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The impact of upper motor
neuron involvement on clinical
features, disease progression and
prognosis in amyotrophic lateral
sclerosis

Eleonora Colombo?, Francesco Gentile?, Alessio Maranzano?,
Alberto Dorettit, Federico Verde!?, Marco Olivero?,

Delia Gagliardi**, Matteo Faré>®, Megi Meneri**, Barbara Poletti?,
Luca Maderna?, Stefania Corti**, Massimo Corbo’,

Claudia Morellit, Vincenzo Silani** and Nicola Ticozzi®3*

!Department of Neurology and Laboratory of Neuroscience, IRCCS Istituto Auxologico Italiano, Milan,
Italy, 2Neurology Residency Program, Universita degli Studi di Milano, Milan, Italy, ¥DiRciFerrari Centen
Department of Pathophysiology and Transplantation, Universita degli Studi di Milano, Milan, Italy,
“Neurology Unit, Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milan, Italy,
*Department of Neurology, San Gerardo Hospital ASST, Monza, Italy, °School of Medicine and Surgery,
Universita degli Studi di Milano-Bicocca, Milan, Italy, ’Department of Neurorehabilitation Sciences, Casa
di Cura Igea (CCI), Milan, Italy

Objectives: In amyotrophic lateral sclerosis (ALS) both upper (UMNs) and lower
motor neurons (LMNs) are involved in the process of neurodegeneration,
accounting for the great disease heterogeneity. We evaluated the associations of
the burden of UMN impairment, assessed through the Penn Upper Motor Neuron
Score (PUMNS), with demographic and clinical features of ALS patients to define
the independent role of UMN involvement in generating disease heterogeneity,
predicting disease progression and prognosis.

Methods: We collected the following clinical parameters on a cohort of 875 ALS
patients: age and site of onset, survival, MRC scale, lower motor neuron score
(LMNS), PUMNS, ALSFRS-R, change in ALSFRS-R over time (DFS), MITOS and
King's staging systems (KSS). Transcranial magnetic stimulation was performed on
a subgroup of patients and central motor conduction time (CMCT) and cortical
silent period (CSP) were calculated.

Results: We observed that patients with an earlier age at onset and bulbar onset
had higher PUMNS values. Higher values were also associated to lower ALSFRS-R
and to higher DFS scores, as well as to higher MITOS and KSS, indicating that
a greater UMN burden correlates with disease severity. Conversely, we did not
appreciate any association between UMN involvement and survival or markers of
LMN impairment. Moreover, PUMNS values showed a positive association with
CMCT and a negative one with CSP values.

Interpretation: Our results suggest that the burden of UMN pathology, assessed
through PUMNS, has an important independent role in defining clinical
characteristics, functional disability, disease progression and prognosis in ALS
patients. We also support the role of TMS in defining severity of UMN involvement.
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Objective: No treatments are approved for Becker muscular dystrophy (BMD).
This study investigated the efficacy and safety of givinostat, a histone deacetylase
pan-inhibitor, in adults with BMD.

Methods: Males aged 18-65 years with a diagnosis of BMD confirmed by genetic
testing were randomized 2:1 to 12 months treatment with givinostat or placebo. The
primary objective was to demonstrate statistical superiority of givinostat over placebo
for mean change from baseline in total fibrosis after 12 months. Secondary efficacy
endpoints included other histological parameters, magnetic resonance imaging and
spectroscopy (MRl and MRS) measures, and functional evaluations.

Results: Of 51 patients enrolled, 44 completed treatment. At baseline, there was
greater disease involvement in the placebo group than givinostat, based on total
fibrosis (mean 30.8 vs. 22.8%) and functional endpoints. Mean total fibrosis did not
change from baseline in either group, and the two groups did not differ at Month
12 (least squares mean [LSM] difference 1.04%; p = 0.8282). Secondary histology
parameters, MRS, and functional evaluations were consistent with the primary. MRI fat
fraction in whole thigh and quadriceps did not change from baseline in the givinostat
group, but values increased with placebo, with LSM givinostat—placebo differences
at Month 12 of —1.35% (p = 0.0149) and —1.96% (p = 0.0022), respectively. Adverse
events, most mild or moderate, were reported by 88.2% and 52.9% patients receiving
givinostat and placebo.

Conclusion: The study failed to achieve the primary endpoint. However, there was
a potential signal from the MRI assessments suggesting givinostat could prevent (or
slow down) BMD disease progression.

KEYWORDS

Becker muscular dystrophy, therapy, disease progression, fibrosis, magnetic resonance
imaging (MRI)
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Abstract: Cerebrovascular diseases represent a leading cause of disability, morbidity, and death
worldwide. In the last decade, the advances in endovascular procedures have not only improved
acute ischemic stroke care but also conceded a thorough analysis of patients’ thrombi. Although
early anatomopathological and immunohistochemical analyses have provided valuable insights into
thrombus composition and its correlation with radiological features, response to reperfusion therapies,
and stroke etiology, these results have been inconclusive so far. Recent studies applied single- or multi-
omic approaches—such as proteomics, metabolomics, transcriptomics, or a combination of these—to
investigate clot composition and stroke mechanisms, showing high predictive power. Particularly, one
pilot studies showed that combined deep phenotyping of stroke thrombi may be superior to classic
clinical predictors in defining stroke mechanisms. Small sample sizes, varying methodologies, and
lack of adjustments for potential confounders still represent roadblocks to generalizing these findings.
However, these techniques hold the potential to better investigate stroke-related thrombogenesis
and select secondary prevention strategies, and to prompt the discovery of novel biomarkers and
therapeutic targets. In this review, we summarize the most recent findings, overview current strengths
and limitations, and present future perspectives in the field.

Keywords: ischemic stroke; thrombi; clots; proteomics; metabolomics; transcriptomics; multiomic;
large vessel occlusion; thrombectomy

1. Introduction

The etiological diagnosis of acute ischemic stroke (AIS) subtypes is paramount to
drive accurate secondary prevention strategies (such as anticoagulation in cardioembolic
stroke—CE, associated with atrial fibrillation or antiplatelets in large artery atherosclerosis
stroke—LAA), and to avoid recurrences. Undetermined stroke accounts for at least one-
third of stroke patients [1], and up to 50% in certain subpopulations (e.g., cancer patients) [2],
posing several challenges regarding secondary prevention.

In the last decade, the number of endovascular thrombectomy (EVT) interventions
in patients with stroke and large vessel occlusions (LVOs) has dramatically increased
following positive findings from crucial clinical trials [3], enabling histological, biochemical,
and structural analysis of retrieved thrombi [4]. These analyses have correlated thrombi
composition with histological and immunohistochemical methods with EVT recanalization
rates, response to intravenous thrombolysis (IVT), radiological features, stroke severity,
and functional outcomes. In addition, the cellular and molecular characteristics of cerebral
thrombi are heterogeneous and provide information about their etiology [4]. Early studies
investigated mainly red blood cells (RBCs), fibrin, and platelets [4,5], while more recent
reports measured other components such as leukocytes, von Willebrand factor (VWEF), and
neutrophil extracellular traps (NETs) [6-8]. Particularly, two studies found that CE thrombi
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Abstract: Lafora disease is a rare genetic disorder characterized by a disruption in glycogen metabolism.
It manifests as progressive myoclonus epilepsy and cognitive decline during adolescence. Pathog-
nomonic is the presence of abnormal glycogen aggregates that, over time, produce large inclusions
(Lafora bodies) in various tissues. This study aims to describe the clinical and histopathological
aspects of a novel Lafora disease patient, and to provide an update on the therapeutical advancements
for this disorder. A 20-year-old Libyan boy presented with generalized tonic—clonic seizures, sporadic
muscular jerks, eyelid spasms, and mental impairment. Electroencephalography showed multiple
discharges across both brain hemispheres. Brain magnetic resonance imaging was unremarkable.
Muscle biopsy showed increased lipid content and a very mild increase of intermyofibrillar glycogen,
without the polyglucosan accumulation typically observed in Lafora bodies. Despite undergoing
three lines of antiepileptic treatment, the patient’s condition showed minimal to no improvement.
We identified the homozygous variant c¢.137G>A, p.(Cys46Tyr), in the EPM2B/NHLRC1 gene, con-
firming the diagnosis of Lafora disease. To our knowledge, the presence of lipid aggregates without
Lafora bodies is atypical. Lafora disease should be considered during the differential diagnosis of
progressive, myoclonic, and refractory epilepsies in both children and young adults, especially when
accompanied by cognitive decline. Although there are no effective therapies yet, the development of
promising new strategies prompts the need for an early and accurate diagnosis.

Keywords: Lafora disease; therapeutic strategies; EPM2B; EPM2A; tonic—clonic seizures; Lafora
bodies; laforin; malin

1. Introduction

Lafora disease (LD, OMIM #254780) is a rare, autosomal, recessive, neurodegenerative
disorder, belonging to a group of epilepsies defined as progressive myoclonus epilepsies
(PMEs) [1]. It has an estimated prevalence of approximately four cases per one million
individuals and it occurs most frequently in Mediterranean countries, South India, North
Africa, and the Middle East [2]. Early LD symptoms may appear during late childhood or
adolescence and typically include myoclonus, visual seizures, hallucinations, generalized
tonic—clonic seizures, muscle wasting, behavioral changes, dysarthria, depression, and
cognitive decline [3-5]. The clinical phenotype invariably worsens over time, resulting in a
fatal outcome within 10 years of symptom onset [6].
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Introduction: SOD1 was the first gene associated with both familial and sporadic
forms of amyotrophic lateral sclerosis (ALS) and is the second most mutated gene
in Caucasian ALS patients. Given their high clinical and molecular heterogeneity, a
detailed characterization of SOD1-ALS patients could improve knowledge about
the natural history of this disease. Here, the authors aimed to provide a clinical
and molecular description of a monocentric cohort of SOD1-ALS patients.

Methods: Amyotrophic lateral sclerosis (ALS) patients referring to the neurology
unit of our center between 2008 and 2021 were clinically assessed and underwent
molecular testing for SOD1. Segregation studies in available family members and
in silico analysis were performed to sustain the pathogenicity of the identified
SOD1 variants.

Results: Among the 576 patients in our cohort, we identified 19 individuals
harboring a mutation in SOD1 (3.3%), including 15 (78.9%) with a familial and four
(21.1%) with a sporadic form. The spinal onset of the disease was observed in
all patients, and survival was extremely variable, ranging from 8months to over
30years. Twelve different SODI missense variants were identified in our cohort,
including one novel mutation (p.Pro67Leu).

Discussion: In the present series, we provided the first description of an Italian
monocentric cohort of SODI1-ALS patients, and we expanded the repertoire of
SOD1 mutations. Our cohort presents several remarkable features, including
variable expressivity in the same family, atypical presentation (ataxia, cognitive
impairment, and other extra-motor symptoms), and different modes of inheritance
of a given mutation in the same family. Given the recent authorization of SOD1-
directed antisense oligonucleotide for use in SOD1-ALS patients, we recommend
prompt screening for SOD1 mutations in novel ALS patients with familiar or
sporadic presentations.

amyotrophic lateral sclerosis, superoxide dismutase, SOD1-ALS, cohort, SOD1 variants
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Abstract: Introduction/Aims HyperCKemia is considered a hallmark of neuromuscular diseases. It
can be either isolated or associated with cramps, myalgia, weakness, myoglobinuria, or rhabdomyoly-
sis, suggesting a metabolic myopathy. The aim of this work was to investigate possible genetic causes
in order to help diagnose patients with recurrent hyperCKemia or clinical suspicion of inherited
metabolic myopathy. Methods A cohort of 139 patients (90 adults and 49 children) was analyzed
using a custom panel containing 54 genes associated with hyperCKemia. Results A definite genetic di-
agnosis was obtained in 15.1% of cases, while candidate variants or variants of uncertain significance
were found in a further 39.5%. Similar percentages were obtained in patients with infantile or adult
onset, with some different causative genes. RYR1 was the gene most frequently identified, either with
single or compound heterozygous variants, while ETFDH variants were the most common cause for
recessive cases. In one patient, mMRNA analysis allowed identifying a large LPIN1 deletion missed by
DNA sequencing, leading to a certain diagnosis. Conclusion These data confirm the high genetic
heterogeneity of hyperCKemia and metabolic myopathies. The reduced diagnostic yield suggests
the existence of additional genes associated with this condition but also allows speculation that a
significant number of cases presenting with hyperCKemia or muscle symptoms are due to extrinsic,
not genetic, factors.

Keywords: hyperCKemia; creatine kinase; rhabdomyolysis; skeletal muscle damage; Next Generation
Sequencing (NGS); myoglobinuria
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NOTCH2NLC GGC repeats
are not expanded in Italian
amyotrophic lateral sclerosis
patients
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Repeat expansions in genes other than C9orf72 and ATXN2 have been recently associated with
Amyotrophic Lateral Sclerosis (ALS). Indeed, an abnormal number of GGC repeats in NOTCH2NLC has
been recently reported in 0.7% of sporadic ALS patients from mainland China. This finding was not
confirmed in an ALS cohort of subjects from Taiwan. As the involvement of expanded NOTCH2NLC
alleles in ALS is debated, we addressed this point by evaluating NOTCH2NLC repeat expansions in an
Italian cohort of ALS patients. A screening analysis of NOTCH2NLC GGC repeats was performed by
repeat-primed polymerase chain reaction (RP-PCR) in a cohort of 385 probable/definite ALS Italian
patients. Mean age at onset was 60.5 years (SD 13.7), and 60.9% were males. Sporadic cases were
357 (92.7%), and most patients had a spinal onset (71.8%). None of our patients showed the typical
sawtooth tail pattern on RP-PCR, thus excluding abnormal repeat expansion in NOTCH2NLC. Overall,
we suggest that NOTCH2NLC expanded alleles might be absent or at least extremely rare in ALS
Italian patients. Further investigations in larger cohorts with different ethnic backgrounds are required
to support the involvement of NOTCH2NLC in ALS.

The Notch 2 N-terminal like C gene (NOTCH2NLC), located at chromosome 1q21, differs from the other
two human NOTCH2 paralogs (NOTCH2NLA and NOTCH2NLB) for the presence of a repeat sequence
(GGC)9(GGA)2(GGC)2 in the 5" untranslated region (UTR), and for its enhanced expression in brain, especially
in the prefrontal cortex"?. Starting from 2019, NOTCH2NLC GGC repeat expansions in the 5'-UTR were found
in patients affected by neuronal intranuclear inclusion disease (NIID), a neurodegenerative disorder character-
ized by eosinophilic, p62 and ubiquitin-positive intranuclear inclusions diffuse to different tissues, including the
central and peripheral nervous systems®®. NIID is a heterogeneous disorder characterized by a variety of neuro-
logical signs and symptoms, including cognitive impairment, parkinsonism, tremor, cerebellar ataxia, epilepsy,
peripheral neuropathy, and autonomic dysfunction®®. NIID is traditionally classified in three main types based
on the predominant neurological features, namely muscle weakness-dominant, parkinsonism-dominant, and
dementia-dominant®>. NOTCH2NLC GGC repeat expansions have been reported in all these three forms, with
a higher repeat size in the muscle weakness-dominant type’. An almost pathognomonic magnetic resonance
imaging (MRI) marker of NIID is represented by a curvilinear hyperintensity at the corticomedullary junction
at diffusion weighted imaging (DWI) sequences. However, its sensitivity is limited?.

By employing long-read sequencing (LRS), repeat-primed polymerase chain reaction (RP-PCR) and GC-rich
PCR, the screening of NOTCH2NLC GGC repeat expansions has been rapidly extended to a variety of neuro-
logical disorders, including oculopharyngodistal myopathy (OPDM)*'’, Parkinson’s disease (PD)!!!6, essential
tremor (ET)*17-22, multiple system atrophy (MSA)!*?*, spinocerebellar ataxia (SCA)>!%, dementia [i.e., Alz-
heimer disease (AD), frontotemporal dementia (FTD), dementia with Lewy bodies (DLB), vascular dementia
(VaD)]>**%, hereditary spastic paraplegia (HSP), peripheral neuropathy®>?*-*°, adult leukoencephalopathy?'—*,
and specifically cerebral small vessel disease**. However, the results of these studies have been spurious, so that
the pathogenic role of NOTCH2NLC in neurological disorders beyond NIID is still debated.

INeuroscience Section, Department of Pathophysiology and Transplantation, (Dino Ferrari Center, University
of Milan, Milan, Italy. 2Neurology Unit, Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milan,
Italy. *Neuromuscular and Rare Disease Unit, Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milan,
Italy. “’email: dario.ronchi@unimi.it
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Abstract: Spinal muscular atrophy (SMA) is a neuromuscular disease resulting from mutations or
deletions in SMNT1 that lead to progressive death of alpha motor neurons, ultimately leading to
severe muscle weakness and atrophy, as well as premature death in the absence of treatment. Recent
approval of SMN-increasing medications as SMA therapy has altered the natural course of the disease.
Thus, accurate biomarkers are needed to predict SMA severity, prognosis, drug response, and overall
treatment efficacy. This article reviews novel non-targeted omics strategies that could become useful
clinical tools for patients with SMA. Proteomics and metabolomics can provide insights into molecular
events underlying disease progression and treatment response. High-throughput omics data have
shown that untreated SMA patients have different profiles than controls. In addition, patients who
clinically improved after treatment have a different profile than those who did not. These results
provide a glimpse on potential markers that could assist in identifying therapy responders, in tracing
the course of the disease, and in predicting its outcome. These studies have been restricted by
the limited number of patients, but the approaches are feasible and can unravel severity-specific
neuro-proteomic and metabolic SMA signatures.

Keywords: antisense oligonucleotide; cerebrospinal fluid; proteome; metabolome; nusinersen; spinal
muscular atrophy

1. Introduction

Spinal muscular atrophy (SMA) is a neurodegenerative disorder caused by mutations
in SMN1 that determine a reduction in SMN protein [1,2] and a resulting loss of alpha motor
neurons (MNs) in the brainstem and spinal cord, followed by progressive muscle weakness
and atrophy, as well as early death [1,2]. Three types of pediatric SMA are recognized
(types 1 to 3), as well as two less frequent types, prenatal (type 0) and adult (type 4) [1,2].

The full-length SMN mRNA is translated into a ubiquitously expressed 38-kDa pro-
tein [1,2]. The SMN protein is located inside the cytoplasm of various types of cells and
in nuclear punctuated structures within the nucleus called gems. In fibroblasts from SMA
patients, more gems are detected, less severe is the disease [1,2]. In neurons, SMN is present
in axonal granules and moves bidirectionally at a rapid rate [1,2]. Recent studies have
provided further insight into the role of SMN in cellular compartments and its association
with disease progression in SMA patients [1,2].
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Cognitive abnormalities in Becker muscular dystrophy: a mysterious
link between dystrophin deficiency and executive functions
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Abstract

Background Distrophinopathies are a heterogeneous group of neuromuscular disorders due to mutations in the DMD gene.
Different isoforms of dystrophin are also expressed in the cerebral cortex and Purkinje cells. Despite cognitive abnormalities
in Duchenne muscular dystrophy subjects that have been described in the literature, little is known about a comprehensive
cognitive profile in Becker muscular dystrophy patients.

Aim The aim of this study was to assess cognitive functioning in Becker muscular dystrophy patients by using an extensive
neuropsychological battery. Our hypothesis is that the most impaired functions are the highly intentional and conscious ones,
such as working memory functions, which require a prolonged state of cellular activation.

Methods We performed an extensive neuropsychological assessment on 28 Becker muscular dystrophy patients from 18
to 65 years old. As control subjects, we selected 20 patients with limb-girdle muscular dystrophy, whose clinical picture
was similar except for cognitive integrity. The evaluation, although extended to all areas, was focused on prefrontal control
skills, with a distinction between inhibitory processes of selective attention and activating processes of working memory.
Results and conclusions Significant underperformances were found exclusively in the Dual Task and PASAT tests, to dem-
onstrate a selective impairment of working memory that, while not causing intellectual disability, reduces the intellectual
potential of patients with Becker muscular dystrophy.

Keywords Becker muscular dystrophy - Cognition - Neuropsychological tests - Executive functions

Introduction

Dystrophinopathies are related to the absence (Duchenne
muscular dystrophy, DMD) or to the partial deficiency
(Becker muscular dystrophy, BMD) of the dystrophin
protein, encoded by the DMD gene on chromosome X.
Although dystrophin is mainly expressed in the skeletal
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muscle, different isoforms are also expressed in other tis-
sues, including the brain. The massive gene of dystrophin
contains in fact a set of tightly regulated promoters that gen-
erate eight cell-specific protein isoforms, which all share the
same C-terminal domain but start from different N-terminal
domains [1]. In neural cells, no less than five isoforms of
dystrophin are expressed: two full-length isoforms, cerebel-
lar dystrophin and cortical dystrophin, and three short-form
isoforms: Dp140, Dp116, and Dp71, which are the most
abundant in the brain [2]. The function of all dystrophin
isoforms in the brain is not entirely understood yet, but they
appear to be involved in myelination during neural develop-
ment [3], synaptic modulation [4], and neuronal differentia-
tion through neuritis growth [5] as well as in cellular energy
metabolism [6]. Their complete or partial loss in DMD and
BMD seems to underlie the great variability of cognitive
deficits observed in these individuals. Many studies in fact
show a correlation between the risk of cognitive impairment
in both DMD and BMD and cumulative loss of functional
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Prominent muscle involvement in
a familial form of mitochondrial
disease due to a COAS8 variant
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Isolated mitochondrial respiratory chain Complex IV (Cytochrome ¢ Oxidase or
COX) deficiency is the second most frequent isolated respiratory chain defect.
Causative mutations are mainly identified in structural COX subunits or in proteins
involved in the maturation and assembly of the COX holocomplex. We describe an
[talian familial case of mitochondrial myopathy due to a variant in the COX
assembly factor 8 gene (COAS8). Patient 1 is a 52-year-old woman who
presented generalized epilepsy and retinitis pigmentosa at 10 years of age.
From her early adulthood she complained about cramps and myalgia after
exercise, and bilateral hearing loss emerged. Last neurological examination
(52 years of age) showed bilateral ptosis, muscle weakness, peripheral
neuropathy, mild dysarthria and dysphonia, cognitive impairment. Muscle
biopsy had shown the presence of ragged-red fibers. Patient 2 (Patient 1's
sister) is a 53-year-old woman presenting fatigability, myalgia, and hearing loss.
Neurological examination showed ptosis and muscle weakness. Muscle biopsy
displayed a diffuse reduction of COX activity staining and ragged-red fibers. Both
sisters presented secondary amenorrhea. After ruling out mtDNA mutations,
Whole Exome Sequencing analysis identified the novel homozygous COAS8
defect ¢.170_173dupGACC, p.(Pro59fs) in the probands. Loss-of-function
COA8 mutations have been associated with cavitating leukoencephalopathy
with COX deficiency in 9 reported individuals. Disease course shows an early-
onset rapid clinical deterioration, affecting both cognitive and motor functions
over months, followed by stabilization and slow improvement over several years.
Our findings expand the clinical spectrum of COA8-related disease. We confirm
the benign course of this rare disorder, highlighting its (intrafamilial) clinical
variability.
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A biallelic variant in COX18 cause isolated Complex IV
deficiency associated with neonatal encephalo-cardio-
myopathy and axonal sensory neuropathy
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Pathogenic variants impacting upon assembly of mitochondrial respiratory chain Complex IV (Cytochrome c Oxidase or COX)
predominantly result in early onset mitochondrial disorders often leading to CNS, skeletal and cardiac muscle manifestations. The
aim of this study is to describe a molecular defect in the COX assembly factor gene COX18 as the likely cause of a neonatal form of
mitochondrial encephalo-cardio-myopathy and axonal sensory neuropathy. The proband is a 19-months old female displaying
hypertrophic cardiomyopathy at birth and myopathy with axonal sensory neuropathy and failure to thrive developing in the first
months of life. Serum lactate was consistently increased. Whole exome sequencing allowed the prioritization of the unreported
homozygous substitution NM_001297732.2:c.667 G > C p.(Asp223His) in COX18. Patient’s muscle biopsy revealed severe and diffuse
COX deficiency and striking mitochondrial abnormalities. Biochemical and enzymatic studies in patient’s myoblasts and in HEK293
cells after COX18 silencing showed a severe impairment of both COX activity and assembly. The biochemical defect was partially
rescued by delivery of wild-type COX78 cDNA into patient’s myoblasts. Our study identifies a novel defect of COX assembly and
expands the number of nuclear genes involved in a mitochondrial disorder due to isolated COX deficiency.

European Journal of Human Genetics (2023) 31:1414-1420; https://doi.org/10.1038/s41431-023-01433-6

INTRODUCTION

Cytochrome c oxidase (COX or Complex V) is the terminal enzyme
in the mitochondrial respiratory chain. Mammalian COX is a
multisubunit enzyme composed of 14 subunits: the three core
subunits MT-CO1, MT-CO2 and MT-CO3 are encoded by mito-
chondrial DNA (mtDNA), while the remaining structural subunits
are imported into mitochondria after the cytosolic translation of
the respective nuclear genes [1].

COX deficiency (MIM#220110) is a primary mitochondrial
presentation associated with severe isolated reduction of Complex
IV activity leading to impaired OXPHOS metabolism in the affected
tissues. Molecular defects are mainly identified in nuclear or
mtDNA genes encoding for structural COX subunits or in nuclear
genes encoding for proteins involved in the maturation and
assembly of the COX holocomplex. Pathogenic variants in several
COX assembly genes mainly result in neonatal or childhood onset
disorders featuring severe COX deficiency in muscle, brain and,
rarely, liver [2]. Hypertrophic cardiomyopathy has been also
frequently observed in these disorders (Supplementary Table 1).

COX18 encodes for a mitochondrial protein proposed to play a
role in the maturation of MT-CO2 (COX-Il) subunit [3, 4]. Genetic
inactivation of COX78 in eukaryotic models abolished COX
assembly and activity [4], but no COX18 variants have been
detected in patients with isolated COX deficiency so far [5].

Here we describe the first association between a molecular
defect in COX18 and a mitochondrial disorder characterized by
neonatal hypertrophic cardiomyopathy followed by signs of
infantile myopathy and axonal polyneuropathy with predominant
affection of sensory fibers.

METHODS

The subject underwent several pediatric metabolic evaluations, neurological
examinations, cardiological assessments, brain MRI, and neurophysiological
studies. Blood samples and a muscle biopsy were collected. The Ethics
Committee of the IRCCS Foundation Ca’ Granda Ospedale Maggiore Policlinico
(Milan, Italy) approved the study. Written informed consent for publication of
clinical details and images were obtained from patient’s parents.
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Ischemic optic neuropathy as first GEE

presentation in patient with m.3243 A>G
MELAS classic mutation

Simone Scarcella'?!, Laura Dell'Arti®*", Delia Gagliardi'?, Francesca Magri?, Alessandra Govoni', Daniele Velardo',
Claudia Mainetti*, Valeria Minorini?, Dario Ronchi'#, Daniela Piga?, Giacomo Pietro Comi'#, Stefania Corti'? and
Megi Meneri'?"

Abstract

Background Mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes (MELAS) syndrome is a sys-
temic disorder in which multi-organ dysfunction may occur from mitochondrial metabolism failure. Maternally inher-
ited mutations in the MT-TL1 gene are the most frequent causes for this disorder. Clinical manifestations may include
stroke-like episodes, epilepsy, dementia, headache and myopathy. Among these, acute visual failure, usually in asso-
ciation with cortical blindness, can occur because of stroke-like episodes affecting the occipital cortex or the visual
pathways. Vision loss due to optic neuropathy is otherwise considered a typical manifestation of other mitochondrial
diseases such as Leber hereditary optic neuropathy (LHON).

Case presentation Here we describe a 55-year-old woman, sister of a previously described patient with MELAS
harbouring the m.3243A> G (p.0, MT-TL1) mutation, with otherwise unremarkable medical history, that presented
with subacute, painful visual impairment of one eye, accompanied by proximal muscular pain and headache. Over
the next weeks, she developed severe and progressive vision loss limited to one eye. Ocular examination confirmed
unilateral swelling of the optic nerve head; fluorescein angiography showed segmental perfusion delay in the optic
disc and papillary leakage. Neuroimaging, blood and CSF examination and temporal artery biopsy ruled out neuro-
inflammatory disorders and giant cell arteritis (GCA). Mitochondrial sequencing analysis confirmed the m.3243A>G
transition, and excluded the three most common LHON mutations, as well as the m.3376G > A LHON/MELAS overlap
syndrome mutation. Based on the constellation of clinical symptoms and signs presented in our patient, includ-

ing the muscular involvement, and the results of the investigations, the diagnosis of optic neuropathy as a stroke-like
event affecting the optic disc was performed. L-arginine and ubidecarenone therapies were started with the aim

to improve stroke-like episode symptoms and prevention. The visual defect remained stable with no further progres-
sion or outbreak of new symptoms.

Conclusions Atypical clinical presentations must be always considered in mitochondrial disorders, even in well-
described phenotypes and when mutational load in peripheral tissue is low. Mitotic segregation of mitochondrial
DNA (mtDNA) does not allow to know the exact degree of heteroplasmy existent within different tissue, such as retina
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middle-aged woman harbouring MELAS classic mutation,
possibly secondary to a stroke-like event affecting the optic
nerve. The pathogenesis of this SLE could be in our opinion
better explained by the angiopathy existent within MELAS,
thus needed to be separated from the pathogenesis of a
classic NAION. In our opinion, the simultaneous onset
of diffuse muscular pain, typical for myopathic involve-
ment within mitochondrial disorders, further supports this
hypothesis. L-arginine and ubidecarenone therapies were
therefore started to improve stroke-like episode symptoms
and prevention of new ones, as well as avoiding the involve-
ment of the other eye. After the initiation of therapy we did
not assist to further progression of symptoms or to the out-
break of new possible ones.

This is the second case of a possible SLE described in
a carrier of mutation m.3243A >G with swollen optic
disc; previously, a case with bilateral transient optic disc
oedema was described [10]. However, differently from
our case, the recovery of the visual acuity was complete.
Considering that SLE may be at least partially reversible,
the authors speculated that a similar phenomenon had
occurred in their patient [10].

In conclusion, atypical clinical presentations must be
always considered in mitochondrial disorders, even in
well-described phenotypes and even if mutational load
in peripheral tissue (that are easily accessible for analy-
sis) is low. Indeed, the stochastic mitotic segregation of
mtDNA molecules does not allow to foresee the exact
degree of heteroplasmy existent within different tissues,
such as retina and optic nerve. As a consequence, impor-
tant therapeutic implications arise from a correct diagno-
sis of atypical presentations of mitochondrial disorders.

In conclusion, mitochondrial gene mutations may pre-
sent not only with different and less frequently atypi-
cal phenotypes, but they may also be considered as an
adjunctive risk factor for ischemic events. In this case, we
think that better knowledge of the genetic background
could help not only in a correct diagnosis, but also for a
tempestive and tailored therapy.

Abbreviations

ADC Apparent diffusion coefficient
BBB Blood barrier brain

CNS Central nervous system

CRP C reactive protein

CSF Cerebrospinal fluid

DWI Diffusion weighted imaging
ESR Erythrocyte sedimentation rate
ETC Electron transport chain

FA Fluorescein angiography

FAF Fundus autofluorescence
FDG-PET  Fludeoxyglucose positron emission tomography

FLAIR Fluid-attenuated inversion recovery
GCA Giant cell arteritis
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LHON Leber hereditary optic neuropathy

MELAS Mitochondrial encephalomyopathy, lactic acidosis, and stroke-like
episodes syndrome

MOG Myelin oligodendrocyte glycoprotein

MRI Magnetic resonance imaging

MS Multiple sclerosis

mtDNA Mitochondrial DNA

MT-TL1 Mitochondrially encoded tRNA leucine 1

NAION Non-arteritic ischemic optic neuropathy

NMO Neuromyelitis optica

NMOSD  Neuromyelitis optica spectrum disorders

oCcT Ocular coherence tomography

PCR Polymerase chain reaction

RE Right eye

RNFL Retinal nerve fiber layer

SLE Stroke-like episode

STIR Short tau inverion recovery

tRNA Transfer RNA
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siblings affected by Brody
myopathy
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Exercise-induced muscle stiffness is the hallmark of Brody disease, an autosomal
recessive myopathy due to biallelic pathogenic variants in ATP2A1, encoding the
sarcoplasmic/endoplasmic reticulum Ca?* ATPase SERCAL. About 40 patients have
been reported so far. Our knowledge about the natural history of this disorder,
genotype—phenotype correlations and the effect of symptomatic treatment is
partial. This results in incomplete recognition and underdiagnosis of the disease.
Here, we report the clinical, instrumental, and molecular features of two siblings
presenting childhood-onset exercise-induced muscle stiffness without pain.
Both the probands display difficulty in climbing stairs and running, frequent
falls, delayed muscle relaxation after exertion. Cold temperatures worsen these
symptoms. No myotonic discharges were observed at electromyography. Whole
Exome Sequencing analysis in the probands revealed the presence of two ATP2A1
variants: the previously reported frameshift microdeletion c.2464delC and the
likely pathogenic novel splice-site variant c.324+1G>A, whose detrimental effect
was demonstrated in ATP2AL transcript analysis. The bi-allelic inheritance was
verified by Sanger sequencing in the unaffected parents. This study expands the
molecular defects associated with Brody myopathy.

