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Hot-spot KIF5A mutations cause familial ALS

David Brenner* (1), Rüstem Yilmaz (1), Kathrin Müller (1), Torsten Grehl (2),
Susanne Petri (3), Thomas Meyer (4), Julian Grosskreutz (5), Patrick Weydt (1, 6),
Wolfgang Ruf (1), Christoph Neuwirth (7), Markus Weber (7), Susana Pinto (8, 9),
Kristl G. Claeys (10, 11, 12), Berthold Schrank (13), Berit Jordan (14), Antje Knehr
(1), Kornelia Günther (1), Annemarie Hübers (1), Daniel Zeller (15), The German
ALS network MND-NET, Christian Kubisch (16, 17), Sibylle Jablonka (18), Michael
Sendtner (18), Thomas Klopstock (19), Mamede de Carvalho (8, 20), Anne
Sperfeld (14), Guntram Borck (16), Alexander E. Volk (16, 17), Johannes Dorst (1),
Joachim Weis (10), Markus Otto (1), Joachim Schuster (1), Kelly del Tredici (1),
Heiko Braak (1), Karin M. Danzer (1), Axel Freischmidt (1), Thomas Meitinger (21),
Tim M. Strom (21), Albert C. Ludolph (1), Peter M. Andersen (1, 9), and Jochen H.
Weishaupt (1)

Heterozygous missense mutations in the N-terminal motor or coiled-coil
domains of the kinesin family member 5A (KIF5A) gene cause monogenic spastic
paraplegia (HSP10) and Charcot-Marie-Tooth disease type 2 (CMT2). Moreover,
heterozygous de novo frame-shift mutations in the C-terminal domain of KIF5A are
associated with neonatal intractable myoclonus, a neurodevelopmental syndrome.
These findings, together with the observation that many of the disease genes
associated with amyotrophic lateral sclerosis disrupt cytoskeletal function and
intracellular transport, led us to hypothesize that mutations in KIF5A are also a
cause of amyotrophic lateral sclerosis. Using whole exome sequencing followed by
rare variant analysis of 426 patients with familial amyotrophic lateral sclerosis and
6137 control subjects, we detected an enrichment of KIF5A splice-site mutations
in amyotrophic lateral sclerosis (2/426 compared to 0/6137 in controls; P = 4.2 ×
10−3), both located in a hot-spot in the C-terminus of the protein and predicted
to affect splicing exon 27. We additionally show co-segregation with amyotrophic
lateral sclerosis of two canonical splice-site mutations in two families. Investigation
of lymphoblast cell lines from patients with KIF5A splice-site mutations revealed
the loss of mutant RNA expression and suggested haploinsufficiency as the most
probable underlying molecular mechanism. Furthermore, mRNA sequencing of a
rare non-synonymous missense mutation (predicting p.Arg1007Gly) located in the
C-terminus of the protein shortly upstream of the splice donor of exon 27 revealed
defective KIF5A pre-mRNA splicing in respective patient-derived cell lines owing to
abrogation of the donor site. Finally, the non-synonymous single nucleotide variant
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rs113247976 (minor allele frequency = 1.00% in controls, n = 6137), also located
in the C-terminal region [p.(Pro986Leu) in exon 26], was significantly enriched
in familial amyotrophic lateral sclerosis patients (minor allele frequency = 3.40%;
P = 1.28 × 10−7). Our study demonstrates that mutations located specifically in
a C-terminal hotspot of KIF5A can cause a classical amyotrophic lateral sclerosis
phenotype, and underline the involvement of intracellular transport processes in
amyotrophic lateral sclerosis pathogenesis.
1) Neurology Department, Ulm University, Ulm, Germany.
2) Department of Neurology, Alfried Krupp Hospital, Essen, Germany.
3) Department of Neurology, Hannover Medical School, Hannover, Germany.
4) Charité University Hospital, Humboldt-University, Berlin, Germany.
5) Department of Neurology, Jena University Hospital, Jena, Germany.
6) Department for Neurodegenerative Disorders and Gerontopsychiatry, Bonn University, Bonn,
Germany.
7) Kantonsspital St. Gallen, ALS Outpatient Clinic, St. Gallen, Switzerland.
8) Department of Neurosciences and Mental Health, Hospital de Santa Maria-CHLN, Lisbon, Portugal.
9) Department of Pharmacology and Clinical Neuroscience, Umeå University, Umeå, Sweden.
10) Institute of Neuropathology, RWTH Aachen University Hospital, Aachen, Germany.
11) Department of Neurology, RWTH Aachen University Hospital, Aachen, Germany.
12) Department of Neurology, University Hospitals Leuven, Leuven, Belgium.
Laboratory for Muscle Diseases and Neuropathies, Department of Neurosciences, Experimental
Neurology, KU Leuven – University of Leuven, Leuven, Belgium.
13) Department of Neurology, DKD HELIOS Klinik Wiesbaden, Wiesbaden, Germany.
14) Department of Neurology Martin-Luther-University Halle-Wittenberg, Halle/Saale, Germany.
15) Department of Neurology, University of Würzburg, Würzburg, Germany.
16) Institute of Human Genetics, Ulm University, Ulm, Germany.
17) Institute of Human Genetics, University Medical Center Hamburg-Eppendorf, Hamburg, Germany.
18) Institute of Clinical Neurobiology, University Hospital of Würzburg, Würzburg, Germany.
19) Department of Neurology with Friedrich-Baur-Institute, University of Munich, Munich, Germany.
German Center for Neurodegenerative Diseases (DZNE), Munich, Germany.
Munich Cluster for Systems Neurology (SyNergy), Munich, Germany.
20) Instituto de Medicina Molecular and Institute of Physiology, Faculty of Medicine, University of
Lisbon, Portugal.
21) SyNergy, Munich Cluster for Systems Neurology, Ludwig Maximilians Universität München,
Germany.
Institute of Human Genetics, Technische Universität München, München, Germany.
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Alterations of C9orf72, SOD1, TARDBP, FUS and UBQLN2 genes with
amyotrophic lateral sclerosis

Vildan Çiftçi 1, Türker Bilgen 2, Şule Darbaş 1, Yunus Arıkan 1, Hilmi Uysal 3*,
Sibel Berker Karaüzüm 1

Objective: The aim of this study is to determine existence and frequency of the
genomic alterations in C9orf72, SOD1, TARDBP, FUS and UBQLN2 genes which
are frequently observed in familial(fALS) and sporadic(sALS) ALS diagnosed cases.
Materials-Methods: Genomic DNA was isolated from peripheral blood in 12
fALS and 18 sALS. C9orf72 gene expansion was checked by triplet-primer PCR
amplification and fragment analysis. All sequences encoding the SOD1, TARDBP,
FUS and UBQLN2 genes were screened by DNA sequencing. Results: In intron1 of
C9orf72 gene in 2 sALS cases c.-45+162_-45+163insGGGGCC heterozygote
change was detected. In SOD1 gene in 2 fALS and 5 sALS heterozygote and in 1
sALS homozygote c.72+133C>T change in intron1; in 1 fALS novel c.169+41C>A
heterozygote change in intron 2; in 3 fALS c.239+34A>C heterozygote change in
intron 3 was found. In intron 5 of TARDBP gene in 6 cases c.714+67_714+68insG
homozygote change was detected. In FUS gene mutation screening revealed
c.147C>A change in exon3 with heterozygosity in 3 sALS, in exon4 c.291C>T
change with heterozygosity in 5 fALS and 8 sALS and with homozygousity in 4
fALS and 8 sALS; also in intron 11 novel c.1067-61T>C heterozygote in 3 sALS
and 1 fALS. In UBQLN2 gene 1 sALS novel c.1371G>C heterozygote change was
determinated. Conclusion: C9orf72 hexanucleotide repeat expansion was observed
6,6% in 32 cases as known pathogenic mutation. In this study, three novel changes
have been identified. Clinical significance of these changes is not yet known. The
existence of variation in FUS gene in all cases supports that this gene is highly
polymorphic. Keywords: ALS, sporadic ALS, familial ALS, genomic alterations
1) Akdeniz University Faculty of Medicine, Department of Medical Biology and Genetics, Antalya
2) Namık Kemal University, Health High School, Department of Nutrition and Dietetic, Tekirdağ
3) Akdeniz University Faculty of Medicine, Department of Neurology, Antalya
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A03

Novel ALS-associated mutations in the ARPP21 gene cause abnormal
protein aggregation and altered neuronal morphology

Chun Hao Wong (1)(*), Simon D Topp (1), Youn-Bok Lee (1), Sarah Mueller (1),
Graham Cocks (1), Bradley N Smith (1), Nicola Ticozzi (2), John Landers (3),
Christopher E Shaw (1)

Background ALS is a highly heterogeneous neurodegenerative disease in which
multiple, rare genetic causes may contribute. Here, we report a new diseaseassociated gene ARPP21 identified through whole-exome sequencing in a
cohort of familial ALS cases. Two novel variants are shared by several unrelated
index cases with no mutations in currently known ALS genes. To validate the
involvement of ARPP21 in ALS, we have screened the gene extensively and
studied the identified variants in cellular models. Materials and Methods Direct
sequencing was performed on over 2000 ALS cases and 1000 controls of UK,
US and Italian origin. Disease modelling was performed in HEK239T, SH-SY5Y
and primary rat cortical neurons. Results Both variants linked with familial ALS
(p.P563L; p.P747L) are replicated in a sporadic ALS cohort. The p.Proline563
residue is found to be substituted to glutamine in two sporadic cases of UK and
Italian origin. These mutations are absent in both public databases and local
control cohorts. Immunohistochemistry against the endogenous ARPP21 protein
in human post-mortem cerebellum and spinal cord tissues suggests that it is a
predominantly cytosolic phosphoprotein that is highly enriched in the neuronal
population. Functional assays indicate that the ALS-associated mutations could
cause disease hallmarks including enhanced detergent-insoluble aggregates,
dysregulation in proteasome degradation, decreased neurite outgrowth, and
altered dendritic morphology. A proportion of mutant ARPP21 aggregates colocalise with cytoplasmic TDP-43 granules, suggesting a toxic gain-of-function
mechanism. Conclusions Mutation frequencies of ARPP21 in current study are
approximately 1.6% in familial cases and 0.3% in sporadic cases. Cellular studies of
ARPP21 mutations have recapitulated pathological hallmarks of ALS. By combining
the genetics and follow-up functional assays; we have identified a novel diseaseassociated gene that has not been previously linked with neurodegeneration.
1) Maurice Wohl Clinical Neuroscience Institute, Institute of Psychiatry, Psychology and Neuroscience,
King’s College London, UK.
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A04

TBK1 variants and sporadic ALS: Looking for accomplices

Giuseppe Marangi* (1), Serena Lattante (1), Amelia Conte (2), Giulia Bisogni (2),
Daniela Bernardo (2), Paolo Doronzio (1), Nilo Riva (3), Christian Lunetta (4),
Marcella Zollino (1), Mario Sabatelli (2)

Variants in TBK1 are responsible for a high proportion of sporadic ALS cases. In the
present study we analysed variants in TBK1 estracted by a targeted sequencing
of a panel of 30 genes in a group of 294 Italian ALS patients. We identified 5
different TBK1 variants in 5 sporadic cases, resulting in a frequency of 1.7 % ,
similar to that found in previously described cohorts. Two patients had missense
variants (p.R357Q and p.R724C), one patient had a small deletion (p.616_617del)
and two had frameshift variants (p.V481fs*1, p.S680fs*1). We tested TBK1
expression in primary fibroblasts cultures by western blot and we found that the
protein levels were significantly decreased in patients with frameshift and deletion
variants and in the patient with the p.R357Q variant. Since an oligogenic model
may explain the sporadic occurrence of ALS in patients with a known genetic
defect, we looked for additional mutations in other ALS genes. The patient with
the p.S680fs*1 carried a concomitant missense variant (p.E408A) in exon 12 of
OPTN and showed a peculiar phenotype characterized by striking bulbo-spinal
spasticity and overt signs of FTD. Two additional patients carried a concomitant
variant in the 3’UTR region of FUS gene. Based on these observation we studied
an independent group of 7 TBK1 mutated patients recently reported (Pozzi et al
2017) and we found another variant in the 3’UTR region of FUS in one patient. In
all Italian patients carrying TBK1 variants described up to now the disease occurred
sporadically. This observation suggests that TBK1 belongs to the category of genes
conferring a significantly increased risk, but not sufficient to cause disease, most
likely. Olygogenic architecture of ALS is observed in a small proportion of patients
harbouring mutations in such ALS-related genes. The presence of a second variant
in a high proportion (1/3) of our TBK1-patients is a striking and novel observation.
Previous genetic and biochemical studies consistently indicated that mutation in
the regulatory region of FUS are associated with ALS and increase FUS expression
dramatically. Since autophagy is critical to managing the burden of misfolded and
toxic proteins, it is not unexpected that perturbed autophagy induced by TBK1
mutations can exacerbate the consequences of overexpression of wild-type FUS.
Further studies are needed to clarify the hypothesis that variants in the 3’UTR
region of FUS act as veiled and perhaps customary acc
1) Institute of Genomic Medicine. Catholic University of Rome. Italy.
2) NEMO Clinical Center. Catholic University of Rome. Pol. A Gemelli. Italy.
3) Department of Neurology, San Raffaele Scientific Institute, Milan, Italy
4) NEuroMuscular Omnicentre (NEMO), Fondazione Serena Onlus, Milan, Italy
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A05

Repeat expansion detection from whole-genome sequence data of
Project MinE

Joke J.F.A. van Vugt (1*), Egor Dolzhenko (2), Richard J. Shaw (3,4), Maarten
Kooyman (5), Gijs H.P. Tazelaar (1), Michael A. van Es (1), Project MinE ALS
Sequencing Consortium, Leonard H. van den Berg (1), Michael A. Eberle (2) and
Jan H. Veldink (1)

Identifying changes in short tandem repeats (STRs) that are a risk factor for
amyotrophic lateral sclerosis (ALS) is challenging for short-read (100-150 bp)
whole-genome sequencing (WGS) data. Tools like ExpansionHunter(1) and
HipSTR(2) exist that can genotype STRs in the human genome from WGS data.
These tools require the exact locus and motif of an STR as input. HipSTR comes
with ~1.7 million STR loci but can only identify changes in STRs that stay shorter
than the read length. STRs longer than the read length are not reported by
HipSTR, which can cause possible ALS-related repeat expansions to be missed.
ExpansionHunter can genotype STRs even if the repeat is longer than the read
length and comes with over 209 thousand STR loci. A tool that is being developed
by Illumina can detect STRs longer than the read length without the need of a
genome locus or motif as input. Potential ALS-related STR loci that followed
from this untargeted tool are used as input in ExpansionHunter and genotyped
accordingly. With the combined analysis of untargeted and targeted STR genotyping
tools we aim to identify unknown ALS-related STRs from WGS data. These findings
will be validated by means of replication in WGS data and wet lab techniques.
Known ALS-related STRs like the ones in the NIPA1, ATXN1 and ATXN2 genes, for
which we have PCR and Sanger sequencing results, help us to establish a measure
for the genotyping quality control. (1) Dolzhenko and Van Vugt et al. (2017)
Genome Research 27(11):1895-1903, doi:10.1101/gr.225672.117 (2) Willems
et al. (2017) Nature Methods 14(6):590-592, doi:10.1038/nmeth.4267
1) Department of Neurology, Brain Center Rudolf Magnus, University Medical Center Utrecht, Utrecht,
The Netherlands.
2) Illumina Inc., 5200 Illumina Way, San Diego, CA, USA.
3) Illumina Cambridge Ltd., Chesterford Research Park, Little Chesterford, UK.
4) Repositive Ltd., Future Business Centre, Kings Hedges Rd, Cambridge, UK.
5) SURFsara, Science Park 140, Amsterdam, The Netherlands.
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A06

Whole-genome variant analysis of Spanish monozygotic twins
discordant for ALS disease

Gerardo Alonso-Munguía (1)*, Yolanda Campos (1), Jesus Mora (2), Teresa Salas
(3), Victoria López-Alonso (4)

Genome sequencing has contributed to the acceleration in the discovery of
genetic risk factors for sporadic and familial patients with Amyotrophic lateral
sclerosis (ALS). Over the last decade, identification of mutations in about 20
genes predisposing to this disorder has provided the means to better understand
their pathophysiology. In this poster we show the genome analysis of a couple of
Spanish monozygotic twins with and without ALS, study supported by Fundela
(http://www.fundela.es/) as part of the Project MinE. Whole genome sequence
variant discovery was done with the Broad Institute GATK tool, and annotation and
filtering of the variant call format (VCF) files were carried out using Bystro web
application. We analyze single nucleotide variations, insertions and deletions in
genes and intergenic regions that could be significantly involved in gene regulation
and function. Moreover, we will evaluate signal and metabolic pathways that could
be affected by the detected changes found in the genomes comparison. The
study aimed to identify the specific genetic variants that could be associated to
contribute to the knowledge of the genetic of ALS.
1) Unidad de Patología Mitocondrial, UFIEC-Instituto de Salud Carlos III, Madrid, Spain.
2) Servicio de Neurología del Hospital Carlos III, Madrid, Spain.
3) Hospital Universitario la Paz/Carlos III, Madrid, Spain.
4) Unidad de Bilogía Computacional, UFIEC-Instituto de Salud Carlos III, Madrid, Spain.
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A07

Additional SQSTM1 mutations in ALS patients

Rustem Yilmaz* (1), Kathrin Müller (1), David Brenner (1), Albert Ludolph (1), Peter
Andersen (1,2), Jochen Weishaupt (1)

Amyotrophic lateral sclerosis is a genetically highly heterogeneous
neurodegenerative disorder, for which more than 25 genes have been reported
as causative up to date. Grouping the genes linked with ALS according to their
physiological functions implicates few main biological pathways. For example,
several studies reported mutations in TBK1, OPTN, VCP, SQSTM1 and UBQLN2,
genes encoding proteins involved in autophagy, as causative for ALS. SQSTM1
was first identified by candidate gene analysis due to its functional role in protein
quality control. It codes for p62, a multifunctional protein which functions in protein
degradation both through proteasome and autophagy. Both p62 and optineurin
are direct interaction partners and substrates of the recently discovered ALS gene
TBK1, and form the core of a genetic and functional network that may connect
autophagy with ALS. We set out to review the current evidence for SQSTM1 as
an ALS disease gene and screened for SQSTM1 mutations in 484 FALS patients
mainly with German or Nordic origin by whole exome sequencing (WES), followed
by segregation analysis. We reported eight novel and five previously reported rare
variants in SQSTM1, and discuss the current evidence for SQSTM1 as a Mendelian
disease gene for ALS.
1) Neurology Department, Ulm University, Ulm, Germany.
2) Department of Pharmacology and Clinical Neurosience, Umea University, Umea, Sweden
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A08

Analysis of ascertainment bias in ALS

Puja R. Mehta (1)*, Ashley Jones (1), Sarah Martin (1), Alfredo Iacoangeli (1),
Ammar Al-Chalabi (1)

Background: Familial ALS has an age of onset (AOO) about 10 years younger than
apparently sporadic ALS. It is unclear if this is due to the presence of ALS genes, or
because a family history increases awareness of patients and doctors, leading to
more rapid diagnosis (ascertainment bias). We therefore investigated the relative
contributions of genes and awareness to the reduced AOO. Methods: 941 people
of European ancestry with a diagnosis of ALS were included. There were 841 with
apparently sporadic ALS and 100 with familial ALS. Samples were obtained from
the UK National DNA Bank for Motor Neuron Disease Research and sequenced
using MiSeq technology. A panel of 13 ALS genes was tested (ANG, C9ORF72,
DAO, DCTN1, FUS, OPTN, PFN1, SOD1, SQSTM1, TARDBP, UBQLN2, VAPB, and
VCP). The median time between symptom onset and diagnosis was compared
between apparently sporadic ALS and familial ALS to confirm ascertainment
bias. Mean AOO was compared between sporadic ALS cases with and without a
pathogenic ALS gene variant to determine the effect of ALS genes on AOO, and
between genetic sporadic ALS and familial ALS to determine the effect of family
history and, therefore, ascertainment bias, on AOO. Results: There were 95 people
with apparently sporadic ALS carrying a presumed pathogenic gene variant, and
746 without. Median time between symptom onset and diagnosis was 3 months
shorter for familial ALS than apparently sporadic ALS (p = 0.012). Mean AOO
in familial ALS was 5.3 years younger than for apparently sporadic ALS (p = 6.0
x 10(-5), 95% CI of the age difference 2.8-7.8 years). Mean AOO of genetic
sporadic ALS was 2.9 years younger than non-genetic sporadic ALS (p = 0.011,
95% CI of the age difference 0.68-5.2 years). There was no difference between
the mean AOO in genetic sporadic ALS and familial ALS (p = 0.097). Conclusions:
The quicker time from symptom onset to diagnosis in familial ALS compared to
apparently sporadic ALS confirms ascertainment bias. The younger AOO of patients
with familial ALS is not explained by ascertainment bias, but is a genetic effect.
1) Maurice Wohl Clinical Neuroscience Institute, King’s College London, London, UK.
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A09

Whole exome sequencing identifies novel and recurrent variants in
Hungarian patients with ALS

Kornélia Tripolszki (1)*, Dóra Nagy (1), Zsófia F. Nagy (1), József I. Engelhardt (2),
Péter Klivényi (2), Márta Széll (1)

Introduction: Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative
disease. Genetic factors play a key role in ALS and uncovering its genetic
background may bring us closer to fully understand its pathomechanism. Therefore,
the aim was to identify rare damaging variants in major and minor genes involved
in pathways annotated to ALS and in genes of other neurogenetic disorders.
Patients and methods: 21 Hungarian patients with sporadic ALS were enrolled in
the study. They all fulfilled the revised El Escorial and the Awaji-shima criteria for
ALS. Prior to whole exome sequencing, the patients were prescreened for 7 major
ALS genes: C9ORF72 repeat expansion, SOD1, ANG, FUS, SETX, TARDBP and
UBQLN2. Exome sequencing was carried out by using Illumina NextSeq sequencer
and data analysis was performed according to the best practices to identify single
nucleotide variants and small insertions/deletions. Variant filtering was performed
to identify damaging variants in ALS “priority” genes (n=32), ALS “candidate” genes
(n=98) and other neurogenetic disease genes (n=125). The detected variants
were confirmed by Sanger sequencing. Results: In ALS “priority” genes, exome
sequencing revealed a novel non-synonymous variant (T338I) in the NEFH gene
that encodes neurofilament heavy polypeptide; a novel non-synonymous variant
(P11S) in the MATR3 gene that is specific to the matrin-3 isoform 1; a previously
described pathogenic nonsense mutation (G1177X) in the alsin (ALS2) gene that
leads to premature stop codon and may affect endosomal and vesicle transport; a
rare variant (R2034Q) in the SPG11 gene with uncertain significance; and finally a
known variant (R261H) in the NEK1 gene, encoding NIMA-related kinase-1, that
has recently been associated with ALS in the Caucasian population. Further novel
and rare recurrent variants have been detected in 10 ALS “candidate” genes and in
7 other neurogenetic disease genes. None of the detected variants were present
in healthy Hungarian controls. Conclusion: Potentially disease-causing variants in
ALS “priority” genes have been detected in 23% (5/21) of this sporadic cohort.
While the disease causing role of several mutations identified in this study has been
previously well-established, other variants may show reduced penetrance or may
be rare benign variants. Our study provides further insight into the genetic etiology
of this heterogenous disease. Funding: Hungarian Brain Research Program (Grant
No. KTIA_13_NAP-A-II/15)
1) Department of Medical Genetics, University of Szeged, Szeged, Hungary.
2) Department of Neurology, University of Szeged, Szeged, Hungary.
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A10

Testing for synergy between loss and gain of FUS function in causing
motor neuron degeneration

Sanjuan-Ruiz I (1), Myers B (2), McAlonis-Downes M (2) , Cleveland DW (2),
Lagier-Tourenne C (3), Da Cruz S (2) & Dupuis L (1)

FUS is an RNA-binding protein involved in the regulation and transport of proteins
from the nucleus to the cytoplasm. Mutations in this gene have been linked to ALS
with early onset and short life expectancy. Mutations in the FUS gene disrupt FUS
nuclear localization and the most severe FUS mutations lead to the C-terminal
truncation of the protein thereby deleting the nuclear localization sequence.
The analysis of the pathophysiological mechanisms of FUS-ALS is complicated
by the severe toxicity of FUS overexpression, and the tight mechanisms of
autoregulation of FUS protein levels. To overcome these issues, we have generated
and characterized conditional knock-in mice expressing mislocalized cytoplasmic
FUS (1,2). Using these mice, we have shown that complete FUS cytoplasmic
mislocalization leads to motor neuron degeneration, while loss of FUS does not,
thus demonstrating that the full toxicity mediated by this mutant truncated FUS
requires it to be present in the cytoplasm. To determine whether loss of nuclear
FUS contributes to motor neuron degeneration, we crossed our knock-in mice to
transgenic mice expressing the human FUS gene (either wild type or carrying an
ALS-linked R521H mutation). Both wild type and ALS-linked mutant of FUS rescue
the lethality of homozygous knock-in mice expressing cytoplasmically localized FUS.
Histological and molecular characterization of these compound transgenic mice are
ongoing. These studies have important consequences for potential therapeutics
targeting the FUS gene. [1] Scekic-Zahirovic J, Sendscheid O, El Oussini H et al.,
Toxic gain of function from mutant FUS protein is crucial to trigger cell autonomous
motor neuron loss, EMBO J, 2016, 35, (1077-1097) [2] Scekic-Zahirovic J, El
Oussini H et al., Motor neuron intrinsic and extrinsic mechanisms contribute to the
pathogenesis of FUS-associated amyotrophic lateral sclerosis, Acta Neuropathol,
2017, 133 (887-906)
1) INSERM U1118 : Mécanismes centraux et périphériques de la neurodégénérescence, Faculté de
Médecine, Strasbourg, France.
2) Ludwig Institute for Cancer Research, University of California, San Diego, 9500 Gilman Drive, La Jolla,
CA, 92093-0670, USA.
3) Department of Neurology, Massachusetts General Hospital, Harvard Medical School, Boston, MA
02114, USA; Broad Institute of Harvard University and MIT, Cambridge, MA 02142, USA.

13

ENCALS Meeting 2018

A11

Investigating TBK1-dependent signalling pathways in Amyotrophic
Lateral Sclerosis

Maria Davies (1*), Mark O. Collins (1)

Tumor necrosis factor receptor-associated factor NF-KB (TANK) binding kinase 1
(TBK1) was recently identified as a novel amyotrophic lateral sclerosis (ALS) gene in
numerous independent human genetic studies. TBK1 is a non-canonical IkB kinase,
playing a role in autophagy and the innate immune response. Over 145 TBK1
mutations along the entire protein length, predicted to cause TBK1 loss of function,
have been found in ALS patients and patients with ALS-frontotemporal dementia
(FTD). TBK1 mutations are found in approximately 3.6% of all ALS, ALS-FTD and
FTD cases, but exactly how TBK1 mutations are contributing towards disease
is unclear. It is hypothesised that TBK1 mutations in ALS patients contribute to
disease pathology due to impaired autophagy, and in particular mitophagy. These
two processes are crucial for homeostasis and are involved in neurodegenerative
diseases, as well as basal autophagy levels being high in neurons. Given that
aggregate formation is a pathological feature of ALS, removal of these aggregates
by autophagy is of particular relevance in this disease. The main aim of this work
is to investigate pathways regulated by TBK1 in a neuronal-like setting, and to
elucidate how TBK1 mutations contribute to the pathogenesis of ALS. Conditions
for autophagy induction have been established in NSC-34 cells and the regulation
of autophagy by TBK1 is being investigated in this system. TBK1 regulates
autophagy through two main processes; the phosphorylation of autophagy
adaptors sequestosome/p62 and optineurin, as well as regulating autophagosome
maturation into autolysosomes. We are investigating the role of TBK1 using small
molecule inhibition and knockdown studies combined with biochemical, proteomic
and cell biological approaches. The TBK1 signalling network will be expanded
to further the knowledge of TBK1 substrates, specifically those involved in the
autophagic setting.
1) Department of Biomedical Science, Centre for Membrane Interactions and Dynamics (CMIAD),
University of Sheffield, Sheffield, England.
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A12

MIF inhibits the formation and toxicity of misfolded SOD1 amyloid
aggregates: Implications for familial ALS

Argueti. S(*) Shvil N (1), Banerjee V (2), Zoltsman G (1), Shani T (1), Kahn J (1),
Abu-Hamad S (1), Papo N (2,3), Engel S (3,4), Bernhagen J (5), Israelson A (6,7)

Mutations in superoxide dismutase (SOD1) cause amyotrophic lateral sclerosis
(ALS), a fatal neurodegenerative disease caused by the progressive loss of motor
neurons in the brain and spinal cord. It has been suggested that toxicity of mutant
SOD1 results from its misfolding, however, it is yet unclear why misfolded SOD1
accumulates specifically within motor neurons. We recently demonstrated that
macrophage migration inhibitory factor (MIF)-a multifunctional protein with
cytokine/chemokine activity and cytosolic chaperone-like properties-inhibits
the accumulation of misfolded SOD1. Here, we show that MIF inhibits mutant
SOD1 nuclear clearance when overexpressed in motor neuron-like NSC-34 cells.
In addition, MIF alters the typical SOD1 amyloid aggregation pathway in vitro,
and, instead, promotes the formation of disordered aggregates, as measured by
Thioflavin T (ThT) assay and transmission electron microscopy (TEM) imaging.
Moreover, we report that MIF reduces the toxicity of misfolded SOD1 by directly
interacting with it, and that the chaperone function and protective effect of MIF
in neuronal cultures do not require its intrinsic catalytic activities. Importantly, we
report that the locked-trimeric MIFN110C mutant, which exhibits strongly impaired
CD74-mediated cytokine functions, has strong chaperone activity, dissociating, for
the first time, these two cellular functions. Altogether, our study implicates MIF as a
potential therapeutic candidate in the treatment of ALS.
Dept. of Physiology and Cell Biology, Ben-Gurion University of the Negev, P.O.B. 653, Be’er-Sheva
84105, Israel
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A13

Role of the calcium-activated chloride channel TMEM16F in
amyotrophic lateral sclerosis

Claire Soulard (1)(*), Céline Salsac (1), Kévin Mouzat (2), Cécile Hilaire (1), Serge
Lumbroso (2), Cédric Raoul (1), Frédérique Scamps (1)

Amyotrophic lateral sclerosis (ALS) is fatal incurable neurodegenerative disease
characterized by the selective loss of motoneurons in the spinal cord, brainstem,
and motor cortex. Among the cellular mechanisms leading to motoneuron
degeneration, dysregulation of both Ca2+ homeostasis and electrical activity
plays a central role in the progression of the disease. In presymptomatic
and early symptomatic stages of the disease, changes in both intrinsic and
synaptic motoneuron electrical activity have been proposed to contribute to
neurodegeneration. To date, targeting electrical activity, through the glutamate
release inhibitor riluzol, has been proven to provide the best results on ALS
progression in human. Altogether, these data confirm that electrical activity is
a major contributor to ALS progression that needs continuous investigations to
provide more efficient therapeutic means. Ca2+ is a major regulator of electrical
activity and among its numerous cellular functions as a signaling molecule, Ca2+
controls the expression of ionic channels such as Ca2+ activated chloride channels
(CaCCs) that we have shown to be expressed in spinal motoneurons. In addition
to the Ca2+ dependent activation of CaCC, the hallmark of Cl- channels is that,
depending on the pathophysiologic context, inhibitory or excitatory effects on
electrical activity are anticipated due to their dependence towards the expression
of cation-chloride cotransporter. Given the importance of calcium and chloride
homeostasis in neuronal function and the role of excitability in ALS, we analyze
the role of CaCC expressed in spinal motoneurons on ALS progression. We have
identified TMEM16F as the protein responsible for the Ca2+-activated chloride
channel expressed in spinal motoneurons, in close apposition with C-bouton
synapses and at the neuromuscular junction. We also show that TMEM16F
is involved in the maintenance of muscle performance. Moreover, analysis of
TMEM16F expression during ALS progression indicates a decrease of TMEM16F
protein level whereas motoneurons still receive cholinergic inputs from C-boutons.
Our results question whether loss of TMEM16F expression is a neurodegenerative
effect of ALS or a neuroprotective compensatory mechanism to delay denervation
and motoneuron death? To address this question, we are currently investigating
whether TMEM16F deficiency in SOD1G93A mice influences the progression of
the disease.
1) INSERM, INM, Univ Montpellier, Montpellier, France
2) CHU Nîmes, Univ Montpellier, Nîmes, France
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Autophagy interacts with TDP-43 function

Pascual Torres* (1), Omar Ramírez-Núñez (1), Ricardo Romero-Guevara(1), Gisel
Barés (2), Ana B Granado-Serrano (1), Victòria Ayala (1), Jordi Boada (1), Laia
Fontdevila (1), Monica Povedano (3), Daniel Sanchís (2) , Reinald Pamplona (1),
Isidro Ferrer (4), and Manuel Portero-Otín (1)

TAR DNA binding protein (TDP-43) is one of the components of neuronal
aggregates in sporadic amyotrophic lateral sclerosis (ALS) and frontotemporal
lobar degeneration (FTLD). We have applied a simple quantitative method to
evaluate TARDBP splicing function to spinal cord, brainstem, motor cortex, and
occipital cortex samples from ALS (n=8) cases compared to age- and gendermatched control (n=17). Then, we quantified the abundance of TDP-43-spliced
cryptic exons present in autophagy related 4B cysteine peptidase (ATG4B) mRNA.
Results of these analyses demonstrated that the loss of this TDP-43 function in
spinal cord, brainstem, motor cortex, and occipital cortex differentiated ALS from
controls (area under the curve of ROC: 0.85). Significant correlations were also
observed between cryptic exon levels, age, disease duration, and aberrant mRNA
levels. To test if TDP-43 function in splicing is relevant in ATG4B major function
(autophagy) we downregulated TDP-43 expression in HeLa and in human neural
tissue cells, demonstrating that TDP-43 is required for maintaining the expression
of ATG4B. ATG4B overexpression alone is sufficient to completely prevent the
increase of SQSTM1 -a hallmark of defective autophagy- induced by TDP-43
downregulation in human neural tissue cells and in cell lines. Autophagy induction
by amino acid deprivation in TDP-43 knockdown cells is able to increase remaining
TDP-43 function, overall leading to increased ATG4B mRNA and decreased levels
of cryptic exon on its mRNA. Thus, the present findings shows that TDP-43 acts
synergistically with authophagy to enhance cryptic exon splicing function on key
mRNA and constitute a novel pathway for neurodegeneration in ALS, where loss of
TDP-43 could impair autophagy, further sensitising cells to noxious stimuli.
1) Metabolic Pathophysiology Research Group, Department of Experimental Medicine, University of
Lleida-IRBLleida, Lleida, Spain.
2) Cell Signalling and Apoptosis Group, Department of Basic Medical Sciences, University of LleidaIRBLleida, Lleida, Spain.
3) Neurology Service, Bellvitge University Hospital, L’Hospitalet de Llobregat, Barcelona, Spain.
4) University of Barcelona-CIBERNED, L’Hospitalet de Llobregat, Barcelona, Spain.
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TDP-43 protein aggregation in Amyotrophic Lateral Sclerosis: a role for
the post-translational modification SUMOylation

Cindy Maurel (*)(1), Anna Chami (1), Rose-Anne Thépault (1), Sylviane Marouillat
(1), Céline Brulard (1), Hélène Blasco (1,2), Philippe Corcia (1,3), Christian Andres
(1,2), Patrick Vourc’h (1,2)

Amyotrophic Lateral Sclerosis (ALS) is an adult neurodegenerative disease affecting
motor neurons. The cytoplasm of the degenerating motor neurons present protein
aggregates predominantly composed of TDP-43. The mechanisms leading to the
formation of these TDP-43+F16 positive aggregates are still poorly understood.
We previously showed that the post-translational modification SUMOylation is
involved in aggregate formation in a model overexpressing mutant SOD1, another
protein mutated in ALS. The present study concerns the role of SUMOylation
pathway in the formation of TDP-43 aggregates. TDP-43 (Tar DNA Binding
Protein) is a nuclear protein containing a unique putative SUMOylation site (Lysine
136). We first overexpressed wild-type GFP-TDP-43 or GFP-TDP- 43K136R
mutated for this SUMOylation site. Cells overexpressing GFP-TDP43WT showed
aggregates in the cytoplasm, as expected. Interestingly, cells overexpressing GFPTDP-43K136R presented nuclear aggregates. This mutant was also associated with
cells displaying longer neurites and a reduced toxicity caused by an over-expression
of TDP-43WT . We next studied the effect of anacardic acid (AA), an inhibitor of
SUMOylation pathway, on neuronal NSC34 cultures overexpressing TDP-43WT .
Preliminary results showed a reduction of aggregates in cells treated with 25 Î¼M
of AA. These results suggest a role for the SUMOylation pathway in the regulation
of TDP-43 nucleo-cytoplasmic transport and reinforce the idea of an implication of
this pathway in the formation of cytoplasmic protein aggregates in ALS (Maurel et
al., 2018). Thus, this pathway consists in an attractive therapeutic target and AA a
molecule of interest for future work in in vivo models of ALS.
1) UMR U1253 iBRAIN, INSERM Université de Tours, Tours, France.
2) CHU de Tours, Service de Biochimie et Biologie Moléculaire, Tours, France.
3) CHU de Tours, Service de Neurologie, Tours, France.
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Mechanisms of paraspeckle hyper-assembly in ALS

Tatyana A Shelkovnikova (1,2)*, Haiyan An (1), Vladimir L Buchman (1)

Background. Paraspeckles are nuclear bodies assembled on NEAT1_2, the longer
isoform of a lncRNA NEAT1. There is an unusually strong association between ALS
pathogenesis and paraspeckles. At least seven paraspeckle proteins, including TDP43, are genetically linked to ALS. Furthermore, enhanced paraspeckle assembly
in spinal neurons in sporadic ALS was reported. However, the mechanistic basis
for this association is completely obscure. Objectives. In present study we aimed
to dissect mechanisms behind paraspeckle hyper-assembly in ALS. Methods.
NEAT1 levels and the presence of paraspeckles were examined in the spinal cord
of ALS patients with diverse aetiology using RNA-FISH, RNAscope ISH and qRTPCR. A range of cell models including hES-derived motor neurons were used for
mechanistic studies. Results. We show that paraspeckle formation in the spinal cord
is a hallmark of both sporadic and familial ALS, including cases with C9ORF72 and
TARDBP mutations. TDP-43 pathology is typical for ~90% of ALS cases, and we
demonstrate that loss of TDP-43 but not its mislocalisation augments paraspeckle
assembly in cultured cells. TDP-43 is a component of the miRNA machinery, and
recently, paraspeckles have been shown to regulate pri-miRNA processing raising
the possibility that paraspeckle hyper-assembly in TDP-43-depleted cells is a
mechanism to compensate for TDP-43 loss of function in miRNA biogenesis.
Indeed, we show that downregulation of other key miRNA pathway factors also
leads to enhanced paraspeckle assembly. In addition, loss of TDP-43 or miRNA
pathway proteins results in abnormal accumulation of endogenous double-stranded
(ds) RNA and activation of type I interferon response which also stimulates
paraspeckle formation. Although human post-mitotic neurons lack paraspeckles in
vitro, their de novo assembly can be triggered by a synthetic double-stranded RNA.
We also provide evidence that paraspeckles protect cells from toxicity associated
with depletion of TDP-43. Conclusions. Our study establishes possible mechanisms
driving paraspeckle hyper-assembly in ALS and suggests their utility as therapeutic
targets. Acknowledgments. We acknowledge London Neurodegenerative Diseases
Brain Bank and Sheffield Brain Bank for providing human materials. The work was
supported by a fellowship from Medical Research Foundation to TAS and a project
grant Motor Neuron Disease Association (Buchman/Apr13/6096) to VLB.
1) School of Biosciences, Cardiff University, Cardiff, United Kingdom.
2) Institute of Physiologically Active Compounds of RAS (IPAC RAS), Chernogolovka, Moscow Region,
Russia.
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Physical interaction and functional interplay of p62 and TDP-43 in ALS

Daniel Scott (*), Alice Montgomery, Mark Searle, Neil Oldham, Rob Layfield

ALS is a complex, multifactorial disorder with diverse genetic and environmental
components. Pathologically ALS is typified by the accumulation of
proteinaceous cytoplasmic aggregates composed of abnormally ubiquitylated,
hyperphosphorylated C-terminal fragments of the DNA/RNA binding protein TDP43. Defects in proteostasis have been the subject of extensive investigation with
regard to ALS, with various genes involved in the regulation of protein degradation
including OPTN, TBK1, VCP, UQLN2, C9orf72 and SQSTM1 linked to familial forms.
We previously provided evidence for functional defects in autophagy associated
with disease-linked variants of the p62 protein (encoded by SQSTM1), both in
vitro and in motor neurone-like cells [Goode et al. 2016 Autophagy]. However, the
relationship between p62 dysfunction and ALS-relevant endpoints such as impaired
TDP-43 metabolism remains incompletely explored. Here we present biochemical,
biophysical and structural analyses that confirm a direct interaction between p62
and the canonical, pathogenic TDP25 fragment (residues 208-414). A defined
binding site identified within p62 mediates the specific recognition of TDP25 with
high (micromolar) affinity. The functional significance of this physical link between
two ALS gene products, and the impact of ALS-linked mutations of p62, is
explored.
University of Nottingham, Nottingham, UK

20

ENCALS Meeting 2018

A18

Investigating a role for C9orf72 at the synapse

Rebecca N Cohen*, Claudia S Bauer, Andrew J Grierson, Kurt J De Vos

Amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD) are
neurodegenerative disorders which are linked clinically, pathologically and
genetically. A key feature in both of these diseases is synaptic dysfunction, either
at the neuromuscular junction or in the frontal and temporal lobes. This leads to
neuron loss and the subsequent onset of both motor and cognitive symptoms. The
most common familial cause of ALS/FTD is a GGGGCC repeat expansion in the
C9orf72 gene. However, it is unclear how this mutation leads to neurodegeneration.
Evidence exists in favour of three possible mechanisms: protein toxicity by the
formation of dipeptide repeat proteins, RNA toxicity and haploinsufficiency. We
report a novel role for C9orf72 at the synapse and hypothesise that loss of its
function may be relevant to the onset of synaptic dysfunction in ALS/FTD. In
order to further understand the role of C9orf72 in the cell, a yeast-two-hybrid
screen was performed which identified potential interactions between C9orf72
and a few key synaptic proteins. These interactions were subsequently confirmed
by co-immunoprecipitation and proximity ligation assay. In line with this, C9orf72
was found to be enriched in synaptosomes obtained by subcellular fractionation
of mouse brain lysate. Additionally, miRNA-based knockdown of C9orf72 was
performed in hippocampal neuron cultures which identified dysregulation of the
levels of synaptic proteins in C9orf72-deficient cells. In summary, we report the
presence of C9orf72 at the synapse and have identified novel interactions between
C9orf72 and key synaptic proteins, whose levels may be dysregulated upon loss of
C9orf72.
Sheffield Institute for Translational Neuroscience, Department of Neuroscience, University of Sheffield,
Sheffield, UK
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The C9orf72 protein interacts with mitochondria and regulates
mitochondrial quality control

Emma F Smith*, Andrew J Grierson, Kurt J De Vos

Mitochondria are vital for the production of energy in the form of ATP as well as
for the regulation of many cellular metabolic pathways, including calcium buffering
and apoptosis. The maintenance of mitochondrial health is a dynamic process
involving mitochondrial fission, fusion, transport and the removal of dysfunctional
mitochondria by mitophagy. Due to their high metabolic requirements and extreme
polarisation, neurons are especially dependent on the correct localisation and
function of their mitochondria. Accordingly, they are selectively vulnerable to
disturbance of mitochondrial quality control pathways. Mitochondrial dysfunction
is strongly implicated in amyotrophic lateral sclerosis (ALS) and frontotemporal
dementia (FTD). A GGGGCC hexanucleotide repeat expansion in the first intron
of the C9orf72 gene is the most common genetic defect associated with both
ALS and FTD. It is unclear how the repeat expansion leads to disease, but both
gain- and loss-of-function mechanisms have been proposed to contribute. As
haploinsufficiency may play a role in C9orf72 ALS/FTD, identifying the function
of the C9orf72 protein may inform on disease pathways. To investigate the
function of the C9orf72 protein, a yeast two-hybrid (Y2H) screen was carried
out to identify interacting partners of C9orf72. The Y2H screen identified several
inner mitochondrial membrane (IMM) proteins as interactors of C9orf72, which
were validated using co-immunoprecipitation. As expected of a protein that
interacts with IMM protein complexes, a proportion of C9orf72 was found to
localise to the mitochondrial intermembrane space. In order to elucidate the role
of C9orf72 in mitochondria, we investigated its ability to regulate mitochondrial
dynamics and mitophagy. Overexpression of C9orf72 led to fragmentation of the
mitochondrial network. Conversely, siRNA knockdown of C9orf72 resulted in an
increase in mitochondrial network connectivity and impaired clearance of damaged
mitochondria by mitophagy. Taken together, our results show that C9orf72
localises to mitochondria and suggest that it is involved in mitochondrial quality
control.
Sheffield Institute for Translational Neuroscience, Department of Neuroscience, University of Sheffield,
Sheffield, UK
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Study of mitochondrial function and mitochondrial fusion/fission
dynamics in the cellular model of amyotrophic lateral sclerosis
SOD1G93A NSC-34

Alonso-Munguía G*(1), De la Fuente-Muñoz M (1), Campos Y (1)

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease characterized
by a selective loss of upper and lower motor neurons, culminating in a respiratory
insufficiency and death 3-5 years after the beginning of the symptoms. ALS is the
most common motor neuron pathology in the adult age, with an incidence rate of
2 per 100.000 persons-years. Most of ALS cases are sporadic, but approximately
10% of the patients show family inheritance, usually in dominant fashion. From
the first description of a related gene with the disease, which encodes Cu/Zn
superoxide dismutase protein (SOD1), many others have been described: TARDBP,
FUS, C9ORF72, OPTN, ALS1, ALS2, UBQLN2, VCP, etc. Since then, many cellular
and animal models have been developed showing that motor neuron degeneration
appears multifactorial, and there is a confluence of pathogenic mechanisms that
lead to cell death: mitochondrial dysfunction, oxidative stress, misfolded protein
toxicity, autophagy defects, glutamate-mediated excitotoxicity, RNA toxicity and
defective axonal transport. Moreover, several studies have evinced a defective
energy metabolism in patients with ALS throughout disease progression. Increased
energy expenditure (hypermetabolism) has been observed in both, sporadic and
familial forms of the illness. In addition, whereas hyperlipidaemia is positively
correlated with ALS survival, it doesn’t happen with glucose, and there is a
discussion about if type 2 diabetes is a detrimental factor or delays the disease
onset. The aim of this work was to study mitochondrial function, assessed through
the mitochondrial membrane potential measurement, to analyze reactive oxygen
species production, to quantify total ATP levels and to evaluate mitochondrial
network through the study of the fusion and fission mitochondrial proteins, when
NSC-34 cells, expressing human SOD1G93A protein, are grown in normoglycemic
and hyperglycemic conditions. This work was supported by Spanish Fundation for
the research in amyotrophic lateral sclerosis (FUNDELA).
1) Unidad de Patología Mitocondrial. Instituto de Salud Carlos III de Madrid. Spain
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Identification and characterization of RANT modulators in the G4C2
expansion

Nausicaa Valentina Licata (1)*, VG D’agostino (1), R Cristofani (2), C Zucal (1),
R Loffredo (1), V Adami (3), M Pancher (3), A Quattrone (4), A Poletti (2), A
Provenzani (1)

The intronic hexanucleotide repeat expansion, GGGGCC (or G4C2), in the
C9ORF72 gene is the most common genetic cause of Amyotrophic Lateral Sclerosis
(ALS) and Frontotemporal Dementia (FTD). Above 30 and up to hundreds repeats,
G4C2 expansion is transcribed in aberrant mRNAs that fold in G-quadruplexes
structures and generate RNA foci within motorneurons. Additionally, they also
located in the cytoplasm and can be translated via the unconventional repeatassociated non-ATG translation (RANT) into five toxic dipeptide repeat (DPR)
proteins that accumulate in cells. Unlike ATG-initiated translation, RANT products
accumulate after activation of the integrated stress response (ISR). Both RAN foci
and RANT products are considered the causative factors of the disease but, so
far, no effective pharmacological approach is currently available. We performed a
high-throughput drug-screening to identify modulators of RANT. Effective small
molecules were divided into four categories: positive CAP and RANT products
modulators, negative CAP and RANT products modulators, positive RANT products
and negative CAP products modulators, negative RANT products and positive CAP
products modulators. Selective hits were tested to evaluate their toxicity in a doseresponse analysis and to assess whether their mechanisms of action affect general
transcription and translation. Moreover, we verified whether they interfere with the
ISR pathway by modulating the phosphorylation levels of PERK and eIF2α.
1) Laboratory of Genomic Screening, Centre for Integrative Biology (CIBio), University of Trento, Trento,
Italy.
2) Department of Pharmacological and Biomolecular Sciences (DiSFeB), University of Milan, Milan, Italy.
3) High-Throughput Screening Core Facility, Centre for Integrative Biology (CIBio), University of Trento,
Trento, Italy.
4) Laboratory of Translational Genomic, Centre for Integrative Biology (CIBio), University of Trento,
Trento, Italy.
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Glycosphingolipid dysregulation and lysosomal dysfunction in motor
neurone disease

Carla S. da Silva Santos (1)*, Mylene Huebecker (1), David A. Priestman (1),
Frances M. Platt (1)

Historically, the early-onset rare neurodegenerative lysosomal storage disorders
(LSDs) have been studied as discrete metabolic diseases in their own right.
However, recently some links with common late-onset neurodegenerative diseases,
including motor neurone disease (MND), have emerged (Dodge, 2017; Tracey et
al., 2018). Recent reports show lipid dysregulation, including increased levels of
various glycosphingolipids (GSLs) and upregulation of enzymes responsible for GSL
hydrolysis, in the spinal cord of MND patients and the mouse model SOD1(G93A)
(Dodge et al., 2015). Inhibition of glucosylceramide (GlcCer) synthesis, the
precursor of the vast majority of GSLs, accelerated disease progression and
decreased lifespan, whereas infusion with GM3 ganglioside significantly delayed
disease progression and increased survival, in the same mouse model (Dodge et
al., 2015). Previous work in our laboratory found that GlcCer and downstream
metabolism is significantly altered in spinal cord and muscle of SOD1(G86R)
mice (Henriques et al., 2015), and inhibition of GlcCer catabolism preserved
motor function and delayed disease onset (Henriques et al., 2017). Together,
these studies highlight the importance of GlcCer and other GSLs for maintenance
and regeneration of motor units. However, the relationship between the basic
biochemical mechanisms linking lipid dysregulation, lysosomal dysfunction and
altered lysosomal enzymatic activity in MND remains poorly understood. In this
project, we are investigating the basic biological processes which cause lipid
changes and lysosomal dysfunction in MND. We have started by characterising
general changes in patterns of GSL expression in samples from SOD1(G86R),
SOD1(G93A) and TDP-43(M337V) mouse models of MND. In agreement with
previous reports, in spinal cord and soleus muscle of SOD1(G86R) mice (Henriques
et al., 2015), total GSL levels in gastrocnemius and tibialis anterior of SOD1(G93A)
mice increased with disease progression. On the other hand, the GSL content in
spinal cord and tibialis anterior of SOD1(G86R) and in spinal cord and brain of TDP43(M337V) did not change at age of onset of disease symptoms. Further studies
are needed to determine the degree to which specific GSL changes are a common
feature of MND, before, as well as after, the onset of overt symptoms.
1) Department of Pharmacology, University of Oxford, Oxford, United Kingdom.
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C9ORF72 mutation impairs vesicular trafficking cell communication in
Amyotrophic Lateral Sclerosis and Frontotemporal Dementia

Raquel Manzano* (1,6)(†), Yoshitsugu Aoki (1,5)(†), Yi Lee (1), Ruxandra Dafinca
(2), Misako Aoki (1), Andrew G. L. Douglas (1,9), Miguel A. Varela (1), Chaitra
Sathyaprakash (2), Jakub Scaber (2), Paola Barbagallo (2), Pieter Vader (1,3),
Imre Mäger (1), Kariem Ezzat (1,4), Martin R. Turner (2), Naoki Ito (5), Samanta
Gasco (6), Norihiko Ohbayashi (7), Samir El Andaloussi (1,4), Shin’ichi Takeda (5),
Mitsunori Fukuda (8), Kevin Talbot (2), Matthew J.A. Wood (1)
† Both authors contributed equally to this work.

A non-coding hexanucleotide repeat expansion (HRE) in intron 1 of the C9ORF72
gene is the most common cause of amyotrophic lateral sclerosis and frontotemporal
dementia (C9ALS/FTD), however, the precise molecular mechanism by which the
C9ORF72 HRE directs C9ALS/FTD pathogenesis remains unclear. Here, we report
a novel disease mechanism arising due to the interaction of C9ORF72 with the
RAB7L1 GTPase. The C9ORF72 HRE resulted in severely defective intracellular
and extracellular vesicle trafficking and a dysfunctional trans-Golgi network
phenotype in patient-derived fibroblasts and iPSC-derived motor neurons. Genetic
ablation of RAB7L1 or C9ORF72 in SH-SY5Y cells recapitulated the findings in
C9ALS/FTD fibroblasts and iPSC-neurons. When C9ORF72 was overexpressed
or antisense oligonucleotides were targeted to the C9ORF72 HRE to upregulate
normal variant 2 transcript levels, the defective vesicle trafficking and dysfunctional
trans-Golgi network phenotypes were reversed, suggesting that both loss- and
gain-of-function mechanisms play a role in disease pathogenesis. In conclusion,
we have identified a novel mechanism for C9ALS/FTD pathogenesis highlighting
the molecular regulation of intracellular and extracellular vesicle trafficking as an
important pathway in C9ALS/FTD pathogenesis. Further research will unravel the
consequences of this impairment for neuromuscular junction and other tissues
affected in ALS including skeletal muscle.
1) Department of Physiology, Anatomy and Genetics, University of Oxford, United Kingdom.
2) Nuffield Department of Clinical Neurosciences, University of Oxford, Oxford, United Kingdom.
3) Department of Clinical Chemistry and Haematology, University Medical Center Utrecht, Utrecht, the
Netherlands.
4) Department of Laboratory Medicine, Karolinska Institutet, Huddinge, Sweden.
5) Department of Molecular Therapy, National Institute of Neuroscience, National Center of Neurology
and Psychiatry, Tokyo, Japan.
6) Department of Anatomy, Embryology and Animal Genetics, University of Zaragoza, Health Research
Institute of Aragon (IIS), Zaragoza, Spain.
7) Department of Physiological Chemistry, Faculty of Medicine and Graduate School of Comprehensive
Human Sciences, University of Tsukuba, Tsukuba, Japan.
8) Department of Developmental Biology and Neurosciences, Graduate School of Life Sciences, Tohoku
University, Sendai, Japan.
9) Wessex Clinical Genetics Service, Princess Anne Hospital, Southampton, United Kingdom.
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microRNAs analysis of patient-derived iPSCs and motor neurons for
the development of a molecular therapy for ALS

Mafalda Rizzuti (1)*, Monica Nizzardo (1), Valentina Melzi (1), Giuseppe Filosa
(2), Luca Calandriello (1), Martina Locatelli (1), Laura Dioni (1), Nereo Bresolin (1),
Giacomo P. Comi (1), Silvia Barabino (2), Stefania Corti (1)

Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease
characterized by progressive loss of motor neurons (MNs). The pathomechanism
underlying the disease is largely unknown, even though increasing evidence
suggests that RNA metabolism, including microRNAs (miRNAs) may play an
important role. Indeed, the occurrence of mutations in genes encoding for DNA/
RNA-binding proteins, such as TDP-43 and FUS, and the hexanucleotide intronic
repeat expansions in C9ORF72 supports this hypothesis. MiRNA are tissuespecific small molecules that can individually regulate several hundred targets by
RNA-dependent mechanism. Since miRNAs are required for the survival of specific
types of mature neurons in model organisms, they may play important roles in the
aetiology or progression of neurodegenerative disorders. We and other groups
have demonstrated that ALS-linked genes can affect miRNA expression. Here, we
aim to investigate the role of miRNAs dysregulation and their relative proteomic
changes in induced pluripotent stem cells (iPSCs) and motor neurons derived from
ALS patients, based on in vitro models developed in our lab. We performed miRNA
expression profiles analysis on iPSCs and their differentiated motor neurons in order
to identify dysregulated miRNAs in ALS and we further characterized them and
their biological targets by bioinformatic tools, molecular and proteomic studies.
Taken together our results demonstrate that the neurodegenerative phenotype in
ALS can be associated with a dysregulation of miRNAs involved in the control of
disease-relevant genetic pathways, suggesting that targeting entire gene networks
can be a potential strategy to treat complex diseases such as ALS.
1) Dino Ferrari Center, Department of Physiopathology and Transplants, IRCCS Cà Granda Foundation,
Ospedale Maggiore Policlinico Milano, University of Milan, Milan, Italy.
2) Department of Biotechnology and Biosciences, University of Milano-Bicocca, Milan, Italy.
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Prognostic value of serum creatinine in ALS patients: A meta-analysis

Débora Lanznaster* (1), Frank Patin (1), Philippe Corcia (1), Christian Andres (1),
Patrick Vourc’h (1), Theodora Angoulvant (2), Hélène Blasco (1)

Creatinine is commonly measured in clinical practice to evaluate glomerular filtration
rate or to indicate the severity of muscular atrophy. Serum creatinine may also
be considered as a survival predictor for ALS patients. Several biomarkers were
identified for ALS, but their clinical relevance in evaluating disease progression
is a matter of debate. As the methodology of clinical trials is evolving towards
the inclusion of new outcome biomarkers, the reliability of creatinine as a useful
prognostic parameter is of utmost importance. Here, we conducted a meta-analysis
to investigate the prognostic value of creatinine levels in ALS patients. We retrieved
13182 studies (68% from Medline, 27% from Embase and 5% from Cochrane
Library) corresponding to scientific journal articles and abstracts from congress
or specialized conferences. After a systematic review, we identified 20 studies
with 15 distinct cohorts linking creatininemia and ALS progression (mortality/
survival, ALSFRS-R score variation and at baseline). Different meta-analysis were
performed because of the variety of disease progression parameters used in these
studies. Two meta-analysis found a negative correlation between mortality and
creatininemia at baseline used as a continuous variable (HR: 0.72; 95% confidence
interval (CI): 0.58 – 0.88; p = 0.0003). A positive correlation was found between
creatinine levels and functional score at baseline (0.3530; 95% CI: 0.2857 –
0.4168; p < 0.0001) or with variation in ALSFRS-R score (0.5857; 95% CI:
0.0674 – 0.8559; p = 0.0146). We also identified a positive correlation between
the variation of creatinine levels and variation of functional score (0.377; 95% CI:
0.3321 – 0.4201; p < 0.0001). We found an elevated bias risk in the majority of
studies analyzed. Most studies presented a high risk of bias of study attrition (80%;
n = 16), as they are retrospectives, and few provided information on the number
of missing data and number of patients lost in the follow-up during the study.
Creatinine levels seems to be a promising indicator of ALS prognostics, but we
suggest that novel studies must be conducted following consistent methodologies
and standardized parameters for the evaluation of ALS progression in order to
confirm the importance of creatinine levels as a valid clinical biomarker in ALS. Keywords: ALS, biomarkers, creatinine, meta-analysis.
1) UMR 1253, Team 2, INSERM/University of Tours, France
2) CHRU Tours, Pharmacology Department, Tours, France
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Distinctive subcortical grey matter signatures along the ALS-FTD
spectrum: a multimodal neuroimaging study

Rangariroyashe H. Chipika(*), Eoin Finegan, Parameswaran M. Iyer, Taha Omer,
Mark A. Doherty, Alice Vajda, Niall Pender, Russell L. McLaughlin, Siobhan
Hutchinson, Orla Hardiman, Peter Bede

Background: Phenotypes along the ALS-FTD spectrum have distinctive and
well-established cortical signatures, but their subcortical grey matter profiles are
poorly characterised. The comprehensive characterisation of striatal and thalamic
pathology along the ALS-FTD spectrum is particularly timely, as dysfunction
of frontostriatal and cortico-thalamic networks contribute to phenotypedefining cognitive, behavioural, and motor deficits. Methods: Fourteen ALSFTD patients with C9orf72 hexanucleotide expansions, 12 ALS-FTD patients
without hexanucleotide repeats, 36 ALS patients without cognitive impairment,
10 patients with behavioural-variant FTD, 11 patients with non-fluent-variant
primary progressive aphasia, 5 patients with semantic-variant primary progressive
aphasia and 50 healthy controls were included in a prospective neuroimaging
study. Striatal, thalamic, hippocampal and amygdala pathology was evaluated using
volume measurements, density analyses and connectivity-based segmentation.
Results: C9-positive ALS-FTD patients showed preferential density reductions in
thalamic sub-regions connected to motor and sensory cortical areas. C9-negative
ALS-FTD patients exhibited striatal pathology in sub-regions projecting to rostralmotor and executive cortical areas. Significant volume reductions were identified
in the thalamus and putamen of non-fluent-variant PPA patients. Marked nucleus
accumbens and hippocampal atrophy was observed in the behavioural-variant FTD
cohort. Semantic-variant PPA patients only exhibited volumetric changes in the
left hippocampus. The bulk of striatal and thalamic pathology in non-fluent-variant
PPA patients was identified in foci projecting to motor areas. Subcortical density
alterations in svPPA patients were limited to basal ganglia regions with parietal
projections. Conclusions: Striatal and thalamic changes in FTD exhibit selective,
network-defined vulnerability patterns mirroring cortical pathology. Multi-modal
cortico-basal imaging analyses confirm that the subcortical grey matter profiles of
FTD phenotypes are just as distinct as their cortical signatures. Our findings support
emerging concepts of network-wise degeneration, preferential circuit vulnerability
and disease propagation along connectivity patterns.
Computational Neuroimaging Group, Academic Unit of Neurology, Trinity College Dublin, Dublin, Ireland.
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The width of the third ventricle in ALS patients reflects subcortical gray
matter atrophy and associates to cognitive impair

