
Introduction

The Motor Neurone Disease Association, in collaboration with the International Alliance of ALS/MND 
Associations, welcomes you to Chicago for this year’s International Symposium on ALS/MND. We are 
warmly welcomed by our hosts at the Les Turner Foundation as the symposium returns to Chicago for 
the fi rst time in 16 years.

This year the programme offers plenty of new perspectives and insights into our understanding of the dis-
ease, including the C9ORF72 gene and frontotemporal dementia. The Programme Committee, chaired by 
Prof Wim Robberecht, has compiled a thought-provoking and varied platform programme refl ecting some 
of these exciting new developments.

Joint opening and closing plenary sessions refl ect on the risk factors of the disease and the challenges of 
translating knowledge to treatment. Parallel scientifi c and clinical sessions will run for the remainder of the 
symposium exploring a wide variety of topical themes in more detail, from target pathways, disease models 
and biomarkers, through to cognitive changes, multidisciplinary management and clinical trials.

This year, once again, we have a large number of high quality poster presentations, discussing novel ideas 
that promise to give us two sessions of riveting and exciting debate, along with furthering the international 
exchange of knowledge.

Research Development Team
Motor Neurone Disease Association, Northampton, UK
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                        SESSION 1 JOINT OPENING SESSION    

 C1 RISK FACTORS AND ALS: NATURE, 
NURTURE, AGE AND LUCK      

    AL-CHALABI     A           

  King’s College London, London, UK  

  Email address for correspondence: ammar.al-chalabi@kcl.ac.uk                             

  Keywords:   genetics  ,   epidemiology  ,   risk factors  

  There are three parts that together cause any kind of illness 
or disease: the genes we carry, what happens to us during our 
lifetime, and randomness. This must also be true for motor 
neuron diseases like ALS, and trying to understand what the 
different underlying factors are has always been a major goal 
for ALS research.   

 At the moment, there is no good reason to think that any-
thing we can do or that happens to us increases our risk of 
ALS, except for growing older - we know that it is more likely 

to affect people in their 50s to 70s. At least in some cases, 
the genes we carry also increase our risk. But there is a lot 
we still do not defi nitely know: does any aspect of lifestyle 
(for example smoking or exercise) increase risk? Is everyone 
with ALS predisposed from birth to develop it? If we all lived 
to 200, would we all develop ALS? Does ALS ever occur 
randomly, for no reason at all?   

 The answers to these questions are important because they 
would let us design new treatments and avoid behaviour that 
increases risk, but perhaps most importantly, because they 
would let us answer one of the fi rst questions someone with 
ALS asks: “Why me?”.   

 In the last few years, we have made a lot of progress in 
understanding why some people develop ALS and others do 
not. In this talk I will explain what we know, what we want to 
fi nd out, and where we need to go from here.    

DOI: 10.3109/17482968.2012.721231/001
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  C3 STRENGTHENING THE ARGUMENT FOR 
THE ROLE OF RNA METABOLISM IN ALS  

   KELLER   BA  1,2   ,    VOLKENING   K  2,3   ,    DROPPELMANN  
 CA  2   ,    STRONG M  J  2,3    

  1 Department of Pathology, Western University, London, Ontario, 
Canada,  2 Molecular Brain Research Group, Robarts Research 
Institute, London, Ontario, Canada,  3  Department of Clinical 
Neurological Sciences, Western University, London, Ontario, 
Canada   

   Email address for correspondence: bakeller1@gmail.com   

   Keywords:   RNA metabolism  ,   RGNEF  ,   p62   

   Background:  A growing body of evidence now supports 
the hypothesis that ALS is a disease of the dysmetabolism 
of RNA (1 – 2). Several RNA-binding proteins (RBPs) are 
known to form neuronal cytoplasmic inclusions (NCIs) 
within spinal motor neurons (MNs). These include Rho 
guanine nucleotide exchange factor (RGNEF) (3), TAR-
DNA binding protein of 43 kDa (TDP-43), and fused in 
sarcoma/translocated in liposarcoma (FUS/TLS). Interest-
ingly, each of these proteins is known to bind low molecular 
weight neurofi lament (NFL) mRNA and has the potential 
to regulate its stability.  

   Objectives:  Our aim in this study was to provide strength to 
the hypothesis that an alteration in RNA metabolism is 
involved in ALS pathogenesis. We hoped to provide evidence 
that each of these RBPs (RGNEF, TDP-43, FUS/TLS) have 
the ability to interact with one another, as well as with mark-
ers of proteasomal degradation. Further, we aimed to under-
stand whether RNA is sequestered into RBP NCIs.  

   Methods:  The work presented here is based on immunofl uo-
rescent staining and confocal microscopy as well as co-immu-
noprecipitation and SDS-PAGE experiments. Sporadic ALS 
cases with no known mutations were used for the co-localiza-
tion studies. Syto 14 was used as a marker of RNA-containing 
granules (4). Co-immunoprecipitation experiments were per-
formed using lysates of a stable HEK293T cell line that over-
expresses RGNEF.  

   Results:  RGNEF, TDP-43 and FUS/TLS are each able to 
form morphologically diverse NCIs in ALS MNs, and are 
each able to co-localize with markers of proteasomal degra-
dation. Further, each of the RBPs is able to co-localize with 
one another, an interaction that was also confi rmed with 
co-immunoprecipitation and SDS-PAGE studies. Finally, 
these RBP-containing NCIs do not contain RNA, while the 
RBPs do seem to be present within RNA granules when not 
abnormally localized within NCIs.  

   Discussion and conclusions:  Our data suggest that there 
are several proteins involved in the pathogenesis of ALS, 
and illustrates the danger in the belief that ALS is a disease 
of a singular RBP. Interestingly, these protein interactions 
seem to converge in one area of cell metabolism: RNA 
processing. Specifi cally, each of these proteins can bind to 

 C2 CELLULAR IMPLICATIONS OF RNA 
REPEATS IN MYOTONIC DYSTROPHY      

    TIMCHENKO     L           

  Baylor College of Medicine, Houston, TX, USA  

  Email address for correspondence: lubovt@bcm.edu                             

  Keywords:   RNA repeats  ,   myotonic dystrophy  ,   RNA mechanism   

 Neuromuscular diseases Myotonic Dystrophies type 1 and 
type 2 (DM1 and DM2) are caused by unstable CTG and 
CCTG repeat expansions. In DM1, the expansion of CTG 
repeats occurs in the 3 ’  UTR of the gene coding for Dystrophia 
Myotonica-Protein Kinase. Patients with DM2 contain CCTG 
expansion in the intron 1 of the gene coding for Zinc Finger 
Protein 9 (ZNF9). Whereas CTG and CCTG expansions are 
located in separated genes, coding for proteins with different 
functions, they cause similar diseases characterized by myoto-
nia, muscle weakness, cardiac arrhythmias and neurodegen-
eration. CTG and CCTG expansions cause similar phenotypes 
due to accumulation of the mutant RNA CUG and CCUG 
repeats which are toxic for cellular functions. The toxicity of 
CUG/CCUG repeats is associated with alterations of RNA-
binding proteins, which bind to the mutant RNAs. CUGBP1 
and MBNL1 are the best characterized RNA-binding proteins 
targeted by RNA repeats. It has been shown that RNAs, con-
taining long repeats, are very stable. The reduced degradation 
of mutant CUG/CCUG repeats leads to the aggregation of 
these RNAs. CUG and CCUG aggregates bind to RNA-bind-
ing proteins, such as MBNL1, reducing its availability for the 
normal cellular functions. The mutant RNA repeats outside of 
the aggregates stabilize and increase the levels of CUGBP1. 
The alterations of CUGBP1 and MBNL1 disrupt stability, 
splicing and translation of many RNAs in DM cells. Despite 
similarities of the toxic effects of the mutant CUG and CCUG 
repeats, there are also differences, specifi c for each disease. The 
mutant CUG repeats change several signaling pathways. Long 
CUG repeats increase the double-stranded RNA-activated 
protein kinase PKR. One of the substrates of PKR is eukaryo-
tic initiation translation factor 2 alpha. Elevation of PKR in 
DM1 reduces the activity of eIF2 alpha affecting protein trans-
lation. CUG repeats also reduce cyclin D3, an important 
regulator of the cyclin-dependent kinases. Since cyclin 
D3-cdk4/6 signaling is involved in the regulation of cell pro-
liferation and differentiation, the disruption of this signaling 
pathway causes a delay of DM1 myogenesis. The mutant 
CCUG repeats target the 20S proteasome. As the result, the 
stability of many proteins is increased in DM2 cells. It has 
been shown that CCUG RNA reduces the protein levels of 
ZNF9. One of the functions of ZNF9 is the regulation of 
translation of mRNAs, which contain a terminal oligopyrimi-
dine tract (TOP). Because TOP-containing mRNAs encode 
predominantly components of the translation machinery, the 
rate of global protein synthesis is reduced in DM2. This path-
way seems to be responsible for muscle atrophy in DM2. Thus, 
the molecular mechanisms by which the mutant RNA repeats 
cause DM pathology are complex and are associated with the 
disruption of many biological processes. 

DOI: 10.3109/17482968.2012.721231/002

                        SESSION 2A RNA  &  PROTEIN DYSREGULATION    
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and regulate the stability of NFL mRNA, the misregulation 
of which is known to lead to the classical ALS neurofi la-
mentous inclusions.  

  References  
  1. Strong MJ. J Neurol Sci 2010;288(1 – 2):1 – 12.  
  2.  Keller BA, Volkening, K, Droppelmann, CA  et   al.  Acta 

Neuropath, Submitted.  
  3.  Droppelmann CA, Keller BA, Campos-Melo D  et   al.  

Neurobiol Aging, Submitted.  
  4.  Zielinski J, Kilk K, Peritz T  et   al.  Proc Natl Acad Sci USA 

2006;103:1557 – 1562.  

DOI: 10.3109/17482968.2012.721231/003

  C4 CONVERGENT ROLES OF FUS/TLS AND 
TDP-43 IN PROCESSING RNAS WITH LONG 
INTRONS  

   LAGIER-TOURENNE   C  1,2   ,    POLYMENIDOU   M  1,2   , 
   HUTT   K  2   ,    VU   A  2   ,    CLUTARIO   K  1,2   ,    BAUGHN   M  2   , 
   HUELGA   S  2   ,    LING   S-C  1,2   ,    LIANG   T  2   ,    MAZUR   C  3   , 
   WANCEWICZ   E  3   ,    WATT   A  3   ,    FREIER   S  3   ,    HICKS   G  4   , 
   DONOHUE   JP  5   ,    SHIUE   L  5   ,    BENNETT   CF  3   ,    RAVITS   J  2   , 
   CLEVELAND   D  1,2   ,    YEO   G  2    

  1 Ludwig Institute for Cancer Research, La Jolla, CA, USA,
 2 University of California San Diego, La Jolla, CA, USA,
 3 ISIS Pharmaceuticals, Carlsbad, CA, USA,  4 University of 
Manitoba, Winnipeg, Canada,  5  University of California Santa 
Cruz, Santa Cruz, CA, USA   

   Email address for correspondence: clagiert@ucsd.edu   

   Keywords:   RNA processing  ,   FUS/TLS  ,   TDP-43   

   Background:  FUS/TLS and TDP-43 are RNA/DNA-
binding proteins integrally involved in amyotrophic lateral 
sclerosis (ALS). We previously identifi ed the RNAs bound 
and affected by TDP-43 in the mouse brain. Reduction of 
TDP-43 in the adult nervous system altered splicing of  �    900 
pre-mRNAs and revealed an essential role for TDP-43 in 
sustaining the levels of long intron-containing transcripts that 
are important for neuronal function. Like TDP-43, FUS/
TLS has been proposed to participate in several steps of 
RNA processing, however the precise role(s) of FUS/TLS in 
RNA metabolism regulation have not been determined. 
Since mutations in either TDP-43 or FUS/TLS cause a sim-
ilar disease phenotype, we anticipate that the RNA-targets 
affected by both TDP-43 and FUS/TLS may be the most 
relevant for disease.  

   Objectives:  To provide a systematic comparison of the bind-
ing patterns and roles in gene regulation for TDP-43 and 
FUS/TLS. To determine if TDP-43-FUS/TLS overlapping 
mRNA targets are altered in human neurons and in motor 
neurons of ALS patients.  

   Methods:  We have used cross-linking immunoprecipitation 
CLIP-seq to identify RNAs bound by FUS/TLS in mouse and 
human brain. We have determined the effects of FUS/TLS loss 
of function on RNA expression and splicing patterns by using 
high-throughput sequencing of cDNA (RNA-seq) and splicing-
sensitive arrays. We have assessed RNA alterations following 
TDP-43 and FUS/TLS depletion in human neurons differenti-
ated from human embryonic stem (ES) cells and induced 
pluripotent stem (iPS) cells. We assayed individual motor neu-
rons in autopsy samples from ALS patients by co-labeling for 
TDP-43 and proteins encoded by long pre-mRNAs whose mat-
uration is dependent on TDP-43 and FUS/TLS.  

   Results:  We have identifi ed extensive FUS/TLS binding on 
 �    5,500 pre-mRNAs in mouse and human brain, primarily 
through a GUGGU-binding motif. A characteristic sawtooth-
like binding pattern was observed, supporting co-transcriptional 
deposition of FUS/TLS. Depletion of FUS/TLS altered levels 
or splicing of  �    960 mRNAs, most of which are distinct from 
the RNAs whose maturation is dependent on TDP-43. Nonethe-
less, common targets reduced upon depletion of either TDP-43 
or FUS/TLS in mouse brain and primary human neurons 
differentiated from stem cells were RNAs encoding proteins 
essential for neuronal integrity and that are transcribed from 
genes with exceptionally long introns. Two of these, KCNIP4 
and parkin, were found to be signifi cantly reduced in TDP-43 
aggregate-containing motor neurons in sporadic ALS patients.  

   Discussion and conclusions:  This study identifi es conver-
gence of the TDP-43 and FUS/TLS pathways in the regula-
tion of a subset of transcripts that contain exceptionally 
long introns and encode protein products crucial for normal 
neuronal function. In sporadic ALS patients, cytoplasmic 
mis-accumulation of TDP-43 is accompanied by loss of pro-
teins encoded by long pre-mRNAs pointing to a pathway 
underlying motor neuron death in ALS from misregulation 
of TDP-43 or FUS/TLS.  

DOI: 10.3109/17482968.2012.721231/004

  C5 ROLE OF POST-TRANSLATIONAL 
MODIFICATIONS IN NUCLEAR-CYTOPLASMIC 
LOCALIZATION OF FUS AND ALS6-CAUSING 
MUTANTS  

   TIBSHIRANI   M  1   ,    TRADEWELL   M  1   ,    YU   Z  2   ,    GENTIL   B  1   , 
   RICHARD   S  2   ,    DURHAM   H  1   

   1 Montreal Neurological Institute, McGill University, Montreal, 
Qu é bec, Canada,  2  Lady Davis Institute and McGill University, 
Montreal, Qu é bec, Canada   

   Email address for correspondence: heather.durham@mcgill.ca   

   Keywords:   FUS  ,   postranslational modifi cation  ,   ALS pathogenesis   

   Background:  Mutations in fused in sarcoma/translated in 
liposarcoma (FUS/TLS) cause a familial form of ALS (ALS6). 
FUS is a DNA/RNA-binding protein with functions in transcrip-
tion, RNA splicing, microRNA processing and RNA transport, 
which require shuttling between the nucleus and cytoplasm. 
FUS is mainly found in the nucleus, but mutants accumulate in 
the cytoplasm and form inclusions in motor neurons. Interest-
ingly, FUS-positive inclusions are found in sporadic ALS, sug-
gesting a common pathogenic pathway involving mislocalization 
of FUS. Asymmetric arginine methylation and phosphorylation 
are post-translational modifi cations known to affect traffi cking of 
proteins across the nuclear membrane. Therefore, we have been 
examining the role of these modifi cations to distribution of both 
wild type and mutant FUS.  

   Objectives:  1) To determine how PRMT1-mediated 
asymmetric dimethylation of arginine residues affects the 
distribution of ALS6-causing FUS mutants in motor neu-
rons. 2) To determine how activation of PKC-mediated 
phosphorylation of WT and mutant FUS affects their dis-
tribution. Others have shown that expression and activity 
of PKC, in particular PCK β , is increased in ALS spinal 
cord, and that phosphorylation of FUS by PCK β II delays 
its proteasomal degradation.  

   Methods:  Dissociated cultures of murine spinal cord are 
matured for three weeks. Human WT or ALS6-causing 
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mutants (fl ag or eGFP-tagged) are expressed in motor 
neurons by intranuclear microinjection of expression plas-
mids. Asymmetric arginine methylation was prevented by 
treatment with the methylase inhibitor, AdOx, or by express-
ing shRNA for PRMT1. To activate PKC, cultures were 
treated with phorbol-12-myristate-13-acetate (PMA).  

   Results:  1) Mutant FUS accumulated in the cytoplasm of 
motor neurons, shortened mitochondria, and gradually 
formed inclusions over a period of one week. Inhibiting meth-
ylation, maintained nuclear localization. Of note, PRMT1, the 
major enzyme catalyzing asymmetric arginine dimethylation 
in mammalian cells, mislocalized with mutant FUS. 2) In 
cultures treated with PMA, endogenous murine FUS left the 
nucleus and distributed throughout the cytoplasm within 
2 hrs, appearing to concentrate in synaptic regions. Current 
studies are defi ning the isoform of PKC and phosphorylated 
epitopes on WT FUS, as well as the effect of activating PKC 
on disease-causing mutants and the ability of specifi c PKC 
antagonists to restore normal distribution.  

   Conclusions:  Both asymmetric arginine methylation and 
PKC-mediated phosphorylation have major effects on locali-
zation of FUS. Inhibiting methylation retains the nuclear 
localization ALS-causing FUS mutants, preventing their 
accumulation in the cytoplasm and formation of abnormal 
structures. The methylating enzyme, PRMT1, also mislocal-
izes with FUS, implicating loss of nuclear functions of 
PRMT1, including control of gene transcription, in ALS 
pathogenesis. Activation of PKC promotes cytoplasmic distri-
bution of FUS, consistent with its role in neuronal plasticity. 
Since PKC is highly activated in ALS, phosphorylation of WT 
FUS may play an important role in pathogenesis of sporadic 
ALS and inhibition of specifi c PKC isoforms might be 
exploited therapeutically.  

DOI: 10.3109/17482968.2012.721231/005

  C6 ARGININE METHYLATION MODULATES 
NUCLEAR IMPORT OF FUSED IN SARCOMA (FUS)  

   DORMANN   D  1   ,    MADL   T  2   ,    TAHIROVIC   S  1   ,    BENTMANN  
 E  1   ,    ABOU-AJRAM   C  1   ,    HAASS   C  1   ,  

  1 Adolf Butenandt Institute and German Center for Neurodegen-
erative Diseases (DZNE), Munich, Germany,  2  Utrecht University, 
Padualaan, Utrecht, The Netherlands   

   Email address for correspondence: christian.haass@dzne.lmu.de   

   Keywords:   FUS  ,   transportin  ,   arginine methylation   

  Fused in sarcoma (FUS) is a RNA-binding protein that regu-
lates transcription and splicing. FUS carries a proline-tyrosine 
nuclear localization signal (PY-NLS) and is imported into the 
nucleus via the import receptor Transportin (TRN). Defects 
in nuclear import of FUS have been implicated in neurode-
generation, since mutations in the PY-NLS of FUS cause 
amyotrophic lateral sclerosis (ALS) and cytoplasmic FUS 
inclusions are a pathological hallmark in a subset of fronto-
temporal lobar degeneration (FTLD) patients. Indeed we 
have shown previously that age of onset and the degree of 
cytoplasmic missorting of individual FUS mutations nega-
tively correlate (1,2). We now demonstrate that arginine meth-
ylation modulates nuclear import of FUS. Chemical inhibition 
of methylation or knockdown of protein arginine methyltrans-
ferase 1 (PRMT1) rescues TRN-mediated nuclear import 
defects of ALS-associated FUS mutants. The unmethylated 
arginine-glycine-glycine (RGG) domain preceding the PY-
NLS of FUS binds tightly to TRN and arginine methylation 

in this domain reduces the affi nity to TRN. Our results reveal 
a novel concept of TRN-cargo recognition and implicate 
arginine methylation in the pathogenesis of FUS-associated 
diseases.  

  References  
  1.  Dormann D, Haass C. Trends in Neuroscience 2011;7: 

339 – 348.  
  2.  Dormann D, Rodde R, Edbauer D  et   al.  EMBO J. 2010; 

29:2841 – 2857.  
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  C7 DYSREGULATED MICRORNAS IN THE 
PATHOGENESIS OF ALS  

   EMDE   A  1   ,    HARAMATI   S  1   ,    SZTAINBERG   Y  1   ,    CHEN   A  1   , 
   LIU   L-L  2   ,    LIBBY   RT  3   ,    OPPENHEIM   H  1   ,    EILAM   R  1   , 
   SILVESTRONI   A  2   ,    ALAJAJIAN   B  2   ,    BOSCO   DA  4   ,    RAVITS  
 J  3,5   ,    MOLLER   T  2   ,    HORNSTEIN   E  1   

   1 Weizmann Institute of Science, Rehovot, Israel,  2 University of 
Washington, Seattle, USA,  3 Benaroya Research Institute at 
Virginia Mason, Seattle, USA,  4 University of Massachusetts 
Medical School, Worcester MA, USA,  5  University of California, 
San Diego, La Jolla, CA, USA   

   Email address for correspondence: eran.hornstein@weizmann.ac.il   

   Keywords:   microRNA  ,   RNA  ,   regulation   

   Background:  Genome-encoded microRNAs are negative 
posttranscriptional regulators, contributing to a wide variety 
of biological processes in health and disease. ALS-causing 
mutations, recently discovered in genes encoding for RNA-
binding proteins, suggest that dysregulation of RNA-related 
processes are fundamental in ALS pathogenesis.  

   Objective:  We tested the magnitude, mechanism and func-
tional consequences of dysregulation in microRNA expression 
in sporadic and familial forms of ALS, by studies of micro-
RNA expression in motoneurons of ALS patients, microRNA 
molecular biology approaches and mouse genetics.  

   Methods and results:  We quantifi ed microRNA expression 
in samples extracted from laser-capture microdissected 
spinal motoneuron punches of ALS patients who had met 
El Escorial criteria for defi nite ALS and of controls that were 
not reported to suffer from neurodegeneration. Tissue col-
lections were completed within 4 – 6 h of death and RNA 
quality was assessed using microelectrophoresis on an 
Agilent 2100(1). Quantifi cation of 667 microRNAs per-
formed by using microRNA TaqMan ®  qPCR Megaplex pool 
arrays. This study revealed global downregulation of micro-
RNAs in ALS lower-motoneurons from the lumbar region 
of sporadic and familial cases, but not in RNA extracted 
from surrounding, neuron-depleted ventral horn tissue or 
from the neurons of Clarke’s column in the same autopsies. 
This observation was substantiated by in-situ hybridization, 
which revealed comparable downregulation of microRNAs 
in patient tissue, relative to control.  

  Next, we transfected NSC-34, a motoneuron hybridoma-
cell line, with vectors for expression of ALS-causing mutant 
forms of FUS and TDP-43, namely FUS495X, FUSR521G, 
TDP-43A315T or TDP-43M337V. In culture, mature micro-
RNAs were also downregulated, reminiscent of the observa-
tions in human ALS patients. Intriguingly, the levels of cognate 
pre-microRNA precursors were in fact upregulated. These 
observations suggest that canonical microRNA bioprocessing 
is disrupted at the level of Dicer1 activity, the RNase type III 

A
m

yo
tr

op
h 

L
at

er
al

 S
cl

er
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
81

.1
1.

22
1.

80
 o

n 
12

/1
3/

12
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



Platform Communications RNA & Protein Dysregulation   5

responsible for processing of pre-microRNA precursors into 
their mature functional form (2).  

  To address functional consequences for loss of Dicer1 
and microRNAs in motoneurons, we established a mouse 
line, wherein Dicer1 conditional allele was mated to a Cre-
recombinase transgene, driven by a cholinergic-specifi c 
promoter. Consistent with the data from human ALS 
patients, loss of Dicer1 and microRNAs activity in mice 
resulted in neurodegeneration of spinal motoneurons and 
in denervation-dependent muscle atrophy (3).  

   Conclusions:  Dysregulated microRNAs provide new 
mechanistic insight into ALS pathogenesis. This novel 
microRNA-based mechanism is probably involved in sev-
eral forms of ALS and may be of therapeutic usage in the 
future, if potent molecules modulating microRNA matura-
tion or activity could be developed.  

  References  
  1. Rabin SJ  et   al.  Hum Mol Genet 2010;19:313–28.  
  2. Emde  et   al.,  unpublished results.  
  3.  Haramati S  et   al.  Proc Natl Acad Sci USA 2010;107: 

13111–6.  
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  C8 MUTATIONS IN PROFILIN 1 CAUSE 
FAMILIAL ALS  
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  Amyotrophic lateral sclerosis (ALS) is a late-onset neuro-
degenerative disorder resulting from motor neuron death. 
Approximately 10% of cases are familial (FALS), typically 
with a dominant inheritance mode. Despite numerous 
advances in recent years, genetic etiology of all FALS cases 
is not known. Here we show that mutations within the 
profi lin 1 (PFN1) gene can cause FALS. PFN1 is critical 
for monomeric (G)-actin conversion to fi lamentous (F)-
actin. Exome sequencing of two large ALS families revealed 
different mutations within the PFN1 gene. Additional 
sequence analysis identifi ed 4 mutations in 7 out of 274 
FALS cases. Cells expressing PFN1 mutants contain ubiq-
uitinated, insoluble aggregates that in many cases contain 
the ALS-associated protein TDP-43. PFN1 mutants also 
display decreased bound actin levels and can inhibit axon 
outgrowth. Furthermore, primary motor neurons express-
ing mutant PFN1 display smaller growth cones with a 
reduced F-/G-actin ratio. These observations further docu-
ment that cytoskeletal pathway alterations contribute to 
ALS pathogenesis.      

DOI: 10.3109/17482968.2012.721231/008
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is currently controversial. Lastly, cases with  C9ORF72  repeat 
expansion also have unique pathology in the cerebellum 
that is p62 and ubiquitin positive and TDP-43 negative, sug-
gesting that another protein remains to be identifi ed in 
this disorder. 

DOI: 10.3109/17482968.2012.721231/009

  C10 THE HETEROGENEITY OF COGNITIVE 
IMPAIRMENT IN ALS: SUBPHENOTYPES ON 
THE ALS-FTD CONTINUUM  

   VAN DER HULST   E-J   ,    BAK   TH   ,    ABRAHAMS   S   

   University of Edinburgh, Edinburgh, Scotland, UK   

   Email address for correspondence: dina.jozefa@ed.ac.uk   

   Keywords:   cognition  ,   subphenotypes  ,   frontotemporal dementia   

   Background:  Cognitive research in ALS has focused on fi nd-
ing whole group differences between patients and healthy 
controls. More recently, studies have investigated the hetero-
geneity of impairment within ALS by using single case analy-
sis, either by classifying patients according to the severity of 
their impairment, or uncovering ALS-subgroups with quali-
tatively distinct defi cits. Here we investigate the relationship 
between executive and language defi cits in ALS by using 
executive tasks sensitive to the dysfunction of the orbitofron-
tal cortex, a region showing early atrophy in behavioural 
variant FTD, and language tasks which evaluate semantic 
functions affected more in temporal variant FTD.  

   Objectives:  To characterize the heterogeneity of cognitive 
and behavioural impairment in a sample of ALS-patients, 
as well as to determine whether language and executive 
changes occur independently or simultaneously in individual 
patients.  

   Methods:  Thirty-seven, non-demented ALS patients were 
administered a comprehensive battery of neuropsychological 
tests, including tests of orbitofrontal function and semantic 
association. Furthermore, the battery covered a traditional 
language (naming) task as well as tasks tapping into  ‘ dorsola-
teral ’  executive functions, episodic memory, visual and 
behavioural functions. Abnormality was established if test 
performance was more than 2 standard deviations above or 
below the mean of a healthy control group, matched for age, 
sex and education. Patients were subsequently classifi ed 
into the following subgroups: intact functions (ALS-pure) or 
with executive (ALS-Ex), non-executive (ALS-NECI) or 
behavioural (ALS-bi) impairment.  

   Results:  Twenty-one patients were identifi ed as ALS-Ex 
(56.8%). Seven patients (18.9%) showed isolated executive 
impairment, and another two (5.4%) displayed additional 
visual but not language dysfunction. Hence, nine patients 
(24.3%) showed executive impairment without language 
involvement. Fourteen of the 21 ALS-Ex patients exhibited 

 C9 ALS/FTD: CORRELATIONS WITH PATHOLOGY      

    BIGIO     EH           

  Northwestern University Feinberg School of Medicine, Chicago, 
IL, USA  

  Email address for correspondence: e-bigio@northwestern.edu                             

  Keywords:   frontotemporal dementia  ,   TDP-43  ,   C9ORF72   

 Amyotrophic lateral sclerosis (ALS)/motor neuron disease 
(MND) has been clinically linked with dementia since the 
1950s. Pathologic linkage between ALS and frontotemporal 
dementia (FTD) was reported almost 40 years later, and 
fi nally the two were linked molecularly six years ago, when 
TAR DNA-binding protein of 43kD mw (TDP-43) was 
reported to be the major protein component of the insoluble 
inclusions in both frontotemporal lobar degeneration with 
ubiquitin positive, tau and alpha-synuclein negative inclusions 
(FTLD-U, now called FTLD-TDP) and ALS. Mutations in 
 TARDBP , the gene encoding TDP-43, have been reported, 
predominantly in ALS but also in FTLD-TDP, providing 
a genetic link. Mutations have subsequently been found in 
both FTLD-TDP and ALS in  VCP  and  C9ORF72 . TDP-43 
molecular pathology links FTLD-TDP with sporadic and 
non-SOD1 familial ALS (fALS) and together these are now 
called TDP-43 proteinopathies. There are four sub-types of 
TDP pathology, types A, B, C, and D, and they correlate 
with specifi c clinical and genetic profi les. These sub-types 
are determined by the morphology, predominance, and dis-
tribution of the various TDP-43 immunopositive insoluble 
aggregates  –  neuronal cytoplasmic inclusions (NCIs), neuro-
nal intranuclear inclusions (NIIs), and dystrophic neurites 
(DNs). TDP type A has NCIs, NIIs, and short neurites 
in upper cortical layers, is associated with  GRN  and some-
times  C9ORF72  mutations, and ALS is sometimes present. 
TDP type B has NCIs in all cortical layers, is often associated 
with ALS, and may be associated with  C9ORF72  mutations. 
TDP type C has long neurites in upper cortical layers, 
no NIIs, ALS is absent, and so far there are no known associ-
ated genetic mutations. Type D has predominantly NIIs 
in upper cortical layers, no DG inclusions, and is associated 
with  VCP  mutations and inclusion body myositis  or  ALS, 
Paget ' s disease of bone, and frontotemporal dementia. 
A minority of FTLD-U/ALS cases is TDP-43 negative, and 
include FUS proteinopathies (FTLD-FUS, which includes 
atypical FTLD-U, neuronal intermediate fi lament inclusion 
disease, and basophilic inclusion body disease) and fALS 
related to  FUS  mutations, both of which are immunopositive 
for FUS, FTLD-UPS (exemplifi ed by FTLD cases with 
 CHMP2B  mutations), and FTLD without inclusions or 
FTLD-ni. Interestingly, fALS cases with  SOD1  mutations are 
also negative for TDP-43, although mutated  SOD1  has been 
shown to interact with TDP-43. So far, mutations in  GRN  
and  CHMP2B  have been found in only FTLD and mutations 
in  SOD1 ,  FUS , and several other genes have been found 
in only ALS. There are reports of combined TDP-43 and 
FUS pathology in both FTLD-TDP and ALS, although this 
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dysfunction in at least one other domain (66.7%). Of these 
Executive    �    patients, the vast majority (12 patients, 85.7%) 
showed additional language dysfunction, comprising 32.4% 
of the total sample. Seven patients (18.9%) were categorized 
as ALS-NECI, and exhibited language dysfunction without 
executive changes. Only one patient (2.7%) classifi ed as 
ALS-bi, showing isolated behavioural impairment; four 
ALS-Ex patients (10.8%) showed additional behavioural 
impairment. Eight patients (21.6%) were cognitively and 
behaviourally normal.  

   Discussion and conclusions:  The present results reveal 
qualitatively distinct subtypes in classical ALS. The subphe-
notypes appear to lie on the ALS-FTD continuum and com-
prised most frequently of cases displaying a mixed profi le of 
features of both behavioural and temporal FTD variants, 
followed by cases in which either executive or language 
dysfunction was present in isolation.  

DOI: 10.3109/17482968.2012.721231/010

  C11 A NATIONAL MULTICENTER STUDY OF 
REGIONAL AND GENDER DIFFERENCES IN 
FRONTOTEMPORAL DISEASE IN AMYOTROPHIC 
LATERAL SCLEROSIS  

   FLAHERTY-CRAIG   C  1   ,    BROTHERS   A  1,2   ,    MCFALLS   A  1   , 
   WANG   C  1   ,    SIMMONS   Z  1   

   1 Penn State College of Medicine, Hershey, PA, USA,  2  Colorado 
State University, Fort Collins, CO, USA   

   Email address for correspondence: cfl ahertycraig@hmc.psu.edu   

   Keywords:   FTD  ,   gender  ,   cognition   

   Background:  A large scale international multicenter study of 
Frontotemporal Dementia (FTD) found sex differences in 
FTD subtype incidence rates (1). Neuroimaging studies evi-
dence a predilection for many language processing tasks 
that is left hemisphere lateralized in males while bi-
hemispheric in females. Women display relative advantages 
for aspects of language processing, while men perform better 
at visuospatial processing (2,3,4). We hypothesized that 
gender differences would exist in emerging language process-
ing declines in ALS, with greater associations for females 
than males between 1) left and right hemisphere mediated 
tasks and 2) frontal and temporal cortical-mediated tasks.  

   Objectives : To investigate regional and gender differences in 
prevalence rates and pattern of cognitive (ci) and behavioral 
(bi) impairment in ALS.  

   Methods and materials : 110 subjects (55 M) from 14 ALS 
clinics were evaluated cross-sectionally with the Penn State 
Brief Exam of Frontal and Temporal Dysfunction Syndromes 
(PSFTS). Gender and regional groups were equivalent for 
education and IQ. Regional groups were age equivalent, while 
females were signifi cantly older (male M    �    56.3, female 
M    �    60.6; p    �    0.001).  

   Results : Prevalence rates of ci and bi were statistically 
equivalent among rural, suburban and urban subgroups. 
Females evidenced signifi cant strengths in letter fl uency 
(LF) (p    �    0.017) and category fl uency (CF) (p    �    0.019) and 
limitations in confi gurational processing (p    �    0.032) in com-
parison to males. Correlational patterns of regional cognitive 
fi ndings suggested greater frontal cortical involvement in the 
rural sample (attention and comprehension p    �    0.036, LF and 
CF p    �    0.000). Females demonstrated more bi-hemispheric 

involvement in comparison to more left hemispheric involve-
ment for males (LF and 2-D constructions p    �    0.035).  

   Discussion and   conclusions : ALS FTD prodrome regional 
prevalence differences appear insignifi cant and multifactorial, 
while consistent with the toxicity model implicating pesticides in 
frontal lobe change (5). This preliminary study warrants further 
study. Female gender potentially masks the FTD prodrome due 
to bilateral distribution of language processing, requiring assess-
ment of right hemisphere-mediated capacities to detect.  
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  C12 FUNCTIONAL RATING SCALES 
IN AMYOTROPHIC LATERAL SCLEROSIS: 
APPLICABILITY OF THE FRONTOTEMPORAL 
DEMENTIA RATING SCALE  

   HSIEH   S  1   ,    MIOSHI   E  1   ,    LILLO   P  1,2   ,    KIERNAN   MC  1,2   , 
   HODGES   JR  1,2   

   1 Neuroscience Research Australia, Sydney, NSW, Australia,  
2  University of New South Wales, Sydney, NSW, Australia   

   Email address for correspondence: s.hsieh@neura.edu.au   

   Keywords:   disease progression  ,   ALSFTD  ,   ALSFRS-R   

   Background:  ALS shares signifi cant clinical, genetic, 
pathological and neuroimaging overlap with frontotemporal 
dementia (FTD), a neurodegenerative condition character-
ised by signifi cant atrophy of the frontal and anterior tempo-
ral lobes. Importantly, similar patterns of behaviour (eg, 
apathy) and cognitive impairments (eg, executive and lan-
guage defi cits, impaired social cognition) exist across both 
conditions. Although ALS and FTD lie within the same dis-
ease continuum, differing functional rating scales are used, 
and there is an increasing need of a common disease staging 
scale that could be used to match both patient groups in 
comparative studies. The ALSFRS-R, which assess for limb 
and bulbar impairments as well as respiratory function, is 
used in ALS whereas the Frontotemporal dementia Rating 
Scale (FRS), assesses cognitive and behavioural symptom 
severity, is used in FTD. Recent fi ndings in ALS suggest that 
changes in behaviour also have a signifi cant impact on carer 
stress and burden. The FRS, therefore, may be a useful adjunct 
to the ALSFRS-R but has not yet been applied to a MND 
cohort to date.  

   Objectives:  To investigate the utility of the FRS in an ALS 
population in New South Wales, Australia.  

   Method:  The ALSFRS-R and FRS were obtained from a 
postal survey of carers/family members (N    �    130) recruited 
with the support of the NSW MND Association of Australia. 
On the FRS, three categories were used: “mild”, “moderate” 
and “severe”. Measures of carer burden and mood symptoma-
tology were also obtained.  
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   Results:  The ALSFRS-R (M    �    30, SD    �    9.3) but not the 
FRS (“mild”    �    30.8%, “moderate”    �    63.1%, “severe”    �    6.2%) 
was signifi cantly correlated with disease duration (months; 
M    �    4.7, SD    �    5.6) in ALS patients (26% bulbar onset; 
74% limb onset). The FRS, in contrast, was not signifi cantly 
correlated with the ALSFRS-R (p    �    0.10). For example, a 
proportion of patients (12.5%) with mild physical symptoms 
(ALSFRS-R scores between 37 and 48) were rated as “severe” 
on the FRS. Conversely, 34.4% of patients who are severely 
physical impaired (e.g., ALSFRS-R scores below 24) showed 
only “mild” impairment on the FRS. Finally, the ALSFRS-R 
and FRS correlated with caregiver burden and stress, 
respectively (p’s    �    0.01).  

   Discussion:  The ALSFRS-R and FRS are functional rating 
scales which measure motor, cognitive and behavioural symp-
toms, respectively. The two measures are unrelated but both 
are associated with important aspects of ALS symptoms, 
which are strongly correlated with caregiver burden and 
stress.  

   Conclusion:  Functional rating scales are useful in determin-
ing disease staging and progression, particularly in the context 
of drug trials in ALS and its overlap with FTD. Current 
ALS measures alone do not encapsulate the range of symp-
toms which are observed in ALS. The FRS, therefore, may 
be a useful adjunct to the ALSFRS-R in the context of ALS 
and FTD disease continuum.  

DOI: 10.3109/17482968.2012.721231/012

  C13 COGNITIVE AND BEHAVIOURAL DEFICITS 
DRIVE CORTICAL ATROPHY IN ALS WITHOUT 
ALS-FTD  

   MIOSHI   E  1,2   ,    LILLO   P  1,2   ,    YEW   B  1   ,    SAVAGE   S  1,2   ,    HSIEH   S  1   , 
   HODGES   JR  1,2   ,    KIERNAN   MC  1,2   ,    HORNBERGER   M  1,2   

   1 Neuroscience Research Australia, Sydney, NSW, Australia,  
2  University of New South Wales, Sydney, NSW, Australia   

   Email address for correspondence: e.mioshi@neura.edu.au   

   Keywords:   voxel-based morphometry  ,   cognitive defi cits  ,   behavioural 
changes   

   Background:  Despite severe motor defi cits, cortical motor 
cortex atrophy has not been consistently observed across ALS 
patients. It is still unclear why some ALS patients show corti-
cal atrophy while others do not; one potential reason for this 
variability would be that behavioural and cognitive defi cits 
drive the cortical atrophy in these patients. By applying the 
ALS Frontotemporal Dementia (ALS-FTD) consensus diag-
nostic criteria, we predicted that cortical atrophy would be 
only present in ALS patients with cognitive and behavioural 
defi cits, even those who did not qualify for a diagnosis of 
ALS-FTD.  

   Objective:  To characterize the patterns of brain atrophy in 
ALS patients with and without cognitive/behavioural defi cits, 
in comparison to controls.  

   Methods:  57 participants (ALS    �    21; ALS-FTD    �    17; 
controls    �    18) were included, following current ALS and 
FTD criteria. ALS patients were further sub-classifi ed 
according to the Strong criteria (defi cits in 2 non-overlapping 
behavioural domains or falling below 5th percentile on 2 
executive tests) into ALS with cognitive/behavioural syndrome 
(ALS-plus group; n    �    8) and ALS patients with no cognitive/
behavioural defi cits (ALS-pure group; n    �    14). All patients 

undertook extensive neuropsychological (executive; memory; 
language; emotion processing) and neuropsychiatric (apathy; 
stereotypical behaviour; abnormal behaviour) assessments, 
and underwent a brain MRI on the same date. Voxel-based 
morphometry (VBM) analysis was conducted to establish 
patterns of brain atrophy using the FSL software package.  

   Results:  There was a clear gradation of brain atrophy 
across patient groups. The ALS-FTD showed substantial 
atrophy (prefrontal cortex regions, motor cortex, ventrome-
dial prefrontal cortex, bilateral temporal pole regions), 
which is similar to the pattern observed in FTD. The ALS-
plus group showed less cortical atrophy than ALS-FTD, 
but still showed substantial atrophy in the motor and 
prefrontal cortex areas. Finally, the ALS-pure group 
showed only marginal cortical atrophy in motor cortex and 
prefrontal brain areas.  

   Discussion:  Our results show a clear gradation in regions of 
brain atrophy for ALS pure, ALS-plus, and ALS-FTD patients. 
More importantly, our study shows that ALS-pure patients 
have minimal cortical atrophy, indicating that previous results 
showing substantial atrophy in the motor cortex might have 
been driven by the inclusion of ALS-plus patients.  

   Conclusions:  Studies addressing the neural basis of ALS 
should consider the specifi c characteristics of ALS-plus 
patients, which could bias fi ndings. The subtle presence of 
cognitive and behavioural defi cits is indicative of an ALS-
plus syndrome, which could drive the motor cortical degen-
eration. Future studies need to establish whether ALS-plus 
follows a dying forward pattern of disease progression, and 
whether ALS-pure originates in the spinal cord, which in 
turn would explain the absence of behavioural and cognitive 
defi cits in ALS-pure patients.  

DOI: 10.3109/17482968.2012.721231/013

  C14 STRUCTURAL CONNECTIVITY AND 
AMYOTROPHIC LATERAL SCLEROSIS AND 
FRONTO-TEMPORAL DEMENTIA  –  EVIDENCE 
FROM DIFFUSION TENSOR IMAGING  

   SCHUSTER   C  1   ,    KASPER   E  1   ,    MACHTS   J  4   ,    NAUE   N  4   , 
   BITTNER   D  5   ,    KAUFMANN   J  5   ,    BENECKE   R  2   ,    
TEIPEL   S  1,3   ,    VIELHABER   S  5,4   ,    PRUDLO   J  2,1   

   1 German Center of Neurodegenerative Diseases (DZNE), 
Rostock, Germany,  2 Department of Neurology;  3 Department of 
Psychiatry and Psychotherapy, University Hospital, Rostock, 
Germany,  4 German Center of Neurodegenerative Diseases 
(DZNE), Magdeburg, Germany,  5  University Hospital Magdeburg, 
Magdeburg, Germany   

   Email address for correspondence: elisabeth.kasper@dzne.de   

   Keywords:   diffusion tensor imaging  ,   ALS-FTD  ,   cognitive impairment   

   Background:  Recently a continuum between amyotrophic 
lateral sclerosis (ALS) and fronto-temporal dementia (FTD) 
is encouraged by pathological and genetic characteristics, 
further supported by frontotemporal atrophy and hypome-
tabolis in ALS patients with dementia. To objectify overlap-
ping cognitive and behavioral profi les is made possible in 
particular by more differentiated neuropsychological test 
batteries and evaluation criteria.  

   Objectives:  To investigate extra-motor white matter (WM) 
integrity in ALS patients in order to identify defi ned patterns 
of WM microstructural changes related to cognition.  
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   Methods:  We investigated 66 ALS patients in comparison to 
33 age and sex-matched healthy controls (HC). The ALS-
group was categorized and divided as follows: 1) non cogni-
tively impaired ALS patients (ALSnci, N    �    30); 2) cognitively 
impaired ALS patients (ALSci, N    �    28, (1, 2); 3) ALS-FTD 
patients (N    �    8;(3)).  

  Diffusion tensor imaging was used to investigate white 
matter integrity. Fractional anisotropy (FA) values were 
analysed by both a whole brain voxel-based approach utiliz-
ing tract-based spatial statistics (TBSS) and an analysis of 
region of interest (ROI) after parcellation. For group com-
parisons, analyses of variance (ANOVAs) were performed.  

   Results:  Signifi cant FA reductions outside the corticospi-
nal tract were identifi ed by group comparisons as follows: 
in ALSci vs. HC, in the body of the corpus callosum (BCC) 
and bilaterally in the corona radiate; in ALSci vs. ALScni, 
in the posterior part of the right inferior fronto-occipital 
fasciculus (IFOF); in ALSci vs. ALS-FTD, in the uncinate 
fasciculus, in the rostral parts of the IFOF, in the cingulum, 
and in the BCC, including the forceps minor.  

   Discussion and conclusions:  There may be a correlation 
between extra-motor WM microstructural changes and cogni-
tion in ALS patients. In accordance with the recent fi ndings 
(4), our results show a concentration of WM lesions in the 
frontal and temporal lobes. Overlapping fi ndings (BCC, 
IFOF) may indicate a continuum between ALSci and ALS-
FTD. Further investigations should identify and confi rm pat-
terns of WM damage that could predict the transition from 
ALSci to ALS-FTD. Future research should extend the anal-
yses of structural connectivity to the dimension of behavior.  
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  C16 ER-GOLGI TRANSPORT IS A COMMON 
MECHANISM OF TOXICITY SHARED BY SOD1, 
TDP43 AND FUS IN AMYOTROPHIC LATERAL 
SCLEROSIS  

   SOO   KY  1   ,    FARG   M  1   ,    WALKER   A  2   ,    
SUNDARAMOORTHY   V  1   ,    HORNE   M  3,4   ,    ATKIN   J  1,3   
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2 Center for Neurodegenerative Disease Research, Department of 
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School of Medicine, Philadelphia, PA, USA,  3 Florey Neuroscience 
Institutes, University of Melbourne, Parkville, Victoria, Australia,  
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   Keywords:   TDP43  ,   FUS  ,   ER-Golgi transport   

   Background:  The pathogenic mechanisms triggered by 
TDP-43 and FUS in ALS are poorly understood. Previously 
we showed that mutant forms of both TDP43 and FUS 
trigger endoplasmic reticulum (ER) stress in cellular 
models of ALS. Induction of ER stress usually requires the 
accumulation of proteins within the ER. However, both 
TDP-43 and FUS lack a signal ER-targeting peptide and 
hence should not enter the ER. However, the failure of 
ER-Golgi transport can also trigger ER stress, due to the 
accumulation of secretory proteins within the ER. ER-
Golgi transport is driven by proteins including COPII, Rab1 
and dynein, which when impaired, will inhibit ER-Golgi 
transport. We previously showed that mutant SOD1 inhibits 
ER-Golgi transport, triggering ER stress, possibly by an aber-
rant interaction with COPII and dynein.  

   Objectives:  The objectives of this study were to determine 
whether mutant TDP-43 and mutant FUS also impair 
secretory protein transport between the ER and Golgi, con-
sequently inducing ER stress. We also examined whether 
mutant TDP43 or mutant FUS also interact with proteins 
involved in ER-Golgi transport.  

   Methods:  VSVG ts045  is widely used to examine ER-Golgi 
transport. Neuro2a cells were co-transfected with GFP-
TDP-43 or HA-FUS and VSVG ts045 -mCherry at different time 
points. After transfection, immunocytochemistry and confocal 
microscopy were performed to examine ER stress by nuclear 
immunoreactivity to CHOP. The interaction of TDP-43 or 

 C15 SELECTIVE AUTOPHAGIC DEGRADATION 
OF AGGREGATE-PRONE PROTEINS      

    SIMONSEN     A           

  Department of Biochemistry, Institute of Basic Medical Sciences, 
University of Oslo, Oslo, Norway  

  Email address for correspondence: anne.simonsen@medisin.uio.no                             

  Keywords:   autophagy  ,   autophagy-linked FYVE protein  ,   p62/
SQSTM1   

 Autophagy is a catabolic mechanism of the cell that allows 
recycling of cytoplasmic organelles and macromolecules 
through their sequestration into double-membrane vesicles 
(autophagosomes) which fuse with lysosomes, leading to deg-
radation of the sequestered biomolecules in the acidic interior 
of the lysosome. Long considered a non-selective process 
induced in response to cellular starvation, autophagy is now 
emerging as a highly selective quality control mechanism 
whose basal levels are important to allow cells to rapidly 
eliminate large unwanted structures such as aberrant protein 
aggregates, superfl uous or damaged organelles and invading 
pathogens. We are just starting to unveil the regulation and 
mechanism of these selective types of autophagy, but what it 
is already clearly emerging is that structures targeted to 
destruction are accurately enwrapped by autophagosomes 
through the action of specifi c receptors and adaptors. 

 The ubiquitin-binding protein p62/SQSTM1 has been 
identifi ed as a specifi c cargo receptor involved in selective 
autophagic degradation of intracellular aggregation-prone 
ubiquitinated proteins, a process termed aggrephagy. p62 
interacts with the autophagosomal membrane protein Atg8/
LC3 and thereby targets the ubiquitinated proteins for 
autophagic degradation. We have recently found that ALFY 
(autophagy-linked FYVE protein), a large PI3P-binding 
protein, is central to this selectivity. ALFY is recruited to 
intracellular inclusions and scaffolds a complex containing 
p62 and the autophagy effectors Atg5 and GABARAP (1, 2). 
Depletion of ALFY inhibits clearance of huntingtin aggre-
gates, but has no detectable effect on the non-selective 
starvation-induced autophagy. Importantly, ALFY over-
expression diminishes inclusion number and leads to 
neuroprotection in a neuronal and Drosophila model of 
Huntington’s disease, indicating that ALFY mediates 
selective autophagy of aggregating proteins (2). 

 Prior to fusion with the lysosomes, autophagosomes fuse 
with endocytic vesicles and we have shown that the endosomal 
sorting complexes required for transport (ESCRTs) are 
required for autophagic degradation of aggregate-prone 
proteins (3). Interestingly, mutations in the ESCRT-III 
subunit CHMP2B are associated with frontotemporal 
dementia and amyotrophic lateral sclerosis, indicating that 
dysfunctional autophagy may underlie to the observed neuro-
degenerative phenotype seen in patients with CHMP2B 
mutations. 

                        SESSION 3A CELL STRESS MECHANISMS    
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FUS with transport proteins were examined by immunopre-
cipitation, western blotting and immunocytochemistry.  

   Results:  Using VSVG ts045 , both mutant TDP-43 and mutant 
FUS were found to inhibit ER-Golgi transport in Neuro2a 
cells. This inhibition of transport occurred prior to the induc-
tion of ER stress and was one of the earliest cellular events 
we detected after transfection. Mutant TDP-43 was found to 
physically interact and co-localize with both Rab1 and dynein, 
whereas mutant FUS was found to physically interact and 
co-localize with Rab1 and COPII, but not dynein. These 
fi ndings suggest that the common mechanism of toxicity trig-
gered by mutant SOD1, TDP-43 and FUS is the inhibition 
of ER-Golgi transport. The physical interaction between 
mutant SOD1, TDP-43 and FUS and proteins involved 
in ER-Golgi transport such as Rab1, could be the mecha-
nism by which this inhibition occurs. Furthermore, over-
expression of Rab1 rescued ER stress and the cytoplasmic 
translocation of mutant TDP-43 and mutant FUS, demon-
strating a further link to disease.  

   Discussion and conclusions:  These fi ndings show that dys-
function of ER-Golgi transport is a common and early 
pathogenic mechanism triggered by SOD1, TDP-43 and FUS 
in ALS. Mutant SOD1, TDP-43 and FUS bound to several 
proteins involved in ER-Golgi transport, including Rab1, 
the only protein we examined which bound to all three. These 
data suggest that Rab1 plays a key role in the failure of 
ER-Golgi transport and pathogenesis in ALS.  

DOI: 10.3109/17482968.2012.721231/016

  C17 REDUCTION IN THE AUTOPHAGY 
PROTEIN, BECLIN 1, ACCELERATES DISEASE 
PROGRESSION AND LEADS TO ACCUMULATION 
OF MUTANT SOD1 AGGREGATES IN A MOUSE 
MODEL OF ALS  

   TOKUDA   E  1   ,    ANDERSEN   PM  2   ,    BR Ä NNSTR Ö M   T  1   , 
   MARKLUND   S  1   

   1 Department of Medical Biosciences, Ume å  University, Ume å , 
Sweden,  2  Department of Clinical Neuroscience, Ume å  University, 
Ume å , Sweden   

   Email address for correspondence: eiichi.tokuda@gmail.com   

   Keywords:   autophagy  ,   aggregates  ,   SOD1   mutant   

   Background:  A major known cause of amyotrophic lateral 
sclerosis (ALS) is mutations in the gene encoding copper/
zinc superoxide dismutase (SOD1). Aggregates/inclusions 
immunoreactive for SOD1 are hallmarks of ALS caused by 
mutant SOD1s. To maintain protein quality in the cell, 
there are two main cellular pathways for degradation of mis-
folded proteins: the ubiquitin-proteasome system and the 
autophagy-lysosome system. Several  in vitro  studies have 
shown that mutant SOD1 aggregates can be degraded by 
autophagy. However, the functional importance of autophagy 
against SOD1 aggregates has not been tested  in vivo .  

   Objectives:  The aim of the present study was to address 
whether autophagy protects against mutant SOD1-
linked ALS.  

   Methods:  Since Beclin 1 is a crucial protein in the autophagy 
pathway, hemizygous SOD1 G93A  mice were crossed with 
hemizygous Beclin 1 knockout mice to generate double 
hemizygous mice. Disease onset was defi ned as the time when 
mice reached peak weight before decline. The end-point was 

defi ned as the age at which a mouse was unable to right itself 
within 5 seconds after being pushed onto its side. Disease 
progression was defi ned as the period from disease onset to 
the end-point. The status of autophagy was assessed as the 
expression level of LC3-II, a marker for induction of 
autophagy. To elucidate the effects of autophagy on SOD1 
aggregates, spinal cords from terminal mice were separated 
from detergent-insoluble fractions. The fractions were ana-
lyzed by Western blot using antibody against human SOD1.  

   Results:  The time of onset was not altered in double 
hemizygous mice as compared with hemizygous SOD1 G93A  
mice. However, the lifespan was signifi cantly shortened from 
172    �    6.1 days to 152    �    5.8 days, representing a decrease of 
8.7%. Reduction in Beclin 1 accelerated the disease progres-
sion by 35% from 49    �    2.2 days to 31    �    4.8 days. There was 
also a signifi cant decreased level of LC3-II. Notably, further 
accumulation of SOD1 aggregates was observed in spinal 
cords of Beclin 1-reduced SOD1 G93A  mice.  

   Conclusion:  Beclin 1 dependent autophagy protects against 
disease progression, and regulates degradation of mutant 
SOD1 aggregates.  

DOI: 10.3109/17482968.2012.721231/017

  C18 FAILURE OF AUTOLYSOSOME FORMATION 
RESULTS IN IMPAIRED AUTOPHAGY IN 
UBQLN2-LINKED ALS-FTD  

   FECTO   F   ,    ESENGUL   YT   ,    DENG   H-X   ,    SIDDIQUE   T   

   Northwestern University Feinberg School of Medicine, Chicago, 
IL, USA   

   Email address for correspondence: faisalfecto2010@u.northwestern.
edu   

   Keywords:   FTD, dementia  ,   UBQLN2   

   Background:  Mutations in  UBQLN2  cause amyotrophic lat-
eral sclerosis (ALS) and ALS with frontrotemporal lobe 
dementia (ALS-FTD). Pathological inclusions containing 
UBQLN2 are a common pathological feature in a wide spec-
trum of ALS and ALS-FTD, including  SOD1 -linked ALS. 
Recent fi ndings have linked abnormalities in UBQLN2 to 
defects in protein degradation via the ubiquitin-proteasome 
system (UPS), abnormal protein aggregation and neurode-
generation. UBQLN2 sits at the crossroads of protein degra-
dation through the UPS, and bulk lysosomal degradation via 
autophagy. Continuous turnover of intracellular components 
by autophagy is essential to preserve neuronal homeostasis. 
Alterations in autophagy have been proposed to contribute to 
pathogenesis in several neurodegenerative diseases including 
ALS. Although a defective UPS has been suggested to pro-
duce ALS-associated protein aggregates, recent studies have 
revealed a prominent role for autophagy. However, the precise 
mechanism behind autophagy malfunction in ALS is poorly 
understood.  

   Objectives:  To further explore the pathogenic mechanism 
of UBQLN2-mediated ALS and ALS-FTD and the effect 
of mutant UBQLN2 on autophagy.  

   Methods:  To study the effect of UBQLN2 mutations 
on autophagy, neuro-2a cells were transiently transfected 
with expression vectors containing wildtype (wt) UBQLN2, 
P497H-UBQLN2 or P506T-UBQLN2. For fl ow cytometry 
and imaging studies, cells were co-transfected with an 
autophagosome marker (GFP-LC3). Fourty-eight hours 
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post-transfection cells were collected using a BD LSRFortessa 
fl ow cytometer and analyzed using BD FACSDiva software. 
For imaging studies, cells were fi xed 24 hours post-transfection, 
immunolabeled with anti-UBQLN2, anti-p62 or anti-
LAMP1 antibodies and analyzed using a Zeiss LSM 510 
Meta laser scanning confocal microscope. Endogenous 
LC3 and p62 turnover assay was performed using Western 
blotting according to standard protocols. Skin fi broblast cells 
derived from patients with ALS-FTD were used to confi rm 
our fi ndings.  

   Results:  Using cellular models and cells derived from patients 
with ALS-FTD, we found that cells expressing mutant 
UBQLN2 accumulate autophagosomes and autophagosome 
precursors. Expression of mutant UBQLN2 leads to an accu-
mulation of autophagosome-associated proteins, LC3 and 
p62. After autophagic induction, autophagosomes in mutant 
UBQLN2 expressing cells fail to mature into autolysosomes 
and degrade LC3 and p62.  

   Conclusions and discussion:  These data shed light on the 
possible mechanism through which mutant UBQLN2 may be 
pathogenic by highlighting an effect on the autophagy path-
way. Collectively, these data implicate UBQLN2 in autophagy, 
and suggest that impaired autophagy due to the failure of 
autolysosome formation is central to the pathogenesis of 
UBQLN2-linked ALS and ALS-FTD and may explain the 
pathology seen in ALS and FTD patients. This mechanism 
could accelerate the accumulation of the toxic aggregation-
prone proteins in ALS, and impair essential regulatory func-
tions of autophagy and the UPS. Hence, autophagy represents 
an attractive target for designing rational therapeutics in ALS 
and FTD.  

DOI: 10.3109/17482968.2012.721231/018

  C19 PROPAGATED MISFOLDING OF SOD1 
IN FAMILIAL AND SPORADIC ALS  

   GRAD   L   ,    GUEST   W   ,    POKRISHEVSKY   E   ,    O’NEILL   M   , 
   CASHMAN   N   

   University of British Columbia, Vancouver, BC, Canada   

   Email address for correspondence: neil.cashman@vch.ca   

   Keywords:   copper-zinc   superoxide     dismutase  ,   prion-like mecha-
nisms  ,   misfolding-specifi c   antibodies   

   Background:  Sporadic ALS without known genetic muta-
tion is clinically identical to familial ALS, in which mutations 
in superoxide dismutase 1 (SOD1), TDP43 and FUS are 
causal. A consequence of SOD1 mutation and/or oxidation is 
a propensity of the protein to misfold and aggregate. Human 
wild-type (wt) SOD1 is known to co-aggregate with mutant 

SOD1 in familial ALS (FALS), in double transgenic mouse 
models, and in cell culture systems. However, the capacity of 
wtSOD1 to engage in serial prion-like activity is unclear, 
as is the genesis of wtSOD1 misfolding in TDP43 or FUS-
associated ALS, and the potential relevance of this process to 
sporadic ALS (SALS).  

   Objectives:  To molecularly dissect the effects of misfolded 
mutant or wild-type (wt)SOD1 on natively structured 
wtSOD1; to determine if cytoplasmic mislocalized TDP43 or 
FUS was associated with SOD1 misfolding; and to quantify 
wtSOD1 misfolding in FALS and SALS.  

   Methods and results:  Transient transfection-driven 
expression of natural FALS SOD1 mutations G127X and 
G85R, or overexpression of wtSOD1, in human mesenchymal 
and neural cell lines induced misfolding of wild-type natively-
structured SOD1, as indicated by: 1) acquisition of immuno-
reactivity with SOD1 misfolding-specifi c monoclonal 
antibodies (mAbs); 2) markedly enhanced protease-K (PK) 
sensitivity suggestive of structural loosening; and 3) non native 
disulfi de-linked oligomer and multimer formation. Cytosolic 
mislocalizing mutations of TDP43 and FUS, and overexpres-
sion of wtTDP43, were also associated with SOD1 misfolding 
by immunocytochemistry and immunoprecipitation with 
SOD1 misfolding-specifi c mAbs. Culture media from cells 
transiently transfected with wild-type or mutant SOD1 
induced misfolding of endogenous SOD1 when added to 
naive neuroblastoma cell cultures, and this process was stably 
propagated in serial passage. Nonspecifi c uptake of misfolded 
SOD1 was excluded by siRNA knockdown of SOD1 in the 
fresh recipient cells, indicating a requirement for endog-
enously expressed SOD1 as a substrate. The agent responsible 
for induction of misfolding was determined to be a misfolded 
SOD1 aggregate which pelleted by ultracentrifugation of 
100,000 X g for 1 hr. Transmission of SOD1 misfolding 
 in vitro  was abrogated by extracellular pan- and misfolding-
specifi c SOD1 antibodies. On quantitative immunoprecipita-
tion with SOD1 misfolding-specifi c mAbs, misfolded wtSOD1 
was found to constitute  ∼ 5% of total SOD1 in spinal cord sam-
ples from SOD1 familial FALS as well as sporadic ALS, which 
was PK sensitive compared to normal and disease controls.  

   Discussion and conclusions:  wtSOD1 misfolding can 
propagate within and between cells, fulfi lling prion-like activ-
ity similar to mutant SOD1. wtSOD1 misfolding may be a 
cause or consequence of mutant TDP43/FUS or wtTDP43 
cytoplasmic mislocalization. A surprisingly large proportion 
of wtSOD1 in SALS was found to be misfolded by immuno-
reactivity and PK sensitivity. These data support the hypoth-
esis that propagated misfolding of SOD1 participates in the 
pathogenesis of all types of ALS.      

DOI: 10.3109/17482968.2012.721231/019
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  C21 CHOICES AND CONTROL - INVESTIGATING 
THE NEEDS, THOUGHTS AND WISHES OF 
PEOPLE WITH MOTOR NEURONE DISEASE IN 
THE AREA OF DEATH, DYING AND END-OF-LIFE 
DECISION MAKING  

   COONEY   G  1   ,    LEWANDO HUNDT   G  2   ,    WEAVER   J  1   , 
   GOODALL   G  1   ,    KNOX   K  3   ,    FITZGERALD   S  3   ,    
NAZEER   F  3   

   1 Picker Institute Europe, Oxford, UK,  2 University of Warwick, 
Warwick, UK,  3  Motor Neurone Disease Association, Northampton, 
UK   

   Email address for correspondence: farah.nazeer@mndassociation.org   

  Keywords: death  ,   suicide  ,   end-of-life  

   Background and objectives:  Picker Institute Europe con-
ducted a qualitative study investigating the views of people 
with ALS/MND in the areas of death, dying and end-of-life 
decision making. The objectives of the cross-sectional qualita-
tive study were to extend understanding concerning death, 
dying and end of life decision-making from the perspective of 
people with ALS/MND, in order to inform future service 
development and support activities by the study sponsor 
(MND Association).  

   Methods:  Study design was informed by preliminary focus 
groups, comprising  ‘ front-line ’  staff and volunteers from the 
MND Association. Participants with ALS/MND for the sub-
sequent  ‘ opt-in ’  qualitative study phase were recruited 
from across these regions via MND Association publicity. 
Thirty-four semi-structured interviews (21 male, 13 female) 
were conducted. A choice of interview methods was offered: 
face-to-face, by telephone, and through email or other 
communication device. This mix of approaches aimed to 
ensure geographical coverage and inclusivity. The sample 
included a broad range in terms of length of time since diag-
nosis ( �    1yr -    �    6 yrs). However, some of the more recently 
diagnosed interviewees reported symptoms for several years 
(pre-diagnosis), indicating that the sample was possibly 
skewed towards those with more slowly progressive disease. 
After 34 interviews  ‘ saturation ’  point had been reached, with 
themes and issues confi rmed without new material arising.  

   Results:  Three key themes emerged relating to end-of-life 
concerns:  

   Discussing death and dying   –  although diffi cult, talking about 
end-of-life issues can be helpful. However, end-of-life topics 
may be taboo even for those working with terminally ill peo-
ple. Some interviewees felt the Patient Association had a 
role in changing attitudes, encouraging people to speak freely 
and providing information on all aspects of death and dying.  

   Self-determination   –  many participants equated dignity in 
dying with having control and choices and being able to make 
their own decisions at the end-of-life. Defi ning what was an 

                        SESSION 3B AUTONOMY AND DECISION 
MAKING    

 C20 ASSISTING PATIENT CHOICES: AUTONOMY, 
PATERNALISM, OR SOMETHING IN BETWEEN?      

    BEDLACK   R           

  Duke University and Durham Veterans Affairs Medical Center, 
Durham, NC, USA  

  Email address for correspondence: richard.bedlack@duke.edu                             

  Keywords:   alternative treatments  ,   off-label treatments  ,   patient choice   

 Only a small percentage of patients with ALS enroll in research 
studies. At the same time, many patients with ALS will con-
sider alternative and off-label treatments (AOTs) they read 
about on the Internet. These surprising decisions can have 
important consequences. Slow enrollment means studies take 
longer, cost more, may be terminated without a conclusion, 
and may not be generalizable even when they are completed. 
Pursuit of AOTs can result in fi nancial, psychological, physi-
cal and scientifi c harms. Survey data suggest that patients may 
make decisions about research and AOTs using information 
that is scant, fl awed or even inaccurate. There thus exists an 
opportunity for health care professionals (HCPs) to assist 
patients with these important decisions. 

 Using a case-based format, this presentation will compare 
and contrast four classic models by which HCPs might assist 
patient choices toward research studies and/or AOTs: 
paternalistic, informative, interpretive, and deliberative 
(1). We will show that these are distinguished by how they 
defi ne patient values, by their concept of patient autonomy, 
by how they view HCP obligations, and by the goals they set 
for the HCP-patient interaction. We will describe the real-
world examples of each model being employed in ALS. These 
will include: face-to-face clinic visits, “compassionate use” 
programs, ALSUntangled and the ALS Clinical Research 
Learning Institute (ALS-CRLI). While each has its strengths 
and weaknesses, we will argue for the deliberative model 
being employed by ALS-CRLI as being optimal. 

 Reference 
  1.  Emanuel E, Emanuel L. Four models of the physician-

patient relationship. JAMA 1992;267:2221 – 2226.  

DOI: 10.3109/17482968.2012.721231/020
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acceptable quality of life and deciding when and where they 
wanted to die was important. Some wanted assisted dying as 
a possible option at the end-of-life, including a number who 
stated they might not choose it for themselves.  

   Having a voice   –  many participants said that a public debate 
on end-of-life issues, and in particular, assisted dying was 
needed. There was concern that healthy people were making 
policy decisions and legislation on these matters without 
listening to those affected by conditions like MND.  

   Discussion and conclusions:  There is a need to increase 
the provision of clear, up to date information on end-of-life 
decision-making and choices (including possibly legal sum-
maries on assisted dying) whilst continuing to improve access 
to MND specialist medical/palliative care and training of 
health professionals. Improved awareness and training of 
health professionals and Patient Association staff/volunteers 
in patient attitudes to death and dying is also required, 
in order to facilitate open discussion of options and choices 
for end-of-life, in a manner that addresses both individual 
diversity and the stages of disease progression.  

DOI: 10.3109/17482968.2012.721231/021

  C22 WIND OF CHANGE  –  WELL-BEING AND 
DECISIONS IN THE COURSE OF ALS  

   LUL É    D  1,2   ,    SORG   S  1   ,    NONNENMACHER   S  2   ,    
HEIMRATH   J  1   ,    LANG   D  1   ,    MEYER   T  3   ,    KUEBLER   A  4   , 
   BIRBAUMER   N  2,5   ,    LUDOLPH   AC  1   

   1 Neurology, University of Ulm, Ulm, Germany,  2 Medical Psychology, 
University of Tuebingen, Tuebingen, Germany,  3 Neurology, Charit é , 
Berlin, Germany,  4 Psychology, University of Wuerzburg, 
Wuerzburg, Germany,  5  Ospedale San Camillo, IRCCS, Venezia, 
Germany   

   Email address for correspondence: dorothee.lule@uni-ulm.de   

   Keywords:  quality of life  ,   depression  ,   decisions  

   Background:  Decisions to prolong or shorten life in fatal 
diseases are highly unknown. Furthermore, it is not clear how 
a patient adapts his decisions in the course of the disease. It 
was the aim of the study to determine 1) decisions of patients 
towards life prolonging treatments 2) course of change 
throughout 1.5 years 3) determinants of decisions.  

   Material and methods:  Decision process of 94 ALS 
patients in advanced stages of the disease (T1 mean ALS-
FRS 27.86    �    11.2) was measured longitudinally with a 
semi-structured interview four times in the course of 
1.5 years. They were interviewed on quality of life, attitudes 
to treatment and preferred treatment every six months for 
1.5 years (T1 to T4).  

   Results:  Indicators of high quality of life (T1 mean 
SeiqoL    �    71.7, T4    �    66.4; F    �    0.05, p    �    0.08) and global qual-
ity of life (T1 mean ACSA    �    0.01 T4    �    0.6; F    �    0.28 p    �    0.06) 
and low depression rate (T1 mean ADSK    �    8.6, T4    �    9.2; 
F    �    0.04 p    �    0.06) were stable throughout the study. In 
this cohort, the wish for hastened death was extremely low 
(T1 mean SAHD    �    4.9) and decreased during the fi rst six 
months (T2 mean SAHD    �    3.8, F    �    6.72 p    �    0.01). It 
remained low throughout the study (T4 SAHD    �    2.9, F    �    3.5 
p    �    0.01) despite the fact that physical function declined 
(T4 mean ALS-FRS    �    20.27; F    �    3.04 p    �    0.09). There was 
a positive correlation of the feeling to be a burden and the 
wish for hastened death (r    �    0.46 p    �    0.03) and depression 
(r    �    0.25 p    �    0.03), respectively. Initially, up to half of 

the patients (52%) had a positive mental attitude towards 
life-sustaining treatments, about one third were undecided 
(35%). Of the 48% with negative or undecided mental atti-
tudes 10% changed towards acceptance in the course of 
the study.  

   Conclusion:  In conclusion, ALS patients in Germany 
reported a high quality of life and a low desire for hastened 
death. The fear to be a burden for others was associated 
with a high wish for hastened death and low well-being. 
Positive attitudes regarding life-sustaining treatments were 
predominant either initially or during the course of the dis-
ease. Consistent with other studies, our data provide no evi-
dence for a general end-of-life-oriented despair in ALS and 
instead a positive attitude towards life-prolonging therapeutic 
treatments.  

DOI: 10.3109/17482968.2012.721231/022

  C23 ASSESSMENT OF END OF LIFE SETTING 
IN ALS PATIENTS ATTENDING A 
MULTI-DISCIPLINARY CLINIC  

   BANKER-HORNER   L  1   ,    DENNIS   C  2   ,    BARKHAUS   P  2   

   1 The ALS Association Wisconsin Chapter, Brookfi eld, WI, USA,  
2  Medical College of Wisconsin and Froedtert Hospital, Milwaukee, 
WI, USA   

   Email address for correspondence: lori@alsawi.org   

   Keywords:  end of life  ,   medical power of attorney  ,   multi-disciplinary 
clinic program  

   Background:  End of life planning in patients with ALS 
(PALS) is important even in its early stages so that their 
autonomy, especially in placement at end stage, is optimized. 
In our multi-disciplinary clinic (MDC), we have an ongoing 
dialogue with each PALS and their families to ascertain where 
they wish to be at end stage. Ideally, all elect to remain at 
home, with few needing long term care facility or inpatient 
hospice.  

   Objectives:  To determine how many of the PALS in our 
MDC are able to make and preserve their choice at end stage 
of disease and what factors might relate to deaths in acute 
hospitalization at end stage.  

   Methods:  The ALS Association Wisconsin Chapter PALS 
database was reviewed for deaths during a 20 month period 
(November 2009 - July 2011): 54 attended the ALS 
MDC. Information was obtained about their end of life, 
including date/location (home, residential facility, or acute 
hospitalization) of death, existence of medical power of 
attorney (MPOA), and disease duration.  

   Results:  3 of the 51 deceased PALS were excluded for 
lack of adequate information, leaving a total of 48 PALS for 
study. We divided these into 2 groups. In group one (41 
PALS), 34(71%) deceased at home, 2(4%) deceased in an 
inpatient hospice, and 5(10%) deceased in a long term 
care facility. 32 (78%) had MPOA in place at least one month 
prior to death. 26 (63%) PALS in this group were in hospice. 
7 PALS in group 2 (15%) deceased during an acute hospi-
talization (mean length of stay 7 days, range 2 – 15 days). 
4 had no MPOA, one had MPOA completed the day before 
admission, and 2 had MPOA in place prior to their disease 
but had not updated it after diagnosis of ALS. Only one PALS 
in this group was in hospice. Mean disease duration in group 
1 was 35 months (range 4 – 216 months) compared to group 
2 (43 months, range 15 – 64 months).  
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   Discussion:  Our MD ALS Program integrates palliative care 
throughout a PALS ’  management at all stages. The autonomy 
of each PALS is a major part of the MD team’s efforts to provide 
education and resources to them and their families so that they 
make informed choices and avoid unnecessary interventions 
and hospitalizations, particularly at end stage. Repeated discus-
sion helps prepare PALS and their families for end stage disease, 
which facilitates transition to hospice programs.  

   Conclusions:  This study emphasizes the importance of inte-
grating palliative care early in the management of ALS, 
including the use of the MPOA to facilitate these decisions. 
PALS who deferred or did not update MPOAs and were not 
under hospice care were more likely to decease in hospital.  

DOI: 10.3109/17482968.2012.721231/023

  C24 ALS PATIENT REPORTS OF END OF LIFE 
PREFERENCES  

   WALSH   S  1   ,    STEPHENS   HE  2   ,    SIMMONS   Z  2   

   1 ALS Association, Greater Philadelphia Chapter, Harrisburg, PA, 
USA,  2  Penn State Hershey Medical Center, Hershey, PA, USA   

   Email address for correspondence: hstephens1@psu.edu   

   Keywords:  end of life  ,   advance care planning  ,   evidence based   practice  

   Background:  There are currently no ALS specifi c guidelines 
for end of life (EOL) care. Traditional advance directives often 
are not adequate to help ALS patients plan for treatment 
options or for their clinicians to make care decisions consistent 
with patients ’  goals.  

   Objective:  To gather information from patients with ALS 
about preferences for medical treatment at EOL.  

   Methods:  A questionnaire was developed to solicit informa-
tion on patient EOL preferences, and was posted as an on-line 
survey. Patients receiving care at the Penn State Hershey ALS 
Center were notifi ed of the study and offered the 
opportunity to complete the survey. Responses were analyzed 

using descriptive statistics and frequency counts. The study 
was approved by the Penn State Hershey Medical Center 
Institutional Review Board.  

   Results:  40 patients completed the questionnaire. The sam-
ple included patients seen in the clinic less than 6 months 
(7.5%), between 6 – 12 months (22.5%), between 1 – 2 years 
(22.5%) and longer than 2 years (47.5%) Mean ALSFRSR 
was 17.3, SD 8.5. Two-thirds had thought  “ a fair amount ”  to 
 “ a great deal ”  about EOL preferences, while one-third 
reported thinking  “ not at all ”  to  “ a little bit ”  about these 
wishes. 82.1% of patients reported preparing an advance 
directive or living will, and of those, 90.6% reported satisfac-
tion with their document. The primary reason for not com-
pleting an advance care planning document was  “ my loved 
ones know my wishes and they did not see the need to have 
it in writing ”  (42.0%) followed by  “ I’m not ready to think 
about this issue yet ”  (28.6%) and  “ I’m not sure why I haven’t 
done one yet ”  (14.3%). When questioned about who should 
begin conversations about EOL care, top responses included 
the neurologist (60.5%), the patient (55.3%) and a family 
member or loved one (52.6%). A smaller percentage reported 
that the family doctor should begin EOL conversations 
(21.1%). Respondents most commonly thought that the time 
to initiate EOL discussion was when ALS symptoms change 
(79.5%), when the patients ’  wishes for EOL care change 
(59%), and when ALS team members think it is time to dis-
cuss EOL (43.6%); less frequent responses included  “ at the 
fi rst ALS clinic visit ”  (17.9%) and  “ at every ALS clinic visit ”  
(12.8%).  

   Discussion and conclusions:  Patients who are followed 
in an ALS clinic often have thought about EOL care. 
They believe that discussions about EOL care should be initi-
ated when ALS symptoms change. They frequently look 
to their health care team to determine when initiate such dis-
cussions, and to their ALS physician to do so. This informa-
tion is being used as the basis for an evidence-based project 
on ALS end of life care.      

DOI: 10.3109/17482968.2012.721231/024
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                        SESSION 4A GENETICS  &  GENOMICS    

 C25 MOTOR NEURON INVOLVEMENT 
IN MULTI-SYSTEM PROTEINOPATHY: 
IMPLICATIONS FOR ALS/MND      

    BENATAR   M  1  ,       FERNANDEZ     C  1  ,       WEIHL     C  2  ,       WUU     J  1  ,  
     KATZEN     H  1  ,       OSKARSSON   B  3  ,       STEELE     J  1,           TAYLOR     JP  4           

  1 University of Miami, Miami, FL, USA,  2 Washington University, 
St. Louis, MO, USA,  3 University of California Davis, Davis, CA, 
USA,  4  St. Jude Children’s Research Hospital, Memphis, TN, 
USA  

  Email address for correspondence: mbenatar@miami.edu                              

Keywords:  multisystem   proteinopathy  ,   inclusion body myopathy  ,  
 frontotemporal dementia 

  Background:  Inclusion body myopathy with Paget ' s disease 
and frontotemporal dementia (IBMPFD) was initially 
described as an autosomal dominant, multi-system degenera-
tive disease with incomplete penetrance of each characteristic 
feature. Early reports described mutations in the valosin-
containing protein (VCP) gene as the cause of IBMPFD, 
and the disabling weakness of this disorder has historically 
been attributed to muscle disease. We recently identifi ed 
mutations in the VCP gene in several individuals with familial 
ALS, and suggested that the phenotypic spectrum of IBMPFD 
extends to include motor neuron disease.   

  Objectives:  Ascertain the frequency with which degeneration 
or dysfunction of motor neurons contributes to weakness 
in patients with IBMPFD.   

  Methods:  To date, 17 study participants from 8 families 
with neuromuscular weakness, Paget ' s disease, and/or FTD 
have been characterized using neurological and electromyo-
graphic examinations as well as genetic analysis.   

  Results:  Weakness (median age of onset 38, range 25 – 52) 
was the most common clinical manifestation (present in 
15 patients), with physical signs of upper motor neuron 
dysfunction in four patients. EMG was abnormal in all 
17 patients, showing purely neurogenic changes in n    �    5, 
purely myopathic features in n    �    6, and a mixture of neuro-
genic and myopathic changes in the remaining n    �    6. Muta-
tions in the VCP gene (R155H, R159G, R155C) were 
identifi ed in six families, and an unpublished new gene was 
identifi ed in another family. The genetic cause in the eighth 
family has not yet been identifi ed. There were no clear 
genotype-phenotype correlations.   

  Discussion and conclusion:  The heterogeneity of IBMPFD 
has grown to encompass at least four disease genes and the 
phenotypic spectrum extends beyond IBM, Paget ' s Disease 
and FTD. Importantly, weakness, which is the most common 
and disabling phenotypic feature, may be caused by intrinsic 
muscle dysfunction, motor neuron disease, or a combination 
of the two. The acronym IBMPFD is therefore insuffi cient to 
explain disorders due to mutations in VCP or other recently 

identifi ed IBMPFD-associated genes. Instead, we favor the 
descriptor Multi-System Proteinopathy (MSP), using MSP1 
for a disease associated with VCP mutations and MSP2, 
MSP3, etc. for diseases with mutations in other known genes. 
The term  ‘ MSP ’  encompasses not only the extended clinical 
phenotype, but also the previously described prominent 
pathologic feature of protein aggregation in affected tissues. 
The genetic defects in MSP implicate a range of biological 
mechanisms including RNA processing and protein homeos-
tasis. These mechanisms may also be relevant to the pathobi-
ology of more common motor neuron degenerative diseases 
such as ALS  –  and provide an additional link between ALS 
and FTD.  

DOI: 10.3109/17482968.2012.721231/025

       C26 SOMATIC HETEROGENEITY OF THE 
GGGGCC HEXANUCLEOTIDE REPEAT IN 
C9ORF72 EXPANDED REPEAT CARRIERS  

   DEJESUS-HERNANDEZ   M  1   ,    VAN BLITTERSWIJK   M  1   , 
   BROWN   P  1   ,    PETRUCELLI   L  1   ,    DICKSON   DW  1   ,    
BOYLAN   KB  2   ,    RADEMAKERS   R  1   

   1 Mayo Clinic, Department of Neuroscience, Jacksonville, FL, 
USA,  2  Mayo Clinic, Department, Jacksonville, FL, USA   

   Email address for correspondence: dejesushernandez.mariely@
mayo.edu   

   Keywords:   C9ORF72  ,   southern blot  ,   repeat length   

   Background:  Linkage analysis in autosomal-dominant 
families in which affected members develop amyotrophic 
lateral sclerosis (ALS), frontotemporal dementia (FTD) or 
both, and where the pathology is TDP43-positive, have 
long suggested a major locus for FTD/ALS on chromosome 
9p21. Last year, we identifi ed a GGGGCC hexanucleotide 
expanded repeat in the non-coding region of chromosome 9 
open reading frame 72 ( C9ORF72)  as the mutation anomaly 
responsible for disease in these families and the most common 
cause of ALS and FTD to date. Using southern blot analysis 
with DNA extracted from lymphoblast cell lines of  C9ORF72  
mutation carriers, we showed variable GGGGCC repeat 
lengths (700 – 1600 repeats); however, the repeat length 
in affected brain tissue and non-affected peripheral tissue 
samples from  C9ORF72  mutation carriers has not been 
systematically studied.  

   Objectives:  To determine the GGGGCC repeat size and 
degree of heterogeneity in DNA samples from different brain 
regions and non-affected peripheral tissues in  C9ORF72  
mutation carriers.  

   Methods:  We studied three ALS patients with  C9ORF72  
expanded repeats ascertained at the ALS Center at Mayo 
Clinic Florida with full autopsy available at the Mayo Clinic 
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Florida Brain Bank. Genomic DNA (gDNA) was extracted 
from blood, spleen, heart, muscle, liver and different brain 
regions (frontal cortex, temporal cortex, parietal cortex, 
occipital cortex and cerebellum) and used for southern blot 
analysis.  

   Results:  The  C9ORF72  mutation carriers presented clinical 
features of classical ALS with the exception of one patient 
diagnosed with progressive muscular atrophy (PMA) without 
upper motor neuron signs. TDP-43-positive pathology was 
confi rmed in all patients. Post-mortem examination showed 
classical ALS pathology in two cases and FTLD-MND with 
predominantly lower motor pathology in the PMA patient. 
Southern blot analysis using DNA extracted from several 
brain regions, peripheral tissues and blood confi rmed the 
presence of an expanded allele with a smear of high mole-
cular weight bands in all cases, suggesting somatic instability 
of the expanded repeat. Direct repeat size comparison of 
gDNA from blood and cerebellum showed no signifi cant 
difference in size in two cases, whereas the third case diag-
nosed with PMA showed only 80 – 100 repeats in blood and 
 �    1000 repeats in the cerebellum. We further detected variable 
degrees of somatic heterogeneity of repeat size in the expanded 
alleles within and across tissues in all affected individuals. The 
longest repeat lengths were generally observed in the brain.  

   Discussion:  The repeat length in  C9ORF72  mutation carri-
ers is highly variable across tissues as a result of somatic insta-
bility. The exact mechanism for the instability is poorly 
understood; however, several factors, including DNA 
replication, repair, recombination and transcription, may 
be involved. The discrepancy of  C9ORF72  repeat length 
between blood and brain tissue could have implications for 
diagnostic testing and should be considered when performing 
correlative studies of repeat size with clinical and pathological 
endophenotypes.  

DOI: 10.3109/17482968.2012.721231/026

  C27 EVIDENCE FOR AN OLIGOGENIC BASIS 
OF AMYOTROPHIC LATERAL SCLEROSIS  

   VAN ES   M  1   ,    VAN BLITTERSWIJK   M  1   ,    HENNEKAM   E  2   , 
   DOOIJES   D  2   ,    VAN RHEENEN   W  1   ,    MEDIC   J  1   ,    
BOURQUE   P  3   ,    SCHELHAAS   H  4   ,    RAAPHORST   J  5   ,    
VAN DER KOOIJ   A  5   ,    DE VISSER   M  5   ,    DE BAKKER   P  6,7   , 
   VELDINK   J  1   ,    VAN DEN BERG   LH  1   

   1 Department of Neurology, Rudolf Magnus Institute of 
Neuroscience, University Medical Centre Utrecht, Utrecht, The 
Netherlands,  2 Department of Medical Genetics, University Medical 
Centre Utrecht, Utrecht, The Netherlands,  3 Division of Neurology, 
University of Ottawa, Ottawa, Canada,  4 Department of Neurology, 
Donders Institute for Brain, Cognition and Behaviour, Radboud 
University Nijmegen Medical Centre, Nijmegen, The Netherlands,  
5 Department of Neurology, Academic Medical Centre, University 
of Amsterdam, Amsterdam, The Netherlands,  6 Department of 
Epidemiology, University Medical Centre Utrecht, Utrecht, The 
Netherlands,  7  Broad Institute of Harvard and MIT, Cambridge, 
MA, USA   

   Email address for correspondence: m.a.vanes@umcutrecht.nl   

   Keywords:   oligogenetic inheritance  ,   C9ORF72  ,   TARDBP   

   Background:  In pedigrees affected by its familial form of 
ALS, incomplete penetrance is often observed as well as high 
phenotypic variability. We hypothesized that this could be 

caused by complex inheritance of multiple risk variants in 
multiple genes.  

   Objective:  We screened 111 FALS patients from 97 families, 
and large cohorts of SALS patients (n    �    1,000) and control 
subjects (n    �    1,000) for mutations in  TARDBP ,  FUS/TLS , 
 SOD1 ,  ANG , and  C9ORFf72  in search of evidence for 
oligogenetic inheritance.  

   Results:  Mutations were identifi ed in 48% of FALS 
families, 8% of SALS patients, and 0.5% of control subjects. 
In fi ve of the FALS families, we identifi ed multiple mutations 
in multiple ALS-associated genes. We detected  FUS/TLS  
and  TARDBP  mutations in combination with  ANG  muta-
tions, and  C9ORF72  repeat expansions with  TARDBP ,  SOD1 , 
and  FUS/TLS  mutations. Statistical analysis demonstrated 
that the presence of multiple mutations in FALS is in 
excess of what is to be expected by chance (p    �    1.77    �    10 �7 ). 
The most compelling evidence for an oligogenic basis was 
found in individuals with a p.N352S mutation in  TARDBP,  
detected in fi ve FALS families and three apparently SALS 
patients. Genealogical and haplotype analyses revealed that 
these individuals shared a common ancestor. We obtained 
DNA of 14 patients with this  TARDBP  mutation, 50% 
of whom had an additional mutation ( ANG ,  C9ORF72  or 
homozygous  TARDBP ).  

   Discussion and conclusions:  We provide strong evidence 
for an oligogenic etiology of ALS. This may have important 
implications for the interpretation of whole exome/genome 
experiments designed to identify new ALS-associated genes, 
and for genetic counselling, especially of unaffected family 
members.  

DOI: 10.3109/17482968.2012.721231/027

  C28 IDENTIFICATION OF NOVEL ALS GENES 
USING LINKAGE ANALYSIS AND EXOME 
SEQUENCING  

   WILLIAMS   K  1,2   ,    SOLSKI   J  1   ,    DURNALL   J  1   ,    THOENG  
 A  1,3   ,    THOMAS   V  1,2   ,    WARRAICH   S  1,2   ,    CRAWFORD   J  1,4   , 
   ROULEAU   G  5   ,    NICHOLSON   G  1,6   ,    BLAIR   I  1,2   

   1 Northcott Neuroscience Laboratory, ANZAC Research Institute, 
Sydney, NSW, Australia,  2 Sydney Medical School, University of 
Sydney, Sydney, NSW, Australia,  3 Department of Physiology, 
University of Sydney, Sydney, NSW, Australia,  4 School of 
Biological Sciences, Macquarie University, Sydney, NSW, 
Australia,  5 Ste-Justine Hospital Research Centre, Montreal, 
Canada,  6  Molecular Medicine Laboratory, Concord Hospital, 
NSW, Australia   

   Email address for correspondence: kellylouisewilliams@gmail.com   

   Keywords:   exome  ,   linkage  ,   bioinformatics   

   Background:  Amyotrophic lateral sclerosis (ALS) is a fatal 
neurodegenerative disorder that causes the progressive 
degeneration of motor neurons. Familial ALS accounts for 
approximately 10% of ALS cases, with the remainder being 
sporadic. ALS is genetically heterogeneous. To date, known 
genes account for ∼  55% of familial cases.  

   Objectives:  We aim to investigate known ALS genes and 
identify new ALS genes in a large cohort of Australian 
ALS families (n    �    187) using a combination of sequencing, 
traditional genetic linkage approaches and next-generation 
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sequencing strategies. We also aim to implement a user-
friendly pipeline for an analysis of exome sequencing data.  

   Methods:  A large cohort of Australian ALS families (n    �    187) 
has been recruited. We are using a combination of traditional 
genetic linkage approaches, together with next-generation 
sequencing strategies, to search for new ALS genes among 
families that are negative for mutations in all known ALS 
genes. Known ALS genes have been the ongoing subject of 
mutation analysis among these cohorts.  

   Results:  We analysed 187 ALS families for mutations in 
known ALS genes and determined that they account for 
57.2% of Australian ALS families and comprise  SOD1  
(13.9%),  FUS  (2.7%),  TARDBP  (2.1%),  UBQLN2  (1.1%) 
and  C9ORF72  (38.0%) mutations. In order to identify new 
loci for familial ALS, an 8cM genome-wide microsatellite 
linkage scan was performed on 51 individuals (affected, unaf-
fected and obligate carriers) from two large informative fam-
ilies negative for all known ALS genes. Previous linkage 
analysis was performed on one of these families using a 10K 
Affymetrix SNP chip. Subsequent analyses have yielded 
signifi cant and suggestive linkage to several chromosomal 
regions. In order to reduce sequencing burden when new ALS 
genes are identifi ed, a proband from each of our remaining 
79 families was subjected to exome capture and sequencing 
(Agilent capture-SOLiD4 sequencing or Illumina TruSeq 
capture-HighSeq2000 sequencing). Bioinformatic analysis 
has required the development of a user-friendly pipeline. 
We have two novel candidate genes that are currently being 
validated.  

   Discussion and conclusions:  The genetic defects are yet 
to be identifi ed among 42.2% of ALS families (79/187 
families) within our cohort. The chromosomal regions impli-
cated from our genome-wide linkage scans do not overlap 
previously identifi ed loci, implicating substantial genetic 
heterogeneity. Linkage analysis, in combination with exome 
capture and sequencing, has allowed us a greater opportu-
nity to identify novel ALS genes. Two candidate genes are 
currently being validated in extended patient and control 
cohorts, patient tissues and functional studies. The identifi -
cation of these novel ALS genes will give insights into 
the biological basis of both familial and sporadic motor neu-
ron degeneration, allow development of new disease models 
and provide new targets for therapeutic development.  

DOI: 10.3109/17482968.2012.721231/028

  C29 RESIDUAL ASSOCIATION OF 
CHROMOSOME 9P21 SNPS WITH ALS AFTER 
EXCLUSION OF C9ORF72 MUTATED CASES  

   JONES   A  1   ,    SHATUNOV   A  1   ,    ELLIS   CM  2   ,    LEIGH   PN  1,3   , 
   SHAW   CE  1   ,    AL-CHALABI   A  1   

   1 Institute of Psychiatry, King’  s College London, London, UK,  
2 King’s College Hospital, London, UK,  3  University of Sussex, 
Brighton, UK   

   Email address for correspondence: ashley.a.jones@kcl.ac.uk   

   Keywords:   genetics  ,   9p21  ,   statistics   

  Pathological expansion of a hexanucleotide repeat in an intron 
of the C9ORF72 gene is a cause of about 10% of all ALS, 
and was identifi ed through a series of linkage and association 
analyses. The risk SNPs and haplotype that tag the mutation 

are frequent in the general population. It is possible that the 
mutation is not the only disease causing variation in this 
region. For example, in Parkinson ' s disease, a situation exists 
in which linkage is seen in families to the same genomic region 
as those with no family history, but is caused by two different 
genetic lesions; one a Mendelian, high penetrance mutation, 
the other, common variation at a SNP.  

   Aim:  To identify whether the 9p21 risk haplotype still 
associates with the disease when the mutation has been 
accounted for.  

  To remove the ALS cases with the mutation from our 
dataset to elucidate other SNPs genome-wide that associate 
with ALS.  

   Method:  We screened case samples previously analysed in 
a genome-wide association study (GWAS) for the pathologi-
cal expansion of C9ORF72. We stratifi ed further analyses 
by the presence or absence of the expansion, examining the 
locus for residual association, and analysing for genome-wide 
association.  

   Results:  There were 599 case samples and 4142 controls. 
A total of 39 of the cases were expanded. Controlling for 
the presence of the expansion, there was residual associa-
tion at chromosome 9p21, (rs3849942 p-value    �    NNN). 
Genome-wide, no new loci were identifi ed in the more 
homogeneous sample. A previously identifi ed ALS-associated 
haplotype did not show association once the expanded cases 
were accounted for.  

   Conclusions:  There may be further disease-causing variation 
at the chromosome 9 locus, possibly resulting in synthetic 
association.  

DOI: 10.3109/17482968.2012.721231/029

  C30 TOTAL TRANSCRIPTOME SEQUENCING 
ANALYSES IN BRAIN TISSUE OF C9ORF72 
EXPANDED REPEAT CARRIERS  

   BAKER   M  1   ,    ZHANG   Y  2   ,    VAN BLITTERSWIJK   M  1   , 
   DEJESUS-HERNANDEZ   M  1   ,    BOYLAN   KB  3   ,    
GRAFF-RADFORD   NR  3   ,    DICKSON   DW  1   ,  
   RADEMAKERS   R  1    

  1 Department of Neuroscience, Mayo Clinic Florida, Jacksonville, 
FL, USA,  2 Biomedical Statistics and Bioinformatics Department, 
Mayo Clinic Minnesota, Rochester, MN, USA,  3  Department of 
Neurology, Mayo Clinic Florida, Jacksonville, FL, USA   

   Email address for correspondence: rademakers.rosa@mayo.edu   

   Keywords:   C9ORF72  ,   RNA sequencing  ,   expression   

   Background:  We recently identifi ed expanded GGGGCC 
repeats in the non-coding region of the chromosome 9 open 
reading frame 72 ( C9ORF72 ) gene as the long sought-
after cause of amyotrophic lateral sclerosis (ALS) and fronto-
temporal lobar degeneration (FTLD) on chromosome 9p. 
In line with studies in other non-coding repeat expansion 
disorders, we showed that the repeat expansion leads to the 
formation of nuclear RNA foci, suggesting a possible toxic 
RNA gain-of-function disease mechanism.  

   Objective:  To identify gene expression and alternative splic-
ing changes resulting from GGGGCC repeat expansions in 
 C9ORF72  using transcriptome sequencing.  
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   Methods:  We performed total RNA sequencing (RNAseq) 
using RNA extracted from frontal cortex from 16 FTLD 
patients with TDP43 pathology from the Mayo Clinic brain 
bank. Eight patients carried expanded  C9ORF72  repeats, 
while normal repeat lengths were present in the other 
eight. Patient groups were matched for age at death, sex 
and brain weight, and all samples had RNA integrity num-
bers    �    8. RNAseq was performed using an Illumina 
HiSeq2000, one sample per lane. The Illumina standard 
processing pipeline v1.5 was employed for processing raw 
images to make base calls and generate sequence reads, 
which were aligned to human genome assembly 19 and our 
in-house exon junction database. Aligned sequence tags 
were counted for each annotated gene/exon using our in-
house RNA-seq pipeline SnowShoes-EX. A total of 22480 
genes were annotated using RefSeq RNA database and raw 
read counts for genes were generated for downstream 
analyses.  

   Results:  Differential gene expression analysis was performed 
using DESEQ, showing 367 genes as differentially expressed 
between groups (adjusted p    �    0.01). Pathway and functional 
enrichment analysis using Ingenuity Pathway Analysis 
tool showed that 40 of these genes were annotated to neuro-
degenerative disorders (overlap p    �    3.25E-09). Signifi cant 
networks identifi ed were related to neurological disease, 

cell-to-cell signaling and interaction, and infl ammatory 
response. Interestingly, GABA receptor signaling and ALS 
signaling were among the four most enriched canonical 
pathways in  C9ORF72  mutation carriers compared to non-
carriers. The identifi cation of ALS signaling is exciting, given 
that  C9ORF72  expansions can cause both FTLD and ALS, 
but only FTLD brains were included in this study. To deter-
mine whether relative expression levels of transcripts were 
changed, we used Partek Genomic Suite. Twenty-seven genes 
were estimated to be alternatively spliced between groups 
(p    �    0.001), with diacylglycerol kinase, zeta ( DGKZ ) and 
glutamate receptor, ionotropic, N-methyl D-aspartate 1 
( GRIN1 ) as the most signifi cantly alternatively spliced genes. 
To detect differential exon usage across the two groups, 
we further employed DEXSEQ which identifi ed additional 
genes with differentially expressed exons (p    �    0.001), includ-
ing ubiquitin-conjugating enzyme E2A ( UBE2A ) and ubiqui-
tin interaction motif-containing protein 1 ( UIMC1 ).  

   Discussion:  RNAseq shows differentially expressed genes 
and alternative splicing changes in patients carrying  
C9ORF72  repeat expansions. The specifi c targets identifi ed 
in this study need confi rmation in additional patient series 
and tissues.      

DOI: 10.3109/17482968.2012.721231/030
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  C32 LIVING WITH MND: A CARER PERSPECTIVE  

   BAXTER   S  1   ,    BAIRD   W  1   ,    THOMPSON   S  1   ,    BIANCHI   S  2   , 
   WALTERS   S  1   ,    LEE   E  1   ,    AHMEDZAI   S  1   ,    PROCTOR   A  1   , 
   SHAW   P  1   ,    MCDERMOTT   C  1   

   1 University of Sheffi eld, Sheffi eld, UK,  2  Sheffi eld Teaching 
Hospital Foundation Trust, Sheffi eld, UK   

   Email address for correspondence: s.k.baxter@sheffi eld.ac.uk    

Keywords: carer   burden  ,   qualitative  ,   quality of life 

   Background:  A diagnosis of motor neurone disease (MND) 
has a substantial impact within a family. The effect on carer-
partners is increasingly recognised, particularly in terms of 
anxiety, depression and reduced quality of life. Attention to 
informal carer well-being is important not only for the carer 
but also for the patient because of the signifi cant association 
observed between carer well-being and patient well-being.  

   Objectives:  The objectives of this study were; i) To describe 
the experiences of informal carers of patients with MND over 
the course of the disease and ii) To make recommendations 
regarding how support for carers may be enhanced.  

   Methods:  The study used a longitudinal mixed-method 
approach including interviews and questionnaires with MND 
patients and their carers over the course of the disease. 
The work reported in this paper focuses on the qualitative 
interviews carried out with carers, together with data from 
the SF36 carer measures and Carer Strain Index.  

   Results:  Seventeen carers took part in the study. A key theme 
in the data was the importance of maintaining patient inde-
pendence and using strategies to preserve this as long as 
possible. A second theme identifi ed was the considerable 
physical effort of the carer ' s role. Related to this was the 
change in the role of the partner from an informal carer to a 
role almost indistinguishable from a formal carer. Carers 
described how, while having time away could be benefi cial, 
that feelings of worry or guilt impacted on their ability to leave 
the patient. Coping strategies, such as focusing on each day 
rather than thinking about the future, and trying to maintain 
a positive or cheerful outlook, were described. Key aspects of 
service provision highlighted were: a reluctance to use profes-
sional carers; the intrusion of services into life, particularly 
soon after diagnosis; and issues regarding timing of equipment 
provision. Data from the quantitative measures echoed the 
physical burden on carers with the SF36 Physical Component 
Summary score considerably below that of the Mental Health 
Component Summary score (mean 0.5 (SD 15.4) vs mean 
14.6 (SD 14.3)) at baseline and at all following time points.  

   Discussion:  The study highlights the need for not only the 
emotional elements, but also the physical impact of caring for 
a patient with MND to be recognised. It suggests the impor-
tance of multiple services co-ordinating their input, particu-
larly in the early stages following diagnosis, in order to provide 

                        SESSION 4B CARER  &  FAMILY SUPPORT    

 C31 HOW CAN WE CARE FOR THE CARERS?      

    OYEBODE     JR  1,2           

  1 University of Birmingham, Birmingham, UK,  2  Birmingham and 
Solihull Mental Health NHS Trust, Birmingham, UK  

  Email address for correspondence: j.r.oyebode@bham.ac.uk                             

  Keywords:   carer  ,   stress  ,   loss   

 Family carers are vital to the welfare of those with MND, 
yet being a carer for someone with progressive disability is 
known to be hard work and can take a toll on the carer ' s 
mental and physical health. This talk will consider how themes 
arising from research can inform practice; in particular, the 
ways carers can be supported and enabled to sustain their 
caring role without damaging their own well-being. A number 
of key themes from recent caregiver research with MND and 
other conditions will be presented and explored, and impli-
cations drawn out for carers and those who work with them. 

 This research, for example, demonstrates the power of 
the mind, in that the stress of providing care has a stronger 
link with the way the carer  ‘ makes meaning ’  of their situation 
than with the type or degree of support. Therefore considering 
how carers can think of their situation differently becomes 
relevant. 

 Another thread of recent research focuses on the relation-
ship within which caring takes place, showing how its history 
intersects with the shift in workload and power that accom-
panies illness. Thus,  ‘ soft ’  issues such as how decisions are 
negotiated, within a couple and with services, become as 
important to address as those around instrumental care. 

 Carer research has only more recently recognised that 
grief processes can be as powerful as stress processes in car-
egiving, as carers witness changes in their relative. Research 
into dealing with  ‘ anticipatory grief  ’  and  ‘ chronic sorrow ’ , 
therefore, becomes relevant here to inform whether being 
in touch with feelings is helpful during the care trajectory. 

 Evidence-based psychotherapeutic developments also 
have potential for transfer to the MND setting, with self-
compassion (kindness towards, and acceptance of, oneself) 
providing one promising approach that appears to be protec-
tive against depression in demanding situations. 

 Overall then, research in the MND area and further afi eld 
has much food for thought to offer as we consider how to 
support carers. This presentation will provide a synopsis of 
key strands of research with ideas about how it might translate 
into practice. 

DOI: 10.3109/17482968.2012.721231/031
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timely support whilst avoiding overwhelming the patient 
and the carer. The data describe the considerable challenge 
for many carers in having time away from the patient and 
accepting professional services which need to be overcome if 
respite or care services are to be taken up. Finally, the study 
highlights the importance of providing equipment at the 
optimum time.  

DOI: 10.3109/17482968.2012.721231/032

  C33 INTERPERSONAL RELATIONSHIPS AND 
PURPOSE IN LIFE ARE PREDICTORS OF 
SURVIVAL IN ALS  

   AL-CHALABI   A  1   ,    MARTIN   NH  2   ,    JANSSEN   A  2   ,    
LEIGH   PN  3   ,    GOLDSTEIN   LH  2   

   1 Department of Clinical Neuroscience, Institute of Psychiatry, 
King ' s College London, London, UK,  2 Department of Psychology, 
Institute of Psychiatry, King ’ s College London, London, UK,  
3  Brighton and Sussex Medical School, University of Sussex, 
Brighton, UK   

   Email address for correspondence: laura.goldstein@kcl.ac.uk

    Keywords: purpose in life  ,   interpersonal relationships  ,   survival 

   Background:  Previous studies have suggested that psycho-
logical well-being may predict physical status/survival in 
people with ALS. Studies have also indicated that executive 
dysfunction may be a prognostic indicator. Little informa-
tion within ALS is available concerning the impact of social 
relationships on survival.  

   Objectives:  Within the context of a study of decision-making 
in people with ALS, we investigated the prognostic value of 
psychological well-being (refl ected by purpose in life- PIL), 
cognitive function, symptom severity, body mass index (BMI) 
and whether the person with ALS could be conceptualised 
as being or having been in a supportive relationship.  

   Methods:  Measures of purpose in life (PIL Scale), cognitive 
function (ACE-R), symptom severity (ALSFRS-R), BMI 
and time from symptom onset were obtained in 78 people 
with ALS recruited to a population-based study. These 
variables, together with the classifi cation of whether the per-
son was married/living with a partner/widowed vs single/
divorced), were used to predict survival during the study.  

   Results:  Of our sample, 58 people were married, four were 
in a stable partnership and six had been widowed; in addition, 
three were single and seven were divorced/separated. In the 
fi nal model, using a Cox survival analysis, survival was inde-
pendently predicted by diagnostic delay (B    �    �0.077, 
se    �    0.031, p    �    0.012) region of disease onset (B    �    1.688, 
se    �    0.023, p    �    0.012) and ALSFRS-R Total (B    �    �0.120 
se    �    0.054, p    �    0.026). Age, gender, body mass index and total 
ACE-R scores did not predict survival. However, PIL scores 
at baseline modestly but signifi cantly predicted survival 
(B    �    �0.028, se    �    0.013, p    �    0.031) as did the nature of the 
relationship in which the person had been involved. Being 
married/living with a partner/widowed predicted a longer sur-
vival time as did being single/divorced (B    �    1.978, se    �    0.680, 
p    �    0.004).  