Brody myopathy, SERCA1, ATP2A1, WES, neuromuscular disorder

1. Introduction

Brody Myopathy (BM, MIM # 601003) is a muscle disorder characterized by childhood
onset exercise-induced progressive impairment of muscle relaxation, stiffness, cramps, and
myalgia, predominantly in upper and lower limbs and face (eyelids). Symptoms generally
improve after a few minutes of rest and may be exacerbated by cold. This disorder is recessively
inherited and associated with pathogenic variants in the ATP2A1 gene encoding for the
Sarco(Endoplasmic) Reticulum Calcium ATPase protein SERCAL1 (1-3).

SERCAL catalyzes the ATP-dependent uptake of Ca** from the cytosol to sarcoplasmic
reticulum taking part in the regulation of calcium levels in the sarcoplasmic reticulum and
therefore muscle contraction (4, 5). In Brody myopathy patients, the activity of SERCA1 in type
II muscle fibres is reduced, resulting in delayed muscle relaxation, silent cramps, muscle
weakness and muscle atrophy. The reduction of SERCA1 activity has been documented in

01 frontiersin.org
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ARTICLE INFO ABSTRACT
ATtiCl_e history: Due to poor data in literature, we aimed to investigate the respiratory function in a large cohort of naive
Received 3 September 2023 Italian adult (>18 years) SMA patients in a multi-centric cross-sectional study. The following respiratory

Revised 3 October 2023
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parameters were considered: forced vital capacity (FVC), forced expiratory volume in one second (FEV1)
and need for non-invasive ventilation (NIV). We included 145 treatment-naive adult patients (SMA2=18,
SMA3=125; SMA4=2), 58 females (40 %), with median age at evaluation of 37 years (range 18-72). Fifty-

Keywords: six (37 %) and 41 (31 %) patients had abnormal (<80 %) values of FVC and FEV1, respectively. Fourteen
Spinal muscular atrophy (14 %) patients needed NIV, started at median age of 21 (range 4-68). Motor function, measured by
Spirometry Hammersmith Functional Motor Scale Expanded and Revised Upper Limb Module as well as SMA2, loss of

Respiratory function

FvC

Non-invasive ventilation
Outcome measure

walking ability, surgery for scoliosis, use of NIV, and cough assisting device (CAD) were all significantly
associated to lower FVC and FEV1 values, while no association with age at baseline, disease duration,
gender or 6 min walking test was observed, except for a correlation between FVC and age in SMA3
walkers (p < 0.05). In conclusion, respiratory function in adult SMA patients is relatively frequently
impaired, substantially stable, and significantly correlated with motor function and disease severity.

© 2023 Elsevier B.V. All rights reserved.
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Multi-omics profiling of CSF from spinal muscular atrophy type 3
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Abstract

Spinal muscular atrophy (SMA) is a neurodegenerative disorder caused by mutations in the SMN1 gene resulting in reduced
levels of the SMN protein. Nusinersen, the first antisense oligonucleotide (ASO) approved for SMA treatment, binds to the
SMN?2 gene, paralogue to SMNI, and mediates the translation of a functional SMN protein. Here, we used longitudinal high-
resolution mass spectrometry (MS) to assess both global proteome and metabolome in cerebrospinal fluid (CSF) from ten
SMA type 3 patients, with the aim of identifying novel readouts of pharmacodynamic/response to treatment and predictive
markers of treatment response. Patients had a median age of 33.5 [29.5; 38.25] years, and 80% of them were ambulant at
time of the enrolment, with a median HFMSE score of 37.5 [25.75; 50.75]. Untargeted CSF proteome and metabolome were
measured using high-resolution MS (nLC-HRMS) on CSF samples obtained before treatment (T0) and after 2 years of follow-
up (T22). A total of 26 proteins were found to be differentially expressed between TO and T22 upon VSN normalization and
LIMMA differential analysis, accounting for paired replica. Notably, key markers of the insulin-growth factor signaling path-
way were upregulated after treatment together with selective modulation of key transcription regulators. Using CombiROC
multimarker signature analysis, we suggest that detecting a reduction of SEMAG6A and an increase of COL1A2 and GRIA4
might reflect therapeutic efficacy of nusinersen. Longitudinal metabolome profiling, analyzed with paired ¢-Test, showed a
significant shift for some aminoacid utilization induced by treatment, whereas other metabolites were largely unchanged.
Together, these data suggest perturbation upon nusinersen treatment still sustained after 22 months of follow-up and confirm
the utility of CSF multi-omic profiling as pharmacodynamic biomarker for SMA type 3. Nonetheless, validation studies are
needed to confirm this evidence in a larger sample size and to further dissect combined markers of response to treatment.

Keywords Spinal muscular atrophy - Antisense oligonucleotides - Proteomic - Metabolomic
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Abstract

Mitofusin-2 (MFNZ2) is an outer mitochondrial membrane protein essential for mitochondrial networking in most cells. Auto-
somal dominant mutations in the MFN2 gene cause Charcot—Marie—Tooth type 2A disease (CMT2A), a severe and disabling
sensory-motor neuropathy that impacts the entire nervous system. Here, we propose a novel therapeutic strategy tailored to
correcting the root genetic defect of CMT2A. Though mutant and wild-type MFN2 mRNA are inhibited by RNA interference
(RNAI), the wild-type protein is restored by overexpressing cDNA encoding functional MFN2 modified to be resistant to
RNAI. We tested this strategy in CMT2A patient-specific human induced pluripotent stem cell (iPSC)-differentiated motor
neurons (MNs), demonstrating the correct silencing of endogenous MFN2 and replacement with an exogenous copy of the
functional wild-type gene. This approach significantly rescues the CMT2A MN phenotype in vitro, stabilizing the altered
axonal mitochondrial distribution and correcting abnormal mitophagic processes. The MFN2 molecular correction was also
properly confirmed in vivo in the MitoCharcl CMT2A transgenic mouse model after cerebrospinal fluid (CSF) delivery of the
constructs into newborn mice using adeno-associated virus 9 (AAV9). Altogether, our data support the feasibility of a com-
bined RNAi and gene therapy strategy for treating the broad spectrum of human diseases associated with MFN2 mutations.

Keywords MFN2 - RNA interfering - Gene therapy - Motor neuron - MitoCharcl - CMT2A

Abbreviations SMA spinal muscular atrophy
AD Alzheimer’s disease FDA Food and Drug Administration or
PD Parkinson’s disease EMA European Medical Agency
Icv intracerebroventricularly injection
MEFN2 Mitofusin-2
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ARTICLE INFO ABSTRACT

Keywords: Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disorder and the most common motor neuron disease.
ALS ) ALS shows substantial clinical and molecular heterogeneity. In vitro and in vivo models coupled with multiomic
Genomics techniques have provided important contributions to unraveling the pathomechanisms underlying ALS. To date,
gf;izggﬁf;ics despite promising results and accumulating knowledge, an effective treatment is still lacking. Here, we provide
MicroRNAs an overview of the literature on the use of genomics, epigenomics, transcriptomics and microRNAs to deeply
Biomarkers investigate the molecular mechanisms developing and sustaining ALS. We report the most relevant genes

implicated in ALS pathogenesis, discussing the use of different high-throughput sequencing techniques and the
role of epigenomic modifications. Furthermore, we present transcriptomic studies discussing the most recent
advances, from microarrays to bulk and single-cell RNA sequencing. Finally, we discuss the use of microRNAs as
potential biomarkers and promising tools for molecular intervention. The integration of data from multiple omic
approaches may provide new insights into pathogenic pathways in ALS by shedding light on diagnostic and
prognostic biomarkers, helping to stratify patients into clinically relevant subgroups, revealing novel therapeutic
targets and supporting the development of new effective therapies.

1. Introduction throughput approach may allow a more precise stratification of dis-

ease subtypes beyond improving both biomarker discovery and

Motor neuron diseases (MNDs) are a heterogeneous group of
neurodegenerative disorders characterized by progressive loss of upper
and lower motor neurons (MNs). Amyotrophic lateral sclerosis (ALS) is
the most common MND, and affected patients may present with
different clinical phenotypes associated with variable disease progres-
sion and prognosis. The broad molecular background and pathophysi-
ological heterogeneity of ALS may contribute to the variety of clinical
phenotypes. The pathological mechanisms underlying the disease
include oxidative stress, inflammation, mitochondrial dysfunction,
nucleocytoplasmic transport impairment, axonal transport defects and
alterations in RNA processing (Goutman et al., 2022).

The analysis of clinical data and biological samples using a high-

* Corresponding authors.

personalized treatment development. Multiomic approaches can quan-
tify and integrate enormous amounts of data obtained from large sam-
ples in a forward-looking perspective toward the identification of new
potential molecular pathways associated with the disease. Specifically,
multiomic studies may be performed on human biological samples or on
in vitro and in vivo ALS models.

In the Answer ALS (AALS) program, demographic and clinical data
from ALS patients and multiomic data from patient-derived induced
pluripotent stem cells (iPSCs) and MNs are being collected with the aim
of building an open source of integrated clinical and biological records
on ALS (Baxi et al., 2022). This program represents a robust and
high-powered tool to extract and analyze data from biologically relevant
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Abstract: Pompe disease (PD) is a monogenic autosomal recessive disorder caused by biallelic
pathogenic variants of the GAA gene encoding lysosomal alpha-glucosidase; its loss causes glycogen
storage in lysosomes, mainly in the muscular tissue. The genotype—phenotype correlation has been
extensively discussed, and caution is recommended when interpreting the clinical significance of any
mutation in a single patient. As there is no evidence that environmental factors can modulate the
phenotype, the observed clinical variability in PD suggests that genetic variants other than pathogenic
GAA mutations influence the mechanisms of muscle damage/repair and the overall clinical picture.
Genes encoding proteins involved in glycogen synthesis and catabolism may represent excellent
candidates as phenotypic modifiers of PD. The genes analyzed for glycogen synthesis included
UGP2, glycogenin (GYGI-muscle, GYG2, and other tissues), glycogen synthase (GYSI-muscle and
GYS2-liver), GBE1, EPM2A, NHLRC1, GSK3A, and GSK3B. The only enzyme involved in glycogen
catabolism in lysosomes is x-glucosidase, which is encoded by GAA, while two cytoplasmic enzymes,
phosphorylase (PYGB-brain, PGL-liver, and PYGM-muscle) and glycogen debranching (AGL) are
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Abstract: POEMS syndrome—characterized by polyneuropathy, organomegaly, endocrinopathy,
M-protein, and skin changes—is an uncommon and complex paraneoplastic disorder encompassing
a diverse array of symptoms. Here we report the challenging case of a 34-year-old female who
sought medical attention at the emergency department due to distal lower limb weakness. She was
breastfeeding her first child at that time. Her condition rapidly deteriorated, making it difficult for her
to perform simple tasks independently. Initially, she struggled with activities like jumping or climbing
stairs. Eventually, her ability to walk was also compromised. These symptoms underscored the
swift evolution of her polyneuropathy. Nerve conduction studies and electromyography confirmed a
diagnosis of mixed demyelinating and axonal polyneuropathy. Subsequent investigations, including
bone marrow biopsy and immunochemistry testing, revealed a plasma cell disorder characterized by
lambda monoclonal gammopathy, along with elevated levels of vascular endothelial growth factor
(VEGF > 8000 pg/mL). This pivotal finding led to the diagnosis of POEMS syndrome, prompting
the initiation of antineoplastic therapy (daratumumab-lenalidomide-dexamethasone) to manage
this condition. An autologous cell transplantation was planned. The rarity of POEMS syndrome
and its diverse clinical manifestations often lead to an incorrect or delayed diagnosis. Our case
underscores the importance of considering this syndrome in patients presenting with acute or
subacute polyneuropathy, even if the patients are young. In conclusion, this case elucidates the
diagnostic complexities of POEMS syndrome, emphasizing the integral role of comprehensive
multidisciplinary evaluations and the potential influence of increased VEGF as a diagnostic key
element and possible therapeutic target.

Keywords: POEMS syndrome; polyneuropathy; endocrinopathy; M-protein; VEGF
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Abstract: Limb girdle muscular dystrophies (LGMDs) are a group of genetically inherited neuro-
muscular diseases with a very variable clinical presentation and overlapping traits. Over the last
few years there has been an increasing interest in the use of non-invasive circulating biomarkers to
monitor disease progression and to evaluate the efficacy of therapeutic approaches. Our aim was
to identify the miRNA signature with potential value for LGMD patient screening and stratifica-
tion. Using miRCURY LNA miRNA gqPCR Serum/Plasma Panel, we analyzed 179 miRNAs from
16 patients, divided in four pools based on their genetic diagnosis, and from healthy controls. The
miRNAs analysis showed a total of 107 dysregulated miRNAs in LGMD patients when compared
to the healthy controls. After filtering via skeletal tissue expression and gene/pathways target
analysis, the number of dysregulated miRNAs drastically reduced. Six selected miRNAs—Ilet-7f-5p
(in LGMDR1), miR-20a-5p (in LGMDR?2), miR-130b-5p, miR-378a-5p (both in LGMDR3), miR-376¢-3p
and miR-382-5p (both in LGMDR4)—whose expression was significantly lower compared to controls
in the different LGMD pools, were further investigated. The bioinformatic analysis of the target
genes in each selected miRNA revealed ECM-receptor interaction and TGF-beta signaling as the most
involved pathways. The correlation analysis showed a good correlation of let-7f-5p with fibrosis and
with the cross sectional area of type I and type II fibers, while miR-130b-5p showed a good correlation
with the age of onset of the disease. The receiver operating characteristic curves showed how single
miRNAs were able to discriminate a specific group of LGMD patients and how the combination of
six miRNAs was able to discriminate LGMD patients from controls.

Keywords: limb girdle muscle dystrophy; miRNAs; fibrosis; inflammation; atrophy; biomarkers

1. Introduction

Limb girdle muscular dystrophies (LGMDs) are a group of genetically inherited neu-
romuscular diseases. The most recent classification encompasses 31 genetically transmitted
LGMD variants including autosomal dominant, autosomal recessive and X-linked forms.
The most common are calpainopathies, dysferlinopathies, sarcoglycanopathies, dystro-
glycanopathies and anoctaminopathies [1]. The clinical presentation is quite variable in
accordance with each disorder’s main features, i.e., the groups of primarily affected muscles,
the degree of weakness, and the age of onset and progression rate. Though the diagnostic
process is well defined for most of these pathologies, some aspects, including differences in
the age of onset or in the disease progression, are still poorly defined.

Calpainopathy (LGMDR1) is caused by pathogenic variants in the CAPN3 gene codi-
fying for a non-lysosomal calcium-dependent cysteine protease. The primary symptom is
a progressive worsening of muscle weakness of the hip and shoulder muscles, enlarged
calf muscles, shortening and hardening of muscles leading to contractures, scoliosis, and
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Abstract: A 53-year-old man approached our Neuromuscular Unit following an incidental finding
of hyperckemia. Similar to his mother who had died at the age of 77 years, he was diabetic and
had a few lipomas. The patient’s two sisters, aged 60 and 50 years, did not have any neurological
symptoms. Proband’s skeletal muscle biopsy showed several COX-negative fibers, many of which
were “ragged red”. Genetic analysis revealed the presence of the A8344G mtDNA mutation, which is
most commonly associated with a maternally inherited multisystem mitochondrial disorder known
as MERRF (myoclonus epilepsy with ragged-red fibers). The two sisters also carry the mutation.
Family members on the maternal side were reported healthy. Although atypical phenotypes have
been reported in association with the A8344G mutation, central nervous system (CSN) manifestations
other than myoclonic epilepsy are always reported in the family tree. If present, our four-generation
family manifestations are late-onset and do not affect CNS. This could be explained by the fact
that the mutational load remains low and therefore prevents tissues/organs from reaching the
pathologic threshold. The fact that this occurs throughout generations and that CNS, which has the
highest energetic demand, is clinically spared, suggests that regulatory genes and/or pathways affect
mitochondrial segregation and replication, and protect organs from progressive dysfunction.

Keywords: MERRF; lipoma; central nervous system

1. Introduction

The A-to-G transition at nucleotide 8344 (m.8344A > G) of mtDNA is the prevalent
mutation found in a multisystem disorder, and is known with the acronym MERRF (my-
oclonus epilepsy with ragged-red fibers). It is characterized by myoclonus, generalized
epilepsy, ataxia, weakness, dementia as well as signs of multisystem involvement [1-3].
The histopathological study of the skeletal muscle tissue typically shows ragged-red fibers
(RRFs) with the modified Gomori trichrome (MGT) stain and hyperactive fibers with the
succinate dehydrogenase (SDH) stain. Histochemical reaction for cytochrome c oxidase
(COX) shows lack of activity in RRFs and some non-RRFs [4-6]. Occasionally, RRFs may
not be observed [7]. The presence of lipomas has often been reported in patients affected
with MERRF and/or in their maternally-related family members [8-10].

Moreover, the m.8344A > G variant has been reported in association with isolated my-
opathy, lipomatosis with muscle lipid storage, or Leigh syndrome [11-13]. Other unusual
manifestations include sudden infant death syndrome [14], spasmodic dysphonia [15],
Parkinsonism with neuropathy and myopathy [16], infantile-onset ataxia, myoclonus
and bilateral putaminal necrosis on brain MRI [17], sudden respiratory failure in adult-
hood [18], acute central and peripheral nervous system demyelinating disease [19], and
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Abstract

Congenital myopathies are a vast group of genetic muscle diseases. Among the causes are mutations in the MYH2 gene result-
ing in truncated type lla myosin heavy chains (MyHCs). The precise cellular and molecular mechanisms by which these mutations
induce skeletal muscle symptoms remain obscure. Hence, in the present study, we aimed to explore whether such genetic
defects would alter the presence as well as the post-translational modifications of MyHCs and the functionality of myosin mole-
cules. For this, we dissected muscle fibers from four myopathic patients with MYHZ2 truncating mutations and from five human
healthy controls. We then assessed 7) MyHCs presence/post-translational modifications using LC/MS; 2) relaxed myosin confor-
mation and concomitant ATP consumption with a loaded Mant-ATP chase setup; 3) myosin activation with an unloaded in vitro
motility assay; and 4) cellular force production with a myofiber mechanical setup. Interestingly, the type lla MyHC with one addi-
tional acetylated lysine (Lys35-Ac) was present in the patients. This was accompanied by 7) a higher ATP demand of myosin
heads in the disordered-relaxed conformation; 2) faster actomyosin kinetics; and 3) reduced muscle fiber force. Overall, our find-
ings indicate that MYHZ2 truncating mutations impact myosin presence/functionality in human adult mature myofibers by disrupt-
ing the ATPase activity and actomyosin complex. These are likely important molecular pathological disturbances leading to the
myopathic phenotype in patients.

congenital myopathy; myosin; skeletal muscle

INTRODUCTION

Congenital myopathies are a heterogeneous group of mus-
cle disorders with varying ages of onset and clinical symp-
toms (1). A fraction of these genetic diseases is caused by
mutations in genes encoding myosin heavy chains (mainly
MYH7 and MYH?2 with an estimated prevalence of 1:26,000)
(2). The well-studied MYH7 mutations have been associated
with either hypertrophic, dilated cardiomyopathy and/or
skeletal myopathies whereas the under-appreciated MYH2
mutations have solely been related to skeletal myopathies,
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often characterized by late-onset and progressive proximal
limb muscle weakness as well as ophthalmoplegia (2). MYH7
mutations are typically dominant missense variants that
change just one amino acid in the B/slow myosin heavy
chain (MyHC) protein whereas MYH2 mutations are more
diverse with notably the presence of truncated type Ila
MyHC molecules in muscles from the patients due to bial-
lelic recessive variants often predicted to cause loss of func-
tion (2). The mechanisms by which these MYH2 truncating
mutations lead to congenital myopathies remain totally
unexplored. Truncating mutations in MYH2 usually induce
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we used the patients’ leftover tissue and a technique named
unloaded in vitro motility assay. We observed a relatively
high level of nonmobile actin filaments in both patients and
controls (Fig. 3A) that may relate to the flash freezing proce-
dure known to increase the number of dead myosin motors.
Nevertheless, we also noticed that the motility speed from
patients with MYH2 truncating mutations was significantly
faster than controls (Fig. 3B). To get insights into the poten-
tial consequences of such increased actin sliding velocity,
we attempted to measure the force production of isolated
membrane-permeabilized muscle fibers. This procedure
turned to be very difficult as patients’ myofibers were unusu-
ally fragile and broke at pCa 4.5. We only succeeded to do so
for one of the four patients. A total of 55 muscle fibers were
included in the analysis (46 muscle fibers from three con-
trols and 9 from one patient). The force produced by myofib-
ers expressing the type II MyHC was significantly lower in
the patient than in the controls (Fig. 3C).

Opposite observations have been made for one dominant
MYH?2 missense mutation (with a presumed gain of func-
tion) where there is one amino acid replacement (position
706) from a negatively charged glutamic acid to a positively
charged lysine in the myosin converter domain (close to the
head region) (30). In this study, even though they report a
high number of nonmoving filaments and dead myosin
heads, the motility speed was significantly reduced in the
patients (30). Our opposite increase in the motility speed of
actin filaments (where the mutations are presumably loss of
function) is unlikely to be caused by the fiber-type dispro-
portion observed in patients or by the higher variability in
the amount of moving filaments, which would theoretically
induce a slower motility speed. Other underlying mecha-
nisms are likely to play a role.

There is a close relationship between the speed at which
actin filaments move and the enzymatic properties of myosin
molecules (31, 32). Hence, it is plausible that the actual muta-
tion or/and Lys35-Ac promotes the dissociation of myosin
heads from actin filaments; thereby increasing the cross-
bridge detachment rate. This would then suggest a shortened
cross-bridge duty cycle, i.e., a shorter time spent by individual
myosin heads in a strong-binding state, resulting in a
decreased myofiber force. This would explain, at the molecu-
lar level, why patients suffer from limb muscle weakness (2).

Conclusions

Importantly, here, we found the type IIa MyHC isoform to
be present and one acetylated lysine (Lys35-Ac) to be signifi-
cantly increased in the patients with MYH2 truncating muta-
tions. In parallel, we also observed that the ATP consumption
of myosin molecules in the disordered-relaxed conformation
was significantly increased as was the speed at which myosin
molecules moved actin filaments. Altogether, these results
indicate a myosin dysfunctional remodeling likely contribut-
ing to the cellular force depression and the myopathic pheno-
type of the patients at the molecular level.

DATA AVAILABILITY

The mass spectrometry proteomics data have been deposited
to the ProteomeXchange Consortium via the PRIDE partner

AJP-Cell Physiol « doi:10.1152/ajpcell.00002.2023 - www.ajpcell.org

repository (25) with the data set identifier PXD039178. Data ana-
lyzed are also presented here in Figs. 1, 2, and 3.
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Abstract: Phospholamban is involved in the regulation of the activity and storage of calcium in
cardiac muscle. Several mutations have been identified in the PLN gene causing cardiac disease
associated with arrhythmogenic and dilated cardiomyopathy. The patho-mechanism underlying
PLN mutations is not fully understood and a specific therapy is not yet available. PLN mutated
patients have been deeply investigated in cardiac muscle, but very little is known about the effect
of PLN mutations in skeletal muscle. In this study, we investigated both histological and functional
features in skeletal muscle tissue and muscle-derived myoblasts from an Italian patient carrying the
Argl4del mutation in PLN. The patient has a cardiac phenotype, but he also reported lower limb
fatigability, cramps and fasciculations. The evaluation of a skeletal muscle biopsy showed histological,
immunohistochemical and ultrastructural alterations. In particular, we detected an increase in the
number of centronucleated fibers and a reduction in the fiber cross sectional area, an alteration in
p62, LC3 and VCP proteins and the formation of perinuclear aggresomes. Furthermore, the patient’s
myoblasts showed a greater propensity to form aggresomes, even more marked after proteasome
inhibition compared with control cells. Further genetic and functional studies are necessary to
understand whether a definition of PLN myopathy, or cardiomyopathy plus, can be introduced
for selected cases with clinical evidence of skeletal muscle involvement. Including skeletal muscle
examination in the diagnostic process of PLN-mutated patients can help clarify this issue.

Keywords: phospholamban; Argl4del; skeletal muscle; aggresomes

1. Introduction

Phospholamban (PLN) and sarcolipin (SLN) are small proteins localized in the mem-
brane of the sarcoplasmic and endoplasmic reticula. They belong to the “regulin family”,
along with myoregulin (MLN), dwarf open reading frame (DWORF), endoregulin (ELN)
and another-regulin (ALN). Regulins are involved in the regulation of calcium signaling
and in the activity of the sarcoplasmic reticulum Ca*?-ATPase pumps, SERCAla and
SERCAZ2a [1]. PLN is mainly expressed in cardiac, slow-twitch skeletal muscle and smooth
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Abstract: Collagen VI is a heterotrimeric protein expressed in several tissues and involved in the
maintenance of cell integrity. It localizes at the cell surface, creating a microfilamentous network
that links the cytoskeleton to the extracellular matrix. The heterotrimer consists of three chains
encoded by COL6A1, COL6A2 and COL6A3 genes. Recessive and dominant molecular defects
cause two main disorders, the severe Ullrich congenital muscular dystrophy and the relatively
mild and slowly progressive Bethlem myopathy. We analyzed the clinical aspects, pathological
features and mutational spectrum of 15 COL6-mutated patients belonging to our cohort of muscular
dystrophy probands. Patients presented a heterogeneous phenotype ranging from severe forms to
mild adult-onset presentations. Molecular analysis by NGS detected 14 different pathogenic variants,
three of them so far unreported. Two changes, localized in the triple-helical domain of COL6A1,
were associated with a more severe phenotype. Histological, immunological and ultrastructural
techniques were employed for the validation of the genetic variants; they documented the high
variability in COL6 distribution and the extracellular matrix disorganization, highlighting the clinical
heterogeneity of our cohort. The combined use of these different technologies is pivotal in the
diagnosis of COL6 patients.

Keywords: collagen type VI; extracellular matrix; electron microscopy; COL6-RM

1. Introduction

Collagen VI is a non-fibrillar heterotrimeric protein expressed in the extracellular
matrix (ECM) of connective tissue of several organs including skeletal muscle, skin, cornea,
lung, blood vessels, intervertebral disks and joints. This complex localizes at the cell sur-
face, links the cytoskeleton to the ECM and it is involved in cell anchoring and adhesion,
maintenance of cell integrity and signal transduction. The heterotrimer consists of three
main chains, alfal, alfa2 and alfa3, which associate via their C-terminal domains and fold
into triple helical monomers. These monomers align in an antiparallel manner to form
dimers and tetramers representing the secreted form of collagen VI. Finally, in the extracel-
lular space, tetramers associate end-to-end creating collagen VI microfibrils organized in a
microfilamentous network [1]. These collagen chains are encoded by COL6A1, COL6A2 and
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Abstract: (1) Background: Cerebellar ataxia with neuropathy and vestibular areflexia syndrome (CAN-
VAS) is characterized by late-onset cerebellar ataxia, bilateral vestibulopathy, and sensory neuronopathy
mostly due to biallelic RFC1 expansion. (2) Objectives: The aim of this case series is to describe vestibular,
gait, and speech alterations in CANVAS via a systematic approach. (3) Methods: All patients (n = 5)
underwent a standardized clinical-instrumental examination, including the perceptual and acous-
tic analysis of speech, instrumental gait, and balance analysis (posturographic data were acquired
using a force plate [Kistler, Winterthur, Switzerland] while 3D gait analysis, inclusive of surface
electromyography, was acquired using a motion capture system [SMART DX, BTS Bioengineering,
Milan, Italy], a wireless electromyograph [FreeEMG, BTS Bioengineering, Milan, Italy]), and vestibu-
lar assessment with video-oculography. (4) Results: Five patients were included in the analysis: three
females (patients A, B, C) and two males (patients D and E) with a mean age at evaluation of 62 years
(SD =+ 15.16, range 36-74). The mean age of symptoms’ onset was 55.6 years (SD & 15.04, range
30-68), and patients were clinically and instrumentally evaluated with a mean disease duration of
6.4 years (SD =+ 0.54, range 6-7). Video-Frenzel examination documented spontaneous downbeat
nystagmus enhanced on bilateral gaze in all patients, except for one presenting with slight downbeat
nystagmus in the supine position. All patients exhibited different degrees of symmetrically reduced
VOR gain for allsix semicircular canals on the video-head impulse test and an unexpectedly normal
(“false negative”) VOR suppression, consistent with combined cerebellar dysfunction and bilateral
vestibular loss. Posturographic indices were outside their age-matched normative ranges in all pa-
tients, while 3D gait analysis highlighted a reduction in ankle dorsiflexion (limited forward rotation
of the tibia over the stance foot during the stance phase of gait and fatigue of the dorsiflexor muscles)
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PARKNET Multicentric Study
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ABSTRACT: Background and Objective: Early-onset
Parkinson’s disease (EOPD) commonly recognizes a genetic
basis; thus, patients with EOPD are often addressed to diag-
nostic testing based on next-generation sequencing (NGS)
of PD-associated multigene panels. However, NGS
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interpretation can be challenging in a diagnostic setting, and
few studies have addressed this issue so far.

Methods: We retrospectively collected data from
648 patients with PD with age at onset younger than 55 years
who underwent NGS of a minimal shared panel of 15 PD-
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A Novel Pathogenic PSENT Variant in a Patient
With Dystonia-Parkinsonism Without Dementia
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Dear Editor,

The PSENTI gene is located on chromosome 14 and encodes
the presenilin 1 protein, which is a key component of the y-
secretase complex that is involved in the cleavage of amyloid
precursor protein (APP) in amyloid beta (Ap) peptides.' Re-
cent works have suggested that AP peptides may also play a
role in the pathophysiology of motor symptoms in Alzheimer’s
disease (AD) patients carrying PSENI mutations (PSENI-AD)
through accumulation in the striatum.*> AP peptides may dis-
rupt the function of the basal ganglia, possibly leading to the
development of extrapyramidal symptoms.’ In addition, PSEN1
mutations can be associated with the accumulation of other
proteins, such as alpha-synuclein and tau, which have also been
linked with motor signs.* Parkinsonism, ataxia, and spasticity
are the most frequently described motor symptoms in PSENI-
AD patients.” Motor impairment has been reported in the early
stages of the disease and may even precede cognitive decline in
a small subset of patients.” Few cases have been reported of
PSEN1 mutation carriers with parkinsonism as an isolated pre-
senting feature without dementia or significant cognitive de-
cline over time.*® Here, we report a male patient with adult-on-
set dystonia-parkinsonism with positive AD biomarkers carrying
anovel PSENI frameshift variant.

A 52-year-old man came to our observation for painful sus-
tained muscular contractions, cramps, and subjective mild at-
tention deficit. Neurological examination revealed lower limb
dystonia and symmetric rigidity causing gait impairment, rest
and postural right-hand tremor, mild spontaneous and sensory-
induced myoclonus, global and symmetric bradykinesia, mild
cerebellar dysarthria and fluctuating diplopia (Supplementary
Video 1 in the online-only Data Supplement). He had a positive
family history of neurological diseases on the maternal side of
the family with a hereditary pattern compatible with autosomal
dominant inheritance (i.e., head tremor in his mother and Par-
kinsons disease evolving to dementia in a second-degree cousin
and dementia in a great aunt, both from the maternal side) (Fig-
ure 1A).