Juan F Vázquez-Costa* (1,2,3), Sara Carratalà-Boscà (4,5), José I Tembl (6),
Victoria Fornés-Ferrer (7), Jordi Pérez-Tur (8,9,10), Luis Martí-Bonmatí (4), Teresa
Sevilla (1,2,3,11)

Background An enlarged width of the third ventricle (WTV) has been described in
amyotrophic lateral sclerosis (ALS) patients, although their meaning is unknown.
The aim of this study was to evaluate the contribution of demographical, clinical
and genetic factors to the WTV in different ALS phenotypes and to assess its brain
structural correlates. Methods The WTV was measured by means of transcranial
ultrasound in 107 patients, diagnosed with classical ALS (82), progressive muscular
atrophy (16) and primary lateral sclerosis (9), and 25 controls. In 85 ALS patients
brain volumetric analysis of MR images were additionally implemented. The
association of the WTV with demographic, clinical, genetic and neuropsychological
variables as well as with brain volumes was assessed with multivariable models.
Results Eighteen patients were diagnosed with genetic ALS and 42.3% of patients
showed executive or behavioural impairment (EBI). ALS patients showed larger
WTV than controls. The WTV associated with demographical (age and male sex)
and EBI (Estimate = 0.229 [0.024, 0.434], p = 0.029), but not with the genetic
background, the motor phenotype or disability. Greater WTV associated with
reduced total subcortical gray volume (Estimate = -0.211 [-0.393, -0.03], p
= 0.023), but not with the cortex volume or the cortical white matter volume.
Conclusions The enlargement of the WTV found in the different ALS phenotypes
is attributable to the atrophy of subcortical gray matter structures and associates
to cognitive and behavioural impairment. Larger longitudinal studies are needed to
determine its role as a diagnostic or prognostic biomarker, especially in ALS-FTD
patients.
1) Neuromuscular Research Unit, Instituto de Investigación Sanitaria la Fe (IIS La Fe), Valencia, Spain.
2) ALS Unit, Department of Neurology, Hospital Universitario y Politécnico La Fe, Valencia, Spain.
3) Centro de Investigación Biomédica en Red de Enfermedades Raras (CIBERER), Spain.
4) Department of Radiology and Biomedical Imaging Research Group GIBI230, Hospital Universitario y
Politécnico La Fe and Instituto de Investigación Sanitaria la Fe, Valencia, Spain.
5) Multiple Sclerosis and Neural Regeneration Research Group, Fundación para la Investigación La Fe,
Hospital Universitario y Politécnico La Fe, Valencia, Spain.
6) Neurosonology Laboratory, Department of Neurology, Hospital Universitario y Politécnico La Fe,
Valencia, Spain.
7) Biostatistics Unit, Instituto de Investigación Sanitaria la Fe (IIS La Fe), Valencia, Spain.
8) Laboratory of Molecular Genetics, Institut de Biomedicina de València-CSIC, Valencia.
9) Centro de Investigación Biomédica en Red de Enfermedades Neurodegenerativas (CIBERNED), Spain.
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Motor unit number index (MUNIX) in proximal muscles of the arm in
amyotrophic lateral sclerosis

Sarah Demortiere (1), Aude-Marie Grapperon* (1), Annie Verschueren (1), Emilien
Delmont (1), Shahram Attarian (1)

Introduction: MUNIX is an easy-to-perform and well tolerated electrophysiological
technique for quantitatively assessing the loss of lower motor neurons. Previous
studies have shown that MUNIX could be a relevant method to monitor disease
progression in amyotrophic lateral sclerosis (ALS). Most studies have measured
MUNIX in abductor digiti minimi (ADM), abductor pollicis brevis (APB) or tibialis
anterior. However, distal muscles are often rapidly atrophied in ALS, which makes
MUNIX no more measurable. Hence, it would be interesting during longitudinal
follow-up of ALS patients to study proximal muscles which are often later affected.
Yet nerve conduction study of proximal muscles is technically more complicated.
The aim of this study was to test the feasibility of MUNIX in proximal arm muscles
in ALS patients. Methods: 31 ALS patients (24 spinal and 7 bulbar onset ALS)
and 16 healthy subjects were prospectively included. MUNIX, compound muscle
action potential (CMAP) and motor unit size index (MUSIX) were studied in
biceps, triceps, deltoid, ADM and APB muscles. Results: MUNIX and CMAP were
significantly decreased in each muscle in ALS patients compared to healthy subjects
(p <0.01). MUSIX was increased in ADM, APB and biceps in ALS patients compared
to healthy subjects (p <0.01). MUNIX sum score (ADM + APB + biceps + triceps +
deltoid) and MUNIX sum score of the proximal muscles (biceps + triceps + deltoid)
correlated with ALSFRS-R (rho = 0.5, p <0.01). MUNIX correlated with the MRC
muscle scale of APB, biceps and deltoid (rho = 0.7, p <0.01). Conclusion: This study
shows that MUNIX of proximal arm muscles is a feasible technique and correlates
with clinical disability in ALS, and therefore could be used in the global MUNIX
assessment of ALS patients as biomarker of the disease.
1) Reference Centre of Neuromuscular Disease and ALS, APHM Timone University Hospital, Marseille,
France.
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The clinical and radiological landscape of PLS: A multimodal
neuroimaging study

Eoin Finegan* (1), Rangariroyashe H. Chipika (1), Orla Hardiman (1), Peter Bede (1)

Background: Primary lateral sclerosis (PLS) is a progressive upper motor neuron
disorder which is often seen as an UMN-dominant phenotype on the ALS spectrum.
The distinguishing radiological features of PLS compared to ALS are relatively
poorly characterised. Objectives and Methods: Our study aims to comprehensively
evaluate a large cohort of PLS patients using clinical, neuropsychological and
multiparametric MRI. Results: 105 participants (19 PLS patients, 50 healthy
controls and 36 ALS patients) were included in a prospective neuroimaging study
with standardised clinical assessments. In the PLS cohort, the mean age at diagnosis
is 55.2 years, mean symptom duration is 10.7 years. Lower limb onset is reported
by all 19 subjects with subsequent upper limb Eoin Finegan*(1), Rangariroyashe
H. Chipika (1), Orla Hardiman (1), Peter Bede (1) (n=14, 74%). The disability
profile of PLS patients also suggests an ascending pattern with symmetric limb
spasticity, greater in the lower compared with upper limbs and relative sparing of
bulbar functions(Mean ALSFRS subscores; gross motor 5.67, fine motor 8.33 and
bulbar 9.42. Mean Penn UMN subscores; lower limbs 9.67 max=14, upper limbs
6.89 max=14 and bulbar 1.22 max=4). There is a significant inverse correlation
between tapping rates and both the Penn UMN and spasticity scores. Precise
assessment of tapping rates seem to be a useful indicator of UMN disease burden
in PLS. Pathological crying and laughing (PCL) is highly prevalent in our cohort and
is associated with significant distress. Using the Emotional Lability Questionnaire,
45% of the PLS group had severe symptoms. PCL is strongly correlated with the
bulbar subscore of the ALSFRS (r= -0.817, p= 0.002), although not with total
ALSFRS (r= -0.293, p= 0.382). Our imaging data suggest that PLS patients have
marked precentral gyrus atrophy. Consistent with the clinical profile of PLS, the
bulbar segment of the motor cortex is relatively spared. Extra-motor involvement
is limited to a small left mesial temporal focus. White matter analyses identified
bilateral corticospinal tract degeneration highlighted by decreased fractional
anisotropy, increased radial and axial diffusivity. White matter degeneration is
limited to the posterior limb of the internal capsule with relative sparing of the
corticobulbar fibres in the genu. Conclusions: Multiparametric imaging of clinically
well characterised PLS patients confirm distinguishing pathological signatures from
ALS.
1) Computational Neuroimaging Group, Academic Unit of Neurology, Trinity College Dublin, Ireland
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CSF and serum pNfH assay performance study in the ALS clinic

Elizabeth Gray* (1), Alexander Thompson (1), Emily Feneberg (1), Kevin Talbot (1),
Andreas Jeromin (2), Martin Turner (1)

Background Multiple studies spanning more than 20 years have demonstrated
increased neurofilament levels in the serum and CSF of patients with ALS and
healthy controls. These studies have increasingly extended to the differentiation
of ALS from mimic disorders and to consider NFs as a prognostic biomarker and its
potential marker of therapeutic response. Methods We tested the performance of a
CE-marked ELISA (Euroimmun, Germany) for the measurement of pNfH in matched
serum and CSF from the â€˜BioMOxâ€™ longitudinal cohort comprising ALS
patients (CSF = 75, serum = 72), healthy controls (CSF = 28, serum = 27), disease
mimics seen in a tertiary ALS referral centre (n=12), and asymptomatic gene
carriers of ALS-causing dominant gene mutations (n=3). We assessed first-visit
pNfH in relation to absolute ALSFRS-R, its rate of change, and in relation to survival.
Six-monthly longitudinal sample levels in the ALS group were also measured. A
linear mixed model of CSF and serum was fitted to longitudinal values; beginning at
the baseline visit, with patients stratified by rate of decline of ALSFRS-R at baseline
visit in relation to median value. Results As expected, pNfH levels were higher in
both ALS patients versus healthy controls (CSF p<0.0001; serum p<0.0001) and
versus disease mimics (CSF p<0.0001; serum p = 0.0099). CSF and serum pNfH
levels were not significantly raised in asymptomatic gene carriers versus healthy
controls. Using ROC analysis, optimal pNfH cut-off discriminated patients with ALS
from healthy controls (CSF AUC 0.98; serum AUC 0.82). pNFH retrospectively
differentiated patients with ALS from disease mimics (CSF AUC 0.92; serum AUC
0.80). CSF and serum pNfH concentrations correlated in patients with ALS (r=0.46,
p<0.0001). Correlations were considered between pNfH levels and rate of decline
of ALSFRS-R (CSF r=0.69, p<0.0001; serum r=0.30, p=0.1 NS), and absolute
ALSFRS-R (CSF r=-0.16, p=0.18; serum r=0.37, p<0.005). Survival analysis
showed separation of groups of patients binarized into high and low first-visit
pNfH levels (CSF p<0.001, serum p<0.05). CSF and serum pNfH levels did not
significantly change over time. Conclusion A commercially available pNfH assay
validated for clinical diagnostics has meaningful diagnostic accuracy for ALS in a
tertiary referral clinic setting. CSF and serum pNfH levels also provide prognostic
information and have very clear further potential as markers of future therapeutic
effect.
1) Nuffield Department of Clinical Neuroscience, University of Oxford, Oxford, UK.
2) Iron Horse Diagnostics, Inc., Scottsdale, Arizona, USA.
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Circulating exosomes as a promising source of biomarkers for ALS

Laura Pasetto (1), Vito D’agostino (2), Laura Brunelli (1), Roberta Pastorelli (1),
Alessandro Corbelli (1), Fabio Fiordaliso (1), Andrea Calvo (3), Adriano Chiò (3),
Massimo Corbo (4), Christian Lunetta (5), Gabriele Mora (6), Manuela Basso (2)
and Valentina Bonetto* (1)

Reliable and truly validated biomarkers of disease progression in amyotrophic lateral
sclerosis (ALS) are not available yet. Identifying biomarkers enabling an objective
disease monitoring would speed up development of ALS treatments. Extracellular
vesicles (EVs) are membrane surrounded structures released by cells and circulating
in biological fluids. EVs are involved in intercellular communication, carrying a
variety of cargos such as RNA, metabolites and proteins, including those prone to
aggregation (e.g. SOD1 and TDP-43). We and others have shown that normal
cells release EVs constitutively, but increase their release in response to a variety of
pathological conditions, including ALS, probably contributing to disease spreading
and progression. Plasma concentration of EVs and their biochemical properties
are therefore accessible and measurable parameters that may underline disease
progression and differentiate ALS from other pathological conditions. In this study
we tested the feasibility to use circulating exosomes as a source of biomarkers
for ALS. We first took advantage of a newly established protocol to purify EVs
that preserve their morphology and physical and biochemical properties. Next, we
analyzed concentration and size of EVs from plasma of ALS patients and controls
(healthy, neurological and muscular dystrophy) by tunable resistive pulse sensingbased technology. We found that ALS EVs are smaller and more abundant and
their number increases with the progression of the disease. Furthermore, patients
with slower progression of the disease have an higher number of EVs in plasma.
Finally, we analyzed the level of a priori-selected candidate biomarkers (TDP-43,
cyclophilin A, heterogeneous nuclear ribonucleoprotein A2/B1 and SOD1) and
demonstrated that circulating exosomes are a promising source of biomarkers that
can be used in large clinical studies.
1) IRCCS – Istituto di Ricerche Farmacologiche Mario Negri, Milano (Italy).
2) CIBIO – Università di Trento, Trento (Italy).
3) CRESLA, Department of Neuroscience “Rita Levi Montalcini”, Università degli Studi di Torino, Torino
(Italy).
4) Casa di Cura del Policlinico, Milano (Italy).
5) NEuroMuscular Ominicentre, Fondazione Serena Onlus, Milano (Italy).
6) ICS Maugeri, IRCCS, Milano, Italy.
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The TDP-43 pathological interactome

Emily Feneberg* (1), Elizabeth Gray (1), Roman Fischer (2), David Gordon (1), Olaf
Ansorge (3), Benedikt Kessler (2), Kevin Talbot (1), Martin R. Turner (1)

Background: Identification of biomarkers is needed to facilitate effective therapy
development in ALS. TDP-43 pathology is a characteristic feature of nearly
all cases of ALS, and half of those with the linked condition of frontotemporal
dementia (FTD). TDP-43 is a heterogeneous nuclear ribonucleoprotein (hnRNP)
including a C-terminal glycine-rich domain important for binding to homo- and
heterotypic proteins. The study of proteins which interact with pathological
forms of TDP-43 might advance biomarker development and illuminate key
pathways for therapeutic targeting. Objective: To identify the pathological TDP43 interactome in a cellular model of ALS. Method: Mouse embryonic stem cells
used to make a novel (BAC)-transgenic mouse model carrying GFP-tagged human
TDP-43 (M337V mutant and wildtype TDP-43) were expanded to embryoid
bodies and then differentiated to motor neurons. Motor neuron cultures (nonstressed or stressed (0.5mM NaAr 1h) were co-immunoprecipitated using an
anti-GFP antibody, followed by liquid chromatography tandem mass spectrometry
(LC-MS/MS) to identify human TDP-43 and its binding partners. Results: Coimmunoprecipitation of GFP-tagged TDP-43 led to highly specific and efficient
pull-down of human TDP-43 shown by a 72kDa band in western blots. Following
LC-MS/MS analysis of the co-immunoprecipitated eluate, human TDP-43
interacting proteins were identified. Statistical analysis revealed interacting proteins
with differential binding to wildtype and M337V mutant TDP-43. Conclusion:
Identification of the disease-relevant TDP-43 interactome in this model will enable
subsequent validation of TDP-43 interacting proteins in human induced pluripotent
stem cells, human post mortem tissue and biofluids, towards the goal of diseasespecific biomarker development in ALS.
1) Nuffield Department of Clinical Neurosciences, University of Oxford, Oxford, United Kingdom.
2) Nuffield Department of Medicine, Target Discovery Institute, University of Oxford, Oxford, United
Kingdom.
3) Nuffield Department of Clinical Neurosciences, Neuropathology, University of Oxford, Oxford, United
Kingdom.
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Connectivity-based thalamic segmentation as a cortical pathological
window in ALS

Ricarda A. L. Menke* (1,2), Benjamin C. Tendler (1,2), Sean Foxley (1), Menuka
Pallebage-Gamarallage (2,3), Olaf Ansorge (2,3), Karla L. Miller (1,2), Martin R.
Turner (1,2)

Background The ALS-FTD syndrome involves a widespread but systematized
cortical pathology. The few histopathological studies in ALS reporting degeneration
in the thalamus and associated nerve fibres have been corroborated by modern
MRI studies. PET also revealed reduced thalamic task-related activation,
hypometabolism, and marked microglial activation. Assessment of intra-thalamic
features in relation to cortical connectivity offers a window on the extent
of cerebral ALS pathology, and post mortem MRI allows direct comparison
with histological changes. Objectives To attempt connectivity-based thalamic
segmentation and examine regional variation using post mortem MRI. Methods
Ultra-high field 7T MRI was undertaken in donated brains from 5 ALS patients (age
at death = 68 ± 9 years) and 3 controls (age at death = 65 ± 8 years) currently
undergoing histopathological sampling. Atlas ‘target’ masks of frontal, temporal,
parietal, occipital, and motor cortices were registered to each brain’s DTI space.
Thalami were parcellated into sub-regions based on their level of connectivity with
the cortical targets using probabilistic tractography. Tractography results were
subjected to 1) hard segmentation (thalamic voxels were assigned to the target
mask with which they showed highest connectivity), and 2) parcellation based on
thresholding thalamus-to-target connectivity outputs at 25% of their maximum
value. All resulting volumes, DTI metrics extracted from parcellations obtained via
approach 2, and results for the overall thalami were normalised by the respective
values for the occipital lobe related region to correct for inter-subject variability
introduced by age, post mortem delay and fixation time. Group comparisons
were performed using permutation tests (PALM). Results Significantly smaller
volumes were present in ALS for left thalamic regions chiefly connected to the
primary motor cortex and temporal lobe, as well as for a right sub-region primarily
connected to the parietal lobe. DTI-FA was significantly reduced in ALS averaged
across the whole left thalamus, and more specifically in sub-regions defined by their
connectivity with BA6 and the parietal lobe. Conclusion ALS pathology may involve
changes in motor and pre-motor cortical, as well as temporal and parietal lobe
thalamic representations. Comparison with histological data will shed light on the
accuracy of tractography-based thalamic segmentation, and its value for patient
stratification.
1) Wellcome Centre for Integrative Neuroimaging (WIN)/FMRIB, University of Oxford, Oxford, UK
2) Nuffield Department of Clinical Neurosciences (NDCN), University of Oxford, Oxford, UK
3) Neuropathology, University of Oxford, Oxford, UK
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Oxidation-reduction potential of cerebrospinal fluid as progression
biomarker in ALS patients with spinal onset

Miloš Opačić (1) (*), Zorica Stević (2), Vladimir Baščarević (3), Miroslav Živić (4),
Mihajlo Spasić (5), Dragosav Mutavdžić (1), Ivan Spasojević (1)

Oxidative stress has been a subject of research and a valid therapeutic target for
ALS treatment since the discovery of SOD1 mutations in familial cases. Oxidative
stress-related pathological mechanisms (may) involve cell death-related release
of pro-oxidative compounds and redox-active iron, mitochondrial dysfunction,
inflammation, and excitotoxicity. This can be exploited in the development of
ALS biomarkers. The lack of reliable biomarkers represents a bottleneck in clinical
trials and the development of novel drugs. The properties of cerebrospinal fluid
(CSF) reflect the processes in the spinal cord and brain tissues, making CSF a
good vehicle for developing biomarkers of neurodegeneration. We hypothesize
that multiple oxidative pathways and complex biology of ALS can be captured
by an integrative parameter, such as oxidation-reduction potential (ORP), a
comprehensive metabolic analyte that measures the balance between oxidative
and reductive species in biological fluids. ORP was measured using RedoxSYS
(Aytu BioScience, Inc., Englewood, CO, USA) in CSF of 82 ALS patients and 24
age-matching controls. ORP was significantly higher in ALS patients compared to
controls. Receiver operating characteristic curve’s area under curve (AUC) for both
all (AUC = 0.665, P = 0.014) and spinal onset patients (SOP) (AUC = 0.690, P =
0.006) was significant. The optimal cut-off was at 108.4 mV (72% sensitivity,
58% specificity). This ORP value can be considered as threshold that define a point
at which redox status of CSF is affected by pro-oxidative events in CNS of ALS
patients. ORP correlated significantly with ALSFRS-R score for all, SOP and male
patients (R = -0.369, R = -0.464 and R = -0.488, respectively; P < 0.001) and
even stronger for above-the-threshold subgroups (R = -0.423, R = -0.573 and
R = -0.593, respectively; P<0.001). In SOP group, the survival time from sample
collection to death correlated significantly with ORP for ORP values over 125 mV
(R = -0.600, P = 0.023) implying that high ORP correlates with shorter survival
time. Increased ORP values in patients further confirms the role of oxidative
stress in pathology of ALS. ORP represents a viable candidate for the biomarker of
progression and/or prognosis, as it fulfils FNIH criteria for biomarker development.
It is an objective parameter (range 90-190 mV, increment 0.1 mV), the assay is
simple, cheap, and can be performed at the bedside.
1) Department of Life Sciences, Institute for Multidisciplinary Research, University of Belgrade, Belgrade,
Serbia.
2) Neurology Clinic, Clinical Centre of Serbia, University of Belgrade, Belgrade, Serbia.
3) Neurosurgery Clinic, Clinical Centre of Serbia, University of Belgrade, Belgrade, Serbia.
4) Institute of Physiology and Biochemistry, Faculty of Biology, University of Belgrade, Belgrade, Serbia.
5) Department of Physiology, Institute for Biological Research ‘Siniša Stanković’, University of Belgrade,
Belgrade, Serbia.
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Implementing Motor Unit Number Index (MUNIX) in a large clinical trial:
Real world experience from 27 centres

Christoph Neuwirth, MD (1)*, Nathalie Braun, MD, PhD (1), Kristl G. Claeys,
MD, PhD (2,3), Robert Bucelli, MD, PhD (4), Christina Fournier, MD (5), Mark
Bromberg, MD (6), Susanne Petri, MD (7), Stephan Goedee, MD (8), Timothée
Lenglet, MD (9), Ron Leppanen, MD (10), Antonio Canosa, MD (11), Ira Goodman,
MD (12), Muhammad Al-Lozi, MD (4), Takuya Ohkubo MD, PhD (13), Annemarie
Hübers, MD (14), Nazem Atassi, MD (15), Agessandro Abrahao, MD, MSc (16),
Andreas Funke, MD (17), Martin Appelfeller, Tech (18), Anke Tümmler, Tech (18),
Eoin Finegan, MD (19), Jonathan D. Glass, MD (5), Suma Babu, MD (15), Shafeeq
S. Ladha, MD (20), Olga Kwast-Rabben, MD, PhD (21), Raul Juntas-Morales, MD
(22), Amina Coffey, MD (19), Vinay Chaudhry, MD (23), Tuan Vu, MD (24), Chow
Saephanh, Tech (25) , Colleen Newhard, Tech (26), Marion Zakrzewski, Tech (26),
Esther Rosier, Tech (27), Nancy Hamel, Tech (27), Divisha Raheja, MD (28), Jesper
Raaijman, MD (8), Toby Ferguson, MD (29), and Markus Weber, MD (1,30)

Objective: Motor Unit Number Index (MUNIX) is a quantitative neurophysiological
method that reflects loss of motor neurons in Amyotrophic Lateral Sclerosis (ALS)
in longitudinal studies. It has been utilized in one natural history ALS study and one
drug trial (Biogen USA) after training and qualification of raters. Methods: Prior to
testing patients, evaluators had to submit test-retest data of 4 healthy volunteers.
Twenty-seven centers with 36 raters measured MUNIX in 4 sets of 6 different
muscles twice. Coefficient of variation of all measurements had to be <20% to pass
the qualification process. MUNIX COV of the first attempt, number of repeated
measurements and muscle specific COV were evaluated. Results: COV varied
considerably between raters. Mean COV of all raters at the first measurements
was 12.9% ± 13.5 (median 8.7%). Need of repetitions ranged from 0 to 43
(mean 10.7 ± 9.1, median 8). Biceps and first dorsal interosseus muscles showed
highest repetition rates. MUNIX variability correlated considerably with variability
of compound muscle action potential. Conclusion: MUNIX revealed generally good
reliability, but was rater dependent and ongoing support for raters was needed.
Significance: MUNIX can be implemented in large clinical trials as an outcome
measure after training and a qualification process.
1) Neuromuscular Diseases Unit / ALS Clinic, Kantonsspital St.Gallen, St.Gallen, Switzerland.
2) Department of Neurology, Neuromuscular Reference Centre, University Hospitals Leuven, Leuven,
Belgium.
3) Laboratory for Muscle Diseases and Neuropathies, Department of Neurosciences, Experimental
Neurology, KU Leuven, Leuven, Belgium.
4) Washington University School of Medicine, Department of Neurology, Washington, USA.
5) Emory University Department of Neurology, Atlanta, USA.
6) Clinical Neurosciences Center, Salt Lake City, USA.
7) Department of Neurology, Hannover Medical School, Hannover, Germany.
8) Brain Centre Rudolf Magnus, Department of Neurology and Neurosurgery, UMC Utrecht, Utrecht,
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The Netherlands.
9) Département de Neurophysiologie, Groupe hospitalier Pitié-Salpêtrière, APHP, Paris, France.
10) University Neurology and Cole Neuroscience Center, University of Tennessee, Knoxville, USA.
11) ALS Center of Torino, Department of Neuroscience “Rita Levi Montalcini”, University of Torino,
Torino, Italy.
12) BioClinica Research Orlando, USA.
13) ALS Clinical and Translational Research, University of California, San Diego, USA.
14) Department of Neurology, University of Ulm, Ulm, Germany.
15) Neurological Clinical Research Institute (NCRI), Department of Neurology, Massachusetts General
Hospital, Boston, USA.
16) Sunnybrook Health Sciences Centre, University of Toronto, Toronto, Canada.
17) Charité – Universitätsmedizin Berlin, Outpatient Center for ALS and other Motor Neuron Disorders,
Berlin, Germany.
18) Hans Berger Department of Neurology, Jena University Hospital, Jena, Germany.
19) Academic Unit of Neurology, Trinity Biomedical Sciences Institute, Trinity College Dublin, Ireland.
20) Department of Neurology, Barrow Neurological Institute, Phoenix, USA.
21) Department of Pharmacology and Clinical Neuroscience, Umeå, Sweden.
22) Département de Neurologie, CHU de Montpellier, Montpellier, France.
23) Johns Hopkins University School of Medicine, Baltimore, USA.
24) Neuromuscular Division, University of South Florida, Tampa, USA.
25) California Pacific Medical Center Research Institute, San Francisco, USA.
26) East Campus Health Center, Neurophysiology Department, Hershey, USA.
27) Montreal Neurological Institute and Hospital, Montreal, Canada.
28) Penn State Medical Center Neuroscience Institute, Morgantown, USA.
29) Biogen, Cambridge, USA.
30) Department of Neurology, University Hospital Basel, Basel, Switzerland.

39

ENCALS Meeting 2018

A36

Discovery and development of diagnostics and therapeutics for TDP43 proteinopathies

Tariq Afroz* (1), Tamara Seredenina (1), Vincent Darmency (1), Cedric Boudou (1),
Jacqueline Kocher (1), Mayank Chauhan (1), Anthony Marchand (1), Heiko Kroth
(1), Ajay Purohit (2), David Paterson (2), Laurent Martarello (2), Manuela Neumann
(3), Jan Stoehr (1), Andrea Pfeifer (1), Andreas Muhs (1)

TDP-43 is multifunctional and essential RNA-binding protein (RBP), whose
cytoplasmic aggregation is the molecular basis for neurodegeneration in the
majority of patients with amyotrophic lateral sclerosis (ALS) and in about 45% of
patients with frontotemporal dementia (FTD). Moreover, TDP-43 copathology is
also found in sub-populations of Alzheimer’s disease (AD), Huntingtons’ disease
(HD), Lewy body diseases, Pick’s disease etc (1), but their contribution to disease
is currently unknown. Neurodegenerative diseases linked to deposition of TDP43 are therefore classified as TDP-43 proteinopathies. Even though the loss
of normal nuclear localization and cytoplasmic TDP-43 aggregation correlates
with neurodegeneration, the exact mechanisms of neurotoxicity remain elusive.
Nonetheless, recent research suggests that similar to other protein aggregation
diseases, TDP-43 proteinopathies follow the prion paradigm through templated
conversion and spread of pathologic conformers across the central nervous system
(CNS). Antibody-mediated clearance of pathological TDP-43 aggregates therefore
represents an attractive strategy for therapeutic intervention. However, the lack of
tools for accurate diagnosis and monitoring of disease progression have impeded
the research and development of therapeutics for TDP-43 proteinopathies.
We have generated antibodies that specifically recognize pathological TDP-43
inclusions in post-mortem brain tissue from ALS and FTD patients. These antibodies
display high affinity and selectivity for misfolded TDP-43 in vitro and are currently
being evaluated for their therapeutic potential. To complement the therapeutic
approach, we are generating small molecules suitable for further development
as positron emission tomography (PET) ligands. We have identified a set of small
molecules that specifically bind to pathological TDP-43 in post-mortem brain
tissue and display suitable CNS PET properties. Additional compounds are currently
being synthesized and evaluated with the goal to develop PET ligands with high
affinity for TDP-43 while being selective over amyloid-beta and tau aggregates.
References: 1. Neumann M. Molecular neuropathology of TDP-43 proteinopathies.
Int J Mol Sci. 2009;10(1):232-46.
1) AC Immune SA, Lausanne, Switzerland.
2) Biogen Global Biomarker Discovery & Development, Cambridge, USA.
3) Department of Neuropathology, University of Tübingen, Germany.
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Cervical spinal cord comparisons based on T1-weighted MRI in ALS

Hannelore K. van der Burgh*(1), Jil M. Meier(1), Henk-Jan Westeneng(1), Martijn P.
van den Heuvel(2), Leonard H. van den Berg(1)

Most neuroimaging research in ALS has focused on imaging the brain revealing
reduction of cortical thickness and white matter tract connectivity. On brain MRI
scans, the upper part of the cervical spinal cord is also captured. As the spinal cord
could reveal both upper and lower motor neuron (UMN and LMN) involvement,
spinal cord neuroimaging may be capable of capturing characteristics of ALS. In this
study, the cross-sectional area (CSA) of the upper part of the cervical spinal cord
on brain MRI scans was investigated to detect disease effects. 302 subjects (108
sporadic ALS patients, 28 primary lateral sclerosis (PLS) patients, 58 progressive
muscular atrophy (PMA) patients and 108 controls) were included of whom T1weighted images were acquired. For each subject, the spinal cord was segmented
and divided into the different cervical segments. For each slice of the segmented
spinal cord the CSA was computed and the CSAs of all slices in the first three
cervical segments (C1 - C3) were averaged to obtain one value for upper spinal
cord thickness. Compared to controls, lower spinal cord CSA was observed in
PMA (p=0.017, difference mean = -3.10, 95% CI [-5.86;-0.34]), ALS (p=0.001,
difference mean= -3.54, 95% CI [-5.65;-1.44]) and PLS (p<0.001, difference
mean= -8.71, 95% CI [-14.20;-3.22]). Patients with PLS showed the thinnest
upper spinal cord compared to the other groups. These results demonstrate the
ability of spinal cord MRI to capture disease effects, and indicate spinal cord MRI to
be a modality to consider for neuroimaging in ALS.
1) Department of Neurology, Brain Center Rudolf Magnus, University Medical Center Utrecht, Utrecht,
Netherlands.
2) Department of Psychiatry, Brain Center Rudolf Magnus, University Medical Center Utrecht, Utrecht,
Netherlands.
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Analysis of GAP-43 expression in differentially vulnerable muscles in
two mouse models of motor neuron disease

Laura H. Comley (1)*, Jik Nijssen (1) and Eva Hedlund (1)

In amyotrophic lateral sclerosis (ALS) the axonal connection with the target muscle
– the neuromuscular junction (NMJ) – is affected early in disease. However, while
motor axons of fast-fatigable motor neurons start dying back, the more resilient
slow motor neurons undergo a period of axonal sprouting and compensatory
growth, as demonstrated in the mutant SOD1 mouse model of ALS. It is now yet
known if this compensatory sprouting is a general feature of slow motor neurons
across disease models. In addition to this intra-muscular difference in sprouting
capacity there are differing levels of vulnerability to disease between motor
neurons. In particular the motor neurons from the oculomotor nucleus which
innervate the muscles surrounding the eye are spared in ALS, and these extraocular
muscles remain functional late in the disease. It is not known if these motor neurons
have the capacity to sprout or if their resilience across motor neuron disease is
based on mechanisms distinct from those seen in slow motor neurons. Here we
have compared the regenerative capacity of differentially vulnerable muscles
in ALS using GAP43 as a marker of regeneration. We have utilised a range of
muscles from two mouse models of motor neuron disease with differing patterns
of muscle vulnerability and resistance – SOD1G93A and pmn (progressive motor
neuronopathy) – to investigate muscle specific responses to different diseasecausing mutations.
1) Department of Neuroscience, Karolinska Institutet, Stockholm, Sweden.
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Mutations in FUS lead to axonal and synaptic changes in a zebrafish
model and primary cortical neurons

Shaakir Salam (1); Prof. C. Houart (2); Dr. C. A. Vance (1)

Background: Amyotrophic lateral sclerosis (ALS) is a progressive fatal
neurodegenerative diseases, which no effective therapies currently exist. In 2009,
mutations in an RNA binding protein Fused in Sarcoma (FUS) were identified as
causative to an aggressive form of ALS which present large pathological neuronal
cytoplasmic FUS-positive aggregates and concomitant loss of FUS from the nucleus
in neurons (Vance, 2009). The majority of mutations in the extreme C-terminus
lead to this phenotype as the nuclear localising signal are thought to be disrupted.
Aims: 1) To investigate how overexpression of mutant FUS affects axonal and
synaptic growth in primary cortical cells. 2) Assess the effects of overexpressed
mutant FUS in primary motor neurons in the zebrafish. Methods: 1) Human FUS
was microinjected and transfected into the zebrafish and primary cells respectively.
Effects were analysed at 2DPF in vivo and DIV8 in vitro via confocal microscopy.
2) Primary motor neuron changes were assessed by driving FUS expression by
an MNX: Gal4 plasmid. Results: Preliminary data suggest that, in comparison with
wildtype, expression of the FUS K510X mutant causes gross axonal and synaptic
(pre/post) changes with overt cytoplasmic localisation, whereas the R514G mutant
shows weak cytoplasmic expression, imposing modest changes to axonal and
synaptic development in vitro and in vivo. Conclusion: We can conclude that K510X
causes overt cytoplasmic expression causing axonal and synaptic degeneration
whereas R514G leads to a milder phenotype. This could elucidate two separate
mechanisms for these different mutations which should be investigated further.
1) Basic and Clinical Neuroscience, Institute of Psychiatry, Psychology and Neuroscience, London, United
Kingdom
2) Centre for Developmental Neurobiology, London, United Kingdom
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Deciphering the dual neuroprotective/neurotoxic role of FGF-2 in
SOD1G93A ALS mice in vitro and in vivo

Ekaterini Kefalakes (1,2*), Sebastian Boeselt (1), Anastasia Sarikidi (1), Miren
Ettcheto (4), Franziska Bursch (1,2), Maximilian Naujock (1,2), Nancy Stanslowsky
(1,2), Martin Schmuck (5), Marta Barenys (6), Florian Wegner (1,2), Claudia Grothe
(3,2), Susanne Petri (1,2)

We have previously shown that knock out of fibroblast growth factor 2 (FGF-2)
and potential compensatory effects of other growth factors result in amelioration
of disease symptoms in a transgenic mouse model of amyotrophic lateral sclerosis
(ALS). ALS is a rapidly progressive neurological disorder leading to degeneration of
cortical, brain stem and spinal motor neurons followed by subsequent denervation
and muscle wasting. Mutations in the superoxide dismutase one (SOD1) gene are
responsible for about 20% of familial ALS cases and SOD1 mutant mice still are
among the models best mimicking clinical and neuropathological characteristics
of ALS. The aim of the present study was a thorough characterization of FGF-2
and other growth factors and signaling effectors in vivo in both SOD1G93A and
double transgenic SOD1G93A-FGF-2 deficient mouse models. We observed tissue
specific converse gene regulation of FGF-2 and overall dysregulation of other
growth factors which in the gastrocnemius muscle was associated with reduced
downstream extracellular signal-regulated kinases 1/2 (ERK1/2) and protein
kinase B (AKT) activation. To further investigate whether the effects of FGF-2
on motor neuron death are mediated by glial cells, astrocytes lacking FGF-2 were
co-cultured together with mutant SOD1G93A motor neurons. While FGF-2 knock
out was not protective against staurosporine (STS) induced apoptosis, it had an
impact on motor neuron maturation and synaptic activity indicating that astrocytic
FGF-2 affects motor neurons at a developmental stage. Moreover, neuronal gene
expression patterns showed FGF-2 and SOD1G93A dependent changes in growth
factors and ERK2 implying a potential involvement in ALS pathogenesis before the
onset of clinical symptoms.
1) Department of Neurology, Hannover Medical School, Hannover, Germany.
2) Center for Systems Neuroscience (ZSN), Hannover, Germany.
3) Institute of Neuroanatomy and Cell Biology, Hannover Medical School, Hannover, Germany.
4) Department of Pharmacology, Toxicology and Therapeutical Chemistry, Faculty of Pharmacy and
Food Science, University of Barcelona, Barcelona, Spain
Biomedical Research Networking Center in Neurodegenerative Diseases (CIBERNED), Madrid, Spain
Institute of Neuroscience, University of Barcelona, Barcelona, Spain
Department of Biochemistry, Faculty of Medicine and Life Science, University of Rovira i Virgili, Reus,
Spain.
5) University of California, DAVIS School of Veterinary Medicine, California, USA.
6) GRET, INSA-UB and Toxicology Unit, Pharmacology, Toxicology and Therapeutical Chemistry
Department, Faculty of Pharmacy, University of Barcelona, Spain.
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Blocking Carnitine palmitoyl-transferase 1 (CPT1) potentially delays
disease progression in the SOD1 G93A mouse model

Michael Sloth Trabjerg (1*), Dennis Christian Andersen (1), John Dirk Nieland (1)

Background: Amyotrophic lateral sclerosis (ALS) has long been recognized as a
neurodegenerative disease. However, several recent findings indicates that ALS
should be understood as a multisystem disease. When comparing the diseases
ALS, multiple sclerosis (MS) and depression, there are a number of common
pathogenic/metabolic mechanisms. 1) all include an inflammatory component, 2)
stress is a critical factor 3) lipid metabolism is upregulated, 4) humans with reduced
lipid metabolism (inherited specific CPT1a gene mutation) are protected from
MS and Depression, 5) Humans with MS or ALS have a relative high prevalence
of depression. One key aspect in ALS, MS and depression is dysregulation of
metabolism in general and alteration of lipid metabolism in particular. Blocking CPT1
in animal models of MS and depression has shown significant therapeutic effects.
Therefore, the aim of this study was to examine the effect of blocking CPT1 in the
SOD1 G93A animal model of ALS. Methods: Male B6.Cg-Tg(SOD1*G93A)1Gur/J
mice were bought from Jackson Laboratories and mated with female C57Bl6/J.
Female transgenic mice and their wild type littermates were weighed and assessed
with a neurological score system weekly from 40 days of age (week 1) and
assessed with a hangwire test from day 43. The mice were tested weekly with
a rotarod apparatus from day 55 (week 3). When the animals reached day 100
(week 9) they were randomized into two groups. One group was treated with the
CPT1-blocker, etomoxir, and the second group was treated with olive oil daily until
they reached 16 weeks of age or on ethical grounds were terminated. Results: The
transgenic mice (n=7) treated with the CPT1-blocker showed significant lower
weight loss, improved neurological disease score and performed significant better at
the rotarod- and the hangwire test compared to the placebo group (n=3) at several
time points. Conclusion: The data obtained in this study indicates that blocking lipid
metabolism through the blockade of CPT1 has the potential to be a highly effective
treatment of ALS. However, further studies are required.
Department of Health Science and Technology, Aalborg University, Aalborg, Denmark.
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Inhibition of B-Glucocerebrosidase activity preserves motor unit
integrity in a mouse model of amyotrophic lateral sclerosis

Bouscary A (*)(1,2), Mosbach A (1,2), Spedding M (3), Loeffler JP (1,2), Henriques
A (1,2,4)

Multiple lines of evidence suggest a link between sphingolipid metabolism and
the physiopathology of amyotrophic lateral sclerosis [1]. Glucosylceramide, a
sphingolipid, is the precursor of gangliosides. And degradation of glucosylceramide
is performed by GBA1 and GBA2, two beta-glucocerebrosidases. Our
previous results have shown a benefit for SOD1G86R mice after inhibition of
glucosylceramide degradation [2]. Ambroxol hydrochloride is a safe and generic
drug known to inhibit GBA2 activity. In SOD1G86R mice, an animal model of
amyotrophic lateral sclerosis, ambroxol preserves neuromuscular junctions from
denervation, delays disease onset, improves motor function and preserves motor
neurons from degeneration. Taken together, our results suggest that GBA2 is a
therapeutic target for ALS and that its inhibition preserves motor unit integrity in
the SOD1G86R mice. In addition, our results suggest that ambroxol hydrochloride is
a candidate drug for this devastating disease. [1] Henriques et al. 2017 Frontiers in
Mol neuroscience [2] Henriques et al. 2017 Scientific reports
1) University of Strasbourg, UMR_S 1118, Strasbourg, France.
2) INSERM U1118, Mécanismes Centraux et Périphériques de la Neurodégénérescence, Strasbourg,
France.
3) Spedding Research Solutions SAS, Le Vesinet, France.
4) Present address: Neuro-sys Innovative Research, Gardanne, France.
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Study of the mechanisms leading to immune disorder in C9orf72
deficient mice

Camille Corbier*(1), Angéline Gaucherot (1), Peggy Kirstetter (1), Nicolas CharletBerguerand (1)

An expansion of GGGGCC repeats in the first intron of the C9ORF72 gene is
the most common genetic cause of Amyotrophic Lateral Sclerosis associated to
Frontotemporal Dementia (ALS/FTD). As a decreased expression of C9ORF72 is
observed in patients carrying expansions, we created a C9orf72 deficient mice
to assess whether C9ORF72 haploinsufficiency could induce an ALS phenotype.
However, those KO mice developed a splenomegaly and lymphadenopathy.
Sera analysis and histopathology revealed an elevation of autoantibodies and a
glomerulonephropathy, leading to a reduced mice longevity. In order to investigate
further this phenotype, we crossed our C9orf72 flox mice with Cre lines specific
of the main immune cell populations: dendritic cells (CD11c Cre), macrophages
(LysM Cre), B cells (Mb1 Cre) and T cells (CD4 Cre). Interestingly, C9orf72 flox
X CD11C CRE mice developed massive splenomegaly and lymphadenopathy. In
contrast, deletion of C9orf72 in B cells, T cells or macrophages did not induce
any phenotype. These results indicate a major role of C9orf72 in dendritic cells.
Immunophenotyping of the DC lineage, from the myeloid precursor to conventional
DCs and plasmacytoid DCs (pDC) of C9orf72 knockout mice demonstrated a
specific alteration of the pDCs, which are more numerous and immature compared
to control mice. Plasmacytoid dendritic cells are specialized immune cells dedicated
to respond to viral infection by massive secretion of interferon. Currently, we are
trying to reproduce those results in cell culture using bone marrow derived pDCs,
and measure their response and interferon secretion upon stimulation mimicking
viral infection. Overall, these results suggest a crucial function of C9ORF72
in dendritic cells. Hopefully, this study will help to better assess the molecular
and cellular functions of C9ORF72 and to better understand its implication in
amyotrophic lateral sclerosis.
1) IGBMC, Strasbourg, FRANCE.
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The oculomotor-restricted protein Synaptotagmin 13 protects motor
neurons from degeneration in ALS

Monica Nizzardo (1)*, Federica Rizzo (1), Michela Taiana (1), Julio Aguila Benitez
(2), Jik Nijssen (2), Ilary Allodi (2), Valentina Melzi (1), Roberto Del Bo (1), Nereo
Bresolin (1), Giacomo Pietro Comi (1), Eva Hedlund (2), Stefania Corti (1)

Amyotrophic Lateral Sclerosis (ALS) is a fatal neurodegenerative disease
characterized by the selective and progressive death of somatic motor neurons
(MNs). However, not all somatic MNs degenerate in ALS; certain groups of MNs,
including those in the oculomotor nucleus (OMN), appear resistant to degeneration.
Mechanisms responsible for MN subtype-selective resistance and vulnerability
in ALS remain largely unknown. Elucidating the molecular basis for the selective
resistance of OMNs may lead to development of new therapies to prevent the
relentless MN loss in ALS. We demonstrate that OMNs show preferential expression
of synaptotagmin 13 (SYT13) which is maintained in OMNs and remaining spinal
MNs in end-stage ALS patient tissues, supporting a role in their relative resistance.
Overexpression of SYT13 in human ALS in vitro models improves MN survival and
increases motor axon length. Adeno-associated virus-mediated delivery of Syt13
to transgenic ALS mouse model reduces pathology, delays muscle denervation
and prolongs survival. The mechanisms underlying the induced neuroprotection
are multifactorial including the reduction of endoplasmatic reticulum stress and
apoptosis. Overall, our study suggests that elucidating mechanisms of differential
neuronal vulnerability may lead to the identification of new therapeutic strategies to
prevent the progressive degeneration in ALS.
1) Dino Ferrari Centre, Neuroscience Section, Department of Pathophysiology and Transplantation
(DEPT), University of Milan, Neurology Unit, IRCCS Foundation Ca’ Granda Ospedale Maggiore Policlinico,
Via Francesco Sforza 35, 20122, Milan, Italy.
2) Department of Neuroscience, Karolinska Institutet, Retzius v. 8, 171 77 Stockholm, Sweden.
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Newly established ALS model of long-living double mutant hSOD1/
RAG2/-/- mice could be attractive for testing therapeutic utility of
human stem cells

Malgorzata Majchrzak* (1), Luiza Stanaszek (1), Piotr Walczak (2), Miroslaw
Janowski (1,2), Barbara Lukomska (1)

Amyotrophic Lateral Sclerosis (ALS) is a neurodegenerative disease with no
effective cure that’s why stem cell-based approaches are of particular interest
with the potential to provide novel therapy. However, in order to test the efficacy
of stem cells in animal models, there is a need to apply appropriate model for
cell transplantation. One of the basic problems in human stem cell replacement
strategies is the time needed for cells to become functional. The lifespan of most
popular high copy number SOD1 mice (ALS model) might be too short (about
130 days) to realize full advantages of transplanted cells. Therefore, we focused
on developing immunodeficient rag2-/- model of ALS that would have lower
copy of transgene and thus longer lifespan. Methods: Our SOD1/rag2-/- double
mutants were characterized genetically (qPCR). Anatomical changes in the brain
were performed with the use of magnetic resonance imaging (MRI). The degree
of motor neuron degeneration in the brain of SOD1/rag2-/- mice was evaluated
by staining with Fluoro-Jade C®. Additionally the accumulation of misfolded SOD1
protein was estimated. The analysis of morphology and the number of motor
neurons in the spinal cord was performed using cresyl violet staining. Results: The
obtained SOD1/rag2/-/- mice colony has been characterized by qPCR analysis of a
copy number of hSOD1 gene. qPCR performed against the standards revealed that
progeny in our colony had either 4 or 8 copies of hSOD1 gene. The characteristic
features of this ALS model like phenotype, protein accumulation and motoneurons
degeneration are still preserved despite the low copy number of transgene. The
difference in transgene copy number have been translated to significant impact on
the animal life-span (157 days in 8-copy mice and 256 days in 4-copy mice). The
death of both hSOD1/rag2 mice was preceded by muscular weakness as early as
one month before death. Importantly, we were able to see the difference in signal
intensity in T2-weighted MRI in medulla in terminal stage of the disease. Misfolded
SOD1 accumulation was visible in cortical neurons and in spinal cord already
in pre-symptomatic stage of disease. Conclusions: We developed long-living
double mutant hSOD1/rag2/-/- mice, which could be very attractive for testing
therapeutic utility of human stem cells. Our preliminary studies using this model for
hGRP transplantation are in progress. Supported by NCR&D grants: STRATEGMED
GRP&ALS & ERA-NET EuroNanoMed II “NanoTech4ALS”
1) NeuroRepair Department, Mossakowski Medical Research Centre, Polish Academy of Sciences,
Warsaw, Poland.
2) Division of Magnetic Resonance Research, Russell H. Morgan Department of Radiology and
Radiological Science,The Johns Hopkins University School of Medicine, Baltimore, Maryland.
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MIF inhibits the formation and toxicity of misfolded SOD1 amyloid
aggregates: Implications for familial ALS

Argueti. S (*) Shvil N (1), Banerjee V (2), Zoltsman G (1), Shani T (1), Kahn J (1),
Abu-Hamad S (1), Papo N (2,3), Engel S (3),4, Bernhagen J (5), Israelson A (6,7)

Mutations in superoxide dismutase (SOD1) cause amyotrophic lateral sclerosis
(ALS), a fatal neurodegenerative disease caused by the progressive loss of motor
neurons in the brain and spinal cord. It has been suggested that toxicity of mutant
SOD1 results from its misfolding, however, it is yet unclear why misfolded SOD1
accumulates specifically within motor neurons. We recently demonstrated that
macrophage migration inhibitory factor (MIF)-a multifunctional protein with
cytokine/chemokine activity and cytosolic chaperone-like properties-inhibits
the accumulation of misfolded SOD1. Here, we show that MIF inhibits mutant
SOD1 nuclear clearance when overexpressed in motor neuron-like NSC-34 cells.
In addition, MIF alters the typical SOD1 amyloid aggregation pathway in vitro,
and, instead, promotes the formation of disordered aggregates, as measured by
Thioflavin T (ThT) assay and transmission electron microscopy (TEM) imaging.
Moreover, we report that MIF reduces the toxicity of misfolded SOD1 by directly
interacting with it, and that the chaperone function and protective effect of MIF
in neuronal cultures do not require its intrinsic catalytic activities. Importantly, we
report that the locked-trimeric MIFN110C mutant, which exhibits strongly impaired
CD74-mediated cytokine functions, has strong chaperone activity, dissociating, for
the first time, these two cellular functions. Altogether, our study implicates MIF as a
potential therapeutic candidate in the treatment of ALS.
Dept. of Physiology and Cell Biology, Ben-Gurion University of the Negev, P.O.B. 653, Be’er-Sheva
84105, Israel
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Determination of the role of CorticoSpinal Motor Neurons in ALS onset
and progression

Thibaut Burg* (1), Mathieu Fischer (1), Caroline Rouaux (1)

Joint degeneration of CorticoSpinal Motor Neurons (CSMN) and Bulbar/Spinal
Motoneurons (BSMn) leads to ALS diagnostic and gives the disease its particularly
lethal character, compared to diseases in which only one of these neuronal
populations is affected. Recent genetic, functional, and histopathological studies
carried on ALS patients suggests that the disease may originate from the cerebral
cortex and spread to its projection targets, including the brainstem and spinal
cord, according to the so-called â€œcorticofugal hypothesisâ€. In this context,
it appeared necessary to unravel the role of CSMN, as appointed intermediaries
between the cerebral cortex and the brainstem and spinal cord. To evaluate the
contribution of CSMN to ALS, we generated a mouse model that overexpress a
mutant of the Sod1 gene, a condition sufficient to develop ALS, but that totally
lacks the CSMN and a direct connection between the cerebral cortex and the spinal
cord. This was obtained by crossing Sod1G86R mice [1] to the Fezf2 KO mice [2]
that lack the gene encoding a transcription factor necessary for the generation
of CSMN during development [3]. We generated 4 groups of animals, Fezf2
KO/Sod1G86R; WT/Sod1G86R, and controls Fezf2 KO/WT; WT/WT, and are
currently running a survival and motor behavioural study. We are also generating
additional animals for histology and molecular biology at 3 relevant time points of
disease progression: pre-symptomatic, early and late symptomatic. Experiments
are ongoing to determine how, in rodents, CSMN contribute to ALS onset and
progression, and whether they may participate to SMN degeneration. [1] Ripps ME,
Huntley GW, Hof PR, et al. Transgenic mice expressing an altered murine superoxide
dismutase gene provide an animal model of amyotrophic lateral sclerosis, PNAS,
92, 689-693 (1995). [2] Hirata, T. et al. Zinc finger gene fez-like functions in
the formation of subplate neurons and thalamocortical axons. Dev. Dyn. 230,
546â€“556 (2004). [3] Molyneaux, B. J., Arlotta, P., Hirata, T., Hibi, M. & Macklis,
J. D. Fezl is required for the birth and specification of corticospinal motor neurons.
Neuron 47, 817–831 (2005).
1) Inserm U1118, Faculté de Médecine, Université de Strasbourg, France.
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UBA1/GARS-dependent pathways drive sensory-motor connectivity
defects in spinal muscular atrophy

Hannah K Shorrock (1,2), Dinja van der Hoorn (1,2), Penelope J Boyd (1,2), Maica
Llavero Hurtado (1,3), Douglas J Lamont (4), Brunhilde Wirth (5), James N Sleigh
(6), Giampietro Schiavo (6,7,8), Thomas M Wishart (1,3), Ewout JN Groen (1,2)*,
Thomas H Gillingwater (1,2)

Deafferentation of motor neurons as a result of defective sensory-motor
connectivity is a critical early event in the pathogenesis of spinal muscular atrophy
(SMA), but the underlying molecular pathways remain unknown. We show that
restoration of ubiquitin-like modifier- activating enzyme 1 (UBA1) was sufficient
to correct sensory-motor connectivity in the spinal cord of SMA mice. AminoacyltRNA synthetases, including GARS, were identified as downstream targets of
UBA1. Regulation of GARS by UBA1 occurred via a non-canonical pathway
independent of ubiquitylation. Dysregulation of UBA1/GARS pathways in SMA
mice disrupted sensory neuron fate, phenocopying GARS-dependent defects
associated with Charcot Marie Tooth disease (CMT). Sensory neuron fate was
corrected following restoration of UBA1 expression and UBA1/GARS pathways in
SMA mice. We conclude that defective sensory-motor connectivity in SMA results
from perturbations in a UBA1/GARS pathway that modulates sensory neuron fate,
thereby highlighting significant molecular and phenotypic overlap between SMA and
CMT.
1)Euan MacDonald Centre for Motor Neurone Disease Research, University of Edinburgh, Edinburgh, UK
2)Edinburgh Medical School: Biomedical Sciences, University of Edinburgh, Edinburgh, UK
3)Roslin Institute, Royal (Dick) School of Veterinary Science, University of Edinburgh, UK
4)FingerPrints Proteomics Facility, University of Dundee, UK
5)Institute of Human Genetics, Center for Molecular Medicine Cologne, Institute for Genetics and
Center for Rare Diseases Cologne, University of Cologne, Germany
6)Sobell Department of Motor Neuroscience and Movement Disorders, Institute of Neurology,
University College London, UK
7)Discoveries Centre for Regenerative and Precision Medicine, University College London Campus,
London UK, (8)UK Dementia Research Institute at UCL, London, UK
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Mitochondrial abnormalities & disruption of the neuromuscular junction
precede the clinical phenotype & motor neuron loss in hFUSWT
transgenic mice

Eva So (1)*, Jacqueline C Mitchell (1), Caroline Memmi (1), George Chennell (1,2),
Gema Vizcay-Barrena (3), Leanne Allison (3), Christopher E Shaw (1), Caroline
Vance (1)

FUS (fused in sarcoma) mislocalization and cytoplasmic aggregation are hallmark
pathologies in FUS-related amyotrophic lateral sclerosis and frontotemporal
dementia. Mechanistic hypotheses have largely focused on a loss of nuclear
function in transcriptional regulation and splicing. Recent studies describe the
presence of FUS in dendritic spines, implying a role in regulating mRNA axonal
transport and local translation at the synapse. Here, we report that FUS is highly
abundant at the pre-synaptic terminal of the neuromuscular junction (NMJ),
suggesting an important function at the peripheral synapse. We have previously
reported a progressive and ultimately fatal motor deficit due to motor neuron
degeneration in transgenic mice overexpressing human wild-type FUS. Now, we
report the earliest ultrastructural changes in the pre-synaptic terminals including
mitochondrial abnormalities at postnatal day 6, which are more pronounced at
P15 together with dramatic loss of synaptic vesicles and synaptophysin protein.
However, these changes occur in the presence of abundant FUS and without
significant loss of spinal cord motor neurons, indicating a peripheral toxic gain
of function and a ‘dying-back’ axonopathy. These results implicate a novel and
important function of FUS at the NMJ, and challenge the ‘loss of nuclear function’
hypothesis for disease pathogenesis.
1) Department of Basic and Clinical Neuroscience, Institute of Psychiatry, Psychology and Neuroscience,
King’s College London, London, United Kingdom.
2) Wohl Cellular Imaging Centre, Institute of Psychiatry, Psychology and Neuroscience, King’s College
London, London, United Kingdom.
3) Centre for Ultrastructural Imaging, King’s College London, London, United Kingdom
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The Crym-CreERT2 mouse line to study the role of corticospinal motor
neurons in ALS

Jelena Scekic-Zahirovic (1*), Mathieu Fischer (1), Caroline Rouaux (1)

While evidence of combined degeneration of the spinal and bulbar motoneurons
together with the corticospinal motor neurons (CSMN) is required to diagnose
Amyotrophic Lateral Sclerosis (ALS), preclinical studies have mostly concentrated
on the spinal motoneurons, leaving aside the CSMN and their contribution to ALS
onset and progression. This seeming disinterest may arise, at least partly, from a
lack of tools to selectively label CSMN within the cerebral cortex and assess their
function or dysfunction in animal models. We generated a Crym-CreERT2 mouse
line, in which the inducible CreERT2 recombinase gene is knocked-in within the
endogenous Crym locus, downstream of the gene coding sequence. Crym gene was
selected for its almost exclusive expression within the cortical layer V where CSMN
reside, and its absence of expression from the spinal cord or the skeletal muscle.
The design of the mouse line enables to maintain the endogenous Crym expression,
while driving a spatial and temporal expression CreERT2 similar to that of Crym, and
allowing for recombination at any time point of interest upon Tamoxifen injection. To
test whether Crym-CreERT2 expression reproduces Crym endogenous expression,
we first conducted immunofluorescence to revealed CRE protein expression, and
demonstrated its co-localization with typical cortical layer V markers. Next, we
crossed the Crym-CreERT2 mice with the Rosa-tdTomato reporter mice and
observed 1) that tdTomato-positive cells were detected only in Tamoxifen-(Tam-)
injected animals; 2) that tdTomato-positive cells recapitulated Crym expression;
3) that tdTomato-positive cells co-expressed typical corticofugal markers such as
CTIP2. Together, the data demonstrate that CRE expression recapitulates Crym
expression, with an almost exclusive expression by the subcerebral projection
neurons of the cortical layer V. Retrograde labelling of the CSMN is on-going to
further verify that Crym-CreERT2 mice allow recombination within the CSMN.
Importantly, no tdTomato expression could be detected in the spinal cord of Taminjected animals. Altogether, the data indicate that recombination can be achieved
within layer V excitatory projection neurons that include CSMN and suggest that
the Crym-CreERT2 mice represent a potentially useful tool to start investigating
the role of CSMN in ALS, along with the cell-autonomous versus non-cellautonomous effects of mutant transgene expression within this clinically relevant
neuronal populations.
1) Inserm U1118, Université de Strasbourg, Faculté de Médecine, Strasbourg, France.
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Oxidation resistance 1 (OXR1) is neuroprotective in cellular and animal
models of amyotrophic lateral sclerosis

Matthew Williamson (1), Mattéa Finelli* (1), David Gordon (2), Kevin Talbot (2), Kay
Davies (1), Peter Oliver (1)

Oxidative stress is a known pathological feature of neurodegenerative diseases,
including amyotrophic lateral sclerosis (ALS). Therefore, it is essential to identify
proteins that are protective against oxidative stress and that could be utilized as
potential new therapeutic targets for these disorders. We are studying a novel
protein, oxidation resistance 1 (OXR1), which we have shown to be neuroprotective
against oxidative stress both in vitro and in vivo. In addition, we have demonstrated
that OXR1 may be involved in the pathological processes that lead to ALS; OXR1
protein levels are increased in postmortem spinal cords from patients with ALS, and
Oxr1 binds to the ALS-associated proteins TAR DNA-binding protein 43 (TDP43) and RNA-binding protein FUS/TLS (FUS). Significantly, over-expression of
Oxr1 in vitro can reduce cellular pathogenic features such as protein aggregation
and mitochondrial defects that are associated with ALS mutations in TDP-43 and
FUS. In a subsequent study, we also demonstrated that over-expression of Oxr1 in
vivo in neurons of hSOD1(G93A) mice extended survival, reduced motor neuron
degeneration and improved motor coordination. In the current study, we are using
a combination of in vivo and in vitro approaches to investigate whether Oxr1 would
be neuroprotective in the context of a new mouse model of TDP-43(M337V)associated ALS. We have shown that genetically increasing neuronal Oxr1 levels
improved motor coordination and muscle strength, and reduced neuromuscular
junction degeneration and muscle denervation in the TDP-43(M337V) mouse.
Using motor neuron cultures from TDP-43(M337V) mice, we have demonstrated
that Oxr1 significantly reduces the aberrant cytoplasmic mislocalisation of TDP43, a key pathogenic hallmark of ALS. We also confirmed that Oxr1 and TDP-43
interact in vivo and we are currently investigating the functional mechanisms driven
by this interaction. Thus, our data suggest that OXR1 is a potent protective factor
that could be used against all forms of ALS associated with TDP-43 pathology.
1) Department of Physiology, Anatomy and Genetics, University of Oxford, Oxford, UK.
2) Nuffield Department of Clinical Neurosciences, University of Oxford, Oxford, UK.
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Genetic and pharmacological effects of mGlu5 receptor blockade in
the SOD1G93A mouse model of amyotrophic lateral sclerosis

Marco Milanese (1,2), Tizana Bonifacino (1), Francesca Provenzano (1), Claudia
Rebosio (1), Carola Torazza (1), Francesca Ferrari (1), Aldamaria Puliti (3), Marcello
Melone (4), Giambattista Bonanno (1,2)

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease characterized by
loss of motoneurons (MNs). Although the etiology is not completely understood
and has been ascribed to numerous causes, glutamate(Glu)-mediated excitotoxicity
is still one major factor for MNs death (PMID: 26584004). At present there is no
effective cure thus focused drug therapy are definitely needed. In this scenario Group
I metabotropic glutamate receptors (mGluR1 and mGluR5) represent potential
targets, since they are actively involved in the regulation of cellular processes altered
in ALS (PMID:18617894, PMID: 22072391, PMID:22634363). We demonstrated
that knocking-down mGluR1 significantly prolongs survival and ameliorates the
clinical progression in the SOD1G93A mouse model of ALS (PMID:24361555).
Based on our results, we planned to investigate the role of mGluR5 in ALS. To this
aim, we exploited two in-vivo experimental approaches testing the effects of: i) the
genetic ablation of mGluR5 and ii) the pharmacological treatment with an mGluR5
negative allosteric modulator, in SOD1G93A mice. We first generated double mutant
mice carrying the SOD1G93A mutation and a partial or a total (KO) mGluR5 deletion
(SOD1G93AmGluR5+/-;SOD1G93AmGluR5-/-). Both SOD1G93AmGluR5+/- and
SOD1G93AmGluR5-/- mutant mice showed a shift of the pathology onset and a
significant prolonged survival probability, measured by the Kaplan Meier analysis. The
results were paralleled by a significant spinal cord MNs preservation, a decreased
astrocyte and microglia activation and by a normalization of the excessive Glu release
in SOD1G93AmGluR5+/- vs. age matched SOD1G93A mice. In order to translate
the mGluR5 genetic ablation into a pharmacological treatment, we administered
SOD1G93A mice with the orally bioavailable mGluR5 negative allosteric modulator
CTEP (PMID: 25565255). We start the treated at 90 days of life (4 mg/kg every
24h) and we analyzed the clinical progression and the survival probability. The CTEP
treatment significantly increased the survival probability and slowdown the clinical
progression of the pathology. Of note, the pharmacological treatment turned out
to be more effective in SOD1G93A female compared to male mice. Overall, these
data suggest that the genetic ablation or the pharmacological blockade of mGluR5
has a significant impact in-vivo on ALS clinical outcome and provide a rationale for
pharmacological approaches based on the selective block of Group I mGluRs.
1)Dept. of Pharmacy, Pharmacology and Toxicology Unit, University of Genoa, Italy.
2)Center of Excellence for Biomedical Research, Italy.
3)Dept. of Neuroscience, Rehabilitation, Ophthalmology, Genetics and Maternal and Child Health,
Medical Genetics Unit, University of Genova and Gaslini Institute, Genova, Italy.
4)Dept. of Experimental and Clinical Medicine, Neuroscience and Cell Biology Unit, UniversitÃ Politecnica
delle Marche and Center for Neurobiology of Aging, INRCA IRCCS, Ancona, Italy.