   Discussion and conclusions:  Our results confi rmed a 
number of accepted prognostic factors for survival. We also 
found evidence, supporting earlier studies, suggesting that 
psychological well-being may be an important predictor of 
survival in ALS. Higher PIL could indicate that the person 
experiences a greater sense of meaning in life; a lack of 

purpose in life might infl uence a person ' s ability to confront 
challenging life situations. It is possible that this may infl uence 
how people deal with the challenges of ALS. Additionally, we 
found an independent, further predictor related to the nature 
of the intimate relationships in which participants had been 
involved. It is unlikely that this simply refl ects the presence of 
a carer, since there was no predictive difference between those 
currently living with a partner or not when the widowed par-
ticipants were reclassifi ed along with the single/divorced peo-
ple. Further research needs to investigate the impact of the 
nature of the signifi cant relationships in dealing with illness 
and how these might relate to other disease phenotypes and 
traits which may infl uence survival.  

   Acknowledgements:  Study supported by the MND 
Association UK  

DOI: 10.3109/17482968.2012.721231/033

  C34 DECISION-MAKING ABOUT 
REPRODUCTIVE CHOICES AMONG 
INDIVIDUALS AT RISK FOR FAMILIAL 
AMYOTROPHIC LATERAL SCLEROSIS IN 
FAMILIES WITH A KNOWN GENETIC MUTATION  

   HOLLEY   D  1,2   ,    SIDDIQUE   N  1   ,    VICTORSON   D  1   ,    
O’NEILL   S  1   ,    KINSLEY   L  1   ,    SIDDIQUE   T  1   

   1 Northwestern University, Chicago, IL, USA,  2  Department of 
Veterans Affairs, Salt Lake City, UT, USA   

   Email address for correspondence: deborahholley2012@u.north
western.edu

Keywords:     familial   ALS  ,   reproductive decision-making  ,  
 genetic   testing 

   Background : No research has focused on the reproductive 
decision-making process in individuals at risk for familial 
amyotrophic lateral sclerosis (FALS).  

   Objectives:  This qualitative study aimed to explore the 
process of reproductive decision-making in individuals at 50% 
risk for FALS in families with known genetic mutations.  

   Methods:  Utilizing a semi-structured interview, we spoke 
with ten at-risk individuals recruited from the Northwestern 
Neurologic Diseases Registry. Participants had a fi rst-degree 
relative affected with FALS, made reproductive decisions in 
the past 30 years and did not know their genetic status when 
they made reproductive decisions. Using qualitative content 
analysis, we delineated themes that emerged in individuals 
who chose to have children and those who chose not to have 
children, and themes that described the process as a whole.  

   Results:  Those who chose to have children believed that 
regardless of disease onset, life can be productive. They com-
pared ALS relatively favorably with other diseases, had always 
planned on having children and hoped a cure would be found 
in the near future. Individuals who chose not to have children 
tended to have an extensive experience with ALS and associ-
ated caretaking, saw ALS as a tragedy that is inevitable for 
themselves or their family members and avoided serious rela-
tionships. In conversation with their partners, all individuals 
considered other reproductive options beyond the one they 
ultimately chose. Conversations about reproductive decisions 
and risk for ALS varied in length, and often strengthened 
relationships. A primary concern for participants was children 
experiencing the death of a parent at a young age. No 
participant regretted the decision they made. Individuals were 
motivated to pursue predictive genetic testing to help others 
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in their family and because they currently saw symptoms i
n themselves that produced uncomfortable levels of anxiety.  

   Discussion and conclusions:  The results of this exploratory 
study show that the decision-making process is complex. 
Our results can guide future research about reproductive 
decision-making and predictive testing in individuals at risk 
for FALS, as well as provide direction for genetic counsellors 
and other healthcare professionals when working with indi-
viduals during the family planning process and prior to 
predictive genetic testing.  

DOI: 10.3109/17482968.2012.721231/034

  C35 SPECIFIC PHOBIA OF AMYOTROPHIC 
LATERAL SCLEROSIS (ALS PHOBIA)  

   LEVITSKY   G  1   ,    GILOD   V  2   ,    LEVIN   O  3   

   1 Russian Charity ALS Foundation, Moscow, Russia,  2 Department 
of Psychiatry, Moscow City Hospital #20, Moscow, Russia,  
3  Department of Neurology, Russian Medical Academy of Qualifi -
cation Improvement, Moscow, Russia   

   Email address for correspondence: alsrus@gmail.com

Keywords:     specifi c   phobia  ,   psychotherapy  ,   affective   disorders 

   Background:  Specifi c phobias comprise 12.5% of affective 
disorders (1).  

   Objectives:  To our knowledge, the phobia of ALS has not 
been described in periodicals previously. Only information 
about affective disorders in people whose relatives were diag-
nosed with familial ALS was found.  

   Methods:  In 2006 – 2012, we examined 21 patients (11 males 
and 10 females within an age range of 28 – 72 years). Among 
them were three ALS patients ’  relatives, four neurologists 
and 14 patients who received information about ALS from 
other sources. Eight patients had another disease, fi ve had 
premorbid psychiatric problems (23%) and eight were healthy. 
Patients underwent needle EMG at baseline and completed 
Hamilton Depression Score (HDS) at baseline, 3 and 6 
months after initial visit and treatment. The compliance rate 

for HDS was 81%, 61% and 52%, respectively. A statistical 
analysis was performed by Mann – Whitney criterion and 
Spearman correlation.  

   Results:  The clinical picture of ALS phobia was represented 
by an obsessive feeling of generalized muscle twitching, an 
obsessive self-analysis of symptoms and intention to perform 
new examinations, anxiety, depression and insomnia. Ten 
patients had mild, six had moderate and fi ve had a severe 
phobia (6    �    1, 14    �    3 and 23    �    2 degrees of HDS, respectively: 
p    �    0.05 for each comparison). The duration of the phobia 
was signifi cantly higher in patients with moderate and severe 
phobia than in mild cases (1.5    �    0.6 and 5    �    1.1 months, 
respectively,  p     �    0.05). The severity of ALS phobia correlated 
with its duration (R    �    �0.5; p    �    0.004). The primary charac-
ter of phobia was established on the basis of regression of 
signs (monitored by HDS) after psychotherapy and pharma-
cotherapy in 52.4% of patients (17    �    4 and 3    �    1 degrees of 
HDS before and after 3 months of treatment, p    �    0.05). 
In mild ALS phobia, we prescribed a timoleptic, an antide-
pressant and a hypnotic, in moderate phobia  –  an atypical 
neuroleptic was added, in severe phobia  –  additional 
antidepressant and atypical neuroleptic were added. On a 
fi nal telephone interview in 2012, none of these patients 
developed ALS.  

   Discussion:  We propose that we have not found previous 
descriptions of this phobia in the literature due to higher 
prevalence of affective disorders in Russia compared with 
Europe and the USA (1 – 3). It is feasible to take into account 
that such a phobia may occur while presenting information 
about ALS to healthy people.  

  References  
  1.  Krasnov VN. Affective disorders. Moscow, Practical 

Medicine 2011;431 (in Russian)  
  2.  Narrow WE, Rae DS, Robins LN.  et   al.  Ach. Gen. 

Psychiatry 2002;2:115–23.  
  3.  Wittchen HU, Jacobi F. Eur Neuropsychopharmacol 2005; 

15:357–76.      
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   Objectives:  1) To determine the timecourse of disease 
pathology and defi ne disease-specifi c changes in motor 
neuron gene expression. 2) To investigate the cell-autono-
mous and non-cell autonomous effects that lead to neuro-
degeneration in TDP43(A315T) ES cell-derived motor 
neurons. 3) To do a biochemical analysis of mTOR signal-
ing pathway that likely plays a key role in the mislocaliza-
tion of TDP43 aggregates in TDP43(A315T) ES cell-derived 
motor neurons. 4) To investigate whether rapamycin 
rescues TDP43 mislocalization and subsequent gene expres-
sion phenotypes in TDP43(A315T) ES cell-derived motor 
neurons.  

   Methods:  ES cell-derived motor neurons were generated 
from transgenic mice expressing a mutant human 
TDP43(A315T); Hb9: GFP transgene. Green fl uorescent 
protein (GFP) expression is used to identify putative motor 
neurons, because GFP is expressed under the control of the 
Hb9 promoter, a gene expressed by all post-mitotic motor 
neurons.  

   Results:  Preliminary results indicate that ES cell-derived 
motor neurons from transgenic TDP43(A315T) mice display 
ALS-specifi c motor neuron phenotypes in culture, including 
development of ubiquitinated cytoplasmic TDP43 aggregates 
and    �    80% cell death by 28 days post differentiation. In addi-
tion,  ∼ 30% of ubiquitinated aggregates in ES cell-derived 
motor neurons generated from TDP43(A315T) mice colocal-
ize with FUS. Furthermore, while there are cell autonomous 
effects, preliminary fi ndings using FACS sorted control 
GFP    �    motor neurons plated with mutant TDP43 non-GFP 
cells indicate that non-cell autonomous disease effects can 
be observed with  �    80% cell death of control motor neurons 
in the presence of mutant non-GFP cells. This suggests 
that signals are transmitted by the mutant non-GFP cells 
(non-motor neuron fraction) either through cell-cell contact 
or diffusion of toxic factors. Finally, preliminary results 
also show a decrease in TDP43 cytosolic aggregates and an 
increase in the survival of TDP43(A315T) ES cell-derived 
motor neurons when treated with Rapamycin.  

   Conclusions:  Motor neurons derived from TDP43(A315T) 
ES cells recapitulate ALS disease phenotypes similar to human 
ALS pathology.  

   Discussion:  These studies will serve to establish ES 
cell-derived motor neurons as pre-clinical  in vitro  models for 
investigating both sporadic and familial ALS disease mecha-
nisms. Finally, the discovery of factor(s) responsible for motor 
neuron death can be used as biomarkers for early diagnosis 
of ALS to measure disease progression and to develop 
new therapies aimed at mitigating motor neuron degeneration 
in ALS.  

DOI: 10.3109/17482968.2012.721231/037

                        SESSION 7A MODELLING ALS    

 C36 MODELLING ALS WITH EMBRYONIC STEM 
CELL-DERIVED MOTOR NEURONS      

    THAMS     S  1  ,       MAZZONI     E  2  ,       KANNING     K  1  ,       LIEBERAM     I  3  ,  
     HENDERSON     CE  1   ,        WICHTERLE     H  1           

  1 Columbia University, New York, NY, USA,  2 NYU, New York, 
NY, USA,  3  King ' s College London, London, UK  

  Email address for correspondence: hw350@columbia.edu                             

  Keywords:   embryonic stem cells  ,   transcriptional programming  ,  
 motor neuron diversity   

 Despite recent progress in creating cell models of disease, it 
has proven diffi cult to mimic  in vitro  the selective degeneration 
of vulnerable motor neuron populations in ALS patients. 
Embryonic stem cells can be directed to differentiate with 
high effi ciency into motor neurons. We used mouse ES-
derived motor neurons to screen for stressors that elicit selec-
tive degeneration of ALS motor neurons carrying the 
SOD1-G93A transgene. The effect of identifi ed stressors 
was then tested in human control and patient iPS-derived 
motor neurons. The ES/iPS-MNs generated by standard 
methods are cervical in character. To better model the disease, 
it may, therefore, be important to program them into ALS-
vulnerable and ALS-resistant populations, respectively. 
We demonstrate that differentiating stem cells can be precisely 
programmed to distinct motor neuron subtypes by inducible 
expression of transcription factors. We plan to use these 
populations to better analyse the cellular and molecular 
mechanisms of selective neurodegeneration in ALS and to 
screen for neuroprotective agents. 

DOI: 10.3109/17482968.2012.721231/036

  C37 EMBRYONIC STEM CELL-DERIVED MOTOR 
NEURONS GENERATED FROM TDP-43 (A315T) 
MICE DEVELOP ALS-LIKE PATHOLOGY  

   SOUNDARARAJAN   P   ,    LUTZ   C   ,    COX   G   

   The Jackson Laboratory, Bar Harbor, Maine, USA   

   Email address for correspondence: psound@jax.org   

   Keywords:   embryonic   stem cells  ,   TDP43  ,   motor neurons   

   Background:  Recent fi ndings in ALS research have high-
lighted the possible role of TDP43 as a central player in 
several neurodegenerative diseases. TDP43 is known to accu-
mulate in ubiquitinated inclusions of affected neurons, sug-
gesting that the loss of normal TDP43 function as a nuclear 
protein or, alternatively, a gain of a toxic function by TDP43 
aggregates may play a critical role in the pathogenesis. The 
mechanisms of TDP43 functions are currently being inves-
tigated in yeast and transformed cell lines; however, the role 
of these interactions in motor neurons is not entirely known.  
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  C38 ZEBRAFISH TO IDENTIFY MODIFIERS 
OF ALS  

   ROBBERECHT   W  1,2,3   

   1 University Hospital Leuven, Leuven, Belgium,  2 VIB, Leuven, 
Belgium,  3  University of Leuven, Leuven, Belgium   

   Email address for correspondence: wim.robberecht@uzleuven.be   

   Keywords:   zebrafi sh  ,   EphA4   

  Using a previously established zebrafi sh model for ALS, we 
performed a morpholino-based screen to identify genes that 
modify the phenotype. Knockdown of the fi sh orthologue of 
EphA4 rescued the axonopathy induced by mutant SOD1. 
Similarly, decreasing EphA4 expression or EphA4 antagonists 
attenuated the motor neuron degeneration in mouse and 
rat models. This protective effect was particularly seen on 
large motor neurons, which are known to be vulnerable in 
ALS. These large cells express high levels of EphA4, and 
this receptor inhibits their sprouting capacity. In patients 
with ALS, lower expression of EphA4 was associated with 
later age at onset and longer survival. In addition, rare loss-
of-function mutations in the EphA4 gene are associated with 
unusually long survival.  

DOI: 10.3109/17482968.2012.721231/038

  C39 LOSS OF TDP-43 CAUSES HYPOPERFUSION 
AND MUSCLE DYSTROPHY  

   SCHMID   B  1,2   ,    HRUSCHA   A  1   ,    HOGL   S  1   ,    TAHIROVIC   S  1   , 
   STRATHMANN   J  1   ,    VAN DER ZEE   J  3,4   ,    TEUCKE   M  2   , 
   EIMER   S  5   ,    HEGEMANN   J  5   ,    KITTELMANN   M  5   , 
   KREMMER   E  6   ,    CRUTS   M  3,4   ,    SOLCHENBERGER   B  2   , 
   HASENKAMP   L  2   ,    STRECKER   K  2   ,    VAN BEBBER   F  1   ,    
VAN BROECKHOVEN   C  3,4   ,    EDBAUER   D  1   , 
   LICHTENTHALER   S  1   ,    HAASS   C  1,2   
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Genetics, VIB, Antwerp, Belgium,  4 Laboratory of Neurogenetics, 
Institute Born-Bunge, University of Antwerp, Antwerp, Belgium,  
5 European Neuroscience Institute, Center for Molecular Physiology 
of the Brain, Goettingen, Germany,  6  Institute of Molecular 
Immunology, Helmholtz Center Munich, Munich, Germany   

   Email address for correspondence: beschmid@med.uni-muenchen.de   

   Keywords:   TDP-43  ,   mutant  ,   zebrafi sh   

  Autosomal dominant mutations in the Tar DNA binding 
protein of 43 kDa (TDP-43; TARDBP) cause Amyotrophic 
Lateral Sclerosis (ALS) and Frontotemporal Lobar 
Degeneration with ubiquitin and TDP-43 positive inclusions 
(FTLD-TDP). Gain- and loss-of-function of TDP-43 are 
currently discussed as possible disease mechanism.  

  We generated zebrafi sh TDP-43 loss of function zebrafi sh 
mutants by zinc fi nger nuclease genomic editing to determine 
the physiological function of TDP-43. The transparent, 
easily accessible zebrafi sh embryos facilitate the identifi ca-
tion of phenotypes and signaling pathways associated with 
the loss of TDP-43 function. Homozygous loss-of-function 
mutations in zebrafi sh  tardbp  show no morphological pheno-
type due to compensation by a splice variant of  tardbpl  
(Tar DNA binding protein of 43 kDa like), a second zebrafi sh 
orthologue of human  TARDBP .  tardbp  and  tardbpl  
double homozygous mutants show a dramatic muscular dys-
trophy like phenotype. Additionally they display strongly 

reduced blood circulation and a dramatic mispatterning of 
intersomitic vessels, impaired spinal motor axon outgrowth 
and early death. A quantitative proteomic approach identifi ed 
misregulated proteins in TDP-43 loss-of-function zebrafi sh 
mutants. Strikingly, similar misregulation of these proteins is 
observed in the frontal cortex of FTLD-TDP patients, 
suggesting a loss-of-function disease mechanism.  

DOI: 10.3109/17482968.2012.721231/039

  C40 CHEMICAL GENETIC SCREENS FOR 
IN VIVO TDP-43 MODIFIERS AND ALS DRUG 
DISCOVERY  

   AGGAD   D  1,2   ,    PATTEN   S  2   ,    MAIOS   C  2   ,    VACCARO   A  1,2   , 
   KABASHI   E  3   ,    DRAPEAU   P  2   ,    PARKER   A  1,2   

   1 CRCHUM, Montr é al, Canada,  2 Universit é  de Montr é al, 
Montr é al, Canada,  3  Institut du Cerveau et de la Moelle  É pini è re, 
Paris, France   

   Email address for correspondence: ja.parker@umontreal.ca   

   Keywords:   TDP-43  ,   chemical genetics  ,   animal models   

   Background:  Mutations in TDP-43 and FUS are linked to 
ALS, but our understanding of the molecular mechanisms 
leading to pathogenesis is unclear. In the absence of well-
defi ned  in vitro  mechanisms for drug discovery,  in vivo  
models offer the best chance of identifying neuroprotective 
molecules.  

   Objectives:  Our laboratories have developed animal models 
for TDP-43 and FUS motor neuron toxicity using worms 
( C. elegans ) and zebrafi sh ( D. rerio ). These models recapitulate 
essential features of the ALS and are invaluable for learning 
more about pathogenic mechanisms and are highly amenable 
for chemical screening.  

   Methods:  Transgenic worms expressing human mutant 
TDP-43 show motility defects leading to progressive paralysis 
that is readily apparent when the animals are grown in 
liquid culture. Adult TDP-43 worms were grown in 96 well 
plates and incubated with compounds. Compounds that 
rescued motility defects were then tested in the zebrafi sh 
model. Compounds that improved motor phenotypes also 
reduced neurodegeneration in all models.  

   Results:  We screened approximately 3,700 FDA-approved 
molecules and identifi ed 17 compounds that consistently 
reduced TDP-43 toxicity in worms and fi sh. These 
compounds also reduced FUS toxicity in our worm and 
fi sh models. Within this group are compounds linked to the 
Endoplasmic Reticulum stress response as well as a number 
of neuroleptics. Our data suggests that protein misfolding 
and synaptic dysfunction contribute to TDP-43 toxicity.  

   Discussion:  Our chemical genetic screens in worms and fi sh 
models has identifi ed a number of compounds that reduce 
motor neuron dysfunction and cell death caused by mutant 
TDP-43 and FUS proteins. As many of these compounds 
are well characterised, they help provide information on path-
ogenic mechanisms for TDP-43 and FUS toxicity  in vivo . 
Furthermore, these compounds provide early leads for ALS 
drug discovery and development. Lastly, since a number 
of these compounds are already FDA – approved, they have 
clinical applications.  

   Conclusions:  This is the fi rst chemical screen in multiple 
model organisms against TDP-43 and FUS toxicity. Our 
screen has high-throughput potential, and our initial fi ndings 
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have been highly informative about cellular mechanisms of 
toxicity. An update of our work will be presented.  

DOI: 10.3109/17482968.2012.721231/040

  C41 FUS IN ALS: NOVEL CELLULAR AND 
ANIMAL MODELS OF MOTOR NEURON DISEASE  

   JIA   J   ,    ZHU   H   

   University of Kentucky, Lexington, KY, USA   

   Email address for correspondence: jianhang.jia@uky.edu   

   Keywords:   FUS,   Drosophila  ,   locomotion   

  Mutations in the RNA-binding protein Fused in sarcoma 
(FUS) have been shown to cause familial amyotrophic lateral 
sclerosis (ALS). However, it is not clear how mutations of 
FUS lead to motor neuron degeneration in ALS. We 
have established a  Drosophila  model to examine the toxicity of 
FUS. The expression of wild-type FUS or FUSR521G 
induced progressive toxicity in a dose- and age-dependent 
manner in a variety of tissues, including eyes and neurons. In 
particular, the expression of FUS or FUSR521G in motor 
neurons signifi cantly impaired the locomotive ability of fl y 
larvae and adults. The presynaptic structures in NMJs were 
disrupted and the motor neurons in the ventral nerve cord 
(VNC) were disorganized and underwent apoptosis as evi-
denced by nuclear staining and TUNEL assay. Strikingly, 
FUS lacking its C-terminal nuclear localization sequence 
(NLS) has much less effects compared to those caused by 
FUS or FusR521G, suggesting that nuclear localization is 
required for FUS toxicity. Moreover, we discover that the 
loss of  caz  in  Drosophila  leads to severe growth defects in 
the eyes and ventral nerve cords. The loss of  caz  in motor 
neurons leads to locomotive disability and NMJ disruption 
but does not induce apoptotic cell death. The fi nding sug-
gests that although both the overexpression and the deletion 
of FUS/Caz cause similar phenotypes, the underlying 
mechanisms for the gain-of-function and loss-of-function tox-
icity are likely to be different. Thus, some cases of the diseases 
caused by FUS mutations are likely due to the loss of func-
tion  in vivo . We have recently identifi ed phosphorylation of 
FUS to be a critical post-translational event that regulates 
FUS toxicity. We will present these fi ndings in the meeting.  

DOI: 10.3109/17482968.2012.721231/041

  C42 FUSOPATHY IN CELLS AND TRANSGENIC 
MICE EXPRESSING AN AGGREGATION-PRONE 
FORM OF HUMAN PROTEIN  

   BUCHMAN   V  1   ,    SHELKOVNIKOVA   T  1,2   ,    PETERS   O  1   , 
   DEIKIN   A  3   ,    CONNOR-ROBSON   N  1   ,    ROBINSON   H  1   , 
   SADCHIKOVA   E  3   ,    NINKINA   N  1,2   

   1 Cardiff University, Cardiff, UK,  2 Institute of Physiologically 
Active Compounds, Chernogolovka, Moscow Region, Russia,  
3  Institute of Gene Biology, Moscow, Russia   

   Email address for correspondence: buchmanvl@cf.ac.uk   

   Keywords:   FUS/TLS  ,   aggregation  ,   transgenic mice   

   Background:  FUS and TDP-43 proteinopathies are 
characteristic features of certain forms of ALS and FTLD. 
These proteins share striking structural similarity, though the 
order of functional domains in the FUS protein is inverse 
to that in TDP-43. Approximately 25 kDa C-terminal frag-
ments of TDP-43 are commonly present in association 
with histopathological inclusions in the nervous system of 
patients with ALS-TDP. There is a growing body of evidence 
that these truncated variants of TDP-43 contribute to the 
development of neurodegenerative changes.  

   Objectives:  Here, we addressed the question of whether a 
truncated variant of FUS with a domain composition similar 
to that of truncated TDP-43 would trigger proteinopathy in 
cell culture models and in transgenic mice.  

   Methods:  Various isoforms of human FUS protein bearing 
amino acid substitutions or C-terminal truncations were 
expressed in SH-SY5Y human neuroblastoma cells, and 
their intracellular distribution and co-localisation with various 
markers were assessed using immunofl uorescence. Transgenic 
mice expressing a truncated variant of FUS under the 
control of a Thy1 promoter were produced and a detailed 
characterisation of their phenotype was carried out.  

   Results:  In agreement with previously reported observations, 
in SH-SY5Y cells, the expression of FUS variants lacking 
functional nuclear localisation signal triggered the formation 
of stress granules and the accumulation of expressed 
proteins within them. However, the truncated variant of FUS 
formed different types of cytoplasmic structures in SH-SY5Y 
and other types of cultured cells. These structures displayed 
typical morphological and biochemical characteristics of 
intracellular inclusions consisting of aggregated proteins. 
Transgenic mice expressing C-terminally truncated FUS in 
the majority of neurons developed neuronal pathology at the 
age of 3 – 5 months, which led to severe disability and death 
within 1 – 2 weeks after the onset of clinical signs. Multiple 
FUS-positive pathological cytoplasmic inclusions were 
observed in lower and upper motor neurons. The terminal 
stage of the disease was characterised by severe damage and 
loss of myelinated motor fi bres in the ventral roots with 
sensory fi bres in the dorsal roots much less affected. The loss 
of lower motor neurons was selective to certain discrete 
populations and coincided with the degree of neuroinfl amma-
tion in the corresponding region.  

   Discussion and conclusions:  C-terminal truncation of 
FUS protein dramatically increases its ability to aggregate 
and form cytoplasmic inclusions. The expression of the trun-
cated form of FUS protein triggers FUSopathy in cultured 
cells and transgenic mice. Our FUS transgenic mouse model 
recapitulates many key features of ALS.      

DOI: 10.3109/17482968.2012.721231/042
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                        SESSION 7B CLINICAL TRIALS  &  TRIAL
DESIGN    

 C43 RESULTS OF A PHASE 1, DOUBLE-BLIND, 
PLACEBO-CONTROLLED, DOSE-ESCALATION 
STUDY OF THE SAFETY, TOLERABILITY, AND 
PHARMACOKINETICS OF ISIS 333611 
ADMINISTERED INTRATHECALLY TO PATIENTS 
WITH FAMILIAL ALS DUE TO SOD1 GENE 
MUTATIONS      

    MILLER     T  1  ,       PESTRONK     A  1  ,       DAVID     W  2  ,       ROTHSTEIN     J  3  ,  
     SIMPSON     E  6  ,       ANDRES     P  2  ,       MAHONEY     K  2  ,       ALLRED     P  1  ,  
     ALEXANDER     K  5  ,       BISHOP     K  5  ,       SCHOENFELD     D  2  ,  
     MACKLIN     E  2  ,       NORRIS     D  5  ,       SMITH     R  4  ,       BENNETT     CF  5,       
     CUDKOWICZ     M  2           

  1 Washington University, St. Louis, MO, USA,  2 Massachusetts 
General Hospital, Boston, MA, USA,  3 Johns Hopkins, Baltimore, 
MD, USA,  4 Center for Neurologic Study, La Jolla, CA, USA,  
5 Isis Pharmaceuticals, Carlsbad, CA, USA,  6  Methodist Neurological 
Institute, Houston, TX, USA  

  Email address for correspondence: millert@neuro.wustl.edu                              

Keywords:  antisense  ,   SOD1  ,  phase I

  Objective:  To evaluate the safety, tolerability, and pharma-
cokinetics of four dose levels of ISIS 333611, an antisense 
oligonucleotide designed to inhibit SOD1 mRNA, delivered 
by intrathecal infusion.   

  Background:  Mutations in SOD1 cause about 13% of 
familial ALS. In animal studies, delivery of ISIS 333611 
to the CSF resulted in drug distribution to the brain and 
spinal cord, decreased SOD1 mRNA and protein levels in 
spinal cord tissue, and prolongation of survival in the 
SOD1 G93A  rat model.   

  Design and methods:  A randomized, placebo-controlled 
Phase 1 safety trial of ISIS 333611 is currently in progress. 
ISIS 333611 is delivered by intrathecal infusion using an 
external pump over 12 h at increasing doses. Four cohorts of 
eight SOD1-positive ALS patients were studied (randomized 
six drugs; two placebos/cohorts). Safety/tolerability measures, 
ALSFRS-R, FVC, and neurological exams are assessed dur-
ing the infusion and at 1, 8, and 29 days after the infusion. 
CSF and plasma drug levels are also measured.   

  Results:  No dose-limiting toxicities were identifi ed. There 
were no serious adverse events in ISIS33361-treated subjects. 
Adverse events were mild or moderate in severity and none 
were related to the dose level of ISIS333611. Most common 
AEs were related to delivery procedure. No drug-related neu-
rological changes were observed. ALS-FRS and FVC meas-
urements were only changed in those patients with rapidly 
progressing mutations. Re-enrollment was well tolerated CSF 
and plasma drug levels were consistent with levels predicted 
from preclinical studies.   

  Conclusions:  ISIS 333611is well tolerated and the resulting 
CSF and plasma drug levels are as predicted. This is the 
fi rst clinical study to report intrathecal delivery of an anti-
sense oligonucleotide. Results from this study suggest that 
antisense oligonucleotide delivery to the CNS may be a viable 
therapeutic strategy for neurological disorders.  

DOI: 10.3109/17482968.2012.721231/043

         C44 RESULTS OF PHASE 1 TRIAL OF SPINAL 
CORD TRANSPLANTATION OF NEURAL 
PROGENITOR CELLS IN ALS 
(THE NEURALSTEM, INC. TRIAL)  

   GLASS   J  1   ,    BOULIS   N  1   ,    FELDMAN   E  2   ,    JOH   K  5   ,    
POLAK   M  1   ,    RUTKOVE   S  3   ,    FEDERICI   T  1   ,    BORDEAU   J  1   , 
   GEBEL   H  1   ,    BRAY   R  1   ,    SENITZER   D  4   

   1 Emory University, Atlanta, GA, USA,  2 University of Michigan, 
Ann Arbor, MI, USA,  3 Beth Israel Deaconess Hospital, Boston, 
MA, USA,  4 City of Hope National Cancer Center, Duarte, CA, 
USA,  5  Neuralstem, Inc., Rockville, MD, USA   

   Email address for correspondence: jglas03@emory.edu   

   Keywords:   stem   cells  ,   transplant  ,   spinal   cord   

  We completed the FDA-approved Phase 1 trial of spinal cord 
transplantation of neural stem cells in 18 patients. Using a 
paradigm of  “ escalating risk ” , six patients received unilateral 
injections and six received bilateral injections into the lumbar 
cord (L2-L4). Following this, three new patients received 
unilateral injections into the cervical spinal cord (C3-C5). 
The fi nal three patients are the same as those who previously 
received bilateral lumbar injections. At the time of this sub-
mission, one of these subjects has successfully undergone 
unilateral cervical transplantation and the remaining two 
subjects are scheduled for surgery. All procedures included 
5 injections per side, 100,000 cells in 10  μ l per injection. 
Thus, the range of doses was 500,000 cells in 5 injections to 
1.5 million cells in 15 injections (patients 16 – 18). The pro-
prietary injection apparatus was fi xed to the patient ' s spine 
and so it was able to move simultaneously with any patient 
movement ( “ fl oating cannula ” ), avoiding lateral shear during 
the operation. All patients tolerated the surgical procedure 
with minimal perioperative or postoperative problems. One 
patient developed cervical kyphosis as a complication of 
multilevel laminectomy. There were no adverse events 
attributable to the cellular injections. Patients were immuno-
suppressed with a combination of tacrolimus and mycophe-
nolate, which resulted in gastrointestinal distress in about 
a third of the patients. Clinical progression of disease contin-
ued in all patients except one, who showed remarkable 
improvement by both clinical and electrophysiological 
measures. At the time of this submission (June, 2012), there 
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were four deaths. The technique of real-time quantitative PCR 
(qPCR) was used to identify and quantify donor cell DNA in 
the spinal cord tissue of these deceased patients. The confer-
ence presentation will provide up-to-date information on 
progress as of December 2012. In summary, among patients 
with ALS, we have demonstrated the tolerability and safety of 
spinal cord transplantation with neural stem cells. Based on 
these fi ndings, effi cacy testing of this aggressive tactic as a 
therapeutic option for an otherwise untreatable neurodegen-
erative disease can now be pursued.  

DOI: 10.3109/17482968.2012.721231/044

  C45 PHARMACOKINETICS AND INTERACTIVE 
EFFECTS OF THE FAST SKELETAL MUSCLE 
ACTIVATOR CK-2017357 AND RILUZOLE  

   SHEFNER   J  1   ,    MAO   J  2   ,    CHEN   M  2   ,    MENG   L  2   ,    MALIK   F  2   , 
   WOLFF   A  2   

   1 SUNY Upstate Medical University, Syracuse, NY, USA,  
2  Cytokinetics, Inc, South San Francisco, CA, USA   

   Email address for correspondence: shefnerj@upstate.edu   

   Keywords:   clinical   trial  ,   muscle activator  ,   pharmacokinetics   

   Background:  CK-2017357 (CK-357) is a fast skeletal 
muscle activator that increases the effi ciency of submaximal 
voluntary muscle contraction. In both single and multiple 
dose studies, CK-357 was well tolerated and showed encour-
aging trends on a variety of functional outcomes. After a 
single dose, CK-357 peak levels showed a linear relationship 
to dose level. As a CYP1A2 inhibitor, CK-357 increased 
plasma riluzole levels after a single dose.  

   Objectives:  To determine the pharmacokinetics of repeated 
doses of CK-357 both in the presence and absence of riluzole, 
and to determine the effects of CK-357 at varying doses 
on plasma riluzole serum levels.  

   Methods:  A total of 49 patients with ALS were treated; 
24 patients were not taking riluzole; the remainder took a 
stable but reduced dose of riluzole 50 mg daily. Patients 
(n    �    off/on riluzole) received single daily doses of placebo 
(n    �    6/7), 125, 250, or 375 mg of CK-357 (n    �    6/6 for all 
3 CK-357 groups) for 14 days. CK-357 and riluzole levels 
were measured on Days 1, 2, 8, and 15.  

   Results:  Plasma levels of CK-357 achieved steady state by 
Day 8; 4 h after dosing on Day 8, the levels were approxi-
mately 70% higher than those observed at 4 h after the 
fi rst dose on Day 1. CK-357 Cmax increased proportionally 
by dose with no apparent effect of riluzole on CK-357 Cmax. 
At 125 mg, 250 mg, and 375 mg daily, Cmax was 4.1 mcg/ml, 
7.4 mcg/ml, and 12.7 mcg/ml, respectively, for subjects 
who were not on riluzole, and 6.0 mcg/ml, 8.4 mcg/ml, and 
13.5 mcg/ml for those subjects who were on riluzole. In con-
trast, CK-357 approximately doubled riluzole levels similarly 
across all dose groups. Adverse event frequencies were not 
altered by the presence of riluzole at any dose of CK-357.  

   Conclusions:  CK-357 had predictable linear kinetics at the 
repeated doses used in the current study, reaching steady state 
within 1 week. CK- 357 plasma levels were not affected by 
the presence of riluzole. Riluzole levels were increased by 
CK-357, with plasma levels increasing approximately two-fold 
across all dose levels of CK-357. However, no adverse events 

were reported during this study, and this was attributable to 
higher riluzole levels, with the daily riluzole dose reduced to 
50 mg daily. These results suggest that CK-357 and riluzole 
may be given safely in combination.  

DOI: 10.3109/17482968.2012.721231/045

  C46 A PHASE 2 – 3 TRIAL OF OLESOXIME 
IN SUBJECTS WITH AMYOTROPHIC LATERAL 
SCLEROSIS  

   LENGLET   T   ,    OLESOXIME FOR ALS STUDY   GROUP   

   D é partement de Neurologie, Hopital de la Piti é -Salpetri è re, Paris, 
France   

   Email address for correspondence: timothee.lenglet@psl.aphp.fr   

   Keywords:   olesoxime  ,   clinical trial  ,   phase 3   

   Background:  Olesoxime has demonstrated neuroprotective 
and neuroregenerative properties in extensive  in-vitro  and  
in-vivo  (SOD1G93A mice) studies. It targets mitochondrial 
dysfunction that might have an important early role in the 
development of ALS. It has been tested in Phase 1a and 1b 
without safety concerns.  

   Objective:  To assess the effi cacy and safety of olesoxime in 
ALS patients treated with riluzole.  

   Methods  :  A double-blind, randomized, placebo-control-
led, multicenter trial of 18 months duration was conducted 
in 512 subjects with probable or defi nite ALS receiving 330 
mg olesoxime daily or matching placebo. The primary 
intention-to-treat analysis was 18-month survival. Second-
ary outcomes were on survival without tracheostomy, inva-
sive ventilation or permanent non-invasive ventilation and 
on rates of deterioration of ALS Functional Rating Scale-
Revised (ALS FRS-R, focusing on the 9-month assess-
ment), Slow Vital Capacity (SVC) and muscle strength. 
Blood levels, safety and tolerability of olesoxime were also 
assessed.  

   Results:  At 18 months, 154 of the 512 ITT patients had 
died (79 of 253 placebo, 75 of 259 olesoxime). The esti-
mated overall survival according to Kaplan-Meier analysis 
was 67.5% (95% CI, 61.0 to 73.1%) in the placebo group 
and 69.4% (95% CI 63.0 to 74.9%) in the olesoxime 
group; hence survival was not signifi cantly different between 
treatment arms (p    �    0.71, stratifi ed bulbar/spinal log-rank). 
Sensitivity analyses and other effi cacy endpoints evaluated 
were also negative, with the exception of a small difference 
in ALS FRS-R global score at 9 months in favor of ole-
soxime (p    �    0,0242; F test) but not after 18 months in 
either the bulbar or spinal sub-populations. Expected ole-
soxime plasma exposure was achieved in 97.3% of evalu-
able olesoxime-treated patients, with high inter-patient 
variability. Overall survival was not signifi cantly different 
between the three pre-specifi ed olesoxime exposure levels 
based on trough concentration. Treatment of this ALS 
population with combined riluzole and olesoxime did not 
raise any safety concerns.  

   Conclusions:  Olesoxime, although well tolerated, did 
not show any benefi cial effect in ALS patients treated with 
riluzole.  

DOI: 10.3109/17482968.2012.721231/046
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  C47 PHASE II SAFETY AND EFFICACY OF NP001: 
A NOVEL IMMUNE REGULATOR FOR ALS  

   MILLER   RG  1   ,    BLOCK   G  2   ,    GOPALAKRISHNAN   V  2   , 
   MCGRATH   M  2   ,    STUDY GROUP NP001 PHASE   II  2   

   1 California Pacifi c Medical Center, San Francisco, CA, USA,  
2  Neuraltus Pharmaceuticals, Inc., Palo Alto, CA, USA   

   Email address for correspondence: millerrx@sutterhealth.org   

   Keywords:   biomarkers  ,   clinical trial  ,   treatment   

   Background:  Abnormal infl ammatory macrophages (AIM), 
systemically and locally in the CNS, are implicated in ALS 
progression. Although the exact trigger(s) are unknown, 
AIM activation is related to the rate of disease progression, 
suggesting that they refl ect events relevant to ongoing CNS 
infl ammation and neuronal death. CNS AIM perpetuate 
the ongoing pathogenesis through production of cytokines 
that attract and drive further AIM migration into the CNS. 
NP001, a novel immune regulator, lowered disease-associated 
markers of AIM activation  in vitro , and is thus hypothesized 
to slow the progression of ALS. In a recent phase I trial in 
patients with ALS, NP001 reduced blood AIM infl ammatory 
biomarkers in a dose-dependent manner.  

   Objectives:  To assess the safety and effi cacy of NP001 in 
a phase II trial.  

   Methods:  A total of 136 patients, at 17 sites in the US, 
were enrolled in a randomized, double-blind, placebo-
controlled study. Patients met key entry criteria: FVC    �    70%, 
onset of weakness  �    3 years, and no immune modulator 
therapy within 3 months. Patients were randomized 1: 1: 1 to 
receive NP001 1mg/kg/dose, 2 mg/kg/dose or placebo intra-
venously. Study drug was given over a 6-month treatment 
period as an induction cycle of 5 consecutive daily doses 
followed by 5 monthly cycles of 3 consecutive daily doses. 
Following 6 months of infusions, patients were seen on a 
monthly basis for 3 months to assess the durability of effect. 
The primary effi cacy assessment was ALSFRS-R slope 
over the 6-month treatment period. Safety assessments were 
conducted throughout the trial and an Independent Data 
Monitoring Board reviewed the safety data in an ongoing 
fashion. The blood infl ammatory biomarkers, wrCRP and 
MCP-1, were assessed at baseline and on a monthly basis 
during the treatment and follow-up period. The primary 
effi cacy analytic approach was a general linear mixed effect 
model to assess slope. All patients who received the study drug 
were included in the safety analyses.  

   Results:  A total of 136 patients, with a mean age of 54 years, 
were randomized. The mean baseline ALSFRS-R was 38. 
Most patients (93%) had sporadic ALS, 18% had bulbar 
onset, and 73% were on concomitant riluzole. A total of 
115 patients completed treatment, and 112 are continuing to 
receive treatment in the follow-up period. A total of 16% of 
patients discontinued early, including fi ve patients who died 
due to disease progression. Only 3% of patients discontinued 
due to adverse events. The incidence of infusion-related 
adverse events was low. Discussion: NP001 was generally safe 
and well tolerated. The effects of NP001 on disease progres-
sion and blood infl ammatory biomarkers will be discussed.  

DOI: 10.3109/17482968.2012.721231/047

  C48 SIX QUESTIONS FROM THE ALSFRS 
CONVEY THE SAME PROGNOSTIC 
SIGNIFICANCE FOR SURVIVAL AS THE TOTAL 
SCORE  

   KASARSKIS   E  1   ,    KRYSCIO   R  1   ,    MENDIONDO   M  1   , 
   MANAMLEY   N  2   ,    MOORE   D  3   

   1 University of Kentucky, Lexington, KY, USA,  2 Amgen, Thousand 
Oaks, CA, USA,  3  University of California, San Francisco, CA, 
USA   

   Email address for correspondence: ejkasa00@uky.edu   

   Keywords:   ALSFRSr  ,   abbreviated ALSFRS-6   

   Background:  The ALS Functional Rating Scale (ALSFRSr) 
is widely used in clinical practice and in clinical drug trials 
as an outcome measure. It has been validated for phone-, 
internet-, and self-administration. Rapid progression conveys 
a negative prognosis for survival. Despite efforts to standard-
ize the technique of administration, concern has arisen about 
adapting the ALSFRS with evolving therapeutic interventions, 
most recently, diaphragm pacing. Moreover, there is ambigu-
ity about scoring in the setting of functional improvement 
as a result of therapy, for example, reduction in sialorrhea 
due to botulinum toxin injection. Finally, some functional 
responses are confounded by patient choice (e.g. not attempt-
ing to climb stairs when physically capable, refusing noninva-
sive ventilatory support despite a low percentage of FVC, 
etc). These potential imprecisions in scoring prompted a quest 
for a subset of questions that would be free of patient choice 
or therapeutic benefi t, more clearly measure the functional 
performance in ALS patients, and still retain prognostic 
signifi cance for progression and survival.  

   Objectives:  To evaluate the performance of a subset of six 
questions from the ALSFRSr in measuring progression and 
predicting survival.  

   Methods:  This is a secondary analysis of the BDNF 930121c 
dataset (n    �    1135 patients rated monthly, 10 question 
ALSFRS) and the minocycline dataset (n    �    409 patients 
with    	    4 visits, 12 question ALSFRSr). The 6 questions 
(ALSFRS-6) chosen were: Speech (Q1), Handwriting (Q4), 
Dressing and Hygiene (Q6), Turning in Bed (Q7), Walking 
(Q8), and Dyspnea (Q10, Q10a). In the BDNF analysis, 
the ALSFRS-6 score (range, 0 – 24) was compared to the 
ALSFRS score (range, 0 – 40) and the ALSFRS-Rem (remain-
der; range, 0 – 16) with univariate analysis (Log rank statistic) 
and multivariate analysis (Cox proportional hazards model). 
Using the minocycline dataset, the rate of decline in the 
ALSFRS-6 score over 4 months was compared to the 
ALSFRSr score (range, 0 – 48). Hazard ratios for death using 
each score were compared.  

   Results:  The ALSFRS-6 score was highly correlated with the 
ALSFRS at baseline (r    �    0.959, p    �    0.001) or with the slope 
over 4 months (r    �    0.89). The ALSFRS-6 declined 20.0% 
from baseline (mean    �    SD; 8.4    �    3.2) over 9 months (�2.2% 
per month). In the minocycline dataset, the prognostic sig-
nifi cance for survival using Harrell ' s C statistic was 0.68 for 
the ALSFRS-6 vs 0.70 for the ALSFRSr. In the BDNF data-
set, the Cox model indicated that the ALSFRS-6 was the main 
indicator of survival to 18 months.  

   Discussion:  These data demonstrate that ALSFRS-6 conveys 
the same prognostic signifi cance for survival as the entire 
12-question instrument. The full ALSFRSr remains useful 
as  “ review of systems ”  in the clinical setting. The abbreviated 
ALSFRS-6 appears to be free of the limitation of therapeutic 
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choice on the part of the patient and symptomatic improve-
ment that might confl ict with accurate rating of the full 
scale. The ALSFRS-6 can be used and still retain linkage with 
previous studies utilizing the full-scale ALSFRSr.  

DOI: 10.3109/17482968.2012.721231/048

  C49 A HEALTH STATE STAGING SYSTEM 
IN AMYOTROPHIC LATERAL SCLEROSIS  

   YOUNG   C  1   ,    AL-CHALABI   A  2   ,    BERRY   JD  3   ,    BROOKS   BR  4   , 
   CHI Ò    A  5   ,    DAVIES   A  6   ,    KERR   D  7   ,    LEVY   A  6   ,    MOORE   P  6   , 
   SHEFNER   J  8   ,    SZABO   S  6   ,    TURNER   MR  9   ,    VAN DEN BERG  
 LH  10   ,    WHITE   LA  11   ,    ALS CLINICAL STAGING TASK  
 FORCE   

   1 The Walton Centre NHS Foundation Trust, Liverpool, UK,  
2 King ' s College London, London, UK,  3 Massachussetts General 
Hospital, Boston, MA, USA,  4 Carolinas Medical Center, 
University of North Carolina School of Medicine, Charlotte, NC, 
USA,  5 University of Torino, Torino, Italy,  6 Oxford Outcomes, 
Vancouver, BC, Canada,  7 Biogen Idec, Cambridge, MA, USA,  
8 Upstate Medical University, Syracuse, NY, USA,  9 Nuffi eld 
Department of Clinical Neurosciences, University of Oxford, 
Oxford, USA,  10 University Medical Centre Utrecht, Utrecht, The 
Netherlands,  11  Biogen Idec, Weston, MA, USA   

   Email address for correspondence: carolyn.young@thewaltoncentre.
nhs.uk   

   Keywords:   health   states  ,   staging system  ,   delphi     process   

   Background:  Initial symptoms of amyotrophic lateral sclero-
sis (ALS) may appear as weakness or atrophy in limb or 
bulbar muscles, with later disease progression typically 
involving thoracic and abdominal muscles. It is hoped that 
treatments in development will preserve function and prolong 
survival in ALS patients. Clinical trials track ALS patients 
with functional rating scales, for example, ALSFRS-R. 
However, key health states that represent the natural disease 
course may better inform judgments for clinical and economic 
decision-makers. Clearly defi ned, discrete and mutually exclu-
sive health state staging systems that refl ect the biological 
progression of ALS have not been widely accepted or applied 
in clinical practice. A group led by King ' s College London 
described a staging mechanism based upon key milestones 
in ALS (involvement of fi rst, second and third functional 
region, need for gastrostomy and need for non-invasive 

ventilation) (1). However, this system is limited in its defi ni-
tion of health states, as the levels of impairment in each region 
are not assessed.  

   Objectives:  To derive a consensus-based ALS health state 
staging system that captures the progressive weakness and 
loss of function associated with deterioration of upper and 
lower motor neurons, incorporates the impact of regional 
involvement on patient functioning and recognizes the poten-
tially different impacts on patients of bulbar versus limb 
onset. The staging system must be confi gured to include 
parameters that can be applied to modelling of treatment 
effects in clinical trials.  

   Methods:  Functional involvement and impairment by 
region were defi ned using thresholds of ALSFRS-R subscale 
scores (bulbar, upper/lower limb and respiratory regions). 
Clinically relevant thresholds were decided on the basis of 
empirical analysis of HRQoL baseline data from the dex-
pramipexole phase III study (EMPOWER). A modifi ed 
Delphi panel process was undertaken with the ALS Clinical 
Staging Task Force to obtain consensus on the expanded 
King ' s staging mechanism to allocate ALS patients to func-
tional states. ALSFRS-R patient profi le characteristics under-
represented at baseline in EMPOWER were allocated by the 
Task Force to functional states through an iterative modifi ed 
Delphi panel process. Individual Task Force member opinions 
remained anonymous during the iterations, with the synthe-
sized aggregate response provided to indicate points of agree-
ment or disagreement. Consensus was defi ned as 75% 
agreement across responses from the Task Force.  

   Results:  The fi ndings of the Delphi panel and the resulting 
staging system will be presented. Application of this staging 
system to EMPOWER participants (N    �    943) will be 
demonstrated.  

   Conclusion:  The proposed ALS health state staging mecha-
nism reached through consensus of the ALS Clinical Staging 
Task Force will inform research and clinical study design, 
questions of resource allocation and future health technology 
assessment.  

  Reference  
  1. Roche  et   al.  Brain 2012;135:847 – 852.      

DOI: 10.3109/17482968.2012.721231/049
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 Recent work identifi es that nonmotor SCPN also degener-
ate selectively in ALS model mice, potentially in part explain-
ing nonmotor, cognitive, and sensory changes in MND. 
Further, multiple newly identifi ed developmental genes of 
these types have now been identifi ed from this work as human 
disease-related genes. 

DOI: 10.3109/17482968.2012.721231/050

  C51 AAV2-MEDIATED RETROGRADE 
TRANSDUCTION OF CORTICOSPINAL MOTOR 
NEURONS REVEALS INITIAL AND SELECTIVE 
APICAL DENDRITE DEGENERATION IN ALS  

   JARA   J  1   ,    VILLA   S  1   ,    KHAN   N  1   ,    BOHN   M  2   ,    
OZDINLER   H  1,3   

   1 Davee Department Neurology, Northwestern University, 
Chicago, IL, USA,  2 Department of Pediatrics, Children ' s Memorial 
Research Center, Chicago, IL, USA,  3  Cognitive Neurology 
and Alzheimer Disease Center, Robert H. Lurie Cancer Center, 
Northwestern University, Chicago, IL, USA   

   Email address for correspondence: j-jara@northwestern.edu   

   Keywords:   AAV  ,   corticospinal motor neuron degeneration  ,  
 neuroinfl ammation   

   Background:  Development, assessment, and application of 
novel approaches using adeno-associated virus (AAV) could 
provide safe, long-term expression of therapeutic genes in the 
central nervous system (CNS). AAV vectors have very low 
immunoreactivity in humans and there are currently several 
CNS trials exploring their therapeutic potential for Parkin-
son ' s disease, Canavan ' s disease, and Alzheimer ' s disease. 
Their application in amyotrophic lateral sclerosis (ALS) treat-
ment has not been overlooked. Early studies demonstrated 
that AAV-IGF could be retrogradely transported to spinal 
motor neurons after injection into muscle. However, corticos-
pinal motor neurons (CSMN), the cortical component of 
the motor circuitry that degenerates in ALS, have not been 
studied in detail, and AAV-mediated retrograde transduction 
of CSMN is poorly understood.  

   Objectives:  To selectively target CSMN within the cerebral 
cortex without affecting other neuron populations or circuit-
ries as a means to establish new and effective therapeutic 
approaches in ALS.  

   Methods:  In this study, we investigated whether CSMN 
would be transduced upon AAV injection from the corticos-
pinal tract (CST) that lies within the dorsal funiculus of the 
spinal cord and tested seven AAV serotypes (AAV2-1, AAV2-2, 
AAV2-5, AAV2-6, AAV2-7, AAV2-8, and AAV2-9) that harbor 
the eGFP gene for their retrograde transduction effi ciency.  

   Results:  Our studies revealed that AAV2-1, AAV2-2, AAV2-5, 
AAV2-6, and AAV2-9 retrogradely transduce CSMN with dif-
ferent effi ciencies, but AAV2-7 and AAV2-8 fail to transduce 

                        SESSION 8A CELLULAR DIVERSITY 
AND SELECTIVE VULNERABILITY    

 C50 MOLECULAR LOGIC OF CORTICOSPINAL 
MOTOR NEURON DEVELOPMENT, 
DEGENERATION, AND REGENERATION: 
WHAT DO WE KNOW ABOUT THE UPPER 
MOTOR NEURON?      

    MACKLIS     JD           

  Department of Stem Cell and Regenerative Biology, Cambridge, 
MA, USA  

  Email address for correspondence: jeffreymacklis@fas.harvard.edu                             

   Keywords:    corticospinal  ,   upper motor neurons    

This talk will discuss two central ideas relevant to ALS, both 
dealing with development of the  ‘ upper motor neurons ’  
involved: 

 1) That distinct molecular characteristics of corticospinal 
motor neurons (CSMN) and their related subsets of subcer-
ebral projection neurons (SCPN), and potentially shared 
molecular components or pathways with spinal motor neu-
rons (SMN), underlie the selective and specifi c vulnerability 
of these circuit partners among all the other thousands of 
unaffected neuronal populations. 

 2) That even subtle abnormalities in the development of 
CSMN/SCPN (and SMN, for that matter) might predispose 
these populations to vulnerability and later neurodegeneration 
in ALS/MND. 

 Given the heterogeneity of CNS neuronal subtypes, and the 
complexity of their connections, complex molecular controls 
regulate specifi cation, differentiation, connectivity, and sur-
vival. CSMN/SCPN and other neocortical projection neuron 
populations are driven through stepwise and very specifi c 
steps of developmental refi nement by a set of interacting 
developmental controls, mostly transcriptional regulators. 
These control key developmental processes including pro-
genitor parcellation, subtype-specifi c differentiation, area 
identity, and axonal outgrowth. Loss-of-function and gain-
of-function analyses for identifi ed genes and molecules 
reveal a nested  ‘ molecular logic ’  of progenitor-stage and post-
mitotic stage controls. These molecular controls not only act 
in multiple steps orchestrated over time, but are also parcel-
lated in space, distinct at the neuronal subtype level in the 
same spatial position, and are  ‘ state-dependent ’  for each 
separate function and combination. During the period over 
which progenitors build neurons, CSMN for example, there 
are many distinct progenitor types, each of which builds cer-
tain broader classes of neurons; CSMN/SCPN are closely 
related to other corticofugals — corticothalamics, corticostri-
atals, subplate, and all of the subcerebrals, including sensory 
projection neurons that project from layer fi ve to occipital 
cortex. These are built from the same progenitors, but subse-
quent steps delineate each subset of them. Thus, during the 
development, evolution, and organization of CNS circuitry, 
even very subtle errors might be introduced that anticipate 
later degeneration of specifi cally vulnerable populations. 
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CSMN upon CST injection. Among all AAV serotypes tested, 
AAV2-2 showed the highest transduction level. In addition, 
retrograde transduction of CSMN in hSOD1 G93A  transgenic 
ALS mouse, which show progressive CSMN degeneration, 
revealed selective apical dendrite degeneration and spine loss 
especially in layer II/III of the motor cortex, where CSMN 
function is heavily modulated. Our results also demonstrate 
precise cellular interactions of CSMN with microglia and 
astrocyte at both apical dendrite and soma level.  

   Discussion:  This study provides a valuable therapeutic 
strategy to deliver genes of interest specifi cally into CSMN in 
the cerebral cortex without affecting other neurons or other 
circuitries and identifi es AAV2-2 to be a potential tool for 
future gene delivery approaches. Moreover, our studies reveal, 
for the fi rst time, the early signs of cellular degeneration 
in CSMN to start from the apical dendrite with pronounced 
loss of spines and apical dendrite degeneration. The presence 
of activated astrocytes and microglia, especially in close contact 
with degenerating apical dendrites, suggests their important 
role during disease progression.  

   Conclusions:  Our fi ndings both allow future cell type-
specifi c gene delivery approaches to CSMN by using AAV2-
2-mediated retrograde transduction and identify cellular basis 
of CSMN vulnerability in ALS.  

DOI: 10.3109/17482968.2012.721231/051

  C52 ABERRANT NEUREGULIN1 SIGNALING 
IN ALS PATIENTS WITH UPPER MOTOR NEURON 
SIGNS  

   SONG   F  1,2   ,    CHIANG   P  1   ,    LIU   J  1   ,    WANG   J  2   ,    RAVITS   J  3   , 
   LOEB   J  1,2   

   1 Hiller ALS Clinic and Research Center, Department of Neurology, 
 2 Center for Molecular Medicine and Genetics, Wayne State 
University, Detroit, MI, USA,  3  ALS and Neuromuscular 
Translational Research University of California, San Diego, CA, 
USA   

   Email address for correspondence: fsong@med.wayne.edu   

   Keywords:   corticospinal tract degeneration  ,   myelin-axon loss  ,   
neuregulin   

   Background:  ALS involves both upper and lower motor sys-
tems, but how the upper and lower motor systems are linked 
during disease progression is not known. We recently found 
aberrant neuregulin1 (NRG1) signaling with NRG1 receptor 
activation on activated microglia in the ventral horn of both 
ALS patients and SOD1 mice, suggesting a common patho-
logical mechanism (1). However, it is not clear whether 
this signaling system also plays a role in patients with upper 
motor neuron (UMN) features, where patients with ALS 
show signifi cant myelin-axon loss in the corticospinal tracts 
(CSTs) that is not readily seen in the SOD1 mouse.  

   Objectives:  In order to focus on the UMN system feature, 
we compared the degree of CSTs degeneration and NRG1 
receptor activation in the presence or absence of UMN symp-
toms in well-characterized postmortem cervical, thoracic, and 
lumbar spinal cords regions to determine the anatomical 
and functional relationships of the connection between upper 
and lower motor neuron (LMN) systems in ALS patients.  

   Methods:  NRG1 expression and NRG1 receptor activation on 
activated microglia were measured in the different levels of CST 
from ALS patients with and without clinical UMN symptoms. The 
degree of myelin/axonal loss in CST regions was quantifi ed.  

   Results:  Only patients with clinical upper neuron symptoms 
showed CST degeneration; however, when present, all three 
spinal cord regions were affected (cervical, thoracic, and 
lumbar). Quantifi cation of axon density showed a loss of 
axons of different diameters in the lateral and ventral CST, 
but not in other tracts including the dorsal columns. Even 
though all patients showed activated microglia with NRG1 
receptor activation in the ventral horn, only those patients 
with CST degeneration showed increased microglial activa-
tion co-localized with NRG1 receptor activation. These same 
regions also showed increased NRG1 protein expression.  

   Discussion and conclusions:  Our current fi ndings show 
that only patients with UMN signs show focal degeneration 
of the CST and that when it occurs, the entire tract is affected. 
This differs from recently published fi ndings showing gradi-
ents of LMN loss as a function of disease progression in 
the ventral horn that often has greater effects on the portion 
of the spinal cord where the disease starts (2). The persistent 
activation of NRG1 receptors on activated microglia in 
the degenerating CST as well as the ventral horn may result 
from altered axoglial signaling patterns in ALS that could pro-
mote disease progression and serve as a potential therapeutic 
target to treat both LMN and UMN disease.  

  References  
  1.  Song F, Chiang P, Wang J, Ravits J, Loeb JA. Aberrant 

J Neuropathol Exp Neurol 2012;71:104–15.  
  2.  Ravits J, Laurie P, Fan Y, Moore DH. Neurology 2007;68: 

1576–82.  

DOI: 10.3109/17482968.2012.721231/052

  C53 IDENTIFICATION OF NEUROTROPHIC 
FACTORS FOR ALS-RELEVANT MOTOR NEURON 
SUBSETS BY A NOVEL FACS-BASED APPROACH  

   BUTTIGIEG   D  1   ,    JACQUIER   A  1   ,    BARAD   M  2   ,    GENTIEN   D  3   , 
   DE LA GRANGE   P  4   ,    HAASE   G  1   

   1 Institut des Neurosciences de la Timone,  2 Centre d ' Immunologie, 
CNRS  &  Aix-Marseille University, Marseille, France,  3 Institut 
Curie, Paris, France,  4  Genosplice, Paris, France   

   Email address for correspondence: georg.haase@univmed.fr   

   Keywords:   neurotrophic   factors  ,   motor neuron   subsets   

  Neurotrophic factors (NTF) represent promising therapeutic 
candidates for human ALS since they can enhance motor neu-
ron survival during normal development and in rodent ALS 
models. Studies in knockout mice, however, suggested that 
subsets of motor neurons differ in their survival response to 
NTF. To identify NTF for ALS-relevant motor neuron sub-
sets, we here used a combination of novel fl ow cytometry, 
fl uorescent-activated cell sorting (FACS) and transcriptomic 
techniques.  

  Motor neurons innervating limb, axial and abdominal 
muscles were identifi ed in mouse spinal cord through the 
combinatorial expression of transcription factors ISL1/2, 
HB9, FOXP1, LHX1/2, LHX3 and OCT6 by using double-
color fl ow cytometry. Limb motor neurons  –  which are vulner-
able in ALS  –  as well as axial motor neurons  –  which are 
relatively resistant  –  were then isolated by FACS. Both motor 
neuron subsets were obtained with high yield and exquisite 
purity, seeded into 96 well plates, cultured in the presence of 
the neurotrophic factors BDNF, NT-3, LIF, CNTF, CT-1, 
GDNF, Neurturin, Artemin or IGF and monitored for sur-
vival. Dose-fi nding experiments revealed distinct survival 
responses of limb and axial motor neurons to HGF and 
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CNTF. In line with these data, microarray-based gene expres-
sion profi ling, immunoblot and  in situ  hybridization analyses 
identifi ed differential expression of the HGF receptor c-Met 
and the CNTF receptor Lifr β  in subsets of limb and axial 
motor neurons, respectively.  

  In conclusion, this approach identifi es those neurotrophic 
factors that are critical for the survival of ALS-relevant motor 
neurons and thereby provides a rationale for testing selected 
NTF or NTF combinations in preclinical ALS trials.  

DOI: 10.3109/17482968.2012.721231/053

  C54 UNRAVELLING THE ENIGMA OF 
SELECTIVE VULNERABILITY IN 
NEURODEGENERATION: MOTOR NEURONS 
RESISTANT TO DEGENERATION IN ALS SHOW 
DISTINCT GENE EXPRESSION 
CHARACTERISTICS  

   BROCKINGTON   A   ,    NING   K   ,    HEATH   PR   ,    WOOD   E   , 
   FUSI   N   ,    LAWRENCE   N   ,    WHARTON   S   ,    INCE   P   ,    SHAW   P   

   University of Sheffi eld, Sheffi eld, UK   

   Email address for correspondence: alicebrockington@yahoo.co.uk   

   Keywords:   Selective vulnerability  ,   oculomotor neuron  ,   excitotoxicity   

   Background:  A consistent clinical feature of amyotrophic 
lateral sclerosis (ALS) is the sparing of eye movements and 
the function of external sphincters, with corresponding pres-
ervation of motor neurons in the brainstem oculomotor nuclei, 
and of Onuf ' s nucleus in the sacral spinal cord. Studying the 
differences in properties of neurons that are vulnerable and 
resistant to the disease process in ALS may provide insights 
into the mechanisms of neuronal degeneration and identify 
targets for therapeutic manipulation.  

   Objectives:  1) To use microarray analysis to determine the 
differences in gene expression between oculomotor and spinal 
motor neurons isolated from the midbrain and spinal cord 
of neurologically normal human controls. 2) To verify the 
most signifi cant changes found in two other species, and by 
functional studies.  

   Methods:  Spinal motor neurones were isolated by laser 
capture microdissection from the oculomotor nucleus and 
lumbar spinal cord of frozen CNS tissue, donated to the 

Sheffi eld Brain Tissue Bank by neurologically normal control 
subjects. RNA was extracted, amplifi ed, and hybridized to 
Affymetrix expression arrays. Differential gene expression 
between oculomotor and spinal motor neurones was deter-
mined using the bioconductor package, Puma. These results 
were compared to the transcriptional profi les of oculomotor 
nuclei and spinal cord from rat and mouse, obtained from 
the GEO omnibus database. Patch clamp recording in acute 
spinal and brainstem slices was performed to confi rm 
the functional signifi cance of differential expression of GABA 
and glutamate receptors, between resistant and vulnerable 
motor neurone subtypes.  

   Results:  A total of 1757 named genes were signifi cantly 
(p    �    0.001) differentially expressed between oculomotor and 
spinal motor neurones, and these were enriched for the 
functional categories of synaptic transmission, ubiquitin-
dependent proteolysis, mitochondrial function, transcriptional 
regulation, immune system functions, and the extracellular 
matrix. Marked differences were seen, across the three species, 
in genes with a function in synaptic transmission, including 
several glutamate and GABA receptor subunits. Using patch 
clamp recording, we showed that oculomotor neurons exhibit 
a reduced AMPA-mediated inward calcium current and a 
higher GABA-mediated chloride current than spinal motor 
neurons do.  

   Discussion:  Resistant oculomotor neurones have a distinct 
transcriptional profi le. These differences in gene expression 
may refl ect their diverse embryological origin, the different 
milieu in the brainstem, or differences in the structure and 
function of motor units of ocular muscles, compared to other 
skeletal muscles. Amongst the differences in gene expression 
observed are characteristics that render oculomotor neurons 
resistant to the degenerative process in ALS. The most sig-
nifi cant changes identifi ed in gene expression profi ling 
were in GABA and glutamate receptor subunits, and we con-
fi rmed in functional studies that oculomotor neurones show 
changes in AMPA- and GABA-mediated currents, which 
would predict a lower susceptibility to excitotoxicity.  

   Conclusions:  The fi ndings suggest that reduced suscepti-
bility to excitotoxicity is an important determinant of the 
relative resistance of oculomotor neurons to degeneration 
in ALS      .

DOI: 10.3109/17482968.2012.721231/054
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  C56 IDENTIFYING ASSOCIATIONS BETWEEN 
PRESCRIBED DRUGS AND SURVIVAL OF ALS 
PATIENTS USING MEDICARE DATA  

   LECHTZIN   N  1   ,    YUHAS   B  2   

   1 Johns Hopkins University, Baltimore, MD, USA,  2  Yuhas 
Consulting, Baltimore, MD, USA   

   Email address for correspondence: nlechtz@jhmi.edu   

   Keywords:   epidemiology  ,   database  ,   survival   

   Background:  Medicare data have been used to study many 
healthcare-related questions. Individuals diagnosed with ALS 
are immediately eligible for Medicare. This provides a large 
database of patients with ALS which includes information on 
prescription drugs.  

   Objectives:  To demonstrate the feasibility of using Medicare 
claims data to determine if there are particular classes of drugs 
associated with survival in ALS.  

   Methods:  In 2007, there were 14,116 patients with a part B 
claim diagnosis of ALS. We obtained all 519,299 part B claims 
and 303,326 Part D drug claims from 2007, as well as basic 
demographics including age, gender, date of enrolment and, 
if deceased, their date of death. For benefi ciaries    �    65 years 
of age when enrolled in Medicare, we used the date of enrol-
ment as a proxy for disease onset. Of the 14,116 benefi ciaries, 
5912 (42%) were enrolled prior to turning 65 and of these 
3,083 had Part D drug claims. In order to improve the accu-
racy of the ALS diagnosis, we restricted the analyses to a 
cohort that was prescribed riluzole and did not also have a 
diagnosis of Parkinson ' s disease or MS. This analysis cohort 
consisted of 744 benefi ciaries with a mean survival of 
78 months. We computed survival time from the date of 
enrolment until the date of death or until January 2011. We 
used CHAID and COX proportional survival models with 
step-wise regression to fi nd potential associations between 
drug classes and survival.  

   Results:  The age ranged from 24 to 81 (mean 53), 56% 
were male. As of January 31st, 2011, 248 of these patients 
were still alive. We found several drug classes that were associ-
ated with longer survival, including loop diuretics, cyclooxy-
genase 2 (COX2) inhibitors, cephalosporins and selected 
statins. When the drug classes of interest were assessed using 
the multivariable COX model adjusting for patient demo-
graphics and relevant comorbidities, COX2 inhibitors, loop 
diuretics and nitrates and nitrites continued to show statisti-
cally signifi cant impact on survival. The presence of some 
comorbidities, in particular, hypertension, diabetes and 
hypercholesterolemia, was found to be associated with longer 
survival.  

   Discussion:  While the use of large administrative databases 
has limitations, we were able to identify several classes of 

                        SESSION 8B CLINICAL REGISTERS 
AND EPIDEMIOLOGY    

 C55 ALS/MND PATIENT REGISTRIES/
REGISTERS  –  WHAT ARE YOU TRYING TO DO 
WITH THE INFORMATION?      

    ARMON     C  1,2           

  1 Baystate Medical Center, Springfi eld, Massachusetts, USA,  2  Tufts 
University School of Medicine, Boston, Massachusetts, USA  

  Email address for correspondence: Carmel.Armon@baystatehealth.
org                             

  Keywords:   population-based  ,   registers  ,   registries   

 ALS/MND is the degenerative disease of the motor neuron 
network. The clinical phenomenology can be explained, in 
most patients, by site of onset, spread by contiguity independ-
ently at spinal and cortical levels, relative involvement of dif-
ferent motor neuron types (lower, pyramidal, or prefrontal), 
and the rate of disease progression. The precise method of 
spread of disease within the motor neuron network has yet to 
be elucidated: a role for mis-folded proteins has been pro-
posed. Triggering disease onset has been attributed to interac-
tions between genetic, environmental, and age-dependent 
factors. Predisposing genes have been identifi ed in many 
familial and some sporadic cases. Environmental risk factors 
have been more elusive. 

 Combining information from patients may permit genera-
tion of descriptive and analytic epidemiological information. 
Descriptive epidemiology may be used to compare popula-
tions and track changes over time. Analytical epidemiology 
requires comparing patients to an appropriate reference 
group, and may be used to identify risk factors for disease 
occurrence. Population-based registers (registries), rather 
than referral-based or self-selected case series, are needed in 
order to deliver on these expectations. 

 This presentation will compare ALS/MND patient registers 
that have been established in Europe and North America. 
It will describe their declared goals and the results that they 
have reported. It will discuss reasons for the successes of 
some registers and the challenges faced by others. It will con-
clude by suggesting realistic expectations from population-
based registers and by proposing areas where standardizing 
register methodology may improve the ability to compare 
results among registers. 

DOI: 10.3109/17482968.2012.721231/055
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drugs associated with improved survival in ALS. Loop 
diuretics and nitrates are two drug classes associated with 
improved survival in ALS, which have not been previously 
described. The comorbidities of diabetes, hypertension and 
hypercholesterolemia may be serving as an indicator of high 
body mass index, which has been shown to positively impact 
survival.  

   Conclusions:  We found several novel classes of drugs that 
are associated with improved survival in ALS. Further 
investigation using other ALS cohorts is warranted to confi rm 
our fi ndings.  

DOI: 10.3109/17482968.2012.721231/056

  C57 INCIDENCE OF VENOUS 
THROMBOEMBOLIC EVENTS AMONG ALS 
PATIENTS IN A US HEALTH INSURANCE 
CLAIMS DATABASE  

   WILLIAMS   JR   ,    KERR   D   ,    FARWELL   W   

   Biogen Idec, Cambridge, MA, USA   

   Email address for correspondence: james.williams@biogenidec.com   

   Keywords:   comorbidities  ,   venous   thromboembolism  ,   pulmonary  
 embolism   

   Background:  Immobility may put amyotrophic lateral scle-
rosis (ALS) patients at increased risk for venous thromboem-
bolic (VTE) events. Data from clinical trials and tertiary 
clinics, which may not be representative of all ALS patients, 
suggest that the incidence of VTE is higher than the general 
population (1 – 4).  

   Objective:  Estimate the risk of VTE events in ALS patients 
compared to controls within the i3 InVision Data Mart 
Multiplan database.  

   Methods:  Two cohorts of patients  	    18 years of age were 
included in this analysis: ALS patients (n    �    4102, any 
patient with 1 inpatient or 2 outpatient medical claims 
containing ICD-9 code 335.20) and controls (n    �    65,000 
randomly selected patients with no medical claims for 
ALS (ICD-9 code 335.20) or other motor neuron diseases 
(CD-9 codes 335.2, 335.21, 335.22, 335.23, 335.24, 
335.29)). VTE events were defi ned as any inpatient 
or emergency room medical claim with the following ICD-9 
codes: 415.1x (pulmonary embolism and infarction), 451.
xx (phlebitis and thrombophlebitis), and 453.xx (other 
venous embolism and thrombosis). Pulmonary embolism 
(PE) and deep vein thrombosis (DVT) were analyzed 
separately as secondary outcomes. Poisson regression was 
used to calculate incidence rates, while Cox proportional 
hazards models were used to calculate hazard ratios 
(HR).  

   Results:  The crude incidence rate of VTE in ALS patients 
and controls was 1549.2/100,000 person-years (PYs) and 
130.4/100,000 PYs, respectively. The HR of VTE in ALS 
patients was 12.3 (95% CI: 9.2, 16.4). The crude incidence 
rate of PE in ALS and controls was 192.9/100,000 PYs and 
33.0/100,000 PYs, respectively, with a HR of PE in ALS of 
6.4 (95% CI: 3.2, 12.8). The crude incidence rate of DVT in 
ALS and controls was 1473.5/100,000 PYs and 102.0/100,000 
PYs, respectively, with a HR of DVT in ALS of 14.8 (95% 
CI: 10.8, 20.3). Results from the multivariate models will be 
presented at the conference.  

   Discussion and conclusions:  ALS patients are at increased 
risk for VTE. The present analysis found an increased risk of 
VTE, PE, and DVT in ALS patients relative to the general 
population. Clinicians should be vigilant for signs of VTE in 
ALS patients.  
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  C58 MEDITERRANEAN DIET MODIFIES RISK 
OF AMYOTROPHIC LATERAL SCLEROSIS  

   HUISMAN   M  1   ,    DE JONG   S  1   ,    SEELEN   M  1   , 
   VAN DOORMAAL   P  1   ,    DE VRIES   J  2   ,    VAN DER KOOI   A  3   , 
   DE VISSER   M  3   ,    SCHELHAAS   J  4   ,    VAN DEN BERG   LH  1   , 
   VELDINK   J  1   

   1 Rudolf Magnus Institute of Neuroscience, University Medical 
Center Utrecht, Utrecht, The Netherlands,  2 Department of Human 
Nutrition, Wageningen University, Wageningen, The Netherlands,  
3 Amsterdam Medical Center, University of Amsterdam, 
Amsterdam, The Netherlands,  4  Donders Institute for Brain, 
Cognition and Behaviour, Radboud University Nijmegen Medical 
Center, Nijmegen, The Netherlands   

   Email address for correspondence: M.Seelen@umcutrecht.nl   

   Keywords:   case  -control study  ,   risk factor  ,   dietary   pattern   

   Background:  Dietary habits may infl uence pathophysiologi-
cal mechanisms in sporadic amyotrophic lateral sclerosis 
(ALS), and, since they are modifi able, they may harbor poten-
tial preventive interventions.  

   Objective:  We determined the relation between dietary pat-
terns, identifi ed by exploratory factor analysis, and the risk of 
sporadic ALS, adjusted for confounding factors and corrected 
for multiple comparison.  

   Methods:  In a population-based case-control study in the 
Netherlands between 2006 and 2011, we studied the relation 
between dietary patterns, identifi ed by exploratory factor 
analysis, and the risk of sporadic ALS, adjusted for confound-
ing factors and corrected for multiple comparison. A food 
frequency questionnaire was used for data collection.  

   Results:  A total of 747 patients and 2,385 controls were 
included. Two dietary patterns were independently associated 
with sporadic ALS. A dietary pattern characterized by a high 
intake of total, saturated, and monounsaturated fat, transfatty 
acids, and cholesterol and a low intake of alcohol was associ-
ated with an increased risk of ALS (p    �    0.001). A pattern with 
a high intake of fi bre, vitamin C, lycopene, fl avonoids, and 
vegetable protein was associated with a decreased risk of ALS 
(p    �    0.001).  

   Discussion and conclusions:  The two identifi ed dietary 
patterns point to a so-called  “ Mediterranean diet ”  and thus 
provide clues to pathophysiological pathways that might be 
involved in sporadic ALS. The positive association with fat 
intake may support a role for insulin resistance, while the 
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negative association with dietary antioxidants supports a role 
for oxidative stress in the development of sporadic ALS.  

DOI: 10.3109/17482968.2012.721231/058

  C59 SEVERE VITAMIN D DEFICIENCY 
CORRELATES WITH WORSE ALS PROGNOSIS  

   PAGEOT   N  1   ,    JUNTAS-MORALES   R  1   ,    RAOUL   C  2   , 
   TREMBLIER   B  2   ,    SCAMPS   F  2   ,    VINCENT   T  2   ,    CAMU   W  1,2   

   1 ALS center, CHU and INSERM, Montpellier, France,  
2  Neuroscience Institute, INSERM, Montpellier, France   

   Email address for correspondence: w-camu@chu-montpellier.fr   

   Keywords:   vitamin   D  ,   prognosis  ,   neuroprotection   

   Background:  Vitamin D (VD) has been shown to modulate 
neurite outgrowth and to promote neuroprotection in differ-
ent animal models. In clinical neurology, VD defi ciency has 
also been related to vascular abnormalities and particularly 
an increased intima-media thickness. In ALS, all these ele-
ments are likely to increase disease severity. On the immuno-
logic point of view, VD is able to participate to the Th1/
Th2 imbalance through an action on T regulators (Treg). In 
ALS such a dysregulation of Tregs has been described and 
therapeutical intervention on Tregs has been shown to be able 
to modulate survival in transgenic SOD1 mice.  

   Objectives:  To compare ALSFRS   (Amyotrophic Lateral 
Sclerosis Functional Rating Scale) decline between three 
groups of ALS patients according to VD levels: normal (NVD), 
defi cient (DVD) and severely defi cient (SVDD).  

   Material and methods:  VD levels were determined in 78 
incident ALS patients. The following ALS criteria were col-
lected: age of onset, site of onset, ALS duration, ALSFRS 
at the time of VD dosage and gender. VD collection was 
done between 2008 and 2011, and the results were retro-
spectively analyzed with regard to ALS evolution (ALSFRS 
is collected at each quarterly visit until end of follow up or 
death) and ALS severity (rate of ALSFRS decline, ROAD). 
Three groups were constituted according to VD levels: 
 �    75mmol NVD,     �    25mmol VDD,     �    25mmol SVDD. 
Data were analyzed using ANOVA followed by a student 
 t  test.  

   Results:  Patients with SVDD had a four fold more impor-
tant ROAD than NVD patients (1.278 pts/month vs 0.38, 
p    �    0.001). The ROAD for VDD patients was intermediate 
(0.92 pts/month, ns vs other groups). At the time of 
database lock (April 2012), 80% of the SVDD group 
was already dead compared to 32 % for VDD patients and 
23% for NVD ones, while they had, at the time of VD 
dosage, a shorter ALS duration (26, 30 and 36 months, 
respectively).  

   Conclusion:  This study showed that patients with a SVDD 
have a four fold more rapid evolution than those with 
NVD levels. The exact reason for this may lie both in the 
role of VD on neurite outgrowth and in the role of VD on 
innate immune system. We believe that the potential of 
VD supplementation in ALS patients with SVDD has to be 
considered.      

DOI: 10.3109/17482968.2012.721231/059
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  C61 COMPARISON OF THE GENE EXPRESSION 
PROFILE IN LASER CAPTURED MOTOR 
NEURONS OF TWO SOD1G93A MOUSE STRAINS 
WITH DIFFERING DISEASE PHENOTYPES  

   NARDO   G  1   ,    IENNACO   R  1   ,    MARINO   M  1   ,    HEATH   PR  2   , 
   FUSI   N  2   ,    FERRAIUOLO   L  2   ,    SHAW   P  2   ,    BENDOTTI   C  1   

   1 Mario Negri Institute, Milano, Italy,  2  Sheffi eld Institute for 
Translational Neuroscience (SITraN), University of Sheffi eld, 
Sheffi eld, UK   

   Email address for correspondence: caterina.bendotti@marionegri.it   

   Keywords:   gene expression profi le  ,   laser captured motoneurons  ,   
neuroimmunity   

   Background:  Amyotrophic Lateral Sclerosis (ALS) is a 
clinically heterogeneous disease with a high variability in the 
rate of symptom progression even in familial cases associated 
with autosomal dominant SOD1 gene mutations. Recently, 
we have observed that SOD1G93A mice on different genetic 
backgrounds, C57BL/6J and 129S2/Sv, exhibit a clinical 
phenotype which differed consistently in terms of speed of 
symptom progression and life span, even though they carry 
the same number of human SOD1 transgene copies.  

   Objectives:  We aimed to compare the gene expression pro-
fi les of the motor neurons of these two SOD1G93A mouse 
strains in order to discover the molecular mechanisms that 
may contribute to a the distinct phenotypes and to uncover 
factors undelying fast and slow disease progression.  

   Methods:  Lumbar spinal motor neurons (MNs) from the two 
SOD1G93A mouse strains were isolated by laser capture 
microdissection and analyzed by microarray analysis at four 
different disease stages (presymptomatic; onset; symptomatic 
and endstage). Validation of signifi cant changes was made 
using immunoblot of the ventral horns of spinal cord and 
the immunohistochemistry of spinal cord slices.  

   Results:  We identifi ed a marked difference in the motor neu-
ron transcriptome between the two mice strains at the onset 
of the disease, with a dramatic gene downregulation in the 
rapidly progressive (129S2/Sv) compared to the slowly pro-
gressing mutant SOD1 mice (C57BL/6J) (1278 vs 346; 
q    �    0.01). G93A-129S2/Sv mice exhibit a higher tendency 
to accumulate protein aggregates due to an impairment of 
specifi c pathways involved in misfolded protein degradation, 
as well as defi ciencies in mitochondrial function and axonal 
transport. In contrast , gene ontology (GO) pathway analysis 
of the MN transcriptional profi le from G93A-C57BL/6J mice, 
revealed a strong gene enrichment in relation to immune sys-
tem processes compare to G93A-129S2/Sv mice. MNs from 
the more benign mutant strain exhibit strong complement 
activation, overexpressing genes normally involved in the 
physiology of immune cells such as MHCI, CD22 and CCL2, 
which are up-regulated respectively.  

                        SESSION 9A PHENOTYPIC CHANGE/
MODIFICATION    

 C60 DIFFERENT HUMAN COPPER-ZINC 
SUPEROXIDE DISMUTASE MUTANTS, SOD1G93A 
AND SOD1H46R, EXERT DISTINCT HARMFUL 
EFFECTS ON GROSS PHENOTYPE IN MICE      

    PAN     L  ,       YOSHII     Y  ,       OTOMO     A  ,       OGAWA     H  ,       IWASAKI     Y  ,  
     SHANG     H-F ,        HADANO     S           

  Tokai University, Isehara, Kanagawa, Japan  

  Email address for correspondence: leipan@tokai-u.jp                             

  Keywords:   SOD1  , gross   phenotype  ,   harmful effect    

Amyotrophic lateral sclerosis (ALS) is a heterogeneous group 
of fatal neurodegenerative diseases characterized by a selective 
loss of motor neurons in the brain and spinal cord. Creation 
of transgenic mice expressing mutant Cu/Zn superoxide dis-
mutase (SOD1), as ALS models, has made an enormous 
impact on the progress of ALS studies. Recently, it has been 
recognized that genetic background and gender affect many 
physiological and pathological phenotypes. However, no sys-
tematic studies focusing on such effects using ALS models 
other than SOD1(G93A) mice have been conducted. 

 To clarify the effects of genetic background and gender on 
gross phenotypes among different ALS models, we here con-
ducted a comparative analysis of growth curves and lifespans 
using congenic lines of SOD1(G93A) and SOD1(H46R) 
mice on two different genetic backgrounds; C57BL/6N (B6) 
and FVB/N (FVB). Copy number of the transgene and their 
expression between SOD1(G93A) and SOD1(H46R) 
lines were comparable. B6 congenic mutant SOD1 transgenic 
lines irrespective of their mutation and gender differences 
lived longer than corresponding FVB lines. Notably, the 
G93A mutation caused more severe disease phenotypes 
than did the H46R mutation, where SOD1(G93A) mice, par-
ticularly on a FVB background, showed a more extensive 
body weight loss and an earlier death. Gender effect on sur-
vival also solely emerged in FVB congenic SOD1(G93A) 
mice. Conversely, consistent with our previous study using 
B6 lines, the lack of Als2, a murine homolog for the recessive 
juvenile ALS causative gene, in FVB congenic SOD1(H46R), 
but not SOD1(G93A), resulted in an earlier death of the mice, 
implying a genetic background-independent but mutation-
dependent phenotypic modifi cation. These results indicate 
that SOD1(G93A)- and SOD1(H46R)-mediated toxicity and 
their associated pathogenic pathways are not identical. 
Further, distinctive injurious effects resulted from different 
SOD1 mutations, which are associated with genetic back-
ground and/or gender, suggesting the presence of several 
genetic modifi ers of disease expression in the mouse genome. 

DOI: 10.3109/17482968.2012.721231/060
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   Discussion and conclusions:  We demonstrated that the 
motor neurons of the slowly progressing mice, unlike those 
from mice with more severe phenotype, are able to activate a 
series of genes with neuroprotective properties including 
infl ammatory genes. In contrast, the mice with a faster disease 
progression exhibit an increased tendency to accumulate 
protein aggregates due to a greater impairment of some path-
ways involved in misfolded protein degradation. These results 
may enable the identifi cation of prognostic markers of the 
disease and the design of more specifi c therapeutic strategies 
for ameliorating the speed of progression of motor neuron 
injury.  

  Project supported by the MND Association.  

DOI: 10.3109/17482968.2012.721231/061

  C62 THE ROLE OF THE TRANSCRIPTIONAL 
REGULATOR PGC-1A IN MODULATING THE ALS 
PHENOTYPE  

   WEYDT   P  1   ,    SCHWALENST Ö CKER   B  1   ,    RONA-
V Ö ROS   K  4   ,    WIPP   T  1   ,    WIESNER   D  1   ,    MEYER   T  2   ,    
SOYAL   S  3   ,    PATSCH   W  3   ,    LUDOLPH   AC  1   

   1 Ulm University, Ulm, Germany,  2 Charite, Berlin, Germany,  
3 Paracelsus Medical University, Salzburg, Austria,  4  University of 
Szeged, Szeged, Hungary   

   Email address for correspondence: patrick.weydt@uni-ulm.de   

   Keywords:   PGC-1a  ,   metabolism  ,   genetic modifi er   

   Background:  Wasting and metabolic failure are important fea-
tures of experimental and human ALS. The transcriptional co-
activator PGC-1alpha is an important regulator of mitochondrial 
activity and biogenesis in many metabolically active tissues, 
including brain, muscle and fat. Recent clinical and experimen-
tal evidence from research into Huntington ' s disease and Par-
kinson ' s disease suggests that impaired function or activity of 
PGC-1alpha contributes to the pathogenesis of neurodegenera-
tive disease spectrum disorders. In ALS transgenic mice general 
overexpression of PGC-1a can extend lifespan while over expres-
sion limited to muscle has no survival effect. Our data show that 
ALS transgenic mice in addition to their well-documented 
motor phenotype and weight loss show a variety of additional 
abnormalities suggesting involvement of PGC-1alpha-mediated 
metabolic control. In addition recent work from our collabora-
tors suggests that different promotors drive PGC-1a expression 
in the brain and in the periphery.  

   Objectives:  We aimed to investigate whether the lack of 
PGC-1alpha expression worsens the metabolic and motor 
phenotype of ALS transgenic mice, whether this has an effect 
on their survival and whether PGC-1a modulates the human 
disease course.  

   Methods:  We crossbred PGC-1a-/- and SOD1 (G93A, 
high copy) transgenic mice to generate PGC-1a-/-; 
SOD1(G93A) mice. As controls we used PGC-1a-/-
;SOD1(wt), PGC-1a � / � ;SOD1(G93A) and wild-type 
mice. Body weight, body temperature and blood glucose 
levels were measured in regular intervals starting at the age 
of six weeks. Additionally we performed an evaluation of 
motor phenotype and string agility. To gauge the relevance 
of the PGC-1a system for the human condition we analyzed 
the effect of the novel PGC-1a SNPs on disease onset of a 
large cohort of  �    700 European ALS patients.  

   Results:  Our data show that deletion of PGC-1alpha leads 
to an aggravation of the motor phenotype in ALS-mice as well 

as to a reduced life span in male SOD G93A -mice. Dysregula-
tion of body temperature is a common trait of SOD G93A - and 
SOD G93A -mice lacking PGC-1alpha expression, whereas 
fasting glucose levels of PGC1 alpha; SOD G93A  mice are 
reduced. Also, specifi c PGC-1a SNPs are correlated with an 
accelerated age of onset in European ALS patients.  

   Discussion and conclusions:  Our results support a poten-
tial role of PGC-1alpha-mediated metabolic regulation in the 
pathogenesis of ALS in SOD G93A  transgenic mice. Impor-
tantly, our modifi er study supports the relevance of the 
PGC-1a system for the disease course in human ALS 
patients.  

  This work was supported by a Pilot Grant from the Latran 
Foundation.  

DOI: 10.3109/17482968.2012.721231/062

  C63 ENHANCED PGC-1A ACTIVITY AND 
INCREASED MITOCHONDRIAL BIOGENESIS IN 
SKELETAL MUSCLE MAINTAIN MUSCLE 
FUNCTION THROUGHOUT DISEASE IN A 
MODEL OF INHERITED ALS  

   DA CRUZ   S  1   ,    PARONE   P  1   ,    LOPEZ   V  2   ,    LILLO   C  3   , 
   MCALONIS-DOWNES   M  1   ,    LEE   S  1   ,    VETTO   A  1   , 
   PETROSYAN   S  4   ,    MARSALA   M  5   ,    MURPHY   A  4   ,     
WILLIAMS   D  2   ,    SPIEGELMAN   B  6   ,    CLEVELAND   D  1     
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of Anesthesiology, University of California San Diego, La Jolla, 
CA, USA,  6  Dana-Farber Cancer Institute and Department of Cell 
Biology, Harvard Medical School, Boston, Boston, CA, USA   

   Email address for correspondence: sdacruz@ucsd.edu   

   Keywords:   PGC1a  ,   muscle  ,   therapy   

  The mechanism underlying the premature degeneration and 
death of neurons during amyotrophic lateral sclerosis (ALS) 
is still unknown. Nevertheless, evidence from many experi-
mental directions has supported the proposal that an impor-
tant feature of ALS is damage to mitochondria. Mitochondrial 
dysfunctions, such as elevated levels of mitochondrially 
derived reactive oxygen species and defi cits in mitochondrial 
respiration and ATP production have been reported, in motor 
neurons and skeletal muscles of ALS patients and transgenic 
mice constitutively expressing SOD1 harboring ALS-linked 
mutations. In these transgenic mice, retraction of motor 
axons at neuromuscular junctions is one of the earliest 
presymptomatic events, implying that muscle could be a puta-
tive primary source for mutant SOD1 mediated toxicity. 
This issue is still debated, although lowering SOD1 mutant 
synthesis in muscle (by viral delivered siRNA or by selective 
deletion of a mutant SOD1 transgene solely in muscle) does 
not affect disease course. Nevertheless, it should be empha-
sized that it is not known if enhancing the metabolic capacity 
and mitochondrial biogenesis of the muscle can protect 
against neuronal death in ALS mice. Indeed, improving motor 
performance through a regular exercise activity and/or by 
means of viral delivery of insulin growth factor (IGF) in 
the muscle or by a muscle restricted-expression of a localized 
IGF isoform delays the onset and extends survival of ALS 
mice. With this in mind, we have tested whether increasing 
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mitochondrial activity in skeletal muscles is an attractive 
target for therapeutic development in ALS. We now report 
that selective elevation of PGC-1 α  (a transcriptional co-
activator that induces multiple effects on muscle, including 
increased mass and activity of mitochondria) in muscles 
of mice that develop fatal paralysis from an ALS-causing 
SOD1 mutant elevates PGC1 α -dependent pathways 
throughout disease course. Mitochondrial biogenesis and 
activity are maintained through end stage disease, accompa-
nied by retention of muscle function, delayed muscle atrophy 
and signifi cantly improved muscle endurance even at late 
stages of disease. However, survival was not extended. 
Therefore, muscle is not a primary target of mutant SOD1-
mediated toxicity, but drugs increasing PGC-1 α  activity in 
muscle represent an attractive therapy for maintaining muscle 
function during progression of ALS.  

DOI: 10.3109/17482968.2012.721231/063

  C64 ACID SENSING ION CHANNELS (ASICS) 
CONTRIBUTE TO MOTONEURON 
DEGENERATION IN AN ANIMAL MODEL OF 
AMYOTROPHIC LATERAL SCLEROSIS  

   BEHAN   Á   ,    HOGG   M   ,    BREEN   B   ,    MITCHEM   M   , 
   WOODS   I   ,    COUGHLAN   K   ,    PREHN   J   

   Royal College of Surgeons in Ireland, Dublin, Ireland   

   Email address for correspondence: marionhogg@rcsi.ie   

   Keywords:   acid sensing ion channels  ,   SOD1 transgenic mice  ,   
therapeutics   

   Background:  Mitochondrial dysfunction, Ca 2    �      overloading, 
and a local hypoxic/ischemic environment have been impli-
cated in the pathophysiology of ALS and are conditions that 
may initiate metabolic acidosis in the affected tissue. We tested 
the hypothesis that acidosis, and, in particular acid-sensing 
ion channels (ASICs), are involved in the pathophysiology 
of ALS.  

   Objectives:  Our aim was to investigate the role of acidosis 
and ASIC channels in the pathophysiology of ALS, and 
explore whether pharmacological inhibition of ASIC channels 
represents a new approach for the treatment of ALS.  

   Methods:  We measured the intracellular pH of lumbar spinal 
cord samples in  SOD1  mice across disease progression 
by Neutral Red assessment. We determined whether  acidosis  
contributed to neuronal death and whether ASIC1a was 
involved using  asic1a  deletion and ASIC1a blockade with 
PcTx1  in vitro.  We generated  a mouse model of ALS  defi cient 
for  asic1a and assessed  whether  asic1a  was involved in motone-
uron degeneration in  SOD1  mice. We assessed whether 
acidosis is accompanied by changes in ASIC channel expres-
sion  in vivo  and in ALS patients. We next tested whether cross-
inhibition of both ASIC1 and ASIC2 channels exerted an 
increased capacity to protect motoneurons against acidotoxic 
injury  in vitro . We fi nally examined the effect of oral adminis-
tration of ASIC channel inhibitors on lifespan, motor perfor-
mance and motoneuron survival in the  SOD1  mouse.  

   Results:  We found that acidosis increased across disease 
progression in the spinal cord of  SOD1  ALS mice. Moreover, 
motoneurons were selectively vulnerable to acidotoxicity 
 in vitro.  Acidotoxicity was partially reduced in  asic1a -defi cient 
motoneuron cultures, and crossbreeding of  SOD1  with  asic1a -
defi cient mice delayed the onset and progression of motor 
dysfunction in  SOD1    mice. Interestingly, we also noted a 

strong increase in ASIC2 expression in motoneurons of  SOD1  
mice and sporadic ALS patients during disease progression. 
Pharmacological pan-inhibition of ASIC channels with 
lipophilic amiloride derivative, 5-(N,N-Dimethyl) amiloride 
hydrochloride, potently protected cultured motoneurons 
against acidotoxicity, and, given post-symptom onset, a sig-
nifi cantly improved lifespan, motor performance and motone-
uron survival in  SOD1  mice (n    �    24/group; age, gender (12 
males/12 females), weight and litter-matched) in accordance 
with the most recent ALS guidelines for generating preclinical 
data (1).  

   Conclusions:  Our data provide strong evidence for the 
involvement of ASIC channels in motoneuron degeneration, 
and highlight the potential of ASIC inhibitors as a new treat-
ment approach for ALS.  

  This research was funded by Enterprise Ireland, SFI and 
the HRB.  

  Reference  
  1. Ludolph  et   al . ALS 2010.  

DOI: 10.3109/17482968.2012.721231/064

  C65 ELECTRICAL IMPEDANCE MYOGRAPHY 
AND MUNE SHOW NO EVIDENCE OF RILUZOLE 
HAVING A THERAPEUTIC EFFECT IN SOD1 
G93A MICE  

   LI   J   ,    SPIEKER   A   ,    SUNG   M   ,    RUTKOVE   S   

   Beth Israel Deaconess Medical Center/Harvard Medical School, 
Boston, MA, USA   

   Email address for correspondence: srutkove@bidmc.harvard.edu   

   Keywords:   motor unit number estimation  ,   electrical impedance 
myography  ,   riluzole   

   Background:  Electrical impedance myography (EIM) and 
motor unit number estimation (MUNE) are two neuro-
physiologic biomarkers for evaluating ALS progression. 
Whether either is capable of identifying an actual treatment 
effect, however, is unknown. Since previous studies have 
given confl icting results as to the potential effi cacy of rilu-
zole in extending survival in SOD1 G93A mice, it remains 
possible that another indicator of disease progression, 
such as EIM or MUNE, could detect a treatment effect in 
these mice.  

   Objectives:  1. We sought to determine whether EIM or 
MUNE could detect a treatment effect in SOD1 G93A mice 
treated with riluzole versus controls. 2. We sought to compare 
how EIM and MUNE fared as biomarkers of disease onset 
and progression in this animal model.  

   Methods:  Forty-seven SOD1 G93A animals were divided 
into two groups, one receiving riluzole in the drinking water, 
aiming for a dose of 0.2 mg/kg/day starting at six weeks of 
age. The groups were evenly divided between males and 
females. Animals underwent EIM, MUNE, and functional 
assessments weekly. Animals were sacrifi ced when they were 
no longer able to feed themselves due to complete hind limb 
paralysis.  

   Results:  Treatment with riluzole was not found to prolong 
either the time of clinical disease onset, as judged by onset of 
leg tremors, or of survival (treated mean onset 118.3 days, 
untreated mean onset 117.7 days; treated mean survival 132.4 
days, untreated mean survival 133.0 days). Rates of decline 
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for MUNE (11.4 units/week treated, 6.4 units/week untreated) 
and EIM phase-slope (1.15  �  10 �3  degrees/kHz/week, treated, 
8.37  �  10  � 4  degrees/kHz/week untreated) were also not dif-
ferent between groups (p    �    0.25 and p    �    0.54, respectively). 
Since no differences were observed, untreated and treated 
data were combined for the remaining biomarker analyses. 
First, EIM phase-slope correlated strongly with MUNE 
(r    �    0.78, p    �    0.0141). Signifi cant changes in EIM phase-
slope were identifi able at just nine weeks (p    �    0.0024), whereas 
MUNE fi rst showed a signifi cant reduction at 14 weeks 
(p    �    0.028). The rate of deterioration in EIM phase-slope 
(r    �    0.52, p    �    0.001) provided a stronger correlation with 
survival than MUNE (r    �    0.36, p    �    0.012). Finally, EIM 

phase-slope had a low coeffi cient of variation (CoV) in the 
rate of decline (0.34), far surpassing weight (CoV    �    1.1) and 
MUNE (CoV 3.4), suggesting it would be highly sensitive to 
a treatment effect.  

   Discussion and conclusion:  These EIM and MUNE data 
failed to show a therapeutic effect of riluzole in ALS SOD1 
mice. However, these results do show the potential value of EIM 
in assessing ALS progression, through its early detection of dis-
ease onset, its rate of decline correlating to survival, and its low 
coeffi cient of variation in the rate of decline across animals.      

DOI: 10.3109/17482968.2012.721231/065
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                        SESSION 9B MULTIDISCIPLINARY 
MANAGEMENT    

 C66 THE JOINT COMMISSION (TJC) DISEASE-
SPECIFIC CARE CERTIFICATION (DSC) 
PROGRAM FOR AMYOTROPHIC LATERAL 
SCLEROSIS (ALS)  –  A STRUCTURED 
MECHANISM DEVELOPED FOR PERFORMANCE 
MEASURE IMPLEMENTATION, AUDIT AND 
COMPLIANCE ASSESSMENT ALLOWING 
EVOLUTION FROM PROCESS-BASED TO 
PATIENT-OUTCOME-BASED IMPROVEMENT IN 
AN ALS MULTIDISCIPLINARY CENTER 
AVAILABLE INTERNATIONALLY      

    WILLIAMS     NM  1  ,       BRAVVER     EK  1  ,       BOCKENEK     WL  1,2  ,  
     DESAI     UG  1  ,       LANGFORD     VL  1  ,       WARD     AL  1  ,       SANJAK M  S  1,4  ,  
     HOLSTEN     SE  1  ,       WRIGHT     KA  1  ,       NICHOLS     MS  1  ,       
SMITH     NP  1  ,       SMRCINA     J  1  ,       BLYTHE     A  1  ,       COREY     QD  1  ,  
     RUSSO     PC  1  ,  HENDERSON      AM  1  ,       FISCHER     MP  1  ,  
     LINDBLOM     SS  1,3  ,       PACCICO     TJ  3  ,       BROOKS     BR  1                          

  1 Department of Neurology, Carolinas Neuromuscular/ALS-MDA 
Center;  2 Carolinas Rehabilitation, Physical Medicine and 
Rehabilitation;  3 Internal Medicine; Carolinas Medical Center, 
University of North Carolina School of Medicine, Charlotte 
Campus, Charlotte, NC, USA,  4  Kinesiology, University of North 
Carolina, Charlotte, NC, USA  

  Email address for correspondence: Nicole.M.Williams@carolinas 
healthcare.org  

 Keywords:   quality   improvement  ,   benchmarking  ,  clinical audit

                                  Background:  Disease specifi c care certifi cation (DSC) is a 
clinic-based process that assesses implementation of perform-
ance measures based on known ALS guidelines (1). The reit-
erative process was introduced to improve the quality of 
patient care by reducing variation in clinical processes reduc-
ing the risk of error, provide a framework for program struc-
ture and management using effective data-driven performance 
improvement, provide an objective assessment of clinical 
excellence, strengthen community confi dence in the quality 
and safety of care, treatment and services, and potentially 
meet necessary regulatory requirements. The process is ame-
nable to existing guidelines and performance measures 
recently developed by the American Academy of Neurology (2). 
Assessment of falls by patient history at each ALS clinic visit 
supplanted performance of Hendrich-II-Fall-Risk based on 
sensitivity analysis in 2009 – 2010. Assessment of falls was 
retired as an auditable performance measure as it became a 
standard for each clinical encounter and was replaced as an 
auditable performance measure by Respiratory Management 
Assessment (RMA)in 2011 – 2012.   

  Objective:  Document compliance with core performance 
measures of the ALS DSC profi le, demonstrate patient-
specifi c outcome measure compliance and demonstrate addi-
tion of further performance measures in a large ALS clinic 
over 24 months (3,4).   

  Methods:  Standardized performance measures: 1) Mini-
Mental Status Examination(MMSE), 2)Patient Health 
Questionnaire (PHQ-2), 3)Patient Health Questionnaire 
(PHQ-9), 4) Patient-specifi c communication to primary care 
physician and 5) RMA measured patient status according to 
AAN ALS guidelines. Monthly and quarterly audits of per-
formance were ascertained across 650    �    188(SD) annual ALS 
encounters from 2009 through 2012.   

  Results:  Cognitive-screening (98.9    �    11.7%), psychiatric-
screening (PHQ-2)(98.7    �    12.0%), psychiatric-follow-up 
(PHQ-9) (98.4    �    17.4%), communications with primary care 
physician[97.5    �    6.9%]assessments were performed accord-
ing to practice standards achieving benchmark targets. RMA 
identifi ed functional vital capacity (FVC) measurement 
as universal(100.0    �    0.0%)and the measure adjusted to assess 
the proportion of patients with FVC  �    60% predicted offered 
respiratory support.   

  Conclusion:  One of the initial fi ve performance measures 
deployed in an ALS Clinic was regarded as auditable because 
it achieved the requirement of standard of practice. It was 
replaced by the RMA auditable measure that successfully 
evolved from a process-based performance measure to a 
patient-centered outcome measure. DSC is a clinic-based 
process for implementing performance measures to improve 
ALS clinic performance and is available internationally (5).   

References
  1.  Williams NM, Bravver EK, Bockenek WL,  et   al.  ALS 2011; 

2(Suppl 1):12.  
2.    American Academy of Neurology 2011; www.aan.com/

globals/axon/assets/9281.pdf  
3.    The Joint Commission 2012; www.jointcommission.org/

assets /1/18/Facts_about_Disease_Specif ic_Care_
Certifi cation.pdf  

4.    The Joint Commission 2012; “Disease-Specifi c Care 
Certifi cation” www.jointcommission.org/certifi cation/
certifi cation_main.aspx  
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possible explanation is that multidisciplinary care in the 
Netherlands, which was high-ranked by the participants, 
leads to a high level of emotional functioning of ALS 
patients.   

DOI: 10.3109/17482968.2012.721231/067

C68 USE OF A COMPUTER-BASED DECISION 
AID CAN IMPROVE CLINICIAN UNDERSTANDING 
OF TREATMENT WISHES OF PATIENTS WITH ALS

SIMMONS  Z  ,     LEVI   B  ,       BROTHERS   A  ,       WHITEHEAD   M  ,  
     FARACE   E  ,       SCHUBART   J  ,       LEHMAN   E  ,     GREEN  M

  Penn State College of Medicine, Hershey, PA, USA  

Email address for correspondence: zsimmons@psu.edu

  Keywords:   advance   directives  ,   advance care planning  ,   quality 
of life  

  Background:  Patients with amyotrophic lateral sclerosis 
(ALS) face inevitable physical decline, necessitating refl ection 
about, and decisions regarding, advance care planning 
(ACP).   

  Objectives:  To determine whether a computer-based 
decision aid for ACP can help improve communication about 
end-of-life issues between patients with ALS and the clinicians 
who treat them.   

  Methods:  Patients in an ALS multidisciplinary clinic were 
invited to use a computer-based decision aid to help them 
think about and document treatment preferences if they are 
unable to speak for themselves. Before patients used the 
decision aid, the ALS clinic team was presented with 3 
hypothetical vignettes, and asked which particular treat-
ments they would provide the patient in each scenario (ven-
tilator, cardiopulmonary resuscitation, dialysis, feeding 
tube, etc.). The team also was asked how confi dent they 
were that they could  “ appropriately translate the patient ' s 
goals and values into clinical decisions that accurately 
refl ect his or her wishes ”  (1    �    not at all; 10    �    extremely). 
Patients then used the decision aid, and generated an 
advance directive. The clinic team met three months later, 
reviewed the advance directive, and the vignette-based 
treatment decision process was repeated. Patients were 
then interviewed by telephone and asked which treatments 
they actually would want for each scenario. For each deci-
sion, concordance was determined between the patient ' s 
wishes and the ALS team ' s treatment plan. Summary scores 
were expressed as percent agreement, and pre-post com-
parisons were made using paired t-tests. Patient knowledge, 
anxiety, and self-determination were also compared pre and 
post intervention. The study was approved by Penn State ' s 
IRB.   

  Results:  44 patients participated (66% male, 77% married, 
mean age 58 years). At the time of enrollment, 50% had 
completed an advance directive. Prior to the intervention, 
concordance between patient wishes and the clinic team 
decisions was low (mean    �    54.3%,  SD    5     34.3). Following 
the intervention, concordance was dramatically higher 
(mean    �    92.8%,  SD    5     10.3;  p     �    0.001). ALS team member 
mean confi dence increased signifi cantly pre-post intervention 
(from 3.3 to 6.4; p    �    0.001). Additionally, patient knowledge 
of advance care planning increased signifi cantly after the 
intervention (from 47.8% correct responses to 66.3%; 
 p  �       0.001), without any adverse effect on patient anxiety or 
sense of self-determination.   