Blood test results were normal, including systemic autoim-
munity, neurological paraneoplastic antibodies, and ceruloplas-
min. Brain magnetic resonance imaging (MRI) was unremark-
able (Figure 1B, C), while single photon emission computed
tomography (SPECT) with ioflupane (123I) showed a moderate
reduction in radiotracer uptake in the striatum with a slight
right-side prevalence (Figure 1D). In-depth cognitive assessment
revealed substantially preserved cognition with selective difficulty
in visuospatial short-term memory and learning verbal material
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Chorea-Acanthocytosis Presenting with
Parkinsonism-Dystonia without Chorea

Edoardo Monfrini, MD, PhD,"? (2 Alessio Di Fonzo, MD, PhD,?*

and Francesca Morgante, MD, PhD>*

Chorea-acanthocytosis (ChAc) is a rare genetic neurodegenerative
disorder caused by biallelic VPS13A pathogenic variants.
The phenotype is characterized by progressive chorea, neuropsy-
chiatric features, seizures, and hyperCKemia due to myopathy, that
may often be subclinical, and neuropathy. The phenotype is char-
acterized by progressive chorea, neuropsychiatric features, seizures,
and subclinical myopathy associated with hyperCKemia.'
The term “acanthocytosis” is due to the observation of abnor-
mal erythrocytes with spiked cell membrane (acanthocytes) in
the blood smear of affected individuals."* ChAc is part of the
“Neuroacanthocytosis syndromes,” which is a group of rare
progressive disorders displaying acanthocytes and neurological
abnormalities also including McLeod syndrome.! Here, we present
a case of ChAc without chorea, but with prominent parkinsonism
combined with dystonia.

Case Report

The proband was an Italian male with normal psychomotor
development. His parents were first cousins. One mate-
rnal cousin had epilepsy. At the age of 34 he developed
generalized epileptic seizures which were controlled with
oxcarbazepine, levetiracetam, and clonazepam. Over the fol-
lowing years, cognitive disturbances, behavioral disinhibition,
prominent gait disturbances, and generalized slowness were
also noted. These symptoms gradually progressed and within
10 years from onset, he needed assistance in all activities of
daily living.

Neurological examination performed at age 48 showed
action-induced dystonia in the lower limbs combined with
signs of symmetrical parkinsonism (moderate bradykinesia
and rigidity). He had knee bending when walking forward,
which resolved when walking backwards. He also had freez-

ing of gait and festination. Other findings included: slow

horizontal saccades, nystagmus on lateral gaze; facial hypo-
mimia, hypophonia, and stuttering dysarthria; stimulus-sensitive
myoclonus was evident in the upper and lower limbs; motor persev-
erations, hyperreflexia except for absent ankle reflexes, extensor
plantar responses. No motor impersistence or chorea were observed
(Video 1).

Laboratory investigations including full blood count, ceru-
loplasmin, copper studies, liver enzymes, protein electropho-
resis, and alpha-fetoprotein were all normal, but for CK
which was mildly elevated (258 U/L). Blood films were not
performed. Skeletal muscle biopsy showed a moderate reduc-
tion in size of some fibers. A liver ultrasound showed hepato-
megaly and steatosis. Echocardiography, nerve conduction
studies, and electromyography were normal. Brain Magnetic
Resonance Imaging showed T,-weighted symmetrical
hyperintensity surrounding the putamen, caudate atrophy,
moderate atrophy of the cerebellar vermis, and mild general-
ized atrophy (Fig. 1A—C). Whole-exome sequencing (WES)
was performed upon obtaining written informed consent
from the patient. Variant prioritization looking for rare
(AF £0.001) nonsynonymous variants in genes associated
with movement disorders revealed a novel homozygous
frameshift truncating variant affecting the IVPS13A gene
(NM_033305.3): c.4351delT, p.(Phel451Serfs*3), which
was confirmed by Sanger sequencing (Fig. 1D, E). Vps13a
loss-of-function is the recognized disease mechanism of
ChAc. The variant reported here is predicted to lead to
nonsense-mediated decay, and consequently to a complete
loss of the Vps13a protein.

On long-term follow-up, the patient’s condition deterio-
rated with worsening of parkinsonian symptoms and dementia.
Higher doses of levodopa determined excessive daytime sleepi-
ness and behavioral abnormalities. He died of pneumonia at

age 51.
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GABRBI-related early onset developmental and epileptic
encephalopathy: Clinical trajectory and novel de novo
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Abstract
Developmental and epileptic encephalopathy 45 (DEE45) is a neurogenetic disor-

der caused by heterozygous pathogenic variants of GABRBI, encoding the betal
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subunit of the GABA type A receptor. Only three infants with DEE45 have been
reported so far, and a detailed description of the disease history of these patients is
still lacking. We describe the clinical and genetic findings of a 21-year-old woman
with DEE45 carrying a novel de novo GABRBI mutation (c.841A>G, p.T281A). The
patient presented at birth with hypotonia and focal apneic seizures evolving in a
phenotype of epilepsy of infancy with migrating focal seizures that were refractory
to antiseizure medications. Epileptic spasms partially responsive to steroid therapy
appeared in the second year of life. Acquired microcephaly, profound mental retar-
dation, and tetraparesis became evident with development. During childhood and
adolescence, the epileptic phenotype evolved toward a Lennox-Gastaut Syndrome.
Atypical absence status and clusters of tonic seizures occurred, often triggered by
respiratory infections. The main strengths of this work are the identification of a
novel pathogenic GABRBI variant localized in the same transmembrane domain of
a previously described mutation and the detailed description of the clinical trajec-
tory of GABRBI1-related encephalopathy along 21 years of disease history.

KEYWORDS

electroencephalography, epilepsy of infancy with migrating focal seizures, epileptic spasms,
GABRBI, Lennox-Gastaut syndrome

1 | INTRODUCTION with GABRBI pathogenic variants (OMIM #617153).
Three patients with GABRBI1-related DEE have been re-
ported so far.'”® The gene GABRBI plays a fundamental

role in central neurotransmission since it encodes the

Developmental and epileptic encephalopathy 45 (DEE45)
is a recently described neurogenetic disease associated
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A form of inherited hyperferritinemia associated
with bi-allelic pathogenic variants of STAB1

Edoardo Monfrini, 129 Sara Pelucchi,?® Maija Hollmén,* Miro Viitala,* Raffaella Mariani,s
Francesca Bertola,® Silvia Majore,” Alessio Di Fonzo,? and Alberto Pipernos8*

Summary

Hyperferritinemia is a frequent finding in several conditions, both genetic and acquired. We previously studied eleven healthy subjects
from eight different families presenting with unexplained hyperferritinemia. Their findings suggested the existence of an autosomal-
recessive disorder. We carried out whole-exome sequencing to detect the genetic cause of hyperferritinemia. Immunohistochemistry
and flow cytometry assays were performed on liver biopsies and monocyte-macrophages to confirm the pathogenic role of the identified
candidate variants. Through a combined approach of whole-exome sequencing and homozygosity mapping, we found bi-allelic STAB1
variants in ten subjects from seven families. STAB1 encodes the multifunctional scavenger receptor stabilin-1. Inmunohistochemistry
and flow cytometry analyses showed absent or markedly reduced stabilin-1 in liver samples, monocytes, and monocyte-derived macro-
phages. Our findings show a strong association between otherwise unexplained hyperferritinemia and bi-allelic STABI mutations sug-
gesting the existence of another genetic cause of hyperferritinemia without iron overload and an unexpected function of stabilin-1 in

ferritin metabolism.
Introduction

Hyperferritinemia is a frequent finding in clinical practice
and often requires an extensive diagnostic workup. A large
spectrum of conditions, both genetic and acquired, associ-
ated or not with iron overload, displays high serum
ferritin.'~* The diagnostic strategy to reveal the cause of
hyperferritinemia includes family and personal medical
history, biochemical and genetic tests, and evaluation of
liver iron by direct (biopsy) or indirect (quantitative mag-
netic resonance) methods.' Despite this complex and
time-consuming approach, often the precise etiology re-
mains elusive.

Ferritin expression in mammals is regulated by iron
through a well-characterized mechanism of coordinated
cytosolic post-transcriptional regulation.* In addition to
iron, ferritin synthesis is regulated by cytokines during
development, cellular differentiation, proliferation, and
inflammation.’ In mammals, a small amount of ferritin
(normally 0.025% of the total body ferritin)® is present in
asecreted form in serum. It mostly consists of variably glyco-
sylated L-ferritin and trace amounts of H-ferritin.”®
Different from cytosolic ferritin, extracellular ferritin is rela-
tively poor in iron.”® Serum ferritin measurement has
become a routine laboratory test to indirectly evaluate iron
stores, although it is known that many additional factors,
including inflammation, infection, liver diseases, and die-
tary and metabolic abnormalities—all of which may elevate

serum ferritin—complicate its interpretation.'*° Despite
this long history of clinical use, fundamental aspects of
the biology of serum ferritin are still unclear. For example,
tissue of origin, secretory pathway, receptor interactions,
clearance, and functions remain topics of active debate. '~

Stabilin receptors belong to class H scavenger receptors
that consists of two members, stabilin-1 (also known as
Clever-1 and FEEL-1) and stabilin-2."** The stabilins are
enigmatic proteins whose physiological functions are still
not entirely understood.'® They comprise a large extracel-
lular N terminus of multiple epidermal growth factor
(EGF)/EGF-like domains, seven fasciclin-1 domains, an
X-link domain, and a short intracellular C-terminal
domain, linked by a transmembrane region.'* Their extra-
cellular domains share 55% similar homology, but their
short intracellular domains are highly diverse, which re-
sults in differential abundance and function in different
tissues and cells.">'® More specifically, stabilin-1 is primar-
ily expressed on human monocytes, immunosuppressive
macrophage populations, lymphatic endothelial cells,
and sinusoidal endothelial cells of the liver, spleen, adrenal
cortex, and bone marrow, and is involved in scavenging,
angiogenesis, and cell adhesion.'*'®!” As a scavenger
receptor, stabilin-1 is known to bind and endocytose a
wide range of ligands and, therefore, plays an important
role in tissue homoeostasis and remodeling, and is
involved in receptor-mediated endocytosis, intracellular
sorting, and recycling.
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Levodopa responsive asymmetric parkinsonism as clinical presentation of progranulin ST

gene mutation.
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Dear Editor

Early diagnosis of neurodegenerative diseases is a challenge that we
must face given the increasing emergence of promising treatments
tackling the molecular mechanisms underlying each specific neurode-
generative form. Progranulin (GRN) gene mutations were discovered in
families with frontotemporal dementia (FTD) in 2006 [1]. Since then,
about 130 mutations linked with FTD have been reported. Frameshift
and nonsense mutations are the most common pathogenic variants,
inserting premature stop codons that lead to mRNA degradation and
haploinsufficiency [6]. Heterozygous GRN mutations are responsible for
about one third of autosomal dominant FTD cases worldwide [14]. The
phenotypic spectrum is quite heterogeneous [7,15]. Extrapyramidal
symptoms can be observed over the course of the disease, but very rarely
they may precede cognitive disturbances profiling into an atypical
parkinsonism or a phenotype similar to Parkinson’s disease (PD) [12].

Here we describe the case of a 53 years-old man with a family history
of PD (both parents and one paternal uncle) and dementia (one paternal
uncle) who came to our attention for rest tremor, clumsiness, bradyki-
nesia, and rigidity in the right hand. His past medical history included
only diabetes mellitus.

Neurological examination confirmed a right-sided hemi-
parkinsonism. Brain MRI was normal while the DaTscan (ioflupane
[123I] SPECT) revealed a severe reduction of tracer uptake in the left
putamen followed by caudate nucleus with moderate reduced uptake of
the tracer in the right putamen (Fig. 1A). A diagnosis of PD was made
and a treatment with ropinirole was initially started. After two years,
Carbidopa/Levodopa was also introduced with good control of motor
symptoms. An acute levodopa challenge test was performed three years
after the diagnosis showing a significant reduction of the UPDRS part III
motor score after levodopa intake (carbidopa/levodopa 200 mg; med-off
score: 35; med-on score: 20; % of reduction: 42.86%).

About four years after symptoms’ onset, the patient developed motor
complications in the form of wearing-off phenomena and peak-dose
dyskinesias. DaTscan was repeated showing a slight worsening partic-
ularly in the left nigrostriatal pathway (Fig. 1B). During the following
years, a progressive cognitive decline emerged, associated with sleep

https://doi.org/10.1016/j.jns.2023.120737

disturbances, delusions, hallucinations and axial symptoms in the form
of instability and gait disturbances. Clinical evaluation showed muta-
cism; bilateral akinetic-rigid syndrome without resting tremor; and
frontal release signs (bilateral grasping and glabellar reflex). Brain-MRI
was repeated, showing moderate diffuse atrophy while 18F-FDG PET
study showed bilateral hypometabolism involving frontal, parietal, and
occipital cortices, precuneus, posterior cingulate cortex and basal
ganglia (Fig. 1C-D). The neuropsychological assessment showed severe
cognitive impairment with predominant dysexecutive, attentional, and
visuospatial alterations. A diagnosis of dementia associated with PD was
made and treatment with quetiapine and rivastigmine was started with
some benefits. Given the strong familiarity for PD and dementia and the
presence of a significant cognitive/behavioral dysfunction, a genetic
analysis was performed (Whole-Exome Sequencing) revealing a null
variant in the GRN gene (c.328C > T, p.Arg110*), which was classified
as pathogenic according to ACMG criteria (PSV1, PP5, PM2). No addi-
tional candidate variants in genes associated with PD or dementia were
identified. Unfortunately, the patient died at the age of 61 due to com-
plications of a severe bilateral pneumonia.

Levodopa-responsive parkinsonism is a quite rare clinical presenta-
tion in GRN mutation carriers and, according to some case series, it is
estimated to involve about 1.4% of patients [9]. Recently, Carneiro
et al., described three patients with idiopathic PD phenotype carrying a
GRN mutation (GRN-PD); in particular, the second case described had
overlapping clinical and neurological features with our patient [3]. In
addition, Carneiro et al. described some red flags in their GRN-PD pa-
tients that could help with diagnosis, including a family history of early-
onset dementia/ALS, the presence of cognitive/behavioral dysfunction
and subtle motor characteristics (i.e., postural myoclonic/jerky tremor;
lower-limb onset) [3]). In our case the positive family history of de-
mentia and the presence of relevant cognitive/behavioral dysfunction
were the red flags that prompted us to proceed with the genetic testing.

Neuronal ubiquitinated inclusions of TDP-43 are the neuropatho-
logical hallmark of GRN-FTD patients [8]. Neuropathological studies
reported different TDP-43 conformations that could present different
clinical aspects. In particular it has been assumed that different banding
patterns of abnormal TDP-43 fragments in ALS and FTLD might
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Abstract

Dystonia syndromes encompass a heterogeneous group of movement disorders
which might be differentiated by several clinical-historical features. Among the latter,
age-at-onset is probably the most important in predicting the likelihood both for the
symptoms to spread from focal to generalized and for a genetic cause to be found.
Accordingly, dystonia syndromes are generally stratified into early-onset and late-
onset forms, the former having a greater likelihood of being monogenic disorders and
the latter to be possibly multifactorial diseases, despite being currently labeled as
idiopathic. Nonetheless, there are several similarities between these two groups of
dystonia, including shared pathophysiological and biological mechanisms. Moreover,
there is also initial evidence of age-related modifiers of early-onset dystonia syn-
dromes and of critical periods of vulnerability of the sensorimotor network, during
which a combination of genetic and non-genetic insults is more likely to produce
symptoms. Based on these lines of evidence, we reappraise the double-hit hypothesis
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Abstract

Introduction Allgrove syndrome is a genetic disorder characterized by a multisystem involvement manifesting mainly in
childhood with esophageal achalasia, adrenal insufficiency, and alacrima. Associated neurological manifestations are fre-
quent in patients with late-onset forms and include peripheral, central, and autonomic dysfunction. The definitive diagnosis
remains genetic, but neurological symptoms/signs could be a relevant clue for the diagnosis.

Discussion This syndrome is rare, but it is not impossible for it to occur in adults, so all neurologists must be alert. Moreo-
ver, in this regard, neurological symptoms can sometimes be very similar to those of motor neuron disease patients, so that,
although rare, Allgrove syndrome may also enter into the differential diagnosis with the bulbar variant of amyotrophic lateral
sclerosis. Nevertheless, attention to extra-neurological symptoms must remain high as these play an equally important role
in reaching the diagnosis.

Case Report Here we present the case of a patient with some peculiarities that are onset at an advanced age, genetic confir-
mation of the diagnosis, and prominent neurological involvement, which also opens the differential diagnosis to amyotrophic

lateral sclerosis.

Keywords Allgrove syndrome - ALS mimicker - Peripheral neuropathy - Achalasia

Introduction

Allgrove syndrome, also known as the triple-A syndrome
(TAS, Achalasia — Addisonianism — Alacrima), is a rare
autosomal recessive disorder, mostly caused by muta-
tions in the AAAS gene (chromosome 12q13) [1]. This
multisystem syndrome first manifests in childhood with
alacrima and achalasia, whereas adrenal insufficiency
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Lecco Ospedale Alessandro Manzoni, Via Eremo 9/11,
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Dino Ferrari Center, Neuroscience Section, Department
of Pathophysiology and Transplantation, University of Milan,
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*  Neurology Unit, Foundation IRCCS Ca’ Granda Ospedale
Maggiore Policlinico, Milan, Italy

develops gradually over the first 2 decades [2]. Neuro-
logical dysfunction is reported in up to 70% of patients
with progressive course [3], with autonomic dysfunction
and amyotrophy possibly representing the “fourth” and
“fifth-A” of the syndrome [4].

Even if rare, late-onset forms exist, and neurologists
should maintain a high index of suspicion, especially in
adults, where the diagnosis could be very challenging partly
mimicking bulbar motor neuron disease, as it happened in
the case report we describe.

Case report

A 67-year-old woman presented to our Emergency Department
complaining of progressive worsening of dysphagia in the last
few weeks with significant weight loss (20 kg). She developed
acute dyspnea and tirage, which were treated with bronchodila-
tors, adrenaline, and non-invasive ventilation. She had a medical
history of osteoporosis, hysterectomy, and surgical myotomy for
esophageal achalasia at the age of 52; her family history was not
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Letter to the Editor
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To the Editor:

Although mutations in the beta-glucocerebrosidase gene
(GBA1) are the most important risk factor for developing Par-
kinson disease (PD) and Lewy body dementia (1), very few
reports have linked atypical parkinsonism to GBAI pathogenic
variants (2, 3); moreover, little is known about their patho-
genic role in these cases. We report the cases of 2 unrelated
subjects with atypical parkinsonism carrying the GBA1 L444P
mutation (c.1448 T>C; p.Leu483Pro) who also tested posi-
tive for anti-basal ganglia antibodies (ABGAs) and anti-
AMPA-glutamate receptor3 (anti-GluR3) antibodies. Genetic
analyses were performed by next-generation sequencing
(NGS) on genomic DNA extracted from venous blood. The
gene panel included the following genes: APP, ATPI3A2,
ATP7B, CHMP2B, DCTNI1, DNAJC6, FBXO7, FUS, GBAI,
GCHI, GRN, LRRK2, MAPT, PARK7, PINKI, PLA2GS,
POLG, PRKN, PRNP, PSEN1, PSEN2, RAB39B, SYNJ1, SNCA,
TARDBP, TREM2, TWNK, UBQLN2, VCP, and VPS35.

The first case was a S1-year-old woman with a 1-month his-
tory of falls, bradykinesia, and rigidity with negative family his-
tory. She presented with severe akinetic-rigid parkinsonism
associated with mild involuntary movements of the right limbs,
limitation of upward conjugate gaze, and postural instability,
without dysautonomia or psychiatric disorder. Her cognitive
assessment showed mild deficiency on attentive functions.
Levodopa administration (1000mg qd) showed a poor
response (UPDRS-III OFF state 56, ON state 51). The brain
MRI revealed atrophy of the posterior putamen (L>R) in T2-
weighted sequences. Dopamine transporter (DAT)-SPECT
demonstrated reduced specific binding ratio values in bilateral

putamen (L>R) compared to healthy subjects; 18F-Fluoro-
deoxyglucose PET (FDG-PET) showed markedly reduced
uptake in the right putamen and moderately reduced uptake in
the left putamen. Due to the rapidly worsening course, a cere-
brospinal fluid (CSF) analysis was performed with normal
results. Suspecting a possible autoimmune encephalitis, a ste-
roid bolus therapy was attempted without benefit. Autoim-
mune screening carried out by Western immunoblotting
(Fig. 1), revealed the presence in both serum and CSF of
ABGAs and anti-GluR3 antibodies. Finally, genetic analysis
(whole-exome sequencing) identified the GBA1 L444P muta-
tion in the heterozygous state. No other candidate pathogenic
variants associated with PD, Alzheimer disease, or frontotem-
poral dementia genes were identified. Immunotherapy with
intravenous immunoglobulin (400 mg/kg daily for S days) pro-
duced mild improvement of the symptoms.

The second patient was a 66-year-old woman with asym-
metric extrapyramidal syndrome started at age 63 years with
rigidity and bradykinesia of the left arm, and progressive wor-
sening because of falls and postural instability. Her medical
history revealed a previous diagnosis of breast cancer with neg-
ative oncologic follow-up, and hypertension. Parkinsonism was
found in her grandmother’s records. The neurological exami-
nation disclosed severe rigidity and bradykinesia of the left
limbs, associated with dystonic postures, limitation of upward
conjugate gaze, and a marche a petit pas. No significant
improvement with Levodopa (800mg daily) was observed
(UPDRS-III OFF state 53, ON state 48). Her brain MRI
revealed putaminal atrophy and T2 and SWI hypointensity of
the posterolateral part of both putamina, together with mild
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Abstract

Background Allgrove disease is a rare genetic syndrome characterized by adrenal insufficiency, alacrimia, achalasia
and complex neurological involvement. Allgrove disease is due to recessive mutations in the AAAS gene, which
encodes for the nucleoporin Aladin, implicated in the nucleocytoplasmic transport. The adrenal insufficiency has

been suggested to rely on adrenal gland-ACTH resistance. However, the link between the molecular pathology affect-
ing the nucleoporin Aladin and the glucocorticoid deficiency is still unknown.

Results By analyzing postmortem patient’s adrenal gland, we identified a downregulation of Aladin transcript and
protein. We found a downregulation of Scavenger receptor class B-1 (SCARBT1), a key component of the steroidogenic
pathway, and SCARB1 regulatory miRNAs (mir125a, mir455) in patient’s tissues. With the hypothesis of an impairment
in the nucleocytoplasmic transport of the SCARB1 transcription enhancer cyclic AMP-dependent protein kinase (PKA),

and defective nucleocytoplasmic transport.

we detected a reduction of nuclear Phospho-PKA and a cytoplasmic mislocalization in patient’s samples.
Conclusions These results shed a light on the possible mechanisms linking ACTH resistance, SCARB1 impairment,

Keywords Allgrove syndrome, Adrenal cortex, Adrenal insufficiency, PKA, SCARB1

Introduction
The adrenal gland is a complex endocrine gland com-
posed of two developmentally unrelated tissues, an outer
layer of adrenal cortex and an inner layer of adrenal
medulla [1].

The adrenal cortex is an important site of synthe-
sis for three different classes of steroid hormones.
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Mineralocorticoids (aldosterone) are produced by the
cells of the adrenal zone glomerulosa, which is the outer-
most layer, glucocorticoids (cortisol and corticosterone)
are synthesized in the adrenal cortical zone fasciculata,
and androgens (androstenedione and dehydroepiandros-
terone) in the inner zone reticularis [2, 3].

Aldosterone synthesis mainly responds to the renin-
angiotensin regulatory pathway, whereas adrenal corti-
cal zona fasciculata and reticularis produce hormones in
response to adrenocorticotropic hormone (ACTH) stim-
ulation [4-6].

ACTH exerts its role in promoting steroidogenic cell
growth, leading to adrenal cellular hypertrophy and
hyperplasia, and stimulates acute and chronic adre-
nal response [7]. The ACTH stimulation is provided
by cyclic-:AMP which increases in the adrenal cells and
the consequent cyclic AMP-dependent protein kinase
(PKA) cleavage and phosphorylation. Phosphorylated

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
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regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
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Fig.4 A Reduction of Aladin protein amount in total lysate of patient’s cortical adrenal gland (Pt). B Reduction of Aladin protein in membrane
fraction from patient’s cortical adrenal gland with a slight increasing in patient’s cytoplasmic fraction. C Reduction in P-PKA concentration in cortical
adrenal gland from patient compared to two controls (CTR). D Increase of P-PKA protein in cytosolic fraction from patient cortical adrenal gland
compared to controls and not significative reduction in P-PKA protein amount in patient’s nuclear fraction

enhance SCARBI transcription. We found P-PKA
protein slightly reduced into the nucleus of patient’s
cortical adrenal gland and significantly increased in
the cytosolic fraction. This result suggests that PKA
or other PKA-shuttling proteins may be possible car-
goes needed to be imported into cell nucleus and that
this specific mechanism is impaired by damages of the
nucleoporin Aladin.

Interestingly, we observed a strongly reduced expres-
sion of the ACTH receptor MC2R in patient’s cortical
adrenal gland. This result could open different sce-
narios: either the compensatory response to an ACTH
overstimulation because of adrenal gland insufficiency,
or the impairment of MC2R expression pathway on
cellular membrane. The latter opens an intriguing
pathogenic mechanism implying Aladin dysfunction
associated to an aberrant nucleocytoplasmic transport
of specific transcription factors or transcripts.

The comprehension of the mechanism underlying
the adrenal insufficiency in Allgrove syndrome and
the elucidation of the possible link with the nucleocy-
toplasmic transport may represent the initial step for
future research and therapeutic approaches in ACTH-
resistant hypocortisolism.

Conclusions

This study provides a unique pathological description of
adrenal glands affected by Allgrove’s syndrome. The find-
ings could help to shed a light on the mechanism under-
lying adrenal insufficiency, providing new insight that
could link ACTH resistance, SCARB1 impairment, and
defective nucleocytoplasmic transport. We aim to con-
firm the molecular anomalies found in a future biobank
in a cohort of several cases of this rare disease. These
observations may represent the initial step for future
research and new therapeutic strategies for this rare
disease.
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Abstract

Background and Objectives

Coenzyme Q;o (CoQ,)-deficient cerebellar ataxia can be due to pathogenic variants in genes
encoding for CoQ; biosynthetic proteins or associated with defects in protein unrelated to its
biosynthesis. Diagnosis is crucial because patients may respond favorably to CoQ; supple-
mentation. The aim of this study was to identify through whole-exome sequencing (WES) the
pathogenic variants, and assess CoQ,q levels, in fibroblasts from patients with undiagnosed
cerebellar ataxia referred to investigate CoQ;q deficiency.

Methods
WES was performed on genomic DNA extracted from 16 patients. Sequencing data were
filtered using a virtual panel of genes associated with CoQ, deficiency and/or cerebellar ataxia.

CoQy levels were measured by high-performance liquid chromatography in 14 patient-derived
fibroblasts.

Results

A definite genetic etiology was identified in 8 samples of 16 (diagnostic yield = 50%). The
identified genetic causes were pathogenic variants of the genes COQ8A (ADCK3) (n = 3
samples), ATPIA3 (n = 2), PLA2G6 (n = 1), SPG7 (n = 1), and MFSDS8 (n = 1). Five novel
mutations were found (COQ8A n = 3, PLA2G6 n = 1, and MFSD8 n = 1). CoQ; levels were
significantly decreased in 3/14 fibroblast samples (21.4%), 1 carrying compound heterozygous
COQS8A pathogenic variants, 1 harboring a homozygous pathogenic SPG7 variant, and 1 with
an unknown molecular defect.

Discussion

This work confirms the importance of COQ8A gene mutations as a frequent genetic cause
of cerebellar ataxia and CoQ; deficiency and suggests SPG7 mutations as a novel cause of
secondary CoQq deficiency.
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Abstract: Background: Effects of dopaminergic medications used to treat Parkinson’s disease (PD) may be
compared with each other by using conversion factors, calculated as Levodopa equivalent dose (LED).
However, current LED proposals on MAO-B inhibitors (iMAO-B) safinamide and rasagiline are still based on
empirical approaches.

Objectives: To estimate LED of safinamide 50 and 100 mg.

Methods: In this multicenter, longitudinal, case-control study, we retrospectively reviewed clinical charts of

500 consecutive PD patients with motor complications and treated with (i) safinamide 100 mg (N = 130),
safinamide 50 mg (N = 144), or rasagiline 1 mg (N = 97) for 9 & 3 months and a control group of patients never
treated with any iMAO-B (N = 129).

Results: Major baseline features (age, sex, disease duration and stage, severity of motor signs and motor
complications) were similar among the groups. Patients on rasagiline had lower UPDRS-II scores and Levodopa
dose than control subjects. After a mean follow-up of 8.8-to-10.1 months, patients on Safinamide 50 mg and

100 mg had lower UPDRS-IIl and OFF-related UPDRS-IV scores than control subjects, who in turn had larger
increase in total LED than the three IMAO-B groups. After adjusting for age, disease duration, duration of follow-
up, baseline values and taking change in UPDRS-IIl scores into account (sensitivity analysis), safinamide 100 mg
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Reply to: “Lack of Association

between TWNK Rare Variants

and Parkinson’s Disease in a
Chinese Cohort”

We thank Dr. Chunyu Li and colleagues for their interest in
our work! and for further exploring the link between rare
variants in TWNK and Parkinson’s disease (PD). To this aim,
they performed a burden analysis using data obtained from
two cohorts of patients with PD and control subjects of Chi-
nese ancestry who underwent whole-exome sequencing. They
conclude against an association between rare variants in
TWNK and PD.? Recently, Drs. Senkevich and Gan-Or® per-
formed similar analyses in European cohorts, leading to the
same conclusions. As mentioned in our previous
correspondence,* although we acknowledge the importance of
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replication studies, we raise some perplexities regarding the
possible contribution of burden analyses for rare variants in
TWNK and PD. Monoallelic TWNK variants are an
established cause of several mitochondrial disorders, such as
autosomal dominant progressive external ophthalmoplegia.
To this regard, the screening of soft mitochondrial signs
should be considered in selection criteria of both cases and
controls in genetic association studies, keeping in mind that
such syndromes could remain underdiagnosed until the
advanced age. Moreover, none of the TWNK variants
reported in our work in patients with PD was identified,
strengthening their possible role of private variants.

In conclusion, we agree that caution is needed when
assessing the possible contribution of TWNK to the etiology
of PD, which requires additional genetic and functional stud-
ies. However, we point out that association studies even when
complemented by rare variant burden analyses may not be
adequate to detect the pathogenic impact of rare variants with
incomplete penetrance. Functional studies based on patient-
derived cell models could help in the future to elucidate the
effect of specific TWNK variants in the pathogenesis of PD. @
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Abstract: Parkinson’s disease (PD) is the second most common neurodegenerative disorder in the
aging population, and no disease-modifying therapy has been approved to date. The pathogenesis of
PD has been related to many dysfunctional cellular mechanisms, however, most of its monogenic
forms are caused by pathogenic variants in genes involved in endolysosomal function (LRRK2, VPS35,
VPS13C, and ATP13A2) and synaptic vesicle trafficking (SNCA, RAB39B, SYN]1, and DNAJC6). More-
over, an extensive search for PD risk variants revealed strong risk variants in several lysosomal genes
(e.g., GBA1, SMPD1, TMEM175, and SCARB2) highlighting the key role of lysosomal dysfunction in
PD pathogenesis. Furthermore, large genetic studies revealed that PD status is associated with the
overall “lysosomal genetic burden”, namely the cumulative effect of strong and weak risk variants
affecting lysosomal genes. In this context, understanding the complex mechanisms of impaired
vesicular trafficking and dysfunctional endolysosomes in dopaminergic neurons of PD patients is a
fundamental step to identifying precise therapeutic targets and developing effective drugs to modify
the neurodegenerative process in PD.