56

ENCALS Meeting 2018

A53

Characterization of a novel FUS zebrafish model to study the ALS-FTD
spectrum

Annis-Rayan Bourefis* (1), Maria-Letizia Campanari (1), Doris-Lou Demy (1), Edor
Kabashi (1)

FUS is an RNA-binding protein involved in amyotrophic lateral sclerosis (ALS) and
frontotemporal dementia (FTD). Altered FUS nuclear localization and cytoplasmic
FUS aggregates are found in ALS patients carrying FUS mutations, as well as in a
subset of FTD patients. It is estimated that mutations in FUS account for 5% of
familial ALS and more than 60% of cases with FUS mutations show disease onset
before 45 years of age, with many juvenile ALS cases presenting with disease onset
in late teens and early 20’s. Since the discovery of the gene, a number of animal
models have been developed to study its mechanisms. But among all these studies,
no mutant line in zebrafish has been clearly described with phenotypic features
associated to ALS-FTD. The objective of this work here is to characterize a novel
FUS zebrafish model to study the ALS-FTD spectrum. For this, we started to score
for possible phenotypes in a new undefined FUS zebrafish mutant line. We show
that the FUS homozygous deletion mutants have a survival deficit compared to
the wild types and the FUS heterozygous mutants. We also notice that the FUS
mutation leads to a severe motor phenotype with the homozygous mutants being
unable to swim efficiently, either in stimulus-induced locomotion or in spontaneous
locomotion tests. To further characterize this phenotype, we looked at the
motoneuron morphology in this model and found that the FUS mutation causes an
excessive elongation of the axons. It was also observed that the mutation affects
the muscle structure of the embryos and has an effect on the formation of the
neuromuscular junction. Following the description of the phenotype, we are also
working on a possible rescue through injection of FUS RNA into one-cell stage eggs.
To extend our study, we plan to strengthen the link between FUS and other proteins
implicated in ALS-FTD, TDP-43 and TAU. To define the relationship between these
proteins, we are currently developing and characterizing deletion mutant lines of
FUS and TDP-43 using CRISPR/Cas9 technology to determine phenotypic features
associated with loss of function of these factors. We will then cross these animals
with mutant TAU transgenic zebrafish lines. Finally, bioactive compounds will be
tested to determine the neuroprotective properties of these drugs and to define
novel therapeutic strategies for ALS and FTD. Thus, these novel zebrafish models
will lead to a better understanding of the pathogenic mechanisms that occur in
ALS-FTD.
1) Institut du Cerveau et de la Moelle, Paris, France.
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Translating ribosome affinity purification from C9orf72- ALS/FTD
patient-derived iPS motor neurons

Chaitra Sathyaprakash, Jakub Scaber, Nidaa Ababneh, Ana Candalija Ruxandra
Dafinca, Kevin Talbot

Background: The intron 1 C9orf72 hexanucleotide repeat expansion is the most
common cause of amyotrophic lateral sclerosis (ALS) in both sporadic and familial
patients. Transcriptomic analysis of patient-derived iPS motor neurons is challenging
due to multiple sources of experimental variance, such as the presence of up to
30% of cells in culture being of unknown identity. Aims: The aim of this project is to
use translating ribosome affinity purification (TRAP) to isolate RNA from translating
polysomes in a pure population of motor neurons to achieve more accurate analysis
of the translatome profile of this disease model. Comparing the translatome profiles
of patient-derived iPS motor neurons to isogenic CRIPSR/Cas9-corrected lines will
allow a more accurate estimation of the effect the C9-repeat expansion has on has
molecular pathology. Methods: We cloned a TRAP construct with a large ribosomal
subunit protein, RPL22, fused with a c-myc-FLAG affinity tag, and bicistronic
enhanced green fluorescent protein gene, under a choline acetyl transferase
(ChAT) promoter. Magnetic beads coated with anti-tag antibodies were used
to capture tagged RPL22 subunit-containing polysomes from iPS motor neuron
lysates and RNA extraction was used to purify motor neuron-specific mRNA from
C9/ALS patient lines and CRISPR/Cas9-edited patient control lines. After quality
control steps, RNA will be sent for sequencing to identify key pathways associated
with early changes of neurodegeneration in C9orf72 motor neurons. Results:
Immunofluorescence of fixed control and patient iPS motor neurons, transduced
with high concentrations of ChAT:TRAP lentiviral particles, has shown up to 100%
co-expression of the eGFP reporter and ChAT. TRAP purification has revealed these
RNA populations to be enriched with ChAT and RPL22-c-myc-FLAG transcripts
compared with motor neurons transduced with mammalian TRAP constructs and
corresponding input fractions, respectively. Immunoblotting showed the expression
of both endogenous RPL22 and exogenous tagged RPL22 in iPS motor neurons.
Optimisation of the TRAP protocol at several steps has been crucial to reliably
obtain this enriched RNA. Conclusions: We are currently carrying out differentiations
to obtain RNA samples for sequencing. Analysis of the C9/ALS patient translatome,
in conjunction with proteomic analysis is anticipated to overcome some of the
problems currently associated with the variation in transcriptomic outputs from
iPSC models in ALS.
Nuffield Department of Clinical Neurosciences, University of Oxford, Oxford, United Kingdom
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Glutamate receptor properties and intracellular calcium dynamics of
ALS iPSC derived motor neurons

Franziska Bursch (*) (1,2), Maximilian Naujock (1,2), Norman Kalmbach (1), Selma
Staege( 1,2), Andreas Hermann (3), Susanne Petri (1,2), Florian Wegner (1,2)

The neurodegenerative disease amyotrophic lateral sclerosis (ALS) is characterized
by profound loss of spinal motor neurons (MNs) in the ventral horn. Until now only
one drug, Riluzole is approved in the EU that minimally extends life expectation,
presumably by blocking glutamatergic transmission. However, the excitotoxicity
hypothesis that holds excessive glutamatergic transmission and consequently
toxic intracellular calcium levels responsible for the observed neurodegeneration
has been challenged recently by independent observations. Still, there is sufficient
evidence that the glutamatergic transmission system as well as imbalanced calcium
homeostasis play a crucial role in ALS related MN death. In the present study we
therefore aimed to unravel multiple aspects of the glutamate receptor system
in induced pluripotent stem cell (iPSC) derived MNs and also to investigate key
aspects of intracellular calcium dynamics. IPSC based disease models of ALS
provide an optimal platform to study molecular and cellular disease mechanisms.
Following MN differentiation of iPSC from healthy controls and patients with
mutations in the TARDBP, FUS, SOD1 or C9Orf72 genes, we performed calcium
imaging experiments and real time quantitative PCR. Additionally we used isogenic
controls of one iPSC cell line with a mutation in the SOD1 gene and one with a
mutation in the FUS gene. Upon application of compounds stimulating either AMPA,
NMDA, kainate or metabotropic glutamate receptors we observed only slight
differences in the overall number of responding MNs and in the corresponding
amplitudes of the responses. QPCR data revealed mutation specific changes in
the expression levels of the different glutamate receptors. Furthermore, basal
intracellular calcium levels were found to be decreased in iPSC derived MNs with
SOD1 mutations. Spontaneously occurring calcium transients were observed with
higher frequencies in mutant C9Orf72 MNs. Increase in intracellular calcium levels
via addition of thapsigargin, a non-competitive inhibitor of the sarco/endoplasmic
reticulum Ca2+ ATPase (SERCA) resulted in small differences in the number of
responding MNs and in the corresponding amplitudes. Ongoing experiments include
immunocytochemical staining of the cell lines with MN markers and qPCR analysis
of the expression of MN markers. Our data indicate that different mutations have a
different effect on glutamtate receptor properties
1) Department of Neurology, Medical School Hannover, Hanover, Germany
2) Center for System Neurosciences, Hanover, Germany
3) Department of Neurology, Dresden University of Technology, Dresden, Germany
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Modulation of the adult SOD1G93A astrocyte phenotype by treatment
with exosome-shuttled miRNAs derived from mesenchymal stem cells

Francesca Provenzano*(1), Marco Milanese (1, 2), Debora Giunti (3), Carola
Torazza (1), Chiara Marini (3), Cesare Usai (4), Nicole Kerlero de Rosbo (3),
Antonio Uccelli (2, 3), Giambattista Bonanno (1, 2)

Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease
characterized by muscle atrophy and paralysis. ALS is a non-cell autonomous
disease that involves also microglia and astrocytes, which promote an inflammatory
environment that contributes to motor neuron death. In particular, astrocytes
acquire a reactive phenotype able to secrete neurotoxic cytokines. In a previous
study we observed that intravenous administration of MSCs in SOD1G93A
mice, an animal model of human ALS, prolongs survival probability, ameliorates
motor skills and reduces gliosis and inflammation in spinal cord. These beneficial
effects were determined by MSC-produced paracrine factors. To understand the
mechanisms underlying the effects of MSCs, we studied here the activity of MSCderived exosome and exosome-shuttled miRNAs on cultured astrocytes prepared
from spinal cord of adult SOD1G93A mice. We hypothesized a modulation of
astrocyte activation and a reduction of the inflammatory environment surrounding
MNs. We observed a significant increase of GFAP and vimentin, markers of
astrocytic reactive phenotype, in SOD1G93A compared to WT astrocytes. After
treatment with exosomes, the expression of GFAP and vimentin was reduced by
40% and 80%, respectively. We also analyzed the expression of a number of proand anti-inflammatory cytokines. The level of IL1β, TNFα, IL6 was significantly
higher in SOD1G93Athan in WT astrocytes. The same as above, exposure of
SOD1G93A astrocytes to exosomes resulted in a significant decrease of these
cytokines expression, by 65%, 80% and 60%, respectively. We also detected a
higher expression of IL10, an anti-inflammatory cytokine in SOD1G93A astrocytes
treated with exosomes compared to non-treated SOD1G93A astrocytes. The
expression of NLRP3 was increased in SOD1G93A astrocytes compared to WT
astrocytes and this increase was reversed (70%) by treatment with exosomes. We
tested also 466q and 467f miRNAs, which have been found to be up-regulated un
MSCs and present in exosomes. Both miRNAs decreased the expression of IL1β
and TNFα in SOD1G93A astrocytes. These results suggest that exosome-shuttled
miRNAs ameliorate the inflammatory state and promote a shift of astrocytes to a
neuroprotective phenotype. These data are promising to translate this therapeutic
approach in a pre-clinical trial.
1) Department of Pharmacy, Unit of Pharmacology and Toxicology, University of Genoa, Italy.
2) Centre of Excellence for Biomedical Research, University of Genoa, Italy.
3) Department of Neurosciences Ophthalmology and Genetics, University of Genoa, Italy.
4) Institute of Biophysics, National Research Council (CNR), Genoa, Italy.
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Human induced pluripotent stem cells-derived motor neurons for
modelling age-related pathophysiological mechanisms of ALS

Ricardo Romero-Guevara (1)(*), Victoria Ayala (1), Pascual Torres (1), Ana B
Granado-Serrano (1), Chiara Rossi (1), Bahira Zammou (1), Jordi Boada (1),
Rebeca Berdún (1), Mariona Jové (1), Monica Povedano (2), Reinald Pamplona
(1), Manel Portero-Otin (1)

Pathologic phenotype of motor neurons in ALS partially resembles features found
during ageing, such as mitochondrial failure, oxidative stress and proteotoxicity.
Understanding ALS pathogenesis is hindered by the lack of models that recapitulate
the disease accurately; human samples for systematic studies are hardly available
and most of the transgenic mice do not completely resemble the human phenotype.
In this context Human induced pluripotent stem cells (hiPSCs) represent a real
breakthrough for disease modelling. Based in the recent work of several groups,
generating bona fide MNs from hiPSCs, we hypothesize that the pathophysiological
mechanisms of the disease could be modelled in vitro, including ageing-accelerated
pathological patterns in MNs. As a proof of concept, we present changes in
nuclear envelope and nuclear structure proteins (e.g nucleoporins and lamins), in
the respiration capacity of MNs and their progenitors, its superoxide production
and changes in TDP-43 subcellular locations in response to different, age-related,
cellular stress stimuli. We hypothesize that the biological effects of these stressors
(and host genotypes) can be associated with changes in lipid composition,
resembling changes present in ALS nervous system samples. We will present an
optimized culture conditions to obtain MNs expressing SMI32, HB9, MAP2 and Tau.
The resulting MNs can express ChAT and motor plaque epitopes in cocultures with
C2C12 myotubes, overall leading to contraction. Globally, we present a method
for generating human MNs in a dish with molecular and functional features of
their in vivo counterparts, highlighting the value of this model in disease modelling.
We hope that our results will help to understand the pathogenesis of the disease,
clarifying the potential role of MNs accelerated ageing.
1) Metabolic Pathophysiology Research Group, Department of Experimental Medicine, University of
Lleida-IRBLleida, Lleida, Spain.
2) Neurology Service, Bellvitge University Hospital, L’Hospitalet de Llobregat, Barcelona, Spain.
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Cellular pathways dysregulated by mutant FUS in CRISPR/Cas9 cell
models

Haiyan An* (1), Tatyana Shelkovnikova (1), and Vladimir Buchman (1)

Background. A subset of familial ALS cases is caused by mutations in the FUS
gene which render the protein prone to partially mislocalise to the cytoplasm. It is
believed that both loss and gain of FUS function drive pathology in ALS-FUS cases.
Recently, we generated a panel of neuroblastoma cell lines using CRISPR/Cas9
genomic editing. These lines express physiological levels of mutant FUS (deltaNLS)
with either one of both copies of the FUS gene edited. Homozygous FUS deltaNLS
lines are characterised by prominent cytoplasmic mislocalisation of FUS whereas
heterozygous lines have low levels of cytoplasmic FUS. In addition, FUS knockout
(KO) cells were produced. Aim. To understand how the extent of FUS mislocalisation
to the cytoplasm affects gene expression profiles. Methods. Transcriptomic
analysis of three heterozygous and three homozygous FUS deltaNLS cell lines
alongside with WT and FUS KO cell lines was performed. Results. Only a minor
subset of differentially expressed genes (DEGs) in FUS dNLS cells was consistent
with FUS loss of function. GO term enrichment analysis of DEGs revealed that
genes decreased both in heterozygous and homozygous FUS deltaNLS cell lines
show the enrichment for those involved in synaptic transmission, nervous system
development, neuronal differentiation and ion transport. Strikingly, more genes
were found to be dysregulated in heterozygous FUS deltaNLS cells compared to
homozygous cells, with most of DEGs being upregulated. Functional analysis of
DEGs upregulated at least 2-fold in heterozygous and homozygous FUS deltaNLS
cells showed a significant enrichment for ‘regulation of apoptotic process’ and
related categories uniquely in heterozygous FUS deltaNLS cells. Discussion and
conclusions. Our data indicate that the presence of one copy of the mutant FUS,
which is not associated with dramatic cytoplasmic mislocalisation of the protein, is
sufficient to drive significant transcriptomic changes and perturb pathways related
to cellular death. This suggests that mutant FUS may exert negative effects in the
nucleus independent of its gain of function in the cytoplasm. Acknowledgments.
The work was supported by Motor Neuron Disease Association (Buchman/
Apr13/6096). TS is a Medical Research Foundation fellow. HA is supported by
China Scholarship Council/Cardiff University PhD studentship.
1) School of Biosciences, Cardiff University, Cardiff, United Kingdom.
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Impaired DNA damage response signaling by FUS- NLS mutations leads
to neurodegeneration and FUS aggregate formation

Marcel Naumann*(1), Arun Pal (1), Anand Goswami (2), Xenia Lojewski (1),
Julia Japtok (1), Anne Vehlow (3,4,5), Maximilian Naujock (6,21), René Günther
(1), Mengmeng Jin (1), Nancy Stanslowsky (6), Peter Reinhardt (7,22), Jared
Sterneckert (7), Marie Frickenhaus (8,9), Francisco Pan-Montojo (10), Erik
Storkebaum (8,9,23), Ina Poser (11), Axel Freischmidt (12), Jochen H. Weishaupt
(12), Karlheinz Holzmann (13), Dirk Troost (14), Albert C. Ludolph (12), Tobias
M. Boeckers (15), Stefan Liebau (16), Susanne Petri (6), Nils Cordes (3,4,5,17),
Anthony A. Hyman (11), Florian Wegner (6), Stephan W. Grill (11,18), Joachim
Weis (2), Alexander Storch (1,7,19,20), Andreas Hermann (1,7,19)

Amyotrophic lateral sclerosis (ALS) is the most frequent motor neuron disease.
Cytoplasmic fused in sarcoma (FUS) aggregates are pathological hallmarks of
FUS-ALS. Proper shuttling between the nucleus and cytoplasm is essential for
physiological cell function. However, the initial event in the pathophysiology of FUSALS remains enigmatic. Using human induced pluripotent stem cell (hiPSCs)-derived
motor neurons (MNs), we show that impairment of poly(ADP-ribose) polymerase
(PARP)-dependent DNA damage response (DDR) signaling due to mutations in
the FUS nuclear localization sequence (NLS) induces additional cytoplasmic FUS
mislocalization which in turn results in neurodegeneration and FUS aggregate
formation. Our work suggests that a key pathophysiologic event in ALS is upstream
of aggregate formation. Targeting DDR signaling could lead to novel therapeutic
routes for ameliorating ALS.
1) Department of Neurology, Technische Universität Dresden, Dresden, Germany.
2) Institute of Neuropathology, RWTH Aachen University Hospital, Aachen, Germany.
3) OncoRay — National Center for Radiation Research in Oncology, Faculty of Medicine and University
Hospital
Carl Gustav Carus, Technische Universität Dresden, Helmholtz-Zentrum Dresden-Rossendorf, Dresden,
Germany.
4) German Cancer Consortium (DKTK), partner site Dresden, and German Cancer Research Center
(DKFZ), Heidelberg, Germany.
5) Helmholtz-Zentrum Dresden-Rossendorf, Institute of Radiooncology — OncoRay, Dresden, Germany.
6) Department of Neurology, Hannover Medical School, Hannover, Germany.
7) Center for Regenerative Therapies Dresden (CRTD), Technische Universität Dresden, Dresden,
Germany.
8) Molecular Neurogenetics Laboratory, Max Planck Institute for Molecular Biomedicine, Münster,
Germany.
9) Faculty of Medicine, University of Münster, Münster, Germany.
10) Department of Neurology, Klinikum der Universität München, and Munich Cluster for Systems
Neurology, SyNergy, Munich, Germany.
11) Max Planck Institute of Molecular Cell Biology and Genetics, Dresden, Germany.
12) Department of Neurology, University Ulm, Ulm, Germany.
13) Genomics-Core Facility, University Hospital Ulm, Centre for Biomedical Research, Ulm, Germany.
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14) Division of Neuropathology, Department of Pathology,
Academic Medical Centre, 1105 AZ Amsterdam, The Netherlands.
15) Institute of Anatomy and Cell Biology, University of Ulm, 89081 Ulm, Germany.
16) Institute of Neuroanatomy & Developmental Biology, Eberhard Karls University of Tübingen, 72074
Tübingen, Germany.
17) Department of Radiotherapy and Radiation Oncology, Faculty of Medicine and University Hospital
Carl Gustav Carus, Technische Universität Dresden, Dresden, Germany.
18) BIOTEC, Technische Universität Dresden, Dresden, Germany.
19) German Center for Neurodegenerative Diseases (DZNE), Research Site Rostock, Rostock, Germany.
20) Department of Neurology, University of Rostock, Rostock, Germany.
21) Present address: CNS Research Department, Boehringer Ingelheim Pharma GmbH & Co. KG,
Ingelheim am Rhein, Germany.
22) Present address: AbbVie Deutschland GmbH & Co. KG, Ludwigshafen, Germany.
23) Present address: Department of Molecular Neurobiology, Donders Institute for Brain, Cognition and
Behaviour, Radboud University, Nijmegen, The Netherlands.

64

ENCALS Meeting 2018

A60

The anterior cingulate cortex in the ALS-FTD spectrum: post mortem
MRI-histology correlation

Anna Leonte (1)*, Ricarda A. L. Menke (1,2), Benjamin C. Tendler (1,2), Istvan N.
Huszar (1,2), Mark Jenkinson (1,2), Sean Foxley (1,2,3), Martin R. Turner (1,2),
Karla L. Miller (1,2), Olaf Ansorge (1), Menuka Pallebage-Gamarallage (1)

Introduction The histopathological staging systems based on phosphorylated 43
kDa transactive response DNA binding protein (pTDP-43) proposed in ALS and
frontotemporal dementia (FTD) [1] have specifically highlighted involvement
of the anterior cingulate cortex (ACC). Atrophy of the ACC has been associated
with behavioural variant frontotemporal dementia (bvFTD) [2]. Diffusion tensor
imaging (DTI) has the potential to non-invasively detect white matter and grey
matter abnormalities associated with disease progression. Objectives To study post
mortem histopathological changes in the ACC of ALS-FTD spectrum patient brains
in relation to ultra-high field DTI findings. Methods Donated brains from ALS-FTD
disease spectrum (n =13) and control (n=3) individuals underwent whole brain 7T
MRI and systematic histopathological sampling. Serial sections of the ACC were
immunostained and quantitatively analysed with digital microscopy to determine
the pTDP-43 load, microglia activation and axonal degeneration and compared
to DTI parameters (e.g., fractional anisotropy, mean diffusivity). Results A variable
degree of pTDP-43 pathology in ALS and ALS-FTD cases was demonstrated,
with the burden of ACC pTDP-43 significantly greater in ALS-FTD compared to
ALS cases. Pearson correlation showed no association between the pTDP-43 load
and inflammatory changes. Ongoing analysis of other microstructural changes of
the ACC in relation to DTI parameters will be presented. Conclusion The degree
of pTDP-43 pathology burden in the ACC is strongly linked to the presence of
FTD in the ALS spectrum. Correlation with DTI changes in the AAC might then
have predictive and prognostic value in vivo. References 1.Brettschneider J, et
al Ann Neurol 2013;74:20-38 2.Tan RH, et al Acta Neuropath Communications
2013;1:30 Acknowledgment This project is funded by the Medical Research
Council. We acknowledge the Oxford Brain Bank, supported by the Medical
Research Council (MRC), Brains for Dementia Research (BDR) (Alzheimer Society
and Alzheimer Research UK), Autistica UK and the NIHR Oxford Biomedical Research
Centre.
(1) Nuffield Department of Clinical Neurosciences, University of Oxford, Oxford, UK.
2) Wellcome Centre for Integrative Neuroimaging, FMRIB, Nuffield Department of Clinical Neurosciences,
University of Oxford, UK.
3) Department of Radiology, University of Chicago, Chicago, Illinois, USA.
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Safety and efficacy of human embryonic stem cells derived astrocytes
following intrathecal transplantation in SOD1G93A and NSG animal
models

Izrael Michal, Slutsky Shalom Guy, Tamar Admoni, Granit Avital, Hasson Arik,
Joseph Itskovitz-Eldor, Krush Paker Lena, Kuperstein Graciela, Lavon Neta,
Shiran Yehezkel Ionescu, Solmesky Javier Leonardo, Zaguri Rachel, Zhuravlev
Alina, Ella Volman, Chebath Judith and Revel Michel

ALS is a Motor Neuron (MN) disease characterized by the loss of MNs in the central
nervous systems. As MNs die, patients progressively lose their ability to control
voluntary movements, become paralyzed and eventually die from respiratory/
deglutition failure. Despite the selective MN death in ALS, there is growing
evidence that malfunctional astrocyte play a crucial role in disease progression.
Thus, transplantation of healthy astrocytes may compensate for the diseased
astrocytes. We developed a GMP-grade protocol for generation of astrocytes from
human embryonic stem cells (hESC). The first stage of our protocol is derivation
of astrocyte progenitor cells (APC) from hESCs. These APC can be expanded
in large quantities and stored frozen as cell banks. Further differentiation of the
APC yields an enriched population of astrocytes (>90% GFAP+). In vitro, these
cells possess the activities of functional healthy astrocytes, including uptake of
glutamate, promotion of axon outgrowth and protection of MNs from oxidative
stress. A secretome analysis shows that these hESC-derived astrocytes (hES-AS)
also abundantly secrete several inhibitors of metalloproteases as well as variety of
neuroprotective factors (e.g. TIMP-1&2, OPN, MIF and Midkine). In animal models
of ALS, hSOD1G93A high-copy number transgenic mice and rats, intrathecal
injections of the hES-AS significantly delayed disease onset and improved motor
performance compared to sham-injected animals. A nine-month safety study
conducted in NSG animal model under GLP conditions showed that intrathecal
transplantation of hES-AS to the cerebrospinal fluid (CSF) is safe. Transplanted
hES-AS attached to the meninges along the neuroaxis and survived for the entire
duration of the study without expansion or formation of tumors or teratomas. Cellinjected injected mice gained similar body weight as the sham injected group and
did not exhibit clinical signs that could be related to the treatment. No differences
from the vehicle control was observed in hematological parameters or blood
chemistry. These findings demonstrate the feasibility, safety and potential efficacy
of intrathecal injections of hES-AS for the treatment of ALS.
Kadimastem Ltd
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Cognitive impairment in facial onset sensory and motor neuronopathy
(FOSMN)

Andrew W Barritt (1,2)*, Marwa Elamin (1,2), Stuart J Anderson (2), Rebecca
Broad (1,2), Angus Nisbet (2) and P Nigel Leigh (1,2)

Facial Onset Sensory and Motor Neuronopathy (FOSMN) is a rare
neurodegenerative condition of uncertain pathogenesis which typically presents
with a trigeminal distribution sensory disturbance progressively engulfing the head,
neck and upper trunk bilaterally, and associated with facial, bulbar and respiratory
motor impairment. The handful of reported neuropathological post-mortem
analyses have demonstrated neuronal loss within the brainstem nuclei in addition
to the cervical dorsal root ganglia and anterior horns. However, TDP-43 inclusion
bodies more typical of the amyotrophic lateral sclerosis (ALS) and frontotemporal
dementia disease spectrum have been demonstrated in several of these cases,
sparking debate as to whether FOSMN may represent an unusual manifestation
of ALS. Although not apparently a principal facet of disease presentation, little
attention has been paid to the presence of cognitive impairment in FOSMN and,
indeed, has even been considered as an exclusion criterion for the condition.
Here we report characteristics of cognitive difficulties in 3 patients with FOSMN
which were manifest 12-24 years into disease duration. All complained of poor
anterograde memory for recent events or conversations. Two patients developed
mild frontal dysexecutive features including apathy, reduced empathy, poor
organisational skills, impaired task switching and reduced verbal fluency. The
remaining patient experienced frequent visual hallucinations and confused nocturnal
wandering. Interestingly, two subjects were found to have REM sleep behaviour
disorder on overnight sleep studies which would perhaps broadly correspond to the
ponto-medullary region of degeneration in FOSMN but would instead classically
herald one of the synucleinopathies. Furthermore, two patients additionally
developed mild-moderate high frequency sensorineural hearing loss documented
from their mid-50s, which could imply involvement of central auditory circuitry or
plausibly be incidental presbyacusis. These cases expand the phenotype of FOSMN
and strongly suggest that cognitive deficits are encountered, particularly in wellestablished cases.
1) Clinical Imaging Sciences Centre, Brighton and Sussex Medical School, Falmer, UK.
2) Hurstwood Park Neurological Centre, Haywards Heath, UK.
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Amyotrophic lateral sclerosis related cognitive deficits are a marker of
localized TDP-43 cerebral pathology

Jenna M. Gregory*(1,2), Karina McDade (1,2), Thomas Bak (2,3), Suvankar Pal
(1,2), Siddharthan Chandran(1,2), Colin Smith (1,2) and Sharon Abrahams (2,3)

Amyotrophic lateral sclerosis (ALS) is a rapidly progressive neurodegenerative
disease characterized by degeneration of both upper and lower motor neurons.
In addition to motor symptoms, many patients also exhibit cognitive deficits
particularly in fluency, executive function and language. We performed an indepth neuropathological analysis of 27 ALS patients who had undergone cognitive
testing using the Edinburgh Cognitive ALS Screen (ECAS) during life with the aim of
determining the pathological correlate of these ALS related cognitive impairments.
More specifically this study aimed to (i) determine whether cognitive impairment
as detected by the ECAS was a good in vivo predictor of extra-motor pathology
in ALS and (ii) determine whether the profile of cognitive impairment would relate
to a specific regional distribution of pathology in the frontal and temporal lobes. 11
individuals were identified as having cognitive impairment (1 executive dysfunction,
6 language dysfunction, 2 fluency dysfunction and 2 exhibiting deficits in all 3
domains). In our analysis, all patients demonstrating cognitive impairment with
the ECAS had TDP-43 pathology at post-mortem in extra-motor brain regions
(positive predictive value of 100%). The ECAS also predicted TDP-43 pathology
with 100% specificity in brain regions associated with executive function, language
and fluency domains. We also detected a subgroup of individuals with no clinical
manifestations of cognitive dysfunction (normal ECAS), despite having substantial
TDP-43 pathology at post-mortem. This group displayed differential spatial
expression of a chaperone protein, called clusterin, known to protect against the
intracellular proteotoxicity associated with TDP-43 accumulation. Our analysis
therefore indicates that the ECAS is a valid predictor of regional TDP-43 pathology
at post-mortem and highlights the utility of ECAS in accurately assessing the
pathological burden of disease in patients with ALS.
1) Centre for Clinical Brain Sciences, University of Edinburgh, Chancellor’s Building, Edinburgh, EH16 4SB,
UK.
2) Euan MacDonald Centre for Motor Neurone Disease Research, University of Edinburgh, Chancellor’s
Building, Edinburgh, EH16 4SB, UK.
3) Human Cognitive Neuroscience, Psychology, 7 George Square, University of Edinburgh, EH8 9JZ, UK.
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Neuropsychiatric symptoms in MND patients and their family members

Caroline McHutchison* (1), Andrew McIntosh (1), Marie Ryan (2), Emmet Costello
(2), Mark Heverin (2), Shuna Coville (3), Suvankar Pal (3), Siddharthan Chandran
(3), Orla Hardiman (3,4), Sharon Abrahams (1,3)

Introduction: Cognitive and behavioural changes occur in approximately 50% of
people living with motor neurone disease (MND) and include increased apathy,
stereotyped behaviours, executive dysfunction, disinhibition and impaired social
cognition (1). Evidence also suggests there is an increased risk of depression,
neurotic disorders and addiction both prior-to and in the year following a
diagnosis of MND (2) and that patient’s family members (FM) experience more
neuropsychiatric disorders, particularly psychosis, suicidal behaviour (3) and autism
(4). Objectives: We examined the frequencies of neuropsychiatric symptoms,
cognitive impairment and behaviour change in MND patients and their FM
compared to the general population and how these symptoms related to cognitive
and behavioural impairment. Methods: In Scotland, MND patients and their first
and second-degree FM were recruited through the Scottish National MND Register.
Healthy controls (HC) and their FM were recruited through the University of
Edinburgh Volunteer Panel. Questionnaires measuring symptoms of neuropsychiatric
disorders were administered. Probands completed a brief cognitive screen and
where possible, an informant provided behavioural information. Results: Sixty
MND patients and 36 MND-FM along with 60 HC and 17 HC-FM participated.
At assessment, MND-FM reported more symptoms of anxiety (3.36 4.29 vs .06
1.98, t(51)=2.67, p<0.05) and OCD (10.78 9.30 vs 5.65 4.00, t(51)=2.17,
p<0.05) compared to HC-FM. MND patients and MND-FM were at increased risk
of mania (OR=0.33, 95%CI -2.12 to -0.16 and OR=14.32, 95%CI 0.92 to 5.61).
Cognitive and/or behaviour impairment was evident in 30 (50%) MND patients.
Symptoms of anxiety were higher in those with impairment (3.14 3.79) than
without (1.04 1.75, t(40)=2.68,p<0.05). Symptoms of autism were higher in
FM of impaired MND patients than FM of unimpaired MND patients (19.79 4.39
vs 16.31 4.91, t(24)=2.06,p<0.05) Conclusion: Symptoms of neuropsychiatric
disorders are uncommon in MND patients however MND-FM experience higher
rates of anxiety, OCD and mania. References: 1. Goldstein LH, & Abrahams S Lancet
Neurol 2013; 12:368-380 2. Longinetti E, Mariosa D, Larsson H et al Neurol 2017;
578-585 3. Bryne S, Heverin M, Elamin M et al Ann Neurol 2013; 74:699-708 4.
OBrien M, Burke T, Heverin M et al JAMA Neurol 2017; 1425-1430
1) Department of Psychology, University of Edinburgh, Scotland.
2) Academic Unit of Neurology, Trinity College Dublin, Ireland.
3) Anne Rowling Regenerative Neurology Clinic, Edinburgh, Scotland.
4) Department of Neurology, Beaumont Hospital, Dublin, Ireland.
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Emotional apathy and awareness in frontotemporal dementia

Ratko Radakovic* (1, 2, 3, 4, 5, 6), Shuna Colville (3, 5) , Denise Cranley (3, 5),
John Starr (4, 6, 7), , Suvankar Pal (3, 5, 6), Sharon Abrahams (1, 3, 4, 5, 6)

Background: As a prevalent symptom in neurodegenerative disease, apathy is composed
of different subtypes of demotivation. ALS is characterised by Initiation apathy
(demotivation towards self-generated thoughts/actions), whereas Alzheimerâ€™s
disease (AD) shows global apathy over all subtypes with a specific lack of awareness.
As ALS and frontotemporal dementia (FTD) exist on a spectrum, it is important to
determine the apathy profile in FTD and its association with levels of awareness.
Objectives: The aim was to determine the profile and awareness of apathy subtypes
in FTD compared to other dementias, such as AD, and an ALS patient group. Methods:
17 FTD patients, 28 AD patients and 20 healthy controls (and their informants/carers)
were recruited. A supplementary 30 ALS patients (and their carers) were included from
previous research. Groups were matched for age, education and gender. Participants
and informant/carers completed- Dimensional Apathy Scale (DAS), assessing Executive,
Emotional and Initiation Apathy, Apathy Evaluation Scale and Geriatric Depression
Scale. Group comparisons were performed using Bonferroni corrected Kruskal-Wallis
tests with Mann-Whitney U post hoc tests. Results: Both FTD and AD patients scored
significantly higher than controls on all apathy subtypes (p’s<0.01), showing global
apathy. FTD patients scored significantly higher only on Emotional apathy compared to
AD patients (p<.05). When examining awareness (self-rated and informant/carer-rated
score discrepancy), FTD patients showed a significantly higher awareness deficit on
only Emotional apathy than controls (p<.01) and AD patients (p<.05). Supplemental
comparison showed significantly higher Initiation apathy for both FTD (p<.001) and ALS
(p<.01) patients compared to controls, with no significant difference between FTD and
ALS patients. Executive and Emotional apathy were significantly higher in FTD patients
compared to ALS patients (p’s<.001), with subtype-specific awareness deficit in FTD
patients. Conclusions: A higher indifference and emotional neutrality (Emotional apathy),
with an awareness deficit, seem to typify the apathy profile in FTD. Increased Emotional
and Executive (demotivation to plan, organise and attend) apathy further distinguishes
FTD from ALS, while both diseases showed Initiation apathy. This has implications for
development of interventions specific to apathy profiles and further research should
explore these on the ALS-FTD spectrum.
1) Psychology - School of Philosophy, Psychology & Language Sciences, University of Edinburgh,
Edinburgh, UK.
2) Faculty of Medicine and Health Science, University of East Anglia, Norwich, UK.
3) Anne Rowling Regenerative Neurology Clinic, University of Edinburgh, Edinburgh, UK.
4) Alzheimer Scotland Dementia Research Centre, University of Edinburgh, Edinburgh, UK.
5) Euan MacDonald Centre for MND Research, University of Edinburgh, Edinburgh, UK.
6) Centre for Cognitive Ageing and Cognitive Epidemiology, University of Edinburgh, Edinburgh, UK.
7) Centre for Clinical Brain Sciences, University of Edinburgh, Edinburgh, UK.
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The profile of language changes in Amyotrophic Lateral Sclerosis:
results from a population-based study of incident cases

Marta Pinto-Grau* M.Psych(ClinNeuroPsych) (1,2), Sarah O’Connor MSc (1,2),
Lisa Murphy MSc (1,2), Emmet Costello BSc (1,2), Mark Heverin MSc (1), Alice
Vajda PhD (1), Niall Pender PhD (1,2), Orla Hardiman MD FRCPI FTCD MRIA (1)

Background: The neuropsychological profile in ALS is now known to be highly
heterogeneous, extending beyond executive dysfunction and behavioural
change. Reports of language decline in ALS exist, and the revised Strong Criteria
for the diagnosis of frontotemporal cognitive and behavioural syndromes now
includes language as one of the two core domains to diagnose ALS with cognitive
impairment (ALSci). Nevertheless, most studies assessing language in ALS are
characterized by small prevalent samples, and the profile of language changes
in incident cases is currently unknown. Objective: This study explored the profile
of language changes in an incident population-based sample of ALS patients.
Methods: 138 patients diagnosed from December 2014 to August 2017 in
the Irish National ALS Clinic were recruited, and assessed within the first year of
diagnosis on a comprehensive battery of language. Performance was compared to
a healthy control sample (n=100), matched by age (p=.534), gender (p=.483),
education (p=.098) and premorbid IQ (p=.300). Results: 19 out of the 138
patients (14%) met criteria for ALS-FTD. Language performance was compared
between non-demented ALS patients (n=119) and healthy controls. These two
samples were also matched by age (p=.300), gender (p=.502), education (p=.094)
and premorbid IQ (p=.621), as well as current intellectual ability (p=.108). Nondemented ALS patients performed significantly lower on measures of Visual Lexical
Decision (p=.008), Semantic Verbal Fluency (p=.020), Word Spelling (p<.0001),
Word Reading (p=.027), Word Naming (p<.0001) and Sentence-Picture Matching
for both auditory (p<.0001) and written protocols (p<.0001). No significant
differences were observed on measures of Auditory Lexical Decision (p=.185)
and Word-Picture Matching (p=.066). When mean performance was analysed
for patients meeting criteria for ALSci (30%), only measures of Word Spelling,
Word Naming and Sentence-Word Picture Matching were impaired. 9% met
criteria for ‘ALSci language impairment’ with no evidence of executive dysfunction.
Conclusions: Language changes are already present during the first year of diagnosis
in ALS. These changes occur as a result of frontotemporal network disruption,
and are independent of executive dysfunction to a degree. Longitudinal follow-up
of this cohort will indicate how these changes advance with disease progression.
Acknowledgements: This work is funded by the Motor Neuron Disease Association
(MNDA).
1) Academic Unit of Neurology, Trinity Biomedical Sciences Institute, Trinity College Dublin, Ireland.
2) Department of Psychology, Beaumont Hospital, Dublin, Ireland.
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The relationship between apathy subtypes, quality of life and caregiver
burden in amyotrophic lateral sclerosis – work in progress

Debbie Gray* (1, 3, 4, 5), Kaitlin Dudley (2), Eneida Mioshi (2), David Dick (5) Giulia
Melchiorre (3, 4), Harry Gordon (3, 4), Judith Newton (3, 4), Shuna Colville (3, 4),
Suvankar Pal (3,4), Siddharthan Chandran (3,4), Zachary Simmons (6), Ratko
Radakovic (2, 3, 4), Sharon Abrahams (1, 3, 4, 5)

Background: Apathy is the most prevalent and debilitating behavioural symptom for
people living with amyotrophic lateral sclerosis (ALS) and has been found to have a
negative impact on quality of life and caregiver burden. Apathy is characterised by
a lack of motivation in three areas: a) being unmotivated to plan/organise/attend to
finishing tasks (executive apathy), b) not thinking of new ideas (initiation apathy)
and c) being indifferent to what is going on around them (emotional apathy). The
Dimensional Apathy Scale (DAS) is used to assess these different apathy subtypes,
independent of physical disability, and has shown a characteristic apathy profile
in ALS. However, the impact of these apathy subtypes on patients’ everyday
lives and that of their carers has not been explored. Objective: To determine the
extent to which different apathy subtypes are associated with quality of life and
caregiver burden. Methods: 60 people with ALS and 60 of their carers will be
recruited from Scotland and England and will take part in a 1-hour interview. This
interview will aim to assess patients’ apathy profile (DAS), cognitive functioning
and behaviour change (Edinburgh Cognitive and Behavioural ALS Screen), mood
(Patient Health Questionnaire-9, Generalised Anxiety Disorder Questionnaire-7),
emotional lability (Emotional Lability Questionnaire), quality of life (ALS Specific
Quality of Life Instrument-20) and functional disability (ALS Functional Rating
Scale-Revised). The caregiver assessment will also look at burden and wellbeing
(Carer Experience Scale, Zarit Burden Interview-Short Form, ICEpop CAPability
Measure for Adults). Results: Correlational analyses will be used to explore the
relationship between the different apathy subtypes, quality of life and caregiver
burden. These will form the preliminary results from the baseline visit of the larger
longitudinal study. Comparative analyses will also be performed between patients
with different apathy profiles, to further elucidate the differences in wellbeing.
Acknowledgements: We thank MND Scotland for funding the study. We also thank
the Scottish MND Clinical Specialist Team and the clinical teams within the Norfolk
and Norwich University Hospital for assisting in recruitment.
1) Department of Psychology, University of Edinburgh, Edinburgh, UK.
2) Faculty of Medicine and Health Sciences, University of East Anglia, Norwich, UK.
3) Euan MacDonald Centre for Motor Neurone Disease Research, Royal Infirmary of Edinburgh,
Edinburgh, UK.
4) Anne Rowling Regenerative Neurology Clinic, Royal Infirmary of Edinburgh, Edinburgh, UK.
5) Centre for Cognitive Ageing and Cognitive Epidemiology, University of Edinburgh, Edinburgh, UK.
6) Department of Neurology, Pennsylvania State University, Hershey, Pennsylvania, USA.
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Stage of prolonged survival with riluzole treatment in patients with
amyotrophic lateral sclerosis: A retrospective analysis

Ton Fang BSc (1), Ahmad Al Khleifat MB BCh (1), Jacques-Henri Meurgey BSc
(1), Ashley Jones PhD (1), Professor P Nigel Leigh PhD (3), Professor Gilbert
Bensimon PhD (4), Professor Ammar Al-Chalabi PhD * (1,2)

Background: Riluzole is the only drug to prolong survival for amyotrophic lateral
sclerosis (ALS), providing a 25% reduction in mortality at 12 months. A key question
is whether the survival benefit occurs at an early stage of disease, late stage, or
is spread throughout the disease course. To address this question, we used clinical
staging to re-analyse the original dose-ranging clinical trial of Riluzole. Methods:
Patients with probable or definite ALS as defined by the El Escorial criteria were
eligible for the original trial. For this analysis, King’s clinical ALS stage was estimated
from the electronic case record data of the Modified Norris Scale, Medical Research
Council scale for muscle strength, vital capacity, and gastrostomy insertion. A
chi-squared test was used to test the independence of stage at trial enrolment
and treatment group. Kaplan-Meier product limit distribution was used to test the
transition from each stage to subsequent stages. Sensitivity analyses were carried
out by combining treatment groups, using alternative strategies to stage, stratifying
by stage at trial enrolment, and using multi-state outcome analysis of treatments
(MOAT). Findings: All 959 participants from the original trial were analysed, with
four Riluzole treatment groups, 50mg (n=242), 100mg (n=237), 200mg (n=236)
and placebo (n=244) daily. Clinical stage at enrolment was not significantly different
between treatment groups (P = 0.22) . Time in Stage 4 was prolonged for those on
Riluzole compared with placebo, confirmed on Kaplan-Meier analysis (P = 0.037).
Combining treatment groups and stratifying by stage at enrolment showed a similar
result (P = 0.006), as did analysis with MOAT. Time in Stages 2 (P = 0.83) or Stage
3 (P = 0.88) was not significantly altered by treatment with Riluzole. Interpretation:
In this post-hoc analysis, we have shown that Riluzole prolongs survival in the last
clinical stage of ALS; this finding needs to be confirmed in a prospective study, and
treatment effects at Stage 1 still need to be analysed. The stage at which benefit
occurs is important for counselling of patients before starting treatment. Staging
should be used in future ALS clinical trials to assess the stage at which survival benefit
occurs, and a similar approach could be used in other neurodegenerative diseases.
Funding: Funding was provided by NIHR Maudsley Biomedical Research Centre, The
EU Joint Programme on Neurodegeneration (JPND), and the K
1) King’s College London, Maurice Wohl Clinical Neuroscience Institute, Department of Basic and Clinical
Neuroscience, Institute of Psychiatry, Psychology & Neuroscience, De Crespigny Park, London, SE5 8AF, UK
2) King’s College Hospital, Denmark Hill, London, SE5 9RS, UK
3) Department of Neurology, Brighton and Sussex Medical School, Sussex, UK
4) Department of Pharmacology, Hopital Pitie-Salpetriere, Paris, France
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What do people living with ALS in Ireland think about dysphagia
and what do they want from dysphagia-related health services? A
qualitative study

Dr. Dominika Lisiecka (1*), Dr. Helen Kelly (2), Prof. Jeanne Jackson (2)

Introduction: There are around 350 people living with ALS in Ireland at any one
time. Dysphagia is generally reported to interfere with the quality of life of
people with ALS, however, little is known about how people living with ALS (both
people diagnosed with ALS and their caregivers) understand and experience
dysphagia. Research aims: To explore the experiences of dysphagia in ALS from
the perspectives of people with ALS (PwALS) and their caregivers in order to
investigate: how they understand dysphagia, how dysphagia impacts their lives,
their coping strategies in relation to dysphagia, and their experiences of healthservices received to manage dysphagia. Methods: 10 PwALS and 10 caregivers
from South-West of Ireland participated in multiple interviews (n=58) supported
by observations. All PwALS had a confirmed diagnosis of dysphagia and had
received professional recommendations to manage dysphagia, had no cognitive
impairment, were able to communicate at a sentence level (verbally or nonverbally) and were at least 2 months post ALS diagnosis. The caregivers were
regularly involved in diet preparation and/or feeding. A pilot study was completed.
Data analysis: Interpretative Phenomenological Analysis (Smith et al. 2009) where
and ideographic approach was followed by a cross-case analysis of the two groups.
The findings were interpreted from a Speech and Language Therapy perspective.
Results: A difference was noted between participants’ own perception of dysphagia
and their clinical presentation. The decision-making process with regard to non-oral
feeding was reported to be traumatic for the majority of participants, particularly,
if they felt they were receiving contradictory advice from professionals. Many
factors were identified which could potentially influence a decision to consent to a
gastrostomy. A changed perception of food was observed in both groups. PwALS
aimed to manage dysphagia alone, however, the caregivers wished for increased
professional support. Discussion: PwALS and their caregivers understand dysphagia
differently and may have different expectations regarding dysphagia management.
The recognition of swallowing difficulties in oneself seems to be a lengthy process
which does not always mirror the process of professional diagnosis. This may
influence individualâ€™s attitudes towards professional recommendations and their
engagement with health services. Professionals should look beyond the swallowing
impairment alone.
1) University of Limerick, School of Allied Health, Limerick, Ireland.
2) University College Cork, Cork, Ireland
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Causes of death in amyotrophic lateral sclerosis. Results from the
Rhineland-Palatinate ALS registry

Joachim Wolf* (1), Anton Safer (2), Johannes Wöhrle (3), Frederick Palm (4),
Wilfred Nix (5), Matthias Maschke (6), Armin Grau (4)

Background: Amyotrophic lateral sclerosis (ALS) is associated with an increased
mortality. Knowledge of possible causes of death could lead to an individualization
of the palliative treatment concept and result in a differentiated palliative treatment
pathway. Objective: Analysis of the various causes of death in a prospective
population-based German cohort of ALS patients. Methods: Analysis of data of
the Rhineland-Palatinate ALS registry in which newly diagnosed patients identified
between October 2009 and September 2012 were prospectively enrolled and
followed up at regular intervals. The causes of death were elicited based on
information provided by the attending physicians, family members and by means
of death certificates registered by the regional health authorities in RhinelandPalatinate. Results: Out of 200 ALS patients registered 148 died between
register initiation and the end of follow-up on 30 September 2015 (78 males
and 70 females). The most frequent cause of death was respiratory failure as a
consequence of weakness of respiratory muscles (n = 91, 61%). Less frequent
causes of death were pneumonia (n = 13, 9%), terminal cachexia (n = 9, 6%) and
cardiovascular disorders including sudden death (n = 9, 6%). Cases of suicide were
rare (n = 3, 2%) as were deaths due to concurrent diseases (n = 2). In 21 cases
(14%) the exact cause of death could not be clarified. Differences in the causes
of death showed a weak association with the ALS phenotype. Respiratory failure
was the cause of death in all patients with a respiratory phenotype and in 78% of
patients with flail arm syndrome. In ALS patients with additional frontotemporal
dementia (n=16) death due to respiratory failure was less frequent (33% vs. 65%)
while pneumonia was more frequent (27% vs. 7%). Conclusion: Respiratory failure
was the most frequent cause of death in our cohort of ALS patients. In contrast,
pneumonia and nutritional disorders were minor important causes of death. The ALS
phenotype expression of ALS might in part be supportive to predict the cause of
the prospective death. Differentiation of ALS phenotypes is an important basis for
patient counseling on the prospective process of dying and for the determination of
an individual palliative concept.
1) Dept. of Neurology, Diakonissenkrankenhaus, Mannheim, Germany.
2) Institute of Public Health, Medical Faculty, Ruprecht-Karls-Universität, Heidelberg, Germany.
3) Dept. of Neurology, Katholisches Klinikum, Koblenz-Montabaur, Germany.
4) Dept. of Neurology, Städtisches Klinikum, Ludwigshafen, Germany.
5) Dept. of Neurology, Universitätsmedizin, Mainz, Germany.
6) Dept. of Neurology, Krankenhaus der Barmherzigen Brüder, Trier, Germany.
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Flail arm syndrome – diagnostic challenge: A case report

Zoran Vukojevic*, Aleksandra Dominovic Kovacevic, Sanja Grgic, Dusko Racic,
Srdjan Mavija

Introduction: Flail arm syndrome (FAS) is an atipical presentation of amyotrophic
lateral sclerosis (ALS) which is characterized by progressive, predominantly
proximal, weakness and atrophy of the upper limbs, without involvment of the
lower limb, bulbar or respiratory muscles. Diagnosis may be difficult, particularly at
the beginning of the disease. Prognosis is significantly better than typical ALS. Case
report: A 64-year old female patient gradually developed weakness and atrophy of
right hand which spread to proximal, and after some months at the left side also.
She experienced fasciculation very rarely. After six months from the beginning of
symptoms she was admitted to hospital. The neurological examination: moderate
atrophy and muscle weakness of upper limbs, slightly more distal then proximal and
on the right side. EMNG: moderate chronic neural lesion with fasciculation at both
arms. Changes are slightly more distal and on right side. Examination in other areas
(bulbar, thoracic, lumbosacral) was normal. Laboratory results including tumorous
markers and anti-GM1 antibodies were normal. Additional tests were used to
exclude possible mimics such as cervical myelopathy, syringomyelia, cervical root
lesions and motor neuropathy. We suspected at FAS, but considered UL-ALS, PMA
and motor neuropathy. She was treated with intravenous immunoglobulin (IVIg) for
five consecutive days (0.4 g/kg/day) and after that with two single dosis every 6
weeks. After 6 and 12 months, her clinical and EMG examination showed slightly
worsening. She was diagnosed with FAS. Simptoms and EMG signs were confined at
upper limbs. She did not have difficulties with lower limbs, no upper motor neuron
signs, and no signs of motor neuropathy. Negative response to the application of
IVIg does not support diagnosis of motor neuropathy. Conclusion: Diagnosis of
FAS towards UL-ALS, PMA and motor neuropathy may be difficult, particularly at
the beginning of the disease. It is important to recognise these diseases because
we can threat patients with motor neuropathy, and prognosis patients with FAS is
more favorable than prognosis of UL-ALS and PMA. Key words: flail arm syndrome,
amyotrophic lateral sclerosis, motor neuropathy
Neurology Clinic, University Hospital Banja Luka, Bosnia and Herzegovina
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A first year in life of Zagreb - ENCALS centre

Ervina Bilić *(1), Mirea Hančević (1), Hrvoje Bilić (1), Branimir Ivan Šepec (1),
Barbara Sitaš (1), Rujana Šprljan Alfirev (1), Marina Petrović (1), Gordana Pavliša
(2), Nadan Rustemović (3), Andreja Klokočki (1), Davorka Vranješ (1)

Department of Neurology, University Hospital Centre Zagreb was constituted in
1921. and has a long-standing tradition of excellent medical care. Division for
neuromuscular diseases is the Referral Centre for Neuromuscular diseases and
Clinical Electromyoneurography of Ministry of Health, Republic of Croatia and
has been providing multidisciplinary services to patients for years (dysphagia
assessment and management including PEG when required, speech and cognitive
assessments and support, pulmonary function assessments and initiation of
non-invasive ventilation when required) but it is only last year our ALS centre was
officially formed and joined ENCALS. Although one could look at this as a minor
event in a large hospital centre it has turned out to be a very inspiring one. In just
a year our centre has started to think not just about continuing to provide upto-date medical care, treatment and support for our patients but about actively
seeking ways to contribute to the pool of knowledge about motor neuron disease.
To list some of the activities we have undertaken in last year: - we have started
a clinic based registry of ALS patients - we have created a blood and CSF bank
of ALS patients - we have expressed interest in participating in international
industry sponsored clinical trial (decision pending) - although we have been a
multidisciplinary team for years this has now been formalised with inclusion of
several new members with specialist interest in genomics and sleep disorders - we
will present our centre’s activities at 6th national congress Dilemmas in neurology
and initiate further regional cooperation - and last but definitely not the least we have started validation and standardisation of the Croatian ECAS (Edinburgh
Cognitive and Behavioural ALS screen) in collaboration with Prof. Abrahams’ team
from University of Edinburgh. Following this we intend to start the same process
with DAS (Dimensional Apathy Scale) Although not as easily quantified we feel
there has been a change involving not only our Centre activities but also our team’s
attitude from mechanistic to optimistic which is sometimes even more difficult to
achieve.
1) Neurology Department, Division for neuromuscular diseases, University Hospital Centre Zagreb,
Croatia.
2) Pulmology department, Division for respiratory insufficiency and pulmonary circulation diseases,
University Hospital Centre Zagreb, Croatia.
3) Internal medicine Department, Division for gastroenterology, hepatology and interventional
gastroenterology, University Hospital Centre Zagreb, Croatia.
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Enhancing the efficacy of non-invasive ventilation for patients with
amyotrophic lateral sclerosis

David O’Brien* (1), Esther Hobson (1), Theocharis Stavroulakis (1), Susan Baxter (2),
Stephen Bianchi (3), Paul Norman (4), Mark Elliott (5), Christopher McDermott (1)

Background. In patients with ALS, non-invasive ventilation (NIV) is the single most
effective treatment available, with irrefutable benefits on both survival and quality
of life. However, many patients do not gain the full benefit of the intervention
and there is an absence of evidence to guide clinicians on how best to deliver NIV.
Our review questions are: 1) What patient, carer, service and equipment factors
are correlated with the optimal and suboptimal use of NIV in patients with ALS?
2) What are the best ways of initiating, and monitoring the efficacy of, NIV in
these patients? Methods. MEDLINE, EMBASE, CENTRAL, CINAHL, AMED were
searched from database inception to 1st October 2017, using keywords relating
to population (ALS) and intervention (NIV), supplemented by reference list checks
and key author contacts. We included quantitative and qualitative studies from the
point at which a clinical decision to initiate NIV had been made, excluding those
concerned with end of life care, optimal timing of NIV initiation, tracheostomy or
other respiratory interventions. Risk of bias was assessed at full text level, with
data extracted using a pre-piloted extraction form. Results. Of 4356 records
screened, 69 quantitative and 13 qualitative studies met our inclusion criteria.
We identified factors correlated with both the quantity of NIV use – patient
acceptance, tolerance and adherence – and the quality of NIV – machine settings,
interfaces and patient-ventilator interaction (e.g. leak, asynchrony). Solutions to
causes of suboptimal ventilation are proposed. Comprising studies from Europe,
North America, Asia and Australia, we have found substantial divergence in practice
along several stages of the NIV pathway that may influence the efficacy of NIV.
These include initiation settings, titration procedures, measures of ventilatory
effectiveness and approaches to follow-up. Discussion. Preliminary findings
suggest that, despite good adherence, some patients may be receiving inadequate
ventilatory support and suboptimal benefit. This is the first phase of a wider project
looking at how to optimise the use of NIV. Further phases include a mapping
exercise across the UK and Europe to explore variation in clinical practice. We
will combine evidence with clinician, patient and carer experience. Where there
is evidential agreement, we will make best practice recommendations; where it
conflicts, we will highlight areas for further research.
1) Sheffield Institute for Translational Neuroscience (SITraN), University of Sheffield, Sheffield, UK.
2) School of Health and Related Research (ScHARR), University of Sheffield, Sheffield, UK.
3) Sheffield Teaching Hospitals NHS Foundation Trust, Sheffield, UK.
4) Department of Psychology, University of Sheffield, Sheffield, UK
5) Leeds Teaching Hospitals NHS Trust, Leeds, UK
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The radiological spectrum of motor-neuron diseases: A multimodal
spinal cord study

(1) Giorgia Querin, (2) Mohamed Mounir El Mendili, (1,3) Peter Bede, (1) Véronique
Marchand-Pauvert, (1,4,5) Pierre-François Pradat

Amyotrophic Lateral Sclerosis (ALS) and Spinal Muscular Atrophy (SMA) type 3-4
are within the most common adult motor neuron diseases (MND). Despite great
improvement in clinical and radiological description of ALS, only one study considered
radiological characteristics of cervical spinal cord (SC) in SMA patients, while a
comparison between the two diseases has never been done. Aim of the study: to
describe SC MRI characteristics of adult type 3-4 SMA patients and to compare
them with a corresponding ALS patient’s cohort. Methods: 25 type 3-4 SMA, 25
ALS patients and 25 age-matched healthy controls (HC) underwent 3T cervical
SC MRI acquisition. Anatomical imaging between C2 and C7 spinal levels included
one sagittal, 3D, T2‐weighted, turbo spin‐echo sequence and a T2*-weighted
multi‐echo gradient echo sequence providing high contrast for white (WM) and grey
matter (GM). Diffusion tensor imaging (DTI) data were acquired using reduced field of
view. MRI data were analyzed using the software “Spinal Cord Toolbox”. Global, WM
and GM cross-sectional area (CSA) at each vertebral level was computed as well as
standard DTI parameters (FA, MD, AD, RD) for the cortico-spinal tracts (CST) and
for the dorsal columns. Comparisons were made between SMA patients and HC and
between SMA and ALS. Results: Both SMA and ALS patients presented a significant
atrophy of the cervical SC between C2 and C7 when compared to HC (p < 0,05).
No significant difference was found for global CSA between ALS and SMA patients,
indicating similar entity of the atrophy. Significant atrophy of the GM (p < 0,005)
was identified in SMA and ALS patients compared to HC, with ALS patients being
significantly more atrophic than SMA. Significant atrophy of the WM was identified
only in ALS patients compared to HC, but not in SMA patients. Any DTI alteration
was found in the SMA group, while a significant reduction of FA in the CST and in
the dorsal columns was found in the ALS cohort both compared to HC and to SMA
patients. Conclusion: we describe specific GM atrophy of the cervical SC in SMA
patients, which is not associated with WM atrophy nor with DTI alterations. These
results suggest that SMA is a pure lower MND without involvement of the WM and
clearly difference SMA from ALS, which is characterized by degeneration of both
GM and WM and by FA reduction not only in the CST, but also in the dorsal columns,
suggesting the presence of a multisystem involvement including also sensitive
pathways.
1) Laboratoire d’Imagerie Biomédicale, LIB, Sorbonne Universités, CNRS, INSERM, Paris, France.
2) Department of Neurology, Icahn School of Medicine at Mount Sinai, New York, USA.
3) Quantitative Neuroimaging Group, Academic Unit of Neurology, Trinity College Dublin, Dublin, Ireland.
4) Département de Neurologie, Centre référent SLA, APHP, Hôpital Pitié-Salpêtrière, Paris, France.
5)Institut des Neurosciences Translationnelles de Paris, IHU-A-ICM, Institut du Cerveau et de la Moelle
Épinière, Paris, France.
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Computational speech analysis as a tool for early detection of bulbar
dysfunction in ALS patients

*Cascales Lahoz D (3); Guillén-Solà A (1 ,2); Serra Martínez M (3); Bertran
Recasens, B (3); Alemán Cabrera F (4); Martínez-Llorens J (5); Balañá Corberó A
(5); Villatoro Moreno M (6); Rubio Pérez MA (3)

INTRODUCTION: In amyotrophic lateral sclerosis (ALS) the initial symptoms of
dysarthria are subtle and there is no objective method for assessing them, which
can be difficult to early detection. We propose the computational analysis of
speech as a method for the early detection of bulbar impairment in ALS patients.
METHODS: An analysis of different speech acoustic variables using Praat software
was performed. ALS patients with no apparent bulbar impairment, according to El
Escorial criteria, were compared to healthy controls (H). Lingual strength, measured
with IOPI system, was also included as alternative measure of bulbar involvement
expression. RESULTS: 9 patients were evaluated and compared to 20 healthy
volunteers. ALS patients compared to volunteer group presented a greater number
of pauses (p=0.016), longer duration during the reading of a text (p = 0.005), as
well as a lower verbal fluency (p <0.001). In addition, they presented a significant
decrease in the lingual movement in the horizontal plane (p <0.001), with a
trend towards a lingual anterior position (p=0.005) and inferior (p=0.003) during
phoneme emission. The decrease in lingual strength was related (r=0.80) with a
decrease in lingual movement (p=0.003). CONCLUSION: ALS patients without
apparent bulbar dysfunction had an affectation of the lingual movements in the
horizontal plane. The computational analysis of speech is a simple and objective
tool that seems useful for an early detection of bulbar dysfunction in ALS and even
allows to distinguish from other etiologies of dysarthria.
ALS Multidisciplinary UNIT.
1) Physical Medicine and Rehabilitation Department, Hospitals Mar-Esperança. Parc de Salut Mar,
Barcelona, Spain.
2) Rehabilitation Research Group, Institut Hospital del Mar d’Investigacions Mèdiques (IMIM), Barcelona,
Spain.
3) Neurology Department, Hospital del Mar, Parc de Salut Mar, Barcelona, Spain.
4) Medicine Student, Pompeu Fabra University, Barcelona, Spain.
5) Pneumology Department, Hospital del Mar, Parc de Salut Mar. ICII Ciberes, Barcelona, Spain.
6) Endocrinology Department, Hospital del Mar, Parc de Salut Mar, Barcelona, Spain.