C67 CASE MANAGEMENT AS AN ADJUNCT TO 
MULTIDISCIPLINARY CARE FOR ALS PATIENTS 
AND THEIR PRIMARY CAREGIVERS IN THE 
NETHERLANDS; NO EFFECT ON QUALITY OF 
LIFE OR CAREGIVER STRAIN

CREEMERS  H  1  ,     VELDINK   J  2  ,        GRUPSTRA   H  1  ,       
NOLLET   F  1  ,       BEELEN   A  1  ,     VAN DEN BERG   LH  2 

  1 Academic Medical Center of the University of Amsterdam, 
Netherlands ALS Center, Amsterdam, The Netherlands,  
2  Department of Neurology, Rudolf Magnus Institute of 
Neuroscience, University Medical Center Utrecht, Netherlands 
ALS Center, Utrecht, The Netherlands  

Email address for correspondence: h.w.creemers@amc.uva.nl

  Keywords:   quality   of life  ,   quality of care  ,   case management  

  Background:  About 80% of the Dutch ALS patients and 
their primary caregivers are supported by one of the 43 
multidisciplinary ALS care teams. From clinical practice we 
know that complex ALS care not always meets the needs of 
ALS patients and caregivers. Case management (CM) has 
been suggested as an innovative strategy to optimize care. 
Nevertheless, there is no evidence about the effectiveness of 
CM as an adjunct to usual care in ALS patients and their 
caregivers.   

  Objectives:  The purpose of our study was to answer the 
following question: Does CM improve ALS patient’s quality 
of life, caregiver’s burden and perceived quality of care (QoC) 
of ALS patients and their caregivers?   

  Methods:  We performed a cluster randomized controlled 
trial, with the ALS team as the unit of randomization. 
Participating ALS patients and caregivers received CM plus 
usual care or usual care only, conditional upon their team. 
Throughout 12 months, two occupational therapists provided 
CM and visited participants at home at study entry and 
every three months. Primary outcome measure was the ALS 
Assessment Questionnaire-40 items, domain Emotional 
Functioning (ALSAQ-40 EF). Secondary outcome measures 
were the Caregiver Strain Index (CSI) and QoC (rating score, 
range 0 to 10    �    best possible). We performed assessments at 
baseline, four, eight and 12 months. We analysed change in 
emotional functioning and caregiver strain using a multilevel 
analysis. We used area under the curve analysis for the effect 
on perceived QoC.   

  Results:  Thirty one teams recruited 71 patients and 66 
caregivers for the intervention group and 61 patients and 60 
caregivers for the control group. The extent to which partici-
pants relied on CM varied widely. Actions of the case manager 
were mostly in the area of emotional well-being, practical 
support and providing information. At baseline ALSAQ-40 
EF was 19.6 (standard error (SE) 2.0) in both groups and 
did not change over time (0.56 (SE 0.57) /4 months; 
p    �    0.331). In both groups, CSI scores increased from 5.3 
(SE 0.4) at baseline with 0.7 (SE 0.1) points/4 months 
(p    �    0.0001). We found no effect of CM on changes in 
emotional functioning or caregiver strain from baseline to 12 
months. ALS patients from both groups rated their perceived 
QoC at baseline with a median score of 8 and caregivers 
with a median score for patient care of 8 and for caregiver 
care of 7.5. During follow-up, perceived QoC did not change 
and we found no signifi cant effect of CM.   

  Discussion and conclusions:  Our case management model 
as adjunct to multidisciplinary care had no effect on emo-
tional functioning, caregiver strain and perceived QoC. One 
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        Discussion and conclusions:  If clinicians are to make 
medical treatment decisions that are consistent with patient 
wishes, they must have a good working knowledge of patients ’  
values, goals and preferences, and the confi dence to make the 
right choices. Use of a computer-based decision aid by patients 
can not only help the patients become better informed about 
ACP but can also improve the likelihood that the clinical team 
is knowledgeable about patient wishes, and confi dent in their 
ability to translate this into a medical plan. Clinicians caring 
for patients with ALS should consider integrating such deci-
sion support tools into their practice.   

DOI: 10.3109/17482968.2012.721231/068

C69 ALSPARTNER - INTERNET PLATFORM 
FOR COMPREHENSIVE ALS CARE

MEYER  T  1  ,     GREHL   T  2  ,       WALTER   B  1  ,       WAGNER   R  1  ,       
BUHL   H  1  ,       NAUMANN   V  3  ,     M Ü NCH   C 1

1Charit é , ALS Center, Berlin, Germany,  2 Ruhr University, 
ALS Center, Bochum, Germany,  3  AmbulanzPartner GmbH, 
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Email address for correspondence: thomas.meyer@charite.de

 Keywords:   internet  ,   home care  ,   devices  ,  aids

  Background:  People with ALS are dependent on provision 
of comprehensive care including assistive devices (mobility, 
transfer and advanced communication aids, orthetics) as well 
as physiotherapy, occupational therapy and speech therapy. 
Due to the severity and the progressive character of ALS there 
is an immense need for coordination.   

  Method:  ALSPartner (AP) is a combined concept that unites 
social-medical service provision (case management), web-
based technologies (www.ambulanzpartner.de) and an open 
network of ALS-trained home care provides. AP manages 
demanding organizational and care-related tasks liaising 
between outpatient departments, specialist medical practices, 
and specialized service providers that are coordinated, docu-
mented and visualized on a secure internet platform. The 
portal comprises a  “ secure personal care account ”  featuring 
all assistive devices and physical therapies, a status report on 
care provision processes and the option of rating all products 
and medical services.   

  Results:  Between April 2011 and March 2012, 1040 patients 
were included - based at the ALS clinics at the Charit é  Uni-
versity Hospital in Berlin and of Ruhr University in Bochum. 
3400 assistive devices and 620 physical therapies were coor-
dinated. The pilot phase stretching a period of 12 months 
showed high acceptance of AP with a patient participation rate 
of 78% and a drop-out rate of less than 1%. Data on patient 
satisfaction are being captured from the perspective of differ-
ent user groups. We demonstrate the meaningful use of elec-
tronic health record (EHR) in the user scenario of ALS.   

  Discussion:  It is AP ' s prime intention and mission to bridge 
gaps and overcome barriers between professional groups, 
individuals playing different roles and separate care provision 
modules. The portal and the healthcare service provision 
structure enhance communication and cooperation between 
doctors, therapists and healthcare providers pertaining to 
various expert groups all acting in the ALS paradigm.   

  Acknowlewdgement:  The project was supported by Stahl-
werk Georgsmarienh ü tte Foundation, the Initiative  ‘ Hilfe f ü r 
ALS-kranke Menschen ’ , the Air Berlin Fund for ALS Therapy 

Research, and funding of the German Ministry for Education 
and Research (BMBF) for the projects  ‘ ServCare_ALS ’ , and 
 ‘ Innovationsdramaturgie nach dem Heldenprinzip ’ . TM and 
CM are founders of the internet platform AmbulanzPartner.   

DOI: 10.3109/17482968.2012.721231/069

C70 BULBAR MOTOR DETERIORATION IN ALS

   GREEN   J  1,4  ,       YUNUSOVA   YA  2,3  ,       PATTEE   G  4  ,       WANG   J  1  ,  
     FALIKOWSKI   M  2  ,     ZINMAN   L  2,3 
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  Keywords:   bulbar   deterioration  ,   speech production  ,   bulbar assessment  

  Background:  Bulbar symptoms associated with ALS have a 
devastating effect on quality of life and signifi cantly shorten 
survival. To date, surprisingly few programmatic research 
efforts have been directed toward understanding the natural 
history of bulbar symptoms. Major obstacles have been the 
inaccessibility and complexity of the speech apparatus. 
This investigation responds to this need by studying bulbar 
decline longitudinally and comprehensively using instrumen-
tation-based analysis of speech behaviors. Longitudinal pat-
terns of decline were investigated to identify sensitive 
quantitative indicators of the rate of bulbar deterioration, and 
to determine which speech subsystem measures accurately 
predict the onset of speech decline and the subsequent loss 
of oral communication.   

  Objectives:  To determine (1) the sensitivity of multiple 
measures of bulbar function to disease progression, (2) the 
relations between speech system and subsystem measures, 
and (3) the degree of individual variation in speech subsystem 
impairment.   

  Methods:  Fifty people with ALS were studied every three 
months for two years. Quantitative indices of motor deteriora-
tion were obtained for multiple speech subsystems including 
respiratory, phonatory, resonatory, and articulatory. To date, 
nine of the participants were diagnosed as bulbar-onset 
and eighteen as spinal-onset, four were diagnosed as both 
bulbar and spinal, and six were not specifi ed. To ensure that 
the data sample included individuals who were experiencing 
bulbar decline, all participants will exhibit at least a 10% 
drop in speech intelligibility and/or a 20% drop in speaking 
rate. Recently developed three-dimensional motion-capture 
technologies were used to quantify longitudinal changes in 
lip, jaw, and tongue movements; aerodynamics were used to 
quantify declines in respiratory drive and resonatory function; 
and acoustics analyses were used to quantify declines phona-
tory function. Latent growth modeling was used to character-
ize individual and group patterns of deterioration in speech 
performance, and to establish associations between speech 
subsystem decline and speech loss.   

  Results:  Of the speech subsystem measures, the velopharyn-
geal and oral articulatory measures exhibited a much faster 
rate of decline than did speech intelligibility. Despite differing 
levels of severity, participants showed a similar pattern in the 
speech subsystems that were most affected. Speech intelligi-
bility was not correlated with speech subsystem measures.   

  Discussion:  Findings to date suggest that speech subsystem 
measures decline more rapidly than speech system variables. 
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The surprising lack of association between speech subsystem 
decline and speech intelligibility may be explained by prior 
reports suggesting that subsystem decline predates changes in 
speech intelligibility.   

  Conclusions:  These fi ndings suggest that speech subsystem 
measures of bulbar function can be identifi ed prior to 
commonly used clinical measures of bulbar involvement such 
as speech intelligibility and speaking rate, and that these sub-
system measures may provide sensitive outcome measures of 
bulbar involvement for clinical trials.   

DOI: 10.3109/17482968.2012.721231/070

C71 ALS MANAGEMENT AND SURVIVAL IN 
MODENA, ITALY: A STUDY ON A TEN-YEAR 
PROSPECTIVE POPULATION-BASED COHORT
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  Objective:  A number of clinical factors have been reported 
to predict ALS survival: age and site of onset, the severity and 
the rate of disease progression, the degree of diagnostic cer-
tainty, and the presence of dementia. Riluzole, enteral nutri-
tion, non-invasive ventilation (NIV) and interdisciplinary 
care are also accompanied by a higher survival rate. We per-
formed a study focused on ALS survival based on a popula-
tion-based series, with particular attention to respiratory 
management and therapeutic intervention.   

  Methods:  We registered all patients diagnosed with ALS 
between 2000 and 2009 and resident in Modena (population: 
694,580). From 2000 onwards, a Centre for MND has 
been active in our province as well as a prospective registry 

collecting all incident cases. Demographic and clinical details 
were collected together with information about nutrition and 
ventilation support.   

  Results:  Among the collected 193 incident cases, 47.67% 
underwent NIV. Patients who underwent NIV were younger. 
Phenotype did not infl uence the likelihood to undergo NIV. 
Patients followed by ALS multidisciplinary centres, as well 
as patients who underwent enteral nutrition had signifi cantly 
higher probability to undergo NIV (OR 5.6 and 6.3 
respectively). Forty-seven patients (24.35%) underwent tra-
cheostomy (always after informed consent). Tracheostomised 
patients were younger (42.86% of patients  �    55yrs, 29.63% 
of patients aged 55 – 74yrs, 10.29% of patients  �    74yrs). 
There were no differences between genders and among phe-
notypes, except for bulbar ALS, who underwent tracheostomy 
signifi cantly less frequent than other phenotypes. The pres-
ence of dementia or multidisciplinary approach did not 
infl uence the likelihood of being tracheostomised.The 49.22% 
of patients underwent to PEG. Patients who underwent to 
PEG presented more frequently with bulbar or classic 
phenotype, were younger and followed in multidisciplinary 
centre. The median survival time from onset to death was 41 
months. The overall 3-year, and 5-year survival rates were 
54.36%, and 28.81%, respectively. At univariate analysis, fac-
tors related to survival (from onset to death, p    �    0.05) were: 
age at diagnosis, sex, phenotype (classic vs bulbar vs UMND 
vs fl ail vs respiratory phenotype: 32, 26, 67, 67, 18 months 
respectively), riluzole treatment (yes vs no: 43 vs 31 months), 
tracheostomy. Factors not related to survival were presence or 
absence of dementia, follow-up at an ALS centre, PEG or 
NIV. In the Cox multivariable model, the factors independ-
ently related to a longer survival were age (p    �    0.002) and 
riluzole treatment (p    �    0.005).   

  Discussion and conclusions:  Surprisingly in our observa-
tional study, some procedures like PEG and NIV did not 
infl uence ALS survival. Also surprising are data about riluzole 
treatment which determines a gain in ALS survival of 12 
months. This observational study describes the effect of 
our management and therapeutic intervention on ALS in 
a setting, which may approximate routine clinical practice 
more closely than RCT, but effects of uncontrolled potential 
confounders cannot be excluded.       

DOI: 10.3109/17482968.2012.721231/071
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5.05; hydroxysteroid (17-beta) dehydrogenase 7 -2.05  &  2.88) 
storage and excretion of cholesterol (24-dehydrocholesterol 
reductase �2.10 at 60  &  �2.66 at 120 days) and uptake of 
cholesterol (low density lipoprotein receptor  &  lipoprotein 
lipase (�3.39 and �11.21 respectively). We are currently con-
ducting further validation and functional assays.  

   Conclusions:  We have found evidence for altered lyso-
somal function in SOD1 G93A  astrocytes at symptomatic and 
late-stage disease. Cathepsin D is upregulated in SOD1 G93A  
mice spinal cord ( 7 )but decreased in human mutant SOD1 
MN( 8 ), whilst the cathepsin inhibitor Cystatin C is 
decreased in CSF of ALS patients ( 9, 10 ). Furthermore, 
overexpression of Laptm5 increases lysosomal membrane 
permeabilisation, Cathepsin D leakage and non-caspase 
dependent cell death. Cholesterol levels are increased in the 
spinal cord of SOD1 G93A  mouse model at pre-symptomatic 
and endstage as well as in spinal cord of patients with ALS 
( 11 ). Excess cholesterol is toxic to MN( 12 )and altered cho-
lesterol metabolism is seen in MN at end stage from the 
SOD1 G93A  and the VEGF mice ( 4, 5 ). We believe that, like 
several other late onset neurodegenerative diseases, choles-
terol transport abnormalities may contribute to motor neu-
ron injury in ALS and that astrocytes play a key part in this 
process.  

DOI: 10.3109/17482968.2012.721231/073

  C74 ASTROCYTES FROM FAMILIAL AND 
SPORADIC ALS PATIENTS ARE TOXIC TO 
MOTOR NEURONS  

   MEYER   K  1   ,    HAIDET-PHILLIPS   A  1   ,    HESTER   M  1   , 
   MIRANDA   C  1   ,    BRAUN   L  1   ,    MENDELL   J  1,2   ,    
BURGHES   A  1,2   ,    KASPAR   B  1,2   ,  

  1 The Research Institute at Nationwide Children ' s Hospital, 
Columbus, OH, USA,  2  The Ohio State University, Columbus, 
OH, USA   

   Email address for correspondence: Kathrin.Meyer@nationwide
childrens.org   

 Keywords:    astrocytes  ,   SOD1 gene therapy  

   Background : Amyotrophic Lateral Sclerosis (ALS) is a fatal 
motor neuron (MN) disease with astrocytes implicated as a 
signifi cant contributor to MN death in familial ALS (fALS). 
However, these conclusions, in part, derive from rodent mod-
els of fALS based upon dominant mutations within the super-
oxide dismutase 1 (SOD1) gene which account for less than 
2% of all ALS cases. Studies performed in fALS mouse mod-
els have implicated non-neuronal cells such as microglia and 
astrocytes in the progression phase of fALS2. In particular,  in 
vitro  co-culture systems have shown that MNs perish in the 
presence of astrocytes harboring SOD1 mutations. However, 
all of these  in vitro  and  in vivo  studies have been conducted 

                        SESSION 10A ROLES OF NON-NEURONAL 
CELLS    

 C72 NEURON-ASTROCYTE CROSSTALK IN ALS      

    PRDEZBORSKI   S           

  Columbia University, New York, USA  

  Email address for correspondence: sp30@columbia.edu                              

DOI: 10.3109/17482968.2012.721231/072

  C73 GENE EXPRESSION PROFILING OF 
ASTROCYTES FROM DIFFERENT DISEASE 
STAGES OF THE SOD1G93A MOUSE MODEL OF 
ALS REVEALS PERTURBATIONS IN LYSOSOMAL 
FUNCTION AND CHOLESTEROL METABOLISM  

   BLACKBURN   D  1   ,    BAKER   D  1   ,    FERRAIUOLO   L  2   ,    
HEATH   PR  1   ,    KIRBY   J  1   ,    SHAW   P  1   

   1 The Sheffi eld Institute for Translational Neuroscience, University 
of Sheffi eld, Sheffi eld, UK,  2  The Research Institute at Nationwide 
Children’s Hospital, Columbus, OH, USA   

   Email address for correspondence: d.blackburn@sheffi eld.ac.uk   

  Keywords:   astrocytes  ,   lysosomes  ,   cholesterol  

   Background:  Astrocytes play an important role in disease 
progression in the SOD1 G93A  transgenic mouse model(1)and 
show a selective toxicity to motor neurons(2, 3)but the toxic 
factor(s) have not been identifi ed. Laser-capture microdissec-
tion (LCM) allows individual cells to be isolated. We have 
previously published analyses of LCM motor neurons (MN) 
from the SOD1 G93A  and the Vascular Endothelial Growth 
factor (VEGF) transgenic mouse models of ALS, which 
revealed altered carbohydrate and lipid metabolism in the 
SOD1 G93A  model(4)and a downregulation of cholesterol 
l biosynthesis in the VEGF model(5). We have published data 
from LCM astrocytes from pre-symptomatic (60 day) 
SOD1 G93A  mice, which revealed perturbed lactate metabo-
lism and pro-NGF  – p75 receptor signalling (6).  

   Methods:  Astrocytes were isolated by LCM from spinal cord 
of symptomatic (90 day) and late-stage (120 day) time-
points from SOD1 G93A  mice and non-transgenic littermates. 
cRNA was hybridised onto the Affymetrix Mouse Genome 
430_2 Genechip and microarray analysis performed using 
Genespring GX (Agilent Technologies Inc) software with the 
probe logarithmic intensity error (PLIER) algorithm.  

   Results:  266 and 1834 genes were differentially expressed at 
the symptomatic and late disease stage. Annotation clustering 
analysis showed an upregulation of many genes in infl amma-
tory pathways but also an upregulation of lysosomal genes 
(DAVID enrichment score 2.44) such as Cathepsin D ( � 2.32 
and    �    3.28 fold at 90  &  120 days) and Laptm5 ( � 2.81  &   � 5.7 
at 90  &  120 days). In late-stage astrocytes there is a down 
regulation of multiple genes in cholesterol and steroid biosyn-
thesis (hydroxysteroid 11-beta dehydrogenase 1 -2.32  &  
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using models that highly overexpress mutant SOD1, which 
may not fully mimic the actual disease.  

   Objectives : To determine whether astrocytes from ALS 
patients are also toxic to MN  in vitro  and determine the role 
of SOD1 in sporadic ALS (sALS) cases.  

   Methods : We generated astrocytes from post-mortem spinal 
cord tissue from both fALS and sALS patients. Briefl y, 
between 24 and 72h after death, neural progenitor cells 
(NPCs) were isolated using Percoll gradient centrifugation. 
NPCs were differentiated into astrocytes, neurons and oli-
godendrocytes using different culture medium and growth 
factors. Astrocytes were obtained supplementing the culture 
medium with 10% FBS.  

  Human astrocytes were plated in 96 well plates coated 
with laminin at a density of 10,000 per well. Two days after, 
GFP positive motor neurons (MN) were sorted by FACS 
and cultured on top of the astrocytes at a density of 10,000 
per well in MN media. After 24 hrs, cytosine arabinose was 
added for 48 hrs in order to eliminate any remaining divid-
ing NPCs or embryonic stem cells. GFP positive neurons 
were counted on day one after plating, three and six (end of 
experiment).  

  SOD1 expression in astrocytes was knocked down by len-
tiviral transduction expressing siRNA sequences. In addition, 
lentiviruses were used to overexpress either human wild-type 
SOD1, SOD1 G93A or SOD1 A4V by the CMV promoter 
in astrocytes.  

  To evaluate the levels of SOD1 knockdown in sALS, SOD1 
was analyzed by ELISA.  

   Results : Astrocytes derived from both patient groups (sALS 
and fALS) are similarly toxic to MNs. In addition, we show 
that SOD1 is a viable target for sALS, as its knockdown 
signifi cantly attenuates astrocyte-mediated toxicity towards 
MNs.  

   Conclusions : Our data highlight astrocytes as a non-cell 
autonomous component in sALS and provide the fi rst  in vitro  
model system to investigate common disease mechanisms 
and evaluate potential therapies for sALS and fALS.  

DOI: 10.3109/17482968.2012.721231/074

  C75 ASTROCYTES EXPRESSING THE HUMAN 
TDP43 A315T TRANSGENE ARE NOT TOXIC TO 
WILD-TYPE MOTOR NEURONS  

   HAIDET-PHILLIPS   A   ,    WILLIAMS   T   ,    GROSS   S   ,    
TUTEJA   A   ,    SHERMAN   A   ,    KO   M   ,    KIM   A   ,    MARAGAKIS   N   

   Johns Hopkins University, Baltimore, MD, USA   

   Email address for correspondence: ahaidet1@jhmi.edu   

 Keywords:    TDP43  ,   astrocyte  ,   glia  

   Background:  Recent studies have highlighted a role for not 
only neurons, but also glial cells in ALS pathogenesis. 
The most characterized ALS-linked gene is superoxide dis-
mutase 1 (SOD1) and the majority of studies implicating 
glia have focused on transgenic mouse models of mutant 
SOD1 expression. Recently, mutations in the RNA-binding 
protein TDP43 have been linked to ALS and transgenic 
mice expressing human mutant TDP43 A315T  have been 
created. Although the mutant TDP43 is expressed in both 
neurons and glia in these mice, the contribution of 
TDP43 A315T -expressing glia to neuronal degeneration has 
not been investigated.  

   Objective:  To determine whether astrocytes derived from 
the TDP43 A315T  mouse model cause damage to wild-type 
motor neurons (MNs).  

   Methods:  Glial-restricted precursors (GRPs) were isolated 
from TDP43 A315T , SOD1 G93A , or wild-type (WT) littermate 
mice and differentiated to astrocytes  in vitro  or transplanted 
to the spinal cord of WT rats for  in vivo  astrocyte differen-
tiation. The effects of the astrocytes on WT MN survival 
were determined  in vitro  using a co-culture system or  
in vivo  by examining host MNs at three months post-
transplantation.  

   Results:  To verify the astrocytes were expressing the TDP43 
transgene, levels of human TDP43 were measured and com-
parable expression was seen in the GRP-derived astrocytes 
compared to neurons isolated from TDP43 A315T  mice. 
TDP43 A315T  astrocytes did exhibit increased cytoplasmic 
TDP43 mislocalization compared to WT littermates 
(WT    �    5.4 � /�0.2, TDP43 A315T    �     11.9 �   /�0.9), however, no 
differences were noticed in astrocyte morphology or differen-
tiation ability. Next, astrocytes were co-cultured with WT 
MNs and decreased MN survival was observed with SOD1 G93A  
astrocytes, but not between WT or TDP43 A315T  astrocytes 
(WT    �    36.6   � /�3.4, TDP43 A315T    �     42.5   �   /�5.0, SOD1 G93A    �      
15.4 �   /�2.2 percent of MNs surviving). To examine the 
effects of TDP43 A315T  astrocytes on WT MNs  in vivo , WT, 
TDP43 A315T , and SOD1 G93A  GRPs were transplanted to the 
cervical spinal cord of WT rats. Rats receiving SOD1 G93A  
GRP-derived astrocytes showed a marked decline in forelimb 
grip strength over time which correlated with a loss of cervical 
MNs. However, no MN loss or behavioral defi cits were 
detected after transplantation of either WT or TDP43 A315T  
astrocytes (WT    �    7.4 �   /�0.6, TDP43 A315T    �     7.5    � /�0.7, 
SOD1 G93A    �     4.6 � /�0.5 MNs per ventral horn).  

   Conclusions:  Our results show that TDP43 A315T  astrocytes 
from this mouse model do not possess the same MN toxicity 
 in vitro  or  in vivo  as has been shown for mutant SOD1-
expressing astrocytes. Mutant TDP43 damage may occur 
solely within neurons or originate from other glial cell com-
partments besides astrocytes in this model, suggesting that 
astrocyte-derived MN damage may not be a shared pathway 
for all forms of ALS.  

DOI: 10.3109/17482968.2012.721231/075

  C76 IMMUNE MODULATION AS A 
THERAPEUTIC STRATEGY FOR ALS  

   PERRIN   S   ,    GILL   A   ,    LINCECUM   J   ,    VIEIRA   F   ,    
DEZUTTER   J   ,    WANG   M   ,    THOMPSON   K   ,    MORENO   A   , 
   KIDD   J   ,    JIANG   Y   

   ALS Therapy Development Institute, Cambridge, MA, USA   

   Email address for correspondence: sperrin@als.net   

 Keywords:    immune   modulation  ,   neuroinfl ammation  ,   macrophage  

   Background:  Amyotrophic lateral sclerosis (ALS) is a 
progressive neurological disorder where the precise mecha-
nism of disease onset and progression remains unclear. How-
ever several studies have demonstrated there is a humoral 
immune response prior to the onset of severe clinical symp-
toms. Recently, elegant murine genetic studies, crossing 
SOD1 G93A  mice into either RAG2 (-/-)  or CD4 (-/-)  backgrounds, 
have provided evidence that infi ltrating T cell populations are 
neuroprotective and not cytotoxic. We have recently reported 
that the costimulatory pathway is activated in spinal cord, 
skeletal muscle, and sciatic nerve during disease progression 
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in SOD1 G93A  mice. We have recently shown that treatment of 
SOD1 G93A  mice with a blocking antibody to CD40L (MR1) 
ameliorated several pathophysiological parameters associated 
with disease onset and progression. MR1 treatment improved 
survival, delayed disease progression, improved motor neuron 
survival, decreased astrocytosis, and decreased the accumula-
tion of immune cells on peripheral nerves in SOD1 G93A  
mice.  

   Objectives:  To extend these fi ndings, we have examined 
other immune modulators that impact T cell subsets, as 
well as certain traditional immunosuppressive treatments, 
in an effort to understand the therapeutic mechanism of 
action of immunomodulatory treatments in SOD1G93A 
mice. We tested treatment strategies that have demonstrated 
effi cacy in preclinical models of tissue transplant and 
autoimmunity, including compounds that have now been 
FDA approved for use in human autoimmune diseases. 
Here we report the impact of treatment with rapamycin, 
FK506, anti-CD3 T cell depleting antibody, anti-CD8 
depleting antibody, anti-CD40L antibody, combined 
FK506/rapamycin, or fi ngolimod in the SOD1G93A 
animal model.  

   Methods:  In order to test each of these compounds in 
SOD1 G93A  mice pharmacokinetic (pk) studies were performed 
along with pharacodynamic (pd) studies to optimize dose 

selection. Based on the pk and pd studies chronic dosing 
experiments were conducted in SOD1 G93A  mice to assess 
treatment impact on disease onset, progression, body weight 
maintenance, survival, and markers of infl ammation in the 
periphery and central nervous systems.  

   Results and discussion:  While some of these treatments 
ameliorated disease pathophysiology and improved survival 
(Fk506/rapamycin, fi ngolimod) others exacerbated disease 
(rapamycin). We will show how these compounds impact neu-
roinfl ammatory pathways in the central nervous system using 
whole genome microarray profi ling. In addition to effects on 
central nervous system infl ammation, we will also discuss how 
these treatments affect the regulation of peripheral lymphocyte 
populations and macrophage-mediated attack on peripheral 
nerves. Treatment of SOD1 G93A  mice with either anti CD40L 
antibody or fi ngolimod have signifi cant effects on reducing 
CD68    �    macrophage accumulation on peripheral axons in 
skeletal muscle.  

  These studies are particularly important as we consider 
translating immunomodulatory strategies into potential clini-
cal therapies for ALS patient. In addition, many of these 
immunomodulatory strategies may be utilized in conjunction 
with other potential treatments such as cell-based therapies 
for ALS.      

DOI: 10.3109/17482968.2012.721231/076
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Respiratory interventions for ALS improve quality of life and 
survival but they need wider use with more thorough ongoing 
assessment and adjustment.  

DOI: 10.3109/17482968.2012.721231/077

C78 STILL BENEFICIAL AS MOTOR NEURONE 
DISEASE (MND) PROGRESSES? PROLONGED 
USE OF NON-INVASIVE VENTILATION (NIV) 
FROM MONTH 12 UNTIL DEATH 

   ANDO   H  1   ,    COUSINS   R  1   ,    ANGUS   R  2   ,    
CHAKRABARTI   B  2   ,    THORNTON   E  3   ,    YOUNG   C  4   

   1 Liverpool Hope University, Liverpool, Merseyside, UK,  2 Chest 
Centre, Aintree University Hospital, Liverpool, Merseyside, UK,  
3 University of Liverpool, Liverpool, Merseyside, UK,  4  Walton Cen-
tre for Neurology and Neurosurgery, Liverpool, Merseyside, UK   

   Email address for correspondence: hikari.ando@nhs.net   

   Keywords:   non-invasive ventilation  ,   palliative care  ,   quality of life   

   Background:  Previous studies have reported on the positive 
impact of non-invasive ventilation (NIV) in motor neurone 
disease (MND). However, little has been studied about how 
patient perceptions of NIV may evolve at the later stages of 
the illness.  

   Objectives:  The aim of this prospective study was to under-
stand the experience of NIV at all stages of its use in MND.  

   Methods:  This analysis is part of a bigger study of 35 patients 
followed every three months from time of assessment for NIV 
until death. 5/35 patients (female    �    1, mean age    �    62.8 years) 
met the criteria for this analysis, namely at least 12 months 
of NIV use (mean    �    25 months; range    �    20 to 32 months). 
Serial semi-structured interviews were available on patients ’  
perceptions of NIV from month 12 until death. Interviews 
were transcribed verbatim and analysed using qualitative 
analysis.  

   Results:  The data showed that there are two major concerns 
for MND patients: symptom management and terminal 
prognosis. Resilience, active problem solving attitude, adjust-
ment, and pragmatic approach to equipment were the com-
mon attitudes towards ongoing symptom management. NIV 
benefi ts their daytime sleepiness, fatigue, breathing and 
speech. As the disease progressed, some of the benefi ts of 
NIV diminished (eg fatigue), yet patients reported increased 
perceived benefi t for other symptoms (eg breathing). Regard-
ing the terminal prognosis, two distinct approaches were 
observed; acceptance leading to contentment, and avoidance 
resulted from their anxiety. Whilst perceived benefi t for 
symptom management changed with time, patients consist-
ently valued NIV as life-prolonging treatment. Therefore, 
NIV was held to both prolong life and ameliorate symptoms, 
thereby enhancing life quality. Desire to engage with life was 
expressed by patients and NIV was perceived to signifi cantly 
assist this, thus it was positively experienced and consistently 
used.  

                        SESSION 10B RESPIRATORY SUPPORT    

 C77 MULTIDISCIPLINARY RESPIRATORY CARE 
IN ALS      

    LECHTZIN     N           

  John Hopkins School of Medicine, Baltimore, MD, USA  

  Email address for correspondence: nlechtz@jhmi.edu                             

  Keywords:   respiratory  ,   ventilation  ,   pulmonary    

The respiratory complications of ALS cause intolerable 
symptoms and are the most frequent cause of death in ALS. 
Respiratory interventions such as non-invasive ventilation 
can signifi cantly improve quality of life and survival. There-
fore, respiratory evaluation, care and research deserve consid-
erable attention in ALS centres worldwide. 

 The 2009 American Academy of Neurology Practice 
Parameter recommends the consideration of multidisciplinary 
clinic referral. Respiratory therapists but not pulmonary phy-
sicians are among the suggested clinic personnel. The practice 
parameter recommends assessing respiratory function with 
upright and supine spirometry, overnight pulse oximetry, 
maximal inspiratory pressures, cough peak fl ows and sniff 
nasal pressures. Based on the results of these tests, both non-
invasive and invasive ventilation are recommended, as is 
assisted cough techniques. More recently additional respira-
tory interventions have been studied and proposed such as 
diaphragm-pacing systems. Proper utilization of these many 
tests and interventions can be complicated and may require 
collaboration between several clinical disciplines. 

 Many questions persist regarding respiratory management 
of ALS including how non-invasive ventilation should be ini-
tiated, monitored and titrated. Should it be started in the 
home, clinic, hospital or sleep lab? Where do sleep studies 
and the sleep lab fi t into the care of the person with ALS? 
When and how often should the various pulmonary tests be 
used? When should non-invasive ventilation be implemented? 
When should tracheostomy be considered? When more than 
one pulmonary device is used, which combination of respira-
tory interventions is most effective? 

 Though effective treatments exist, there is evidence that 
people with ALS underutilize respiratory interventions. Also, 
much of the research and clinical efforts in ALS are directed 
at optimizing ventilation but secretion clearance is problem-
atic and is ultimately the complication that proves to be 
untreatable and fatal. 

 Continued research efforts are needed to develop better 
respiratory interventions and optimize the delivery and utili-
zation of current ones. It is imperative that all members of the 
ALS care team are aware of respiratory issues in ALS. This 
includes neurologists, advanced practice nurses, and physical 
therapists. Education about respiratory complications and 
treatments should be provided soon after the diagnosis is 
given in all people with ALS, regardless of their respiratory 
status. While many different personnel can and should be 
trained to assess and treat the pulmonary complications of 
ALS, it is this author’s opinion that the most effective respira-
tory care is delivered in centres in which there is a pulmonary 
physician with expertise in ALS who works closely with the 
neurologists and a skilled, dedicated respiratory therapist. 
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   Discussion:  The study shows that the true benefi t of NIV at 
the later stages of MND is not restricted to the management 
of symptoms, but also impacts on psychological well-
being. The use of NIV was experienced as positive for its 
psychological and symptomatic benefi ts and patients remained 
willing to engage with the treatment.  

   Conclusions:  This study adds to the existing evidence based 
on the role of NIV in MND, by providing information on its 
life-enhancing benefi ts even at the terminal stages of the disease.  

DOI: 10.3109/17482968.2012.721231/078

  C79 USING TRANSCUTANEOUS CARBON 
DIOXIDE MONITOR (TOSCA 500) TO DETECT 
RESPIRATORY FAILURE IN PATIENTS WITH 
AMYOTROPHIC LATERAL SCLEROSIS: A 
VALIDATION STUDY  

   RAFIQ   M   ,    MCDERMOTT   C   ,    SHAW   P   

   University of Sheffi eld, Sheffi eld, UK   

   Email address for correspondence: m.k.rafi q@sheffi eld.ac.uk   

   Keywords:   respiratory   failure  ,   TOSCA 500  ,   carbon dioxide levels   

   Background:  Hypoventilatory respiratory failure is the com-
monest cause of death in Amyotrophic Lateral Sclerosis 
(ALS). Early diagnosis of respiratory failure and treatment 
with Non-Invasive Ventilation (NIV) offers the best survival 
advantage currently available, as well as an improved quality 
of life. The UK National Institute for Health and Clinical 
Excellence and American Academy of Neurology recommend 
regular screening for respiratory failure, following a diagnosis 
of ALS. Symptom evaluation and respiratory function 
tests are used to screen the patients for respiratory failure 
(PCO 2    �     6 kPa by defi nition). Currently there is no single test 
of respiratory muscle strength which can predict hypercapnia 
with high sensitivity and specifi city. Moreover, volitional tests 
of respiratory function have serious limitations in patients 
with severe bulbar weakness. Transcutaneous carbon dioxide 
monitoring is a non-invasive method of measuring arterial 
carbon dioxide levels enabling simple and effi cient screening 
for respiratory failure.  

   Objectives:  The aim of this study is to validate the accuracy 
of carbon dioxide level recorded transcutaneously with a 
TOSCA  500  monitor in patients with ALS.  

   Methods:  This is a prospective, observational study of 40 
consecutive patients with ALS. The partial pressure of carbon 
dioxide in each patient was determined by both transcutane-
ous monitoring and by an arterialised ear lobe capillary blood 
sample (PtcCO 2  vs. PaCO 2 ). The carbon dioxide levels 
obtained with these two methods were compared by Bland-
Altman analysis.  

   Results:  The mean difference (bias) between the two meas-
urements was �0.08 kPa, with a standard deviation (SD) of 
0.318 and standard error of mean (SEM) of 0.05. Pearson’s 
correlation coeffi cient of 0.808 showed a statistically signifi -
cant relationship between the two methods (p    �    0.001), 
but not that they necessarily agree. The Bland-Altman plot 
showed overall good agreement between the two measure-
ments with 95% limits of agreement (bias    �    1.96SD) between 
0.553 and �0.719 kPa. The difference was  �    0.5 kPa in 
90% of the recordings. Four of the forty measurements had 
a difference of  �    0.5 kPa, with a maximum recorded differ-
ence of 0.95 kPa. In 22 patients PtcCO 2  reading was higher 
than PaCO 2  but no consistent numerical relationship was 

identifi ed between the two measurements and hence an appli-
cation of a correction factor cannot be recommended.  

   Discussion and conclusions:  TOSCA  500  is a useful device 
to be utilised for the assessment of ALS patients, enabling 
regular and non-invasive screening for respiratory failure. It is 
necessary to consider the PtcCO 2  readings in the wider 
clinical context, especially if the readings are not compatible 
with the symptoms or other tests of respiratory function 
(e.g., forced vital capacity). We recommend that a PtcCO 2  
reading of    �    6.0 kPa be verifi ed by an arterial blood gas 
analysis, so that the decision for intervention with ventilatory 
support is planned without any ambiguity.  

DOI: 10.3109/17482968.2012.721231/079

  C80 DECISION-MAKING ABOUT NON-INVASIVE 
VENTILATION (NIV) AND GASTROSTOMY IN ALS: 
RELATIONSHIP BETWEEN EARLY ATTITUDES 
TO TREATMENT AND DECISIONS MADE  

   MARTIN   NH  1   ,    JANSSEN   A  1   ,    MCCRONE   P  2   ,    
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   Background:  Non-UK prospective studies have estimated 
non-invasive ventilation (NIV) and gastrostomy use ranging 
between 4 – 30%. A recent UK survey reported increased NIV 
use. Little data exist on incidence of gastrostomy in England 
and Wales. Researchers have started to describe patients ’  atti-
tudes towards these interventions prior to needing them, fi nd-
ing that early treatment preferences for interventions strongly 
predict actual treatment choice.  

   Objectives:  This prospective, population-based study aimed 
to identify factors infl uencing decision-making about NIV and 
gastrostomy in ALS. Here, we describe our sample’s attitudes 
to interventions at study baseline, other baseline characteris-
tics and their relationship to subsequent decisions.  

   Methods:  Seventy-eight people with ALS were recruited 
from the South East ALS Register. At study enrolment, none 
had made a clinical decision about NIV or gastrostomy. 
In addition to completing several physical, cognitive, psycho-
logical and health service use measures, participants 
were interviewed about interventions they might subsequently 
be offered. Responses regarding NIV and gastrostomy were 
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coded according to seven themes: three  ‘ passive ’  ( ‘ no mention 
of intervention ’ ,  ‘ aware of intervention but reluctant to think 
about it ’ ,  ‘ passive approach ’ ) and four  ‘ active ’  ( ‘ keen to fi nd 
out more ’ ,  ‘ intervention considered, no decision made ’  and 
 ‘ decision made to accept ’ / ‘ decline ’ ). Actual decision-making 
was monitored at three monthly intervals.  

   Results:  The sample had a mean age of 62.5 years (SD 11.7), 
mean ALSFRS-R score of 35.3 (SD 7.5) and mean time since 
diagnosis of 12.5 months at recruitment. Forty-nine were 
male. Most had sporadic ALS (71) and non-bulbar onset.  

  The largest proportion of participants made no mention of 
gastrostomy (42.3%) or NIV (47.4%). Eighteen percent 
and 20.5% indicated awareness of gastrostomy and NIV, 
respectively, but were reluctant to think about them in advance. 
Two (2.6%) expressed a passive decision-making approach, 
believing healthcare professionals should make such deci-
sions. A fi rm decision at baseline seemed more likely to have 
been made about gastrostomy (19.2%) than NIV (10.3%). 
More had made a decision to refuse gastrostomy (11.5%) 
than NIV (3.8%). Participants with familial ALS were reluc-
tant to consider interventions or made no mention of them. 
Bulbar onset patients seemed more likely to have considered 
or made a decision about gastrostomy (8) than NIV (3).  

  Twenty-one gastrostomy (15 accepted; six refused) and 
21 NIV decisions (19 accepted; two refused) were made by 
32 participants (41%). Three out of four people who reported 
making a decision in advance about accepting gastrostomy 
were consistent with their earlier preferences. One of the 
three who made a baseline decision to accept NIV subse-
quently refused it.  

  Most fi rst decisions for participants with bulbar onset 
concerned gastrostomy (89%); for those with non-bulbar 
onset, the majority were NIV decisions (52%). NIV decisions 
were taken closer to end-of-life (mean 2.7 months prior to 
death) than gastrostomy decisions (mean 6.1 months).  

   Discussion and conclusions:  Results provide information 
on patients ’  decision-making across the disease, including 
attitudes towards NIV and gastrostomy before a clinical 
need for them arises. Nineteen percent of patients accepted 
gastrostomy (largely consistent with previous reports), while 
NIV use (24%) was slightly higher than previously reported. 
Gastrostomy was generally the fi rst decision made, while NIV 
tended to be offered later in the disease when people were 
more unwell. Despite insuffi cient statistical power for formal 
testing, unlike previous studies, our fi ndings suggest that early 
preferences for gastrostomy and NIV do not always predict 
subsequent treatment choices.  

   Acknowledgements:  Funded by MND Assoiation UK.  
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  C81 SHOULD RADIOLOGIC EVALUATION OF 
THE CHEST AND DIAPHRAGM BE ROUTINE 
PRACTICE IN ALS/MND PATIENTS?  

   ONDERS   R   ,    KATIRJI   B   ,    ELMO   M   ,    KAPLAN   C   , 
   SCHILZ   R   

   University Hospitals Case Medical Center, Cleveland, OH, USA   

   Email address for correspondence: raymond.onders@uhhospitals.org   

   Keywords:   diaphragm dysfunction  ,   radiology  ,   diaphragm pacing   

   Background:  Patients with ALS/MND suffer from signifi -
cant diaphragm dysfunction that leads to hypoventilation 
with subsequent respiratory failure. Standard assessment of 

respiratory function involves pulmonary function tests but 
these tests may underestimate unilateral diaphragm dysfunc-
tion. There is little literature on radiographic analysis of dia-
phragm function in ALS/MND patients.  

   Objective:  Review chest radiologic evaluations to assess 
diaphragm abnormalities in patients with ALS/MND.  

   Methods:  All patients with ALS/MND who had chest radio-
graphic examinations were reviewed at a single site. All of the 
patients were under IRB approved protocols to assess for suit-
ability of diaphragm pacing. All data were obtained prospec-
tively although these were re-analyzed retrospectively with 
specifi c attention to diaphragm abnormalities. Chest x-rays 
were evaluated and assessed for right compared to left dia-
phragm differences using the standard values that the left 
diaphragm should be 1.5 to 2cm lower than the right dia-
phragm. Digital fl uoroscopy was performed with a grid meas-
uring system. Normal excursions would be expected to be 
4 – 5 cm of movement. In this ALS population it was consid-
ered abnormal if the excursions were less than 3cm of move-
ment. There were two sources of patients: prospective, 
nonrandomized, controlled, interventional trials under IRB 
and/or FDA approval for use of diaphragm pacing and stand-
ard of care use of diaphragm pacing following FDA-approved 
criteria.  

   Results:  111 ALS subjects had prospective radiographic 
evaluations available for review. On plain chest radiograph 
65% of the subjects had an abnormality of the diaphragm 
noted. In 86% of these patients the initial report was noted 
as normal because radiologic interpretation focused on lung 
parenchyma but not diaphragm abnormalities. When fi lms 
were re-assessed to evaluate the diaphragm, the report 
changed. On these radiographs a unilateral diaphragm abnor-
mality was noted in 70% of the patients. Under digital 
real time fl uoroscopy, 89% of the subjects had abnormal 
diaphragm movement during volitional inspiration.  

   Conclusion:  Chest radiography can help diagnose diaphragm 
abnormalities in ALS/MND patients which can change 
therapy for patients. Signifi cant diaphragm elevations inde-
pendent of forced vital capacity demands therapeutic manoeu-
vres that include: changes in sleep position to maximize 
ventilation, use of non-invasive ventilation to prevent recum-
bent pulmonary atelectasis, and diaphragm pacing if the 
involved diaphragm is stimulatable. In a severely elevated 
diaphragm with paradoxical movement, although not studied 
yet in ALS, minimally invasive hemi-diaphragm implication 
could improve dyspnea scores as it does in idiopathic unilat-
eral diaphragm paralysis. Future studies with spiral CT 
scans or dynamic MRIs can assess which part of the dia-
phragm that is involved. If the crucial posterior diaphragm is 
specifi cally involved then diaphragm pacing which can focus 
on this posterior diaphragm can help improve posterior lobe 
ventilation decreasing the risk of pneumonia. A routine chest 
radiograph requesting diaphragm analysis can help identify 
abnormalities and allow early recommendations for therapeu-
tic interventions.      

DOI: 10.3109/17482968.2012.721231/081
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                        SESSION 11A MURINE MODELS    

 C82 WHAT MAKES A GOOD ANIMAL MODEL?      

    WONG     P  ,       JEONG     Y  ,       TSAO     W

                         The John Hopkins University School of Medicine, Baltimore, MD, 
USA  

  Email address for correspondence: wong@jhmi.edu  

  Keywords:   rodent   model  ,   knockout mice  ,   TDP-43  

Animal models have been instrumental for identifying 
pathogenic mechanisms, target validation and evaluation of 
potential therapies for human diseases, including ALS/MND. 
Over the past two decades, animal models based on causative 
genes identifi ed in familial ALS have been developed in efforts 
to advance our understanding of the pathogenesis of ALS 
and test therapeutic strategies to treat this devastating illness. 
Drawing on several animal models of MND (SOD1, DCTN1 
and TDP-43) I will highlight the important lessons learned 
and address factors that contribute to a good animal model. 
This presentation will emphasize on recent advances in rodent 
models of TDP-43.

DOI: 10.3109/17482968.2012.721231/082

C83 NEW ANIMAL MODELS OF ALS AND 
ALS/DEMENTIA

DENG  H-X  ,     GORRIE   G  ,       FECTO   F  ,       RADZICKI   D  ,       
WEISS   C  ,       SHI   Y  ,       ZHAI   H  ,       FU   R  ,       LIU   E  ,       AJROUD   K  ,  
     MARTINA   M  ,       MUGNAINI   E  ,     SIDDIQUE  T

  Northwestern University, Chicago, IL, USA  

  Email address for correspondence: h-deng@northwestern.edu  

 Keywords:   UBQLN2  ,   OPTN  ,  transgenic

                                     Amyotrophic lateral sclerosis (ALS) is a paralytic and usually 
fatal disorder caused by degeneration of motor neurons in the 
brain and spinal cord, leading to respiratory failure and death. 
Currently, there is no effective treatment for ALS. Numerous 
clinical trials have been carried out, but have failed to show 
promising results. Development of effective therapies for ALS 
is largely hindered by limited knowledge about its pathogenic 
mechanism. Understanding the pathogenic mechanism, 
therefore, represents the major challenge to the ALS research 
community. Genetic and animal model studies in the past two 
decades have played the major role in providing the missing 
pieces of the mechanistic puzzle. However, due to the diversity 
of the disease causes, the convergent pathways to motor neu-
ron degeneration in ALS remain elusive. Generation and inte-
gration of the data from different ALS models may provide 
important mechanistic insight into the pathogenic pathways 
that can be exploited for therapeutic intervention.   

 Mutations in OPTN, UBQLN2 and C9ORF72 have 
recently been identifi ed as causes for ALS and ALS/dementia. 
But the molecular bases are not understood. UBQLN2 
encodes an ubiquitin-like protein, ubiquilin2, which is involved 
in ubiquitinated protein degradation. Mutant UBQLN2 

has been shown to impair the ubiquitin-proteasome system 
(UPS) and autophagy in cellular models, suggesting that 
impairment of the UPS and autophagy may underlie the 
pathogenesis of ALS. Importantly, the distribution of ubiq-
uilinopathy in the central nervous system of ALS and ALS/
dementia cases has been shown to be well correlated with 
motor and cognitive symptoms.   

 To explore the pathogenic mechanism, we have developed 
new transgenic mice overexpressing UBQLN2 P497H , 
OPTN E478G  or C9ORF72 with GGGGCC expansion.   

 The UBQLN2 P497H  transgenic mice did not show 
obvious motor abnormality, but developed behavioral abnor-
malities and ubiquilinopathy in the central nervous system, 
especially the hippocampus, thus recapitulating some key 
clinical and pathological features of dementia observed in 
the human patients. We observed co-localization of ubiquilin2 
and proteasome subunits, as well as OPTN in the inclusions, 
which were predominantly distributed in the dendritic 
spines. Mutant UBQLN2 impaired ubiquitinated protein 
degradation and led to a conversion of long-term potentiation 
(LTP) to long-term depression (LTD) in the transgenic mice. 
Thus, our data provide robust  in vivo  evidence that links 
impaired protein degradation to protein aggregation, den-
dritic spinal pathology, neurophysiological defects and 
neurodegeneration. The presence of OPTN in the hippocam-
pal inclusions in the UBQLN2 P497H  transgenic mice may 
imply a convergent role of UBQLN2 and OPTN in the UPS 
and autophagy defects in ALS. Data regarding the OPT-
N E478G  and C9ORF72 transgenic mice will be updated and 
discussed.   

DOI: 10.3109/17482968.2012.721231/083

C84 GENERATION AND CHARACTERIZATION 
OF NEW TRANSGENIC MICE TO INVESTIGATE 
THE ROLE OF FUS IN AMYOTROPHIC LATERAL 
SCLEROSIS

VALORI  C  1  ,  TRACY    J  1  ,       SCHROFF   M  1  ,       L Ä UFER   T  1  ,       
NAUMANN   R  2  ,     NEUMANN   M 1
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  Background:  About 3 % of ALS cases are caused by muta-
tions in  FUS  (Fused in sarcoma) and the neuropathology of 
those cases is characterized by abnormal accumulation of 
FUS into neuronal and glial cytoplasmic inclusions. FUS is 
a multifunctional RNA/DNA binding protein, predomi-
nantly nuclear, but shuttling between the nucleus and the 
cytosol. In cell culture ,  mutant FUS accumulates in the 
cytoplasm as  FUS  mutations disrupt its nuclear localization 
signal leading to impaired nuclear import. However, the 
mechanisms of FUS-associated cell death remain unsolved.   
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      Objectives:  The aim of the project is to investigate the con-
sequences of wildtype or mutant FUS overexpression  in vivo .   

  Methods:  Transgenic mouse lines expressing either human 
wild-type FUS (hFUSwt) or the truncated protein FUS-
R495X (hFUSR495X) associated with aggressive familial 
ALS under the control of the prion protein promoter were 
generated by oocyte injection. Transgene expression was 
investigated at RNA and protein level. Survival, body weight, 
general welfare and motor performance with a modifi ed 
SHIRPA test were monitored. Immunohistochemistry was 
performed at relevant time-points to investigate the presence 
of inclusion bodies, neurodegeneration and reactive gliosis.   

  Results:  Total FUS expression in our transgenic mice is up 
to six fold compared to endogenous FUS in non-transgenic 
mice. Consistent with the  in vitro  data ,  hFUSwt is predomi-
nantly expressed in the nucleus as the endogenous protein, 
whilst hFUSR495X is massively redistributed to the cyto-
plasm in brain and spinal cord sections from our transgenic 
lines, without concomitant mislocalization of EWS and 
TAF15, as observed in post-mortem material from ALS cases 
with  FUS  mutations. Notably, the highest expressing 
hFUSR495X line showed reduced body weight, progressive 
decline of motor performance and premature death (median 
81.5days for females; 112days for males). Histological analy-
sis revealed vacuolated spinal cord motor neurons even at 
early ages. However, comparing the motor function of mice 
with similar expression of either hFUSwt or hFUSR495X 
( ̃ 30% more than nontransgenic) suggests that hFUSwt is 
more toxic than the mutant. Furthermore, we observed that 
the expression of either hFUSwt or hFUSR495X leads to 
downregulation of the endogenous protein, indicating a simi-
lar autoregulation mechanism for FUS as recently described 
for the functionally related protein TDP43.   

  Discussion and conclusions:  Our novel FUS transgenic 
mice will be valuable tools to elucidate the role of FUS and 
FUS mutations  in vivo  and to investigate its potentially dis-
tinct role in different cell compartments, including the highly 
debated issue as to whether the toxicity of the mutated protein 
arises from a gain-of-function or a loss-of-function mecha-
nism. Our preliminary data suggest that FUS overexpression 
is a potentially harmful event, being the wt protein more toxic 
than the truncation mutant when expressed at similar level 
in transgenic mice. However, high expression of the mutant 
protein leads to premature death in transgenic mice.   

DOI: 10.3109/17482968.2012.721231/084

C85 CELL AUTONOMOUS MOTOR NEURON 
DEGENERATION CAUSED BY ALS MUTANT FUS: 
A NOVEL MOUSE MODEL OF DISEASE

SHARMA  A  ,     LYASHCHENKO   A  ,     SHNEIDER  N
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  Background:  Although Amyotrophic Lateral Sclerosis (ALS) 
is largely a sporadic disease, research has focused on heritable 
forms of the disorder because clinical and pathological evi-
dence suggests common pathogenic mechanisms. Mutations 
in the gene FUS (or TLS) were recently reported in rare 
ALS families, and FUS pathology has since been found in 
sporadic ALS, suggesting that FUS may provide a link between 
familial and sporadic disease mechanisms. Physical and 

functional interactions between FUS and TDP-43  –  another 
RNA/DNA-binding protein involved in the pathogenesis of 
sporadic and familial ALS - have also led to speculation that 
the molecular pathways regulated by both of these factors are 
critical to our understanding of common disease mechanisms. 
How mutations in FUS cause ALS is unknown, but dominant 
inheritance of FUS mutations together with the fi nding of 
abnormal FUS-containing inclusions in degenerating neurons 
suggests a novel gain of function that is selectively toxic to 
motor neurons. However, it is also possible that mutant FUS 
acts as a dominant negative, inhibiting the normal activity of 
wild type protein. Whether mutant FUS causes motor neuron 
degeneration by a cell autonomous mechanism or  –  as is 
the case with mutant SOD1  –  non cell autonomous effects 
contribute to the disease is also not known.   

  Objective and methods:  To model the effects of ALS mutant 
FUS on motor neurons  in vivo , we generated a conditional / 
CRE-dependent allele targeted to the mouse MAPT (tau) 
locus with which to overexpress mutant or wild type human 
FUS in specifi c cell types in the nervous system.   

  Results and discussion:  Selective expression of ALS-
associated R521C mutant FUS in motor neurons resulted in 
progressive motor neuron loss and associated denervation of 
limb muscles. Other hallmarks of FUS-mediated ALS, 
including cytoplasmic mislocalization and nuclear exclusion 
of FUS, as well as the formation of nuclear and cytoplasmic 
aggregates were also evident in these conditional mutants. The 
toxicity of mutant FUS was not observed when wild type 
human FUS was expressed from the same locus at compara-
ble levels, demonstrating a dependence of the motor neuron 
phenotype on the ALS-associated mutation. These studies 
demonstrate that ALS mutant FUS causes cell autonomous 
changes in motor neurons that reproduce several pathological 
features of the disease. We present our initial characterization 
of a novel animal model of ALS.   

DOI: 10.3109/17482968.2012.721231/085

C86 DEGENERATION OF MOTONEURONS 
IN SOD1 MICE: THE SIZE HYPOTHESIS

MANUEL  M  1,2  ,     QUINLAN   K  2  ,       DELESTREE   N  1  ,  
     ELBASIOUNY   S  2  ,       IGLESIAS   C  1  ,       LAMANO   J  2  ,       JIANG   M  2  ,  
     ZYTNICKI   D  1  ,     HECKMAN   CJ 2

  1 Laboratory of Neurophysics and Physiology, UMR CNRS/
University, Paris Descartes, Paris, France,  2  Department of 
Physiology, Northwestern University Feinberg School of Medicine, 
Chicago, IL, USA  

Email address for correspondence: marin.manuel@neurobio.org

  Keywords:   morphology  ,   2 photon imaging  ,   excitotoxicity  

  Background:  Excitotoxicity has been proposed as a mecha-
nism leading to the selective death of motoneurons in Amyo-
trophic Lateral Sclerosis (ALS). It is indeed known that 
increase excitation and hyperexcitability can cause the death 
of motoneurons. However, it has yet to be demonstrated that 
spinal motoneurons exhibit changes in their excitability in the 
days preceding their degeneration.   

  Objectives:  The aim of this work is therefore to test whether 
spinal motoneurons show signs of hyperexcitability at ages just 
preceding the fi rst denervations of motor units.   

  Methods:  To test this hypothesis requires recording the 
intrinsic properties of motoneurons in SOD1 mice at an adult 
age. We therefore have developed two new preparations to 
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allow intracellular recordings of adult mouse motoneurons  in 
vitro  and in vivo, at an age (P50) just preceding the fi rst den-
ervations of motor units.   

  Results:  Thanks to these two new preparations, we were able 
for the fi rst time to compare the electrophysiological proper-
ties of adult motoneurons between SOD1 mice and WT ani-
mals. At odds with the excitotoxicity hypothesis we observed 
that SOD1 motoneurons did not exhibit signs of hyperexcit-
ability in either region of the spinal cord, lumbar or sacro-
caudal. For example, in the lumbar cord, neither the onset 
current for repetitive fi ring (4.9    �    3.2nA; N    �    25 vs. 
6.2    �    3.0nA; N    �    22), nor the gain of the current-frequency 
relationship (12    �    2Hz/nA; N    �    13 vs. 16    �    8Hz/nA; N    �    11) 
were statistically different between SOD1 and WT mice. On 
the other hand, we observed that the input conductance of 
SOD1 motoneurons was signifi cantly increased compared to 
controls. In the lumbar cord, the input conductance of 
motoneurons was 0.31    �    0.13 μ S (N    �    25) in WT mice, 
whereas it was 0.46    �    0.18 μ S (N    �    25; p    �    0.001) in mutant 
animals.   

 This increase in conductance suggests that the size of the 
motoneurons could be increasing during the disease. We 
therefore measured the soma size and the number of primary 
dendrites by retrogradely labeling sacro-caudal motoneurons 
at P30 then observing slices of live spinal cord under two-
photon microscopy. We observed that indeed, the soma vol-
ume was larger in SOD1 than in WT (18183    �    17178 μ m 2 ; 
N    �    36 vs. 10592    �    8210 μ m 2 ; N    �    31; p    �    0.05) and they also 
had more primary dendrites (6.8    �    2.6; N    �    36 vs. 4.6    �    1.7; 
N    �    31; p    �    0.0001).   

  Discussion:  Our new results show that motoneuron conduct-
ance continues to increase as the SOD1 animal matures, push-
ing some cells well above the normal limits. Yet, net excitability 
continues to remain normal, clearly requiring an increase in 
voltage sensitive currents as a compensatory mechanism. Thus 
motoneurons in ALS do not become hyperexcitable but instead 
undergo a notably successful homeostatic regulation for excit-
ability. Although initially this homeostasis helps the animal 
maintain normal motor output, the progressive increases in cell 
size and density of membrane channels could lead to their 
degeneration. This is what we call the “size hypothesis”.   

DOI: 10.3109/17482968.2012.721231/086

C87 EXCITOTOXICITY AND NEUROMUSCULAR 
JUNCTION DEGENERATION FOLLOWING SITE-
SPECIFIC EXCITOTOXIN EXPOSURE IN VIVO
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  Background:  ALS is likely to be a multifactorial disease of 
neuronal dysfunction and loss, however, recent investigations 
indicate that axonal dysfunction, prior to cell loss, may be 
the causative factor of the initial symptoms of ALS and that 
distal axonal degeneration may occur before the onset of 
disease symptoms.   

  Purpose:  Our investigations are focused on determining the 
degenerative changes underlying ALS-like axonopathy by 

using site-specifi c excitotoxic insults, via osmotic minipumps, 
to the spinal cord and muscle.   

  Methods:  To achieve site-specifi c excitoxotixity osmotic mini 
pumps (Alzet, model 1004), delivered a constant chronic infu-
sion to either the L3-4 lumbar region of the spinal cord or 
the gastrocnemius muscle in the hind limb. A constant and 
chronic infusion of Kanic acid (KA, 1 – 5mM, in cortex buffer 
with 1 μ M Fluro Ruby) was delivered to the subarachnoid 
space of the lumbar region (L3-5) of C57/Bl6 mice and trans-
genic mice which express yellow fl uorescent protein (YFP) in 
a subset of motor neurons on a C57/BL6 background. At 
the gastrocnemius muscle glutamate (5mM in saline with 
1 μ M Fluro Ruby) was chronically infused in YFP mice. 
Animals were perfused at a range of time points and the 
degree of axonal degeneration was investigated through 
immunohistochemistry and confocal microscopy.   

  Results:  Fluoro Ruby labelling was present throughout cells 
within the subarachnoid space in L3-5 and muscle fi bres of 
the gastrocnemius muscle, indicating a targeted delivery can 
be achieved with the osmotic pumps. Quantitation of the 
number of neurons (cell body  �    20  μ m) stained with toluidine 
blue within the anterior ventral horn at 7, 14 and 28 days post 
surgery (DPS) demonstrated a signifi cant (p    �    0.05) decrease 
in the number of motor neurons at 28 DPS in the 5 mM KA 
treated mice in comparison to vehicle control. Gastrocnemius 
muscles of the KA and vehicle control spinal cord treated 
mice were double labelled with synaptophysin and alpha-
bunglarotoxin to determine the amount of neuromuscular 
junction (NMJ) degeneration. Synapses were graded as either 
intact or degenerating. There was a signifi cant (p    �    0.05) 
increase in the percentage of degenerating synapses in the KA 
mice in comparison to control. Additional, in the YFP mice, 
analysis demonstrated that whilst there was a reduction in the 
number of synapses in the KA muscle there was also an 
increase in the number of branch points in each junction, 
indicating that whilst degeneration of the NMJ was present, 
NMJ remodelling was also occurring in the KA-treated mice. 
This compensatory plasticity may be an early event in the 
pathogenesis of axonal degeneration in ALS.   

  Conclusion:  Identifying the site of the initial effects of exci-
totoxicity will identify mechanisms of distal axon degeneration 
that may provide novel therapeutic targets directed at axon 
protection.   

DOI: 10.3109/17482968.2012.721231/087

C88 CONFOCAL MICROENDOSCOPY OF 
NEUROMUSCULAR JUNCTIONS DURING 
ACTIVITY-DEPENDENT SLOW SYNAPTIC 
DEGENERATION IN MICE

RIBCHESTER  R  1,2  ,     BROWN   RG  1,2  ,       SWANN   A  1, 
    ABDULLAH   S 1

1University of Edinburgh, Edinburgh, UK,  2  Euan MacDonald 
Centre for MND Research, Edinburgh, UK 

Email address for correspondence: rrr@ed.ac.uk

  Keywords:   neuromuscular   junction  ,   microendoscopy  ,   activity  

 Accumulating evidence suggests that degeneration of motor 
neurones in at least some forms of ALS begins at neuromus-
cular junctions (NMJ). We are therefore addressing two 
challenges: fi rst, to protect motor neurones from degeneration 
by seeking ways to inhibit degeneration of their NMJ; and 
second, to promote compensation by surviving motor neu-
rones and to sustain or boost their function at NMJ. We are 
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taking advantage in these studies of mice expressing the neu-
roprotective Wallerian degeneration-Slow ( Wld  S ) chimeric 
gene. The degeneration of axotomised motor nerve terminals 
in  Wld  S  mice occurs about 10 times more slowly than in 
wild-type mice. It is possible to monitor this protracted time 
course with confocal microendoscopy, using a 1.5 mm diam-
eter optical fi bre probe to image NMJ in transgenic t hy1.2-
YFP/Wld  S  double-homozygous mice. We are also screening 
other potential fl uorochromes that might be useful for safely 
visualising synapses at unlabelled NMJ ' s. We have found that 
synaptic degeneration at axotomised NMJ in  Wld  S  mice is 
strongly sensitive to activity. Paralysis of NMJ in  Wld  S  
mice by a preconditioning tetrodotoxin (TTX)-induced nerve 
conduction block for one week virtually abolishes the protec-
tive effect of  Wld  S  gene expression on motor nerve terminals. 
Conventional microelectrode recording fi ve days after axot-
omy showed about a fi ve-fold reduction in the number of 
muscle fi bres responding with endplate potentials to nerve 
stimulation compared to those treated with saline prior to 
axotomy, or no previous surgery (TTX: 8.57    �    2.51% 
of fi bres; saline controls: 55.56    �    5.88%; nerve section only 
controls: 43.34    �    10.11%; Mean    �    SEM; n    �    7, 3, 6 mice, 

respectively; p    �    0.05 ANOVA). Confocal microendoscopy 
revealed that the protective effect of  Wld  S  on axons in the 
tibial nerve remained unaltered by sciatic nerve block and 
muscle paralysis. Enhancing activity through voluntary aero-
bic exercise (through provision of running wheels) for one 
month prior to an axotomy challenge had no discernible effect 
on neuromuscular synaptic degeneration. However, enhanc-
ing activity in this fashion liminally promoted a more rapid 
recovery by compensatory nerve sprouting in partially dener-
vated lumbrical muscles of wild-type mice. Together, the data 
constitute direct evidence that activity can modulate neu-
romuscular synaptic degeneration. Specifi cally, disuse increases 
the vulnerability of motor nerve terminals to neurodegenera-
tive stimuli. We are presently combining  in vivo  confocal micro-
endoscopic imaging with conventional electromyographic 
recording, to monitor the effects of activity on synaptic degen-
eration in longitudinal study; and, in parallel, developing an 
 ex vivo  assay to evaluate potential mechanisms of activity-
dependent modulation of synaptic degeneration.   

 Supported by MND Association.                 

DOI: 10.3109/17482968.2012.721231/088
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                        SESSION 11B SURROGATE MARKERS    

 C89 THE UNIQUE METABOLIC PATTERN OF 
GLUCOSE METABOLISM IN EARLY C9ORF72-
RELATED ALS: A FDG PET STUDY      

    CHIÒ     A  1  ,       VALENTINI     C  2  ,       CALVO     A  1  ,       MOGLIA     CR  1  ,  
     MONTUSCHI     A  1  ,       BERTUZZO     D  1  ,       NOBILI     F  3  ,       FANIA     P  4  ,  
     PAGANI     M  5 ,      CISTARO     A  4           
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Turin, Italy,  5  Institute of Cognitive Sciences and Technologies, 
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  Keywords:   PET  ,   C9ORF72  ,   neuroimaging  

  Background:  Amyotrophic lateral sclerosis (ALS) is a neu-
rodegenerative diseases characterized by both upper and lower 
motor neuron lesions. Recently a hexanucleotide repeat 
expansion in the fi rst intron of  C9ORF72  gene has been 
reported to be the cause about 10% of cases. Data about 
glucose metabolic activity evaluated with positron emission 
tomography (PET) of these patients are still lacking.   

  Aim:  The aim of this study was to assess by PET the distribu-
tion of [ 18 F]2-fl uoro-2-deoxy-D-glucose (FDG) in a series of 
ALS patients with  C9ORF72  hexanucleotide repeat expansion 
compared to normal controls and ALS patients with no muta-
tions of ALS-related genes.   

  Methods:  The  18 F-FDG PET/CT scans of 10 ALS patients 
carrying the  C9ORF72  mutation were compared to those of 
30 ALS patients without genetic mutations, matched by age, 
gender, disease duration and site of onset. All patients 
performed PET within two months after diagnosis. Six 
ALS patients with  C9ORF72  mutation (60%) and 10 ALS 
patients without genetic mutations (33.3%) had FTD 
(p    �    n.s.). The control group included 40 subjects negative for 
neurological or neoplastic diseases. Differences were analyzed 
by statistical parametric mapping (SPM2) introducing age, 
gender and disease type (upper or lower motor neuron) as 
nuisance variables. SPM t-maps were thresholded at p    �    0.05, 
corrected for multiple comparisons with the False Discovery 
Rate (FDR) option at voxel level.   

  Results:  ALS patients with  C9ORF72  hexanucleotide repeat 
expansion and those without genetic mutations were compa-
rable in term of age, gender and disease duration. Highly sig-
nifi cant hypometabolism was found in  C9ORF72  as compared 
to ALS without genetic mutations in thalamus, anterior and 
posterior cingulate cortex, and medial frontal cortex (BA8) 
bilaterally, as well as in right prefrontal cortex (BAs 9,45), 
insula and caudate head. Signifi cant hypermetabolism was 
found in C9ORF72 in bilateral cerebellum, in midbrain and 
in left claustrum, globus pallidus and putamen. Compared to 

controls, patients with C9ORF72 mutation had a relative 
hypometabolism in bilateral frontal cortex (BAs 6, 9, 10, 11, 
45 and 46), bilateral caudate head and thalamus, midbrain 
and anterior cingulate cortex (BAs 32) and a relative hyper-
metabolism in midbrain. This alteration refl ects the diffuse 
pathology and complex phenotype associated with  C9ORF72  
mutations and may be specifi c of this mutation.   

  Conclusions:  We have found that ALS patients with 
 C9ORF72  mutation are characterized by a pattern of glucose 
metabolism different from normal subjects and ALS patients 
without genetic mutation, with a relative hypometabolism of 
basal ganglia and anterior cingulate cortex and a relative 
hypermetabolism of midbrain and bilateral cerebellum. These 
alterations are consistent with the peculiar symptom constel-
lation of patients carrying the  C9ORF72  hexanucleotide 
repeat expansion, encompassing ALS and FTD but also 
psychotic-like and exrapyramidal symptoms.   

DOI: 10.3109/17482968.2012.721231/089

  C90 ASSESSMENT OF NEUROINFLAMMATION 
IN ALS WITH 18F-DPA-714 PET  

   CORCIA   P  1,2   ,    VERCOUILLIE   J   2,4   ,    TAUBER   C  2   , 
   PRALINE   J   1,2   ,    NICOLAS   G   3   ,    VENEL   Y   2,4   , 
  BEAULIEU   J-L  2,4   ,    AESCH   C   2,4   ,    ROUSSEL   C  5   , 
   KASSIOU   M  6   ,    GUILLOTEAU   D  2,4   ,    RIBEIRO   M  2,4   

   1 Centre SLA, Tours, France,  2 INSERM U930, Tours, France, 
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France,  6  Brain and Mind Research Institute, Sydney, Australia   

   Email address for correspondence: corcia@med.univ-tours.fr   

   Keywords:   microglia  ,   DPA714  ,   TEP imaging   

   Rationale:  There is growing evidence of activated microglia 
and infl ammatory processes in cerebral cortex in ALS. Acti-
vated microglia is characterized by an increased expression of 
the 18 kD atranslocator protein (TSPO). TSPO, highly 
expressed in phagocytic infl ammatory cells tissue, is part of a 
protein complex associated with the outer mitochondrial 
membrane of many cells. TSPO, found in peripheral organs, 
is also expressed in the brain (astrocytes and microglia) and 
may be a useful biomarker for infl ammation. Among TSPO 
radioligands for molecular imaging, the fl uoro-ethoxy analog 
DPA-714 labeled with fl uorine-18 has been developed. In this 
study, we evaluated the degree of neuroinfl ammation in ALS 
patients using PET with  18 F-DPA-714.  

   Methods:  Ten ALS patients (6 bulbar and 4 spinal ALS) 
right-handed, who fulfi lled the criteria of probable or defi nite 
ALS according to the Airlie House meeting (Brooks, 2000), 
without dementia according to the scores of the MMSE and 
the FAB tests, and na ï ve of riluzole and medications that 
might bias the binding on TSPO at the time of the inclusion 
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were prospectively enrolled as were eight healthy controls 
matched for age.  

  A 90 min cerebral dynamic acquisition was performed 
followed the injection of  18 F-DPA-714 (264    �    59 MBq). 
Relative volume of distribution (DVR) were calculated for 
frontal, primary motor, supplementary motor, temporal, 
occipital and cerebellum cortex, thalamus and stem using 
ROI as defi ned in the MNI-AAL atlas and the Logan graph-
ical method analysis with reference regions individually 
defi ned by cluster analysis. Comparisons between patients 
and controls were done using Student’s  t  test.  

   Results:  Signifi cant increase of microglial activation was 
found in primary motor, superior motor and temporal ROI 
(t-test, p    �    0.017, p    �    0.002 and p    �    0.005 respectively).  

   Conclusion:  Although these results need to be confi rmed 
on a larger sample, this strongly suggests that microglial 
activation is increased in ALS patients since the early stages 
of the disease. The ability to assess  in vivo  microglia 
activation might improve our understanding of mechanisms 
leading to occurrence of neuroinfl ammation in ALS and 
other neurodegenerative disorders and allow monitoring 
therapeutics effi ciency. The presence of extra motor micro-
glia activation might corroborate theories supporting that 
ALS should not be a prototypic motor neuron condition 
and that a continuum between ALS and FLTD can be 
drawn.  

DOI: 10.3109/17482968.2012.721231/090

  C91 ATROPHY MEASUREMENT AS A DISEASE 
PROGRESSION BIOMARKER IN AMYOTROPHIC 
LATERAL SCLEROSIS  
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   Introduction:  Atrophy of the spinal cord is one of the 
 neuroimaging features associated with amyotrophic lateral 
sclerosis (ALS) (1)(2). In a recent MRI study we have shown 
that cervical cord atrophy is associated with lower motor neu-
ron degeneration and is correlated with clinical defi cits (2). 
Whether atrophy measurement is a relevant biomarker for 
disease progression biomarker remains unknown.  

   Objectives:  To longitudinally assess by MRI the atrophy 
progression at cervical and thoracic levels of the spinal cord 
in ALS patients and to test its relationship with the functional 
impairment changes as assessed by the revised ALS functional 
scale (ALSFRS-R).  

   Methods:  Among the 29 ALS patients who had a spinal 
MRI in our fi rst study, 14 patients (4 Females/10 males) 
underwent a second MRI after a mean follow-up of 
11 months. At baseline, the mean age was 51    �    11 years and 
the mean disease duration was 29    �    28 months and the mean 
ALSFRS-R was 38.9    �    6.1. Functional impairment in the 
upper limbs was assessed by the ALSFRS-R subscale 
considering the upper limbs items. At time of the second 
MRI, the mean upper limb ALSFRS-R was 2.9    �    2.9 (versus 
5.7    �    2.3 at baseline, -48.8%). Subjects were scanned using 
a 3T MRI system (Tim Trio, Siemens Healthcare). Imaging 
parameters were: T2-weighted 3D turbo spin echo (52 sagit-
tal slices, FOV    �    280mm, TR/TE    �    1500/120ms, voxel 
size    �    0.9x0.9x0.9mm 3 ) (3). Cord sectional area was meas-
ured from the T2-weighted image at the vertebral levels from 
C2 to T6 using a semi-automatic method (4).  

   Results:  Wilcoxon signed rank test showed a signifi cant 
decrease over time in mean cord area (-2.8%, p    �    9x10 -4 ). 
Spearman ' s coeffi cient showed signifi cant correlation between 
mean cord sectional area changes and the ALSFRS-R upper 
limb changes (r    �    0.83, p    �    2�10 -4 ).  

   Conclusion:  This study suggests that atrophy is associated 
with functional changes over time. Although further studies 
in a larger population of ALS patients are needed, our result 
suggests that atrophy measurement may potentially be used 
as a disease progression biomarker in ALS.  

  References  
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  3.  Cohen-Adad J, El-Mendili MM, Morizot-Koutlidis R,  et   al.  

Neuroimage 2011;55(3):1024 – 1033.  
  4.  Lundell H, Barthelemy D, Skimminge A,  et   al.  Spinal Cord 
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  C92 THE EARLIEST CHANGES IN MOTOR UNIT 
PHYSIOLOGY IN ALS  

   DE CARVALHO   M  1,2   ,    SWASH   M  1,3   
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   Email address for correspondence: mamedemg@mail.telepac.pt   
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   Introduction:  There is little information on the earliest 
changes in motor unit (MU) physiology in ALS and the devel-
opment of the classical neurophysiological features of ALS 
over time. It is believed that fasciculation potentials (FPs) and 
abnormal MU potentials (MUPs) are early features and that 
fi brillations and sharp-waves (fi bs-sw) appear later, but 
whether this is an orderly relationship is largely unknown.  

   Methods:  We studied the tibialis muscle (TA) in three groups 
of subjects; 72 patients with ALS, 10 with benign fascicula-
tions (these required normal MUP analysis) and 37 healthy 
control subjects (to establish our own normative values), 
matched for age. In the ALS group, 61 had normal strength 
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in the (TA), 9 patients had TA strength of MRC 4. In all 
subjects we evaluated the presence of FPs and fi bs-sw, quan-
tifi ed MUPs (20 MUs) and evaluated MU stability (jitter). 
Sixteen ALS patients with clinically normal TA were investi-
gated in serial studies.  

   Results:  FPs were recorded in TA muscles (MRC 5) of 
13 patients with ALS in whom there were no EMG features 
of neurogenic change. In four additional patients with 
FPs increased jitter was the only other abnormality. Of 20 TA 
muscles in which no FPs were detected at the initial assess-
ment, 15 showed increased jitter, 11 showed fi bs-sw and 16 
had abnormal MUP parameters. Longitudinal studies con-
fi rmed that the patients presenting with FPs as the only 
abnormality progressed to MUP instability before large MUPs 
associated with fi bs-sw were detected in the TA muscle. FPs 
from ALS patients with no other neurophysiological change 
were simpler than in patients in whom there were also fi bs-sw 
and neurogenic MUPs (p    �    0.01). The complexity of FPs in 
patients with weak TA was higher than in the latter group 
(p    �    0.01). On the other hand, FPs from patients with benign 
fasciculations were simple (less complex) than those in ALS 
patients with normal TA strength (p    �    0.01).  

   Discussion:  Our results show that FPs are a very early marker 
of ALS and anticipate MUP instability. These fi ndings are 
consistent with a very early distal axonopathy in ALS, but do 
not exclude an origin of FPs from a dysfunctional motor neu-
ron cell body. Later, widespread neuronal death implies easy 
recognition of fi bs-sw and reinnervation, at a phase of early 
compensatory reinnervation. Our results suggest that benign 
FPs represent a different phenomenon and confi rm the 
importance of FP morphology analysis in the differential diag-
nosis of ALS and other disorders.  

DOI: 10.3109/17482968.2012.721231/092

  C93 MOTOR UNIT NUMBER INDEX (MUNIX) 
LONGITUDINAL MEASUREMENTS IN ALS 
PATIENTS IN A MULTICENTRE TRIAL  
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   Background:  In previous studies motor unit number index 
(MUNIX) has shown to be a reliable and feasible motor unit 
number estimation (MUNE) method applicable in different 
muscles in ALS patients and has been suggested as a surrogate 
marker in clinical ALS trials. MUNIX is calculated by 
compound muscle action potentials (CMAP) and surface 
electromyographic recordings at different voluntary force 
levels. In comparison to other MUNE methods, MUNIX is 
non-invasive and quickly recorded.  

   Objective:  To evaluate if MUNIX is a more sensitive 
marker of disease progression compared to ALSFRS-R 
score in a multicenter natural history study of ALS 
patients.  

   Methods:  In three participating centers 31 ALS patients 
(18 limb, 13 bulbar onset) were recruited till May 2012. 
MUNIX measurements were performed every three months 
in six muscles of the clinically less affected side: biceps 
(BB), abductor digiti minimi (ADM), abductor pollicis 
brevis (APB), tibialis anterior (TA), abductor hallucis 
(AH) and extensor digitorum brevis (EDB). Additionally 
ALSFRS-R score was evaluated.  

   Results:  After a 12 month period all measures declined rela-
tive to baseline between 21% (MUNIX AH) and 57% 
(MUNIX ADM). ALSFRS-R score declined 25%. Decline 
reached signifi cance for ALSFRS-R after 12 months 
(p    �    0.001). Decline of MUNIX was already signifi cant after 
six months for the APB (p    �    0.006), TA (p    �    0.009) and EDB 
(p    �    0.03) and after nine months for the ADM (p    �    0.00001), 
AH (p    �    0.003) and BB (p    �    0.04). The most prominent dif-
ference of decline after 12 months between ALSFRS-R and 
MUNIX was seen for the ADM with 33% (p    �    0.005) and 
the APB with 29% (p    �    0.02) lower mean values. In bulbar 
onset patients a pronounced decline of MUNIX values was 
seen after 6 months.  

   Discussion and conclusions:  The decline of MUNIX val-
ues over a 12-month period is signifi cantly greater than 
decline of ALSFRS-R score, even when the clinically less 
affected side is examined. This indicates that motor neuron 
loss is already detectable with MUNIX before functional loss 
and reduction of ALSFRS-R score occurs. It also suggests 
that MUNIX is a sensitive electrophysiological outcome 
measure/biomarker which could be applicable in longitu-
dinal multi-center ALS studies. One outstanding advantage 
of this method is the possibility to examine non-invasive 
multiple muscles in an adequate amount of time.  

DOI: 10.3109/17482968.2012.721231/093

  C94 IS SERUM CREATININE A BIOMARKER 
FOR ALS?  

   MILLER   RG   ,    KATZ   J   ,    MOORE   D   

   California Pacifi c Medical Center, San Francisco, CA, USA   

   Email address for correspondence: millerrx@sutterhealth.org   

   Keywords:  biomarkers ,   clinical trials  ,   trial design   

   Background:  Developing biomarkers for ALS is a high 
 priority for research. Serum creatinine is reduced in many 
patients with ALS, and it was previously found to correlate 
with survival in ALS(1).  

   Objectives:  1) To determine whether level of serum 
creatinine is associated with survival in ALS patients; and 2) 
to measure correlations over time between creatinine and 
ALSFRS-R as well as FVC.  

   Methods:  We used Cox proportional hazards models applied 
to data from two clinical trials conducted by the WALS 
group to quantitate the relation between baseline creatinine 
and tracheotomy-free survival. We calculated baseline cor-
relations for creatinine levels with ALSFRS-R, FVC, age and 
symptom duration. Also, for each patient we calculated 
the within-patient creatinine correlations over time with 
ALSFRS-R and FVC.  

   Results:  At study entry levels of creatinine ranged from 
0.3 to1.5 mg/dl for 315 patients with median follow-up 
of 13.7 months. A Cox model with creatinine as the only 
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predictor estimated a hazard ratio (HR)    �    0.31 (p    �    0.016). 
For 73 patients with creatinine    �    0.7, median survival was 
18 mo; for those with creatine    	    0.7, median survival was 
26 mo (p    �    0.0001 log-rank test). Baseline creatinine remained 
as a signifi cant factor in a Cox model that also included 
patient age, symptom duration, initial ALSFRS-R and FVC 
(HR    �    0.35, p    �    0.024 for creatinine).  

  We found signifi cant baseline correlations for creatinine with 
ALSFRS-R (r    �    0.35, p    �    0.01), FVC (r    �    0.14, p    �    0.01) and 
symptom duration (r    �    -0.17, p    �    0.01) but not with age.  

  The median correlation  measured over time  for each patient 
between creatinine and ALSFRS-R was 0.39 (90% range 
�0.55 to    �    0.94) while that for FVC was 0.38 (range �0.52 
to    �    0.93); both are signifi cantly lower than the median 0.74 
(range �0.09 to    �    0.94) for ALSFRS-R and FVC.  

   Discussion:  Our fi nding of shortened survival with lower 
baseline levels of circulating creatinine is consistent with the 
fi ndings of Paillisse  et   al.  (1) who reported it as a signifi cant 
factor in a multivariate survival prognosis model. Our meas-
urement of correlations between creatinine and other com-
monly used measures of ALS progression has not been 
previously studied. Recent studies showing the negative prog-
nostic impact of weight loss also might bear on these results. 
These fi ndings suggest that serum creatinine deserves further 
study as a potential biomarker, perhaps in combination with 
other putative biomarkers.  

  Reference  
  1. Paillisse  et   al.  ALS 2005;6:37 – 44.  

DOI: 10.3109/17482968.2012.721231/094

  C95 A NOVEL BIOMARKER STRATEGY FOR 
PREDICTING ALS PROGNOSIS  

   SU   X   ,    MITCHELL   R   ,    STEPHENS   HE   ,    SIMMONS   Z   , 
   CONNOR   J   

   Penn State University, Hershey, Pennsylvania, USA   

   Email address for correspondence: xiaoweisu@hmc.psu.edu   

   Keywords:  biomarker ,   prognosis  ,   predictive model   

   Background:  Both patients with ALS and their physicians 
would benefi t from improved prognostic information. Cur-
rently, neither clinical nor laboratory measures permit 
accurate estimation of prognosis. Investigating biomarker 
profi les in ALS patients may yield better prognostic tools 
and elucidate disease pathways.  

   Objectives:  To identify a panel of cytokines, trophic factors, 
and metabolites in blood, cerebrospinal fl uid (CSF), and 
muscle whose levels are correlated with clinically meaningful 
prognostic measures in patients with ALS.  

   Methods:  Samples of blood, CSF, and muscle were analyzed 
from ALS patients with defi nite, probable, probable laborato-
ry-supported, or possible ALS as part of previous research 
protocols. Multiplex analysis of plasma was conducted using 
the Bio-Plex Human 27-plex panel of cytokines and growth 
factors, with additional ELISA-based immunoassay analysis. 
For muscle biopsy tissue, levels of soluble superoxide dis-
mutase (SOD1) protein were determined using immunoassay. 
For CSF samples, multiplex analysis was conducted using 
the Bio-Plex Human 27-plex panel, with additional ELISA-
based analysis. Clinical data included date of ALS symptom 
onset, date of death, disease duration from onset of symp-

toms to death, date of initiation of noninvasive ventilation 
(NIV), and date of gastrostomy tube placement. Pearson’s 
correlations were performed using GraphPad Prism 4, while 
multiple regression was conducted using StatView 5. The use 
of the samples was approved by our Institutional Review 
Board.  

   Results:  Six plasma biomarkers were signifi cantly correlated 
with percent of diseased lifespan remaining, defi ned as the 
percentage of disease duration remaining at the time of sam-
ple collection (determined retrospectively). A multivariate 
model incorporating this biomarker panel predicted actual 
clinical values with R-squared    �    0.794 (P    �    0.0001, n    �    23). 
Soluble SOD1 levels in muscle signifi cantly correlated with 
percent of diseased lifespan remaining, and a univariate model 
predicted actual clinical values with R-squared    �    0.530 
(P    �    0.0198, n    �    12). The correlation was lost when individuals 
harboring H63D HFE polymorphism were included. A 
multivariate model developed to predict time from symptom 
onset to insertion of gastrostomy tube using six CSF biomar-
kers had predictive R-squared    �    0.742 (P    �    0.0001, n    �    14). 
A multivariate model developed to predict time from symp-
tom onset to initiation of NIV using two plasma biomarkers 
had predictive R-squared    �    0.627 (P    �    0.0063, n    �    10). 
In general, the biomarkers identifi ed were associated with 
pro-infl ammatory processes.  

   Discussion and conclusions:  Although the sample sizes in 
this study were small, these fi ndings strongly support the 
potential usefulness of biomarker discovery efforts, and may 
improve understanding of ALS pathophysiology by identify-
ing potential disease mechanisms. The biomarker panels 
reported here may provide prognostic value in ALS, which 
may benefi t patient and caregiver planning, permit ALS 
health care teams to optimize treatment recommendations, 
and guide future research.  

DOI: 10.3109/17482968.2012.721231/095

  C96 BODY FLUID BIOMARKERS FOR MOTOR 
NEURON DISEASE  

   SHEPHEARD   S  1   ,    CHATAWAY   T  1   ,    SCHULTZ   D  2   , 
   MOEY   A  2   ,    RUSH   R  1   ,    ROGERS   M-L  1   

   1 Flinders University, Flinders Medical Science and Technology, 
Human Physiology and Centre for Neuroscience, Adelaide, South 
Australia, Australia,  2  Department of Neurology, Flinders Medical 
Centre, Adelaide, South Australia, Australia   

   Email address for correspondence: mary-louise.rogers@fl inders.
edu.au   

   Keywords:  biomarkers ,   urine  ,   ELISA   

   Background:  Biomarkers are urgently required for trials of 
potential therapies in humans with motor neuron disease 
(MND) and pre-clinical trials in animal models of MND such 
as SOD1G93A mice (1). The common neurotrophin receptor 
p75 (p75NTR) is highly expressed in motor neurons during 
embryonic development, but down regulated after birth. 
However, p75NTR is up-regulated in motor neurons after 
injury including MND patients and SOD1G93A mice (2, 3). 
We have previously found by Immunoprecipitation/Western-
blot that extracellular p75NTR is signifi cantly higher in urine 
of sporadic MND patients and symptomatic SOD1G93A 
mice than in healthy human and mouse controls (4). We now 
report the quantifi cation and signifi cance of urinary p75NTR 
in human MND and SOD1G93A mice.  
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   Objectives:  To determine if p75NTR levels in body fl uids 
of MND patients and SOD1G93A mice could serve as a 
biomarker of MND.  

   Methods:  Quantitative Sandwich ELISAs were developed to 
detect mouse and human p75NTR in the rg/ml range. Urine 
and serum was collected from patients with sporadic MND 
and from non MND diseases such as Parkinson ' s, Multiple 
Sclerosis, neuropathy and diabetes in addition to healthy con-
trols (n    �    10 for each group). Mass spectroscopy (Thermo 
Orbitrap) was used to confi rm the presence of urinary 
p75NTR from an MND patient. Riluzole (210 mg/kg per 
week) trials in SOD1G93A mice are in progress, with urine 
and blood being collected to compare p75NTR levels in 
treated with non-treated mice.  

   Results:  A novel sensitive sandwich ELISA for p75NTR 
was assessed for sensitivity and signal to noise (S/N) ratio. 
It was found that both mouse- and human-derived forms 
of p75NTR were detectable in the range 5 – 400 rg/ml, with 
high signal to noise ratios (S/N    �    20) achieved. Humans 
diagnosed with early to mid stage sporadic MND had 2 to 
5 fold more p75NTR than controls; n    �    7. Three unique 
peptides of human p75NTR were identifi ed from MND 
patient urine by mass spectroscopy. Analysis of urinary 

p75NTR from people living with other neurological condi-
tions is continuing. p75NTR was detectable in healthy 
SOD1G93A mice (40 to 60 d), and increased until 
end-stage (145 – 160d; n    �    6). Experiments are underway to 
analyze p75NTR in urine of SOD1G93A mice treated 
with riluzole.  

   Discussion and conclusion:  Urinary p75NTR shows 
promise as a biomarker for human sporadic MND. Further 
work is ongoing to correlate p75NTR levels with disease 
progression so that it can be used to monitor effectiveness 
of therapies.  

  References  
  1.  Bowser R, Turner MR, Shefner J. Nature Reviews 

Neurology 2011;7:631 – 638.  
  2.  Seeburger J, Tarras S, Natter H,  et   al.  Brain Research 

1993;621:111 – 115.  
  3.  Copray J, Jaarsma D, Ku B  et   al.  Neuroscience 2003;116:

685 – 694.  
  4.  Flinders University, Australia, Biomarker for Motor 

Neuron Disease 2011. PCT 2011900312.      
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  P2 INTRATHECAL TRANSPLANTATION 
OF HUMAN STEM CELLS IN TRANSGENIC 
AMYOTROPHIC LATERAL SCLEROSIS 
MOUSE MODEL  

  CHADI G  ,   ALVES C  ,   DE OLIVEIRA G  ,   DUOBLES T  , 
  SCORISA J  ,   BYDLOWSKI S  ,   MAXIMINO J  

   Department of Neurology, University of S ã o Paulo Medical School, 
S ã o Paulo. SP, Brazil   

   Email address for correspondence: gerchadi@usp.br   

   Keywords:   human stem cells  ,   human amniotic fl uid cells  ,   human 
umbilical cord cells   

  Stem cell (SC) transplantation is a potential strategy for 
neurological diseases and SC research has expanded for 
Amyotrophic Lateral Sclerosis (ALS). Intrathecal injection 
is less invasive and is capable of extensively delivering cells 
by cerebrospinal fl uid.  

  Human amniotic fl uid (hAF) or human umbilical cord 
(hUC) Wharton’s jelly-derived SCs, and vehicle as controls, 
were delivered intrathecally at the lumbar intervertebral space 
of SOD1 G93A  ALS mouse model (transgenic, TG), and also 
of wild-type (WT) mice, approximately 15 days before dis-
ease onset. Mice were followed behaviorally and spinal cord 
tissue was examined (histopathology and western blot) either 
at the onset or at the endpoint, as performed in separate 
groups of animals.  

  Bisbenzimide-positive SCs were found in the lumbar pial 
meninge and adjacent spinal cord white matter of SC-
injected mice. hAF SCs, but not hUC cells, delayed disease 
onset by about 5 days, and also led to higher neurological 
scores and better hanging wire and rotarod performances 
throughout analysis. ChAT positive motoneuron counting in 
the mouse lumbar spinal cord ventral horn showed that hAF 
SCs fully counteracted and hUC SCs partially counteracted 
the cell number diminution found in the control TG vehicle 
mice in relation to WT already at the onset of disease. How-
ever, such motoneuron protections disappeared at the end-
point. GFAP immunoreactive astroglial profi les increased in 
the anterior horn of the gray matter of all groups of ALS mice 
compared to WT at the onset and fi nal stage of disease. 
In line with ChAT neuronal countings, the levels of ChAT 
protein were found to be maintained only in the hAF SCs 
group at the onset, as compared to WT, in contrast to the 
massive reductions found in the hAF SCs group at the fi nal 
stage and also in the hUC SCs at the two studied periods. 
Interestingly, hAF SCs fully counteracted the ability of TG 
mice to trigger astroglial activation at disease onset, but not 
at the end point, an event not found after hUC SCs treat-
ment both at the onset and at endpoint as evaluated by 
means of GFAP immunoblotting. Moreover, OX-42 west-
ern blot showed that hUC SCs potentiated the ability of 
TG mice to trigger microglial activation at the disease 
onset, but not at the endpoint. hUC SCs injection increased 
the protein levels of 21 and 23 kDa FGF-2 isoforms at the 
onset compared to WT group, however 23 kDa isoform was 
found to be elevated in the hUC SCs group compared to 

                        THEME 1 THERAPEUTIC STRATEGIES    

 P1 HUMAN ADIPOSE-DERIVED STEM CELLS 
ENHANCE THE GLUTAMATE UPTAKE FUNCTION 
OF GLT1 IN SOD1(G93A)      

   ZHANG C ,      GU R ,      HOU X ,      PAN R ,      CHENG F ,      GENG J ,  
    XU Y ,      LI L             

  Department of Neurology, First Affi liated Hospital, Sun Yat-Sen 
University, Guangzhou, Guangdong, China  

  Email address for correspondence: zhangch6@mail.sysu.edu.cn   

  Keywords:   adipose-derived   stem cells  ,   glutamate transport 1  ,  
 SOD1(G93A)                             

  Background:  Impaired glutamate uptake function of astro-
cytes associated with the accumulation of extracellular gluta-
mate is a well-documented feature of amyotrophic lateral 
sclerosis (ALS). Enhancing the uptake function of astrocytic 
glutamate transport 1 (GLT1) may be a potential treatment 
for this disease. Human adipose-derived stem cells (hADSCs) 
are capable of secreting a large number of cytokines which 
exhibit diverse pharmacological effects.   

  Objective:  To investigate the infl uence of the soluble factors 
released by hADSCs on the GLT1 in primary astrocytes cul-
tured from SOD1 (G93A) mice, a widely studied mutant 
human SOD1 transgenic model of ALS.   

  Method:  1) Animals:Transgenic mice of the strain B6SJL-
TgN (SOD1-G93A) 1GUR (No. 002726), were purchased 
from the Jackson Laboratory. 2)Isolation and culture of hAD-
SCs: Human subcutaneous adipose tissue samples were col-
lected from patients undergoing liposuction surgery after 
obtaining informed consent. 3) Primary spinal cord astrocytes 
culture: Primary mouse spinal cord astrocytes were prepared 
from postnatal day (P) 0 to P2 SOD1G93A mouse pups or 
matched non-transgenic littermates. 4) Human ADSCs and 
astrocytes co culture Transwell chambers with a 0.4 lm pore 
size membrane were used to physically separate the astrocytes 
from hADSCs. 5) Immunophenotype analysis: Flow cytom-
etry (FCM) was used to analyze the immunophenotype of 
hADSCs. 6) Confi rmation of multilineage differentiation of 
hADSCs: Human ADSCs were analyzed for their capacity to 
differentiate toward the adipogenic and osteogenic lineages. 
7) Immunocytochemistry. 8) Western blot analysis. 9) Gluta-
mate uptake assay. 10) Caspase-3 activity assay. 11) Quantita-
tive real-time PCR assay. 12) Statistical analysis.   

  Results:  Our data indicate that soluble factors from hADSCs 
signifi cantly upregulate the expression of GLT1 in SOD1(G93A)-
bearing astrocytes, which result in enhanced glutamate uptake 
function. The upregulation of GLT1 is accompanied by the inhi-
bition of caspase-3 activation in mutant astrocytes. In addition, 
we fi nd that hADSCs co cultured with SOD1 (G93A)-bearing 
astrocytes produce more VEGF, HGF and IGF-1, which are 
reported to have neuroprotective effects.   

  Conclusion:  Our results suggest that hADSCs may be a 
potential candidate in cellular therapy for ALS.   

DOI: 10.3109/17482968.2012.721231/097
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hAF treatment. A single intratecal lumbar injection of hAF 
SCs may have promoted transient behavior and motor 
neuron protections in the ALS mouse model, events that 
may be related to the ability of hAF cells to counteract 
astroglial activation in early phases of disease. Support: 
FAPESP, CNPq, CAPES  

DOI: 10.3109/17482968.2012.721231/098

  P3 ASSESSMENT OF HUMAN FETAL NEURAL 
STEM CELLS IN THE ALS TRANSGENIC 
MOUSE MODEL  

   KNIPPENBERG   S  1   ,    RATH   KJ  1   ,    THAU   N  1,3   , 
   DENGLER   R  1,3   ,    SCHWARZ   J  2   ,    WEGNER   F  1,3   ,    PETRI   S  1,3   

   1 Hannover Medical School, Hannover, Germany,  2 University of 
Leipzig, Leipzig, Germany,  3  Centre for Systems Neuroscience, 
Hannover, Germany   

   Email address for correspondence: Knippenberg.Sarah@
mh-hannover.de   

   Keywords:   SOD1 (G93A) mice  ,   neural stem cells  ,   survival study   

   Background:  Administration of stem- or progenitor cells is 
currently being investigated as novel therapeutic option in 
ALS and other neurodegenerative diseases. Several studies 
have already shown neuroprotective potential of several types 
of adult stem cells which were mainly attributed to their 
release of trophic factors. Due to their differentiation poten-
tial, neural stem cells of fetal origin are of particular interest 
for the therapy of neurological disorders.  

   Objectives:  We evaluated the effects of direct intraspinal 
administration of human fetal neural stem cells (NSC) in 
the G93A mouse model of ALS at presymptomatic disease 
stage.  

   Methods:  Human neural progenitor cells were derived 
from CNS tissue of aborted human fetuses (gestational 
week 10 – 18) with mother’s consent. All experiments were 
approved by the Ethics Committee of the University of 
Leipzig, Germany and in accordance with all state and 
federal guidelines. One week before surgery, NSC were 
thawed and expanded at standard conditions in a reduced 
atmosphere (3% O 2 ). On the day of surgery they were 
diluted in sodium chloride to a volume of 100,000 cells per 
1 μ l. The animals received 1 μ l bilaterally into the lumbar 
region of the spinal cord. Control animals received 0.9% 
sodium chloride as vehicle. Groups were further divided 
into a survival group and a group of animals that were 
sacrifi ed at day 110 for immunohistological analyses. Ani-
mals of the survival groups were monitored for survival, 
general condition, weight and motor function (rotarod and 
footprint analyses). Additional animals were injected with 
GFP-labeled NSC and sacrifi ed at different time points to 
monitor survival, migration and differentiation of injected 
cells.  

   Results:  Intraspinal surgery was well tolerated by all animals. 
Signifi cant improvement of NSC-treated mice was detected 
in motor performance tests and general condition scores. Sur-
vival analysis is still in progress. One week after surgery, GFP-
labeled NSC were found along the puncture channel in the 
spinal cord tissue. Analysis of further time-points (2, 3, 4 and 
6 weeks) as well as further histological analyses (co-localiza-
tion of GFP-positive cells with neural and glial markers, 
motor neuron counts, quantitative analysis of astrocytosis and 
microgliosis) is still ongoing.  

   Discussion and conclusions:  Intraspinal stem cell injection 
was shown to be safe and well tolerated in ALS transgenic 
mice and has already been shown to be feasible in ALS 
patients. In our study, we found positive effects of lumbar 
NSC-injection on motor performance and general condition. 
Further analysis needs to determine how long transplanted 
cells can survive in the spinal cord and what exactly underlies 
their benefi cial effects. Possibly, repeated injections at more 
than one injection site will be necessary to maximize the 
protective potential of adult stem cells in ALS.  

DOI: 10.3109/17482968.2012.721231/099

  P4 TRANSDUCTION OF CORTICOSPINAL 
MOTOR NEURONS BY AAV2 FOLLOWING DIRECT 
INJECTION INTO THE MOTOR CORTEX  

   VILLA   S  1   ,    JARA   J  1   ,    BOHN   M  2,4   ,    OZDINLER   H  1,3   

   1 Davee Department of Neurology,  2 Department of Molecular. 
Pharmacological and Biological Chemistry,  3 Cognitive Neurology 
and Alzheimer Disease Center; Lurie Cancer Center., Northwestern 
University Feinberg School of Medicine, Chicago, IL, USA  ,  
4  Department of Pediatrics, Children’s Memorial Research Center, 
Chicago, IL, USA   

   Email address for correspondence: srvilla@u.northwestern.edu   

   Keywords:   gene therapy  ,   corticospinal motor neurons  ,   AAV   

   Background:  The use of adeno-associated virus (AAV) in 
gene therapy has multiple advantages due to its long-term 
expression in the central nervous system (CNS) and low 
immunoreactivity in humans. AAV-mediated gene therapy 
strategies have been considered for neurodegenerative dis-
eases such as Canavan’s disease, Alzheimer’s disease and 
recently, motor neuron diseases including amyotrophic lateral 
sclerosis (ALS). AAV-IGF increased the lifespan of the well-
characterized hSOD1 G93A  ALS mouse model. AAV serotypes 
come in many “fl avors” given by capsid engineering to improve 
transduction effi ciency and cellular specifi city. Targeting only 
specifi c neuron population without affecting other neuron 
types within the cerebral cortex represents a major obstacle 
for translational neuroscience.  

   Objectives:  In this study, we investigated the specifi c tropism 
of AAV serotypes for corticospinal motor neurons (CSMN). 
Seven AAV serotypes (AAV2-1, AAV2-2, AAV2-5, AAV2-6, 
AAV2-7, AAV2-8, and AAV2-9) that harbor the eGFP gene 
were tested after direct injection into the layer V of the motor 
cortex. CSMN transduction was confi rmed by CTIP2 expres-
sion and by retrograde labeling with red fl uorescent micro-
spheres injected into the corticospinal tract (CST). In addition, 
using immunocytochemistry approaches we determine other 
cell types transduced by AAV serotypes including neurons 
(NeuN), callosal projection neurons (SATB2), astrocytes 
(GFAP), microglia (Iba-1), and oligodendrocytes (OLIG2).  

   Results:  We fi nd that different AAV serotypes have varied 
tropism for different neural cell populations in the motor cor-
tex. For example, AAV 2-1 and AAV2-9 transduce a mixed 
cell population, including astrocytes. AAV2-5 exhibits tropis 
for callosal projection neurons, whereas AAV2-2, AAV2-6, 
and AAV2-8 show relatively high tropism for CSMN. 
However, none of the serotypes examined have selective 
tropism for CSMN.  

   Discussion:  We have previously reported that CSMN are 
specifi cally transduced by AAV following microinjection into 
the corticospinal tract that lies within the dorsal funiculus of 
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the mouse spinal cord. However, anatomical differences 
between the mouse and human motor neuron circuitry may 
hinder translation of this method to a therapeutic context for 
gene therapy in humans. Therefore, identifi cation of AAV 
serotypes that can transduce specifi c neuron populations 
upon direct cortical injection would be invaluable for potential 
gene therapy approaches, and for building effective treatment 
strategies for ALS patients.  

   Conclusions:  Here we report that AAV2-2, AAV2-6, and 
AAV2-8 exhibit tropism for large pyramidal neurons in layer 
V of the motor cortex, including CSMN. Further enhance-
ment of their tropism specifi cally for CSMN by engineering 
elements of the capsid proteins is an attractive and promising 
avenue of future research.  

DOI: 10.3109/17482968.2012.721231/100

  P5 RESETTING INTRACELLULAR PH AS A 
POTENTIAL THERAPEUTIC APPROACH FOR 
AMYOTROPHIC LATERAL SCLEROSIS TESTED 
IN G93A MUTANT MICE  

   JIANG   M  1   ,    SCHUSTER   J  2   ,    KUO   S-W  1   ,    HECKMAN   CJ  1   

   1 Northwestern University, Chicago, IL, USA,  2  Seattle Children’s 
Hospital, Seattle, WA, USA   

   Email address for correspondence: m-jiang@northwestern.edu   

   Keywords:   intracellular pH  ,   motoneuron degeneration  ,  
 mSOD1 mouse   

   Background:  Studies on neurodegenerative diseases, includ-
ing amyotrophic lateral sclerosis (ALS), have revealed several 
well-defi ned pathogenic processes such as excitotoxicity, reac-
tive oxygen species (ROS) and apoptosis. It is also becoming 
clear that these pathogenic processes may lead to intracellular 
acidifi cation that in turn accelerates pathological progress of 
the diseases. While the efforts in preventing and treating the 
neurodegenerative diseases have produced limited success, 
much less attention has been made to work on homeostasis 
of intracellular pH (pHi) in these diseases, and none has been 
done on ALS to our knowledge. On the other hand, intracel-
lular alkalinization has been implicated in preventing cell 
death. We thus hypothesize an alkalic shift of pHi in 
motoneurons will benefi t survival of ALS patient.  

   Objectives:  The objective of this investigation is to evaluate 
therapeutic potential of resetting pHi using ALS mouse model 
(mutant G93A SOD1, mSOD1) by either acidifi cation/alka-
linization shifting of pHi, or in combination with riluzole. We 
focus on the effects of pHi on survival, behavior and spinal 
motor function ALS animal model.  