Keywords: Parkinson’s disease; genetics; lysosomes; endolysosomes; synaptic vesicles

1. Introduction

Parkinson’s disease (PD) is the second most common neurodegenerative disorder
in the aging population [1-4]. It is clinically defined by the presence of bradykinesia
in combination with either rest tremor and/or rigidity, and a clear beneficial response to
dopaminergic therapy [5]. Neuropathologically, it is characterized by the loss of dopaminer-
gic neurons in the substantia nigra (SN) and the presence of x-synuclein positive inclusions
(Lewy bodies, LB) in surviving neurons [6-8]. At present, there are no approved treatments
capable of slowing neurodegeneration in PD. Therefore, it is of paramount importance
to shed light on the molecular mechanism causing PD neurodegeneration, because this
knowledge is the indispensable prerequisite to identifying therapeutic compounds that
can address the dysfunctional cellular machinery specific to this neurodegenerative dis-
order [9,10]. In the past two decades, PD etiopathogenesis has been linked with several
deranged cellular mechanisms, ranging from mitochondrial impairment (PRKN, PINK1,
PARK?) and ubiquitination defects (FBXO?) to dysfunction of the endolysosomal path-
way (LRRK2, VPS35, VPS13C, ATP13A2) and synaptic vesicle trafficking (SNCA, RAB39B,
SYNJ1, DNAJC6). In addition, significant parts of the risk genes associated with PD encode
for endolysosomal and synaptic vesicle proteins, confirming a particular susceptibility of
PD-related brain structures to the impairment of these pathways (Figure 1) [11-18].
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Glucosylceramide synthase (UGCG) is a key enzyme in the biosynthesis of glycosphingolipids and its activity is related to the
resistance to anticancer drugs and is involved in the derangement of metabolism in various diseases. Moreover, UGCG acts as a
major controller of the balanced levels of individual brain sphingolipids that may trigger neurodegeneration in Gaucher disease and
in Parkinson disease associated to pathogenic variants in the glucocerebrosidase-encoding gene GBA. We have developed an effective
method for determining UGCG activity in vitro using deuterated ceramide as an acceptor, and quantitation of the formed deuterated
glucosylceramide by liquid chromatography coupled with tandem mass spectrometry. The method enabled us to determine the
kinetic parameters of UGGC and the effect of the inhibitor GZ667161 on the enzyme activity expressed in model cells, as well as
to measure UGCG specific activity in human fibroblasts using a simple crude cell homogenate. This novel approach may be useful
in determining the actual UGCG activity levels in patient cells and tissues of animal models of diseases, and to study novel drugs
targeting glycosphingolipid metabolism.
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Introduction

UGCG, UDP-Glucose: Ceramide B1-1’ glucosyltransferase,
EC:2.4.1.80, also known as glucosylceramide (GlcCer) syn-
thase (see chemical reaction in Supplementary Fig. S1) is the
enzyme responsible for the biosynthesis of the bulk of gly-
cosphingolipids in mammals; since the reaction product, Gle-
Cer, is the immediate precursor of lactosylceramide, the core
structure common to almost all classes of complex glycosph-
ingolipids, such as globosides, gangliosides and lacto- or neo-
lacto neutral or sulfated glycosphingolipids (Belarbi et al.
2020). In addition to such a relevant physiologic role, UGCG
merited special attention due to the involvement in drug
resistance in various cancers (Wegner, Gruber, et al. 2018;
Wegner, Schomel, et al. 2018; Madigan et al. 2020; Salustiano
et al. 2020; Bataller et al. 2021; Chueakwon et al. 2022), in the
metabolic derangement occurring in malignant (Schomel et al.
2020; Jennemann et al. 2021; Zhang and Zhang 2021) and
nonmalignant diseases (Andersson et al. 2021; Baccam et al.
2022), and more recently, in the development of Parkinson
disease (PD) in patients carrying mutations in the GBA gene
(Sidransky et al. 2009). According to the hypothesis that
reduced glucocerebrosidase activity gives rise to an imbalance
between GlcCer and Cer that triggers a-synuclein accumu-
lation and Parkinson disease (Riboldi and Di Fonzo 2019;
Belarbi et al. 2020), reducing GlcCer biosynthesis appeared a
logical therapeutic approach that could be addressed inhibit-
ing UGCG ubiquitously, mainly in the central nervous system.
To this aim, potential inhibitors, including those able to pass
the blood brain barrier, have been designed and tested in vivo

and in vitro (Cabrera-Salazar et al. 2012; Marshall et al. 2016;
Sardi et al. 2017; Fujii et al. 2021; Dodge et al. 2022; Sabnis
2022; Tanaka et al. 2022). One of the main tools for address-
ing such issues is an assay for measuring UGCG activity in
vitro. Between the assay methods reported so far (Roy et al.
2019), none concurrently overcomes the three main obstacles
encountered since several years: a reliable enzyme source,
a suitable acceptor substrate not far from the natural one,
and an accurate but convenient method for reaction product
quantification. Taking advantage from our recent work with
other glycosyltransferases (Indellicato et al. 2019, 2020), we
have thought to bypass the first obstacle by obtaining relevant
amounts of stable UGCG through transient over-expression
in mammalian cells upon transfection of ¢cDNA placed in
an effective vector. Regarding the acceptor, we decided to
incubate the enzyme with a commercially available isotope
of Cer resembling the naturally occurring one: the deuterated
C15-acyl-sphingosine. In the end, we detected and quantitate
the formed deuterated GlcCer by LC-MS/MS of the reaction
mixture. To test the efficacy of the procedure, we determined
the GlcCer synthase specific activity in human skin fibroblasts
and evaluated the inhibitory effect of GZ667161 (Venglustat),
a brain-penetrant clinical candidate GCS inhibitor already
tested in a phase 2 clinical trial for GBA-PD, (Viel et al. 2021;
Peterschmitt et al. 2022), on the enzyme activity.

Results and discussion

HEK-293 T cells, which are efficiently transfected with
plasmid DNAs and able to replicate plasmids carrying the
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ARTICLE INFO ABSTRACT

Keywords: The early differential diagnosis of Parkinson’s disease (PD) and atypical Parkinsonian syndromes (APS),
Parkinson’s disease including corticobasal degeneration (CBD) and progressive supranuclear palsy (PSP), is challenging because of
Atyp_ical parkinsonian S_yndromes an overlap of clinical features and the lack of reliable biomarkers. Neural-derived extracellular vesicles (NDEVs)
Sg;::;::ls::rd;aglz;e(r;;ﬁ; (CBD) isolated from blood provide a window into the brain’s biochemistry and may assist in distinguishing between PD
Neural-derived extracellular vesicles (NDEVS), and APS. We verified in a case-control study whether oligomeric a-Synuclein and Tau aggregates isolated from
a-Synuclein, tau NDEVs could allow the differential diagnosis of these conditions.
Biomarker Blood sampling and clinical data, including disease duration, motor severity, global cognition, and levodopa
Exosomes equivalent daily dose (LEDD), were collected from patients with a diagnosis of either PD (n = 70), PSP (n = 21),
or CBD (n = 19). NDEVs were isolated from serum by immunocapture using an antibody against the neuronal
surface marker L1CAM; oligomeric a-Synuclein and aggregated Tau were measured by ELISA.

NDEVs analyses showed that oligomeric a-Synuclein is significantly augmented in PD compared to APS,
whereas Tau aggregates are significantly increased in APS compared to PD (p < 0.0001). ROC analyses showed
that these two biomarkers have a “good” power of classification (p < 0.0001 for both proteins), with high
sensitivity and specificity, with NDEVs concentration of Tau aggregates and oligomeric a-Synuclein being
respectively the best biomarker for PD/PSP and PD/CBD diagnostic differentiation.

Logistic and multiple regression analysis confirmed that NDEVs-derived oligomeric a-Synuclein and Tau ag-
gregates differentiate PD from CBD and PSP (p < 0.001). Notably, a positive correlation between NDEVs olig-
omeric a-Synuclein and disease severity (disease duration, p = 0.023; Modified H&Y, p = 0.015; UPDRS motor
scores, p = 0.004) was found in PD patients and, in these same patients, NDEVs Tau aggregates concentration
inversely correlated with global cognitive scores (p = 0.043).

A minimally invasive blood test measuring the concentration of a-synuclein and Tau aggregates in NDEVs can
represent a promising tool to distinguish with high sensitivity and specificity PD from CBD or PSP patients.
Optimization and validation of these data will be needed to confirm the diagnostic value of these biomarkers in
distinguishing synucleinopathies from taupathies.

Abbreviations: APS, Atypical Parkinsonian Syndromes; CD81, Cluster of Differentiation 81; CI, confidence interval; L1CAM, L1 Cell Adhesion Molecule; LEDD,
Levodopa Equivalent Daily Dose; MISEV, Minimal Information for Studies of Extracellular Vesicles; NDEVs, Neural Derived Extracellular Vesicles.
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E-mail address: cagliardi@dongnocchi.it (C. Agliardi).
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2021) L1CAM -based immunoprecipitation extracellular vesicles is
nevertheless expected to enrich NDEVs rather than to yield a pure
population. Moreover, in-depth characterization of L1CAM-isolated
NDEV’s clearly showed that these particles carry specific exosomal
and neural markers (Agliardi et al., 2021; Dutta et al., 2021). Rein-
forcing the idea that NDEVs isolated in this way are indeed an extremely
useful tool to allow a glimpse into the CNS.

It has become evident that the clinicopathological heterogeneity of
PSP and CBD impedes the development of specific clinical diagnostic
criteria. Many studies have attempted to identify clinical features from
clinicopathologic series in order to predict the underlying pathology.
The overlapping clinical spectrum of PD and APS can make the differ-
ential diagnosis of these conditions very challenging. The difficulty in
discriminate between these forms is particularly evident in the early
stages, when neurological sings and neuroimaging features can be
indistinguishable. In this scenario, the need for precise, reliable and
easily measurable biomarkers is warranted.

The results presented here will need to be validated in larger inde-
pendent cohorts and will need to be confirmed using next generation
ELISA methods, that reach sub-picogram concentration sensitivity. It
also has to be noted that the final diagnosis of patients, which was used
to determine diagnostic accuracy, was based on clinical evaluation alone
and has not yet been confirmed by neuropathologic examination.
Although a team of movement disorders specialists has identified clin-
ical diagnoses according to international diagnostic criteria, we cannot
rule out that some patients may have received an erroneous diagnosis.
These limitations notwithstanding, these results strongly suggest that
NDEVs-associated oligomeric a-Synuclein and Tau aggregates concen-
tration may serve as minimally invasive biomarkers for the early dif-
ferential diagnosis of PD and APS, and could have a prognostic value in
PD patients.

5. Conclusions

Data herein not only confirm very recent studies showing that
increased a-synuclein in NDEVs can predict and differentiates PD from
APS (Jiang et al., 2020), but also expand the knowledge by showing that
the evaluation of a-synuclein and aggregated Tau in NDEVs allows to
distinguish between PD and APS. This new observation suggests that
these proteins have a promising potential to become disease-specific
biomarkers in the clinical settings.
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Coats Disease
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Abstract

Purpose: To report the unique case of a pair of phenotypically discordant monozygotic twins, with one of them affected
by unilateral Coats disease.

Case report: Both patients underwent a complete ophthalmologic evaluation and were genetically tested with whole-
exome sequencing (WES). Any known or unknown potential genetic determinant of Coats disease wasn’t found.
Conclusion: It may suggest a non-genetic etiology for this disorder. This represents, to the best of our knowledge, the
first case of genetic analysis of monozygotic twins, one of whom is affected by Coats disease. Further studies are war-

ranted, including performing genetic analysis directly on retinal biopsy tissue.

Keywords

Coats disease, Coats, genetic, monozygotic twins, genetic analysis, genetic evaluation, phenotypically discordant
monozygotic twins, retinal telangiectasia, idiopatic retinal vasculopathy
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Introduction

Coats disease is an idiopathic retinal vasculopathy charac-
terized by retinal telangiectasia, intraretinal or subretinal
exudation, micro and macro-aneurysm, and exudative
retinal detachment.! Vascular abnormalities are more
common in the peripheral retina, and exudation occurs
mostly in the macular area.” Coats disease can manifest
at any age, but the majority of patients are children with
a diagnosis in their first or second decades of life.® It’s a
rare disease, with an incidence estimated at 0.09 per
100,000 population in the UK.* It occurs predominantly
in males without any ethnic differences. This disease is
usually unilateral, with a bilateral manifestation in less
than 10% of cases.” In the last decades more sophisticated
diagnostic techniques®™> and treatments of Coats disease
have been proposed. Vitreoretinal or subretinal/external
drainage surgery, laser photocoagulation,® and periocular
and/or intravitreal medications have led to a reduction in
the need for enucleation, especially in advanced-stage
Coats disease.' Coats disease is usually not associated

with systemic disease and its genetic etiology is still
debated. Several candidate gene mutations have been
described, including the Norrie Disease Protein (NDP),’
CRB1,} PANK2? TERC,'® ABCD4.'! In addition, the
hypothesis of a somatic mutation has been proposed in
the years given the congenital, nonfamilial, and unilateral
features of the disease’
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Abstract: Many conditions can present with accumulation of calcium in the brain and manifest with
a variety of neurological symptoms. Brain calcifications can be primary (idiopathic or genetic) or
secondary to various pathological conditions (e.g., calcium-phosphate metabolism derangement,
autoimmune disorders and infections, among others). A set of causative genes associated with
primary familial brain calcification (PFBC) has now been identified, and include genes such as
SLC20A2, PDGFB, PDGFRB, XPR1, MYORG, and JAM2. However, many more genes are known to be
linked with complex syndromes characterized by brain calcifications and additional neurologic and
systemic manifestations. Of note, many of these genes encode for proteins involved in cerebrovascular
and blood-brain barrier functions, which both represent key anatomical structures related to these
pathological phenomena. As a growing number of genes associated with brain calcifications is
identified, pathways involved in these conditions are beginning to be understood. Our comprehensive
review of the genetic, molecular, and clinical aspects of brain calcifications offers a framework for
clinicians and researchers in the field.

Keywords: primary familial brain calcification (PFBC); SLC20A2; PDGFB; PDGFRB; XPR1; JAM2; MYORG

1. Introduction

Brain calcifications (BC) are intracranial calcium deposits localized in the brain parenchyma
and its microvasculature [1,2]. Their prevalence ranges from 1% in young individuals up to
38% in elderly subjects [2—4]. Calcified areas are easily identified by clinicians as hyperdense
alterations on brain CT. A certain degree of intracranial calcifications, particularly of the basal
ganglia, pineal gland, choroid plexus, and habenula, can be considered a normal phenomenon
associated with aging [2]. Indeed, BC are often incidental findings on neuroimaging of asymp-
tomatic individuals; however, they can also be associated with many genetic and acquired
disorders [5,6].

BC can be primary, as observed in several early- and late-onset genetic syndromes,
or can be secondary to systemic alterations of phosphate—calcium metabolism (genetic
and also acquired forms), intrauterine (e.g., TORCH) and post-natal infections (e.g., neu-
rocysticercosis), hypoxic-ischemic injuries, toxic exposures (e.g., lead), brain tumors (e.g.,
oligodendrogliomas), and autoimmune disorders (e.g., systemic lupus erythematosus) [2,5].

Although large-scale epidemiological studies are lacking, the most common neurolog-
ical disorder associated with late-onset BC is traditionally known as Fahr disease [5]. It is
clinically defined by the variable presence of movement disorders, recurrent headaches, and
psychiatric manifestations, in association with the presence of bilateral BC, most commonly
in the basal ganglia, but also in the subcortical white matter, thalamus, and cerebellum [1].
Historically, different names have been used to refer to this neurological condition, includ-
ing: idiopathic basal ganglia calcification (IBCG), bilateral striopallidodentate calcinosis
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Abstract

Background and objectives The C9orf72 expansion is the most common genetic cause of frontotemporal dementia (FTD)
and/or motor neuron disease (MND). Corticospinal degeneration has been described in post-mortem neuropathological
studies in these patients, especially in those with MND. We used MRI to analyze white matter (WM) volumes in presymp-
tomatic and symptomatic C9orf72 expansion carriers and investigated whether its measure may be helpful in predicting the
onset of symptoms.

Methods We studied 102 presymptomatic C9orf72 mutation carriers, 52 symptomatic carriers: 42 suffering from FTD and
11 from MND, and 75 non-carriers from the Genetic Frontotemporal dementia Initiative (GENFI). All subjects underwent
T1-MRI acquisition. We used FreeSurfer to estimate the volume proportion of WM in the brainstem regions (midbrain, pons,
and medulla oblongata). We calculated group differences with ANOVA tests and performed linear and non-linear regressions
to assess group-by-age interactions.

Results A reduced WM ratio was found in all brainstem subregions in symptomatic carriers compared to both noncarriers
and pre-symptomatic carriers. Within symptomatic carriers, MND patients presented a lower ratio in pons and medulla
oblongata compared with FTD patients. No differences were found between presymptomatic carriers and non-carriers.
Clinical severity was negatively associated with the WM ratio. C9orf72 carriers presented greater age-related WM loss than
non-carriers, with MND patients showing significantly more atrophy in pons and medulla oblongata.

Discussion We find consistent brainstem WM loss in C9orf72 symptomatic carriers with differences related to the clinical
phenotype supporting the use of brainstem measures as neuroimaging biomarkers for disease tracking.

Keywords Frontotemporal dementia - C90rf72 - GENFI - Brainstem
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frontal and temporal lobes of the brain producing behavioral
and language impairment [1]. Amyotrophic lateral sclero-
sis (ALS) is the most frequent motor neuron disease. It is
List of GENFI consortium authors in the Appendix. caused by the neurodegeneration of motor neurons and the
corticospinal and corticobulbar tracts leading to progres-
sive weakness and muscular atrophy [2]. Due to the scien-
tific advances in the last decades, it is now recognized that
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Abstract

Objective To investigate the optimal method of adding motor features to a clinical rating scale for frontotemporal dementia
(FTD).

Methods Eight hundred and thirty-two participants from the international multicentre Genetic FTD Initiative (GENFI) study
were recruited: 522 mutation carriers (with C9orf72, GRN and MAPT mutations) and 310 mutation-negative controls. A
standardised clinical questionnaire was used to assess eight motor symptoms (dysarthria, dysphagia, tremor, slowness, weak-
ness, gait disorder, falls and functional difficulties using hands). Frequency and severity of each motor symptom was assessed,
and a principal component analysis (PCA) was performed to identify how the different motor symptoms loaded together.
Finally, addition of a motor component to the CDR® plus NACC FTLD was investigated (CDR® plus NACC FTLD-M).
Results 24.3% of mutation carriers had motor symptoms (31.7% C9orf72, 18.8% GRN, 19.3% MAPT) compared to 6.8% of
controls. Slowness and gait disorder were the commonest in all genetic groups while tremor and falls were the least frequent.
Symptom severity scores were similar to equivalent physical motor examination scores. PCA revealed that all motor symp-
toms loaded together so a single additional motor component was added to the CDR® plus NACC FTLD to form the CDR®
plus NACC FTLD-M. Individual global scores were more severe with the CDR® plus NACC FTLD-M, and no patients with
a clinically diagnosed motor disorder (ALS/FTD-ALS or parkinsonism) were classified anymore as asymptomatic (unlike
the CDR® plus NACC FTLD alone).

Conclusions Motor features are present in mutation carriers at all disease stages across all three genetic groups. Inclusion
of motor symptoms in a rating scale that can be used in future clinical trials will not only ensure a more accurate severity
measure is recorded but that a wider spectrum of FTD phenotypes can be included in the same trial.

Keywords Frontotemporal dementia - Genetics - Motor - Tau - Progranulin - C90rf72
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Frontotemporal dementia (FTD) is a neurodegenerative dis-
order that can present with a wide spectrum of phenotypes
including behavioural, language and motor symptoms. It is
often a sporadic condition but in around a third of individu-
als it is inherited, with the main autosomal dominant genetic
mutations being found in progranulin (GRN), microtubule-
associated protein tau (MAPT) and chromosome 9 open


http://orcid.org/0000-0002-3105-7099
http://crossmark.crossref.org/dialog/?doi=10.1007/s00415-022-11442-y&domain=pdf
user1
Evidenziato


1474

Journal of Neurology (2023) 270:1466-1477

in use of the scales, it will be important in future studies to
formally assess both intra- and inter-rater variability.

In summary, motor symptoms are a key feature of
genetic FTD, with differences in the type and extent of
motor impairment noted between the main genetic mutation
groups. Importantly, motor symptoms occur commonly in
people without a primary motor diagnosis. Hence, incorpo-
rating a motor domain into a clinical rating scale for genetic
FTD is essential for future trials. This will improve disease
staging which in turn should optimise not only the stratifica-
tion of individuals into trials but also the accuracy of clinical
outcome measures.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00415-022-11442-y.
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Abstract

Background Behavioural variant fronto-temporal dementia (bvFTD) is characterised by a progressive change in personality
in association with atrophy of the frontal and temporal lobes. Whilst language impairment has been described in people with
bvFTD, little is currently known about the extent or type of linguistic difficulties that occur, particularly in the genetic forms.
Methods Participants with genetic bvFTD along with healthy controls were recruited from the international multicentre
Genetic FTD Initiative (GENFI). Linguistic symptoms were assessed using items from the Progressive Aphasia Severity
Scale (PASS). Additionally, participants undertook the Boston Naming Test (BNT), modified Camel and Cactus Test (mCCT)
and a category fluency test. Participants underwent a 3T volumetric T1-weighted MRI, with language network regional brain
volumes measured and compared between the genetic groups and controls.

Results 76% of the genetic bvFTD cohort had impairment in at least one language symptom: 83% C9orf72, 80% MAPT
and 56% GRN mutation carriers. All three genetic groups had significantly impaired functional communication, decreased
fluency, and impaired sentence comprehension. C9orf72 mutation carriers also had significantly impaired articulation and
word retrieval as well as dysgraphia whilst the MAPT mutation group also had impaired word retrieval and single word
comprehension. All three groups had difficulties with naming, semantic knowledge and verbal fluency. Atrophy in key left
perisylvian language regions differed between the groups, with generalised involvement in the C9orf72 group and more
focal temporal and insula involvement in the other groups. Correlates of language symptoms and test scores also differed
between the groups.

Conclusions Language deficits exist in a substantial proportion of people with familial bvFTD across all three genetic groups.
Significant atrophy is seen in the dominant perisylvian language areas and correlates with language impairments within each
of the genetic groups. Improved understanding of the language phenotype in the main genetic bvFTD subtypes will be helpful
in future studies, particularly in clinical trials where accurate stratification and monitoring of disease progression is required.

Keywords Frontotemporal dementia - Genetics - Language - Tau - Progranulin - C9orf72
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atrophy. Improved understanding of the relationship between
bvFTD and its language phenotype will aid more focussed
assessments and interpretations of data within FTD studies.
This in turn will guide the future stratification of individu-
als within clinical trials as well as the monitoring of disease
progression and treatment response.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00415-022-11512-1.
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Abstract

Objectives To investigate the normal-appearing white matter (NAWM) susceptibility in a cohort of newly diagnosed multiple
sclerosis (MS) patients and to evaluate possible correlations between NAWM susceptibility and disability progression.
Methods Fifty-nine patients with a diagnosis of MS (n = 53) or clinically isolated syndrome (CIS) (n = 6) were recruited and
followed up. All participants underwent neurological examination, blood sampling for serum neurofilament light chain (sNfL)
level assessment, lumbar puncture for the quantification of cerebrospinal fluid (CSF) 3-amyloid;_4, (Af3) levels, and brain MRI.
T2-weighted scans were used to quantify white matter (WM) lesion loads. For each scan, we derived the NAWM volume fraction
and the WM lesion volume fraction. Quantitative susceptibility mapping (QSM) of the NAWM was calculated using the
susceptibility tensor imaging (STI) suite. Susceptibility maps were computed with the STAR algorithm.

Results Primary progressive patients (n = 9) showed a higher mean susceptibility value in the NAWM than relapsing-remitting (n
=44) and CIS (n = 6) (p = 0.01 and p = 0.02). Patients with a higher susceptibility in the NAWM showed increased sNfL
concentration (p = 0.38, p = 0.004) and lower CSF Af levels (p =—0.34, p = 0.009). Mean NAWM susceptibility turned out to be
a predictor of the expanded disability status scale (EDSS) worsening at follow-up (6= 0.41, t =2.66, p = 0.01) and of the MS
severity scale (MSSS) (8= 0.38, 1 =2.43, p=0.019).

Conclusions QSM in the NAWM seems to predict the EDSS increment over time. This finding might provide evidence on the
role of QSM in identifying patients with an increased risk of early disability progression.

Key Points

* NAWM-QOSM is higher in PPMS patients than in RRMS.

* NAWM-QOSM seems to be a predictor of EDSS worsening over time.

* Patients with higher NAWM-QSM show increased sNfL concentration and lower CSF A levels.

Keywords Multiple sclerosis - Brain - White matter - Magnetic resonance imaging - Follow-up studies
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treatment before the first MRI. Even though this time frame
was very short (< 2 months), we cannot completely exclude
that DTMs could have partly influenced the radiological pa-
rameters. Fifth, no healthy controls were included in the study.
Accordingly, it is not possible to speculate whether QSM
measures in the NAWM are pathological or not. The data
interpretation of the increase in NAWM susceptibility is based
on assumptions that need confirmation through combined ad-
vanced imaging techniques or neuropathology.

In conclusion, this study provides evidence of the potential
role of QSM in the assessment of subtle early-onset WM
changes, suggesting its possible use as a prognostic biomarker
of disease progression in MS patients. A replication in a larger
cohort of patients is required to confirm these preliminary
data.
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Introduction: Growth Differentiation Factor 15 (GDF15) is a mitochondrial-
stress-responsive molecule whose expression strongly increases with aging
and age-related diseases. However, its role in neurodegenerative diseases,
including Alzheimer's disease (AD), is still debated.

Methods: We have characterized the expression of GDF15 in brain samples
from AD patients and non-demented subjects (controls) of different ages.

Results: Although no difference in CSF levels of GDF15 was found between
AD patients and controls, GDF15 was expressed in different brain areas and
seems to be predominantly localized in neurons. The ratio between its mature
and precursor form was higher in the frontal cortex of AD patients compared
to age-matched controls (p<0.05). Moreover, this ratio was even higher for
centenarians (p<0.01), indicating that aging also affects GDF15 expression
and maturation. A lower expression of OXPHOS complexes |, lll, and V in AD
patients compared to controls was also noticed, and a positive correlation
between GDF15 and IL-6 mRNA levels was observed. Finally, when GDF15
was silenced in vitro in dermal fibroblasts, a decrease in OXPHOS complexes
transcript levels and an increase in IL-6 levels were observed.

Discussion: Although GDF15 seems not to be a reliable CSF marker for AD, it
is highly expressed in aging and AD brains, likely as a part of stress response
aimed at counteracting mitochondrial dysfunction and neuroinflammation.
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GDF15, Alzheimer's disease, aging, inflammation, mitochondrial dysfunction
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exclude the possibility, though unlikely, that the chronic
expression of GDF15 may play a role in the pathogenesis of AD
and thus GDF15 could be considered as a potential target to
treat AD.
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(A) Representative immunoblotting image of pro-GDF15, m-GDF15, and
GAPDH in the frontal cortex (Fr), hippocampus (Hi), temporal cortex (Te),
parietal cortex (Pa) and cerebellum (Ce). (B—G) Relative protein
expression levels of pro-GDF15, m-GDF15, and m-GDF15/pro-GDF15
ratio from (B—D) 2 non-demented old subjects (NDO) and (E-G) 4 AD
patients (AD). The bars represent mean+SE. Student's t and one-way
ANOVA tests with Bonferroni correction were applied. Western blotting
quantification was performed using ImageJ software and normalized to
GAPDH expression. *p<0.05.

SUPPLEMENTARY FIGURE S2

(A) Representative immunoblotting image of pro-GDF15, m-GDF15, and
GAPDH in the parietal cortex. (B) pro-GDF15 and (C) m-GDF15 protein
relative expression in the parietal cortex from seven non-demented old
subjects (NDO) and 11 AD patients (AD). The bars represent mean+SE.
Student's t test was applied. Western blotting quantification was
performed using ImageJ software and normalized to GAPDH expression.

SUPPLEMENTARY FIGURE S3

Relative transcript levels of (A) GDF15 and (B) IL-6 in DFs from five non-
demented old subjects in the age range 73-78 (ND) and 3 AD patients
(AD), considered separately, treated with scramble siRNA or GDF15 siRNA.
The bars represent mean+SE. Student’s t and one-way ANOVA tests with
Bonferroni correction were applied.
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Abstract Extracellular vesicles (EVs) are media-
tors of cellular communication that can be released
by almost all cell types in both physiological and
pathological conditions and are present in most bio-
logical fluids. Such characteristics make them attrac-
tive in the research of biomarkers for age-related
pathological conditions. Based on this, the aim of
the present study was to examine the changes in
EV concentration and size in the context of frailty,
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a geriatric syndrome associated with a progressive
physical and cognitive decline. Specifically, total
EVs and neural and microglial-derived EVs (NDVs
and MDVs respectively) were investigated in plasma
of frail and non-frail controls (CTRL), mild cogni-
tive impairment (MCI) subjects, and in Alzheimer’s
disease (AD) patients. Results provided evidence
that AD patients displayed diminished NDV concen-
tration (3.61 x 10° + 1.92 x 10? vs 7.16 x 10° +
4.3 x 10° particles/ml) and showed high diagnostic
performance. They are able to discriminate between
AD and CTRL with an area under the curve of 0.80,
a sensitivity of 78.95% and a specificity of 85.7%,
considering the cut-off of 5.27 x 10° particles/ml.
Importantly, we also found that MDV concentra-
tion was increased in frail MCI patients compared
to CTRL (5.89 x 10° + 3.98 x 10° vs 3.16 x 10° =
3.04 x 10° particles/ml, P < 0.05) and showed high
neurotoxic effect on neurons. MDV concentration
discriminate frail MCI vs non-frail CTRL (AUC =
0.76) with a sensitivity of 80% and a specificity of
70%, considering the cut-off of 2.69 x 10° particles/
ml. Altogether, these results demonstrated an altera-
tion in NDV and MDV release during cognitive
decline, providing important insight into the role of
EVs in frailty status.

Keywords Extracellular vesicles - Frailty -

Mild cognitive impairment - Microglial derived
extracellular vesicles - Neuronal derived extracellular
vesicles
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Primary progressive aphasia is most commonly a sporadic disorder, but in some cases, it can be genetic. This study aimed to under-
stand the clinical, cognitive and imaging phenotype of the genetic forms of primary progressive aphasia in comparison to the canonical
nonfluent, semantic and logopenic subtypes seen in sporadic disease. Participants with genetic primary progressive aphasia were re-
cruited from the international multicentre GENetic Frontotemporal dementia Initiative study and compared with healthy controls as
well as a cohort of people with sporadic primary progressive aphasia. Symptoms were assessed using the GENetic Frontotemporal
dementia Initiative language, behavioural, neuropsychiatric and motor scales. Participants also underwent a cognitive assessment
and 3 T volumetric T1-weighted MRI. One C907rf72 (2%), 1 MAPT (6%) and 17 GRN (44%) symptomatic mutation carriers
had a diagnosis of primary progressive aphasia. In the GRN cohort, 47% had a diagnosis of nonfluent variant primary progressive
aphasia, and 53% had a primary progressive aphasia syndrome that did not fit diagnostic criteria for any of the three subtypes, called
primary progressive aphasia-not otherwise specified here. The phenotype of the genetic nonfluent variant primary progressive aphasia
group largely overlapped with that of sporadic nonfluent variant primary progressive aphasia, although the presence of an associated
atypical parkinsonian syndrome was characteristic of sporadic and not genetic disease. The primary progressive aphasia -not other-
wise specified group however was distinct from the sporadic subtypes with impaired grammar/syntax in the presence of relatively in-
tact articulation, alongside other linguistic deficits. The pattern of atrophy seen on MRI in the genetic nonfluent variant primary
progressive aphasia group overlapped with that of the sporadic nonfluent variant primary progressive aphasia cohort, although
with more posterior cortical involvement, whilst the primary progressive aphasia-not otherwise specified group was strikingly asym-
metrical with involvement particularly of the insula and dorsolateral prefrontal cortex but also atrophy of the orbitofrontal cortex and
the medial temporal lobes. Whilst there are overlapping symptoms between genetic and sporadic primary progressive aphasia
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syndromes, there are also distinct features. Future iterations of the primary progressive aphasia consensus criteria should encompass

such information with further research needed to understand the earliest features of these disorders, particularly during the prodromal

period of genetic disease.
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Abstract.