80

ENCALS Meeting 2018

C15

Prize4life ALS mobile analyzer: Measuring ALS progression

Noa Davis (*) (1), Yehuda Snir (1), Idit Ron (1), Iris Perl (1), Shay Rishoni (1)

ALS (Amyotrophic lateral sclerosis) is a progressive and incurable disease
characterized by degeneration of the voluntary motor system. The disease was
first described by Charcot in 1874, but became more famous in the 20th century,
when it affected the baseball player Lou Gehrig and the cosmologist Stephen
Hawking. ALS is a disease of the muscles and neurons: it is manifested in stiff
muscles, muscle twitching, and gradually worsening weakness. This results in
difficulties of movement, speech, swallowing, and eventually breath. The standard
of care for assessing disease progression is the ALS Functional Rating Scale, Revised
(ALSFRS-R), which is a pen-and-paper questionnaire aimed to evaluate patient
daily living functioning. One of the major barriers for finding a cure for ALS is the
enormous heterogenicity of the disease, which hampers the studying and testing
of novel treatments, and the lack of an objective tool for monitoring disease
progression. The ALS research community has long been interested in the ideas
of developing methods to quantify disease progression in a way that improve the
efficiency of clinical trials and minimize the physical burden that is placed on the
patient who participates in those studies. Prize4Life is developing a smartphonebased application that monitors ALS patients in their natural environment to
collect objective, ongoing, comprehensive daily-life status data. The application
operates through the gold standard ALSFRS-R questionnaire along with simple
tasks to accurately and continuously assess functional abilities in various motor
functional areas: walking, arm lift, fine motor skills, breathing, and speech. Together,
the application enables large-scale functional data collection that is expected to
advance ALS research and to facilitate individually-tailored clinical care for ALS
patients. Currently, Prize4Life continuing the research, development and clinical
validation processes required to improve the app’s functions and impact, including
an improvement of the existing tasks, data collection methods, data analysis
and user interface features. In parallel, we are working on research platform
development and an option to create researchers clinicians access for specific
patients.
1) Prize4life International, Ramat Hasharon, Israel.
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Clinical characteristics of amyotrophic lateral sclerosis patients from
ALS center of the Republic of Srpska: case series and a review of
literature

Srdjan Mavija*, Aleksandra Dominovic- Kovacevic, Zoran Vukojevic, Dusko Racic,
Sanja Grgic

Aim Disease progression and survival time of amyotrophic lateral sclerosis (ALS)
patients is known to depend on several different factors and clinical presentation
(phenotype) is one of them. Substantial epidemiological data from populationbased registries suggests significant phenotype distinctions between different
cohorts, probably due to environmental factors and genetic background. Our
aim was to define prominent clinical features of sporadic ALS patients treated
at ALS center of the Republic of Srpska, Bosnia and Herzegovina. Methods We
performed a retrospective review of sporadic ALS patients treated at our ALS
center, from January 2016 to January 2018. Data were collected for 30 patients,
all of which were classified as probable or definitive ALS according to revised El
Escorial criteria. Methods of descriptive statistics were used to summarize the data
(standard deviation, median and T test). Results Male-to-female ratio was 2:1;
out of 30 patients, twenty were male. Mean age at onset was 59,2±10,9 years.
Disease onset spanned from 39-71 for male and 45-75 years of age for female
patients, respectively. Majority of patients (16/30 or 53,33%) had a 12 months
delay from the symptom onset to initial referral to physician. Analyzing the initial
symptoms, we compared the spinal and bulbar form, and found 17 patients with
spinal onset (57%) and 13 patients with bulbar onset (43%); patients with bulbar
form were significantly older at the disease onset (64,9±8,8) compared to spinal
form (54,8±10,8). Analyzing the distribution of fasciculations we found the head/
tongue region to be most prevalent site (13 patients or 43,33%). Body weight loss
was noted at 24 of patients (24/30 or 80%), most of them had a loss up to 10 kg
of body weight (53,3%). Almost 90% of patients reported fatigue during regular
daily activities and 63,33% of patients had a symptoms suggestive for depression.
Pain was reported in 23 patients (76,66%), eleven of them had morning
headaches and twelve pain in extremities. Conclusion The establishment of a cohort
registry for ALS is able to determine clinical phenotypes and monitor the disease
progression. Better ALS phenotypic characterization sets a background for further
epidemiological studies, that could help improve our understanding of phenotypegenotype correlations, pathophysiology of the disease and possible contribute to
new therapeutic approaches.
Neurology Clinic, University Hospital Banja Luka, Bosnia and Herzegovina.

82

ENCALS Meeting 2018

C17

Smoking and ALS: Investigation of association followed by Mendelian
randomisation analysis to assess causality

Sarah Opie-Martin*(1), Pamela J Shaw (2) , Christopher E Shaw (3), Neil Pearce
(4), Karen E Morrison (5), George Davey-Smith (6), Gibran Hemani (6), Ashley
Jones (1), Ammar Al-Chalabi (1)

Background: An association between smoking and amyotrophic lateral sclerosis
(ALS) has been reported in observational studies, but whether smoking is causal of
ALS remains unknown. In this study we investigated association between smoking
and ALS in a UK population and used Mendelian randomization techniques to
test causality. Methods: We first performed a case control study. Smoking status
was collected using environmental questionnaires from people diagnosed with
ALS between 2008 and 2013 at three centres in the UK, and from age, sex and
geographically matched controls. We used logistic regression to assess whether
there was a relationship between smoking and risk of ALS. We then used summary
statistics from genome-wide association studies of smoking and ALS to perform
two-sample Mendelian randomization analysis. We used inverse variance weighted
estimation and MR-Egger regression to estimate the causal effect of smoking on
ALS. Results: In the case control study there were 202 cases and 200 controls,
all with complete data on smoking behaviour. Smoking at time of survey was
associated with an increased risk of ALS (adjusted OR: 3.22 (95% CI 1.14-9.85),
p = 0.032). No other smoking behaviors were associated with ALS. We found no
evidence that smoking behavior was causal of ALS, but the analysis suffered from
weak instrument bias. Conclusions: In line with other observational studies, we
found that smoking is associated with increased risk of ALS. We were not able to
confirm or refute a causal relationship using Mendelian randomization.
1) Maurice Wohl Clinical Neuroscience Institute, King’s College London, Department of Basic and Clinical
Neuroscience, London, UK
2) Sheffield Institute for Translational Neuroscience (SITraN), University of Sheffield, Sheffield, United
Kingdom
3) London School of Hygiene and Tropical Medicine, London, UK
4) Faculty of Medicine, University of Southampton, UK
5) MRC Integrative Epidemiology Unit at the University of Bristol, University of Bristol, Oakfield House,
Oakfield Grove, Bristol BS82BN, UK
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Genotypes and phenotypes of Amyotrophic Lateral Sclerosis in
Mongolia

Tselmen Daria (1,2*), Kathrin Müller (1), Zolzaya Doljoo (2), Suvd Oidovdorj
(3), Sarantsetseg Turbat (3), Erdenechimeg Yadamsuren (3), BolormaaD (3),
OyungerelB (3), Chimeglkham Banzrai (3), Baasanjav Damchaa (3), Patrick Weydt
(1), Elmar Pinkhardt (1), Angela Rosenbohm (1), Munkhtuvshin Namid (2), Josef
Högel (4), Guntram Borck (4), Munkhbat Batmunkh (2), Albert Ludolph (1), Jochen
H.Weishaupt (1)

C9orf72 hexanucleotide repeat expansions (HRE) account for the majority of
amyotrophic lateral sclerosis (ALS) and a large proportion of frontotemporal
dementia (FTD) cases in Western populations, but are rarely found in Asian
populations. In contrast, Mutations in SOD1 are the most prevalent genetic cause
in Asian populations. We aimed to genetically and clinically characterize ALS in
58 patients from Mongolia. Age of onset of disease (51.2±11.1 years) was
substantially earlier in Mongolian patients compared to Caucasian populations, and
the site of onset was frequently cervical (43.1%), rather than bulbar (31.0%),
lumbosacral (24.1%) or thoracic (1.7%). The mean survival time of ALS was 60.0
(±6.7) months from the first paresis. We furthermore performed genetic testing on
a total of 58 patients and 127 healthy individuals, including unaffected relatives of
ALS patients, by Sanger sequencing, repeat-primed PCR and Southern blotting. Our
analysis identified C9orf72 expansions with 1200-2400 repeats in 3 familial ALS
index patients. Moreover, mutational analysis of SOD1 revealed 2 heterozygous
and 1 homozygous D90A mutations in apparently sporadic cases of ALS. In contrast
to reports from Western ALS populations, mutations in the FUS gene were not
detected in a prospective cohort of early-onset (age at onset < 45) ALS patients
from Mongolia (n=15). We furthermore conducted a comprehensive haplotype
analysis on single-nucleotide polymorphisms (SNPs) surrounding the HRE in all three
C9orf72 repeat expansion carriers and affected and unaffected family members,
which suggests a population specific founder haplotype in Mongolia. Thus, we
observed profound differences in the clinical manifestation of ALS in Mongolia
when compared to Europe, and report a surprisingly high prevalence of C9orf72
mutations in Mongolia with a haplotype different from previously described
C9orf72 HRE-associated haplotypes.
1) Department of Neurology, Ulm University, Ulm, Germany.
2) Central research scientific laboratory, Institute of Medical Sciences, Ulaanbaatar, Mongolia.
3) Department of Neurology, Institute of Medical Sciences, Ulaanbaatar, Mongolia.
4) Institute of Human genetics, Ulm University, Ulm, Germany.
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Euro-MOTOR: A multicentre population-based case-control study of
dusts, gases and fumes as risk factors for ALS

Visser AE (1), Rooney JPK (2), D’Ovidio F (3), Peters S (1,4)*, Vermeulen R (4),
Beghi E (5), Chiò A (3), Veldink J (1), Logroscino G (6,7), Hardiman O (2), van den
Berg L (1), for the Euro-MOTOR consortium

Objective: To investigate the exposure to dusts, gases and fumes based on full
job histories using job-exposure matrices in a large multicentre, population-based
case-control study with detailed information on possible confounders. Methods:
Population-based ALS patients and controls were recruited from five registries in
The Netherlands, Ireland and Italy. Demographics and data regarding educational
level, smoking, alcohol habits and lifetime occupational history were obtained using
a validated questionnaire. Using job-exposure matrices, we assessed occupational
exposure to mineral dust, organic dust, gases and fumes in general, and more
specifically to silica, asbestos, animal contact, endotoxin, polycyclic aromatic
hydrocarbons and diesel motor exhaust. Multivariate logistic regression models
adjusting for confounding factors were used to determine the association between
these exposures and ALS risk. Results: We included 1,577 patients and 2,922
controls. Associations were positive for all nine occupational exposures (ORs
ranging from 1.12 to 1.73), and significant for all but asbestos and animal contact.
Subsequently adding an exposure to the model in the single exposure analysis
revealed stable ORs for mineral dust and silica. We found similar results when
patients with a C9orf72 mutation were excluded. Conclusion: In a large multicentre
study using harmonized methodology to objectively quantify occupational exposure
to dusts, gases and fumes, we found an association between ALS risk and exposure
to mineral dust and silica, independent of the other occupational exposures studied.
1) Department of Neurology, Brain Center Rudolf Magnus, University Medical Center Utrecht, Utrecht,
The Netherlands.
2) Academic Unit of Neurology, Trinity Biomedical Sciences Institute, Trinity College, Dublin, Ireland.
3) Rita Levi Montalcini Department of Neuroscience, University of Torino, Torino, Italy.
4) Division of Environmental Epidemiology, Institute for Risk Assessment Sciences (IRAS), Utrecht
University, Utrecht, The Netherlands.
5) Department of Neuroscience, IRCCS – Istituto di Ricerche Farmacologiche “Mario Negri”, Milan, Italy.
6) Unit of Neurodegenerative Diseases, Department of Clinical Research in Neurology, University of Bari
“Aldo Moro”, Pia Fondazione Cardinale G. Panico, Tricase, Lecce, Italy.
7) Department of Basic Medical Sciences, Neurosciences and Sense Organs, University of Bari “Aldo
Moro”, Bari, Italy.
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Estimating future MND prevalence in the context of population change
and putative new treatments, using a south London urban population

Alison Gowland* (1), Sarah Opie-Martin (1), Ashley Jones (1), Ammar Al-Chalabi
(1)

Population size and demographic make-up is predicted to change over time and it is
not clear how this will affect the incidence and prevalence of motor neuron disease
in different age groups in the UK population. We used prospectively collected local
clinic and registry data to generate incidence and prevalence estimates for motor
neuron disease, based on a local population area with good case ascertainment
(Lambeth, Southwark and Lewisham in south London). The overall age- and
gender-adjusted incidence rate was 2.11 per 100,000 (95% C.I. 1.99 – 2.24),
with a point prevalence of 5.01 per 100,000 (95% C.I. 3.60 – 6.96). Using the
Office for National Statistics’ UK population projections up to the year 2116, and
assuming incidence rates remained stable, we estimated that population growth
alone would result in an 83% increase in the number of new cases per year, from
1092 cases in 2010 to 2003 cases in 2116. We then used a range of established
methods for estimating the future prevalence of MND in the UK, and modeled
how these trends might be altered by putative new treatments that could prolong
survival. This has important implications for healthcare planning and resourcing.
1) Department of Basic and Clinical Neuroscience, Maurice Wohl Clinical Neuroscience Institute, Institute
of Psychiatry, Psychology and Neuroscience, King’s College London, London, UK.
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New insights into the pathophysiology of fasciculations in amyotrophic
lateral sclerosis: An ultrasound study

J.F. Vázquez-Costa* (1,2,3), M. Campins-Romeu (2), J. J. Martínez-Payá (4), J.I.
Tembl (5), M.E. del Baño-Aledo (6), J. Ríos-Díaz (7,8), V. Fornés-Ferrer (9), M.J.
Chumillas (1,3,10), T Sevilla (1,2,3,11)

Introduction Fasciculations are characteristic of amyotrophic lateral sclerosis (ALS).
The aim of this observational study is to describe the frequency of fasciculations
in several muscle groups of ALS patients and to analyse their clinical and
pathophysiological meaning. Methods ALS patients with a recent diagnosis (<90
days) were enrolled. Demographic and clinical data were prospectively collected and
serum creatinine levels at diagnosis were recorded. Nineteen muscles representing
the four anatomical regions were examined with ultrasound (US) in each patient.
The number of fasciculations was recorded in each muscle and the muscle
thickness and strength were measured in limb muscles. A subgroup of patients
were electromyographically assessed. Results US was performed in 835 muscles
of 44 patients and EMG was available in 263 muscles of 36 patients. US detected
fasciculations more frequently than EMG. Fasciculations were widespread, especially
in upper limbs onset patients and in the cervical region. Fasciculations inversely
associated with ALSFR-R and body mass index (BMI) and directly with BMI loss
and upper motor neuron (UMN) impairment. The association with BMI was not
mediated by muscle mass loss. Fasciculations increased with the initial lower motor
neuron (LMN) degeneration, reached their peak when the muscle became mildly
to moderately weak, decreasing afterwards with increasing muscle weakness and
atrophy. Conclusions Our study suggests a link between hyperexcitability, the UMN
and LMN degeneration, fasciculations and BMI loss. Differences in fasciculations’
rates within muscles could be explained by different stages of LMN impairment and
between muscles by a variable degree of corticomotoneuronal input.
1) Neuromuscular Research Unit, Instituto de Investigación Sanitaria la Fe (IIS La Fe), Valencia, Spain.
2) ALS Unit, Department of Neurology, Hospital Universitario y Politécnico La Fe, Valencia, Spain.
3) Centro de Investigación Biomédica en Red de Enfermedades Raras (CIBERER), Valencia, Spain.
4) ECOFISTEM Research Group, Health Sciences Department, Facultad de Ciencias de la Salud,
Universidad Católica de Murcia. Guadalupe, Spain.
5) Neurosonology Laboratory, Department of Neurology, Hospital Universitario y Politécnico La Fe,
Valencia, Spain.
6) Physiotherapy Department, Facultad de Medicina, Universidad de Murcia, Spain.
7) Centro de Ciencias de la Salud San Rafael. Universidad Antonio de Nebrija, Madrid, Spain.
8) Fundación San Juan de Dios, Madrid, Spain.
9) Biostatistics Unit, Instituto de Investigación Sanitaria la Fe (IIS La Fe), Valencia, Spain.
10) ALS Unit, Department of Neurophisiology, Hospital Universitario y Politécnico La Fe, Valencia, Spain.
11) Department of Medicine, University of Valencia, Valencia, Spain.
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Stability and change: Needs of informal ALS caregivers across the
caregiving course

M Galvin (1), S Carney (1,2), B Corr (3), N Pender (2), O Hardiman(1,3)

Objectives Caring for a partner or family member with a progressive neurological
illness can be a source of burden and psychological distress. This study explores
the expressed needs of informal caregivers across the ALS disease trajectory.
Methods Primary informal caregivers of people with ALS attending the specialist
National ALS/MND Centre at Beaumont Hospital, took part in a semi-structured
home interview at three time points. They were asked to identify what would
help them in their role of caregiver, and thematic analysis was used to identify
themes from their responses. Results This was a largely female and spousal cohort
of caregivers, living with the patient for whom they provide informal care. The
majority of patients were was male (61%), and had spinal onset (68%). Themes
developed included (1) External support and assistance (2) Patient-related factors
(3) Psycho-emotional factors (4) Nothing (5) Cure-better. Conclusions These
caregivers identified external support, psycho-emotional factors, patient resistance
to outside services and a cure for ALS or at least respite from its progression, some
responded that nothing would help. The findings illustrate the interrelatedness of
external and internal resources. What caregivers consider helpful is comparatively
consistent but the relative status of those needs changes over time and the course
of caregiving.
1) Academic Unit of Neurology, Trinity College Dublin, Ireland.
2) Department of Psychology, Beaumont Hospital, Dublin,Ireland.
3) National ALS Clinic, Beaumont Hospital, Dublin, Ireland.
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Possible environmental factors associated with spatial clustering of ALS
patients with C9orf72 mutations

Abdelilah Assialioui* (1,5), María A Barceló (2,3,1), Ana Núñez (1), Raúl Domínguez
(1), Sara Bernal (4), Marc Saez (2,3), Mónica Povedano (1)

Background: The expansion of the hexanucleotide (GGGGCC) in the C9orf72 gene is
the most important cause of ALS of genetic origin, accounting for approximately 40%
of all familial cases of ALS and 7% of sporadic ALS, in which no apparent heritability
has been reported. In fact, an interaction between genetic and environmental factors
may be involved in its development. Our objectives are to find geographical clusters
of ALS patients with the C9orf72 gene characterize the dominant phenotype in
these clusters and determine environmental factors related to them. Methods: In our
study, we use a population-based nested case-control study with 242 ALS patients,
diagnosed between 2013 and 2016, 9.5% of which have the C9orf72 gen. The
controls are ALS patients without the gene. The cases, ALS patients with the gene,
are matched with controls by sex, year of birth and year of diagnosis. First, we use a
mixed logistic regression, controlling for unobserved confounding. For it, we include
in the regression random effects, which capture individual heterogeneity, and spatial
and temporal dependence. In order to evaluate the existence of spatial clusters,
we compute smoothed standardized incidence rates and exceedance probabilities.
Second, we characterize the dominant phenotype in these clusters. Third, we include
in the regression, as explanatory variables of interest, environmental variables
(pesticides, air pollutants) and other covariates (sex, age, cognitive impairment, BMI,
weight loss and a contextual deprivation index). Results: As preliminary results, in the
group of carriers, 73.9% were women, while in the group of non-carriers, 45.6%
were women. Regarding the phenotype, spinal onset was observed in 60.9% and
bulbar in 39.1% of carrier patients, compared to 67.7% and 29.2%, respectively.
3.1% of non-carriers had a respiratory phenotype. The mean age at onset of
symptoms was 57 years in carrier patients and 61.7 years in non-carriers. 52% of
the patients had a family history of ALS and/or frontotemporal dementia (FTD), while
only 6.6% had non-carriers. 70% of the carriers were diagnosed with FTD and 22.6%
of the non-carriers. We observe certain spatial clusters, in some of them, the carrier
dominate. Conclusion: Our preliminary results indicate that there are spatial clusters
of ALS patients with the C9orf72, that the dominant phenotype of the carriers is the
spinal, and that some environmental factors could have some role in the occurrence
of such clusters.
1) Functional Motoneurone Unit (UFMNA), Bellvitge Biomedical Research Institute (IDIBELL), L’Hospitalet
de Llobregat, Spain.
2) Research Group on Statistics, Econometrics and Health (GRECS), University of Girona, Spain.
3) CIBER of Epidemiology and Public Health (CIBERESP), Spain.
4) Genetics Department, Hospital de la Santa Creu i Sant Pau, 08025 Barcelona, Spain.
5) Department of Neurology, Hospital de Mollet, Mollet del Vallés, Spain.

89

ENCALS Meeting 2018

C24

Pathogenic biological routes common between sporadic amyotrophic
lateral sclerosis (ALS) and ubiquitin frontotempoal lobar degeneration
(FTLD-U)

1 Marina Iridoy, 1 Leyre Martinez,1 Ivonne Jericó, 2 Irene Zubiri, María 3 Victoria
Zelaya, 2 Mercedes Lachén-Montes, 2 Karina Ausín, 2 Andrea González-Morales,
2 Enrique Santamaría, 2 Joaquín Fernández Irigoyen

Background There is a common clinical spectrum between ALS and FTD
(frontotemporal dementia), and a genetic and pathogenic overlap between both
diseases has also been described. Based on neuropathology findings, sporadic
ALS TDP 43 and FTLD-U are within the same disease spectrum (TDP-43
proteinopathies or tardopathies). For that, we consider appropriate to deeply map
the neuroproteomes derived from spinal cord and non-motor cortex across the
ALS/FTD spectrum. Material and Methods We carried out a differential proteomewide analysis of both spinal cord and non-motor cortex area, derived from ALS
subjects(n=8), ubiquitin-positive frontotemporal lobar dementia (FTLD-U)
subjects(n=8) and neurological intact controls (n=8). Results At spinal cord level
20 differential proteins were shared between both neurological syndromes and at
non-motor cortical level a proteome subset of 16 proteins was co-deregulated
between ALS and FTD. Data mining of generated proteomic data emphasized
the involvement of these proteins in cell survival, mitochondrial homeostasis,
and neuron-specific functions. Conclusions ALS and FTLD-U share molecular and
functional alterations at spinal and cortical level, although part of the proteostatic
impairment is region and disease-specific.
1) Department of Neurology, Complejo Hospitalario de Navarra, Irunlarrea Street, 3, 31008 Pamplona,
Spain.
2) Proteored-ISCIII, ClinicalNeuroproteomicsLaboratory, Navarrabiomed, Complejo Hospitalario de
Navarra (CHN), Universidad Pública de Navarra (UPNA), IdiSNA, Pamplona, Spain;
3) PathologicalAnatomyDepartment, Complejo Hopitalario de Navarra, Pamplona, Spain.
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Gene expression profile in frontal cortex in sporadic frontotemporal
lobar degeneration-TDP

Pol Andrés-Benito (1,2), Ellen Gelpi (3), Mònica Povedano (2,4)(*), Raúl
Domínguez (4), Gabriel Santpere (5,6), Isidre Ferrer (1,2,7,8)

Frontotemporal lobar degeneration with TDP-43 proteinopathy (FTLD-TDP) is
the term used to designate different neurodegenerative processes presenting
with behavioural-dysexecutive disorder, primary progressive aphasia and/or motor
disorders including motor neuron disease. Neuron loss in the cerebral cortex;
microvacuolation in the upper cortical layers accompanied by astrocytic gliosis;
TDP-43-immunoreactive inclusions in the nucleus and/or cytoplasm of neurons
and oligodendocytes, and in neuropil threads are the main neuropathological
lesions. Some cases are sporadic (sFTLD-TDP) whereas other are genetic, often
familial (fFTLD-TDP). The study of human brain tissue has been useful to unveil
molecular alterations in FTLD-TDP. The present study was aimed at analyzing
gene expression in frontal cortex area 8 in a series of sFTLD-TDP in parallel with
controls in order to gain understanding about vulnerable pathways, which can
explain pathogenic aspects of the disease. Assessment of 111 genes by RT-qPCR
showed de-regulation of 81 genes linked to neurotransmission and synapses,
neuronal architecture, cytoskeleton of axons and dendrites, vesicle trafficking,
purines, mitochondria and energy metabolism in sFTLD-TDP. Western blotting
studies disclosed down-regulation of several mitochondrial subunits encoded by
genomic DNA and MT-CO1 encoded by the mitochondrial DNA. Mitochondrial
ETC activity of complexes I, IV and V was decreased in sFTLD-TDP. These findings
provide robust information about down-regulation of genes involved in vital
biochemical pathways and in synaptic neurotransmission which may help to increase
understanding about the biochemical substrates of clinical manifestations in sFTLDTDP.
1) Neuropathology, Pathologic Anatomy Service, Bellvitge University Hospital, IDIBELL, Hospitalet de
Llobregat, Spain.
2) Biomedical Network Research Center on Neurodegenerative Diseases (CIBERNED), Institute Carlos III,
Hospitalet de Llobregat, Spain.
3) Neurological Tissue Bank, Biobanc Hospital ClÃnic-IDIBAPS, 08036, Barcelona, Spain.
4) Functional Unit of Amyotrophic Lateral Sclerosis (UFELA), Service of Neurology, Bellvitge University
Hospital, Hospitalet de Llobregat, Spain.
5) Department of Neuroscience, Yale School of Medicine, New Haven, CT, 06510, USA.
6) Department of Experimental and Health Sciences, IBE, Institute of Evolutionary Biology, Universitat
Pompeu Fabra-CSIC, Barcelona, Spain.
7) Department of Pathology and Experimental Therapeutics, University of Barcelona, L’Hospitalet de
Llobregat, Spain.
8) Institute of Neurosciences, University of Barcelona, Hospitalet de Llobregat, Spain.

91

ENCALS Meeting 2018

C26

Capturing ALS: LCM-Seq for single-cell spatial transcriptomic profiling
of human spinal motor neurons in ALS

Christoph Schweingruber* (1), Julio Aguila Benitez (1), Gill Pollmeier (1,2), Nigel
Kee (1), Eva Hedlund (1)

Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease in which
somatic motor neurons in the cortex, brainstem and spinal cord progressively
degenerate, leading to spasticity, muscle atrophy, and paralysis. The spinal motor
neurons are often classified into three groups based on the type of muscle fiber
they innervate; namely slow-twitch (S), fast-twitch fatigue-resistant (FR), and
fast-twitch fast-fatigable (FF). The FF motor neurons are considered the most
vulnerable in ALS, while S are comparably resilient. Although several functional
characteristics of spinal motor neurons in man are long known, their transcriptional
signatures and possibly greater diversity in health and ALS remain elusive. We study
individual motor neuron somas in human post mortem spinal cord tissue using
laser capture microscopy coupled with mRNA sequencing (LCM-Seq) in order to
resolve their transcriptional diversity and further delineate subpopulations that
are vulnerable and resilient to ALS. LCM-Seq enables both robust and sensitive
detection of expressed genes. This technique permits the precise analysis of
individual cells, while preserving the spatial information even in scarce and partly
degraded human post mortem tissue. We present our preliminary data on the
diversity of human spinal motor neurons at single cell resolution in control tissue and
in donors succumbed to sporadic ALS. We anticipate that this analysis will further
our understanding of the selective and differential vulnerability of spinal motor
neurons and help delineate the underlying molecular mechanisms.
1) Department of Neuroscience, Karolinska Institutet, Stockholm, Sweden
2) Faculty of Psychology and Neuroscience, Maastricht University, Netherlands

92

ENCALS Meeting 2018

C27

An ALS case with 38 (G4C2)-repeats in C9orf72 and sparse DPR and
TDP-43 pathology

Lieselot Dedeene* (1,2,3), Evelien Van Schoor (2), Koen Poesen# (1,3), Dietmar
Rudolf Thal# (2,4), Philip Van Damme# (5,6)

The pathogenic (G4C2)-repeat length in most C9orf72 ALS patients is estimated
to range from hundreds to thousands of repeat units, whereas controls show a
repeat length of only 2 to 30 units. However, the shortest repeat length acting as
the pathogenic threshold is still unknown. We present a case of a 64-years old man
referred to the neuromuscular reference center of the University Hospitals of Leuven.
The patient was diagnosed according to Awaji and revised El Escorial criteria with spinal
onset probable ALS lab supported without cognitive/behavioral impairment and no
family history of ALS or FTD. The patient’s survival was only 28 months after symptom
onset. Genotyping by triplet repeat primed PCR on peripheral blood DNA revealed a
short repeat length of 38 (G4C2)-repeats in the C9orf72 gene. Dipeptide repeat
protein (DPR) inclusions were evaluated by immunohistochemistry (IHC) in five distinct
CNS regions including central cortex, hippocampus, frontal cortex, cerebellum and spinal
cord. A semiquantitative grading system was used with inclusions rated as being absent,
single, rare, moderate or numerous. For comparison, DPR inclusions in long repeat length
C9orf72 cases (n=4) and controls (ALS, n=6 and nonALS, n=6) were evaluated as well.
In the five CNS regions of the short repeat length case, only rare to moderate poly(GA)
inclusions, rare poly(GP) inclusions and single poly(GR) inclusions were observed.
This contrasts the pathology in the other C9orf72 cases where numerous poly(GA)
inclusions, moderate to numerous poly(GP) inclusions and moderate poly(GR) inclusions
were observed. By semiquantitative IHC analysis of the short repeat length case, more
pTDP-43 pathology and loss of alpha motor neurons was observed in the spinal cord in
comparison with the motor cortex. Scarce DPR pathology in a case with 30 (G4C2)repeats has previously been reported (Gami et al, 2015). However, this case was
clinically unaffected and was devoid of TDP-43 pathology, suggesting that a 30-unit
repeat length is insufficient to trigger TDP-43 pathology. In contrast, our findings
suggest that a 38-unit repeat length may be sufficient to trigger TDP-43 pathology
in a disease-prone manner. This warrants further investigation to clarify the threshold
of the (G4C2)-repeat length in C9orf72 for DPR and TDP-43 pathology and for the
onset of ALS. L.D. is funded by the Research Foundation - Flanders (FWO). D.R.T. and
P.V.D. received a grant by KUL-C1 internal funding.
1) Department of Neurosciences, Laboratory for Molecular Neurobiomarker Research, KU Leuven
(University of Leuven), Leuven, Belgium.
2) Department of Neurosciences, Laboratory for Neuropathology, KU Leuven (University of Leuven),
Leuven, Belgium.
3) Laboratory Medicine, University Hospitals Leuven, Leuven, Belgium.
4) Department of Pathology, University Hospitals Leuven, Leuven, Belgium.
5) Department of Neurology, University Hospitals Leuven, Leuven, Belgium.
6) Department of Neurosciences, VIB – Vesalius Research, KU Leuven (University of Leuven), Leuven, Belgium.
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Inhibition of Rho Kinase (ROCK) with Fasudil as disease-modifying
treatment for ALS – a phase IIa clinical trial (ROCK-ALS)

Paul Lingor (1)*, Markus Weber (2), William Camu (3), Magdalena KuzmaKozakiewicz (4), Tim Friede (5), Jan C. Koch (1)

Background: An effective disease-modifying therapy for Amyotrophic Lateral
Sclerosis (ALS) is still not available. The Rho kinase (ROCK) inhibitor Fasudil has
demonstrated neuroprotective effects on motor neuron survival in preclinical
studies, has been shown to enhance axonal regeneration and to modulate microglial
function both in vitro and in vivo. For many years, Fasudil has been approved
in Japan and China for the treatment of vasospasms following subarachnoid
hemorrhage and has a favorable side effect profile. Objectives: To develop a
safe and tolerable new disease-modifying therapy for ALS patients based on
repurposing of Fasudil. Methods: ROCK-ALS is a phase IIa clinical trial investigating
the safety, tolerability, and efficacy of Fasudil in ALS patients at an early stage of
disease (EudraCT-Nr.: 2017-003676-31). Safety and tolerability will be primary
objectives wheras efficacy is a secondary objective, which will be assessed by
changes in ALSFRS-R, ALSAQ-5, vital capacity, and MUNIX as well as survival. In
addition, the study will collect biomarker fluids (blood, cerebrospinal fluid, saliva
and urine) for the correlation of surrogate parameters to clinical outcomes. The
trial is expected to enroll a total of 120 patients with a probable or definite ALS
(according to the revised El Escorial criteria) and a disease duration of at least
6 but not more than 18 months. A total of 15 centers in Germany, Switzerland
and France will participate in this interventional, randomized study as part of an
international consortium. An associated center in Poland will be recruiting patients
in an independent, untreated biomarker cohort. In a three-arm design, patients
will receive an intravenous dose of either 15 mg fasudil, 30 mg fasudil or placebo
twice daily for a total of 20 days. Safety-relevant examinations will be carried out
during the entire treatment period as well as in the follow-up period until day 180.
Efficacy-relevant examinations will be performed before and immediately after the
infusion therapy as well as on days 42, 84 and 180. Results: The ROCK-ALS trial is
funded under the 2016 EU E-Rare program Clinical research for new therapeutic
uses of already existing molecules (repurposing) in rare diseases (http://erare.eu/
financed-projects/rock-als). Upon completion of regulatory approvals, ROCK-ALS
plans to enroll first patients in 2018.
1) University Medical Center Göttingen, Department of Neurology, Göttingen, Germany.
2) Kantonsspital St. Gallen, Muskelzentrum/ALS Clinic, St. Gallen, Switzerland.
3) Centre de Référence Maladie Rares SLA et autres maladies rares du neurone moteur, INSERM 1051,
CHU Gui de Chauliac, Montpellier, France.
4) Department of Neurology, Medical University of Warsaw, Warsaw, Poland.
5) University Medical Center Göttingen, Department of Medical Statistics, Göttingen, Germany.
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Leveraging crowdsourcing to advance novel therapeutic targets for
ALS: The Teva CNS Target Identification Crowdsourcing Initiative

Sara Shnider (1), Lucie Bruijn (2), George Yohrling (3), Ian Reynolds (4), Susan
Browne (4), David Wilson (5), Jennifer Stratton (5), Neta Zach (1)*

Neurodegenerative diseases, such as amyotrophic lateral sclerosis (ALS),
Huntington’s disease (HD), and Parkinson’s disease (PD), are becoming an increasing
public health concern as the global population ages. Effective treatment options for
these debilitating and fatal conditions are severely limited. Although there has been
progress in recent years towards unraveling disease mechanisms, the underlying
causes of these disorders are not well understood. Even when disease-causing
mutations are identified, such as the ALS-causing mutations in SOD1 and C9orf72,
it is still unclear how they lead to neuronal death, and ultimately, to the specific
cognitive and/or motor deficits characteristic of each neurodegenerative condition.
The key to discovering effective treatments lies in understanding the basic
mechanism or pathophysiology of the condition, thus uncovering relevant pathways
and targets for pharmaceutical intervention. Teva Pharmaceuticals, in partnership
with the global pioneer in crowdsourced innovation, Innocentive, established the
Teva CNS Target Identification Crowdsourcing Initiative. The goal of the initiative
was to solicit creative proposals of potential new targets for the treatment of
ALS and other central nervous system disorders, and to identify investigators
with unique expertise around those targets. The challenge called on scientists to
propose novel intracellular or extracellular targets pertinent to the pathophysiology
of ALS, HD and PD, as well as migraine and pain, that may be modulated by small
molecules or biologics. Proposals were sought that provided a strong rationale for
the target’s involvement in disease pathophysiology. The challenge leveraged the
extensive network of hundreds of thousands of scientists connected through the
online Innocentive platform, to reach a global community of scientists of diverse
background and expertise. Solutions that met the technical requirements of the
challenge were considered for cash awards and for a collaborative research project
with Teva scientists. The program was launched in partnership with The ALS
Association and The Huntington’s Disease Society of America, who co-sponsored
the challenge awards. Here we present a description of the challenge, the technical
requirements for proposals of new targets, and an overview of the biological
pathways represented in the ALS-related solutions.
1) Academic Affairs and Networks, Nonclinical Development, Specialty R&D, Teva Pharmaceuticals,
Netanya, Israel.
2) The ALS Association, Washington, DC, USA.
3) The Huntington’s Disease Society of America, New York, NY, USA.
4) Discovery Research, Specialty R&D, Teva Pharmaceuticals, West Chester, PA, USA.
5) Biologics Research, Specialty R&D, Teva Pharmaceuticals, Redwood City, CA, USA.
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The GPR17 receptor as a new potential pharmacological target to
restore oligodendroglial dysfunction in amyotrophic lateral sclerosis

Elisabetta Bonfanti (1)(*), Marco Milanese (2), Erica Morgante (1), Stefano Raffaele
(1), Tiziana Bonifacino (2), Giambattista Bonanno (2), Maria Pia Abbracchio (1),
Marta Fumagalli (1)

Amiotrophic Lateral Sclerosis (ALS) is a neurodegenerative disease due to
loss of motor neurons (MN). Recently, it has been shown that, besides MNs,
oligodendrocytes (OLs) also undergo very early death in ALS. As a consequence,
oligodendrocyte precursor cells (OPCs) increased proliferation, but failed to
replace degenerating oligodendrocytes. The differentiation capacity of OPCs
is also impaired, resulting in the presence of immature and dysfunctional
oligodendrocytes, unable to provide MN with trophic and metabolic support (Lee
Y et al. 2012 Nature; Kang SH et al. 2013 Nat Neurosci). Restoring OL function
and promoting OPC maturation thus emerge as interesting approaches to prevent
MN degeneration. An important regulator of OPC differentiation and myelination
is the membrane P2Y-like receptor GPR17, that is specifically expressed in OPCs
in transition to pre-OLs, but not in mature cells. We have shown that prevention
of the physiological GPR17 downregulation at late OPC stages through forced
receptor over-expression results in delayed cell maturation (Fumagalli M et al. 2015
Glia). Accordingly, GPR17 over-expression has been described in several model of
CNS degeneration characterized by remyelination failure (Fumagalli M et al. 2016
Neuropharmacol). On this basis, the aims of this work were to characterize GPR17
alterations in ALS pathology and to assess whether this receptor could be exploited
as a new pharmacological target to restore OL dysfunction and MN loss. For the
first aim, western blot and immunohistochemistry analysis were used to evaluate
GPR17 expression in parallel to the mature OL marker MBP in the SOD1G93A
mouse ALS model. Spinal cord (SC) lumbar tracts of SOD1G93A mice at different
disease stages were compared with age-matched controls. We also examined
the metabolic support function of oligodendrocytes by analyzing MCT1, a lactate
transporter expressed by these cells. Data showed that in ALS mice the expression
of MBP and MCT1 are reduced, whereas GPR17 expression was found to be
significantly up-regulated. For the second aim, we isolated OPCs from SCs of Ctrl
and SOD1G93A mice using MACS technology to assess in vitro their differentiation
and proliferative abilities. Results indicated that OPCs from SOD1G93A showed a
lower differentiation capability with respect to OPCs from Ctrl mice; no differences
were detected in the proliferation rate. Experiments are ongoing to verify whether
these alterations may be rescued by GPR17 ligand.
1) Department of Pharmacological and Biomolecular Sciences, Università degli Studi di Milano, Milan, Italy.
2) Department of Pharmacy, Unit of Pharmacology and Toxicology, Università degli Studi di Genova,
Genoa, Italy.
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Targeting TGF-ß RII to treat Amyotrophic Lateral Sclerosis by a 3rd
generation antisense oligonucleotide – in vivo safety and efficacy

Sebastian Peters (1), Eva Zitzelsperger (1), Sabrina Kuespert (1), Rosmarie Heydn
(1), Sven Korte (2), Siw Johannesen (1), Ohnmar Hsam (1), Tim-Henrik Bruun,
Ulrich Bogdahn (1)

Objective: To test the in vivo safety and preliminary efficacy of a novel 3rd
generation Antisense Oligonucleotide (ASO) against TGF-ßRII (BiAgil). Background:
ALS patients exhibit an enhanced TGF-ß system activity critically mediating the
imbalance of neurodegeneration and neuroregeneration. Aside from a genetic
origin progressive neurodegeneration is due to a profound TGF- ß mediated
pro-inflammatory and neurotoxic milieu, an arrested adult neurogenic niche
activity, and an increased pro-fibrotic state. A TGF- ßRII specific LNA-Antisense
Oligonucleotide was designed for therapeutic intervention and studied in vivo.
Methods: We tested ASO tolerability by using a dose-escalation paradigm with
increasing dose levels every single week (0.4 mg/animal to 20 mg/animal). One
male and female Cynomolgus monkey each received an intrathecal ASO injection
and physical/neurological parameters were investigated directly and following 4h
after administration. In a second experiment ASO pharmacokinetics was evaluated
for ASO tissue concentrations following 2 or 4 weeks after i.t. drug administration
for two different ASO doses (low: 0.8 mg/animal; high: 4 mg/animal). CSF was
taken to evaluate ASO half-life. Finally, in a third paradigm the ASO was injected
repeatedly over a 13-week approach at 2 doses for long-time administration.
Again, CNS tissue samples (spinal cord, brain) were collected to evaluated tissue
distribution. Target regulation and the expression levels of the ligands and the most
important downstream targets were determined within spinal cord, motor cortex,
dentate gyrus, and the subventricular zone. Consequently, effects of an altered
TGF-ß system activity on the adult neurogenic niche were followed by measuring
neuronal stem cell markers. Results: The results of the current study indicate that
BiAgil is well tolerated, stable and a potentially highly effective agent to regulate
an overactive TGF-ß system. The target molecule is regulated within the CNS and
spinal cord, initial results point to high functional activity. BiAgil may be a promising
candidate to treat ALS progression. Supported by BMBF GO-Bio Grant
1) Department of Neurology, University Hospital Regensburg, Regensburg, Germany.
2) Covance Preclinical Services GmbH, Münster, Germany.
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A placebo-controlled study to evaluate efficacy and safety of
Clenbuterol in patients with Spinal and Bulbar Muscular Atrophy
(SBMA)

Giorgia Querin (1), Elisabetta Pupillo (2), Ilaria Martinelli (1), Matteo Gizzi (1), Cinzia
Bertolin (1), Elena Pegoraro (1), Maria Pennuto (3,4), Ettore Beghi (2), Gianni
Sorarù (1)

Spinal and bulbar muscular atrophy (SBMA) is an X-linked, adult-onset motor
neuron disease caused by expansion of a polyglutamine-encoding trinucleotide
repeat in the androgen receptor gene. At present, no treatment exists for SBMA.
Clenbuterol is a beta2 agonist having anabolic effects on skeletal muscle. In
addition, it activates the PI3K/Akt pathway, which is demonstrated to promote
degradation of the abnormal AR protein. In a pilot trial in 20 patients with SBMA,
clenbuterol, given at 0.04 mg/day for 12 months, was associated with a significant
and sustained increase in walking distance covered in 6 minutes and in forced
vital capacity. These findings require verification in a larger, controlled trial. Aim
of the study: Primary objective of the study will be assessment of the efficacy
of clenbuterol by evaluating changes in motor function according to validated
functional parameters. Secondary objectives include assessment of the persistence
of the effect after prolonged treatment and tolerability of the assigned treatment.
Any potential clenbuterol-related muscle damage will be researched by muscle
MRI. Methods: 90 SBMA patients will be enrolled in a multicenter, phase II,
randomized, double-blind, placebo-controlled trial. Patients will be recruited by
Italian secondary and tertiary neuromuscular centers. All eligible subjects will be
randomized to receive either Clenbuterol 0,04 mg/d or placebo for 12 months.
Efficacy of chronic treatment with Clenbuterol will be demonstrated by assessing
its short-term impact on motor function as measured by performed tasks (6MWT,
AMAT, fVC), and by functional scales. Anabolic effects will be also assessed by
muscle Quantitative MRI. Patients will be evaluated every 3 months for a year.
Potential side effects on the cardiovascular system will be evaluated by EKG at
each time-point, while Echocardiogram and Holter-EKG will be performed at the
beginning and at the end of the study. The tolerability of Clenbuterol will be also
assessed by listing and counting all adverse events occurring during the trial and
comparing active treatment and placebo. Attended results: Based on our previous
data, the primary endpoint will be a 15% increase at 12 months at the 6MWT. In
the absence of a drug with a documented effect on the progression of the disease,
the trial aims at providing unequivocal evidence that Clenbuterol improves motor
function to a significant extent compared to usual care (superiority trial).
1) Neuromuscular Center, Department of Neurosciences, University of Padova, Italy.
2) IRCCS – Istituto di Ricerche Farmacologiche “Mario Negri” , Milano , Italy.
3) Department of Biomedical Sciences, University of Padova, Padova, Italy.
4) Dulbecco Telethon Institute, Centre for Integrative Biology, University of Trento, Trento, Italy.
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Masitinib therapeutically targets sciatic nerve pathology associated
with paralysis progression in an inherited ALS model

Emiliano Trias (1), Valentina Varela (1), Romina Barreto-Núñez (1), Sofía Ibarburu
(1), Mariángeles Kovacs (1), Ivan C. Moura (2), Olivier Hermine (2), Joseph S.
Beckman (3), Luis Barbeito*(1)

Progressive spreading of skeletal muscle paralysis is a clinical feature of amyotrophic
lateral sclerosis (ALS), a neurodegenerative disease with an average survival of
2 to 5 years. Evidence in rodent models expressing ALS-linked SOD1 mutations
indicate that specific glial and immune cells emerging after paralysis onset can
accelerate disease progression. Masitinib inhibition of the tyrosine kinase receptors
c-Kit and CSF-1R downregulates activated spinal cord glia cells as well as skeletal
muscle mast cells, thus reducing the rate of post-paralysis motor neuron loss, NMJ
denervation, and disease progression. However, it is presently unknown whether
mast cells and neutrophils play a pathogenic role during spinal nerve degeneration
in ALS. We have analyzed the progression of sciatic nerve pathology in SOD1G93A
rats from the onset of hind limb paralysis until advanced paralysis over 15 days.
We observed a previously unreported infiltration of degranulating mast cells into
the endoneurium, the number of which sharply increased after paralysis onset
and correlated with progression of nerve pathology. Notably, chymase-positive
mast cells formed large heterotypic multicellular aggregates with elastase-positive
neutrophils that were aligned along the sciatic nerve endoneurium in close contact
with misfolded SOD1 and fragmented myelin ovoids. Mast cells also interacted
with macrophages, which expressed the c-Kit receptor ligand stem cell factor
(SCF), essential for mast cell differentiation. CSF-1R agonists, IL34 and CSF1, were
expressed in GFAP-positive Schwann cells. Pharmacological inhibition of c-Kit and
CSF-1R with oral masitinib (30 mg/kg/day) for 15 days from the start of paralysis
onset, prevented the appearance of these mast cell/neutrophil aggregates and
decreased the number of non-phagocytic macrophages. Remarkably, masitinib
treatment also significantly decreased axonal pathology and demyelination, as
compared to vehicle-treated rats. These findings provide additional evidence for
mast cell and neutrophil-driven pathology of the sciatic nerve in ALS, effectors
likely contributing to aggravate distal axonopathy. Moreover, the observation that
this disease mechanism can be therapeutically targeted with masitinib provides
further rationale for treating ALS with masitinib; its neuroprotective effect having
now been reported in both the central and peripheral nervous systems.
1) Institut Pasteur de Montevideo, Uruguay
2) Imagine Institute, Hôpital Necker, Paris, France
3) Linus Pauling Institute, Department of Biochemistry and Biophysics, Oregon State University, Oregon,
USA
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Masitinib in the treatment of amyotrophic lateral sclerosis (ALS):
Update on confirmatory phase 3 trial (AB14008)

Angela Genge* (1), Jesus S. Mora (2), Vincent Arnold (3), Colin D. Mansfield (3),
Olivier Hermine (3,4)

Background Masitinib, an oral tyrosine kinase inhibitor, appears unique among other
ALS-developmental drugs, exerting neuroprotection by simultaneously targeting
microglia, macrophage and mast cell activity, both in the central and peripheral
nervous systems. Masitinib administered at 4.5 mg/kg/day as an add-on to riluzole
has previously demonstrated a positive benefit-risk balance in ALS patients with an
ALSFRS-R progression rate from disease-onset to baseline (ΔFS) of <1.1 points/
month (study AB10015). Significant disease retardation was evident in terms
of ∆ALSFRS-R (slowed loss of function), survival-to-event analysis (delayed
progression), ALSAQ-40 (slowed deterioration in quality-of-life), and FVC (slowed
deterioration in respiratory function and surrogate strength test). The objective of
study AB14008 (phase 3 randomized, controlled trial) is to confirm findings from
study AB10015 while utilizing a dosing regimen designed to optimize the benefitrisk balance. Design An estimated 600 ALS patients assigned to 4 treatment-arms
(1:1:1:1) will receive riluzole (50 mg b.i.d.) plus masitinib or placebo during 48
weeks. The study drug will be administered utilizing a dose escalating scheme to
reach the assigned target dose; for example, starting dose of 3 mg/kg/day with
switch to 4.5 mg/kg/day, and starting dose of 3 mg/kg/day with switch to 4.5
mg/kg/day then to 6 mg/kg/day, with each switch being subjected to a safety
control. The study population comprises male and female patients in the age group
of 18 to 81 years, with FVC ≥60% and diagnosed with laboratory supported,
clinically probable or definite ALS (revised El Escorial criteria). Additionally, the
rate of ALSFRS-R progression before randomization should be <1.1 point/month,
baseline disease duration from diagnosis <18 months, and all 12 items of ALSFRS-R
will have a non-zero score. Primary endpoint is absolute change in ALSFRSR[W0–W48]. Secondary endpoints include survival-to-event analysis (defined
as ALSFRS-R deterioration of >9 points from baseline or death), quality-of-life
(ALSAQ40), Clinical Global Impression (CGI), muscle strength (HHD) and respiratory
function (FVC). Safety analysis will include all patients administered at least one
dose of study drug. Concluding remark A positive benefit-risk balance will confirm
that masitinib is an important new therapeutic option in ALS.
1) ALS Unit, Montreal Neurological Institute and Hospital, Montreal, Canada.
2) ALS Unit, Hospital San Rafael, Madrid, Spain.
3) AB Science, Paris, France.
4) Department of Hematology, Necker Hospital, University of Paris Descartes, France.
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Initiation of masitinib at a less severe stage of disease produces greater
treatment-effect: Subgroup analyses from masitinib study AB10015

Jesus S. Mora (1)*, Angela Genge (2), (On behalf of the AB10015 Study Group),
Colin D. Mansfield (3), Olivier Hermine (3,4)

Masitinib (MAS) has previously reported positive phase 3 findings in ALS. Here we
present post-hoc analyses that explored whether patient (pt) susceptibility to MAS
is influenced by baseline disease severity, as measured by the individual component
scores of ALSFRS-R. Study AB10015 used a prospectively stratified design based
on ALSFRS-R progression rate calculated from disease-onset to baseline (ΔFS). A
dichotomizing cutoff at 1.1 points/month distinguished between Normal Progressor
(NP, ΔFS<1.1) and Fast Progressor (FP, ΔFS≥1.1) pts. The assumption here is that
heterogeneity in ALS disease aggressiveness reflects differing disease mechanisms,
leading to divergent treatment susceptibility. This approach therefore defines a
more homogeneous primary efficacy population (i.e. NP pts receiving oral MAS 4.5
mg/kg/day), while concurrently permitting evaluation of the more heterogeneous
population (i.e. ‘NP plus FP’ pts receiving MAS 4.5 mg/kg/day). The primary
outcome endpoint, decline in ALSFRS-R from baseline to week-48 (∆ALSFRS-R),
showed benefit for MAS (n=99) over placebo (PBO) (n=102) with a betweengroup least-squares means difference (∆LSM) of 3.39 (-9.24 vs -12.63),
corresponding to a significant and clinically meaningful slowing in functional decline
of 27% (P=0.016). Conversely, significance on ∆ALSFRS-R was not reached for
the ‘NP plus FP’ cohort (secondary analysis), with a ∆LSM of 2.09 in favor of
MAS (P=0.12). Post-hoc analysis showed that initiation of MAS treatment at a
less severe stage of disease produced greater treatment-effect for both ΔFSstratified cohorts in terms of ∆ALSFRS-R (as well as secondary endpoints of FVC,
ALSAQ-40, and survival-to-event analysis). Notably, this minor adjustment in pt
selection criteria revealed a significant benefit for MAS in the ‘NP plus FP’ cohort.
For pts with a baseline score of ≥1 on each ALSFRS-R item, ∆ALSFRS-R was -9.8
for MAS (n=92) vs -13.1 for PBO (n=105); a ∆LSM of 3.3 and 25% slower rate of
decline (P=0.0266). For pts with ≥2 on each ALSFRS-R item, ∆ALSFRS-R was -6.7
for MAS (n=48) vs -11.5 for PBO (n=57); a ∆LSM of 4.8 and 42% slower rate of
decline (P=0.0152). Finally, for pts with ≥3 on each ALSFRS-R item, ∆ALSFRS-R
was -4.3 for MAS (n=20) vs -15.1 for PBO (n=27); a ∆LSM of 10.8 and 72%
slower rate of decline (P=0.0064). Results indicate greater benefit is possible when
initiating MAS at a less severe stage of disease, with a significant treatment-effect
seen regardless of post-onset ΔFS.
1) ALS Unit, Hospital San Rafael, Madrid, Spain.
2) ALS Unit, Montreal Neurological Institute and Hospital, Montreal, Canada.
3) AB Science, Paris, France.
4) Department of Hematology, Necker Hospital, University of Paris Descartes, France.
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Sensitivity analyses from the first phase 3 clinical study of masitinib
(AB10015) in ALS demonstrate robustness of the positive primary
analysis

Olivier Hermine* (1,2), Vincent Arnold (1), Colin D. Mansfield (1), Jesus S. Mora (3),
Angela Genge (4) Genge (On behalf of the AB10015 Study Group)

Masitinib (MAS) has previously reported positive phase 3 (AB10015) findings in ALS,
signaling that it could provide an important new treatment option. Here we present
results from various sensitivity analyses on the primary endpoint. The primary efficacy
population of study AB10015 was predefined as patients (pts) receiving MAS 4.5
mg/kg/day with a ALSFRS-R progression rate from disease-onset to baseline (ΔFS)
of <1.1 points/month. The primary endpoint, decline in ALSFRS-R from baseline to
week-48 (∆ALSFRS-R), showed significant benefit for MAS (n=99) over placebo
(n=102) with a between-group least-squares means difference (∆LSM) of 3.39
(-9.24 vs -12.63); 95%CI 0.65–6.13, P=0.016. Missing data were imputed via last
observation carried forward (LOCF) methodology for those pts discontinuing because
of toxicity or lack of efficacy before week 48. In total, six predefined sensitivity
analyses were conducted on the primary analysis, including two full analysis dataset
(non-LOCF) imputation methods and four variations on LOCF via censoring on reason
for discontinuation. All results from these sensitivity analyses were consistent with
the significant outcome of the primary analysis, corroborating the robustness of
this finding. Considering the most pessimistic full analysis dataset (imputation with
penalty), which estimates progression for similarly clustered pts then imputes missing
values using this average trend, ∆ALSFRS-R for MAS (n=104) was -11.4 versus
-14.4 for placebo (n=111); corresponding to a ∆LSM of 3.0 and significant 26%
slowing in rate of decline (P=0.018). This result was further verified via tipping point
analysis, a form of stress testing that assesses how large departures from the ‘Missing
at Random’ assumption must be to overturn conclusions from the primary analysis.
The tipping point was achieved with a penalty of 76% (i.e. as if 76% of discontinued
MAS pts were equivalent to placebo). Because this is an improbable scenario, we
can say that the analysis is robust. Additionally, a multiple imputation method was
performed post-hoc using a monotone regression model (with initial conditioning by
MCMC imputation). Results showed a significant slowing in decline of ALSFRS-R for
MAS (n=105) versus placebo (n=113) by 21%, with ∆LSM of 2.8 (-11 vs -13.8);
(P=0.0454). Taken together, these positive results from multiple/single imputation
sensitivity analyses corroborate the robustness of study AB10015 primary endpoint
data.
1) AB Science, Paris, France.
2) Department of Hematology, Necker Hospital, University of Paris Descartes, France.
3) ALS Unit, Hospital San Rafael, Madrid, Spain.
4) ALS Unit, Montreal Neurological Institute and Hospital, Montreal, Canada
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People living with ALS and their caregivers’ input into drug
development

*Amy Laverdiere (1), Bonnie Charpentier (1), Jennifer Petrillo (2), Kristina Bowyer
(3), Calaneet Balas (4), Allison D. Martin (5), David Zook (5), James Valentine (6),
Lucie Bruijn (4)

There is a rising call for rigorous patient input into key areas of regulatory
consideration, such as clinically meaningful outcomes and benefit/risk calculations,
as well as an emerging focus on patient engagement in determinations of value for
health plan coverage and payment. Together, these developments offer a critical
opportunity to use established methods to ensure that patient input is appropriately
and adequately integrated into drug development. To respond to this opportunity
and need, The ALS Association is developing a patient and caregiver-driven initiative
– ALS PREFER – a cross-sector collaboration to build a robust, pre-competitive
solution for patient preference studies in ALS with funding support from industry,
non-profit organizations and other stakeholders. The initiative will be conducted in
collaboration with the broader patient advocacy community, industry stakeholders,
academic and clinical partners, and government representatives. It will draw on
the community momentum behind the draft ALS Drug Development Guidance
which led to the FDAâ€™s release in February 2018 of a draft guidance for public
comment. The Guidance project engaged nearly 40 people with ALS and their
caregivers, more than 10 ALS advocacy organizations, 45 of the world’s leading
ALS researchers and clinicians from 30 different institutions, 15 representatives
from 9 biopharmaceutical companies, and 5 government representatives from
the three centers at the National Institutes of Health and the Centers for Disease
Control and Prevention. IMPACT ALS, a US focused effort, is the first of many
initiatives that will become a part of ALS PREFER. A similar effort is planned in
Europe (refer to abstract). Rigorous patient and caregiver input is warranted to
guide drug development, but existing information regarding the burden of ALS is
limited and gleaned only from small or geographically restricted studies. IMPACTALS is a survey initiative to expand the available data for patient and caregiver
perspectives in order to guide drug development. Results from the survey will be
presented at the meeting.
1) Cytokinetics, California, USA.
2) Biogen-Idec, Boston, USA.
3) Ionis, California, USA.
4) The ALS Association, Washington DC, USA.
5) Faegre, Baker, Daniels Consulting, Washington DC, USA.
6) Hyman Phelps and MacNamara P.C, Washington DC, USA
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Long-term Outcome of Filgrastim (G-CSF) in ALS Patients

S. Johannesen* (1), B. Budeus (2), T-H. Bruun (1), S. Peters (1), Sabrina Küspert
(1), A-L. Meier (1), I. Kobor (1), O. Hsam (1), AM. Wirth (1), W. Schulte-Mattler (1),
S. Iberl (2), A. Schneider (2), W. Koch (3), U. Bogdahn (1)