   Methods:  Female adult mSOD1 mice were divided into four 
groups treated with NH 4 Cl, NaHCO 3 , and NaHCO 3  plus 
riluzole in various combinations starting at age of 85 postna-
tal days. The end stage of the mSOD1 mice were determined 
by failure on a rotarod for less than 5 seconds examined on 
daily basis. The progress of the disease was evaluated by mon-
itoring hindlimb tremor, muscle weakness and body weight 
once a week. And spinal motor function was evaluated with  
in vitro  root refl ex technique.  

   Results:  The main fi nding is that NaHCO 3  treatment 
signifi cantly prolonged the end stages of the mSOD1 mice 
(the end stage for control mice: 136.0    �    10 days, mean    �    SD, 
n    �    39; for NaHCO 3 : 149.6    �    9.6 days, mean    �    SD, n    �    12; 
p    �    0.008), appearing as a right shift in Kaplan-Meier survival 

(KMS) plot. Although no signifi cance was found for NH4Cl 
treatment (133.4    �    4.1 days, mean    �    SD, n    �    12), the pattern 
of its KMS plot appeared different from control, suggesting a 
more complicated process in acidifi cation treatment.  

   Discussion:  PHi value is known to be affected by extracel-
lular pH. Since motoneurons in ALS degenerate due to 
pathological changes mostly occurred inside their cell body, 
the prolonged survival of mSOD1 mice treated with NaHCO 3  
is likely achieved through the change of pHi. In addition, 
NH4Cl was reported to cause pHi alkalinization in acute
 in vitro  study while its chronic application at system level was 
found to acidify the body, which may explain the special 
pattern for its KMS plot.  

   Conclusion:  The data suggest direct alkalinization of 
pHi improves the survival of mSOD1 and deserves further 
investigation as a new therapeutic strategy.  

DOI: 10.3109/17482968.2012.721231/101

  P6 ACTH (ACTHAR GEL): PRECLINICAL 
STUDIES IN THE G93A-SOD1 MOUSE MODEL 
OF ALS  

  ARRAT H  ,   SIDDIQUE T  ,   LUKAS T  

   Northwestern University, Chicago, IL, USA   

   Email address for correspondence: t-lukas@northwestern.edu   

   Keywords:   adrenal corticotrophic hormone  ,   preclinical  ,   drug   

   Background:  There is no effective treatment or cure for 
amyotrophic lateral sclerosis (ALS), where survival after 
diagnosis is usually less than 5 years .  One of the common 
features of both sporadic and familial disease is that neuroin-
fl ammatory processes are evident with disease onset or shortly 
thereafter. ACTH (adrenal corticotropic hormone) has anti-
infl ammatory, neurotropic and myotropic effects, but has not 
yet been tested in an ALS mouse model.  

   Objectives:  1: Can ACTH be used as a therapy for neuro-
degenerative diseases like ALS? 2: What dose and route of 
administration (intramuscular (IM) or subcutaneous (SC)) 
provides favorable effects on disease onset/progression?  

   Methods:  We used G93A SOD1 transgenic mice expressing 
a high copy number of the human gene, which develop 
ALS-like symptoms and pathology. All experiments were done 
under an approved ACUC protocol. ACTHar gel was 
provided by Questcor Pharmaceuticals (Anaheim Hills, CA). 
The preparation contains the active hormone (ACTH1-39) 
in a gelatin matrix (16%) at 400 U/mL. Mice were given the 
drug at different doses (120 U, 60 U/kg) by IM or SC routes 
either on an every other day basis or on a weekly regiment. 
Each arm of the trial had 5 – 10 animals and a separate control 
group of 20 animals who were given gelatin. We began drug 
administration in presymptomatic 60-day old animals and 
continued until end-stage. The mice were monitored for clin-
ical symptoms such as tremor and hind limb paralysis. Rotarod 
testing was also done on a weekly schedule.  

   Results:  The administration of ACTHar gel was well 
tolerated. Even with a fairly large dose (120 U/kg) the mice 
exhibited no acute side effects. All SC dose regiments were 
found to delay onset of disease by 12 to 19 days (log rank 
P    �    0.0001. Onset of paralysis was also delayed by 6 – 8 days 
(log rank p    �    0.05). However, survival was not extended 
signifi cantly, (log rank p    �    0.313) for any arm of the study. 
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Rotarod performance for all SC-treated animals improved 
signifi cantly within a 4 – 5 week window (Weeks 9 – 14), p    �    0.01 
for males and 0.001 for female mice. Finally, the levels of 
G93A-SOD1 in the treated animal spinal cords were reduced 
by at least 75% (p    �    0.001 – 0.01).  

   Discussion:  ACTHar is FDA approved for treating relapsing 
multiple sclerosis, infant spasms, and nephritic syndromes. 
The tolerance to the drug and the signifi cant effects on disease 
onset and early progression suggests that ACTHar gel has 
potential as a therapy for ALS. The surprising decrease in 
levels of SOD1 may add an additional benefi t for patients with 
familial SOD1-linked disease.  

   Conclusions:  Additional studies are in progress to optimize 
the dose of ACTHar gel to enhance survival as well as delayed 
onset and early progression.  

   Acknowledgements : Supported in part by the Les Turner 
ALS association and Questcor Pharmaceuticals.  

DOI: 10.3109/17482968.2012.721231/102

  P7 DELETION OF THE BH3-ONLY PROTEIN BID 
INHIBITS ASTROCYTE AND MICROGLIA 
ACTIVATION AND DELAYS DISEASE 
PROGRESSION IN ALS MICE  

  COUGHLAN K  ,   BREEN B  ,   BEHAN  Á   ,   K Ö NIG H-G  , 
  CANNON S  ,   WOODS I  ,   KING M  ,   STRASSER A  , 
  KIERAN D  ,   PREHN J  

   The Royal College of Surgeons in Ireland, Dublin, Ireland   

   Email address for correspondence: karencoughlan@rcsi.ie   

   Keywords:   astroglia  ,   infl ammation  ,   BID   

   Background:  ALS pathology is accompanied by glial cell 
activation and neuroinfl ammation. Increased levels of pro-
infl ammatory cytokines were proposed to mediate the neu-
roinfl ammation and resultant activation of apoptotic pathways 
via consecutive activation of death receptors, caspase-8 and 
the pro-apoptotic BH3-only protein BID.  

   Objectives:  The aim of the current study was to examine the 
contribution of the BH3-only protein BID to motor neuron 
loss, ALS disease progression and pro-infl ammatory signalling  
in vitro  and  in vivo .  

   Methods:  RT-qPCR and Western blotting experiments were 
carried out on lysates from lumbar spinal cords to assess 
BID mRNA and protein levels across ALS disease progres-
sion in  SOD1  G93A  mice. BID defi cient primary mixed 
motoneuron cultures were treated with pro-infl ammatory 
cytokines to examine cytokine-induced signal transduction 
and cell death.  Κ B-dependent reporter gene activation was 
monitored in transiently transfected mixed motorneuron 
cultures. We generated  bid -defi cient mice expressing human 
mutant  SOD1  G93A  and assessed for motor function, lifespan, 
and motoneuron survival (n    �    24/group; age, gender (12 
males/12 females), weight and litter-matched) in accordance 
with the most recent ALS guidelines for generating preclini-
cal data (1)().  

   Results:   bid  mRNA levels were signifi cantly increased 
across disease progression particularly at end stage and 
BID protein levels were signifi cantly increased at PND 120. 
Interestingly,  bid  gene deletion protected primary mixed 
motoneuron cultures against interleukin-1 β  (IL-1  β ) and 

interferon- γ  (IFN-  γ ) mediated cell death . In vivo , genetic 
deletion of  bid  in  SOD1  G93A  transgenic mice delayed the 
onset and prog ression of the ALS phenotype. In addition, 
 bid  defi ciency signifi cantly increased motoneuron survival 
in  bid    �     /�  mice at end stage, and potently inhibited microglia 
and astrocyte activation. Reporter gene assays performed 
in mixed motoneuron cultures suggested that  bid  was 
indeed required for the effi cient activation of the pro-
infl ammatory transcription factor nuclear factor- Κ B in 
response to pro-infl ammatory cytokines, independent on its 
effect on cell death.  

   Discussions and conclusions:  Our data suggest a dual role 
for BID as cell-death inducer and as an important mediator 
of infl ammation and astrocytosis during ALS disease progres-
sion. These results are particularly interesting in view of recent 
fi ndings (2) that suggested non-apoptotic roles of Bid in 
infl ammation and innate immunity in colonocytes. In sum-
mary, our fi ndings highlight BID as a possible therapeutic 
target in ALS.  

   Acknowledgements:  This work was funded by Science 
Foundation Ireland and the National Biophotonics and 
Imaging Platform Ireland.  
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  P8 THE NEUROPROTECTIVE COPPER-
BIS(THIOSEMICARBAZONATO) COMPLEX, 
CUII(ATSM), INDUCES NRF2 ACTIVATION AND 
UPREGULATION OF ANTIOXIDANTS IN 
CULTURED ASTROCYTES: POTENTIAL 
MECHANISM OF ACTION IN TRANSGENIC 
MOUSE MODELS OF ALS  

   LIDDELL   J  1   ,    CROUCH   P  1,2   ,    WHITE   A  1,2   

   1 Department of Pathology;  2  Centre for Neuroscience; University of 
Melbourne, Parkville, Victoria, Australia   

   Email address for correspondence: jliddell@unimelb.edu.au   

   Keywords:   therapeutic  ,   Nrf2  ,   astrocyte   

   Background:  We have shown that Cu II (atsm) has therapeu-
tic potential for the treatment of ALS. Cu II (atsm) extends 
the lifespan, improves motor function and survival of motor 
neurons, decreases oxidative and nitrosative damage, and 
attenuates astrocyte and microglial activation in the 
SOD1G93A transgenic mouse model of ALS (1). Similar 
protective action has also been found in a SOD1G37R 
mouse model.  

   Objectives:  This study seeks to elucidate the mechanism by 
which Cu II (atsm) elicits these effects. As oxidative damage 
and astrocyte activation were attenuated by Cu II (atsm), the 
potential stimulation of neuroprotective antioxidant systems 
of astrocytes was investigated in vitro.  

   Methods:  Primary astrocytes cultured from mouse brains 
were treated with Cu II (atsm) for up to 24 h. Biological activ-
ity of the compound was assessed by determining activation 
of signaling kinases by Western blot. Nrf2 is a predomi-
nantly glial transcription factor responsible for regulating 
antioxidant enzymes such as heme oxygenase-1 (HO-1) and 
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glutamate-cysteine ligase (GCL), the latter of which con-
trols the synthesis of the critical antioxidant glutathione. 
Activation of Nrf2 was assessed by transfecting astrocytes 
with an antioxidant response element (ARE)-GFP reporter. 
Induction of the downstream Nrf2 targets HO1 and GCL 
were assessed by Western blot and activity assay, respec-
tively. Glutathione content and export were also determined 
following Cu II (atsm) treatment.  

   Results:  Cu II (atsm) caused phosphorylation of the signaling 
kinases Akt, ERK and JNK, indicating its biological activity. 
ARE-GFP fl uorescence was increased with Cu II (atsm) treat-
ment, demonstrating activation of Nrf2. Cu II (atsm) treatment 
also stimulated the downstream Nrf2 targets HO1 and GCL. 
Accordingly, glutathione content and export from astrocytes 
was also elevated by Cu II (atsm) treatment. The latter is impor-
tant, as glutathione export from astrocytes is essential to 
maintain the glutathione content of neurons.  

   Discussion and Conclusion:  We have found that Cu II (atsm) 
activates the transcription factor Nrf2 and upregulates the 
antioxidant systems of cultured astrocytes. This activation 
may contribute to the neuroprotective and disease-attenuating 
effects of Cu II (atsm) observed  in vivo  in ALS model mice, and 
indicates that Nrf2 may be an important therapeutic target 
for the treatment of ALS.  
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  P9 BROMOCRIPTINE RETARDS DISEASE 
PROGRESSION IN AN ALS MOUSE MODEL VIA 
SUPPRESSION OF GLIAL INFLAMMATION  

   TANAKA   K  1   ,    KANNO   T  1,2            ,    YANAGISAWA   Y  2   , 
   YASUTAKE   K  1,2            ,    HADANO   S  2   ,    YOSHII   F  3   ,    IKEDA   J-E  1,2      

   1 Neugen Pharma Inc., Isehara, Kanagawa, Japan,  2 Department 
of Molecular Life Sciences,  3  Department of Neurology, Tokai 
University School of Medicine, Isehara, Kanagawa, Japan   

   Email address for correspondence: kazu@neugenpharma.com   

   Keywords:   oxidative stress  ,   astrocytes  ,   mutant SOD1 transgenic mice   

   Background:  Recent studies have suggested that oxidative 
stress plays a critical role in the progression of motoneuron 
loss in amyotrophic lateral sclerosis (ALS). Thus, oxidative 
stress could be a main target for the development of novel 
therapeutic agents in ALS. Neuronal apoptosis inhibitory pro-
tein (NAIP) has been shown to suppress cell death induced 
by oxidative stress and to exert neuroprotective activity. Based 
on the NAIP function, we originally developed the NAIP-
ELISA-based drug screening system and screened 953 neu-
rotropic compounds containing medical drugs by using this 
system. Among hit compounds, a dopamine D2 receptor ago-
nist bromocriptine (BRC), which selectively exerts cell protec-
tion against oxidative insults and has been used as a treatment 
for Parkinson’s disease, was of interest.  

   Objectives:  The aim of this study was to evaluate the effi cacy 
of BRC in a congenic ALS-SOD1 H46R  mouse model.  

   Methods:  Intraperitoneal daily administration of BRC 
(0mg, 1mg and 10mg/5mL/kg) was commenced after the 
onset of symptom in ALS-SOD1 H46R  mice (post-onset 

administration). To validate the BRC effi cacy in ALS-
SOD1 H46R  mice, we performed behavioral (balance beam, 
vertical pole, and footprint tests) and neuropathological anal-
yses. To evaluate the additive effect of riluzole, mice were 
treated with vehicle or BRC in combination with riluzole, 
and motor performance was assessed by balance beam and 
footprint tests.  

   Results:  Behavioral analyses revealed that the post-onset 
administration of BRC sustained motor function in ALS-
SOD1 H46R  mice at a symptomatic stage (21 – 22 weeks of age) 
when compared with the age-matched vehicle-treated ALS-
SOD1 H46R  mice. The BRC treatment prolonged 12% of 
post-onset survival interval in ALS-SOD1 H46R  mice com-
pared with vehicle control ( p    ,     0.05 by log-rank test). How-
ever, there was no synergistic or additive effect of riluzole on 
motor function and disease progression in ALS-SOD1 H46R  
mice. We demonstrated that the BRC treatment delayed 
ChAT-positive neuron loss and reduced the levels of acti-
vated astrocytes and infl ammatory factors, iNOS and TNF- α , 
in the anterior horn of spinal cord in ALS-SOD1 H46R  mice.  
In vitro  studies showed that the BRC treatment reduced the 
level of extracellular TNF- α  in lipopolysaccharide-exposured 
mouse astorcytes. The ALS-SOD1 H46R  mice treated with 
BRC also exhibited the reduced level of oxidative damage. 
Further, the BRC treatment upregulated several anti-oxidative 
stress factors such as HO-1 and ATF3 in SH-SY5Y cultured 
neuronal cells via a dopamine receptor-independent 
pathway.  

   Discussion and conclusions:  Our present study demonstrated 
that the post-onset treatment of BRC sustained motor functions, 
suppressed glial infl ammation, and retarded the disease progres-
sion after onset in the ALS-SOD1 H46R  mouse model, implying 
that BRC protects motoneurons from the oxidative insults via 
suppression of astrogliosis in ALS-SOD1 H46R  mice. Thus, BRC 
is a highly promising drug for ALS.  

   Acknowledgements:  This work was supported by the 
National Institute of Biomedical Innovation (NIBIO) 
(J.E.I.).  
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  P10 SLOWING DISEASE PROGRESSION IN THE 
SOD1 MOUSE MODEL OF ALS BY BLOCKING 
NEUREGULIN  

   SONG   F  1,2   ,    LIU   J  1   ,    RAVITS   J  3   ,    LOEB   J  1,2   

   1 Hiller ALS Clinic and Research Center, Department of Neurology, 
 2 Center for Molecular Medicine and Genetics, Wayne State 
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tional Research University of California, San Diego, CA, USA   

   Email address for correspondence: fsong@med.wayne.edu   

   Keywords:   therapeutic target  ,   neuregulin1  ,   disease progression   

   Background:  Neuregulin1 (NRG1) is both a membrane 
bound and secreted growth and differentiation factor that 
regulates glial development as well as survival, synaptogenesis, 
axoglial interactions, and microglial activation. We fi rst 
reported aberrant NRG1 signaling in amyotrophic lateral scle-
rosis (ALS) (1). We have developed a targeted neuregulin 
antagonist called HBD-S-H4 (2) that given intrathecally 
reduces microglia activation in rat chronic spinal cord pain 
model (3). Therefore, here we hypothesize that blocking 
NRG1 with HBD-S-H4 could be a new potential therapeutic 
to slow disease progression in patients with ALS.  
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   Objectives:  We determined whether blocking NRG1 in the 
central nervous system slows disease progression and pro-
longs survival in the ALS-superoxide dismutase 1 (SOD1) 
mouse model.  

   Methods:  The NRG1 antagonist HBD-S-H4 was delivered 
weekly through an implanted intracerebroventricular cannula 
for 9 weeks (started from 8 weeks of age at the preclinical 
stage to 16 weeks of age when disease onset showed in control 
ALS-SOD1 mice). Body weight, disease onset and progres-
sion, animal survival as well as pathological changes were 
measured in the HBD-S-H4 treated mice compared with 
saline-treated control group.  

   Results:  We have recently shown that soluble forms of NRG1 
are induced in human ALS and the SOD1 model and that 
NRG1 receptor activation on activated microglia is associated 
with disease progression. Our initial results show that weekly 
treatments for 9 weeks of recombinant HBD-S-H4 are not 
toxic, delayed disease onset, and prolonged survival in the 
SOD1 mice. Cellular pathological changes in HBD-S-H4-
treated mice are underway.  

   Discussion and conclusions:  We identifi ed a common ther-
apeutic target of NRG1 receptor activation on activated 
microglia in both ALS patients and ALS-SOD1 model. We 
are currently testing whether a NRG1 antagonist blocks 
microglial activation in the SOD1 model, as it does in other 
models and, whether this would be a potential therapeutic for 
patients with ALS.  
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  P11 THERAPEUTIC EFFECT OF GENETICALLY 
MODIFIED MUSCLE PROGENITOR CELLS IN 
ALS MICE  

   DADON-NACHUM   M  1   ,    BEN-ZUR   T  1   ,    BARHUM   Y  1   , 
   KUN   D  1   ,    BENKLER   C  1   ,    YAFFE   D  2   ,    OFFEN   D  1   
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   Keywords:   muscle progenitor cells  ,   genetically modifi ed cells  ,  
 neurotrophic factors   

   Background:  Neurotrophic factors (NTFs) preserved and 
protected motor neuron in ALS models. However, all the 
clinical studies with administration of NTFs in ALS patients 
failed. We have developed muscle progenitor cells (MPCs) 
populations expressing BDNF, GDNF, VEGF or IGF-1, 
(MPC-NTFs). Combined conditioned media collected from 
the cells rescued motor neuron cell lines (NSC-34) from 
various insults. Furthermore, MPC-NTFs transplantation 
enhanced the regeneration of rat sciatic nerves after injury. 
Here we examined the retrograde transport of NTFs along 
motor neuron axons and tested whether MPC-NTFs trans-
planted into muscles can improve the symptoms and survival 
of SOD1 mice.  

   Results:  A mixture of MPC populations each expressing 
one of the four NTFs was transplanted into the hind legs 
of SOD1 mice on days 90, 104, 118 of life. We found a 
signifi cant delay of symptoms (up to 30 days in the male) 
and extension of lifespan (12 days in the males and 18 days 
in females). However, transplantation of MPC alone or 
MPCs over expressing just GDNF did not elicit any 
improvement. The results suggest a synergistic effect of the 
transplantation of MPCs expression in several NTFs. In 
order to study the possible synergistic effect of the mixture 
of MPC-NTFs on a signal transduction pathway; we 
focused on the PI3K- AKT motor neuron survival pathway. 
We found that the supernatant of a mixture of condition 
media from MPC populations expressing NTFs increase 
the phosphorilated AKT by 6 – 8 folds compared to MPC 
expressing a single NTF.  

   Discussion and conclusions:  Here we have built a novel 
powerful strategy that enables a stable, long-term administra-
tion of four NTFs cocktails. Since intramuscular inoculated 
muscle progenitor cells participate in the formation of post 
mitotic multinucleated fi bers, this route of administration of 
genetically manipulated MPCs results in a stable, long-term 
expression of the four NTFs. The constant and continuous 
release of the critical NTFs from the muscle fi bers through 
the neuromuscular junction into the motor neuron system, 
and the retrograde transport to the cell bodies in spinal cords 
probably inhibits death pathways. We hope that our study will 
lead to a novel strategy to slow the progress and alleviate the 
symptoms of ALS, and extend the life expectancy and quality 
of affected patients.  

DOI: 10.3109/17482968.2012.721231/107

  P12 TREATMENT WITH PYM50028 IMPROVES 
NEUROMUSCULAR FUNCTION IN A MOUSE 
MODEL OF ALS  

  KALMAR B  ,   DICK J  ,   GREENSMITH L  

   UCL Institute of Neurology, London, UK   

   Email address for correspondence: b.kalmar@ucl.ac.uk   

   Keywords:   muscle function  ,   neuroprotection  ,   motor units   

   Background:  Mice expressing the mutant human SOD G93A  
(mSOD1) have been extensively used to test drug candidates 
for ALS. In this study we examined the effects of a non-
peptide neurotrophic factor inducer, PYM50028 (Phytop-
harm plc) on disease progression in mSOD1 mice. PYM50028 
has been shown to be neuroprotective in a model of Parkin-
son’s disease, where it induces the expression of BDNF and 
GDNF (1). Extracellular GDNF can prevent motoneuron 
degeneration (2). Therefore, trophic factor inducers that can 
increase endogenous GDNF production may be potential 
therapeutic candidates for ALS.  

   Objectives:  To establish the effects of PYM50028 on 
neuromuscular function and motoneuron survival in 
mSOD1 mice.  

   Methods:  The effects of PYM50028 in mSOD1 mice were 
compared to vehicle-treated mice, riluzole-treated mice, and 
mice treated with both PYM50028 and riluzole. There were 
4 treatment groups (n    �    15/group): 1) PYM50028; 2) Rilu-
zole; 3) PYM50028 plus riluzole and 4) Vehicle. At 120 days 
of age mice underwent physiological assessment of hindlimb 
muscle force and motor unit survival. Motoneuron survival 
was assessed from fi xed spinal cord sections whereas hindlimb 
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muscles (TA, EDL) were processed for histochemical analysis 
of succinate dehydrogenase (SDH) activity.  

   Results:  There was a 40% improvement in hindlimb muscle 
force in 120 day old mSOD1 mice treated with PYM50028 
compared to vehicle-treated mice. A similar improvement in 
muscle force was observed in mice treated with both 
PYM50028 and riluzole, although treatment with riluzole 
alone did not improve muscle force. In mice treated with 
PYM50028 alone or in combination with riluzole, there was 
a 10% and 15% increase in EDL motor unit survival, respec-
tively. Treatment with riluzole alone failed to preserve any 
motor units. Furthermore, there was a signifi cant increase in 
motoneuron survival in mice treated with PYM50028 alone 
or in combination with riluzole, so that, respectively, 40% and 
50% more motoneurons survived than in vehicle-treated 
mice. Although riluzole had no detectable effects on muscle 
function, it did have a signifi cant neuroprotective effect, and 
30% more motoneurons survived in the riluzole only group 
than in the vehicle-treated group. SDH staining revealed 
extensive metabolic changes in 120 day old mSOD1 muscles 
which were not prevented by riluzole, but were almost com-
pletely prevented in the PYM50028-treated group.  

   Discussion:  Our results show that PYM50028 improves 
muscle function and rescues motoneurons in mSOD1 mice. 
These effects are signifi cantly greater than those of riluzole. 
The effects of PYM50028 in mSOD1 mice are not altered by 
co-treatment with riluzole. It is possible that the benefi cial 
effects of PYM50028 in mSOD1 mice are due to its ability 
to induce the expression of neurotrophic factors.  
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  P13 DEVELOPMENT OF A C9ORF72 ALS 
ANTISENSE THERAPY AND A THERAPEUTIC 
BIOMARKER  
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   Background:  A hexanucleotide  ‘ GGGGCC ’  repeat expan-
sion in the noncoding region of the  C9ORF72  gene has 
recently been identifi ed in  ∼ 30% of familial and  ∼ 4 – 10% of 
sporadic ALS cases and is therefore the most common 
genetic abnormality associated with ALS to date. Since the 
function of the C9ORF72 protein is unknown and a 
C9ORF72 rodent model has not yet been generated, few 
methodologies exist to begin to elucidate the pathogenicity 
behind this repeat expansion. However, repeat expansions 
in non-protein coding regions are the known cause of 
other neuromuscular disorders (eg, DM1/2, FXTAS) and 
pathogenicity is thought to arise by aberrant binding of 
 trans- acting factors to the  cis  repetitive elements. This is 
perhaps best studied in DM1 where MBNL1 is sequestered 
by the  ‘ CTG ’  expansion in the  DMPK  pre-mRNA resulting 
in altered gene expression and aberrant splicing.  

   Objectives:  To characterize expression and splicing patterns 
due to the presence of a  ‘ GGGGCC ’  repeat in the non-coding 
region of the C9ORF72 gene and utilize these data to develop 
a viable antisense oligonucleotide (ASO) therapy and thera-
peutic readout.  

   Methods:  Generate using high-throughput screening, profi le, 
C9ORF72 patient fi broblasts, iPS cells, iPS-differentiated 
motor neurons and astrocytes, and human autopsy tissue. 
Utilize the developed C9ORF72 cell lines and test multiple 
ASO sequences for C9ORF72 knockdown and normalization 
of the identifi ed dysregulated/mis-spliced transcripts.  

   Results:  We have identifi ed expression patterns and splice 
variants unique to cells/tissue that contain the C9ORF72 
repeat expansion. Moreover, we have been able to utilize 
C9ORF72 siRNA/ASO knockdown methodologies to nor-
malize specifi c CNS genes dysregulated in the C9ORF72 
transcriptome.  

   Discussion and conclusions:  We have generated and pro-
fi led a number of ALS patient-derived fi broblasts, iPS cells, 
and iPS-differentiated astrocytes/neurons and have identifi ed 
unique expression and splicing patterns in cells that carry the 
C9ORF72 repeat expansion. We have further validated these 
data using autopsy tissue from human C9ORF72 ALS 
patients. Since blocking the repeated  cis  elements by ASO and 
RNA knockdown application is thought to be viable therapeu-
tic in other neuromuscular repeat expansions disorders (eg, 
DM1), we tested this possibility in patient-derived C9ORF72 
cells. Using these techniques, we are able to knockdown 
C9ORF72 RNA and protein levels. Furthermore, our tran-
scriptome profi ling yielded a number of CNS-expressed gene 
targets, whose aberrant expression in C9ORF72 cells can be 
rescued with ASO/siRNA treatment suggestive of ideal 
biomarker candidates. These approaches will allow us to effec-
tively develop 1) antisense-mediated therapeutic approaches 
to ALS and 2) a relevant pharmacodynamic readout for 
antisense effi cacy.  

DOI: 10.3109/17482968.2012.721231/109

  P14 TARGETING THE ENDOGENOUS HEAT 
SHOCK RESPONSE AS A THERAPEUTIC 
APPROACH IN SPINAL BULBAR MUSCULAR 
ATROPHY (SBMA)  
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   Background:  Spinal and bulbar muscular atrophy (SBMA), 
otherwise known as Kennedy’s disease, is an X-linked, 
late-onset progressive neurodegenerative disease, which 
predominantly affects males. Pathologically, the disease is 
defi ned by selective loss of spinal and bulbar motoneurons 
with accompanying neuromuscular impairment. Molecu-
larly, the disease results from an expansion in the CAG 
repeat in the androgen receptor (AR) gene which encodes 
a polyglutamine tract in the mature protein (1, 2). The 
polymorphic CAG repeat normally ranges from 9 to 36, but 
an expansion of greater than 38 repeats results in disease. 
Although the underlying pathophysiology of the disease 
remains largely unknown, it is related to abnormal nuclear 
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accumulation of the pathogenic AR protein. Several treat-
ment strategies for SBMA have therefore focused on 
decreasing nuclear accumulation and protein misfolding. 
We have previously shown that treatment with arimoclomol, 
a pharmacological co-inducer of the heat shock response, 
reduces the formation of ubiquitinated inclusions, alleviates 
disease symptoms and increases lifespan in the SOD1 G93A  
mouse model of ALS. In this study, we examined the effects 
of treatment with arimoclomol in a mouse model of SBMA 
in which mice carry 100 CAG repeats (AR100) in the 
human AR gene (3). These mice recapitulate typical hall-
marks of the human disease, including motoneuron loss and 
accompanying neuromuscular defi cits.  

   Objectives:  To test the effects of arimoclomol on disease 
 progression in SBMA mice.  

   Methods:  Arimoclomol (120mg/kg/day) was administered 
orally (in drinking water) to male mice, after symptom onset, 
from 12 months of age. At 18 months, mice were anaesthe-
tised with isofl urane and the distal tendons of the tibialis 
anterior (TA), extensor digitorum longus (EDL) and soleus 
hindlimb muscles cut and attached to force transducers. 
The sciatic nerve was exposed and stimulated to elicit muscle 
contraction. Muscle force, contractile characteristics and 
motor unit survival was determined in untreated and arimo-
clomol-treated AR100 and wildtype (WT) mice. Further-
more, the survival of spinal motoneurons was determined 
morphologically.  

   Results:  Arimoclomol signifi cantly improved hindlimb mus-
cle force and contractile characteristics, rescued motor units 
and importantly, improved motoneuron survival in SBMA 
mice treated from 12 – 18 months of age.  

   Discussion:  Upregulation of the heat shock response by 
treatment with arimoclomol after symptom onset may have 
therapeutic potential in the treatment of SBMA.  

   Conclusions:  Since SBMA is a hereditary disorder, presymp-
tomatic individuals carrying the mutation can be genetically 
identifi ed. We are therefore currently investigating the effects 
of presymptomatic treatment of SBMA mice with arimoclo-
mol (from 6 months of age), to establish whether this regime 
is more effective than that observed following treatment after 
symptom onset.  
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  P15 SYSTEMIC ANGIOGENIN DELIVERY AS A 
THERAPY FOR PATIENTS WITH ALS  
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   Background:  A previous study has identifi ed mutations in a 
gene encoding for angiogenin in ALS patients (1). Subsequent 

studies by our group demonstrated that angiogenin protects 
cultured motoneurons against ALS-associated, stress-in-
duced cell death (2,3). Furthermore, we have  demonstrated 
that systemic angiogenin protein delivery signifi cantly 
increased life-span and improved motor function in 
SOD1 G93A  mice (3). These results also suggested that ang-
iogenin protein delivery may be benefi cial in treating patients 
with newly diagnosed ALS.  

   Objectives:  The aim of the current study was to focus on 
developing these fi ndings into a therapeutic technology based 
on the delivery of systemic angiogenin protein for the treat-
ment of ALS and to investigate if angiogenesis is related to 
angiogenin’s neuroprotection in ALS.  

   Methods:  We examined the effect of systemic delivery of 
angiogenin on angiogenin serum levels and uptake in a mouse 
model of ALS, the SOD G93A  mouse. We also assessed whether 
angiogenin treatment increases angiogenesis and vascularisa-
tion in SOD G93A  mouse. We expanded the study to include a 
comprehensive dose-response investigation of the effect of 
systemic angiogenin protein delivery on life-span and disease 
progression and motor function in a post-symptom onset 
treatment paradigm in both SOD G93A  and TDP-43 mice 
(n    �    24/group; age, gender (12 males/12 females), weight and 
litter-matched) in accordance with the most recent ALS 
guidelines for generating preclinical data (4).  

   Results:  Our pharmacokinetic studies demonstrated a marked 
difference in angiogenin uptake and elimination in the 
SOD1 G93A  mice compared to their wild-type counterparts. 
Additionally, angiogenin uptake and angiogenesis was 
observed in the spinal cord of SOD1 G93A  mice following 
systemic administration of angiogenin. Dose-response studies 
demonstrate an extension in lifespan, an increase in motor 
function and motoneuron survival in mice models of 
ALS following systemic angiogenin treatment from our post-
symptom onset treatment paradigm.  

   Conclusion:  Together, our data suggest a role for angiogen-
esis the role of angiogenin and generate a comprehensive pre-
clinical package for developing angiogenin as a therapy for 
clinical evaluation in ALS.  

    Acknowledgement:  This research was funded by Enterprise 
Ireland.   
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  P16 A MULTICENTER SCREENING TRIAL OF 
THE SAFETY AND EFFICACY OF RASAGILINE IN 
PEOPLE WITH ALS  
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   Background:  Despite multiple clinical trials and recent 
advances in understanding its pathogenesis, there is no cure 
or effective treatment for amyotrophic lateral sclerosis 
(ALS). Oxidative stress, mitochondrial dysfunction and 
apoptosis have been proposed as the cause of motor neuron 
death in ALS.  

  Rasagiline, a monoamine oxidase B inhibitor, is FDA-
approved for the symptomatic treatment of Parkinson’s dis-
ease. Rasagiline has demonstrated broad neuroprotective 
activities against a variety of neurotoxins in neuronal cell 
cultures and in the SOD mouse model of ALS.  in vitro  
experiments indicate rasagiline stabilizes mitochondria 
under stress conditions.  

   Objectives:  Specifi c Aim 1: To determine whether rasag-
iline is safe in this patient population and if the drug has 
the potential to slow ALS disease progression. Specifi c Aim 
2: To determine if mitochondrial function is affected by 
rasagiline. We will measure and compare the change of 
BCL-2/BAX prior to, before and after the rasagiline treat-
ment study drug.  

   Method:  This is a phase II multi-center open label study in 
El Escorial probable or defi nite ALS who met our inclusion 
and exclusion criteria. Subjects are treated with rasagiline 
2 mg daily for 12 months. The primary outcome measure is 
the change of the slope of ALS Functional Rating Scale-
Revised (ALSFRS-R) over 12 months as compared with 
natural history data derived from four large completed 
ALS trials. The secondary outcome measure is the change 
in proposed biomarkers including blood leukocyte Bcl-2/
Bax ratio, mitochondrial potentials in platelets, and indica-
tors of apoptosis and oxidative stress following rasagiline 
administration. We are also evaluating safety laboratory and 
clinical data.  

   Results:  Nine centers in the Western ALS (WALS) study 
group are participating in this study. These centers recently 
completed enrollment of thirty-fi ve ALS patients. There were 
18 men and 17 women, with a mean age at entry of 61 years 
(59 – 82), and a mean disease duration of 1.5 years (0.5 – 3). 
The mean ALSFRS-R at study entry was 38.6 (31 – 45). Cur-
rently, rasagiline 2 mg is safe and well tolerated in patients 
with ALS. However, four patients did drop out due to side 
effects (dizziness) of the medication and there was one patient 
death unrelated to the study drug.  

   Conclusion:  Six month data on primary and secondary 
outcome measures as well as safety data will be available 
before the meeting and will be presented.  

DOI: 10.3109/17482968.2012.721231/112

  P17 DEXPRAMIPEXOLE IS NOT CONVERTED 
TO PRAMIPEXOLE AFTER ADMINISTRATION 
IN HUMANS  

  WEI D  ,   WU C  ,   HE P  ,   KERR D  ,   STECHER S  ,   YANG L  

   Biogen Idec, Cambridge, MA, USA   

   Email address for correspondence: dong.wei@biogenidec.com   

   Keywords:   dexpramipexole  ,   pramipexole  ,   chiral interconversion   

   Background:  Dexpramipexole (DEX) is currently being 
investigated in clinical studies for the treatment of amyo-
trophic lateral sclerosis (ALS). DEX is the R-(    �    ) enantiomer 
of pramipexole (PPX), which is a non-ergoline dopamine ago-
nist marketed (Mirapex ® ) for the treatment of Parkinson’s 
disease and restless legs syndrome. Although DEX and PPX 
may share neuroprotective properties, DEX is pharmacologi-
cally distinct from PPX in that DEX has minimal affi nity for 
dopaminergic receptors.  

   Objective:  This study was designed to determine whether PPX 
can be identifi ed in the circulation at pharmacologically signifi -
cant levels following oral administration of DEX in humans.  

   Methods:  Healthy adult subjects were administered doses of 
DEX up to 600 mg. A plasma sample was taken 2 hours after 
dosing. To monitor potential circulating PPX, a highly sensitive 
and selective chiral LC-MS/MS assay was developed and qual-
ifi ed for the detection of PPX in the presence of DEX in human 
plasma. In this assay, human plasma samples were spiked with 
an isotope-labeled internal standard solution. Plasma samples 
were extracted by solid phase extraction (SPE). The analyte 
PPX was separated from DEX using a chiral HPLC method. 
An LC-MS/MS system consisting of a Shimadzu LC20-ADXR 
Prominence UFLC and AB Sciex triple quadrupole mass spec-
trometer was used. Multiple-reaction monitoring (MRM) and 
electrospray positive ionization were used for analyte detection. 
For the qualifi ed assay, the dynamic range of PPX was 0.150 –
 1.00 ng/mL with the lower limit of quantitation at 0.150 ng/mL 
in the presence of up to 1000 ng/mL of DEX. The minimal 
pharmacologically active PPX concentration is expected to be 
greater than 0.300 ng/mL (1). Intra- and inter-day precisions 
and accuracies were within 80 – 120% of nominal values for both 
standards and quality control samples.  

   Results:  A total of 16 samples were tested to determine the 
presence of pharmacologically signifi cant PPX. PPX was not 
detected in any of the samples tested (    �    0.300 ng/mL in the 
presence of up to 1860 ng/mL of DEX).  

   Discussion and conclusions:  PPX was not detected in 
humans at pharmacologically signifi cant levels in human 
plasma after administration of dexpramipexole at doses up to 
600 mg/day. Therefore, chiral conversion of DEX to PPX, if 
it occurs at all, occurs very rarely and does not lead to phar-
macologically active PPX in vivo.  

  Reference  
  1.  Wright CE, Sisson TL, Ichhpurani AK  et   al.  J Clin 

Pharmacol 1997;37:520 – 525.  
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  P18 A MULTICENTER, OPEN-LABEL, SINGLE-
DOSE, PHARMACOKINETIC AND SAFETY STUDY 
OF DEXPRAMIPEXOLE IN HEALTHY SUBJECTS 
AND SUBJECTS WITH RENAL IMPAIRMENT  

   HE   P  1   ,    FARWELL   W  1   ,    MARBURY   T  2   ,    RIES   D  3   , 
   STECHER   S  1   ,    DONG   Y  1   ,    KERR   D  1   

   1 Biogen Idec, Weston, MA, USA,  2 Orlando Clinical Research 
Center, Orlando, FL, USA,  3  Twin Cities Clinical Research Center, 
Minneapolis, MN, USA   

   Email address for correspondence: ping.he@biogenidec.com   

   Keywords:   dexpramipexole  ,   pharmacokinetics  ,   renal impairment   

   Background:  Dexpramipexole is currently being investi-
gated for the treatment of amyotrophic lateral sclerosis 
(ALS). Dexpramipexole has been shown to be primarily 
renally eliminated and exhibits linear pharmacokinetics 
across a wide dose range (1).  

   Objectives:  The main objective of this study was to evaluate 
the pharmacokinetics of a single oral dose of dexpramipexole 
in healthy subjects and in those with varying degrees of renal 
impairment. Secondary objectives included a) establishment 
of a relationship between estimated glomerular fi ltration 
rate (eGFR) and dexpramipexole pharmacokinetics and b) 
evaluation of the safety and tolerability of dexpramipexole in 
subjects over a range of renal function.  

   Methods:  This was a Phase I, multicenter, open-label, single-
dose study. Adult subjects were recruited following an initial 
screening visit at which a screening eGFR was calculated 
based on the Modifi cation of Diet in Renal Disease (MDRD) 
equation. Subjects were grouped by renal function (mild 
(eGFR 50 – 79 mL/min/1.73m 2 ), moderate (eGFR 30 – 49 mL/
min/1.73m 2 ), severe (eGFR    �    30 mL/min/1.73m 2 ), end-stage 
renal disease (ESRD, on hemodialysis for at least 3 months)). 
Twelve healthy volunteers (eGFR    	    80mL/min/1.73m 2 ) were 
matched by age (    �    10 years) and gender to subjects with renal 
dysfunction. Each subject received a single dose of dexprami-
pexole on Day 1; subjects with mild (n    �    6) or moderate 
(n    �    6) renal impairment and matched healthy volunteers 
(n    �    8) received 150 mg and subjects with severe renal impair-
ment (n    �    6) or with ESRD (n    �    6) and matched healthy vol-
unteers (n    �    4) received 75 mg (administered day after 
dialysis for subjects on hemodialysis). In order to identify any 
unexpected safety or tolerability issues, subjects (referred to 
as Sentinel) were selected for each renal function cohort 
(n    �    2 for mild and moderate renal impairment and n    �    1 for 
severe and ESRD). Sentinel subjects then progressed through 
the entire study and had results analyzed prior to dosing the 
remaining subjects. Urine and blood samples were collected 
before dosing and for 72 hours post-dosing to determine dex-
pramipexole concentration. Additional blood samples were 
collected up to 144 hours in patients with severe renal impair-
ment and ESRD. Laboratory tests, electrocardiograms, vital 
signs, and adverse event reports were collected to determine 
safety. Assessments were done for all patients before dosing 
and on Days 1 – 4 and Day 7. Patients with ESRD were also 
assessed on Days 5 and 6.  

   Results:  36 subjects completed the study as planned. The 
data are currently under evaluation.  

   Discussion and conclusions:  Pharmacokinetic parameters 
and safety and tolerability of dexpramipexole in healthy sub-
jects and in subjects with mild, moderate, severe, or ESRD 
will be reported.  

  Reference  
  1.  Bozik ME, Mather JL, Kramer WB  et   al  J Clin Pharmacol 

2011;51:1177–85.  
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  P19 A RANDOMIZED, BLINDED, PLACEBO-
CONTROLLED ASCENDING DOSE STUDY OF 
THE SAFETY AND PHARMACOKINETICS OF 
DEXPRAMIPEXOLE IN HEALTHY VOLUNTEERS  

   FARWELL   W  1   ,    HE   P  1   ,    LEESE   P  2   ,    STECHER   S  1   , 
   BHARGAVA   P  1   ,    PURDY   S  1   ,    KERR   D  1   

   1 Biogen Idec, Cambridge, MA, USA,  2  Quintiles, Overland Park, 
KA, USA   

   Email address for correspondence: wildon.farwell@biogenidec.com   

   Keywords:   dexpramipexole  ,   pharmacokinetics  ,   safety   

   Background:  Dexpramipexole, a synthetic amino-
tetrahydrobenzothiazole, is being evaluated for the treatment 
of amyotrophic lateral sclerosis (ALS).  

   Objectives:  The primary objective of this study was to deter-
mine the safety and tolerability of oral dexpramipexole in 
doses up to 600 mg as a single dose or 300 mg twice daily for 
3.5 days in healthy volunteers. The secondary objective was 
to evaluate the pharmacokinetics of these doses.  

   Methods:  This Phase 1, single-center, blinded, randomized, 
placebo-controlled, ascending-dose study was conducted in 
two parts using 5 cohorts (each cohort was composed of nine 
healthy adults including at least four females). Randomiza-
tion within each cohort was 7: 2 dexpramipexole to placebo. 
Part A (3 cohorts) was a single-ascending dose study (SAD) 
and Part B (2 cohorts) was a multiple-ascending dose study 
(MAD). A screening visit to determine study eligibility was 
conducted in the 28 days prior to dosing. In Part A, each 
subject received a single oral dose of dexpramipexole (300, 
450, or 600 mg) or placebo on Day 1. Serial blood and urine 
samples were collected prior to dosing and for 72 hours after 
dosing to determine dexpramipexole concentration. Safety 
was assessed for all subjects (adverse events, vital signs, 
clinical laboratory evaluations, electrocardiograms, physical 
examinations) before dosing, on Days 1 – 4 and on Day 8 
(    �    1 day). In Part B, subjects received twice daily doses of 
dexpramipexole (225 or 300 mg) or placebo on Days 1 to 3 
and a single dose on the morning of Day 4. Serial blood and 
urine sampling was done prior to dosing, for up to 12 hours 
following the initial dose, and for 72 hours following the last 
dose. Safety assessments were conducted for all subjects 
before dosing, on Days 1 – 7, and on Day 11 (    �    1 day).  

   Results:  A total of 45 subjects completed the study. The data 
are currently under evaluation.  

   Discussion and conclusions:  Pharmacokinetic parameters 
following single and multiple doses and safety of up to 
600 mg dexpramipexole in healthy volunteers will be 
reported.  

DOI: 10.3109/17482968.2012.721231/115
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  P20 A SINGLE AND MULTIPLE DOSE, OPEN-
LABEL STUDY OF THE PHARMACOKINETICS, 
SAFETY, AND TOLERABILITY OF 
DEXPRAMIPEXOLE IN HEALTHY JAPANESE AND 
CAUCASIAN SUBJECTS  

   HE   P  1   ,    FARWELL   W  1   ,    WILBRAHAM   D  2   ,    STECHER   S  1   , 
   BHARGAVA   P  1   ,    PURDY   S  1   

   1 Biogen Idec, Cambridge, MA, USA,  2  Quintiles, London, UK   

   Email address for correspondence: ping.he@biogenidec.com   

   Keywords:   dexpramipexole  ,   pharmacokinetics  ,   Japanese   

   Background:  Dexpramipexole is a potential fi rst-in-class 
mitochondrial modulator being developed for the treatment 
of amyotrophic lateral sclerosis (ALS). An ongoing Phase 
3 study (EMPOWER) is evaluating the use of dexpramipexole 
150 mg twice daily for ALS. Dexpramipexole pharmacokinet-
ics in the Japanese population has not been investigated.  

   Objectives:  The primary objective of this study was to evalu-
ate the pharmacokinetics of single and multiple doses of dex-
pramipexole in healthy Japanese and Caucasian subjects. A 
secondary objective was evaluation of the safety and tolerabil-
ity of single and multiple doses of dexpramipexole in these 
subjects.  

   Methods:  This study was conducted in 2 parts; for each part, 
a screening visit was done within 28 days prior to dosing. 
Subjects of Japanese and Caucasian descent were enrolled in 
a 1: 1 ratio, matched by gender, age (    �    10 years), and body 
mass index (BMI,    �    20%, if possible) in each study part. Sub-
jects in Part A (n    �    28) went through three different treatment 
periods sequentially: single doses of dexpramipexole 75 mg 
(Treatment 1) and 150 mg (Treatment 2), then 5 doses of 
150 mg twice daily (Treatment 3). There was a wash-out 
period between treatments. Subjects in Part B (n    �    28) 
received dexpramipexole 300 mg every 12 hours for 5 doses. 
Blood and urine samples were collected pre-dose and inten-
sively post-dose. Safety assessments (adverse events, labora-
tory tests, vital signs, 12-lead electrocardiogram, physical 
examination) were conducted during the treatment days, with 
a fi nal assessment 6 days after last dosing (    �    2 days).  

   Results:  The time-plasma concentration profi le of dexprami-
pexole was superimposed between Japanese and Caucasian 
subjects. At the clinical dose of interest (150 mg twice daily), 
the geometric mean ratio (C max , AUC) of dexpramipexole 
exposure between Japanese and Caucasian subjects was close 
to one (90% confi dence interval: 0.80, 1.25) after single dose 
administration and at steady-state. Renal clearance of dex-
pramipexole was similar in the two ethnic groups; urinary 
excretion is the primary elimination pathway for dexprami-
pexole. Dexpramipexole was generally safe and well tolerated 
in all participants at doses up to 150 mg twice daily. 
The pharmacokinetic and safety data at 300 mg twice daily 
(Part B) are currently under evaluation.  

   Discussion and conclusions:  Pharmacokinetic parameters 
following single and multiple doses and safety and tolerability 
of dexpramipexole in healthy Japanese and Caucasian subjects 
will be reported.  

DOI: 10.3109/17482968.2012.721231/116

  P21 RECRUITMENT FOR CLINICAL TRIALS 
INVOLVING FAMILIAL ALS  

   ALLRED   P  1   ,    ANDRES   P  2   ,    MAHONEY   K  2   ,    JACKSON   K  2   , 
   CUDKOWICZ   M  2   ,    MILLER   T  1   

   1 Washington University, St. Louis, MO, USA,  2  Massachusetts 
General Hospital, Boston, MA, USA   

   Email address for correspondence: millert@neuro.wustl.edu   

   Keywords:   SOD1  ,   recruitment  ,   clinical trial   

   Background:  Therapies are being developed for SOD1-
familial ALS, which represents 1 – 2% of ALS. Clinical trials 
involving this relatively rare patient group requires a focus on 
recruitment of subjects.  

   Objectives:  To assess recruitment strategies used to recruit 
32 SOD1 positive familial ALS subjects for Phase I clinical 
trial involving the antisense oligonucleotide drug Isis-
SOD1Rx.  

   Methods:  Recruitment efforts at the national level included 
1) Email alerts sent by non-profi t organization to distribute 
information directly to healthcare professionals 2) Contact 
information was provided for the coordination center for 
patient inquires. Appropriate patient inquires were then 
directed to their closest clinical trial site. 3) Athena Diagnos-
tics, a commercial genetic testing company for SOD1, sent a 
follow-up letter to the ordering physician or clinic with infor-
mation about the clinical trial. 4) Travel expenses were reim-
bursed 5) A patient information webinar was presented. 
6) The study sponsor implemented a SOD1 genetic testing 
program for those with a dominant family history of ALS. 
7) Trial subjects were allowed to enroll in more than one 
cohort. 8) Trial sites focused local efforts towards reviewing 
their current patient populations for eligible subjects, posting 
information on institutional websites, and speaking at local 
patient support groups.  

   Results:  Recruitment and enrollment for the fi rst cohort of 
8 subjects took over 10 months to complete. Recruitment 
and enrollment for cohort 2 and cohort 3 took 3 months and 
recruitment and enrollment for cohort 4 was completed in 
2 months. A total of 21 subjects were enrolled as the proto-
col allowed for subjects to participate in more than one 
cohort. There were only three screen failures. Total recruit-
ment and enrollment for this trial was completed in 
24 months.  

   Conclusions:  Recruitment for this clinical trial was slow 
initially. Barriers to recruitment and enrollment included 
initial lack of genetic testing by the trial, the rural location 
of the patient population, lack of information about 
available trials for the specifi c patient population and some 
diffi culty in refi ning clinical trial sites for enrollment effi -
ciency. Recruitment for later cohorts was faster. As new 
therapeutic efforts target specifi c genetic mutations, one 
area of clinical trial development and strategy should be to 
develop mechanisms to cultivate and maintain relationships 
with families affected by rare genetic disorders to enhance 
and improve clinical trial enrollment. These mechanisms 
may include involvement in natural history studies, 
pre-symptomatic familial studies, and enrollment in genetic 
and/or biomarker databases.  

DOI: 10.3109/17482968.2012.721231/117
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  P22 PROSPECTIVE ASSESSMENT OF CLINICAL 
TRIAL CHARACTERISTICS THAT MAY AFFECT 
EFFICIENCIES OF AMYOTROPHIC LATERAL 
SCLEROSIS (ALS) CLINICAL TRIALS AND 
PARTICIPATION BY ALS PATIENTS  

  LARY C  ,   NEMETH J  ,   FOSTER J  ,   ROUSE R  ,   RUSSO PC  , 
  BRAVVER EK  ,   DESAI UG  ,   SANJAK MS  ,   BROOKS BR  

   Carolinas Medical Center, Department of Neurology, Carolinas 
Neuromuscular/ALS-MDA Center, University of North Carolina 
School of Medicine, Charlotte Campus, Charlotte NC, USA   

   Email address for correspondence: cynthia.lary@carolinashealthcare.
org   

   Keywords:   benchmarking  ,   clinical trial recruitment  ,   clinical trial 
effi ciency   

   Background:  At each clinic visit, ALS patients anxiously 
request opportunities to participate in clinical studies and 
therapeutic trials. Despite this interest from patients, only a 
small number are involved in clinical research and attention 
to the characteristics of such patients identify that they 
constitute a group of patients with better disease trajectories. 
To involve ALS patients in such endeavors requires attention 
by clinicians and clinical researchers to improving time and 
fi nancial effi ciencies that will allow greater patient participa-
tion in research embedded within clinical encounters. There 
are a number of challenges in store for entering more patients 
in clinical trials.  

   Objective:  Identify characteristics of ALS and neuromuscu-
lar disease clinical trials that prevent effi ciencies allowing 
increased numbers of patients to safely participate in more 
clinical trials.  

   Methods:  Prospective review of clinical research and clinical 
trial protocols at Carolinas Medical Center Department of 
Neurology Research Division bi-weekly meeting including 
MDs and PhD principal investigators, RN coordinators and 
non-RN study coordinators including subject recruitment/
enrollment, study procedures, subject scheduling, adverse 
events. ALS studies (12) consisted of three intravenous, one 
enteral feeding, six oral/enteral feeding and two physical inter-
ventions. Neuromuscular studies (6) consisted of one intrave-
nous, two oral/enteral feeding interventions and three natural 
history collections. A center-based biorepository clinical study 
collected serum/plasma, PBMC, CSF, tissues samples across 
ALS, neuromuscular and other neurological diseases. Study 
diffi culties and ineffi ciencies were defi ned and tabulated 
prospectively.  

   Results:  Review identifi ed 1) disparities in inclusion/
exclusion criteria, 2) no common data elements, 3) different 
clinical procedures, 4) redundancy in clinimetrics, 5) 
differences in defi nition of adverse events (including or not 
including disease progression), 6) different allowed co-
morbidities, 7) differences in drug delivery regimen and 
involvement of investigational pharmacy services, 8) 
different types of strength measure, 9) inability to perform 
study procedures and 10) loss of caregiver in advanced 
patients. Ongoing budget disparities for patient remunera-
tion for participation and non-standard additional costs to 
fi nish a clinical trial were additional fi nancial issues that 
precluded enrolling more patients in clinical trials.  

   Conclusions:  Ten challenges with respect to entering more 
patients with ALS into clinical trials were identifi ed. Three of 
these will be addressed by the National Institutes of Neuro-
logical Diseases and Stroke Common Data Elements initiative 

if it becomes the standard of practice. Participation by patients 
with advanced ALS and the impact of participation on the 
caregiver has not been adequately addressed in clinical trials 
to date. As patients with ALS extend their disease trajectory 
based on standard of care treatment and interventions, then 
longer clinical trials and more patients will be required.  

DOI: 10.3109/17482968.2012.721231/118

  P23 COMPARING SURVIVAL WITH AND 
WITHOUT DIAPHRAGM PACING (DPS)  

  KATZ J  ,   MILLER RG  ,   MOORE D  

   California Pacifi c Medical Center, San Francisco, CA, USA   

   Email address for correspondence: katzjs@cpmcri.org   
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   Background:  With FDA approval, a number of ALS patients 
will undergo diaphragm pacing (DPS), with the hope of 
improving survival in coming years. Support for the procedure 
is based on a comparison to a control group receiving stand-
ard respiratory care, but there has still been no clinical trial 
comparing survival with versus without DPS.  

   Objectives:  To estimate survival outcomes and understand 
potential biases among patients that underwent DPS. This was 
done by comparing them to cohorts obtained from two separate 
studies; one compared early versus standard NPPV (Lechtzin 
et al.) and a second with the addition of minocycline.  

   Methods:  We measured survival time starting from initiation 
of NPPV for each patient and applied Cox proportional 
hazards models to determine the effects of age, gender, site of 
onset, FVC, riluzole use, and length of time to NPPV 
on survival. We adjusted covariates that were signifi cant (at 
p    �    0.05) in testing whether survival differed in patients 
receiving DPS compared with the other cohorts.  

   Results:  Follow-up data were available for 77 patients with 
DPS and 258 without (190 from the Lechtzin study and 68 
placebo from the minocycline trial). We found signifi cant dif-
ferences among the groups in baseline values for FVC, riluzole 
usage, age and sex. We found that survival was affected by 
FVC, age, and time to initiate NPPV following diagnosis. The 
unadjusted hazard ratio for DPS was 0.37 (95% CI 0.27 to 
0.51) and 0.40 (95% CI 0.29 to 0.56) after adjustment for 
FVC, age and time to initiate NPPV. Each HR is highly sig-
nifi cant (p    �    0.001).  

  Median survival was 26.4 mos (95% CI 19.6 to 42.5) for 
DPS, 10.4 mos (95%CI 9.0 to 12.9) for Lechtzin study and 
10.1 mos (95% CI 8.3 to 13.6) for minocycline placebo 
patients.  

   Discussion:  Our fi ndings support the hypothesis that DPS 
improves survival, even after statistically adjusting for imbal-
ances among the study populations. The risk reduction was 
estimated to be around 60% and median survival was extended 
by 16 months. We could not exclude certain biases, however. 
For example, length-time bias (proactive patients seek earlier 
treatments thus extending the apparent survival time as meas-
ured from treatment initiation) and selection bias (sicker 
appearing patients are denied surgery and given standard care) 
are not easily quantitated by these studies. An understanding 
of these concerns is necessary so that a recommendation for 
the performance of the surgery is carried forward, while a 
clinical trial is necessary to rule out other factors.  

DOI: 10.3109/17482968.2012.721231/119
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  P24 PROSPECTIVE STUDY OF RADIOTHERAPY 
OF SALIVARY GLANDS AS TREATMENT OF 
SIALORRHEA IN PATIENTS WITH AMYOTROPHIC 
LATERAL SCLEROSIS  

   ASSOULINE   A  1   ,    BELGHITH   B  2   ,    ABDELNOUR-
MALLET   M  3   ,    DELANIAN   S  1,4   ,    LENGLET   T  3   , 
   BRUNETEAU   G  3   ,    SALACHAS   F  3   ,    LE FORESTIER   N  3   , 
   PRADAT   P-F  3   

   1 Service de Radioth é rapie, Centre Clinique de la Porte de Saint 
Cloud, Boulogne-Billancourt, France,  2 Service de Radioth é rapie, 
Institut Salah Azaiez, Tunis, Tunisia,  3 D é partement des Maladies 
du Syst è me Nerveux, Groupe Hospitalier Piti é  Salp ê tri è re, APHP, 
Paris, France,  4  Service de Radioth é rapie, H ô pital Saint-Louis, 
APHP, Paris, France   

   Email address for correspondence: aviassouline@aol.com   

   Keywords:   radiotherapy  ,   salivary glands  ,   sialorrhea   

   Background:  Sialorrhea is a frequent and disabling symptom 
in patients with amyotrophic lateral sclerosis (ALS). Medical 
treatment is often poorly effective and/or not well-tolerated. 
Radiotherapy of salivary glands can be an interesting thera-
peutic option.  

   Objective:  Estimate effi ciency and tolerance of radiotherapy 
of salivary glands in patients with ALS.  

   Methods:  Prospective monocentric study in ALS patients 
with sialorrhea treated by radiotherapy in the Clinique De La 
Porte De Saint Cloud (Boulogne-Billancourt, France). Pre-
liminary results of 40 patients treated between November 
2010 and November 2011 are presented. All patients had con-
formational radiotherapy. Total dose was 10 Gy in 2 fractions 
on 3 days in 27 patients and 20 Gy in 4 fractions on 10 days 
in 13 patients. We used two 6 MV photon opposed beams and 
radiation volume including both submaxillary glands and the 
two thirds of both parotid glands. Patients had clinical exam-
ination at the end of treatment, 1 month and 3 months later. 
Effi ciency of radiotherapy was evaluated with the 9-grades 
Sialorrhea Scoring Scale.  

   Results:  32 complete responses (SSS 1, 2) and 8 partial 
responses (SSS 3, 4, 5) were observed at the end of the 
treatment. Follow-up at 1 month and 3 months showed a 
complete response in 16 and 11 patients, respectively, and a 
partial response in 16 and fi ve patients. Treatment was well 
tolerated. Acute toxicity was observed in 15 patients : xeros-
tomia in three patients, taste modifi cation in fi ve patients, 
pharyngeal pain in four patients and thick saliva in three 
patients. All side effects were resolved in the days following 
the end of the treatment. Seven patients treated at dose of 
10 Gy relapsed and had a second radiotherapy at the same 
dose with good results.  

   Discussion:  Radiotherapy allowed a dramatic decrease or 
resolution of sialorrhea. Inter-individual variability explains 
the relapse in some patients and the dose of 10 Gy is 
probably not suffi cient to maintain a long response. Treatment 
is well tolerated and toxicity is low with both doses of 10 and 
20 Gy. Side effects are transitory even in patients who have a 
second radiotherapy.  

   Conclusion:  Radiotherapy of salivary glands in ALS 
patients with sialorrhea appears as a very interesting thera-
peutic option. A larger number of patients and a longer 
follow-up remain necessary to confi rm these encouraging 
preliminary results.  

DOI: 10.3109/17482968.2012.721231/120

  P25 POSTERIOR PHARYNGEAL 
AUGMENTATION BY AUTOLOGOUS 
LIPOINJECTION FOR DYSARTHRIA IN ALS  

   SCHWEIKERT   K  1,3   ,    WEBER   M  2   ,    WITTE   U  4   ,    STORCK   C  5   

   1 REHAB Basel, Basel, Switzerland,  2 Muscular Diseases Unit/
ALS Clinic, St. Gallen, Switzerland,  3 Neuromuscular Center Uni-
versity Hospital, Basel, Switzerland,  4 Department of Speech and 
Language Pathology University Hospital, Basel, Switzerland,  
5  Otorhinolaryngology University Hospital, Basel, Switzerland   

   Email address for correspondence: schweikert.k@gmx.net   

   Keywords:   pharyngeal augmentation  ,   dysarthria  ,   velopharyngeal 
incompetence   

   Background:  Dysarthria is a motor disorder of articulation, 
phonation, and respiration, resulting in unintelligibility of 
speech. In ALS, progressive paresis of bulbar muscles causes 
velopharyngeal incompetence (VPI) with advancing com-
munication problems. Guidelines recommend alternative 
and augmentative communication devices. To reduce hyper-
nasality, a nose peg often is uncomfortable and not well 
accepted by patients. Furthermore, a palatal lift or augmen-
tation prosthesis can be helpful. However, it might be impos-
sible to adapt or wear the prosthesis because of a hyperactive 
gag refl ex or dysphagia. In other conditions of VPI, various 
surgical management options exist: augmentation of the 
posterior pharyngeal wall or the soft palate by autologous 
lipoinjection, is minimally invasive, and has shown effective, 
lasting results for restoring normal resonance. Therefore, it 
could also be applied in ALS patients.  

   Objectives:  To report on two patients with ALS who under-
went autologous fat injection of the posterior pharyngeal wall 
for VPI.  

   Methods:  Patients were examined interprofessionally by 
experts of ALS clinics (a neurologist, an otorhinolaryn-
gologist, a speech pathologist) pre- and postoperatively. 
Videoendoscopic evaluation of velar function with video-
graphic documentation was made before and two months 
after surgical treatment. Under general anesthesia, autologous 
abdominal fat was aspired, centrifugated, and afterwards 
injected into the posterior pharyngeal wall. Postoperatively, 
the patients had to wear a fl exible abdominal belt for 
5 days.  

   Results:  In 2010 and 2011, posterior pharyngeal augmenta-
tion was recommended to two male patients with upper-
motoneuron-predominant ALS and marked rhinolalia aperta. 
As gag refl ex was clearly increased, palatal prosthesis was not 
suggested. At the time of operation, the patients were aged 56 
and 54 years and had an ALS-FRS-R of 29/48 and 27/48, 
respectively. Both patients had only mild dysphagia and were 
orally fed. The disease was characterized by bulbar- and 
lower-limb-onset, a duration of 7 and 3 years, respectively. 
Improvement in articulation was demonstrated in both cases 
postoperatively, and both patients reported that speaking was 
less fatiguing. As in the 54-year old patient intelligibility of 
speech deteriorated again, autologous fat grafting was re-ap-
plied 7 months later, resulting in improved intelligibility again. 
Each operation was well tolerated without any side effects.  

   Discussion:  In the fi eld of plastic surgery, fat grafts have 
become an important procedure with proven long term 
survival. However, in ALS autologous fat injection of the 
posterior pharyngeal wall has not been described up 
to now. Furthermore, distribution and evolution of symp-
toms substantially differ in ALS patients. Therefore, the 
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potential benefi ts, risks, and costs of lipoinjection for VPI 
are crucial factors.  

   Conclusions:  Dysarthria in ALS remains a signifi cant prob-
lem with limited therapeutic options. Augmentation of the 
posterior pharyngeal wall by autologous fat grafting was a safe 
and effective treatment in two ALS patients with VPI, and 
should be considered in selected patients with ALS.  

DOI: 10.3109/17482968.2012.721231/121

  P26 THE ROLE OF EXERCISE AND ITS IMPACT 
ON DISEASE PROGRESSION AND SEVERITY 
IN ALS  

   CAVANAUGH   Z  1,2   ,     YANOSY   J  2   ,    KOCZON-JAREMKO   B  2   , 
   WHITAKER   C  1,2   ,    FELICE   K  1,2   ,    ANDREWS   J  1,2   

   1 University of Connecticut, Farmington, CT, USA,  2  Hospital for 
Special Care, New Britain, CT, USA   

   Email address for correspondence: jandrews@hfsc.org   

   Keywords:   human  ,   exercise  ,   survival   

   Background:  Controversy exists over the possible benefi ts 
of physical therapy and exercise as a therapeutic tool to slow 
disease progression and improve quality of life in ALS. 
Some studies suggest increased functional ability and reduced 
disease progression with exercise while others suggest that 
vigorous physical activity can aggravate excitotoxicity, 
oxidative stress and increase calcium loads causing selective 
degeneration of vulnerable motor neurons. Additionally, ani-
mal studies suggest that swimming-based therapy may be 
benefi cial (1); however, it is unclear if a specifi c exercise is 
more benefi cial in ALS patients.  

   Objectives:  To evaluate the impact of exercise in a large 
cohort of ALS patients with attention to different types 
of exercise.  

   Methods:  Information from consecutive patients initially 
evaluated at Hospital for Special Care ' s (HSC) ALS Clinic 
between 2007 and 2010 was collected retrospectively. Patients 
were divided into two groups: those who reported any exercise 

beyond activities of daily living and those who did not do any 
additional exercise. The exercise group was further subdivided 
into types of exercise performed: aerobic, aqua therapy, resist-
ance, and other exercise. Survival, forced vital capacity(FVC) 
and ALS functional rating scores(ALSFRS) were collected as 
endpoint measures. Analysis of the data included single factor 
ANOVA of survival between different types of exercise with 
confi dence intervals. Comparison of means was done with a 
two sample, t-test and comparison of proportions wasper-
formed using chi-square test.  

   Results:  Of the 234 ALS patients, 56.8% were male, mean 
age of disease onset was 63.8    �    /-12.6 yrs, 29% were on 
 riluzole, mean initial FVC was 83%    �    /- 27%, and the initial 
region of onset was: bulbar(27%), cervical(33%), 
lumbosacral(37%), thoracic(2%), and respiratory(1%). 
27%(62/234) reported exercise: 40.3% aqua therapy, 30.7% 
aerobic, 9.7% resistance, and 19.4% other. A single factor 
ANOVA analysis showed no difference in ALS disease dura-
tion for different modes of exercise (p    �    0.6867). 95% confi -
dence intervals showed that aqua therapy promised most with 
average disease duration between 27.9 and 51.6 months com-
pared to no exercise which showed 95% confi dence interval of 
disease duration between 28.2 and 37.3 months. Although 
there was not suffi cient evidence (p    �    0.1339), a trend was 
noted for increased survival in ALS patients who did aqua 
therapy compared to those who did not. Also, a trend of slower 
rate of decline inALSFRS (�1.08vs.�1.51,p    �    0.0759) and 
lung function (�1.88%vs.�3.36%,p    �    0.0895) was noted in 
the exercise group vs. no exercise group.  

   Discussion and conclusions:  There was no signifi cant dif-
ference in survival between exercise and no exercise groups 
suggesting no detrimental effect of exercise in ALS. A trend 
of improved survival with aqua therapy in ALS patients was 
noted and is consistent with studies done in ALS mouse mod-
els where swimming-based training sustained motor function 
and increased survival(1).  

  Reference  
  1.  Deforges S, Branchu J, Biondi O,  et   al.  J Physiol. 2009; 

587(14):3561–72.      

DOI: 10.3109/17482968.2012.721231/122
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                        THEME 2 IN VIVO EXPERIMENTAL MODELS    

 P27 THE EFFECT OF TREADMILL EXERCISE 
AND METALLOTHIONEIN TREATMENT 
ON SURVIVAL AND FUNCTIONAL OUTCOMES 
OF THE SOD1-G93A MOUSE MODEL      

   LEWIS K ,      BLIZZARD L ,      BENNETT W ,      CHUNG RS ,  
    CHUAH MI ,            

  Menzies Research Institute Tasmania, University of Tasmania, 
Hobart, Tasmania, Australia  

  Email address for correspondence: kealewis@utas.edu.au                              

  Keywords:   metallothionein  ,   exercise  ,   linear mixed modelling  

  Background:  A number of studies in the SOD1-G93A 
mouse model suggest that exercise can increase survival time 
and delay disease progression; however other studies have 
found that exercise provides no benefi t. Metallothionein-I/II 
(MT-I/II) is a highly conserved antioxidant protein, which 
has demonstrated neuroprotective properties both  in vitro  
and  in vivo . SOD1-G93A mice display a worsened disease 
phenotype with decreased survival when MT-I/II is genetically 
ablated. MT-I/II levels in ALS patient spinal cord are reported 
to be altered, although it is unclear whether they are increased 
or decreased. Exercise can increase the MT-I/II levels in 
wild-type mouse spinal cord.   

  Objectives:  Study 1: We examined the effect of treadmill 
running exercise and exogenous MT-I/II administration on 
survival and functional parameters in the SOD1-G93A 
mouse model. Study 2: We examined the effect of emtins, 
synthetic peptides based on the MT-I/II sequence, on these 
outcome measures.   

  Methods:  Study 1: Mice received a combination of MT-I/II 
treatment and exercise treatment from 6-16 weeks of age - 
either MT-I/II protein at 20mg/kg/wk, or saline control; and 
also either treadmill running exercise at 10m/min, 30min/day, 
5day/wk, or no exercise. Three mice/group were then sacri-
fi ced for histology, and 10mice/group were followed until dis-
ease endpoint. Study 2: Mice received EmtinA or EmtinB 
(30mg/kg/wk) or vehicle control, from 14 weeks of age until 
disease endpoint. We examined survival time, body weight 
and stride length.   

  Results:  In both studies, no signifi cant differences in survival 
were found using Kaplan-Meier analysis. However, using Cox 
regression we estimated the effects of two individual factors 
(MT-I/II and exercise) on survival. Cox regression hazard 
rates were lower for those receiving MT-I/II than those receiv-
ing saline but were not statistically different between exercise-
treated and sedentary mice. Using mixed modeling, no 
signifi cant differences were found in body weight between 
mice receiving either emtins or vehicle. However, in mice 
receiving a mix of MT-I/II and exercise treatments, mixed 
modeling revealed that the slope coeffi cients for MT-I/II 
treatment were signifi cantly different from vehicle control 
treatment. These differences suggest that mice receiving 
MT-I/II had a higher maximum body weight and later age at 

maximum body weight, than vehicle controls. No signifi cant 
differences were found between sedentary and exercised mice. 
Emtin treatment appeared to increase survival and maintain 
stride length, but these results were not statistically signifi cant, 
possibly due to the small sample size in this study.   

  Discussion and conclusions:  Survival appears to be 
affected by MT-I/II treatment but not by exercise. Stride 
length was not signifi cantly affected by MT-I/II or emtin 
treatment, but showed subtle changes which we are investi-
gating with mixed modelling. We are also performing spinal 
cord and muscle histology on tissue from MT-I/II- and exer-
cise-treated mice, to determine whether MT-I/II increases 
survival by protecting motor neurons or maintaining 
neuromuscular junctions.  

DOI: 10.3109/17482968.2012.721231/123

   P28 MOLECULAR MECHANISMS OF GOLGI 
PATHOLOGY IN PROGRESSIVE MOTOR 
NEURONOPATHY  

   BELLOUZE   S  1   ,    SCH Ä FER   M  1   ,    RABOUILLE   C  2   ,    
HAASE   G  1   

   1 Institut des Neurosciences de la Timone, CNRS and Aix-Marseille 
University, Marseille, France,  2  Hubrecht Institute for Stem Cell 
Research and Developmental Biology, Utrecht, The Netherlands   

   Email address for correspondence: georg.haase@univmed.fr   

   Keywords:   Golgi apparatus  ,   vesicle traffi c  ,   SNARE   

  Pathology of the Golgi apparatus represents one of the earliest 
features of degenerating motor neurons in amyotrophic 
lateral sclerosis (ALS) and related diseases but its molecular 
causes and mechanisms remain unclear. To investigate the 
potential role of microtubule defects and protein aggregates 
in ALS-linked Golgi pathology, we studied  pmn  mice with 
progressive motor neuronopathy which are mutated in the 
tubulin chaperone TBCE (1,2)  .

  Here we demonstrate severe progressive Golgi fragmenta-
tion and atrophy in motor neurons of  pmn  mice by using 
immunofl uorescence analyses, 3D organelle modeling and 
electron microscopy. During disease progression, Golgi cister-
nae were progressively transformed into a convolute of small 
vesicles. In parallel, the Golgi v- (vesicular) SNARE proteins 
GS15 and GS28 were drastically up-regulated while their cor-
responding t- (target-) SNARE protein Syntaxin-5 was present 
at normal levels. Golgi pathology in  pmn  motor neurons 
was completely rescued by transgenic wildtype TBCE but 
not mimicked by nerve axotomy indicating loss of TBCE 
function as its origin. The distinct effects of TBCE depletion, 
folding-defi cient tubulin mutants and pharmacological 
microtubule disruption on Golgi structure in cultured 
motor neurons identifi ed loss of microtubules rather than 
accumulation of misfolded tubulin proteins as causative for 
Golgi pathology. Defective microtubule growth at Golgi mem-
branes was shown to impede the traffi c of Golgi-derived 
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vesicles leading to their decreased docking and fusion at target 
membranes.  

  To our knowledge these data provide the fi rst mechanistic 
explanation for Golgi pathology in motor neuron disease.  
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  P29 MODELLING SITE SPECIFIC 
EXCITOTOXICITY: REVEALING MECHANISMS 
OF AMYOTROPHIC LATERAL SCLEROSIS  

   BLIZZARD   C  1   ,    SOUTHAM   K  1   ,    KING   A  1 ,2   ,    DICKSON   T  1   

   1 Menzies Research Institute Tasmania,  2  Wicking Dementia 
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   Email address for correspondence: Tracey.Dickson@utas.edu.au   

   Keywords:   excitotoxicity  ,   axon degeneration  ,   primary culture   

   Background:  It is now accepted in a number of neurodegen-
erative diseases that axon degeneration can occur independ-
ently of apoptosis, but it is not known how the cell body is 
involved in axon  ‘ die back ’ . We have shown that chronic 
low levels of kainic acid can cause a distal axonopathy in 
cultured motor neurons that shows strong similarities, both 
morphologicaly and immunohistochemically, to human 
ALS pathology (1) .   

   Objective:  To investigate the primary site of excitotoxic 
damage and the mechanism of ALS-like functional decline we 
have developed two complimentary models of site-specifi c 
excitotoxicity. This approach is particularly signifi cant for 
ALS where neuronal compartments are spatially separated 
in the cortex, spinal cord, nerves and muscle.  

   Methods:   In vitro:  Spinal motor neurons were grown in 
microfl uidic chambers supported by primary glia and skeletal 
muscle which results in fl uidic separation of the soma, axon 
and neuromuscular junction (NMJ) compartments. Mature 
(21 DIV) motor neurons (n    �    5) were exposed to kainic acid 
(100um,1-24hrs).  In vivo:  Osmotic mini pumps were 
implanted in C57/Bl6 mice to deliver a chronic infusion of 
either (i) kainic acid (1-5mM) to the subarachnoid space of 
the lumbar region (L4-5) or (ii) glutamate (5mM) to the gas-
trocnemius muscle. The anterograde tracer fl uoro ruby (2uM) 
was concomitantly infused to both sites.  

   Results:   In vitro,  axonal swellings were rarely present in 
untreated cultures. At 6h of KA (100um) exposure there was 
a signifi cant (P    �    0.001) increase in the number of swollen 
axon distal segments (16.6    �    3.2 per coverslip) relative to 
untreated cultures (0.75    �    0.19). Putative neuromuscular 
junctions were present in motor neuron-skeletal muscle co-
cultures, indicated by clustering of acetylcholine receptors. 
 In vivo , 28 days after implantation, Fluoro Ruby labelling 
was present throughout cells within the subarachnoid space 
(L4-L6) and a small number of cells within the ventral horn, 
indicating a targeted delivery of KA. Immunolabelling 
revealed that these cells were motor neurons. Gastrocnemius 
muscles of the KA treated and vehicle control treated 
mice were double labelled for synaptophysin and alpha-
bungarotoxin and NMJ synapses were graded as either intact 
or degenerating. There was a signifi cant increase in the per-
centage of degenerating synapses in the treated vs control 

mice, but an increase in the number of branch points ineach 
junction, indicating the compensatory remodelling and plas-
ticity may be an early event in axonal pathogenesis.  

   Conclusion:  By combining the high throughput  in vivo  culture 
system with the complimentary sophisticated  in vivo  model we 
are uniquely placed to reveal critical elements of the ALS disease 
mechanism and sequence of disease pro gression and to rapidly 
screen appropriate novel therapeutic agents specifi cally directed 
to the affected neuronal compartment.  

  Reference  
  1.  King A, Dickson T, Blizzard C  et   al.  EJN 2007;26:

2151 – 2159.  
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  P30 TARGETTING GROUP I METABOTROPIC 
GLUTAMATE RECEPTORS IN EXPERIMENTAL 
ALS  

   MILANESE   M  1   ,    BONIFACINO   T  1   ,    PULITI   A  2,3   ,    
MELONE   M  4   ,    MUSTANTE   I  2,3   ,    GIRIBALDI   F  1   ,    VOCI   A  5   , 
   CONTI   F  4   ,    BONANNO   G  1,6   
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   Keywords:   group 1 metabotrophic glutamate receptors  ,   glutamate 
release and excitotoxicity  ,   genetic mouse models   

   Background:  Glutamate(Glu)-mediated excitotoxicity plays 
a major role in the degeneration of motor neurons (MNs) in 
ALS and reduced astrocytary transport, which in turn 
increases the synaptic availability of Glu, was suggested as a 
cause (1). On the basis of our studies, we have proposed that 
abnormal release may well be another source of excessive Glu 
and that altered Glu release mechanisms may represent pos-
sible targets for therapeutic approaches (2,3).  

  Our previous results have demonstrated the existence 
of excessive increase of Glu release in SOD1/G93A mice 
mediated by Group I (mGlu1 and mGlu5) receptor activation 
(4), which may represent a cause of excessive Glu and of 
neurodegeneration.  

   Objectives:  To prove the impact of Group I metabotropic 
glutamate receptor blockade in experimental ALS.  

   Methods:  To provide a genetic tool to evaluate the role of mGlu1 
receptors in ALS, we generated mice carrying half expression of 
mGlu1 receptors in the SOD1/G93A background, by crossing 
ALS mutant mice with Grm1 �    /crv4  mice, lacking mGlu1 recep-
tors because of a spontaneous recessive mutation. In the same 
line we also generated mice carrying half expression of mGlu5 
receptors, by crossing ALS mutant mice with Grm5 �/ �  mice. 
Survival, motor abilities, histology for MNs and mitocondrial 
damage, oxidative stress markers, biochemistry for astrogliosys 
and microglia activation, receptor expression, glutamate release 
were investigated to assess the phenotype modifi cations in double 
mutants respect to SOD1/G93A mice.  

   Results:  mGlu 1 receptor defi cient double mutants showed 
prolonged survival probability respect to single mutant 
SOD1/G93A mice. Accordingly, slower disease progression 
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and improved motor performances were observed. Histo-
logical studies showed higher number of Chat-positive MNs 
in spinal cord, reduced axonal degeneration and mitocon-
drial damage and reduced astrocyte and microglia activation 
in double mutant mice at a late phase of the disease pro-
gression. Metallothioneins and glutathione S-transferase 
were studied as oxidative stress markers. The up-regulation 
of metallothionein and glutathione-S-transferase mRNA 
expression, observed in SOD1/G93A mice, was largely nor-
malized in double mutants lacking of mGlu1 receptors. Over 
expression of mGlu5 receptors and Group I metabotropic 
glutamate receptor-induced abnormal release of Glu, 
observed in SOD1/G93A mice, were reduced in double 
mutant animals. Also mGlu5 receptor-lacking SOD1/G93A 
mice showed remarkable prolonged survival and phenotype 
amelioration.  

   Discussion and conclusions:  mGlu1 or mGlu5 receptor 
deletion has a signifi cant impact in-vivo on SOD1/G93A mice 
pathology. These results would provide the rationale for 
pharmacological approaches to ALS by selectively blocking 
Group I metabotropic Glu receptors. With this aim pharma-
cological treatments with Group I receptor antagonists are 
in progress.  
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  P31 ACTIVE ZONE LOSS IN NEUROMUSCULAR 
JUNCTIONS OF AMYOTROPHIC LATERAL 
SCLEROSIS RODENTS  
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   Keywords:   Bassoon  ,   calcium channels  ,   denervation   

   Background:  In amyotrophic lateral sclerosis (ALS), dener-
vation of neuromuscular junctions (NMJs) precedes the 
motor neuron degeneration, suggesting that ALS is a distal 
axonopathy. However, the mechanism of presymptomatic 
denervation and the etiology of ALS remain unknown.  

   Objectives:  To analyze NMJ active zones of SOD1 G93A  
mice for a better understating of the distal axonopathy.  

   Methods:  The time course of NMJ denervation in diaphragms 
of SOD1 G93A  mice was analyzed by immunohistochemistry 
from postnatal day (P) 27 to P130. NMJ active zones 
were analyzed by transmission electron microscopy and 
immunohistochemistry detecting active zone protein Bassoon. 
Patch-clamp recordings were used to analyze the Ca 2 �   infl ux 
through P/Q-type VDCCs interacting with Bassoon.  

   Results:  Diaphragm NMJs of SOD1 G93A  mice showed den-
ervation in the presymptomatic stage of P85. Next, we ana-
lyzed presynaptic terminals and active zones because 
denervation may be caused by an impairment of presynaptic 

functions or active zones — the synaptic vesicle release sites. 
Decreased number of active zones in innervated NMJs of 
SOD1 G93A  mice at P85 was confi rmed by electron microscopy 
and Bassoon immunohistochemistry. Furthermore, similar 
active zone defect was confi rmed in SOD1 G93A  rats. The active 
zone defects did not seem to be downstream of mitochondria 
defects in motor neurons because the decrease of active zone 
number was as severe in presynaptic terminals with relatively 
normal mitochondria as in presynaptic terminals with degen-
erated mitochondria/vacuoles. These active zone impairments 
are likely to weaken the presynaptic function in NMJs because 
we recently discovered (a) the binding between Bassoon and 
P/Q-type VDCCs, and (b) the role of P/Q-type VDCC as a 
scaffolding protein in active zone organization at NMJs. 
Furthermore, we now show that the interaction between P/
Q-type VDCCs and Bassoon augmented the Ca 2 �   infl ux 
through the VDCC, suggesting that the Ca2� infl ux may be 
attenuated by the loss of Bassoon at ALS NMJs.  

   Discussion:  The role of Bassoon in VDCC modulation and 
the known role of Bassoon in synaptic vesicle traffi cking sug-
gest that synaptic transmission may be attenuated in NMJs 
lacking Bassoon. Thus, the loss of Bassoon from ALS NMJs 
may be a part of the etiology of presymptomatic denervation.  

DOI: 10.3109/17482968.2012.721231/127

  P32 PROGRESSIVE AND SELECTIVE 
DEGENERATION OF GENETICALLY LABELED 
CORTICOSPINAL MOTOR NEURONS AND 
RELATED SUBCEREBRAL PROJECTION 
NEURONS IN HSOD1G93A-UEGFP MICE  

   YASVOINA   M  1   ,    GENC   B  1   ,    JARA   J  1   ,    SHEETS   P  2   ,    YANG   N  1   , 
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   Background:  Understanding mechanisms that control motor 
neuron vulnerability and degeneration require visualization, 
identifi cation, isolation and detailed cellular analysis of 
affected neuron populations at different stages of disease ini-
tiation and progression. Therefore, to understand mechanisms 
that control corticospinal motor neuron (CSMN) and spinal 
motor neuron vulnerability, it is important to develop tools 
that allow visualization and isolation of both cortical and 
spinal components of motor neuron circuitry in wild type 
mice and mouse models of neurodegenerative disorders.  

   Objectives:  To confi rm CSMN identity of eGFP    �    neurons 
in the motor cortex of UCHL1-eGFP mouse and to investi-
gate whether hSOD1 G93A -UeGFP transgenic ALS mouse 
model would serve as an ALS reporter line by recapitulating 
the previously reported CSMN/SCPN degeneration in the 
hSOD1 G93A  mouse.  

   Methods:  CSMN identity eGFP    �    neurons in layer 5 of the 
motor cortex are confi rmed by anatomy, axon projection path, 
retrograde labeling, molecular marker expression, electrophys-
iological analysis and cortical circuit mapping. hSOD1 G93A -
UeGFP mouse lines are generated by crossbreeding hSOD1 G93A  
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transgenic ALS mice with UCHL1-eGFP reporter mice. 
CSMN and subcerebral projection neuron (SCPN) degen-
eration is examined and quantitatively measured at P30, 
P60, P90 and P120 (n    �    3 mice/time point).  

   Results:  CSMN in layer 5 of the motor cortex and SCPN 
located outside of the motor cortex are genetically labeled by 
eGFP expression between P0 and P365. CSMN degeneration 
in the motor cortex and SCPN loss in the somatosensory 
cortex in the hSOD1 G93A -UeGFP mouse closely correlate 
with the well-established neuron loss in the hSOD1 G93A  
mouse. This further confi rms motor neuron identity of 
eGFP    �    neurons in the motor cortex. Our fi ndings also reveal 
progressive CSMN/SCPN degeneration in hSOD1 G93A -
UeGFP mouse, confi rming its potential use as an ALS disease 
reporter line to study the biology of CSMN with respect to 
disease pathology.  

   Discussion:  This novel reporter line will now allow cell 
type-specifi c visualization, purifi cation and analysis of CSMN 
with respect to motor neuron circuitry degeneration in mod-
els of ALS and other motor neuron disorders.  

DOI: 10.3109/17482968.2012.721231/128

  P33 VISUALIZATION AND 
CHARACTERIZATION OF CELL-TYPE SPECIFIC 
NEUROINFLAMMATORY COMPONENTS IN ALS 
USING MCP1-CCR2-HSOD1G93A TRIPLE 
TRANSGENIC MICE  
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   1 Davee Department of Neurology,  2 Department of Molecular 
Pharmacology and Biological Chemistry,  3  Cognitive Neurology 
and Alzheimer Disease Center, Robert H. Lurie Cancer Center, 
Northwestern University, Chicago, IL, USA   
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   Keywords:   neuroinfl ammation  ,   MCP1  ,   CCR2   

   Background:  Innate and adaptive immune response plays a 
major, but not fully elucidated role in ALS pathology. Micro-
glial activation and astrogliosis are major components of the 
neuroinfl ammation observed in the spinal cord and motor 
cortex of ALS patients as well as ALS animal models. During 
disease progression non-neuronal cells play a key, yet com-
pletely undefi ned, role in neuronal susceptibility by their 
cytokine and receptor expression. The involvement of cytokine/
receptor MCP1 (monocyte chemoattractant protein-1, aka 
CCL2)/ CCR2 (CC chemokine receptor 2) has been demon-
strated in both ALS patients and ALS animal models. 
Increased MCP1 plasmatic levels in association with activa-
tion of the innate immune response in ALS patients are linked 
to decreased plasmatic levels of CCR2 indicating their rele-
vance during disease progression.  

   Objectives:  To visualize and isolate cellular components of 
the innate and adaptive immune response, and to investigate 
key players of neuroinfl ammation in a cell-type specifi c man-
ner in the hSOD1 G93A  ALS transgenic mouse model.  

   Methods:  Generation of MCP1-CCR2-hSOD1 G93A  triple 
transgenic mice where MCP1 and CCR2 are genetically 
labeled with mRFP (monomeric red fl uorescent protein 
1) and EGFP (enhanced green fl uorescent protein), respec-
tively, in the hSOD1 G93A  ALS transgenic mouse model. 
Using immunocytochemistry approaches we evaluated the 
identity of MCP1    �    and CCR2    �    cells using markers specifi c 

for microglia, astrocyte, dendritic cell, and infi ltrating mono-
cyte cells at presymptomatic age (P30), early symptomatic 
(P60), symptomatic (P90), and end-stage (P120).  

   Results:  Our results indicate the presence of MCP1    �    and 
CCR2    �    cells at multiple stages during disease initiation and 
progression. Their relative location to vulnerable motor 
neurons both in the cortex and spinal cord, meninges, corti-
cospinal tract, peripheral vasculature, together with their cel-
lular morphology and increased numbers strongly implicate 
their involvement in pathology even at asymptomatic disease 
stage (P30). Isolation MCP1    �    and CCR2    �    cells from motor 
cortex, cervical and lumbar spinal cord by fl uorescence-
activated cell sorting (FACS) approaches at P30 demonstrate 
the feasibility of identifying cellular components responsible for 
the initiation and progression of innate and adaptive immune 
response.  

   Discussion:  Since multiple cytokines and neuroinfl amma-
tion components are present at different levels during ALS 
progression, it is critical to analyze components individually 
to dissect out their possible role. Our studies allow direct 
visualization and isolation of MCP1    �    and CCR2    �    cells with 
respect to disease initiation and progression and their cell type 
specifi c analysis will provide valuable information regarding 
their microglia and astrocyte identity in the motor cortex.  

   Conclusions:  In this study we identifi ed MCP1    �    and 
CCR2    �    cell profi le during disease progression in ALS. 
Future analysis of MCP1    �    and CCR2    �    cells will help eluci-
date cellular mechanisms in motor neuron vulnerability as 
well as possible drug targets.  

DOI: 10.3109/17482968.2012.721231/129

  P34 REGIONAL HETEROGENEITY OF IN VIVO 
ASTROGLIA TRANSCRIPTOME AND 
PATHOLOGICAL ALTERATIONS OF NATIVE 
ASTROGLIA IN SOD1 MOUSE MODEL  

   HSIEH   Y-C  1   ,    ZHANG   P-W  1   ,    DONNELLY   C  1   , 
   SATTLER   R  1,2   ,   ROTHSTEIN J  

   1 Department of Neurology, Johns Hopkins University School of 
Medicine, Baltomore, MD, USA,  2  Brain Science Institute, 
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   Keywords:   astroglia  ,   transcriptome  ,   BAC transgenic mice   

   Background:  Approximately 10% of ALS shows a familial 
inheritance, and 10% – 20% of these cases are caused by muta-
tions of the Cu/Zn superoxide dismutase (SOD1). A toxic 
gain of function of human SOD1 causes pronounced motor 
defi cits  in vivo  correlated to motor neuron degeneration in 
a number of animal models, but molecular mechanisms 
underlying this pathology remain unknown. Astrocytes, the 
most abundant cells in the CNS, are activated in neurode-
generative processes and have a signifi cant impact on motor 
neuron survival. Furthermore, evidence has accumulated 
suggesting heterogeneity of astrocytes across different brain 
regions and the spinal cord.  

   Methods:  We used FACS (fl uorescent-activated cell sort-
ing) to acutely isolate adult astrocytes from BAC transgenic 
mice that express enhanced green fl uorescent protein 
(EGFP) under the control of GFAP, ALDH1L1 and GLT1-
promoters. Microarrays analyses were performed with RNA 
samples of FAC sorted astrocytes obtained from BAC mice 
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crossed with the SOD1G93A animals and non-transgenic 
littermates.  

   Results:  In the pre-symptomatic stage ,  the molecular 
gene profi les of ALDH1L1-EGFP    �    , GFAP-EGFP    �    and 
GLT1-EGFP    �    cells are similar in the CNS. At end stage, the 
number of GLT1-EGFP    �    cells obtained from spinal cord is 
dramatically reduced compared to ALDH1L1-EGFP    �    and 
GFAP-EGFP    �    cells and thus only ALDH1L1-EGFP    �    and 
GFAP-EGFP    �    cells were used for end stage analysis. Our 
analysis revealed that adult astroglial gene expression was 
altered for numerous classes of transcripts, including mem-
brane transporters or channels (eg connexin 43, 30; GLT1), 
energy metabolism (eg GPD2) and transcription factors (eg 
TRPS1) in spinal cord or brains of end stage animals. Our 
control molecular profi ling data of  in vivo  glial cells also sug-
gests that astrocytes are clearly heterogeneous with regard 
to their gene expression profi les in forebrain, hindbrain and 
spinal cord.  

   Discussion and conclusions:  The expression of numerous 
genes has been altered in spinal cord or brains at the end 
stage of SOD1 animals. The pathological alteration of astro-
cyte-specifi c genes may contribute to the identifi cation of 
gene candidates for cell type-specifi c therapies in ALS.  

DOI: 10.3109/17482968.2012.721231/130

  P35 GENETIC, CELL-TYPE SPECIFIC LABELING 
IN HSOD1G93A-UEGFP MICE REVEALS 
PROGRESSIVE DEGENERATION OF SPINAL 
MOTOR NEURONS  
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   Background:  Understanding mechanisms that control motor 
neuron vulnerability and degeneration require visualization 
and detailed cellular analysis of affected neurons at different 
stages of disease. Reporter mouse lines expressing green fl uo-
rescent protein (GFP) gene in a subset of neurons has been 
revolutionary in understanding biology of labeled neuron 
populations.  

   Objectives:  To develop tools that allow visualization and iso-
lation of motor neurons circuitry in wild type mice and mouse 
models of neurodegenerative disorders.  

   Methods:  UCHL1-eGFP reporter mice have been generated 
using a BAC construct, driving the eGFP expression under the 
control of the UCHL1 promoter. eGFP    �    neurons have been 
characterized using anatomical, molecular marker expression 
and electrophysiological analysis. hSOD1 G93A -UeGFP mouse 
has been generated by crossbreeding hSOD1 G93A  transgenic 
ALS mice with UCHL1-eGFP reporter mice. SMN degen-
eration is studied and quanti tatively measured at P30, P60, 
P90 and P120 (n    �    3 mice/time point)  .

   Results:  We generated UCHL1-eGFP and hSOD1 G93A -
UeGFP mouse lines, in which spinal motor neurons (SMN) 
and peripheral neurons are genetically labeled by eGFP 
expression between P0 and P365. SMN identity of 
eGFP    �    neurons is confi rmed by molecular marker expression, 
presence of eGFP    �    axons in the neuromuscular junctions 
(NMJ) and electrophysiological analysis. SMN degeneration 
in the hSOD1 G93A -UeGFP mouse closely correlates the 
well-established spatial and temporal motor neuron degen-
eration in the hSOD1 G93A  mouse. Likewise, NMJ defects in 
the hSOD1 G93A -UeGFP mouse are in line with previously 
published fi ndings in the hSOD1 G93A  mouse.  

   Discussion:  This novel reporter line will now allow cell 
type-specifi c visualization, purifi cation and detailed cellular 
analysis of SMN and peripheral neurons.  

DOI: 10.3109/17482968.2012.721231/131

  P36 AUTOPHAGY IN THE SPINAL MOTOR 
NEURONS OF CONDITIONAL ADAR2-KNOCKOUT 
MICE  

   SASAKI   S  1   ,    YAMASHITA   T  2   ,    HIDEYAMA   T  2   ,    KWAK   S  2   

   1 Tokyo Women’s Medical University, Tokyo, Japan,  2  University of 
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   Keywords:   ADAR2-knockout mice  ,   autophagy  ,   ultrastructure   

   Background:  There have been some reports indicating that 
AMPA receptor-mediated excitotoxic mechanism plays a 
pathogenic role in ALS and SOD1-associated familial ALS 
model animals. Conditional ADAR2-knockout mice demon-
strate that the loss of ADAR2 activity induces the slow 
death of motor neurons, and are considered to be useful to 
research on sporadic ALS. However, motor neurons of spinal 
cords have not been studied in relation to autophagy in 
ADAR2-knockout mice.  

   Objectives:  To clarify if autophagy is involved in the patho-
mechanism of motor neuron degeneration in this model 
mouse.  

   Methods:  We studied, immunohistochemically using a rabbit 
polyclonal ani-LC3 antibody, and electron-microscopically, 
the motor neurons of cervical spinal cords in homozygous 
ADAR2 fl ox / fl ox /VAChT-Cre.Fast (AR2) mice (15 wks, n    �    2), 
homozygous ADAR2 fl ox / fl ox /VAChT-Cre.Slow (AR2Slow) 
mice (140 wks, n    �    2), heterozygous ADAR2 fl ox /    �    /VAChT-
Cre.Fast (AR2H) mice (14 wks, 17 wks, 74 wks, n    �    2, respec-
tively) and age-matched littermates as controls (12 wks, 
15 wks, 16 wks, 74 wks, 140 wks, n    �    2, respectively). Western 
blot analyses were performed in anterior horns of the spinal 
cords of AR2 mice and age-matched control mice (15 wks) 
(n    �    3 for each genotype).  

   Results:  In AR2 mice (15 wks), the cytoplasm of some 
normal-appearing and degenerated anterior horn neurons 
was positively immunostained for LC3, and in AR2H mice 
(74 wks), in addition to the positive-immunoreactivity of 
the somata of some anterior horn neurons with anti-LC3 
antibody, the cytoplasm and perivacuolar regions of 
motor neurons frequently showed immunopositivity for p62. 
Western blot analyses showed increased expression of 
autophagy-associated protein such as Atg5, Atg7 and LC3-II 
in the anterior horn of AR2 mice (15 wks) as compared with 
age-matched control mice. Electron-microscopically, in 
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homozygous and heterozygous ADAR2-knockout mice, 
autophagosomes surrounded by a double-membrane and 
autolysosomes surrounded by a single membrane were not 
uncommonly observed in the cytoplasm of motor neurons. 
Autophagy was more frequently observed at early stages 
than at late stages in these mice. Cytoplasmic organelles 
sequestered by autophagy contained various kinds of materi-
als such as mitochondria, ribosome-like structures, vesicles, 
electron-dense amorphous materials, and multilamellar bod-
ies. In contrast, autophagosomes were only occasionally 
observed in the somata of anterior horn neurons and in the 
myelinated axons in control mice.  

   Conclusions:  Autophagy is signifi cantly activated and 
upregulated in the cytoplasm of motor neurons, probably 
due to activated cytosolic Ca 2   �   through increased Ca 2   �   per-
meability, and may be involved in the pathomechanism 
of motor neuron degeneration in conditional ADAR2-
knockout mice.  

DOI: 10.3109/17482968.2012.721231/132

  P37 AGING AND ADAR2 ACTIVITY IN MOTOR 
NEURONS  

  KWAK S  ,   HIDEYAMA T  ,   TERAMOTO S  ,   
YAMASHITA T  

   Graduate School of Medicine, University of Tokyo, Tokyo, Japan   

   Email address for correspondence: kwak-tky@umin.ac.jp   

   Keywords:   aging  ,   TDP-43  ,   RNA editing   

   Objectives:  One of the disease-specifi c and neuronal death-
causing molecular abnormality found in motor neurons of 
patients with sporadic amyotrophic lateral sclerosis (ALS) is 
an expression of Q/R site-unedited GluA2, an AMPA receptor 
subunit. This molecular change is due to the downregulation 
of an RNA-editing enzyme called adenosine deaminase acting 
on RNA 2 (ADAR2). TDP-43 pathology, a neuropathological 
hallmark of sporadic ALS, has recently been shown to be 
closely associated with the downregulation of ADAR2 in the 
motor neurons of patients with sporadic ALS (1). Because 
TDP-43 pathology is found more frequently in the brains of 
elderly patients, we investigated the age-related changes in the 
localization of TDP-43 and ADAR2 activity in mouse motor 
neurons.  

   Methods:  Spinal cords of C57BL/6J mice with various ages 
(raging from 1 day to 104 weeks) were used. Immunohisto-
chemistry for TDP-43 and ADAR2 was performed on the 
spinal cord sections. Expression level of ADAR2 mRNA in the 
spinal cord was investigated by means of quantitative RT-PCR. 
Extents of the editing effi ciency at the ADAR2-specifi c RNA 
editing sites, including the Q/R site of GluA2 mRNA and the 
K/E site of cytoplasmic fl agile X mental retardation protein 
interacting protein 2 (CYFIP2) mRNA, were investigated by 
quantitative measurement of restriction enzyme-dependent 
fragments of the RT-PCR products in the spinal anterior horn 
and laser-caputured motor neuron tissues.  

   Results:  We found that the ADAR2 activity was developmen-
tally upregulated, and its mRNA expression level was 
progressively decreased in the spinal cords of aged mice. 
Wild-type motor neurons exhibited immunoreacitivity to 
both ADAR2 and TDP-43 in the nucleus, whereas laterally 
localized fast fatigable motor neurons, but not centrally local-
ized neurons, in aged mice demonstrated a loss of ADAR2 
and abnormal TDP-43 localization. Importantly, these motor 

neurons expressed signifi cant amounts of the Q/R site-
unedited GluA2 mRNA, which is a lethality-causing molecu-
lar abnormality observed in the motor neurones of sporadic 
ALS patients.  

   Conclusion:  These results suggest that an age-related 
decrease in ADAR2 activity plays a mechanistic role in 
an age-associated increase of incidence and acceleration of 
progression of ALS.  

  Reference  
  1. Aizawa  et   al.  Acta Neuropathol. 2010;120:75 – 84.  

DOI: 10.3109/17482968.2012.721231/133

  P38 EXPRESSION OF WILD-TYPE HUMAN 
SUPEROXIDE DISMUTASE-1 IN MICE CAUSES 
ALS  

  FORSBERG K  ,   GRAFFMO KS  ,   BERGH J  ,   BIRVE A  , 
  ZETTERSTR Ö M P  ,   ANDERSEN PM  ,   MARKLUND S  , 
  BR Ä NNSTR Ö M T  

   Ume å  University, Ume å , Sweden   

   Email address for correspondence: Stefan.Marklund@medbio.
umu.se   

   Keywords:   wild type  ,   human SOD1  ,   mouse   

   Background:  A common cause of ALS is mutations in the 
gene encoding superoxide dismutase-1 (SOD1). In several 
other neurodegenerative conditions some of the proteins 
found mutated in families are thought to be involved in the 
pathogenesis also in cases lacking mutations. Could this also 
pertain to ALS? There is evolving circumstantial evidence sug-
gesting that the wild-type SOD1 can be neurotoxic and more 
generally involved in the pathogenesis of ALS.  

   Objectives:  To directly test the proposition that wild-type 
human SOD1 has the ability to cause ALS.  

   Methods:  Mice that express wild-type human SOD1 at a 
rate close to that of mutant human SOD1 in the commonly 
studied G93A transgenic model were generated. Symptoms 
were monitored, CNS was examined histopathologically, spi-
nal ventral neurons were counted by stereology and SOD1 
aggregation was determined by a dot-blot fi lter assay.  

   Results:  The mice developed an ALS-like syndrome and 
became terminally ill after around 370 days. The loss of spinal 
ventral neurons was similar to that in the G93A and other 
mutant SOD1 ALS models, and large amounts of aggregated 
SOD1 were found in spinal cords, but also in the brain.  

   Discussion:  The mice that expressed human wild-type SOD1 
recapitulated all the major pathological features found in mice 
expressing mutant SOD1s.  

   Conclusions:  Wild-type human SOD1 has the ability to 
cause ALS in mice, supporting the hypothesis that the protein 
more generally could be involved in the disease in humans.  

DOI: 10.3109/17482968.2012.721231/134
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  P39 EARLY CHANGES IN THE SPINAL CORD 
GENE EXPRESSION IN SOD1 G93A AMYOTROPHIC 
LATERAL SCLEROSIS MOUSE MODEL  

   DE OLIVEIRA   G  1   ,    MAXIMINO   J  1   ,    DUOBLES   T  1   , 
   SCORISA   J  1   ,    ALVES   C  1   ,    DE CARVALHO   A  2   ,    
CARRARO   D  2   ,    CHADI   G  1   

   1 Department of Neurology. University of S ã o Paulo School of 
Medicine, S ã o Paulo. Brazil,  2  International Center of Research and 
Teaching, AC Camargo Hospital, S ã o Paulo. Brazil   

   Email address for correspondence: gerchadi@usp.br   

   Keywords:   microarray  ,   pre-symptomatic  ,   molecular biology   

  Familial ALS is mainly linked to dominant mutations in the 
gene for Cu/Zn superoxide dismutase (SOD1). Toxic signs 
from non neuronal cells, mainly astrocytes and microglia, have 
been proposed to be involved in the rapid evolution of the 
disease. However, little is known about the signalling that trig-
gers the onset of the disease.  

  In order to better understand the triggering of ALS onset, 
the RNA of lumbar spinal cords of transgenic mice at the 
pre-symptomatic ages of 40 and 80 days and age-paired wild 
type controls were extracted and the microarray analysis of 
the whole mouse genome was performed. Data were analyzed 
by means of GeneSpring GX software (Agilent) and DAVID 
Bioinformatics Resources 6.7 was used for enrichment analy-
sis. Quantitative PCR was conducted in order to validate 
microarray data.  

  Statistical analysis has pointed to 1318 differentially 
expressed genes (451 up and 867 down regulated) at 40 days 
and 1314 differentially expressed genes (814 up and 500 
down regulated) at 80 days old ALS mice. The main processes 
pointed by functional annotation from enrichment analysis 
for 40 days were MAPKinase signaling, axon guidance, neu-
rogenesis, and synapse. At the age of 80 days, the main 
processes were more related to mitochondria (electron trans-
port, respiratory chain and oxidative phosphorylation), 
transcription regulation, acetylation and ubiquitination. Real 
time PCR data from 6 assays Taqman and 6 SYBR primer 
pairs have confi rmed the microarray results. The results indi-
cate important processes occurring at the pre-symptomatic 
period of the disease and further analyses are required to elu-
cidate the main mechanisms that trigger the onset of ALS 
disease. Support: FAPESP, CNPq.  