Background: Brain iron homeostasis is disrupted in neurodegeneration and areas of iron overload partially overlap with
regions of amyloid and tau burden in Alzheimer’s disease (AD). Previous studies demonstrated alterations in brain iron
accumulation in AD using quantitative susceptibility mapping (QSM).

Objective: Here, we investigate brain alterations of QSM values in AD and non-AD patients as compared to healthy controls
(HC) in the superior temporal sulcus and its banks (BANKSSTS), one of the top AD-affected regions.

Methods: Thirty-four patients who underwent brain MRI including a multi-echo gradient-echo sequence were subdivided
into AD (n=19) and non-AD (n=15) groups according to their clinical profile, CSF (AB4/40) and/or amyloid-PET status.
Ten HC were also included. QSM values were extracted from left and right BANKSSTS and compared among groups.
Correlation and binomial regression analyses between QSM values and CSF-AD biomarkers were conducted.

Results: QSM in left BANKSSTS was significantly different among groups (p =0.003, H=11.40), being higher in AD. QSM
values in left BANKSSTS were correlated with AB4, (rtho —0.55, p=0.005), AB4z/49 (tho —0.66, p <0.001), pTau (rho 0.63,
p<0.001), tTau (rho 0.56, p=0.005), tTau/AB4, (rtho 0.68, p <0.001) and pTau/AB4, (tho 0.71, p <0.001). No correlations
between QSM values and amyloid-PET SUVR in the left BANKSSTS were found. QSM values in left BANKSSTS showed
good accuracy in discriminating AD (AUC =0.80, Clys¢ [0.66-0.93]). Higher QSM values were independent predictors of
AB4 (B=0.63,p=0.032), AB4r/s (B=0.81, p=0.028), pTau (B =0.96, p =0.046), tTau (B =0.55, p =0.027), and tTau/AB4,
(B=1.13, p=0.042) positivity.

*Correspondence to: Valeria Elisa Contarino, Fondazione Milan, Italy. Tel.: 439 0255038618; E-mail: valeria.contarino@
IRCCS Ca’ Granda Ospedale Policlinico, Via F. Sforza 35, 20122 policlinico.mi.it.
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tiple correlations were not applied to control for
family-wise error. However, the leading hypothesis
was soundly grounded in previous literature and the
number of statistical tests was rather low. Noteworthy,
all the observed correlations between QSM values
in the left BANKSSTS and CSF biomarkers would
have survived Bonferroni correction considering the
four independent biomarkers (a/4 =p 0.0125). Over-
all, we consider this research rather preliminary and
encourage replication preferably in multicentric set-
ting.

The main strength of our study is that non-AD
dementia patients were considered for group compar-
ison and diagnostic accuracy analyses besides HC.
Another strength is that all clinical diagnoses were
supported by AD biomarkers. Moreover, data were
highly homogeneous since all CSF analyses were per-
formed in the same laboratory and all PET and MRI
images were acquired with standardized protocols in
single PET and MRI scanners.

In conclusion, we demonstrated that the automatic
analysis of the QSM values in the BANKSSTS may
provide non-invasive and user-independent measures
able to discriminate AD from non-AD patients that
deserve multicentric validation.
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Abstract.

Background: The longevity gene Klotho (KL) was recently associated with neurodegenerative diseases including Alzheimer’s
disease (AD). Its role in the brain has not been completely elucidated, although evidence suggests that KL-VS heterozygosity
is associated with a reduced risk of AD in Apolipoprotein E &4 carriers. Conversely, no data about genetic association with
frontotemporal dementia (FTD) are available so far.

Objective: To investigate the involvement of KL in AD and FTD by the determination of the genetic frequency of KL-VS
variant and the expression analysis of KL gene.

Methods: A population consisting of 438 patients and 240 age-matched controls was enrolled for the study. KL-VS and
APOE genotypes were assessed by allelic discrimination through a QuantStudio 12K system. KL gene expression analysis
was performed in a restricted cohort of patients consisting of 43 AD patients, 41 FTD patients and 19 controls. KL gene
expression was assessed in peripheral blood mononuclear cells with specific TagMan assay. Statistical analysis was performed
using GraphPad 9 Prims software.

Results: KL-VS frequency was comparable to the ones found in literature and no differences were found in both allelic and
genotypic frequencies between patients and controls were found. Conversely, KL expression levels were significantly lower
in AD and FTD patients compared with controls (mean fold regulation —4.286 and —6.561 versus controls in AD and FTD,
respectively, p=0.0037).

Conclusion: This is the first study investigating KL in FTD. We showed a decreased expression of the gene in AD and FTD,
independent of the genotype, suggesting a role of Klotho in common steps during neurodegeneration.

Keywords: Alzheimer’s disease, expression, frontotemporal dementia, Klotho, neurodegeneration
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expression. However, the inconsistency of our results
with the literature could be due to the small size of
the gene expression cohort.

We found a correlation between KL gene expres-
sion and CSF A in AD patients: high expression
levels were associated to higher Af levels. In this
regard, studies in animal models revealed that over-
expression of KL in the brain reduces A3 burden [24,
25]. KL could therefore play a role in AD pathol-
ogy and this corroborate its potential as therapeutic
target.

To the best of our knowledge, this is the first study
investigating KL in FTD patients. As already stated,
we found low KL expression levels in FTD com-
pared to control group. Its involvement in both AD
and FTD could indicate a pleotropic effect of KL.
Regarding controls, subjects were very well char-
acterized in terms of frailty index and cognition,
but we acknowledge that a few of them may have
comorbidities such as main internal diseases (i.e.,
diabetes) which can influence KL expression [26,
27]. As proof of its pleiotropic nature, KL seems
to be associated to several conditions. For instance,
reduced KL gene expression levels or protein levels
have been found in relapsing-remitting multiple scle-
rosis (RR-MS) [28], Parkinson’s disease [29], and
in schizophrenia, possibly acting together with other
detrimental factors. Therefore, the broad-spectrum
neuroprotection of KL is intriguing since it expands
the landscape of its therapeutic applicability. To
date, several approaches are indeed being studied to
increase KL expression (reviewed by Hanson and col-
leagues [22]). In this scenario, further investigating
KL mechanisms would help to sharpen its therapeutic
potential.
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Background: Perivascular spaces (PVS) are fluid-filled compartments that dilate
in response to many different conditions. A high burden of enlarged PVS
(EPVS) in the centrum semiovale (CSO) has been linked to neurodegeneration.
Moreover, an increase in cerebrospinal fluid (CSF) levels of aquaporin-4 (AQP4),
a water channel expressed on PVS-bounding astrocytes, has been described
in patients with neurodegenerative dementia. Our aim was to investigate the
relationship between neurodegenerative diseases and two putative glymphatic
system biomarkers: AQP4 and EPVS.

Methods: We included 70 individuals, 54 patients with neurodegenerative
diseases and 16 subjects with non-degenerative conditions. EPVS were visually
quantified on MRI-scans applying Paradise’s scale. All subjects underwent lumbar
puncture for the measurement of AQP4 levels in the cerebrospinal fluid (CSF). CSF
levels of amyloid-p-1-42, phosphorylated and total tau (tTau) were also measured.
Linear regression analyses were adjusted for age, sex, education and disease
duration, after excluding outliers.

Results: Cerebrospinal fluid (CSF)-AQP4 levels were independent predictors of
total (B = 0.28, standard error [SE] = 0.08, p = 0.001), basal ganglia (8 = 0.20,
SE = 0.08, p = 0.009) and centrum semiovale EPVS (3 = 0.37, SE = 0.12, p = 0.003).
tTau levels predicted CSO-EPVS (B = 0.30, SE = 0.15, p = 0.046). Moreover,
increased levels of AQP4 were strongly associated with higher levels of tTau in
the CSF (B = 0.35, SE = 0.13, p = 0.008).

Conclusion: We provide evidence that CSO-EPVS and CSF-AQP4 might be
clinically meaningful biomarkers of glymphatic dysfunction and associated
neurodegeneration.

glymphatic system, aquaporin-4, cerebrospinal
perivascular spaces

fluid, Alzheimer's disease, brain
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Abstract: Extracellular vesicles (EVs) are nanosized vesicles released by almost all body tissues,
representing important mediators of cellular communication, and are thus promising candidate
biomarkers for neurodegenerative diseases like Alzheimer’s disease (AD). The aim of the present
study was to isolate total EVs from plasma and characterize their microRNA (miRNA) contents in
AD patients. We isolated total EVs from the plasma of all recruited subjects using ExoQuickULTRA
exosome precipitation solution (SBI). Subsequently, circulating total EVs were characterized using
Nanosight nanoparticle tracking analysis (NTA), transmission electron microscopy (TEM), and
Western blotting. A panel of 754 miRNAs was determined with RT-qPCR using TagMan OpenArray
technology in a QuantStudio 12K System (Thermo Fisher Scientific). The results demonstrated
that plasma EVs showed widespread deregulation of specific miRNAs (miR-106a-5p, miR-16-5p,
miR-17-5p, miR-195-5p, miR-19b-3p, miR-20a-5p, miR-223-3p, miR-25-3p, miR-296-5p, miR-30b-5p,
miR-532-3p, miR-92a-3p, and miR-451a), some of which were already known to be associated with
neurological pathologies. A further validation analysis also confirmed a significant upregulation
of miR-16-5p, miR-25-3p, miR-92a-3p, and miR-451a in prodromal AD patients, suggesting these
dysregulated miRNAs are involved in the early progression of AD.

Keywords: extracellular vesicles; Alzheimer’s disease (AD); miRNA; biomarker

1. Introduction

Prompt clinical diagnosis of Alzheimer’s disease (AD) in its early stage is still uncer-
tain, and unfortunately most patients are diagnosed when they have already progressed to
the moderate or severe stages of the disease [1]. At present, the use of the cerebrospinal
fluid (CSF) biomarkers amyloid-f (Af3), tau, and phosphorylated tau (Ptau) allows discrim-
ination between Mild Cognitive Impairment (MCI) due to AD, i.e., prodromal AD, and
MCI due to other causes (non-AD MCI) with very high accuracy (see [2] for a review), but
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4.7. Target Prediction and Pathway Enrichment Analysis

The MiRNet (https:/ /www.mirnet.ca/miRNet/home.xhtml, accessed on 20 July 2023)
web tool was used to provide visual exploration and functional interpretation of the
miRNA-target interaction network and a pathway enrichment analysis [34]. A functional
enrichment analysis was performed using the KEGG database with two different algorithms
implemented in the miRNet tool (hypergeometric tests and empirical sampling, as recently
proposed [35]).

miRNet 2.0 supports four query types, two enrichment algorithms (hypergeometric
tests and empirical sampling), and nine annotation libraries for functional enrichment
analysis that include the following: gene ontology (GO), Kyoto Encyclopedia of Genes and
Genomes (KEGG), Reactome, and disease ontology databases. The miRNA set libraries
are based on the TAM 2.0 database, which includes miRNA-function, miRNA-disease,
miRNA-TE, miRNA-cluster, miRNA-family, and miRNA-tissue set libraries [38].

4.8. Statistical Analysis

Normalized Ct values of miRNAs were used to analyze differences between healthy
subjects and patients. In the discovery phase, the statistical significance of miRNA modu-
lation was assessed using the Wilcoxon rank sum test. The analysis was carried out with
Matlab R2022a. Regarding the validation phase, the statistical analysis was performed us-
ing GraphPad Prism 9.0 Software (GraphPad Software Inc., San Diego, CA, USA). The data
distribution was tested for normality with the Kolmogorov-Smirnov and Shapiro-Wilk
tests. Multiple comparisons were performed using a one-way ANOVA followed by Tukey’s
test or the Kruskal-Wallis test followed by Dunn’s Multiple Comparison test as post hoc
tests. The Spearman test was applied for correlations between deregulated miRNAs and
age or clinical variables and pathogenic CSF protein levels. Significance was defined at the
5% level, and all data are shown as means + SEMs. Lastly, a chi-squared test was used for
the gender distribution among the groups.
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Abstract

Background Plasma biomarkers reflecting the pathology of frontotemporal dementia would add significant value
to clinical practice, to the design and implementation of treatment trials as well as our understanding of disease
mechanisms. The aim of this study was to explore the levels of multiple plasma proteins in individuals from families
with genetic frontotemporal dementia.

Methods Blood samples from 693 participants in the GENetic Frontotemporal Dementia Initiative study were ana-
lysed using a multiplexed antibody array targeting 158 proteins.

Results We found 13 elevated proteins in symptomatic mutation carriers, when comparing plasma levels from peo-
ple diagnosed with genetic FTD to healthy non-mutation controls and 10 proteins that were elevated compared
to presymptomatic mutation carriers.

Conclusion We identified plasma proteins with altered levels in symptomatic mutation carriers compared to non-
carrier controls as well as to presymptomatic mutation carriers. Further investigations are needed to elucidate their
potential as fluid biomarkers of the disease process.

Keywords Frontotemporal dementia, Plasma biomarkers, GRN, C9orf72, MAPT, Neurodegeneration

in FTD, both in terms of clinical symptoms, underlying
genetic causes, and neuropathological findings. Over the

Background
Frontotemporal dementia (FTD) is a group of neurode-

generative diseases where the most common phenotypes
are behavioural variant FTD (bvFTD) and primary pro-
gressive aphasias (PPA). There is a great heterogeneity
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past years, effort has been put into explaining the diver-
sity by searching for fluid biomarkers that reflect different
aspects of FTD [1]. Most efforts have focused on finding
biomarkers in cerebrospinal fluid (CSF) and a few prom-
ising candidates have been found, such as neurofilament
light chain (NEFL) and neuronal pentraxin 2 (NPTX2) [2,
3]. However, the use of CSF biomarkers is limited by the
invasive nature of the sampling procedure and restricted
availability. Therefore, a reliable blood-based biomarker
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Table 3 Correlations between age and protein levels in
mutation carriers

Protein p-value B

RPH3A 9.98x 107/ 019 (0.013—0.026)
IL1B 2.16x 107 012 (0.006—0.017)
RGS7BP 535x 107 012 (0.006—0.018)
TFEB 535%x107 013 (0.006—0.019)
ST00A12 1.04x107 0.013 (0.006—0.02)
GLA 418x1073 0.01 (0.004—0.016)
EIF4ENIF1 522x107 0.008 (0.003—0.014)
APOE 522x107 0.009 (0.003—0.015)
CHGA 522%107 0.009 (0.003—0.015)
LRRFIP2 522x107 1(0.004—0.018)
ADAMTS1 525%x107 0.009 (0.003—0.015)
LAMA2 2.15%x107 0.008 (0.002—0.014)
APOCT 3.09%1072 0.006 (0.001—0.011)
XPO5 1.19x 107 0.006 (-0.001—0.013)
LCAT 1.57% 107 0.005 (-0.002—0.012)
NPTX2 1.68x 107 0.005 (-0.002—0.013)
7 3.73x107 0.003 (-0.003—0.008)

Correlations between protein levels and age in all mutation carriers (MC)
including p-values and beta coefficients with 95% confidence intervals. All
p-values are adjusted for multiple testing. Non-significant p-values are in italics

with other neurodegenerative diseases were not
included in the analysis. Follow-up studies with com-
parisons to for example AD and ALS will elucidate the
importance of altered plasma proteins in FTD in rela-
tion to other diseases as well as sporadic FTD. The sus-
pension bead array technique is a method for analysing
multiple proteins simultaneously, which is useful in an
exploratory study like this. However, a high-throughput
antibody-based single-binder assay can have reduced
sensitivity, which may limit the detection of low abun-
dant proteins and require further validation of antibody
specificity. In addition, we used a targeted approach,
and the protein analysis was thus limited by the protein
selection as well as the availability of antibodies.

Conclusions

To our knowledge, this is the first large scale plasma
protein profiling specifically in genetic FTD. A reli-
able fluid biomarker could aid for example in diagnos-
ing FTD at an early stage or in selecting individuals
for upcoming clinical trials. Blood-based biomarkers
would have the advantage of being easy to access and
widely available compared to CSF-biomarkers. Here, we
have presented an exploratory study providing proteins,
including a previous CSF-biomarker, that are of interest
for future investigations as potential biomarkers.
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Connections among brain regions allow pathological perturbations to spread from a single source region to multiple
regions. Patterns of neurodegeneration in multiple diseases, including behavioural variant of frontotemporal demen-
tia (bvFTD), resemble the large-scale functional systems, but how bvFTD-related atrophy patterns relate to structural
network organization remains unknown. Here we investigate whether neurodegeneration patterns in sporadic and
genetic bvFTD are conditioned by connectome architecture. Regional atrophy patterns were estimated in both gen-
etic bvFTD (75 patients, 247 controls) and sporadic bvFTD (70 patients, 123 controls). First, we identified distributed
atrophy patterns in bvFTD, mainly targeting areas associated with the limbic intrinsic network and insular cytoarchi-
tectonic class. Regional atrophy was significantly correlated with atrophy of structurally- and functionally-connected
neighbours, demonstrating that network structure shapes atrophy patterns. The anterior insula was identified as the
predominant group epicentre of brain atrophy using data-driven and simulation-based methods, with some second-
ary regions in frontal ventromedial and antero-medial temporal areas. We found that FTD-related genes, namely
C90rf72 and TARDBP, confer local transcriptomic vulnerability to the disease, modulating the propagation of path-
ology through the connectome. Collectively, our results demonstrate that atrophy patterns in sporadic and genetic
bvFTD are jointly shaped by global connectome architecture and local transcriptomic vulnerability, providing an ex-
planation as to how heterogenous pathological entities can lead to the same clinical syndrome.
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Introduction

Frontotemporal dementia (FTD) is one of the most common forms
of early-onset dementia.'? The behavioural variant of FTD
(bvFTD), which presents with various combinations of behavioural
(apathy, disinhibition, compulsions and stereotypies), personality
(decreased empathy and sympathy, altered personal preferences)
and cognitive (executive dysfunction and social cognitive deficits)
changes, is the most common clinical variant of FTD.>? Despite
its distinctive clinical presentation, bvFTD is pathologically heter-
ogenous, with the most common subtypes being related to the

accumulation of hyperphosphorylated aggregates of either Tau or
TDP-43.* This group of pathological proteinopathies causing FTD
are classified under the frontotemporal lobar degeneration (FTLD)
umbrella. Most cases are sporadic; however, around 20% are caused
by an autosomal-dominant genetic mutation including hexanu-
cleotide repeat expansions near C9orf/2, GRN and MAPT, as the
most common causative genes.*

FTLD pathology cause clinical bvFTD symptoms through their
predominant localization in frontal and anterior temporal brain re-
gions.* Clinically, this is reflected by progressive cortical atrophy,
which is a crucial biomarker for the diagnosis.>® While there is
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Abstract

Objective This study aimed to evaluate the experience with telemedicine in patients with cognitive impairments and their
caregivers.

Methods We conducted a survey-based study of patients who completed neurological consultation via video link between
January and April 2022.

Results A total of 62 eligible neurological video consultations were conducted for the following categories of patients: Alz-
heimer’s disease (33.87%), amnesic mild cognitive impairment (24.19%), frontotemporal dementia (17.74%), Lewy body
dementia (4.84%), mixed dementia (3.23%), subjective memory disorders (12.90%), non-amnesic mild cognitive impairment
(1.61%), and multiple system atrophy (1.61%).

The survey was successfully completed by 87.10% of the caregivers and directly by the patients in 12.90% of cases. Our
data showed positive feedback regarding the telemedicine experience; both caregivers and patients reported that they found
neurological video consultation useful (caregivers: 87.04%, ‘very useful’; patients: 87.50%, ‘very useful’) and were satis-
fied overall (caregivers: 90.74%, ‘very satisfied’; patients: 100%, ‘very satisfied’). Finally, all caregivers (100%) agreed that
neurological video consultation was a useful tool to reduce their burden (Visual Analogue Scale mean + SD: 8.56 +0.69).
Conclusions Telemedicine is well received by patients and their caregivers. However, successful delivery incorporates
support from staff and care partners to navigate technologies. The exclusion of older adults with cognitive impairment in
developing telemedicine systems may further exacerbate access to care in this population. Adapting technologies to the needs
of patients and their caregivers is critical for the advancement of accessible dementia care through telemedicine.

Keywords Cognitive impairment - Dementia - Caregiver - COVID-19 - Telemedicine - Neurological video consultation

Introduction

The coronavirus disease (COVID-19) pandemic has ren-
dered older adults more vulnerable to not receiving the
healthcare needed. Furthermore, it has placed those liv-
ing with dementia at an even increased risk of developing
other mental health symptoms due to social isolation and
loneliness [1]. Indeed, as the virus spreads, it has become
necessary to introduce social distancing measures, such as
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quarantine within urban areas, prohibition of travel to and
from certain countries, and suspension of a large range of
clinical activities. Elective face-to-face consultations had to
be rescheduled, and the need for health care during the pan-
demic required telehealth solutions. National initiatives have
been launched to review and update previous restrictions
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Abstract

Background and Objectives

MRI connectomics is an ideal tool to test a network-based model of pathologic propagation from a
disease epicenter in neurodegenerative disorders. In this study, we used a novel graph theory—based
MRI paradigm to explore functional connectivity reorganization, discerning between direct and
indirect connections from disease epicenters, and its relationship with neurodegeneration across
clinical presentations of the frontotemporal dementia (FTD) spectrum, including behavioral variant
of FTD (bvFTD), nonfluent variant of primary progressive aphasia (nfvPPA), and semantic variant
of primary progressive aphasia (svPPA).

Methods

In this observational cross-sectional study, disease epicenters were defined as the peaks of atrophy
of a cohort of patients with high confidence of frontotemporal lobar degeneration pathology
(Mayo Clinic). These were used as seed regions for stepwise functional connectivity (SFC)
analyses in an independent (Milan) set of patients with FTD to assess connectivity in regions
directly and indirectly connected to the epicenters. Correlations between SFC architecture in
healthy conditions and atrophy patterns in patients with FTD were also tested.

Results

As defined by comparing the 42 Mayo Clinic patients with 15 controls, disease epicenters were
the left anterior insula for bvFTD, left supplementary motor area for nfvPPA, and left inferior
temporal gyrus (ITG) for svPPA. Compared with 94 age-matched controls, patients with bvEFTD
(n=64) and nfvPPA (n = 34) of the Milan cohort showed widespread decreased SFC in bilateral
cortical regions with direct/indirect connections with epicenters and increased SFC either in
directly connected regions, physically close to the respective seed region, or in more distant
cortical/cerebellar areas with indirect connections. Across all link steps, svPPA (n = 36) showed
SFC decrease mostly within the temporal lobes, with co-occurrent SFC increase in cerebellar
regions at indirect link steps. The average stepwise topological distance from the left ITG in a
reference group of 50 young healthy controls correlated with regional gray matter volume in
svPPA, consistent with network-based degeneration.

Discussion
Our findings demonstrate that each FTD syndrome is associated with a characteristic interplay
of decreased and increased functional connectivity with the disease epicenter, affecting both
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Abstract

Background The present study aimed at deriving equating norms to estimate scores on the Edinburgh Cognitive and Behav-
ioural ALS Screen (ECAS) based on those on the ALS Cognitive Behavioral Screen (ALS-CBS™) in an Italian cohort of
non-demented ALS patients.

Methods ALS-CBS™ and ECAS scores of 293 ALS patients without frontotemporal dementia were retrospectively retrieved.
Concurrent validity of the ALS-CBS™ towards the ECAS was tested by covarying for demographics, disease duration and
severity, presence of C9orf72 hexanucleotide repeat expansion and behavioural features. A linear-smoothing equipercentile
equating (LSEE) model was employed to derive ALS-CBS™-to-ECAS cross-walks. Gaps in LSEE-based estimation were
managed via a linear regression-based equating approach. Equivalence between empirical and derived ECAS scores was
tested via a two-one-sided test (TOST) procedure for the dependent sample.

Results The ALS-CBS™ predicted the ECAS (f=0.75), accounting for the vast majority of its variance (60% out of an
R*= 0.71). Consistently, a strong, one-to-one linear association between ALS-CBS™ and ECAS scores was detected (r=0.84;
R?=0.73). The LSEE was able to estimate conversions for the full range of the ALS-CBS™, except for raw scores equal to
1 and 6 — for whom a linear equating-based equation was derived. Empirical ECAS scores were equivalent to those derived
with both methods.

Discussion Italian practitioners and researchers have been herewith provided with valid, straightforward cross-walks to
estimate the ECAS based on ALS-CBS™ scores in non-demented ALS patients. Conversions herewith provided will help
avoid cross-sectional/longitudinal inconsistencies in test adoption within research, and possibly clinical, settings.

Keywords ALS Cognitive Behavioral Screen - Edinburgh Cognitive and Behavioural ALS Screen - Amyotrophic lateral
sclerosis - Frontotemporal degeneration - Equating

Background

Up to 50% of non-demented patients with amyotrophic lat-
eral sclerosis (ALS) show cognitive deficits within the fron-
totemporal dementia (FTD) spectrum [1]—which, as nega-
tively affecting their prognosis, need to be early screened for
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[2]. Moreover, cognitive screening measures are employed
within observational/interventional studies addressing ALS
[3].

To this aim, disease-specific cognitive screeners—i.e.,
(1) controlling for motor disabilities and (2) targeting those
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Bulbar involvement and cognitive
features in amyotrophic lateral
sclerosis: a retrospective study on
347 patients
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Background: This study aimed at clarifying the role of bulbar involvement (BI) as
a risk factor for cognitive impairment (Cl) in non-demented amyotrophic lateral
sclerosis (ALS) patients.

Methods: Data on N = 347 patients were retrospectively collected. Cognition
was assessed via the Edinburgh Cognitive and Behavioral ALS Screen (ECAS). On
the basis of clinical records and ALS Functional Rating Scale-Revised (ALSFRS-
R) scores, Bl was characterized as follows: (1) Bl at onset—from medical history;
(2) Bl at testing (an ALSFRS-R-Bulbar score <11); (3) dysarthria (a score <3 on
item 1 of the ALSFRS-R); (4) severity of Bl (the total score on the ALSFRS-R-
Bulbar); and (5) progression rate of Bl (computed as 12-ALSFRS-R-Bulbar/disease
duration in months). Logistic regressions were run to predict a below- vs. above-
cutoff performance on each ECAS measure based on Bl-related features while
accounting for sex, disease duration, severity and progression rate of respiratory
and spinal involvement and ECAS response modality.

Results: No predictors yielded significance either on the ECAS-Total and -
ALS-non-specific or on ECAS-Language/-Fluency or -Visuospatial subscales. Bl
at testing predicted a higher probability of an abnormal performance on the
ECAS-ALS-specific (p = 0.035) and ECAS-Executive Functioning (p = 0.018).
Lower ALSFRS-R-Bulbar scores were associated with a defective performance
on the ECAS-Memory (p = 0.025). No other Bl-related features affected other
ECAS performances.

Discussion: In ALS, the occurrence of Bl itself, while neither its specific features
nor its presence at onset, might selectively represent a risk factor for executive
impairment, whilst its severity might be associated with memory deficits.

bulbar, Frontotemporal Degeneration, cognition, neuropsychology, amyotrophic lateral
sclerosis
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Background: The present investigation aimed at testing the psychometrics and
diagnostics of the ltalian version of the Caregiver Behavioral Questionnaire (CBQ)
from the ALS Cognitive Behavioral Screen (ALS-CBS™), as well as its case—control
discrimination, in a cohort of non-demented patients with ALS.

Methods: The caregivers of N = 265 non-demented patients with ALS and N = 99
healthy controls (HCs) were administered the CBQ and the Edinburgh Cognitive and
Behavioural ALS Screen-Carer Interview (ECAS-CI). For N = 98 patients, an in-depth
behavioural/psychopathological assessment via the Frontal Behavioural Inventory
(FBI), the Dimensional Apathy Scale (DAS), the State and Trait Anxiety Inventory-Form
Y (STAI-Y), and the Beck Depression Inventory (BDI) was also available. Factorial and
construct validity, internal reliability, and diagnostics against an abnormal ECAS-CI
score were tested in patients. Case—control discrimination was explored through
logistic regression.

Results: The CBQ was internally reliable (McDonald’'s w = 0.90) and underpinned
by a simple, unidimensional structure; it converged with ECAS-CI, FBI, and DAS
scores and diverged from STAI-Y and BDI ones. A cutoff of < 33 accurately detected
abnormal ECAS-CI scores (AUC = 0.85), yielding optimal error- and information-
based diagnostics. The CBQ was independent of demographic and disease-related
variables and discriminated patients from HCs (p < 0.001).

Discussion: The ltalian version of the CBQ from the ALS-CBS™ is a valid,
reliable, diagnostically sound, and feasible screener for detecting frontotemporal-like
behavioural changes in non-demented patients with ALS. Its adoption is thus
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Abstract

Background This study aimed at assessing the cross-sectional and longitudinal clinimetrics and feasibility of the Frontal
Assessment Battery (FAB) in non-demented Parkinson’s disease (PD) patients.

Methods N=109 PD patients underwent the FAB and the Montreal Cognitive Assessment (MoCA). A subsample of patients
further underwent a thorough motor, functional and behavioral evaluation (the last including measures of anxiety, depression
and apathy). A further subsample was administered a second-level cognitive battery tapping on attention, executive function-
ing, language, memory, praxis and visuo-spatial abilities. The following properties of the FAB were tested: (1) concurrent
validity and diagnostics against the MoCA; (2) convergent validity against the second-level cognitive battery; (4) association
with motor, functional and behavioral measures; (5) capability to discriminate patients from healthy controls (HCs; N=96);
(6) assessing its test—retest reliability, susceptibility to practice effects and predictive validity against the MoCA, as well as
deriving reliable change indices (RCls) for it, at a & 6-month interval, within a subsample of patients (N =33).

Results The FAB predicted MoCA scores at both TO and T1, converged with the vast majority of second-level cognitive
measures and was associated with functional independence and apathy. It accurately identified cognitive impairment (i.e.,
a below-cut-off MoCA score) in patients, also discriminating patients from HCs. The FAB was reliable at retest and free of
practice effects; RCIs were derived according to a standardized regression-based approach.

Discussion The FAB is a clinimetrically sound and feasible screener for detecting dysexecutive-based cognitive impairment
in non-demented PD patients.

Keywords Frontal assessment battery - Parkinson’s disease - Cognitive screening - Dysexecutive - Neuropsychology

Background

In Parkinson’s disease (PD) patients, executive function-
ing (EF) deficits represent an early, major driver of cogni-
tive impairment (Kudlicka et al. 2011), detrimentally affect
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functional (Cahn et al. 1998; Puente et al. 2016; Vlagsma
et al. 2017) and motor outcomes (Amboni et al. 2008;
Smulders et al. 2013; Chung et al. 2021) and may predict
incident dementia (Paulwoods and Troster 2003). Hence,
a timely detection of dysexecutive-based cognitive ineffi-
ciency via clinimetrically sound and feasible screeners is
clinically pivotal in this population (Kudlicka et al. 2011;
Rodriguez-Oroz et al. 2009). In addition, cognitive screening
measures are often employed within clinical trials targeting
both motor and non-motor features of PD (Chou et al. 2010;
Litvan et al. 2018; Skorvanek et al. 2018).