Objective: To investigate the outcome of long-term G-CSF treatment in ALS
patients, and to unveil biomarkers potentially reflecting prognosis and mode of
action of G-CSF. Background: Previous efforts investigating the potential role of
G-CSF in ALS patients have not provided convincing evidence of efficacy, possibly
due to short treatment duration, or limited dosage in this potentially regenerative
approach. Methods: 37 (36 evaluable) definite ALS patients (mean age 52 yrs,
25m/11f) were included with informed written consent on an outpatient and
named patient basis from 2010 to present, with a mean dose of 351 Mio IU
G-CSF/mo, and a median treatment duration of 13.7 mo. Results were compared
to the PRO-ACT database and analyzed for biomarkers (monthly stem cell-,
cytokine-, chemokine-markers; MR-DTI fractional anisotropy every 3 mo). An
individual survival prediction model was constructed based upon the PRO-ACT
database. Results: Safety, feasibility and tolerance were excellent. Adjusted (age,
sex, baseline ALS-FRS-R, riluzole, site of onset, time-lapse from diagnosis to
therapy) multi parameter survival analysis revealed a significant benefit in favor
of G-CSF compared to PRO-ACT. A matched-pair analysis (25 PRO-ACT pts
vs 1 G-CSF pat, bootstrapping, leave-one-out procedure x 10^4) resulted in a
significant difference of survival with a median of 367 (PRO-ACT) vs. 609 (G-CSF)
days post treatment start. Observed survival correlated significantly to estimated
survival as assessed by the individual survival prediction model within PRO-ACT
(p<0,0001). Differences between observed to PRO-ACT-predicted survival times
were significantly in favor for G-CSF. Biomarkers correlated with prognosis and
with G-CSF response were monitored in individual patients. Individual response
was significantly associated with patients’ hematopoietic stem cell mobilization.
Although there was a significant general benefit of G-CSF in ALS, a highly
responsive subgroup of ALS patients with a distinct biomarker profile could be
delineated. Conclusions: Long-time G-CSF therapy in ALS patients seems extremely
encouraging. Biomarkers that supervise this immune modulatory and stem cell
activating therapy need further validation. It will help to identify a clear cut highly
responsive subpopulation, who might have a substantial benefit from this safe
outpatient therapy. Supported in part by BMBF-GO-Bio Grant
1) Department of Neurology, University of Regensburg, Germany.
2) Life.Data.Science, Heidelberg, Germany.
3) BDS Koch, Schwetzingen, Germany.
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Discovery and characterisation of a novel genetic variant of
amyotrophic lateral sclerosis

Tobias Moll*, Dr Johnathan Cooper-Knock (1), Dr Alexander Beer (1), Dr Henry
Robbins (1), Dr Adrian Higginbottom (1), Dr Guillaume Hautbergue (1), Dr Lydia
Castelli (1), Dr Tennore Ramesh (1), Dr Janine Kirby (1), Prof Dame Pamela Shaw
(1)

Introduction: Current understanding of motor neuron degeneration in amyotrophic
lateral sclerosis (ALS) is based primarily on the study of genetic subtypes.
Discovering new genetic causes of disease offers a powerful platform for
building disease models and identifying therapeutic targets, particularly when the
new gene occurs in a distinct functional pathway. Methodology: Whole exome
sequencing was used to identify a causal genetic variant in related individuals with
autosomal dominant ALS. This was followed by targeted sequencing of candidate
genes in a cohort of 103 familial and young sporadic ALS (sALS) cases. We used
immunocytochemistry (ICC) to confirm intracellular localisation of wild-type (WT)
and mutant forms of the corresponding protein. The functional impact of these
mutations in neuronal (N2A) and non-neuronal (HEK293) cells was assessed
by MTT and lactate dehydrogenase assays. Knockdown of the gene in zebrafish
embryos was performed using morpholino oligonucleotides. Results: Only one
genetic variant was present in both family members with autosomal dominant ALS,
absent from controls ((n=220 local, n=60,000 in ExAC), and found in additional
ALS cases (n=4). In advance of first publication, the gene shall be referred to as
‘X’. No patients with a mutation in gene X had a coexisting mutation in a known
ALS gene, and disease was within the spectrum of sALS. 5 patients with p.R92C
mutations suffered more aggressive disease with mean survival of 13 months, but
the single patient with a p.G78W mutation lived >5 years. ICC showed localisation
of protein ‘X’ to the Golgi network in N2A and HEK293 cells. When compared to
WT protein we have shown that mutant forms are cytotoxic and reduce cellular
metabolism, consistent with a gain-of-function toxicity. The p.R92C mutation
was more toxic than p.G78W in all assays which is in-line with observed clinical
severity. Knockdown of gene ‘X’ produced a motor phenotype in zebrafish embryos
at 5 days post-fertilisation, suggesting gene ‘X’ is integral to motor system
function. Conclusion: Protein ‘X’ is expressed in neurons and thought to localise to
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the Golgi network. Functionally protein ‘X’ is poorly characterised but it contains
a glycosyltransferase domain. Glycosyltransferase activity is associated with
ganglioside synthesis which is disrupted in ALS. This is the first time a gene in this
pathway has been identified in ALS patients, offering an exciting opportunity for
therapeutic intervention.
1) University of Sheffield, Sheffield, United Kingdom.
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Characterisation of a cohort of adult onset Middle Eastern ALS cases
for mutations in known ALS genes

Nada Al-Ahmady* 1,2, Martina de Majo 1, Simon Topp 1, Chun-Hao Wong 1,
Christopher Shaw 1, Marc Gotkine 3, Bradley Smith 1

Introduction Amyotrophic lateral sclerosis is a fatal neurodegenerative disease
caused by genetic mutations transmitted with a clear familial Mendelian inheritance
in ~10% of cases (fALS) or alternatively by lower penetrant mutations or
complex susceptibility alleles presenting in a sporadic manner (sALS).. In the last
two decades, disease causing mutations in ~35 ALS genes have been identified,
accounting for ~20% of total ALS cases. We have recently conducted exome
sequencing in a cohort of 110 Middle Eastern ALS cases (Arab and Jewish
ethnicity) with 8% of cases documented to be consanguineous. The cohort is
predominantly composed of classical ALS cases with adult disease onset, 9% of
whom have a family history of disease. We aim to identify recessive genes or alleles
in this patient set that also might be enriched in Caucasian fALS and sALS cases.
However, we are also highly interested in the genetic architecture of this cohort in
terms of mutations in known ALS genes and data on this aspect will be presented
here. Methods All cases were prescreened for the intronic GGGGCC hexanucleotide
C9ORF72 expansion prior to exome capture. Remaining cases were captured using
the Nimblegen V3 probe set and individual exome libraries pooled (4 per lane)
and run on an Illumina Hiseq3000 with raw data analysed for novel or exceedingly
rare variants using a custom built in-house pipeline. Mutations were confirmed
by Sanger sequencing. Results Eight individuals harbored mutations in the major
dominant ALS genes. These comprised of four heterozygous C9ORF72 expansions,
a homozygous D90A, a heterozygous p.R115C and a heterozygous p.L145F SOD1
mutation, and a heterozygous p.514_515del inframe FUS deletion ). Of note, our
cohort was abundant in OPTN mutations with one Palestinian family harbouring
a novel p.S174X mutation that segregated with disease in a recessive manner
and was absent in 1000 ethnically matched controls, and a homozygous novel
essential splice site mutation which was identified in two unrelated Arab sALS cases,
indicating a possible common founder. Conclusions This study shows that C9orf72
and SOD1 are amongst the most frequently mutated genes within our Middle
Eastern cohort, in line with results seen in most western populations. The high
incidence of homozygous OPTN loss-of-function mutations (3% of the cohort)
mirrors that found by Goldstein et al in Israeli ALS cases of Moroccan and Ashkenazi
Jewish ancestry (Neurology 86:5, 2016).
1) Maurice Wohl Clinical Neuroscience Institute, Institute of Psychiatry, Psychology and Neuroscience,
King’s College London, United Kingdom
2) Department of Biology, Imam Abdulrahman bin Faisal University, Dammam, Saudi Arabia
3) Motor Neuron Disease Clinic, Department of Neurology, Hebrew University-Hadassah Medical
Centre, Jerusalem, Israel
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Genetic analysis of a French cohort of patients with sporadic
amyotrophic lateral sclerosis (SALS)

Patrick Vourc’h* (1,2), Sylviane Marouillat (1), Céline Brulard (1), Cindy Maurel
(1), Catherine Antar (1), Rose-Anne Thépault (1), Hélène Blasco (1,2), Stéphane
Beltran (1,3), Philippe Couratier (4), Christian Andres (1,2), Philippe Corcia (1,3)

INTRODUCTION. Amyotrophic Lateral Sclerosis (ALS) is an adult neurodegenerative
disease characterized by the progressive death of motor neurons. More than 30
genes have been implicated in the familial forms of the disease, but these forms
represent only 5-10 % of all ALS cases, the majority are sporadic cases (SALS). In
this study we analyzed 31 genes in a French cohort of SALS patients. The panel
of genes was chosen in consultation with the French network of ALS Centers and
FILSLAN (French rare diseases Healthcare Network: Amyotrophic lateral sclerosis
and rare motor neuron diseases). METHODS. The hexanucleotide repeat expansion
(HRE) in C9ORF72 gene was studied by repeat PCR/Genescan. The other 30
genes were analyzed by Next Generation Sequencing (NGS) and Sanger sequencing
(3130xl Applied). For NGS, the libraries generated (Haloplex panel, Agilent) were
qualified, quantified, and sequenced on MiSeq (Illumina) and analyzed by a pipeline
developed in Tours (INSERM U1253-Center SLA). RESULTS. The cohort consisted
in 355 SLAS patients with 56% men and 44% women. The average age of onset
of the first symptoms was 59 years old. The C9ORF72 gene was mutated in 7.6%
of patients; 20% of them reported the presence of behavioral disorders in their
families (frontotemporal dementia, Alzheimer’s). We next used NGS and Sanger
sequencing to analyzed SOD1, TARDP and FUS and found heterozygous mutations
in these genes in respectively 1.2%, 0.8% and 0.5% of patients. Novel mutations
were identified such as for example p.Y526C in FUS (25-year-old woman; last
amino acid) and p.N259S in TDP-43 (first mutation in the RRM2 domain). Several
heterozygous missense mutations were also described in others genes, some were
novel mutations. Their pathogenicity is being analyzed particularly in patients with
mutations in two different genes. DISCUSSION. It is important to obtain more
information about genetic of SLAS as this will help for molecular diagnosis and
better understanding of the pathophysiology of the sporadic forms of the disease.
In our study we described new mutations, some interesting for structure-function
studies. This work also reinforces the interest of NGS for the study of a disease
where oligogenism or polygenism could play an important role.
1)-INSERM 1253, iBRAIN, Université de Tours, INSERM, France.
2)-Service de Biochimie et Biologie moléculaire, CHU de Tours, France.
3)-Service de Neurologie et Centre SLA, CHRU de Tours.
4)-Service de Neurologie et Centre SLA, CHU de Limoges, France.
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Next Generation Sequencing in familial ALS and/or FTD Spanish
patients

Daniel Borrego-Hernández* (1), María del Carmen Herrero-Manso (2), Pilar
Cordero-Vázquez (1), Alberto Villarejo-Galende (3), Sara Llamas-Velasco (3), Marta
González-Sánchez (3), Alexandra Juárez-Rufián (1), Gabriel García-Salamero (1),
Miguel Ángel Martín-Casanueva (4), Jesús Esteban-Pérez (1), Alberto GarcíaRedondo (1)

Background: Amyotrophic lateral sclerosis (ALS) and frontotemporal dementia form
a clinical, pathological and genetic continuum. The aim of this study is to evaluate
the suitability of performing a more complete genetic study sharing between
familial ALS or FTD patients and ALS patients with FTD comorbidity. Methods: The
number of ALS samples in “i+12” biobank is around 950 taking into account familial
and sporadic cases, and ALS-FTD. The genetic studies performed in every sample
were SOD1 and C9orf72 expansion. 39 patients have been selected in this study
with a family history and who had not been previously characterized. The final study
consisted on a customized panel (NGS) including 48 genes previously described as
ALS or FTD causing or risk genes, and some of them related to Alzheimer disease,
Charcot Marie-Tooth, Hereditary Spastic Paraplegia or Ataxia. Results: We identified
8 patients (20.5%) carriers of a variant previously published as pathogenic and
causing the disease, with the TARDBP gene being the most frequent (n=5, 12.5%).
There were also carriers of a pathogenic variant in TBK1, SQSTM1 and SPG7.
Moreover, we found another 10 probably pathogenic variants in genes such
as TBK1, MAPT, KIF5a, TUBA4A, PSEN1, FLNC (2 variants), DAO, DCTN1 and
EPB41L1. Discussion: Our results suggest the existence of a wide range of genes
involved in familial ALS, albeit to a lesser extent. In this way, it might be advisable
to change the currently more generalized method (Sanger sequencing of the most
common genes) to carry out a massive sequencing study aimed at a selection of
genes that allows the genetic characterization of an extensive percentage of familial
ALS and familial FTD. Keywords: gene panel, NGS, ALS, FTD, Acknowledgements
This work was supported by grants PI14/00088 from the Instituto de Salud
Carlos III (ISCIII), the support of the Spanish Foundation for the development of
ALS research (FUNDELA) and Plataforma de afectados de ELA. References: 1. AlChalabi, A. et al., 2012. The genetics and neuropathology of amyotrophic lateral
sclerosis. Acta Neuropathologica, 124(3), pp.339–352. 2. Renton, A.E., Chiò, A. &
Traynor, B.J., 2014. State of play in amyotrophic lateral sclerosis genetics. Nature,
17(1), pp.17–23. 3. Robberecht, W. & Philips, T., 2013. The changing scene of
amyotrophic lateral sclerosis. Nature neuroscience, pp.248–264.
1) Neurology department – ALS Unit. CIBERER. Health research Institute, Hospital Universitario 12 de
Octubre – Avda. Córdoba s/n – 28041 Madrid – Spain.
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2) Rheumatology department – Health Research Institute, Hospital 12 de Octubre – Avda. Córdoba s/n
– 28041 Madrid – Spain.
3) Neurology department – Dementia Unit. CIBERNED. Health research Institute, Hospital Universitario
12 de Octubre – Avda. Córdoba s/n – 28041 Madrid – Spain.
4) Biochemistry department. CIBERER U-723. Health research Institute, Hospital 12 de Octubre – Avda.
Córdoba s/n – 28041 Madrid – Spain.

110

ENCALS Meeting 2018

B05

Another pleiotropic gene, KIF5A, implicated in Turkish families with ALS
and HSP

Ceren Tunca (1)*, Fulya Akçimen (1), Cemile Koçoğlu (1), Cemre Coşkun (1), Aslı
Gündoğdu-Eken (1), Ersin Tan (2), Azize Esra Gürsoy (3), Sevda Erer (3), Mehmet
Zarifoğlu (3), A. Nazlı Başak (1)

Autosomal dominant missense mutations in the N-terminal motor domains of
Kinesin Family Member 5A (KIF5A) have been commonly associated with spastic
paraplegia 10 (SPG10) or Charcot-Marie-Tooth Type 2 (CMT2). Phenotypic
heterogeneity is prominent among cases ranging from pure to complex forms of
hereditary spastic paraplegia (HSP) with additional features like axonal sensorimotor
peripheral neuropathy or cognitive impairment. Furthermore, heterozygous de novo
frameshift mutations, located in the C-terminal region of KIF5A, are reported as the
cause of a severe developmental syndrome called neonatal intractable myoclonus.
Recently, a hotspot region in the C-terminal of KIF5A was shown to be responsible
for classical amyotrophic lateral sclerosis (ALS), a more severe phenotype, by
causing aberrant pre-mRNA splicing and thus, haploinsufficiency. In this study,
we present Turkish ALS and HSP families with KIF5A mutations. Whole exome
sequencing was used to identify the causative genes and Sanger sequencing for
their validation. Two different heterozygous non-synonymous missense variations
(c.3005A>G, p.(Asp1002Gly) and c.2927C>T, p.(Thr976Ile)) (NM_004984.2)
located in the C-terminal of the KIF5A gene were identified in three individuals
from two families with adult-onset ALS. The p.(Asp1002Gly) variation is a
novel change, whereas the p.(Thr976Ile) (rs139801016) (ExAC MAF: 0.0002)
variant is also observed in a second patient in our cohort with juvenile-ALS and
a FUS mutation. Considering the loss-of-function nature of the KIF5A splice site
mutations so far linked to ALS, the segregation analysis in extended family members
is ongoing, in order to asses the pathogenicity of the above variants. Along this line,
a heterozygous c.1379G>A, p.(Arg460Gln) mutation located further N-terminal
of the KIF5A gene was observed in a Turkish family with an initial clinical diagnosis
of ataxia accompanied by spasticity in lower extremities and mild cognitive deficit;
the family harbours several affected individuals. Overlapping features are common
among HSP, ALS and CMT, thus detailed clinical information, e.g. deep phenotyping
along with molecular analysis, become extremely crucial to avoid false diagnoses
and determine the extent of pathogenicity. This study aims to establish through
a tight collaboration with expert clinicians, an accurate differential diagnosis to
distinguish between these disorders with often similar clinical characteristics.
1) Suna and İnan Kıraç Foundation Neurodegeneration Research Laboratory, Boğaziçi University,
Istanbul, Turkey.
2) Neurology Department, Hacettepe University Medical School, Ankara, Turkey.
3) Neurology Department, Uludağ University Medical School, Bursa, Turkey.
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Dissecting the role of two novel ALS risk genes NEK1 and C21orf2

Pavol Zelina (*)(1), Christy Kolsteeg (1), Bram Schipper (1), Anna de Ruiter (1),
Leonard H. Van den Berg (2), Jan H. Veldink (1, 2), R. Jeroen Pasterkamp (1)

Project MinE, an international whole-genome sequencing initiative, has identified
two novel ALS ‘risk genes’ NEK1 and C21orf2. To date only little is known about
function of C21orf2 and neither of the two proteins has been studied in neurons.
Our project is aiming to elucidate function of these two proteins in nervous system
and their relationship to ALS pathology. According to available expression data
(e.g. http://biogps.org) both proteins show ubiquitous expression throughout
various tissues probably due to their connection to primary cilia that are present
in most mammalian cell types. We have performed detailed in situ hybridization
and immunochemistry studies to closer analyze expression of these two proteins
in the mouse nervous system. Both proteins show prominent expression in cortex,
Purkinje cells of the cerebellum, DRGs and in motor neurons of spinal cord, i.e. in
motor circuits’ neurons. NEK1 and C21orf2 have been already shown to interact
in vitro. We have mapped the interaction site between the two proteins using
co-IP experiments with deletion mutants designed based on the known domain
structure of NEK1 and in the case of C21orf2 its domain structure predicted by
online tools (e.g. http://raptorx.uchicago.edu). The N-terminal part of C21orf2
and the C-terminal part of NEK1 are required for the interaction of these two
proteins. Using online bioinformatics tools, we further identified a NLS signal in
the N-terminal part of C21orf2 and a NES signal in its C-terminal part. Indeed,
a C21orf2 construct lacking the C-terminal part localizes into nucleus when
expressed in N2a cells. To analyze the relationship of NEK1 and C21orf2 to ALS we
have created a set of mutant variants for each protein based on Project MinE data
and mutations connected to ciliopathies. It is already obvious that some of these
mutations have impact on the interaction between NEK1 and C21orf2 and some
mutations can be linked to both ALS and ciliopathies. We are currently examining
impact of these mutations in neuronal cells using mutant variant constructs.
Furthermore, to substantiate the data we are creating iPSC-derived human motor
neurons bearing some of these mutations using donor tissue samples and/or
the CRISPR/Cas9 DNA editing system. Altogether, we are aiming to increase our
understanding of the pathology of ALS and to create relevant ALS model(s) for
performing screens focused on identifying molecules for therapeutic applications.
1) Department of Translational Neuroscience, Brain Center Rudolf Magnus, University Medical Center
Utrecht, Utrecht University, Utrecht, Netherlands.
2) Department of Neurology, Brain Center Rudolf Magnus, University Medical Center Utrecht, Utrecht
University, Utrecht, Netherlands.
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CAG Intermediate-repeats expansion in ATXN2 associated with
increase of risk in ALS

Jennifer Christine Hengeveld (1)*, Leonie Dupuis (2), Alice Vajda (3), Mark Heverin
(3), Dan Bradley (1), Orla Hardiman (3), Russell Lewis McLaughlin (1)

Amyotrophic lateral sclerosis (ALS), usually known as motor neuron disease, is
a fatal neurodegenerative disorder characterized by a rapid-onset loss of upper
and lower motor neurons. ALS has no cure, and its underlying cause is unknown
in the majority of cases, although a strong genetic component is known to play a
role. The gene ATXN2 normally has a repeat structure of around 22-23 triplets
encoding for glutamine (CAG) within the reading frame of the gene encoding the
ataxin two protein. Studies have shown that harbouring more than 40 repeats
causes spinocerebellar ataxia type 2 (SCA2). Recently, it was discovered that
intermediate-length repeat expansions (27-33 repeats) in ATXN2 are significantly
associated with the risk of developing ALS. The aim of this project is to genotype
the ATXN2 gene in a cohort of controls and patients from the Irish ALS bank in
order to assess the association between this genotype and ALS. For ALS patients,
the ATXN2 gene had a higher incidence of repeat expansions (between 27-32)
than the control subjects. With regards to the intermediate repeat length expansion
(between 24-34) in the ATXN2 gene, the ALS patients and the controls showed a
significant repeat count variation (P= 6.027 x 10-3), with an increase of risk up to
11.34 times (CI 95% 4.10-31.39). This study further exemplifies the correlation
between this gene and ALS in the Irish population, contributing to the research of
causative genes for this devastating disease. Current work is extending our research
into assessing the length of repeat expansions in other ataxia-associated genes,
including ATXN1.
1) Smurfit Institute of Genetics, Trinity College Dublin, Dublin D02 DK07, Republic of Ireland
2) Department of Biology, University of West Florida, 32514, USA
3) Academic Unit of Neurology, Trinity Biomedical Sciences Institute, Trinity College Dublin, Dublin D02
DK07, Republic of Ireland
4) NIHR Biomedical Research Unit in Dementia, Maurice Wohl Clinical Neuroscience Institute, King’s
College London, London SE5 9NU, UK
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ALSscan: A framework for the analysis and visualisation of DNA NGS
data of ALS patients

A Iacoangeli* (1), A Al Khleifat(2), W Sproviero (2), A Shatunov (2), AR Jones (2),
SL Morgan (3), A Pittman (3), RJ Dobson (1,4,5), SJ Newhouse (1,4,5) and A AlChalabi (2)

Amyotrophic lateral sclerosis (ALS) is a progressive and uniformly fatal
neurodegenerative disease. A plethora of genetic factors have been identified that
drive the degeneration of motor neurons in ALS, increase susceptibility to the disease
or influence the rate of its progression. DNA Next Generation Sequencing (NGS)
data is a commonly applied approach for studying the genetic basis of this disease
and underpins the aspirations of precision medicine including genetic diagnostic
testing. However, there are significant challenges when dealing with NGS data. A
huge number of bioinformatics tools exist and it is therefore challenging to design
an analysis pipeline; NGS analysis is computationally intensive, requiring expensive
infrastructure which can be problematic given that many medical and research
centres do not have adequate high performance computing facilities and the use of
cloud computing facilities is not always possible due to privacy and ownership issues.
Moreover, the medical interpretation of the genetic findings is not trivial. We have
therefore developed ALSscan, a complete framework for the analysis, annotation, and
visualisation of DNA NGS data designed for ALS genetics. The framework consists
of i) a fast and efficient bioinformatics pipeline that allows for the analysis of DNA
sequencing data on a midrange computer. Focusing on the ALS related genes, the
pipeline can analyse 40x WGS data in about 8 hours and whole-exome-sequencing
(WES) data in 1 hour using a machine with 4 CPUs (4 cores) and 16 Gb of RAM,
detecting SNVs, small indels, and a wide range of structural variants including repeat
expansions. ii) An ALS genetics based annotation that makes use of public databases,
e.g. ALSoD, ClinVar, CADD and GTR, as well as a manual literature review to perform
gene and single variant prioritisation and favour the interpretation of the results
iii) and report and visualisation utilities to make the framework suitable to a wider
audience. ALSscan is available on GitHub (https://github.com/KHP-Informatics/
DNAscan) as part of the DNAscan software suite. The repository provides detailed
instructions for tool usage and installation. A bash script for an automated installation
of the required dependencies is also provided as well as Docker and Singularity images
for a fast and reliable deployment.
1) Department of Biostatistics and Health Informatics, King’s College London, London, UK;
2) Maurice Wohl Clinical Neuroscience Institute, King’s College London, London, UK;
3) Department of Molecular Neuroscience, UCL, Institute of Neurology, London, UK;
4) Farr Institute of Health Informatics Research, UCL Institute of Health Informatics, University College
London, London, UK;
5) National Institute for Health Research (NIHR) Biomedical Research Centre and Dementia Unit at South
London and Maudsley NHS Foundation Trust and King’s College London London, UK.
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Estimating copy number of SMN1 and SMN2 gene using whole
genome sequencing ALS survival

Matthieu Moisse (1*), on behalf of Project Mine Sequencing Consortium (2)

Background Amyotrophic lateral sclerosis (ALS) usually leads to death within 3
to 5 years, but a high variability in patient survival has been observed, with 5%
of the patients surviving more than 10 years [1]. To date, several clinical factors
have been associated with patient survival, e.g. gender, age at onset, site of onset,
presence of frontotemporal dementia, … [2]. Additionally, also genetic variants,
like the C9orf72 repeat expansions, have been shown to associate with survival.
Recent studies showed an association between the copy number variations
(CNVs) of the SMN-genes may modulate the clinical severity ALS [3]. Objectives
To identify CNVs in the SMN genes using whole genome sequencing (WGS)
data and correlate these will ALS phenotypes like survival, onset and progression
rate. Methods We used WGS data from 2,229 Belgian and Dutch ALS patients,
sequenced as part of Project MinE. To estimate CNVs of SMN1 and SMN2 who are
almost identical, we looked at three point mutations than can distinguish between
SMN1 and SMN2 located on chromosome 5 at position 70,247,724, 70,247,773
and 70,247,921 for SMN1 and 69,372,304, 69,372,353 and 69,372,501 for
SMN2 (genome build hg19) as suggested by Larson et al [4]. Using the read depth
at these positions as surrogate for the average coverage of the SMN genes and
20 housekeeping genes with a stable CNV, the effective CNV of SMN1 and SMN2
will be estimated. Cox-regression was applied on the CNV of SMN correcting for
age at onset, site of onset, gender, sequencing technology and the first 10 PCA’s
for population stratification. Results Based on the CNV estimates from WGS data
we observed a reduced numbers of copies of SMN2 in ALS patients compared
to controls. A difference in survival or onset was however not observed. Other
populations within project MinE will be investigated to see if the associations are
population specific. References 1. Pupillo E, Messina P, Logroscino G, et al. Ann
Neurol. 2014; 75:287-297. 2. Chio A, Calvo A, Dossena M, et al. ALS. 2009;
10 205-209. 3. Butchbach MER, Front Mol Biosci. 2016 4. Larson JL, Silver AJ,
Chan D, et al. BMC Medical Genetics. 2015; 16:100. Acknowledgements Samples
were sequenced as part of the MinE project. Belgian samples were collected at UZ
Leuven and Dutch samples at UMC Utrecht.
1) KU Leuven – University of Leuven, Department of Neurosciences, Experimental Neurology; VIB –
Vesalius Research Center, Laboratory of Neurobiology, Leuven, Belgium.
2) Project Mine Sequencing Consortium, Utrecht, The Netherlands.
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Determining the risk of ALS in relatives of patients with ALS: A study of
re-categorisation rates from “sporadic ALS” to “familial ALS”

Marie Ryan* (1,2), Mark Heverin (1), Mark Doherty (3), Niall Pender (4), Russell
McLaughlin (3), Orla Hardiman (1, 2)

Introduction: ALS may be distinguished into familial ALS (FALS) or sporadic ALS
(SALS) based on the respective presence or absence of family history of ALS.
There are numerous reasons why some FALS individuals may be misclassified as
sporadic ALS including incomplete ascertainment of extended kindreds and small
family sizes. Using standardised classification criteria for FALS applied to the Irish
population based ALS register over a 23-year period, we sought to determine
the frequency of re-categorization from SALS to FALS in an Irish ALS population.
Methods: 269 individuals with familial ALS were grouped by whether they were
identified as FALS at time of diagnosis or were classified initially as SALS. Annual
rates of re-categorization were calculated by dividing the number of re-categorized
FALS individuals by the number of individuals diagnosed with ALS annually. Results:
100 individuals, (65% male, 58% spinal onset), initially classified as SALS, were later
re-categorized as FALS, with an overall mean rate of re-categorization from SALS
to FALS of 3% (95% CI 2.6-3.8) per annum. Full clinical details were available on
both the initial proband and second affected relative in 43 cases. In these families,
the second affected relative was diagnosed a mean of 7.6 years (95% CI 5.9-9.2)
after the first affected relative. In 44% of cases, the second relative was a firstdegree relative of the first. Discussion: Differences in re-categorization rates from
SALS to FALS in our study compared to that of a London based population (3% v
1.2% respectively) may be explained in part by differences in classification criteria
used. Conclusions: Our findings show that the presence of Mendelian inherited
genes in apparently sporadic patients is likely a function of mis-classification based
on incomplete family history information.
1) Academic Unit of Neurology, Trinity College Dublin, Dublin, Ireland.
2) Department of Neurology, Beaumont Hospital, Dublin, Ireland.
3) Department of Genetics, Trinity College Dublin, Dublin, Ireland.
4) Department of Psychology, Beaumont Hospital, Dublin, Ireland.
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Deciphering the respective contribution of macrophages and microglia
to human motor neuron degeneration in ALS

*Elise Liu (1), Cynthia Lefebvre (1), François Salachas (1,2), Lucette Lacomblez
(2), Christian Lobsiger (1), Stéphanie Millecamps (1), Séverine Boillée (1), Delphine
Bohl (1)

In ALS, while initiation of the disease seems to be intrinsic to motor neurons, its
progression seems to involve non-neuronal cells in the environment of the motor
neurons. Since spinal motor neurons have their soma in the central nervous system
(CNS) while their axons lie at the periphery in contact to muscles, it involves
two distinct micro environments: in the CNS, motor neuron soma is surrounded
by microglial cells, the macrophages of the CNS, while at the periphery the axon
is in surrounded by macrophages. We therefore want to analyze the respective
contribution of macrophages and microglial cells to motor neuron degeneration
using new cellular models derived from induced pluripotent stem cells (iPSc). iPSc
clones from familial and sporadic ALS patients are already available in the lab and
protocols were established to generate pure cultures of spinal motor neurons,
macrophages and more recently microglial cells. Microglial cells and macrophages
specificities are currently being characterized with specific markers using flow
cytometry analyses, immunofluorescence labeling and qRT-PCR. To further study
the specific physiological interactions between microglial cells and motor neuron
soma, or macrophages and motor neuron axons, microfluidic devices will be used.
This technology consists of two cell culture chambers separated by asymmetrical
micro channels imposing the axonal growth in a single direction. We already
successfully cultured iPSc-derived motor neurons in such microfluidic devices, and
we observed the unidirectional growth of axons and the physical separation of
motor neurons somas and axons. Our future goal is to study the specific toxicity
mediated by macrophages or microglial cells towards ALS motor neuron and to
understand their implication in ALS disease progression.
1) ICM- INSERM U 1127 – CNRS UMR-7225 –Sorbonne Université, Paris, France;
2) APHP, Centre de ressources et de compétences SLA Ile de France, Hôpital Pitié-Salpêtrière, Paris,
France.
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Nuclear mRNA export factor GANP in lower motor neuron
degeneration

Rosa Woldegebriel* (1), Emil Ylikallio (1,2), Markus Sainio (1), Laura Mäenpää
(1), Carsten Bonnemann (3), Sandra Donkervoort (3), Diana Bharucha-Goebel
(3), Maie Walsh (4), Zornitza Stark (4), Marie-José van den Boogaard (5), Pirjo
Isohanni (1,6), Tuula Lönnqvist (6), Henna Tyynismaa (1,7)

Nuclear export defects have been recognized as an important cause of amyotrophic
lateral sclerosis (ALS) and other neurodegenerative disorders. We recently identified
a new recessive disease gene MCM3AP, encoding for the nuclear mRNA export
factor GANP (germinal associated nuclear protein), in patients with early-onset
peripheral neuropathy and mild intellectual disability. GANP is a scaffold for proteins
of the TRanscription-EXport-2 (TREX-2) complex in the nuclear envelope, with a
proposed role in exporting selective mature mRNAs from the nucleus. Intriguingly in
flies, loss of the GANP ortholog xmas-2 was shown to suppress TDP-43-mediated
toxicity and motor neuron degeneration. We studied skin fibroblasts of patients with
GANP mutations, and found a marked reduction in GANP immunostaining in the
nuclear envelope and by Western blotting. We further tested that GANP is a nuclear
envelope protein also in cultured human neurons, and investigated the effects of
GANP loss on axonal transcriptomes of neurons differentiated from patient-specific
induced pluripotent stem cells. Our results show that recessive MCM3AP mutations
cause a severe reduction of the GANP protein, suggesting disrupted mRNA export
as the pathogenic mechanism. Understanding of the role of GANP in nuclearcytoplasmic transport of mRNA in neuronal cells is important in regard to lower
motor neuron degeneration in peripheral neuropathy and may also have implications
for other motor neuron diseases associated with defective nuclear export such as
ALS.
1) Research Programs Unit, Molecular Neurology, University of Helsinki, Helsinki, Finland.
2) Clinical Neurosciences, Neurology, University of Helsinki and Helsinki University Hospital, Helsinki,
Finland.
3) Neuromuscular and Neurogenetic Disorders of Childhood Section, National Institute of Neurological
Disorders and Stroke, National Institutes of Health, Bethesda, USA.
4) Murdoch Children’s Research Institute, Victoria, Australia.
5) Department of Medical Genetics, University Medical Center Utrecht, Utrecht, The Netherlands.
6) Department of Child Neurology, Children’s Hospital and Pediatric Research Center, University of
Helsinki and Helsinki University Hospital, Helsinki, Finland.
7) Department of Medical and Clinical Genetics, University of Helsinki, Helsinki, Finland.
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Bioenergetic profiling of SOD1 patient models of ALS

Scott P. Allen (1), Ryan Woof (1)(*)

Background It is well established that mutation in the SOD1 gene leads to oxidative
stress and metabolic dysfunction in ALS. Metabolic defects have been observed
in both patient and animal derived cell models of SOD1 such as fibroblasts and
astrocytes. It is important to gain a better understanding of how SOD1 affects
these pathways so they can be manipulated in order to try and increase energy
production and slow down disease progression. Methods In order to identify novel
sites of metabolic dysfunction. We have used a metabolic phenotypic array assay
to profile patient derived fibroblast samples from 5 SOD1 ALS patients and 11
controls. This novel approach focuses on the production of nicotinamide adenine
dinucleotides (NADH) from 91 different energy substrates using an OmniLogTM
profiling system (Biolog). This approach uses proprietary redox dye technology
which is reduced to a coloured product in the presence of NADH. Results Our
on-going research has shown that in SOD1 fibroblasts there are disruptions in the
energy substrates involved in the Tricarboxylic Acid Cycle, glycolysis and nucleoside
metabolic pathways. Discussion We have reprogrammed these patient fibroblasts
into induced neuronal progenitor cells (iNPCs) and are routinely differentiating these
cells into astrocytes and performing metabolic profiling. Our aim is to elucidate if
common dysfunctional pathways can be identified in a CNS specific human model
of SOD1 ALS compared to fibroblasts and to identify novel areas of metabolic
pathway dysfunction in astrocytes. Once we have identified these pathways we will
supplement the astrocytes with the dysfunctional energy substrates in question. Or
bypass the defect with energy substrates downstream of the dysfunction, to try to
increase energy production.
1) Sheffield Institute for Translational Neuroscience (SITraN), University of Sheffield, Sheffield, UK.
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Chaperone mediated autophagy respond to dynein mediated transport
inhibition in motor neuron diseases

Riccardo Cristofani * (1), Valeria Crippa (1), Maria Elena Cicardi (1), Paola Rusmini
(1), Marco Meroni (1), Veronica Ferrari (1), Barbara Tedesco (1), Mariarita Galbiati
(1), Gessica Sala (2),Carlo Ferrarese (2), Angelo Poletti (1)

The presence of protein aggregates in degenerating motoneurons represents a common
hallmark of motoneuron diseases (MNDs), including amyotrophic lateral sclerosis (ALS)
and spinal and bulbar muscular atrophy (SBMA). Dysfunctions of the protein quality
control (PQC) systems have been suggested to contribute to protein aggregation
in MNDs. In NSC34 and motoneuron derived from iPS cells, inhibition of retrograde
transport of misfolded protein mediated by dynein results in macroautophagy reduction
and in co-chaperone BCL2-Associated Athanogene 1 (BAG1) mRNA increase. While
dynein mediated transport is necessary for autophagy, BAG1 is responsible for
misfolded protein degradation via proteasome. We have demonstrated that exogenous
BAG1 overexpression reduced misfolded and aggregated species by proteasome
degradation. BAG1 in association with HSPA8/HSC70 protein may also route misfolded
proteins to chaperone-mediated autophagy (CMA) for degradation. CMA is a selective
catabolic pathway responsible for the degradation of specific cellular proteins containing
the KFERQ-like motif. After the recognition of this motif by HSPA8, substrates are
translocated to the lysosomal receptor LAMP2A that allows the entry of substrates
into the lumen of competent lysosomes. In NSC34 cells, filter trap assay showed a
reproducible non-significant reduction of SOD1 and ARpolyQ insoluble species in
response to dynein mediated transport inhibition when proteasome was inhibited.
Interestingly, dynein mediated transport inhibition reduced ARpolyQ insoluble species,
also when macroautophagy and proteasome are both inhibited. Dynein mediated
transport inhibition did not modify the mRNA levels of all autophagy markers tested,
but significantly increased Lamp2A mRNA and protein levels. Instead, HspA8 mRNA
and protein remained unaltered. We demonstrated that dynein mediated transport
inhibition reduced the Lamp1 protein levels. By overexpressing alpha-synuclein
(SNCA), a well-established CMA substrate, we found that dynein mediated transport
inhibition increased its clearance confirming that transport alteration may result in
CMA response to clear misfolded protein. Collectively, these data show that inhibition
of retrograde transport drastically impairs macroautophagy and this possibly prevents
misfolded protein toxicity via CMA. Considering that CMA is a ubiquitous pathway, it is
a conceivable that CMA can be used as a potential target to increase the clearance of
misfolded proteins.
1) Sezione di Biomedicina ed Endocrinologia, Dipartimento di Scienze Farmacologiche e Biomolecolari
(DiSFeB), Centro di Eccellenza sulle Malattie Neurodegenerative, Università degli Studi di Milano, Milano, Italy.
2) School of Medicine and Surgery, NeuroMI Milan Center for Neuroscience, University of Milano-Bicocca,
Monza, Italy.
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Neuron-specific non-canonical IFN-gamma pathway in ALS

Saikata Sengupta 1*, Thanh Tu Le 1, Vedrana Tadic 1, Silke Keiner 1, Beatrice
Stubendorff 1, Tino Prell1, Otto W Witte1, Julian Grosskreutz1

Background: Excitotoxicity is a key hallmark in ALS. Interferon-gamma (IFN-γ)
directly induces neurotoxicity in mice cortical neurons via formation of a calciumpermeable neuron specific receptor complex of IFNGR1 and GluR1. IFN-γ control
of calcium levels in motor neurons can provide a direct molecular link between
neuroinflammation and neurodegeneration and pave way to therapeutic targets.
Objectives: We aim to investigate (i) the distribution and (ii) expression level
of IFNGR1 and GluR1 (iii) effects of IFN-γ with and without kainate-induced
excitotoxicity on (iv) neuronal survival and (v) cytosolic calcium. Methods:
Motor neuron co-cultures from E13 mice spinal cords with (TG) or without (NT)
hSOD1G93A were used for immunofluorescence. Also, cervical sections from adult
mice were stained to determine basal levels of IFNGR1 and GluR1. qPCR was done
for mRNA study. Cell survival was assessed after IFN-γ treatment with or without
kainate for 12 hours. Single-cell calcium measurements were done upon direct
application of IFN-γ. Results: Immunofluorescence and qPCR studies show similar
levels of IFNGR1 and GluR1 in both NT and TG motor neurons in-vitro. However,
ex vivo expression studies show overexpression of both the receptor units. Cell
survival assay shows kainate as a strong agonist in motor neurons with IFN-γ
inducing weak neurotoxicity. This is supported by weak calcium signals in calcium
measurements. Conclusion: Receptor expression studies show overexpression
of IFNGR1 and GluR1 in adult TG mice motor neurons. Functional tests via cellsurvival assay and calcium measurements support expression data from the motor
neuron co-culture. Acknowledgment: This research is supported by a BMBF (the
Bundesministerium für Bildung und Forschung) grant PYRAMID in the framework
of the ERANET E-RARE program (http://www.e-rare.eu) and was undertaken in
cooperation with the BMBF funded MND-NET.
1) Hans Berger Department of Neurology, Jena University Hospital, Jena, Germany
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TDP-43 protein and SUMOylation

Anna Maria Maraschi (1), Valentina Gumina (1,2), Claudia Colombrita (1), Clara
Volpe (1,2), Marco Feligioni (3), Vincenzo Silani (1,4), Antonia Ratti A* (1,4)

Post-translational modifications (PTM) of TDP-43 protein, including
ubiquitinylation, phosphorylation and acetylation, have been described in ALS/FTDaffected brain tissues and seem to influence TDP-43 aggregation process. Among
PTM, SUMOylation, consisting in SUMO proteins (1,2/3,4) conjugation to target
lysine residues, controls a variety of biological activities, including protein stability,
aggregation and nucleocytoplasmic transport, all important aspects in ALS/FTD
diseases. Previous studies suggest that a short splicing isoform of TDP-43 can
be SUMO-2/3-conjugated in cell insoluble fraction and that in response to heat
shock TDP-43 is a target of SUMOylation, although the effects of this possible
modification are still unknown. Here we investigated if TDP-43 is a substrate of
SUMOylation and if this PTM can regulate TDP-43 function and/or aggregation
in the cytoplasm. Our in silico analysis of TDP-43 amino acid sequence predicted
Lys136 as the putative SUMO protein conjugation site, and the 106-110 amino
acid region as a potential SUMO-interacting motif by a non-covalent binding.
By immunoprecipitation assays we proved that a fraction of TDP-43 protein is
physiologically SUMOylated in HEK293 and in human neuroblastoma cells in its
RRM1 domain. We also showed that TDP-43 SUMOylation levels and sub-cellular
distribution between nucleus and cytoplasm compartments can be modulated
upon over-expression of UBC9 and SENP1 SUMOylation enzymes. The SUMOresistant TDP-43 K136R protein showed a defective splicing activity of known
target transcripts and a diminished RNA binding capability by UV-cross-linking
assays. Moreover, upon exposure to Arsenite insult the SUMO-resistant TDP43 K136R protein was not able to be recruited into stress granules in contrast
to TDP-43 proteins with mutations identified in ALS/FTD patients in the C-term
region (Q331K, M337V, A382T). Our preliminary results show that SUMOylation
is a physiological TDP-43 PTM, potentially influencing its RNA-binding and splicing
activity, and therefore deserves further investigation as a potential mechanism
regulating not only TDP-43 function, but also its aggregation, in ALS/FTD diseases.
1) Dept. Neurology and Lab. Neuroscience, IRCCS Istituto Auxologico Italiano, Milan, Italy.
2) Doctorate School in Molecular and Translational Medicine, UniversitÃ degli Studi di Milano, Milan.
3) European Brain Research Institute, Rita-Levi Montalcini Foundation, Rome, Italy.
4) Dept. Pathophysiology and Transplantation, ‘Dino Ferrari’ Center, UniversitÃ degli Studi di Milano,
Milan, Italy.
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Regulation of exosome secretion to diminish toxicity of the muscle
secretome in ALS myotubes

Owen Connolly* (1), Virginie Mariot (3) , Laura Le Gall (1),Geetha Vijayakumar (1),
Pierre Francois Pradat (4), Julie Dumonceaux (3), William J Duddy (1), Stephanie
Duguez (1)

Background: Amyotrophic lateral sclerosis (ALS) is a fatal neuromuscular disorder
characterised by degeneration of both upper and lower motor neurons, culminating in
muscular atrophy, paralysis and ultimately, death. Research demonstrates skeletal muscle
to show functional secretory behaviour and work in our lab has identified abnormalities
in the secretory activity of ALS muscle. Exosomes are endosome derived vesicles that
carry various proteins, lipids and genetic materials capable of altering the function of
neighbouring cells. ALS muscle can be seen to secrete exosomes at a measure that is
2-fold more than that secreted by healthy and other NMD controls. Furthermore, addition
of ALS exosomes to the culture medium of healthy myotubes and iPSC motor neurons
leads to increased cell death compared to cells treated with exosomes secreted by healthy
control myotubes. Aims: We hypothesize the presence of toxic constituents within
exosomes secreted by the skeletal muscle of ALS patients. We therefore aim to assess
the effects of altered exosome biogenesis and secretion on cell survival, and subsequently
to target the expression of toxic cargoes. Methods: Immortalized myoblasts were
used to optimize concentrations of secretion-regulating reagents. Exosome secretion
was blocked using dimethyl amiloride (DMA), or stimulated with Monensin (Mon), by
addition of either reagent to myoblast culture medium for an incubation period of 72
hours during differentiation. Cell viability was assessed using nuclear staining (DAPI) and
culture medium was harvested for later exosome isolation and protein quantification.
Results: Relative to vehicle only (MeOH) treated myotubes, treatment with DMA at high
concentrations was toxic, but lower concentrations were observed to reduce exosome
secretion without affecting cell death. Cytosolic levels of the exosomal membrane marker,
CD63, did not differ between conditions. Application of a non-toxic dose of Mon resulted
in increased secretion of exosomes. Furthermore, Mon-treated myotubes were smaller,
a feature observed in cultured ALS myotubes. Conclusions: Treatment with DMA reduces
exosome secretion in immortalized myotubes, whereas stimulating exosome secretion
using Mon recapitulated aspects of the ALS signature observed in ALS myotubes. Further
experiments will elucidate whether chemical regulation of exosome secretion alters
exosome toxicity and may provide insight into the role of muscle derived vesicles in ALS.
1) Northern Ireland Center for Stratified Medicine, Biomedical Sciences Research Institute, Londonderry,
UK.
2) NIHR Biomedical Research Centre, University College London, Great Ormond Street Institute of Child
Health and Great Ormond Street Hospital NHS Trust, London, UK.
3) Département des Maladies du Système Nerveux, Hôpital de la Pitie-Salpetriere, Paris, France.
4) Département des Maladies du Système Nerveux, Hôpital de la Pitie-Salpetriere, Paris, France.
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Perinuclear accumulation of SOD1 in sporadic ALS myotubes, and its
impact on cell-cell communication

Vanessa Milla* (1), Laura Le Gall (1,2), Virginie Mariot (3), Geetha Vijayakumar (1),
Pierre Francois Pradat (4), Julie Dumonceaux (3), William J Duddy (1) , Stephanie
Duguez (1)

Objective: The antioxidant Cu, Zn superoxide dismutase 1 (SOD1) has been shown
to have prion-like properties, and to aggregate in affected neurons of sporadic
Amyotrophic lateral sclerosis (ALS) patients. In this study, we investigated intercellular diffusion of SOD1 aggregates in sporadic ALS muscle cells. Background:
ALS is characterized by progressive degeneration of both lower and upper motor
neurones and is associated with muscle atrophy and mitochondrial dysfunction.
While the mechanisms of pathogenesis and spread of disease in the body remain
unknown, several lines of evidence indicate: (1) the involvement of muscle, and (2)
a prion-like effect, with the transmission of misfolded proteins being responsible for
the propagation of clinical manifestations throughout the body. Methods: Primary
muscle stem cells were extracted from the deltoid muscle biopsies of sporadic ALS
patients (n=4) and aged-matched healthy subjects (n=4) and were immortalized
by overexpressing hTERT and Cdk4. Exosomes from ALS and healthy muscle
cells were extracted using exosome kit (LifeTechnologies®). Immunostainings and
western blots were performed on muscle stem cells and muscle exosomes to
investigate SOD1 aggregations and secretion. Results: We consistently observed
an aggregation of SOD1 in sporadic ALS myotubes. SOD1 aggregates surrounded
the myonuclei, and co-localized with the mitochondria. Together, these data
suggest that SOD1 is affected in ALS, independent of SOD1 mutation, and may
lead to mitochondrial dysfunction. We occasionally found a co-localization of
SOD1 aggregates with the exosomal marker CD63. Consistently, we did not
observe SOD1 in secreted human exosomes. When ALS exosomes were added
to the culture medium of healthy muscle cells expressing WT-SOD1-FLAG, no
SOD1-FLAG aggregation was induced. Conclusion and perspectives: These findings
implicate SOD1 in cellular pathology of ALS muscles, and suggest that SOD1
aggregation in muscle is independent or downstream of exosome propagation.
It will be interesting to now investigate the potential role of microparticles in the
propagation of SOD1 aggregates.
1) Northern Ireland Center for Stratified Medicine, Biomedical Sciences Research Institute, Londonderry,
UK.
2) Myologie Centre de Recherche, Université Sorbonne, UMRS 974 UPMC, INSERM, FRE 3617 CNRS,
AIM, Paris, France.
3) NIHR Biomedical Research Centre, University College London, Great Ormond Street Institute of Child
Health and Great Ormond Street Hospital NHS Trust, London, UK.
4) Département des Maladies du Système Nerveux, Hôpital de la Pitie-Salpetriere, Paris, France.
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Paraspeckle-like properties of G4C2 RNA foci

Ana Bajc Česnik (1,2), Simona Darovic (1,3), Sonja Prpar Mihevc (1), Maja
Štalekar (1,3), Mirjana Malnar (1,2), Helena Motaln (1), Youn-Bok Lee (4), Julija
Mazej (1,5), Jure Pohleven (1), Markus Grosch (6), Miha Modic (6), Marko Fonovič
(7), Boris Turk (7), Micha Drukker (6), Christopher E. Shaw (4), Boris Rogelj (1,3,5)*

The expansion mutation of the GGGGCC repeat in the gene C9ORF72 is the
most common genetic cause of FTLD and ALS. It is transcribed both from the
sense and the antisense strands leading to the formation of nuclear RNA foci,
which may sequester specific RNA binding proteins and affect various steps of
post-transcriptional gene regulation. Core paraspeckle proteins SFPQ, NONO and
PSPC1 bind to (G4C2)n repeat RNA in vitro, and colocalize with nuclear RNA foci
in transfected cells and brain tissue of C9ORF72 mutant carriers at post-mortem.
G4C2 RNA foci lead to an increased number of SFPQ-stained subnuclear bodies,
which form independently of the known paraspeckle platform long non-coding
RNA NEAT1. Furthermore, (G4C2)72 RNA foci also colocalized with paraspeckleassociated associated Alu repeat-containing RNAs, indicating that (G4C2)n RNA
foci might replace NEAT1 as scaffold of paraspeckle-like structures. Our results
suggest that (G4C2)n RNA foci form paraspeckle-like structures, which function
in similar fashion as paraspeckles and modulate nuclear compartmentalization of
paraspeckle-bound RNAs.
1) Department of Biotechnology, Jozef Stefan Institute, Ljubljana 1000, Slovenia
2) Graduate School of Biomedicine, Faculty of Medicine, University of Ljubljana, Ljubljana 1000, Slovenia
3) Biomedical Research Institute BRIS, Ljubljana 1000, Slovenia
4) Department of Basic and Clinical Neuroscience, Institute of Psychiatry, King’s College London, London
SE5 9RT, United Kingdom
5) Faculty of Chemistry and Chemical Technology, University of Ljubljana, Ljubljana 1000, Slovenia
6) Helmholtz Center Munich, Institute of Stem Cell Research, German Research Center for
Environmental Health, Neuherberg 85764, Germany
7) Department of Biochemistry and Molecular and Structural Biology, Jozef Stefan Institute, Ljubljana
1000, Slovenia
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ALS associated mutations impair AchR clustering in skeletal muscle

Maria Demestre (1), Julia Higelin (1), Frank Fillies (1), Erik Storkebaum (2), Luc
Dupuis (3), Tobias Boeckers (1)

Amyotrophic Lateral Sclerosis (ALS) is a progressive neurodegenerative disease
characterized by degeneration of upper and lower motor neurons (MNs). This
leads to muscle weakness and eventually respiratory failure. In addition to MNs,
the pathophysiology in ALS may also involve the skeletal muscle. In a motor unit,
the MN connects to the muscle via the neuromuscular junction (NMJ), during
development MNs are potent inducers of acetylcholine receptors (AchR) clustering
to form mature NMJs. We tested the hypothesis that ALS related mutations affect
AchR clustering. To that end, we examined peripheral synaptic contacts of motor
units in neuron-muscle co-cultures derived from human induced pluripotent stem
cell (hiPSC) lines from controls, FUS and TBK1 ALS patients. MNs expressing ALS
mutations were less potent in inducing mature AchR clusters on myotubes from
unaffected controls. ALS derived myotubes, cultured either with healthy MNs,
or without MNs, AChR clustering was even more impaired as evidenced by a
higher proportion of immature AChR clusters. When ALS mutant MNs and mutant
myotubes were co-cultured, as in a patient context, only immature or aberrant
AchR clusters were seen. We provide evidence that ALS associated mutations
impair maturation of NMJ in single cultured skeletal muscles, as well as when cocultured with MNs.
1) Institute of Anatomy and Cell Biology, Ulm, Germany
2) Molecular Neurogenetics Laboratory, Max-Plank Institute, Muenster, Germany
3) INSERM U118: Mécanismes centraux et périphériques de la neurodégénérescence, Faculté de
médecine, Strasbourg, France
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Mitochondrial location of nuclear proteins: A common mechanism for
ALS-related cellular stress?