DOI: 10.3109/17482968.2012.721231/135

  P40 BIOCHEMICAL AND GENETIC 
CHARACTERIZATION OF FUS  

   JIA   J  1   ,    GONG   W  2   ,    FENG   W  2   ,    STAMM   S  1   ,    ST CLAIR   D  1   , 
   CAMBI   F  1   ,    KASARSKIS   E  1   ,    ZHU   H  1   

   1 University of Kentucky, Lexington, KY, USA,  2  Institute of 
Biophysics, Chinese Academy of Sciences, Beijing, China   

   Email address for correspondence: haining@uky.edu   

   Keywords:   FUS  ,   Drosophila  ,   structure-function relationship   

   Background:  The RNA-binding protein fused in sarcoma/
translated in liposarcoma (FUS/TLS) has been implicated in 
familial amyotrophic lateral sclerosis (fALS). The structure 
and physiological function of FUS have yet to be better 
defi ned. The mechanisms by which the fALS mutations in 
FUS cause cellular dysfunction is also unclear.  

   Objectives and methods:  We use X-ray crystallography 
and NMR approaches to determine the structure of FUS 

so that the physiological function of FUS can be better 
understood. The etiology of FUS mutation mediated fALS is 
to be elucidated using a combination of proteomic, biochem-
ical and genetic approaches.  

   Results, discussion and conclusion:  We have determined 
the structure of the RNA-binding domain (RRM) of FUS 
using NMR and its nucleic acid binding site. We also deter-
mined the crystal structure of the nuclear localization sequence 
(NLS) of FUS in complex with the nuclear importer. 
The in-depth structural understanding provides critical 
insights into the physiology function of FUS. In addition, 
the biochemical characterization of FUS has guided us to 
generate novel tools for genetic studies using Drosophila mod-
els to understand what the critical contribution factors to 
ALS disease are. The fi ndings from the studies provide a 
comprehensive understanding of FUS function under 
physiological and pathological conditions.  

DOI: 10.3109/17482968.2012.721231/136

  P41 MODELS OF FUS/TLS-MEDIATED ALS  

  HAYWARD L  ,   ZHOU H  ,   GAO G  ,   BROWN RG  

   University of Massachusetts Medical School, Worcester, MA, USA   

   Email address for correspondence: Lawrence.Hayward@
umassmed.edu   

   Keywords:   FUS/TLS  ,   transgenic mice  ,   RNA-binding proteins   

   Background:  More than 30 dominant mutations in the 
nucleic acid binding protein FUS/TLS (fused in sarcoma/
translocated in liposarcoma) cause  ∼ 5% of familial ALS cases 
and are associated with neuronal and glial cytoplasmic inclu-
sions containing FUS/TLS. Multiple roles of FUS/TLS have 
been proposed in both the nucleus and the cytoplasm, but its 
functional relevance to motor neuron health has not been 
specifi cally defi ned.  

   Objectives:  To test whether mutant FUS/TLS expression in 
transgenic mice causes a motor phenotype or alters cellular 
pathways involved in stress responses important for motor 
neuron homeostasis.  

   Methods:  We have established transgenic mice that express 
human wild type (WT) FUS/TLS or mutant FUS/
TLS (H517Q, R521G, or R495X) in CNS neurons and astro-
cytes driven constitutively by the mouse prion protein (PrP) 
promoter.  

   Results:  We detected    �    5-fold overexpression of the R495X 
mutant FUS/TLS (expressed in cytoplasm    �    nucleus) in fi ve 
independent transgenic lines that we bred successfully (aver-
age transgene copy number    �    8.3). In contrast, for lines 
expressing human WT, H517Q, or R521G FUS/TLS 
(expressed in nucleus    �     �    cytoplasm) that could breed, we 
obtained much more modest expression levels and only low 
copy numbers of the transgenes. However, copy numbers of 
founders expressing nuclear    �     �    cytoplasmic FUS/TLS that 
subsequently failed to breed were 3-4 fold higher, on average, 
than those of founders that could breed (9.8  vs.  2.4 for WT 
and 7.7  vs.  2.6 for H517Q). ALS-related FUS/TLS mutations 
near the C-terminus caused a variable extent of cytoplasmic 
FUS/TLS accumulation in spinal cord anterior horn cells and 
other neurons. A relatively high burden of cytoplasmic R495X 
FUS/TLS was tolerated in neurons for    �    1 year without caus-
ing toxicity. Cytoplasmic FUS/TLS variants accumulated 
focally in the perikaryon in a pattern resembling Nissl 
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bodies without the formation of well-defi ned inclusion bodies. 
Transgenic PrP-FUS mutant  mice exhibited normal nuclear 
TDP-43 staining. In a subset of mice, FUS/TLS mutant 
expression was associated with age-related motor defi cits 
(decreased mobility, generalized tremor, or circling behaviors), 
but these abnormalities were not consistently observed.  

   Discussion:  These results are consistent with an inhibitory 
effect of nuclear FUS/TLS overexpression on breeding success 
and a relative tolerance of the cytoplasmically expressed R495X 
truncation variant in neurons  in vivo . Our results suggest that 
cytoplasmic accumulation of FUS/TLS variants does not pri-
marily drive toxicity to motor neurons but that dysregulation 
of nuclear FUS/TLS expression has adverse consequences. 
Ongoing experiments will assess the sensitivity of these mice 
to increased mutant gene dosage, decreased expression of 
endogenous mouse FUS/TLS, and external stresses (e.g., oxi-
dative stress, infl ammation, disruption of proteostasis, or injury) 
to determine whether FUS/TLS mutants impair neuronal 
homeostatic mechanisms that could be relevant to ALS.  

  Supported by the NIH-NINDS (RC1-NS068391) and the 
ALS Therapy Alliance.  

DOI: 10.3109/17482968.2012.721231/137

  P42 PHENOTYPIC CHARACTERIZATION OF B6.
CG-TG(PRNP-TARDBP * A315T)95BALO/J MICE  

  HATZIPETROS T  ,   VIEIRA F  ,   KIDD J  ,   MORENO A  , 
  THOMPSON K  ,   WANG M  ,   GILL A  ,   PERRIN S  

   ALS Therapy Development Institute, Cambridge, MA, USA   

   Email address for correspondence: fvieira@als.net   

   Keywords:   TDP-43  ,   phenotyping  ,   mouse model   

   Background:  Tar DNA binding protein 43 (TDP43) muta-
tions have been implicated as a cause of some rare cases of 
familial amyotrophic lateral sclerosis (ALS) frontotemporal 
dementia (FTD). TDP43 pathology, largely manifested as 
mis-localization of the protein to the cytoplasm, has been 
observed in many cases of sporadic ALS and FTD. Rodent 
transgenic models are developed as tools to accelerate the 
understanding of the biology of human disease and to test 
therapeutics. Numerous transgenic mouse models designed to 
over-express human mutant and wild-type TDP43 have been 
developed. The fi rst that was reported and made available to 
the research community was the B6.Cg-Tg(Prnp-
TARDBP ∗ A315T)95Balo line (Prp-TDP43A315T mice). 
Initial reports from this line indicated that Prp-TDP43A315T 
mice develop motor neuron disease.  

   Objectives:  The objective of this work was to broadly observe 
a line of congenic transgenic mice derived from B6.Cg-
Tg(Prnp-TARDBP ∗ A315T)95Balo line.  

   Methods:  The Prp-TDP43A315T mouse line was bred and 
maintained using both male and female mice as heterozygous 
transgene carriers mated with non-transgenic mice. Mice 
were observed daily applying a modifi ed SHIRPA protocol 
with a focus on motor function. Immunohistochemistry 
(IHC) was applied to CNS analysis of human TDP43, 
glial fi brillary acid protein (GFAP), and F4/80, a marker of 
mouse macrophages. Immunofl uorescent (IF) labeling of 
Cd68 positive cells and neuromuscular junctions (NMJs) 
of the peripheral nervous system and muscle in the Prp-
TDP43A315T mice was studied. Finally, food/water con-
sumption and gastric motility of Prp-TDP43A315T mice 
were monitored.  

   Results:  Male Prp-TDP43A315T mice successfully mate 
with non-transgenic females only 50% as frequently as normal 
non-transgenic pairings. Lifespan of Prp-TDP43A315T 
mice covaries with gender and litter. Male Prp-TDP43A315T 
mice had a median life span of 101 days while females sur-
vived to 137 days. IHC of human TDP43 in spinal cord 
revealed intense nuclear staining and lighter cytoplasmic 
staining in neurons of the ventral and dorsal horns. IHC of 
GFAP and F4/80 in the spinal cord demonstrated astrocyto-
sis and microgliosis. IF analysis of Cd68 positive signal in 
sciatic nerve indicated presence of activated macrophages in 
peripheral nerve tissue. IF analysis of neuromuscular junc-
tions in the gastrocnemius of Prp-TDP43A315T mice 
revealed abnormal NMJ morphology. Application of modifi ed 
SHIRPA to characterize motor function of the Prp-
TDP43A315T mice revealed abnormal refl exes and gait 
changes. Gross anatomical study at end stage revealed gas-
trointestinal pathology that may be the cause of death for a 
signifi cant number of Prp-TDP43A315T mice.  

   Discussion:  This effort has helped to expand the under-
standing of the phenotype of the Prp-TDP43A315T 
mice generated and reported on by Wegorzewska  et   al.  
Understanding the timing associated with both behavioral 
and pathological changes in both genders of the Prp-
TDP43A315T mice may provide insight into how and 
whether this transgenic model should be used for the study 
of neurodegeneration.  

DOI: 10.3109/17482968.2012.721231/138

  P43 HO-1 INDUCTION IN MOTOR CORTEX AND 
INTESTINAL DYSFUNCTION IN TDP-43 A315T 
TRANSGENIC MICE  

  GUO Y  ,   WANG Q  ,   ZHANG K  ,   DUAN W  ,   XU L  ,   DONG H  , 
  LI C  

   Key Laboratory of Neurology, Department of Neurology, the Second 
Hospital of Hebei Medical University, Shijiazhuang, China   

   Email address for correspondence: chunyanli5@yahoo.com.cn   

   Keywords:   TDP-43 A315T transgenic mice  ,   autophagy  ,   antioxi-
dant enzyme   

   Background:  TDP-43 was identifi ed as a pathological pro-
tein of ubiquitin-positive inclusions in frontotemporal lobar 
degeneration (FTLD) and ALS. Aggregates of ubiquitinated 
proteins were observed in layer 5 pyramidal neurons in fron-
tal cortex of TDP-43 A315T transgenic mice. However, no 
cytoplasmic TDP-43 aggregates were found in TDP-43 
A315T mice.  

   Objectives:  To investigate whether autophagic alteration, 
glial activation or induction of antioxidant enzymes exists in 
the motor cortex of TDP43-A315T mice and to explore the 
lethal cause of the transgenic mice.  

   Methods:  Transgenic human TDP-43 A315T mice were 
originally derived from the B6.Cg-Tg (Prnp-TARDBP ∗ 
 A315T) 95Balo/J line from The Jackson Laboratory. TDP-43 
A315T male mice (n    �    12) and non-transgenic littermates 
(n    �    12) were used for clinical observation, Western blotting, 
immunohistochemical, and pathologic studies.  

   Results:  TDP-43 A315T protein was relatively rich in the 
brain than in the spinal cord. Motor cortex was one of the 
regions that highly expressed TDP-43 transgene. In this 
study, we found stress-responsive HO-1 induction and no 
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autophagic alteration in motor cortex of TDP-43 A315T 
transgenic mice. Glial activation, especially astrocytic prolif-
eration, occurred in cortical layer 5 and sub-meningeal region. 
Interestingly, we noticed that progressively thinned colon, 
swollen small intestine and reduced food intake, rather 
than severe muscle weakness, contributed to the death of 
TDP-43 A315T transgenic mice. Increased TDP-43 accumu-
lation in the myenteric nerve plexus and increased thickness 
of muscular layer of colon were related to the intestinal 
dysfunction.  

   Discussion:  The results presented in this study strongly sug-
gest that oxidative stress and reactive astrocytosis were involved 
in the injury of cortical motor neurons in TDP-43 A315T 
transgenic mice. It was reported that reduction in myenteric 
neuron number in colon can cause impaired motility and 
decreased diameter. Therefore, TDP-43 accumulation in the 
myenteric nerve plexus and neurodegeneration of myenteric 
neurons in colon may result in symptoms similar to hypogan-
glionosis. As far as we know, this is the fi rst report that TDP-43 
A315T could cause lethal intestinal dysfunction, whose 
pathogenesis needs to be addressed in the future.  

   Conclusions:  TDP-43 A315T mutant caused stress-respon-
sive HO-1 induction in motor cortex and that TDP-43 accu-
mulation caused-intestinal dysfunction may be the main cause 
of death in TDP-43 A315T transgenic mice.  

DOI: 10.3109/17482968.2012.721231/139

  P44 A ZEBRAFISH MODEL OF TDP-43 RELATED 
AMYOTROPHIC LATERAL SCLEROSIS (ALS) 
REVEALS A NOVEL FEEDBACK LOOP 
MEDIATED BY ALTERNATIVE SPLICING 
OF TARDBPL BY TARDBP  

   HEWAMADDUMA   C  1,2   ,    GRIERSON   A  1,2   ,    PAN   L  3   ,    
MA   T  3   ,    MOENS   C  3   ,    INGHAM   P  2   ,    RAMESH   T  1,2   ,    
SHAW   P  1,2   

   1 Sheffi eld Institute for Translational Neurosciences (SITRAN)
University of Sheffi eld, Sheffi eld, UK,  2 MRC Centre for Develop-
mental and Biomedical Genetics, Sheffi eld, UK,  3  Fred Hutchinson 
Cancer research Centre, Seattle, USA   

   Email address for correspondence: Channa999@hotmail.com   

   Keywords:   TDP-43  ,   zebrafi sh  ,   autoregulation   

   Objective:  To study the role of TDP-43 in a zebrafi sh model 
of amyotrophic lateral sclerosis.  

   Background:  A major RNA processing function of TDP-43 
is regulation of splicing. In mouse and drosophila models, 
TDP-43 has been shown to be important during early embry-
ogenesis. TDP-43 has been observed to mis-localize from 
nucleus to cytoplasm of the surviving motor neurons in 
postmortem brain and spinal cord tissues. Thus raising the 
possibility that the loss of nuclear function of TDP-43 might 
be responsible in disease pathogenesis. Zebrafi sh is a robust 
vertebrate model, which we have used as a platform to study 
loss of function effects of TDP-43.  

   Methods:  We identifi ed tardbp and tardbpl as zebrafi sh 
orthologues of TARDBP. We have used Antisense Morpholino 
Oligonucleotides to transiently knock down tardbp and 
tardbpl. We generated a stable tardbp mutant by TILLING, 
Y220X, which results in a nonsense mediated decay of tardbp. 
We studied motor neurons, axonal out growth, swimming 
behavior, survival and neuromuscular junction architecture, 

immuno blotting, immunohistochemistry and qRT-PCR to 
characterize and confi rm our fi ndings.  

   Results:  In a transient knockout of tardbp resulted in a 
phenotype similar to ALS. The stable homozygous tardbp 
Y220X mutant zebrafi sh shows signifi cant reduction in 
weight and length at 6 months of age (p    �    0.0001). On further 
examination of the Y220X mutant reveals a novel regulatory 
loop involving tardbpl, which rescues loss of tardbp pheno-
type. Inhibition of this novel regulatory loop results in a severe 
motor phenotype with shortened motor axons, a curly tail, 
locomotion defects, cardiovascular failure and death at around 
10 days post fertilization.  

   Conclusion:  In absence of tardbp, a novel splicing event is 
activated, resulting in generation of a novel full length tran-
script ( tardbpl-FL ) that compensates for the loss of tardbp. 
This fi nding provides a novel  in vivo  model of TDP-43 auto-
regulation. We also show that simultaneous elimination of 
both zebrafi sh  TARDBP  orthologues results in a severe motor 
phenotype with shortened motor axons, a curly tail dys-
morphic appearance, locomotion defects and death at around 
10 days post fertilization. This double knockout  tardbp  
null zebrafi sh model provides a basis for analyzing pathologi-
cal  TARDBP  mutations and could also be exploited in screens 
for neuroprotective agents.  

DOI: 10.3109/17482968.2012.721231/140

  P45 LOSS OF TDP-43 RESULTS IN 
AGE-DEPENDENT PROGRESSIVE MOTOR 
IMPAIRMENT AND NEUROPATHOLOGICAL 
ALTERATIONS, MIMICKING MOTOR NEURON 
DISEASE  

   IGUCHI   Y  1   ,    KATSUNO   M  1   ,    YAMANAKA   K  2   ,     
TAKAHASHI   R  3   ,    MISAWA   H  4   ,    SASAKI   S  5   ,    TANAKA   F  1   , 
   SOBUE   G  1   

   1 Nagoya University Graduate School of Medicine, Nagoya/ Aichi, 
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   Keywords:   TDP-43  ,   motor dysfunction  ,   autophagy   

   Background:  TDP-43, nuclear protein regulating RNA 
processing, redistributes to the cytoplasm and forms aggre-
gates which is the histopathological hallmark of sporadic ALS 
in affected motor neurons, suggesting loss of TDP-43 function 
causes neurodegeneration. TDP-43 knockout mice result in 
embryonic lethal phenotypes, and systemic postnatal deletion 
of this molecule led to rapid death. Although TDP-43-
depleted models of drosophila and zebrafi sh exhibit neurode-
velopmental defi cits in motor axons, there is no report on 
the selective TDP-43 depletion in post-mitotic mammalian 
neurons. Therefore, we generated motor neuron-specifi c 
TDP-43 knockout (TDP CKO) mice and investigated the 
loss of TDP-43 function in post-mitotic motor neurons.  

   Methods:  We generated TDP-43 fl oxed mice and crossed with 
VAChT-Cre mice, in which Cre expression is mostly restricted 
in post-mitotic motor neurons. Neurological and behavial assess-
ments and pathological analyses were performed.  

   Results:  TDP CKO mice developed progressive weight 
loss and motor impairment about the age of 60 weeks, whereas 
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the survival rate of TDP CKO mice was not altered, compared 
with that of the control mice. Pathological analyses showed 
progressive atrophy in TDP-43-lacking spinal motor neurons, 
loss of large motor axons, grouped atrophy of the skeletal 
muscles, and denervation in the neuromuscular junctions 
of TDP CKO mice. Morphological analysis of the trigeminal 
motor, facial and hypoglossal nuclei in 100-week-old TDP 
CKO mice revealed that TDP-43-lacking motor neurons 
were signifi cantly smaller than those with TDP-43 or those of 
the control mice, although the number of motor neurons 
in TDP CKO mice was not altered. Retrograde Fluoro-
gold labeling was attenuated in TDP-43-lacking motor 
neurons of TDP CKO mice. In addition, ultra structural 
analyses revealed accumulations of autolysosomes and 
autophagosomes in motor neuronal cell bodies and axons of 
TDP CKO mice.  

   Discussion:  In the present study, we clarifi ed that TDP 
CKO mice, in which TDP-43 was specifi cally knocked-out in 
post-mitotic motor neurons, developed a progressive motor 
neuronal degeneration as seen in ALS, suggesting that TDP-
43 is essential for the long term maintenance of post-
mitotic motor neurons in mice. Given that ALS is an 
age-related neurodegenerative disease, our TDP CKO mice 
appear to be a model that recapitulates the age-dependent 
phenotypes of ALS.  

DOI: 10.3109/17482968.2012.721231/141

  P46 MUTANT UBQLN2 TRANSGENIC MICE 
RECAPITULATE HUMAN BRAIN 
UBIQUILINOPATHY AND COGNITIVE DEFICITS  

  GORRIE G  ,   DENG H-X  ,   FECTO F  ,   RADZICKI D  ,   
WEISS C  ,   SHI Y  ,   ZHAI H  ,   FU R  ,   LIU E  ,   AJROUD K  , 
  MARTINA M  ,   MUGNAINI E  ,   SIDDIQUE T  

   Northwestern University, Chicago, IL, USA   

   Email address for correspondence: h-deng@northwestern.edu   

   Keywords:   UBQLN2  ,   transgenic  ,   model   

   Background:  Protein aggregates with immunoreactivity to 
ubiquitin are a common pathological hallmark of major 
neurodegenerative disorders, including Alzheimer ' s disease, 
Parkinson ' s disease, amyotrophic lateral sclerosis (ALS) and 
frontotemporal dementia (FTD). However, the molecular 
mechanism of protein aggregation and its relationship 
with related neurodegeneration remain largely unknown. 
Mutations in  UBQLN2 , which encodes the ubiquitin-like 
protein ubiquilin2, have recently been shown to cause a sub-
set of ALS and ALS with dementia. The distribution of ubiq-
uilinopathy in the central nervous system of ALS and ALS/
dementia cases is well correlated with motor and cognitive 
symptoms. Preliminary functional studies using  in vitro  
models suggested that mutant ubiquilin2 impairs ubiquitin-
mediated protein degradation. However, this mechanism 
remains yet to be tested  in vivo , especially in mammalian 
models. Moreover, the pathophysiological basis of ubiquilin-
opathy-linked dementia remains to be elucidated.  

   Objectives:  This study aims to develop and characterize 
transgenic mice overexpressing mutant UBQLN2, which is 
linked to ALS and dementia in human patients.  

   Methods:  Transgenic mice were developed using human 
genomic DNA with encodes the mutant ubiquilin2 protein, 
P497H. Transgenic mice were characterized using behavioral, 
biochemical, pathological and neurophysiological methods.  

   Results:  The mutant  UBQLN2  transgenic mice developed 
behavioral abnormalities and ubiquilinopathy in the central 
nervous system, especially the hippocampus, thus recapitu-
lating some key clinical and pathological features of 
dementia observed in the human patients. We observed co-
localization of ubiquilin2 and proteasome subunits in the 
inclusions, which were predominantly distributed in the 
dendritic spines. The mutant  UBQLN2  impaired ubiquiti-
nated protein degradation and led to a conversion of long-
term potentiation (LTP) to Long-term depression (LTD) in 
the transgenic mice.  

   Discussion:  Our data provide robust  in vivo  evidence that 
links impaired protein degradation to protein aggregation, 
dendritic spinal pathology, neurophysiological defect and 
neurodegeneration, implying a molecular pathway for devel-
opment of therapeutic approaches for neurodegenerative dis-
orders. Moreover, the mutant UBQLN2 transgenic mice may 
provide a novel animal model not only for further studying 
memory defi cit and other defects in neurodegenerative disor-
ders, but also for testing rational therapeutic interventions.  

DOI: 10.3109/17482968.2012.721231/142

  P47 IMPAIRED UBIQUITIN – PROTEASOME 
SYSTEM ACTIVITY IN TRANSGENIC MICE 
EXPRESSING ALS/DEMENTIA-LINKED MUTANT 
UBQLN2  

  FECTO F  ,   GORRIE G  ,   ZHAI H  ,   LIU E  ,   DENG H-X  , 
  SIDDIQUE T  

   Northwestern University Feinberg School of Medicine, Chicago, IL, 
USA   

   Email address for correspondence: faisalfecto2010@u.north
western.edu   

   Keywords:   FTD  ,   dementia  ,   UBQLN2  ,   proteasome  ,   protein 
aggregation   

   Background:  The ubiquitin-proteasome system (UPS) may 
be responsible for the accumulation of potentially harmful 
ubiquitinated proteins in neurodegenerative disorders. In 
ALS, UPS dysfunction may be central to motor neuron 
death. Recently, we showed that mutations in UBQLN2, 
which encodes the ubiquitin-like protein ubiquilin   2, cause 
dominant X-linked juvenile and adult-onset ALS and ALS/
dementia. Ubiquilin   2 is a member of the ubiquilin family, 
which regulates the degradation of ubiquitinated proteins. 
Functional analysis showed that mutations in UBQLN2 
lead to an impairment of protein degradation. Therefore, our 
fi ndings linked abnormalities in ubiquilin   2 to defects in the 
protein degradation pathway, abnormal protein aggregation 
and neurodegeneration, indicating a common pathogenic 
mechanism.  

   Objectives:  To further explore the pathogenic mechanism 
of UBQLN2-mediated ALS and ALS/dementia and the effect 
of mutant UBQLN2 on the UPS.  

   Methods:  We fi rst developed transgenic mice expressing 
an ALS/dementia-linked UBQLN2 mutation (P497H) using 
the human genomic DNA transgene. To functionally investi-
gate the UPS in ALS motor neurons  in vivo , we crossed 
the UBQLN2 P497H  transgenic mice with transgenic mice 
expressing a fl uorescently tagged UPS reporter substrate 
(Ub G76V -GFP). In Ub G76V -GFP/ UBQLN2 P497H  double-
transgenic mice, we stained brain sections and performed 
immunohistochemisrty using antibodies generated against 
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ubiquilin2 and ubiquitin. Western blotting was also performed 
to confi rm our results.  

   Results:  Prominent ubiquilin2-positive inclusions were 
observed in the hippocampus of Ub G76V -GFP/ UBQLN2 P497H  
double-transgenic mice. Confocal microscopy shows co-
localization of ubiquilin 2 with ubiquitin and Ub G76V -GFP in 
these hippocampal inclusions, consistent with UPS impair-
ment and accumulation of Ub G76V -GFP due to defi cient 
reporter degradation. Accumulation of ubiquitinated proteins 
and Ub G76V -GFP in these mice was also confi rmed using 
Western blotting.  

   Discussion and conclusion:  Our data suggest that UPS 
impairment occurs in hippocampal neurons in UBQLN2 P497H  
transgenic mice and may be central to neurodegeneration 
observed in UBQLN2-linked ALS and ALS/dementia.  

DOI: 10.3109/17482968.2012.721231/143

  P48 ABSENCE OF UCHL1 LEADS TO MOTOR 
NEURON CIRCUITRY DEFECTS, SPINAL MOTOR 
NEURON VULNERABILITY AND PROGRESSIVE 
CORTICOSPINAL MOTOR NEURON 
DEGENERATION  

   JARA   J  1   ,    GENC   B  1   ,    ULUPINAR   E  2   ,    MANUEL   M  3   ,    COX   G  4   , 
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   Background:  UCHL1 (ubiquitin C-terminal hydrolase-L1) 
is critically important for ubiquitin-proteosome system 
(UPS), whose importance for ALS is strongly implicated 
with the recent identifi cation of  VCP ,  p62 , and  Ubiquilin2  
mutations in ALS patients. However, the impact of improper 
UPS on motor neuron health and motor neuron circuitry 
are not known. As a member of the deubiquitinating enzymes 
(DUB), UCHL1 has both hydrolase and ligase activities 
and maintain free ubiquitin levels and is found in ubiquiti-
nated protein-containing inclusions including Parkinson ' s 
disease (PD), Alzheimer ' s disease (AD), frontotemporal 
dementia (FTD), and ALS. This suggests that UCHL1 is 
intimately involved in the control of ubiquitin homeostasis 
in neurodegenerative diseases, where protein aggregates are 
a hallmark.  

   Objectives:  This study aims to understand the possible 
function of UCHL1 in motor neuron circuitry health.  

   Methods:  Using the transgenic UCHL1 nm3419  mice, which 
lack all UCHL1 function, we have analyzed motor neuron 
function at multiple levels: 1) behavioral tests to evaluate over-
all motor function (rotarod, Digigait, and grip test); 2)  in vivo  
analysis of motor function; 3) immunocytochemical analysis 
of muscle, spinal cord and cerebral cortex in combination 

with retrograde labeling of CSMN approaches by Fluoro-
Gold and retrograde transduction via AAV2-2. In addition, 
we investigated UCHL1 expression in the motor cortex of 
both familial and sporadic ALS patients ’  post-mortem brain 
samples.  

   Results:  Our results demonstrate defects in motor function, 
muscle, and neuromuscular junctions together with spinal 
motor neuron vulnerability and progressive corticospinal 
motor neuron (CSMN) degeneration. CSMN degeneration 
was fi rst evident with vacuolization of apical dendrites, 
spine loss and activation of ER-stress. Comparative analysis 
of human sporadic and familial ALS motor cortex revealed 
that UCHL1 immunoreactivity is increased only in the Betz 
cells of patients.  

   Discussion:  Our fi ndings based on detailed behavioral, cel-
lular and molecular analyses using retrograde labeling, molec-
ular marker expression, AAV-mediated gene delivery and novel  
in vivo  electrophysiological recordings have revealed the impor-
tance of UCHL1 for motor neuron health both in ALS patients 
and in transgenic mice which lack all UCHL1 function. 
Increase in UCHL1 immunoreactivity, especially in the Betz 
cells of fALS and sALS patients, further implicates a broad 
involvement of UCHL1 and UPS for motor neuron health. In 
the absence of UCHL1, motor neuron circuitry progressively 
degenerates in the UCHL1-/- mice, with prominent and pro-
gressive CSMN degeneration, potentially due to ER stress.  

   Conclusions:  We report that UCHL1 is essential for motor 
circuitry and is especially important for CSMN health. 
We now characterize a novel mouse model for motor neuron 
diseases with CSMN involvement.  

DOI: 10.3109/17482968.2012.721231/144

  P49 THE IMPACT OF H63D HFE GENE VARIANT 
ON DISEASE PROGRESSION IN AMYOTROPHIC 
LATERAL SCLEROSIS  

  NANDAR W  ,   NEELY E  ,   SIMMONS Z  ,   CONNOR J  

   The Pennsylvania State University, Hershey, PA, USA   

   Email address for correspondence: wnandar@hmc.psu.edu   

   Keywords:   H63D HFE  ,   SOD1 G93A/HFE   � /H67D mice  ,   SOD1 
G93A mice   

   Background:  The most common HFE gene variant, H63D 
HFE, is associated with 2.5-fold increased risk of developing 
amyotrophic lateral sclerosis (ALS). The H63D HFE is asso-
ciated with iron accumulation, oxidative stress, abnormal 
glutamatergic secretion and prolonged endoplasmic reticulum 
stress, each of which is proposed as a contributing factor to 
ALS pathogenesis.  

   Objectives:  To determine whether the presence of H63D 
HFE impacts disease onset and/or progression using a double 
transgenic mouse line that carries H63D HFE and SOD G93A  
mutation.  

   Methods:  We crossed an ALS mouse model (SOD G93A ) with 
H67D mice (homologous to H63D in human). The resulting 
double transgenic mice (SOD G93A /HFE   �    /H67D ) are heterozygous 
for the H67D HFE and also carry the SOD G93A  mutation. 
Disease onset was determined by monitoring the motor perform-
ance on a rotarod. End-stage was defi ned as the inability of the 
animal to right itself within 30 s after being placed on its side. 
Disease duration was the mean time from onset to end-stage. 
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Motor neuron survival and microgliosis were determined by 
cresyl violet and Iba-1 immunohistochemcial staining with lum-
bar cord sections from presymptomatic (90-day), symptomatic 
(110-day) and end-stage mice. In all experiments, SOD1 G93A /
HFE   �   / H67D  mice were compared with SOD1 G93A / HFE   �   /    � and 
SOD1 wt/wt / HFE   �   / H67D  littermates.  

   Results:  The survival of female SOD G93A /HFE   �   / H67D  mice 
was signifi cantly reduced when compared with female 
SOD G93A  mice. Female SOD G93A /HFE   �   / H67D  mice also 
exhibited signifi cantly shorter disease duration than SOD G93A  
mice. The survival and disease duration of male SOD G93A /
HFE    �     /H67D  was not different from male SOD G93A  mice. 
Age of onset in both males and females was not signifi cantly 
different between SOD G93A /HFE   �   / H67D  and SOD G93A  
mice. Compared to SOD1 wt/wt /HFE   �   / H67D  mice, a signifi cant 
loss of motor neurons and increased microgliosis were 
observed in SOD1 G93A /HFE   �   / H67D  and SOD1 G93A /HFE   �   /� 
by 90-day and worsened with age. Motor neuron loss and 
microgliosis in SOD1 G93A /HFE   �   / H67D  mice did not differ sig-
nifi cantly from SOD1 G93A /HFE   �   /  �   mice at any observation age.  

   Discussion and conclusions:  The H67D HFE (homolo-
gous to human H63D) reduced survival and disease duration 
in the  female  ALS mouse model; however, there is no effect 
on motor neuron survival or microglial activation. Additional 
evaluation of histopathology and biochemical pathways to 
determine the mechanisms by which H63D HFE contributes 
to accelerated disease in ALS is still in progress. Together 
with epidemiological data, the animal model data support that 
the H63D HFE is a contributing factor to ALS pathogenesis 
and its effect may be gender-dependent. Because as many as 
30% of ALS patients carry the H63D variant, the animal 
model presented here is a signifi cant tool for determining 
pathobiology of ALS and as a preclinical model for evaluating 
targeted treatment strategies which may be suitable for a 
subset of ALS patients with H63D HFE.  

DOI: 10.3109/17482968.2012.721231/145

  P50 SELECTIVE INHIBITION OF HDAC6 
RESTORES A DISTAL HEREDITARY MOTOR 
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   Background : Distal hereditary motor neuropathy (distal 
HMN) shows both clinical and genetic overlap with distal spi-
nal muscular atrophy (distal SMA) and amyotrophic lateral 
sclerosis (ALS). The clinical signs include progressive and 
length-dependent muscle weakness and atrophy, reduced or 
absent deep tendon refl exes, foot and hand deformities. In 
more severe cases, affected humans become wheelchair-bound. 

Three out of 7 distal HMN-linked genes encode 
small heat-shock proteins (HSPB1, HSPB3 and HSPB8). 
The exact nature of the pathogenic mechanism underlying 
mutant HSPB1-induced distal HMN is unknown.  

   Objectives : We investigated the role of mutant HSPB1 in 
distal HMN. These insights could offer perspectives for the 
development of new therapeutic strategies.  

   Methods : We generated transgenic mice that selectively 
express human wild type or P182L-HSPB1 in postnatal 
neurons using the Thy1.2 expression cassette. We character-
ized these transgenic mice by means of behavioral tests, 
nerve conduction velocity studies and histological examina-
tion. We used these transgenic mice to identify a potential 
therapeutic target for distal HMN.  

   Results : P182L-HSPB1 mice display limb-clasping behav-
iour from 6 months on. Mutant HSPB1 mice show reduced 
rotarod performance aggravating in function of age. Muscle 
force is severely affected in hind limbs while forepaw muscle 
force decreased only later in disease. P182L-HSPB1 mice also 
demonstrate steppage gait. Sensory axons of P182L-HSPB1 
are unaffected. Nerve conduction studies confi rm the pres-
ence of motor axonopathy in P182L-HSPB1. Histochemical 
analysis of muscle, neuromuscular junctions and peripheral 
nerves show signs of peripheral neuropathy. Acetylated tubu-
lin abundance is decreased in peripheral nerves of sympto-
matic P182L-HSPB1 mice. Three weeks of daily treatment 
with a selective histone deacetylase 6 (HDAC6) inhibitor, 
tubastatin A, restores the levels of acetylated tubulin in periph-
eral nerves of symptomatic P182L-HSPB1 mice. This treat-
ment strategy results in a rescue of rotarod performance and 
an increase in number of functional axons.  

   Discussion : The selective expression of P182L-HSPB1 in 
neurons gives rise to a distal HMN phenotype in mice. Thus, 
mutant HSPB1 cell-autonomously leads to peripheral neu-
ropathy. Mutant HSPB1 induces a reduction of acetylated 
tubulin abundance in peripheral nerve of symptomatic 
mice. Selective HDAC6 inhibition restores acetylated tubulin 
levels and rescues the distal HMN phenotype both behavi-
ourally and functionally.  

   Conclusions : This work describes a new mouse model for 
distal HMN. This mouse model accurately recapitulates all 
key symptoms of the human condition. Moreover, selective 
inhibition of HDAC6 restores acetylated tubulin abundance 
in peripheral nerve and rescues the distal HMN phenotype 
both behaviourally and functionally. HDAC6 could be an 
attractive therapeutic target for other motor neuron disorders 
within the spectrum of neurodegenerative disorders.  

DOI: 10.3109/17482968.2012.721231/146

  P51 CANINE DEGENERATIVE MYELOPATHY, 
AN ALS MODEL, IS WIDESPREAD IN THE PET 
POPULATION  

  JOHNSON GS  ,   ZENG R  ,   HANSEN L  ,   JOHNSON GC  , 
  KATZ ML  ,   WININGER FA  ,   COATES JR  

   University of Missouri, Columbia, MO, USA   

   Email address for correspondence: johnsongs@missouri.edu   

   Keywords:   degenerative myelopathy  ,   SOD1  ,   dog   

   Background:  Canine degenerative myelopathy (DM) is a 
spontaneously occurring adult-onset neurodegenerative disease. 
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The initial signs typically include asymmetric general prop-
rioceptive ataxia and spastic paresis in the pelvic limbs together 
with spinal refl exes that suggest upper motor neuron loss. The 
disease progression is relentless and dogs maintained beyond 
a year after disease onset become nonambulatory paraparetic 
or paraplegic. If euthanasia is further delayed, the dogs develop 
paralysis in the pelvic limbs associated with lower motor neu-
ron dysfunction. Because a variety of common acquired com-
pressive spinal cord diseases can mimic the early stages of DM 
by compromising the upper motor neuron pathways, a defi n-
itive diagnosis of DM can only be accomplished  postmortem  
by the histopathologic observation of axonal and myelin 
degeneration and astrogliosis in spinal cord funiculi. In 2008 
we reported an association between DM and homozygosity 
for a c.118G    �    A missense mutation in the canine ortholog of 
 SOD1  in fi ve dog breeds, chosen for sample availability. Since 
then we have genotyped over 25,000 dogs at  SOD1: c.118G    .    A  
and over 1,500 dogs at  SOD1: c.52G    .    T , a second DM-asso-
ciated  SOD1  missense mutation. In addition, we have exam-
ined 231 canine spinal cords for the presence of histopathologic 
lesions consistent with DM.  

   Objectives:  The objectives were to determine the distribution 
of the  SOD1: c.118A  and  SOD1: c.52T  alleles in the canine 
pet population and to determine how the presence of these 
alleles correlates with the development of clinical DM.  

   Methods:  Routine molecular-genetic and histopathologic 
techniques were used in this study.  

   Results:  A total of 26,898 individual dogs representing 
217 different breeds were genotyped at  SOD1: c.118G    .    A . 
Approximately half of these dogs (n    �    13,453) were 
homozygous for the wild-type G allele; whereas, 7,071 dogs 
(26.3%) were A/G heterozygotes and 6,374 (23.7%) were 
homozygous for the DM-associated A allele. The allele fre-
quency of A allele for all genotyped dogs was 36.8%. The A 
allele was detected in at least one representative from 115 
breeds which was 53% of the examined breeds. A total 
of 1,577 dogs were also genotyped at the  SOD1: c.52A    .    T  
mutation. Only the wild-type A allele was detected in 693 
dogs representing 59 breeds; however, among the 884 
genotyped Bernese Mountain Dogs, 53 were A/T heterozy-
gotes and two homozygous for the  SOD1: c.52T  allele. 
Thus, the  SOD1: c.52T  allele frequency among the 884 geno-
typed Bernese Mountain Dogs was 3.2%. There were correla-
tions between clinical DM, homozygosity at  SOD1: c.118A , 
homozygosity at  SOD1: c.52T , and compound heterozygosity 
at  SOD1: c.118A/G  and  SOD1: c.52A/T .  

   Discussion and conclusion:  The widespread distribution 
of the  SOD1: c.118A  allele in the pet dog population 
indicates that there is an available resource of privately 
owned dogs that could participate in clinical trials of inter-
ventions that could potentially help both ALS and DM 
patients.  

DOI: 10.3109/17482968.2012.721231/147
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   Background:  Canine Degenerative Myelopathy (DM) is a 
late onset, heritable neurodegenerative disease that occurs in 
several breeds. Initial clinical signs of DM include spastic 
paraparesis in the pelvic limbs that progresses to fl accid tetra-
plegia and brain stem involvement .We previously identifi ed 
a missense mutation in the canine superoxide dismutase 1 
( SOD1 ) gene in DM-affected dogs. DM pathology and 
disease progression is similar to upper motor neuron onset 
ALS. The pathologic hallmarks of ALS include muscle degen-
eration, axonal loss, extensive astrogliosis, and neuronal cell 
body death in upper and lower motor neurons. Prominent 
pathologic features of DM include axonal loss, and astroglio-
sis, most severe in the dorsal portion of the lateral funiculus 
and in the dorsal columns of the middle to lower thoracic 
spinal cord (SC). These fi ndings suggest that DM may 
be similar to at least some forms of human ALS.  

   Objectives:  For many years, pathology of DM was consid-
ered to only involve the spinal cord tracts; however, recent 
histopathologic and electrophysiologic studies have confi rmed 
involvement of lower motor neurons (LMNs). Thus, in 
an effort to further assess DM as a potential ALS research 
model, a study was undertaken to further explore possible 
LMN involvement in DM disease progression. We hypothesize 
that there will be a loss of motor neurons (MNs), loss of 
myelinated axons, and/or neurogenic atrophy in muscles 
involving thoracic motor units of DM-affected Boxers and 
Pembroke Welsh Corgis (PWC).  

   Methods:  Anti-choline acetyl transferase was used to label 
MNs in Rexed-laminae IX of thoracic SC segment 7 of con-
trol and DM-affected dogs. Labeled MNs were counted 
and areas measured using ImageJ software TM . Sections of 
fi xed thoracic SC segment 8 (T8) motor roots were stained 
with P-Phenylene diamine. Computer-assisted and manual 
techniques were used to count and obtain morphometric 
measurements of myelinated axons. H & E stained cross sec-
tions of intercostal muscle were evaluated by light microscopy 
for evidence of denervation atrophy.  

   Results:  No losses of MNs were detected in the thoracic cord 
of DM-affected dogs, and T8 root axon counts and size distribu-
tion analyses indicate there is no loss of somatic motor axons. 
Marked variability of myofi ber size and shape was observed only 
in end stage PWCs, suggestive of denervation atrophy.  

   Discussion and conclusions:  DM does not appear to involve 
loss of MNs in the thoracic SC or proximal degeneration of 
the axons of these neurons. However in PWCs with later dis-
ease stage, neurogenic muscle atrophy was observed. Lack of 
MN and motor axon loss, with evidence of neurogenic muscle 
atrophy in end-stage suggests that DM may refl ect distal 
axonal degeneration and/or impairment in neuromuscular 
transmission. Further research of motor units from other spi-
nal cord levels will be necessary to elucidate the mechanisms 
underlying neuromuscular pathology in DM.      

DOI: 10.3109/17482968.2012.721231/148
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                        THEME 3 IN VITRO EXPERIMENTAL MODELS    

 P53 DEVELOPMENT OF AN IN VITRO MODEL 
OF HUMAN MOTOR NEURONS FROM HUMAN 
FOETAL SPINAL CORD IN AMYOTROPHIC 
LATERAL SCLEROSIS      

    LEE     J-M  1,2  ,       GUILLEMIN     GJ  1 ,        CHUNG     RS  2           

  1 University of New South Wales, Sydney, Australia,  2  St Vincent ' s 
Centre for Applied Medical Research, Sydney, Australia  

  Email address for correspondence: jmineternity80@hanmail.net                              

  Keywords:   human primary motor neuron culture  ,   spinal cord  

  Background:  Human primary motor neuron (MN) isolation 
provides a critical tool to study neuropsychological properties 
and the effects of molecules of clinical relevance on isolated 
neurons. We developed a technique using a combination of 
centrifugation and density gradient separation process from 
foetal spinal cord.   

  Methods:  We have isolated human motor neurons from spi-
nal cord of human foetal brain (16 – 20 week of gestation). At 
day 3  in vitro  (DIV), 1- β -D arabino furanosylcytosine (Ara-C) 
was used to reduce non-neuronal cell growth. The purity of 
motor neuron culture were then assessed using immunocyto-
chemistry with p75 NTR , SMI-32 mAbs and cell counting. 
Following dissociation of spinal cords and separation by gra-
dient centrifugation, cells from the top layer located at the 
medium were analyzed 7 days after plating by immunocyto-
chemistry using a labeling with SMI-32 antibody and a stain-
ing of the nuclei with DAPI. This high purity was confi rmed 
by fl ow cytometry quantifi cation of motor neuron purity fol-
lowing labeling with anti-p75 NTR  or without primary antibody 
as a control for the background level.   

  Results:  We have obtained an almost pure (SMI-32   �   , 
p75 NTR ) primary culture of human motor neurons. The per-
centage of SMI-32-positive and p75 NTR  -positive motor neu-
rons relative to the number of cell nuclei was 86.17    �    2.78 
and 84.74    �    3.26 when Ara-C was treated.   

  Conclusions:  We have successfully optimized a new method 
to obtain highly purifi ed primary culture human motor neu-
ron. This tool will be very important to study neurotoxicity 
and neuroprotection to assess therapeutic strategies for motor 
neuron diseases.   

DOI: 10.3109/17482968.2012.721231/149

  P54 A NOVEL METHOD FOR CREATING 
PLURIPOTENT STEM CELL LINES FROM 
SOMATIC TAIL TIP CELLS FROM TDP-43 
TRANSGENIC MICE  

  WANG M  ,   LINCECUM J  ,   PERRIN S  

   ALS Therapy Development Institute, Cambridge, MA, USA   

   Email address for correspondence: mwang@als.net   

   Keywords:   iPS  ,   somatic tail tip  ,   TDP-43   

   Background:  Reprogramming adult mammalian cells to 
generate pluripotent stem cells has been a seminal event in 
biology. The ectopic expression of the transcription factors 
Oct4, Sox2, c-Myc and Klf4 using viral vectors, nucleic acid 
transfection, or chemical induction have been a necessary step 
in the initiation of reprogramming for the generation of 
induced pluripotent stem (iPS) cells. Unfortunately, the most 
effi cient method using genome integrating viral vectors, such 
as lentivirus, carries a signifi cant risk of generating trans-
formed cells. This problem has limited the utility of viral 
vector reprogrammed iPS lines in transgenic studies.  

   Objectives:  Establishment of murine pluripotent stem cell 
lines from quiescent stem cells in the tail tip of a TDP-43 
transgenic mouse line without reprogramming using viral 
vectors encoding the transcription factors Oct4, Sox2, c-Myc 
and Klf4.  

   Description:  The method is based on the isolation and puri-
fi cation of an endogenous stem cell population present in the 
most distal tip of the adult mouse tail. Using tail tip biopsy 
from non-transgenic C57Bl6J mice and a transgenic TDP-43 
mouse Balo line 1 mm lengths of tail tips were harvested, the 
superfi cial dermis peeled away and the remaining tissue cut 
into 1-mm pieces using a scalpel and cultured. Following 
cell outgrowth the tissue pieces are removed using sterile tech-
nique. The remaining cells, adhering to the tissue culture well, 
are allowed to proliferate until confl uent. At this time the cells 
are passaged and expanded. Prior to molecular analysis of 
pluripotency the cells are plated onto a glass slide chamber 
coated with poly-lysine and allowed to form embryoid bodies.  

   Results:  The cell lines shown no signs of senescence and have 
been passaged repeatedly. Using standard antibody stem cell 
marker panel the cell lines were positive for Oct3/4, Sox2, 
Nanog, and SSEA1 by immunohistochemistry and positive 
by western blot for Oct3/4, Sox2, and Nanog. This was also 
confi rmed by qPCR for pluripotency markers. These cells 
have proven useful in the establishment of a cell-based assay 
of TDP-43 localization in response to cell stress.  

   Conclusions:  Using organ cultures of the murine tail tip we 
have isolated stem cell lines positive for known markers of 
pluripotency. This method has the advantage of simplicity and 
avoidance of viral reprogramming strategies.  

DOI: 10.3109/17482968.2012.721231/150
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  P55 MUTANT INDUCED PLURIPOTENT STEM 
CELL LINES RECAPITULATE ASPECTS OF TDP-
43 PROTEINOPATHIES AND REVEAL CELL-
SPECIFIC VULNERABILITY  

   BILICAN   B  1,2   ,    SERIO   A  1,2   ,    BARMADA   SJ  4   ,    
NISHIMURA   AL  5   ,    CARRASCO   M  6   ,    PHATNANI   HP  6   , 
   FINKBEINER   S  4   ,    MANIATIS   T  6   ,    SHAW   CE  5   ,    
CHANDRAN   S  1   

   1 Euan MacDonald Centre for Motor Neurone Disease Research; 
 2 Medical Research Council Centre for Regenerative Medicine;  
3 Centre for Neuroregeneration; University of Edinburgh, Edinburgh, 
UK,  4 Gladstone Institute of Neurological Disease, Departments of 
Neurology and Physiology, University of California, San Francisco, 
CA, USA,  5 Institute of Psychiatry, Medical Research Council 
Centre for Neurodegeneration Research, King ' s College London, 
London, UK,  6  Department of Biochemistry and Molecular 
Biophysics, Columbia University, New York, NY, USA   

   Email address for correspondence: bbilican@staffmail.ed.ac.uk   

   Keywords:   iPSCs  ,   TDP-43  ,   disease modelling   

   Background:  Transactive response DNA-binding (TDP-43) 
protein is the dominant disease protein in amyotrophic lateral 
sclerosis (ALS) and a subgroup of frontotemporal lobar 
degeneration (FTLD-TDP). Mutations in the gene encoding 
TDP-43 ( TARDBP)  linked to familial ALS are shown to be 
neurotoxic  in vitro  and  in vivo , mechanistically implicating 
pathological TDP-43 in disease processes. The molecular 
basis underlying selective vulnerability and progressive degen-
eration of motor neurons in motor neuron disease (MND) is 
not clear, although contribution of non-cell autonomous 
mechanisms to pathology is increasingly recognized. The 
discovery of ubiquitinated TDP-43 cytoplasmic inclusions 
as a unifying pathology across ALS and FTLD-TDP cases 
raises the need to develop experimental platforms that can 
investigate mutant and wild-type TDP-43 protein turnover in 
various functional cell types including spinal motor neurons 
(MNs), astrocytes, corticospinal MNs and superfi cial and 
deep-layer cortical neurons, all derived from the same genetic 
background.  

   Objectives:  In order to establish a platform for  in vitro  
disease modeling we have optimized differentiation protocols 
to generate spinal motor neurons and astrocytes from 
pluripotent stem cells and generated induced-pluripotent 
(iPS) cell-lines from TDP43 M337V mutation carrying and 
control individuals.  

   Methods:  iPS cell-lines from adult human fi broblasts were 
generated by viral transduction of Oct4, Sox2, Klf4 and Myc 
and validated by standard criteria. Generation of functional 
neurons and glia was assessed by IHC, PCR, electrophysiol-
ogy and resulting populations were further characterized by 
quantitative biochemistry, immunofl uorescence densitometry 
and longitudinal microscopy for survival analysis.  

   Results:  Neuronal cultures carrying the M337V TDP-43 
mutation display increase in TDP-43 protein levels, fragmen-
tation, accumulation in detergent-resistant fraction and 
cytoplasmic mislocalisation in parallel with the histological 
and biochemical signature of human TDP-43 pathology. 
Moreover, the TDP-43 M337V mutation confers a cell 
autonomous vulnerability to human MNs as shown by longi-
tudinal survival analysis and increased vulnerability to antag-
onism of the PI3K pathway. We further develop these 
observations using astrocytes derived from M337V TDP-43 
and control iPSCs.  

   Discussion:  Our fi ndings demonstrate the utility of pluripo-
tent stem cell-derived neurons and glia in modeling molecular 
pathogenesis of neurodegenerative disorders at physiological 
protein expression levels.  

DOI: 10.3109/17482968.2012.721231/151

  P56 KINASE CONTROL OF TDP-43 
ACCUMULATION: POTENTIAL THERAPEUTIC 
TARGET FOR TREATMENT OF TDP-43 
PROTEINOPATHIES  

   PARKER   S  1   ,    JAMES   J  1   ,    MEYEROWITZ   J  1   ,    
CARAGOUNIS   A  1   ,    LIDDELL   J  1   ,    CROUCH   P  1   , 
   KANNINEN   K  1   ,    BOGOYEVITCH   M  2   ,    WHITE   A  1   

   1 Department of Pathology, The University of Melbourne, Parkville, 
Victoria, Australia,  2  Department of Biochemistry and Molecular 
Biology, The University of Melbourne, Parkville, Victoria, 
Australia   

   Email address for correspondence: arwhite@unimelb.edu.au   

   Keywords:   TDP-43  ,   stress granules  ,   kinase   

   Background:  TDP-43 mis-localization and accumulation is 
central to the disease process in TDP-43 proteinopathies 
including motor neuron disease and frontotemporal demen-
tia. However, the mechanisms leading to TDP-43 accumula-
tion are not well understood. TDP-43 is a member of the 
heterogeneous nuclear ribonucleoprotein (hnRNP) family of 
DNA and RNA binding proteins. It is known that movement 
of hnRNPs within cells is controlled by several kinases 
and therefore possible that these kinases could also control 
TDP-43 accumulation.  

   Objectives:  In this study, we investigated whether kinases are 
important to controlling movement and accumulation of 
TDP-43.  

   Methods:  SH-SY5Y, HeLa or primary cortical astrocyte 
cultures were treated with inducers of stress including 
paraquat or arsenite. In addition, SH-SY5Y cells were trans-
fected with GFP-tagged C-terminal TDP-43 (219 – 414). We 
investigated the effect of various kinases on cytosolic accumu-
lation of TDP-43 using a range of kinase inhibitors in con-
junction with immunofl uorescence analysis of TDP-43 
and additional stress granule proteins. The localization of acti-
vated kinases was also determined by immunofl uorescence. 
Immunoprecipitation was used to determine TDP-43 protein 
binding partners.  

   Results:  We have found that c-Jun N-terminal kinase (JNK), 
cyclin-dependent kinase 2 (CDK2) and glycogen synthase 
kinase 3 (GSK3) have important roles in controlling TDP-43 
accumulation in a variety of cellular models. Inhibitors of these 
kinases blocked TDP-43 accumulation with limited effect 
other ubiquitous stress granule markers such as human antigen 
R (HuR). Each of the target kinases also co-localized with 
TDP-43 in cytoplasmic stress granules. While JNK and GSK3 
were important for initial TDP-43 accumulation, CDK2 
appeared to have a key role in maintaining TDP-43 in aggre-
gates. While the mechanism of action for each kinase is still 
under investigation, our preliminary fi ndings strongly suggest 
that kinases may control TDP-43 movement and accumulation 
by phosphorylation of binding partners such as hnRNP K.  

   Discussion:  Our studies have shown an important role for 
kinase activity in controlling TDP-43 movement and accumu-
lation, central facets of TDP-43 proteinopathies.  
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   Conclusions:  Kinase control of TDP-43 localization may 
provide a valuable target to inhibit abnormal TDP-43 metab-
olism. This may be achievable through use of kinase inhibitors 
currently in clinical trials for other diseases.  

DOI: 10.3109/17482968.2012.721231/152

  P57 QUANTITATIVE MASS SPECTROMETRY 
BASED PROTEOMICS A NEW PERSPECTIVE ON 
NEURODEGENERATION  

   HORNBURG   D  1   ,    MEISSNER   F  1   ,    BUTTER   F  1   ,    
MANN   M  1,2   

   1 Max Planck Institute for Biochemistry, Martinsried, Germany,  
2  NNF Center for Protein Research University of Copenhagen, 
Copenhagen, Denmark   

   Email address for correspondence: Hornburg@biochem.mpg.de   

   Keywords:   quantitative  ,   proteomics  ,   interactions   

   Background:  Dominant gain of functions is associated with 
a variety of mutant genes in ALS. However, for the majority 
their mode of action in ALS pathology is unknown. To reveal 
common features of ALS linked mutant proteins and uncover 
the reason for the cellular specifi city are the primary goals of 
our proteomics approach.  

   Objectives:  We investigate pathogenic mechanisms in ALS 
using cell culture models and state of the art mass spectrom-
etry (MS) based proteomics. Advanced equipment in house 
developed algorithms are used to identify and quantify almost 
all cellular proteins within reasonable time. We set up a 
protein-protein interaction screen using wild-type and mutant 
epitope tagged proteins of ALS associated genes as baits in 
cell lines such as the motor neuron like NSC-34 cells. The 
identifi cation of novel interaction partners or common pat-
terns in the interactome of ALS linked proteins will broaden 
our understanding of ALS pathology.  

   Preliminary results:  We labeled NSC-34 cells with heavy 
arginine and lysine using Stable Isotope Labeling by Amino 
acids in Cell culture (SILAC). Cell culture conditions were 
optimized to avoid metabolic conversion while ensuring high 
incorporation ( �    97%) of heavy amino acids. Beside the 
SILAC approach, label free, XIC based algorithms are utilized 
to quantify proteins in huge sets of different tissue samples.  

   Discussion and outlook:  Establishing the heavy labeled 
NSC-34 cell line provides a unique tool for high resolution 
proteomics. Ectopic expression of ALS associated genes in cell 
lines can be used to investigate cell-type specifi c protein-
protein interactions and to elucidate changes within the 
proteome of the cells.  

DOI: 10.3109/17482968.2012.721231/153

  P58 PROTEOMIC ANALYSIS OF PROTEINS 
INTERACTING WITH THE RNA BINDING 
PROTEIN FUS  

  CHEN J  ,   GAL J  ,   ZHANG J  ,   ZHU H  

   University of Kentucky, Lexington, KY, USA   

   Email address for correspondence: haining@uky.edu   

   Keywords:   FUS  ,   proteomics  ,   protein interaction   

   Background:  Mutations in the RNA binding protein fused 
in sarcoma (FUS) have been linked to familial ALS recently. 

However, the role of FUS in the ALS pathogenesis is largely 
unknown. Identifi cation of interacting proteins of wild-type 
FUS and the disease-causing mutants is a prerequisite for the 
understanding of the functions of FUS. In this study, mass 
spectrometry-based proteomic method combined with GST 
pull-down technique is used to determine the protein-protein 
interaction of FUS.  

   Methods:  N2A cells were transfected with GST-tagged wild-
type and mutant FUS constructs. Cell lysates were prepared in 
RIPA buffer and GST pull-down was carried out using glutath-
ione-Sepharose 4B beads. Alternatively, the cell lysate was 
treated with RNAse prior to the GST pull-down, which would 
allow the isolation of RNA-independent FUS-interacting pro-
teins. The glutathione beads were collected, washed, and boiled 
in 2xSDS sample loading buffer. Proteins released from the 
beads were resolved by SDS-PAGE and stained with SyproRuby. 
Protein bands were sliced and subjected to in-gel trypsin diges-
tion. LC-MS/MS analysis was performed utilizing an LTQ-
Orbitrap mass spectrometer, equipped with a nanospray ion 
source and coupled with an Eksigent Nanofl ex cHiPLC TM  sys-
tem. A gradient of mobile phases (fl ow rate 300nL/min) con-
taining 0.1% (v/v) formic acid in water and acetonitrile was 
applied. A data dependent mass analysis method with dynamic 
exclusion was utilized. The mass data were submitted to a local 
mascot server for an MS ⁄ MS protein identifi cation search. 
Maximum error tolerance is 10 ppm for MS and 0.8 Da for 
MS/MS. Proteins with two or more high confi dence peptides 
were considered unambiguous identifi cations without manual 
inspection. Proteins identifi ed with one high confi dence pep-
tide were manually inspected and confi rmed.  

   Result and discussion:  A cohort of proteins interacting 
with both wild-type FUS and disease-causing mutants 
were indentifi ed utilizing the mass spectrometry-based pro-
teomic method. The proteins of interest were subjected to 
immunoprecipitation and Western blot for independent vali-
dation. By comparing the identifi ed interacting proteins with 
and without prior RNAse treatment, the RNA-dependence 
of the FUS-interacting proteins was also determined. The 
functional studies of the interacting proteins are ongoing and 
the results will be presented.  

   Conclusion:  We have used mass spectrometry-based 
proteomic approaches to identify proteins interacting with 
FUS and determine the RNA-dependence of the interaction. 
Results from this study provide critical insights into the FUS 
function in the physiological and pathological conditions.  

DOI: 10.3109/17482968.2012.721231/154

  P59 A NEW MOLECULAR MECHANISM 
DESCRIBING THE FORMATION OF DISULFIDE 
CROSS-LINKED SOD1 IN THE FAMILIAL FORM 
OF AMYOTROPHIC LATERAL SCLEROSIS  

   TOICHI   K  1   ,    YAMANAKA   K  2   ,    FURUKAWA   Y  1   

   1 Keio University, Yokohama, Kanagawa, Japan,  2  RIKEN, Brain 
Science Institute, Wako, Saitama, Japan   

   Email address for correspondence: furukawa@chem.keio.ac.jp   

   Keywords:   SOD1  ,   disulfi de bond  ,   protein aggregation   

   Background:  Cu,Zn-superoxide dismutase (SOD1) is a 
protein in which the folding/misfolding is regulated by the 
thiol-disulfi de status as well as binding of copper and zinc 
ions. Indeed, the disulfi de-reduced state of demetallated (apo) 
SOD1 easily forms amyloid-like fi brillar aggregates  in vitro , 
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which would describe the formation of Thiofl avin S-positive 
inclusions in ALS-model mice. Given highly reducing 
environment of the cytosol, reduction of the intramolecular 
disulfi de bond in mutant SOD1 appears to be a key event for 
triggering SOD1 aggregation inside the cell. While signifi cant 
amounts of disulfi de-reduced SOD1 have been reported to 
constitute the insoluble aggregates in ALS model mice, 
non-native inter-molecular disulfi de bonds have also been 
found to cross-link the SOD1 oligomers. Therefore, abnormal 
redox chemistry of Cys residues in SOD1 appears to operate 
in misfolding and aggregation of mutant SOD1, but it remains 
unknown how the thiol-disulfi de status of SOD1 is changing 
during the pathological process of SOD1 aggregate formation.  

   Objectives:  SOD1 has four Cys residues of total, among 
which Cys 57 and 146 forms an intramolecular disulfi de 
bond. To reveal a molecular mechanism describing the forma-
tion of disulfi de-linked SOD1 aggregates, we have examined  
in vitro  aggregation of SOD1 with and without the disulfi de 
bond and tested if any changes occur in the disulfi de linkage 
among the four Cys residues.  

   Methods and results:  Human SOD1 proteins overexpressed 
in  E.coli  were purifi ed in the apo form with a disulfi de bond 
between Cys 57 and 146 (apo-SOD1 S-S ), and its aggregation 
was monitored by increases in the solution turbidity. As reported 
previously, no aggregation of apo-SOD1 S-S  was confi rmed; how-
ever, addition of a chaotropic reagent, guanidine hydrochloride 
(Gdn), was found to trigger aggregation. Furthermore, electro-
phoretic analysis on such Gdn-triggered apo-SOD1 S-S  aggre-
gates showed the formation of disulfi de-linked oligomers. To 
identify which of the four Cys residues form the disulfi de link-
ages in the SOD1 oligomers, we have further performed a 
peptide-mapping analysis by mass spectrometry; as a result, a 
disulfi de bond in oligomeric SOD1 was no longer observed 
between Cys 57 and 146 but was found to be scrambled with 
the other two Cys residues, Cys 6 and 111.  

   Discussion and conclusions:  Here, we have proposed for 
the fi rst time the abnormal scrambling of a disulfi de bond 
in SOD1 proteins. Structural destabilization of apo-SOD1 S-S  
triggers the nucleophilic attack of Cys 6/111 to the disulfi de 
bond between Cys 57 and 146. Such disulfi de isomerization 
fi rst occurs within an SOD1 molecule and then appears to 
proceed between the molecules. The disulfi de reduction is 
thus not always required for SOD1 misfolding; rather, 
the disulfi de scrambling by intra- and inter-molecular isomer-
ization also constitutes a pathologically-relevant pathway for 
the aggregation of mutant SOD1 proteins.  

DOI: 10.3109/17482968.2012.721231/155

  P60 POST-TRANSCRIPTIONAL REGULATION 
OF SOD1 MRNA LEVELS THROUGH THE 3 ’ UTR 
BINDING OF THE ELAV PROTEINS  

   MILANI   P  1,2   ,    AMADIO   ML  3   ,    DELL’ORCO   M  1   ,    SARDONE  
 V  1,2   ,    GAGLIARDI   S  1   ,    PASCALE   A  3   ,    CEREDA   C  1   

   1 Laboratory of Experimental Neurobiology, IRCCS National 
Neurological Institute  “ C. Mondino”, Pavia, Italy,  2 Laboratory of 
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of Pavia, Pavia, Italy   

   Email address for correspondence: cristina.cereda@mondino.it   

   Keywords:   SOD1 mRNA  ,   ELAV proteins  ,   motor cortex   

   Background:  Increased levels of SOD1 mRNA have been 
observed in nervous areas affected by ALS disease and in 

PBMCs from sporadic ALS (SALS) patients compared to 
controls (1). Consequently, the understanding of the mecha-
nisms by which  SOD1  gene expression is modulated may shed 
new light on SOD1 involvement in ALS. In particular, it is 
well known that post-transcriptional mechanisms represent an 
additional regulatory mechanism for gene expression. To this 
regard, some adenine/uridine-rich elements in the 3’UTR of 
SOD1 mRNA were identifi ed (2). These elements represent 
the docking sites for many RNA-binding proteins among 
which a relevant place is taken by ELAVs that act mainly as 
positive regulators of gene expression.  

   Objectives:  We aimed to investigate, using an  in vitro  
cellular model (SH-SY5Y), whether SOD1 mRNA represents 
a target of ELAVs, and whether the binding between these 
proteins and SOD1 mRNA, and consequently SOD1 protein 
expression, is favored by oxidative stress, a condition observed 
in ALS. Furthermore, we wanted to investigate possible 
changes of ELAVs expression in the motor cortex from SALS 
patients.  

   Methods and results:  RNA Electrophoretic Mobility Shift 
Assay (REMSA) was used to test the association between 
purifi ed ELAV/HuR protein and ARE elements in the 3’UTR 
of SOD1 mRNA. SH-SY5Y cells were treated with 1mM 
H 2 O 2  and RNA-immunoprecipitation (RIP) assay was per-
formed to corroborate this molecular interaction. SOD1 
protein expression and ELAVs localization in SH-SY5Y cells 
was evaluated by Western Blog. Immunohistochemistry 
analysis (IHC) was performed on motor cortex tissues from 
SALS patients and controls for both ELAVs and SOD1. By 
performing REMSA and RIP, we proved the molecular 
interaction between ELAVs and SOD1 mRNA observing that 
the cell treatment with H 2 O 2  induced a signifi cant increase 
of the binding. To further investigate the effects of the 
oxidative stress on ELAVs activation, we evaluated their sub-
cellular localization in H 2 O 2 -treated cells and we found a sig-
nifi cant increase in the cytoplasm. We then studied ELAVs 
expression and intracellular localization by performing IHC 
in the motor cortical tissues from SALS patients and controls. 
While in the control tissues ELAVs appeared mainly in the 
nucleus, in the sections from SALS subjects they were local-
ized also in the cytoplasm.  

   Discussion and conclusion:  This data suggest that the 
ELAVs may be more available and massively enrolled in the 
positive regulation of target mRNAs, such as SOD1. In sup-
port of this hypothesis, it is worth of note that both SOD1 
mRNA and protein levels were increased in the motor cortex 
from SALS patients in comparison to controls. We demon-
strated that ELAVs-mediated post-transcriptional events 
contribute to determine the levels of SOD1 mRNA and pro-
tein. These fi ndings shed new light on  SOD1  gene expression 
regulation, disclosing new mechanisms involved in ALS.  

  References  
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  P61 DYSREGULATION OF AMP-ACTIVATED 
PROTEIN KINASE SIGNALLING IN MODELS 
OF ALS  

  PERERA N  ,   HORNE M  ,   TURNER B  

   Howard Florey Institute, Melbourne, Victoria, Australia   

   Email address for correspondence: nirmaperera_15@yahoo.com   

   Keywords:   AMP kinase  ,   energy  ,   homeostasis   

   Background:  Increasing evidence implicates a role for abnor-
mal energy homeostasis in ALS patients and mouse models. 
However, the role of energetic defects in motor neuron degen-
eration and loss remains unclear. AMP activated protein 
kinase (AMPK) is a key metabolic and stress sensor activated 
under conditions of energy depletion and responds early to 
cellular stress. Therefore, we hypothesise that energetic distur-
bances regulated by AMPK may contribute to motor neuron 
degeneration in ALS.  

   Objectives:  To examine AMPK pathway activation and 
signalling in the motor neuron cell line NSC-34 and mouse 
models expressing ALS-linked mutant proteins; SOD1, 
TDP-43 or FUS. Also, to determine whether cell lines express-
ing mutant SOD1, TDP-43 or FUS are more susceptible to 
agents that disrupt energy homeostasis.  

   Methods:  NSC-34 cells stably expressing normal or mutant 
SOD1, TDP-43 or FUS were analysed for AMPK signalling 
pathway markers by Western blotting and immunocyto-
chemistry. Energetic markers were also examined in spinal 
cords of transgenic SOD1 G93A  and TDP-43 A315T  mice at 
various disease stages. Lastly, stable cell lines were treated 
with toxins targeting mitochondrial and energetic pathways to 
determine survival.  

   Results:  We observed that AMPK phosphorylation was sig-
nifi cantly increased in NSC-34 cells expressing mutant SOD1, 
as well as in spinal cord lysates from transgenic SOD1 G93A  
mice as early as 30 days old. AMPK activation was not 
observed in non-neuronal HEK293 cells expressing SOD1 
mutants, suggesting that it is neuronal-selective. In contrast, 
AMPK activation was signifi cantly impaired in NSC-34 
cells expressing mutant TDP-43 compared to wild-type 
protein and was correlated with increased nuclear depletion 
and cytoplasmic redistribution of mutant TDP-43. We also 
demonstrated that NSC-34 cells were highly susceptible to 
energy and mitochondrial disruption which was enhanced 
by expression of SOD1 and TDP-43 mutations.  

   Discussion:  Our data suggest that AMPK activity is abnor-
mal in cell and mouse models expressing SOD1 and TDP-43 
mutations. Our fi nding that AMPK activity is stimulated in 
pre-symptomatic SOD1 G93A  mice preceding motor neuron 
degeneration indicates that AMPK might play an early 
role in ALS pathogenesis. We will continue to defi ne the 
downstream targets of AMPK activation and link aberrant 
energy metabolism to motor neuron degeneration.  

   Conclusions:  Our data implicate an early contribution of 
aberrant neuronal AMPK signalling in ALS models that is 
common to various ALS-linked misfolded proteins.  

DOI: 10.3109/17482968.2012.721231/157

  P62 AN INFLAMMATORY RESPONSE IN 
PERIPHERAL NERVE AND CORRESPONDING 
SPINAL CORD IN WOBBLER MICE  

   KANO   O  1   ,    KAWABE   K  1   ,    YOSHII   Y  1   ,    ISHIKAWA   Y  2   ,    
ISHII   T  2   ,    IKEDA   K  1   ,    IWASAKI   Y  1   
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   Background:  Neuroinfl ammation plays a role in the patho-
genesis of amyotrophic lateral sclerosis. Neuropathological 
hallmarks of wobbler mice revealed cervical motor neuron 
degeneration and motor axonopathy. However, little is known 
about the role of infl ammation in wobbler mice. Previous 
reports suggest that when activated, microgria can produce 
and release pro- and anti-infl ammatory molecules, and may 
exert either a toxic or protective effect on neurons depending 
on the physiologic conditions.  

   Objective:  We evaluated the temporal relationship among 
diaphragm denervation, phrenic nerve and corresponding cer-
vical cord infl ammation. In addition, we examined how an 
infl ammatory immune response contributes to the balance 
between neuroprotection and neurotoxicity.  

   Methods:  Cervical cord (C4)-phrenic nerve-diaphragm unit 
from 20 (early symptomatic stage), 40 (rapid progressive 
stage), 60 (chronic stage) days old wobbler mice and age-
matched wild-type littermates (C57BL/6, n    �    3 each) were 
assessed for an infl ammatory immune response using quanti-
tative RT-PCR (CD68, BDNF, GDNF, IL-4, IL-1 β  and 
NOX2) and immunohistochemistry. Denervation was evalu-
ated in diaphragm using quantitative RT-PCR for the tempo-
ral changes in the mRNA levels of AChR γ (fetal) and  ε (adult) 
subunits. Data were analyzed using two-tailed Student ' s t 
test and group means were plotted    �    SEM; p    �    0.05 was con-
sidered statistically signifi cant. Differences between groups 
were analyzed using a two-way ANOVA.  

   Results:  Compared with WT control mice, both AChR γ  
subunit in diaphragm and CD68 (marker of moncytes/
macrophages (microglia)) in cervical cord were elevated at 
20 days. In addition, protective and anti-infl ammatory factors, 
including BDNF, GDNF, IL-4 were increased in the cervical 
region at 20 days. However, the neurotoxic markers IL-1 β , 
NOX2 were increased at 40 days.  

   Discussion:  These results suggest that in cervical region of 
wobbler mice activate microglia produce and release protec-
tive and anti-infl ammatory factors at the early symptomatic 
stage, and neurotoxic factors at rapid progressive stage.  

DOI: 10.3109/17482968.2012.721231/158
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  P63 TNF-ALPHA RECEPTOR TYPE 2 IS 
IMPLICATED IN MOTOR NEURON LOSS 
OCCURRING IN A CELLULAR MODEL OF 
AMYOTROPHIC LATERAL SCLEROSIS  

  TORTAROLO M  ,   BATTAGLIA E  ,   LIDONNICI D  , 
  GENSANO F  ,   BENDOTTI C  

   Mario Negri Institute for Pharmacological Research, Milano, Italy   

   Email address for correspondence: massimo.tortarolo@marionegri.it   

   Keywords:   TNFR2  ,   TNFalpha  ,   in vitro models   

   Background:  Many studies over the years have demonstrated 
altered homeostasis of TNFa system in human patients and 
experimental models of ALS. Nevertheless, the actual contri-
bution of TNFa in the genesis and progression of the disease 
is still controversial. TNFa exerts its activity through mem-
brane receptors TNFR1 and TNFR2 that may have opposite 
effect in the neurodegenerative process. We and other groups 
found higher levels of TNFa and its receptors in the spinal cord 
of pre-symptomatic SOD1-G93A mice and in the blood of 
ALS cases. Moreover, thalidomide protected motoneurons in 
transgenic mice although the absence from the birth of TNFa 
in mutant SOD1 mice did not ameliorate the course of disease, 
raising doubts about its role in the disease development.  

   Objective:  Therefore, we wished to further investigate the 
role of TNFa and its receptors TNFR1 and TNFR2 in 
the selective degeneration of motoneuron occurring in ALS 
using both  in vitro  and  in vivo  approaches.  

   Methods:  We used an  in vitro  model consisting of astrocytes/
spinal neurons cocultures expressing or not SOD1-G93A and 
transgenic SOD1-G93A mice also knock-out for TNFR1, TNFR2 
or both. The effects of drug treatments and genetic manipulation 
were evaluated  in vitro  assessing large motorneuron viability and  
in vivo  monitoring disease progression and survival of the mice.  

   Results:  We observed a selective death of motoneurons in 
SOD1-G93A cocultures after 6 days that required the pres-
ence of astrocytes. The loss of motoneurons, which showed 
higher expression of intracellular and membrane-bound 
TNFa, was prevented by thalidomide and by the use of anti-
TNFa antibody in coculture medium. Levels of TNFa in 
transgenic coculture medium were unchanged. TNFR2 
was overexpressed in transgenic cocultures and in astrocytes 
in particular. Antibodies against TNFR2 and the use of 
astrocytes or neurons knock-out for the receptor rescued 
SOD1-G93A motoneurons. IgG fused to extracellular region 
of murine TNFR2 (solTNFR2) was ineffective in protecting 
motorneuron but caused the death of these cells in isolated 
neuronal cultures, in the absence of the astrocytes. Intracer-
ebroventricular administration of solTNFR2 did not amelio-
rate symptoms and life span of SOD1-G93A mice. 
Furthermore, survival and disease progression of transgenic 
SOD1-G93A mice knock-out for TNFR2 were unchanged.  

   Discussion and conclusion:  The results obtained indicate that 
the interaction between astrocytic TNFR2 and membrane-
bound TNFa on neurons are involved in motoneuron death 
through a reverse signalling. They also show the contribution of 
TNFR2 expressed by motorneurons suggesting a new toxic 
mechanism involving TNFR2 expressed by both the cell types. 
However the lack of TNFR2 did not rescue SOD1-G93A mice 
knock-out indicating possible effects on the homeostasis of other 
biological systems, maybe protective, involved in the pathology. 
This aspect is under study. The comprehension of the mechanism 
involving TNFR2 can lead to innovative targets and strategies for 
therapeutical intervention.  

DOI: 10.3109/17482968.2012.721231/159

  P64 REDUCED ASTROCYTE GLUTAMATERGIC 
AND TROPHIC RESPONSE TO ACTIVATION AND 
THEIR IMPLICATIONS ON THE PATHOGENESIS 
OF AMYOTROPHIC LATERAL SCLEROSIS  

  BENKLER C  ,   BEN-ZUR T  ,   BARHUM Y  ,   OFFEN D  

   Felsenstein Medical Research Center, Sackler Faculty of Medicine, 
Tel-Aviv University, Rabin Medical Center, Petah Tikva, Israel   

   Email address for correspondence: chenbenk@post.tau.ac.il   

   Keywords:   reactive astrocytes  ,   glutamate  ,   neurotrophic factor   

   Background:  Despite extensive efforts, the underlying cause 
of ALS and the path of neurodegeneration remain elusive. 
Astrocyte activation occurs in response to central nervous 
system (CNS) insult and is considered a double edged sword 
in many pathological conditions.  

   Objectives:  We propose that reduced glutamatergic and 
trophic response of astrocytes to activation may, over time, 
lead to accumulative CNS damage, thus facilitating neurode-
generation.  

   Results and discussion:  We found that astrocytes derived 
from the SOD1G93A ALS mouse model exhibit a reduced 
glutamatergic and trophic response to specifi c activations 
compared to their wild-type counterparts. Wild-type astro-
cytes exhibited a robust response when activated with lipopol-
ysaccharide (LPS), G5 or treated with ceftriaxone in many 
parameters evaluated. These parameters include increased 
expression of GLT-1 and GLAST the two major astrocytic 
glutamate transporters, accompanied by a marked increase in 
the astrocytic glutamate clearance and up-regulation of neu-
rtrophic factor expression. However, not only do un-treated 
SOD1G93A astrocytes take up glutamate less effi ciently, 
but in response to activation they show no further increase 
in any of the glutamatergic parameters evaluated. Further-
more, activation of wild-type astrocytes, but not SOD1G93A 
astrocytes, improved their ability to protect the motor neuron 
cell line NSC-34 from glutamate induced excitotoxicity.  

   Conclusion:  Our data indicates that altered astrocyte 
activation may well be pivotal to the pathogenesis of ALS.  

DOI: 10.3109/17482968.2012.721231/160

  P65 NEURONALLY SECRETED ANGIOGENIN 
ACTS AS A PARACRINE FACTOR TO PROTECT 
MOTONEURONS IN ALS  

   APARICIO   I  1   ,    HOGG   M  1   ,    SKORUPA   A  1,2   ,    KING   M  1   , 
   BREEN   B  1   ,    MARIN   P  2   ,    PREHN   J  1   

   1 Royal College of Surgeons in Ireland, Dublin, Ireland,  2  Institut de 
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   Email address for correspondence: iaparicio@rcsi.ie   

   Keywords:   angiogenin  ,   RNA metabolism  ,   paracrine   

   Background:  The precise molecular and cellular basis for the 
neuronal death in ALS is not yet well established, but the 
contemporary view is that ALS results from a culmination of 
multiple aberrant biological processes. Among the proposed 
mechanisms of motoneuron degeneration, alterations on the 
homeostasis of RNA binding proteins and the consequent 
changes in RNA metabolism have also been implicated. 
Previous work (1) has shown that mutations in  angiogenin , 
encoding a member of the pancreatic RNase A superfamily, 
segregate with both familial and sporadic cases of ALS. 
We also demonstrated that administration of angiogenin to 
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SOD1 G93A  mice, a model of ALS, offers protection against 
motoneuron degeneration, both  in vitro  and  in vivo  (2, 3).  

   Objectives:  In this work we sought to investigate the mecha-
nism of angiogenin signalling and to characterize its role on 
motoneuron-astrocyte interactions.  

   Methods:  Primary motoneuron cultures were established 
from spinal cord ventral horns from E13 C57 mouse embryos 
(4). Primary astrocyte cultures were prepared from cortices 
of P2 C57 black mouse pups.  

   Results:  Using mixed motoneuron cultures, motoneuron-
like NSC34 cells and primary astroglia cultures as model 
systems, we here demonstrate that angiogenin is a neuronally 
secreted factor that is endocytosed by astroglia and mediates 
neuroprotection in paracrine. We show that this uptake mech-
anism exists for mouse and human angiogenin, and delivers 
a functional RNase output. Angiogenin uptake into astroglia 
requires heparansulphate proteoglycans, and engages clathrin-
mediated endocytosis.  

  Here we also identify syndecan 4 as the angiogenin receptor 
mediating the selective uptake of angiogenin into astroglia.  

  Moreover, we show that wild-type angiogenin acts unidi-
rectionally to induce RNA cleavage in astroglia, while the 
ALS-associated K40I mutant is similarly secreted and endo-
cytosed, but fails to induce RNA cleavage.  

  Angiogenin-induced fragments have been cloned and 
sequenced, and we are now validating these fragments as 
products of RNA cleavage mediated by angiogenin.  

   Discussion and conclusions:  Our data provide new insights 
into the paracrine activities of angiogenin in the nervous sys-
tem, and further highlight the critical role of non-neuronal 
cells in the pathogenesis of ALS. In addition, our results also 
raise the prospect that therapy with angiogenin or its products 
may prove effi cacious in the treatment of ALS patients.  
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  Familial ALS is caused by missense mutations in Cu, 
Zn-superoxide dismutase 1 (SOD1) that commonly result in 
the accumulation of mutant protein aggregates, which is 
associated with the impairment of the ubiquitin-proteasome 
system (UPS). UPS impairment is in turn implicated in many 
neurological disorders. Bee venom extracted from honey bees 
has been used as a traditional medicine for the treatment of 
infl ammatory diseases and has been shown to attenuate neu-
roinfl ammatory events in a symptomatic ALS animal model.  

  To determine whether the mutant SOD1 gene affects UPS 
function in mutant-SOD1-expressing NSC34 cells, we trans-
fected cells with a vector encoding the hSOD1G85R mutant, 
which is tagged with green fl uorescent protein (GFP).  

  We found that hSOD1G85R overexpression induced SOD1 
inclusions and reduced proteasome activity compared to over-
expression of wild-type SOD1 in NSC34 motor neuronal 
cells. In addition, we observed that mutant SOD1 aggregate 
formation was increased by inhibition of proteasomal function 
using 10 mM lactacystin in hSOD1G85R-mutant-transfected 
NSC34 cells, suggesting that aggregate formation results from 
the defect in theUPS. To determine how bee venom regulates 
UPS function in hSOD1G85R-overexpressing NSC34 motor 
neuronal cells, we measured the proteasome activity and 
observed SOD1 inclusions. Interestingly, we found that bee 
venom enhanced proteasomal activity in hSOD1G85R-ex-
pressing neuronal cells and decreased the number of SOD1 
inclusions compared to hSOD1-expressing NSC34 cells. Our 
fi ndings suggest that bee venom could reverse the impairment 
of UPS function and reduce the neurotoxicity caused SOD1 
inclusions in ALS models.  

DOI: 10.3109/17482968.2012.721231/162

  P67 PROTEOMIC ANALYSIS OF ASTROCYTES 
AND CONDITIONED MEDIA FROM THE 
G93ASOD1 MOUSE MODEL OF AMYOTROPHIC 
LATERAL SCLEROSIS REVEALS SECRETORY 
PATHWAY ALTERATIONS  

   BASSO   M  1,2   ,    POZZI   S  2,3   ,    TORTAROLO   M  3   ,    
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   BENDOTTI   C  3   ,    BONETTO   V  2,3   
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   Background:  The mechanisms leading to selective motor neu-
ron death in amyotrophic lateral sclerosis (ALS) are still unde-
fi ned. Recently, the interplay between motor neurons and glial 
cells, such as astrocytes, has been thoroughly investigated in 
mouse models of ALS, mice expressing mutant copper-zinc 
superoxide dismutase (SOD1). These studies have demonstrated 
that ALS is a non-cell autonomous disease, where the interaction 
between motor neurons and glial cells plays a role in motoneu-
ronal degeneration and death. However, the molecules and 
pathways involved have not been identifi ed yet.  

   Objectives:  We analyzed the proteome and secretome of the 
astrocytes derived from G93ASOD1 mice, in comparison 
with those derived from mice over-expressing human wild-
type (WT) SOD1, to identify possible differences induced by 
the expression of the mutant protein that could contribute to 
the disease.  

   Methods:  Astrocyte cultures were prepared from 15 – 16-
day-old mouse embryos. We used a 2DE-based proteomic 
approach to analyze the proteome and secretome of astro-
cytes. Proteins were identifi ed by peptide mass fi ngerprinting 
and the identifi cation of a selected number of proteins verifi ed 
by immunoblot. Exosomes were isolated from conditioned 
media through ultracentrifugation.  

   Results:  We identifi ed 29 proteins differentially expressed in 
the G93ASOD1 astrocytes. The majority of the proteins play 
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an important role in secretory pathways, such as proteins of 
the endoplasmic reticulum and proteins involved in vesicle 
traffi cking. The analysis of the conditioned media revealed 
that G93ASOD1 astrocytes globally secreted a lesser amount 
of proteins than WT SOD1 astrocytes. The secretome was 
very similar in the two situations except for nine protein. 
Among these there was human SOD1, and it was one of 
the proteins most up-regulated. Five out of nine proteins 
have been previously identifi ed in exosomes. The amount of 
proteins in G93ASOD1-derived exosomes was substantially 
increased compared to WT SOD1, while the amount of 
SOD1 in the exosomal fraction is lower in the G93ASOD1 
compared to WT SOD1 samples.  

   Discussion and conclusions:  We observed a dysregulation 
of proteins involved in secretory pathways that ultimately 
lead to a general decrease of secreted proteins. This may acti-
vate compensatory mechanisms in astrocytes that could 
induce the activation of nonconventional secretion processes, 
leading to increased secretion of a selected number of pro-
teins, including G93ASOD1. G93ASOD1 was found in 
exosomes but principally in exosome-depleted supernatants. 
This suggests that the mutation disfavors the incorporation 
of SOD1 into exosomes, but does not impede its increased 
secretion. It is possible to hypothesize that astrocytes, unlike 
motor neurons, are able to activate secretory pathways to 
eliminate mutant SOD1. This property could be at the 
basis of their ability to limit the formation of intracellular 
aggregates and to survive to mutant SOD1 toxicity, but on 
the other hand to ultimately exert a toxic effect on neighboring 
motor neurons.  

DOI: 10.3109/17482968.2012.721231/163

  P68 THE ROLE FOR SELECTIVELY AUTOPHAGY 
IN ASC-J9-INDUCED NEURITE OUTGROWTH IN 
NSC34 CELLS THROUGH INHIBITION OF RHOA 
SIGNALING  

  JIANG H  ,   XU L  ,   DONG H  ,   GUO Y  ,   DUAN W  ,   CHEN X  , 
  LI C  

   Key Laboratory of Neurology, Department of Neurology, the Second 
Hospital of Hebei Medical University, Shijiazhuang, China   

   Email address for correspondence: chunyanli5@yahoo.com.cn   

   Keywords:   ASC-J9, neurite outgrowth  ,   autophagy   

   Background:  Traumatic injury and neurodegenerative dis-
eases are known to result in various de fi  cits in neurite 
growth. Axons of adult central nervous system have very 
limited ability to regenerate after injury. This inhibitory effect 
is associated with inhibitory factors that create a non-
permissive environment for regrowth after injuries. Recent 
studies suggest that these inhibitory molecules inhibit axon 
regeneration/ neurite outgrowth by activation of small GTPase 
RhoA and its downstream effector Rho kinase (ROCK).  

   Objectives:  To investigate whether ASC-J9 can promote 
neurite outgrowth, growth cone extension and F-actin 
cytoskeletal remodeling in motor neuron-like cells (NSC-34 
cells) and to explore the involved mechanisms.  

   Methods:  To enhance the differentiation, differentiating medium 
comprising 1: 1 DMEM plus Ham’s F12, 1% FBS and 1% 
modi fi  ed Eagle’s medium nonessential amino acids was changed 
when NSC-34 cells were grown to 60% con fl  uence. Cells were 
allowed to differentiate for up to 5 days. NSC-34 cells were 
transfected with p62 siRNA using Lipofectamine 2000.  

   Results:  ASC-J9 signifi cantly induced neurite outgrowth of 
NSC-34 cells, even after the pre-induction of maturation. 
We have shown that ASC-J9 could activate selective auto-
phagy. Here, we found that ASC-J9 treatment resulted in a 
signifi cant decrease of RhoA expression. To further study 
the role of selective autophagy in ASC-J9-induced neurite 
outgrowth, NSC-34 cells were treated with ASC-J9 in 
the presence of 3-methyladenine (3-MA) (10mM) and bafi lo-
mycin A1 (10nM), inhibitors of selective autophagy, respec-
tively. We found that not only 3-MA or bafi lomycin A1 
treatment but also p62 knockdown signi fi  cantly inhibited the 
neurite outgrowth, extension of F-actin protrusions and 
reduction of RhoA expression mediated by ASC-J9 treatment.  

   Discussion:  ASC-J9 treatment can up-regulate p62, the key 
component that regulate selectively autophagy. Our experi-
ments indicate that selective autophagy also plays an impor-
tant role in regulating RhoA signaling pathway. The exact 
mechanisms that p62-mediated selective autophagy affect the 
RhoA pathway remains to be elucidated.  

   Conclusions:  ASC-J9 promotes neurite outgrowth in NSC34 
cells, in which selective autophagy and RhoA inhibition might 
play an indispensable role.  

DOI: 10.3109/17482968.2012.721231/164

  P69 ABNORMALLY ENLARGED AND DEFECTIVE 
ENDOSOMES ACCUMULATE EARLY AND 
SELECTIVELY IN MOTOR NEURONS OF ALS 
MODELS  

  SHEEAN R  ,   HORNE M  ,   TURNER B  

   Florey Neuroscience Institute and University of Melbourne, 
Melbourne, Victoria, Australia   

   Email address for correspondence: rebecca.sheean@fl orey.edu.au   

   Keywords:   endosomes  ,   lysosomes  ,   Rab5   

   Background:  A common hallmark of ALS pathology is 
the aggregation of misfolded proteins in the cytoplasm of 
affected motor neurons. This accumulation suggests a mishan-
dling of ALS-linked misfolded proteins and impairment of 
intracellular traffi cking. The endosome-lysosome system 
(ELS) is a complex series of pathways that specifi cally drive 
the targeting of proteins for traffi cking, degradation and 
exosomal secretion. Disruption of both exosomal secretion 
and protein degradation has been observed in ALS, suggesting 
a role of the ELS in ALS pathology.  

   Objectives:  We hypothesised that ELS abnormalities will be 
common to misfolded ALS-linked proteins and will arise early 
in the disease course of ALS models.  

   Methods:  NSC-34 cells stably expressing normal or mutant 
SOD1, TDP-43 or FUS were analysed for endocytic and 
lysosomal markers by Western blotting and immunocyto-
chemistry. ELS markers were also examined in spinal cords 
of transgenic SOD1 G93A  and TDP-43 A315T  mice compared to 
wild-types by Western blotting and immunohistochemistry.  

   Results:  We observed induction of early endosome (Rab5), 
late endosome (Rab7) and recycling endosome (Rab11) 
markers in NSC34 cells expressing mutant SOD1 and TDP-43 
compared to wild-type forms. Rab5-positive endosomes were 
signifi cantly enlarged (1 – 2  μ m in diameter) with abnormal 
morphology in mutant SOD1 and TDP-43 expressing cells, 
compared to normal endosomes (200 – 400 nm). Rab5 
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expression was increased 2-fold in spinal cords of SOD1 G93A  
mice at 60 days of age, followed by 1.5-fold increases in 
Rab7 and Rab11 levels at 90 days. Immunohistochemical 
analysis supported these fi ndings and revealed increased 
number and size of endosomes in presymptomatic SOD1 G93A  
mice in motor neurons, but not astrocytes or microglia.  

   Discussion and conclusions:  Our fi ndings show evidence 
of abnormal neuronal endosome accumulation and morphol-
ogy which occurs early in the disease course of ALS models. 
These results implicate defects in endosome-lysosome traf-
fi cking in ALS which opens up new possible therapeutic 
targets.  

DOI: 10.3109/17482968.2012.721231/165

  P70 ALS-LINKED MISFOLDED PROTEINS 
DISRUPT NEURONAL ENDOCYTIC TRANSPORT  

  SHEEAN R  ,   TURNER B  

   Florey Neuroscience Institutes, University of Melbourne, Victoria, 
Australia   

   Email address for correspondence: bradley.turner@fl orey.edu.au   

   Keywords:   endosome  ,   transport  ,   SOD1   

   Background:  Cytoplasmic mislocalisation and accumulation 
of misfolded or mutant proteins, notably SOD1, TDP-43 
and FUS, occurs in sporadic and familial ALS. The early 
involvement of endoplasmic reticulum stress and autophagy 
in ALS pathophysiology points towards defects in vesicle 
traffi cking within motor neurons as central to cell susceptibil-
ity and death. The endosome pathway is a major intersection 
for intracellular vesicle traffi cking in neurons and evidence 
linking mutations of  ALS2 ,  CHMP2B  and  FIG4  to ALS 
supports a role for endosome abnormalities in ALS. We there-
fore sought to determine whether endocytic transport defects 
are common to key ALS-linked proteins.  

   Objectives:  To investigate endocytic transport in cell models 
of ALS using tracers for receptor-mediated endocytosis and 
macropinocytosis.  

   Methods:  NSC-34 cells were transfected with normal or 
mutant SOD1, TDP-43 or FUS and treated with the endo-
cytic tracers, Alexa Fluor-conjugated epidermal growth factor 
(EGF) or transferrin (receptor-mediated endocytosis) or 
dextran (macropinocytosis). Cells were examined by confocal 
microscopy and immunolabelled for early, late or recycling 
endosomes.  

   Results:  We observed a rapid uptake of EGF and transferrin 
in cells expressing wild-type SOD1, TDP-43 or FUS proteins 
within 30 min and recycling by 60 min. EGF and transferrin 
co-localised with markers of early endosomes. In contrast, 
EGF and transferrin internalisation was impaired in cells 
transfected with mutant SOD1, TDP-43 or FUS and a loss 
of co-localisation with abnormally enlarged endocytic vesicles 
was shown. Furthermore, mutant TDP-43 or FUS redistribu-
tion to the cytoplasm enhanced slowing of endocytic trans-
port. Abnormal endosome transport was an early defect in 
cells preceding ER stress signalling, inclusion formation, 
autophagy and apoptosis.  

   Discussion and conclusions:  Our results demonstrate that 
slowing of endocytic pathway traffi cking occurs early in the 
toxicity of these ALS-linked misfolded proteins. Disruption 
of endosomal transport may also account for several other 
mechanisms implicated in neurodegeneration in ALS such as 

lysosomal activation and autophagy. We therefore propose that 
damage to endosome transport machinery or cargoes is an 
early and common feature in ALS pathogenesis.  

DOI: 10.3109/17482968.2012.721231/166

  P71 ALS-ASSOCIATED PERIPHERIN ISOFORMS 
SHOW DYNAMIC INCLUSION MORPHOLOGY IN 
VITRO  

   MCLEAN   JR  1   ,    HALLETT   PJ  1   ,    OSBORN   TM  1   ,    
SMITH   GA  1   ,    BROWN   TB  1   ,    LAWSON   TFS  1   ,    IZEN   S  1   , 
   MAZARAKIS   ND  2   ,    ROBERTSON   J  3   ,    ISACSON   O  1   

   1 McLean Hospital/Harvard Medical School, Belmont, MA, USA,  
2 Imperial College London, London, UK,  3  University of Toronto, 
Toronto, Ontario, Canada   

   Email address for correspondence: jmclean@mclean.harvard.edu   

   Keywords:   inclusion  ,   splicing  ,   peripherin   

   Background:  The intermediate fi lament protein peripherin 
has been detected within all sub-types of motor neuron inclu-
sions found in amyotrophic lateral sclerosis (ALS), including 
Bunina bodies, ubiquitinated inclusions, hyaline conglomer-
ate inclusions, and axonal spheroids. While the functional 
role(s) of these inclusions remain unknown, their formation 
may involve inter- and intra-isoform associations that arise 
through alternative splicing. An increase in peripherin mRNA 
that retains introns 3 and 4 (Per-3,4) leads to peripherin 
splicing abnormalities in ALS, including altered isoform stoi-
chiometry and the generation of an aggregate-prone splice 
variant, Per-28.  

   Objectives and methods:  During the course of evaluating 
Per-3,4 and Per-28 expression in SW-13 cells, we identifi ed 
peripherin inclusions with categorically distinct morphology.  

   Results:  Expression of the full-length peripherin isoform, 
Per-58, formed normal fi laments in  ∼ 97% of transfected 
cells. In contrast, Per-3,4 expression was associated with 
cytoplasmic condensed/bundled fi laments, small inclusions 
( �    10  μ M), or large inclusions ( 	    10  μ M) in  ∼ 34% of trans-
fected cells, while Per-28 expression was associated with 
small punctate inclusions detected in the nucleus, cytoplasm, 
or both in ∼  93% of transfected cells. The addition of a 
C-terminal cMyc tag to each peripherin cDNA increased 
peripherin isoform-specifi c expression, but did not alter 
inclusion morphology. Temporal changes in inclusion forma-
tion and morphology were identifi ed from 10, 24, and 48 hr 
transfected cells. Here, Per-3,4 and Per-28 showed up to 
2.4- and 1.8-fold increases in inclusion formation at 24 and 
48 hr when compared to 10 hr, respectively. This was accom-
panied by a 4.4-fold increase in large inclusions for Per-
3,4 and a 1.4-fold increase in nuclear only inclusions 
for Per-28. Additionally, Per-3,4 inclusions were associated 
with disruption of endogenous vimentin networks, but not 
microtubules.  

   Discussion and conclusions:  These observations may have 
relevance to understanding how peripherin-immunoreactive 
inclusions are formed in ALS. Further examination of the func-
tional and pathological effects of peripherin splice variants  
in vivo  is ongoing.  

DOI: 10.3109/17482968.2012.721231/167
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  P72 PRION MECHANISMS OF TOXICITY IN ALS: 
EXTRACELLULAR AGGREGATED WILD TYPE 
AND MUTANT G93A SOD1 INHIBIT ER TO GOLGI 
PROTEIN TRANSPORT AND ACTIVATES ER 
STRESS IN SH-SY5Y CELLS  

   SUNDARAMOORTHY   V  1   ,    YERBURY   J  2   ,    WALKER   A  1   , 
   FARG   M  1   ,    SOO   KY  1   ,    SPENCER   D  1   ,    ATKIN   J  1   

   1 Latrobe University, Bundoora, Victoria, Australia,  2  University of 
Wollongong, New South Wales, Australia   

   Email address for correspondence: dsundaramoothy@students.
latrobe.edu.au   

   Keywords:   prion-like  ,   extracellular SOD1  ,   ER stress   

   Background:  The onset of Amyotrophic Lateral Sclerosis 
(ALS) is a focal process which spreads contiguously amongst 
upper and lower motor neurons. Recent studies have indi-
cated that extracellular mutant SOD1 is involved in this 
process. Majorities (90%) of ALS cases are sporadic and mis-
folded wild type SOD1 is found in intracellular inclusions and 
in cerebrospinal fl uid of sporadic patients. Little is known 
about the intracellular effect of misfolded forms of both extra-
cellular wild type and mutant SOD1, and how their uptake 
could initiate neurodegeneration in motor neurons.  

   Objectives:  ER stress is an important cellular process leading 
to cell death, and it occurs upstream in the pathogenesis of 
ALS. Recently our laboratory found that inhibition of ER to 
Golgi protein transport occurs as an early defect in cells 
expressing mutant SOD1, and this leads to the activation of 
ER stress. The aim of the current study is to investigate 
whether extracellular aggregated forms of mutant and wild 
type SOD1 activate ER stress by inhibiting ER to Golgi 
protein transport.  

   Methods:   In vitro  aggregation of recombinant wild type and 
mutant G93A SOD1 was performed, and the resulting 
proteins were labeled with Alexa Fluor ®  488 dye and added 
to the culture medium of SH-SY5Y cells. ER to Golgi traf-
fi cking was examined using the cargo vesicular stomatitis virus 
glycoprotein ts045 (VSVG-ts045). Immunoblotting and 
immunocytochemistry techniques were used to detect upreg-
ulation of ER stress markers in these cells, and cell death was 
quantitated using propidium iodide (PI) uptake assay.  

   Results:  Aggregated forms of extracellular wild type and 
mutant G93A SOD1, and native mutant SOD1, were taken 
up by SY-SH5Y cells. Aggregated wild type, native and aggre-
gated mutant SOD1 specifi cally inhibited ER to Golgi protein 
transport to a similar degree. Furthermore, ER stress was also 
activated in these cells, determined by nuclear immunoreac-
tivity to CHOP and upregulation of ER stress markers XBP1, 
IRE1 and BiP. Extracellular aggregated wild type and mutant 
SOD1 also induced cell death in comparison to untreated 
cells ( P    �     0.01).  

   Discussion and conclusion:  This data shows that extracel-
lular forms of both mutant SOD1 and aggregated wild type 
SOD1 induce ER stress and inhibit ER-Golgi transport sim-
ilar to intracellular SOD1. These results therefore describe 
intracellular mechanisms leading to neurotoxicity triggered by 
extracellular mutant and wild type SOD1 after uptake. They 
also imply that wild type SOD1 is responsible for the spread 
of neurodegeneration in sporadic ALS. Hence therapeutic 
strategies targeting extracellular SOD1 could alleviate disease 
progression in both sporadic and familial ALS.  

DOI: 10.3109/17482968.2012.721231/168

  P73 ENDOPLASMIC RETICULUM STRESS IN 
MURINE MOTOR NEURONE DISEASE INDUCED 
BY EXPRESSION OF HUMAN G93A MUTATED 
SOD1  

   PRELL   T  1   ,    LAUTENSCHLÄGER   J  1   ,    WITTE   OW  1   ,    
CARRI   MT  2   ,    GROSSKREUTZ   J  1   

   1 Hans Berger Department of Neurology, University Hospita Jena, 
Jena, Germany,  2  Department of Biology, University of Rome “Tor 
Vergata”, Rome, Italy   

   Email address for correspondence: julian.grosskreutz@med.
uni-jena.de   

   Keywords:   unfolded protein response  ,   endoplasmic reticulum stress  ,  
 calcium homeostasis   

   Background:  Endoplasmic reticulum (ER) stress seems to 
play a major role in the pathogenesis of familial and sporadic 
amyotrophic lateral sclerosis (ALS). When organelle bound 
calcium exchange dysregulates, ER stress occurs and mis-
folded proteins accumulate in the ER. To compensate for these 
changes the unfolded protein reaction (UPR) is activated.  

   Objective:  To detect expression levels of key UPR signalling 
proteins in models of G93A hSOD1 amyotrophic lateral 
sclerosis.  

   Methods:  Murine embryonic motor neurons were co-cultured 
on a prepared mono layer of astrocytes of the same Jackson 
black 6 mouse species with the same mutational status. 
These cultures, and in addition, G93A hSOD1 expressing 
NSC34 cells were exposed to several pharmacological 
stimuli to trigger ER stress. Western blot and immunohisto-
chemistry was used to detect activation of several signal pro-
teins indicating ER stress and the activation of the unfolded 
protein response.  

   Results:  The UPR was activated in both cultured mutated 
SOD1G93A motor neurons and NSC34. Expression of XBP1 
and ATF6 α  mRNA and protein was enhanced in SOD1G93A 
NSC34 cells. Activation of ATF6 α , XBP1 and phosphoryla-
tion of eiF2 α  was detectable in mutated SOD1G93A motor 
neurones, but not in wild type motor neurones. Treatment 
with the ER stressor thapsigargin enhanced phosphorylation 
of eiF2 α  and expression of ATF6 α , XBP1, and sXBP1 in 
NSC34 cells and motor neurons in a time dependent manner.  

   Discussion:  Presently, the activation cascades known to 
occur in ER stress and UPR were found to be active due to 
hSOD1 expression. Notably, the increased level of the UPR 
was only mildly enhanced by known activators of the ER stress 
response in the presence of hSOD1. This provides further 
evidence that ER stress plays a major role in the presence of 
hSOD1, may exhaust the compensatory UPR prematurely 
and limit a motor neurone’s ability to cope with additional 
physiological stress, eventually leading to motor neurone 
demise.  

DOI: 10.3109/17482968.2012.721231/169
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  P74 PROTECTIVE EFFECT OF PROTEIN 
DISULPHIDE ISOMERASE AND ITS MECHANISM 
AGAINST MUTANT SOD1 INDUCED TOXICITY 
IN AMYOTROPHIC LATERAL SCLEROSIS  

   PARAKH   S  1   ,    SPENCER   D  1   ,    BILLA   N  1   ,    WALKER   A  1   ,    
SOO   KY  1   ,    FARG   M  1   ,    ATKIN   J  1,2   

   1 La Trobe, Melbourne, Victoria, Australia,  2  Howard Florey Institute, 
Melbourne, Victoria, Australia   

   Email address for correspondence: sonamparakh1@gmail.com   

   Keywords:   protein disulphide isomerase  ,   protein disulphide isomerase 
family  ,   superoxide dismutase 1   

   Background:  Around 20% of familial amyotrophic lateral 
sclerosis (ALS) patients have superoxide dismutase 1 (SOD1) 
mutations and mutant SOD1 induces endoplasmic reticulum 
(ER) stress, inclusion formations and apoptosis in affected 
neurons. These processes are important hallmarks in the 
pathogenesis of ALS. Protein disulphide isomerase  ( PDI) is 
an important ER chaperone, which is also responsible for the 
formation and isomerisation of disulphide bonds. The disul-
phide interchange activity of PDI is due to the presence of 
cysteine residues present within its active sites. PDI is the 
prototype of a family of 19 members including PDIA2, 
ERp57, and ERp72, which possess structural similarities 
but different substrate specifi cities. We previously demon-
strated that over expression of PDI has a protective effect 
against mutant SOD1 induced toxicity in ALS. However, the 
mechanisms underlying the protective functions of PDI, 
whether due to chaperone or disulphide interchange activity, 
are unclear.  

   Objective:  To understand the mechanisms of action of PDI 
and other family members, including PDI, PDIA2, ERp57 
and ERp72.  

   Methods:  Mutants of PDI lacking the disulphide interchange 
activity were constructed, whereby active site cysteine residues 
were mutated to serine. PDI mutants, other family members 
PDIA2, ERp57, ERp72 and a small molecule mimic of 
the PDI active site, were also investigated, Constructs encod-
ing PDI mutants and PDI family members were co trans-
fected with mutant SOD1 into the motor neuron like cell line, 
Neuro-2a. Inclusion formations were examined by confocal 
microscopy, and ER stress and cell death was observed using 
immunocytochemistry and immunoprecipitation.  

   Results:  Both PDI and ERp57 had a protective effect against 
mutant-SOD1induced toxicity whereas; PDIA2 and ERp72 
had no effect, suggesting that the PDI family members are 
highly specifi c in their function and substrate associations. 
Furthermore, the PDI cysteine mutants did not decrease 
inclusion formations and ER stress whereas they all reduced 
apoptosis. These data suggest that the disulphide interchange 
activity of PDI is essential in decreasing inclusion formations 
and ER stress. However, the chaperone activity of PDI 
also plays a role in reducing cell death by other mechanisms.  

   Conclusion:  PDI has an important physiological role in 
reducing mutant SOD1-induced toxicity. These data therefore 
reveal a possible mechanism through which PDI family mem-
bers reduce this toxicity, thus revealing novel insights in the 
use of PDI and its family members as therapeutic agents 
in ALS.  

