unrelated families carrying different heterozygous mutations in STUB1. Bioinformatics analyses, reverse phenotyping and family segregation studies corroborated the pathogenicity of the novel mutations. All prob...
	Conclusions: SCA48 seems to be a not rare cause of autosomal dominant ataxia. The clinical phenotype appears more complex than initially described and this has also been confirmed in one additional Turkish and in two further North American families, w...
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	UO Neuroriabilitazione, Neuro Center, Humanitas Research Hospital, Rozzano (Mi),
	Methods: We derived the two indices using a composite two-cohort dataset of 274 acute ischemic stroke patients, discharged consecutively in 2011 (n=123) and in 2018 (n=151) from the Stroke Unit of our Institute.
	Two-months DBM was defined as the inability of independently get up from a chair and walk at least 3 metres.For the development of the FRIAS index we have used some indicators of the IPER-2.0 (Indicators for Performance Evaluation in Rehabilitation, v...
	Results: The incidence of 2-months DBM in the patient sample was 39.4%. Following a multivariate 10-fold cross-validation procedure using the Elastic Net and LASSO estimators, we found that in addition to the NIHSS score, the dependence on sitting bal...
	Conclusions: In estimating the short-term functional prognosis, the FRIAS index is more accurate and useful than the measurement of stroke severity alone, and can be used to address rehabilitation pathways tailored to care intensity needs and expected...
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	Background: More than 70 randomized controlled trials (RCTs) have been performed in amyotrophic lateral sclerosis (ALS), but most failed to prove efficacy on disease progression. This observation raises the question whether methodological issues in tr...
	Methods : PubMed was searched for all RCTs on ALS published until January 2020. The search strategy included “amyotrophic lateral sclerosis” OR “motor neuron disease” as MeSH terms, filtered for RCT and English language. Trials not using a double-blin...
	Results: Of the 74 trials meeting all the inclusion criteria, 58 trials lacked a lead-in period. The remaining 16 RCTs included a no-treatment period before randomization, but only in 2 studies it served to compare natural disease progression with pro...
	Conclusions : the innovative design of the TUDCA trial seems to provide a clear indication of efficacy, taking into account the heterogeneity of the disease progression in ALS. Although an increasing number of RCTs adopted recommendations made by an e...
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	Background: Evidence about altered body representation in action in obesity is rare 1,2. Thus, the relationship between physical impairments and mental representation of the body is still not clarified. We aimed at clarifying this scenario, by means o...
	Methods: Thirty individuals affected by severe obesity (BMI > 35), and thirty matched healthy controls (BMI < 24) were recruited. We adopted the method described in Scarpina and colleagues (2019)4: we administered the Hand Laterality Task (HLT), to ex...
	Results:  We did not observe any difference in the two groups’ performance in the HLT. Instead, in the MMC, we found a positive correlation between executed and imagined movements for both hands only for controls, but not for affected individuals. Thi...
	Conclusions: Our preliminary findings suggested that obesity does not impact body representation in general. We observed an effect related to the level of awareness implied by task3-4. These findings might have an effect on the rehabilitative and psyc...
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	The impact of nutrition on cognitive performance in a frail elderly population
	Methods:140 participants aged 65-80 years old were included; all subjects were evaluated with a comprehensive neuropsychological, anthropometric and nutritional assessment. From the assessment scores, using the statistical models for latent constructs...
	Results:In our sample, 54% of subjects have a medium-high adherence to MD and only 4% have a risk of malnutrition. The variable Nutrition was significantly associated (p<0.001) with the cognitive variable Attention/executive function showing that an i...
	Conclusions:The main result of the study is that in a sample of frail elderly Italian subjects there is a selective association of a good nutritional status related to a higher adherence to the MD, with a better performance on the neuropsychological v...
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	Cognitive and language development in treated type 1 Spinal Muscular Atrophy patients
	Background: Spinal muscular atrophy (SMA) is characterized by degeneration of spinal motor neurons, with progressive muscle atrophy and paralysis. The most common form is due to a survival motor neuron 1 (SMN1) gene defect, resulting in a marked reduc...
	Methods: We studied 20 children (aged 13-36 months) with SMA type 1, treated with innovative pharmacological therapies. The test battery included Bayley-III subscales to assess developmental skills and motor milestones classification according to WHO....
	Results: A significant correlation between cognitive, language and motor scores was found. Socio-emotional questionnaire correlated with language subtest and adaptive behavior scores. All the subjects obtained the minimum score in Bayley’s gross motor...
	Conclusions: Pharmacological treatments led to the emergence of new SMA type 1 phenotypes. Limited data are available on the correlation between the disease, motor recovery and cognitive development in these patients. A detailed assessment of the deve...
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	Methods:The first study evaluates the ability of fifteen 6-24 months old visually impaired infants to reach a vibrotactile stimulus on the body. Success in targets removal was analyzed.
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