Chiara Rossi* (1), Pascual Torres(1), Victoria Ayala (1),Jordi Boada (1), Reinald
Pamplona (1), and Manuel Portero-Otín (1)

The presence of cytosolic aggregates of selected nuclear proteins is a hallmark
for ALS pathological diagnosis. Previous evidence links the formation of these
protein inclusions to cellular stress such as oxidative, endoplasmic-reticulum,
proteasomal or mitochondrial stress. Interestingly some of these nuclear proteins
exhibit a mitochondrial location. In order to establish whether the potential
mitochondrial translocation of these nuclear proteins could play a role in its ulterior
cytosolic aggregation, we have performed a systematic high-content screening
based on epithelial cell culture, confocal microscopy and software-assisted image
analyses. We treated cells with hidrogen peroxide, thapsigargin, epoxomycin and
rotenone at different concentrations and time to recreate the abovementioned
stresses. Then, we have quantified by image analysis changes in the amount of
phospho-TARDBP, phospho-ERK, REST and phospho-Jun in nuclear, cytosol and
mitochondrial compartments of these cells. Our results demonstrate significant
changes in nuclear/cytosolic ratio of these proteins when comparing stressed cells
with non-stressed ones. This is also true for the degree of their mitochondrial
translocation. However, the sense of change depends on the protein. For instance,
short-term oxidative burst induces an increase in the cytosolic amount of phosphoTARDBP (76.73%) and REST (30.01%), while it decreases phospho-Jun (5.77%)
and phospho-ERK (82.62%), suggesting a potential role of oxidative stress in
proteostasis alterations in ALS. Also, the degree of colocalization of these proteins
with mitochondrial epitopes (ATP5A) also increases (ranging from 25.58% for
phospho-Jun, 58.64% for REST, 224.8% for phospho-ERK and 245.87% for
phosphor-TARDBP) after oxidative stress . We have explored these features for
each of the applied stresses, and globally proteasomic and oxidative stresses
impinge the more drastic changes in comparison with other stress inducers. Our
results suggest that an homeostatic trait (i.e. increased amount of stress-response
proteins and mitochondrial translocation) could sensitize cells for development of
proteostasis alterations, increasing the chances for aggregation.
1) Metabolic Pathophysiology Research Group, Department of Experimental Medicine, University of
Lleida-IRBLleida, Lleida, Spain.
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Modeling and mechanistic insights in C9orf72-mediated
neurodegeneration

Saul Herranz-Martin, Callum Walker, Evangelia Karyka, Pamela J Shaw, Sherif ElKhamisy, Mimoun Azzouz

Intronic GGGGCC repeat expansions in C9orf72 are considered the most common
genetic cause of amyotrophic lateral sclerosis (ALS) and frontotemporal dementia
(FTD). Two major pathologies stemming from the RNA expansions have been
identified in postmortem tissue: intracellular RNA foci and repeat-associated
non-ATG dependent (RAN) dipeptides, though it is unclear how these and other
hallmarks of disease contribute to the pathophysiology of neuronal injury. Here,
adeno-associated virus (AAV) was used to model C9orf72 pathology in neuronal
cells and rodent. We report that AAV encoding 10 pure, 102 interrupted GGGGCC
repeats or 69 V5-tagged DPRs delivered into the cerebrospinal fluid via cisterna
magna of wild type mice led to transgene expression in multiple areas of the
CNS and cause neurodegenerative phenotype[1.2]. Virus-mediated expression
of C9orf72-related RNA and dipeptide repeats in the mouse central nervous
system increases double strand breaks and ATM defects and is associated with
neurodegeneration[1]. We also report elevated levels of DNA-RNA hybrids
(R-loops) and double strand breaks in rat primary neurons and C9orf72 ALS
patient spinal cord tissues. These findings suggest that C9orf72-mediated
neurodegeneration is driven, at least partly, by genomic instability. References 1.
Walker et al., Nat Neurosci. 2017; 20(9):1225-1235. doi: 10.1038/nn.4604. 2.
Herranz-Martin et al., Dis Model Mech. 2017; 10(7):859-868. doi: 10.1242/
dmm.029892
Sheffield Institute For Translational Neuroscience, University of Sheffield, Sheffield, United Kingdom
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Neuregulin 1 reduces motoneuron cell death and promotes neurite
growth in an in vitro model of motoneuron degeneration

*Guillem Mòdol-Caballero(1,2), Daniel Santos(1,2), Xavier Navarro(1,2), Mireia
Herrando-Grabulosa(1,2)

Amyotrophic Lateral Sclerosis (ALS) is a devastating neurodegenerative disorder
with no effective treatment currently available. Although the mechanisms
of motoneuron (MN) death are still unclear, glutamate excitotoxicity and
neuroinflammatory reaction are two main features in the neurodegenerative
process of ALS. Neuregulin 1 (NRG1) is a trophic factor highly expressed in MNs
and neuromuscular junctions. Several recent evidences suggest that NRG1 and their
ErbB receptors are involved in ALS. However, further knowledge is still needed to
clarify the role of the NRG1-ErbB pathway on MN survival. In this study we used
an in vitro model of spinal cord organotypic cultures (SCOCs) subject to chronic
excitotoxicity caused by DL-threo-β-hydroxyaspartic acid (THA) to characterize
the effect of NRG1 on MN survival. Our results show that addition of recombinant
human NRG1 (rhNRG1) to the medium significantly increased MN survival through
the activation of ErbB receptors which was ablated with lapatinib (LP), an ErbB
inhibitor, and reduced microglial reactivity overcoming the excitotoxicity effects.
rhNRG1 activated the pro-survival PI3K/AKT pathway and restored the autophagic
flux in the spinal cord culture. Moreover, addition of rhNRG1 to the medium
promoted motor and sensory neurite outgrowth. These findings indicate that
increasing NRG1 at the spinal cord is an interesting approach for promoting MN
protection and regeneration.
1) Department of Cell Biology, Physiology and Immunology, Institute of Neurosciences, Universitat
Autònoma de Barcelona, Bellaterra, Spain.
2) Centro de Investigación Biomédica en Red sobre Enfermedades Neurodegenerativas (CIBERNED),
Bellaterra, Spain.
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Neuroimaging needs time to shine: Structural brain involvement in a
multimodal longitudinal study in ALS

Hannelore van der Burgh* (1)†, Renée Walhout (1)†, Henk-Jan Westeneng (1),
Ruben Schmidt (1), Jeroen Hendrikse (3), Jan H. Veldink (1), Martijn P. van den
Heuvel (2), Leonard H. van den Berg (1)

There is a growing interest in identifying patterns of neurodegeneration over time to
better understand the progressive nature of ALS. Previous cross-sectional neuroimaging
studies have reported brain abnormalities in ALS patients extending the motor regions.
Longitudinal neuroimaging studies are required to document cerebral changes that occur
during disease progression. We investigated cerebral changes over time in patients
with ALS using a multimodal approach. In total, 292 ALS patients, including 24 with
a C9orf72 repeat expansion, and 156 controls participated. From T1- and diffusionweighted MRI data, cerebral measures in terms of cortical thickness, subcortical
volumes and white matter connectivity were assessed. The median disease duration at
baseline was 13.03 months. Follow-up data was available from 150 ALS patients and
72 controls, with median follow-up time between the first and second visit of 5.23
months. Changes in structural brain measurements over time were assessed using
linear mixed-effects models. Compared to controls, ALS patients showed progressive
cortical atrophy of primary motor and frontotemporal regions, smaller basal ganglia
volumes, ventricle enlargement, and a reduced fractional anisotropy (FA) of a largest
connected component (LCC), linked to the motor cortex (all p<0.05). ALS patients
with bulbar onset showed involvement of frontotemporal regions at baseline, whereas
these regions showed atrophy later in time for the patients with spinal onset. The LCC
in patients with spinal onset already included these frontotemporal regions at baseline.
Regarding disease duration, patients with longer disease duration had a considerable
lower FA and cortical thickness at baseline, while additional changes in time were mostly
found in the patients with the shortest disease duration. Longitudinal imaging in patients
with a C9orf72 repeat expansion was characterised by extensive loss of white matter
integrity over time, while grey matter was already extensively affected at baseline and
showed no additional changes over time. Neuroimaging captures longitudinal cerebral
changes related to ALS and provides a tool for investigating neurodegeneration in ALS
in vivo. The multimodal approach reveals different patterns of grey or white matter
involvement that is related to phenotypic heterogeneity. These results might be
valuable in tailoring study design by selecting appropriate neuroimaging techniques as a
biomarker to study disease progression.
1) Department of Neurology, Brain Center Rudolf Magnus, University Medical Center Utrecht, Utrecht,
Netherlands.
2) Department of Psychiatry, Brain Center Rudolf Magnus, University Medical Center Utrecht, Utrecht,
Netherlands.
3) Department of Radiology, Brain Center Rudolf Magnus, University Medical Center Utrecht, Utrecht,
Netherlands.
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Utilizing network medicine approaches to explore the role of
muscle in ALS

Stephen Morgan* (1), Stephanie Duguez (1), William J Duddy (1)

Amyotrophic Lateral Sclerosis (ALS), is a progressive and fatal neuromuscular
disorder and the most common form of motor neuron disease (MND). The
pathology is complex and multifactorial with many dysregulated physiological
processes being identified to contribute. Recent evidence suggests that muscle
could play an important role in disease pathology, and muscle is implicated in the
neuronal dying back hypothesis. With this in mind, we will incorporate network
medicine approaches to explore the role of muscle in ALS. We hypothesise
that a mechanistic pathway in muscle cells is shared by ALS-associated genes.
Furthermore, that these functional effects of ALS pathology, in muscle cells, can be
understood in terms of changes to the behaviour of molecular interaction networks.
To test this hypothesis, we will construct molecular interaction networks relevant
to muscle tissue, and attempt to discover one or more functional modules linked to
ALS-dysregulated or associated genes or genes carrying common genetic variants
observed in sporadic patients. Muscle specific networks have been constructed
using the MyoMiner muscle gene co-expression database (http://sys-myo.com/
myominer/), while tissue-type-generic networks have been obtained from the
STRING protein database for protein-protein interactions, and the GTEx Portal
for gene co-expression. We are investigating the ability of each network to form
disease modules or links between differentially expressed genes (DEGs) from ALS
myotubes, known MND associated genes and muscle specific disease gene lists.
To test network suitability, the Disease Module Detection Algorithm (DIAMOnD)
will be used to help identify the network or combination of networks having the
best linkage between these disease genes for each condition. Disease modules
associated to ALS may suggest novel genes and pathways as biomarker and
therapeutic candidates in ALS pathology.
1) Northern Ireland Centre for Stratified Medicine, Biomedical Sciences Research Institute, Londonderry,
UK
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Dying-forward or dying-back – tract-type specific fractional
anisotropy as a potential biomarker for ALS

Anna M. Wirth¹²*, Siw Johannesen¹, Ines Kobor¹, Ohnmar Hsam¹, Andrei
Khomenko¹, Dobri Baldaranov¹, Mark W. Greenlee², Tim-H. Bruun¹, Ulrich
Bogdahn¹

Background: Facing the rise of various biomarkers for amyotrophic lateral sclerosis
(ALS), the pathological processes of dying-forward and dying-back hypothesis
are still controversial. The aim of this study was to test the dying-forward and
dying-back hypothesis with fractional anisotropy (FA) of different white matter
(WM) types: brainstem tracts, projection fibers, association fibers, and commissural
fibers. Methods: The sample included 24 limb onset classical ALS patients (10
females, M=48 yrs, SD=11 yrs, Mean ALSFRS-R score: 37, SD=7) compared
to 27 age-related healthy controls (M=43 yrs, SD=10yrs). ALS patients were
treated by standard Riluzole and additional longterm G-CSF (Filgrastim) on a
named patient basis with written informed consent. Diffusion weighted imaging
enabled the extraction of FA for different types of white matter tracts defined
by a WM atlas (Mori et al. 2008). Patientsâ€™ raw fractional anisotropy values
of 48 regions of interest (ROI) were compared to age-related healthy control
groups resulting in z-transformed deviations. Alterations in FA of brainstem tracts,
projection, association, and commissural fibers were observed in cross-sectional
group analysis at initial MRI scan (n=24) and monitored longitudinally over the time
course of the disease (n=21). Results: Cross-sectional group analysis revealed the
most pronounced FA alterations in the brainstem tracts. Moreover, analysis of the
individual levels of FA deviations in every patient also showed a subset of patients
with more pronounced FA alterations in the projection, association or commissural
fibers than in brainstem tracts. Longitudinal monitoring of FA deviations in 21
patients demonstrated the spread of degeneration across different types of white
matter tracts in forward as well as backward directions. Discussion: Results of
both cross-sectional and individual longitudinal monitoring of FA deviations of ALS
patients argue for both spread of disease from brainstem to projection, association
and commissural fibers and vice versa.
1) Department of Neurology, University Hospital of Regensburg, Regensburg, Germany.
2) Department of Experimental Psychology, University of Regensburg, Regensburg, Germany.
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Secretion of toxic exosomes by muscle cells of ALS patients:
Interaction with FUS

Stephanie Duguez (1)*, Laura Le Gall (1,2), William J Duddy (1), Sylvain
Roquevière (3), Virginie Mariot (4), Olivier Lucas (5) Blandine Madji Hounoum (6),
Jeanne Lainé (2), Julie Dumonceaux (4), Pascal Leblanc (7), Gisele Ouandaogo
(2), Laura Robelin (8), Franscesca Ratti (7), Alexandre Mejat (7), Francois Salachas
(9), Gillian Butler Browne (2), Jean Philippe Loeffler (8), Jose-Luis Gonzales De
Aguilar (8), Helene Blasco (6), Cedric Raoul (5), Cecile Martinat (3), Pierre Francois
Pradat (9)

Background: As several studies show that motor neuron degeneration starts at
the neuromuscular junction and as we have previously shown that skeletal muscle
can have a functional secretory activity, we hypothesized that ALS muscle cells
can release vesicles such as exosomes and participate to motor neuron death.
Objectives: The purpose of the present study is to determine whether intercellular
communication between muscle and nerves is altered and could thus have a key
role in ALS pathogenesis. Design & methods: Muscle stem cells were extracted
from the deltoid muscle biopsies of sporadic ALS patients and aged-matched
healthy subjects (n=18/21 per group). Human Pluripotent Stem Cells were
converted into pure populations of spinal motor neurons as previously described.
Exosomes from ALS and healthy muscle cells were extracted using exosome kit
(LifeTechnologies®). Results: In muscle of sporadic ALS patients, we observed (1)
multi-vesicular bodies that were filled with xosomes (1.40 ± 0.14 exosomes/
mm2 in ALS, 0.9 ± 0.07 exosomes /mm2 in control), and (2) cultured ALS muscle
cells had massively increased exosome content – as shown by RT-qPCR and
immunostaining - and released 2-fold more exosomes. These exosomes are toxic
to both muscle cells and motor neurons as once added to the culture medium of
healthy muscle cells or of healthy motor neurons, they induced: (1) muscle fiber
atrophies, (2) cellular stress by stimulating blebbings, and (3) cell death of muscle
cells and motor neurons. When ALS exosomes were added to the culture medium
of human muscle cell line that over-expresses a tagged form of wild type FUS
(FUS-FLAG), it induced markedly greater cell stress and death than when added to
SOD1-FLAG or TDP43-FLAG cell lines. These data suggest an interaction of ALS
exosome content with FUS. Interestingly, FUS is aggregated in the nuclei of ALS
muscle cells. Taken together, these data suggest that FUS function is impacted in
ALS muscle cells, and that the toxic effect of ALS exosomes is exacerbated in the
presence of FUS over-expression. Conclusion: The present study suggests that
muscle cells from sporadic patients secrete toxic agents through their exosomes
– agents that interact with the FUS pathway. These exosomes may influence the
intercellular communication between the muscle and its environment, including
motor neurons, and may have a key role in the pathology of ALS.
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1) Northern Ireland Center for Stratified Medicine, Biomedical Sciences Research Institute, Londonderry,
UK.
2) Myologie Centre de Recherche, Université Sorbonne, UMRS 974 UPMC, INSERM, FRE 3617 CNRS,
AIM, Paris, France.
3) I-Stem, INSERM/UEVE UMR 861, I-STEM, AFM, Evry, France.
4) NIHR Biomedical Research Centre, University College London, Great Ormond Street Institute of Child
Health and Great Ormond Street Hospital NHS Trust, London, UK.
5) INSERM U1051-Institut des Neurosciences de Montpellier – Déficits sensoriels et moteurs,
Montpellier, France .
6) Université François-Rabelais, INSERM U930 “Imagerie et Cerveau”, CHRU de Tours, 10 Bv Tonnellé,
37044 Tours, France.
7) Laboratory of Molecular Biology of the Cell, Ecole Normale Supérieure de Lyon, Lyon, France.
8) Mécanismes Centraux et Périphériques de la Neurodégénérescence, Université de Strasbourg,
INSERM U1118, Strasbourg, France.
9) Département des Maladies du Système Nerveux, Hôpital de la Pitie-Salpetriere, Paris, France.
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Peak cough flow is a good biomarker that correlates with disease
progression and survival in ALS

Elisa De Mattia* (1), Andrea Lizio (1), Giulia Sannicolò (1), Francesca Gerardi (1),
Marino Iatomasi (1), Caterina Conti (1), Fabrizio Rao (1), Valeria Sansone (1,2),
Christian Lunetta (1)

Background: Cough efficacy assessment is of clinical relevance in different
neuromuscular diseases, including ALS. The ALSFRS-R provides an estimation
of the functional impairment, which can be evaluated to assess any response to
treatment or progression of disease. Changes of total ALSFRS-R score over the
time (ΔFS) is considered a better indicator of the rate of progression than the
total ALSFRS-R score alone. Objectives To evaluate the relationship among peak
cough flow (PCF) and measures of functional impairment, disease progression
and survival. Methods PCF, ALSFRS-R total score and its bulbar (ALSFRS-Rb) and
respiratory (RofALSFRS-R) subscores were assessed at the first evaluation (T0)
and after 6 months (T1). ΔFS was calculated as: (48 - ALSFRS-R at time of the
evaluation)/disease duration from onset to evaluation (month). Monthly decline of
PCF and ALSFRS-R was calculated as the differences between the T1 – T0 values
/ time from T0 to T1. Survival was defined as time from onset to tracheostomy,
death or censoring data. We studied baseline and longitudinal correlations. Results
73 patients (mean age: 62.44 ± 9.93 yrs; M/F ratio: 52/21; type of onset: limb:
86%, bulbar: 14%) were studied. Baseline analysis showed significant correlations
between PCF and ALSFRS-R total score (p<.0001; r=0.49010), ALSFRS-Rb
(p=0.0004; r=0.40835) and ΔFS (p=0.0008; r=0.35018). We confirmed the
same results also in longitudinal data. In fact, dividing our sample in two groups
based on the median value of PCF monthly decline (-5.96 l/min for month), we
found that the group with the worst monthly decline showed a significant median
faster decline also in ALSFRS-R total score (-0.81 [-1.42 – -0.34] vs -0.34
[-0.89 – 0.00]; p=0.0039), ALSFRS-Rb (p-0.17 [-0.35 – 0.00] vs 0 [-0.17 –
0.00]; p=0.0170) and disease progression (0.68 [0.44 – 0.98] vs 0.45 [0.27
– 0.70]; p=0.0150). A significant relation with survival, using PCF at baseline as
continuous variable, was also observed (p=0.0221). Conclusions PCF represents a
non-invasive maneuver of cough efficacy. An impaired cough predisposes to chest
infections with an increased mortality risk. Our study showed that the PCF is a good
biomarker for prognosis in ALS patient with a significant correlation with disease
progression and survival. PCF decline is a sensitive measure of global functional
deterioration over time in ALS and may be relevant in the routine and experimental
evaluation of these patients.
1) Fondazione Serena-Centro Clinico Nemo.
2) University of Milan.
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Brain morphology is associated with C9orf72 mutation and regional
gene expression

Hannelore K van der Burgh† (1), Kevin van Veenhuijzen† (1), Henk-Jan
Westeneng (1), Jan H Veldink (1), Leonard H van den Berg (1)

† Equal contributors
Background: A GGGGCC repeat expansion (RE) in the C9orf72 gene is identified as a
highly penetrant mutation in familial ALS and FTD. The C9orf72 RE is also associated
with disease progression and poor survival. The mechanism underlying C9orf72 RE
associated ALS and cerebral changes in (a)symptomatic carriers, however, remains
unclear. Objective: To study the effect of C9orf72 RE and gene expression on brain
MRI to comprehend its implication in the development of ALS. Methods: We included
189 ALS patients, 97 family members without ALS/FTD (FCO) and 114 controls.
Subjects were subdivided in these groups by the presence of a C9orf72 RE (C9+
or C9-). Participants underwent 3T MRI scans longitudinally. Brain measurements
were assessed using T1- and diffusion-weighted MRI data. A profile of regional
cortical thickness, subcortical volume and white matter fractional anisotropy (FA)
was derived for each group using linear mixed models. We corrected for multiple
comparisons using family-wise error rate correction. Cortical C9orf72 gene
expression was obtained from the Allen Human Brain Atlas, including RNA microarray
data collected from post-mortem brains of six donors without history of psychiatric
or neuropathological disorders. Expression levels were normalized across samples
and donors. The relationship between C9orf72 expression and relative cortical
thickness (‘thinning’) was evaluated using Pearson correlation analysis. Results: We
found a significantly thinner cortex in 19 regions and smaller subcortical volumes for
3 structures when comparing C9+ and C9- FCOs. Between C9+ and C9- ALS, we
found a thinner cortex in 40 regions and smaller subcortical volumes for 7 structures.
There were no differences in FA. No significant changes were found during followup scans. There was a negative correlation between C9orf72 gene expression
and cortical thinning between C9+ and C9-, in both FCO (r=-0.36, p=0.035) and
ALS groups (r=-0.62, p<0.001). A positive trend was found in the ALS C9- group
compared to controls (r=0.28, p=0.108). Discussion: C9orf72 RE carriers show
thinner cortex and smaller subcortical volumes compared with non-carrier family
members, indicating effects of the C9orf72 RE on the brain. Our observation of
gene expression to be correlated with cortical thinning suggests that not only the
RE mutation itself, but also the expression of C9orf72 is associated with cortical
thickness and thus might be involved in the pathogenic mechanism underlying ALS.
1) Department of Neurology, Brain Center Rudolf Magnus, University Medical Center Utrecht, Utrecht,
The Netherlands
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Prediagnostic elevated levels of phosphorylated neurofilament heavy
chain in blood of patients with amyotrophic lateral sclerosis

Maxim De Schaepdryver (1,2,*), Janne Goossens (1), Andreas Jeromin (3), Britta
Brix (4), Rik Vandenberghe (5,6), Philip Van Damme (5,7,8), Koen Poesen (1,2)

Background: The diagnostic delay in patients with amyotrophic lateral sclerosis
(ALS) is about one year, which represents a significant proportion of the overall
disease duration. Biomarkers that identify neurodegeneration at an earlier disease
stage might decrease the diagnostic delay. We showed before that levels of
phosphorylated neurofilament heavy chain (pNfH) are elevated in blood of patients
with ALS at time of diagnosis. We now assessed whether those findings could
be extended to an earlier stage of the disease. Methods: Seventy-two patients
with an established diagnosis of ALS were included in this retrospective study.
For each patient, leftover of serum, drawn for routine purposes well before the
time of diagnosis, was retrieved from the biobank of our hospital. An enzymelinked immunosorbent assay was used to determine serum pNfH concentrations
(Euroimmun AG, Lübeck, Germany). Results: The median disease duration at blood
sampling and diagnosis was 6.5 months (range: -18.3 to 36.1) and 10.6 months
(range: 2.0 to 40.7), respectively. In sixty-three percent of the prediagnostic serum
samples pNfH was higher than our previously established diagnostic cutoff of 81.9
pg/mL. On average, serum pNfH was already significantly increased up to 11.2
months before the diagnosis of ALS. Furthermore, in prediagnostic serum samples,
pNfH was a predictor of survival with age and gender as covariates (Hazard ratio:
2.87, 95% Confidence interval: 1.28 â€“ 6.44). Conclusion: Our retrospective
findings demonstrate that pNfH in serum is elevated well before the diagnosis of
ALS. Therefore, our findings encourage to prospectively explore if pNfH in serum
could decrease the diagnostic delay in patients with ALS.
1) Laboratory for Molecular Neurobiomarker Research, Department of Neurosciences, KU Leuven,
Leuven, Belgium.
2) Laboratory Medicine, University Hospitals Leuven, Leuven, Belgium.
3) Iron Horse Diagnostics, Inc., Scottsdale, Arizona, USA.
4) Euroimmun AG, Lübeck, Germany.
5) Department of Neurology, University Hospitals Leuven, Leuven, Belgium.
6) Laboratory for Cognitive Neurology, Department of Neurosciences, KU Leuven, Leuven, Belgium.
7) Experimental Neurology, Department of Neurosciences, KU Leuven, Leuven, Belgium.
8) Laboratory of Neurobiology, Center for Brain & Disease Research, VIB, Leuven, Belgium.
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Reading the patient’s palm – The contrary pattern of hand muscle
denervation in ALS and SMA

René Günther (1,2), Christoph Neuwirth (3), Jan Koch (4,5), Paul Lingor (4,5),
Nathalie Braun (3), Robert Untucht (1), Markus Weber (3) and Andreas Hermann
(1,2)

Amyotrophic lateral sclerosis (ALS) and spinal muscular atrophy (SMA)
are motoneuron diseases which share a pathological hallmark, the dying
back phenomenon of the lower motoneuron. This results in denervation of
neuromuscular junctions with consecutive muscle weakness and atrophy. While
we know that ALS has different clinical phenotypes at the onset of disease, the
phenotype of SMA is widely described as primarily proximal. However, sooner or
later, weakness of distal muscles can be observed in ALS as well as in SMA. For ALS
he term ‘split hand’ was used for the prominent weakness/atrophy of the thenar
muscle group in comparison to a relatively spared hypothenar group. In contrast, we
found that patients suffering from SMA had a relatively spared thenar group with a
persistent ability to abduct the thumb even in severely affected adult patients. We
analyzed and compared electrophysiological data (CMAP, MUNIX, MUSIX) of the
hand muscles (APB, ADM, FDI) of ALS, SMA and healthy controls to validate the
clinically observed variability of hand muscle weakness. Our data suggest a disease
dependent selective vulnerability of different lower motoneuron pools in the spinal
cord, which leads to contrary pattern of hand muscle denervation in ALS and SMA.
We therefore hypothesize that the type of motoneuron disease could be ‘read in
the patient’s palm’.
1) Division for Neurodegenerative Diseases, Department of Neurology, Technische Universität Dresden,
Dresden, Germany.
2) German Center for Neurodegenerative Diseases (DZNE) Dresden, Dresden, Germany.
3) Neuromuscular Disease Unit/ALS Clinic, Kantonsspital St. Gallen, St. Gallen, Switzerland.
4) Department of Neurology, University Medical Center Göttingen, Göttingen, Germany.
5) Cluster of Excellence Nanoscale Microscopy and Molecular Physiology of the Brain (CNMPB),
Göttingen, Germany.
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Chromosome conformation signatures as a clinical tool for diagnosis,
prognosis and disease understanding in ALS

M Salter (3), W Westra (3), W Elvidge (3), R Powell (3), J Back (3), D Mahecha (3),
B Foulkes (3), Y Ruchiy (3) , A Ramadass (3), F Grand (3), CR Lim (3), J Green (3),
L Ossher (1), A Thompson (1), J Scaber (1), E Feneberg (1), M Cudkowicz (2), M
Turner (1), K Talbot (1), E Hunter (3), A Akoulitchev (3)*

Only 10% of ALS patients (fALS) have a known genetic mutation that can be
named as the contributing factor to the development of disease. For the remaining
90% the causes are much less clear with many physiological pathways and
environmental factors implicated. Chromosome conformation signatures (CCSs),
which define the initial regulatory process in integrating environmental cues into
the epigenetic and transcriptional machinery, can be utilised to monitor the effects
of multiple factors on disease phenotype. Here we report the identification and
development of CCS based on a high throughput microarray and PCR based
discovery pipeline (EpiSwitchTM) for the diagnosis and prognosis of ALS patients.
For the study a total of 100 patients, presenting to the NDCN, enrolled and asked
to return at 3 and 6 months. Healthy controls (n=100) were also collected. During
each visit, participants underwent the ALS-FRS-R and FVC tests, and provided
a blood sample. The samples were analysed to identify either, an ALS- diseaserelated diagnostic signature (at presentation), or the prognostic disease-related
signature (ALS patients at 3 and 6 months). Results of the clinical assessments
were compared to the EpiSwitchTM analysis at 0, 3 and 6 months. A cut off of a
0.5-point decline per month of the ALS-FRS-R score was used to cluster the ALS
patients into progression-subtypes.
1) Nuffield Department of Clinical Neurosciences, University of Oxford, Oxford, United Kingdom.
2) Department of Neurology, Massachusetts General Hospital, Boston, MA, USA.
3) Oxford BioDynamics, Oxford, United Kingdom.
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Could biochemical parameters and/or comorbidities support the
prognosis of ALS?

Nora Molina* (1), Laura Moreno-Martínez (1), Leticia Moreno-García (1), Miriam de
la Torre (1), Raquel Manzano (1), Pilar Zaragoza (1), Rosario Osta (1), Pilar Larrodé
(2), Ana Cristina Calvo (1)

Introduction: Amyotrophic Lateral Sclerosis is a neurodegenerative disease which
involves the upper and lower motor neurons. Several molecular markers have
been identified as potential prognosis factors and as a support for diagnosis.
Objectives: the aim of this work is to study the molecular features of a cohort of
ALS patients, in order to determine which of them predict different patterns of
survival. Methods: The data was compiled retrospectively from 110 ALS patients
registered in the neuromuscular consultation of the Hospital Clínico Universitario
Lozano Blesa of Zaragoza from 1995 to the present day. Results: Based on the age
or the gender, the findings obtained were different according to the biochemical
parameters. Increasing levels of creatinine (p<0.005) and creatinine-phosphokinase
(p<0.05) in men were correlated with a higher survival. In relation to the age,
in patients above 63 years high levels of albumin were correlated with a longer
survival rate (p<0.01). Regarding to comorbidities, no differences in age and
gender were observed. All the patients diagnosed of mental disease or head trauma
were indicators of bad prognosis. Discussion: The results suggest that biochemical
parameters usually monitored at clinical level, and the clinical history can be of
help to estimate the progression of the disease. However, prognosis must be
analyzed individually according to each patients age and gender. Further studies
are necessary to better understand why these parameters and comorbidities can
influence disease progression. Conclusions: In our cohort of patients, high levels of
creatinine and creatinine-phosphokinase were found reliable prognostic markers
of disease progression in men. In men and women, patients above 63 years high
levels of albumin were found reliable prognostic markers of disease progression.
Moreover, a medical history mental disease and head trauma are indicators of bad
prognosis. These findings should be taken into account in clinical care. Key words:
ALS, Motorneuron disease, survival, prognostic factor.
1) LAGENBIO, Faculty of Veterinary-IIS, IA2-CITA, University of Zaragoza, Miguel Servet 177, 50013,
Zaragoza, Spain.
2) LAGENBIO, IIS, Service of Neurology, University Clinical Hospital, Avda. San Juan Bosco, 15, Zaragoza,
50009, Spain.

140

ENCALS Meeting 2018

B34

Functional interhemispheric connectivity of motor cortices in ALS using
EEG source analysis

Stefan Dukic* (1), Roisin McMackin (1), Teresa Buxo (1), Christina Schuster
(1), Mark Heverin (1), Peter Bede (1), Muthuraman Muthuraman (2), Bahman
Nasseroleslami (1), Edmund Lalor (3,4,5), Orla Hardiman (1,3,6)

Background: Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative
disease affecting motor neurons [1] characterised by abnormal functional connectivity
in motor networks. Our recent quantitative EEG studies have confirmed fMRI findings
of increased connectivity in the left motor cortex (LMC) [2] and our diffusion tensor
imaging studies have shown structural degeneration of white matter tracts in the
motor-associated part of the corpus callosum (CC) [3]. Further investigation is
required to elucidate disease pathophysiology by identifying the nature and patterns
of connectivity change. This study further characterises the altered interhemispheric
connectivity between left and right motor areas in ALS using both amplitude- and
phase-based measures of functional association in the source space. Methods: Restingstate EEG (128 channels) was recorded for 6 minutes from 150 ALS patients and 40
healthy controls. Linearly Constrained Minimum-Variance beamformer was used to
estimate source signals in 6 predefined points in the MC (3 left; 3 right). Connectivity
was assessed in 8 frequency bands using amplitude envelope correlation (AEC) and
imaginary coherence (IC). Results: The analysis of a subset of 33 patients and 13
controls to date, identified statistically significant decrease (Mann-Whitney U-test, p =
0.003; adaptive false discovery rate, q = 0.05) in interhemispheric AEC in ALS patients
in high beta-band. Similarly, we found marginally significant changes (p = 0.034, q =
0.05) in IC in low alpha-band. Discussion: Slow co-modulation of the activity of sources
can be measured using AEC. These fluctuations are likely common neuromodulatory
systems in the brainstem; hence, the decrease of AEC in high beta-band in ALS
supports previous findings of neuronal degeneration and dysfunction in the brainstem
[4]. In addition to this, the IC results suggest impaired low alpha-band phase synchrony
between motor cortices in ALS patients that could be attributed to degeneration of the
CC. 1. O. Hardiman et al., Nat. Rev. Neurol., 7: 639-649, 2011. 2. B. Nasseroleslami et
al., Cereb. Cortex, 1-15, 2017. 3. Bede, P. & Hardiman, O., Amyotroph. Lateral Scler.
Front. Degener., 1-10, 2017. 4. B. R. Foerster et al., Nat. Rev. Neurol., 9:513-24, 2013.
1) Neurology Unit, School of Medicine, Trinity College, The University of Dublin, Dublin, Ireland.
2) Department of Neurology, Biomedical statistics and multimodal signal processing unit, JohannesGutenberg-University, Mainz, Germany.
3) Trinity College Institute of Neuroscience, Trinity College Dublin, The University of Dublin, Dublin,
Ireland.
4) Trinity Centre for Bioengineering, Trinity College Dublin, The University of Dublin, Dublin, Ireland.
5) Department of Biomedical Engineering and Department of Neuroscience, University of Rochester,
Rochester, USA.
6) Beaumont Hospital, Dublin, Ireland.
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Optometric analysis in amyotrophic lateral sclerosis patients

Federica Cozza* (1, 2), Stefania Bona (1), Giordana Donvito (1), Andrea Lizio (1),
Valeria Ada Sansone (1, 3), Christian Lunetta (1)

Background: During later stages of ALS, having clear vision and functional ocular
motility is one of a key aspect for the patient who usually communicate with
eye-tracking system. The visual system is generally preserved in ALS patients,
but some signs of eye dysfunction have been detected and reported in recent
papers. Most scientific studies focus on ocular motility: pursuit, nystagmus and
saccadic impairments are observed. Also retinal morphology is a matter of scientific
interest in this kind of disease. However, there are few studies that correlate
standard optometric analysis outcome and ALS. The aim of this study is to perform
optometric tests on ALS patients and evaluate the relation between ocular data and
disease clinical features. PATIENTS AND METHODS: 114 ALS patients (mean age:
62.98 ± 12.32; M/F 66/48) are involved in the study. The optometric protocol
included an ocular history and symptoms questionnaire, ocular motility test (NSUCO
test) and near point of convergence (NPC), the error refraction measurement,
visual acuity, heterophoria and heterotropia assessment and fusional vergences. The
relation between the optometric tests and the clinical features (disease progression
rate, ALSFRS-R, type of onset and time from onset to evaluation) was investigated
using the Student’s t test and the non-parametric Wilcoxon rank-sum test for
continuous outcomes, and the chi square test for the categorical and dichotomous
ones. RESULTS: Ocular discomfort was significantly more frequent when the disease
duration exceeds 24 months: in particular we reported tear alteration (p=0.02),
photophobia (p=0.02), ocular tiredness (p=0.04) and burning eye sensation
(p=0.02). Tear alteration and ocular tiredness were also related to ALSFRS-r, indeed
these two symptoms were more often reported by patients with ALSFRS-r score
lower than 29, which is the median value of our population (p=0.02, p=0.05,
respectively). Saccades accuracy becomes worse for disease progression rate
higher than 0.45, which is the median value of our sample (p=0.03). DISCUSSION:
Our results show that some aspects of the visual system are involved in ALS
disease. Among the different reported symptoms, tear alteration seems to be the
most critical aspect. It will be interesting to analyse the tear film through more
precise qualitative and quantitative techniques. Besides, saccades seem to reveal
some information about the disease evolution.
1) Neuromuscular Omnicentre (NEMO), Fondazione Serena Onlus, Niguarda Ca’ Granda Hospital, Milan,
Italy.
2) Optics and Optometry Research Center (COMiB), University of Milano-Bicocca, Milan, Italy.
3) Department of Biomedical Sciences for Health, University of Milan, Milan, Italy.
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Assessing cortico-muscular communication in motor neuron disease

Amina Coffey (1), Teresa Buxo*(1), Stefan Dukic (1), Roisin McMackin(1), Mark
Heverin (1), Madeleine Lowery (2), Richard G. Carson(3,4), Edmund Lalor (3,5,6),
Bahman Nasseroleslami (1), Orla Hardiman (1,3,7)

Background: There is emerging evidence of non-motor and motor impairment beyond
the motor neurons in MND/ALS. Assessment of impaired network communication can
provide a better understanding of the underlying disease mechanism and the possible
distortion in the central-peripheral communication in the motor system. Recording
of electroencephalogram (EEG)[1] and electromyogram (EMG)[2] for time-series
analysis[3] can quantify the level of communication between cortical brain regions while
quantifying the oscillatory motor drives of muscles. The study of cortico-muscular
coherence (CMC) between EEG-EMG during motor tasks aims to inform on the specific
alterations within and beyond the primary motor (M1) cortex in ALS. Method: Highdensity 128-channels EEG and 8 bipolar surface EMG recordings from hand muscles
were obtained from 10 patients with dominant upper (primary lateral sclerosis), lower
(Poliomyelitis) and mixed upper/lower (amyotrophic lateral sclerosis) motor neuron
degeneration as well as on 3 healthy controls, during isometric precision grip tasks. Results:
Data analysis at the individual level shows that frequency, location and intensity-specific
features of CMC can distinguish the individual patients from healthy controls. Preliminary
analysis at the group level suggests significant band-specific abnormal changes in the
frontal and parietal cortices of all the 3 groups. Discussion: Previous studies in ALS
indicate a dominant degeneration in corticospinal tract[1,4], which could affect the CMC
over M1 areas. However, the detection of abnormal patterns of CMC in other regions
than M1 may reflect a compensation for loss of normal M1 corticospinal projections.
Further analysis is required to fully characterize the pathological CMC in ALS. The distinct
signatures exhibited by the 3 groups of patients suggest that this methodology may
provide a means of unmasking altered neural communication. This is of potential use as a
neurophysiology-based stratification parameter and biomarker in motor degenerations.
Moreover, the changes in the post-polio cohort suggest the presence of previously
unrecognized functional changes in supra-spinal networks in pure lower motor neuron
syndromes, which could be of utility for studies on spinal muscular atrophy. 1. Iyer PM et
al PloS one. 2015;10(6);e0128682. 2. Fisher KM et al. Brain. 2012;135(Pt 9):2849-64.
3. Halliday DM et al. Prog Biophys Mol Biol.1995;64(2-3):237-278 4. Nasseroleslami B
et al. Cereb Cortex.
1) School of Medicine, Trinity College, The University of Dublin, Ireland.
2) School of Electrical and Electronic Engineering, University College Dublin, Dublin, Ireland.
3) Trinity College Institute of Neuroscience, Trinity College Dublin, Dublin, Ireland.
4) Queen’s University Belfast, Belfast, Ireland.
5) Trinity Centre for Bioengineering, Trinity College Dublin, the University of Dublin, Ireland.
6) Department of Biomedical Engineering and Department of Neuroscience, University of Rochester, USA
7) Beaumont Hospital, Beaumont Road, Dublin, Ireland
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Combined metabolomics and lipidomics analyzes of fibroblasts from
ALS patients

Blasco H (1,2)*, Veyrat-Durebex C (3,4)*, Caudron P (5), Bris C (3,4), Bocca C
(4), Chupin S (3), Corcia P (1,6,7), Vourc’h P (1,2), Funalot B (7), Andres CR (1,2),
Lenaers G (4), Couratier P (7), Reynier P (3,4)

Although genetic and environmental factors have been associated with
Amyotrophic Lateral Sclerosis (ALS), pathophysiology remains unknown in the
majority of cases. Previous findings from our group revealed metabolomics and
lipidomics signatures of ALS, based on (cerebrospinal fluid) CSF samples and
cellular models exploration. In order to better characterize the metabolic alterations
observed in ALS, we explored metabolome and lipidome of fibroblasts from
ALS patients and subcellular fractions containing mitochondria and endoplasmic
reticulum (mito-ER). We also assessed mitochondrial oxidative respiration and
whole mitochondrial genome (mtDNA) was sequencing. We compared fibroblasts’
signatures of 10 ALS patients to 10 matched controls, using both univariate and
multivariate statistical analyzes. We detected and identified approximatively 130
metabolites and 300 complex lipids in fibroblasts and purified mito-ER fractions.
Using multivariate analysis, we observed specific metabolomic and lipidomic
signatures in both ALS fibroblasts and mito-ER fractions with a good discrimination
(accuracy > 62.5% for metabolomics and >80% for lipidomics). These findings
especially highlighted an increase in nucleotides and nucleosides in ALS samples,
confirmed by univariate analysis, thus suggesting DNA oxidative damage. We
also observed a significant higher mitochondrial oxygen consumption in ALS
fibroblasts, with no difference in baseline oxygen consumption rate between
ALS and controls cells. Preliminary analysis of mtDNA sequencing did not show
significant difference between ALS and controls. Metabolic pathway analysis of the
top 15 discriminant metabolites (VIP score > 1.5) suggested disturbance of purine
and pyrimidine metabolisms, energy metabolism and glutathione metabolism. It
is interesting to note that lipidomics signature of ALS mito-ER fibroblast fraction
included phosphatidylcholine PC(36:4p) previously described as a biomarker in
CSF of ALS patients and in brain of ALS mice. It has been suggested that this
phosphatidylcholine may induce a higher metabolic activity of phospholipase A2
(PLA2), resulting in an increased production of lipid mediators, such as eicosanoids
that promote inflammation and are generally considered to play a role in the
pathophysiology of ALS. To our knowledge, this is the first analysis combining
metabolomics and lipidomics in fibroblasts from sporadic ALS patients. Combination
of omics and analysis of isolated mitochondria improved the understanding of some
pathophysiological ways and of energetic metabolism disturbance. These data open
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perspective of functional, genomic and transcriptomic approaches focused on
metabolites identified in this study and help to better understand mechanisms of
the disease.
1) Université François-Rabelais, Inserm U930, Tours, France.
2) Laboratoire de Biochimie, CHRU de Tours, France.
3) Département de Biochimie et Génétique, CHU d’Angers, France.
4) Institut MITOVASC, UMR CNRS6015-INSERM1083, Université d’Angers, Angers, France.
5) Centre de Ressources et de Compétences SLA, Service de Neurologie, CHU Angers.
6) Centre de Ressources et de Compétences SLA, Service de Neurologie, CHRU Bretonneau, Tours,
France.
7) Fédération des CRCSLA Tours et Limoges, LITORALS.
*Equal contribution
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Upregulation of miR-146a in ALS mouse cortical astrocytes decrease
their reactivity and prevents miR-155 transfer into exosomes

Marta Barbosa (1)*, Cátia Gomes (1), Ana Rita Vaz (1,2), Dora Brites (1,2)

ALS is a neurodegenerative fatal disease of unknown cause. The absence of
specific targets has hindered the progress of effective therapeutic strategies.
Glial cells, exosomes and miRNAs are accepted as important players in ALS onset,
progression and dissemination. Actually, exosomes derived from mSOD1 motor
neurons recapitulate microRNA(miR)-124 upregulation and cause microglia
activation with mixed phenotypes [1]. We identified low levels of GFAP, upregulated
astrocytic S100B protein and connexin 43 (Cx43), and miR-146a, miR-155,
miR-124, miR-21 and miR-125b in the spinal cord of symptomatic mSOD1
mice [2]. Intriguingly, astrocytes from the cortex with a neurotoxic profile and
elevated S100B and Cx43 levels, showed reduced miR-146a (unpublished data).
Since miR-146a is a negative-feedback regulator of the astrocyte-mediated
inflammatory process [3], we assessed if the transfection of cortical astrocytes
with pre-miR-146a counteracted their aberrant profile. Both mSOD1 and wt
astrocytes were isolated from 7-day postnatal mouse brain cortices and cultured
for 13 days. Overexpression of miR-146a for 12h led to 8-fold increase in
mSOD1 and 2-fold in wt astrocytes (p<0.05). Cells were incubated for 24h and
exosomes were isolated from cell media by differential ultracentrifugation. Elevation
of miR-146a levels re-established the wt number of GFAP+ cells (p<0.05) and
downregulated HMGB1, S100B and Cx-43 gene expression, together with miR155, toward control levels. Pre-miR-146a also decreased miR-21 and increased
gene and vimentin protein expression in both wt and mSOD1 cells. Exosomes
from mSOD1 astrocytes treated with pre-miR-146a showed an increased cargo
of miR-146a, together with reduced miR-155 and miR-21, thus recapitulating
their donor cells (p<0.05). Taken together, we could show that miR-146a reduces
the inflammatory response in mSOD1 cortical astrocytes, while lowering miRNAinflammatory associated exosomal cargo and their propagation to neighboring cells.
Our data open new therapeutic strategies for ALS, inasmuch because increased
GFAP and vimentin in astrocytes promote axon growth [4] and contribute to
astrocyte movement and function. Funded by SCML [ELA-2015-002 (DB) and
Research Fellowship (MB)] and FCT [SFRH/BD/102718/2014 (CG), SFRH/
BPD/76590/2011 (ARV), and Pest-UID/DTP/04138/2013 (iMed.ULisboa) [1]
Pinto et al Front Neurosci 2017 [2]Cunha et al. Mol Neurobiol 2017 [3]Iyer et al.
PLoS One 2012 [4]Manzhulo et al. Neurosci Lett 2018
1) Research Institute for Medicines (iMed.ULisboa), Faculty of Pharmacy, Universidade de Lisboa, Lisbon,
Portugal.
2) Department of Biochemistry and Human Biology, Faculty of Pharmacy, Universidade de Lisboa,
Lisbon, Portugal.
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Characterization of aged TBK1 deficient mice

Clara Bruno*, Kirsten Sieverding, Albert C. Ludolph, David Brenner and Jochen H.
Weishaupt

Amyotrophic lateral sclerosis (ALS) is a devastating neurodegenerative disease
characterized by a progressive loss of motor neurons. Amongst the most prevalent
causes are mutations in SOD1, C9ORF72, TARDBP, FUS, OPTN and the most
recently identified ALS gene TBK1. We and others came to the conclusion that
TBK1 haploinsufficiency is associated with ALS and frontotemporal dementia (FTD).
The aim of this project is to investigate the molecular mechanisms through which
TBK1 haploinsufficiency leads to ALS. Impaired autophagy, accumulation of toxic
pTDP-43 aggregates and inflammatory deregulation are the main hypothesis for
TBK1 linked ALS/ FTD pathogenesis. TBK1 is responsible for phosphorylation of the
autophagasome adaptor protein p62 and Optineurin. Reduction of TBK1 at protein
and mRNA level might so decrease activation of autophagy adaptors, resulting in
decreased autophagy efficiency and accumulation of these protein aggregates
in motor neurons. We provide evidence, at the molecular level, for impaired
autophagy in TBK1 +/- primary neuronal culture that does not affect motor abilities
in the in vivo situation. The presence of p62 aggregates in our culture might be
efficiently compensated in the mice by other mechanisms that have to be further
investigated.
Department of Neurology, Ulm University, Ulm, Germany.
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A zebrafish model implicates hnRNPK and hnRNPA3 in C9orf72 RNA
toxicity

Elke Braems* (1,2), Bart Swinnen (1,2,3), Wim Robberecht (1,2,3), Ludo Van Den
Bosch (1,2)

A hexanucleotide repeat expansion in C9orf72 is the most frequent cause of
ALS. Possible pathological mechanisms include a loss-of-function of the C9orf72
protein and two gain-of-functions driven by toxic RNA, sequestering essential
proteins (RNA toxicity), and toxic dipeptide repeat proteins (DPR toxicity),
respectively. However, the contribution of each mechanism to ALS pathogenesis
and especially the role of RNA toxicity is not fully understood. In this study, we
use a recently established zebrafish model to identify new modifiers of RNA
toxicity and investigate their modifying mechanisms, ultimately aiming to uncover
the pathological underpinnings of RNA toxicity. Using this model, we already
identified Pur-alpha, a repeat RNA-binding protein, and p62, a key autophagy
protein as modifiers. The aim of our study was to investigate whether candidate
modifiers selected from a list of C9orf72 repeat RNA-binding proteins had
similar effects. This list included splicing factors and transcriptional regulators.
Combined micro-injection of candidate modifier mRNA and repeat RNA in 1
to 2 cell stage zebrafish oocytes led to the identification of two new potential
modifiers: hnRNPK and hnRNPA3. Overexpression of these heterogeneous nuclear
ribonucleoproteins prevented the motor axonopathy induced by the C9orf72
repeat RNA. Furthermore, we observed a decreased hnRNPK expression level in
C9orf72 patient fibroblasts. Expression of C9orf72 repeat RNA in zebrafish also
induced hnRNPK mislocalization from the nucleus to the cytoplasm. Using hnRNPK
deletion constructs, we are currently trying to reveal which hnRNPK domains are
essential for the modifying effect on RNA toxicity. Altogether, our data suggest that
two hnRNPs, i.e. hnRNPK and hnRNPA3, could play a role in C9orf72 ALS. Further
assessment in patient derived material, i.e. iPSCs or post mortem tissue, will be
essential to validate their involvement.
1) KU Leuven – University of Leuven, Department of Neurosciences, Experimental Neurology, Leuven,
Belgium.
2) VIB, Center for Brain & Disease Research, Laboratory of Neurobiology, Leuven, Belgium.
3) University Hospitals Leuven, Department of Neurology, Leuven, Belgium.
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Features of frontotemporal lobar degeneration in the cyclophilin A
knock-out mice

Laura Pasetto* (1), Silvia Pozzi (2), Edoardo Micotti (3), Mirjana Carli (3), Gianluigi
Forloni (3) and Valentina Bonetto (1)

Cyclophilin A, also known as peptidylprolyl cis/trans isomerase A (PPIA) is a
multifunctional protein abundantly expressed in the central nervous system. PPIA
has been associated with different human diseases, but its role in pathogenesis
is still unknown. We first associated PPIA with nervous system degeneration,
identifying PPIA as a translational biomarker of ALS with a protective role of the
protein in ALS pathology. We recently demonstrated that PPIA is a functional
interacting partner of TDP-43 and regulates its nuclear-cytoplasmic trafficking.
TDP-43, a nuclear protein involved in RNA processing, is the major component
of neuronal cytoplasmic inclusions in frontotemporal lobar degeneration patients
(FTLD-TDP). The molecular mechanisms at the basis of TDP-43 pathology have
not been elucidated yet. Here we proposed PPIA as a major player of this process.
We show that PPIA knock-out (PPIA-/-) mice recapitulate major features of
FTLD-TDP, such as aggregation and mislocalization of TDP-43 in the brain. PPIA-/mice show also atrophy of cortex and hippocampus, brain regions affected by the
disease in the patients. In absence of PPIA, mice exhibited an increased disinhibition
and an altered social behavior with no memory and motor impairment reminiscent
of the human condition. However, unlike FTLD patients, PPIA-/- mice displayed
neuronal with no glial activation. In conclusion, our findings indicate that PPIA has
an important effect on neuronal survival and its depletion results in FTLD-related
deficits. Moreover, PPIA-/- mouse represents a useful animal model to understand
the molecular mechanism behind TDP-43 pathology and its involvement in FTLDTDP.
1) Department of Biochemistry and Molecular Pharmacology, IRCCS-Istituto di Ricerche Farmacologiche
Mario Negri, Milano (Italy).
2) CERVO Brain Research Center, Laval University, Québec City, (Canada).
3) Department of Neuroscience, IRCCS-Istituto di Ricerche Farmacologiche Mario Negri, Milano (Italy).
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Developing vertebrate models to highlight the functional relevance of
NEFL in ALS pathogenesis

Doris Lou Demy (*), Maria-Letizia Campanari, Raphaël Munoz-Ruiz, Edor Kabashi

Neurofilaments are the major component of motorneurons, and play a key role
in their differenciation, in the establishment and maintenance of their perikaria,
dendrites and axon bulks and physical strength. The de novo assembly of these
tripartite neuronal intermediate filaments requires the presence of Nefl, their light
subunit. Despite the implication of Nefl in several motor diseases, as well as its
importance in their diagnosis and prognosis, the mechanism underlying remains
elusive. A striking number of genes implicated in ALS pathogenesis encode proteins
with functions in RNA metabolism. Some of them interact with mRNAs encoding
neurofilament proteins, making them a disease relevant target. In order to address
the functional role of Nefl in ALS and identify common therapeutic targets, we
decided to take advantage of the zebrafish model, which allows large-scale drug
screening and in vivo assessment of biological processes using gene overexpression,
knock-down or knock out, and fluorescent transgenic lines. Therefore, we are
developing models to study in vivo the functions of these RNA-binding proteins,
their functional interactions with neurofilaments, as well as the consequences
of their disruption. First of all, we identified and characterized the zebrafish
homologues for the low molecular weight neurofilament protein (Nefl) and its
expression within physiological and ALS conditions. We established that down
regulation of a specific Nefl isoform in zebrafish using morpholinos results in a strong
and specific ALS-like motor phenotype (motor axon atrophy and paralysis of the
fish). In vivo imaging reveals that Nefl is crucial for proper neuronal development,
and that disrupting the balance between its two isoforms specifically affects motor
axon growth, as one variant has a tendency to aggregate, both in zebrafish in vivo,
and in mammalian cell culture. To confirm these observations, we are currently
developing stable Nefl zebrafish mutants using the CRISPR/Cas9 genome editing
tools. We also assessed by Western Blot the expression of Nefl within ALS zebrafish
models, and revealed that TDP43 knock-down leads to a strong decrease in Nefl
protein. Establishing these animal models will allow a better understanding of the
role of these key actors in ALS pathogenesis, and will provide relevant endpoints for
future studies to identify novel therapeutics targets for ALS.
Sorbonne Universités Paris VI, UMR CNRS 1127 UPMC, INSERM U 1127, Institut du Cerveau et de la
Moelle épinière – ICM, Paris, France
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Inhibition of histone deacetylases improves motor performances and
extends survival in a FUS ALS mouse model

Elisabeth Rossaert (1,2#)*, Eveliina Pollari (1,2#), Matthieu Moisse (1,2), Tom
Jaspers (1,2), Lawrence Van Helleputte (1,2), Katrien De Bock (3), Tijs Vandoorne
(1,2), Ludo Van Den Bosch (1,2)

Amyotrophic lateral sclerosis (ALS) is an incurable and fatal neurodegenerative disorder
characterized by the loss of motor neurons in the motor cortex, brainstem and spinal
cord. Recently, transcriptional dysfunction was proposed as a novel pathogenic
mechanism for ALS, in particular because of the malfunctioning of the enzymes that
manipulate epigenetic marks. One of these marks is acetylation of lysine residues
of histones, which relaxes the chromatin structure and results in transcriptional
activation. Histone acetylation levels are controlled by the antagonistic actions of
two protein families, the histone acetyltransferases (HATs) and histone deacetylases
(HDACs). There is accumulating evidence that a disturbance in the homeostasis of the
acetylation system in favor of the HDACs, resulting in decreased histone acetylation and
transcription, is involved in ALS pathogenesis. The aim of this study was to investigate
the therapeutic potential of HDAC inhibitors in the PrP-hFUS-WT transgenic mouse
model for ALS, as we observed histone hypoacetylation in the central nervous system
(CNS) of these mice. This model overexpresses human wild-type FUS exclusively in the
CNS resulting in severe motor impairment starting at 4 weeks and in death at 9 weeks.
This aggressive ALS phenotype is caused by progressive muscle denervation, axon
degeneration and ~60% motor neuron loss at end-stage. Treatment with an HDAC
inhibitor (HDACi) starting at disease onset restored histone acetylation and increased
survival of the FUS ALS mice with 40%. This was accompanied by an improved
motor performance. We also observed increased compound muscle action potentials
(CMAPs) measured at the gastrocnemius muscle, reflecting an improved functionality
of the motor unit. In order to get a better understanding on the pathogenic processes
underlying FUS-mediated ALS and the mechanism of the therapeutic effect of the
HDAC inhibitor, we performed RNA sequencing on spinal cord tissue. This revealed
that PrP-hFUS-WT mice have altered mRNA levels of genes involved in metabolic
pathways and that HDACi treatment partially corrected these changes. Notably, the
altered levels of metabolic transcripts already appeared at disease onset and correlated
with the progressive decline in motor performance. In conclusion, our data suggest that
transcriptional changes of metabolic genes are an early event in ALS, and that histone
deacetylases are potential therapeutic targets to delay disease progression.
1) KU Leuven – University of Leuven, Department of Neurosciences, Experimental Neurology, B-3000
Leuven, Belgium.
2) VIB, Center for Brain & Disease, Laboratory of Neurobiology, B-3000 Leuven, Belgium.
3) Laboratory of Exercise and Health, Department of Health Sciences and Technology, ETH Zurich,
Zurich, Switzerland.
# Both authors contributed equally to this work.
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Targeted Drosophila screen reinforces nucleocytoplasmic transport to
DPR pathology in C9orf72-associated ALS/FTLD

Mathias De Decker (1,2*), Joni Vanneste (1,2*), Steven Boeynaems (3), Elke
Bogaert (1,2), Thomas Vercruysse (4), Jolien Steyaert (1,2), Wendy Scheveneels
(1,2), Dirk Daelemans (4), Wim Robberecht (1,2), Philip Van Damme (1,2), Ludo
Van Den Bosch (1,2)

Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disorder
affecting the upper and lower motor neurons in the motor cortex, brainstem
and spinal cord. This leads to a wide variety of symptoms ranging from limb
paralysis to losing the ability to speak, eat and ultimately breathe. In 2011 intronic
hexanucleotide (GGGGCC) repeat expansions were discovered in chromosome 9
open reading frame 72 (C9orf72) as an important genetic cause of ALS. Until now,
three mechanisms for C9orf72 toxicity have been hypothesized: haploinsufficiency,
RNA toxicity or dipeptide repeat proteins (DPRs) toxicity. These DPRs are generated
by repeat associated non-ATG mediated (RAN) translation and yields five DPRs: GA,
GR, PR, PA and GP. We and others have shown that especially arginine-rich DPRs
(GR and PR) are toxic. To further investigate this toxicity, we generated Drosophila
models expressing DPR specifically in the eye using a GMR driver. Expression of
the PR dipeptide yielded a moderate rough-eye phenotype, which we used in a
targeted RNAi screen focused on nuclear transport. The aim of this study was
to investigate whether toxicity induced by GR DPRs could be influenced by the
same modifiers as the ones discovered in the PR screen. Therefore, we generated
a Drosophila model specifically expressing GR in the eye and repeated the initial
screen. We could nicely recapitulate the same hits as in the PR screen. The most
potent modifiers from both screens were members of the nuclear import and
export pathway, respectively transportin-1 and exportin-1. In addition, modifiers
were identified in the nuclear pore complex, and the Ran-GTP cycle. The discovery
of these modifiers further supports the hypothesis that DPR pathology of the
arginine-rich proteins in C9orf72 ALS disrupts nucleocytoplasmic transport, and
could initiate the ALS disease cascade hallmarked by protein mislocalization and
aggregation.
1) KU Leuven – University of Leuven, Department of Neurosciences, Experimental Neurology and
Leuven Research Institute for Neuroscience and Disease (LIND), 3000 Leuven, Belgium.
2) VIB, Center for Brain and Disease Research, Laboratory of Neurobiology, 3000 Leuven, Belgium.
3) Department of Genetics, Stanford University School of Medicine, Stanford, CA 94305, USA.
4) KU Leuven Department of Microbiology and Immunology, Laboratory of Virology and Chemotherapy,
Rega Institute for Medical Research, Herestraat 49,3000 Leuven, Belgium.
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Acetylation state of RelA modulated by epigenetic drugs prolongs
survival and induces a neuroprotective effect on ALS murine model

Lorenzo Schiaffino* (1), Roberta Bonafede (1), Ilaria Scambi (1), Edoardo Parrella
(2), Marina Pizzi (2), Raffaella Mariotti (1)

Amyotrophic Lateral Sclerosis (ALS) is a fatal neurodegenerative disease that cause
degeneration of motor neurons of central nervous system. Defects in histone
homeostasis has been recently implicated in the pathogenesis of neurodegenerative
diseases, including ALS. Histone acetyltransferases (HATs) and histone deacetylases
(HDACs) catalyze the acetylation and deacetylation, respectively, of histone
proteins. HATs and HDACs use as substrates also transcription factors, such as
nuclear factor (NF) kB. Transcriptional dysregulation occurs in human sporadic ALS
and in the SOD1(G93A) mouse model. Five DNA-binding proteins can compose
the NF-kB complex. The NF-kB dimer p50/RelA has a dual, neuroprotective or
neurotoxic effect depending on its acetylation state. Our aim is to test if the
treatment with epigenetic drugs modulates the acetylation of RelA in the spinal
cord of SOD1(G93A) mice, slowing down the disease progression of ALS. In order
to promote a proper acetylation of NF-kB, a combination of the HDAC 1-3 inhibitor
MS-275 and the sirtuin 1 activator Resveratrol were administered intraperitoneally
every day in SOD1(G93A) mice at beginning of 50 day of life, until the death
of the animals. Behavioral tests showed a significant improvement of motor
performance (p<0.05) of treated group versus control group. Furthermore a delay
of pathological onset and an increase of survival rate (p<0.05) were detected in the
treated group compare to the untreated once. Moreover, the epigenetic treatment
elicited a neuroprotective effect on the lumbar spinal cord motoneurons of treated
group compare to control group, accompanied by increased levels of protein
products of NF-kB-target genes, Bcl-xL and brain-derived neurotrophic factor. Our
study reveals that the combined epigenetic drugs delay the degenerative process
that occurs in ALS, representing a future promising therapy for this disease.
1) Dept. of Neurological, Biomedical and Movement Science; University of Verona; Verona; Italy.
2) Dept. of Molecular and Translational Medicine; University of Brescia; Brescia; Italy.
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Impaired stress granule dynamics in motor neurons from a novel mouse
model of TDP-43-associated ALS

D. Gordon (*1), R. Dafinca (1), L. Farrimond (1), J. Alegre-Abarrategui (2), B.
Davies (3), O. Ansorge (4), R. Wade-Martins (2) and K. Talbot (1)

Background The mechanisms underlying the preferential loss of motor neurons
in ALS are still poorly understood. The vulnerability of these cells may be due, in
part, to a defective response to conditions such as oxidative stress. Mutations in
TDP-43, the pathological hallmark protein of ALS, can impair the normal assembly
of stress granules. Disrupted stress granule dynamics might be central to the
pathogenic mechanism in ALS. We have previously developed a novel bacterial
artificial chromosome (BAC) transgenic mouse expressing human TDP-43
(M337V) at low levels, which develop distinct motor deficits (rotarod and grip
strength), survival deficits in the second year and pathological phenotypes (reduced
axonal transport, NMJ deficits) recapitulating some key features of ALS. Methods
Primary motor neurons (MNs) were generated from E13.5 lumbar spinal cord from
non-transgenic (NTg), TDP-43WT/- and TDP-43M337V/- embryos. Mouse
ESCs (non-transgenic or expressing the TDP-43 BAC constructs) were expanded
as embryoid bodies and differentiated into motor neurons. Cells were stressed
with 0.5mM sodium arsenite, then immunostained for total TDP-43, human
TDP-43 and stress granule markers TIA-1, PABP1 and G3BP. Survival assays were
also performed to assess the effect of mutant TDP-43 and oxidative stress on
motor neuron survival. Results TDP-43 was predominantly cytoplasmic in TDP43M337V/- primary motor neurons, compared to TDP-43WT/- and NTg controls.
Concurrent with cytoplasmic mislocalisation of TDP-43, TDP-43M337V/- MNs
(primary or ESC-derived) displayed a reduction in the proportion of cells containing
stress granules and a decrease in stress granule size, in response to oxidative stress.
We also observed reduced stress granule recruitment of mutant TDP-43 and
significantly reduced survival in response to increasing exposure to oxidative stress.
Conclusions Our data suggest that impaired stress responses may underlie the link
between mutant TDP-43 and selective motor neuron vulnerability in our mouse
model of M337V-associated ALS. With the Oxford Target Discovery Institute
we have used high-throughput screening (HTS) of FDA approved compounds
to identify drugs which might restore the stress granule response in motor
neurons, which can then be validated through detailed analysis of phenotypic and
transcriptional changes in primary MNs from our TDP-43 BAC transgenic mice, and
iPSC-derived motor and cortical neurons from ALS patients carrying TDP-4
1) Nuffield Department of Clinical Neurosciences, University of Oxford, Oxford, UK
2) Department of Physiology, Anatomy and Genetics, University of Oxford, Oxford, UK
3) Wellcome Trust Centre for Human Genetics, Oxford, UK
4) Department of Neuropathology, University of Oxford, Oxford, UK
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Identification and validation of nuclear and cytoplasmic TDP-43
protein binding partners in a mouse model of ALS

Dr Alinda R Fernandes (1), Jacqueline CMitchell (1), Chun Hao Wong (1), Dr
Micheal J O’Neill (2), Prof Chris E Shaw (1)

The only marketed drug, Riluzole, prolongs life expectancy in Amyotrophic Lateral
Sclerosis (ALS) patients for up to three months. Given the poor prognosis for this
disease, accelerating both research-based and pre-clinical studies is critical for
ALS drug development. Advancement of effective therapeutic strategies for ALS
has largely been hampered due to i) lack of in vitro models that are robust and
high throughput and (ii) our limited understanding of mechanisms underlying the
disease. Current approaches such as transient transfection or patient-derived
motor neurons to model ALS are very informative though highly laborious for
primary screening of novel candidate compounds. Here, we present a robust high
throughput, high content screening method to identify and quantify pathological
features in an inducible human neuroblastoma SHSY5Y cell line expressing wild-type
TDP-43 (GFP-tagged). By delineating nuclear vs cytoplasmic TDP-43 expression
combined with high-content analyses, we demonstrate several pathological
features observed in sporadic and familial TDP-43 patients, including TDP-43
hyperphosphorylation, increased cytoplasmic TDP-43 mislocalisation as well as
altered autophagy (using P62 as a marker) and neurotoxicity. The addition of
osmotic and oxidative stressors further exacerbates this phenotype. Further, we
use this approach, in combination with mass spectroscopy to identify and validate
cytoplasmic TDP-43 protein binding partners which drive pathological aggregation.
Nuclear and cytoplasmic lysates from a transgenic mouse model of ALS were
extracted and TDP-43 was co-immunoprecipitated. Subsequently, we demonstrate
the effects of TDP-43 associated pathology upon knockdown of a selection of
prominent TDP-43 protein binding partners in mouse brain slices derived from ALS
mouse models. We anticipate that outcomes from these studies will advance our
understanding of TDP-43 disease mechanisms which can be extended for other
proteinopathies leading to neurodegeneration.
1) Wohl Clinical Neuroscience Institute, Basic and Clinical Neuroscience Department, Institute of
Psychiatry, Psychology and Neuroscience, King’s College London, United Kingdom
2) Eli Lilly & Co., Lilly Research Centre, Erl Wood Manor, Windlesham, Surrey, United Kingdom
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Chemotherapeutic agent 5-Fluorouracil improves performance of
mutant SOD1 mouse model of ALS

Amaya Rando (1), Miriam de la Torre (1), Pilar Zaragoza (1), Antonio Musaro (2),
Sara Hernández (3), Josep E. Esquerda (3), Ana Martinez (4), Xavier Navarro (4),
Ana Cristina Calvo (1*), Janne M. Toivonen (1), Rosario Osta (1)

Amyotrophic lateral sclerosis (ALS) is a lethal motor neuron disease with only a
single widely used but only marginally effective drug treatment. In the search for
drug candidates for ALS, we studied the effect in SOD1G93A model of ALS of
known stem cell mobilizing agents (treatment) and antimetabolite 5-fluorouracil
(5-FU) (anti-treatment). Surprisingly, it was found that anti-cancer drug 5-FU
increases lifespan, delays disease onset and improves motor performance in ALS
mice. Although we were not able to demonstrate the mechanistic basis of the
beneficial 5-FU action our findings suggest that 5-FU or similar drugs could be
possible drug candidates for repurposing to the treatment of motor neuron disease.
The studies concentrating on target tissues and cell types, as well as molecular
mechanistic basis of these substances on ALS models are warranted.
1) LAGENBIO, Facultad de Veterinaria, Instituto Agroalimentario de Aragón (IA2), IIS Aragón, Universidad
de Zaragoza, Zaragoza, Spain.
2) Sapienza University of Rome, Rome, Italy.
3) Departament de Medicina Experimental, Patologia Neuromuscular Experimental, Facultat de Medicina,
Universitat de Lleida/IRBLLEIDA, Lleida, Catalonia, Spain.
4) Institute of Neurosciences and Department of Cell Biology, Physiology, and Immunology, Universitat
Autònoma de Barcelona, Bellaterra, Spain, and Centro de Investigación Biomédica en Red sobre
Enfermedades Neurodegenerativas (CIBERNED), Bellaterra, Spain.
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Effects of gamma-carbolines on pathology caused by expression of
C-terminally truncated human FUS in the nervous system of transgenic
mice

Aleksey A. Ustyugov (1,2), Galina Limorenko (1), Valeria Goloborsheva (2), Tamara
A. Ivanova (2), Kirill Chaprov (2), Ekaterina Vikhareva (2), Maria Chicheva (2), Pavel
Mazin (3,4,5), Sergey O. Bachurin (2), Vladimir L. Buchman* (1,2)

Results of previous studies suggested that certain gamma-carbolines might act as
neuroprotectors in the nervous system affected by neurodegenerative processes.
We used a model of severe early onset and fatal neurodegeneration caused by
expression of the C-terminally truncated human FUS (heterozygous FUS 1-359
transgenic mice) to assess the effect of chronic administration of gamma-carboline
Dimebon and its derivates DF302 and DF402 on the disease onset and duration,
and animal lifespan. Of these three compounds, DF402 demonstrated the most
marked effect, particularly on the disease duration, which led to significant increase
of animal lifespan. More detailed characterisation of the effect of DF402 on animal
nervous system at presymtomatic stage is required for better understanding of the
mechanism of the drug action. We employed RNAseq to compare transcriptomes
of the thoracic spinal cords of 80-day old presymptomatic DF402-treated and
untreated FUS 1-359 transgenic mice and wild type mice of the same age. From
127 genes upregulated in FUS-TG 1-359 mice, 29 were found to be significantly
(padj<0.05) downregulated in DF402-treated mice, returning their expression to
the level in wild type mice. From 94 genes downregulated in FUS-TG 1-359 mice,
25 were found to be significantly (padj<0.05) upregulated in DF402-treated mice,
again returning their expression to the level in wild type mice. One of the challenges
for further studies is to single-out within the same age group those animals that
started developing the very first signs of motor dysfunction. To achieve this we
used Catwalk gate analysis system. Testing of FUS 1-359 and wild type littermates
started at the age of 30 days and continued on the daily basis until the symptoms
were visible. After classification of footprints using the CatWalk XT software data
were exported for external analysis using R algorithm to perform multi-dimension
scaling analysis. Data from 499 mice and 308 parameters were analysed. We were
able to select a set of parameters distinguishing between transgenic and wild type
mice long before clinical signs of neurological pathology become visible. This study
was supported by Motor Neurone Disease Association Grant 822-791 to VLB.
Bioresource Collection of IPAC RAS (No. 0090-2017-0016) facilities were used
to maintain animals for CatWalk data collection using equipment of the Centre for
Collective Use IPAC RAS.
1) School of Biosciences, Cardiff University, Cardiff, United Kingdom.
2) Institute of Physiologically Active Compounds, Russian Academy of Science, Chernogolovka, Russian
Federation.
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3) Center for Data-Intensive Biomedicine and Biotechnology, Skolkovo Institute of Science and
Technology, Moscow, Russian Federation.
4) Institute for Information Transmission Problems (Kharkevich Institute), Russian Academy of Science,
Moscow, Russian Federation.
5) Faculty of Computer Science, Higher School of Economics, Moscow, Russian Federation.