DOI: 10.3109/17482968.2012.721231/170

  P75 UPREGULATION OF PROTEIN-DISULPHIDE 
ISOMERASE IN ALS MICROGLIA AND ER STRESS 
DEPENDANT ACTIVATION OF NADPH OXIDASE  

  JARONEN M  ,   VEHVIL Ä INEN P  ,   MALM T  , 
  KEKSA-GOLDSTEINE V  ,   POLLARI E  ,   VALONEN P  , 
  KOISTINAHO J  ,   GOLDSTEINS G  

   University of Eastern Finland, Kuopio, Finland   

   Email address for correspondence: merja.jaronen@uef.fi    

   Keywords:   glial cells  ,   Protein disulphide isomerase  ,   NADPH oxidase   

   Background:  Glial cells play a major role in neurodegenera-
tive diseases, including amyotrophic lateral sclerosis (ALS). 
Some familial forms of ALS are associated with point muta-
tions in the superoxide dismutase 1 (SOD1) gene. However, 
the mechanism how mSOD1 causes direct and glia-mediated 
neurotoxicity is not fully understood. NADPH oxidase (NOX) 
activity and superoxide production have been shown to be 
elevated  in vivo  ALS studies, and they may thereby contribute 
the motoneuron death. Furthermore, mSOD1 has been dem-
onstrated to bind to Rac1, a small G protein that activates 
NOX complex, and cause sustained NOX activation, leading 
to increased superoxide production. Misfolding and aggrega-
tion of mSOD1 protein overwhelms the protein folding capac-
ity of the endoplasmic reticulum (ER) in neurons and induces 
the unfolded protein response (UPR), subsequently leading 
to apoptosis. Protein-disulphide isomerase (PDI) is an ER 
chaperone assisting oxidative protein folding in all types of 
cells, including neurons and glia. In neurodegenerative disor-
ders, up-regulation of PDI is thought to be an important part 
of UPR and it is thought to protect the cells from apoptosis.  

   Objectives:  In the light of the previous fi ndings our aim 
was to explore 1) whether PDI expression is upregulated in 
glial cells of G93A-SOD1 mice as a part of UPR and 
2) whether UPR results in PDI activity dependent NOX 
activation in microglia and other cells of monocyte lineage.  

   Methods:  Early symptomatic, 20-week-old, G93A-SOD1 
transgenic male mice carrying a high copy number of human 
mG93A-SOD1 were used for histological studies. Wild type 
(wt) littermates were used as control animals.  

   Results:  In G93A-SOD1 ALS mice our results showed 
that even though PDI expression was high in motoneurons, 
the PDI positive area was not changed at early symptomatic 
age and we detected only slightly increased motoneuronal 
PDI expression when compared to wt mice. In contrast, we 
found a striking up-regulation of PDI in the spinal cord 
microglia of G93A-SOD1 mice, indicating that UPR may take 
place not only in neurons but also in glial cells in ALS. Because 
mSOD1 has been reported to cause sustained activation of 
NOX in microglia, we investigated the role of PDI and 
UPR in NOX activation. In BV-2 microglia UPR resulted in 
NOX activation coupled with increased superoxide produc-
tion and TNF- α  release. The phenomenon was recapitulated 
in primary rat microglia, murine macrophages and human 
monocytes. Importantly, pharmacological inhibition of PDI 
or its down-regulation by siRNAs prevented NOX activa-
tion in microglia and subsequent production of superoxide.  

   Discussion and conclusions:  Our results show that 
increased PDI activity in microglia may exacerbate oxidative 
stress through NOX activation and thereby contribute to neu-
rotoxicity, including the motor neuron degeneration in early 
stages of ALS.  

DOI: 10.3109/17482968.2012.721231/171
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  P76 IMPAIRED CYTOPLASMIC-NUCLEAR 
TRANSPORT OF HYPOXIA-INDUCIBLE FACTOR 
1 IN AMYOTROPHIC LATERAL SCLEROSIS  

  NAGARA Y  ,   TATEISHI T  ,   TANAKA M  ,   YAMASAKI R  , 
  MOTOMURA IINUMA K  ,   KIKUCHI H  ,   HAYASHI S  , 
  OHOYAGI Y  ,   KIRA J-I  

   Department of Neurology, Neurological Institute, Graduate School 
of Medical Sciences, Kyushu University, Fukuoka, Japan   

   Email address for correspondence: ynagara@neuro.med.kyushu-u.
ac.jp   

   Keywords:   cytoplasm  ,   nuclear transport  ,   karyopherin   

   Background:  Dysregulation of vascular endothelial growth 
factor (VEGF) is suggested to be part of pathogenesis underly-
ing amyotrophic lateral sclerosis (ALS). Our previous study 
comprehensively examined cytokines/ chemokines in the cere-
brospinal fl uid (CSF) of ALS patients and revealed that reduced 
CSF levels of VEGF are associated with disease severity.  

   Objective:  In the present study, we aimed to characterize under-
lying mechanisms for impaired VEGF production in ALS.  

   Methods and results:  Immunohistochemical surveys on 
VEGF and upstream indispensable transcriptional factors, 
such as hypoxia-inducible factor-1a (HIF-1a), were performed 
using the anterior horn cells (AHCs) from postmortem 
ALS patients and G93A mutant superoxide dismutase 1 
(mSOD1) transgenic mice, presymptomatic, symptomatic, 
and end stages, respectively. In ALS patients, the immunore-
activity of HIF-1a in the cytoplasm of AHCs increased sig-
nifi cantly, while that of VEGF in the nucleus of AHCs 
decreased signifi cantly compared with disease-free controls. 
In mSOD1-transgenic mice at the presymptomatic stage 
showed similar changes in the immunoreactivity of HIF-1a 
and VEGF. Furthermore, HIF-1a was co-localized with 
karyopherin b1 in the cytoplasm of AHCs from mSOD1-
transgenic mice, and karyopherin b1 was co-localized with 
nucleoporin 62 on the nuclear envelope. Nuclear envelope 
alterations and changes in the immunoreactivity of karyo-
pherin b1 occurred concurrently, presumable due to the 
impaired cytoplasmic-nuclear transport.  

   Conclusion:  These results suggest that in the AHCs from 
mSOD1-transgenic mice, cytoplasmic HIF-1a is successfully 
transported to the nuclear envelope but cannot enter into the 
nucleus of AHCs as early as the presymptomatic stage. 
The impaired cytoplasmic-nuclear transport of HIF-1a might 
be a preceding event to motor neuron degeneration in ALS.  

DOI: 10.3109/17482968.2012.721231/172

  P77 OVEREXPRESSED G93A HSOD1 ALTERS 
SENSITIVITY OF THE ENDOPLASMIC 
RETICULUM MITOCHONDRIA CALCIUM CYCLE 
TO MPTP ACTIVATION IN MOUSE EMBRYONIC 
MOTOR NEURONS  

  LAUTENSCHL Ä GER J  ,   PRELL T  ,   RUHMER J  , 
  WEIDEMANN L  ,   WITTE OW  ,   GROSSKREUTZ J  

   Friedrich-Schiller-University Hospital Jena, Hans-Berger 
Department of Neurology, Jena, Germany   

   Email address for correspondence: janin.lautenschlaeger@med.
uni-jena.de   

   Keywords:   mitochondrial dysfunction  ,   calcium dynamics  ,   
excitotoxicity   

   Background:  In ALS, motor neurons display morphological 
abnormalities of mitochondria and the endoplasmic reticulum 
(ER) which are functionally coupled in the ER mitochondria 
calcium cycle (ERMCC). Decreased activity of mitochondrial 
complexes and the induction of the unfolded protein response 
(UPR) in sporadic ALS (sALS) patients and mutant hSOD1 
mice indicate functional disturbances which may also be 
present in TDP-43 and VAPB models. Intervention studies 
showed that modulation of UPR sensor proteins has a life 
extending effect in mutant hSOD1 mice.  

   Objectives:  To determine mitochondrial ERMCC kinetics 
and functional state in the presence of disease causing 
G93A hSOD1.  

   Methods:  Mixed motor neuron cultures were prepared 
from E13 ventral spinal cord of non-transgenic and G93A 
hSOD1 mice. Cytosolic calcium transients and mitochondrial 
membrane potential were monitored using fura-2 AM and 
rhod123. ERMCC modifying drugs were tested for protec-
tive/toxic effects in motor neuron culture.  

   Results:  Upon application of RU360, inhibiting the mito-
chondrial calcium uptake, motor neurons but not non-
motor neurons failed to return kainate induced calcium levels 
to baseline. However, blocking of mitochondrial calcium 
export through the mitochondrial sodium/calcium exchanger 
(mNCE) by CGP37157 caused severely increased calcium 
transients in non-transgenic motor neurons but not in G93A 
hSOD1 motor neurons. Inhibition of the mitochondrial 
permeability pore (mPTP) with cyclosporine A had no effect 
on the cytosolic calcium dynamics, but a blocking of both 
ways of calcium extrusion with CGP37157 and cyclosporine 
A at the same time reduced intracellular calcium transients. 
Furthermore, 100 sec kainate exposure caused a steadily 
increasing loss of mitochondrial membrane potential in non-
transgenic, but not in G93A hSOD1 motor neurons. A 12 h 
treatment with CGP37157 and CPA, reducing the calcium 
transport back to the ER showed a survival benefi t for G93A 
hSOD1 motor neurons.  

   Discussion and conclusions:  These results show that 
mitochondria indeed play a prominent role for the calcium 
buffering capability of non-transgenic motor neurons and 
G93A hSOD1 motor neurons, further revealing that the cal-
cium uptake through the mitochondrial uniporter is not 
disturbed in the presence of G93A hSOD1. In contrast, mito-
chondrial calcium extrusion seems to be changed in G93A 
hSOD1 motor neurons. While the mPTP is not involved 
under physiological conditions, there seems to be an activa-
tion upon inhibition of the mNCE in non-transgenic motor 
neurons. Motor neurons of G93A hSOD1 mice showed no 
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compensatory mPTP activation. Furthermore, the evaluation 
of the mitochondrial membrane potential suggests an activa-
tion of the mPTP under severe stress conditions in non-
transgenic motor neurons, but not in G93A hSOD1 motor 
neurons. First survival analyses in G93A hSOD1 motor 
neuron cultures were able to show, that ERMCC stabiliza-
tion may provide a new therapeutic principle in ALS.  

DOI: 10.3109/17482968.2012.721231/173

  P78 A PATHWAY CONTROLLING CELL SIZE AND 
AXON MORPHOLOGY OF MOTOR NEURON 
SUBSETS  

   BUTTIGIEG   D  1   ,    BARAD   M  2   ,    BLANCHARD   S  3   , 
   GENTIEN   D  4   ,    DE LA GRANGE   P  5   ,    BOHL   D  3   ,    
MEDINA   I  6   ,    HAASE   G  1   

   1 Institut des Neurosciences de la Timone,  2 Centre d’Immunologie, 
INSERM, CNRS, Aix-Marseille University, Marseille, France,  
3 Institut Pasteur, INSERM U622, Paris, France,  4 Institut Curie, 
Paris, France,  5 Genosplice, Paris, France,  6  Institut des Neurosciences 
de la M é diterran é e, Marseille, France   

   Email address for correspondence: georg.haase@univmed.fr   

   Keywords:   motor neuron subset  ,   vulnerability  ,   motor axon   

   Background:  Subsets of motor neurons greatly differ in 
morphology but the developmental programs regulating the 
size of their cell bodies, axons and dendrites remain unclear.  

   Objective and methods:  To address this, we FACS-isolated 
two distinct motor neuron subsets innervating either limb 
muscles (LMC-MN) or axial muscles (MMC-MN) and 
investigated them by morphometric, gene profi ling and 
functional approaches.  

   Results and discussion:  We demonstrate that repression 
of the transcription factor Hb9 in LMC motor neurons causes 
strong up-regulation of the intermediate fi lament protein 
Peripherin and the enzyme Diacylglycerol kinase  β  which 
both contributes to the larger cell bodies and longer but 
less branched axons in LMC as compared to MMC motor 
neurons.  

   Conclusion:  This data might provide molecular clues to the 
differential vulnerability of motor neurons in degenerative 
motor neuron diseases such as ALS and SMA.  

DOI: 10.3109/17482968.2012.721231/174

  P79 GFP-BASED REPORTERS TO MONITOR 
BIOCHEMICAL ALTERATION IN CELLULAR 
MODELS FOR AMYOTROPHIC LATERAL 
SCLEROSIS  

  ESPOSITO S  ,   MURA ME  ,   CONCAS A  ,   MANIGA A  , 
  IACCARINO C  ,   CROSIO C  

   Department of Biomedical Science, University of Sassari, Sassari, 
Italy   

   Email address for correspondence: ccrosio@uniss.it   

   Keywords:   high-throughput experimental strategies  ,   oxidative stress  ,  
 ubiquitine-proteasome system   

   Background:  A critical step in designing more effective 
therapies for the treatment of ALS, is the identifi cation of 
drugs able to interfere with the fi rst cellular alterations, 
prior to the onset of motoneuron death. High    �    throughput 

experimental strategies (HTS) aimed at the fi nding of 
pharmacological compounds that might slow, stop or reverse 
disease progression may provide a unique and powerful tool 
for the identifi cation of new active drugs for treating ALS.  

   Objectives:  Development and validation of different cellular 
models, where specifi c markers of cell toxicity induced by 
expression of ALS-causative genes, may be used as a straight-
forward read-out for screening of compound libraries of 
different nature. In particular, we validate two different cel-
lular models expressing high sensitive fl uorescent probes suit-
able for the measurement of either oxidative stress or 
proteasomal impairment, which have been described to be key 
events during ALS disease progression.  

   Methods:  We generate cell lines expressing constitutively 
the following fl uorescent reporter genes to analyze and 
quantify  in vivo  those parameters shown to be altered in ALS: 
the oxidative stress (roGFP reporter) and the ubiquitine-
proteasome (UPS) activity impairment (YFPu reporter).  

  a) roGFP senses the redox potential of the cellular glutath-
ione buffer. Neuronal SHSY5Y cells stably expressing roGFP 
or mitochondrial targeted roGFP (MTXroGFP).  

  b) To measure the UPS function in living cells, we took 
advantage of a reporter consisting of a short degron, CL1, 
fused to the C   – terminus of the Yellow Fluorescent Protein 
(YFPu) whose signal has been demonstrated to be quickly 
detectable in living cells in case of UPS impairment.  

  Recombinant adenoviruses encoding wild type or mutant 
(G93A or H80R) SOD1 were generated according to manu-
facturer’s instruction (Clontech).  

   Results:  Infection of SH-SY5Y cells, expressing either 
MTXroGFP or YFP-u, with adenoviruses encoding SOD1 
WT and two different mutants (G93A or H80R), indicate a 
signifi cant increase in roGFP and YFPu fl uorescence follow-
ing infection with SOD1 mutant, compared to SOD1-WT, 
suggesting that these reporters permits real-time analysis of 
cell damage triggered by ALS-causative genes, in living 
cells.  

   Discussion:  Although preliminary our results indicated that 
both cellular models are able to analyze and measure  in vivo  
the cellular stress induced by the ALS-causative gene SOD1. 
Studies are in progress to verify suitability of different cellular 
models for the HTS analysis to identify biological active mol-
ecules able to interfere with and/or prevent cellular damage 
generated upon expression of ALS causative – genes.      

DOI: 10.3109/17482968.2012.721231/175
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                        THEME 4 HUMAN CELL BIOLOGY 
AND PATHOLOGY    

 P80 NEURODEGENERATION-ASSOCIATED 
TDP-43 INTERACTS WITH FMRP/STAU1 AND 
REGU-LATES SIRT1 EXPRESSION IN NEURONAL 
CELLS      

    YU     Z  1  ,       FAN     D  1  ,       GUI     B  1  ,       SHI     L  2  ,       XUAN     C  2  ,       SHAN     L  2  ,  
     WANG     Q  2  ,       SHANG     Y  2    &        WANG     Y  2           

  1 Peking University Third Hospital, Beijing, China,  2  Tianjin Key 
Laboratory of Medical Epigenetics, Department of Biochemistry 
and Molecular Biology, Tianjin Medical University, Tianjin, 
China  

  Email address for correspondence: dsfan2010@yahoo.com.cn                              

  Keywords:    TDP-43  ,   FMRP  ,   STAU1  ,   SIRT1  

  Background and objective:  Despite the identifi cation of the 
43kDa transactive response DNA-binding protein (TDP-43) 
as a major pathological signatory protein in a wide range of 
neurodegenerative diseases, the mechanistic role of TDP-43 
in neurodegenerative disorders is still poorly understood.   

  Methods and results:  We report that TDP-43 is physically 
associated with fragile X mental retardation protein (FMRP) 
and Staufen (STAU1) to form a functional complex. Differ-
ential microarray analysis revealed that the expression of a 
collection of functionally important genes including Sirtuin 
(SIRT1) is regulated by this complex. RNA-immunoprecipi-
tation (RIP) assays demonstrated that TDP-43/FMRP/
STAU1 specifi cally bind to the 3’UTR of SIRT1 mRNA, 
leading to the degradation of SIRT1 mRNA. SIRT1 is impli-
cated in double-stranded DNA break repair and is required 
for cell survival. Indeed, depletion of TDP-43/FMRP/STAU1 
sensitizes cells to apoptosis and DNA damages.   

  Conclusions:  Our experiments revealed that TDP-43 is 
physically associated with FMRP and STAU1 to form a func-
tional coordinated complex to co-regulate the expression of 
SIRT1. Our results indicate that defects in the TDP-43/
FMRP/STUA1 complex sensitize neuronal cells to apoptosis 
and DNA damages in a SIRT1-dependent manner. These 
 fi  ndings may shed new light on the understanding of the bio-
logical functions and the mechanistic involvement of TDP-43 
in neurodegenerative diseases.     

DOI: 10.3109/17482968.2012.721231/176

P81 INTRINSIC REGULATION OF FUS 
SUBCELLULAR LOCALIZATION AND 
AGGREGATION BY DIFFERENT SEQUENCE 
FEATURES  

  ZHANG J  ,   YANG L  ,   GAL J  ,   KASARSKIS E  ,   ZHU H  

   University of Kentucky, Lexington, KY, USA   

   Email address for correspondence: haining@uky.edu   

   Keywords:   FUS  ,   subcellular localization  ,   protein aggregation   

   Background:  Mutations of DNA/RNA binding protein fused 
in sarcoma/translated in liposarcoma (FUS/TLS) have been 
recently reported to be responsible for the familial ALS type 
6. In neurons, FUS is predominantly a nuclear protein and 
can shuttle between the cytoplasm and nucleus. Mutated FUS 
is found to accumulate in the cytoplasm and forms cytoplas-
mic inclusion in postmortem ALS patient brains. Most of the 
mutation in FUS is clustered at the C-terminus. The very 
C-terminus of FUS has been identifi ed to be an effective 
nuclear localization sequence (PY-NLS), and ALS related 
C-terminal mutation will compromise the function of nuclear 
localisation signal (NLS). However, the sequence features 
determining the subcellular localization of FUS and their 
implication in the aggregation are not fully understood.  

   Objectives:  To study the sequences involved in the import 
or export of FUS and their relevance to the aggregation.  

   Methods:  Different mutations or truncations of FUS were 
made and expressed in neuroblastoma 2A in the presence or 
absence of export 1 specifi c inhibitor LMB, and confocal 
images were took to observe their localization. Mouse primary 
motor neurons and skin fi broblast cells derived from the 
familial ALS patients carrying FUS mutations were used in 
the study to validate the fi ndings from the N2A cells.  

   Results:  We found sequence 301VADYFKQIGI310 is a func-
tional nuclear export signal (NES). In addition to the C-ter-
minal NLS, the RRM domain in the C-terminus may play a 
functional role of nuclear retention, and N-terminus can also 
direct the nuclear import of FUS through an unknown mech-
anism. FUS only forms aggregates in the nucleus, and C-ter-
minus of FUS including RRM domain is critic but not 
suffi cient for the aggregation of FUS.  

   Discussion and conclusions:  The import and export of 
FUS is regulated by multiple domains. Cytoplasmic localiza-
tion is critic for the aggregation of FUS. Our data suggest 
mutated FUS can still shuttle between nucleus and cytoplasm. 
Further study might identify the underlying molecules driving 
the shuttling of FUS and develop therapeutic strategy.  

DOI: 10.3109/17482968.2012.721231/177
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  P82 ARGININE METHYLATION REGULATES FUS 
CHROMATIN-ASSOCIATION AND SOLUBILITY  

  YANG L  ,   ZHANG J  ,   GAL J  ,   KASARSKIS E  ,   ZHU H  

   University of Kentucky, Lexington, KY, USA   

   Email address for correspondence: haining@uky.edu   

   Keywords:   FUS  ,   arginine methylation  ,   protein solubility   

   Background:  Mutations on RNA binding protein FUS 
account for 4 – 5% of familial ALS. How FUS mutants cause 
motor neuron degeneration is unknown. FUS toxicity is 
closely related to its intracellular localization and extracellular 
solubility.  

   Objectives:  To understand FUS proteinopathy by studying 
the regulation of its localization and solubility.  

   Methods:  We transfected HEK 293T cells with plasmid 
expressing GST-tagged FUS or FUS mutants and did cell 
fractionation assay to detect the intracellular localization of 
FUS and FUS mutants. We transfected HEK 293T cells with 
plasmid expressing GST-tagged FUS and treated the cells 
with methyltransferase inhibitor to investigate the effect of 
arginine methylation on FUS localization and solubility. We 
cotransfected HEK 293T cells with plasmid expressing 
GST-tagged FUS and plasmid expressing EGFP-tagged 
TDRD3 (Tudor domain-containing protein 3) to study FUS-
TDRD3 interaction and localization.  

   Results:  FUS is predominantly nuclear-located and presents 
in two fractions: nuclear soluble and chromatin associated. 
We found ALS-related mutations dissociate FUS from 
chromatin. FUS with low arginine methylation level tends to 
accumulate in the chromatin fraction, suggesting arginine 
methylation facilitates FUS chromatin dissociation. Methyl-
ated arginine is a binding substrate of protein tudor domain. 
In our study, we found FUS interact with TDRD3 and 
this interaction was weakened by methyltransferase inhibitor 
treatment. Overexpression of TDRD3 promoted FUS chro-
matin dissociation and FUS mutants cytoplasmic accumula-
tion. Moreover, we found ALS-related mutations and low 
arginine methylation level reduces FUS solubility in radioim-
munoprecipitation assay (RIPA) buffer.  

   Discussion and conclusions:  Our fi ndings suggest that 
arginine methylation is an important post-translational modi-
fi cation in the regulation of FUS localization and solubility. 
Manipulation of FUS arginine methylation level can be 
applied to reduce FUS toxicity.  

DOI: 10.3109/17482968.2012.721231/178

  P83 HISTONE DEACETYLASE 6 REGULATES 
FAMILIAL ALS MUTANT SOD1 TURNOVER  

  GAL J  ,   CHEN J  ,   YANG L  ,   ETHERTON R  ,   FU W-S  , 
  BRUMLEY E  ,   FRAILIE T  ,   ZHU H  

   University of Kentucky, Lexington, KY, USA   

   Email address for correspondence: haining@uky.edu   

   Keywords:   SOD1  ,   HDAC6  ,   autophagy   

  About 20% of the familial ALS cases are caused by mutations 
in the Cu/Zn superoxide dismutase (SOD1). Protein inclu-
sions in motor neurons and glial cells are a hallmark of 
ALS and the ALS mutants of SOD1 are prone to aggregation. 
HDAC6 is a lysine deacetylase that is almost exclusively 

localized in the cytoplasm. HDAC6 was implicated in the 
regulation of protein aggregation and autophagy. The role of 
HDAC6 in ALS has not been investigated in detail.  

  We found that the knockdown of HDAC6 resulted in 
the accumulation of highly aggregated mutant SOD1. HDAC6 
selectively interacted with mutant, but not with wild-
type SOD1. The ubiquitin-binding Zn-fi nger and the lysine 
deacetylase activity of HDAC6 were not necessary for the 
HDAC6-mutant SOD1 interaction. Deletion of the SE14 
repeat domain of HDAC6 impaired the interaction with 
mutant SOD1. However, the isolated SE14 domain did not 
interact with mutant SOD1. Instead, we found that a 
motif very similar to the SOD1 Mutant Interaction Region 
(SMIR) we described in p62/Sequestosome 1 is present near 
the SE14 domain in HDAC6 and the SMIR mediates the 
interaction with mutant SOD1. We also identifi ed a second, 
less conserved SMIR in the fi rst deacetylase domain of 
HDAC6. We also found that p62 and HDAC6 interacted with 
each other and this interaction was at least in part mediated 
by the SMIR motifs of p62 and HDAC6.  

  Our results suggest that beyond their functional interaction 
in the regulation of protein aggregation and turnover, HDAC6 
and p62 can also participate in common biochemical 
complexes and share a mechanism to recognize mutant 
SOD1 independent of their ubiquitin-binding domains. We 
also investigated the modulation of the tubulin deacetylase 
activity of HDAC6 by mutant SOD1 and the possible role of 
tubulin acetylation in mutant SOD1 turnover.  

DOI: 10.3109/17482968.2012.721231/179

  P84 ALTERATED EXPRESSION OF SOD1 AND 
TDP-43 IN PERIPHERAL BLOOD MONONUCLEAR 
CELLS FROM SPORADIC ALS PATIENTS  

   LEONI   E  1,2   ,    ORIETTA   P  1   ,    PAMELA   M  1,2   ,    
VALENTINA   S  1,2   ,    DILETTA   E  1   ,    STELLA   G  1   , 
   MAURO   C  2,3   ,    CRISTINA   C  1   

   1 Laboratory of Experimental Neurobiology,  “ C. Mondino ”  
National Institute of Neurology Foundation, IRCCS, Pavia, Italy,  
2 Department of Public Health, Neuroscience, Experimental and 
Forensic Medicine, University of Pavia, Pavia, Italy,  3  Department 
of General Neurology,  “ C. Mondino ”  National Institute of 
Neurology Foundation, IRCCS, Pavia, Italy   

   Email address for correspondence: cristina.cereda@mondino.it   

   Keywords:   SOD1  ,   TDP-43  ,   peripheral blood mononuclear cells   

   Background:  Several lines of evidence supported the hypoth-
esis of a toxic role played by wild type (WT-SOD1) in the 
pathogenesis of SALS (1 – 2). Nevertheless, TDP-43 has been 
identifi ed as the major pathological protein due to its mislo-
calisation in the cytoplasm (3). As recent studies (4,5) support 
the presence of a relationship between these two proteins here 
we aim to investigate SOD1 and TDP-43 expression in 
peripheral blood mononuclear cells (PBMC) from SALS 
patients.  

   Objectives:  Evaluate SOD1and TDP-43 expression and 
localization in lymphocytes and monocytes from SALS 
patients.  

   Methods:  PBMCs were obtained from 20 SALS patients 
and 20 healthy controls (CTR). Nuclear and cytoplasmic 
fractions were obtained as previously described by (6). 
Insoluble pellets were resuspended in lysis buffer as reported 
by (7). SOD1 and TDP-43 expression were evaluated by west-
ern blotting. SOD1 localization was evaluated by immun-
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ofl uorescence technique followed by confocal microscopy 
observation.  

   Results:  Western blot analysis showed an overall increased 
nuclear SOD1 expression in SALS patients. The splitting of 
patients with higher nuclear SOD1 expression from those with 
similar to controls ’  levels highlighted the differences between 
the patients ’  clustering. No differences were found in the 
cytosolic compartment. Analysis of insoluble lysates evidenced 
an increase in SOD1 expression in a group of ALS cases 
suggesting that a reduction in SOD1 expression in some 
patients was due to the protein precipitation in the insoluble 
fraction. A further indirect confi rmation of these fi nding was 
obtained by immunofl uorescence and confocal analysis. 
The presence of small or large foci of aggregated SOD1 pro-
tein was regularly detected in the cytoplasm of patients 
with nuclear SOD1 levels similar to controls. Patients with 
high nuclear SOD1 levels showed smaller aggregates in the 
same compartment. Regarding TDP-43, we observed higher 
nuclear levels compared to cytoplasm in both SALS patients 
and control, confi rming its distribution predominantly in 
the nuclear compartment. Interestingly, 6 patients with high 
levels of nuclear SOD1 showed also high level of cytoplasmic 
TDP-43.  

   Conclusions:  These preliminary data suggest us the involve-
ment of an altered WT-SOD1 and TDP-43 localization in 
sporadic cases of ALS highlighting new evidences about path-
ways which may have implication in the disease pathogenesis.  
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  P85 GENE EXPRESSION PROFILING OF 
LYMPHOBLASTOID CELLS FROM 
AMYOTROPHIC LATERAL SCLEROSIS PATIENTS 
WITH AND WITHOUT C9ORF72 EXPANSIONS 
AND CONTROLS  

  COOPER-KNOCK J  ,   KIRBY J  ,   RATTRAY M  ,   HEATH PR  , 
  SHAW P  
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   Introduction:  Intronic hexanucleotide repeat expansions of 
C9ORF72 are found in approximately 10% of patients with 
amyotrophic lateral sclerosis (ALS) and represent the most 
common genetic variant identifi ed to date. The function and 
dysfunction of C9ORF72 is poorly understood, but it has 

been proposed that the expansion may mediate pathogenesis 
via a sequestration of RNA splicing factors.  

   Metholodology:  Gene expression profi ling (GEP) was car-
ried out on RNA extracted from lymphoblastoid cells from 
ALS patients with the C9ORF72 expansion (n    �    10), ALS 
patients without the expansion (n    �    16) and neurologically 
normal controls (n    �    10) using Affymetrix HG-U133 Plus 2.0 
GeneChips. Data were analysed with the Propagating 
Uncertainty in Microarray Analysis (PUMA) suite of tools. 
Aberrantly affected pathways were identifi ed using the 
Database for Annotation, Visualization and Integrated 
Discovery (DAVID). Differential expression of certain genes 
was validated by QRT-PCR. A multiplexed fl uorescent bead-
based immunoassay of cerebrospinal fl uid (CSF) from 
C9ORF72-ALS (n    �    4), non-C9ORF72 ALS (n    �    5) and 
controls (n    �    5) was used to confi rm changes in gene expres-
sion at the protein level.  

   Results:  319 probe sets were differentially expressed identi-
fi ed between C9ORF72-ALS cases and controls. Signifi cantly 
enriched pathways included  ‘ RNA splicing ’  and  ‘ chromatin 
modifi cation ’  (p    �    0.01). Consistent with earlier studies, 
C9ORF72 itself was down-regulated. Successful validation 
of gene expression changes was performed by QRT-PCR. 
The top differentially expressed gene, as determined by 
fold change, between C9ORF72-ALS and controls was 
down-regulation of a neuroprotective cytokine, which was also 
the second highest differentially expressed gene between 
C9ORF72-ALS and non-C9ORF72 ALS. A lower level of 
this cytokine in C9ORF72-ALS compared to non-C9ORF72 
ALS (p    �    0.05) and controls was confi rmed in CSF.  

   Discussion:  Identifi ed down-regulation of splicing factors 
is consistent with sequestration which may mediate a 
broader disruption of RNA splicing. As other splicing associ-
ated genes were up-regulated, it is hypothesised that this 
represents compensation and a potential therapeutic target. A 
similar up-regulation of these genes has been discovered in 
frontotemporal lobar degeneration with TDP-43-positive 
inclusions (FTLD-TDP). Certain results were comparable to 
gene expression in myotonic dystrophy 1 (DM1), another 
neuromuscular disease mediated by an intronic expansion. 
The extent to which disease mechanisms in C9ORF72-
ALS and DM1 are similar remains to be determined. The 
identifi cation of aberrant down-regulation of a neuroprotec-
tive cytokine in C9ORF72-ALS compared to non-C9ORF72 
ALS and controls suggests that pathways of infl ammation 
are important in the pathogenesis of C9ORF72-ALS. This 
may represent a novel therapeutic target.  

DOI: 10.3109/17482968.2012.721231/181
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  P86 ANALYSIS OF THE C9ORF72 
HEXANUCLEOTIDE REPEATS SIZE IN ALS 
PATIENT DERIVED FIBROBLASTS, IPS CELLS 
AND POSTMORTEM BRAIN TISSUES  

   ZHANG   P-W  1   ,    DONNELLY   C  1   ,    SATTLER   R  1,2   , 
   BALASUBRAMANIAN   U  1   ,    OSTROW   L  1   ,    
ROTHSTEIN   J  1,2   
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   Keywords:   hexanucleotide repeat  ,   C9ORF72  ,   southern blotting   

   Background:  Approximately 10 – 15% of ALS cases are 
familiar. Mutations in  SOD1  encoding the cooper/zinc 
superoxide dismutase,  TARDBP  (TAR DNA-binding 
protein 43) and  FUS  (fused in sarcoma) are responsible for 
20% – 30% of familial ALS disease. Rare mutations in other 
genes like  ANG ,  VAPB, DAO ,  OPTN ,  VCP  and UBQLN2 
have been reported. Recent studies have identifi ed expanded 
GGGGCC hexanucleotide repeats in the C9ORF72 gene 
in ALS, frontotemporal dementia (FTD) and ALS-FTD. 
This novel mutation is currently the most common genetic 
cause of familial ALS (23% – 47%) as well as sporadic 
ALS (4% – 21%) in the USA, Belgium and Finland. Charac-
terization of the role of repeat length and tissue distribution 
effects of variation in repeat expansion size in the  C9ORF72  
gene is suggested to be crucial for the understanding of the 
mechanisms and pathways of ALS pathology.  

   Objectives:  ALS patient derived fi broblasts(3), iPS cells(3) 
and postmortem brain tissues(6).  

   Methods:  The size and number of repeats were determined 
by optimized Southern Blotting approach.  

   Results:  All the expanded repeats are over 3 kb long and 
one of them was found to contain over 1000 repeats. Interest-
ingly, the size and number of repeats in the iPS cell lines 
were different from the fi broblasts derived from the same 
patients. Repeat length in our control group close to the 
fi ndings of previous reports. We also examined the dynamic 
changes in the repeat size as cell lines underwent increasing 
passages. Finally we analyzed repeat length in multiple 
different brain region from more than six C9ORF72 
autopsies.  

   Discussion and conclusions:   Southern Blotting is the only 
approach to determine GGGGCC hexanucleotide repeats in 
the C9ORF72 gene once the repeat number is over 100 since it is 
100% GC rich region. The size and number of repeats in the 
iPS cell lines were different from the fi broblasts derived from the 
same patients based on our result.  Here we report data on 
the repeat size in the gene in different cell types and tissue 
samples obtained from ALS patients. Using an optimized 
Southern Blotting approach, the size and number of repeats 
were determined in fi broblasts and iPS cell lines derived from 
ALS patients with  C9ORF72  repeat mutations.  

DOI: 10.3109/17482968.2012.721231/182

  P87 MICROARRAY ANALYSIS IN SPINAL CORDS 
OF SPORADIC ALS PATIENTS WITH CELL-TYPE 
SPECIFIC TRANSCRIPTOME  

   YAMASHITA   H  1,2   ,    FUJIMORI   N  2   ,    ITO   H  1   ,    IGUCHI   Y  3   , 
   ATSUTA   N  3   ,    TANAKA   F  3   ,    SOBUE   G  3   ,    TAKAHASHI   R  1   , 
   YAMANAKA   K  2   
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   Email address for correspondence: yamashita@inbox.com   

   Keywords:   microarray  ,   non-cell autonomous neuronal death  ,   glia   

   Objective:  With DNA microarray, we analyzed the molecular 
pathomechanism in sporadic ALS spinal cords with a focus 
on the function of microglia and astrocytes. We analyzed 
the microarray data in a cell type specifi c manner to under-
stand the molecular mechanisms within each cell type of ALS 
spinal cord.  

   Background:  Glial cells including astrocytes and microglia 
are reported to be actively involved in motor neuron death in 
ALS, but the precise mechanisms for the  ‘ non-cell autono-
mous neuron death ’  have not been elucidated.  

   Design and methods:  We profi led using DNA microarray 
the mRNA expression with cervical spinal cords of 4 sporadic 
ALS patients and 5 disease-control. To predict the cell type(s) 
in which each gene was expressed abundantly, we established 
the cell-type specifi c transcriptomes using mouse CNS pri-
mary culture, then the integrated database was converted 
to human orthologue. Isolated misregulated genes from 
microarray were analyzed in terms of glial functions, by using 
cell-type specifi c mouse transcriptomes.  

   Results:  We isolated over 200 genes which were signifi cantly 
changed in the spinal cords of ALS patients. We then classifi ed 
these genes according to the cells that expressed those genes 
abundantly, and found nearly half of those genes were 
expressed abundantly in microglia or astrocytes. Furthermore, 
many of these genes were also changed in ALS mouse models 
(SOD1 G37R  Tg mice, SOD1 G85R  Tg mice). We confi rmed that 
the predicted gene expression pattern was true by immuno-
histochemistry for several genes with spinal cords of ALS 
mouse models. Pathway analysis predicted that innate immu-
nity was one of the signifi cantly altered pathways in glial cells.  

   Conclusion : We could predict the molecular pathome-
chamism, especially of glia contributing to the non-cell 
autonomous motor neuronal death of the ALS in the spinal 
cord that consists of heterogenous cell types.  

DOI: 10.3109/17482968.2012.721231/183

  P88 REDUCED LEVELS AND ALTERED 
SUBCELLULAR DISTRIBUTION OF THE 
INSULINOMA-ASSOCIATED PROTEIN 
2 (IA-2) IN ALS AND FTLD  

  RIASCOS D  ,   BOWSER R  

   Barrow Neurological Institute, Phoenix, AZ, USA   

   Email address for correspondence: robert.bowser@dignityhealth.org   

   Keywords:   endosomes  ,   membrane traffi cking  ,   neuronal vulnerability   

   Background:  Several mutations linked to ALS implicate dys-
regulated endosomal traffi cking as an important pathophysi-
ological mechanism. Changes in the expression of constituents 
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of the regulated secretory pathways in neurons may contribute 
to selective vulnerability not only in ALS but also in fronto-
temporal lobar dementia (FTLD). We recently used unbiased 
proteomics methodologies to identify proteins that exhibit 
abnormal levels in the CSF of ALS patients. We detected 
reduced Insulinoma-associated protein 2 (IA-2) in the CSF 
of ALS patients. IA2 is a transmembrane protein within the 
protein tyrosine phosphatase superfamily that appears 
enriched in the secretory vesicles and dense-core granules of 
various neuroendocrine cell types including central nervous 
system (CNS) neurons. IA-2 is a major autoantigen in type I 
diabetes mellitus (T1DM).  

   Objectives:  To characterize the expression and distribution 
of IA-2 in ALS and FTLD to identify novel mechanisms 
related to disregulated endosomal traffi cking in ALS and 
FTLD.  

   Methods:  Paraffi n tissue and snap frozen tissue from the 
spinal cord, hippocampus, and frontal cortex of ALS, FTLD, 
and age-matched control patients were subjected to IA-2 
immunohistochemistry (IHC) and immunoblot analysis.  

   Results:  Immunohistochemistry demonstrated decreased 
IA-2 in spinal cord motor neurons of ALS patients, consistent 
with our prior proteomic analysis. Furthermore, we observed 
by immunoblot the loss of the full-length IA-2 isoform in 
spinal cord tissue from ALS patients compared to controls. In 
addition, IA-2 was present in distal neuritic processes and 
neurites in the frontal cortex and hippocampus from FTLD 
patients.  

   Conclusions:  Our results suggest that reduced levels of 
IA-2 in ALS (displayed by both IHC and mass spectrometry) 
and altered subcellular distribution of IA-2 in neurites of 
FTLD further indicate dysregulation of endosomal traffi cking 
in these neurodegenerative disorders. Moreover, we observe 
a loss of the full-length IA-2 isoform in ALS. Ongoing 
studies will clarify whether the loss of full length IA-2 is due 
to altered mRNA processing or to protein catalysis. Future 
studies will explore how these changes in IA-2 are related 
to neuronal loss, and if autoimmune mechanisms resembling 
T1DM are involved. Motor neurons and cortical motor neu-
rons may be particularly susceptible to this failure because 
their long axonal processes result in a high demand for turn-
over of membrane components.  

DOI: 10.3109/17482968.2012.721231/184

  P89 EVALUATION OF TH1/TH2 LYMPHOCYTE 
BALANCE AND MACROPHAGE SCAVENGER 
RECEPTOR EXPRESSION IN SPORADIC 
AMYOTROPHIC LATERAL SCLEROSIS (SALS)  
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   Keywords:   alternative immune activation  ,   CD36 scavenger receptor  ,  
 Th1/Th2 balance   

   Background:  Involvement of classical monocyte/macrophage 
(MO) activation and infl ammation in ALS pathogenesis has 
been confi rmed by various investigations. Our recent studies 
on gene expression in peripheral blood mononuclear cells 
from patients with ALS showed upregulation of both classic 

type I (M1) interferon-induced genes and type II (M2) 
alternative MO activation genes, suggesting a hybrid activa-
tion state that implicates both classical and alternative MO 
activation in ALS pathogenesis. Abnormal elevation of alter-
native MO activation-associated chemokine CCL18 was 
also observed in ALS plasma. In an attempt to provide 
further evidence of alternative MO activation in ALS, we 
evaluated expression of macrophage scavenger receptor 
CD36, an alternative MO activation marker, and balance of 
T-helper 1 (Th1) and Th2 subsets of CD4    �    lymphocytes in 
sALS patient blood. Th1 and Th2 cells can be redefi ned 
as polarized forms of immune responses; mirroring the 
Th1/Th2 nomenclature, many refer to polarized macrophages 
as M1 and M2 cells.  

   Objectives:  To assess CD36 expression on circulating MO 
and Th1/Th2 lymphocyte markers in sALS patients and 
healthy controls, and determine whether levels of systemic 
alternative immune activation correlated with degree of classic 
MO activation, and clinical stage of disease and/or riluzole 
treatment in ALS.  

   Methods:  Flow cytometry was performed to examine blood 
MO CD36 expression and Th1/Th2 lymphocyte balance in 
heparinized blood samples of 40 sALS patients and 36 healthy 
controls (HC). Results from immune studies were analyzed 
in relation to riluzole treatment and the severity of neuro-
logical impairment as determined by ALSFRS-R score.  

   Results:  Patients with sALS had signifi cantly elevated 
levels of CD36 expression on blood MO as compared to 
healthy controls (HC, 33.52    �    24.15; sALS, 48.85    �    27.27;  
p    �     0.0083). Analysis of Th1/Th2 lymphocyte markers 
showed that Th2 marker of CD4    �    CCR4    �    was signifi cantly 
higher (HC, 31.01    �    7.23; sALS, 39.49    �    9.58;  p    �     0.0001), 
and CD4    �    CXCR3    �    /CD4    �    CCR4    �    ratio (representing 
Th1/Th2 balance) was lower (HC, 1.24    �    0.42; sALS, 
1.04    �    0.29;  p    �     0.0232) in sALS patients than healthy con-
trols. No relationship was found between MO CD36 expres-
sion and classic type I MO activation in ALS. MO CD36 
expression and Th1/Th2 imbalance in sALS patients were 
independent of severity of disease, and did not change with 
riluzole therapy.  

   Discussion and conclusions:  The current study showed 
persistent disease-associated increases of MO CD36 expres-
sion and imbalance of Th1/Th2 lymphocytes in sALS. 
Considering that a systemic Th2 shift is part of a necessary 
central nervous system wound healing reaction after injury, 
MO alternative activation and Th2-cell anti-infl ammatory 
response in ALS may represent a negative feedback mecha-
nism in modulation of an infl ammatory response, limiting 
the propagation of classical type I MO activation and Th1 
infl ammatory responses and compensating for the infl amma-
tory compounds in ALS disease process. Further investigation 
will be needed to characterize the role of alternative MO 
activation and Th1/Th2 shift in ALS pathogenesis.  

DOI: 10.3109/17482968.2012.721231/185
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  P90 NORMAL LEVELS OF GLUCOSE PROTECT 
FIBROBLASTS FROM PATIENTS WITH ALS BY 
REDUCING ROS PRODUCTION AND 
MAINTAINING THE EXPRESSION OF 
ROS-DETOXIFYING ENZYMES  
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   Email address for correspondence: ycampos@isciii.es   

   Keywords:   glucose  ,   hypermetabolism  ,   reactive oxygen species   

   Background:  There are many mechanisms involved in the 
pathophysiology of amyotrophic lateral sclerosis (ALS): gluta-
mate excitotoxicity, mitochondrial dysfunction, oxidative 
stress, etc. There are also increasing evidences that the disease 
has systemic features beyond the nervous system. In fact, 
abnormalities of carbohydrate metabolism and insulin resist-
ance have been reported in patients with ALS since the 1980s 
(1). Moreover, a state of hypermetabolism has been docu-
mented, probably related with a defective homeostasis of 
glucose in muscle tissue (2). We have earlier reported that 
fi broblasts from patients growing in low glucose medium had 
a signifi cant increase in the activity of mitochondrial respira-
tory chain complexes, when compared with control cells or 
with fi broblast from patients growing in high glucose concen-
tration. In low glucose medium, cell viability and duplication 
time were similar to those of control cells. However, a 
signifi cant reduction in cell viability was observed when 
they were grown in a medium with high glucose levels. We 
proposed that the hyperactivity of the respiratory chain allows 
to cells maintain their mitochondrial membrane potential 
and survival (3).  

   Objectives:  Because the increase of radical oxygen species 
(ROS) production is a hallmark of cellular dysfunction in 
ALS, our aims are to study how glucose affects ROS genera-
tion in cells growing in different concentration of the substrate 
and determine if there are changes in the expression of genes 
encoding ROS detoxifying enzymes.  

   Methods:  Skin fi broblast cultures were established from 
age-matched controls and patients (n    �    10 and n    �    6, respec-
tively) after their informed consent. ROS production was 
measured with the fl uorescent dye H 2 DCFDA in cells grow-
ing in a medium with low glucose (1 g/L) or high glucose 
concentration (4.5 g/L) as described (4). Expression of detoxi-
fying enzymes was determined by RT-PCR as reported (5).  

   Results:  Fibroblast from patients had an increased ROS 
production in low and high glucose medium (1.5-fold, 
p    �    0.01 and 2.2-fold, p    �    0.01, respectively) when com-
pared with control cells. Moreover, there was a signifi cant 
difference between patients ’  cells when were grown in low 
or high glucose concentration media (p    �    0.01). There were 
no differences between expression levels of CuZnSOD, 
MnSOD, catalase and GPx in control cells when were cul-
tured in both mediums. However, there was a signifi cant 
reduction in the expression of CuZnSOD and catalase 
(p    �    0.01) in cells from patients when were grown in high 
glucose concentration.  

   Conclusion:  A low level of glucose reduces ROS production 
and allows the fi broblasts from patients with ALS to maintain 
normal expression of ROS-detoxifying enzymes.  
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  P91 EFFECTS OF ANTIOXIDANT AGENTS ON 
MITOCHONDRIAL FUNCTION AND CALCIUM 
HOMEOSTASIS IN SKIN FIBROBLASTS OF 
PATIENTS WITH SPORADIC AND FAMILIAL 
AMYOTROPHIC LATERAL SCLEROSIS  
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   Introduction:  Amyotrophic lateral sclerosis (ALS) has 
been commonly regarded as a neurodegenerative disorder 
primarily involving the pyramidal motor system. There is 
however some evidence that disease-related degenerative 
changes also occurs in extraneuronal tissues. Therefore, pri-
mary skin fi broblast cultures from ALS with mutations in the 
SOD1 gene were compared with ALS patients without muta-
tions and healthy controls for mitochondrial anomalies.  

   Objective:  To verify the putative impairment of mitochon-
drial function in extraneuronal tissue of patients with sporadic 
or familiar ALS, the oxygen consumption (respiration rate) of 
fi broblasts was measured using a high resolution oxygraph. 
Furthermore, putative benefi ts of antioxidative agents on the 
mitochondrial function were assessed.  

   Methods:  Flux control analysis was applied for quantifi cation 
of changed respiratory chain complexes. To check possible 
metabolic consequences for calcium homeostasis fl uorimetric 
measurement of cytosolic Ca 2 �   concentrations were per-
formed. Furthermore, mitochondrial DNA copy number 
analysis and deletions screening were performed. Age matched 
healthy subjects served as controls.  

   Results:  Enzymatic and respirometric measurements clearly 
demonstrate mitochondrial impairments in sALS fi broblast 
with complex I as the main target. Although we have so far 
investigated only mitochondria of 5 fALS patients, it seems 
that the extent of complex I impairment is less than as in 
sALS mitochondria. In both, sALS and fALS patient groups 
the Ca 2    �      release into the cytosol induced by histamine and 
FCCP was signifi cantly diminished. Furthermore we detected, 
that decreased as well as elevated stationary basal Ca 2 �   con-
centrations could occur in ALS fi broblasts indicating differ-
ences in the pathophysiological mechanisms of sALS and 
fALS. Under endogenous conditions the enlarged Ca 2 �   cyt  
(sALS) could cause an over-energization and the diminished 
Ca 2   �   cyt  at fALS could cause an under-energization of mito-
chondria with consequences for the requirements of intact 
cells. Most interestingly, the antioxidants Trolox and CoQ 10  
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ameliorate the functional impairment of mitochondria 
from both groups of patients, most probably by a direct anti-
oxidative and membrane-stabilizing action on mitochondria. 
No signifi cant differences in mtDNA copy number or com-
mon deletion level between patients and healthy controls were 
found.  

   Conclusions:  Our results support the viewpoint that 
mitochondrial impairments and consequently Ca 2 �  -
dyshomeostasis are detectable in extraneuronal tissues of 
patients with ALS. Fibroblasts may serve as a relatively easily 
accessible read out system to test the anti-oxidative properties 
of specifi c substances in ALS.  

DOI: 10.3109/17482968.2012.721231/187

  P92 CELL CYCLE DYSREGULATION IN MOTOR 
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   Background:  Our previous study showed that the poly-
glutamine-expanded AR protein, the causative protein of 
spinal and bulbar muscular atrophy (SBMA), induces tran-
scriptional dysregulation of type 2 TGF-beta receptor and 
thereby inhibits TGF-beta signalling (1). Although TGF-beta 
signaling is known to regulate a diverse range of cellular 
responses including cell cycle, it is unclear how the disruption 
of this signaling causes neuronal dysfunction in SBMA.  

   Objectives:  The aim of this study is to elucidate the 
molecular events downstream to the disruption of TGF-beta 
signaling, and identify the signal pathway that leads to neuro-
nal cell death in SBMA.  

   Methods:  Expression of cell cycle-specifi c proteins in motor 
neurons of a transgenic mouse model of SBMA (AR-97Q) 
was investigated using immunohistochemistry. The effects of 
pharmacological inhibition of TGF-beta on cell cycle 
were analyzed in mouse primary cortical neurons using 
immunoblot, immunocytochemistry, and cell viability assay. 
Bromodeoxyuridine (BrdU), an analog of thymidine that can 
be incorporated into newly synthesized DNA, was intraperi-
toneally administrated to the AR-97Q mice to assess the 
levels of DNA synthesis in spinal motor neurons.  

   Results:  Immunohistochemical analysis demonstrated that 
the spinal motor neurons of AR-97Q mice showed decreased 
expression levels of TGF-beta-regulated genes, P15 and P21, 
intracellular accumulation of cell cycle regulators, such as 
cyclines, E2F1, and PCNA, and hyper-phosphorylation of 
pRb protein. These phenomena were also observed in autopsy 
specimens of SBMA patients, but not in non-affected neurons 
in mice or patients. The uptake of BrdU was increased 
in spinal motor neurons, but not in Purkinje cells, of AR-97Q 
mice. TGF-beta inhibitor SD-208 increased the expression 
levels of cyclines, and intensifi ed the phosphorylation of 
pRb in primary cortical neurons. These effects are blocked 
by cycline-dependent kinase inhibitors that suppress cell 

cycle. Intraventrical administration of SD-208 also increased 
the expression levels of cycline D1 and induced hyper-
phosphorylation of pRb in neurons of the brainstem of 
AR-97Q mice.  

   Discussion and conclusion:  The present study showed 
that the inhibition of TGF-beta signaling up-regulates the 
expression of cell cycle regulators in neurons. The affected 
motor neurons in mice and patients of SBMA showed 
increased levels of the proteins that accelerate cell cycle. These 
fi ndings suggest that cell cycle re-entry is associated with the 
pathogenesis of neurodegeneration in SBMA.  
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  P93 INVESTIGATING THE ROLE OF CHRONIC 
AND ADAPTIVE ER STRESS IN SELECTIVE 
MOTOR NEURON VULNERABILITY USING AN 
ALS GENETIC RISK FACTOR AS A MODEL 
SYSTEM  
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   Background:  Accumulating evidence suggests endoplasmic 
reticulum (ER) stress as an early cause of motor neuron 
degeneration in ALS. In the presence of chronic ER stress, 
the cell can adapt and cell survival is favored or the stress 
may promote apoptosis. In ALS and other neurodegenerative 
disorders, persistent ER stress can be tolerated for a long time 
but eventually it will lead to cell death. It is not known 
how an adaptive response transforms to apoptosis. The HFE 
gene encodes an iron regulating protein, and the H63D vari-
ant of this gene is found in increased frequency in patients 
with ALS and may increase the risk of ALS four-fold. We 
have reported that HFE H63D is associated with chronic but 
non-lethal ER stress.  

   Objective:  To understand how an ALS genetic risk factor 
HFE H63D increases the susceptibility to the disease through 
chronic ER stress. We are testing the hypothesis that predis-
posing chronic ER stress induced by HFE H63D lowers 
the stress threshold in motor neurons and promotes selective 
neuronal vulnerability.  

   Methods:  By chronic exposure to low doses of chemical 
ER stressors, we recapitulated the adaptive ER stress status 
in a neuronal cell line and in primary neuronal cultures 
prepared from wild type and HFE H67D (the mouse equiva-
lent of human H63D) knock-in mouse spinal cord. Serum 
deprivation was applied as an additional insult and the effect 
on the cells harboring predisposing adaptive ER stress was 
determined. The measurement included cell death, apoptosis 
activation and ER stress levels.  

   Results:  We demonstrated that although treatment with mild 
ER stressor or serum deprivation alone did not reduce cell 
survival, combining these two stressors resulted in robust 
caspase activation and massive cell death. Examination of 
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major ER stress markers revealed that an ER-stress-induced 
apoptosis occurred under this dual-stress insult, at least par-
tially due to an increased level of ER stress. These results 
indicated that a chronic and adaptive ER stress response can 
be transformed to apoptosis by non-ER-stress insults from the 
environment. Primary neuronal cells prepared from HFE 
H67D knock-in mouse spinal cord were more vulnerable to 
serum deprivation or additional ER stress than the wild type 
counterparts.  

   Discussion and conclusions:  When adaptive ER stress is 
challenged neuronal cells are more vulnerable to non-
ER-stress-inducing insults. Transformation of predisposing 
chronic ER stress lowers the stress threshold in neurons 
which may explain selective neuronal vulnerability and inden-
tifi es the HFE mutation as an agent for lowering the stress 
threshold that promotes neurodegeneration. This has poten-
tial therapeutic implications for patients with ALS who harbor 
HFE H63D mutations.  

DOI: 10.3109/17482968.2012.721231/189

  P94 UBIQUILIN2-IMMUNOREACTIVE 
INCLUSIONS REPRESENT A CONVERGENT 
PATHOLOGY IN A WIDE SPECTRUM OF 
NEURODEGENERATIVE DISEASES  
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   Background:  Mutations in UBQLN2 have been linked to 
amyotrophic lateral sclerosis (ALS) and ALS with dementia. 
The distribution of ubiquilin2 inclusions in ALS and ALS/
dementia cases correlates with the clinical symptoms, suggest-
ing a role of ubiquilin2 inclusions in the degenerative process 
of motor and hippocampal neurons. Mutations in UBQLN2 
have been shown to impair the function of ubiquitinated 
protein degradation, therefore, linking a specifi c molecular 
defect in protein degradation to degeneration of motor and 
hippocampal neurons. The involvement of ubiquilin2 in 
other neurodegenerative diseases remains to be investigated.  

   Objectives:  This study aims to explore if ubiquilin2 is 
involved in other neurodegenerative disorders, including 
Alzheimer ' s disease, Parkinson ' s disease, frontotemporal lobar 
dementia that are the top three prevalent neurodegenerative 
disorders.  

   Methods:  Immunohistochemistry and confocal microscopy 
were performed on postmortem brains from 63 patients 
with clinically distinct types of neurodegenerative disease. 
Brain sections from the 5XFAD transgenic mouse model of 
Alzheimer disease were also analyzed. Antibodies included 
those to ubiquilin2, ubiquitin, p62, FUS, TDP43, tau, A β  and 
 α -synuclein.  

   Results:  Ubiquilin2-immunoreactive inclusions were 
observed in the affected regions in all of these types of disease. 
The ubiquilin2-containing inclusions were also immunoreac-
tive with antibodies to ubiquitin and p62, two other critical 
proteins involved in protein degradation.  

   Discussion:  Our data demonstrate that ubiquilin2 inclusions 
are a common pathological hallmark in a wide spectrum of neu-
rodegenerative diseases and provide evidence that defects in 
ubiquitinated protein clearance underlie the pathogenesis in 
most of the neurodegenerative diseases, indicating a convergent 
pathway that may be exploited for therapeutic intervention.  

DOI: 10.3109/17482968.2012.721231/190

  P95 PATHOLOGY ASSOCIATED WITH A NOVEL 
UBQLN2 MUTATION IN FAMILIAL ALS  
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   Background:  The disease mechanism underlying amyo-
trophic lateral sclerosis (ALS) is poorly understood. Gene 
mutations are the only known cause of ALS. Mutations 
in SOD1, TDP-43 and FUS are present in approximately 
25% of familial ALS cases. Expansions of a hexanucleotide 
repeat in C9ORF72 have been reported in 39.3% of familial 
and 7% of sporadic ALS cases (1). Recently, mutations in 
UBQLN2 (encoding ubiquilin-2) have been identifi ed in 
approximately 2% of familial ALS (2). A pathological hall-
mark of ALS is ubiquitin-positive inclusions in degenerating 
motor neurons. The components of these inclusions variably 
include TDP-43, FUS, p62 and ubiquilin-2, implicating 
pathogenic roles for these proteins.  

   Objectives:  To identify ubiquilin-2 pathology in post-
mortem ALS spinal cord and fi broblasts.  

   Methods : Immunofl uorescent staining in ALS tissues was 
performed using anti-ubiquilin-2, anti-TDP-43 or anti-
ubiquitin antibodies. Control and patient fi broblasts with 
ubiquilin-2 mutation were treated with 5  μ M proteasome 
inhibitor MG-132 for 24 hr or 0.5 mM oxidative stress inducer 
sodium arsenite for 3 hr, followed by immunofl uorescent 
staining using anti-ubiquilin-2 and anti-TDP-43 antibodies. 
Cells were visualised with confocal microscopy. Toxicity was 
measured by MTT assay.  

   Results:  In a patient with UBQLN2 p.T487I mutation, ubiq-
uilin-2 co-localised with ubiquitin, TDP-43 and FUS in spinal 
motor neuron inclusions. The spinal motor neurons of a 
patient with FUS p.R521C mutation showed ubiquilin-2 
co-localisation with FUS and ubiquitin. In fi broblast cells, 
no ALS-like cellular pathology was found under normal con-
ditions. Inhibition of the ubiquitin-proteasome pathway by 
MG-132 led to cytoplasmic inclusions in both patient 
and control fi broblasts. Patient fi broblasts with UBQLN2 
p.T487I mutation showed signifi cantly more cytoplasmic 
inclusions that were positive for both ubiquilin-2 and 
TDP-43. In contrast, oxidative stress (sodium arsenite) 
induced TDP-43 positive inclusions that were negative for 
ubiquilin-2. No differences in toxicity were observed between 
control and patient fi broblasts following either treatment.  

   Discussion:  Ubiquilin-2 positive inclusions have been 
found in various types of ALS. We found that ubiquilin-2 
pathology was also present in a patient with a novel ubiqui-
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lin-2 mutation and a patient with a FUS mutation. Ubiqui-
lin-2 is a member of ubiquitin-like protein family. Mutations 
in UBQLN2 have been shown to disrupt proteasomal degra-
dation (2). We found that treatment with a proteasome 
inhibitor, but not an oxidative stress inducer, led to recruit-
ment of inclusions that are positive for both ubiquilin-2 and 
TDP-43. This suggests that ubiquilin-2 pathology is a conse-
quence of ubiquitin-proteasome pathway disruption. Protea-
some inhibition did not alter measured toxicity despite 
inducing the formation of inclusions.  
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  P96 RBM45 PATHOLOGY IN SPORADIC AND 
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   Background:  RNA binding protein pathology is a patho-
logical hallmark of amyotrophic lateral sclerosis (ALS) and 
frontotemporal lobar degeneration (FTLD). Using liquid 
chromatography tandem mass spectrometry (LC/MS-MS), 
we identifi ed the RNA binding protein RBM45 as a putative 
ALS biomarker. Immunohistochemistry revealed the presence 
of RBM45-positive inclusions, similar in appearance to those 
containing TDP-43, in ALS patients. These could be detected 
in ALS cases with the C9ORF72 hexanucleotide repeat 
expansion. Recent demonstrations of unique patterns of 
p62 and ubiquilin 2 pathology in C9ORF72-linked ALS cases 
suggest that this form of the disease has a distinct pathologi-
cal profi le.  

   Objectives:  This study was conducted to further describe 
the prevalence and characteristics of RBM45 pathology in 
the central nervous system of sporadic and C9ORF72-linked 
ALS cases, as well as to assess the normal distribution, expres-
sion, and subcellular localization of the protein.  

   Methods:  ALS, C9ORF72-linked ALS, FTLD, and age-
matched control patient tissues were obtained from the 
University of Pittsburgh ALS Tissue Bank. Regions examined 
included spinal cord, hippocampus, cerebellum, and frontal 
cortex. RBM45 expression was evaluated by immunohisto-
chemistry and immunoblot. Immunofl uorescence was used 
to assess the colocalization of RBM45 with TDP-43, stress 
granule markers, ubiquitin, p62, and SC35.  

   Results:  Immunoblot results demonstrated the presence of 
RBM45 in the CSF of ALS and control patients, with modest 
increases in ALS cases, consistent with our LC-MS/MS 
data. Using immunohistochemistry we detected RBM45 
inclusions in the spinal cord of both sporadic and C9ORF72-
linked ALS cases. The number of surviving motor neurons 
and percentage of motor neurons harboring RBM45 inclu-

sions was higher in C9ORF72-linked ALS cases than in spo-
radic ALS cases. Inclusions were also found in glia. 
Cytoplasmic RBM45 inclusions could be seen in the dentate 
gyrus of FTLD patients and, more rarely, sporadic ALS 
cases. No inclusions were detected in control cases. RBM45 
inclusions were frequently positive for TDP-43, ubiquitin, 
and stress granule markers. RBM45 also commonly exhibited 
a speckled nuclear staining pattern that was negative for the 
nuclear speckle marker SC35.  

   Discussion:  In this study we have further characterized 
RBM45 pathology in ALS. Moreover, we have added to exist-
ing evidence suggesting that sporadic ALS and C9ORF72-
linked ALS differ pathologically. Nevertheless, the 
colocalization of RBM45 inclusions with TDP-43 and 
stress granule markers suggests common mechanisms of 
inclusion formation. The speckled nuclear staining pattern 
observed for RBM45 distinguishes it from TDP-43. This 
pattern was also separate from SC35-positive nuclear speck-
les, implying that RBM45 is a component of a distinct sub-
nuclear structure.  

   Conclusions:  We have characterized the expression, distribu-
tion, and subcellular localization of RBM45 and RBM45 
inclusions in ALS and control subjects. Ongoing studies 
will determine RBM45’s role in RNA metabolism, stress 
response, and how these processes might contribute to neu-
rodegeneration.  

DOI: 10.3109/17482968.2012.721231/192
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   Background:  Nuclear RNA foci of the expanded hexanucle-
otide repeat were reported as a feature of c9FTD/ALS in the 
landmark DeJesus-Hernandez  et   al . paper of 2011. This 
fi nding is fundamental in addressing whether disease biology 
is mechanistically mediated through haploinsuffi ciency or 
RNA toxicity. As yet, this critical fi nding has not been 
reproduced.  

   Objectives:  To seek and characterize nuclear RNA foci in 
c9FTD/ALS.  

   Methods:  Custom fl uorescent locked nucleic acid (LNA TM ) 
probes (Exiqon) were designed against the GGGGCC expan-
sion and a control sequence. Probes were hybridized using 
a customized protocol, and examined at 100X magnifi cation 
on a fl uorescent confocal microscope. Specifi city of probe 
binding was confi rmed by competition with non-fl uorescent 
probe and by RNase-treated controls. FFPE tissue sections 
from confi rmed C9ORF72 repeat expansion nervous systems 
(n    �    3) were tested at multiple CNS levels, sALS (n    �    5), 
and non-neurologic controls (n    �    5) were tested in parallel. 
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In addition, we studied multiple primary fi broblast and 
immortalized lymphoblast cell lines.  

   Results:  We found nuclear RNA foci exclusively in the 
c9FTD/ALS tissues. The foci are dumbell shaped and uni-
form in size, with fl uorescent signals measuring approxi-
mately 0.5 um across and 0.2 um wide. The foci were seen 
in about 20 – 50% of the motor neuron nuclei contained in 
a histological cross-section (6um) of lumbar spinal cord. 
The usual count was 1 focus per nucleus, but occasionally 
2 or more foci were observed (up to a maximum of 12). 
Foci were found in the all three spinal levels, the motor 
cortex and cerebellum. They were observed in both neu-
rons and glial cells. In addition, they were seen in up to 
 ∼ 30% of cultured primary fi broblasts and immortalized 
lymphoblast cells, where many foci (   �    10) were commonly 
noted within a single nucleus.  

   Discussion and conclusions:  We confi rm that nuclear 
foci of hexanucleotide RNA repeats are a hallmark feature 
of c9FTD/ALS. This supports the hypothesis that the 
expanded repeats exert their toxicity at the RNA level. 
Additionally, we validated two non-neuronal cell types 
which can be easily manipulated in a laboratory setting 
as containing this RNA feature. Since the RNA foci appear 
in multiple cell lines, including non-neural cells, their 
presence alone does not appear to explain select neuronal 
vulnerability.  

DOI: 10.3109/17482968.2012.721231/193
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   Background:  g  -synuclein, a small, cytosolic, aggregation 
prone protein expressed by select populations of neurons is 
not currently considered a common contributor to neuro-
logical disease. We have previously demonstrated that mice 
expressing high pan-neuronal levels of  γ -synuclein progres-
sively accumulate the protein throughout the CNS, accompa-
nied by the selective degeneration of motor neurons and their 
axons, in a pathomorphological pattern resembling that typi-
cal of ALS mouse models.  

   Objectives:  Due to the auspicious combination of 
 γ -synucleins normal presence in motor neurons, high aggre-
gation propensity and the ALS-like phenotype in mice over-
expressing the protein, we aimed to explore the possibility 
that it might play a role in human motor neuron disease 
pathogenesis.  

   Methods:  Human tissue samples and detailed pathology 
reports were obtained from the MRC London Neurodegen-
erative Diseases Brain Bank: sALS (n    �    16), f SOD1-fALS 
(n    �    3), FUS-fALS (n    �    3), Alzheimer ' s disease (n    �    6), Lewy 
body dementia (n    �    1), Parkinson ' s disease case (n    �    1) and 
control cases (n    �    8). Spinal cord sections were immunostained 
with two separate antibodies specifi c to human 
 γ -synuclein. A set of antibodies against markers of specifi c cell 
types were used for co-localisation studies. Sequential protein 
extraction was also carried out upon several samples.  

   Results:  Immunohistochemical screening revealed a subset 
of sporadic (8/16) and familial (2/6) ALS cases with a novel 
pathology characterized by the accumulation of  γ -synuclein 
within the dorsolateral corticospinal tracts, associated with 
all stages of upper motor neuron atrophy. A portion of 
these structures was found in association with phagocytic 
glial cells positive for HLA-DR α  and Mac-2/Galectin-3. 
Sequential fractionation of proteins from spinal cord tissues 
revealed detergent-insoluble  γ -synuclein species specifi cally in 
the dorsolateral corticospinal tracts of ALS patients with 
 γ -synuclein-positive profi les in this region.  

   Discussion:  We show a novel type of pathological profi le 
in the descending motor columns of approximately half of 
ALS patients included in this study, revealed by immunostain-
ing with antibodies specifi c to  γ -synuclein, but not with anti-
bodies to other proteins typically associated with ALS 
pathology. The specifi c presence of detergent insoluble  γ -
synuclein species in the extracts from the profi le-positive dor-
solateral column but not from the profi le-negative anterior 
horn suggests these structures contain aggregated  γ -synuclein. 
Interestingly, a portion of these structures was associated with 
Mac-2/galectin-3 positive phagocytic glia, a novel class of 
which were recently associated with  γ -synucleins dependent 
neurodegeneration of the optic nerve in a mouse model 
of glaucoma (Nguyen et   al., 2011), suggesting the a role for 
the protein in a common mechanism of axonal degeneration.  

   Conclusion:  Our observations suggest that in some cases the 
pathological aggregation of  γ -synuclein might contribute to 
the pathogenesis of ALS.  

DOI: 10.3109/17482968.2012.721231/194

  P99 H63D HFE MUTATION MAY CONTRIBUTE 
TO ALS PATHOGENESIS VIA MITOCHONDRIAL 
PATHWAYS  

  SU X  ,   LEE S  ,   MITCHELL R  ,   STEPHENS HE  ,   NEELY E  , 
  NANDAR W  ,   SIMMONS Z  ,   CONNOR J  

   Penn State University, Hershey, PA, USA   

   Email address for correspondence: xiaoweisu@hmc.psu.edu   

   Keywords:   mitochondria  ,   H63D HFE  ,   SOD1   

   Background:  The H63D polymorphism in the HFE gene, 
which regulates iron metabolism, is present in about 30% of 
sporadic ALS cases.  In vitro  research suggests H63D HFE 
causes mitochondrial dysfunction, a process separately 
implicated in ALS pathogenesis. Investigating the effects of 
H63D polymorphism in ALS patient muscle biopsies, as 
well as relevant cell culture and mouse models, in the context 
of mitochondrial processes may provide insights into ALS 
pathophysiology.  

   Objectives:  To determine if H63D polymorphism contrib-
utes to ALS etiology by measuring: 1) levels of soluble super-
oxide dismutase (SOD1) protein in muscle biopsies from 
ALS patients with H63D HFE; 2) levels of mitochondrial 
electron transport chain (ETC) proteins in human neuroblas-
toma cells stably transfected with H63D HFE; and 3) ETC 
protein levels in transgenic mice with H67D HFE (analogous 
to human H63D HFE).  

   Methods:  Muscle biopsy samples which had previously 
been obtained from ALS patients with defi nite, probable, 
probable laboratory-supported, or possible ALS were sepa-
rated into two groups: wild type (WT) HFE or H63D HFE 
(heterozygous or homozygous). Immunoassay was used to 
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determine levels of soluble SOD1 protein. SH-SY5Y human 
neuroblastoma cell lines stably transfected with empty vector, 
WT HFE or H63D HFE were collected, and mitochondria 
were isolated using differential centrifugation. Mitochondrial 
fractions were analyzed for protein levels of complex IV 
using Western blot. Quadriceps muscle tissue from 6- month-
old WT or transgenic mice hetero- or homozygous for 
H67D mutation was collected, mitochondria were isolated 
using differential centrifugation, and mitochondrial complex 
IV levels were analyzed using Western blot. The study of all 
human samples was approved by our IRB.  

   Results:  Muscle biopsy results demonstrated that H63D 
HFE ALS patients (n    �    16) had 40.7% lower expression of 
soluble SOD1 protein versus ALS patients with WT HFE 
(n    �    22, p    �    0.005).  In vitro  results demonstrated that neurob-
lastoma cells stably transfected with H63D HFE had 61.7% 
lower expression of mitochondrial complex IV protein 
versus cells transfected with WT HFE (p    �    0.05). Mice either 
hetero- (n    �    3) or homozygous (n    �    6) for H67D HFE had 
approximately 20% lower expression of mitochondrial com-
plex IV protein versus WT mice (n    �    6) (p    �    0.01 for both 
comparisons).  

   Discussion and conclusions:  Because previous research 
suggests expression of soluble SOD1 is lowered in lym-
phocytes and affected CNS regions in sporadic ALS, the fi nd-
ing that H63D HFE polymorphism appears to decrease levels 
of soluble SOD1 in muscle is clinically relevant. H63D HFE 
also appears to disrupt mitochondrial function, as refl ected 
by lowered expression of complex IV, a terminal ETC com-
plex. One possible mechanism for the observed mitochondrial 
changes may be accumulation of insoluble SOD1 aggregates 
targeting mitochondrial processes. Given the role of altered 
non-mutant SOD1 levels as well as mitochondrial dysfunction 
in ALS, our study further implicates the H63D polymorphism 
in ALS pathogenesis.  

DOI: 10.3109/17482968.2012.721231/195

  P100 MRNA EXPRESSION PATTERN OF AXON 
GUIDANCE PROTEINS IN HUMAN POST 
MORTEM MOTOR CORTEX IN AMYOTROPHIC 
LATERAL SCLEROSIS (ALS)  

  K Ö RNER S  ,   WILZEK K  ,   THAU N  ,   KNIPPENBERG S  , 
  DENGLER R  ,   PETRI S  

   Medical School Hannover, Hannover, Germany   

   Email address for correspondence: koerner.sonja@mh-hannover.de   

   Keywords:   axon guidance proteins  ,   semaphorins  ,   plexins  ,   neuropilins   

   Background:  Several fi ndings support the hypothesis of early 
subclinical involvement of neuromuscular junctions and ter-
minal axons followed by subsequent disease progression 
towards motor neuron cell bodies ( ‘ dying back ’ -hypothesis) 
in ALS. Axon guidance proteins have fi rst been described as 
steering molecules for developing axons but are also impor-
tant for maintenance of neuronal structure, axonal transport 
and synaptic function in the adult nervous system. Aberrant 
function or expression of axon guidance proteins may there-
fore contribute to the pathological changes in motor neuron 
connectivity in ALS.  

   Objectives:  In the present study we assess the distribution 
and expression levels of the different axon guidance proteins 
(semaphorin 3A, 3B, 3C, 3D, 3E, 3F) and their receptors 
(plexin PlxA1, PLxA2, PlxA3, PlxA4 und neuropilin Np1, 

Np2) in human post mortem motor cortex of ALS patients 
and age matched controls.  

   Methods:  Quantitative real time PCR (qRT-PCR) and in situ 
hybridization histochemistry (ISH) were used for analysis of 
the mRNA expression patterns of different axon guidance 
proteins and their receptors in human post mortem motor 
cortex of ALS patients (n    �    5) and age matched controls 
(n    �    5). In ISH experiments, mRNA expression was quanti-
fi ed macroscopically by densitometric analysis of digitized 
fi lm autoradiograms, the expression at the cellular level was 
studied by liquid emulsion autoradiography. Corresponding 
rotein expression patterns were studied by immunohisto-
chemistry.  

   Results:  mRNA expression of the semaphorin receptors 
plexin A3 and neuropilin 1 was signifi cantly lower in ALS 
motor cortex as measured by qRT-PCR. These results could 
be confi rmed by ISH and immunohistochemistry. Immuno-
histochemistry in addition revealed higher expression of 
the axon guidance protein semaphorin 3A, which is known as 
an axon growth inhibitor.  

   Discussion and conclusion:  These results suggest increased 
expression of the axon growth inhibitor semaphorin 3A 
with possibly reactive reduced expression of the related recep-
tors in ALS tissue. It has already been shown in a rat model 
of spinal cord injury and an  in vitro  axotomy model that sem-
aphorin inhibitors can promote axonal regeneration. Accord-
ing to our results, they should be further evaluated as novel 
therapeutic option in ALS.  

DOI: 10.3109/17482968.2012.721231/196

  P101 CSF TRACE-ELEMENTAL ANALYSIS OF 
AMYOTROPHIC LATERAL SCLEROSIS PATIENTS 
BY X-RAY MICROFLUORESCENCE WITH 
SYNCHROTRON RADIATION  

   MENDON Ç A   D  1   ,    SERPA   R  2   ,    DE JESUS   E  3   ,    HIGASHI   R  4   , 
   CHIMELLI   L  5   ,    MARTINEZ   A  6   

   1 Departamento de Bioci ê ncias, Universidade Federal de Sergipe, 
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IPEN-CNEN/SP, S ã o Paulo, Brazil,  3 Departamento de Engen-
haria Nuclear, Universidade Federal do Rio de Janeiro, Rio de 
Janeiro, Brazil,  4 Instituto de Neurologia Deolindo Couto, Rio de 
Janeiro, Brazil,  5 Departamento de Patologia, Hospital Univer-
sit á rio Clementino Fraga Filho, Rio de Janeiro, Brazil,  6  Departa-
mento de Histologia e Embriologia, ICB, CCS, Universidade 
Federal do Rio de Janeiro, Rio de Janeiro, Brazil   

   Email address for correspondence: deise_mendonca@ufs.br   

   Keywords:   cerebrospinal fl uid  ,   trace elements  ,   protein aggregates   

   Background and objectives:  Biochemical analysis of the 
Cerebrospinal Fluid (CSF) has immense potential for diag-
nosis and prognosis in many neurological diseases (1). CSF 
can provide a repository of ALS pathological information. 
Histopathologically, in ALS, there is marked neuronal 
loss and inclusion bodies containing protein aggregates (2). 
Abnormal protein-protein interactions remain uncertain and 
a role for trace elements has been suggested. The aim of 
this study was to investigate trace element levels of ALS CSF 
samples.  

   Methods:  ALS (10) and control (6) CSF samples were 
treated for trace elemental analysis by X-ray microfl uores-
cence with synchrotron radiation. Measurements were 
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carried out at the XRF beam line at the Synchrotron Light 
National Laboratory (Campinas, Brazil). The intensity of 
X-Ray specter for each element was obtained with AXIL 
software (distributed by International Agency of Atomic 
Energy). These obtained data were analyzed statistically by 
General Linear Models, in a multivariate based method.  

   Results:  In this study, the following elements were analyzed: 
aluminium, bromine, calcium, chlorine, copper, chromium, 
iron, potassium, phosphorus, nickel, rubidium, silicon, sulfur 
and zinc. In ALS CSF samples we observed signifi cant 
increased concentration of calcium, chlorine and potassium 
when compared to control samples.  

   Discussion:  Due to its close proximity to the central nervous 
system parenchyma, CSF is likely to be used for detecting 
dynamic information about pathological processes of the 
brain. Excitotoxicity is one of many factors implicated in ALS 
pathogenic process. The intracellular calcium infl ux seems to 
contribute to neurodegeneration in multiple pathways, con-
ducing cell to death (3). Activation of potassium and chlorine 
channels by increased calcium level was already described and 
prolonged effl ux of both could be involved in apoptosis (4). 
The elevated levels of these three elements in CSF can refl ect 

an abnormal activation of potassium and chlorine channels, 
indicating a possible molecular pathway involved in ALS 
pathogenic process.  

   Conclusion:  Analysis of biological samples provides a pow-
erful strategy for investigating pathological processes. More-
over, extensive studies indicated an important role of trace 
elements in ALS disease and our data are in agreement with 
these. The role of trace elements in ALS pathogenesis must 
be more investigated since the identifi cation of altered ele-
ments can be a signifi cant step in ALS research and future 
therapy.  

  References  
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ALS 

  Background:  The past twenty years have seen great advances 
in identifying genes causing Amyotrophic Lateral Sclerosis 
(ALS) and a numbered gene classifi cation system currently 
exists consisting of fourteen genes (1 – 5). However this 
classifi cation system does not accurately refl ect the clinical 
syndrome of ALS and there are several anomalies. For 
example, genes for very slowly progressive motor syndromes, 
for juvenile onset, or for pure upper motor neuron syn-
dromes are over-represented and listed as ALS genes. On the 
other hand, genes known to be responsible for a signifi cant 
proportion of ALS are listed as ALS-FTD (Frontotemporal 
Dementia) genes. We therefore propose an overhaul of the 
existing ALS genetic classifi cation system.   

  Objectives:  The aim was to design a rational ALS genetic 
classifi cation system.   

  Methods:  Clinical syndromes of genetic ALS were compared 
with criteria for classical adult-onset ALS. Genes known to 
cause ALS as a phenotype were reviewed for classifi cation as 
ALS genes.   

  Results:  Of the fourteen current numbered ALS genetic 
syndromes (ALS 1 - ALS 13 and ALS-X), nine are consistent 
with classical adult-onset ALS. These genetic syndromes 
with their respective gene names in parentheses are 1. ALS 1 
(SOD1), 2. ALS 6 (FUS), 3. ALS 8 (VAPB), 4. ALS 9 (ANG), 
5. ALS 10 (TARDBP), 6. ALS 11 (FIG4), 7. ALS 12 (OPTN), 
8. ALS 13 (ATXN2) and 9. ALS-X (UBQLN2). A further 
two syndromes, ALS-FTD (C9orf72) and ALS-IBM (VCP), 
which are not numbered within the current system could be 
included in a new system.   

  Discussion:  Based on the evidence reviewed we make the 
case that only nine of the fourteen genetic syndromes 
currently numbered in the ALS gene classifi cation system 
should be included in a new proposed system. We would 
include a further two unnumbered syndromes making a total 
of eleven genetic syndromes causing classical adult-onset ALS.   

  Conclusion:  The current classifi cation system is derived from 
genetic studies which are driven by historically available 
genetic techniques rather than the clinical syndromes seen in 
ALS clinics. A rational redesign would benefi t clinicians, 
patients and researchers.  
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       P103 CLASSIFICATION OF FAMILIAL 
AMYOTROPHIC LATERAL SCLEROSIS 
BY FAMILY HISTORY: EFFECTS ON FREQUENCY 
OF GENES MUTATION  

   CONTE   A  1   ,    LATTANTE   S  2   ,    LUIGETTI   M  1   ,    
MARANGI   G  2   ,    DEL GRANDE   A  1   ,    ZOLLINO   M  2   , 
   SABATELLI   M  1   
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   Keywords:   familial ALS  ,   genetics   

   Background:  Though the distinction between familial 
and sporadic ALS is widely accepted, the defi nition of FALS 
has not been clearly established. Recently, criteria for FALS 
were proposed, incorporating family history and genetic 
analysis. The aim of our work was to classify FALS on the 
base of proposed criteria and to determine whether frequency 
of mutations in major ALS genes varies in different FALS 
categories.  

   Methods:  Included in the study are 53 FALS families. 
Patients with at least two fi rst- or second-degree affected 
relatives were classifi ed as defi nite FALS. Patients with only 
one affected relative were classifi ed into two categories: 
probable FALS, when a fi rst- or second-degree relative was 
affected, and possible FALS, when a distant relative had 
the disease. Seven ALS-associated genes, including  SOD1, 
TARDBP, FUS, ANG ,  ATXN2 ,  OPTN  and  C9ORF72 , were 
analyzed.  

   Results:  Thirteen patients (24.5%) were included in the 
defi nite group. The great majority of our FALS cases (40/53, 
75.5%) were families with only two affected relatives; of these, 
thirty-one (58.5%) were included in the probable and nine 
(17%) in the possible FALS category, respectively. The 
percentage of mutations was 61.5% in defi nite, 41.9% in 
probable and 11.1% in possible FALS .  With respect to prob-
able FALS, if cases with parent to child transmission of the 
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disease were considered separately, the mutational load 
increased to 61.5%, as observed in defi nite FALS.  

   Conclusions:  Our fi ndings provide evidence that frequency 
of mutations in currently known ALS genes varies widely 
among different FALS categories. Families with only two 
affected relatives have heterogeneous genetic components, the 
chance to detect mutations being higher in cases with parent 
to child transmission.  

DOI: 10.3109/17482968.2012.721231/199

  P104 GENETICS OF ALS IN ITALY: 
A POPULATION-BASED STUDY  

   CALVO   A  1   ,    MOGLIA   CR  1   ,    MANERA   U  1   ,    BRUNETTI   M  3   , 
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 OPTN  ,   C9ORF72   

   Background:  According to a recent systematic review, 5% of 
amyotrophic lateral sclerosis (ALS) patients have a positive 
family history for the disease. No studies have systematically 
assessed the frequency of mutations of ALS-related genes in 
a population-based setting.  

   Aim:  To assess the frequency and clinical characteristics of 
patients with mutations of major ALS genes in a prospectively 
ascertained, population-based epidemiological series of cases.  

   Methods:  The study population includes all ALS cases 
diagnosed in Piemonte, Italy, from January 2007 to June 
2011. Mutations of  SOD1, TARDBP, AN7 7G, FUS, OPTN  
and  C9ORF72  have been assessed.  

   Results:  Out of the 475 patients included in the study, 51 
(10.7%) carried a mutation of an ALS-related gene ( C9ORF72 , 
32;  SOD1 , 10;  TARDBP  7;  FUS , 1;  OPTN  1;  ANG  none). A 
positive family history for ALS or frontotemporal dementia 
(FTD) was found in 46 (9.7%) patients. Thirty-one (67.4%) 
of the 46 familial cases and 20 (4.7%) of the 429 sporadic 
cases had a genetic mutation. According to logistic regression 
modeling, besides a positive family history for ALS or FTD, 
the chance to carry a genetic mutation was related to the 
presence of co-morbid FTD (OR 3.5; p    �    0.001), and age at 
onset  
    54 years (OR 1.79; p    �    0.012).  

   Conclusions:  We have found that  ∼ 11% of ALS patients carry 
a genetic mutation, with  C9ORF72  being the commonest 
genetic alteration. Co-morbid FTD or a young age at onset are 
strong indicators of a possible genetic origin of the disease, 
and should prompt to send the patient for genetic counseling.  

DOI: 10.3109/17482968.2012.721231/200

  P105 MUTATIONAL SCREENING OF C9ORF72, 
SOD1, TARDBP AND FUS GENES IN AN ALS 
COHORT FROM THE NORTH-EASTERN PART 
OF ITALY  

   BERTOLIN   C  1   ,    AGOSTINI   J  2   ,    D’ASCENZO   C  2   , 
   BOARETTO   F  1   ,    ANGELINI   C  2   ,    PEGORARO   E  2   , 
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   Background:  Mutations in  C9ORF72 ,  SOD1 ,  TARDBP  and 
 FUS  genes appear as the most common genetic cause of 
familial (FALS) and sporadic (SALS) forms of ALS.  

   Objectives:  To assess the frequency of ALS genes mutations 
in a large cohort of ALS patients referred to the ALS 
Clinic of the University of Padova, in the North-Eastern part 
of Italy.  

   Methods:  We searched for the expanded GGGGCC 
hexanucleotide repeats in the C9ORF72 gene and we 
sequenced all coding exons of  SOD1  and  FUS  genes and 
two exons of  TARDBP  (exon 4 and 6) in 351 ALS patients 
(30 FALS and 321 SALS).  

   Results:  10 pathogenic missense mutations were found in 
11 unrelated patients: 6  SOD1  (3 in FALS and 3 in SALS), 
3  TARDBP  (1 in FALS and 3 in SALS) and 1  FUS  (FALS). 
All the mutations but one have already been reported: a 
novel  TARDBP  mutation was identifi ed in exon 4. Screening 
of 200 chromosomes failed to report the mutation. Expanded 
repeats in  C9ORF72  were found in 21 patients (10 FALS and 
11 in SALS). From a clinical point of view, we could observe 
a shorter disease lifespan and an increased dementia comor-
bidity in carriers of the expanded hexanucleotide repeats 
in  C9ORF72 .  

   Conclusions:  While a new mutation was found in  TARDBP  
(the second reported so far in exon 4), we could observe 
a lower frequency of TARDBP and FUS mutations in our 
ALS cohort. SOD1 and C9ORF72 screening confi rmed 
results reported in other series, thus making the two genes 
as the most common genes involved in ALS also in this part 
of Italy.  

DOI: 10.3109/17482968.2012.721231/201
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  P106 C9ORF72 REPEAT EXPANSION IN ITALIAN 
ALS PATIENTS: EVIDENCE OF A FOUNDER 
EFFECT  
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   Keywords:   C9ORF72  ,   genetics   

   Background:  A hexanucleotide repeat expansion (RE) in 
 C9ORF72  gene was recently reported as the main cause of 
amyotrophic lateral sclerosis (ALS) and frontotemporal 
dementia (FTD). In populations of European descent the 
mutational frequencies ranged from 23 – 47% in familial 
ALS (FALS), 4 – 5% in sporadic ALS (SALS), 12 – 29% in 
FTD and 6 – 86% in ALS-FTD patients.  

   Objectives:  the aim of our study was to screen  C9ORF72  in 
a large cohort of FALS and SALS patients of Italian origin, 
with or without frontotemporal dementia.  

   Methods:  We screened  C9ORF72  in a large cohort of 
259 FALS, 1275 sporadic SALS and 862 healthy control 
individuals of Italian descent. RE in  C9ORF72  was ana-
lyzed by repeat-primed PCR followed by fragment lenght 
analysis using the GeneScan software (Applied Biosys-
tems). For haplotype analysis we utilised genome-wide 
association (GWA) data from SALS and control cohorts 
previously genotyped on Human660W-Quad BeadChip 
(Illumina).  

   Results:  We found RE in 23.9% FALS, 5.1% SALS and 
0.2% controls. Two cases carried the RE together with muta-
tions in other ALS-associated genes. The phenotype of RE 
carriers was characterized by bulbar-onset, shorter survival 
and association with cognitive and behavioural impairment. 
Extrapyramidal and cerebellar signs were also observed in 
few patients. Genotype data revealed that 95% of RE carri-
ers shared a restricted 10-SNP haplotype within the previ-
ously reported 20-SNP risk haplotype, detectable in only 
27% of non-expanded ALS cases and in 28% of controls, 
suggesting a common founder with cohorts of North 
European ancestry.  

   Discussion and conclusions:  our data confi rm that RE 
in  C9ORF72  represents the main genetic cause of both 
FALS and SALS also in the Italian population. However, the 
identifi cation of RE both in controls and in patients with 
additional pathogenic mutations suggests that penetrance 

and phenotypic expression of  C9ORF72  RE may depend on 
additional genetic risk factors.  

DOI: 10.3109/17482968.2012.721231/202

  P107 UBIQUILIN NEUROPATHOLOGY AND 
FREQUENCY OF C9ORF72 HEXANUCLEOTIDE 
EXPANSION IN A LARGE COHORT OF ALS AND 
ALS/FTD PATIENTS  
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   Background:  C9ORF72-hexanucleotide repeat (GGGG 
CC) n  was found to be expanded in patients with amyotrophic 
lateral sclerosis (ALS) and frontotemporal lobar degenera-
tion (FTD). Incidence of expansion was reported in relative 
small sample sizes, varying from 22.5% to 46.4% in FALS, 
4.1% to 21% in SALS, and 10.4% to 50.6% in FALS/
FTD. The pathogenic mechanism of the C9ORF72-linked 
ALS/FTD remains largely unknown.  

   Objectives:  To evaluate the frequency of C9ORF72-
hexanucleotide expansion in a large cohort of ALS and ALS/
FTD of North America patients and to characterize the 
C9ORF72-related neuropathology.  

   Methods:  A cohort of 1,807 cases without known gene 
mutations, including 420 FALS, 1235 SALS, 134 FALS/
FTD, 18 SALS/FTD was analyzed. In addition, a total of 
704 control subjection was also included. Expansion of 
C9ORF72-hexanucleotide was determined by repeat-primed 
PCR and further confi rmed by Sanger sequencing in 281 
cases. Samples with large number of repeats were also ana-
lyzed by Southern blot. Immunohistochemistry and confocal 
microscopy were performed on hippocampal sections from 
patients with C9ORF72 mutations.  

   Results:  The frequencies of C9ORF72-hexanucleotide 
expansion were 43.8% in FALS, 4.5% in SALS, 61.2% in 
FALS/FTD, and 5.6% in SALS/FTD, respectively. The 
expansion frequency in the whole FALS population was 
29.1%. No expansion was found in the 704 controls. The 
allele (GGGGCC)2 represented the most frequent allele 
in the control cohort, which accounted for 50.4% of the total 
alleles. Rare alleles with limited repeat expansion were 
observed in controls ((GGGGCC)21, n    �    1; (GGGGCC)20, 
n    �    3)), but no repeat expansion over 21 was observed. 
The ubiquilin2-positive aggregates in the molecular layer 
of the dentate gyrus and CA1-CA4, which were also ubiqui-
tin- and p62-positive, but TDP43- and FUS-negative, 
appeared to be a characteristic pathology in the C9ORF72-
linked cases.  

   Discussion : The hexanucleotide expansions in the intron of 
C9ORF72 represent the most frequent mutations identifi ed 
to date in familial ALS and ALS/FTD cases. The presence 
of the ubiquilin2-positive aggregates in the molecular layer of 
the dentate gyrus and CA1-CA4, which were ubiquitin- 
and p62-positive, but TDP43- and FUS-negative, suggests 
that ubiquilinopathy is a specifi c and common pathological 
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hallmark in both ALS and ALS/FTD. Our data indicate that 
protein/organelle degradation defect may be a common mech-
anism underlying ALS and FTD.  

  Acknowledgements: Les Turner ALS Foundation, NINDS, 
Blazeman Foundation  .
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  P108 C9ORF72 HEXANUCLEOTIDE EXPANSION 
IS ASSOCIATED WITH AGGRESSIVE DISEASE 
PROGRESSION AND FRONTOTEMPORAL 
DEMENTIA COMORBIDITY IN PATIENTS 
WITH FAMILIAL AMYOTROPHIC LATERAL 
SCLEROSIS  
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   Background:  Recently, GGGGCC hexanucleotide repeat 
expansions in the gene  C9ORF72  have been identifi ed as a 
novel cause of familial amyotrophic lateral sclerosis (fALS) 
and frontotemporal dementia (FTD) cases of European 
ancestry. Yet, little is known concerning the impact of an 
expansion on clinical characteristics in these patients.  

   Objective:  The aim of this study was to compare detailed 
clinical characteristics of patients compatible with carrying a 
 C9ORF72  hexanucleotide expansion as determined by PCR 
analysis with those of patients with no known or other gene 
mutations in a total of 109 fALS index patients. Additionally, 
we aimed to investigate whether  C9ORF72  patients show a 
higher comorbidity with FTD then fALS patients with no 
known or other gene mutations.  

   Methods : We studied a cohort of 109 fALS index patients. 
For all patients, detailed clinical and demographic data were 
obtained by interviewing patients and/or relatives and by 
going through medical records. In 38 patients (6 with hexa-
nucleotide expansion, 32 controls), we checked whether FTD 
was also diagnosed concomitant to ALS. We used a repeat-
primed polymerase chain reaction (PCR) assay to detect 
GGGGCC hexanucleotide repeat expansions in the gene 
 C9ORF72 .  

   Results  :  PCR based analyses were compatible with a hexa-
nucleotide expansion in 26 cases (23.9 %). Mean disease 
duration from symptom onset in these patients was substan-
tially shorter than in patients with no known or other gene 
mutations. In addition, patients in the  C9ORF72 -group 
had a signifi cantly higher proportion of bulbar onsets com-
pared to the fALS control group. In 2 patients, FTD was 
diagnosed concomitant to fALS. These patients both belonged 
to the  C9ORF72 -group. Thus, 1/3 of the  C9ORF72 -patients 
that were checked for this comorbidity were diagnosed with 
FTD. No signifi cant gender differences between the two 
groups could be observed.  

   Discussion:  The molecular results presented here show 
that  C9ORF72  hexanucleotide expansions may account 
for about 1/5 of this large German cohort of fALS cases. 
 C9ORF72  hexanucleotide expansions seem to be associated 
with a signifi cant proportion of FTD concomitant to fALS 
in these patients. Our data substantiates the notion that ALS 

and FTD share similar pathogenic and genetic mechanisms 
and may be in fact both part of the same disease spectrum. 
Furthermore, we show that patients with molecular analyses 
compatible with a hexanucleotide expansion in  C9ORF72  
seem to show a more aggressive disease course and signifi -
cantly shorter disease duration as well as a higher frequency 
of bulbar onset compared to patients with no known or other 
gene mutations.  

DOI: 10.3109/17482968.2012.721231/204

  P109 C9ORF72 HEXANUCLEOTIDE REPEAT 
STUDY IN FAMILIAL AND SPORADIC ALS 
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   Background:  The recent discovery of the genotype-phe-
notype relation between ALS and a hexanucleotide expan-
sion in the C9ORF72 gene is the most important clue in 
the history of this pathology. In the present study, we try 
to bring more data about the clinical and molecular char-
acteristics of the molecular spectrum of the hexanucleotide 
repeat expansion in  C9ORF72 . And furthermore, we try to 
investigate in the families of previously considered sporadic 
ALS in order to clarify how we should give genetic coun-
seling in the future, and which variables we should take into 
account to integrate in the clinical management of ALS 
patients.  

   Methods:  We have studied a total of 850 samples from ALS 
patients both sporadic and familial. The repeat-primed 
polymerase chain reaction method was used to identify the 
GGGGCC hexanucleotide expansion in the C9ORF72 gene, 
as previously described.  

   Results:  The hexanucleotide repeat expansion in C9ORF72 
gene (defi ned as more than 30 repeats) was found in 
54 out of 700 ALS cases, thus representing 6.4% of 
our ALS Spaniard Caucasian cohort. Pathological expan-
sions accounted for 27.1% of fALS and 3.2% of sALS 
individuals.  

   Conclusion:  Our results conclude that all the phenotypes 
positive for the hexanucleotide expansion in  C9ORF72  
gene are actually familial cases, but in the case of sporadic 
ones, they are hidden because of a lack of information about 
the family members.  

DOI: 10.3109/17482968.2012.721231/205
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  P111 DIFFERENT CHARACTERISTICS OF 
GGGGCC-HEXANUCLEOTIDE REPEATS 
EXPANSION IN C9ORF72 IN JAPANESE, TURKISH, 
SWISS AND SWEDISH POPULATIONS  
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   Background:  The expanded GGGGCC-hexanucleotide 
repeats in the C9ORF72 were recently identifi ed as a cause 
of ALS and FTD. In selected patient materials, 23 – 46% of 
the ALS patients with family histories and 5 – 21% of the 
ALS patients without family histories were affected by the 
pathological hexanucleotide repeat expansion in C9ORF72.  

   Objectives:  To determine the normal hexanucleotide repeat 
numbers in C9ORF72 in four large control groups with 
different ethnic background.  

   Methods:  Total 1285 normal control cases: 647 Swedish 
and 239 Swiss for the European, 199 Turkish for the Middle 
Eastern, and 200 Japanese for the Far East Asian. Genomic 
DNA was screened using the repeat primed polymerase 
chain reaction (RP-PCR) method. Fragment length analysis 
was performed on Applied Biosystems 3730 genetic analyzer 
and visualized using Peak Scanner Software. We classifi ed 
the RP-PCR results into four types: A was normal type, B 
was pathological long expansion with a  “ sawtooth pattern ” , C 
had intermediate expansion, and Q was unclassifi able.  

   Results:  The average age of the Swedish cases was 59.3    �    14.0 
(mean    �    SD) years old, and the Japanese cases was 51.8    �    
8.6 years old. The male and female ratio was 1.06 in Swedish, 
1.52 in Swiss, 0.99 in Turkish, and 1.63 in Japanese. The 
B type (pathological long expansion) was found in the only 
European ethnic: 3 in Swedish and 1 in Swiss, but could 
not be found in the other populations. The C type (middle 
expansion) was found in 38 Swedish (5.9%), 14 Swiss (5.9%), 
and 4 Turkish (2.0%) individuals, but was not found in the 
Japanese group.  

   Discussion   and conclusions:  According to the previous 
studies, the pathological hexanucleotide repeat expansion 
was found 0 – 0.57% of the individuals in control groups. 
Based on this control case study it is present in 0.45% in the 
European group and 0% in Turkish and Japanese groups. 
And the middle expansion type was also found at a higher 
percentage in the European group, suggesting that the repeat 
numbers of the hexanucleotide in C9ORF72 is different 
depending on the ethnic origin of the population.  

DOI: 10.3109/17482968.2012.721231/206

  P112 SOD1, ANG, TARDBP MUTATIONS AND 
ATXN2 TRINUCLEOTIDE REPEAT VARIATION IN 
ALS PATIENTS FROM SERBIA  

   STEVIC   Z  1   ,    KECKAREVIC   D  2   ,    KECKAREVIC-
MARKOVIC   M  2   ,    MILICEV   M  1   ,    STEVANOVIC   M  2   , 
   ROMAC   S  2   

   1 Clinic of Neurology, Clinical Center of Serbia, Belgrade, Serbia,  
2  Faculty of Biology, University of Belgrade, Belgrade, Serbia   

   Email address for correspondence: zsmnd.yu@orion.rs   

   Keywords:   mutations  ,   SOD1  ,   ANG  ,   TARDBP  ,   ATXN2  ,   founder   

   Background:   SOD ,  ANG  and  TARDBP  gene mutations , as 
well as higher presence of longer normal (CAG) alleles of 
 ATAXIN 2  gene, have been identifi ed in amyotrophic lateral 
sclerosis (ALS).  

   Objectives:  The aim of the study was to determine the the 
frequency of  SOD1, ANG, TARDBP  gene mutations and dis-
tribution of  ATXN2  alleles in Serbian familial and sporadic 
ALS patients.  

   Methods : The population comprised 191 patients, of which 
37 were familial, with probable or defi nite ALS diagnosed at 
the Clinic of Neurology, Clinical Center of Serbia. Samples 
were collected also from 100 healthy individuals, sex and 
age matched to patients. All participants signed a written con-
sent for the research. Blood samples were collected over 
the past 10 years and processed at the Faculty of Biology, 
University of Belgrade. Coding regions and exon-intron 
boundaries of  SOD1  (5 exons),  ANG  (exon 1 and 2) and 
 TARDBP  (5 exons) genes were amplifi ed and analyzed using 
direct sequencing on ABI 3130 genetic analyzer. Also, the 
polyglutamine repeat region in the exon 1of the ATXN2 gene 
was amplifi ed using fl uorescent label primers and subjected 
further to fragment analysis.  

   Results:  We found 6 pathogenic missense (4 SOD1, 1 ANG, 
1 TARDBP) and one splicing mutation in 27 (72.97%) 
FALS and 12 (7.90%) SALS patients, of which  SOD1  
gene mutations were the most frequent (70.27% FALS 
and 7.14% SALS).  SOD1  L144F mutation in exon 5 was 
identifi ed with high frequency in both, 22(59.45%) FALS and 
4 (2.59%) SALS patients, while A145G, also in exon 5, was 
identifi ed only in 4 (10,81%) FALS patients. Novel P66S 
mutation of  SOD1  gene exon 3 was registered in one SALS 
patient as well as complex change (IVS2    �    1G    �    A    �    IVS2    �    3 
G    �    A) (p.A55    �    14 STOP) in another. D90A SOD1gene 
mutation, was observed in 2 SALS patients with homo-
zygous and 3 with heterozygous state. In SALS patients 
mutation was observed in the  ANG  gene, one p.P-4S along 
with one  „ benign” variant p.I46V, while one mutation in  
TARDBP  gene (p.M337V) was seen in one FALS patient. 
Analysis of (CAG)n repeats in the  ATXN2  gene sequence 
showed the presence of one SCA 2 allele ( �    35 CAG) and 
two alleles in higher normal range (   �    30 CAG) only in ALS 
patiens. Haplotype analysis revealed the common origin for 
chromosomes bearing the  SOD1- L144F,  SOD1- A145G and 
 SOD1- D90A, except for one D90A chromosome which com-
mon origin with other  D90A  chromosomes was ruled out.  

   Conclusion:  this study confi rms previously published 
studies, identifi es new genetic associations with ALS, and 
provides insight in genotype/phenotype aspects of both previ-
ously reported and novel SOD1 gene mutations of which 
some could be specifi c to this region.  

DOI: 10.3109/17482968.2012.721231/207

A
m

yo
tr

op
h 

L
at

er
al

 S
cl

er
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
81

.1
1.

22
1.

80
 o

n 
12

/1
3/

12
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



116 Genetics 23rd International Symposium on ALS/MND

  P113 DE NOVO P525L FUS MUTATION FOUNDED 
IN A YOUNG SPORADIC SPANIARD WOMAN 
WITH ALS  

   R Á BANO   A  2   ,    JU Á REZ-RUFI Á N   A  1   ,    CORDERO-
V Á ZQUEZ   P  1   ,    TABERNERO   C  3   ,    GARC Í A-REDONDO  
 A  1   ,    ESTEBAN-P É REZ   J  1   

   1 Hospital Universitario 12 de Octubre, Madrid, Spain,  2 Fundaci ó n 
Cien, Madrid, Spain,  3  Hospital General de Segovia, Segovia, 
Spain   

   Email address for correspondence: mito@h12o.es   

   Keywords:   FUS  ,   young ALS  ,   basophilic inclusions   

   Background:  Juvenile amyotrophic lateral sclerosis (ALS) 
with basophilic inclusions is a form of ALS characterized by 
protein deposits in motor neurons that are morphologically 
and distinct from the rest of the considered sporadic ALS.  

   Methods:  We identifi ed neuropathologically 1 patient with 
juvenile ALS with basophilic inclusions and tested the hypoth-
esis that specifi c RNA binding protein pathology may defi ne 
this type of ALS. Immunohistochemical fi ndings prompted us 
to sequence the fused in sarcoma ( FUS ) gene.  

   Results:  Motor symptoms began at the age of 22. Disease 
progression was rapid without dementia. No family history 
was identifi ed. Sequencing of all 15 exons of the  FUS  gene 
in 3 patients revealed the mutation c.1574C_T (P525L). 
On postmortem neuropathological examination abundant 
FUS-positive basophilic inclusions were found in motor cor-
tex, brainstem motor nuclei, subthalamic region and dentate 
nucleus of the cerebellum.  

   Conclusion:  Juvenile ALS with basophilic inclusions is a 
FUS proteinopathy. The  FUS  c.1574C_T (P525L) is associ-
ated with this phenotype, and it appears in the Spaniard 
population too.  

DOI: 10.3109/17482968.2012.721231/208

  P114 MUTATION IN UBIQUILIN4 IN ALS PATIENT 
AFFECTS THE UBIQUITIN PROTEOSOME 
SYSTEM AND AUTOPHAGY IN VITRO  

  AJROUD K  ,   YAN J  ,   FECTO F  ,   SHI Y  ,   SIDDIQUE N  , 
  ZHENG JG  ,   DENG H-X  ,   SIDDIQUE T  

   Northwestern University Feinberg School of Medicine, Chicago, Il, 
USA   

   Email address for correspondence: k-ajroud@northwestern.edu   

   Keywords:   ubiquitin proteosome system  ,   autophagy  ,   ubiquilin  ,   
ubiquilin4   

   Background:  Growing evidence supports the notion that 
impairment of autophagy is associated with the formation of 
protein aggregates and neurodegeneration including ALS. We 
recently reported mutations in Ubiquilin2, a member of the 
Ubiquilin family affecting both the Ubiquitin Pro teosome 
System (UPS) and Autophagy  in vitro . We have now identifi ed 
a mutation in Ubiquilin4 gene in a familial ALS patient. Ubiq-
uilin4 is a member of the Ubiquilin family and also plays a 
role in the regulation of proteasomal protein degradation.  