Among performance-based screeners, the Frontal
Assessment Battery (FAB) (Dubois et al. 2000) has proved
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Abstract

Background: The ecological validity of performance-based
cognitive screeners needs to be tested in order for them to
be fully recommended for use within clinical practice and
research. Objectives: The objective of this study was to ex-
amine, within an Italian cohort of non-demented Parkinson'’s
disease (PD) patients, the ecological validity of the Montreal
Cognitive Assessment (MoCA) by assessing its association with
(1) functional independence (Fl), (2) quality of life (QoL), and (3)
behavioural-psychological (BP) outcomes. Methods: Seventy-

four non-demented PD patients were administered the MoCA
and underwent motor functional - i.e, Unified Parkinson’s
Disease Rating Scale (UPDRS), Modified Hoehn-Yahr Scale (HY),
and Schwab and England Scale (SES) -, behavioural and
psychological - i.e, State- and Trait-Anxiety Inventory-Form Y
(STAI-Y1/-Y2), Beck Depression Inventory (BDI), and Dimen-
sional Apathy Scale (DAS) - and QoL evaluations - i.e,, MOS 36-
Item Short Form Health Survey (SF-36). Associations of interest
against Fl, QoL, and BP outcomes were tested via Bonferroni-
corrected Pearson’s/Spearman’s correlations while covarying
for demographics, disease duration as well as UPDRSHI,
UPDRS-IV, and HY scores. Intake of psychotropic drugs was also
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Abstract

Background The present study aimed to determine whether patients with mild cognitive impairment (MCI) and dementia due
to Alzheimer’s disease (AD), semantic verbal fluency (SVF), and the semantic-phonemic discrepancy (SPD) could predict
abnormal cerebrospinal fluid (CSF) phosphorylated tau (P-tau,g;) and total tau (T-tau) levels.

Methods Phonemic verbal fluency (PVF) and SVF scores of N=116 Ap-positive patients with either MCI due to AD (N=39)
or probable AD dementia (ADD; N=77) were retrospectively collected. The SPD was computed by subtracting PVF scores
from SVF ones (positive and negative values corresponding to a semantic and phonemic advantage, respectively). Patients
were cognitively phenotyped via a thorough test battery and profiled according to the amyloidosis/tauopathy/neurodegenera-
tion (ATN) framework via CSF analyses. Two separate sets of logistic regressions were run to predict normal vs. abnormal
P-tau,g; and T-tau levels by encompassing as predictors SVF+PVF and SPD and covarying for demographic, disease-related
features, and cognitive profile.

Results Lower SVF, but not PVF, scores, as well as a greater phonemic advantage (i.e., negative SPD values), predicted
abnormal CSF P-tau g, levels (p <.01). Moreover, lower SVF scores were selectively predictive of abnormal CSF T-tau
levels too (p=.016), while the SPD was not.

Discussion SVF and the SPD are able to predict tauopathy across the AD spectrum, thus supporting their status of valid,
and sufficiently specific, cognitive markers of AD.

Keywords Verbal fluency - Semantic - Alzheimer’s disease - Mild cognitive impairment - Cerebrospinal fluid - Tau

Background

Semantic verbal fluency (SVF) tasks have been histori-
cally proved effective in detecting and monitoring cognitive
decline in mild cognitive impairment (MCI) and demen-
tia due to Alzheimer’s disease (AD) [1-3], as being able
to capture temporal lobe-rooted, lexical-semantic deficits
occurring as early as the preclinical stages [3-5], as well
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as to be sensitive to involutionary trends in cognition with
advancing disease [6, 7]. Relevantly, associations have
been reported across the AD spectrum between SVF and
not only neuroradiological [8, 9] and cerebrospinal fluid
(CSF) biomarkers [10-13], but also neuropathology [14].
A further, promising cognitive marker for AD-spectrum
disorders has been identified in the loss of the “physiologi-
cal” advantage of semantic over phonemic verbal fluency
(PVF)—i.e., a task-difficulty effect whereby normotypical
individuals retrieve, on average, a higher number of words
within SVF than PVF [15]. A reversal of the semantic-pho-
nemic discrepancy (SPD) indeed appears to be magnified
within the AD spectrum as compared to the healthy aging
[7, 16, 17], being rather specific to its cognitive phenotype
[7, 18-20] also when compared to cognitive disorders of
other etiologies (e.g., small vessel disease/vascular dementia

@ Springer
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Abstract

Background This study aimed at assessing the clinical usability of the Story-Based Empathy Task (SET) in non-demented
amyotrophic lateral sclerosis (ALS) patients.

Methods N = 106 non-demented ALS patients and N = 101 healthy controls (HCs) were administered the SET, which
includes three subtests assessing Emotion Attribution (SET-EA), Intention Attribution (SET-IA) and causal inference (SET-
CI) — the latter being a control task. Patients also underwent the Reading the Mind in the Eyes Test (RMET), the Edinburgh
Cognitive and Behavioural ALS Screen (ECAS) and a thorough behavioural and motor-functional evaluation. The diagnostics
of the SET-EA and -IA were tested against a defective performance on the RMET. The association between SET subtests
and cognitive/behavioural outcomes was examined net of demographic and motor-functional confounders. Case-control
discrimination was explored for each SET subtest.

Results Demographically adjusted SET-EA and -IA scores accurately detected defective RMET performances at the optimal
cutoffs of <3.04 (AUC = .84) and <3.61 (AUC = .88), respectively. By contrast, the SET-CI performed poorly in doing so
(AUC = .58). The SET-EA converged with the RMET, as well as with ECAS-Executive and -Memory scores, whilst the
SET-IA was unrelated to cognitive measures (including the RMET); the SET-CI was related to the ECAS-Language the
ECAS-Executive. SET subscores were unrelated to behavioural outcomes. Only the SET-EA discriminated patients from HCs.
Conclusions The SET as a whole should not be addressed as a social-cognitive measure in this population. At variance, its
subtest tapping on emotional processing — i.e., the SET-EA — is recommended for use as an estimate of social-cognitive
abilities in non-demented ALS patients.

Keywords Social cognition - Story-Based Empathy Task - Amyotrophic lateral sclerosis - Frontotemporal degeneration -
Neuropsychology

Background

The Story-Based Empathy Task (SET) is a non-verbal,
second-level measure of social cognition that assesses both
affective and cognitive Theory of Mind (ToM) facets —i.e.,
Emotion Attribution (SET-EA) and Intention Attribution
(SET-IA), respectively — also including a control subtest
targeting the ability to make Causal Inferences (SET-CI) [1].
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At variance with the SET-CI, both the SET-EA and the
SET-IA have been shown to validly detect social-cognitive
dysfunctions in non-demented amyotrophic lateral sclerosis
(ALS) patients [2-5] — whose cognitive phenotype is also
featured by ToM deficits [6, 7] that are likely accountable for
by fronto-temporal and limbic involvement [2, 3].

However, no study to date has focused on delivering an
evaluation of the diagnostic properties of the SET-EA and
-IA in this population — in spite of the diagnostic [8] and
prognostic [9, 10] relevance of social-cognitive assessment
in non-demented ALS patients. Relatedly, whilst the SET-
EA has been systematically shown to discriminate such
patients from healthy controls (HCs), evidence on the case-
control discriminative capability of the SET-IA is conflicting
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Abstract

Background This study is aimed at assessing the clinimetric properties and feasibility of the Italian version of the Montreal
Cognitive Assessment (MoCA) in patients with Huntington’s disease (HD).

Methods N =39 motor-manifest HD patients, N="74 Parkinson’s disease (PD) patients and N=92 matched HCs were
administered the MoCA. HD patients further underwent the Unified Huntington’s Disease Rating Scale (UHDRS), self-report
questionnaires for anxiety and depression and a battery of first- and second-level cognitive tests. Construct validity was tested
against cognitive and behavioural/psychiatric measures, whereas ecological validity against motor-functional subscales of the
UHDRS. Sensitivity to disease severity was tested, via a logistic regression, by exploring whether the MoCA discriminated
between patients in Shoulson-Fahn stage <2 vs. > 2. The same analysis was employed to test its ability to discriminate HD
patients from HCs and PD patients.

Results The MoCA converged towards cognitive and behavioural measures but diverged from psychiatric ones, being also
associated with motor/functional measures from the UHDRS. In identifying patients with cognitive impairment, adjusted
MOoCA scores were highly accurate (AUC =.92), yielding optimal diagnostics at the cut-off of < 19.945 (J=.78). The MoCA
was able to discriminate patients in the middle-to-advanced from those in the early-to-middle stages of the disease (p =.037),
as well as to differentiate HD patients from both HCs (p <.001) and PD patients (p <.001).

Conclusions The MoCA is a valid, diagnostically sound and feasible cognitive screener in motor-manifest HD patients,
whose adoption is thus encouraged in clinical practice and research.

Keywords Montreal Cognitive Assessment - Huntington’s disease - Cognitive screening - Dysexecutive - Diagnostics -
Psychometrics

Introduction

Screening for cognitive dysfunctions in Huntington’s disease
(HD) patients is pivotal at both prognostic and interventional
levels [1]. Moreover, cognitive screening measures are
routinely employed as primary/secondary endpoints within
epidemiological studies and clinical trials addressing this
disorder [2, 3]. To such an aim, the Montreal Cognitive

Edoardo Nicolo Aiello and Federica Solca contributed equally;
Andrea Ciammola and Barbara Poletti contributed equally as well.
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Assessment (MoCA) [4] has been listed amongst the
“suggested” screeners by the Movement Disorders Society
(MDS) [5], with recent meta-analytic evidence further
availing its suitability for use in this population [6].
Nevertheless, it has been highlighted that disease-spe-
cific evidence on the diagnostic value of the MoCA in HD
patients is seldom delivered—this similarly applying, albeit
to a lesser extent, to its psychometrics (e.g. validity) and
feasibility (e.g. its sensitivity to disease severity and its abil-
ity to discriminate this population from both normotypical
individuals and patients with other brain disorders involving
frontostriatal networks) [4—7]. Relevantly, the MDS itself
has stressed out that such an unfortunate occurrence does
lower the level of recommendation for a given cognitive
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Abstract

Background The present study aimed at (1) providing further validity and reliability evidence for the Italian version of the
cognitive section of the ALS Cognitive Behavioral Screen (ALS-CBS™) and (2) testing its diagnostics within an Italian
ALS cohort, as well as at (3) exploring its capability to discriminate patients from healthy controls (HCs).

Methods N=293 non-demented ALS patients were administered the cognitive sections of the ALS-CBS™ and Edinburgh
Cognitive and Behavioural ALS Screen (ECAS). N=96 HCs demographically matched with N =96 patients were also
administered the cognitive section of the ALS-CBS™. In patients, factorial and construct validity, internal reliability, and
diagnostics against a defective score on the cognitive section of the ECAS were tested. Case—control discrimination was
assessed via a logistic regression.

Results ALS-CBS™ cognitive subscales were underpinned by a simple, unidimensional structure, internally reliable
(McDonald’s @ =0.74), and mostly related with ECAS executive and fluency scores (r;=0.54-0.71). Both raw and age- and
education-adjusted scores on the cognitive section of the ALS-CBS™ accurately detected ECAS-defined cognitive impair-
ment (AUC=0.80 and .88, respectively), yielding optimal error-based, information-based and unitary diagnostics. A cut-off
of < 15.374 was identified on adjusted scores. The test was able to discriminate patients from HCs (p <0.001).

Discussion The cognitive section of the Italian ALS-CBS™ is a valid, reliable, and diagnostically sound ALS-specific
screener for detecting frontotemporal, executive-/attentive-based cognitive inefficiency in non-demented ALS patients, being
also able to discriminate them from normotypical individuals.

Keywords ALS Cognitive Behavioral Screen - Amyotrophic lateral sclerosis - Cognitive screening - Frontotemporal
degeneration - Neuropsychology - Clinimetrics

Background their prognosis and clinical management [2]. Early detect-
ing FTD-spectrum cognitive impairment in this population
is thereupon clinically pivotal [3]. Additionally, cognitive

measures are addressed as outcomes within clinical trials

Cognitive deficits within the frontotemporal degeneration
(FTD) spectrum—i.e., executive and language dysfunc-

tions—affect up to 50% of non-demented amyotrophic lat-
eral sclerosis (ALS) patients [1], negatively impacting on
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addressing ALS [4].

To such an aim, disease-specific cognitive screeners—
i.e., (1) sampling from those domains/functions typically
involved in ALS and (2) controlling for motor disabilities
possibly confounding cognitive performances—have been
developed, namely the ALS Cognitive Behavioral Screen
(ALS-CBS™) [5] and the Edinburgh Cognitive and Behav-
ioural ALS Screen (ECAS) [6]. The cognitive sections of
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Abstract

Background The present study aimed at determining whether, net of motor confounders, neuropsychological features affect
functional independence (FI) in activities of daily living (ADLs) in non-demented amyotrophic lateral sclerosis (ALS)
patients.

Methods N=88 ALS patients without frontotemporal dementia were assessed for FI—Katz’s Basic ADL Scale (BADL)
and Lawton-Brody’s Instrumental ADL Scale (IADL)—, cognition—Edinburgh Cognitive and Behavioural ALS Screen
(ECAS)—and behaviour—Beaumont Behavioural Inventory and Dimensional Apathy Scale. The association between cogni-
tive and behavioural measures and BADL/IADL scores was assessed by covarying for demographics, anxiety and depression
levels, disease duration and motor confounders—i.e. ALS Functional Rating Scale-Revised (ALSFRS-R) scores, progression
rate and both King’s and Milano-Torino stages.

Results Higher scores on the ECAS-Language were associated with higher IADL scores (p =0.005), whilst higher apathetic
features—as measured by the Dimensional Apathy Scale (DAS)—were inversely related to the BADL (p =0.003). Whilst
TADL scores were related to all ECAS-Language tasks, the DAS-Initiation was the only subscale associated with BADL
scores. Patients with abnormal ECAS-Language (p =0.023) and DAS (p =0.008) scores were more functionally dependent
than those without.

Discussion Among non-motor features, language changes and apathetic features detrimentally affect FI in non-demented

ALS patients.

Keywords Amyotrophic lateral sclerosis - Activities of daily living - Neuropsychology - Functional independence -

Frontotemporal degeneration

Background

Frontotemporal-spectrum disorders (FTSDs) are acknowl-
edged to detrimentally affect survival in non-demented
amyotrophic lateral sclerosis (ALS) patients [1] by interfer-
ing with decision-making and adherence within care settings
[2,3].

However, little is known on the extent to which neuropsy-
chological features impact on patients’ functional independ-
ence (FI) in daily living—likely due to their physical disa-
bilities representing a major confounder to the study of such
a matter [4, 5]. Only two reports have indeed to this day
addressed this topic—the first, by Mioshi et al. [4], showing

Extended author information available on the last page of the article

Published online: 29 September 2023

that FI was dependent on both motor and behavioural fea-
tures, and the second, by Kapustin et al. [5], failing to detect
an association between cognitive/behavioural features and FI
net of ALS severity. However, these studies either preceded
the availability of [4], or did not employ [5], ALS-specific
cognitive/behavioural measures [6]. Moreover, the only
study [5] having explored the association between FI and
a performance-based measure of cognition did not provide
single domain-level information.

The above being said, assessing how neuropsychological
features impact FI in both basic and instrumental activities
of daily living (ADL) in this population is prognostically
pivotal, as it would shed further light on the ecological rel-
evance of FTSDs in ALS besides their already acknowl-
edged impact on survival [1, 2]. Hence, by employing a
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Abstract

Background and Objectives

A variety of neurologic disorders have been reported as presentations or complications of
coronavirus disease 2019 (COVID-19) infection. The objective of this study was to determine
their incidence dynamics and long-term functional outcome.

Methods

The Neuro-COVID Italy study was a multicenter, observational, cohort study with ambispective
recruitment and prospective follow-up. Consecutive hospitalized patients presenting new neu-
rologic disorders associated with COVID-19 infection (neuro-COVID), independently from
respiratory severity, were systematically screened and actively recruited by neurology specialists in
38 centers in Italy and the Republic of San Marino. The primary outcomes were incidence of
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Exploring epigenetic drift and rare
epivariations in amyotrophic lateral
sclerosis by epigenome-wide
association study
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Valeria Casiraghi*, Marta Nice Sorce?, Sabrina Invernizzi?,
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“Department of Medical Biotechnology and Translational Medicine, University of Milan, Milan, Italy,
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During the last decades, our knowledge about the genetic architecture of
sporadic amyotrophic lateral sclerosis (sALS) has significantly increased. However,
besides the recognized genetic risk factors, also the environment is supposed
to have a role in disease pathogenesis. Epigenetic modifications reflect the
results of the interaction between environmental factors and genes and may play
a role in the development and progression of ALS. A recent epigenome-wide
association study (EWAS) in blood identified differentially methylated positions
mapping to 42 genes involved in cholesterol biosynthesis and immune-related
pathways. Here we performed a genome-wide DNA methylation analysis in the
blood of an ltalian cohort of 61 sALS patients and 61 healthy controls. Initially,
a conventional genome-wide association analysis was performed, and results
were subsequently integrated with the findings from the previous EWAS using
a meta-analytical approach. To delve deeper into the significant outcomes,
over-representation analysis (ORA) was employed. Moreover, the epigenetic
signature obtained from the meta-analysis was examined to determine potential
associations with chemical compounds, utilizing the Toxicogenomic Database.
Expanding the scope of the epigenetic analysis, we explored both epigenetic drift
and rare epivariations. Notably, we observed an elevated epigenetic drift in SALS
patients compared to controls, both at a global and single gene level. Interestingly,
epigenetic drift at a single gene level revealed an enrichment of genes related to
the neurotrophin signaling pathway. Moreover, for the first time, we identified rare
epivariations exclusively enriched in sALS cases associated with 153 genes, 88 of
whom with a strong expression in cerebral areas. Overall, our study reinforces
the evidence that epigenetics may contribute to the pathogenesis of ALS and that
epigenetic drift may be a useful diagnostic marker. Moreover, this study suggests
the potential role of epivariations in ALS.

KEYWORDS

ALS, epigenetics, bioinformatics, epivariations, EWAS, epigenetic-drift, SEMs, EML
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Abstract

Objectives: In amyotrophic lateral sclerosis (ALS), verbal fluency index (Vfi) is used to investigate fluency accounting for
motor impairment. This study has three aims: (1) to provide Vfi reference values from a cohort of Italian healthy subjects;
(2) to assess the ability of Vfi reference values (vs standard verbal fluency test [VFT]) in distinguishing ALS patients with
and without executive dysfunction; and (3) to investigate the association between Vfi and brain structural features of ALS
patients. Methods: We included 180 healthy subjects and 157 ALS patients who underwent neuropsychological assessment,
including VFT and Vfi, and brain MRI. Healthy subjects were split into four subgroups according to sex and education.
For each subgroup, we defined the 95th percentile of Vfi as the cutoff. In ALS, the distributions of “abnormal” cases
based on Vfi and standard VFT cutoffs were compared using Fisher’s exact test. Using quantile regressions in patients, we
assessed the association between Vfi and VFT scores, separately, with gray matter volumes and white matter (WM) tract
integrity. Results: Applying Vfi and VFT cutoffs, 9 and 13% of ALS cases, respectively, had abnormal scores (p < 0.001).
In ALS, while higher Vfi scores were associated with WM changes of callosal fibers linking supplementary motor area,
lower VFT performances related to corticospinal tract alterations. Discussion: We provided Italian reference values for the
spoken Vfi. Compared to VFT, Vfis are critical to disentangle motor and cognitive deficits in ALS. In patients, abnormal
Vfis were associated with damage to WM tracts specifically involved in ideational information processing.

Keywords: Amyotrophic lateral sclerosis, cognitive classification, motor neuron disease, normative data, verbal fluency index

Introduction characterized by the degeneration of both the
Amyotrophic lateral sclerosis (ALS), the most upper and lower motor neurons (1). In about 35-
common form of motor neuron disease, is a pro- 45% of ALS patients concomitant cognitive and/or
gressive and fatal neurodegenerative disorder behavioral deficits may occur, with 14% of these
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Human motor neurons derived
from induced pluripotent stem
cells are susceptible to
SARS-CoV-2 infection

Gioia Cappellettit, Claudia Colombrita?, Fiona Limanaqit?,
Sabrina Invernizzi2, Micaela Garziano!?3, Claudia Vanetti?,
Claudia Moschenit, Serena Santangelo?, Silvia Zecchini?,
Daria Trabattoni?, Vincenzo Silani2>, Mario Clerici3s,
Antonia Ratti2#t and Mara Biasin*t

*Laboratory of Immune-Biology, Department of Biomedical and Clinical Sciences, University of Milan,
Milan, Italy, >Department of Neurology and Laboratory of Neuroscience, IRCCS Istituto Auxologico
Italiano, Milan, Italy, *Laboratory of Immunology, Department of Pathophysiology and Transplantation,
University of Milan, Milan, Italy, *Department of Medical Biotechnology and Translational Medicine, Aldo
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Italy, *Department of Pathophysiology and Transplantation, (DifiOIEEiariacenter University of Milan,
Milan, Italy, *Don C. Gnocchi Foundation, Istituto di Ricovero e Cura a Carattere Scientifico (IRCCS)
Foundation, Milan, Italy

Introduction: COVID-19 typically causes Q7 respiratory disorders, but a high
proportion of patients also reports neurological and neuromuscular symptoms
during and after SARSCoV-2 infection. Despite a number of studies documenting
SARS-CoV-2 infection of various neuronal cell populations, the impact of SARS-
CoV-2 exposure on motor neuronal cells specifically has not been investigated so
far.

Methods: Thus, by using human iPSC-derived motor neurons (iPSC-MNs)
we assessed: (i) the expression of SARS-CoV-2 main receptors; (ii) iPSC-MN
infectability by SARS-CoV-2; and (iii) the effect of SARS-CoV-2 exposure on
iPSC-MN transcriptome.

Results: Gene expression profiling and immunofluorescence (IF) analysis of the
main host cell receptors recognized by SARS-CoV-2 revealed that all of them
are expressed in iPSC-MNs, with CD147 and NRP1 being the most represented
ones. By analyzing SARS-CoV-2 N1 and N2 gene expression over time, we
observed that human iPSC-MNs were productively infected by SARS-CoV-2 in the
absence of cytopathic effect. Supernatants collected from SARS-CoV-2-infected
iPSC-MNs were able to re-infect VeroE6 cells. Image analyses of SARS-CoV-2
nucleocapsid proteins by IF confirmed iPSC-MN infectability. Furthermore, SARS-
CoV-2 infection in iPSCMNs significantly altered the expression of genes (IL-6,
ANG, S1PR1, BCL2, BAX, Casp8, HLA-A, ERAP1, CD147, MX1) associated with cell
survival and metabolism, as well as antiviral and inflammatory response.
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ARTICLE INFO ABSTRACT

Humans are thought to be more susceptible to neurodegeneration than equivalently-aged primates. It is not
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known whether this vulnerability is specific to anatomically-modern humans or shared with other hominids. The
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The impact of upper motor
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features, disease progression and
prognosis in amyotrophic lateral
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Objectives: In amyotrophic lateral sclerosis (ALS) both upper (UMNs) and lower
motor neurons (LMNs) are involved in the process of neurodegeneration,
accounting for the great disease heterogeneity. We evaluated the associations of
the burden of UMN impairment, assessed through the Penn Upper Motor Neuron
Score (PUMNS), with demographic and clinical features of ALS patients to define
the independent role of UMN involvement in generating disease heterogeneity,
predicting disease progression and prognosis.

Methods: We collected the following clinical parameters on a cohort of 875 ALS
patients: age and site of onset, survival, MRC scale, lower motor neuron score
(LMNS), PUMNS, ALSFRS-R, change in ALSFRS-R over time (DFS), MITOS and
King's staging systems (KSS). Transcranial magnetic stimulation was performed on
a subgroup of patients and central motor conduction time (CMCT) and cortical
silent period (CSP) were calculated.

Results: We observed that patients with an earlier age at onset and bulbar onset
had higher PUMNS values. Higher values were also associated to lower ALSFRS-R
and to higher DFS scores, as well as to higher MITOS and KSS, indicating that
a greater UMN burden correlates with disease severity. Conversely, we did not
appreciate any association between UMN involvement and survival or markers of
LMN impairment. Moreover, PUMNS values showed a positive association with
CMCT and a negative one with CSP values.

Interpretation: Our results suggest that the burden of UMN pathology, assessed
through PUMNS, has an important independent role in defining clinical
characteristics, functional disability, disease progression and prognosis in ALS
patients. We also support the role of TMS in defining severity of UMN involvement.
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ARTICLE INFO ABSTRACT

Keywords:

Natural language processing
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The introduction of computerized medical records in hospitals has reduced burdensome activities like manual
writing and information fetching. However, the data contained in medical records are still far underutilized,
primarily because extracting data from unstructured textual medical records takes time and effort. Information
Extraction, a subfield of Natural Language Processing, can help clinical practitioners overcome this limitation by
using automated text-mining pipelines. In this work, we created the first Italian neuropsychiatric Named Entity
Recognition dataset, PsyNIT, and used it to develop a Transformers-based model. Moreover, we collected and
leveraged three external independent datasets to implement an effective multicenter model, with overall F1-
score 84.77 %, Precision 83.16 %, Recall 86.44 %. The lessons learned are: (i) the crucial role of a consistent
annotation process and (ii) a fine-tuning strategy that combines classical methods with a “low-resource”
approach. This allowed us to establish methodological guidelines that pave the way for Natural Language Pro-
cessing studies in less-resourced languages.

1. Introduction

The ubiquity of digital technologies is increasingly encompassing
every aspect of our lives, and healthcare is no exception. In the last years
there has been a rapid adoption of digital health tools [1]. This new
technological paradigm has led to a dramatic increase in digitized
medical text data in the everyday medical routine of healthcare in-
stitutions (e.g., discharge letters, examination results, medical notes)
[2]. These documents, while very informative, are unstructured and not
harmonized, creating a barrier that leads to insufficient use and under-

* Corresponding author.

exploitation. This lowers the efficiency of the clinical and research en-
vironments, since the extraction of such information into structured
databases is time-consuming: physicians spend about 35 % of their time
documenting patient data [3].

Artificial Intelligence (Al), and in particular Natural Language Pro-
cessing (NLP), could provide useful tools to overcome these limitations.
NLP is a collection of techniques and tools for processing human lan-
guage written texts. Some examples of NLP tasks are: Named Entity
Recognition (NER), which assigns words to predefined categories (e.g.,
person, location); Relation Extraction (RE), which connects named
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Abstract

This study aimed at assessing the clinimetrics of the Montreal Cognitive Assessment (MoCA) in an Italian cohort of patients
with adult-onset idiopathic focal dystonia (AOIFD). N=86 AOIFD patients and N =92 healthy controls (HCs) were admin-
istered the MoCA. Patients further underwent the Trail-Making Test (TMT) and Babcock Memory Test (BMT), being also
screened via the Beck Depression Inventory-II (BDI-II) and the Dimensional Apathy Scale (DAS). Factorial structure and
internal consistency were assessed. Construct validity was tested against TMT, BMT, BDI-II and DAS scores, whilst diag-
nostics against the co-occurrence of a defective performance on at least one TMT measure and on the BMT. Case—control
discrimination was examined. The association between MoCA scores and motor-functional measures was explored. The
MoCA was underpinned by a mono-component structure and acceptably reliable at an internal level. It converged towards
TMT and BMT scores, as well as with the DAS, whilst diverging from the BDI-II. Its adjusted scores accurately detected
cognitive impairment (AUC = .86) at a cut-off of < 17.212. The MoCA discriminated patients from HCs (p <.001). Finally,
it was unrelated to disease duration and severity, as well as to motor phenotypes. The Italian MoCA is a valid, diagnostically
sound and feasible cognitive screener in AOIFD patients.

Keywords Montreal Cognitive Assessment - Dystonia - Cognitive screening - Neuropsychology - Movement disorders -
Hyperkinetic
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Abstract

Background This study aimed at: (1) assessing, in an Italian cohort of non-demented Parkinson’s disease (PD) patients, the
construct validity of the Montreal Cognitive Assessment (MoCA) against both first- and second-level cognitive measures;
(2) delivering an exhaustive and updated evaluation of its diagnostic properties.

Methods A retrospective cohort of N=237 non-demented PD patients having been administered the MoCA was addressed,
of whom N =169 further underwent the Mini-Mental State Examination (MMSE) and N =68 the Parkinson’s Disease
Cognitive Rating Scale (PD-CRS). A subsample (N =60) also underwent a second-level cognitive battery encompassing
measures of attention/executive functioning, language, memory, praxis and visuo-spatial abilities. Construct validity was
assessed against both the PD-CRS and the second-level cognitive battery. Diagnostics were tested via receiver-operating
characteristics analyses against a below-cut-off MMSE score.

Results The MoCA was associated with both PD-CRS scores (p <.001) and the vast majority of second-level cognitive
measures (ps <.003). Both raw and adjusted MoCA scores proved to be highly accurate to the aim of identifying patients
with MMSE-confirmed cognitive dysfunctions. A MoCA score adjusted for age and education according to the most recent
normative dataset and < 19.015 is herewith suggested as indexing cognitive impairment in this population (AUC =.92;
sensitivity =.92; specificity =.80).

Discussion The Italian MoCA is a valid and diagnostically sound screener for global cognitive inefficiency in non-demented
PD patients. Further studies are nevertheless needed that confirm its diagnostic values against a measure other than the
MMSE.

Keywords Montreal Cognitive Assessment - Parkinson’s disease - Cognitive screening - Neuropsychology

Background

Up to 40% of non-demented patients with Parkinson’s dis-
ease (PD) present with cognitive impairment [1] within both
non-instrumental functions—i.e. attention and executive
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ABSTRACT

Objective: Depression is one of the most disabling non-motor symptoms in Parkinson’s disease (PD) and requires proper diagnosis as it
negatively impacts patients’ and their relatives quality of life. The present study aimed to examine the psychometric and diagnostic properties of
the Beck Depression Inventory-I (BDI-I) in a Spanish PD cohort.

Method: Consecutive PD outpatients completed the Spanish version of the BDI-I and other questionnaires assessing anxiety and apathy. Patients’
caregivers completed the depression/dysphoria domain of the Neuropsychiatric Inventory (NPI-D). The internal consistency, convergent and
divergent validity and the factorial structure of BDI-I were evaluated, and an optimal cut-off was defined by means of the Youden index.

Results: The BDI-I proved to have a good internal consistency and was underpinned by a mono-component structure. Regarding construct
validity, the BDI-I was substantially related to anxiety and apathy measures in PD. Furthermore, the BDI-I overall showed good accuracy with
adequate sensitivity and specificity. The optimal cut-off point was defined at 10.

Conclusions: We provided evidence of the psychometric and diagnostic properties of the Spanish version of the BDI-I as a screening tool for

depression in Spanish speaking PD patients, suggesting its usefulness in clinical research and practice.

Keywords: Depression; Parkinson’s disease; Assessment; Norms/normative studies

INTRODUCTION

Depression is one of the most common non-motor symptoms
in Parkinson’s disease (PD), with an average prevalence of
22.9% (Goodarzi et al, 2016), with great impact on quality
of life (QoL) (Balestrino & Martinez-Martin, 2017). In recent
years, the occurrence of depression in Spain has become an
important problem of public health, which is the cause of
heavy government healthcare spending. A review by Cardila and
colleagues (2015) estimated that the prevalence rate for depres-
sion in the general population in Spain was 8.56% while, for
Spanish PD patients, the prevalence of depression was 32.63%

(Chuquilin-Arista et al., 2020). Accordingly, depressive symp-
toms should be identified early in PD patients to provide timely
interventions (e.g., medication changes or psychotherapeutic
support).

The Beck Depression Inventory-I (BDI-I) (Beck & Steer,
1987) is among the most widely used questionnaires to assess
the occurrence and the severity of self-reported depressive
symptoms in both research and clinical settings. The BDI-], like
other depression scales, includes somatic or movement-related
and sexual activities often diminished or reduced by the disease
itself, which could decrease the psychometric properties of the

Received: May 30, 2023. Revised: September 20, 2023. Accepted: October 10,2023
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Abstract

Background The development of e-health technologies for teleconsultation and exchange of knowledge is one

of the core purposes of European Reference Networks (ERNs), including the ERN EURO-NMD for rare neuromus-
cular diseases. Within ERNs, the Clinical Patient Management System (CPMS) is a web-based platform that seeks

to boost active collaboration within and across the network, implementing data sharing. Through CPMS, it is possible
to both discuss patient cases and to make patients'data available for registries and databases in a secure way. In this
view, CPMS may be considered a sort of a temporary storage for patients data and an effective tool for data sharing;
it facilitates specialists’ consultation since rare diseases (RDs) require multidisciplinary skills, specific, and outstanding
clinical experience.