B50

The effect of intermediate polyQ expansions in Ataxin-2 on TDP-43
pathology in vivo

Emma Sudria-Lopez (1,2)*, Dianne M. van den Heuvel (1), Teresa Calafat Pla
(1), Giel Korsten (1), Christiaan van der Meer (1), Mark H. Broekhoven (1),
David Gordon (3), Kevin Talbot (3), Leonard H. van den Berg (2) and R. Jeroen
Pasterkamp (1)

Ataxin-2 (ATXN2) is an intracellular protein with diverse roles, including RNA
metabolism, and a risk factor for ALS. Intermediate-length polyglutamine
expansions (polyQ; from 22 to 27-33 Qs (CAG)) in ATXN2 are associated with the
disease. Further, ATXN2 has been reported to enhance TDP-43 and FUS toxicity, as
well as to synergize with the effects of C9ORF72 loss-of-function. This suggests
that ATXN2 has a general role in ALS pathology and that therapeutic interventions
targeting ATXN2 could be beneficial for a large group of patients. Indeed, lowering
of ATXN2 levels was recently shown to extend lifespan and reduce pathology in
an acute TDP-43 mouse model. However, the mechanisms through which ATXN2
repeat expansions contribute to disease development remain largely unknown.
Therefore, we aim to study the contribution of ATXN2, and its repeat expansions,
to ALS pathogenesis. We have engineered BAC transgenic mice carrying the entire
human ATXN2 locus. Since mice do not have polyQ repeats in Atxn2, we generated
a control human ATXN2-CAG22 mouse line and an ALS-associated human ATXN2CAG33 mouse line. These mice were crossed with a novel TDP-43(M337V) mouse
model that displays ALS pathological features and a progressive age-dependent
motor phenotype. Preliminary data reveal changes in grip strength in ATXN2-CAG/
TDP-43 (M337V) mice and unexpected changes in bodyweight. These new
mouse models will help to dissect the pathological mechanisms underlying ATXN2
repeat expansions in ALS and to identify therapeutic strategies counteracting these
mechanisms.
1) Dept Translational Neuroscience, Brain Center Rudolf Magnus, UMC Utrecht, Utrecht University, The
Netherlands.
2) Dept of Neurology and Neurosurgery, Brain Center Rudolf Magnus, UMC Utrecht, Utrecht University,
The Netherlands.
3) Nuffield Department of Clinical Neurosciences, Oxford University, United Kingdom.
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Conditional deletion of Id2 in oligodendrocyte progenitor cells does not
ameliorate disease outcome in SOD1G93A mice

Caroline Eykens* (1,2), Cathy Jensen (1,2), Antonio Iavarone (3), Philip Van
Damme (1,2,4), Ludo Van Den Bosch (1,2), Wim Robberecht (1,2,4)

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disorder with selective
upper and lower motor neuron degeneration. Patients suffer from progressive
muscle atrophy and will typically die within 2 to 5 years after disease onset as
no effective treatment is currently available. Although traditionally viewed as a
motor neuron disease, damage developed within non-neuronal supporting cells is
crucial to motor neuron dysfunction in ALS. Oligodendrocytes are such contributing
non-neuronal cells, as they degenerate during disease and are replaced by newly
formed oligodendrocytes. However, in both ALS patients and mutant SOD1
mice, these newly formed oligodendrocytes are immature and dysfunctional, as
they insufficiently generate myelin basic protein (MBP) and monocarboxylate
transporter 1 (MCT-1). Consequently motor neurons lose an important source of
structural and trophic support. Therefore, strategies to improve differentiation of
oligodendrocyte progenitor cells (OPCs) towards mature oligodendrocytes, could
be of therapeutic interest in ALS. Here we report that oligodendrocytic ablation of
Inhibitor of DNA binding 2 (Id2), a negative master modulator of oligodendrocyte
differentiation, fails to alleviate oligodendrocyte dysfunction or alter disease
outcome in a murine model of ALS. Our data suggest that this inhibitor is not a
suitable target for intervention in ALS.
1) KU Leuven – University of Leuven, Department of Neurosciences, Experimental Neurology, Leuven,
Belgium.
2) VIB, Center for Brain & Disease Research, Laboratory of Neurobiology, Leuven, Belgium.
3) Institute for Cancer Genetics, Columbia University Medical Center, New York, USA.
4) University Hospitals Leuven, Department of Neurology, Leuven, Belgium.
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Bespoke mouse models of ALS

Remya R. Nair (1)*, Asif Nakhuda (1), Charlotte Tibbit (1), Samanta Gasco (1),
Carmelo Milioto (2), Anny Devoy (2), Pietro Fratta (2), Adrian M. Isaacs (2), Thomas
J. Cunningham (1)#, and Elizabeth M. C. Fisher (1,2)#

#these authors contributed equally.
Our group is aiming to generate new and bespoke mouse models for
neurodegenerative diseases, including Amyotrophic Lateral Sclerosis (ALS;
motor neuron disease), Alzheimer’s disease, and Parkinson’s disease. Very few
treatments, and no cures, exist for these diseases that are only increasing in
prevalence in our ageing population, while many key biological questions remain
unanswered. Modelling late onset neurodegenerative disease is challenging, and
improved models are needed to more faithfully recapitulate human pathology.
One key long-term focus of the lab is to genetically engineer, and phenotype, new
models of neurodegeneration via genomic humanisation of the mouse to answer
key questions surrounding mechanisms of action, and to provide physiologically
relevant models to test future therapeutics. Here we present ongoing work on
humanising two genes, C9ORF72 and FUS, and their respective mutations that
cause ALS – a fatal disorder that results in progressive degeneration of motor
neurons. A hexanucleotide repeat expansion in the C9ORF72 gene represents the
most common genetic cause of ALS and frontotemporal dementia. Our project
to humanise this gene at the endogenous locus, with and without repeats, is in
the initial phase, and we outline our BAC recombineering progress here. We also
present data on a new mouse model generated by Anny Devoy and Elizabeth
Fisher at UCL, harbouring a partially humanised FUS gene plus human pathogenic
mutation causative for ALS. The mutant FUS-delta14 protein mislocalises to the
cytoplasm and leads to progressive lower motor neuron loss starting mid-life.
Finally, we present some preliminary data from our new project to humanise GJA1
and GJA1P1 genes, which have recently been found to have a potential role in the
pathological mechanisms of neurodegenerative diseases like ALS. We have strong
collaborative ties with neuroscience and neurodegeneration experts and clinicians at
the UCL Institute of Neurology/National Hospital for Neurology and Neurosurgery,
which we combine with world class mouse genetics resources here at Harwell to
answer key questions in neurodegeneration.
1) Mammalian Genetics Unit, MRC Harwell Institute, Harwell, UK.
2) Department of Neurodegenerative Disease, UCL Institute of Neurology, London, UK.
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A feedback loop between dipeptide repeat protein, TDP-43 and
karyopherin-α mediates C9ORF72-related neurodegeneration

D. A. Solomon (1), A. Stepto (1), W. H. Au (1), Y. Adachi (1), D. C. Diaper (1),
R. Hall (1), A. Rekhi (1), A. Boudi (1), Y. -B. Lee (1), B. Smith (1), J. Bridi (1), G.
Spinelli (1), J. Dearlove (1), D. M. Humphrey (1), J.-M. Gallo (1), C. Troakes (1),
M. Fanto (1), M. Soller (2), B. Rogelj (3), R. B. Parsons (4), C. E. Shaw (1),T.
Hortobagyi (1), & F. Hirth (1,*)

TDP-43 accumulation is a major hallmark of amyotrophic lateral sclerosis and
frontotemporal dementia, including the most common genetic cause, G4C2
hexanucleotide repeat expansion in C9ORF72 (C9ALS/FTD). The role of TDP-43
dysfunction in C9ALS/FTD, however, remains elusive. We found G4C2-derived
dipeptide repeat protein (DPR) but not G4C2-RNA accumulation caused TDP-43
proteinopathy that triggered onset and progression of disease in Drosophila models
of C9ALS/FTD. Timing and extent of TDP-43 dysfunction was dependent on levels
and identity of DPRs produced, with poly-GR causing early and poly-GA/poly-GP
causing late onset of disease. Accumulating cytosolic, but not insoluble aggregated
or mutated TDP-43, caused karyopherin-α2/4 pathology, increased levels of DPRs
and enhanced G4C2-related toxicity. Comparable karyopherin-α4 pathology was
observed in sporadic FTD and C9ALS/FTD patient tissue, irrespective of TDP-43 or
DPR aggregates. These findings identify a vicious feedback cycle for DPR-mediated
TDP-43 and subsequent karyopherin-α pathology, which becomes self-sufficient
of the initiating trigger to cause neurodegeneration.
1) King’s College London, Department of Basic and Clinical Neuroscience, Maurice Wohl Clinical
Neuroscience Institute, Institute of Psychiatry, Psychology and Neuroscience, London, United Kingdom.
2) School of Biosciences, College of Life and Environmental Sciences, University of Birmingham,
Edgbaston, Birmingham, United Kingdom.
3) Jozef Stefan Institute, Department of Biotechnology & Biomedical Research Institute BRIS &
University of Ljubljana, Faculty of Chemistry and Chemical Technology, Ljubljana, Slovenia.
4) King’s College London, Institute of Pharmaceutical Science, London, United Kingdom.
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Mutations in TARDBP show axonal transport defects in induced
pluripotent stem cell-derived motor neurons

Raheem Fazal 1,2, Laura Fumagalli 1,2, Ann Swijsen 1,2, Mathias De Decker
1,2, Bart Swinnen 1,2,3, Matthieu Moisse 1,2, Elisabeth Rossaert 1,2, Robert
Ciaran Prior 1,2, Wenting Guo 1,2, Ruben Boon 4, Pieter Vanden Berghe 5, Wim
Robberecht 1,3, Catherine Verfaillie 4, Ludo Van Den Bosch 1,2 and Philip Van
Damme 1,2,3

TAR DNA binding protein 43 kDa (TDP-43) is a major component of pathological
inclusions in sporadic and familial amyotrophic lateral sclerosis (ALS) and
frontotemporal lobar degeneration with ubiquitinated inclusions (FTLD-U). ALS
patients suffer from progressive degeneration of motor neurons, while FTLD is
characterised by the progressive degeneration of cortical neurons in the frontal
and temporal lobe. Moreover, mutations in the gene encoding TDP-43 have been
directly linked to ALS. The aim of this study was to investigate whether mutant
TDP-43 affects transport processes along the axons, which is important for the
normal function of motor neurons. We generated and characterized human induced
pluripotent stem cells (hiPSCs) from ALS patients with different TARDBP mutations,
as well as from healthy controls. The hiPSC lines were subsequently differentiated
into motor neurons in order to study axonal transport. We therefore labelled
mitochondria in motor neurons with MitoTracker-RED. Subsequently, mitochondrial
movement along the processes of the motor neurons was registered by live cell
imaging, and the number of stationary and moving mitochondria was determined.
Compared to control lines, the average number of moving mitochondria was
significantly lower in motor neurons derived from patients with a TARDBP
mutations. Furthermore, pharmacological inhibition of histone deacetylase 6
(HDAC6) increases Î±-tubulin acetylation, and restores the axonal transport defects
in patient-derived MNs. Taken all together, our results clearly show that mutations
in TARDBP cause impairments in axonal mitochondrial transport in hiPSC-derived
motor neurons and inhibition of HDAC6 results in axonal transport restoration.
1) KU Leuven – University of Leuven, Department of Neurosciences, Experimental Neurology and
Leuven Institute for Neuroscience and Disease (LIND), Leuven, Belgium
2) VIB, Center for Brain & Disease Research, Laboratory of Neurobiology, Leuven, Belgium
3) University Hospitals Leuven, Department of Neurology, Leuven, Belgium
4) Stem Cell Institute, KU Leuven, Leuven 3000, Belgium; Department of Development and
Regeneration, Stem Cell Biology and Embryology, KU Leuven, Leuven 3000, Belgium
5) KU Leuven, Department of Chronic Diseases, Metabolism and Ageing, Translational Research in
GastroIntestinal Disorders, KU Leuven, Leuven 3000, Belgium
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Design of an inducible system to test the toxicity of dipeptide repeats
in C9orf72 iPSC-derived motor neurons from ALS patients

Paola Barbagallo* (1), Sally Cowley (2), Ruxandra Dafinca (1), Kevin Talbot (1)

Background An intronic repeat expansion (GGGGCC)n in C9ORF72 gene is the
commonest cause of amyotrophic lateral sclerosis (ALS) identified to date. The
mechanisms proposed to explain neuronal degeneration induced by (GGGGCC)
n are loss of function of C9ORF72, transcription of the expansion in toxic RNAs,
translation of both sense and antisense transcripts, generating five different
dipeptide repeats (DPRs). Aim This project aims to analyse the contribution of DPRs
to the development of ALS phenotypes in induced pluripotent stem cells (iPSCs)derived motor neurons (MNs). Although there is evidence for the toxicity of some
DPRs, few studies have examined the role of DPRs when they are expressed in
combination. Methods We generated a lentiviral backbone carrying a doxycycline
inducible system (dox-ON) which controls the expression of GFP or DPRs. The
sequences of three DPRs – poly(GA)50, poly(GR)50, poly(PR)50 – were optimised
to avoid the production of RNA foci, and each DPR was fused to a different tag. We
differentiated MNs from patient iPSCs carrying the (GGGGCC)n repeat, healthy
cells, and isogenic lines where the expansion has been excised by CRISPR/Cas9
system. Healthy and edited lines were transduced with lentivirus carrying the
optimised DPR sequences and their phenotypes were compared to the patient lines.
Results Immunoblotting and live fluorescence in HEK293T cells transfected with the
dox-ON lentiviral backbone showed efficient expression of GFP after the addition
of doxycycline. The cells expressed GFP after 24 hours of treatment, and removal
of doxycycline inactivated the expression. Control iPSC lines were transduced
with dox-ON lentivirus and various concentrations of doxycycline were tested
to determine the optimal one for inducing the expression of GFP. The sequences
expressing (GA)50-cMyc, (GR)50-flag and (PR)50-HA replaced GFP, and iPSCs
were transduced and analysed to test if the conditions used previously led to
efficient transduction and induction. Conclusions The dox-ON system developed in
this project allows fine control of the expression of each DPR, a feature conferred
by the sensitivity of the system to low doses of doxycycline. In addition, the
optimised sequences of DPRs avoid the formation of RNA foci, and allow the
expression of one protein at a time. The whole system allows to test different
concentrations and combinations of DPRs, as well as to examine if the MNs can
recover in response to switching off DPR production.
1) Nuffield Department of Clinical Neurosciences, University of Oxford, Oxford, UK.
2) Oxford Stem Cell Institute, University of Oxford, Oxford, UK.
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C9orf72 iPS-derived motor neurons have altered cytosolic and
mitochondrial calcium buffering

Ruxandra Dafinca (1*), Nidaa Ababneh (1), Paola Barbagallo (1), Ana Candalija (1),
Kevin Talbot (1)

Hexanucleotide expansions in the C9orf72 are the most frequent cause of
amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD). To better
understand the direct contribution of the hexanucleotide repeats to cellular
phenotypes, we used C9orf72 patient motor neurons derived from induced
pluripotent stem cells (iPSCs) and an isogenic iPSC line where the expansions were
successfully removed by CRISPR/Cas9 and homology directed recombination. The
results were compared to iPS-derived MNs from TDP-43 patients. In C9orf72
iPS-derived MNs we found significantly higher Ca2+ release when neurons were
depolarized. Clearance of calcium from the cytosol was significantly delayed in
C9orf72 MNs after stimulation with KCl and glutamate, which correlated with low
levels of the calcium-buffering protein calbindin and increased cell death. The levels
of calcium binding proteins in TDP-43 MNs were not significantly different. An
impairment was also observed in the calcium-buffering capacity of mitochondria
in C9orf72 MNs, where low levels of the mitochondrial calcium uniporter (MCU)
were detected and correlated with reduced uptake of Ca2+ from the cytosol
compared to healthy controls and corrected MNs. The mitochondrial potential
was reduced in C9orf72 MNs, while the TDP-43 M337V and I383T MNs did not
show differences when compared to healthy controls. To investigate the functional
consequences of signalling deficiencies, C9orf72 MNs were co-cultured with
muscle cells in microfluidic chambers and we found that the area occupied by the
NMJs formed between C9 MNs and muscle cells was significantly smaller than the
area of healthy and edited MNs. However, the number of NMJs formed between
axons and muscle cells was not different between C9orf72 MNs and edited or
control MNs. This study shows a deficiency in the calcium-buffering capacity of
C9orf72 MNs, partially due to inefficient mitochondrial Ca2+ uptake and low levels
of calbindin and indicates that the mitochondria plays an important role in C9orf72
pathogenicity.
1) Nuffield Department of Clinical Neurosciences, University of Oxford, Oxford, UK
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Using iPSC-derived motor neurons to explore protein misaccumulation
and cellular dysfunction in motor neuron disease

Jenny Greig*, Naomi Hartopp, Sebastien Paillusson, Graham Cocks, Chris Shaw

Motor neurons (MNs) differentiated from induced pluripotent stem cells (iPSCs)
derived from MND patients with TARDBP mutations are used to develop a
model of TDP-43 pathology for identification of potential therapeutic targets.
Immunocytochemistry is used to assess disease phenotype in a high-throughput
setting. CRISPR-Cas9 was used to correct the mutations to produce isogenic
control lines in order to provide a direct comparison between mutant and wild-type
iPSCs with an identical genetic background for assessment of potential targets.
MNs with TARDBP mutations recapitulate aspects of MND pathology, including
increased TDP-43 expression, aggregation and phosphorylation. M337V mutant
MNs also show reduced ATP levels, reduced mitochondrial membrane potential
and decreased ER-mitochondrial contact compared with controls, indicating
mitochondrial dysfunction. Lentiviral delivery of an shRNA panel will then be used
to knockdown protein pathways implicated in disease progression, and resulting
phenotypic changes will be monitored.
1) Maurice Wohl Clinical Neuroscience Institute, King’s College London, Institute of Psychiatry,
Psychology and Neuroscience. London, UK
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Development of a human stem cell-derived neuromuscular in vitro
system

Jik Nijssen (1), Gill Pollmeier (1,2,*), Rein Hoogstraaten (1,3), Julio Cesar Aguila
(1), Eva Hedlund (1)

Spinal motor axons span long distances through the body to connect to target
muscles via specialized synapses termed neuromuscular junctions (NMJs). In
ALS, deterioration of NMJs represents the earliest visible sign of degeneration.
The pathology then progresses proximally towards the soma, in a dying-back
fashion. In fact, denervation occurs well before loss of motor neuron somas or
clinical symptoms. To study the neuromuscular connection in ALS and health, we
previously generated NMJ-like structures by culturing mouse embryonic stem
cell-derived motor neurons with mouse myofibers differentiated from primary
satellite cells in microfluidic devices (Mills, 2018). Using a compartmentalized
microfluidic device, spatial separation and fluidic isolation of neuronal somas from
their NMJs with myofibers enables precise control and manipulation of the cellular
microenvironments. We are now developing an entirely human stem cell-derived
NMJ model system. The system is designed to become a valuable tool for basic and
translational research with motor neurons and myofibers specified from control,
as well as ALS patientâ€‘derived, induced pluripotent stem cell (iPSC) lines. Here
we differentiate and culture human iPSC-derived motor neurons in microfluidic
devices, where motor axons successfully traverse microgrooves into the adjacent
compartment with myofibers. Furthermore, we evaluate two distinct approaches
to differentiate human iPSCs to skeletal muscle for their efficiency in giving rise to
myogenic cells, mature myofibers and satellite cells. The first differentiation protocol
aims to recapitulate key signaling events during in vivo myogenesis. The second is a
commercially available differentiation kit, generated by high-throughput screening
of media and factors for their myogenic potential. Ultimately, the development
of a human in vitro NMJ model opens up possibilities for screening of potential
therapeutic targets aimed towards stabilizing the NMJ in ALS.
1) Department of Neuroscience, Karolinska Institutet, Stockholm, Sweden.
2) Faculty of Psychology and Neuroscience, Maastricht University, Maastricht, The Netherlands.
3) Department of Translational Neuroscience, Brain Center Rudolf Magnus, UMC Utrecht, Utrecht, The
Netherlands
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Motor neuron differentiation of iPSCs from peripheral blood of a
TARDBP mutated ALS patient

Patrizia Bossolasco (1)(*), Francesca Sassone (1), Valentina Gumina (1,2),Vincenzo
Silani (1,2)

Difficulty of translation from preclinical to clinical settings represents the main
limitation in deciphering pathomechanisms of neurodegenerative diseases such as
Amyotrophic Lateral Sclerosis (ALS), and this is primarily due to the shortage of
adequate pre-clinical models. The induced pluripotent stem cells (iPSCs) represent a
breakthrough in stem cell field. These cells may be generated using several delivery
systems and certainly present numerous advantages compared to other pre-clinical
approaches, allowing the generation of patient specific models able to reproduce
the disease phenotype. In this study, motor neurons (MNs) were differentiated
from peripheral blood mononuclear cells-derived iPSCs of an ALS patient carrying
the mutant TDP-43 p.A382T and of an healthy donor. Peripheral blood cells
present advantages compared to fibroblasts as they do not require time consuming
in vitro cultures and consequent risk of genomic alterations. Furthermore,
peripheral blood collection is less invasive than skin biopsy. iPSCs were generated
using integration-free Sendai virus reprogramming factors and emerged colonies
were individually picked and expanded for six passages before characterization,
differentiation and freezing. Pluripotency of iPSCs was investigated by expression of
specific markers (Sox2, Oct3/4, Nanog, Alkaline Phosphatase, SSEA4 and Tra-160) and spontaneous differentiation into the three primary germ layers endoderm,
ectoderm and mesoderm. No differences were observed between the mutated
patient and the control iPSCs concerning their pluripotency. iPSCs were then
differentiated into MNs and comparable expression of axonal neurofilament SMI
312 and MN specific HB9 markers was observed. We finally investigated whether
MNs differentiated from the TARDBP mutated iPSCs, without stressors, displayed
key aspects of ALS such as TDP-43 protein mislocation and aggregation. We found
that most of the cells displayed a nuclear localization of TDP-43 protein in both
patient and healthy control samples. In conclusion, we demonstrated for the first
time that motor neurons can be successfully obtained from peripheral blood derived
iPSCs carrying the TARDBP p.A382T mutation with no TDP-43 aggregation or
abnormal cytoplasmic distribution.
1) Department of Neurology and Laboratory of Neuroscience, IRCCS Istituto Auxologico Italiano, Milan,
Italy.
2) “Dino Ferrari” Centre, Department of Pathophysiology and Transplantation, Università degli Studi di
Milano, Milan, Italy.
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Neuronal excitability of ALS patient-derived motor neurons

Ann Swijsen* (1,2), Raheem Fazal (1,2), Laura Fumagalli (1,2), Tijs Vandoorne
(1,2), Catherine Verfaillie (3), Ludo Van Den Bosch (1,2) and Philip Van Damme
(1,2,4)

Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disorder
characterized by progressive loss of upper and lower motor neurons (MNs).
Until now no effective treatment is available. Underlying mechanisms leading
to MN death are still largely unknown, but altered neuronal excitability has been
hypothesized to contribute to neurodegenerative pathways in ALS. The current
study aims at analyzing whether neuronal excitability is changed in MNs from
ALS patients harboring C9Orf72, TARDBP and superoxide dismutase 1 (SOD1)
mutations. To this end, induced pluripotent stem cells (iPSCs) from ALS patients
with C9Orf72, TARDBP and SOD1 mutations were differentiated into MNs.
iPSC-derived MNs from two healthy patients served as controls. In addition, MNs
derived from a gene-corrected isogenic control iPSC line from an ALS patient
carrying a SOD1A4V mutation were also included. Neuronal excitability was studied
by performing whole-cell patch clamp recordings on iPSC-derived MNs. MNs
obtained from controls and mutant C9Orf72, TARDBP and SOD1 ALS patients
displayed appropriate functional properties i.e. the ability to fire action potentials
and the presence of voltage-gated Na+ and K+ channels. Analysis of the frequency
of action potentials revealed no difference in excitability between control and
C9Orf72 MNs. In contrast, MNs from TARDBP ALS patients were less excitable
than control MNs. Also, SOD1 MNs show a tendency towards a hypo-excitable
phenotype compared to the isogenic control MNs. These findings demonstrate that
excitability of ALS patient-derived MNs may change in a genotype-dependent
manner.
1) KU Leuven – University of Leuven, Department of Neurosciences, Experimental Neurology and
Leuven Research Institute for Neuroscience and Disease (LIND), B-3000 Leuven, Belgium
2) VIB, Center for Brain & Disease, Laboratory of Neurobiology, B-3000 Leuven, Belgium
3) Department of Development and Regeneration, Stem Cell Biology and Embryology, KU Leuven Stem
Cell Institute, B-3000 Leuven, Belgium
4) University Hospitals Leuven, Department of Neurology, B-3000 Leuven, Belgium
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Ryanodine receptor and IP3 receptor role in the ER-mitochondriacalcium-cycle of IPSC derived ALS motor neurons

Benjamin Vlad (1)*, Vedrana Tadic (1), Saikata Sengupta (1), Beatrice Stubendorff
(1), Otto W. Witte (1), Andreas Hermann (2), Julian Grosskreutz (1)

Background: Dysregulation of the Endoplasmic Reticulum-Mitochondria-CalciumCycle (ERMCC) appears to play a major role in the pathophysiology of ALS. Both
Ryanodine receptor (RyR) and Inositol-1,4,5 receptor (IP3R) induce calcium
efflux from the ER. As ER calcium depletion is a central aspect of the complex
pathogenesis in ALS, disturbances in expression and function of RyR and IP3R
are likely to be involved in the perturbation of the ERMCC. Objectives: We aim
to reveal the role of RyR and IP3R on calcium homeostasis. Therefore, we aimed
to investigate (i) location and distribution (ii) protein expression level under basal
condition and after modulation and (iii) if modulation can rescue MNs from kainateinduced excitotoxicity. Furthermore, we aim to analyze and compare (iv) neurite
length and (v) branch points of MNs carrying different ALS-related mutations.
Methods: Induced pluripotent stem cells-derived motor neurons from patients
carrying ALS mutations SOD1R115Gor C9orf72-HRE and healthy controls
were used for immunofluorescent staining and live cell imaging. Neurite length
and branch points were compared under different conditions over 18 days in
automated microscopy analyses. Neuronal cell survival was assessed after RyRand IP3R treatment with or without kainate for 24 hours. Results: Neurite length
development and branch point counts were significantly reduced in MNs carrying
mutations versus control MNs. Mutant SOD1 carrying MNs were resistant to
cessation of media change. Preliminary data indicate that the presence of mutant
SOD1 increases RyR and IP3R expression suggestive of ER calcium depletion and
UPR activation. Conclusion: ALS mutations affect neurite morphology at the basal
level and increase RyR and IP3R expression in motoneurons carrying human disease
causing mutations. Further studies need to be carried out to test the therapeutic
potential of RYR and IP3R modulation. Acknowledgment: This research is supported
by a grant of the European Font for Regional Development (EFRE Program of the
Thüringer Aufbaubank) and the Dt. Gesellschaft für Muskelkranke (DGM).
1) Hans Berger Department of Neurology, Jena University Hospital, Jena, Germany.
2) Department of Neurology, University Hospital Dresden, Dresden, Germany.
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The effect of a healthcare training programme on clinical usage of the
Edinburgh Cognitive and Behavioural ALS Screen (ECAS)

Faith Hodgins* (1), Steve Bell (2), Sharon Abrahams (1)

Background Approximately 50% of people with ALS experience changes in
cognition and/or behaviour. The Edinburgh Cognitive and Behavioural ALS Screen
(ECAS) consists of a brief assessment of the cognitive functions affected in ALS
and a screen for behavioural symptoms. A masterclass in how to administer the
ECAS was made available to healthcare professionals involved in ALS care across
the UK in 2017. Aim To evaluate the effect of implementing an ECAS training
programme for healthcare professionals and the subsequent clinical impact of its
use. Method 1. An ECAS masterclass was run in 9 locations throughout the UK
between Mar-Sep 2017. 2. An online survey of cognitive and behavioural screening
practices in ALS care centres and care teams was carried out at Time 1 (Feb-Jun
2017), prior to implementation of the ECAS masterclass, and at Time 2 (Febâ€“Jun
2018), post-masterclass. 3. The clinical impact of the ECAS was assessed using
comparative case studies. Six healthcare settings have been purposively selected.
Semi-structured interviews are being conducted with health professionals, patients
and carers. Data are analysed thematically. Results Health care professionals
(N=245) were trained on the programme. At Time 1 survey data was collected
from 26 sites (19 ALS care centres & 7 community/hospice-based teams). In
24 of the 26 sites surveyed, some patients received cognitive and or behavioural
assessment, however, routine screening was not common practice across sites.
Typically, the clinical neuropsychologist or the nurse undertook the assessment and,
on occasion, an OT or a neurologist, usually in a clinic setting. Collection of Time 2
survey data is currently underway. Furthermore, findings from the comparative case
studies exploring clinical impact will be reported. Discussion We expect the survey
data to inform the ALS care community of disparities in provision of cognitive and
behavioural screening and to highlight the benefits of training, including where
further training and support may be required. This is the first study to explore the
benefits of using the ECAS from the perspectives of healthcare professionals,
patients and carers. Comparing and contrasting across different types of healthcare
settings will highlight how different teams have managed to forge a pathway
to screening within their local context and the resources required to realise the
potential impact.
1) Euan MacDonald Centre for Motor Neurone Disease Research, University of Edinburgh, Scotland
2) Motor Neurone Disease Association
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Usability of eyetracking computer systems and impact on psychological
wellbeing in patients with advanced amyotrophic lateral sclerosis

Katharina Linse 1, Elisa Aust 1, Wolfgang Rüger 2, Markus Joos 2, Henning
Schmitz-Peiffer 1, Alexander Storch, M.D. 1,3,4, Andreas Hermann, M.D. 1,3

Restrictions in communicative abilities are well known in patients with Amyotrophic
Lateral Sclerosis (ALS), but only few approaches in terms of evaluation of
supportive technologies have been made. We aimed to assess the use and
perceived usability of eye-tracking computer devices (ETCS) and (ii) the quality of
life (QoL) and psychological wellbeing in patients with ALS-induced locked-in-state
and their next of kin in a fully unbiased, direct manner, using ETCS . ETCS enable
active communication and social participation in the quadriplegic and anarthric
disease state. Therefore, ETCS-based versions of widely used psychosocial
questionnaires (ADI-12, SeiQoL-DW, WHO-5) as well as structured questions
on communicative functioning and ETCS-usage were developed to assess ALS
patients, their next of kin and professional caregivers. Eleven patients (ALS-FRS-R:
5.3±5.9; ALS duration: 6.5±3.8y, range 1-12; 82% invasively ventilated), 9 next
of kin and 10 professional caregivers could be assessed. Patients reported a mean
use of their personal ETCS of 9.1 hours per day (range: 0.5-16), with a high user
satisfaction, preservation of communicative abilities and subjective indispensability
of the ETCS. Patients reported good QoL which appeared to be at the cost of the
QoL of their next of kin. Next of kin rated their own or patients’ QoL similarly, but
they identified different areas as important as compared with patients. Our results
are of importance for the discussion of end-of-life-decisions and the evaluation
of the patient’s presumed wishes as well as for psychosocial interventions. Our
results strengthen the evidence that preserved mental autonomy influences
psychological wellbeing in ALS and might even modify disease course and endof-life-decisions in ALS. Funding: We thank all subjects who participated in this
study. We deeply appreciate the help of the patient network “ALS mobil e.V.”. The
study was funded in part by a grant of the German ministry for education and
research (BMBF, 16SV5843), the Roland Ernst Stiftung Saxony, Germany, and by
the „Innovationsausschusses des Gemeinsamen Bundesausschuss“, Germany (FKZ
01VSF16026).
1) Dept. of Neurology, Technische Universität Dresden, Dresden, Germany
2) Interactive Minds Research, Dresden, Germany
3) German Center for Neurodegenerative Diseases (DZNE), Research Site Dresden, Germany
4) Dept. of Neurology, University of Rostock, Rostock, Germany
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The Edinburgh Cognitive and Behavioural ALS Screen: Relationship to
age, education, IQ and the Addenbrooke’s Cognitive Examination-III

*Mónica M. De Icaza Valenzuela (1, 2, 3), Dr. Thomas H. Bak (1, 2, 3, 4), Dr.
Suvankar Pal (3, 4, 5), Professor Sharon Abrahams (1, 2, 3, 4)

The Edinburgh Cognitive and Behavioural ALS Screen (ECAS) was developed
to assess cognitive and behavioural changes common in Amyotrophic Lateral
Sclerosis and other diseases affecting motor functions. It focuses on domains
typically affected by the frontotemporal syndrome (executive and language
functions, fluency and behaviour), but assesses also memory and visuospatial
functions. Objectives: A. To investigate the relationship between the ECAS and
the Addenbrooke’s Cognitive Examination (ACE-III). B. To investigate the effects
of age, education, and IQ on the ECAS and create appropriate cut-off scores to
determine abnormality. Methods: A: 57 healthy participants (aged 35-80) were
assessed with the ECAS, the Wechsler Abbreviated Scale of Intelligence (WASI-II),
and the ACE-III. B: 80 healthy participants (aged 51-80) were divided into four
groups according to age and education and were tested with the ECAS and the
WASI-II. Results: The ECAS and the ACE-III have a strong convergent validity with
a significant correlation. Regression analysis revealed that IQ, followed by age,
were the strongest predictors of the total ECAS score. IQ predicted 24% of the
ECAS and 46% of the ACE-III variance. Education was not a significant predictor
over and above IQ for both the ECAS and the ACE-III. Abnormality cut-off scores
adjusted for age and education are presented. Conclusions: The ECAS shows good
convergent validity with the ACE-III, but is less influenced by intelligence and
presents less ceiling effects. The inclusion of an executive function assessment and
behavioural interview in the ECAS makes it particularly useful for the assessment of
frontal lobe disorders.
1) Human Cognitive Neuroscience – Department of Psychology, The University of Edinburgh, Edinburgh,
UK
2) Centre for Cognitive Ageing and Cognitive Epidemiology (CCACE), The University of Edinburgh,
Edinburgh, UK
3) Anne Rowling Regenerative Neurology Clinic, The University of Edinburgh, Edinburgh, UK
4) Euan MacDonald Centre for Motor Neurone Disease research, The University of Edinburgh, Edinburgh,
UK
5) Centre for Clinical Brain Sciences, The University of Edinburgh, Edinburgh, UK
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Characterising psychological trauma resulting from being given a
diagnosis of Motor Neuron Disease (MND)

Eleonora Volpato*(1,2), Deepti Marchment (3), Francesco Pagnini (1,5), Paolo
Banfi (2), Laura H. Goldstein (4), Ammar Al-Chalabi (3)

Background: Motor neuron disease (MND), also known as Amyotrophic Lateral Sclerosis
(ALS), is the most common neurodegenerative disorder of the motor system in adults.
The psychological impact of being given a diagnosis of MND has been poorly studied,
with a scarcity of research exploring the symptoms of psychological trauma directly
resulting from being diagnosed with MND, and the implications of these symptoms for
patients. Aims: The purpose of this study was to gain insight into the prevalence and
phenotype of psychological trauma symptoms related to the event of being given a
diagnosis of MND in two countries. Methods: A case series study was carried out at the
Motor Nerve Clinic at King’s College Hospital in London (UK) and at the HD Respiratory
Rehabilitation of Fondazione Don Carlo Gnocchi in Milan (Italy). Adult patients who were
given a diagnosis of MND within the previous one to four months, were recruited. After
collecting demographic and clinical information, participants completed the Edinburgh
Cognitive and Behavioural ALS Screen (ECAS), the PTSD Checklist for DSM-5 (PCL5), The Generalised Anxiety Disorder 7 Questionnaire (GAD-7), The Patient Health
Questionnaire 9 (PHQ-9) and if patients reached cut-off for PTSD on the PCL-5
they were interviewed with the Clinician Administered PTSD Scale 5 (CAPS-5). Each
person’s total scores on each of the above questionnaires was compared in order to
build a psychological symptom profile for every patient. Results: Thirty-three patients
were recruited (18 males and 15 females; Age: M= 68.32). Anxiety and depressions
scores were higher in the Italian (Anxiety: M= 8.73; Depression: M= 9.30) rather than
in the English patients (Anxiety: M= 5.18; Depression: M=6.5). Three English and two
Italian patients were interviewed further because they reached the PCL-5 cut-off score
for probable PTSD and 17 registered scores of at least 10. In particular, 47.05% and
70.58% of the Italian patients reported intrusive memories of the stressful experience
and strong negative feelings, while loss of interest in activities and feeling upset when
remembering the moment of the diagnosis were symptoms present in the 75% of the
English subjects. Conclusions: Sub-syndromal PTSD symptoms had a similar prevalence
to anxiety and depression in patients with a recent diagnosis of MND. Further studies
are needed to explore factors that contribute to these symptoms as well as the way of
best delivering the MND diagnosis.
1) Department of Psychology, Università Cattolica del Sacro Cuore, Milan, Italy.
2) IRCCS Santa Maria Nascente Fondazione Don Gnocchi, Milan, Italy.
3) Department of Clinical Neurosciences, Institute of Psychiatry, Psychology and Neuroscience, King’s
College London, London, UK.
4) Department of Psychology, Institute of Psychiatry, Psychology and Neuroscience, King’s College
London, London, UK.
5) Department of Psychology, Harvard University, Cambridge, MA, USA.
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The Edinburgh Cognitive and Behavioural ALS Screen (ECAS) in
Alzheimer’s Disease and behavioural variant Frontotemportal Dementia

Mónica M. De Icaza Valenzuela* (1, 2, 3), Dr. Thomas H. Bak (1, 2, 3, 4), Shuna
Colville (3, 4, 5), Dr. Suvankar Pal (3, 4, 5), Professor Sharon Abrahams (1, 2, 3, 4)

Although the Edinburgh Cognitive and Behavioural ALS Screen (ECAS) was
developed to assess the cognitive changes typically affected by the frontotemporal
syndrome observed in ALS patients, its sensitivity and specificity to diagnose
dementia in populations without ALS has not been reported. In this study we assess
how successful the ECAS is at differentiating between patient populations with
Alzheimer’s Disease (memory variant) and Frontotemporal Dementia (behavioural
variant) to a healthy control group. Objective: Measure the sensitivity and
specificity of the ECAS to different diagnoses of dementia Methods: 30 patients
diagnosed with probable Alzheimer’s Disease (AD), 15 patients diagnosed with
the behavioural variant of frontotemporal dementia (bvFTD), and 40 healthy
participants matched in age and education undertook the ECAS. Results: In the
analysis of the ECAS cognitive data, AD and bvFTD patients scored significantly
different than the control group in the total score of the ECAS, and in the domains
of Language, Fluency, Executive and Memory. But only AD patients were impaired
on the Visuospatial domain. In the AD group the cut-off of 105 in the ECAS total
score had a sensitivity of .975 and a specificity of .967 .The cut-off of 24 for
the Non-Specific score had a sensitivity of .950 and a specificity of .967 .In the
bvFTD group the cut-off of 105 in the ECAS total score had a sensitivity of .975
and a specificity of .933 ,while a cut-off of 77 for the ALS-Specific score had a
sensitivity of .975 and a specificity of .933 . In the analysis of the behavioural data,
most AD patients have two behavioural changes, whereas bvFTD patients tend to
have five behavioural changes. Conclusions: The ECAS shows good sensitivity and
specificity as a diagnosis tool for Alzheimerâ€™s Disease and for the behavioural
variant of frontotemporal dementia. The inclusion of a behavioural interview in the
ECAS makes it particularly suitable to screen frontal lobe disorders.
1) Human Cognitive Neuroscience – Department of Psychology, The University of Edinburgh, Edinburgh,
UK.
2) Centre for Cognitive Ageing and Cognitive Epidemiology (CCACE), The University of Edinburgh,
Edinburgh, UK.
3) Anne Rowling Regenerative Neurology Clinic, The University of Edinburgh, Edinburgh, UK.
4) Euan MacDonald Centre for Motor Neurone Disease research, The University of Edinburgh, Edinburgh,
UK.
5) Centre for Clinical Brain Sciences, The University of Edinburgh, Edinburgh, UK.
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The relationship between cognitive impairment and motor phenotypes
in ALS: A population-based study

Cristina Moglia*(1), Andrea Calvo (1), Barbara Iazzolino (1), Antonio Canosa (1),
Umberto Manera (1), Maria Francesca Sarnelli (2), Valentina Solara (2), Fabiola De
Marchi (2), Letizia Mazzini (2), Fabrizio D’Ovidio (1), Adriano Chiò (1)

Background. Amyotrophic Lateral Sclerosis (ALS) may present with different
motor phenotypes. It is associated with cognitive impairment in half of cases,
ranging from frank Frontotemporal Dementia (FTD) to mild deficits. We aimed at
evaluating if motor phenotypes differ according to the frequency and severity
of cognitive deficits. Methods. 1,173 incident ALS cases from the Piemonte and
Valle d’Aosta Register for ALS were eligible from 2009 to 2016. 63% of patients
(N=751) underwent neuropsychological assessment and were enrolled. According
to Strong et al (2009), patients were classified as ALS-FTD (19.5%), ALS with
cognitive impairment (23.7%), ALS with behavioural impairment (4.5%), ALS with
normal cognition (52.3%). Motor phenotype was classified as lower motor neuron
prevalent (22.2%), upper motor neuron prevalent (14.7%), classic (33.4%), bulbar
(29.7%). The association between cognitive impairment and motor phenotype
was assessed by using stepwise backward logistic regression analysis, adjusted for
sex, age at onset, education, hypertension, diabetes mellitus, marital status, and
C9orf72 expansion. Results. 54.6% of patients were male, with an average age at
diagnosis of 67.0 (SD 10.3). Sixty-one patients carried the C9orf72 expansion
(8.8%). Significant associations were detected only for bulbar patients, for whom
the likelihood of developing any grade of cognitive impairment was 88% higher
than that of non-bulbar patients (OR=1.88; 95% CI=1.30-2.70), while the risk of
developing FTD was two-fold than that of non-bulbar patients (OR=2.17; 95%
CI=1.40-3.37). Conclusions. Bulbar patients showed a higher risk of developing
cognitive impairment, especially FTD, compared to non-bulbar patients, that
seemed relatively less vulnerable to cognitive decline.
1) ALS Center, Department of Neuroscience “Rita Levi Montalcini”, University of Torino, Torino, Italy
2) ALS Center, Department of Neurology, Eastern Piedmont University,
Maggiore della Carità Hospital, Novara, Italy
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Behavioural correlates of attentional function in ALS patients

Maher Zoubi (1,2), Marcel Daamen (2), Patrick Weydt (1,2), Xenia Kobeleva (2,3)

Background: Past studies demonstrated a significant overlap between amyotrophic
lateral sclerosis (ALS) and frontotemporal dementia (FTD) and report cognitive
impairment in up to 30% of ALS patients (Rippon et al. 2006). Although executive
impairment in ALS have been shown in several studies (Beeldman et al. 2016),
impairments of attentional control have not been extensively examined. The aim
of this work was to test if ALS patients without clinical evidence of cognitive
dysfunction would show behavioral attentional deficits performing a modified
version of the Attention Network Test (ANT) (Fan et al. 2005). Methods: A cohort
of 19 ALS patients and 18 matched controls took part in the behavioral study
and also underwent a neuropsychological screening using ECAS (Abrahams et al.
2014). In a modified version of the ANT (adapted from Firbank et al. 2016), our
study participants were instructed to press a button in the direction of the majority
of four arrowheads. There were two different conditions (congruent, incongruent)
and the latter consisted of two levels of difficulty. Statistical analysis included a
comparison of absolute reaction times as well as of reaction time differences such
as executive effect (incongruent - congruent), conflict effect (incongruent hard
- incongruent easy) and alerting effect (no cue - cue), and of ECAS performance.
Results: Regarding absolute reaction times, ALS patients show a consistently longer
reaction time compared to controls. However, there was no difference in relative
reaction time differences, such as the executive effect, conflict effect or alerting
effect (all p-values > 0.05). Likewise, in our cohort the results of the ECAS were
comparable. Discussion: In order to eliminate the bias of motor impairment within
the ALS group we did not take the absolute reaction times into account but focused
on relative reaction times. In both groups we found intact alerting, executive
and conflict effects, as indicated by a modulation of the reaction times by task
condition. However, we did not find significant differences of attentional-executive
performance between patients and controls. This may either reflect the absence
of a difference between the two groups regarding attentional functions or may be
due to methodological limitations such as sensitivity of the task and selection bias.
Our future analysis will concentrate on association with clinical variables and brain
activations to detect subclinical abnormalities.
1) University Hospital Bonn, Department of Neurodegenerative Diseases and Gerontopsychiatry, Bonn,
Germany.
2) Clinical Research, DZNE Bonn, Bonn, Germany.
3) University Hospital Bonn, Department of Neurology, Bonn, Germany.
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The rate of weight loss at diagnosis in ALS is more important than BMI
in predicting outcome

Maurizio Grassano* (1), Andrea Calvo (1,2), Antonio Canosa (1), Fabrizio D’Ovidio
(1), Umberto Manera (1), Cristina Moglia (1,2), Adriano Chiò (1,2)

Objective: Body Mass Index (BMI) decline is associated to ALS, but previous studies
have given contradictory results about its role on the disease course. The aim of
this study is to assess the relative role of BMI and rate of weight loss as prognostic
factors in ALS. METHODS: A total of 650 patients diagnosed with ALS during
the period 2007 - 2011 from the Piemonte/Valle d’Aosta Register for ALS were
included. ALS diagnosis was based on the revised El Escorial diagnostic criteria.
Disease severity was assessed with the ALSFRS-R scale. BMI levels were collected
at the time of diagnosis and categorized according to the WHO classification.
RESULTS: BMI at disease onset resulted to be an independent prognostic factor
for underweight patients (BMI <18.5, p35.0, p= < 0.05). Lower premorbid BMI
among underweight patients and higher pre-morbid BMI in obese (Class II-III)
patients predicted a shorter survival. Patients’ outcome was significantly associated
to the rate of weight loss at diagnosis. Higher mean monthly BMI loss before
diagnosis predicts a shorter survival (p < 0.005) and a faster disease progression
calculated by the decline in ALSFRS-R score (p < 0.005). The rate of BMI loss
predicts a faster progression of motor symptoms (p < 0.005) but did not correlate
with the severity of bulbar symptoms. These findings remained significant after
a multiple regression analysis was performed to adjust for age, gender, history of
smoking, BMI at diagnosis, FVC at diagnosis and type of onset (bulbar or spinal).
A subgroup of patients with spinal onset without bulbar signs at time of diagnosis
had a BMI loss comparable to that of bulbar onset patients, indicating that in these
patients a different mechanism other than malnourishment was the cause of weight
loss. DISCUSSION: We tested the hypothesis that pre-morbid BMI and change in
BMI before diagnosis influence ALS course on a large population-based cohort of
ALS patients. Pre-diagnostic BMI had a non-linear association with survival, with
BMI levels 35.0 was associated with a shorter survival. A decrease in BMI was
associated with a faster clinical course of ALS: higher weight loss before diagnosis
strongly correlated with a faster functional decline and a worse prognosis. The
evaluation of BMI loss at diagnosis may help predict disease progression in ALS
patients and may identify a group of patients more likely to have a more aggressive
disease.
1) ALS Center, “Rita Levi Montalcini” Department of Neuroscience, University of Torino, Torino, Italy.
2) Città della Salute e della Scienza University Hospital, Turin, Italy
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Percutaneous endoscopic gastrostomy with noninvasive mechanical
ventilation in patients with amyotrophic lateral sclerosis

Annete Zevallos (1), Ana Hernandez(1), Javier Sayas (1),Pilar Cordero (2), Jesús
Esteban(2)(*)

Introduction: Patients with Amyotrophic Lateral Sclerosis (ALS) eventually require
enteral nutrition trough a gastrostomy tube. This surgical procedure may imply
an important perioperative respiratory risk of complications. Aim: To describe the
results of the percutaneous endoscopic gastrostomy (PEG) tube placement with
the use of noninvasive positive pressure ventilation (NPPV), in a series of patients
with ALS. Methods: Longitudinal, observational and retrospective study of a series
of ALS patients with a PEG performed in the past 10 years (2007 – 2017) in
a third level hospital, reference center for ALS. Epidemiologic, anthropometric,
respiratory, neurologic and nutritional data previous to the procedure were
collected, as well as early (30 days) complications regarding the surgical procedure.
Before the PEG a pre-anaesthetic evaluation was performed and optimizations
of the secretions with coughassist devices as well as adaptation to NPPV were
also achieved. The PEG was performed in operating rooms with deep sedation
and continuus cardiorespiratory monitorization. A special facial mask designed for
endoscopic techniques was adapted to the NPPV device. After the procedure,
patients had a brief stay in a recovery room, and then they were transferred to
the hospitalization room. Results: The procedure was performed in 59 patients, 24
(40%) of them male, with a mean age of 60 (±13) years. Affectation was mainly
bulbar in 52% of the cases (n=31). Before the intervention the following data was
registered: BMI 20 (19-23) kg/m2, ALSRFS-R 25,5 (17-32), FVC 67% (47% –
80%) and supine postion drop of 22% (10% - 39%) FVC in the spirometry. The
time between the diagnosis and the procedure was 14.6 months (9.5-23). Six
early complications were observed: pneumoperitoneum (n=2), peritube bleeding
(n=2), mild tearing of the cardia (n=1) and upper digestive tract bleeding (n=1),
all of these were self-limited in the following 48 hours. One patient presented with
an infection as a late complication, with a good response to antibiotic treatment
and tube change. There were no complications related with the ventilatory support
and there were no deaths regarding the procedure. Survival after 1 year of the
technique was 9,7 months (IC 95% 8,7-10,8). Conclusions: In this series of ALS
patients, the PEG tube placement with NPPV support in ALS patients is a safe
procedure, even in severe neurologic and respiratory affectation.
1) Pneumology Department. HU 12 de Octubre. Madrid. Spain.
2) Neurology Departmennt. HU 12 de Octubre. Madrid. Spain
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Organ donation after cardiac death in ALS patients: Protocol and
experience in a tertiary center in Spain

A Martínez* (1,2), J.F. Vázquez Costa (3,4,5); J Galán (6); R Domenech Clar (2); M
León Fabregas (7); T Sevilla (3,4,5)

Introduction The survival in amyotrophic lateral sclerosis (ALS) largely relies on the
ventilation support treatment and its withdrawal at the patient’s request is a right.
These patients are candidates for donation in controlled asystole and previous
reports have shown that this process is feasible and ethically acceptable. We
aim to present a protocol for organ donation after cardiac arrest in ALS patients
and the preliminary experience in a tertiary center in Spain. Methods Health care
professionals (neurologist, psychologist, pulmonologist homecare physician) of the
Hospital la Fe ALS Unit, developed a protocol for the end of life care of ALS patients,
which was approved by the Bioethics Committee of our Institution. As a part of
the advanced directives, patients were informed about the possibility of donating
organs and their wills were recorded. Since April 2016, this protocol has been
implemented in collaboration with the Hospital at Home Unit and the Intensive Care
Unit. Results Between April 2016 and December 2017, 45 patients completed
the advanced directives document. Twenty-five (55%) of them expressed their
willingness to donate organs for transplantation if possible, and the desire to help
other patients was the reason given by a great majority of them. Fifteen of these
25 ALS patients have died up to now. In eight of them the organ donation was
not accomplished because patients did not meet the required medical criteria. In
the other seven patients, the organ donation protocol was initiated when they
requested sedation and ventilator support withdrawal. The reason for their request
was the worsening of dyspnea in six non-invasive ventilated patients who did not
want to progress to tracheostomy; and the loss of life meaning in one invasive
ventilated patient. The explant after cardiac arrest could be successfully conducted
in 6 patients. Their relatives could accompany them during the whole process and
expressed their satisfaction. Conclusions The organ donation after cardiac arrest is
ethically desirable and technically feasible in ALS patients requesting a withdrawal
of ventilatory support, although each case must be assessed individually. Most
patients wish to be donors and, in those cases in which the donation was carried
out, the family was satisfied with the process.
Asociación CARENA. Fundació Obra Social “La Caixa”
Unidad de ELA, Unidad de Hospitalización a Domicilio. Hospital Universitario y Politecnico La Fe
Neuromuscular Research Unit, Instituto de Investigación Sanitaria la Fe (IIS La Fe), Valencia, Spain.
ALS Unit, Department of Neurology, Hospital Universitario y Politécnico La Fe, Valencia, Spain.
Centro de Investigación Biomédica en Red de Enfermedades Raras (CIBERER), Valencia, Spain.
Coordinación de trasplantes. Hospital Universitario y Politecnico La Fe
Unidad de ELA, servicio de Neumología. Hospital Universitario y Politecnico La Fe
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Estimating the overall prevalence of ALS and of different stages of
cognitive impairment in Catalonia. A retrospective population cohort
design

Maria A Barceló (1,2,3), Janina Turón-Sans(4), Marc Saez* (1,2), Jordi GascónBayarri (4), Raúl Domínguez (3), Andrés Paipa (3), Mònica Povedano (3)

Background: The prevalence of ALS has been estimated to be between 5 and 5.4 per
100,000 inhabitants. However, there is great geographical heterogeneity. There are
not estimates of the prevalence of patients with ALS according to various stages of
cognitive impairment. Our objectives are to estimate the overall prevalence of ALS
and estimate this prevalence for various stages of cognitive impairment. Methods:
In our study, we use a population-based retrospective cohort composed of 391
ALS patients, diagnosed between 2011 and 2016. For the estimation of prevalence
we use a two-part model. In the first stage, using a mixed logistic regression, we
estimate the probability that a subject appears in the sample. In the second, we
use these probabilities as weights in a mixed generalized linear model of binomial
response, to estimate the prevalence. Both parts are estimated simultaneously
following a Bayesian perspective, using the INLA approach. In the model we control
for observed (structure of age and sex of the population, distance to the reference
hospital, among others) and unobserved confounding (random effects capturing
individual heterogeneity, spatial and temporal dependence). The stages of cognitive
impairment (CI) considered are: no cognitive impairment, mild behavioural CI, mild
cognitive CI, mixed mild CI, frontotemporal dementia and Alzheimer’s type dementia
Results: As preliminary results, 55.5% are men and 44.5% are women. The age at
onset of symptoms is 65.7 years ± 12.35 (median 67 years, IQR:58-75). Regarding
the phenotype, spinal onset is observed in 50.4%, bulbar in 18.9% and respiratory
in 3% of the patients. 37.1% of patients have no cognitive impairment, 32.9% mild
cognitive CI, 15% mixed mild CI, 7.9% frontotemporal dementia, 5% mild behavioural
CI and 1.4% Alzheimer’s type dementia. We estimate the crude overall prevalence
in 4.35 per 100,000 inhabitants (95%CI 2.74-5.96 per 100,000 inhabitants). The
crude prevalence for cognitive impairment stages are: 1.00 (95%CI:0-2.13) mild
cognitive CI; 0.73 (95%CI:0-1.38) no cognitive impairment; 0.23 (95%CI:0-0.49)
mixed mild CI; 0.11 (95%CI:0.02-0.20) frontotemporal dementia; 0.03 (95%CI:00.08) mild behavioural CI; and 0.03 (95%CI:0-0.07) Alzheimer’s type dementia
(all per 100,000 inhabitants). Conclusion: Our preliminary results indicate that the
prevalence of overall ALS will not be very far from that reported by the literature.
1) Research Group on Statistics, Econometrics and Health (GRECS), University of Girona, Spain.
2) CIBER of Epidemiology and Public Health (CIBERESP), Spain.
3) Functional Motoneurone Unit (UFMNA), Bellvitge Biomedical Research Institute (IDIBELL), L’Hospitalet
de Llobregat, Spain.
4) Neurology Service, Bellvitge Biomedical Research Institute (IDIBELL), L’Hospitalet de Llobregat, Spain.
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The MotOrtose project – Development of a motorized upper extremity
orthosis for ALS

Tore W Meisingset (1*), Geir Bråthen (1), Terje K Lien (2)

Motor neuron disorders such as amyotrophic lateral sclerosis (ALS) are
neurodegenerative disorders with a clinical hallmark of progressive impairment
of motor functions. In several patients, loss of arm function occurs early in the
disease course. The «flail arm syndrome» is a distinctive variant of motor neurone
disease (MND), affecting about 10 % of patients with a higher proportion of men
than in the general MND population. Regardless of MND subtype, early loss of arm
function constitutes a major challenge to the maintenance of activities of daily
living as well as quality of life. Care includes a multidisciplinary team which provides
technical aids tailored to the loss of function experienced by the patient. Whereas
loss of lower extremity function is substituted with electric wheelchairs securing
mobilization, the availability of aids to substitute upper extremity function is limited.
The brother of a patient with spinal onset ALS is professor emeritus of cybernetics.
In collaboration between the Department of Mechanical and Industrial Engineering,
Norwegian University of Science and Technology, and the Department of neurology
at St Olav’s University Hospital, a prototype of a motorized combined elbow and
shoulder orthosis has been developed. At project initiation, the project goal was
to make a motorized exoskeleton with a range of movement sufficient to move a
paralysed arm from a vertical downward position up to the face. The total weight
should be reduced to an absolute minimum. A prototype was finished meeting
the project goals. Movement is secured by two actuators localized on the upper
arm orthosis. Sufficient weight distribution was obtained by means of a carbon
fibre torso exoskeleton. The control mechanism was originally manual, but due to
paresis of the other arm, a pedal with two rods is now in use. At present, we are
developing voice control as an alternative mode of actuator engagement. We are
in the planning process of developing a second orthosis to a patient with flail arm
syndrome, and in the process stream line the production in collaboration with the
local technical aids centre and actuator component manufacturers. We will provide
pictures and a video demonstration of the prototype orthosis.
1) Department of Neurology and Clinical Neurophysiology, St. Olav’s University Hospital, Trondheim,
Norway; Department of Neuroscience, Faculty of Medicine, NTNU, Norwegian University of Science and
Technology, Trondheim, Norway
2) Department of Mechanical and Industrial Engineering, NTNU, Norwegian University of Science and
Technology, Trondheim, Norway
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The development of a Norwegian ALS registry

Tore W. Meisingset*, Geir Bråthen

Several European ALS registries have included patients on a national or regional
scale, some for decades, providing important epidemiological and clinical
information for quality of care assessments and research purposes. The Nordic
countries are arguably particularly well suited for registries with their transparent
structure and publicly financed health systems. In 2015, a research group at
Karolinska hospital in Stockholm developed a Swedish clinical ALS registry. At the
university hospital in Trondheim, Norway, we have developed a similar tool in 2017,
ready to be launched from the spring of 2018 at a regional level, with an aim of
national coverage by the end of 2018 if governmental approval and funding can be
obtained. Patient consent is mandatory on enrolment. The variable list is selected
to facilitate comparison with the Swedish registry. The core data set includes
data on neurologic progression, treatments, ALSFRS-R scores, HADs scores and
critical information such as attitude towards invasive ventilation. Some variables
such as HADs, weight, disease complications, follow-up in primary care and use
of alternative medication not provided by the health services can be collected by
patents or relatives as Patient Related Outcome Measures - PROMS. The technical
solution provides longitudinal presentations of core variables for the individual
patient, thus giving the clinician a simple overview of the status of each patient.
This might structure follow up, but also ease recruitment to clinical trials. In addition,
information is uploaded to an aggregated group level for quality of care assessment
purposes on the regional and national level. The main quality indicators for these
assessments will be equal access to multidisciplinary teams and supportive
treatment. In particular, the use of gastrostomy and non-invasive ventilation , can
be evaluated according to national and international best practice guidelines. The
presentation will include illustration of the user interface.
Department of Neurology and Clinical Neurophysiology, St. Olav’s University Hospital, Trondheim,
Norway; Department of Neuroscience, Faculty of Medicine, NTNU, Norwegian University of Science and
Technology, Trondheim, Norway
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Do ALS motor phenotypes develop stochastically?