   Objectives:  The aim of the current study is to test whether 
the identifi ed mutation in Ubiquilin4 affects the UPS and 
autophagy  in vitro .  

   Methods:  Genomic DNA from Familial ALS cases as well 
as controls was subject to sequencing. Recombinant 
Ubiquilin4 wild type and mutant tagged to mCherry were 
used to transiently transfect Neuro2A cells (N2A). Confocal 
microscopy, using Zeiss LSM 510 Meta laser scanning 
confocal microscope, was performed to evaluate the expres-
sion of the Ubiquilin4 wild type and mutant and conduct 
colocalisation with autophagosome markers and ALS linked 
proteins. For fl ow cytometry, N2A were co-transfected 
with an early autophagosome marker microtubule-associated 
protein 1A/1B-light chain 3 tagged to GFP (LC3-GFP) 
and autophagosome maturation marker (Rab7-GFP). Cells 
were analyzed using a BD LSRFortessa fl ow cytometer and 
BD FACSDiva software.  

   Results:  We identifi ed a mutation in the exon 3 of Ubiquilin4 
gene that was absent from controls. We also found four 
single nucleotide polymorphisms (SNPs) that were present 
in the controls. N2A cells transiently transfected with 
Ubiquilin4 tagged to mCherry showed punctuate structures 
in both wild type and mutant. Flow cytometry revealed a 
signifi cant accumulation of LC3-GFP which corresponds to 
an inhibition of autophagic activity in mutant Ubiquilin4 
transfected cells. With a milder action on the Ubiquitin 
accumulation. Consistent with this, we observed that both wt 
and mutant Ubiquilin4 co-localize with LC3, p62 and 
subsequently Ubiquilin2. However we found a signifi cant 
decrease in the Rab7-GFP accumulation in the mutant 
Ubiquilin4 transfected cells which may indicate impairment 
at the autophagosome late endosome formation and exacer-
bating the decrease in autophagy activity.  

   Discussion and conclusion:  These data suggest that 
mutant Ubiquilin4 impairs the UPS and autophagy and may 
suggest a role in ALS pathogenesis. Such a mechanism could 
participate in the accumulation of the aggregation-prone 
proteins in ALS, and affects essential regulatory functions of 
autophagy and the UPS. Hence, degradation pathways 
related proteins, like Ubiquilins (Ubiquilin 2 and 4), repre-
sent attractive targets for designing rational therapeutics in 
ALS.  

DOI: 10.3109/17482968.2012.721231/209

  P115 UNC13A GENOTYPE INFLUENCES 
SURVIVAL IN ITALIAN ALS PATIENTS  

   MOGLIA   CR  1   ,    CALVO   A  1   ,    MANERA   U  1   ,    ILARDI   A  1   , 
   BERTUZZO   D  1   ,    MORA   G  2   ,    OSSOLA   I  3   ,    RESTAGNO   G  3   , 
   TRAYNOR   B  4   ,    CHIÒ     A  1   

   1 Neuroscience Department, Turin, Italy,  2 Neurology Department, 
Fondazione S. Maugeri, Milano, Italy,  3 Laboratory of Molecular 
Genetics, AO OIRM Sant ’ Anna, Turin, Italy,  4  Neuromuscular 
Diseases Research Unit, Laboratory of Neurogenetics, National 
Institute on Aging, NIH, Bethesda, USA   

   Email address for correspondence: cristina.moglia@gmail.com   

   Keywords:   UNC13A  ,   genetic   

   Objective:  To evaluate the association of rs12608932, located 
within an intron of  UNC13A  gene on chromosome 19p13.3, 
with susceptibility and survival of ALS in a population-based 
cohort of Italian ALS patients.  

   Methods:  A total of 500 ALS cases ascertained through 
Piemonte and Valle d ’ Aosta Register for ALS were included 
in the study. A total of 247 healthy subjects matched for 
age, gender and geographic origin were included in the 
study as controls. Samples were genotyped on Infi nium 
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HumanHap550 beadchips or on Infi nium HumanHap610-
Quad beadchips.  

   Results:  For our SNP of interest in  UNC13A  (rs12608932), 
236 (47.2%) Italian patients carried the AA genotype, 203 
(40.6%) the AC genotype and 61 (12.2%) the CC genotype. 
The corresponding frequencies among controls were 107 for 
AA (43.3%), 120 for AC (48.6%), and 20 for CC (8.1%). 
rs12608932 was not associated to ALS susceptibility 
(p    �    0.052), but it was associated to survival under the reces-
sive model (median survival for AA/AC 3.5 years, IQR 
2.2 – 6.4; CC 2.5, IQR 1.6 – 4.2; p    �    0.017) but not under 
the additive or dominant models. In Cox multivariable 
analysis rs12608932 genotype remained an independent 
prognostic factor (hazard ratio 1.40, 95% confi dence interval, 
1.05 – 1.87).  

   Conclusions:  In our large population-based series including 
patients of Italian ancestry rs12608932 was not associated 
to ALS susceptibility but was strongly related to ALS survival 
with the minor allele carrier status displaying a  ̃ 1-year 
reduction of survival under the recessive model. The identifi -
cation of  UNC13A  as a determinant of progression rate of 
sporadic ALS opens a new scenario toward the discovery of 
therapies targeted at modifying the expression of  UNC13A .  

DOI: 10.3109/17482968.2012.721231/210

  P116 NOVEL MUTATIONS IN SOD1, TARDBP 
AND FUS IN CHINESE HAN PATIENTS WITH 
AMYOTROPHIC LATERAL SCLEROSIS  

   YU   L  1   ,    YAO   X  2   ,    WANG   C  3   ,    HE   L  1   ,    FENG   X  3   ,    LIU   Z  2   , 
   CHEN   B  3   ,    XU   Y  1   

   1 Sichuan University, Chengdu, China,  2 Sun Yat-Sen University, 
Guangzhou, China,  3  Capital University of Medical Sciences, 
Beijing, China   

   Email address for correspondence: neuroxym@163.com   

   Keywords:   gene mutation  ,   China   

   Objective:  Mutations in  SOD1 ,  TADRBP  and  FUS  genes 
have been identifi ed in both familial and sporadic amyotrophic 
lateral sclerosis (ALS) in several ethnic populations. However, 
so far, no large-scale screening of mutations in these genes 
has been reported. In fact, no studies have examined  
FUS  mutations in ALS patients from mainland China. We 
systematically examined the spectrum of  SOD1, TARDBP  
and  FUS  mutations and their frequencies in a Chinese ALS 
population.  

   Methods:  201 ALS patients (199 sporadic and 2 familiar) 
and 200 healthy controls from two centers in mainland 
China were analyzed by direct sequencing. Clinical manifesta-
tions of patients carrying different mutations were compared 
in our study.  

   Results:  A total of 6 pathogenic missense mutations, 1 novel 
3-bp insertion and 5 nonsense mutations were identifi ed 
in our study: 3 in  SOD1  (G16S,V31A, V47A), 3 in exon 6 of 
 TARDBP  (A366A, A321A, G298S), and 6 in  FUS  (G49G, 
Y97Y, G246S, G228G, C.666_667insGCC, G497V). 
Among these, V31A, V47A, G246S, G228G, G497V are novel 
mutations. G49G and Y97Y were the only mutations also 
found in our healthy controls. The distribution of these 
mutations is consistent with (ACR1) the hypothesis of 
mutation hotspots in these genes. (ACR2) All 6 missense 
mutations are located in highly conserved sequences. Geno-

type-phenotype correlation analysis showed that site of disease 
onset (ACR3) and lifespan are two clinical symptoms 
that vary among ALS patients carrying missense mutations.  

   Conclusions:  This study identifi ed several new mutations 
associated with sporadic ALS in a Han Chinese (ACR4) 
population. This not only broadens the spectrum of disease 
mutations, but also underscores the importance of  FUS  
and  TARDBP  (ACR5) as pathogenic genes alongside  SOD1 .  

DOI: 10.3109/17482968.2012.721231/211

  P117 CHINESE SOD1 MUTATION SPECTRUM: 
GENOTYPE-PHENOTYPE CORRELATIONS IN 
FAMILIAL AMYOTROPHIC LATERAL SCLEROSIS  

  ZHANG H  ,   TANG L  ,   ZHANG N  ,   FAN D  

   Peking University Third Hospital, Beijing, China   

   Email address for correspondence: dsfan2010@yahoo.com.cn   

   Keywords:   Chinese  ,   SOD1  ,   spectrum   

   Background:  Familial amyotrophic lateral sclerosis (FALS) 
is reported approximately 5%-10% of ALS cases in the world. 
Mutations in copper/zinc superoxide dismutase 1 (SOD1) 
are found in approximately 20% of FALS. As a huge country 
with big population, however, China has no data of SOD1 
mutations in FALS so far.  

   Objective:  The aim of this study is to identify the pattern of 
population distribution and correlations of SOD1 mutations 
and clinical phenotype in Chinese patients with FALS.  

   Methods:  We collected the clinical data of 43 FALS families 
from 2008 to 2011, screened SOD1 gene mutations in the 
probands using PCR and direct sequencing and analyzed 
the correlations of genotype-phenotype.  

   Results:  All 43 families were autosomal dominant inherit-
ance who came from 17 provinces of China. The male female 
ratio of probands was 1: 0.6 and the average onset age 
48.1    �    11.8 years. Upper limb onset accounted for 53.5%, 
lower limb onset 41.9% and bulbar onset 4.6%. Seven 
probands (6 male and 1 female) died which caused by 
respiratory failure or pulmonary infection and the duration 
were 15 – 180 months (73.3    �    64.2 months). Nine SOD1 
mutation types were detected in 10 probands including 8 mis-
sense mutations and 1 deletion mutation. Seven mutations 
were reported before, but six among them (C6S, G16A, 
E21G, G41D, G93R and L84F) detected fi rst in Chinese 
patients. Two mutations (G16C and K128 fs X131) were 
novel including the fi rst deletion mutation in Chinese FALS.  

   Conclusions:  We reported the correlation of genotype-
phenotype of SOD1 in a larger group of Chinese FALS 
patients. The detection rate of SOD1 mutations in this cohort 
was 23.3%. SOD1 mutations increased from 11 to 19 in 
Chinese FALS. For SOD1 patients, lower motor neuron 
(LMN) signs usually predominated. Two novel mutations 
were found including one deletion mutation. Other six 
mutations were fi rst reported in Chinese FALS. Most clinical 
phenotypes of one mutation varied greatly in different fami-
lies even the same family.  

DOI: 10.3109/17482968.2012.721231/212
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  P118 UBIQUILIN 2 MUTATIONS IN ITALIAN 
PATIENTS WITH AMYOTROPHIC LATERAL 
SCLEROSIS AND FRONTOTEMPORAL 
DEMENTIA  

   GELLERA   C  1   ,    TILOCA   C  2 ,3   ,    DEL BO   R  4 ,5   ,    
CORRADO   L  6   ,    PENSATO   V  1   ,    AGOSTINI   J  7   ,    CEREDA   C  8   , 
   RATTI   A  2,4   ,    CASTELLOTTI   B  1   ,    CORTI   S  4,5   ,    
BAGAROTTI   A  6   ,    CAGNIN   A  7   ,    MILANI   P  8,9   ,    
MAZZINI   L  10   ,    SORAR Ù    GI  7   ,    D’ALFONSO   S  8   ,    
TARONI   F  1   ,    COMI   G  4,5   ,    TICOZZI   N  2   ,    SILANI   V  2,4   
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Fondazione IRCCS Istituto Neurologico  ‘ Carlo Besta ’ , Milan, 
Italy,  2 Department of Neurology, IRCCS Istituto Auxologico 
Italiano, Milan, Italy,  3 Department of Sciences and Biomedical 
Technologies, University of Milan, Milan, Italy,  4 Department of 
Neuroscience,  ‘ Dino Ferrari ’  Center, University of Milan, Milan, 
Italy,  5 IRCCS Foundation Ca ’  Granda Ospedale Maggiore 
Policlinico, Milan, Italy,  6 Department of Health Sciences, 
Interdisciplinary Research Center of Autoimmune Diseases,  ‘ A. 
Avogadro ’  University, Novara, Italy,  7 Department of Neuroscience, 
University of Padua, Padua, Italy,  8 Laboratory of Experimental 
Neurobiology, IRCCS National Neurological Institute  ‘ C. 
Mondino ’ , Pavia, Italy,  9 Department of Neurological Sciences, 
University of Pavia, Pavia, Italy,  10  Department of Neurology and 
Maggiore della Carit à  Hospital,  ‘ A. Avogadro ’  University, 
Novara, Italy   

   Email address for correspondence: n.ticozzi@fastwebnet.it   

   Keywords:   ubiquilin  ,   UBQLN2  ,   genetics   

   Background:  Mutations in the  ubiquilin-2  ( UBQLN2 ) gene 
have been shown to cause a familial form of X-linked amyo-
trophic lateral sclerosis (ALS), 90% penetrant in females (1).  

   Objectives:  The aim of our study was to analyze the  UBQLN2  
gene in a large cohort of familial and sporadic ALS patients, 
with or without frontotemporal dementia (FTD), and in 
patients with FTD.  

   Methods:  We analyzed the  UBQLN2  gene in 819 sporadic 
ALS cases (SALS), 226 familial ALS cases (FALS), 53 
ALS-FTD patients, and 63 patients with a clinical record of 
FTD. Molecular analysis of the entire coding sequence was 
carried out in all FALS and ALS-FTD patients, while 
SALS and FTD patients were analyzed specifi cally for the 
genomic region coding for the PXX repeat tract. Healthy 
controls were 461 anonymous blood donors and were 
screened for the PXX repeat region only.  

   Results:  We found fi ve different variants in the  UBQLN2  
gene in fi ve unrelated ALS patients. Three of them, including 
two novel ones, involved a proline residue in the PXX 
repeat region and were found in three FALS cases. The other 
two were novel variants, identifi ed in one FALS and one 
SALS patient. None of these variants were present in controls, 
while one control carried a new heterozygous variant.  

   Discussion and conclusions:  Our data support the role of 
 UBQLN2  gene in the pathogenesis of FALS, being con-
versely a rare genetic cause in SALS even when complicated 
by FTD.  

  Reference  
  1.  Deng HX, Chen W, Hong ST  et   al.  Nature 2011;477:

211 – 215.  

DOI: 10.3109/17482968.2012.721231/213

  P119 UBIQUILIN2 MUTATIONS IN PARKINSON ' S 
DISEASE EXTEND THE SPECTRUM OF 
UBIQUILINOPATHIES  

   SHI   Y  1   ,    CHEN   W  1   ,    FECTO   F  1   ,    SIDDIQUE   N  1   ,    ZHAI   H  1   , 
   ZHENG   JG  1   ,    RAJPUT   A  2   ,    JANKOVIC   J  3   ,    RAJPUT   A  2   , 
   ESENGUL   YT  1   ,    DENG   H-X  1   ,    SIDDIQUE   T  1   

   1 Northwestern University, Chicago. IL, USA,  2 University of 
Saskatchewan, Saskatoon, Saskatchewan, Canada,  3  Baylor 
College of Medicine, Houston, Texas, USA   

   Email address for correspondence: y-shi2@northwestern.edu   

   Keywords:   Parkinson’s disease  ,   ubiquilin 2  ,   mutations   

   Background:  Ubiquilin2 belongs to the ubiquitin-like 
protein family which delivers uiquitinated proteins to the pro-
teasome system (UPS) and autophagosome for protein and 
organelle degradation. Mutant ubiquilin2 recruits protein 
aggregates and become a pathological hallmark in several 
neurodegenerative diseases, such as ALS and ALS-dementia. 
To identify whether the ubiquilin2-positive inclusions is 
a common phenomenon in neurodegenerative diseases, 
Parkinson’s disease (PD), the second most common in the 
world was chosen to screen for ubiquilin2 mutations. Two 
mutations were identifi ed in PD patients. The effect of these 
mutations on the UPS and autophagy pathways was investi-
gated via fl ow cytometry using Ub G76V -GFP and LC3-GFP 
reporting system.  

   Objectives:  We identifi ed new ubiquilin2 mutations in 400 
PD patients and 900 controls. Ub G76V -GFP and LC3-GFP 
reporters were used to test the impairment of protein degen-
eration pathways in the two novel PD-related ubiquilin2 
mutations.  

   Methods:  Genomic DNA was PCR-amplifi ed and sequenced 
by a CEQ-8000 system (Beckman Coulter). Immunohisto-
chemistry and immunofl uorescent stain were performed 
by standard protocol. Expression vectors of ubiquilin2-WT 
and the two PD-related mutations (M1 and M2) were co-
expressed into Neuro-2A and SH-SY5C cell lines with 
either Ub G76V -GFP or LC3-GFP reporters. Transiently trans-
fected cells were analyzed by a BD LSRFortessa fl ow cytom-
eter and BD FACSDiva softwarse.  

   Results:  We sequenced 110 familial and 290 sporadic PD 
patients. M1 was found in familial cases and located between 
2 nd  and 3 rd  STI1 motifs; and another mutation was found 
in sporadic cases and located in the 3 rd  STI1 motif (M2). 
They were absent in controls. Ubiquilin2 was found in Lewy 
bodies and Lewy neuritis in the substantia nigra in M1. The 
cleavage of GFP in UPS reporter with co-expression of 
the PD-related mutations in Neuro-2A cells showed no dif-
ference. An autophagosome marker (LC3-GFP) was used to 
test the impairment of autophagy pathway, which showed 
a tendency of impairment in M2. After we used SH-SY5C 
cells which have some dopaminergic charactersistics, the 
intensity of LC3-GFP fl uorescence showed an 18% increase. 
Both mutations showed cell-type-related autophagosome 
impairment, p    �    0.0004.  

   Discussion and conclusion:  The novel PD-related muta-
tions locate in different functional domains other than the 
reported PXX region mutations. The new mutations did 
not cause any disruption in proteasome system in vitro, 
while they exhibited cell specifi c autophagy impairment. 
The patient with M1 showed ubiquilin2-positive inclu-
sions in dopaminergic cells. Our results demonstrate 
that ubiquilinopathies are etiologic and/or pathologic 
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factors underlying a wide spectrum of neurodegenerative 
diseases.  

DOI: 10.3109/17482968.2012.721231/214

  P120 DE NOVO DELETION ON CHROMOSOME 
4 (4Q22.1) IN THE GRID2 GENE CAUSES A NEW 
VARIANT OF SPASTIC PARAPLEGIA  

   MAIER   A  1   ,    HORN   D  2   ,    HOLM   T  1   ,    TZSCHACH   A  2   ,    
MEYER   R  1   ,    M Ü NCH   C  1   ,    MEYER   T  1   

   1 Department of Neurology of the Charit é ;  2  Department of Genetics 
of the Charit é ; Berlin, Germany   
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   Keywords:   GRID2  ,   spastic paraplegia  ,   mouse model   

   Background:  Spastic paraplegia syndrome (SPG) subdivides 
into a sporadic and a hereditary form, the hereditary spastic 
paraplegia (HSP). The variable neurological syndrome com-
prises a spastic paraparesis with additional symptoms of 
ataxia, mental retardation and peripheral neuropathy in the 
complicated form. Clinical heterogeneity is partly explained 
by the 48 gene loci identifi ed so far. We report a  de novo  dele-
tion in the gene of the ionotropic glutamate receptor GRID2 
that causes the clinical picture of a complicated SPG with 
cerebellar ataxia and mental retardation. GRID2 is expressed 
predominantly in the Purkinje cells in the cerebellum where 
it is involved in the postnatal linking with climbing fi bers 
and the formation of synaptic plasticity. The only existing 
models for a gene defect in GRID2 are exclusively murine 
models (hotfoot, Lurcher), which present as cerebellar ataxia 
with a jerky movement disorder and retarded learning.  

   Objectives:  To present a new variant of complicated spastic 
paraplegia where a mouse model already exists  

   Clinical Presentation:  We saw a 21-year old man who upon 
examination presented with a spastic paraparesis that 
had been progressing over 10 years and a gait disturbance 
evident in a severely reduced walking distance. Dysarthria 
had been manifest for 3 years and dysphagia for 1 year. The 
neurological examination showed a high-grade spastic para-
paresis with increased refl exes mainly in the legs, positive 
pyramidal signs, distal myatrophy of the upper extremities, 
and a cerebellar syndrome with intention tremor, dysarthria 
and dysphagia. Sensitivity was inconspicuous. Electrophysio-
logical diagnostics showed signs of a chronic neurogenic 
reconstruction in all the muscles examined. The only fi nding 
in the MRI of the entire neuro axis was moderate cerebellar 
atrophy. Neuropsychological diagnostics revealed mild cogni-
tive impairment.  

   Results:  The chromosome analysis of the entire genomic 
array CGH substantiated an interstitial deletion of approx. 
275 kb on chromosome 4q22.1 in the gene of the ionotropic 
glutamate receptors GRID2. Following qPCR, a correspond-
ing deletion in the parents could be excluded.  

   Discussion and conclusions:  The clinically heterogeneous 
HSP and its 48 identifi ed gene loci are complemented by 
the  de novo  deletion in the GRID2 gene described here. A 
classic proof of heredity by inheritance over generations is 
superfl uous as there is an analogy of symptoms in the mouse 
models known since the 1960s. Genetic proof of HSP in 
patients without former genetic confi rmation of the syndrome 
can be facilitated through a targeted search in the GRID2 
gene. Furthermore, the GRID2 mouse models may be applied 

in the research into therapy of degenerative diseases of the 
motor system.  

DOI: 10.3109/17482968.2012.721231/215

  P121 EXOME SEQUENCING IDENTIFIES 
MUTATIONS UNDERLYING MOTOR NEURON 
SYNDROMES  

   JOHNSON   J  1   ,    ABRAMZON   Y  1   ,    HAWKINS   G  2   ,    
SULLIVAN   E  2   ,    CHAHAL   C  2   ,    JOHNSTON-CREWS   T  2   , 
   GIBBS   JR  1,3   ,    CARESS   J  2   ,    TRAYNOR   B  1   

   1 National Institutes of Health, Bethesda, MD, USA,  2 Wake Forest 
School of Medicine, Winston-Salem, NC, USA,  3  University Col-
lege London, London, UK   
   Email address for correspondence: johnja@mail.nih.gov   

   Keywords:   exome sequencing  ,   familial amyloidosis  ,   ataxia   

  Exome sequencing has emerged as a powerful technique to 
identify the causes underlying monogenic disorders. It is also 
being increasingly utilized as a diagnostic tool, particularly in 
cases of genetic and clinical heterogeneity. Here we describe 
our application of exome sequencing to two American families 
with different motor neuron syndromes of uncertain classifi -
cation. The fi rst is an autosomal dominant bulbar onset neu-
ropathy family. Exome sequencing revealed a mutation in 
 GSN  encoding Gelsolin (c.654g    �    t). This is the fi rst reported 
American family with this mutation. The family was subse-
quently diagnosed with Familial Amyloidosis of the Finnish 
type. The second family is a consanguineous family with a 
novel motor neuron syndrome previously diagnosed as juve-
nile ALS via clinical examination. Exome sequencing now 
reveals a novel mutation in  SYNE1 (c.19821delG)-a gene in 
which mutations are known to cause autosomal recessive cer-
ebellar ataxia type 1. Clinical re-examination of the family 
confi rms that this syndrome is indeed ataxia. These fi ndings 
highlight the utility of exome sequencing for rapid and com-
prehensive assessment in diseases that are rare, and for instances 
in which clinical manifestations of disease do not immediately 
provide clues as to the underlying genetic lesion.  

DOI: 10.3109/17482968.2012.721231/216

  P122 A CASE OF FAMILIAL AMYOTROPHIC 
LATERAL SCLEROSIS DUE TO MULTI-SYSTEM 
PROTEINOPATHY 1 AND HUNTINGTON DISEASE  

   OSKARSSON   B  1   ,    WHEELOCK   V  1   ,    BENETAR   M  2   , 
   TAYLOR   JP  3   ,    JOYCE   N  1   ,    BORYS   E  1   ,    CHESAK D    1   ,    
JIN   L-W  1   

   1 University of California Davis Medical Center, Sacramento, CA, 
USA,  2 University of Miami, Miami, FL, USA,  3  St. Jude Chil-
dren’s Research Hospital, Memphis, TN, USA   

   Email address for correspondence: bjorn.oskarsson@ucdmc.ucdavis.
edu   

   Keywords:   VCP  ,   familial ALS  ,   Huntington   

   Objective:  To clinically, electrophysiologically and patho-
logically describe a case of rapidly progressive neurodegen-
erative disease in an individual with a valosin containing 
protein (VCP) mutation and a Huntington (HTT) CAG 
repeat expansion.  

   Background:  Mutations in the VCP gene have recently 
been identifi ed as a cause of familial ALS broadening the 
phenotypic spectrum from inclusion body myopathy with 
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Paget disease and frontotemporal dementia (IBMPFD). The 
acronym IBMPFD is therefore insuffi cient to describe all 
disorders due to mutations in VCP and instead we favor 
the descriptor Multi-System Proteinopathy (MSP), using 
MSP1 for a disease associated with VCP mutations. VCP 
mutations result in defects in the protein degradation path-
way. Huntington Disease (HD) is a monogenic disease caused 
by a repeat expansion in the HTT gene that in turn leads to 
abnormal protein aggregation.  

   Methods:  A patient with Paget’s disease and rapidly progres-
sive neurological problems, whose father had Paget’s disease 
and ALS and his mother had HD was examined clinically, 
electrophysiologically, genetically and followed until his 
death after which a detailed neuropathological examination 
was performed.  

   Results:  The male patient presented at age 47, four years 
prior he had onset of cognitive and coordination problems 
which quickly progressed and choreatic movements appeared. 
He was known to carry a HTT repeat expansion of 44. 
The choreatic movements paradoxically diminished as weak-
ness and amyotrophy developed. Clinically a diagnosis of 
ALS was made and an EMG demonstrated no myopathic 
changes, but widespread ongoing denervation and chronic 
reinnervation changes. A mutation in the VCP gene (R155H) 
was identifi ed. The patient died 8 months later, only 4.5 years 
after his fi rst behavioral symptom and 18 months after the 
fi rst appearance of weakness. The specifi c neuropathological 
fi ndings including RNA-binding proteins, TDP 43 and poly 
-Q inclusions are described.  

   Discussion:  This is a unique case of a neurodegenerative 
disorder due to a VCP mutation combined with an HTT 
repeat expansion. The resulting phenotype was one of multi 
system neurodegeneration. The rapid disease course may be 
due to the pathological processes working synergistically, 
i.e., the VCP defect reducing the ability to degrade abnormal 
protein accumulations from the HD.  

DOI: 10.3109/17482968.2012.721231/217

  P123 ASSOCIATION STUDIES OF MMP-9 IN 
PARKINSON ' S DISEASE AND SPORADIC 
AMYOTROPHIC LATERAL SCLEROSIS  

   HE   X  1   ,    YAO   X  2   ,    HU   J  3   ,    LIU   L  1   ,    ZHOU   H  1   ,    XI   J  1   ,    YAN   B  1   , 
   LIU   Z  1   ,    LIU   Z  2   ,    XU   Y  1   

   1 Sichuan University, Chengdu, China,  2 Sun Yat-sen University, 
Guangzhou, China,  3  Hebei Medical University, Shijiazhuang, 
China   

   Email address for correspondence: neuroxym@163.com   

   Keywords:   MMP-9 polymorphism  ,   Parkinson ' s disease   

  Parkinson’s disease (PD) and amyotrophic lateral sclerosis 
(ALS) share several clinical and neuropathologic features, 
and studies suggest that several gene mutations and poly-
morphisms are involved in both conditions. Matrix metallo-
proteinase-9 (MMP-9) is implicated in the pathogenesis of 
PD and ALS, and the C(-1562)T polymorphism in the 
 MMP-9  gene leads to higher promoter activity. We therefore 
investigated whether this polymorphism predisposes to both 
PD and sporadic ALS (sALS). Samples from 351 subjects 
with PD and 351 healthy controls from two major cities in 
China were compared, while samples from 226 subjects with 
sALS were compared to the same number of controls from 
three centers in China. A possible association between the 

C(-1562)T polymorphism in the  MMP-9  gene and PD or 
sALS was assessed by restriction fragment length polymor-
phism (RFLP) analysis. Our results show a signifi cant asso-
ciation between the C(-1562)T polymorphism in the  MMP-9  
gene and risk of PD (odds ratio    �    2.268, 95% CI 1.506 – 3.416, 
p    �    0.000) as well as risk of sALS (odds ratio    �    2.163, 95% 
CI 1.233 – 3.796, p    �    0.006), supporting a role for  MMP-9  
polymorphism in the risk for PD and sALS.  

DOI: 10.3109/17482968.2012.721231/218

  P124 FIVE NOVEL MUTATIONS IN ALSIN GENE 
IN JUVENILE ALS AND JUVENILE PLS 
INDIVIDUALS  

   SHI   Y  1   ,    YANG   Y  1   ,    HIRANO   M  1   ,    SIDDIQUE   N  1   , 
   DONKERVOORT   S  1   ,    DEMOS   M  2   ,    PLECKO   B  3   ,    
MOVAT   D  4   ,    GRATTAN-SMITH   P  4   ,    DE DIE-SMULDERS  
 CEM  5   ,    WEBER   JW  5   ,    BEN-ZEEV   B  6   ,    DENG   H-X  1   , 
   SIDDIQUE   T  1   

   1 Northwestern University, Chicago, IL, USA,  2 BC Children’s 
Hospital, University of BC, Vancouver, British Columbia, 
Canada,  3 Department of Pediatrics, Nedical University Graz, 
Auenbruggerplatz, Graz, Austria,  4 Sydney Children’s Hospital, 
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The Netherlands,  6  Sheba Medical Center, Ramat-Gan, Israel   

   Email address for correspondence: y-shi2@northwestern.edu   

   Keywords:   Alsin  ,   mutations  ,   JALS   

   Background:  Majority of ALS cases are sporadic (SALS), 
but about 5 – 10% of the cases are familial (FALS). Eleven 
FALS loci at autosomes (ALS1 to ALS11) and one at 
X-chromsome (ALS-X) have been identifi ed. SOD1 muta-
tions account for 15 – 20% of all the FALS cases. Mutations 
in other ALS-related genes, such as senataxin, VAPB and Alsin 
are relatively rare. Only fi fteen mutations in  Alsin  have been 
identifi ed. Clinically,  alsin -related diseases share many simi-
larities. The mutations can be identifi ed in ALS2, JALS, PLS 
and HSP individuals.  

   Objective:  To identify new mutations in the  Alsin  gene in 
chronic juvenile amytrophic lateral sclerosis (ALS2) and 
related disorders.  

   Methods:  Genomic DNA was used to conduct genetic anal-
ysis of the  Alsin  gene in nine patients from fi ve unrelated 
families according to standard procedure. Pulse-chase study 
was performed for three of the six mutations to test the stabil-
ity of mutant proteins.  

   Results:  Five of these six mutations are novel, which include 
one each of amino acid substitution (p. R1610W) and a single 
amino acid deletion (p.120delA), and three mutations that 
cause a frame-shift resulting in truncated alsin (p. G477AfsX19, 
p. D1517RfsX26 and p. T512HfsX46). All the fi ve novel 
mutations have been found in patients with infantile to juve-
nile-onset primary lateral sclerosis (IJPLS). A previously 
reported frameshift mutation (p. A47fsX4) has been identifi ed 
in a patient with ALS. Pulse-chase studies of three repre-
sentative mutants including p.120delA, p. R1610W and 
p. T185fsX5 demonstrated that decreased protein stability 
is a common feature, but the least stability is observed in 
truncation mutant.  

   Discussion and conclusions:  Our data indicates that the 
position and type of mutations are important factors for the 
clinical spectrums of the patients with the  Alsin  mutations. It 
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appears that disruption of the fi rst four RCC1 domains is 
essential for involvement of lower motor neuron resulting 
ALS other than PLS phenotype. Based on our data and lit-
erature review, we proposed a term “infantile to juvenile-
onset primary lateral sclerosis (IJPLS)” to describe the 
primary lateral sclerosis that has infantile to juvenile -onset 
such as that caused mutations in the  Alsin .  

DOI: 10.3109/17482968.2012.721231/219

  P125 LATE ONSET TRIPLE-A SYNDROME 
WITHOUT ADRENAL INSUFFICIENCY 
MIMICKING JUVENILE ALS: A FURTHER CASE 
AND LITERATURE REVIEW  

   GAMEZ   J  1,2   ,    MAR Í N   S  3   ,    SYRIANI   E  3   ,    BADIA   M  1,2   , 
   DOM Í NGUEZ-GARRIDO   E  3   ,    SALVAD Ó    M  1,2   ,    
RAGUER   N  1,2   ,    MORALES   M  3   
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   Email address for correspondence: josepgamez.bcn@gmail.com   

   Keywords:   young onset ALS  ,   triple A sydrome  ,   differential 
diagnosis   

   Background:  Triple A syndrome (Allgrove syndrome 
OMIM#231550) is an autosomal recessive condition charac-
terized by alacrima, achalasia, ACTH-resistant adrenal insuf-
fi ciency, autonomic dysfunction and neurodegeneration. The 
syndrome usually begins in childhood but may appear in 
the third decade with an incomplete phenotype.  

   Objective:  We present here a 36-year-old male referred to 
our clinic due to progressive weakness in the hands over fi ve 
years. He referred the guide sign of a history of dysphagia to 
solids since 10 years of age.  

   Material and methods:  Clinical characterization, EMG and 
adrenal blood screening, including plasma concentration of 
ACTH, cortisol, DHEA-S and aldosterone were performed. 
Genetic testing after receiving informed consent included 
collection of blood samples for screening for causes of juvenile 
ALS: SOD1, FUS, TDP43, AAAS, dynactin, and CAG 
repeats.  

   Results : Neurological examination showed symmetrical 
amyotrophy, predominantly in the thenar and hypothenar 
eminence, and in the forearm distal muscles to some extent. 
The refl exes were brisk, with Hoffman, Tr ö mner and bilateral 
Babinski signs. Nasal voice, bulbar dysarthria and hand 
tremors were also observed. Tongue protrusion was weak. 
Electromyography showed signs of chronic denervation in the 
muscle of the four extremities, which was more severe in 
the distal muscles. TMS showed a central conduction time of 
35.0 msec for the right tibialis anterior and 16.4 msec for the 
right abductor digiti minimi. The laboratory examination 
revealed normal plasma levels for ACTH, normal serum 
levels for cortisol, Dehydroepiandrosterone, 17-Hydroxypro-
gesterone, aldosterone and normal serum electrolyte levels. 
The patient was a compound heterozygote with two previ-
ously described mutations: c.211delC, and c.43C    �    A.  

   Discussion:  Our fi ndings further expand the already wide 
spectrum of the phenotype associated with Allgrove syndrome, 
and should be included in the differential diagnosis of 
juvenile onset patients presenting with upper and lower motor 
neuron signs. The case described here is the fi rst Spanish case 
to be reported with clinical and laboratory data.  

   Acknowledgements:  JG was supported by a Spanish Fondo 
de Investigaciones Sanitarias grant (FIS 10/01070-FEDER).  
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  P126 ATXN2 INTERMEDIATE-LENGTH CAG 
REPEAT EXPANSIONS INCREASE THE RISK FOR 
ALS IN MAINLAND CHINA  

  LIU X  ,   TANG L  ,   ZHANG N  ,   LU M  ,   FAN D  

   Peking University Third Hospital, Beijing, China   

   Email address for correspondence: dsfan2010@yahoo.com.cn   

   Keywords:   ATXN2  ,   polyglutamine  ,   China     

   Background:  Recently, intermediate CAG repeat expansions 
in  ATXN2 , the gene responsible for spinocerebellar ataxia 
type 2 (SCA2), have been identifi ed as a possible genetic risk 
factor for ALS.  

   Objectives:  In this study, we proposed to analyze the  ATXN2  
CAG repeat length in Chinese patients with SALS and to fi nd 
the relationship between the genotype and phenotype.  

   Methods:  432 patients with SALS and 473 matched controls 
from Mainland of China (except Tibet) were studied. All the 
patients were diagnosed with ALS, fulfi lling the revised El 
Escorial criteria for defi nite, probable or lab-supported prob-
able ALS. We collected the clinical data and analyzed the 
fl uorescence PCR products to assess the  ATXN2  CAG repeat 
length in all the samples.  

   Results:  In SALS, the maximal  ATXN2  CAG repeat size was 
34, while it was only 30 in controls. We observed that inter-
mediate CAG repeat expansions in  ATXN2  (CAG repeat 
length    	    29) were associated with SALS (p    �    0.037; OR: 2.53; 
95% CI: 1.036, 6.182). There was no signifi cant difference in 
the clinical characteristics between the group with and with-
out intermediate CAG repeat expansions in  ATXN2 , such as 
gender, age of onset, site of onset, brainstem involved, levels 
of diagnostic certainty, fasciculation and ALS-FRS.  

   Discussion:  In line with the previous studies, intermediate 
CAG repeat expansions in  ATXN2  are associated with 
SALS, whereas the specifi c cutoff discriminating ALS from 
control varies in different population. Unlike the strong 
inverse correlation between age of onset and repeat length 
in SCA2, the repeat length does not infl uence the clinical 
characteristics in ALS, which suggests that the mutant types 
of the  ATXN2  gene determine the pathogenic mechanisms in 
different disorders.  

   Conclusions:  Our data indicated that for SALS patients from 
Mainland of China, intermediate CAG repeat expansions in 
 ATXN2  increase the risk of the disease and have no effect on 
the phenotype of ALS.  

DOI: 10.3109/17482968.2012.721231/221
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  P127 ZNF512B GENE SERVES AS A PROGNOSTIC 
FACTOR IN PATIENTS WITH AMYOTROPHIC 
LATERAL SCLEROSIS  

   TETSUKA   S  1   ,    MORITA   M  1   ,    IIDA   A  2   ,    IKEGAWA   S  2   , 
   NAKANO   I  1   

   1 Jichi Medical University, Yakushiji, Shimotsuke-shi, Tochigi, 
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Genomic Medicine, Tokyo, Japan   

   Email address for correspondence: syuichi@jichi.ac.jp   

   Keywords:   single-nucleotide polymorphism   ,   ZNF512B  ,   prognostic 
factor   

   Background and objective:  Recently, the study team led 
by Iida  et   al.  conducted a large-scale genetic association study 
in 1305 Japanese patients with amyotrophic lateral sclerosis 
(ALS) and 4244 controls, discovering a new single-nucleotide 
polymorphism (SNP) associated with susceptibility to ALS 
in the ZNF512B gene. Although ALS susceptibility genes 
had already been discovered in Europe and the United States, 
the present analysis involving Japanese subjects resulted in 
the fi rst discovery of the ALS susceptibility genes in East 
Asians. Because the study on the ZNF512B gene and ALS 
conducted by Iida  et   al.  was based mainly on  in vitro  analysis 
results, what infl uence the new SNP exerts on actual ALS 
patients remained unknown. Thus, we analyzed the ZNF512B 
gene in patients diagnosed as having ALS and reviewed 
and evaluated both results and clinical manifestations.  

   Methods:  We analyzed the ZNF512B gene in 164 patients 
diagnosed as having ALS in the past 15 years at our hospital 
and retrospectively reviewed and evaluated both results and 
clinical manifestations.  

   Results:  The risk allele of the new SNP was detected in 122 
(74.4%) of these 164 patients with ALS. The mean age at 
onset of ALS was 63.6 years in patients without the risk allele 
and 63.7 years in those with the risk allele, showing no sig-
nifi cant difference. However, regarding the prognosis after 
onset, Kaplan-Meier survival curves for patients with versus 
without the risk allele revealed a signifi cantly shorter survival 
in those with the risk allele (log-rank test,  P     �    0.05).  

   Discussion and conclusion:  The protein encoded by 
the ZNF512B gene is a transcription factor promoting 
expression(s) of a downstream gene(s) in the signal transduc-
tion pathway of TGF- β , which is essential for the protection 
and survival of neurons, and ZNF512B gene expression is 
also reportedly increased in motor neurons of ALS patients. 
Taking these reports together with our data, it is clinically 
reasonable to suggest that the ZNF512B gene may also serve 
as a new prognostic factor in ALS.  

DOI: 10.3109/17482968.2012.721231/222

  P128 PATHWAY AND GENE SET ANALYSIS OF 
GENOME WIDE ASSOCIATION STUDY ON 
SPORADIC AMYOTROPHIC LATERAL SCLEROSIS  
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   Background:  Genome-wide association studies (GWAS) 
testing several hundred thousand SNPs have been performed 
in ALS and other complex diseases. Typically, the number of 
SNPs in which the evidence for association exceeds the 
genome-wide signifi cance threshold is very small, and SNPs 
that do not exceed this threshold are generally neglected. 
Pathway and gene set analysis of genome wide association 
study provides a means of integrating the results of a GWAS 
on ALS and the genes in a known molecular pathway to test 
whether the pathway is associated with the disorder.  

   Objective:  We hypothesize that certain combinations of genes 
fl agged by these SNPs can be identifi ed if they belong to a 
common biological pathway.  

   Methods:  We conduct a pathway-oriented analysis of six 
GWAS in ALS that takes into account all SNPs with nominal 
evidence of association (P    �    0.05). Gene set P-values were 
superimposed on a human protein interaction network and 
searches were conducted to identify sub-networks containing 
a higher proportion of genes associated with ALS than 
expected by chance. These sub-networks, and others gener-
ated at random as a control, were categorized for member-
ship of biological pathways. GWAS from four other diseases 
were analyzed to assess the specifi city of the pathways identi-
fi ed. Several well know software and database be adopted.  

   Result:  In the ALS datasets, we identifi ed sub-networks of 
genes from several pathways including axonal transport 
which previously identifi ed. We report here for the potential 
involvement of infl ammation, mitochondrial and autophagy 
pathways in ALS susceptibility.  

   Conclusion:  Multiple SNP and pathway are involved in ALS 
susceptibility. The result should be carefully interpreted.  

DOI: 10.3109/17482968.2012.721231/223

  P129 A FUNCTIONAL VARIANT IN THE PON1 
GENE IS ASSOCIATED WITH SHORTER 
SURVIVAL IN PATIENTS WITH AMYOTROPHIC 
LATERAL SCLEROSIS  
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   Background:  The paraoxonases (PON) are a family of 
enzymes involved in preventing lipid membrane peroxida-
tion, and in detoxifi cation of exogenous compounds. Several 
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studies have suggested an association between single nucle-
otide polymorphisms (SNP) in the PON genes and increased 
risk of developing amyotrophic lateral sclerosis (ALS).  

   Objectives:  Our study aims to assess whether the functional 
SNP rs661 in PON1, which alters the substrate specifi city of 
the enzyme, has an effect on disease phenotype.  

   Methods:  341 Italian patients with sporadic ALS were geno-
typed using the Human 660W-Quad BeadChip (Illumina), 
and rs661 genotypes obtained with the GenomeStudio soft-
ware. Phenotypic traits analyzed included: age at onset, site 
of onset, distribution and severity of muscular involvement, 
global functional impairment, disease duration and the time 
from onset to the start of non-invasive ventilation (NIV).  

   Results:  In comparison with patients homozygous for the 
major allele (A) of rs661, individuals with at least one copy 
of the G allele presented more frequently with a bulbar (28.8% 
vs 19.3; p    �    0.01) or respiratory onset (10.7 vs 1.6%; p    �    0.01). 
Also, GG patients often showed a symmetrical (48.1% vs 
19.8%; p    �    0.01) and proximal (50.0% vs 27.6%; p    �    0.04) 
distribution of the motor defi cit. Lastly, individuals homozygous 
for the G allele had a shorter time-to-NIV (14.3 vs 31.2 
months; p    �    0.01), and reduced survival (26.8 vs 41.4 months; 
p    �    0.01).  

   Discussion and conclusions:  The G allele of rs661 may 
increase the susceptibility of motor neurons innervating 
bulbar and axial muscles to neurodegeneration in ALS, ulti-
mately resulting in a faster respiratory decline and shorter 
survival.  

DOI: 10.3109/17482968.2012.721231/224

  P130 POLYGENIC VARIATION IS NOT 
ASSOCIATED WITH AGE AT ONSET IN GENOME-
WIDE ASSOCIATION STUDIES OF SPORADIC 
AMYOTROPHIC LATERAL SCLEROSIS  

   WOOLLACOTT   I  1   ,    SHATUNOV   A  1   ,    JONES   A  1   ,    
LEWIS   C  2   ,    WEALE   M  2   ,    VAN DEN BERG   LH  3   ,    
VELDINK   J  3   ,    HARDIMAN   O  4   ,    BROWN   R JR.  5   ,    
LANDERS   J  5,6   ,    AL-CHALABI   A  1   
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Medical Center Utrecht, Utrecht, The Netherlands,  4 Department of 
Neurology, Beaumont Hospital and Trinity College Dublin, Dublin, 
Ireland,  5 Department of Neurology, University of Massachusetts 
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   Email address for correspondence: ione.woollacott@kcl.ac.uk   

   Keywords:   age at onset  ,   single nucleotide polymorphism  ,   genome-
wide association   

   Background:  Previous studies have explored the effects of 
monogenetic variation on phenotypic characteristics of ALS, 
with contradictory results. Genome-wide association studies 
(GWAS) allow estimation of polygenic effects of single nucle-
otide polymorphisms (SNPs) on disease. A recent GWAS 
used a method of  ‘ scoring ’  cases based on numerous  ‘ score 
alleles ’ , demonstrating the contribution of polygenic variation 
towards developing schizophrenia (1).  

   Objectives:  We adapted this method to look for associations 
between SNPs and age at onset (AAO), in GWAS data from 
several countries, to examine whether polygenic variation con-
tributes to AAO of sporadic ALS (SALS).  

   Methods:  We analysed SNP and AAO data on Caucasian 
male and female SALS cases from four countries separately: 
the UK, Ireland, the Netherlands and USA, and a  ‘ Combined ’  
sample of all cases (n    �    2641). GWAS methods were as previ-
ously described (2 – 6). For each analysis we divided cases into 
discovery and independent target samples. We carried out lin-
ear regressions in discovery samples of normalised (squared) 
AAO values against reference alleles at 74,011 genotyped 
independent SNPs, and  ‘ scored ’  target sample cases using 
signifi cantly associated reference alleles, at decreasingly strin-
gent overlapping  P  value thresholds ( P  T ). We used linear 
regressions in corresponding target samples to estimate the 
degree of variation in AAO attributable to scores (representing 
polygenic effects) at each  P  T . All analyses were adjusted for 
gender, and in the  ‘ Combined ’  sample, for principal compo-
nents for ancestry.  

   Results:  In separate and  ‘ Combined ’  target samples, we 
found no statistically signifi cant associations between scores 
and AAO at any  P  T . At certain  P  T  ( P  T    �     0.01,  P  T    �     0.05) 
we occasionally obtained marginally signifi cant results 
(0.01    �     P     �    0.05). However, on reproducing these analyses 
several times for multiple discovery/target sample divisions at 
each  P  T , all results became non-signifi cant ( P >0.05).  

   Discussion and conclusion:  Our results suggest that poly-
genic variation may not affect AAO of SALS. This may be 
because AAO is determined by environmental factors. Alter-
natively, as GWAS involve analysing combined effects of mul-
tiple, small genetic variations, our power to detect individual 
variations that subtly infl uence AAO may be limited at our 
sample size. Finally, our  P  T  may not have allowed detection 
of the full variety of potential polygenic models. Future work 
should extend our approach to larger GWAS samples, using 
a wider variety of  P  T , in sporadic and familial ALS.  
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  P131 CONFOCAL MICROSCOPY ANALYSIS OF 
ALTERED TDP-43 EXPRESSION IN PERIPHERAL 
BLOOD LYMPHOCYTES FROM ALS PATIENTS  

  MOUGEOT J-L  ,   PRICE A  ,   GHOSH S  ,   LUTIN A  , 
  HEMENDINGER R  ,   ARMSTRONG E IIIRD.  ,   BROOKS 
BR  

   Carolinas Medical Center, Charlotte, NC, USA   

   Email address for correspondence: jeanlucmougeot@hotmail.com   

   Keywords:   peripheral blood mononuclear cells  ,   TDP-43  ,   confocal 
microscopy   

   Background:  Signifi cant advances in gene expression studies 
in whole blood, peripheral blood mononuclear cells (PBMCs) 
and peripheral blood lymphocytes (PBLs) have been made 
recently. These studies identifi ed specifi c alterations that may 
permit longitudinal assessment of potential biomarkers with 
respect to treatment effects in prospective clinical trials. 
Analyses of whole-genome transcriptional expression and 
TAR DNA-binding protein 43 (TDP-43) expression in freshly 
isolated or sub-cultured PBMCs or PBLs, have indicated 
that the peripheral blood compartment, in particular, the 
PBL and PBMC components, may partially replicate patho-
physiological changes occurring in the central nervous system 
of ALS patients.  

   Objective:  Our objective was to investigate changes in 
non-nuclear and nuclear expression of TDP-43 in PBLs from 
ALS patients treated or not treated with riluzole (Rilutek) 
compared to healthy controls (HCs).  

   Methods:  PBMCs were collected from ALS patients and 
HCs at an academic medical center-based ALS clinic. 
Anti-TDP-43 antibody was used for immunocytochemistry. 
A Zeiss LSM 710 confocal microscope was used to determine 
TDP-43 non-nuclear and nuclear staining in PBLs from 
ALS patients and age and gender-matched HCs.  

   Results:  Non-nuclear expression of TDP-43 is increased in 
PBLs from ALS patients not treated with riluzole (n    �    14) 
compared to HCs (n    �    15) and to a lesser extent in ALS 
patients treated with riluzole (n    �    12). Changes in non-
nuclear expression of TDP-43 in PBLs from ALS patients 
did not correlate with disease duration (onset to sampling), 
ALSFRS-R or rate of progression.  

   Discussion and conclusion:  Confocal microscopy is a 
useful tool to assess TDP-43 expression in PBLs from 
ALS patients as a potential biomarker for diagnosis, rate of 
progression and response to therapy. However, responses 
produced by lymphocytes in ALS patients may be highly het-
erogeneous. Investigation of ALS-specifi c mechanisms 
involved and the generation of longitudinal data are necessary 
to establish reliable correlations.  

DOI: 10.3109/17482968.2012.721231/226

  P132 ALTERNATIVE GENE SPLICING 
IDENTIFIED IN TDP-43 TRANSGENIC MICE IS 
ALSO PRESENT IN ALS PATIENTS  
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  WALLACE R  
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   Email address for correspondence: r.wallace2@uq.edu.au   

   Keywords:   TDP-43  ,   mRNA processing  ,   mouse model   

   Objective:  TDP-43 is an RNA binding protein known to 
regulate pre-mRNA splicing. The aim of this study was to 
determine whether mutation of TDP-43 results in alternative 
gene splicing in a transgenic mouse model of ALS, and 
whether ALS patients show similar changes.  

   Methods:  Total RNA was extracted from the brain and spinal 
cord of mice that overexpress human TDP-43 containing an 
ALS causing mutation (A315T). Mice were studied before 
(50 days old) and after (100 days old) the onset of symptoms. 
Extracted RNA was hybridized to Affymetrix Exon arrays to 
facilitate the detection of alternative splicing. The presence of 
alternatively spliced transcripts was confi rmed by RT-PCR, in 
both TDP-43 mice and ALS patient brain tissue.  

   Results:  Pre-mRNA splicing of approximately 800 tran-
scripts, previously identifi ed as RNA binding partners of 
TDP-43, were affected by the presence of the A315T muta-
tion. The splicing of more than 100 genes was altered prior 
to symptom onset. This increased to over 700 genes affected 
after the onset of symptoms. Biological functions associated 
with these genes included cell death and nervous system 
development. Using primers designed to amplify specifi c gene 
isoforms, alternative splicing detected by the microarray 
analysis was confi rmed in an independent set of TDP-43 
transgenic mouse samples. Alternative splicing of a subset of 
genes has also been confi rmed in ALS and FTD patients, with 
and without TDP-43 mutations.  

   Discussion and conclusion:  The exon array analysis revealed 
that expression of mutant TDP-43 affects global mRNA process-
ing in the mouse brain and spinal cord and that alternative 
splicing of several genes precedes the onset of symptoms in this 
mouse model of ALS. The results suggest aberrant pre-mRNA 
splicing is one of the disease mechanisms that precede symp-
toms of ALS in TDP-43 transgenic mice. We are continuing to 
validate these fi ndings in ALS and FTD patient tissue.  

DOI: 10.3109/17482968.2012.721231/227

  P133 SPORADIC JUVENILE AMYOTROPHIC 
LATERAL SCLEROSIS CAUSED BY MUTANT FUS/
TLS: POSSIBLE ASSOCIATION OF MENTAL 
RETARDATION WITH THIS MUTATION  

   YAMASHITA   S  1   ,    MORI   A  1   ,    SAKAGUCHI   H  1   ,    SUGA   T  1   , 
   ISHIHARA   D  2   ,    UEDA   A  1   ,    YAMASHITA   T  1   ,    MAEDA   Y  1   , 
   HIRANO   T  1   ,    ANDO   Y  1   
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   Keywords:   juvenile ALSFUS/TLS  ,   mental retardation   

   Background:  Mutations in the fused in sarcoma/translocated 
in liposarcoma (FUS/TLS) gene have been shown to be respon-
sible for  ̃ 3% of familial ALS (FALS) and  �    1% of sporadic ALS 
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(SALS). FUS/TLS-positive neuronal intranuclear inclusions and 
glial cytoplasmic inclusions have been found not only in ALS but 
also in neuronal intermediate fi lament inclusion disease (NIFID), 
atypical frontotemporal lobar degeneration (FTLD) with ubiq-
uitinated inclusions (aFTLD-U), and basophilic inclusion body 
disease (BIBD). FUS/TLS is likely to play a pivotal function in 
motor neurons as well as in more extensive regions of central 
nervous systems, but the exact mechanism remains unclear.  

   Objectives:  We encountered 2 patients with sporadic juvenile 
ALS with mutations of the FUS/TLS gene. Gene analyses 
revealed mutations of p. G492EfsX527 (c. 1475delG), which 
is a novel deletion/frameshift mutation, in the fi rst patient and 
p. R514S mutation (c. 1542G    �    T) in the second patient. The 
aim of this study is to clarify the clinical phenotype in the both 
patients, and to determine the mechanism by which the dele-
tion/frameshift mutation caused neuronal dysfunction.  

   Methods:  We assessed subcellular localization of these 
FUS/TLS mutants in transfected motor neuron-like cells, 
compared with wild-type FUS/TLS.  

   Results:  The symptoms of both patients started as weak-
ness of the unilateral upper limb and neck, and extended 
to bulbar and respiratory weakness in a relatively short 
period. Both patients had no behavioral or personality 
changes suggestive of frontotemporal dementia. Of note, 
the fi rst patient had suffered from mental retardation before 
the onset of weakness. Molecular analysis revealed that the 
mutant FUS/TLS, especially the deletion/frame shift muta-
tion, showed signifi cant cytoplasmic localization in trans-
fected motor neuron-like cells. More interestingly, the 
FUS/TLS mutants not only localized to the cytoplasm, but 
also formed nuclear aggregates.  

   Discussion and conclusions:  Our fi ndings suggest the asso-
ciation of mental retardation with the FUS/TLS mutation. 
Further investigation, including the effect of FUS/TLS on 
cognitive function, would aid better understanding of FUS/
TLS proteinopathies.    

DOI: 10.3109/17482968.2012.721231/228    
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  Conclusions:  The body of literature on the epidemiology of 
ALS is not small, but there is much disparity among reports. 
This may be due to differences in study design, including case 
ascertainment methods. Other factors include inter-country 
variations in age distributions and changes in these distribu-
tions over time. It is important to understand and account for 
this when reviewing the literature, as it may not accurately 
refl ect the global burden of ALS. There is a clear need for 
large-scale epidemiological studies of ALS that utilize stand-
ardized approaches to case ascertainment.   

  Disclosure : This research was funded by Biogen Idec. Edito-
rial assistance, funded by Biogen Idec, was provided by Linda 
Goldstein at UBC-Envision Group.  
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   P135 INCIDENCE OF NEUTROPENIA AMONG 
HOSPITALIZED ALS PATIENTS IN A U.S. HEALTH 
INSURANCE CLAIMS DATABASE  

  WILLIAMS JR  ,   KERR D  ,   FARWELL W    

  Biogen Idec, Cambridge, MA, USA   

   Email address for correspondence: james.williams@biogenidec.com   

   Keywords:   comorbidities  ,   neutropenia   

   Background:  Neuroinfl ammation and other neuroimmune 
abnormalities have been previously reported in ALS (1). 
Emerging evidence also suggests abnormalities are found in 
peripheral whole blood cells; however, it is unclear if these 
peripheral blood cell abnormalities are associated with clinical 
hematologic abnormalities, such as neutropenia. Administra-
tive medical claims are useful for estimating incidence rates 
of rare outcomes like neutropenia. Previous studies have 
shown inpatient neutropenia medical claims are more accu-
rate than outpatient neutropenia medical claims (positive pre-
dictive value: inpatient    �    97%, outpatient    �    3%–56%) (2,3). 
However, the sensitivity of neutropenia medical claims is low 
(1%–35%) (3). Therefore, medical claims are likely useful for 
estimating a relative risk of clinically signifi cant neutropenia, 
but may underestimate the true incidence rate.  

   Objective : Estimate the risk of neutropenia events in hospi-
talized ALS patients compared to controls within the i3 InVi-
sion Data Mart Multiplan database.  

   Methods : Two cohorts of patients,    	    18 years of age with no 
medical claims related to HIV, malignancies, or chemotherapy 
were included in this analysis: ALS patients (n    �    1382, patients 
with 1 inpatient or 2 outpatient medical claims containing 
ICD-9 code 335.20) and controls (n    �    65,000 randomly selected 
patients with no medical claims for ALS (ICD-9 code 335.20) 
or other motor neuron diseases (ICD-9 codes 335.2, 335.21, 
335.22, 335.23, 335.24, 335.29)). The narrow neutropenia 
defi nition was any inpatient or emergency room medical claim 
containing ICD-9 code 288.00 (unspecifi ed neutropenia). The 
broad neutropenia defi nition also included any inpatient or 
emergency room medical claim containing ICD-9 codes 288.03, 
288.09, 288.5, 288.50, 288.59, 288.8, 288.9. Poisson regression 

 P134 GLOBAL EPIDEMIOLOGY OF 
AMYOTROPHIC LATERAL SCLEROSIS (ALS): A 
SYSTEMATIC REVIEW OF THE LITERATURE      

    CHIÒ       A  1  ,       LOGROSCINO     G  2  ,       TRAYNOR     B  3  ,       
COLLINS     J  4  ,       SIMEONE     J  4    &        WHITE     LA  5           

  1 Department of Neuroscience, University of Turin, Turin, Italy,  
2 University of Bari, Bari, Italy,  3 National Institutes of Health, 
Bethesda, MD, USA,  4 United Biosource Corporation, Lexington, 
MA, USA,  5  Biogen Idec, Weston, MA, USA  

  Email address for correspondence: achio@usa.net                              

  Keywords:   incidence  ,   prevalence  ,   systematic review  

  Background:  ALS is relatively rare, yet the economic and 
social burden is enormous. Having accurate incidence and 
prevalence estimates would facilitate effi cient allocation of 
healthcare resources. To this end, it is important to under-
stand the strengths and limitations of the epidemiologic lit-
erature and to account for the geographic and demographic 
diversity of the ALS population.   

  Objective:  To provide a comprehensive and critical review of 
the epidemiologic literature on ALS.   

  Methods : MEDLINE and EMBASE (1995 – 2011) were 
searched to identify English-language, population-based, 
observational studies on the incidence and/or prevalence of 
ALS. Information extracted included: location and time 
period, study design and data sources, diagnostic criteria and 
case ascertainment methods, and incidence and/or prevalence 
rates. Medians and inter-quartile ranges (IQRs) were calcu-
lated for studies by region, and case estimates were calculated 
using 2010 population estimates.   

  Results : 1,572 publications were identifi ed, 155 articles were 
retrieved for review. Most of these were excluded because 
reported only mortality or risk factor data (n    �    88). When the 
same population was evaluated in    	    1 studies (n    �    12), the most 
recent article was retained. Five studies were excluded as not 
population based and 8 because they did not provide suffi cient 
data. Guam-based studies (n    �    4) were also excluded. Overall, 
38 articles met the inclusion criteria (20 prospective, 18 retro-
spective). Most studies were conducted in Europe (n    �    26). 
There were 4 primary approaches to data collection: records ’  
review (n    �    16), ALS registries (n    �    11), surveys (n    �    6) and 
databases (n    �    5). Most records ’  reviews were retrospective 
(81%); most registry- (73%) and survey-based studies (83%) 
were prospective. Most studies (68%) used multiple sources for 
case ascertainment. The most frequently used source was hos-
pital records/databases (17%), followed by neurology depart-
ments/clinics (16%), and death certifi cates (12%). In Europe, 
the median (IQR) incidence rate (/100,000 persons) was 2.00 
(1.37 – 2.40), corresponding to an incident case estimate of 
14,764 (10,113 – 17,717). The median (IQR) prevalence rate 
(/100,000) was 6.30 (4.49 – 7.93), corresponding to a prevalent 
case estimate of 46,507 (33,145 – 58,539). Incidence/prevalence 
rates were higher among prospective versus retrospective stud-
ies. Preliminary evaluation of  age-specifi c data showed a trend 
toward an increase in incidence with age.   

                        THEME 6 EPIDEMIOLOGY    
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was used to calculate incidence rates while Cox proportional 
hazards models were used to calculate hazard ratios (HR).  

   Results:  The narrow neutropenia defi nition did not identify 
any events in ALS patients; whereas 9 events were identifi ed in 
controls (cumulative incidence    �    0.01%). The cumulative inci-
dence of neutropenia using the broad defi nition was 0.66% in 
ALS patients and 0.04% in controls. The crude incidence rate 
of neutropenia in ALS patients and controls using the broad 
defi nition was 463.2/100,000 person-years (PYs) and 
46.1/100,000 PYs, respectively. The HR of neutropenia in ALS 
patients was 10.2 (95% CI: 4.8, 21.5). Results from the mul-
tivariate models will be presented at conference.  

   Discussion and Conclusions:  In a medical claims database, 
ALS patients were at increased risk for clinically signifi cant neu-
tropenia. The reported incidence rates likely underestimate the 
true incidence rates in these populations given the poor sensitiv-
ity of the neutropenia claims defi nition. Future studies should 
explore whether neutropenia is associated with specifi c periph-
eral blood cell abnormalities previously reported in ALS.  
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  P136 STATE-BASED SURVEILLANCE FOR 
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   Background:  The Agency for Toxic Substances and Disease 
Registry (ATSDR) launched the National ALS Registry to 
identify ALS cases using two main data sources: existing 
national administrative data (Centers for Medicaid and Medi-
care Services (CMS), the Veterans Health Administration 
(VHA), and the Veterans Benefi ts Administration (VBA)) and 
self-registration through a secure web portal. This non-tradi-
tional approach to case ascertainment needs to be validated 
against more conventional surveillance techniques.  

   Objectives:  Develop state based surveillance programs to 
evaluate the completeness of the National ALS Registry.  

   Methods:  With an active case-fi nding methodology similar to 
that of state-based cancer registries, the state-based surveil-
lance activities rely on reports from medical providers and 
medical records abstraction rather than administrative data. 
Persons diagnosed with or provided care for ALS from Janu-
ary 1, 2009 through December 31, 2011 were included. Data 
from these sources will be used to evaluate the completeness 
of the National ALS Registry, with special attention to 
demographic characteristics of persons with ALS.  

   Results:  Florida, New Jersey, and Texas, participated in the 
project. Combined, these three areas are 71.7% White, 13.6% 
African-American, 4.1% Asian, and 28.9% Hispanic. Com-
pared with the US population, Hispanics are over-represented 
and African-Americans are slightly over-represented. Of the 
2417 neurologists identifi ed who might treat patients in these 
areas, only 598 (24.7%) had practices that would diagnose or 
care for a person with ALS. Through April 30, 2012, 3997 
case reports were received. Demographic and diagnostic char-
acteristics of the reported cases will be discussed.  

   Discussion and conclusions:  Because of the unique way 
in which cases of ALS are identifi ed for inclusion in the 
National ALS Registry, it is important to assess its com-
pleteness. States were selected to over-represent some racial 
and ethnicity minorities because of concerns related to pos-
sible difference in access to medical care and support organ-
ization resources. Differences in access to specialized 
medical services in each site complicate obtaining an accu-
rate count of neurologists who diagnose or treat persons 
with ALS. In each state there are a handful of major treat-
ment centers seeing 50 or more persons with ALS and only 
about 25%of neurologists diagnose or care for persons with 
ALS. All major treatment centers within participating states 
reported cases; however, case reporting from smaller prac-
tices made up almost 50% of the cases. This project dem-
onstrates the diffi culties in designing a surveillance system 
based on physician reporting, particularly for a non-report-
able disease.  
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  P137 PROJECTED NUMBER OF CASES OF 
AMYOTROPHIC LATERAL SCLEROSIS IN THE 
UNITED KINGDOM UNTIL 2025: EXTRAPOLATION 
FROM A POPULATION BASED REGISTER  
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   Background:  Understanding the numbers of people affected 
by ALS now and in the future will enable planning of resources 
for delivery of care and the design of clinical trials. The South 
East ALS (SEALS) register captures incident cases in the 
South East of England (1 – 2).  

   Objectives:  We used our register to estimate the burden of 
ALS in the UK and to project the fi gures for 5,10 and 20 
years ’  time.  

   Methods:  Incidence and point prevalence were calculated using 
data from 1997 – 2009. Population projections for the U.K. were 
obtained for every year to 2025 (3). The rate of ALS was calcu-
lated for each age cohort (broken into 15 year bands) and sex. 
The expected number is the product of the projected UK pop-
ulation and the proportion of ALS cases in the SEALS register 
for each age and sex cohort. The sum over all ages and both 
sexes gives the age and sex adjusted projected rate. The number 
of expected deaths was calculated in a similar manner.  

   Results:  There were 483 patients registered between 2002 –
 2009 who fell within the catchment area (255 males) with a total 
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of 26,071,600 person-years of follow-up, giving a crude inci-
dence of 1.8 per 100,000 person years for this period (95% CI 
1.69 – 2.02) and an adjusted incidence rate of 1.49 per 100,000 
(95% CI 1.35 – 1.64 per 100,000). There were 206 patients (106 
males) alive on 31 December 2009 giving an adjusted point 
prevalence of 6.49 cases per 100,000 (95% CI 6.29 – 6.69). 
Using the point prevalence estimates for the SEALS region, the 
estimated number of people living with ALS in 2012 in the UK 
is 4094 (95% CI 3967 – 4352). This fi gure will rise to 4753 in 
2025 solely due to changes in population structure (95% CI 
4599 – 4887). The number of new cases of ALS in the UK that 
will be diagnosed between 2012 and 2025 is estimated to be 
15,773 (95 % CI 15492 – 15952). Based on these calculations, 
there are 1,126 new ALS cases and 922 deaths per year.  

   Discussion and conclusions:  The number of ALS cases will 
rise as a result of the change in population structure over the 
next 14 years. Aging populations in developed countries are 
also likely to follow this trend. The projected increase is the 
equivalent of the workload of three to four tertiary referral 
centres and is likely to be a conservative estimate. Any treat-
ment that improves survival will dramatically increase the 
prevalence rates of ALS further.  
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  P138 AMYOTROPHIC LATERAL SCLEROSIS IN 
EMILIA ROMAGNA, ITALY: A POPULATION 
BASED STUDY FROM 2009 TO 2011. THE EMILIA-
ROMAGNA REGISTER FOR ALS (ERRALS)  
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   Background:  In previous retrospective epidemiological 
studies performed in Emilia Romagna provinces the reported 

incidence rates ranged from 0.98 to 2.16/100,000. In Italy the 
existing population based registries showed incidence rates 
ranging from 1.6 in Apulia region (Southern Italy) to 2.5 in 
Piedmont and Valle d’Aosta region (Northern Italy). We 
report the fi rst results from a prospective population-based 
epidemiological study in Emilia Romagna Region to describe 
the incidence and the clinical features and phenotypes of ALS 
from 2009.  

   Methods:  This study was performed in 9 provinces and 11 
local health units of Emilia Romagna (population 4.4 million 
inhabitants), with the involvement of 17 neurological depart-
ments. From 2009 onwards, a prospective registry has been 
collecting all cases of incident ALS among residents in Emilia 
Romagna region. For each patient, the main demographic and 
clinical information were collected by the caring physicians 
according to the revised El Escorial diagnostic criteria.  

   Results:  From 1 January 2009 to 31 December 2011 in Emilia 
Romagna 340 patients (181 M, 159 F) received a new diagno-
sis of ALS (M: F ratio 1.14) with a crude average annual inci-
dence rate of 2.58 cases per 100 000 person-years. Mean age 
at diagnosis was 69.73 years (range: 27 – 96 y). Mean diagnostic 
delay was 12.41 months. The onset was spinal in the 62% of 
cases. ALS was defi nite in 37%, probable in 47% and possible 
in 16% of patients at the moment of data entry. Dementia was 
present in the 7.35% of cases, whereas Parkinsonism was 
present in 1% of cases. ALS phenotypes were represented as 
follows: classic ALS 38.5%, bulbar ALS 35.6%, fl ail leg/arm 
20.4%, Upper Motor Neuron Predominant 5.6%.  

   Discussion and conclusions:  We report incidence rates simi-
lar to those reported by recent European population based stud-
ies. Also clinical features are similar to those described in 
previous population-based studies. The main strength of this 
study is the high incidence rate, which refl ects a great accuracy 
in case ascertainment, and the large geographical area and pop-
ulation. These results confi rm that population based studies are 
a valid tool to better defi ne and characterize ALS population.  
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  P139 FREQUENCY OF PSEUDOBULBAR AFFECT 
(PBA) IN AN INCIDENT ALS COHORT: RESULTS 
FROM A POPULATION BASED REGISTRY  
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   Keywords:   Pseudobulbar affect  ,   Center for Neuroogic-Study Labil-
ity Scale  ,   population-based registry   

   Background:  Pseudobulbar affect (PBA) is a disorder of 
altered expression of emotions characterized by sudden and 
involuntary outbursts of crying and/or laughing either unre-
lated or disproportionate to the patient emotional state. It can 
occur in patients with many neurological disorders. Clinical 
studies have reported that it affects up to 50% of patients with 
ALS as the disease progresses. Despite its prevalence and its 
impact on the patients ’  quality of life, PBA is often under-
recognised and undertreated. No data are available from inci-
dent cohorts of population-based studies.  

   Objectives:  To evaluate the frequency of PBA in an incident 
cohort of ALS patients enrolled in a population-based registry.  
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   Methods:  Incident cases, diagnosed in the 2011 period as hav-
ing ALS according to the El Escorial criteria, were enrolled 
from a prospective population-based registry established in 
Puglia, Southern Italy. Neurological status was assessed at entry 
by a standard neurological examination and by the revised ALS 
Functional Rating Scale (ALSFRS-r). The Center for Neuro-
logic Study-Lability Scale (CNS-LS) was used to evaluate the 
presence and the severity of pathological laughing and crying. 
It is a 7-item self-administered questionnaire to investigate PBA 
validated in ALS. Total scores range from 7 to 35. A cut-off 
score    	    13 was used to identify pathological cases.  

   Results:  We enrolled 43 sporadic incident ALS cases, median 
age of 61 years (range: 33 – 77). Median onset-diagnosis inter-
val (ODI) was 11 months (range: 2 – 69), median ALSFRS-r 
at baseline 39/48 (range: 14 – 47); median ALSFRS-r bulbar 
score was 21/24 (range: 6 – 24). At entry 27/43 patients (63%) 
showed bulbar signs of upper motor neuron (UMN) impair-
ment and 38/43 (88%) presented bulbar lower motor neuron 
(LMN) involvement. Median total CNS-LS score was 9/35 
(range: 7 – 25), with a median laughing sub-score of 4/20 
(range: 4 – 16) and a median crying sub-score of 5/15 (range: 
3 – 12). Pathological CNS-LS score was found in 15/43 patients 
(35%). There was a negative correlation between total CNS-LS 
score and ODI (p    �    0.042; r s : �0.312). CNS-LS score did not 
correlate with ALSFRS-r total and bulbar scores. Chi square 
test revealed that pathological CNS-LS was associated with 
presence of signs of UMN involvement (p    �    0.002).  

   Discussion:  This is the fi rst report evaluating the presence 
of PBA in an incident cohort of patients with ALS. Our study 
showed that PBA is present in more than one third of patients 
with ALS also at the beginning of the disease and is related 
to UMN involvement.  

   Conclusion:  This study shows that PBA may be present in 
patients with ALS independently from the severity of motor 
impairment. Therefore the evaluation of PBA should be part 
of the clinical assessment at entry.  
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EPIDEMIOLOGICAL, CLINIC ASPECTS AND 
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   Objectives:  To analyze survival of patients with ALS/MND dis-
ease in relation to the epidemiological aspects (age, gender and 
race); the clinical features; the follow up since the initial symptom 
of the disease, the electroneuromyography; the initial topography 
involving the clinical impairment; the use of riluzole until the fi rst 
appointment at Department of Research in Neuromuscular Dis-
eases at Federal University of S ã o Paulo (UNIFESP).  

   Method:  This study is based on records (epidemiologic, 
physiopathologic, clinic), including subsidiary test results 
from Department professionals, from 1999 to 2011.  

   Results:  We assessed 1,146 ALS/MND patient records and 
included 578, in which there was all the data according to the 

inclusion criteria. We assessed 231/578 patients (217 men, 
104 women) for survival rate with the death date, who had 
used or had not used riluzole. These patients were divided 
into two groups, according to the confi dence interval (95% 
lower), that is shown in the Kaplan-Meier survival curve: fi rst: 
144 deceased patients    �    9 months for survival time; second: 
87 deceased patients    	    9 months for survival time.  

   Conclusion:  For the ALS/MND patients ’  survival rate analysis, 
epidemiological sex results showed there was no statistically sig-
nifi cant difference. However, younger patients live more and 
there is too much time between the fi rst symptoms and the fi rst 
consultation. The patients who presented higher survival rate a) 
were whose without diagnosis in the fi rst consultation, because 
there was no clinical impairment or there were no electroneuro-
myographic fi ndings with the right diagnosis for them (and they 
also showed initial symptoms lower limbs) and b) used riluzole. 
The post-diagnosed patients that live over nine months seem to 
be more favoured by the use of riluzole. Thus, we can say riluzole 
is neuroprotective for individuals with more viable neurons.  
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  P141 GENDER AS A RISK FACTOR 
IN A SPANIARD ALS POPULATION  
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   Background:  Gender, with a higher incidence in men, is a 
well-known risk factor for developing Amyotrophic Lateral 
Sclerosis (ALS). Previous reports suggest estrogens may be a 
neuroprotective factor in ALS. Thus, we decided to describe 
the gender-ratios and disease progression considering, Sur-
vival, Forced Vital Capacity (FVC) and Amyotrophic Lateral 
Sclerosis Functional Rating Scale (ALSFRS) like instruments 
for evaluating the evolution of functional status of male and 
female patients in different age groups.  

   Objective:  The aim of this study is to describe the differences 
between gender-ratios and disease progression in males and 
females along different age groups.  

   Methods:  The study population included every patient diag-
nosed with suspected, possible, probable or defi nite ALS (accord-
ing to the El Escorial Criteria) attending the ALS Unit of the 
University Hospital “12 de Octubre” since 1 January 2005to 31 
April 2012to study Survival Curves and since 1 January 1999/
to 31 April 2012/to determine gender ratios. Patients were 
divided into two groups: pre or postmenopausal (patients in the 
peri-menopausal age were excluded) and later distributed in 10 
years-age-intervals. The gender ratios were calculated for each 
group. Peri-menopausal age interval for Spanish women was 
considered 46.7 to 50.1 years based on statistics published in the 
Ministry of Health. To study disease progression, patients selected 
had to have at least 3 clinical evaluations. The events considered 
for comparison of survival curves were: date of death, 26    �    ALS-
FRS    �    22 values and 75%    �    FVC    �    65% values.  

   Results:  223 individuals were included in the gender ratio 
study. For the fi rst analysis 48 were excluded (peri-menopau-
sal). The pre and post-menopausal frequencies between males/
females were 29/9 and 144/70. In the second analysis a pro-
gressive trend can be observed to increase in these frequencies 
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with a sharp change in the peri-menopausal interval. Patients 
older than 50.1 years (both men and women) have similar 
survival curves (almost 100% died at 80 months after the start 
of symptoms), but in this age group the disease progression is 
observed to be faster in women. Surprisingly, in patients below 
46.7 years, 40% of men surviving at 70 months after the start 
of symptoms, while 100% of women do not survive. Unfortu-
nately, the sample size to evaluate the disease progression in 
this age range considering ALSFRS and FVC is very small, 
and there are no conclusive results.  

   Discussion:  In ALS patients we can observe a decrease in 
the gender ratio when age at onset is rising as it was possible 
to observe in incidental studies previously. The differences 
observed in disease progression (CVF and ALSFRS-r) 
between genders, should be taken into account in clinical 
management of ALS patients.  

DOI: 10.3109/17482968.2012.721231/236

  P142 LEISURE TIME PHYSICAL ACTIVITY IS 
ASSOCIATED WITH AN INCREASED RISK OF ALS  
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   Background:  Ever since Lou Gehrig, a famous professional 
baseball player, died from amyotrophic lateral sclerosis (ALS), 
it has been hypothesized that physical activity is a risk factor 
for developing ALS, fuelled by recent observations that pro-
fessional soccer players and Gulf War veterans are at increased 
risk of ALS.  

   Objective:  The aim of the present population-based study 
was to determine the relation between lifetime physical activ-
ity and risk of sporadic ALS, using an objective approach for 
assessing physical activity in order to minimize recall bias.  

   Methods:  636 incident ALS patients and 2,166 controls 
fi lled in semi-structured questionnaires to obtain lifetime 
history of occupations, sports, and hobbies. All reported 
activities were assigned a metabolic equivalent score (MET) 
based on the Compendium of Physical Activities. The 
MET is a physiological measure expressing the energy cost 
of physical activities. Odds ratios for ALS with levels of 
cumulative occupational and leisure time physical activity 
were calculated, adjusted for gender, age, level of educa-
tion, premorbid body mass index (BMI), current alcohol 
consumption and current smoking.  

   Results:  Higher levels of leisure time physical activity were 
associated with an increased risk of ALS (adjusted OR 1.08, 
95% CI 1.02 – 1.14). No association with occupational activ-
ity or vigorous physical activities, such as marathons and 
triathlons, was found and the cumulative measures of physical 
activity in quartiles did not show a dose-response relationship.  

   Conclusions:  We conclude that not increased physical activ-
ity per se, but rather a genetic profi le and lifestyle promoting 
physical fi tness increase ALS susceptibility.  
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   Background:  Hepatocyte growth factor (HGF) is one of the 
most potent survival-promoting factors for motor neurons, com-
parable to glial cell line-derived neurotrophic factor  in vitro . Neu-
rotrophic effects have been demonstrated  in vivo  on embryonic 
spinal motor neurons during development and on adult motor 
neurons after axotomy of the hypoglossal nerve. In addition, 
overexpression of neuronal HGF has been shown to result in the 
attenuation of neuronal cell death and progression of disease in 
a familial ALS transgenic mouse model. Therefore, HGF might 
be benefi cial for motor neuron survival. It is unknown, however, 
whether HGF-positive structures are present in the skin from 
patients with sporadic ALS.  

   Objectives:  We have carried out an immunohistochemical 
study of HGF in skin from ALS patients.  

   Methods:  Skin biopsy samples were taken from the upper left 
arm of 19 patients with ALS (mean age 60.8 years) and from 
16 controls with other neurodegenerative diseases matched for 
sex and age (mean age 59.3 years). Routine formalin-fi xed 
paraffi n-embedded 6  μ m sections were immunostained accord-
ing to standard techniques. The sections were incubated with 
anti-HGF antibody. After washing in phosphate-buffered saline, 
biotinylated anti-IgG was applied. The sections were stained 
by ABC kit. The immunoreactivity was quantifi ed with an image-
analysis system. Statistical comparisons were made by the two-
tailed Student’s  t  test with p    �    0.05 as the signifi cance level. 
Correlation coeffi cients were calculated by the least-squares 
method. Results are expressed as the mean    �    SD.  

   Results:  HGF immunoreactivity was positive in the epidermis 
and dermal blood vessels and glands in ALS patients. The HGF-
immunopositive (HGF    �    ) structures of the epidermis were the 
nucleus and the cytoplasm. These fi ndings became more con-
spicuous as ALS progressed. On the other hand, the epidermis, 
dermal blood vessels and glands showed a weak HGF immuno-
reactivity in controls even after repeated antigen retrieval trials. 
The optical density for HGF immunoreactivity of the nucleus in 
the epidermal cells in patients with ALS was signifi cantly higher 
(p    �    0.001) than in controls. The optical density of the cytoplasm 
in the epidermal cells in patients with ALS was also signifi cantly 
higher (p    �    0.001) than in controls. The density of HGF immu-
noreactivity in ALS patients showed a progressive increase in 
relation to duration of illness. This positive correlation was highly 
signifi cant (r    �    0.53, p    �    0.02 and r    �    0.73, p    �    0.001, respec-
tively) in the nucleus and the cytoplasm in the epidermal cells.  

   Conclusions:  The conspicuous fi nding in the skin of ALS 
was the increased HGF immunoreactivity, which was even 
more signifi cant with a longer duration of illness. These 
data suggest that changes of HGF in ALS skin are related 
to the disease process and that metabolic alterations of 
HGF may take place in the skin of patients with ALS.  

DOI: 10.3109/17482968.2012.721231/238
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  P144 HAIR MINERAL STATUS IN ALS PATIENTS  

  KIM S  ,   KIM S  

   Wonkwang University, Seoul, Republic of Korea   

   Email address for correspondence: bozzol@naver.com   

   Keywords:   hair  ,   minerals  ,   heavy metal   

   Background:  Little is known about hair heavy metal status 
in ALS patients. This study evaluated the characteristics of 
hair heavy metal in patients with ALS.  

   Objectives:  The aim of this study is to evaluate the deposition 
of heavy metal in the hair and to fi nd out the correlation 
between heavy metal and ALS.  

   Methods:  Thirty fi ve patients diagnosed with ALS accord-
ing to the El Escorial World Federation of Neurology crite-
ria were enrolled as the case group. Thirty fi ve (25 male, 10 
female) with ALS were recruited at the Department of Acu-
puncture and Moxibustion, Wonkwang Gwangju University 
Hospital, from November, 2010 to May, 2012, and hair tis-
sue heavy metal including mercury, lead, aluminum, bar-
ium, cadmium, arsenic, uranium, bismuth and thallium 
were analyzed.  

   Results:  For the deposition of mercury, 11(31.4%) out of 35 
patients were higher than normal range. 8(22.9%) as to bar-
ium and 4 (11.4%) patients as to lead were higher than nor-
mal range respectively. And, 2 (5.7%) got higher than normal 
range each for the aluminum and cadmium.  

   Discussion and conclusion:  ALS patients should be more 
careful about food containing mercury. Sixteen patients took 
a tranquilizer containing Barium. That ' s why the deposition 
of barium ranked the second. Lead, aluminum and cadmium 
is not relevant to drugs. So, in our opinion, ALS patients 
should avoid food containing lead, aluminum and cadmium.  

DOI: 10.3109/17482968.2012.721231/239

  P145 NEUTRON ACTIVATION ANALYSIS FOR 
TRACE ELEMENTS IN SCALP HAIR FROM ALS 
PATIENTS AND RESIDENTS OF THE KII 
PENINSULA, JAPAN  

   KIHIRA   T  1   ,    SAKURAI   I  1   ,    YOSHIDA   S  1   ,    WAKAYAMA   I  1   , 
   TAKAMIYA   K  2   ,    NAKANO   Y  2   ,    OKUMURA   R  2   ,  
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   KOKUBO   Y  5   ,    KUZUHARA   S  6   
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   Email address for correspondence: tkihira815@kansai.ac.jp   
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   Background:  Oxidative stress has been speculated to play a 
role in the development of amyotrophic lateral sclerosis (ALS). 
The Muro district in the Kii Peninsula of Japan has a high 
incidence of ALS and parkinsonism-dementia complex 
(PDC). The district drinking water contains severely low lev-
els of Ca and Mg, and the serum of patients and residents in 
the district showed markedly low levels of Ca and Zn. We 
speculated that a chronic essential mineral defi ciency might 

induce an accumulation of toxic metals, and consequently 
increase metal-induced oxidative stress on neurons.  

   Objective:  We investigated metal contents in the scalp hair 
of patients with ALS or PDC in the Muro district.  

   Methods:  Hair samples (approximately 200 mg) from patients 
with ALS or PDC in the Muro district, residents in the 
Muro district and controls were collected and washed with 
acetone, distilled water and acetone in sequence and then dried 
in air. Approximately 30 mg of the sample was weighed and 
double-wrapped in polyethylene fi lms and subjected to neutron 
activation analysis at Kyoto University Research Reactor 
(KUR). The samples in polyethylene capsules were irradiated 
in Pn-1 of KUR (1000 kW) for 2 minutes and for 120 minutes, 
for short and long irradiations, respectively. As comparative 
standards, orchard leaves (NBS) as well as elemental standards 
for Ca, Mg, V and Zn were used. The gamma-ray spectroscopic 
measurements with a Ge detector were performed repeatedly. 
For the short-lived nuclides, the measurement time was 200 sec-
onds after a cooling time of 110 – 320 seconds. For the long-lived 
nuclides, the measurement time was 5000 – 6000 seconds after 
cooling for approximate one month.  

   Results:  Six patients with ALS and fi ve patients with PDC 
from the Muro district, 66 residents from the Muro district 
and 22 controls participated in this research. Contents of Ca, 
Mg, Al, Cu, Mn, Cl, Hg, V, S and Zn were determined in the 
hair samples. To avoid infl uences by perm and dyeing, data in 
subjects without chemical procedure were compared among 
these groups. The Mg and V contents from patients with ALS 
(1107.02    �    1068.15 ppm, 168.49    �    298.16 ppb, mean    �     
S.D.) and the Mg contents of patients with PDC (855.68    �     
200.45 ppm) were signifi cantly higher than those of controls 
(224.31    �    135.06 ppm, 19.57    �     13.79 ppb, p    �    0.05, respec-
tively). The Mg contents from residents in the Muro district 
(366.5    �    140.32) were also higher than those of controls 
(224.31    �    135.06, p    �    0.05).  

   Discussion and conclusions:  It is known that excess of V 
induces oxidative stress on neurons and Mg contents in hair 
samples increase in secondary hyperparathyroidism. The 
present results indicate an imbalance of metal metabolism in 
patients with ALS or PDC in the Muro district.  

DOI: 10.3109/17482968.2012.721231/240

  P146 ALS IN THE FRENCH ALPS AND THE 
CYANOBACTERIAL NEUROTOXIN BMAA 
HYPOTHESIS: FIRST CASE WITH BMAA 
POSITIVE BRAIN REPORTED IN EUROPE  
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   Objective:  Amyotrophic lateral sclerosis (ALS) clusters are a 
chance to underline environmental risk factors associated with 
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the disease. We depicted ALS clusters in French Alps (Savoy) 
and present results of BMAA analysis within the brain of the 
fi rst case autopsied, coming from one cluster identifi ed.  

   Background:  The existence of environmental risk factors for 
ALS has been underlined by spatial clusters and hyper-
endemic zones such as Guam or Kii. In these later areas, it 
has been strongly suggested that the neurotoxin BMAA could 
be one/the etiologic risk factor, due to its presence in the brain 
of ALS cases, secondary to its biomagnifi cation in diet.  

   Design and methods:  We identifi ed Savoy cases from 2002 –
 2010 with a multi-source system (Grenoble teaching hospital 
and data from the different insurances systems), and calculated 
Standardized Incidence Ratio (SIR) for each administrative dis-
trict. For one of the highlighted clusters, we sent brain autopsy 
tissue of one deceased patient to the partner team of the Insti-
tute of Ethnomedicine to search for BMAA. Hydrolysates of 
this tissue underwent solid phase extraction to purify amino 
acids and AQC derivatization before BMAA analysis using 
liquid chromatography triple quadrupole mass spectrometry.  

   Results:  Clusters of sporadic ALS were detected in two vil-
lages of Savoy among patients who were not relatives 
(SIR    �    24.6(4.9 – 71.8), SIR    �    14.0(2.8 – 40.8)). One living 
patient agreed for a post mortem autopsy. BMAA was posi-
tively identifi ed in the frontal temporal lobe of the brain based 
on four mass spectrometry criteria in comparison with an 
AQC derivatized authenticated BMAA standard. Among the 
possible risk factors that could be associated with biomagni-
fi cation, this patient was eating local mushrooms, and cyano-
bacteria were detected on the moss where they grow 
(phycocyanin detection with fl uorimetric probe).  

   Conclusion:  This case raises the question of the relevance of 
the BMAA hypothesis for some ALS cases in Europe, a 
hypothesis that will be tested to a larger extend in France.  

DOI: 10.3109/17482968.2012.721231/241

  P147 WAS DRIED FISH A TRIGGER OF 
HIGH-INCIDENCE OF AMYOTROPHIC LATERAL 
SCLEROSIS IN KII PENINSULA, JAPAN?  

   OKAMOTO   K  1   ,    KIHIRA   T  2   ,    EGAMI   I  3   ,    KOKUBO   Y  4   , 
   KUZUHARA   S  5   
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   Background:  Amyotrophic lateral sclerosis (ALS) is a neurode-
generative disease, which has been linked to the generation of 
free radicals and oxidative stress. The Koza, Kozagawa and 
Kushimoto area in the Kii Peninsula of Japan (K area) is a well-
known high incidence area of ALS with low calcium and mag-
nesium contents in soil and drinking water sourced from 
Kozagawa River in the K area. Although it is obviously predicted 
that those status is affected by nutritional status, few studies have 
examined nutritional states in population living in K area.  

   Objective:  The aim of this study was to explore nutritional 
factors to look for the explanatory clues of the high incidence 

of ALS in the K area from comparisons with the area free 
from ALS (control area) together with the results of a popu-
lation-based case-control study conducted in Japan.  

   Method:  A cross-sectional population-based survey was con-
ducted for adults aged    	    15 years living in K area and control 
area in 2003 and 2010. A case-control study was conducted 
with incident 183 ALS cases and 407 controls. Dietary infor-
mation was obtained by a self-administered food frequency 
questionnaire (FFQ), consisting of 97 commonly eaten food 
and beverage items. Frequency of food consumption was clas-
sifi ed into two categories as follows; low (“never/seldom” or 
“less than once a week” “1 – 3 days a week”), and high (“4 – 5 
days a week” or “almost everyday”). The differences of means 
were tested with analysis of variance and of the distribution 
of proportions with the chi-square test.  

   Results:  In 2003 and 2010, K area had a signifi cantly lower 
percentage intake of fat and a higher percentage intake of pro-
tein; a proportion of the fi sh consumption to the total amount 
of consumption and lower than that of meat than the control 
area. Nutrient adequacy of fi sh was the highest among that of 
food consumption in both 2003 and 2010. Among various 
kinds of seafood, the percentage of subjects with high frequency 
of dried fi sh consumption was signifi cantly higher in K area 
than in control area, but not that of fi sh and shellfi sh consump-
tion. In this case-control study, habitual high frequency of dried 
fi sh consumption was signifi cantly associated with an increased 
risk of ALS, even after adjusting for confounding factors (low 
vs. high, adjusted OR: 4.88 (95%CI; 3.60 – 10.3).  

   Conclusion:  The present results suggested that habitual high 
frequency of dried fi sh consumption might have triggered the 
development of ALS in the K area, especially considering that 
our case-control study showed a positive association between 
habitual high frequency of dried fi sh consumption and the 
ALS risk.  

DOI: 10.3109/17482968.2012.721231/242

  P148 CROSS-SECTIONAL SURVEY OF VISUAL 
ACUITY IN PATIENTS WITH AMYOTROPHIC 
LATERAL SCLEROSIS  

  MOSS H  ,   MOHAN G  ,   JIANG QL  ,   ROWIN J  

   University of Illinois at Chicago, Chicago, USA   

   Email address for correspondence: hemoss@uic.edu   

   Keywords:   vision  ,   biomarker  ,   prevalence   

   Background:  Clinical and post-mortem observations of 
pathological changes outside the motor system in some people 
with amyotrophic lateral sclerosis (ALS) have led to a shift 
from the classical characterization of ALS as a disease exclu-
sively of motor neurons to that of a multisystem disorder. 
Visual system disorders are a recent addition to the pheno-
typic spectrum of ALS based on a study that showed decreased 
binocular visual acuity (VA) in ALS patients (1). We hypoth-
esize that decreased VA in ALS patients is due to neuro-
degeneration of the visual pathway. Monocular VA and 
binocular summation (improvement in VA when tested with 
two eyes compared with one eye) measurements can guide 
localization of visual pathway dysfunction. These have not 
been previously characterized in ALS patients.  

   Objective:  To determine if monocular VA and binocular sum-
mation are reduced in ALS patients compared with control 
subjects.  
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   Methods:  Patients attending a multidisciplinary ALS clinic 
(n    �    15, age 48.4    �    /�3.1 years) and their caregivers, serving 
as controls (n    �    8, age 48.5    �    /�3.1 years), participated in this 
study. Monocular and binocular VA were assessed using high 
(100%) and low (2.5%, 1.25%) contrast charts (Sloan) under 
controlled lighting conditions following refraction. Binocular 
summation was calculated as the difference between binocular 
and best monocular acuity scores.  

   Results:  Low contrast VA was reduced by approximately 1 
line in ALS patients versus control subjects in both binocular 
(OR 0.79 (0.62 – 0.98), p    �    0.032, logistic regression account-
ing for age) and monocular (OR 0.78 (0.59 – 0.97), p    �    0.029, 
logistic regression accounting for age) conditions. High con-
trast VA and high and low contrast binocular summation were 
not different between groups.  

   Discussion and conclusions:  We confi rm that binocular VA 
is decreased in ALS patients and also fi nd this to be true for 
monocular testing. Binocular summation is not affected. This 
supports a hypothesis of visual pathway pathology anterior to 
the lateral geniculate nucleus as the etiology of decreased 
visual acuity in ALS patients. Further study is warranted 
regarding the pathophysiologic basis for these results and 
their application to disease characterization and outcomes 
assessment.  

  Reference  
  1.  Moss HE, McCluskey L, Hoskins K  et   al.  J. Neurol Sci 

2012;314:97 – 101.  

DOI: 10.3109/17482968.2012.721231/243

  P149 ALOPECIA AND AMYOTROPHIC LATERAL 
SCLEROSIS  

   FONDELL   E  1   ,    O’REILLY   EJ  1   ,    FITZGERALD   C  1   , 
   ASCHERIO   A  1,2   

   1 Harvard School of Public Health, Boston, MA, USA,  2  Channing 
Laboratory, Boston, MA, USA   

   Email address for correspondence: efondell@hsph.harvard.edu   

   Keywords:   alopecia  ,   epidemiology  ,   androgen receptor   

   Background:  A recent study showed that a low index-to-ring 
(2D: 4D) fi nger ratio was associated with amyotrophic lateral 
sclerosis (ALS), suggesting that prenatal exposure to testoster-
one or an increased sensitivity of androgen receptors (AR) 
may play a role in ALS development. Increased sensitivity of 
AR causes early onset alopecia, however it is unknown if 
alopecia is associated with ALS risk.  

   Objectives:  To explore the association of early onset alopecia 
and ALS in a prospective cohort.  

   Methods:  We explored the association of early onset alopecia 
and ALS using the Health Professionals Follow-up Study 
(HPFS), consisting of 51,529 men aged 40 – 75. HPFS was 
established in 1986 and has been updated biennially since then. 
In 1992, participants were asked to report their hair line pattern 
at age 45 using fi ve pictures of different hair line patterns. The 
National Death Index was used to identify ALS deaths. In addi-
tion, incident ALS was self-reported every two years starting in 
2000, and confi rmed based on information from medical 
records or the treating neurologist. Uncertain ALS diagnoses 
were later included if confi rmed through the National Death 
Index. Cox proportional hazards models were used and we 
adjusted for age in single years, body mass index, physical 

activity, smoking and intake of vitamin E. There were 42 par-
ticipants diagnosed with ALS during follow-up (1992 – 2008).  

   Results:  Of the 42 participants diagnosed with ALS during 
follow-up, 13 reported no alopecia at age 45, 18 reported 
some alopecia and 11 reported extensive alopecia at age 45. 
Participants reporting extensive alopecia had a 179% increased 
risk of ALS compared with those reporting no alopecia (RR 
2.79; 95% CI 1.25 – 6.23). Further, we observed a linear trend 
of increased risk of ALS with increasing level of balding at age 
45 (P trend    �     0.02).  

   Discussion and conclusion:  The results of this prospective 
study are consistent with the involvement of AR in the etiol-
ogy of ALS, a hypothesis proposed in 1980 based on the 
observation that ALS affects all motor neurons and cranial 
nerves except cranial nerves III, IV and VI that also lack AR. 
The cause of alopecia is not fully understood, but is likely 
polygenetic. A GWAS on 95 families with early onset alopecia 
revealed 14 chromosomal regions linked to alopecia. Five of 
these regions overlap known ALS genes, including SOD1, 
OPTN and ANG. The association of alopecia and ALS, as 
well as AR and ALS should be further explored in other 
populations.  

DOI: 10.3109/17482968.2012.721231/244

  P150 FLEXIBLE COMMON DATA STRUCTURE 
METHODS AND PLATFORM ALLOW FOR POST-
HOC CUSTOMIZATION  

   KATSOVSKIY   I  1   ,    SINANI   E  1   ,    WALKER   J  1   ,    LEITNER   M  2   , 
   CUDKOWICZ   M  1   ,    SHERMAN   A  1   

   1 Massachusetts General Hospital, Boston, MA, USA,  2  Prize4Life, 
LLC, Cambridge, MA, USA   

   Email address for correspondence: avsherman@partners.org   

   Keywords:   common data elements  ,   pooled resources  ,   collaboration   

   Background:  To develop disease progression models and 
identify disease markers it is essential to have access to large 
datasets merged from multiple clinical trials. The Pooled 
Resource Open-access ALS Clinical Trials (PRO-ACT) plat-
form utilizes novel data mapping methods allowing users to 
homogenize multiple sets of data.  

   Objectives:  To utilize methods and algorithms for creation 
and management of a fl exible Common Data Structure 
(CDS) in ALS that allows mapping heterogeneous datasets 
from ALS clinical trials and changing the CDS, if necessary, 
without data re-importation.  

   Methods:  Data coming from a multitude of sources must be 
homogenized and organized according to a CDS for which 
the following was performed:  

   •   CDS was created to accommodate NINDS-recommended 
and NEALS Common Data Elements (CDE)  

   •   Source data were analyzed and, if not provided, a data 
dictionary was created using the column names and pos-
sible values contained in each column  

   •   Relationships were identifi ed between the source datasets 
and the CDS  

   •   Based on these relationships, a map was created linking 
each source data fi eld to a CDS data fi eld  

   •   The data were de-identifi ed by removing any information 
that could connect the entered data to a specifi c subject or 
study (date of birth, date of collection, initials, etc.)  
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   •   The source datasets were imported into the PRO-ACT 
platform preserving the natural groupings and properties  

   •   During importation, the system generated unique subject 
ID’s to further de-identify each data point.  

   Results:  The PRO-ACT platform was designed to enable 
users to create highly-customizable disease-specific CDS. 
In addition to being flexible, this design allows the CDS 
to be modified, without the need to re-import existing 
data. There are currently over 900 CDEs in the PRO-ACT 
Common Data Structure that are being used to map data 
from eleven ALS clinical trials donated by three pharma-
ceutical companies in addition to six NEALS trials. These 
CDE were specified while adhering to NINDS and NEALS 
Common Data Elements guidelines wherever possible.  

   Conclusions:  The deployed PRO-ACT platform enables 
users to build disease-specifi c CDS that allow heterogeneous 
datasets from multiple clinical trials to be mapped and 
imported to create a single homogenous dataset. If there is a 
need to change the CDS because of new guidelines and 
discoveries, the platform allows users to execute the change 
without data re-importation.  

DOI: 10.3109/17482968.2012.721231/245
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   Background:  Clinical trials networks, shared clinical data-
bases, and human biospecimen repositories are examples 
of infrastructure resources aimed at enhancing and expedit-
ing clinical and/or patient-oriented research to uncover 
the etiology and pathogenesis of amyotrophic lateral 
sclerosis (ALS).  

   Objectives:  To compile and analyze information on available 
international infrastructure resources for ALS research and to 
discuss current impediments, gaps and opportunities.  

   Methods:  A survey on current infrastructure resources was 
sent to 102 specialized ALS Clinics in North America. Anal-
ysis of 57 responses has revealed an established infrastructure 
of the following resources:  

   •   Clinical databases: Individual sites–44 (77%; sites as a 
consortia member 20 (35%)  

   •   Biospecimen collections including Plasma, CSF and DNA/
RNA: 23 sites (40%) and skin biopsy: 14 sites (25%)  

   •   Tissue and autopsy programs including muscle biopsy: 29 
sites (51%) and brain banking: 19 sites (33%).  

  The  “ Second Tarrytown ALS Meeting ”  held in September of 
2011 had a separate session on international ALS infrastruc-
ture resources developed and maintained by ALS Clinics and 
Centers in North America and Europe, various clinical trial 
networks, US government federal agencies including the 
National Institutes of Health (NIH), and several voluntary 
disease organizations that support ALS research activities. 
European biobanks and registries include the UK National 
Motor Neurone Disease DNA Biobank, the South East 
England ALS Registry (SEALS) registry; and a pan-European 
FP-7 grant that coordinates data and biospecimen collections 
in fi ve EU countries.  

   Results : Many specialized ALS clinics in North America 
developed site-specifi c infrastructure resources for patient 
care and clinical research. They rely on a variety of funding 
sources, including US government agencies, national and 
local patient support organizations and philanthropic groups. 
The development of multi-clinic datasets may facilitate and 
enhance clinical research. This will also enable more seamless 
communication among clinical research centers. Challenges 
include the requirement for dedicated fi nancial support, 
standardization of collected data elements, consistency in data 
capture, and the need to overcome possible psychological 
barriers to sharing de-identifi ed clinical information among 
individual clinics.  

   Conclusions : To encourage collaboration and to optimize 
utilization of resources in ALS research, the following is par-
amount: 1) establishment of shared databases among indi-
vidual ALS Clinics to enhance the coordination of resources 
and data analyses; 2) expansion of quality-controlled human 
biospecimen banks; 3) adoption of uniform data standards, 
such as Common Data Elements (CDEs) for ALS clinical 
research and clinical practice.  

  The value of clinical trials networks such as the Northeast ALS 
(NEALS) Consortium, the Western ALS (WALS) Consortium 
and European ALS Consortium shall be recognized and col-
laboration and coordination between them shall be encouraged, 
including development of strategies to further enhance and 
complement these networks and their research resources.      

DOI: 10.3109/17482968.2012.721231/246
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  Discussion and conclusions:  Our study shows that there is 
no statistically signifi cant difference in the cost of ALS care 
provided in multidisciplinary versus general clinics in the 
VHA. Taken in conjunction with previous studies that have 
shown increased survival and decreased mortality in multidis-
ciplinary clinics, these results strengthen the case for provid-
ing patient-care in multidisciplinary ALS clinics.  

DOI: 10.3109/17482968.2012.721231/247

   P153 VARIATIONS IN COST OF ALS CARE 
WITHIN THE VETERANS HEALTH 
ADMINISTRATION  

   KHOKHAR   B  2,1   ,    GAO   J  3   ,    SHEN   M-L  3   ,    MORAN   E  3   , 
   PATWA   H  2,1   

   1 Yale University, New Haven, CT, USA,  2 VA Connecticut Health-
care System, West Haven, CT, USA,  3  Veteran Health Administra-
tion OPES, West Haven, CT, USA   

   Email address for correspondence: babar.khokhar@yale.edu   

   Keywords:   variations  ,   veteran health administration   

   Background:  The Veterans Health Administration (VHA) 
allows for reliable cost analysis as patients receive all their care 
within a single payer system. Amyotrophic lateral sclerosis 
(ALS) is a fully compensable illness within this system making 
cost studies related to the disease ideal. Although there have 
been studies evaluating the cost of ALS care, there have not 
been many looking at variations in costs based on facility loca-
tion, academic affi liation and physicians in training.  

   Objectives:  To ascertain the cost of ALS care within the VHA 
for fi scal years 2005 – 2010. To analyze the cost of care in rural 
versus non-rural facilities, teaching versus non-teaching facil-
ities and those facilities with neurology residents versus those 
without neurology residents.  

   Methods:  Staff at the Offi ce of Productivity, Effi ciency and 
Safety (OPES) used the Corporation Data Warehouse to 
obtain Decision Support System National Data Extract data-
sets for fi scal years 2005 – 2010. Data merging and analysis 
were done through scrambled social security numbers; no 
patient identifi able information was used or revealed to the 
investigators. ALS patients were identifi ed by ICD-9 codes 
from the inpatient, outpatient and fee fi les (care provided out-
side the system but paid by VHA). ANOVA testing was done 
to compare rural versus non-rural facilities, teaching versus 
non-teaching facilities, and those facilities with and without 
Neurology residents.  

   Results:  Total cost of ALS care between FY2005-FY2007 
ranged from  $ 35,890,466 to  $ 37,389,552. The cost increased 
to  $ 47,805,567 in FY2008,  $ 81,802,784 in FY2009, and 
 $ 114,288,333 in FY2010. The number of ALS patients 
between FY2005 and FY2008 ranged from 1488 to 1599. The 
number increased to 2304 patients in FY2009 and 2752 
patients in FY2010. Total cost per patient increased from 

 P152 COST ANALYSIS OF MULTIDISCIPLINARY 
ALS CLINICS IN THE VETERANS HEALTH 
ADMINISTRATION      

    KHOKHAR     B  2,1  ,      GAO J ,       SHEN     M-L  3  ,       MORAN     E  3    &   
     PATWA     H  2,1           

  1 Yale University, New Haven, CT, USA,  2 VA Connecticut Health-
care System, West Haven, CT, USA,  3  Veteran Health Administra-
tion OPES, West Haven, CT, USA  

  Email address for correspondence: babar.khokhar@yale.edu                              

  Keywords:   cost  ,   multidisciplinary clinics  ,   veterans health 
administration  

  Background:  In a 2003 study regarding multidisciplinary 
amyotrophic lateral sclerosis (ALS) clinics Traynor and col-
leagues (1) showed that these clinics increase survival and 
decrease mortality when compared to general neurology clin-
ics. However, the cost of these clinics has not been extensively 
studied. The Veterans Health Administration (VHA) is a 
unique system in that patients receive all their care within a 
single payer system, allowing for reliable cost analysis.   

  Objective:  To determine if there is a cost difference between 
multidisciplinary and general ALS clinics within the VHA.   