Following European Union (EU) recommendation, and to promote the use of CPMS platform among EURO-NMD
members, a twelve-month pilot project was set up to train the 15 Italian Health Care Providers (HCPs). In this paper,
we report the structure, methods, and results of the teaching course, showing that tailored, ERN-oriented, training can
significantly enhance the profitable use of the CPMS.
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Introduction: SOD1 was the first gene associated with both familial and sporadic
forms of amyotrophic lateral sclerosis (ALS) and is the second most mutated gene
in Caucasian ALS patients. Given their high clinical and molecular heterogeneity, a
detailed characterization of SOD1-ALS patients could improve knowledge about
the natural history of this disease. Here, the authors aimed to provide a clinical
and molecular description of a monocentric cohort of SOD1-ALS patients.

Methods: Amyotrophic lateral sclerosis (ALS) patients referring to the neurology
unit of our center between 2008 and 2021 were clinically assessed and underwent
molecular testing for SOD1. Segregation studies in available family members and
in silico analysis were performed to sustain the pathogenicity of the identified
SOD1 variants.

Results: Among the 576 patients in our cohort, we identified 19 individuals
harboring a mutation in SOD1 (3.3%), including 15 (78.9%) with a familial and four
(21.1%) with a sporadic form. The spinal onset of the disease was observed in
all patients, and survival was extremely variable, ranging from 8months to over
30years. Twelve different SODI missense variants were identified in our cohort,
including one novel mutation (p.Pro67Leu).

Discussion: In the present series, we provided the first description of an Italian
monocentric cohort of SODI1-ALS patients, and we expanded the repertoire of
SOD1 mutations. Our cohort presents several remarkable features, including
variable expressivity in the same family, atypical presentation (ataxia, cognitive
impairment, and other extra-motor symptoms), and different modes of inheritance
of a given mutation in the same family. Given the recent authorization of SOD1-
directed antisense oligonucleotide for use in SOD1-ALS patients, we recommend
prompt screening for SOD1 mutations in novel ALS patients with familiar or
sporadic presentations.

amyotrophic lateral sclerosis, superoxide dismutase, SOD1-ALS, cohort, SOD1 variants
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Abstract

Background There is an unmet need in amyotrophic lateral sclerosis (ALS) to provide specific biomarkers for the disease.
Due to their easy availability, we aimed to investigate whether routine blood parameters provide useful clues for phenotypic
classification and disease prognosis.

Methods We analyzed a large inpatient cohort of 836 ALS patients who underwent deep phenotyping with evaluation of
the clinical and neurophysiological burden of upper (UMN) and lower (LMN) motor neuron signs. Disability and progres-
sion rate were measured through the revised ALS Functional Rating Scale (ALSFRS-R) and its changes during time. Cox
regression analysis was performed to assess survival associations.

Results Creatinine significantly correlated with LMN damage (r=0.38), active (r=0.18) and chronic (r=0.24) denervation
and baseline ALSFRS-R (r=0.33). Creatine kinase (CK), alanine (ALT) and aspartate (AST) transaminases correlated with
active (r=0.35, r=0.27, r=0.24) and chronic (r=0.37, r=0.20, r=0.19) denervation, while albumin and C-reactive protein
significantly correlated with LMN score (r=0.20 and r=0.17). Disease progression rate showed correlations with chloride
(r=-0.19) and potassium levels (r=—0.16). After adjustment for known prognostic factors, total protein [HR 0.70 (95% CI
0.57-0.86)], creatinine [HR 0.86 (95% CI 0.81-0.92)], chloride [HR 0.95 (95% C1 0.92-0.99)], lactate dehydrogenase [HR
0.99 (95% C10.99-0.99)], and AST [HR 1.02 (95% CI 1.01-1.02)] were independently associated with survival.
Conclusions Creatinine is a reliable biomarker for ALS, associated with clinical features, disability and survival. Markers
of nutrition/inflammation may offer additional prognostic information and partially correlate with clinical features. AST and
chloride could further assist in predicting progression rate and survival.

Keywords Amyotrophic lateral sclerosis - Blood - Biomarkers - Survival
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Abstract: Clinical findings suggest that transcutaneous spinal direct current stimulation (tsDCS)
can modulate ascending sensitive, descending corticospinal, and segmental pathways in the spinal
cord (SC). However, several aspects of the stimulation have not been completely understood, and
realistic computational models based on MRI are the gold standard to predict the interaction between
tsDCS-induced electric fields and anatomy. Here, we review the electric fields distribution in the SC
during tsDCS as predicted by MRI-based realistic models, compare such knowledge with clinical
findings, and define the role of computational knowledge in optimizing tsDCS protocols. tsDCS-
induced electric fields are predicted to be safe and induce both transient and neuroplastic changes.
This could support the possibility to explore new clinical applications, such as spinal cord injury. For
the most applied protocol (2-3 mA for 20-30 min, active electrode over T10-T12 and the reference on
the right shoulder), similar electric field intensities are generated in both ventral and dorsal horns
of the SC at the same height. This was confirmed by human studies, in which both motor and
sensitive effects were found. Lastly, electric fields are strongly dependent on anatomy and electrodes’
placement. Regardless of the montage, inter-individual hotspots of higher values of electric fields
were predicted, which could change when the subjects move from a position to another (e.g., from
the supine to the lateral position). These characteristics underlines the need for individualized and

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article  ,rot0cols, tailoring electrodes’ configuration, intensities, and duration to the clinical outcome.
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /

40/).

stimulation; electric fields; computational models; clinical study

patient-tailored MRI-based computational models to optimize the stimulation protocol. A detailed
modeling approach of the electric field distribution might contribute to optimizing stimulation

Keywords: non-invasive brain stimulation; neuromodulation; transcutaneous spinal direct current
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Optineurin in patients with Amyotrophic Lateral Sclerosis
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Abstract

Amyotrophic Lateral Sclerosis (ALS) is a heterogeneous disorder and the phenotypic variability goes far beyond the used
clinical stratification parameter. Evidence has emerged that ALS may coexist with distinct neurodegenerative diseases in
single cases. We aim to study the clinical features of two familial cases of ALS carriers of two distinct variants harbored
in the Optineurin (OPTN) gene. We included definite familial ALS followed up in the Department of Neurology of Razi
University Hospital, Tunisia, and selected according to Byrne criteria. Preliminary screening for the four main ALS
genes (SOD1, C9ORF72, TARDBP, FUS) was conducted. Given the negative results, we proceeded to NGS target-re-
sequencing with a custom panel including genes associated with ALS-FTD, Alzheimer’s, and Parkinson’s diseases. Both
families are carriers of two different OPTN variants and they present very different ALS clinical features. The first family
comprises two siblings diagnosed with ALS and Corticobasal syndrome (ALS-CBS) at an early age of onset and carriers
of OPTN p.E135X in the homozygous state. The proband for the second family was diagnosed with ALS at an early age
of onset presenting as progressive muscular atrophy with rapid progression. Genetic analysis revealed the presence of the
homozygous variant p.R520H.Our findings highlight the peculiarity of genetic Tunisian drift. Indeed, genes with a reces-
sive mode of inheritance may explain part of ALS diversity in clinical features. Therefore, the screening of the OPTN
gene is highly recommended among inbreeding populations such as the Tunisian one.

Keywords: Amyotrophic Lateral Sclerosis, optineurin, arypical Parkinsonism

Introduction understood (3). However, the common patho-
logical hallmark of ALS is the presence of ubiquiti-
nated and phosphorylated TDP-43 protein that
aggregates into soluble inclusions in affected brain
tissues (4).

Recent evidences highlight the oligogenic and
polygenic basis of ALS that might explain its clin-

ical features diversity (5,6). Along with these

Amyotrophic lateral sclerosis (ALS) is a multi-sys-
temic neurodegenerative disease characterized by a
progressive degeneration of motor neurons in both
brain and spinal cord (1). The constantly evolving
effort in understanding ALS nature and etiology
has gradually led to the present vision of this fatal

disease as a multifactorial one, including genetic
and environmental risk factors and affecting several
cell pathways (2).

The functional convergence of all these diverse
entities in determining ALS clinical features (age
of onset, progression, survival, etc.) is still poorly

reports, several causative ALS genes emerged (7)
which were associated, with the exception of
SOD1 and FUS, with the presence of TDP-43-
positive neuronal cytoplasmic inclusions, pointing
to the idea that these single genes could be an
upstream cause for TDP-43 pathology in ALS (8).
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Generation of five induced pluripotent stem cells lines from four members [
of the same family carrying a C9orf72 repeat expansion and one
wild-type member

Chiara Lattuada®, Serena Santangelo *", Silvia Peverelli %, Philip McGoldrick
Ekaterina Rogaeva ¢, Lorne Zinman “, Georg Haase °, Vincent Géli ! Vincenzo Silani *,
Janice Robertson ¢, Antonia Ratti ™', Patrizia Bossolasco ™"

@ Department of Neurology and Laboratory of Neuroscience, IRCCS Istituto Auxologico Italiano, Milan, Italy

Y Department of Medical Biotechnology and Translational Medicine, Universita degli Studi di Milano, Milan, Ttaly

¢ Tanz Centre for Research in Neurodegenerative Diseases, University of Toronto, Canada

d Sunnybrook Health Sciences Centre, Toronto, Canada

€ MPATHY Laboratory, Institute of Systems Neuroscience, U1106 INSERM & Aix-Marseille University, Marseille, France

f Marseille Cancer Research Centre (CRCM), Inserm U1068, CNRS UMR7258, Institut Paoli-Calmettes, Aix-Marseille University, Marseille, France
8 “Dino Ferrari” Center, Department of Pathophysiology and Transplantation, Universita degli Studi di Milano, Milan, Italy

ABSTRACT

The most common genetic cause of Amyotrophic Lateral Sclerosis (ALS) is the expansion of a G4C2 hexanucleotide repeat in the C9orf72 gene. The size of the repeat
expansion is highly variable and a cut-off of 30 repeats has been suggested as the lower pathological limit. Repeat size variability has been observed intergenera-
tionally and intraindividually in tissues from different organs and within the same tissue, suggesting instability of the pathological repeat expansion. In order to study
this genomic instability, we established iPSCs from five members of the same family of which four carried a C9orf72 repeat expansion and one was wild-type.

continued
Resource Table: ( )
Unique stem cell lines identifier IAIi005-A (IALi007-A)
IATIi006-A , Age:57, Sex: FemaleEthnicity: Caucasian
TALi007-A (IAIi008-A)
IALiO08-A , Age:51, Sex: FemaleEthnicity: Caucasian
TAIiI009-A (IAIi009-A)
Alternative name(s) of stem cell lines ~ AC52 (IAIi005-A)BC6 , Age:65, Sex: Female
(IALi006-A)CC5 Cell Source Fibroblasts
(TAIi007-A)DC2 Clonality Clonal
(1AIi008-A)EC1 Method of reprogramming Sendai virus
(1AIi009-A) Genetic Modification No
Institution IRCCS Istituto Auxologico Italiano, Milan, Type of Genetic Modification N/A
Italy Evidence of the reprogramming RT-PCR
Contact information of distributor Patrizia Bossolasco, p. transgene 10.55 (including genomic
bossolasco@auxologico.it copy if applicable)
Type of cell lines iPsc Associated disease Amyotrophic lateral sclerosis (ALS)
Gene/locus C9orf72 gene/chromosome 9p21.2
Origin Human Date archived/stock date
Additional origin info required Ethnicity: Caucasian (IATi005-A), Age:89, Cell line repository/bank https://hpscreg.eu/cell-line/IAIi005-A
Sex: MaleEthnicity: Caucasian (IATi006-A) https://hpscreg.eu/cell-line/IATi006-A

, Age:65, Sex: FemaleEthnicity: Caucasian https://hpscreg.eu/cell-line/IAli007-A
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on safety and efficacy of tauroursodeoxycholic
acid (TUDCA) as add-on treatment in patients
affected by amyotrophic lateral sclerosis (ALS):
the statistical analysis plan of TUDCA-ALS trial
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Abstract

Background Amyotrophic lateral sclerosis (ALS) is a highly debilitating neurodegenerative condition. Despite

recent advancements in understanding the molecular mechanisms underlying ALS, there have been no significant
improvements in therapeutic options for ALS patients in recent years. Currently, there is no cure for ALS, and the only
approved treatment in Europe is riluzole, which has been shown to slow the disease progression and prolong survival
by approximately 3 months. Recently, tauroursodeoxycholic acid (TUDCA) has emerged as a promising and effective
treatment for neurodegenerative diseases due to its neuroprotective activities.

Methods The ongoing TUDCA-ALS study is a double-blinded, parallel arms, placebo-controlled, randomized multi-
center phase lll trial with the aim to assess the efficacy and safety of TUDCA as add-on therapy to riluzole in patients
with ALS. The primary outcome measure is the treatment response defined as a minimum of 20% improvement

in the ALS Functional Rating Scale-Revised (ALSFRS-R) slope during the randomized treatment period (18 months)
compared to the lead-in period (3 months). Randomization will be stratified by country. Primary analysis will be
conducted based on the intention-to-treat principle through an unadjusted logistic regression model. Patient
recruitment commenced on February 22, 2019, and was closed on December 23, 2021. The database will be locked
in September 2023.

Discussion This paper provides a comprehensive description of the statistical analysis plan in order to ensure
the reproducibility of the analysis and avoid selective reporting of outcomes and data-driven analysis. Sensitivity
analyses have been included in the protocol to assess the impact of intercurrent events related to the coronavirus

*Flavia L. Lombardo and Stefania Spila Alegiani contributed equally as first
authors.
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MNAR Missing not at random
MMP-9 Matrix metalloproteinase 9
MRC Medical Research Council
SAP Statistical analysis plan
TUDCA Tauroursodeoxycholic acid
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The preferences of people
with amyotrophic lateral sclerosis
on riluzole treatment in Europe

Albert C. Ludolph?, Harish Grandjean?, Evy Reviers(3, Valentina De Micheli*,
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The Patient Preference Survey aims to understand unmet needs related to riluzole management

in people with Amyotrophic Lateral Sclerosis (ALS) and to identify which characteristics of a new
formulation could better match their preferences. The survey involved 117 people with ALS (PALS)
treated with riluzole in four European countries. The dysphagic PALS were least satisfied with the
riluzole tablet and oral suspension and with ease in self-administration; up to 68% of respondents
postponed or missed the treatment due to swallowing difficulties and need of caregiver assistance.
Overall, 51% of tablet and 53% of oral suspension users regularly crushed or mixed riluzole with
beverages, respectively; PALS who always manipulated riluzole showed low satisfaction with the
formulation and considered the risk of choking and pneumonia the most worrisome event. The survey
evaluated the driving factors in choosing/switching the therapy: 67% of PALS declared a low risk of
choking. The research finally evaluated which attributes of a new formulation would be preferred:

the most relevant were ease of use (4.3/5), convenient/portable packaging (4.0/5) and oral-dissolving
properties without tongue motility (3.9/5). The Patient Preference Survey suggests that patients have
several unmet needs and preferences that could be addressed by a different formulation, e.g. using
oral film technologies.

Amyotrophic lateral sclerosis (ALS) is a rare and progressive, neurodegenerative disease. It is characterized
by a loss of upper and/or lower motor neurons with heterogeneous features and more than 30 genes identi-
fied as causative (the pathology is quite homogeneous indeed being TDP-43 +in 98% of cases both familial or
sporadic)'™. In Europe, the annual incidence and prevalence range from 2.1 to 3.8 and 4.1 to 8.4, per 100,000
persons, respectively>®. The mean age at onset of symptoms is 51 to 66 years®=. The course of ALS ends with
respiratory failure and death, with a median survival rate of 2-4 years after onset*.

After the first clinical symptoms (e.g. muscular weakness, twitches or cramps), degeneration of the thoracic
and respiratory muscles’ motor neurons leads to problems in daily activities. People with ALS (PALS) become
increasingly dependent on caregiver support, including the administration of treatment’~. This significantly
affects their quality of life (QoL) and creates a substantial socioeconomic burden'®!!.

A cure for ALS is not available yet, and riluzole is the only approved Disease Modifying Treatment in
Europe!?~*. To date, riluzole is available in two formulations: tablets (50 mg) and oral suspension (5 mg/mL in
300 mL bottles). An independent meta-analysis of observational studies showed that riluzole leads to a broad
spectrum of outcomes; in certain survival studies, the median survival increased to up to 19 months compared
to placebo’®. Thanks to long-term evidence, it is recommended that riluzole be administered as early as possible
after diagnosis'® and maintained long-term to slow the progression of the disease in PALS'>".

Adherence to riluzole treatment, whether with a tablet or liquid formulation, seems to be directly related
to the progression of the disease and the onset of dysphagia. Therefore, the need for a riluzole formulation that
may allow for better continuity of administration and thereby the best possible therapeutic effect on ALS disease
progression, is an unresolved issue'®.
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Germany. 2Charles River Associates International, Zurich, Switzerland. 3European Organization for Professionals
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Biotech SPA, Bresso, Milan, Italy. ®Sirius Scientific Consulting AG, 8852 Altendorf, Switzerland. "Department of
Neuroscience and Laboratory of Neuroscience, IRCCS Istituto Auxologico Italiano, Milan, Italy. 8Department of
Pathophysiology and Transplantation, Dino Ferrari Center, Universita degli Studi di Milano, Milan, Italy. “email:
hermann.russ@hotmail.de
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Abstract

Introduction Depression is one of the most disabling neuropsychiatric manifestations of Parkinson’s disease (PD) and
requires proper screening and diagnosis because it affects the overall prognosis and quality of life of patients. This study
aimed to assess the psychometric and diagnostic properties of the Beck Depression Inventory-II (BDI-II) in an Italian PD
cohort.

Materials and methods Fifty consecutive outpatients with PD underwent the Italian version of the BDI-II and other question-
naires to evaluate anxiety and apathetic symptoms. Patients’ caregivers completed the depression/dysphoria domain of the
Neuropsychiatric Inventory (NPI-D). We evaluated the internal consistency, convergent and divergent validity, and factorial
structure of BDI-II. Sensitivity, specificity, positive and negative predictive values, and likelihood ratios were computed
using ROC analyses, and an optimal cutoff was defined using the Youden index.

Results The BDI-II proved to be internally consistent (Cronbach’s a@ = 0.840) and substantially met the bi-factorial structure.
Regarding construct validity, the BDI-II was substantially related to anxiety measures, but not to apathy. With the combina-
tion of the NPI-D and anxiety score used as the gold standard, the BDI-II overall showed good accuracy (AUC = 0.859)
with adequate sensitivity (75%) and specificity (87%). The optimal cutoff point was defined at 14.50.

Conclusions We provide evidence of the psychometric and diagnostic properties of the Italian version of the BDI-II as a
screening tool for depression in patients with PD. The BDI-II was found to be reliable and valid for the measurement of
depression in patients with PD; therefore, it is available for use in clinical research and practice.

Keywords Beck Depression Inventory - Parkinson’s disease - Depression - Anxiety - Diagnostics - Psychometrics
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Abstract: Long-COVID is a clinical condition in which patients affected by SARS-CoV-2 usually report
a wide range of physical and cognitive symptoms from 3 to 6 months after the infection recovery.
The aim of the current study was to assess the link between self-reported long-COVID symptoms
and reaction times (RTs) in a self-administered Visual Detection Task (VDT) in order to identify the
predictor symptoms of the slowing in reaction times to determine attention impairment. In total,
362 participants (age (mean + S.D.: 38.56 & 13.14); sex (female—male: 73.76-26.24%)) responded
to a web-based self-report questionnaire consisting of four sections: demographics, disease-related
characteristics, and medical history questions. The final section consisted of a 23 item 5-point Likert-
scale questionnaire related to long-term COVID-19 symptoms. After completing the questionnaire,
subjects performed a VDT on a tablet screen to assess reaction times (RTs). An exploratory factorial
analysis (EFA) was performed on the 23 long-COVID symptom questions, identifying 4 factors
(cognition, behavior, physical condition, presence of anosmia and/or ageusia). The most important
predictors of RTs were cognition and physical factors. By dissecting the cognitive and physical factors,
learning, visual impairment, and headache were the top predictors of subjects’ performance in the
VDT. Long-COVID subjects showed higher RTs in the VDT after a considerable time post-disease,
suggesting the presence of an attention deficit disorder. Attention impairment due to COVID-19 can
be due to the presence of headaches, visual impairments, and the presence of cognitive problems
related to the difficulty in learning new activities. The link between the slowing of reaction times and
physical and cognitive symptoms post-COVID-19 suggests that attention deficit disorder is caused
by a complex interaction between physical and cognitive symptoms. In addition, the study provides
evidence that RTs in a VDT represent a reliable measure to detect the presence of long-COVID
neurological sequelae.

Keywords: COVID-19; SARS-CoV-2; neuropsychology; attention; post-COVID syndrome

1. Introduction

SARS-CoV-2 is a human coronavirus that causes the respiratory infectious disease
known as COVID-19 and, due to its high contagiousness, caused a global pandemic in
the first months of the 2020s that is still ongoing [1,2]. In its worst form, SARS-CoV-2
infection causes severe lung damage and breathing disorders that require hospitalization
in intensive care units (ICUs), representing a burden on healthcare systems [3]. A large
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Abstract

Deep brain stimulation (DBS) is a well-established treatment that significantly improves the motor symptoms of patients with
Parkinson’s disease (PD); however, patients may experience post-operative psychological distress and social maladjustments.
This phenomenon has been shown to be related to patients’ pre-operative cognitive representations, such as expectations.
In this systematic review, we discuss the findings on the role of the expectations of patients with PD regarding the clinical
outcomes of DBS to identify areas of intervention to improve pre-operative patient education and promote successful post-
operative psychosocial adjustment. PubMed was searched for relevant articles published up to 16 January 2023. Of the 84
identified records, 10 articles focusing on the treatment expectations of patients with PD undergoing DBS were included
in this review. The selected studies were conducted among cohorts of patients with different DBS targets, among which
the most common was the bilateral subthalamic nucleus. Overall, the data showed that patients’ expectations contribute to
treatment efficacy. Experiments investigating the placebo effect itself have shown clinical improvement after the induction of
positive therapeutic expectations; conversely, unrealistic treatment expectations can affect patient satisfaction after surgery,
clinical outcomes, and subjective well-being. This review highlights the need for routine clinical practice to better investigate
and manage patients' pre-operative expectations, as well as multidisciplinary education to improve patient satisfaction and
psychosocial adjustment after DBS.

Keywords Deep brain stimulation - Parkinson disease - Subthalamic nucleus - Patients’ expectations - Placebo

Introduction

Parkinson’s disease (PD) is a progressive neurodegenera-
tive disorder characterised by a variety of motor and non-
motor impairments primarily caused by the selective loss
of dopaminergic neurones in the nigrostriatal pathway [1].
54 Francesca Mameli Bilateral deep brain stimulation (DBS) reduces motor symp-

francesca.mameli @policlinico.mi.it toms and dopaminergic-related complications in patients
with advanced PD [2-5]. While successful functional neu-
rosurgery leading to the sudden alleviation of symptoms is
expected to significantly improve patients’ quality of life
(QoL), growing evidence suggests that such positive effects
are questionable [6—11]. This phenomenon, first character-
ised by Bladin as the ‘Burden of Normality’, has been mostly
investigated in patients with medically intractable epilepsy
undergoing anterior temporal lobectomy [12, 13]; despite
successful treatment and alleviation of seizures, some
patients experienced psychosocial maladjustments (e.g.,
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Association of the risk factor
UNC13A with survival and upper
motor neuron involvement in
amyotrophic lateral sclerosis

Arianna Manini'?, Valeria Casiraghi'?®, Alberto Brusati'*,

Alessio Maranzano'?, Francesco Gentile!?, Eleonora Colombo?,
Ruggero Bonetti'?, Silvia Peverelli’, Sabrina Invernizzi?,

Davide Gentilini*®, Stefano Messina?, Federico Verde®®,

Barbara Poletti’, Isabella Fogh’, Claudia Morelli?,

Vincenzo Silani'%, Antonia Ratti**" and Nicola Ticozzi®*!
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Medical Biotechnology and Molecular Medicine, Universita degli Studi di Milano, Milan, Italy,
“Department of Brain and Behavioral Sciences, Universita degli Studi di Pavia, Pavia, Italy,
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¢Department of Pathophysiology and Transplantation, (DiRG EerfaritCenter Universita degli Studi di
Milano, Milan, Italy, “Maurice Wohl Clinical Neuroscience Institute, Institute of Psychiatry, Psychology
and Neuroscience, King's College, London, United Kingdom

Background: The UNC13A gene is an established susceptibility locus for amyotrophic
lateral sclerosis (ALS) and a determinant of shorter survival after disease onset, with
up to 33.0 months difference in life expectancy for carriers of the rs12608932 risk
genotype. However, its overall effect on other clinical features and ALS phenotypic
variability is controversial.

Methods: Genotype data of the UNC13A rs12608932 SNP (A-major allele; C-
minor allele) was obtained from a cohort of 972 ALS patients. Demographic and
clinical variables were collected, including cognitive and behavioral profiles,
evaluated through the Edinburgh Cognitive and Behavioral ALS Screen (ECAS) —
[talian version and the Frontal Behavioral Inventory (FBI); upper and lower motor
neuron involvement, assessed by the Penn Upper Motor Neuron Score (PUMNS)
and the Lower Motor Neuron Score (LMNS)/Medical Research Council (MRC)
scores, respectively; the ALS Functional Rating Scale Revised (ALSFRS-R) score at
evaluation and progression rate; age and site of onset; survival. The comparison
between the three rs12608932 genotypes (AA, AC, and CC) was performed using
the additive, dominant, and recessive genetic models.

Results: The rs12608932 minor allele frequency was 0.31 in our ALS cohort, in
comparison to 0.33-0.41 reported in other Caucasian ALS populations. Carriers
of at least one minor C allele (AC+CC genotypes) had a shorter median survival
than patients with the wild-type AA genotype (-11.7 months, p = 0.013), even
after adjusting for age and site of onset, C9orf72 mutational status and gender.
Patients harboring at least one major A allele (AA+AC genotypes) and particularly
those with the wild-type AA genotype showed a significantly higher PUMNS
compared to CC carriers (p =0.015 and p,q =0.037, respectively), thus indicating
a more severe upper motor neuron involvement. Our analysis did not detect
significant associations with all the other clinical parameters considered.
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Regional spreading pattern is associated with
clinical phenotype in amyotrophic lateral
sclerosis

Alessio Maranzano,* ®Federico Verde, Eleonora Colombo,® ®Barbara Poletti,*
Alberto Doretti,* Ruggero Bonetti,? Delia Gagliardi,>* Megi Meneri,”* Luca Maderna,*
Stefano Messina,! ®Stefania Corti,>* ®Claudia Morelli,* ®Vincenzo Silani®?
and ®Nicola Ticozzi'?

1,2

Increasing evidence shows that disease spreading in amyotrophic lateral sclerosis (ALS) follows a preferential pattern
with more frequent involvement of contiguous regions from the site of symptom onset. The aim of our study was to
assess if: (i) the burden of upper (UMN) and lower motor neuron (LMN) involvement influences directionality of dis-
ease spreading; (ii) specific patterns of disease progression are associated with motor and neuropsychological fea-
tures of different ALS subtypes (classic, bulbar, primary lateral sclerosis, UMN-predominant, progressive muscular
atrophy, flail arm, flail leg); and (iii) specific clinical features may help identify ALS subtypes, which remain localized
to the site of onset for a prolonged time (regionally entrenching ALS).

A single-centre, retrospective cohort of 913 Italian ALS patients was evaluated to assess correlations between direc-
tionality of the disease process after symptom onset and motor/neuropsychological phenotype. All patients under-
went an extensive evaluation including the following clinical scales: Penn Upper Motor Neuron Score (PUMNS), MRC
Scale for Muscle Strength and the Edinburgh Cognitive and Behavioural ALS Screen (ECAS).

The most frequent initial spreading pattern was that towards adjacent horizontal regions (77.3%), which occurred
preferentially in patients with lower MRC scores (P = 0.038), while vertical diffusion (21.1%) was associated with high-
er PUMNS (P < 0.001) and with reduced survival (P < 0.001). Non-contiguous disease spreading was associated with
more severe UMN impairment (P =0.003), while contiguous disease pattern with lower MRC scores. Furthermore,
non-contiguous disease spreading was associated with more severe cognitive impairment in both executive and
visuospatial ECAS domains. Individuals with regionally entrenching ALS were more frequently female (45.6% versus
36.9%; P =0.028) and had higher frequencies of symmetric disease onset (40.3% versus 19.7%; P < 0.001) and bulbar
phenotype (38.5% versus 16.4%; P < 0.001).

Our study suggests that motor phenotypes characterized by a predominant UMN involvement are associated with a
vertical pattern of disease progression reflecting ipsilateral spreading within the motor cortex, while those with pre-
dominant LMN involvement display more frequently a horizontal spreading from one side of the spinal cord to the
other. These observations raise the hypothesis that one of the mechanisms underlying disease spreading in ALS
pathology is represented by diffusion of toxic factors in the neuron microenvironment. Finally, it is possible that
in our cohort, regionally entrenching ALS forms are mainly observed in patients with atypical bulbar phenotypes,
characterized by a slowly progressive course and relatively benign prognosis.
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The Single-Matrix Digit Cancellation Test, a
Screener for Selective Attention Deficits:
Standardization in an Italian Population Sample
and Clinical Usability in Acute Stroke Patients
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Abstract

Introduction: This study aimed at validating and provid-
ing Italian norms for the Single-Matrix Digit Cancellation
Test (SMDCT), a cancellation task to screen for selective
attention deficits, as well as providing clinical usability
evidence for it in acute stroke patients. Methods: The
SMDCT stimulus is a specular, 4-quadrant, horizontally
oriented matrix, across which target distribution is ho-
mogeneous. Both accuracy (-A) and time (-T) outcomes
were computed. N = 263 healthy participants (HPs) and
N = 76 acute stroke patients were recruited. N = 108 HPs
also underwent the Mini-Mental State Examination, Fron-
tal Assessment Battery (FAB), and Trail-Making Test (TMT),
while patients were further assessed by the Mental Per-
formance in Acute Stroke (MEPS). Regression-based
norms were derived (equivalent scores). Construct and

factorial validity, as well as case-control discrimination,
were tested. Results: The matrix was underpinned by a
two-component structure reflecting left and right hits.
The SMDCT-T and -A were associated with TMT and FAB
scores, respectively. Education predicted the SMDCT-A/-
T, whereas age predicted the SMDCT-T only. In patients,
the SMDCT converged with the MEPS, also accurately
discriminating them from HPs. An index of right-left
difference differentiated right- from left-damaged pa-
tients. Conclusions: The SMDCT is a valid and normed
screener for selective attention deficits, encompassing
measures of both accuracy and time, whose adoption is
encouraged in acute stroke patients. Relatedly, the hor-
izontal disposition of its matrix does allow for the qual-
itative report of either leftward of rightward biases due to
underlying visual or attentional-representational deficits
in this population. © 2023 S. Karger AG, Basel
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Analysis of normal C907f72 repeat length as possible disease
modifier in amyotrophic lateral sclerosis
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Abstract

The C9orf72 hexanucleotide repeat (HR) expansion is the main genetic cause of amyotrophic lateral sclerosis (ALS),
with expansion size from 30 to >4000 units. Normal C9rf72 HR length is polymorphic (2-23 repeats) with alleles >8
units showing a low frequency in the general population. This study aimed to investigate if the normal C9orf72 HR
length influences C90rf72 gene expression and acts as disease modifier in ALS patients negative for C9orf72 mutation
(ALS-C9Neg). We found that the distribution of HR alleles was similar in 325 ALS-C9Neg and 303 healthy controls.
Gene expression analysis in blood revealed a significant increase of total C9orf72 and V3 mRNA levels in ALS-C9Neg
carrying two long alleles (I/L; >8 units) compared to patients homozygous for the 2-unit short allele (S/S). However,
HR allele genotypes (L/L, S/L, S/S) correlated with no clinical parameters. Our data suggest that normal C9rf72 HR
length does not act as disease modifier in ALS-C9Neg despite increasing gene expression.