Calvo Andrea*, D’Ovidio Fabrizio, Grassano Maurizio, Manera Umberto, Vasta
Rosario, Canosa Antonio, Moglia Cristina, Chiò Adriano

Background and aims: Amyotrophic Lateral Sclerosis manifests with various motor
phenotypes. Our aim was to assess whether these phenotypes are determined
by detectable factors. Methods: ALS incident patients (N=2,702) included in the
PARALS (an Italian regional registry of ALS) from 1995 to 2014 were enrolled. Six
motor phenotypes were considered: classic, prevalent upper motor neuron, flail arm,
flail leg, respiratory, classic bulbar, prevalent upper motor neuron bulbar (Chiò, JNNP
2011). Logistic regression analysis was performed, adjusting for gender and age
(ten-year age classes). The outcome was represented by dummy variables: spinal
vs bulbar phenotypes as macro-categories; each spinal phenotype (classic, flail arm,
flail leg, prevalent upper motor neuron, respiratory) vs bulbar phenotypes; each
bulbar phenotype (classic and prevalent upper motor neuron) vs spinal phenotypes.
Results: Males showed a probability of developing a spinal form 72% higher than
females (OR=1.72; p=0.000). Among patients over 60 years, the spinal onset
was less frequent than the bulbar one (test for trend in subsequent ten-year
age classes: p<0.0001). This finding was particularly strong in females, with ORs
between 5.40 (60-69 years) and 9.10 (over 80 years). Respiratory and flail arm
phenotypes were more common in males, with a probability more than ten-fold
and more than two-fold than females respectively (OR=11.72 and OR=3.39).
The likelihood of the pyramidal bulbar phenotype resulted more than two-fold in
females compared to males (OR=2.20; p=0.0001), without differences among age
classes. Conclusion: ALS motor phenotypes seem to arise from a combination of
patients’ gender and age.
ALS Centre, ‘Rita Levi Montalcini’ Department of Neuroscience, University of Torino, Italy
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A pilot study of voice banking in amyotrophic lateral sclerosis patients

Giordana Donvito* 1, Lucia Catherine Greco 1, Andrea Lizio 1, Stefania Bona 1,
Valeria Ada Sansone 1,2, Elena Carraro 1, Christian Lunetta 1

One of clinical consequences of the bulbar dysfunction in Amyotrophic Lateral
Sclerosis (ALS) is the progressive loss of ability to speak and of effective
communication with devastating social and psychological effects. The strategies
based on Alternative Augmentative Communication (AAC) allow patients to
maintain an useful communication using a synthetic voice (ST) with a direct
improvement of the Quality of Life (QoL). However, the ST produced by the AAC
is often perceived as impersonal and not representative of the person’s identity.
In the recent years, a new strategy defined voice banking (VB) has been defined
to overcome this problem. VB is based on the recording of a list of phrases with
voice of patients, when speech is preserved. This recording is converted to create
a personal ST to be used with the AAC devices. The primary aim of the study
was to determine the feasibility and psychological impact of VB in a group of ALS
patients. We recruited ALS patients satisfying the following criteria: a diagnosis
of definite o probable ALS according El Escorial Criteria, a normal cognitive status
evaluated by Edinburg Cognitive Assessment ALS Screen (ECAS) and a preserved
speech as represented by an ALSFRS-R language subscore ≥3 points and a ECAS
score in the language task > 15.56. Before and after the process of recording each
patient underwent a battery of tests to assess QoL and the psychological and
cognitive status; they also received the material and instructions to access VB at
home. For each recording, we considered the number of sentences and the time
spent. VB was proposed to six patients, one dropped-out and three completed
the registrations in different time intervals. Among these three, two showed mild
levels in depression and anxiety, while one showed a stable mood. The fourth
subject showed mild levels in depression and anxiety and he felt the VB experience
as a constant reminder of the disease progression, thus he didn’t complete the
registration. The fifth subject stopped the VB due to a significative and rapid
worsening of the speech impairment. In conclusion, this pilot experience, even if
based on a small group of patients, underlined some important findings that may
influence a VB strategy in ALS patients, such as the timing of the proposal, the
instruction for recording and the psychological impact. Our next step is to conduct
a second study with a bigger number of patients to better explore the VB in ALS.
1) NEuroMuscular Omnicentre (NEMO), Fondazione Serena Onlus, Piazza Ospedale Maggiore 3, 20162
Milan, Italy
2) Department of Biomedical Sciences for Health, University of Milan, Milan, Italy.
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Design and implementation of an augmented reality device for
environment control in amyotrophic lateral sclerosis patients

Stefania Bona (1*), Giordana Donvito (1), Paolo Vaccari (2), Federica Cozza (1,3),
Marco Ciboldi (5), Valeria Ada Sansone (1,4), Christian Lunetta (1)

Amyotrophic lateral sclerosis (ALS) is a group of rare neurological diseases that
mainly involve the nerve cells (neurons) responsible for controlling voluntary muscle
movement. The disease is progressive, meaning the symptoms get worse over
time. Currently, there is no cure for ALS and no effective treatment to halt, or
reverse, the progression of the disease. The success of the rehabilitation approach
depends on the active participation of the patient who should be a full partner
in the rehabilitation process even during the advanced stages of the disease, in
which the majority of patients can reach a ‘locked-in’ state. The project aim was
to develop a new device called ECO ALS system, based on a new eye-tracking
system integrated on smartglasses for an augmented reality called EyeSpeak, that
gives to the ALS patient the possibility to control the environment and to manage
in autonomy a power wheelchair and an electric bed. We evaluated the feasibility
and usability of the device in ALS patients in advanced stages of disease. The
information collected during the design and development of device, following the
basic principles of the human-centered design, were useful to better understand
the functional advantage of this new class of assistive technologies for patients
with high level of disability. The project included a closed collaboration between a
tertiary multidisciplinary highly specialized ALS Center and an assistive technology
company committed to the development of software and new technologies for
people with severe motor disabilities. The study included a complete visual analysis
of the ALS patients to well define and characterized possible interfering factors
related to the visual system. The study included ALS patients in advanced stage of
disease for the implementation and development of the device. The next phase will
include ten patients that will test the final version of the device. Patients and their
caregivers will be evaluated to assess the level of satisfaction related to this new
assistive Technology, its psychosocial impact, and the changes of quality of life and
caregiver’s burden related to the use of the device. We expect to create a device
that increases autonomy and that can improve people’s and caregivers’ quality of
life.
1) NEuroMuscular Omnicentre (NEMO), Fondazione Serena Onlus, Piazza Ospedale Maggiore 3, 20162
Milan, Italy
2) Auxilia s.r.l, Viale Carlo Sigonio 227, 41124 Modena, Italy
3) Optics and Optometry Research Center (COMiB), University of Milano-Bicocca, Milan, Italy
4) Department of Biomedical Sciences for Health, University of Milan, Milan, Italy.
5) ASST Grande Ospedale Metropolitano Niguarda,Piazza dell’Ospedale Maggiore 3, 20162 Milan, Italy
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The effects of intensity, duration and time-since-quitting on the
association between total cigarette smoking and ALS risk: Euro-MOTOR

Susan Peters (1,2)*, Anne E Visser (1), Jelle Vlaanderen (2), James PK Rooney
(3), Fabrizio D’Ovidio (4), Lützen Portengen (2), Ettore Beghi (5), Adriano Chiò (4),
Giancarlo Logroscino (6,7), Orla Hardiman (3), Jan Veldink (1), Leonard van den
Berg (1), Roel Vermeulen (2)

Objective – We investigated the association between smoking and the risk of
amyotrophic lateral sclerosis (ALS) in a pooled analysis of three population-based
studies and explored possible effect modification by smoking intensity, duration
and time-since-quitting. Methods – ALS cases and matched controls were
recruited in the Netherlands, Italy and Ireland (Euro-MOTOR project, 2010-2015).
Demographics, detailed lifetime smoking histories and information on other lifestyle
factors were collected via paper questionnaires. Logistic regression models were
applied for smoking status, intensity (cigarettes/day), duration (years), cigarette
pack-years and time-since-quitting (years), adjusted for age, sex, alcohol and
education. We further applied flexible excess odds ratio (OR) models, which was linear
for pack-years, but potentially non-linear for intensity, duration and time-sincequitting. Results – Analyses were performed on 1,410 cases and 2,616 controls.
Pack-years were positively associated with ALS risk, with an OR of 1.26 (95%
confidence interval (CI) 1.03-1.54) for the highest quartile compared with never
smokers. This association appeared to be predominantly driven by smoking duration:
the model for duration showed a clear positive trend with ALS (p=0.001) while
smoking intensity did not (p=0.862). Time-since-quitting was inversely related with
ALS (p<.0001). The excess OR per cigarette pack-year decreased with time-sincequitting smoking, until about 10 years prior to the disease onset. Interpretation – Our
findings provide further support for the causal association between smoking and ALS.
Cigarette pack-years alone may not be sufficient to capture the effect of different
smoking patterns on the association with ALS. Particularly time-since-quitting
appears to be important to take into account.
1) Department of Neurology, University Medical Centre Utrecht, Utrecht, the Netherlands.
2) Environmental Epidemiology Division, Institute for Risk Assessment Sciences, Utrecht University,
Utrecht, the Netherlands.
3) Academic Unit of Neurology, Trinity Biomedical Sciences Institute, Trinity College, Dublin, Ireland.
4) Rita Levi Montalcini Department of Neuroscience, University of Torino, Torino, Italy.
5) Department of Neuroscience, IRCCS – Istituto di Ricerche Farmacologiche “Mario Negri”, Milan, Italy.
6) Unit of Neurodegenerative Diseases, Department of Clinical Research in Neurology, University of Bari
“Aldo Moro”, Pia Fondazione Cardinale G. Panico, Tricase, Lecce, Italy.
7) Department of Basic Medical Sciences, Neurosciences and Sense Organs, University of Bari “Aldo Moro”,
Bari, Italy.
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Factors influencing diagnosis delay in ALS patients referred to a
secondary center for neuromuscular diseases in Poland.

K.Szacka* (1), M.Kuzma-Kozakiewicz (1,2)

Background: Due to a lack of reliable disease biomarkers, an early diagnosis of
ALS still raises difficulties. The diagnosis delay results from an inter-play between
patient-linked symptom recognition and the referral pathway. The formaldiagnosis is often delayed not only due to uncertainty but also a redundancy to
break-through the unfavorable news. OBJECTIVES: The aim of this study was
to analyze factors influencing formal-diagnosis delay in the Polish population.
PATIENTS and METHODS: We retrospectively analyzed data of 541 consecutive
ALS patients fulfilling the El Escorial criteria referred to the Neuromuscular outpatient clinic between 07/2003 and 06/2017. The mean age at symptoms onset
was 55.6±12.7 years, the disease duration at the first visit – 22.8± 27.1 months,
and the M:F ratio 1.1:1. The diagnosis delay was defined as time from symptoms
onset to the final formal diagnosis of amyotrophic lateral sclerosis (G12.2), which
permitted a state-refund of riluzole treatment. RESULTS: The mean formaldiagnosis delay was 13.1±10.3 months. It was shorter in bulbar (11.4±23.2
months) compared to limb onset ALS (13.6±10.3 months), in sporadic compared
to familial cases (13.1±10.2 vs 14.7±9.5 months) and in patients living in cities
as compared to villages (12.5±10.3 vs 15.2±10.3 months, respectively). It was
also slightly shorter in female (12.6±10.2 months) compared to male patients
(13.5±10.3) and in patients aged 40 years (13.2±10.3 months). There was
no impact of the patients’ education and martial status. CONCLUSIONS: ALS
patients experience significant delay to obtain the final formal diagnosis of ALS.
Longer diagnosis delay is associated with limb onset, FALS, male gender, age >
40 years and village provenience. There is a high need to increase the physicians’
consciousness with respect to the need to give a formal ALS diagnosis as soon as
the patients fulfill the diagnostic criteria.
1) Department of Neurology, Medical University of Warsaw, Poland.
2) Neurodegenerative Diseases Research Group, Medical University of Warsaw, Warsaw, Poland.
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Care Audit Research and Evaluation for MND (CARE-MND): An
electronic platform for motor neurone disease in Scotland

Danielle Leighton* (1,2,3), Judith Newton (1,2,3), Harry Gordon (1,2,3), Giulia
Melchiorre (1,2,3), Shuna Colville (1,2,3), Laura Stephenson (1), Richard
Davenport (1), Ian Morrison (1), George Gorrie (1,2), Robert Swingler (1,2),
Siddharthan Chandran (1,2,3), Suvankar Pal (1,2,3)

Background: Motor neurone disease (MND) has a significant impact on patient
disability and healthcare services. Recent NICE Guidelines highlight imperative
management goals (1). Since 1989, the Scottish MND Register (SMNDR) has
provided a resource for prospective clinical data collection. However, data capture
was reliant on research personnel and was difficult to maintain. We present
a completed audit cycle of data capture including the implementation of an
alternative platform. Aims: 1) to evaluate SMNDR data capture 2011-14; 2) to
develop and implement a user-friendly national platform, capturing routinelycollected clinical data; 3) to align with NICE Guidelines; 4) to sustain CARE-MND
for improved care and research. Methods: Seventeen data fields were audited in
cycle one. Following identification of suboptimal capture, a CARE-MND proforma
and electronic platform was introduced. CARE-MND development coincided
with NHS Scotland and Scottish Government-funded doubling of the number of
MND care specialists. Data fields were aligned to NICE recommendations, and reaudited for data-input 2015-17. Pre- and post-intervention data capture were
compared using Z-test of proportions. Results: SMNDR data capture ranged from
4-95%; average 49%. CARE-MND capture ranged from 32-98%; average 78%.
15/17 fields were significantly more complete post-intervention (p<4.19x10-5).
“Place of death” capture remained high (95%, 97%). “Forced Vital Capacity (FVC)”
capture remained low (34%, 32%), likely because of recent replacement by
transcutaneous CO2 monitoring. Conclusions: As a result of this audit, all MND
care specialists have incorporated CARE-MND into clinical practice. Ongoing
data entry is audited monthly. Through CARE-MND, national audits of cognition,
gastrostomy, respiratory interventions and riluzole are ongoing, with the aim of
developing care protocols for harmonised service provision. Stratification of the
MND population is facilitating research, including clinical trials. We have established
a platform which integrates care and research and which might have utility for other
neurodegenerative diseases. 1. National Institute for Health and Care Guidance.
Motor neurone disease: assessment and management | Guidance and guidelines |
NICE [Internet]. NICE guideline. NICE; 2016
1) Clinical Audit Research and Evaluation for Motor Neurone Disease, Scotland, UK.
2) Euan MacDonald Centre for Motor Neurone Disease Research, University of Edinburgh, UK.
3) Centre for Clinical Brain Sciences, University of Edinburgh, UK.
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Religiosity in Polish and German patients with amyotrophic lateral
sclerosis

Katarzyna Ciećwierska (1), Krzysztof Nieporęcki (1), Anna Maksymowicz-Śliwińska
(1), Maksymilian Bielecki (2), Peter M. Andersen (3), Albert C. Ludolph (4),
Dorothee Lule (4), Magdalena Kuźma-Kozakiewicz (1,5)

Introduction: Due to inevitable disease progression and shortening the life-span,
ALS patients require broad psychosocial support. Religion and faith are significant
sources of support for the ill. The aim of the study was to analyze religiosity and its
correlation with socio-demographic, clinical and psychological factors in Polish and
German patients with ALS and country-specific controls. Material and Methods: The
total of 265 ALS patients (n=122 Polish and n=143 German) and 200 age-, genderand education level-matched healthy controls (n=100 each) were included into the
cross-sectional study. The disease duration ranged from 3-88 months. The Polish and
German ALS patients were matched for age, gender and functional impairment (mean
59.4/62.8 years; 54/53% males, mean ALSFRS-R 36/36, respectively). Public,
private and overall religiosity was assessed by the Idler’s religiosity scale (IIR). The
quality of life (QoL) was measured with the anamnestic comparative self-assessment
(ACSA) and the Schedule for the Evaluation of the Subjective Quality of Life (SEIQoL),
depression by the ALS-Depression-Inventory 12 Item. Results: Only 5% of Polish and
19% of German patients declared themselves atheists. In both Polish and German
samples the public, private and total religiousness were similar among patients and
controls (medians: 6/6/12 vs 6/5/11 for Polish and 5/5/10 vs 5/5/10 for German,
respectively). Polish ALS patients had significantly higher scores on all measures of
religiosity compared to German patients. The patients’ religiousness didn’t correlate
with physical impairment (ALSFRS-R), disease duration and pain measures, while
the private and total religiosity positively correlated with age (p<0.05). There
was a negative correlation between education and religiosity in Polish, but not in
German ALS patients. The Polish female patients showed higher level of public,
private, and total religiosity as compared to male patients (median: female 6/6/13
vs male 5/5/10). We found no correlation between depression and any aspect of
religiousness, and only a weak positive correlation between public, private, and total
religiousness and subjective QoL in Polish, but not in German patients. Conclusions:
We found no correlation between religiosity and studied clinical and psychological
aspects of ALS. Religiousness was however significantly linked to the country of
origin, age and education suggesting the influence of cultural and social conditions.
1) Department of Neurology, Medical University of Warsaw, Warsaw, Poland.
2) Department of Psychology, University of Social Sciences and Humanities, Warsaw, Poland.
3) Institute of Pharmacology and Clinical Neuroscience, Umeå University Hospital, Umeå, Sweden.
4) Department of Neurology, University of Ulm, Ulm, Germany.
5) Neurodegenerative Diseases Research Group, Medical University of Warsaw, Warsaw, Poland.
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Modelling individual amyotrophic lateral sclerosis disease courses in
different centers using the D50 progression model

Nayana Gaur 1, Beatrice Stubendorff 1, Torsten Grehl 2, Matthieu Moisse 3, Philip van
Damme 3, Christoph Neuwirth 4, Markus Weber 4, Umberto Manera 5, Adriano Chio
5, Jan Veldink 6, Leonard van den Berg 6, Thomas Meyer 7, Julian Grosskreutz 1*

Introduction: Progression in ALS varies between and within individuals across time; the
D50 model addresses this phenotypic complexity and reduces noise associated with
current clinical indices. It uses functional profiles to describe progression independent
of assessment time. Objectives: The model was developed using a cohort of 400
patients tracked in one center and validated using the PROACT database. We now
aim to extend validation and develop new indices by applying the model to data from
6 geographically distinct centers. Methods: We used iterative least-square fitting of
all available ALSFRS-R scores to describe disease progression using a sigmoidal state
transition from full health to complete functional loss. The model yields 3 summative
descriptors of disease aggressiveness: D50 (time taken for ALSFRS-R score to reach
24), dx (time constant of ALSFRS-R decay), and relative D50 (calculated value
describing individual disease covered in reference to D50, 0 = disease onset and 0.5 =
time-point of halved functionality). The model provides 2 local descriptors of disease
activity: calculated functional loss (cFL) & functional state (cFS). Results: Summative
disease descriptors were calculated for all 4838 patients in the PROACT database;
D50 was significantly correlated both to survival (r = 0.654) and first (r = 0.601)
and last (r = 0.772) recorded PRs. Next, the model was applied to 4091 patients
from 6 centers; summative and local disease descriptors were calculated for all
patients. rD50 aligns patient cohorts from centres in terms of elapsed disease course,
thus allowing comparability despite different time scales. Patients were stratified
into mathematically derived phases I & II (early semi-stable & early progressive
phases) and Phases III & IV (late progressive & late semi-stable phases). Centers
had sampled patients mostly in Phases I and II. D50 and dx were linearly correlated
in all centers (r: 0.93–0.99) with very similar steepness (a: 0.40–0.50) and offset
(b: 0.80–1.54), confirming the model validity. Conclusion: The D50 model provides
meaningful descriptors of overall disease aggressiveness, local disease activity, and a
unified linear scale to describe disease progression. It a) offers alternative reference
points to survival, b) allows the staging of individual events, c) provides a way to
pseudo-longitudinally interpret cross-sectional data and d) efficiently compares the
composition of cohorts from different geographic regions.
1) Department of Neurology, Jena University Hospital, Jena, Germany.
2) Department of Neurology, Alfried Krupp Krankenhaus Rüttenscheid, Essen, Germany.
3) University Hospitals Leuven, Department of Neurology, Leuven, Belgium.
4) Neuromuscular Disease Unit/ALS Clinic, Cantonal Hospital St. Gallen, Switzerland.
5) Department of Neuroscience, University of Torino, Torino, Italy.
6) Department of Neurology, University Medical Center Utrecht, Utrecht, the Netherlands.
7) Center for ALS and other motor neuron disorders, Charité – Universitätsmedizin Berlin, Germany.
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Patterns of spreading of weakness in amyotrophic lateral sclerosis
based on patients’ reports

Verde Federico (1), Ticozzi Nicola (1, 2), Morelli Claudia (1), Messina Stefano (1),
Doretti Alberto (1), Poletti Barbara (1), Ratti Antonia (1, 2), Maderna Luca (1), Silani
Vincenzo (1, 2)

Introduction In amyotrophic lateral sclerosis (ALS), symptoms start focally in a
body region and spread progressively to other segments. We analyzed the pattern
of regional spreading of weakness according to patients’ histories. Patients and
methods We analyzed the histories of 250 patients diagnosed with ALS in our
ALS Center between 2007 and 2018. Only patients reporting a focal onset of
weakness and a subsequent involved region were included. The following regions
were considered: bulbar, upper limbs, and lower limbs. Results Site of onset was
bulbar (B) in 40 and spinal in 210 patients (upper limbs (UL), n = 99; lower limbs
(LL), n = 111). Four different spreading patterns were recognized: contiguous
descending (from B to UL, n = 27; from UL to ipsilateral LL, n = 10), contiguous
ascending (from UL to B, n = 12; from LL to ipsilateral UL, n = 27), contiguous
horizontal (from UL to contralateral UL, n = 73; from LL to contralateral LL, n =
72), and non-contiguous (from B to LL, n = 13; from UL to contralateral LL, n = 4;
from LL to contralateral UL, n = 4; from LL to B, n = 8). Overall, contiguous patterns
overwhelmingly predominated over non-contigous ones (221 vs. 29). For both ULand LL-onset, the horizontal pattern similarly predominated over the contiguous
vertical (ascending or descending) one (UL: horizontal, n = 73; contiguous vertical,
n = 22; LL: horizontal, n = 72; contiguous ascending, n = 27). For upper-limb
onset, contiguous ascending and descending patterns were similarly represented
(n = 12 and n = 10, respectively). Discussion In most ALS cases the spreading of
symptoms is contiguous, which reflects contiguous spreading of pathology. This
would be consistent both with a cortical and with a spinal spreading process. The
same is true for the predominant horizontal pattern observed in limb-onset cases.
When considering an intraspinal spreading mechanism, this horizontal predominance
would reflect the shorter distance which a putative pathogenic agent would have to
cover to reach the corresponding contralateral spinal motor neurons than to reach
another ipsilateral cord segment. In case of an intracortical spreading mechanism,
the predominant horizontal pattern would point to a critical involvement of callosal
interhemispheric connections. Importantly, our analysis has the main limitation of
being based exclusively on patients’ reports, which does not necessarily reflect the
exact sequence of spreading of pathology.
1) Department of Neurology – Stroke Unit and Laboratory of Neuroscience, IRCCS Istituto Auxologico
Italiano, Milan, Italy.
2) Department of Pathophysiology and Transplantation, ‘Dino Ferrari’ Center, University of Milan Medical
School, Milan, Italy.
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Characterising the metabolic profile of ALS: Results from the
EuroMotor study cohort

Alexandros P Siskos (1), James Rooney (3), Federico Casale (4), Fabrizio D’Ovidio
(4), Orla Hardiman (3), Adriano Chio (4), Ettore Beghi (5), Giancarlo Logroscino (6),
Jan Veldink (2), Leonard van den Berg (2)$, Hector Keun (1)

Amyotrophic Lateral Sclerosis (ALS) a devastating disease, with incidence ranging
from 2 to 3 cases per 100,000 individuals in Europe. Currently, there is no cure for
ALS and a lack of validated targets reflects our inadequate understanding of disease
mechanism and progression. The aim of the FP7 Euro-MOTOR study is to identify
novel causes of ALS using a comprehensive systems biology approach. Within this
study a large-scale, pan-European population-based metabolomic study has been
conducted. The Euromotor metabolomics cohort consists of 1649 samples from the
Netherlands, Italy and Ireland. Upon final recruitment to the study and sample collection
it was possible to fully match 726 case-contol pairs by centre, age (Â± 5 years) and
gender, with data generated for a further 159 cases unmatched. This provides the
maximum potential to develop prognostic markers since all ALS cases were available
were analysed. We have carried out metabolomic analysis of serum samples using
the targeted AbsoluteIDQTM p180 platform (Biocrates Life Scieneces AG). The
AbsoluteIDQTM p180 kit allows the targeted analysis of amino acids, biogenic amines,
acylcarnitines, sphingolipids and glycerophospholipids. The presence of ALS has a
clear impact on the serum metabolome, across three different European populations
Netherlands, Ireland, and Italy. Major differences were identified in the overall profile of
amino acids, carnitines, and creatinine likely reflecting changes in muscle metabolism
and perturbation of Î²-oxidation activity in patients. The results also suggest differences
also to the lipid profile with emphasis to di-acyl-phosphocholines with PUFA lipids,
consistent with perturbation of lipid metabolism or nutritional contributions to lipid
composition. Moreover, OPLS-DA model was constructed from a discovery cohort
that could successfully predict the ALS control status in the replication set. The
classification performance in the replication set translates to this metabolomic blood
test having a likelihood ratio of ~4, i.e. a positive test result from the model makes it 4
times more likely that a patient has ALS. Based on the identified metabolomic signature
of ALS, survival models were constructed based on metabolic biomarkers. Predictive
multivariate metabolic models were constructed in order to predict disease stage,
outcome, and also disease progression based on functional ALSFRS-R scores.
1) Department of Surgery and Cancer, Imperial College London, London, UK
2) University Medical Centre, Utrecht, Netherlands
3) Trinity College & Beaumont Hospital, Dublin, Ireland
4) University of Turin, Italy
5) Mario Negri Institute for Pharmacological Research, Milan, Italy
6) University of Bari, Italy
$) on behalf of the EuroMotor consortium
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NeuroGUIDization of PALS population for patient-centric research and
care

Alexander Sherman* (1,2), Igor Katsovskiy (2), Olga Kharakozova (2), Alexander
Korin (2), Amanda Podesta (2), Ervin Sinani (2), George Tarasenko (2), Prasha
Vigneswaran (2), Yusra Wahab (2), Jason Walker (2), Merit Cudkowicz (1, 2)
Objective: Establish an approach, technological platform and processes to facilitate
international collaboration in patient-centric research and care while protecting
patients’ privacy BACKGROUND: With numerous clinical research studies conducted
in ALS/MND, there is an increasing need to link information from multiple sources
on the same patients. To reach this objective, the Neurological Global Unique
Identifier (NeuroGUID™) generation platform for international research community
was deployed. NeuroGUIDs allow merging data acquired on research participants
in multiple studies and linking to other informational sources. While thousands
NeuroGUIDs are currently in use, they should never be used in databases that
also store PII/PHI, like EHR systems, patient registries, or mobile apps, as this
may re-identify patients. DESIGN/METHODS: The NeuroGUID technology and
platform, allows to link separate datasets into coherent harmonized data-sharing
environment, while maintaining compliance. A domain-specific central authority
for generating NeuroGUIDs suitable for inclusion in de-identified datasets is set
up by Neurological Clinical Research Institute. A System-specific Transactional
Anonymous PIN (NeuroSTAmP™) is a unique research participant identifier per
application (e.g., EHR) per institution (e.g., MGH). NeuroSTAmPs could be created
by using the same information as in NeuroGUID™ generation or, if NeuroGUIDs
are known, by specifying NeuroGUIDs instead. Only NeuroGUID™ server knows
how to link multiple NeuroSTAmPs to a NeuroGUID™. RESULTS: NeuroGUIDs are
widely accepted by ALS/MND researchers. NeuroGUIDs and their derivatives
(NeuroSTAmPs) are utilized to connect clinical and research data to biospecimen
collections (embedded into bar-coded labels on biofluids and postmortem tissues),
images (introduced into image headers), WGS files, cell lines, EHRs and mobile apps.
Thanks to NeuroSTAmPs, researchers can merge information without exposing
NeuroGUIDs to people or systems that have access to PII/PHI. CONCLUSIONS:
NeuroGUID technology is uniquely suitable for use with de-identified datasets.
It links bio-samples and images with clinical data and electronic health records.
Clinicians and researchers utilize this technology, which facilitates international
scientific collaboration.
1) Harvard Medical School, Boston USA.
2) Neurological Clinical Research Institute, Massachusetts General Hospital, Boston USA
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Exosomes as novel therapeutic approach for ALS

Roberta Bonafede (1)*, Ilaria Scambi (1), Lorenzo Schiaffino (1), Alice Busato (2),
Pietro Bontempi (2), Pasquina Marzola (2), Raffaella Mariotti (1)

myotrophic lateral sclerosis (ALS) is a fatal adult-onset neurodegenerative disease
and the superoxide dismutase gene (SOD1) is one of the major ALS-associated
genes. To date, therapeutic strategies for ALS are minimally effective on patients’
survival and quality of life. Stem cells represent a promising therapeutic approach
in the treatment of ALS. Several observations lead to the hypothesis that stem
cells exert their beneficial effect through the secretion of exosomes, extracellular
vesicles from 30 to 100 nm in diameter that play a fundamental role in intercellular
communication. These vesicles enhance the repair of the damaged area releasing
their content and could be used as a novel cell-free therapeutic approach, avoiding
all the risks associated with the use of cells. In our studies, we wanted to assess the
efficacy of exosomes derived from adipose stem cells (ASC) on in vitro and in vivo
ALS models. We demonstrated that ASC-exosomes have a neuroprotective effect
in vitro on motoneuron-like cell line (NSC-34) naïve and transfected with different
human mutant SOD1 gene (SOD1(G93A), SOD1(G37R) and SOD1(A4V)). The
presence of exosomes protects cells from oxidative damage, with a significantly
increase of cell viability. On this basis, we wanted to assess the potential
neuroprotective role of ASC-exosomes in vivo, on SOD1(G93A) murine model,
monitoring the homing of exosomes after their administration. In addition, we
wanted to identify the molecules responsible for this neuroprotective function. In
in vivo experiments, the intravenously injection of ASC-exosomes in SOD1(G93A)
mice at clinical onset until terminal stage point out that exosomes delay symptoms
progression of treated animals. This data demonstrate that ASC-exosomes have
a neuroprotective effect also in in vivo model of ALS, indicating a possible new
approach as therapy in this neurodegenerative disease. To monitor the tracking
and the homing of ASC-exosomes after in vivo administration, we set up a new
protocol to label exosomes with superparamagnetic iron oxide nanoparticles, which
allow their detection with a non-invasive technique as magnetic resonance imaging.
Moreover, we performed the protein content characterization of ASC-exosomes,
that allow us to identify some of the molecular pathways by which exosomes
explain their neuroprotective function counteracting the pathogenetic mechanisms
involved in ALS. Supported by AriSLA grant FGBR_7/2016.
1) Dept. of Neurosciences, Biomedicine and Movement Sciences, University of Verona, Verona, Italy.
2) Dept. of Computer Science; University of Verona, Verona, Italy.
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A new view of retinoic acid’s function in the neuromuscular system and
its potential as a therapeutic for amyotrophic lateral sclerosis

Azita Kouchmeshky (*)(1), Shakil Khan (1), Guy S. Bewick (1), Peter J. McCaffery
(1)

Amyotrophic lateral sclerosis (ALS) is a major late onset, progressive and fatal motor
neuron disease. The pathogenic mechanism of the disease has not been clearly
elucidated and neither has an effective therapeutic approach been developed. The
retinoic acid (RA) signalling pathway plays crucial roles in several neurophysiological
functions that may be therapeutically beneficial in ALS, including control of neuronal
regeneration, plasticity, protection and survival. The goals of our study were
to examine the expression and distribution of the proteins associated with RA
synthesis and signalling in the neuromuscular system and to evaluate its potential as
a target in the treatment of neuromuscular disease. The expression and distribution
of the retinoic acid-synthesizing enzyme retinaldehyde dehydrogenase 2 (RALDH2)
was investigated in the neuromuscular system. In addition a downstream effector
of the RA signalling system was studied; the type 1 cannabinoid receptor (CB1)
an integral component of the endocannabinoid system with key functions in the
modulation of neuronal plasticity and survival. The synthetic RA receptor ligand
EC23 was also investigated to examine its ability to modulate the contractile
response of the neuromuscular tissue to RA stimulation. Our results showed that
RALDH2 was expressed and distributed in every segment of the spinal cord of the
adult rat with an increased expression in lumbar segments 4 and 5 where motor
neurons are most abundant. Immunolabelling of transverse sections of lumbar
spinal cord suggest RALDH2 labelling in motor neurons. Immunohistochemistry
also confirmed the presence of CB1 receptors at the neuromuscular junction and
around the entire muscle fibre. Electrophysiological recording from nerve/muscle
preparations showed that 1nM EC23 enhances muscle twitch and tetanus tension
in both terms of absolute muscle tension and nerve-evoked tension when synaptic
transmission is impaired. Our data suggests that endogenous RA plays a role in adult
neuromotor function. Further, exogenously applied retinoids can improve muscular
contraction and performance of impaired nerve-muscle signalling likely to be found
in diseased neuromuscular synapses. Further investigation of the RA signalling
pathways are ongoing in the neuromuscular system to understand its interaction
with other signalling systems and its potential association with, or amelioration of,
the pathogenesis of ALS.
1) Institute of Medical Sciences, University of Aberdeen, Aberdeen, UK.
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Machine learning tools for improving the efficiency of drug
development clinical trials in ALS

Danielle Beaulieu, Samad Jahandideh, Albert A. Taylor, David L. Ennist

Objective: To improve the efficiency of clinical trials in ALS. Background: Starting
with an ALSFRS-R machine learning model, we developed total ALSFRS-R score,
ALSFRS-R subscores, vital capacity (VC), and time-to-event models, including
survival, loss of speech, use of wheelchair, gastrostomy and use of NIV (using
time to 50% expected VC as a surrogate). Design/Methods: ALS models were
developed using the PRO-ACT database. We initially clean the data, run a
preliminary random forest model for variable reduction, then refine and improve
the models using gradient boosting machines. The models are validated for internal
consistency using ten-fold cross validation and generalizability using external
datasets. Regression models were characterized using RMSD and bias analysis
and time-to-event models were characterized using ROC curves, calibration and
discrimination. Results: Drug development tools have been created, including
virtual controls for situations without a placebo (e.g., in early phase trials) and
where a placebo is ethically challenging (e.g., cell & gene therapies with invasive
procedures) or impossible to blind. In addition, we have developed an enrichment
tool to decrease the heterogeneity of trial populations, target potential responders
and decrease variance in primary endpoints. Finally, a novel method of randomizing
clinical trials and adjusting for covariates by using predicted outcomes has been
developed. The virtual control provides an objective measure of efficacy in early
trials and can inform subsequent trial design, clinical trial enrichment based on
predicted progression can reveal therapeutic effects hidden in the larger population,
and the use of the randomization and covariate adjustment tool can reduce sample
sizes or increase the power of a study. The tools have been discussed with the US
FDA. Conclusions: The virtual control, enrichment, and randomization/covariate
tools provide an objective measure of efficacy in early clinical trials, improve
trial homogeneity, and lower sample size/increase power for drug development
trials in ALS. These applications represent a significant paradigm shift with broad
implications for the conduct of trials in ALS in particular and can be extended to a
range of neurodegenerative diseases.
Origent Data Sciences, Inc., Vienna, VA, USA
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People living with ALS and their caregivers’ input into drug
development in Europe

M Galvin (1), O Hardiman (1,2), A Laverdiere(3), B Charpentier (3), J Petrillio (4), K
Bowyer (5), Lucie Bruijn (6)

Background: There is a growing call for rigorous patient input into key areas of drug
development, regulatory consideration, such as clinically meaningful outcomes
and benefit/risk calculations, as well as an emerging focus on patient engagement
in determinations of value for health system utilization and payment. These
developments offer a critical opportunity to use established methods to ensure
that patient input is appropriately integrated into drug development. Through
a survey of ALS patients and caregivers in Europe, this initiative aims to gather
perspectives of the burden of disease of amyotrophic lateral sclerosis (ALS) with
emphasis on the loss of function over the course of the disease. Although some
medical groups have published information on the burden of ALS, these studies
are small or geographically limited. The European Medicines Agency (EMA)
is considering methods to better incorporate patient and caregiver input into
regulatory review processes. Given the potential for EMA review of several new
ALS therapies over the coming years, it is important for the community to develop
this type of information. Objective: To conduct an on-line survey of European ALS
patients and in-home caregivers to capture the burden of disease. The survey
will generate information on patient burden across approximately 10 countries.
There is anecdotal information and observations indicate that patients and their
primary caregivers have different perceptions and concerns regarding the burden
of disease. The survey will also capture how these perspectives change during ALS
progression and what may be different among different patient demographics and
subpopulations. The survey results will be analyzed in conjunction with the results
of a survey carried out in the United States. Methods: A steering committee was
established, consisting of industry partners, clinical and methodological experts,
with input from patients and caregivers. Recruitment will be carried out with the
partnership of European Network for the Cure of ALS (ENCALS) and advocacy
groups in each country. A representative sample of patients and caregivers across
disease severity, demographics and regional areas will be targeted. Conclusions: The
ALS patient and caregiver survey in Europe will provide information on ALS disease
burden and patient and caregiver perspectives into drug development processes.
1) Academic Unit of Neurology, Trinity College Dublin, Ireland.
2) Beaumont Hospital, Dublin, Ireland.
3) Cytokinetics, San Francisco, USA.
4) Biogen, Cambridge, MA, USA.
5) Ionis, Carlsbad, CA, USA.
6) The ALS Association, Washington DC, USA.
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Edaravone in amyotrophic lateral sclerosis: The experience of the
former 6 months therapy in the neurological clinic of Pisa

Elena Caldarazzo Ienco (1), Costanza Bisordi (1), Giuseppe Muratore (1), Monica
Fabbrini (1), Daniele Pala (1), Domenico Giannese (2), Maria Francesca Egidi (2),
Annalisa Lo Gerfo (1), Lucia Chico (1), Gabriele Siciliano (1)

Edaravone is a molecule with antioxidant power, that showed to be capable of
protecting endothelium and neuronal cells from high levels of oxidative stress
in ischemic stroke and in animal models of Amyotrophic Lateral Sclerosis (ALS).
On the 28th of June 2017, after the approval of Edaravone (Radicut/Radicava)
in United States by Food & Drug Administration, AIFA (Agenzia Italiana del
Farmaco) included it into the list of drugs delivered at the expense of the Italian
National Health Service, in accordance with the law 23rd December 1996 n.
648, for the treatment of patients with definite or probable diagnosis of ALS.
The specific inclusion criteria for the drug supply come from the Japanese phase
III randomised double-blind placebo-controlled clinical trial conducted by the
“Edaravone (MCI-186) ALS 19 Study Group” (Abe et al., 2017), that showed
the evidence of a slowdown in the disease progression rate in patients with short
disease history and mild disability. The treatment schedule consists in 28-days
treatment cycles. During the first cycle, for the former 14 days, Edaravone is
administrated intravenous everyday at the dosage of 60 mg, followed by 14 days
of interruption; during the following cycles, for the former 2 weeks Edaravone is
administrated at the same dosage for 5 days of both weeks, equally followed by
14 days of interruption. We discuss the results of the former 6 months therapy
in 7 ALS patients followed at the Neurological Clinic of Pisa. As markers of the
disease progression rate, we assessed clinical scores (ALSFRSr, ALSAQ5, 4 limbs
MRC, I motor neuron involvement score, Forced Vital Capacity at spirometry) and
biochemical serum markers of oxidative stress (AOPP, FRAP, thiols). As indicators of
drug safety, we repetitively evaluated, by blood sampling, blood count, coagulation,
hepatic and renal function, CPK. As results, all the markers assessed, both clinical
and biochemical, were not significantly modified at the end of the last cycle of
Edaravone administration. Two patients experienced severe adverse events. This
protocol wasn’t placebo controlled. However, if compared with data extracted from
a previous clinical trial conducted in the Neurological Clinic of Pisa, in a larger ALS
patients group, Edaravone seems to show a slight effect in decelerating the disease
progression rate.
1) Neurology, Department of Clinical and Experimental Medicine, Pisa University, Italy.
2) Nephrology Transplants and Dialysis, Pisa University, Italy.
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A post-hoc analysis of the edaravone phase III study 19: Regression
analyses to examine long-term efficacy

Wendy Agnese (1), Steve Apple (1), Shawn Liu (2), Jeff Zhang (3), Jean Hubble (1)

Background: The edaravone pivotal phase III study, Study 19 (MCI186-19),
consisted of a 24 week placebo controlled period. At the end of 24 weeks,
there was a 33% difference between edaravone and placebo (the change in ALS
Functional Rating Scale (ALSFRS-R) score was -5·01 in the edaravone group
and -7·50 in the placebo group in the primary analysis as planned). The placebocontrolled phase was followed by a 24 week open-label active treatment period to
collect safety data. Objective: As the 24 week study extension was uncontrolled,
we examined alternative methods to impute longer term effects of edaravone.
Methods: Multiple linear regression analysis was used to develop a model to project
the Study 19 placebo arm through cycle 12, to further assess the long-term
efficacy of edaravone. Results: There were 68 patients in the treatment group and
66 in the placebo arm in the primary efficacy analysis of the Phase III study. At the
end of cycle 12, the change in ALSFRS-R in the edaravone treated group projected
via regression analysis was -8.61. The actual change in ALSFRS-R in edaravone was
-8.02. At end of cycle 12, the change in ALSFRS-R in the placebo group projected
via regression analysis was -13.03. Comparing projected placebo to actual
edaravone at end of cycle 12, there is a 38.45% difference. Comparing projected
placebo to projected edaravone at end of cycle 12, there is a 33.92% difference.
Conclusion: These post-hoc findings, based on regression analysis, suggest that
edaravone maintains efficacy up to 12 months which was the preplanned length of
Study 19.
1) Mitsubishi Tanabe Pharma America, Inc., Jersey City NJ, USA.
2) Mitsubishi Tanabe Pharma Development America, Inc. Jersey City NJ, USA.
3) Princeton Pharmatech, Princeton Junction NJ, USA.
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A post-hoc analysis of edaravone study 19: Forced vital capacity (FVC)
subgroup analysis

Wendy Agnese (1), Steve Apple (1), Shawn Liu (2), Jeff Zhang (2), Jean Hubble (1)

Background: Edaravone Study 19 (MCI186-19) employed a strategic study
design in order to elucidate a treatment effect in a 6 month timeframe utilizing
the ALS Functional Rating Scale- Revised (ALSFRS-R). Questions regarding the
generalizability of the results to real-world utility (beyond study inclusion criteria,
which included % Forced Vital Capacity (%FVC) > 80 continue to arise from both
clinicians and payors. Objectives: To investigate the efficacy of edaravone over 6
and 12 cycles of treatment, as measured by ALSFRS-R, in patients who maintained
a % FVC ≥ 80 through Cycle 6, compared to patients with an % FVC <80 at the
end of Cycle 6. Methods: Using data from Study 19 (Cycles 1-6 randomized to
edaravone or placebo; Cycles 7-12 open label active treatment extension), we
retrospectively examined the change from baseline ALSFRS-R at the end of cycle 6
and cycle 12 in patients based on their FVC values at the end of cycle 6 (% FVC ≥
80; % FVC 80 at the end of Cycle 12, the between group difference for edaravone
to placebo was 23.0% [edaravone -7.38; placebo -9.58]. The change in ALSFRS-R
from baseline in patients with a % FVC<80 at the end of cycle 6 was -5.16 in the
edaravone group (n=25) and -9.1923 in the placebo group (n=26). There was a
43.9% difference between the groups at the end of cycle 6. For patients with a %
FVC<80 at the end of Cycle 6, the between group difference in ALSFRS-R at 12
months was 31% [edaravone -9.71; placebo –14.09]. Conclusion: This analysis
suggests that edaravone has benefit in ALS patients, despite experiencing a decline
in their FVC.
1) Mitsubishi Tanabe Pharma America, Inc., Jersey City NJ, USA.
2) Mitsubishi Tanabe Pharma Development America, Inc. Jersey City NJ, USA.
3) Princeton Pharmatech, Princeton Junction NJ, USA.
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Towards more efficient clinical trial designs in ALS: Lessons from the
edaravone development program

Joseph Palumbo (1,2), Kikumi Tsuda (1), Koji Takei (1), Steve Apple (3), Wendy
Agnese (3), Shawn Liu (4), Jeff Zhang (4), JeanHubble (3)

Background: Clinical trials in ALS have been challenging to design for a variety of
reasons including: heterogeneity of symptoms, rate of progression, and limitations
of assessment tools. The edaravone development program employed a strategic
enrichment design to Study 19 (MCI186-19) to address these challenges, based
on key learnings from the preceding Study 16, so that a treatment effect could
be documented within a 6 month timeframe utilizing the ALS Functional Rating
Scale- Revised (ALSFRS-R) as the primary endpoint. Objective: Using post-hoc
assessments of Study 16 and Study 19, we examined how differences in study
design, specifically inclusion criteria, influenced the ability to detect a treatment
effect, as assessed by ALSFRS-R. Methods: In the current post-hoc analyses of
Study 16 and Study-19, a decrease in the ALSFRS-R score was examined for the
placebo controlled cycles 1-6. Patients’ disease progression based on ALSFRS-R
changes over the course of the 24 weeks study was defined as: No Progression
= zero point decline, Minimal Progression ≤ 2 point decline, Slow Progression≤ 5
point decline, and Significant Progression >9 point decline. Results: Study 16 had
205 patients in the full analysis set (FAS; 102 edaravone, 104 placebo) Study
19 had 137 patients in the FAS (68 edaravone, 69 placebo). In placebo patients
in Study 16, 18% experienced no progression, 36% minimal progression, 64%
were slow progressors and 25% experienced significant progression. In Study 19,
6 % experienced no progression, 13% minimal functional decline, 51% were slow
progressors and 24% experienced a significant functional decline Conclusion: It is
likely that the study enrichment that maximizes the propensity for dynamic change
(and thus, the potential for an experimental therapy to modify that change) is
important for efficient clinical trial design. These post-hoc findings suggest that
Study 16 included a large proportion of slow progressors, over 1/3 of the placebo
group deteriorated an average of 0.13 points per month. This therefore, reduced
the ability to detect a treatment effect for a drug which slows progression. By
applying these learnings to Study 19 design, investigators were able to decrease
the number of slow progressors and enhance the ability to show the effects of
edaravone treatment on disease progression.
1) Mitsubishi Tanabe Pharma Corporation, Tokyo, Japan
2) Mitsubishi Tanabe Pharma Development America, Jersey City, NJ, USA
3) Mitsubishi Tanabe Pharma America, Inc., Jersey City, NJ, USA
4) Princeton Pharmatech, Princeton Junction NJ, USA
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A phase 2, double-blind, randomized, placebo-controlled, multipledose study of reldesemtiv in patients with ALS (FORTITUDE-ALS)

Angela Genge* (1), Stacy A Rudnicki (2), Jinsy A Andrews (2)(3), Carlayne Jackson
(4), Noah Lechtzin (5), Fady I Malik (2), Tim Miller (6), Andrew A Wolff (2), Jeremy
M Shefner (7)

Background: Reldesemtiv, also known as CK-2127107, is a selective small
molecule fast skeletal muscle troponin activator (FSTA) that sensitizes the
sarcomere to Ca2+ by slowing the rate of Ca2+ release from troponin. In a forcefrequency study in healthy volunteers, reldesemtiv increased the force generated
by the tibialis anterior muscle versus placebo in response to nerve stimulation in
a dose-, plasma concentration-, and frequency-dependent manner. Reldesemtiv
showed a greater pharmacodynamic effect at lower plasma concentrations than
did tirasemtiv, which is also an FSTA but of an unrelated chemical structural class.
Reldesemtiv was designed to minimize crossing of the blood brain barrier and is
not known to inhibit cytochrome P450 isozyme activity. Inadequate tolerability to
tirasemtiv, largely due to CNS adverse effects such as dizziness, led to increased
numbers of drop-outs in participants receiving tirasemtiv in the phase 3 clinical
trial, VITALITY-ALS (also known as CY 4031). Reldesemtiv appeared to be better
tolerated than tirasemtiv in healthy volunteers, providing a rationale for its study
in participants with ALS. Methods: Key entry criteria for FORTITUDE-ALS (also
known as CY 5022) include slow vital capacity (SVC) >65% predicted and an
ALS diagnosis within 24 months. Participants are randomized 1:1:1:1 to placebo
or reldesemtiv at 150 mg bid, 300 mg bid, or 450 mg bid for 12 weeks. The
primary endpoint is the change from baseline in SVC at 12 weeks. Exploratory
home-based outcome measures are included in this study to evaluate their utility.
Weekly at home, participants will perform voice recording on a mobile device and
SVC measurements on a portable spirometer. Fine motor skills are assessed at clinic
visits using an iPad application. Safety, pharmacokinetic (PK) and traditional ALS
outcome measures, such as mega-score of muscle strength and ALS Functional
Rating Scale â€“ Revised, are also assessed in the clinic during the trial. Conclusions:
Based on favorable safety, PK, and pharmacodynamic findings of reldesemtiv in its
Phase 1 studies, FORTITUDE-ALS was designed and is currently being conducted
in the USA and Canada, and is planned in Australia and certain European countries
(Ireland, Spain, and the Netherlands).
1) Montreal Neurological Institute, Montreal, QC, Canada.
2) Cytokinetics, Inc., South San Francisco, CA, USA.
3) Eleanor and Lou Gehrig ALS Center, Columbia University, New York, NY, USA.
4) University of Texas Health Science Center, San Antonio, TX, USA.
5) Johns Hopkins School of Medicine, Baltimore, MD, USA.
6) Washington University School of Medicine, St. Louis, MO, USA.
7) Barrow Neurological Institute, Phoenix, AZ, USA.
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A single-blind, randomized controlled clinical trial to evaluate the
effects of intensive motor rehabilitation in ALS patients (ERMOSla)

Jessica Mandrioli (1), Antonio Fasano (1)*, Nicola Fini (1), Elisabetta Zucchi (1),
Annalisa Gessani (1), Marco Vinceti (2), Stefano Cavazza (3), ERRALS group

Amyotrophic lateral sclerosis is a relentless progressive neurodegenerative disease.
In the lack of a disease-modifying treatment, many advancements were made in
the field of patients’ clinical management and in the multidisciplinary approach that
result in life prolongation for ALS patients. During the disease course, the spread
of muscle atrophy and the cardiorespiratory impairment lead to inactivity and to
forced postures with subsequent pain and contractures, as well as psychological
drawbacks to patients and their caregivers. To avoid this and in the setting of the
multidisciplinary care, physical exercises are offered to patients by physiotherapists.
Despite these achievements, there are not clear evidences about the type of
exercise, the regimen and which outcome variables have to be routinely assessed.
Moreover, there are only few randomized controlled studies evaluating the effect of
motor rehabilitation on ALS patients with consequent lack of robust and consistent
results. We carried out a multicentre, single-blind, randomized, controlled study
in order to compare the effects of the intensive exercise regimen (IER) made of
5 sessions/week to the usual exercise regimen (UER) of 2 sessions/week during
a 10 weeks-long study period. In the next 24 months-long follow-up period, all
patients underwent the usual exercise regimen (UER) twice/week. Each exercise
session was 45 minutes long and it was made of a mixture of aerobic, endurance
and low-load resistive training associated with stretching of retracted muscles. The
primary outcome of the study was quantification of overall disability as measured
by change in ALS-FRS-R scale. Three Italian ALS multidisciplinary centres took part
in this study. Between July 2013 and July 2017 we enrolled 33 patients for each
treatment group with a definite, probable or possible diagnosis of ALS, a clinical
onset within 18 months and aged between 18 and 86 years; main exclusion
criteria were cognitive impairment, cardio-respiratory diseases or other unstable
clinical conditions. An evaluating neurologist blinded to the allocation group visited
the patients and performed the scales every month for the first six months and
then every three months. We showed no significant difference with respect to the
primary outcome (ALS-FRS-R decline) between the IER and the UER group.
1) Department of Neuroscience, St. Agostino-Estense Hospital, Azienda Ospedaliero-Universitaria di
Modena, University of Modena and Reggio Emilia, Modena, Italy.
2) Environmental, Genetic and Nutritional Epidemiology Research Center (CREAGEN), University of
Modena and Reggio Emilia, Medical School of Modena, Modena, Italy.
3) Department of Rehabilitation, St. Agostino-Estense Hospital, Azienda USL di Modena, Modena, Italy.
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Neuregulin 1 Type III gene therapy improves SOD1-linked amyotrophic
lateral sclerosis

*Mireia Herrando-Grabulosa (1,2), Guillem Modol-Caballero (1,2), Belén GarcíaLareu (3), Assumpció Bosch (3), Xavier Navarro (1,2)

Amyotrophic Lateral Sclerosis (ALS) is a devastating motoneuron disease with
no effective cure currently available. Molecular mechanisms that are specifically
involved in the death of motoneurons are still not fully uderstood, and in addition
neighboring cells such as microglia, astrocytes and interneurons directly contribute
to the disease. Neuregulin 1 (NRG1) is a trophic factor highly expressed in
motoneurons and neuromuscular junctions. Recent evidence suggests that NRG1
and their ErbB receptors are involved in ALS. However, the role of the NRG1-ErbB
pathway on motoneuron survival is still controversial. Due to the low protein levels
of NRG1 Type III in the central nervous system of ALS patients here we directed
gene therapy based on adenoassociated viruses to overexpress NRG1 Type III on
the central nervous system in SOD1G93A ALS mice. The mice were evaluated
from 8 to 16 weeks of age by means of nerve conduction and rotarod tests. At 16
weeks they were sacrificed for histological analyses. Our results indicate that overexpression of NRG1 Type III is able to preserve motor function of tibialis anteriors
and gastrocnemius muscles, improve the locomotor performance, maintain the
number of surviving motoneurons at 16 weeks, and reduce glial reactivity in the
treated SOD1G93A mice. These findings indicate that increasing NRG1 Type III at
the spinal cord is an interesting approach for promoting motoneuron protection in
Amyotrophic Lateral Sclerosis.
1) Department of Cell Biology, Physiology and Immunology, Institute of Neurosciences, Universitat
Autonoma de Barcelona, Bellaterra, Spain.
2) Centro de Investigación Biomédica en Red sobre Enfermedades Neurodegenerativas (CIBERNED),
Bellaterra, Spain.
3) Center of Animal Biotechnology and Gene Therapy and Department of Biochemistry and Molecular
Biology, Universitat Autònoma de Barcelona , Bellaterra, Spain.
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Exploring the proteome of ALS laser microdissected Purkinje cells:
Method development

Connor Scott(1)(*), Simon Davis (2), Benedikt Kessler (2), Roman Fischer (2), Olaf
Ansorge (1)

Liquid Chromatography-Mass Spectrometry (LC-MS/MS) sensitivity has
improved significantly over the last decade and despite these developments, it
has had a low impact in the field of neuroscience compared to other techniques
such as MRI, in-situ hybridisation and optogenetics. This is partially due to the
heterogeneous nature of the human brain which makes acquiring proteomic data
from single cell populations challenging. The human central nervous system is
extremely heterogeneous, it contains 100 billion neurons with several 100 trillion
interconnections; collectively they perform a plethora of functions including
cognition, sensory and motor control. All functions of the brain are ultimately
mediated by proteins and exploring the proteome of individual cells can reveal
additional functions and responds to neurodegenerative diseases. However, it is
often difficult to extract single-cell proteomic data from the CNS as a single biopsy
can contain hundreds of cell types which can mask individual proteomes. A targeted
single-cell proteomic approach needs to be utilised to explore the pathology of
individual cells. Our group has developed a ‘microproteomic’ method using Laser
Capture Microdissection (LCM) to isolate single cell populations and analyse their
proteins with LC-MS/MS. We have developed a workflow optimising sample
dissection, histology, LCM, sample preparation, protein reduction and alkylation and
LC-MS/MS analysis through our collaboration with the Target Discovery Institute.
Using this approach we have increased the proteomic coverage and depth of our
samples to a resolution comparable to bulk tissue proteomics, using an input of
only 200 cells. We have obtained a dataset of ~2,500 proteins from individually
microdissected Purkinje Cells from a post-mortem brain with Amyotrophic Lateral
Sclerosis. The proteome of these Purkinje cells was analysed against control tissue.
We found an enrichment of proteins relating to mRNA processing (p 1.29E-03),
mRNA splicing (p 3.85E-02) and an increase in RNA Polymerase II Transcription (p
9.53E-03) and RNA Polymerase II Regulation (p 1.71E-02). We also see a 6-fold
enrichment in proteins that epigenetically regulate gene expression (p 3.20E-03).
Our microproteomic approach is now being used to explore the differing proteomes
of individual cells in ALS. This technique allows cells that were previously thought
too difficult to remove from their cellular environment to be researched with higher
sensitivity.
1) Academic Unit of Neuropathology, Nuffield Department of Clinical Neurosciences, University of
Oxford, Oxford, United Kingdom.
2) Target Discovery Institute, Nuffield Department of Medicine, University of Oxford, Oxford, United
Kingdom.
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Tract pathology in amyotrophic lateral sclerosis correlates with
aggressiveness of disease as defined by the D50 progression model

Robert Steinbach (1)*, Meerim Batrybekova (1), Annekathrin Rödiger (1), Benjamin
Ilse (1), Anne Gunkel (1), Annika Voss (1), Beatrice Stubendorff (1), Thomas Mayer
(2), Otto W. Witte (1), Julian Grosskreutz (1)

Background: Detecting the progression of ALS-related neurodegeneration is
essential for clinical trials and facilitates early diagnosis. Hence, there is an urgent
need to identify ALS caused changes in the brain in different ALS subtypes. The
aim of this study is to correlate Diffusion Tensor Imaging (DTI) structural changes
in neuronal fiber tracts with parameters for the time-course of ALS disease
progression, as ascertained from the D50 model (1,2). Methods: DTI scans of 59
healthy controls and 82 ALS patients from a 1.5 T scanner were analyzed using
the FSL package, including brain-extraction, eddy-current-correction and tensor
decomposition. FA and MD maps were used for Tract-Based Spatial Statistics
(TBSS). Inter-group contrasts were calculated between patients and controls,
corrected for age as confounding covariate. The D50 model was used for TBSS
subgroup- and regression analyses. Referring to D50 (time until ALSFRS-R drops
to 24) the ALS cohort was subdivided into fast (D50 < 30 months, n= 38) and
slow progressors (D50 â‰¥ 30 months, n = 44). Correlations between FA or
MD values and the calculated functional status at the time of MRI acquisition
(FSMRI) were examined in a regression analysis. Results: TBSS inter-groupcomparison revealed ALS-related widespread white-matter pathology, as indicated
by decreased FA and increased MD in multiple supra- and infratentorial tracts.
Subgroup-analyses showed higher MD values for fast progressors in bihemispheric
motor- as well as non-motor related pathways. Lower FA values were found in the
left corticospinal-tract and frontal pathways in contrast to the slow-progressors. In
a regression analysis increased MD values were correlated with a lower functional
status at the day of MRI acquisition (calculated by the D50-model as FSMRI)
mainly in interhemispheric fibre tracts and dominated by the right hemisphere.
Conclusion: Using DTI-based TBSS we were able to identify structural changes in
the white-matter-network of ALS patients that correlated with clinical progression
parameters. Increased MD related to fast ALS-progression was revealed in many
fibre tracts, emphasizing the view of ALS as multisystemic neurodegenerative
disorder whose aggressiveness can be detected using MRI. 1 Poesen et al.,
Neurology. 2017; 88(24):2302-2309 2 Gaur et al., ALSFTD Journal 2017, Boston
conference poster
1) Hans-Berger Department of Neurology, Jena University Hospital, Jena, Germany.
2) Department of Neuroradiology, Jena University Hospital, Jena, Germany.
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ALS Cell Atlas: An online resource to infer gene activity in nine major
CNS cell types in ALS patients and mouse models

Nathan Skene (1), Marta Alabrudzinska (1), Peter Lönnerberg (1), Sebastian A.
Lewandowski (1*)

We still know very little about how various central nervous system (CNS) cell
types contribute to ALS onset or progression. Our goal is to infer the timecourse
of activity for nine major CNS cell types in spinal cord tissue from end-stage ALS
patients and during disease progression in SOD1G93A mouse model with the use
of single-cell transcriptomes applied to interpret whole tissue expression data.
The resulting dataset will be released as an open, interactive online resource.
Our resource will include gene expression specificity rankings for nine major cell
types (pyramidal neurons, interneurons, astrocytes, microglia, oligodendrocytes,
endothelium, pericytes, vascular smooth muscle and vascular leptomeningeal cells).
In order to observe the dynamics of cell activity we analyzed respective cells at
pre-symptomatic (28, 42, 56, 70 days) and symptomatic stages (98, 112, 128
days) in SOD1G93A mice together with post mortem ALS patient tissue. We would
like to present a demonstration version of the online resource features for genes
associated with microglial cells which allowed us to identify novel genes activated
during ALS in these cells. Our resource will help to stimulate interest in specific cell
type contribution to ALS. It will also help to discover novel drug targets specific
for given cell type population in symptomatic and pre-symptomatic stages of ALS
progression. In the long run we hope our resource will stimulate drug discovery
research and benefit ALS patients.
1) Medical Biochemistry and Biophysics Department, Karolinska Institute, Stockholm, Sweden.
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