Keywords: amyotrophic lateral sclerosis, C9orf72, gene expression, disease modifier

Introduction

The intronic hexanucleotide repeat (HR) expan-
sion of the C9rf72 gene is the main genetic cause
of amyotrophic lateral sclerosis (ALS) and fronto-
temporal dementia (FTD) (1). Conventionally, the
C9orf72 pathogenic threshold is >30 repeats,
although mutated patients may carry alleles up to
4000 HRs (2). The C9orf72-associated pathomechan-
isms are the haploinsufficiency of C9orf72 protein,
due to reduced transcription of the main V2 isoform
from exon 1b downstream of HR expansion, and the
accumulation of repeat-containing RNAs transcribed
from the upstream exon la and of dipeptide repeat
proteins through repeat-associated non-AUG transla-
tion of V1/V3 transcripts (1).

Normal C9orf72 HR alleles are polymorphic
(2—23 units) with a trimodal distribution (2, 5, 8
units) (3). Alleles >8 repeats have a low frequency

both in ALS cases and healthy controls (CTR),
and they have been already investigated as risk
factors in different neurodegenerative diseases
(4). A previous functional assay showed that 9-,
17- and 24-unit alleles reduced luciferase gene
transcription in a length-dependent manner com-
pared to the 2-unit allele (5), but whether normal
HR length also influences C9orf72 gene expres-
sion in ALS patients’ biosamples remains unin-
vestigated. Indeed, the purpose of this study was
to assess whether normal HR length may influ-
ence C9orf72 gene expression acting as disease
modifier in ALS patients without C9orf72 muta-
tion (ALS-C9Neg).

Materials and methods

Our study included 325 ALS-C9Neg diagnosed
according to the revised El Escorial criteria, and
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Single task-level, 2SD-based cutoffs for the Italian version of the
Edinburgh Cognitive and Behavioral ALS screen (ECAS)
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Abstract

The present study aimed at deriving, by means of a traditional “2 standard deviation-based” (2SD) approach, single task-
level cutoffs for the Italian version of the Edinburgh Cognitive and Behavioral ALS Screen (ECAS). Cutoffs were derived —
as M-2*SD - from the sample of healthy participants (HPs) included within 2016 Poletti et al’s normative study —
N =248; 104 males; age: 57.8 £ 10.6; education: 14.1 £ 4.6 — separately for the four, original demographic classes: 1) educa-
tion <14 years and age <60 years; 2) education <14 years and age >60 years; 3) education >14 years and age <60 years;
4) education >14 years and age >60 years. The prevalence of deficits on each task was then estimated within a cohort of
N =377 amyotrophic lateral sclerosis (ALS) patients without dementia. The distribution of abnormal performance prevalen-
ces was overall consistent with the cognitive phenotype of ALS. In conclusion, the single task-level cutoffs herewith provided
for the Italian version of the ECAS, which complement those already available within Poletti et al.’s normative framework,
will help better profile Italian ALS patients’ cognitive phenotype within both clinical and research settings.

Keywords: Edinburgh Cognitive and Behavioral ALS Screen, amyorrophic lateral sclerosis, frontotemporal degeneration,
cognitive screening, neuropsychology

1. Background Within the Italian scenario, the ECAS has been

Thie Biabisigh 'Cogiiive and Beliavioral ALS thoroughly assessed for its psychometrics [2], diag-

) nostics [3] and feasibility [2,4,5], having been
Screen (ECAS) is currently regarded as a gold- also normed at a single subscale level both via a

standard  screener for frontotemporal-spectrum traditional “2 standard deviation-based” (2SD)
disorders in amyotrophic lateral sclerosis (ALS) approach by Poletti et al. [2] and via a regression-
patients, having gained major clinimetric and feasi- based, non-parametric method by Siciliano
bility support worldwide [1]. et al. [6].
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An exploratory study on
counterfactual thinking in
amyotrophic lateral sclerosis
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Objectives: This study aimed at exploring (1) the motor and non-motor correlates
of counterfactual thinking (CFT) abilities in non-demented amyotrophic lateral
sclerosis (ALS) patients and (2) the ability of CFT measures to discriminate
these patients from healthy controls (HCs) and patients with and without
cognitive impairment.

Methods: N = 110 ALS patients and N = 51 HCs were administered two
CFT tasks, whose sum, resulting in a CFT Index (CFTI), was addressed as the
outcome. Patients further underwent an in-depth cognitive, behavioral, and
motor-functional evaluation. Correlational analyses were run to explore the
correlates of the CFTI in patients. Logistic regressions were performed to test
whether the CFTI could discriminate patients from HCs.

Results: The CFTI was selectively associated (p < 0.005) with fluency and memory
subscales of the Edinburgh Cognitive and Behavioral ALS Screen (ECAS), but not
with other variables. CFTl scores discriminated patients from HCs (p < 0.001) with
high accuracy (82%), but not patients with a normal vs. defective performance on
the ECAS-Total.

Conclusion: CFT measures in non-demented ALS patients were associated with
verbal fluency and memory functions, and they were also able to discriminate
them from HCs.

KEYWORDS

counterfactual thinking, cognition, amyotrophic lateral sclerosis, frontotemporal
degeneration, neuropsychology, dementia
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Abstract: Background: Mindfulness trainings have shown promising results as treatment for be-
havioural symptoms in several pathologies. In addition, mindfulness protocols induced an im-
provement in memory and attention. Therefore, mindfulness could be an effective intervention
for patients affected by Parkinson’s disease (PD) and mild cognitive impairment (MCI), who are
characterized by both behavioural and cognitive dysfunctions. Methods: We assessed differences in
Montreal Cognitive Assessment (MoCA) scores and in Beck Depression Inventory II (BDI-II) scores in
patients affected by PD and MCI enrolled in two different rehabilitation programs (an experimental
vs. an usual structured program for cognitive rehabilitation). Participants in the experimental group
(MILC-tr) underwent innovative rehabilitation program involving mindfulness and reminiscence
activities. Assessments were performed before (T0) and at the end of the rehabilitation program (T1).
Results: Friedman test showed a significant improvement between timepoints in MoCA global score
(x2 =4.000, p = 0.046), MoCA memory sub-scale score (x2 =4.571, p = 0.033), and BDI-II cognitive
and affective factors (x> = 4.000, p = 0.046) only for patients in MILC-tr group. Mann-Whitney test
showed a significant difference between group comparing differences in A scores between T0O and
T1 in the MoCA memory sub-scale score (U = 190.50, p = 0.035). Conclusions: Mindfulness-based
rehabilitation programs could be effective in patients affected by PD and MCL

Keywords: mindfulness; reminiscence and life review; verbal long-term memory; Parkinson’s disease;
mild cognitive impairment

1. Introduction

Mild cognitive impairment (MCI) is a condition characterized by a cognitive impair-
ment greater than that due to normal aging, but not severe enough for a diagnosis of
dementia [1,2] nor for a significant impact on the activities of daily living [3]. Although
the true values are difficult to define [4], the literature suggests that prevalence of MCI in
elderly people (>65 years old) would be 3-22% [2,5,6], depending on the demographics of
the population studied. Although in the past MCI was considered simply a “precursor”
to or a “paucisymptomatic” phase of Alzheimer’s disease (AD) [7], not all cases of MCI
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Telemedicine for cognitive impairment: a telephone survey of patients’
experiences with neurological video consultation
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Abstract

Objective This study aimed to evaluate the experience with telemedicine in patients with cognitive impairments and their
caregivers.

Methods We conducted a survey-based study of patients who completed neurological consultation via video link between
January and April 2022.

Results A total of 62 eligible neurological video consultations were conducted for the following categories of patients: Alz-
heimer’s disease (33.87%), amnesic mild cognitive impairment (24.19%), frontotemporal dementia (17.74%), Lewy body
dementia (4.84%), mixed dementia (3.23%), subjective memory disorders (12.90%), non-amnesic mild cognitive impairment
(1.61%), and multiple system atrophy (1.61%).

The survey was successfully completed by 87.10% of the caregivers and directly by the patients in 12.90% of cases. Our
data showed positive feedback regarding the telemedicine experience; both caregivers and patients reported that they found
neurological video consultation useful (caregivers: 87.04%, ‘very useful’; patients: 87.50%, ‘very useful’) and were satis-
fied overall (caregivers: 90.74%, ‘very satisfied’; patients: 100%, ‘very satisfied’). Finally, all caregivers (100%) agreed that
neurological video consultation was a useful tool to reduce their burden (Visual Analogue Scale mean + SD: 8.56 +0.69).
Conclusions Telemedicine is well received by patients and their caregivers. However, successful delivery incorporates
support from staff and care partners to navigate technologies. The exclusion of older adults with cognitive impairment in
developing telemedicine systems may further exacerbate access to care in this population. Adapting technologies to the needs
of patients and their caregivers is critical for the advancement of accessible dementia care through telemedicine.

Keywords Cognitive impairment - Dementia - Caregiver - COVID-19 - Telemedicine - Neurological video consultation

Introduction

The coronavirus disease (COVID-19) pandemic has ren-
dered older adults more vulnerable to not receiving the
healthcare needed. Furthermore, it has placed those liv-
ing with dementia at an even increased risk of developing
other mental health symptoms due to social isolation and
loneliness [1]. Indeed, as the virus spreads, it has become
necessary to introduce social distancing measures, such as

P4 Francesca Mameli
francesca.mameli @policlinico.mi.it

Department of Neuroscience and Mental Health, Foundation
IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milan,
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IRCCS Istituto Auxologico Italiano, Milan, Italy

Department of Pathophysiology and Transplantation (DEPT),
Dino Ferrari Centre, University of Milan, Neuroscience
Section, Milan, Italy

ASST Santi Paolo e Carlo, Milan, Italy

quarantine within urban areas, prohibition of travel to and
from certain countries, and suspension of a large range of
clinical activities. Elective face-to-face consultations had to
be rescheduled, and the need for health care during the pan-
demic required telehealth solutions. National initiatives have
been launched to review and update previous restrictions

@ Springer
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Generation of an iPSC line from a patient with spastic paraplegia type 10 [’

carrying a novel mutation in KIF5A gene
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ABSTRACT

We generated an iPSC line from a patient with spastic paraplegia type 10 (SPG10) carrying the novel missense variant ¢.50G > A (p.R17Q) in the N-terminal motor

domain of the kinesin family member 5A (KIF5A) gene.

This patient-derived in vitro cell model will help to investigate the role of different KIF5A mutations in inducing neurodegeneration in spastic paraplegia and in
other KIF5A-related disorders, including Charcot-Marie-Tooth type 2 (CMT2) and amyotrophic lateral sclerosis (ALS).

Resource table

IAIi010-A

KIF5A_C3

IRCCS Istituto Auxologico Italiano,
Milan, Italy

Antonia Ratti, antonia.ratti@unimi.it

Unique stem cell line identifier
Alternative name(s) of stem cell line
Institution

Contact information of distributor

Type of cell line iPSC
Origin Human
Additional origin info required for Ethnicity: Caucasian
human ESC or iPSC Age: 79
Sex: Female

Cell Source Skin fibroblasts
Clonality Clonal
Method of reprogramming CytoTune iPS 2.0 Sendai Reprogramming

Kit
Genetic Modification NO
Type of Genetic Modification N/A
Evidence of the reprogramming RT-PCR
transgene loss (including genomic
copy if applicable)

Associated disease Autosomal dominant Spastic Paraplegia
type 10 (SGP10)

KIF5A, chromosome 12q13.13
NM_004984.3: ¢.50G > A (p.R17Q)

October 2022

Gene/locus

Date archived/stock date
Cell line repository/bank

(continued on next column)

* Corresponding author.
E-mail address: antonia.ratti@unimi.it (A. Ratti).
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Resource table (continued)

https://hpscreg.eu/user/cellline/edit/
IAIi010-A

Ethical committee Regione Lombardia,
sezione Fondazione IRCCS Istituto
Neurologico “Carlo Besta”, Milan, Italy,
Approval n.64

Ethical approval

1. Resource utility

Allelic mutations in KIF5A gene are associated to different neuro-
degenerative disorders, such as spastic paraplegia type 10 (SPG10),
axonal Charcot-Marie-Tooth type 2 (CMT2), and amyotrophic lateral
sclerosis (ALS) as well as to neonatal intractable myoclonus (NEIMY)
with distinct mutational hotspots.

We generated an iPSC line from a SPG10 individual carrying the
novel missense mutation p.R17Q (c.50G > A) in KIF5A protein motor
domain.

This iPSC line represents a new in vitro disease model to elucidate,
upon differentiation into motoneurons, the pathomechanisms associated
with KIF5A mutations.

1873-5061/© 2022 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nec-nd/4.0/).
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Genetic variability in sporadic amyotrophic
lateral sclerosis
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With the advent of gene therapies for amyotrophic lateral sclerosis (ALS), there is a surge in gene testing for this dis-
ease. Although there is ample experience with gene testing for C9orf72, SOD1, FUS and TARDBP in familial ALS, large
studies exploring genetic variation in all ALS-associated genes in sporadic ALS (sALS) are still scarce. Gene testingin a
diagnostic setting is challenging, given the complex genetic architecture of sALS, for which there are genetic variants
with large and small effect sizes. Guidelines for the interpretation of genetic variants in gene panels and for counsel-
ling of patients are lacking.

We aimed to provide a thorough characterization of genetic variability in ALS genes by applying the American College
of Medical Genetics and Genomics (ACMG) criteria on whole genome sequencing data from a large cohort of 6013
sporadic ALS patients and 2411 matched controls from Project MinE.

We studied genetic variation in 90 ALS-associated genes and applied customized ACMG-criteria to identify pathogen-
icand likely pathogenic variants. Variants of unknown significance were collected as well. In addition, we determined
the length of repeat expansions in C9orf72, ATXN1, ATXN2 and NIPA1 using the ExpansionHunter tool.

We found C9orf72 repeat expansions in 5.21% of sALS patients. In 50 ALS-associated genes, we did not identify any
pathogenic or likely pathogenic variants. In 5.89%, a pathogenic or likely pathogenic variant was found, most com-
monly in SOD1, TARDBP, FUS, NEK1, OPTN or TBK1. Significantly more cases carried at least one pathogenic or likely
pathogenic variant compared to controls (odds ratio 1.75; P-value 1.64x107°). Isolated risk factors in ATXNT1,
ATXN2, NIPA1 and/or UNC13A were detected in 17.33% of cases. In 71.83%, we did not find any genetic clues. A com-
bination of variants was found in 2.88%.

This study provides an inventory of pathogenic and likely pathogenic genetic variation in a large cohort of sALS pa-
tients. Overall, we identified pathogenic and likely pathogenic variants in 11.13% of ALS patients in 38 known ALS
genes. In line with the oligogenic hypothesis, we found significantly more combinations of variants in cases com-
pared to controls. Many variants of unknown significance may contribute to ALS risk, but diagnostic algorithms to
reliably identify and weigh them are lacking. This work can serve as a resource for counselling and for the assembly
of gene panels for ALS. Further characterization of the genetic architecture of sALS is necessary given the growing
interest in gene testing in ALS.
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Introduction

Amyotrophic lateral sclerosis (ALS) is a motor neuron disorder
characterized by upper and lower motor neuron degeneration,
which leads to progressive muscle weakness and wasting." Up to
50% of patients develop extramotor symptoms, such as cognitive
or behavioural dysfunction, as seen in frontotemporal dementia
(FTD).! The disease is relentlessly progressive and most people
die between 2 and 5 years after disease onset, as effective treat-
ments are lacking.»® ALS has a strong genetic component. In
5-10%, there is a familial history of ALS (fALS). Highly penetrant
causal variants are found in ~70% of fALS patients, most commonly
in C9orf72, SOD1, TARDPB and FUS, which are responsible for about
40%, 20%, 4% and 3% of familial cases in Western populations, re-
spectively.® The remaining 90-95% of patients present with appar-
ently sporadic ALS (sALS),* but mutations in the same genes are
found at lower frequencies.” Twin studies suggest a heritability in
sALS patients of around 60%.° Both rare variants with a variable

effect size, common variants with small effect size and combina-
tions of such variants are thought to confer genetic risk in sALS pa-
tients, but convincing data showing this are still lacking.”®
Nevertheless, much of the genetic architecture of ALS remains un-
known. Over the past few years, many efforts have been made to
unravel the missing heritability. Genetic research has linked a con-
siderable number of genes and variants to ALS through various
techniques.”®° However, strong evidence for association is variable,
and some findings have failed to be replicated in subsequent stud-
ies.’® Furthermore, the clinical significance of individual variants is
often unclear (e.g. monogenetic with high penetrance, modifier,
risk factor or in linkage with causal variant), especially in SALS pa-
tients. As the risk of ALS is age-dependent, the life-time risk is in
the order of 1/400 for males and 1/550 for females and since many
of the reported disease-associated variants have been associated
with incomplete penetrance (in fALS pedigrees), such variants
will invariably also be found in control populations.’ One of the
difficulties in the interpretation of variants in complex genetic dis-
eases like ALS is how to weigh the pathogenicity of variants, since
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Activation of long non-coding RNA NEAT1 leads to
survival advantage of multiple myeloma cells by
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Abstract

Long non-coding RNA NEAT1 is the core structural component of the nuclear paraspeckle (PS) organelles and it has been
found to be deregulated in multiple myeloma (MM) patients. Experimental evidence indicated that NEAT1 silencing
negatively impacts proliferation and viability of MM cells, both in vitro and in vivo, suggesting a role in DNA damage repair
(DDR). In order to elucidate the biological and molecular relevance of NEAT1 upregulation in MM disease we exploited the
CRISPR/Cas9 synergistic activation mediator genome editing system to engineer the AMO-1 MM cell line and generate two
clones that para-physiologically transactivate NEAT1 at different levels. NEAT1 overexpression is associated with oncogenic
and prosurvival advantages in MM cells exposed to nutrient starvation or a hypoxic microenvironment, which are stressful
conditions often associated with more aggressive disease phases. Furthermore, we highlighted the NEAT1 involvement in
virtually all DDR processes through, at least, two different mechanisms. On one side NEAT1 positively regulates the post-
translational stabilization of essential PS proteins, which are involved in almost all DDR systems, thus increasing their
availability within cells. On the other hand, NEAT1 plays a crucial role as a major regulator of a molecular axis that includes
ATM and the catalytic subunit of DNA-PK kinase proteins, and their direct targets pRPA32 and pCHK2. Overall, we provided
novel important insightsthe role of NEAT1 in supporting MM cells adaptation to stressful conditions by improving the
maintenance of DNA integrity. Taken together, our results suggest that NEAT1, and probably PS organelles, could represent
a potential therapeutic target for MM treatment.

genesis of human cancers, including MM, has emerged from

Introduction . . > e
different functional studies.*®* IncRNA participate in several

Multiple myeloma (MM) is a malignant proliferation of bone
marrow plasma cells (PC) characterized by a different clini-
cal course and a highly heterogeneous genetic background
with both structural chromosomal alterations and specific
gene mutations.?

Over the past decade, a causal relationship between the
regulation of long non-coding RNA (IncRNA) and the patho-

biological processes, such as transcriptional gene regula-
tion, genomic integrity maintenance, cell differentiation and
development.’

We have identified the nuclear paraspeckle assembly tran-
script 1 (NEAT1) as one of the abundantly expressed IncRNA
in malignant PC compared to its normal counterpart,®
consistently with its high expression levels in many solid
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Combinatorial activation of the WNT-dependent
fibrogenic program by distinct complement
subunits in dystrophic muscle

Francesca Florio™*?
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Abstract

Fibrosis is associated with compromised muscle functionality in
Duchenne muscular dystrophy (DMD). We report observations with
tissues from dystrophic patients and mice supporting a model to
explain fibrosis in DMD, which relies on the crosstalk between the
complement and the WNT signaling pathways and the functional
interactions of two cellular types. Fibro-adipogenic progenitors and
macrophages, which populate the inflamed dystrophic muscles, act
as a combinatorial source of WNT activity by secreting distinct sub-
units of the C1 complement complex. The resulting aberrant activa-
tion of the WNT signaling in responsive cells, such as fibro-
adipogenic progenitors, contributes to fibrosis. Indeed, pharmacolog-
ical inhibition of the Clr/s subunits in a murine model of DMD miti-
gated the activation of the WNT signaling pathway, reduced the
fibrogenic characteristics of the fibro-adipogenic progenitors, and
ameliorated the dystrophic phenotype. These studies shed new light
on the molecular and cellular mechanisms responsible for fibrosis in
muscular dystrophy and open to new therapeutic strategies.

Keywords complement C1 complex; Duchenne muscular dystrophy; fibro-
adipogenic progenitors; fibrosis; skeletal muscle regeneration
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Introduction

Duchenne muscular dystrophy (DMD) is one of the most severe and
frequent forms of dystrophy (Emery, 2002; Mercuri et al, 2019).
DMD patients show progressive dysfunction of skeletal and
cardiac muscles (Emery, 2002; Mercuri et al, 2019). Although

, Sara Vencato™?, Filomena T Papa™* {2, Michela Libergoli**{,

& Stefano Biressi™>"

multidisciplinary care and glucocorticoid treatment are associated
with reduced disease progression and improved patient survival, no
definitive cure is currently available for DMD, and patients die by
their third decade of life (Birnkrant et al, 2018; McDonald et al,
2018). DMD occurs due to mutations in the X-chromosome dystro-
phin gene (O’Brien & Kunkel, 2001). The absence of functional dys-
trophin causes repetitive cycles of degeneration/regeneration of the
muscle fibers. Portions of the dystrophic muscles (regeneration foci)
continuously attempt to regenerate and are characterized by the
infiltration of inflammatory cells (Ciciliot & Schiaffino, 2010). This
chronic condition of inflammation and degeneration determines
impairment of muscle repair potential, and fibrotic extracellular
matrix progressively substitutes contractile fibers, determining a
severe deficit of muscular function (Ciciliot & Schiaffino, 2010).

Upon damage, muscle regeneration is ensured by muscle satellite
cells (MuSCs), a muscle-specific stem cell population required to
restore tissue functionality (Scharner & Zammit, 2011). MuSCs’
activity is influenced by intrinsic and extrinsic factors (Sousa-Victor
et al, 2022). Particularly, MuSCs function is supported by a hetero-
geneous pool of cells occupying the interstitial space between fibers
or associated with the vasculature (Wosczyna & Rando, 2018).
Among them, mesenchymal cells, called fibro-adipogenic progeni-
tors (FAPs), characterized by the expression of PDGF receptor-a
(PDGFRa) and Scal critically influence muscle regeneration and
homeostasis (Joe et al, 2010; Uezumi et al, 2010; Wosczyna
et al, 2019). Moreover, a large body of evidence identified various
subpopulations of immune cells as crucial mediators of effective
muscle repair (Shen et al, 2008; Burzyn et al, 2013; Heredia
et al, 2013; Lemos et al, 2015; Liu et al, 2017). Importantly, in dis-
eased muscle, macrophages’ fate is disturbed, and the communica-
tion between MuSCs and different subpopulations of inflammatory
and interstitial cells is compromised (Tidball & Villalta, 2010;
Mozzetta et al, 2013). These alterations are believed to contribute to
the defective regeneration and promotion of fibrosis (Desguerre
et al, 2009; Serrano & Munoz-Canoves, 2010).
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Abstract

DIS3 gene mutations occur in approximately 10% of patients with multiple myeloma (MM); furthermore, D/IS3 expression
can be affected by monosomy 13 and del(13q), found in roughly 40% of MM cases. Despite the high incidence of DI/S3
mutations and deletions, the biological significance of D/S3 and its contribution to MM pathogenesis remain poorly
understood. In this study we investigated the functional role of D/IS3 in MM, by exploiting a loss-of-function approach in
human MM cell lines. We found that D/S3 knockdown inhibits proliferation in MM cell lines and largely affects cell cycle
progression of MM plasma cells, ultimately inducing a significant increase in the percentage of cells in the GO/G1 phase
and a decrease in the S and G2/M phases. DIS3 plays an important role not only in the control of the MM plasma cell cycle,
but also in the centrosome duplication cycle, which are strictly co-regulated in physiological conditions in the G1 phase.
Indeed, DIS3 silencing leads to the formation of supernumerary centrosomes accompanied by the assembly of multipolar
spindles during mitosis. In MM, centrosome amplification is present in about a third of patients and may represent a
mechanism leading to genomic instability. These findings strongly prompt further studies investigating the relevance of
DIS3 in the centrosome duplication process. Indeed, a combination of D/S3 defects and deficient spindle-assembly
checkpoint can allow cells to progress through the cell cycle without proper chromosome segregation, generating
aneuploid cells which ultimately lead to the development of MM.

genetic background with both structural chromosomal al-
terations and specific gene mutations affecting the ex-

Introduction

Multiple myeloma (MM) is a hematologic malignancy that is
still incurable despite the recent introduction of a large array
of innovative therapies! MM is characterized by the abnormal
proliferation of plasma cells (PC) in the bone marrow and
has different clinical courses and a highly heterogeneous

pression and the activity of both putative oncogenes and
tumor suppressor genes.?

Among the frequently mutated genes in MM, D/S3 has been
reported to be mutated in roughly 10% of patients and to
have a significant impact on clinical outcome.?® Despite the
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Microbiota dysbiosis influences immune
system and muscle pathophysiology of

dystrophin-deficient mice
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Abstract

Duchenne muscular dystrophy (DMD) is a progressive severe
muscle-wasting disease caused by mutations in DMD, encoding
dystrophin, that leads to loss of muscle function with cardiac/res-
piratory failure and premature death. Since dystrophic muscles are
sensed by infiltrating inflammatory cells and gut microbial com-
munities can cause immune dysregulation and metabolic syn-
drome, we sought to investigate whether intestinal bacteria
support the muscle immune response in mdx dystrophic murine
model. We highlighted a strong correlation between DMD disease
features and the relative abundance of Prevotella. Furthermore,
the absence of gut microbes through the generation of mdx germ-
free animal model, as well as modulation of the microbial commu-
nity structure by antibiotic treatment, influenced muscle immunity
and fibrosis. Intestinal colonization of mdx mice with eubiotic
microbiota was sufficient to reduce inflammation and improve
muscle pathology and function. This work identifies a potential
role for the gut microbiota in the pathogenesis of DMD.

Keywords Duchenne muscular dystrophy; gut microbiota; immunity;
skeletal muscle metabolism; T-lymphocytes
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Introduction

Duchenne muscular dystrophy (DMD) is an X-linked disease caused
by mutations in the DMD gene and loss of the dystrophin protein,
leading to myofiber membrane fragility and necrosis with weakness
and contractures. Affected DMD boys typically die in their second or
third decade of life due to either respiratory failure or cardiomyopa-
thy (Emery, 2002). Although the primary defects rely on skeletal
muscle structure, a multitude of secondary defects exist involving
deregulated metabolic and inflammatory pathways. Immune cell
infiltration into skeletal muscle is, indeed, a typical feature of DMD
pathophysiology and is strongly associated with disease severity
(Farini et al, 2009). In the dystrophic dystrophin-deficient mdx
murine model, we recently found the presence of activated T lym-
phocytes and the overexpression of immunoproteasome (IP), an
enzymatic complex that cleaves peptides to produce epitopes for
antigen presentation to T lymphocytes. We have demonstrated that
IP inhibition improved dystrophic muscle functions by reducing the

Humanitas University, Milan, Italy
Humanitas Clinical and Research Center IRCCS, Milan, Italy

WCOENOUAWN R

PR R
CSESHENe)

Policlinico di Milano, Milan, Italy
*Corresponding author. Tel: +39 0255033874; E-mail: yvan.torrente@unimi.it

Neurology Unit, Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milan, Italy
Stem Cell Laboratory, Department of Pathophysiology and Transplantation, Dino Ferrari Center, University of Milan, Milan, Italy
Mucosal Immunology Lab, Department of Experimental Oncology, IEO-European Institute of Oncology, Milan, Italy

Translational Medicine — Department of Transfusion Medicine and Hematology, Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milan, Italy

Department of Medicine, Surgery and Dentistry, Scuola Medica Salernitana, University of Salerno, Baronissi, Italy

Theoreo Srl, Spinoff Company of the University of Salerno, Montecorvino Pugliano, Italy

Center for Surgical Research, Fondazione IRCCS Ca’ Granda, Ospedale Maggiore Policlinico, Milan, Italy

Molecular Cardiovascular Biology Division, Heart Institute, Cincinnati Children’s Hospital Medical Center, Cincinnati, OH, USA

Department of Pediatrics, University of Cincinnati College of Medicine, Cincinnati, OH, USA

Department of Medical Biotechnologies and Translational Medicine, Universita Degli Studi di Milano, Milan, Italy

Unit of Gastroenterology and Endoscopy, Department of Pathophysiology and Transplantation, Universita degli Studi di Milano, Fondazione IRCCS Ca’ Granda, Ospedale

Tpresent address: ScilifeLab, Department of Microbiology, Tumor and Cell Biology, Karolinska Institutet, Solna, Sweden

© 2022 The Authors. Published under the terms of the CC BY 4.0 license.

EMBO Molecular Medicine 15: e16244 (2023 1 of 24


https://orcid.org/0000-0003-4446-2840
https://orcid.org/0000-0003-4446-2840
https://orcid.org/0000-0003-4446-2840
https://orcid.org/0000-0001-7217-3355
https://orcid.org/0000-0001-7217-3355
https://orcid.org/0000-0001-7217-3355
https://orcid.org/0000-0003-2962-7379
https://orcid.org/0000-0003-2962-7379
https://orcid.org/0000-0003-2962-7379
https://orcid.org/0000-0001-7536-208X
https://orcid.org/0000-0001-7536-208X
https://orcid.org/0000-0001-7536-208X
https://orcid.org/0000-0003-2209-4338
https://orcid.org/0000-0003-2209-4338
https://orcid.org/0000-0003-2209-4338
https://orcid.org/0000-0002-2705-3984
https://orcid.org/0000-0002-2705-3984
https://orcid.org/0000-0002-2705-3984
https://doi.org/10.15252/emmm.202217324
http://crossmark.crossref.org/dialog/?doi=10.15252%2Femmm.202216244&domain=pdf&date_stamp=2022-12-19
Dario Zaccaria

Dario Zaccaria

Dario Zaccaria


https://doi.org/10.1093/brain/awad014

RAIN

BRAIN 2023: 146; 2227-2240 | 2227

REVIEW ARTICLE

Multifaceted nanoparticles: emerging
mechanisms and therapies
in neurodegenerative diseases

Miriam Mistretta,* Andrea Farini,? Yvan Torrente™? and ®Chiara Villa®

Neurodegenerative diseases are a major global health burden particularly with the increasing ageing population.
Hereditary predisposition and environmental risk factors contribute to the heterogeneity of existing pathological
phenotypes. Traditional clinical interventions focused on the use of small drugs have often led to failures due to
the difficulties in crossing the blood-brain barrier and reaching the brain. In this regard, nanosystems can specifically
deliver drugs and improve their bioavailability, overcoming some of the major challenges in neurodegenerative dis-
ease treatment.

This review focuses on the use of nanosystems as an encouraging therapeutic approach targeting molecular path-
ways involved in localized and systematic neurodegenerative diseases. Among the latter, Friedreich’s ataxia is an un-
treatable complex multisystemic disorder and the most widespread type of ataxia; it represents a test case to validate
the clinical potential of therapeutic strategies based on nanoparticles with pleiotropic effects.
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On the contrary, protein misfolding, aggregation and accumulation
of proteins, neuroinflammation, mitochondrial dysfunctions, oxi-
dative stress, dysregulated autophagy and apoptosis* are some of
the most important shared biological processes. Most of these pro-

Introduction

Neurodegenerative diseases (NDs) are a heterogeneous group of
CNS disorders characterized by chronic and selective neuronal

cell death, decreased strength, coordination and mobility, respira-
tory distress and cognitive deficit.! Alzheimer’s disease (AD),
Parkinson’s disease (PD), Huntington’s disease (HD), amyotrophic
lateral sclerosis (ALS) and multiple sclerosis (MS) are the major
NDs.»? Although genetic and hereditary predisposition seem to
play an important role, especially combined with environmental
risk factors,® NDs differ in pathophysiology and symptomatology.

cesses are also characteristic of Friedreich’s ataxia (FRDA), a multi-
systemic autosomal recessive degenerative disorder affecting
central and peripheral nervous system, heart, skeletal muscle
and endocrine pancreas.>® With onset before 25 years of age,
FRDA affects 1 in 30 000-50 000 people, with prominent neurologic-
al manifestations including limb ataxia, spinocerebellar ataxia,
dysarthria, muscle weakness of lower limbs, loss of tone and
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