  Methods:  Staff at the Offi ce of Productivity, Effi ciency and 
Safety (OPES) used the Corporation Data Warehouse to obtain 
Decision Support System National Data Extract datasets for 
FY2010. Data merging and analysis were done through scram-
bled SSN; no patient identifi able information such as name, 
SSN or addresses were used or revealed. Data was obtained 
according to patient utilization across different facilities. ALS 
patients were identifi ed by ICD-9 codes from the inpatient, 
outpatient and fee fi les. Multidisciplinary ALS clinics were clas-
sifi ed as care offered by a Neurologist or Physiatrist and at least 
2 other service lines (PT, nutrition, etc.) at the same visit. All 
other clinics, including Neuromuscular Clinics, were labeled 
 ‘ general clinic ’ . Medical centers with more than 20 ALS patients 
were identifi ed from a total of 139 facilities within the VHA. 
68 medical centers fi t this criterion. All 68 medical centers were 
contacted by phone to obtain information regarding the pres-
ence or absence of a multidisciplinary ALS clinic. Nine medical 
centers were excluded as accurate data could not be obtained 
and one medical center was excluded due to extremely large 
unexplained variations in cost. Twelve medical centers were 
identifi ed as having multidisciplinary ALS clinics. ANOVA test-
ing was done to determine statistical signifi cance.   

  Results:  Total cost of ALS care per patient for FY2010 was 
 $ 41,186 in general clinics versus  $ 42,089 in multidisciplinary 
clinics (p    �    0.05). The average inpatient, outpatient, and fee 
expenditure costs per patient were  $ 15,063,  $ 19,260, and 
 $ 6,863 in general clinics versus  $ 15,575,  $ 22,280 and  $ 4,234 
in multidisciplinary clinics. Inpatient costs were 37% of the 
total cost in both clinics. Outpatient costs were 6% higher in 
the multidisciplinary clinics, which were offset by 6% higher 
fee basis costs in the general clinics.   

                        THEME 7 MULTIDISCIPLINARY CARE 
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 $ 23,581 in FY2005 to  $ 41,529 in FY2010. The cost per 
patient in rural versus non-rural ( $ 46,969 versus  $ 40,561), 
teaching versus non-teaching ( $ 43,370 versus  $ 46,419) 
and neurology residents versus no neurology residents 
( $ 39,509 versus  $ 48,450) only showed statistical signifi cance 
(p-value    �    0.05) in the latter.  

   Discussion and conclusions:  The cost of ALS care has more 
than tripled in the VHA between fi scal years 2005 and 2010. A 
large portion of this increase occurred after 2008 when ALS 
became a compensable illness. The total cost per patient has also 
increased between 2005 and 2010, which is likely due to increased 
utilization of services offered by the VHA to veterans as well as 
increasing costs of providing care. The cost of inpatient, outpa-
tient and fee expenditure care have all increased in a proportional 
manner. The cost per patient of outpatient care is 20% higher 
than the cost of inpatient care. There is no statistically signifi cant 
difference in cost between rural and non-rural facilities as well 
as teaching versus non-teaching facilities. There is a statistically 
signifi cant higher cost of ALS care per patient in those facilities 
with Neurology residents.  

DOI: 10.3109/17482968.2012.721231/248

  P154 COST ASSESSMENT OF 
MULTIDISCIPLINARY CLINICS ADHERING 
TO AAN ALS PRACTICE STANDARDS  
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   Email address for correspondence: Mlyon@alsa-national.org   
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   Background:  The multidisciplinary team approach to the 
treatment and management of amyotrophic lateral sclerosis 
(ALS) patients is the preferred model of care, with evidence 
for prolonged survival, improved quality of life, and reduced 
hospital admissions. (1,2,3,4) There are no published data on 
costs associated with this model of patient care for U.S. insti-
tutions that adhere to the American Academy of Neurology 
Practice Parameters (AANPP).  

   Objective:  To address these issues, in 2007 fi ve centers pro-
viding multidisciplinary care participated in a retrospective 
review of clinic costs using a self reported data collection tool 
over a six-month period.  

   Methods:  Each of the fi ve centers self-reported patient volume, 
staff time, salary and benefi t costs; non-clinic staff time; costs of 
supplies, equipment and overhead including rent, departmental 
fees and institutional fees at their clinic. All centers met criteria 
established for ALS Association certifi ed multidisciplinary clin-
ics. Results were presented in a descriptive manner.  

   Results:  A total of 502 patients were seen during the six-month 
study period, range 35 to 220 patients per center. The total annu-
alized patient visits was 1,645. Non-salary direct and indirect 
expenses accounted for 3 – 14% of total expenses at four centers. 
Annualized staff salaries and benefi ts were  $ 1,016,405. The 
annualized mean non-salary direct and indirect cost was  $ 42,000, 
and mean annualized total expense was  $ 245,000 per center. 
Mean total expense per clinic day was  $ 5,800 and mean expense 
per patient per clinic was  $ 772. The mean annual expense per 
patient was  $ 2,737.  

   Discussion and conclusions:  Results from this pilot study 
provide an initial estimate of U.S. clinic costs and are useful 
in identifying the elements of cost of multidisciplinary care 
conforming to the AANPP.  

  Investigators decided to expand pilot data and obtain infor-
mation from a larger number of diverse centers (geography, 
size, and institution type) so as to garner more reliable and 
generalizable data. A new and expanded study is employing a 
prospective approach and also includes an estimate of clinical 
outcome measures to evaluate practice standards and patient 
satisfaction. Already underway, this three-month prospective 
descriptive, multi-center study examines costs associated with 
care provided at 15 U.S. geographically diverse sites providing 
multidisciplinary ALS care according to the AANPP. Initial 
data from the expanded study will be available for presenta-
tion at the Symposium.  
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   Background:  Research has begun to provide data on health 
service and equipment use by people with amyotrophic lateral 
sclerosis (ALS) in the US, Scotland, Southern Ireland and 
Spain. Studies have shown that health resource use increases 
progressively with disease severity and that a wide range of 
equipment is needed irrespective of disease onset site.  

   Objectives:  As part of a larger prospective, population-based 
study investigating decision-making about interventions in 
ALS, our objective was to measure longitudinal health service 
use by patients in South East England. Here we report our 
sample’s service use at study recruitment (baseline).  
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   Methods:  People with ALS were recruited from the South East 
ALS Register between six and sixty months post-diagnosis. At 
baseline, participants completed various physical, cognitive and 
psychological measures. Seventy-fi ve participants also com-
pleted a questionnaire about their use of inpatient, outpatient 
and community services over the preceding three months, and 
the informal help they received during this time. They were also 
asked about any equipment obtained and adaptations made to 
their home. Participants updated this information every three 
months until death or till the end of the study.  

   Results:  The sample had a mean age of 62.5 years (SD 11.7), 
and had been diagnosed on average 12.5 months prior to 
recruitment. Forty-nine were male. The majority had sporadic 
ALS (71) and non-bulbar onset (65). The mean ALSFRS-R 
score was 35.3 (SD 7.5). At baseline, very few patients had 
used inpatient services. Outpatient services were more fre-
quently used, with the majority (56%) seeing a neurologist 
within the preceding three months and 21% attending a hos-
pice day centre. The most commonly reported community 
service was the GP (72%). Relatively high numbers accessed 
occupational therapy (68%) and physiotherapy (63%). Speech 
therapy (SLT) input was less common (45%). Analysis of 
ALSFRS-R scores of those using/not using services revealed 
the largest differences in SLT, personal care and palliative care 
nursing, with users having greater symptom severity. SLT use 
differed according to region of onset and ALSFRS-R speech/
swallowing scores. Walking aids and manual wheelchairs 
(51%) were the most commonly used equipment types. Use 
of the latter was more common in those with lower ALS-
FRS-R scores. Few patients had major adaptations to their 
home. The amount of informal help received ranged from 
none to constant help (mean 20.2 hours/week).  

   Discussion:  This study characterizes current health service 
use, equipment and informal help received by people with 
ALS recruited from the South-East ALS Register on average 
12.5 months post-diagnosis. Symptom severity was meaning-
fully related to use of some services, and equipment and 
amount of informal help required, and service use was related 
to individual needs. Further publications will plot change in 
service use over time and examine relationships between serv-
ice use and intervention uptake.  

   Acknowledgements:  Funded by the MND Association UK.  
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  P156 IMPORTANCE OF SOCIAL WORK IN 
DEVELOPING PERFORMANCE MEASURES FOR 
ASSESSING CARE FOR PATIENTS WITH 
AMYOTROPHIC LATERAL SCLEROSIS (ALS)  
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   Background:  Social work plays a crucial role in the care 
of patients with amyotrophic lateral sclerosis (ALS). Social 

work is important in helping patients cope with the rendering 
of the diagnosis, learn about resources for implementing 
therapy, dealing with disability, and education and support 
for the end of life process.  

   Objective:  To identify the role of social work in increasing 
the proportion of patients who have advanced directives in 
place and increasing the deployment of appropriate hospice 
utilization among patients as the disease progresses.  

   Methods:  Social work involvement begins at the fi rst clinic 
visit when patients who may have ALS are being diagnosed. 
The initial indepth interview is followed by regular follow up 
sessions to complete advanced directives between regular 
clinic followup visits. At the ALS Multidisciplinary Clinic or 
ALS Ventilator Clinic followup visits social work intervention 
is optional but nearly universal. Social work involvement is 
needed for access to care, fi nancial support for treatments and 
home care, interactions with caregivers, involvement in end of 
life planning and access to hospice care. Performance meas-
ures evaluated for social work contributions to overall ALS 
care included proportion of patients completing advanced 
directives and proportion of patients receiving appropriate 
hospice care at end of life. Statistical analysis was performed 
with MedCalc Software (Leuven, Belgium).  

   Results:  Surprisingly the proportion of patients completing 
advanced directives was not 100%. In various groups 72.5    �    6.4 
% of patients completed advanced directives following the fi rst 
visit. In veterans with ALS who are served at our ALS clinics 
and who receive care at Department of Veterans Affairs, it was 
expected that the proportion of patients completing advanced 
directives would be 100% since that is a major feature of care 
in that hospital system, however, the proportion of veterans 
completing advanced directives was similar to the general 
population. The time from fi rst visit to completion of advanced 
directives was 9.2 months (95%CI    �    4.4 – 18.6 months). 
Involvement in hospice care was not universal in our clinics. 
More patients above 65 years were involved for a larger time 
than those patients under 65 years.  

   Conclusions : Social work performance measures identify 
areas for improvement in ALS care with needs to achieve 
higher compliance with respect to completing advanced direc-
tives and increasing the proportion of younger ALS patients 
who employ hospice support at the end of life.  
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  P157 WEEKLY AMYOTROPHIC LATERAL 
SCLEROSIS (ALS) PATIENT MANAGEMENT 
CONFERENCE – PIVOTAL ROLE IN PATIENT 
CARE QUALITY IMPROVEMENT, EDUCATIONAL 
AND COMMUNITY OUTREACH OF CAROLINAS 
NEUROMUSCULAR/ALS-MDA CENTER DISEASE-
SPECIFIC CARE CERTIFICATION PROCESS  
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   Keywords:   disease-specifi c certifi cation  ,   benchmarking  ,   multidisci-
plinary   

   Background:  Crucial to evidence-based guideline manage-
ment of the care of patients with amyotrophic lateral sclerosis 
(ALS) is a structure to implement at a per-patient level adher-
ence to these guidelines. Lessons from other diseases, includ-
ing cancer and cardiovascular disease, indicate that regular 
review of the diagnosis, initial and follow-up treatment deci-
sions, treatment deployment coupled with acceptance of and 
compliance with treatment are effi ciently managed with a 
multidisciplinary clinic model. Patient adherence to treatment 
over the course of disease and changes in recommended treat-
ment is aided by regular review at a per-patient level. The 
regular audit of patient care has been shown to increase time-
liness of proper diagnosis and treatment.  

   Objective:  To describe the structure and function of the 
Weekly ALS Patient Management Conference at the Caroli-
nas Neuromuscular/ALS-MDA Center in the Department of 
Neurology at the Carolinas Medical Center in the Carolinas 
Healthcare System in North Carolina and South Carolina.  

   Methods:  Patients from the Piedmont and western mountain 
regions of both North Carolina and South Carolina with 
uncertain, as well as established, diagnoses attend the weekly 
ALS Intake Clinics for a two-day multidisciplinary clinic 
evaluation. Each new patient ' s clinical summary is presented 
at the Weekly ALS Patient Management Conference by the 
MD, allowing input from each member of the multidiscipli-
nary clinic team. Treatment plans are formulated and any 
limitations to initiating these plans are identifi ed by the RN 
Clinic coordinator/staff. Each week, active patient problems 
identifi ed by telephone, email or direct contact are reviewed 
with formulation of potential solutions. Patients with clinical 
changes that warrant home visits are reviewed by the RN 
Homecare coordinator. Patients who attend the monthly one-
day Ventilator Clinic for patients with tracheostomy and per-
manent ventilation and who attend the monthly two-day 
Multidisciplinary Clinic for patients with and without non-
invasive ventilation are discussed at the weekly conference 
prioritized by number of new problems to be addressed. 
Patient Safety events during clinic, emergency department 
visits with and without hospitalization, palliative care, hospice 
and end-of-life referrals and deaths are reviewed. Minutes are 
kept in rotation by a staff member and circulated by secure 
email to staff members/allied health/other consultants who 

participate in the diverse clinic programs but who are not at 
the weekly conference.  

   Results:  In the period 2010 – 2011, 170 new patients were 
reviewed, of whom 12 had diagnoses other than ALS. Ventila-
tor clinic (31) and Multidisciplinary clinic (204) unique 
patients provided 124 and 816 encounter discussions. Home 
visits generated 398 discussions and patient problems gener-
ated 832 discussions. There were 8 patient clinic fall-related 
safety discussions. Deaths(62), hospice referrals (56) and hos-
pitalizations (19) were reviewed.  

   Conclusions:  Weekly ALS Patient Management Conference 
provides mechanism for 1) per-patient diagnosis, treatment 
plan review, 2) patient clinic review, 3) patient disease mile-
stone review and 4) patient co-morbidity review.  
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  P158 INTEGRATION OF HOME CARE INTO 
DISEASE-SPECIFIC CERTIFICATION BY HOME 
CARE RN COORDINATOR AT CAROLINAS 
NEUROMUSCULAR/ALS-MDA CENTER: 
DEVELOPMENT OF BENCHMARKS FOR 
IMPROVING PATIENT CARE  
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   Background:  Home care nurse visits are employed to pro-
vide care as well as monitor care given at home to patients 
with ALS. Home care may be divided by who provides the 
care: caregiver, non-hospice-care or hospice-care (1). The goal 
of the Carolinas Neuromuscular ALS-MDA Center RN 
Home Care Coordinator is to facilitate guideline-based care 
in the home setting for patients with ALS and in nursing 
homes when patients are cared for in that setting.  

   Objective:  To identify the elements of guideline-based care 
monitored in the Carolinas Neuromuscular ALS-MDA Center 
RN Home Care program.  

   Methods:  Home visits occurred per protocol by the Home 
RN Review of 418 home visits (48% M; 52% F) from 2010 –
 2011 at weekly ALS Patient Review conference to identify 
criteria for home visits and evaluate adherence to guideline-
based care as part of an on-going program to develop per-
formance measures for disease-specifi c certifi cation of care for 
patients with ALS  

   Results:  Home visits occurred following gastrostomy, tra-
cheostomy, recent hospitalization or emergency department 
visit to assess medication and equipment compliance as well 
as safety review to prevent falls at home. The mean time to 
fi rst home visit was 8.6    �    9.4 (standard deviation) months 
following fi rst clinic visit. Patients received 1 – 5 visits (mean 
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3.1    �    2.8) Patients had lower mean ALSFRS-R scores 
(18.2    �    20.3).Some patients who initiated non-invasive ven-
tilation were seen following respiratory therapy home visits 
when compliance issues were identifi ed. Home visits 
included monitoring wound care, assistive speech technol-
ogy, and initiation of home hospice and ALS care education 
for patients in nursing homes.  

   Conclusions:  Home visits occurred within one year 
following the fi rst clinic visit. Home visits identifying devi-
ations from guideline-based care were discussed at the 
Weekly ALS Patient Care Conference to develop potential 
interventions. Rates of deviation form guideline-based care 
provide benchmarks for future interventions to improve 
care at home.  

   Discussion:  Home visits provide a means to enhance compli-
ance to guideline-based care between clinic visits (2, 3).  

   Supported in part by:  Carolinas ALS Research Fund at the 
Carolinas Healthcare Foundation, Pinstripes Foundation, Joe 
Martin Foundation, Mike Rucker ALS Care Fund and Mus-
cular Dystrophy Association – ALS Division.  
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IN JAPAN  
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   Background : Co-ordinators for patients with intractable 
diseases (Co) are assigned to manage and supervise circum-
stance for each patient in most of the prefectures in Japan. 
They have been acting with multiple health professionals and 
have been supposed to seek further facilities not only for 
respite care, but also for long-term services. In addition, Co 
is involved in a wide range of activities for providing informa-
tion, running a workshop for health professionals, and doing 
research. However, there are considerable differences in 
work content, professional situation and condition for 
employment among prefectures. Such background may have 
made Co feel uneasy to maintain and improve expertise of 
their work.  

   Objective : To disclose current status of Co including their 
tasks, skills, intelligence, and behavioral pattern and propose 
what is needed for Co in Japan.  

   Methods : Subjects were Co or substitutes in charge of intrac-
table diseases in 47 prefectural governments. We sent a ques-
tionnaire for professional situation, cooperation with other 
health professionals, tasks for education, utilization of a guide-
book made by Co, achievement of the activity, work contents 
and condition for employment.  

   Results : Fifty fi ve Co were assigned in 39 prefectures (83% 
of Japanese prefectures) in February 2012. The collection 
rate was 82% retrieved from Co and 74% from prefectures. 
Co’s professional backgrounds were mostly nurses (39 were 
qualifi ed nurses, which included public health nurses, and 
6 were medical social workers). Condition for employments 
as Co was full-time in 29 and part-time in 16. Mean Co 
tenure was 47.5 months. Fourteen (30%) had been working 
as Co less than 17 months. Thirty one (68%) were assigned 
as only one Co in each prefecture. Twenty nine (64%) had 
reported no opportunity of training as a co-ordinator before 
becoming Co. After becoming it, 42 (93%) had participated 
in some workshops, and 37 (82%) attend to scientifi c meet-
ings in a year. Their self-job-evaluations were relatively 
good about consultation and cooperation with other health 
professionals, although they estimated lower on fi nding 
facilities for long-term service, respite care, or disaster con-
tingency planning. Co and prefectural governments had a 
similar view on workloads under very low budgets.  

   Conclusion : Co in Japan have limited opportunity for train-
ing and quite a few have a relatively short tenure. Co’s activ-
ities of fi nding facilities for long term and respite services are 
found to be still insuffi cient in Japan.  
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  P160 GUIDELINES ON NEUROLOGICAL 
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   Background : The European Association for Palliative Care 
and the European Federation of Neurological Societies have 
collaborated to produce guidelines on the palliative care of 
neurological disease, including ALS/MND. A taskforce of the 
EAPC has developed these guidelines and the authors are 
presenting the results on behalf of taskforce.  

   Objectives:  These guidelines are aimed at encouraging 
 collaborative working between neurology and specialist pal-
liative care services to improve the care of people with 
ALS/MND  

   Methods:  The guidelines have been developed from a litera-
ture search of relevant articles and using a group of experi-
enced clinicians and researchers in both palliative care and 
neurology to determine areas for the guidelines agree relevant 
supporting evidence for recommendations and grade the evi-
dence using the GRADE system.  

   Results:  The following areas of recommendations were 
made and will be presented with supporting evidence: Pal-
liative care should be considered early in the disease trajec-
tory; assessment of care should be by a multidisciplinary 
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team; patients should have access to a palliative care assess-
ment; communication with patients and families should be 
open, including setting of goals and therapy options; early 
advance care planning is recommended; recognition of 
deterioration over the last weeks and months is relevant for 
appropriate management; proactive assessment of physical 
and psycho-social issues reduces the need for crisis inter-
vention; the principles of symptom management should be 
applied to neurology; diagnosis of the dying phase allows 
appropriate management and standardised tools, such as 
the Liverpool care of the dying patients may be helpful; 
carers needs should be assessed regularly and support 
 provided before and after death; professionals should 
receive support and supervision; palliative care principles 
should be provided in the training and education of neu-
rologists; the understanding and management of neuro-
logical symptoms should be provided for specialist palliative 
care professionals.  

   Discussion:  The development of the guidelines has allowed 
recommendations on practice for the care of people with 
neurological disease, including ALS/MND. These will be 
disseminated to both neurology and palliative care clinicians 
with the aim of improving the care and quality of life of these 
patients and their families.  

DOI: 10.3109/17482968.2012.721231/255

  P161 PRELIMINARY EVALUATION OF END-
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   Background:  In Denmark, 130 patients are diagnosed with 
MND annually. Of these, 90 – 95% are referred to the Danish 
Rehabilitation Centre for Neuromuscular Diseases (RCfM). 
RCfM is a specialized centre of excellence for Neuromuscular 
Disorders. RCfM functions as a key player in the co-ordina-
tion of a joint care effort among patients, hospitals and local 
professionals, and assist affected families with guidance 
throughout the entire course of the disease. In spite of the 
specialized care, there is still very little knowledge about the 
terminal phase and end-of-life care for MND patients in 
Denmark.  

   Objectives:  To examine the following during the terminal 
phase: Where do MND patients die? Was the time of death 
expected by the family and relatives? How many patients use 
PEG tube, non invasive ventilation (NIV) or invasive ventila-
tion (IV)? Is morphine used? How satisfi ed are the relatives 
with the support offered?  

   Methods:  Information was gathered through telephone 
interviews with the closest relatives or the health profession-
als, who answered questions about the death from a struc-
tured questionnaire.  

   Results:  During the period 1 February 2011–31 January 
2012, 120 MND patients died at a mean age of 68 years 
(range 43 – 97 years). 65% of them were married, 29% were 
single, and 6% was unknown. 53% of the replies came from 

relatives, 41% from health professionals and 6% were not 
available. 38% died in their own home, 30% at a hospital, 
17% in a nursing home, 7% at a hospice, and the place of 
death for 10% was unknown. 49% died in a desired place, 8% 
in a non-desired place and for the remaining 43% the answer 
was not available. From the point of view of the relatives, 54% 
died at the expected time, 28% at an unexpected time and for 
12% the answer was not available. At the time of death, 60% 
had a PEG tube and in terms of respiratory care, 16% died 
using NIV whereas 13% were on IV. During the terminal 
phase, morphine was prescribed for palliative treatment in 
50% of cases.  

   Discussion and conclusion:  The terminal phase is diffi cult 
to handle without professional help and guidance, and it is 
crucial to have a well-structured care plan. Insecurity and 
anxiety are common feelings, and even if the patient wants to 
die at home, he/she only succeeds in some 50% of the cases. 
In Denmark only few (7%) are in a hospice during the termi-
nal phase. According to their relatives, approximately one 
third of the patients died unexpectedly.  

  Among the Danish MND population, two thirds had a 
PEG tube and almost one third uses respiratory aids such as 
NIV/IV. Data from the study of satisfaction with end-of-life 
care among relatives will be presented.  
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   Background:  The manner in which physicians break bad 
news has been identifi ed as an area of discontent for patients 
with amyotrophic lateral sclerosis (ALS).(1,2) The American 
Academy of Neurology ' s Practice Parameter for care of the 
ALS Patient identifi ed the following research recommenda-
tion:  “ include disclosure techniques in medical curricula and 
to evaluate their implementation. ”   

   Objectives:  To explore the need for medical education as it 
pertains to residents ’  ability to break bad news when com-
municating the diagnosis of ALS.  

   Methods:  Residents were videotaped and graded by two ALS 
neurologists as they broke the bad news of an ALS diagnosis 
to a patient actor during an objective structured clinical exam-
ination (OSCE). OSCEs have been shown to be successful in 
measuring communication skill. (3) Residents completed a 
self-assessment checklist before and after they watched their 
own videotaped performance.  

  Formation of the checklist was infl uenced by the existing 
American Academy of Neurology and European Federation 
of Neurological Societies guidelines (4,5) and the  “ SPIKES ”  
protocol(6). The checklist comprised the following subgroups: 
action, communication, empathy. Ethics approval was acquired 
through the Health Research Ethics Board at the University 
of Alberta Hospital. Informed consent was obtained from all 
participating residents.  

   Results:  Twenty-two residents from the Universities of 
Alberta, Calgary and Saskatchewan participated in the study. 
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Residents are defi ned as physicians in training in a fi ve year 
post-graduate accredited program in neurology. The examin-
ers found that resident performance on the OSCE was often 
suboptimal, particularly in the areas of communication and 
empathy. The mean scores for the subgroups were 62% and 
65% respectively. The failure rate for the station was also high; 
approximately one quarter of residents were unsuccessful. 
There was good correlation between the two examiners ’  scores 
for the grand total score, and the subgroup totals for action 
and communication. Residents ’  scores (64%) more closely 
resembled the examiners ’  after watching their own videotaped 
performance for grand total of all subgroup gradings.  

   Discussion:  To our knowledge, this is the fi rst study to 
evaluate use of a videotaped OSCE as a medical education 
tool in the specifi c scenario of delivering the diffi cult diag-
nosis of ALS. The examiners ’  gradings of the residents 
identifi ed areas in which performance in breaking bad news 
can be improved. The fact that residents ’  self-assessment 
was improved after watching their videotaped performance 
suggests that this may be a helpful addition to neurological 
training programs.  

   Conclusion:  There is a need for resident education in 
breaking bad news when communicating the diagnosis of 
ALS. The exercise of watching their own videotaped perform-
ance appeared to be effective in facilitating more accurate 
self-assessment by the residents.  

DOI: 10.3109/17482968.2012.721231/257
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   Background:  ALS/MND patients and families deserve clini-
cians with good communication skills. Research on what to 
say and how to say it is sparse. The Practice Parameter for 
ALS from the American Academy of Neurology (1, 2) has 
suggested further research in the following areas related to 
communication:  

   •   patient/caregiver perceptions of how the diagnosis was dis-
closed  

   •  effects of disclosure technique on future coping  
   •   the impact of cultural and social factors on disclosure tech-

nique.  

   Objectives:  In early 2012, the UK’s National Institute for 
Health and Clinical Excellence (NICE) produced evidence-
based recommendations on how to optimise patients ’  experi-
ence of healthcare systems (3). As well as reviewing existing 
research from different parts of the world, including North 
America, NICE performed a patient experience scoping study 
which came up with evidence of relevance to optimal com-
munication. The objective of this paper is to see whether the 
evidence for the NICE guidelines informs the Practice Param-
eter research questions.  

   Methods:  The NICE recommendations were studied to see 
if they shed further light on the Practice Parameter research 
questions relating to communication issues.  

   Results:      Of the 68 guidelines, 58 (85%) were related to some 
component of communication. This shows the importance of 
good communication to patient and family experience.  

  The following themes were of particular relevance to the 
questions posed by the Practice Parameter and are examined 
in more detail in this paper:  

   •  respect and empathy from clinicians  
   •  shared non-judgmental decision-making  
   •   negotiating individualised patient and family care accord-

ing to their particular health and cultural beliefs  

   Discussion:  While ALS is not amenable to cure, aspects of 
communication are even more crucial to how patients and 
their families cope with the disease. The remit and design of 
the NICE review was to produce guidelines which were 
generic to all disease states and settings. Whilst it is possible 
that the nature of ALS and its effects on patients mean that 
generic guidance is not always relevant, the recommendations 
were specifi cally formulated to be applicable to any diagnosis 
carrying a high disease burden.  

   Conclusion:  Evaluating different aspects of communica-
tion in ALS through research remains a challenge, espe-
cially in a disease which can affect patients ’  own 
communication abilities. However, increasing evidence is 
combined with previous expert opinion in guiding clini-
cians in this important area. The other on-going challenge, 
through education, constant updating and practice, is to 
make such practice widespread.  
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   Background:  Hope is regarded as a fundamental element 
contributing to enhancement of quality of life for people who 
are dying (1). Studies have explored hope in ALS/MND (2) 
but limitations of size or design contribute to ambiguity 
regarding the nature of hope in ALS/MND.  

   Objectives:  To explore the personal experience of living 
with ALS/MND as documented in personal illness narra-
tives, written by people diagnosed with the illness and 
examine the phenomenon of hope as it is experienced and 
displayed.  

   Methods:  We have previously reported the processes used for 
locating published and unpublished personal illness narratives 
about life with ALS/MND. The 161 narratives identifi ed were 
subject to content and thematic analysis. Data management 
was aided by Nvivo 7 software.  
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   Results:  Narrators revealed the presence of two main types 
of hope, Desired Hope and Anticipated Hope. The fi rst refl ects 
an  ‘ ideal world ’  situation with often unrealistic expectations, 
whereas Anticipated Hope involves  ‘ real world ’  circumstances 
with a greater possibility of achievement. People with ALS/
MND balance these hopes as a means of coping with their 
illness. There is also evidence of activities and interactions 
which sustain hope and those which deplete it. Some narra-
tors demonstrated a third type, Pervading Hope, primarily 
focused on a cure.  

   Conclusions:  This study has demonstrated the importance 
of balancing different types of hope in coping with the effects 
of ALS/MND. There are implications for health professionals 
who must recognise the benefi ts to patients in having both 
Desired and Anticipated Hope. Hope should not be dismissed 
based on a subjective opinion which associates hope in termi-
nal illness with a cure and as such regards hope in ALS/MND 
as unrealistic. Hope should be regarded as an important 
resource for coping with ALS/MND.  
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   Background:  The ALS-Specifi c Quality of Life Instrument-
Revised (ALSSQOL-R) has been validated in English-speak-
ing patients at 12 American ALS clinics. The QOL experience 
of individuals in other countries has not been explored with 
this instrument.  

   Objectives:  1) To determine whether ALSSQOL-R scores 
differ in patients with ALS in other countries from those in 
the United States; 2) To examine the relationship of QOL to 
function in several countries.  

   Methods:  Three Canadian, 1 Swiss and 1 Israeli ALS Center 
recruited individuals with defi nite, probable, probable laborato-
ry-supported, or possible ALS. The ALSSQOL-R was admin-
istered to subjects in their native language. The range of possible 
scores was 0 (worst QOL) to 10 (best QOL). Function was 
assessed using the ALS Functional Rating Scale-Revised 
(ALSSFRS-R). Pearson correlations and one-way analysis of 

variance (ANOVA) were calculated. P    �    0.05 was taken as sig-
nifi cant. The study was approved by the Institutional Review 
Board or Ethics Committee of each institution.  

   Results:  385 American, 52 Canadian, 34 Swiss, and 19 Israeli 
subjects were recruited. Mean ages in years were 60.8 (US), 
60.9 (Canada), 60.5 (Switzerland), and 58.26 (Israel). Duration 
of disease in months ranged from 39.9 (US) to 45.8 (Canada), 
47.6 (Switzerland), and 34.7 (Israel). There were no signifi cant 
differences in disease duration or age in the samples. The US 
mean ALSFRSR score (33.16, SD 7.86) was not signifi cantly 
different from the Canadian (31.52, SD 8.60) or Swiss (35.47, 
SD 7.96) samples but was signifi cantly higher than the Israeli 
sample (26.79, SD 10.83). The mean ALSSQOL-R of the 
American sample (6.96, SD 1.27) was signifi cantly higher than 
the Canadian (5.92, SD 1.10), Swiss (5.07, SD 1.0) and Israeli 
(5.74, SD 0.98) samples (p    �    0.001).  

  The American sample demonstrated a positive correlation 
of QOL and function (r    �    0.191, p    �    0.001). Neither the 
Canadian, Swiss or Israeli samples demonstrated signifi cant 
correlations between QOL and function.  

   Discussion and conclusions:  Self-reported QOL in 
patients with ALS as measured by the ALSSQOL-R and the 
relationships of QOL to function differed in the 4 countries 
studied. The ALSSQOL-R was developed and normalized 
using residents of the United States, and it is unknown 
whether the construct of QOL, the factors which account for 
it, and the items within those factors are similar among ALS 
patients from different countries and cultures. Caution is 
needed when measuring QOL in groups which differ from 
those engaged to establish normal values for the instrument 
being used.  
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   Background:  While analyses of clinical trial data may dem-
onstrate statistically signifi cant differences, it is not known 
whether such differences are meaningful to study participants 
or their caregivers. This study was designed to address this 
question by developing a methodology to evaluate clinically 
meaningful changes among participants.  

   Objectives:  To identify the extent to which measures of per-
ceived change and their impact on the patient are related to 
changes on the ALSFRS-R over a 6-month interval.  

   Method:  Patients with defi nite or probable ALS, who were 
able to speak on the telephone, and a family caregiver were 
enrolled at 5 Network sites and were interviewed at base-
line, 3 and 6 months. Measures included the ALSFRS-R 
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with additional ratings addressing each of the 4 subscale 
domains: perceived amount of change (10-point scale), 
direction of change (positive or negative), and its impact 
(10-point scale) as perceived by the patient. In addition, a 
4-item scale of Clinical Global Improvement addressing 
physical, emotional, social and overall life quality was rated 
(7-point scale). We report selected fi ndings describing 
change over 6 months.  

   Results:  60 patients completed the 6-month study. Mean age 
was 60, 43% were female, 88% completed some college, and 
30% were working part or full time. Mean baseline ALSFRS-R 
was 33 (SD    �    7, range    �    9 – 47).  

  Mean change over six months on the ALSFRS-R was �5.0, 
and for the 4 subscales as follows: Bulbar    �    �0.78, Fine 
Motor    �    �1.60, Gross Motor    �    �1.80 and Respira-
tory    �    �0.65. Each of the Change and Impact ratings corre-
lated signifi cantly (p    �    0.05) with the corresponding 
ALSFRS-R subscale change scores with the exception of the 
Respiratory domain which showed the least change in ALS-
FRS-R subscale score. A 1-point decrease on the ALSFRS-R 
subscales was associated with increased Impact ratings as fol-
lows: Bulbar    �    2.9, Fine Motor    �    3.8, Gross Motor    �    4.5 and 
Respiratory    �    1.9. Backwards stepwise regressions were con-
ducted separately for the 4 ALSFRS domains with the Impact 
rating as the dependent variable. Independent variables 
included: change in ALSFRS-R subscale, the patient’s rating 
of Change, and 4 CGI scales. For each domain, the patient’s 
Change rating was the only variable that accounted for a sig-
nifi cant portion variance (all p values    �    0.001), with the 
exception of Respiratory, where the CGI-physical scale was 
also signifi cant (p    �    0.05).  

   Discussion:  These preliminary analyses suggest that patients ’  
ratings of perceived change and the impact of that change, as 
it pertains to specifi c areas affected by ALS, may contribute 
to our understanding of what is clinically meaningful. Ratings 
that assess broader life areas were not successful in contribut-
ing to this understanding. Patients enrolled in this interview 
study were able to communicate by telephone and thus are 
not representative of the total ALS population.  

DOI: 10.3109/17482968.2012.721231/261

  P167 PERCEPTION OF ALS PATIENTS, 
DOCTORS AND CAREGIVERS REGARDING 
CLINICAL MANAGEMENT  

   RODRÍGUEZ-RIVERA   FJ  1   ,    OREJA GUEVARA   C  1   , 
   MASCÍAS-CADAVID   J  2   ,    MU Ñ OZ-BLANCO   JL  3   , 
   ESTEBAN   J  4   ,    GALÁN-DÁVILA   L  5   ,    VILLANUEVA   JL  6   

   1 Hospital Universitario La Paz, Madrid, Spain,  2 Hospital Carlos 
III, Madrid, Spain,  3 Hospital Gregorio Mara ñ  ó n, Madrid, Spain,  
4 Hospital Doce de Octubre, Madrid, Spain,  5 Hospital Cl í nico san 
Carlos, Madrid, Spain,  6  Consejer í a sanidad, Madrid, Spain   

   Email address for correspondence: rodriguezderivera@yahoo.es   

   Keywords:   quality of life  ,   perception  ,   decisions   

   Background:  Noninvasive positive pressure ventilation 
(NIPPV) increases survival and improves patient’s quality of 
life. Invasive mechanical ventilation (IMV) can prolong sur-
vival in ALS. Percutaneous endoscopic gastrostomy (PEG) 
improves nutrition but also no improvement in QOL is known. 
The use of these procedures has often been controversial.  

   Objectives:  To evaluate the point of view of ALS patients, 
carers and physicians about the use of NIPPV, IMV and 
PEG.  

   Methods:  30 ALS patients, 30 caregivers and 30 physicians 
from four different hospitals were examined with a cross-
sectional survey. The survey consists of three groups of ques-
tions related to the acceptance or refusal the procedures in 
different levels.  

   Results:  Patients: mean age: 56.5; 76% were males; mean 
ALSFRS 31.6; duration of disease 568.6 days (sd 354.4); 
FVC 72.6. 90% of ALS patients have a carer. All doctors agree 
to use NIPPV in all patients and situations and 96% of them 
to use the PEG for nutrition. With regard to NIPPV, 50% of 
patients agree with the opinion of physicians and caregivers 
and 26.6% agree regarding PEG. IMV was the most contro-
versial procedure, only in 20% of patients accepted IMV like 
the caregivers and doctors. Physicians showed very different 
opinions: from acceptance to the rejection of this procedure.  

   Conclusion:  The perception of the patients, caregivers and 
doctors in relation to PEG, IMV and NIPPV is very different. 
Decisions should be taken by all together.  
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   Background:  People with MND can experience a number 
of hospital admissions throughout the course of their illness. 
These may be planned admissions for specifi c interventions 
or emergency hospitalisation as a result of the development 
of concomitant illness or advancement of their condition.  

   Objectives:  The aim of this study was to explore experiences 
of hospitalisation following a diagnosis of MND from the per-
spective of family carers of people diagnosed with the illness.  

   Methods:  The study reports on a secondary analysis of pre-
existing data from two previously published qualitative studies 
conducted separately by the authors in Northwest England. 
During discussions between the primary researchers, the 
extent to which experience of hospitalisation was present in 
the data became apparent. Signifi cant similarities were evi-
dent in the datasets which made it viable to pool data and 
undertake a new and distinctive analysis; this topic was not 
the primary focus of the previous studies. Only interview tran-
scripts that featured experiences of hospitalisation were 
included in the secondary analysis; the pooled sample there-
fore consisted of 10/11 bereaved carers from study 1 and 
10/10 bereaved carers together with 3/18 current carers from 
study 2. The latter study also involved interviews with people 
with MND, but these data were not included in the secondary 
analysis as the focus was on carer perspectives.  

   Results:  A number of issues emerged from the analysis. 
There were distinct differences in standards of care between 
planned and unplanned admissions and within specialist 
and general wards. Basic care was lacking at times as 
was the understanding of how to care for someone with 
MND. Relatives became educators to overcome defi cits in 
professionals ’  knowledge. Communication between staff 
and some patients/relatives was unsatisfactory with patient 
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preferences disregarded at times. The fi nal memories of 
loved ones were affected by relatives ’  experiences of hospi-
tal care at that time.  

   Conclusions:  This study has, for the fi rst time, provided insight 
into the perspectives of carers of people with MND specifi cally 
regarding hospital care received subsequent to a diagnosis of 
MND. There are distinct implications for the delivery of hospi-
tal based care, whether it is planned or unplanned.  
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   Background:  There are compounds in development for the 
treatment of amyotrophic lateral sclerosis (ALS). In addition to 
proving a benefi cial effect on survival and function, research is 
needed to quantify economic losses, caregiver burden, and 
quality of life impact associated with ALS at different stages of 
the disease. We sought to investigate lost productivity, caregiver 
burden, and quality of life among patients with ALS (PALS) 
and caregivers (CALS). This survey is designed to explore rela-
tionships between PALS disease severity, functional impair-
ment milestones and the socioeconomic burden on CALS.  

   Methods:  PALS and CALS who participate in Patients-
LikeMe, an online data-sharing platform for people with seri-
ous illnesses, were invited to take an online survey. Inclusion 
criteria for participation in the survey were: US residence, 
activity on PatientsLikeMe in the past 120 days, a self-reported 
diagnosis of ALS or identifi cation as a CALS who serves as 
the main provider of help and care to a person with ALS; 
CALS may be a spouse, parent, child, other relative, friend, or 
professional caregiver. Both PALS and CALS completed infor-
mation on demographics, the Health and Work Performance 
questionnaire (HPQ), and the EuroQoL EQ5D-3L. Addition-
ally, PALS completed the ALSFRS-EX (Extension items) and 
ALS Assessment Questionnaire (ALSAQ-5). CALS completed 
the Caregiver Burden Inventory (CBI).  

   Results:  Recruitment is ongoing throughout 2012 but an 
interim analysis was performed with 31 matched pairs. Both 
groups were similar in age (mean age, 57 years) with CALS 
slightly more likely to be female. Mean ALSFRS-R score in 
PALS was 25.6, although the range of scores was wide. As 
expected, PALS reported a worse quality of life on the EQ5D-3L 
VAS than their caregivers (61.3 vs 77.9; P    �    0.002), though 
results showed a great deal of variability. More CALS were work-
ing for pay than PALS (53% vs 16%; P    �    0.001). PALS primarily 
contributed via housework; CALS shouldered a variety of 
responsibilities in addition to caregiving, including employment, 
childcare, and housework. Most CALS (87%) reported having 
had to change work in some way owing to their PALS ’  illness, 
with many using vacation days (54%), reduced working hours 
(46%), or resigning from their job (33%). In terms of caregiver 
burden, there was a relationship between the negative aspects of 
caregiving (e.g. burden) and ALSFRS-R (R-squared    �    0.338, 
P    �    0.001); 52% of CALS were above the threshold for the CBI’s 
cut off of 36 for  ‘ caregiver burnout ’  warning.  

   Discussion and conclusions:  Preliminary results suggest a 
high level of burden for CALS across a number of domains 
(e.g., socioeconomic impairment, personal responsibilities, 
anxiety, depression, and pain).This project aims to describe 
the impact that ALS can have on PALS, CALS, and society 
more broadly, with a secondary goal of identifying specifi c 
infl ection points in the disease that might trigger signifi cant 
PALS and CALS burden.  
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   Background:  As amyotrophic lateral sclerosis (ALS) and 
primary lateral sclerosis (PLS) progress, caregivers provide 
increasing physical and emotional supports to patients. The 
impact over time on caregivers is not clear.  

   Objectives:  To understand the evolution during the ALS/
PLS disease trajectory of caregivers ’  perceptions of their abil-
ity to assist patients, and on the caregivers ’  supports, health, 
and quality of life (QOL).  

   Methods:  This was a prospective, IRB-approved study in 
which a questionnaire was sent to caregivers of patients with 
ALS or PLS prior to each outpatient clinic appointment, usu-
ally once every 3 months. Caregivers were asked to assess their 
level of concern (worry, anxiety, unease) with providing each 
of 17 caregiving activities. Caregivers also were asked to iden-
tify those activities which were supportive to them, and to 
answer questions about their health and quality of life 
(QOL).  

   Results:  239 caregivers were enrolled. The mean age was 58.8 
years, 67% were women, and 78.6% were spouses. Factor 
analysis resulted in two scales which accounted for 43.19% and 
13.01% percent of the variance in level of concern with provid-
ing caregiving activities. Scale 1 included 9 activities of daily 
living (ADL) such as assistance with medications, feeding, and 
mobility; chronbach’s alpha    �    0.91. Scale 2 included 8 psycho-
social activities such as emotional/spiritual support, encourag-
ing the patient to participate in activities, and assisting with 
insurance issues and community programs; chronbach’s 
alpha    �    0.87. Three assessments over 6 – 8 months were com-
pleted by109 caregivers for longitudinal analysis. The mean age 
was 58.8 years, 66% were women and 78.9% were spouses. 
Repeated measures analyses of variance found signifi cant 
increases in concerns over time for both the ADL and Psycho-
social Task subscales ( p    �     0.004), with signifi cant effects for the 
time by gender interaction for both scales ( p    �     0.02), in which 
the concerns of the women increased and approached the 
higher levels of the men. There was a signifi cant (F(1,38)    �    5.55, 
 p    �     0.02) gender effect for the number of supportive activities 
engaged in, with women greater than men at each point, 
although this diminished over time as women gave up some of 
these activities. There were no signifi cant changes over time in 
QOL and health measures, but women had somewhat higher 

A
m

yo
tr

op
h 

L
at

er
al

 S
cl

er
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
81

.1
1.

22
1.

80
 o

n 
12

/1
3/

12
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



Poster Communications    Multidisciplinary Care and Quality of Life 145

QOL scores at all points, and women’s reports of depression 
began to increase relative to men’s at the third time point.  

   Discussion and conclusions:  Caregivers became more con-
cerned about their ability to provide caregiving activities over 
time, with a decrease of the initial advantage of women over 
men. Women engaged in more support activities than did 
men, but this decreased over time. Caregiving in motor neu-
ron disease appears to be a dynamic process. Ongoing mon-
itoring and re-assessment of caregivers is necessary to identify 
appropriate interventions throughout the disease trajectory.  
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   Background:  The progression of muscle weakness in amyo-
trophic lateral sclerosis (ALS) leads to respiratory complications 
with airway secretion encumberment from ineffective cough-
ing. Mechanical in-exsuffl ation (MI-E) can be applied to help 
eliminate secretion for patients with impaired cough. The 
introduction of technology from the hospital setting into the 
home leads to increasingly specialized and complex challenges 
for patients, informal caregivers and community healthcare 
professionals. How does the use of medical technology infl u-
ence on the interaction between different actors in the home 
arena? And how does technology infl uence patients ’  experi-
ences of their illness? The complexity of managing a severe 
disease, such as ALS, will challenge healthcare professionals 
in offering an optimal treatment for these patients.  

   Objective:  To examine patients with ALS and their caregiv-
ers ’  experiences when using the MI-E to enhance coughing. 
The study focused on user confi dence, and what infl uence the 
MI-E had on relationships between the actors, as well as on 
the patients ́  illness perception.  

   Methods:  We did a qualitative study, using semi-structured 
in-depth interviews with patients with ALS and their caregiv-
ers. Eleven interviews were performed with fi ve patients and 
six caregivers. The material was analyzed using systematic 
text condensation. Actor-network theory (ANT) was used as 
a framework to understand the concept of interactions in 
heterogeneous network when technology is used in medical 
treatment.  

   Results:  We organized the fi ndings into three themes; 1) 
Trust and confi dence, 2) competency and 3) usage patterns 
and effect. The fi ndings showed that confi dence and user 
competency were essential aspects for both patients and car-
egivers in order to be comfortable using the MI-E. The rela-
tionships between patient and caregiver affected the experience 
of using the MI-E. Both patients and caregivers reported that 
the MI-E had positive and negative impact on their daily life. 
It was a challenge to achieve good transference of skills in 
operating the MI-E to every caregiver when there were many 
caregivers involved. The use of the MI-E differed due to var-
ious reasons beyond the effect on eliminating secretion. Using 

the MI-E, at times, made the disease progression more appar-
ent for the patient.  

   Discussion and conclusions:  These fi ndings show that the 
complexity of caring increases when a technological device is 
introduced into the patient’s home. By applying a sociological 
perspective, the diversity in the interaction between humans 
and technology, beyond the medical intent of the technical 
device, can be displayed. Healthcare professionals at all levels 
need to take into account social and individual aspects when 
introducing the MI-E to patients with ALS. Further research 
is needed to improve the knowledge of how interactions in a 
network impact on patients and caregivers ’  perception of pur-
pose and confi dence when medical technology is introduced.  
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  P172 PHYSIOTHERAPY AND EXERCISE TO 
PATIENTS WITH AMYOTROPHIC LATERAL 
SCLEROSIS (ALS)  

  VERSTERRE S  

   Gladsaxe Community, Copenhagen, Denmark   

   Email address for correspondence: s.v@net.telenor.dk   

   Keywords:   physiotherapy  ,   exercise therapy  ,   clinical guideline   

   Background:  Physiotherapists in Denmark have an impor-
tant role in guidance regarding respiration, exercise and 
assistive devices to patients with amyotrophic lateral 
sclerosis (ALS). There is no current consensus among 
physiotherapists in Denmark about which treatments to use 
and when to use them. In the literature very few papers 
describe treatment given by physiotherapists to patients 
with ALS.  

  The aim of this study is to investigate which treatments are 
used, the evidence for these treatments and whether it is pos-
sible to create consensus on a clinical guideline in Denmark 
built on clinical experience and evidence.  

  The study started on 1 January 2012 with expected comple-
tion in December 2012.  

   Objectives:  13 hospitals in Denmark diagnose and treat 
patients with ALS. They all have an ALS-team with at 
least one physiotherapist. All 13 teams are included in this 
study. The populations in the area of the 13 hospitals are 
comparable.  

   Methods:  The study consists of three steps:  

  Step one: 16 team-physiotherapists have received and 
answered a semi-structured questionnaire about their treat-
ment strategies for patients with ALS.  
  Step two: A systematic search for literature in the databases 
Medline, Cinahl, Cochrane and Pedro was made. Publica-
tions of evidence level Ia and Ib were read systematically 
and critically.  
  Step three: All team-physiotherapists were invited to a workshop 
with focus on discussion of evidence and treatment strategies.  

   Results:  The aim of this study is to reach consensus about 
the physiotherapy treatments for patients with ALS in the 
hospitals in Denmark and to publish a national clinical 
guideline.  

  Step one: 16 out of 19 physiotherapists answered the ques-
tionnaire. All physiotherapists give instructions to patients in 
exercises and respiratory aid and support, but the instructions 
were different in each of the 13 hospitals.  
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  Step two: 7 papers about exercises and 14 papers about res-
piratory support and exercise were included for critical read-
ing. There was good evidence for non-invasive ventilation 
(NIV) but no guidelines for exercises were found.  
  Step three: 12 hospitals were represented by physiothera-
pists at the workshop. Agreement was reached on a clinical 
guideline.  

  Knowledge from clinical practice and evidence from the lit-
erature will result in a national clinical guideline. The guide-
line will include optimal time for respiratory aid and support, 
guidance on respiratory support, training instructions and 
cough-support.  

   Discussion and conclusion:  We have found good clinical 
practice points for training in our literature study but no 
strong evidence. Several studies recommend NIV as a res-
piratory support also in the early stage of ALS. In the 
future, physiotherapists in Denmark will focus on earlier 
use of NIV, regular tests of lung function and recommenda-
tions on exercise.  
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  P173 AQUATIC PHYSICAL THERAPY PROGRAM 
FOR AMYOTROPHIC LATERAL SCLEROSIS (ALS) 
PATIENTS  

   SILVA   T  1,2   ,    SILVA   E  2   ,    MORAES   P  1   ,    MEDEIROS   E  1   , 
   BORBA ANA   D  2   ,    SILVA   S  2   ,    OLIVEIRA   A  1,2    

  1 UNIFESP-EPM, Sao Paulo, Brazil,  2  Reabilitacao Neurologica 
Aquatica, Sao Paulo, Brazil   

   Email address for correspondence: tatimsilva@gmail.com   

   Keywords:   aquatic physical therapy  ,   function  ,   pain   

   Background:  Despite a recognized need for a physical 
therapy (PT) program to care for people with motor neuron 
disease (MND), access to PT is often delayed. The aim of 
aquatic PT in patients with ALS is to maintain the patients ’  
health related to functionality, and quality of life (QoL) as well 
as minimizing their fatigue.  

   Objectives:  To verify the benefi cial effects of an aquatic PT 
program for ALS patients as applies to increased strength and 
function; as well as minimizing pain and fatigue, and overall 
QoL improvements.  

   Method:  A prospective study of patients with sporadic ALS 
(n    �    4) was conducted. Patients were submitted to a 12 week 
program consisting of 24 sessions of aquatic PT in a heated 
33 ° C pool, twice a week, for 45 minutes each session. Standard-
ized assessments were used to evaluate patients before and 
after the 12 week treatment period by the following scales: 
ALSFRS-R, Manual Measurement Test for strength, Fatigue 
Severity Scale and Visual Analogic scale for pain.  

   Results:  Evaluation of the patient questionnaires revealed 
that muscle groups were able to maintain their strength, as 
well as most ALSFRS-R items (33.5    �    2.5 before and 
30.25    �    5.1 after), and QoL. All patients stated that they had 
decreases in both pain and fatigue.  

   Conclusion:  Recognizing ALS as a progressive and incurable 
disease, a program of aquatic PT designed specifi cally for this 
group of patients produced exemplary results. Aquatic PT 
both delayed the evolution of the disease and helped maintain 

muscle strength, physical function and QoL as well as 
decreased pain and fatigue.  
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  P174 A SURVEY OF HEALTH CARE 
PROFESSIONALS ’  VIEWS ON EXERCISE AS A 
TREATMENT FOR PERSONS DIAGNOSED WITH 
AMYOTROPHIC LATERAL SCLEROSIS  

   LEWIS   M  1,2   ,    RUSHANAN   S  1,2   

   1 GSPP at Pennsylvania Hospital, UPENN Health System, Phil-
adelphia, PA, USA,  2  ALS Association, Greater Philadelphia 
Chapter, Philadelphia, PA, USA   

   Email address for correspondence: michele.lewis@uphs.upenn.edu   

   Keywords:   survey  ,   exercise  ,   therapy   

   Background:  Few published studies exist that examine the 
effects of exercise on persons with amyotrophic lateral sclero-
sis (ALS). Available studies have not shown adverse effects of 
exercise, but they also have not shown conclusive long-term 
benefi ts. (1,2) As there is no standard of care, health care 
providers must decide on their own whether exercise should 
be prescribed to this population.  

   Objectives:  The purpose of this study is to clarify what 
exercises, if any, health care professionals in the United 
States (US) are prescribing to persons diagnosed with ALS 
and determine what research and experience-based views 
professionals working regularly with persons diagnosed 
with ALS hold.  

   Methods:  A survey of 12 questions regarding ALS and 
exercise and 3 questions requesting demographic informa-
tion was developed. A link to this survey was sent to ALS 
Association Chapters and Muscular Dystrophy Association 
ALS Clinics in the continental US. A letter sent with the 
link asked all physical therapists, occupational therapists, 
neurologists and physiatrists associated with the center to 
fi ll out the survey. Survey Monkey collected data.  

   Results:  After incomplete responses were omitted, 109 
responses were used to compute results. Thirty-nine per-
cent of respondents said they only recommend active exer-
cise to persons with ALS if exercise was part of the person ' s 
lifestyle pre-diagnosis. Thirty-six percent of respondents 
said they recommend active exercise to all persons with 
ALS, but 92% clarifi ed this statement with comments such 
as  “ depending on fatigue level ” . The other 24.7% of 
respondents do not recommend active exercise to any per-
sons diagnosed with ALS. Only 20% of respondents think 
exercise maintains strength while less than 5% think exer-
cise improves strength in persons with ALS. Contrary to 
prior published research examining exercise and ALS, 
many respondents reported that, in their experience, exer-
cise by persons with ALS could have adverse effects, 
such as falls, fatigue and rapid strength loss. Only 32% 
of respondents listed previously published literature 
when asked about articles they refer to regarding ALS and 
exercise.  

   Discussion:  There is some variation in exercise prescrip-
tion among healthcare professionals who have experience 
with persons diagnosed with ALS. Many professionals 
believe that exercise prescription should be done on a case-
by-case basis for persons with ALS as both positive and 
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negative effects can result. Experience has not shown con-
clusively that exercise is benefi cial for maintaining or 
increasing strength in persons with ALS.  

   Conclusion:  Further research is needed to standardize 
prescription of exercise in persons with ALS. Development 
of an algorithm, taking variables such as lifestyle and fatigue 
into consideration, rather than a general prescription may 
be most effective.  
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   Background:  Fatigue is a persistent and disabling symptom 
for MND patients. Research studies evaluating the relation-
ship of fatigue and other disease factors, including depression 
and functional status, have provided confl icting information.  

   Objective:  To clarify the relationship between fatigue and 
other features of MND in a large cross-sectional study using 
a disease-specifi c measurement tool for fatigue in MND.  

   Method :  A pack containing the Neurological Fatigue Index 
for Motor Neurone Disease (NFI-MND) summary scale, the 
Hospital Anxiety and Depression Scale (HADS), the Amyo-
trophic Lateral Sclerosis Functional Rating Scale  –  revised 
(ALSFRS-R), the Epworth Sleepiness Scale (ESS) and ques-
tions regarding sleep, disease presentation and other demo-
graphic factors, was mailed to patients at fi ve neurology care 
centres in the UK.  

   Results:  Data from 298 respondents (54.7% response) 
were analysed. Fatigue was positively correlated with day-
time sleep (r    �    0.13, p    �    0.0001) and sleepiness (r    �    0.40, 
p    �    0.0001). There was a strong relationship between fatigue 
and psychological distress (anxiety and depression) (r    �    0.57, 
p    �    0.0001). Fatigue was not correlated with age or disease 
duration. Levels of fatigue were signifi cantly higher if 
patients experienced respiratory symptoms (t    �    �3.49 
p    �    0.001). Patients with limb symptoms experienced higher 
levels of fatigue than those with bulbar presentation only 
(t    �    �6.29, p    �    0.0001). Fatigue correlated mildly with 
functional status (r    �    �0.18, p    �    0.031). Patients that slept 
for 30 minutes during the day and seven hours at night 
reported the lowest levels of fatigue.  

   Conclusion:  Relationships were apparent between fatigue, 
daytime sleep, sleepiness, psychological distress and functional 

status. Knowledge of these relationships may be used to 
inform further work to develop interventions for patients suf-
fering from fatigue.  
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  P176 PAIN IN MOTOR NEURON DISEASE 
(MND)  –  A PILOT STUDY  
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   Background:  Pain can occur in almost 70% of patients with 
MND and is often a frequent symptom in the later stages of 
the disease. Although effective clinical management of MND 
requires different aspects of pain to be identifi ed and possibly 
treated, the character of the pain is insuffi ciently studied.  

   Objectives:  The aim of this pilot study was to describe the 
character of pain in MND in a limited Swedish population, 
specifi cally the location and severity of pain, the interference 
in daily life, and possible sex differences regarding the experi-
ence of pain.  

   Methods:  The study was conducted at the Department of 
Neurology, MND-unit, Uppsala University Hospital, Upp-
sala, Sweden. Data were collected from personal fi les through 
the Brief Pain Inventory- Short Form. Thirty-six participants 
(mean age 61.5 years, 56 % men) fulfi lled the requirements: 
the average time from diagnose was 2 years.  

   Results:  72% of the patients experienced pain, primarily in 
the legs (23%) and shoulders (23%). Pain intensity ranged 
from Md    �    0 (minimum pain) to Md    �    7 (worst pain), with 
an average pain sensation of Md    �    3. For a variety of daily 
activities, pain had the greatest infl uence on”general activities, 
the ability to walk and sleep”. There was no signifi cant differ-
ence in the average estimate of pain between men and women 
(p    �    0.402).  

   Conclusion:  A majority of the patients experienced pain, 
despite an early stage of the disease. This highlighted the need 
for including clinical assessment methods for adequately 
determining the character and consequence of pain.  
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  P177 A CLASSIFICATION SYSTEM TO ASSESS 
THE DEGREE OF DISABILITY IN PATIENTS WITH 
AMYOTROPHIC LATERAL SCLEROSIS  
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   Background:  Establishing the degree of disability in patients 
with amyotrophic lateral sclerosis (ALS) is useful for defi ning 
treatment plans and rehabilitation guidelines in these 
patients.  
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   Objectives:  To propose a disability classifi cation system for 
patients with ALS based on the Amyotrophic Lateral Sclerosis 
Functional Rating Scale-Revised (ALSFRS-R).  

   Methods:  A sample of consecutive patients with possible, 
probable and defi nite case defi nition of ALS according to 
clinical and electrophysiologic criteria was assessed. In every 
patient, age, gender, initial topographic presentation, time 
from onset of symptoms to the moment of assessment, level 
of clinical certainty and total score of the ALSFRS-R Spanish 
version were determined. A principal component factor anal-
ysis of the ALSFRS-R was carried out to establish the differ-
ent domains of the scale and to choose its most useful 
variables. With the chosen variables, groups of disability were 
defi ned. Correlation between these groups of disability and 
the ALSFRS-R total score, rate of progression of the disease 
(DFS) and muscle strength median (according to the Medical 
Research Council) was assessed.  

   Results:  Eighty-one patients (male 61%) were assessed. Ini-
tial topographic presentation was 16 (20%), 35 (43%) and 
30 (37%) for bulbar, cervical and lumbar segments, respec-
tively. Clinical certainty was 15 (19%) possible, 22 (27%) 
probable and 44 (54%) defi nite. Factor analysis of the ALS-
FRS-R showed three domains that accounted for 72% of 
variance: 1) activities related to bulbar functions, 2) activities 
related with upper limb dexterity and 3) activities related to 
gross motor function. One activity was selected from each of 
these three domains according to its weight within the 
domain. Swallowing, cutting food and handling utensils and 
walking were selected from domains one, two and three, 
respectively. These three activities were dichotomized as 
dependent (ALSFRS-R score of 0, 1 and 2) or independent 
(ALSFRS-R score of 3 and 4). Afterwards, four groups of 
disability were defi ned: dependent in the three activities (12 
patients, 15%), independent in one activity (9 patients, 11%), 
independent in two activities (28 patients, 35%) and inde-
pendent in three activities (32 patients, 39%). These four 
groups of disability were statistically correlated to the level of 
clinical certainty (p    �    0.003, r    �    0.32), rate of progression of 
the disease (p    �    0.003, r    �    0.32) and muscle strength 
(p    �    0.000, r    �    0.5).  

   Conclusion:  This four-group classifi cation system of disabil-
ity based on three selected activities from the ALSFRS-R 
discriminates functionality of patients with ALS, is easy to use 
in everyday practice and has an association with the level of 
clinical certainty, DFS and muscular strength.  
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   Introduction:  Motor neuron disease is a disease which rap-
idly erodes people’s ability to participate in everyday occupa-
tions. It is the occupational therapists (OT) role as a part of 
the multidisciplinary team management of the MND patient, 
to assess and explore to optimum management of the patient’s 
diffi culties in everyday life. The specialist OT at the Barts and 

the London MND Centre is able to provide assessment and 
intervention recommendations but this does not allow for full, 
timely and appropriate assessment of an individual’s occupa-
tional environment in order to support their continued 
engagement in important life roles. Opportunities exist to 
consider how innovative technology may be of best use in 
providing health services to individuals living with MND. 
SenseCam is a small, wearable digital camera which captures 
an electronic record of a wearer’s day. The device takes pho-
tographic images automatically, without user intervention, 
whilst it is worn on a lanyard around the user’s neck.  

   Objectives:  The aim of this project was to evaluate the occu-
pational therapy service provided for individuals living with 
MND to ensure that it met service-user needs. As part of this 
intervention, the SenseCam was utilised as an alternative means 
of obtaining detailed information about a person’s environment/s 
and how they perform a range of functional activities.  

   Methods:  The project involved the appointment of a full-time 
occupational therapist for a 12-month project to provide 
occupational therapy services in the Barts and the London 
MND Centre. Service-users were given the opportunity to use 
the SenseCam as a component of their occupational therapy 
intervention. Evaluation was conducted across a range of 
methods including clinical effectiveness, activity analysis of 
the SenseCam images and service-user feedback.  

   Results:  Service-users utilised the camera for varying amounts 
of time and in varying environments. Activity analysis of the 
digital images revealed benefi cial use of the SenseCam in rela-
tion to the following areas of occupational therapy assessment 
and intervention: postural management; environmental assess-
ment; risk identifi cation and management; fatigue manage-
ment and ergonomics; carer and family education; and 
management of disease progression.  

   Discussion:  Preliminary analysis of service-user feedback has 
supported the extension of the occupational therapy service, 
which has been enabled by the use of the SenseCam as a 
therapeutic adjunct. Additionally, the SenseCam images have 
been useful in informing timely and appropriate involvement 
of the multi-disciplinary team, and supporting early recogni-
tion and management of functional diffi culties.  

   Conclusion:  The SenseCam utilisation has been demon-
strated to have notable potential in supporting comprehensive 
occupational therapy assessment and intervention for indi-
viduals with MND.  

  Supported by Barts and the London Charity.  
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   Background:  For many individuals living with amyotrophic 
lateral sclerosis (ALS), maintaining independence is an impor-
tant goal. This includes independence as it relates to controlling 
devices in the environment. One activity that can become quite 
diffi cult is the use of a standard remote control for the television 
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due to the strength and dexterity required to press buttons. 
While there are switch adapted controlling systems available, 
these systems are restricted by expense and limitations in their 
functionality. We have set out to design a fl exible, low-cost con-
troller that can be plugged into any Microsoft computer. We 
are using television control as proof of concept.  

   Objectives:  The objective is to design a low-cost virtual 
remote device (NIXBOX) capable of television control and 
expandable to other infrared (IR) remotes to enhance the 
independence of individuals living with ALS/MND.  

   Materials and methods:  This system is designed for the 
user to control their television with a switch via a virtual 
remote on the computer screen. It utilizes two types of soft-
ware and hardware. The software used is Arduino and Lab-
VIEW. Arduino receives, processes and sends IR signals. 
LabVIEW controls the graphical user interface (GUI), signal 
storage and user customization. The two types of hardware 
are an Arduino microcontroller and electrical components 
(3.5mm audio jack, 38kHz IR detector, 940nm High-Output 
IR LED, Green LED, 10kOhm Resistor, two 330Ohm Resis-
tors). There are three steps necessary to complete the task of 
controlling the television. In the fi rst step, the virtual remote 
learns the remote control’s IR signals for each button. Next, 
the virtual remote stores the signal data onto the computer. 
The fi nal step allows the GUI to control the television through 
the computer by transmission of IR signals. The basic televi-
sion remote is displayed as a virtual remote on the monitor. 
It is designed in row-column form for scanning compatibility 
using any type of switch. Each button on the virtual remote 
is linked to a unique signal that is sent to the television. This 
device connects to the computer via USB. Combining the 
hardware and software technologies, environmental control 
is possible.  

   Results:  We have built a prototype NIXBOX that is being 
demonstrated and tested for user feasibility.  

   Discussion and conclusions:  We have designed an inexpen-
sive, versatile, computer-based IR controller that has been 
used as a television remote for proof of concept. The system 
is designed to work with any IR remote and has capabilities 
of further implementation for other environment controls. 
This device is easy to set-up and it can accommodate to chang-
ing levels of function. This system will be accessible to people 
living with ALS/MND for increasing their independence and 
at a relatively low cost.  
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   Background:  Rapid progression of ALS/MND means the 
power wheelchair must be fl exible for long-term needs for 
comfort and function. No current articles exist on what 
types of changes are required and how often the changes 
must occur after a client receives a power wheelchair.  

   Objectives:  To report the types and frequency of changes 
required after receiving power wheelchairs and to develop 
guidelines for what is required for long term effective use, 
comfort and function of their power wheelchairs as the disease 
progresses.  

   Methods:  Chart review was completed to compile records of 
power wheelchair repairs and changes in type and frequency. 
All power wheelchairs were ordered originally with experi-
enced therapy evaluators and vendors to have the maximum 
long-term fl exibility.  

   Results:  From 2010 to present day, 92 ALS patients received 
power wheelchairs out of 145 seen through the multidiscipli-
nary clinic. The average patient with a wheelchair received 
5.75 (SD 1.3) changes to their wheelchair in this 2-year time 
period, and 4.0 (SD 2.4) repairs in the same period. Some of 
the changes made include a pressure relieving cushion, head-
rest lateral or forward supports, more supportive armrests, 
thigh guides, and alternative drive controls including switches. 
Clients were re-evaluated for necessary changes at every clinic 
visit by experienced therapy and vendor staff. Repairs were 
generally minor, and completed at the clinic visit as well.  

   Discussion:  Most insurances in the US will pay for medically 
necessary changes to be made to the chair once it is pur-
chased. Patients require skilled assistance to help them make 
these changes to maintain full control over the chair as well 
as comfort and function over time, and this requires not only 
knowledgeable clinic staff, but also an experienced vendor.  

   Conclusion:  We feel our multidisciplinary ALS/MND clinic 
has a responsibility to help provide evidence for the long-
term needs of ALS/MND patients and their power wheel-
chairs because of the full time experienced therapy staff, as 
well as competent dedicated vendors. Our patients desire to 
use and control their wheelchairs fully, with whatever means 
they may.  

DOI: 10.3109/17482968.2012.721231/275

  P181 UPPER EXTREMITY ORTHOSES 
IN ALS/MND  

  IVY C  

   Mayo Clinic, Phoenix, AZ, USA   

   Email address for correspondence: ivy.cynthia@mayo.edu   

   Keywords:   orthosis  ,   splint  ,   function   

   Background:  Occupational Therapists often provide custom 
and pre fabricated Orthoses for support and bracing of weak 
and ineffective joints or muscles of the upper extremity in the 
management of ALS/MND. The purpose of the orthosis is to 
decrease the effects of muscle imbalance to provide greater 
ease in performance of activities of daily living (ADLs), pre-
vent joint contracture, and to relieve pain.  

   Objectives:  The objective of this study is to perform a sys-
tematic review of the literature as well as to draw on experi-
ences in the ALS clinic to determine which upper extremity 
orthotic devices are useful for pts with ALS/MND.  

   Methods:  A systematic review of the literature available on 
Medline, EMBASE, Google Scholar, PubMed, and Cinahl 
was performed; 32 articles were appraised by one author 
according to a standard format. Observational, qualitative, 
and quantitative studies were included. In addition, the author 
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drew on her own experience over the past 25 years with ALS/
MND patients.  

   Results:  No randomized controlled trials or controlled clini-
cal trials were identifi ed. A summary of descriptive and qual-
itative studies that relate to upper extremity orthoses as well 
as results in the author’s experience will be discussed.  

   Discussion and conclusions:  Although there were no ran-
domized controlled trials, fi ve upper extremity orthoses are 
discussed. These will be described with photographs and case 
descriptions in this poster. The orthoses can be categorized as 
volar and dorsal wrist, proximal interphalangeal (PIP) fi nger 
extension, night resting, thumb opposition, and orthoses 
designed for a specifi c function. Further research is needed 
into appropriate study designs for the use of upper extremity 
orthoses and the best manner of assessing outcomes with this 
intervention. Case experience (Level 5 Evidence: “Expert 
Opinion”) reveals functional advantage to use of the above 
stated orthoses.  

DOI: 10.3109/17482968.2012.721231/276

  P182 FALLS IN COMMUNITY DWELLING 
AMBULATORY INDIVIDUALS WITH 
AMYOTROPHIC LATERAL SCLEROSIS (ALS)
AND PRIMARY LATERAL SCLEROSIS (PLS)  

   BRUSSOCK   C  1   ,    BREMER   B  2   ,    STEPHENS   HB  1   , 
   BROTHERS   A  1   ,    BLAND   G  2   ,    HEALEY   T  2   ,    WALSH   S  1   , 
   SIMMONS   Z  1   

   1 PSMS Hershey Medical Center, Hershey, PA, USA,  2  PSU- 
Harrisburg, Middletown, PA, USA   

   Email address for correspondence: cbrussock@psu.edu   

   Keywords:   falls  ,   balance  ,   injury   

   Background:  Falls in ALS and PLS have not been well stud-
ied, but may lead to a reduction in activities, increased 
dependence on others, or more severe health consequences.  

   Objectives:  To determine the prevalence, characteristics, and 
consequences of falls in a sample of people with ALS or PLS 
and compare characteristics of fallers and non-fallers.  

   Methods:  We conducted a prospective study of ALS and PLS 
outpatient’s attending our ALS clinic. Eligible subjects were 
able to stand without assistance, and had an ALSFRS-R walk-
ing score of two or greater. All maintained a daily falls calen-
dar and reported falls by telephone. In-person assessments 
were performed every 3 months with the Berg Balance Scale 
(BBS), Timed Up and Go (TUG), Activities Specifi c Balance 
Confi dence (ABC) Scale, ALSFRS-R (total score, and fi ne 
and gross motor sub-scores), quality of life, manual muscle 
testing, and the upper motor neuron score. Pearson correla-
tions (p    �    0.05) and stepwise regression were employed for 
analysis. The Penn State Hershey Medical Center Institu-
tional Review Board approved the study.  

   Results:  Fifty seven patients were enrolled - 52 ALS and 5 
PLS (65% men). Mean duration of disease at fi rst study 
evaluation was 61 months for PLS and 29 months for ALS. 
Over 14 months, 136 falls were reported in 33 subjects (66%). 
While a greater percentage of women than men fell (60 vs. 
56%), overall men had more falls (71%) than the women 
(29%) with 16 of the 18 subjects that had 3 or more falls 
being male. 62 of the falls (45%) resulted in injuries, seven of 
which were severe (fractures), 13 moderate (laceration or 

sprain), and 42 minor (bruise or abrasion not requiring med-
ical attention or alteration in function). 28 participants (49%) 
reported a past history of falls at study entry, while 12 par-
ticipants experienced their fi rst reported fall during the study. 
Thus, a prior history of falls is indicative of increased risk for 
a second or repeated fall. A signifi cant correlation was found 
between falling and the ABC, ALSFRS-R total, and ALS-
FRS-R gross motor sub-scores (p    �    0.05). By stepwise regres-
sion, the ALSFRS-R gross motor sub-score (R 2     �    0.24, 
p    �    0.01) was most predictive of future falls. Follow-up regres-
sion analysis found that the change in ALSFRS-R gross motor 
score between the baseline and second visits was a signifi cant 
(R 2    �     0.20, p    �    0.05) predictor of increased risk for falling 
before the next clinic visit.  

   Discussion and conclusions : Patients with ALS and PLS 
are likely to experience one or more falls, injuring themselves 
nearly half of the time. A decline in gross motor sub-score 
on the ALSFRS-R, and self-confi dence using the ABC may 
provide clinicians opportunities for timely falls prevention 
intervention.  
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  P183 ADAPTATION AND SERVICEABILITY OF 
THE MAXIMUM INSUFFLATION CAPACITY (MIC) 
TRAINING TO THE PATIENTS WITH 
AMYOTROPHIC LATERAL SCLEROSIS  

   YORIMOTO   K  1,2   ,    ASAKAWA   T  2   ,    MAENO   T  1   ,    MORI   M  1   , 
   KOBAYASHI   Y  1   ,    YOSHINO   H  2   ,    MURATA   M  1   

   1 National Center of Neurology and Psychiatry, Japan, Tokyo, 
Japan,  2  Yoshino Neurology Clinic, Chiba, Japan   

   Email address for correspondence: yoooori@mac.com   

   Keywords:   maximum insuffl ation capacity training  ,   respiratory 
physiotherapy  ,   peak cough fl ows.   

   Background:  Maximum insuffl ations capacity (MIC) is 
the maximum volume of air stacked in the patients ’  lungs 
beyond spontaneous vital capacity. It has been suggested 
that MIC training is useful for patients with muscular dys-
trophy in maintaining the elasticity of lung and chest-wall 
range of motion.  

   Objectives:  To investigate adaptation and serviceability of the 
MIC training for patients with ALS.  

   Methods:  The method of MIC involved patients inhaling 3 
to 5 times continuously through the Bag Valve Mask (BVM) 
until their mean airway pressure reached 40 to 50 cm H 2 O, 
then, following air stacking, to exhale in one breath. Subjective 
diffi culties of performing MIC was assessed using a Visual 
Analogue Scale (VAS). Speech and swallowing scores were 
assessed using the ALSFRS-R (3 – 4 scores; non-bulbar, 0 – 2 
scores; bulbar) and Video fl uorgraphic examination (VF) in 
order to examine MIC training serviceability. The patients 
who were thought to have adapted to MIC training had 
further examinations of Volume Capacity (VC) and Peak 
Cough Flows (PCFs) 5 times each before, during and after 
their operations. At the end, we present two case studies of 
patients we succeeded in assessing long term.  

   Results:  Eight patients were included in the multi-
disciplinary study. As an entry criterion, they were diagnosed 
clinically probable ALS (6 patients) and clinically possible 
ALS (2 patients), according to the revised El Escorial, and 
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participated in physiotherapy sessions with prospective study 
during April 2010 to May 2011.Their mean age (y.o), ALS-
FRS-R, number of lapsed years from onset (years), % pre-
dicted vital capacity (%) were 55    �    3.4, 32.1    �    7.1 (44–22), 
2.1    �    2.8 (0.9 – 3.8), 50.6    �    18.1 (29.1 – 80.1), respectively.  

  We found MIC training was suitable for non-bulbar type 
ALS, with over 5 VAS, and over 3 on the ALSFRS-R for 
speech and swallowing, and no sign of miss-swallowing 
at VF.  

  MIC training also showed a signifi cant increase in VC and 
PCFs, not during training alone, but also in its post-operation 
results compared with its pre-operation results. On during 
operation, the results of VC and PCFs reached 172.8    �    41.1% 
and 189.2    �    84.4% respectively, and on post-operation the 
results of VC and PCFs reached 118.2    �    23.1% and 110.8% 
respectively in comparison to being as 100% on pre-operation 
results of VC and PCFs. Moreover, the two patients who per-
formed MIC training over a longer term showed excellent 
potential exists to not only maintain and improve MIC but 
also keep up and increase PCFs even though their VC had 
been dropping from 74% to 48% for year, and 74% to 61% 
for 6 months respectively.  

   Discussion and conclusions:  This study showed MIC train-
ing has a benefi cal effect on non-bulbar ALS patients to keep 
up their chest compliance and mobility as one aspect of their 
respiratory physiotherapy.  

DOI: 10.3109/17482968.2012.721231/278

  P184 USABILITY OF BIOSIGNAL 
COMMUNICATION DEVICES FOR PATIENTS 
WITH AMYOTROPHIC LATERAL SCLEROSIS 
(ALS) USING TRACHEOSTOMY VENTILATION  

   NAKAYAMA   Y  1   ,    MATSUDA   C  1   ,    OGURA   A  1   ,    SHIMIZU  
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   Email address for correspondence: nakayama-yk@igakuken.or.jp   

   Keywords:   biosignal-based communication devices  ,   brain-machine 
interface  ,   communication stage   

   Background:  Research on ALS patients using communica-
tion methods through brain-machine interfaces (BMI) and 
other systems using biosignals has been limited. Few studies 
have examined biosignal devices in the severely disabled.  

   Objective:  The purpose of this study was to examine the 
usability of biosignal-based communication devices for ALS 
patients, focusing on the relationship between responses of 
patients and appropriate levels of output signals.  

   Methods:  Subjects were six ALS patients (four males and 
two females) undergoing tracheostomy positive pressure 
ventilation (TPPV). Their mean duration of the disorder or 
post-diagnosis survival    �    11.3 years, and a mean duration of 
TPPV use    �    8.0 years. Study details: Responses by the 
patients, their ability to communicate, and results of the trial 
use of the following devices: 1) biosignal-based MCTOS (a 
bio-switch system produced by Technos in Japan); 2) Koko-
rogatari (equipment designed to express “yes” or “no” using 
cerebral blood fl ow in the brain, when thinking deeply; 

developed by Hitachi in Japan), and 3) Neurocommunicator 
(an EEG-based BMI system developed by AIST). The 
subjects were classifi ed into fi ve stages (Stages I to V) accord-
ing to the level of communication ability. The researchers 
evaluated use of the three types of communication devices.  

   Results:  Three patients at “Stage I” were able to communicate 
using sentences. They could convey thoughts and feelings by 
means of a word board and other communication devices. 
Stage III included one patient with the ability to express “yes” 
or “no” by eye movement. One patient was a “Stage IV” and 
was sometimes able to express “yes” or “no” through eye 
movement. Stage V consisted of one patient who was unable 
to communicate due to total paralysis. Three patients at Stage 
I were able to use all equipment. The Stage I patients indicated 
that the Kokorogatari, “cannot express anything, but  ‘ yes ’  or 
 ‘ no, ‘  and is too slow. “Accuracy of Kokorogatari for the patients 
on stages IV and V was 70 to 100% at the chance level of 50%.
Accuracy of Neurocommunicator for those on the stage I and 
III was 50 to 100% at the chance level of 12.5%.The accuracy 
of these systems might be dependent on the noise interference 
and/or the consciousness level of the patients.  

   Discussion and conclusion:  Stage IV and V groups were 
able to respond using the Kokorogatari. This suggested that 
biosignal-based communication methods served as a means 
of conveying thoughts and feelings by totally paralyzed patients 
using TPPV. Further studies should examine the time required 
for patients to adapt to equipment and changes in their 
responses over time, since the appropriate timing for introduc-
ing devices and frequency of their use vary depending on 
the patient. We recommend early initiation of the devices in 
tracheostomy patients and to follow the patients ’  progress.  
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  P185 OPINIONS AND BEHAVIORS OF 
JAPANESE AND AMERICAN ALS CAREGIVERS 
REGARDING TRACHEOSTOMY WITH INVASIVE 
VENTILATION (TIV)  

   RABKIN   J  1   ,    OGINO   MI  2   ,    GOETZ   R  1   ,    MCELHINEY   M  1   , 
   MARZILIANO   A  3   ,    IMAI   T  4   ,    ATSUTA   N  5   ,    MORITA   M  6   , 
   TATEISHI   T  7   ,    MATSUMURA   T  8   ,    MITSUMOTO   H  1   

   1 Columbia University, New York, NY, USA,  2 Kitasato University 
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School of Medicine, Fukuoka, Japan,  8  Toneyama National Hos-
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   Keywords:   tracheostomy  ,   patient decision-making   

   Background:  International studies have found widely dispa-
rate rates of TIV between countries, between areas within 
countries, and even in the same hospital. When TIV is initi-
ated, it is often done emergently without advance directives. 
Many contributory factors have been suggested, including 
contextual, patient and family infl uences.  

   Methods:  We conducted national surveys of American and 
Japanese patients and caregivers, selected because American 
patients have among the lowest, and Japanese the highest rates 
of TIV. Here we present selected fi ndings from the caregiver 
survey. Two groups of patients were included: recently diag-
nosed, and patients with respiratory problems. During routine 
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clinic visits, patients accompanied by a family member were 
asked whether they knew about TIV, and if so, were invited 
to participate. Five geographically distributed clinics in the 
USA and fi ve in Japan participated in enrollment of patients 
for this study; data collection in Japan is ongoing.  

   Results:  129 American patient/caregiver dyads and 44 
Japanese dyads completed questionnaires so far. Caregivers 
were similar demographically: mean age in each group was 56, 
66 – 71% were female, about 60% had completed at least some 
college, close to half were working part-time or full-time.  

  Japanese caregivers were more likely than Americans to 
know patients with TIV (34% vs. 5%). Only 12% of Japanese 
caregivers reported having suffi cient information about ALS 
management vs. 69% of Americans, and fewer Japanese 
reported excellent personal health status (16% vs. 61% of 
Americans).  

  When asked whether they had decided in favor of the 
patient’s getting TIV, 35% of American caregivers vs. 51% of 
Japanese were defi nitely or probably in favor, 47% of Ameri-
cans and 5% of Japanese were undecided, and 19% of Amer-
icans vs. 44% of Japanese were probably or defi nitely not in 
favor (p    �    0.0001). Not only do the two groups differ, but the 
distributions do as well: Japanese caregivers had defi nite opin-
ions, pro or con, while most Americans were undecided.  

  In the American sample, the most common reasons for 
favoring TIV included confi dence in the patient’s ability to 
maintain quality of life (83%), and the fact that the patient 
would live longer (61%). Only 34% were confi dent of family 
support for TIV. Too few Japanese caregivers responded to 
these items to meaningfully evaluate.  

  Reasons NOT to choose TIV were answered by only 21 
American caregivers and even fewer Japanese. Most cited 
inevitable progression of disease and God’s will as the main 
reasons.  

   Discussion:  What stands out is the difference between car-
egiver groups regarding preference for TIV. It is surprising that 
so many Japanese caregivers are not in favor of TIV, given the 
substantially higher TIV rates in Japan to date. The modest 
Japanese sample size must be considered when evaluating 
these fi ndings.  

DOI: 10.3109/17482968.2012.721231/280
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   Background:  International studies report widely disparate 
rates of TIV between countries, between areas within countries, 
and even in the same hospital. When TIV is initiated, it is often 
done emergently without advance directives.  

   Objectives:  We conducted surveys of American and Japanese 
patients and caregivers, selected because American patients 
have among the lowest, and Japanese the highest rates of TIV. 
Here we present selected fi ndings from the patient survey.  

   Sample:  Two groups of patients were included: recently diag-
nosed patients and those with respiratory impairment, defi ned 
as scores    �    8 on the Respiratory subscale of the ALSFRS.  

   Methods:  Eligible patients accompanied by a family caregiver 
were approached during routine clinic visits, asked whether they 
knew about TIV, and if so, were invited to participate in the 
surveys which were given to them to complete during the clinic 
visit. Five geographically distributed clinics in the USA and fi ve 
in Japan participated in enrollment of patients for this study.  

   Results:  129 American and 44 Japanese patient/caregiver 
dyads participated to date. Mean age in both groups was 
about 63, nearly 50% were female. 75% of American patients 
and 48% of Japanese completed at least some college, and 
about one-fi fth of both samples was employed. 75% of Amer-
ican patients and 50% of Japanese lived with their spouse.  

  Advance planning was limited in the American sample; 
38% had signed DNR orders, and 59% had advance direc-
tives. This question was not included in the Japanese survey. 
American patients used many more sources of information 
about ALS and its management than Japanese, who largely 
relied on their neurologists and, to a lesser extent, clinic 
staff.  

  Signifi cantly more Japanese patients knew a patient with 
TIV (23% vs. 5%, p    �    .002). When asked whether they had 
decided to get TIV, 18% of Americans and 17% of Japanese 
were defi nitely or probably in favor, 54% of Americans and 
29% of Japanese were undecided, and 28% of American and 
55% of Japanese were probably or defi nitely against having 
TIV (p    �    .0037). Most common reasons endorsed by Ameri-
can patients for wanting TIV included confi dence in being 
able to maintain quality of life (81%), confi dence in family 
support (72%), and respect for the value of life (55%). Too 
few Japanese responded to analyse meaningfully.  

  Reasons NOT to choose TIV included the belief that the 
disease would progress anyway (85%), they will be too disa-
bled by then (82%), fear of losing all ability to communicate 
(50%), and belief that the outcome is God’s will (50%).  

   Discussion:  While approximately similar demographically, 
national differences were found regarding preference for TIV: 
while about one in fi ve were in favor, more than half of Amer-
ican patients were undecided while more than half of Japanese 
patients were probably or defi nitely opposed to having TIV.  

DOI: 10.3109/17482968.2012.721231/281
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  P187 HEALTHCARE PROFESSIONALS ’  VIEWS 
ABOUT THE PROVISION OF GASTROSTOMY 
AND NON-INVASIVE VENTILATION IN 
AMYOTROPHIC LATERAL SCLEROSIS (ALS)  
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   Background:  Prognosis following diagnosis of ALS is poor, 
with survival limited to  ~ 3 – 5 years from diagnosis. Current 
interventions tend to be limited to slowing disease progres-
sion. Bulbar symptoms commonly result in dysphagia, weight 
loss and respiratory muscle weakness, for which gastrostomy 
and non-invasive ventilation may be options. It is generally 
felt that despite the provision of guidelines about when gas-
trostomy or non-invasive ventilation (NIV) might be made 
available to patients, fewer patients avail themselves of these 
interventions than might benefi t from them. It is unclear 
whether the availability of interventions may depend to some 
extent on the attitudes of healthcare professionals (HCPs) 
who are in a position to discuss these interventions with 
patients.  

   Objectives:  To quantify the views of healthcare professionals 
with respect to the provision of gastrostomy and NIV for peo-
ple with ALS in England, Wales and N. Ireland.  

   Methods:  We conducted an online survey of the views of 
healthcare professionals about the provision of gastrostomy 
and NIV in ALS. Emails inviting professionals to participate 

were sent to: 33 Neurologists; 18 MND specialist care centres; 
the Association for Palliative Medicine; and the South-East 
MND network. There were two versions of the questionnaire, 
one about gastrostomy and one about NIV. Participants were 
asked to complete the version concerning the intervention 
about which they felt they had most experience. If they felt 
knowledgeable about both interventions, they could complete 
both versions.  

   Results:  Of the 1298 healthcare professionals who received 
the questionnaire, 166 completed at least one questionnaire 
giving a response rate of 12.8%. Chi square analyses found 
signifi cant differences between medical and non-medical pro-
fessionals ’  views on: whether HCPs adhered to policy and 
legal constraints when it came to making gastrostomy avail-
able for people with ALS; in their impressions of patients ’  
and carers ’  understanding of the effects on gastrostomy and 
NIV on symptoms and quality of life; and the challenge faced 
by HCPs when subsequently caring for patients who have 
refused gastrostomy. However, HCPs with more than 10 
years ’  experience did not fi nd this challenging.  

   Discussion and conclusions:  Despite our low response rate, 
it is possible that different types of HCPs hold dissimilar views 
on the provision of gastrostomy and NIV. This may impact on 
the clinical provision of these interventions and patients ’  and 
carers ’  experiences. Clinical experience may also be a relevant 
factor when providing care for people who refuse palliative 
interventions. There appears to be a need for more widely 
available guidelines regarding the provision of gastrostomy, 
along with advice on the best way to impart information to 
patients and carers regarding gastrostomy and NIV, to allow 
for a potentially more consistent approach to the care of 
people with ALS.  
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disseminating the end of life wishes regarding withdrawal or 
continued usage of NIV and any advance directives. Often, in 
spite of careful planning patients can still end up being taken 
to acute facilities at the end of life and there is a need for 
carers to have an alternative to calling emergency services in 
the fi nal phase.  
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   Background:  Very little is known about the withdrawal of 
NIV at the request of a patient who has become dependent 
on it; in part because this is quite a rare occurrence. Explo-
ration of the ethical context emphasises the stressful nature 
of this area of clinical care and how difference in opinion 
and belief, despite a uniform legal context, can infl uence a 
doctors practice and level of distress. The NICE guidance 
in England and Wales on the use of NIV in MND (2010) 
identifi es the lack of any clarity in the most effective and 
acceptable method of withdrawal and how this process 
should be facilitated and managed. Specifi cally NICE sug-
gests interviewing the professionals involved in such events 
as a focus of research.  

   Objectives:  To discover the challenges to practice; to identify per-
ceptions of the best experience for patients and families; to under-
stand how involvement in withdrawing NIV can affect doctors.  

   Methods:  A qualitative, exploratory approach using one-
to-one in-depth interviews with doctors who have been 
involved in withdrawing NIV at a patient’s request within 
the last fi ve years. Doctors were asked to tell the narrative of 
cases they recalled. Interview transcripts were analyzed the-
matically using a grounded theory approach.  

   Results:  18 doctors participated from the specialties of pal-
liative medicine, neurology, family (GP) and respiratory med-
icine. The bulk of direct involvement in withdrawal was 
undertaken within palliative medicine but other specialists 
were involved in decision-making and clinical advice on the 
withdrawal process.  

 P188 EXPLORING THE IMPACT OF 
NON-INVASIVE VENTILATION TOWARDS 
THE END OF LIFE      
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     SHAW     P  1    &        MCDERMOTT     C  1           
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tal Foundation Trust, Sheffi eld, UK  
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  Keywords:   non-invasive ventilation  ,   qualitative  ,   end of life  

  Background : Non-invasive ventilation (NIV) is the interven-
tion of choice for respiratory support in patients with MND. 
While the benefi t of NIV in terms of survival has been estab-
lished, the long term use of the device particularly towards 
the end stage of the disease has been less explored.   

  Objectives:  The objectives of this work were: i) To describe 
carer and health professional experiences of end of life care 
for MND patients using NIV, and ii) To identify any issues 
encountered using NIV at this stage with a view to enhancing 
end of life use of NIV for MND patients and their carers.   

  Methods:  The study used a longitudinal mixed method 
approach including interviews with patients, their carers and 
health care professionals over the course of the disease. The 
data reported in this paper focus on the interviews with carers 
and health professionals following end of life.   

  Results:  Nine carers and 15 health professionals (represent-
ing seven disciplines) were interviewed. Seven of the patients 
were using NIV regularly towards the end of life, with two 
dying in hospital without the system in use and fi ve having 
NIV in 24 hour operation at the point of death. Death for all 
patients was described as peaceful, regardless of whether using 
NIV at the time or not. Participants reported surprise regard-
ing the rapidity of the fi nal phase, and described when patient 
wishes regarding place of death or non-resuscitation had dif-
fered from the eventual circumstances. Professionals described 
discussion regarding  “ turning the machine down ”  or remov-
ing the mask, and raised concerns regarding diffi culties in 
timing discussion relating to advance directives, and also in 
ensuring emergency services followed patient wishes/needs.   

  Discussion and conclusions:  The major fi nding was that 
death for the majority of patients using NIV, as for patients 
not using NIV, was peaceful. In a small number of cases, 
concerns regarding impaired communication and mouthcare 
were raised but in the main the use of NIV did not have an 
adverse impact on the end of life phase of MND. NIV in the 
end stages was often used to comfort and ease anxiety. The 
majority of patients died in the community and it was striking 
how little medical professionals were involved in the end of 
life, with decisions regarding NIV being made by non-
medical community teams. This indicates the importance of 
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  Cases were few but extraordinarily memorable with explicit 
detail of aspects recalled from several years. The emotionality 
and the tensions of the situation were especially vivid whereas 
the logistics were more variably recalled. Doctors carried 
these experiences with them. Few had opportunity to share 
this area of practice, their experience and persisting refl ections 
with colleagues. The clarity of the ethical and clinical decision 
making was in contrast to the multilayered and confl icting 
feelings doctors experienced in carrying out the patient ’ s 
wishes. Medical indemnity organizations appeared unclear 
about the professional and legal acceptability of this area of 
care and this increased the complexity and the stress of the 
situations. Some colleagues also were less comfortable with 
the process. The withdrawing of NIV felt different to stopping 
other treatments notably because of the planned nature and 
the relatively quick time between withdrawal and death.  

   Discussion:  This is a lonely and uncomfortable experience for 
doctors. The absence of guidance both practical and profes-
sional was a strong feature. There is a need to build consensus 
amongst those involved in discussions as well as actual with-
drawal of NIV.  

   Conclusions  The withdrawal of NIV is an area of care with 
a high impact on doctors. This study has identifi ed some ways 
that would improve support and practice.  
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   Background:  Ventilatory assistance is the mainstay of respira-
tory support in patients with motor neurone disease (MND), 
with non-invasive ventilation (NIV) the intervention of choice. 
A recent survey in the United Kingdom (UK) reported a 3.4 
fold increase in the number of MND patients who were using 
NIV, indicating a substantial change in practice since 2000. Use 
of NIV for more than four hours per day can signifi cantly prolong 
survival, preserve respiratory function and maintain quality of 
life (QoL). While the benefi t of NIV in terms of survival has been 
established, the process of introduction, acceptance and long 
term use of the device has been less explored.  

   Objectives:  The objectives of this qualitative study were to: 
i) Examine the perceptions and experiences of patients with 
MND and their carers following the recommendation to use 
NIV; ii) Identify and describe factors impacting on acceptance 
and tolerance, and iii) Develop recommendations that may 
result in enhanced compliance and an improved patient and 
carer experience of NIV.  

   Methods:  The work used a mixed-method approach includ-
ing qualitative interviews with patients and carers within one 
month of NIV being initiated.  

   Results:  The study identifi ed themes relating to: fi rst impres-
sions of the technology; issues of sleep disturbance; adverse 
sensations of pressure and pulsing; dry mouth; design of the 
mask; and fi tting the mask. Patients/carers perceived benefi ts 
related to: increased energy; improved sleeping; enhanced 
carer wellbeing; improved breathing and increased speech 
clarity. Bulbar dysfunction at the time of NIV initiation did 
not adversely affect patient compliance with NIV.  

   Conclusions:  A key factor described by patients and carers was 
the need to persevere to overcome the challenges associated with 
early NIV use. The study highlights the importance of patient 
perceptions of gains as a factor in their NIV usage decisions. Key 
recommendations are: availability of easily accessible in-person 
support for patients; for clinicians to pre-empt potential obstacles 
by discussing options such as humidifi cation or alternative mask 
interfaces; the importance of discussing potential benefi ts in 
detail with patients; patients with bulbar dysfunction should be 
given a trial of NIV if indicated; and optimisation of secretion 
management prior to the NIV trial.  
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   Background:  Increased clinical use of NIV has become 
widespread (1). In the USA, NIV deployment before the 1999 
AAN ALS Guidelines was 8%-9%(2,3) but rose to 
15.6%(2000) (4) then 21%(2004)(3) and subsequently 
increased to 36%(2006) but this was felt to still be below the 
guideline recommendations (5). In the United Kingdom, NIV 
use has increased from 13.6% (2000) to 36.1%(2009) based 
on two national surveys(6,7). A population-based study in 
northern Italy identifi ed NIV use at 20.6% (2004) while pub-
lished center-based studies identifi ed deployment fi ve years 
later at 37%(2009)(8,9). NIV deployment in French ALS 
patients at a single center has increased from 16 % (2004) to 
36 %( 2006) to 51%(2008) based on increased sensitivity to 
respiratory insuffi ciency(10).  

   Objectives:  Compare impact on survival of patients 
with ALS using Bi-directional Positive Airway-Pressure 
(BiPAP)-based P-NIV with those using volume-based V-NIV 
and TPV in a single-center-based clinical audit.  
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   Methods:  From 2003 – 2012, 387 total patient with ALS 
((219-F: 168-M)) received respiratory support. Deployment 
of P-NIV, V-NIV and disease trajectory to death or last-fol-
low-up was collated. Descriptive statistics of clinical features 
prior to respiratory intervention and changes overtime includ-
ing transition from P-NIV to V-NIV to TPV were compared 
with survival between groups. Statistical analysis was per-
formed with MedcCalc software(version 12. 2.1.0).  

   Results:  From 2003 – 2008, 198 patients received P-NIV. From 
2009 – 2012, 142 patients received V-NIV. From 2003 – 2012, 47 
patients received TPV. Survival was signifi cantly (p    �    0.017) 
improved with a decreased hazard ratio    �    0.732(95%CI    �    
0.567 – 0.949) in patients with V-NIV (50% survival    �    15 
months (95%CI    �    11 – 18)) compared with P-NIV (50% sur-
vival    �    9 months (95%CI    �    8 – 11)). Survival was signifi cantly 
(p    �    0.026) improved with a decreased hazard ratio    �     
0.662(95%CI    �    0.449 – 0.979) in patients with TPV (50% sur-
vival    �    22 months (95%CI    �    12 – 35)) compared with V-NIV. 
There was no difference in the use of riluzole across the groups.  

   Conclusions:  Deployment of V-NIV is associated with a 
mean improved survival of 6 months relative to P-NIV. TPV 
still has the most dramatic effect with a further mean increased 
survival of 22 months among patients with ALS, even when 
deployed following NIV.  

   Discussion:  Further single center-based audits of P-NIV 
compared with V-NIV and TPV will be required to assess the 
relative potential impact of these interventions on survival and 
quality of life in patients with progressive respiratory insuffi -
ciency.  
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   Background:  Although fatigue is a common symptom in amyo-
trophic lateral sclerosis (ALS), excessive daytime sleepiness 
(EDS) is not commonly reported by patients or caregivers. 
ALS patients with sleep disordered breathing (SDB) are less 
sleepy than Non ALS patients with SDB. In ALS, the degree 
of EDS is also not related to the Apnea Hypopnea Index 
(AHI) or O 2  desaturation unlike the non ALS population with 
SDB. As the sympathetic nervous system plays a critical role 
in alertness, we hypothesized that in ALS patients with SDB, 
the degree of subjective EDS cannot predict the degree of 
SDB because of autonomic dysfunction seen in ALS.  

   Objectives:  To correlate the degree of EDS in ALS patients 
with underlying degree of SDB as a measure of autonomic 
dysfunction.  

   Programme description:  Consecutive newly diagnosed 
ALS (24) patients were studied over 6 months. ALS symp-
tom onset, Sitting and supine FVC (Forced Vital Capacity), 
NIF (Negative Inspiratory Force), Daytime resting O 2  sat-
uration as well as daytime sleepiness assessed by Epworth 
Sleepiness Scale (ESS) were recorded. These patients also 
underwent an unattended home based sleep study by 
WatchPAT 100, Itamar Medical with AHI, RDI (Respira-
tory Disturbance Index) and ODI (Oxygen Desaturation 
Index) calculations.  

   Clinical outcomes:  Out of 24 patients one did not com-
plete ESS. Total 23 patients with mean ESS of 7 were 
divided into two groups based on the ESS score: a less 
sleepy group with ESS score    �    10 (n    �    16) and a sleepier 
group with ESS score    	    10 (n    �    7). Less sleepy group had 
mean ESS of 4.3    �    2.58 vs. sleepier group with mean ESS 
of 13.3    �    4.7, p    �    0.0001. Less sleepy group had mean AHI 
of 15.97 (    �    16.) denoting a moderate degree of SDB; while 
more sleepy group had mean AHI of 12.18 (    �    9.9); sugges-
tive of a milder degree of SDB and poor correlation between 
these two parameters with P    �     �    0.05 by Mann-Whitney U 
Test. Overall, the less sleepy group had a higher AHI 
(15.97    �    16.69 vs. 12.18    �    9.89) than the sleepier group. 
Out of the 23 patients, the highest AHI of 54.1 was associ-
ated with ESS of only 3 while highest ESS of 23 was asso-
ciated with an AHI of 10.4.  

   Recommendations to the fi eld:  In ALS patients with SDB, 
the degree of subjective daytime sleepiness is not related to 
degree of AHI and underlying SDB. This can be secondary 
to dysfunction of central adrenergic alerting mechanisms. As 
autonomic dysfunction is common in ALS, these fi ndings help 
to explain the lack of daytime hypersomnolence. Further stud-
ies to look at autonomic function testing should be considered 
in ALS patients.  
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   Background:  Nutrition is a prognostic factor for survival in 
ALS. Previous research has demonstrated an increase in 
caloric needs (1). However, the standard equations that esti-
mate Resting Energy Expenditure (REE) are not as reliable 
in ALS patients as in the normal population (2). Therefore, a 
method to estimate REE accurately while the patient is in ALS 
clinic is needed.  

   Objectives:  There were two objectives to our study. First, we 
needed to know as accurately as possible the REE in a large 
cross-section of ALS patients while the patient was at a rou-
tine clinic visit. Second, we compared that measurement 
against four standard predictive equations (i.e. Miffl in-St Jeor, 
Harris Benedict, Ireton-Jones, and calories per kilogram body 
weight) so that we might estimate caloric needs in a simpler 
and more accurate manner.  

   Methods:  A chart review was performed on 143 patients (77 
male/66 female) with ALS who were measured for REE using 
indirect calorimetry (KORR MetaCheck Metabolic Analyzer 
Model 7100.). All patients were instructed to fast for 4 hours, 
avoid all caffeinated beverages, and avoid exercise on the day 
of the MetaCheck. Patients were seated at rest for 15 minutes 
prior to the procedure. The test was adapted to use a face 
mask rather than the provided mouthpiece to ensure an ade-
quate mouth seal. The testing time was 10 minutes of breath-
ing at a normal rate through the face mask. Measured REE 
was compared to calculations from the Miffl in-St Jeor, Harris 
Benedict, and Ireton-Jones equations in addition to calories 
per kilogram body weight.  

   Results:  137 of the 143 patients were able to complete the 
MetaCheck analysis. Six were excluded due to low tidal volumes. 
Data has been collected and results are pending analysis.  

   Discussion and conclusion:  Pending analysis of results.  

  References  
  1.  Desport JC  et   al.  Americal Journal of Clinical Nutrition 
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  P194 HYPERCARBIA IN ALS/MND PATIENTS: 
UNDER-RECOGNIZED AND UNDER-
DIAGNOSED-YET ASSESSING CAN CHANGE 
TREATMENT ALGORITHMS AND IMPROVE 
QUALITY OF LIFE  

  ONDERS R  ,   ELMO M  ,   KATIRJI B  ,   KAPLAN C  ,   SCHILZ R   

  University Hospitals Case Medical Center, Cleveland, OH, USA   

   Email address for correspondence: raymond.onders@uhhospitals.org   

   Keywords:   hypercarbia  ,   hypoventilaton  ,   diaphragm pacing   

   Background:  Patients with ALS/MND suffer from hypoven-
tilation and can suffer from the effects of hypercarbia which 
can lead to headaches, cognitive impairments and decreased 
survival. In many patients hypercarbia will precede any evi-
dence of hypoxia. Increasing knowledge of developing hypov-
entilation and hypercarbia will help identify patients before 
acute respiratory failure.  

   Objective:  Identify the incidence of hypercarbia in ALS/MND 
patients during presentation with routine utilization of arterial 
blood gases for analysis of carbon dioxide levels (CO 2 ).  

   Methods:  All arterial blood gas results were prospectively 
obtained at one institution during respiratory evaluation in an 
ALS/MND clinic under local IRB protocols and a retrospec-
tive analysis of prospective data in the pivotal FDA trial of 
diaphragm pacing for ALS at multiple sites.  

   Results:  An analysis of the database of 148 ALS patients 
arterial blood gases obtained on initial evaluation were ana-
lyzed and 44% of patients presenting had an elevated CO 2  
level. 25% of subjects had a severely elevated pCO 2  and none 
of them had a previous evaluation for hypercarbia. In the dia-
phragm pacing multi-centre pivotal trial paired sample analy-
sis (74 subjects) there was a decrease of 2.0 mmHg of CO 2  
with utilization of diaphragm pacing (p    �    0.001). In patients 
with severely elevated pCO 2 in the diaphragm pacing study 
(18 subjects) there was a decrease of 2.6mmHg of CO 2  
(p    �    0.03) with use of diaphragm pacing. In clinical practice 
the largest change of pC0 2  was from 54 to 40 with diaphragm 
pacing alone and in this patient there was no utilization of 
non-invasive ventilation (NIV).  

   Conclusion and discussion:  This evaluation is limited 
since the ALS subjects evaluated were being assessed at 
research centres involved in therapies for diaphragm dys-
function so the results may not refl ect the global ALS/
MND population but the incidence of hypercarbia is still 
signifi cant and represents a large subset. Hypercarbia can 
be unrecognized and is an ominous predictor of acute res-
piratory failure and death. Assessment should become a 
standard in ALS/MND management. Future assessment 
with short term awake supine capnography or transcutane-
ous CO 2  techniques may alleviate arterial blood gases 
but these techniques need further evaluation before they 
can replace arterial blood gases. Once identifi ed, hypoven-
tilation and hypercarbia can be treated with either increas-
ing use of NIV or diaphragm pacing if the patient has a 
stimulatable diaphragm. Early detection and knowledge 
can allow utilization of available therapies to slow the 
progression of hypoventilation and improve the patients ’  
quality of life by decreasing the adverse effect of an elevated 
CO 2  and its systemic effects which includes cognitive 
dysfunction.  

DOI: 10.3109/17482968.2012.721231/289
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  P195 EFFECTS OF ENTERAL NUTRITION ON 
SURVIVAL IN BULBAR VERSUS SPINAL ONSET 
ALS PATIENTS  

  ROWIN J  ,   DESKIN C  ,   ZIMMERMAN K  ,   KIM H  ,  

  University of Illinois at Chicago, Chicago, IL, USA   

   Email address for correspondence: rowin@uic.edu   

   Keywords:   enteral nutrition  ,   survival  ,   bulbar   

   Background:  Studies investigating the survival effects of 
enteral nutrition (EN) by percutaneous endoscopic or radio-
logical gastrostomy (PEG or PRG) in ALS have shown mixed 
results suggesting that patient selection may be an important 
factor.  

   Objective:  The purpose of this study is to begin to assess the 
effects of PEG or PRG and EN on the survival time of dif-
ferent ALS patient populations (bulbar onset versus spinal 
onset).  

   Methods:  The authors conducted a retrospective search 
of the UIC ALS Database. All ALS patients evaluated by 
the UIC ALS speech and communications team during 
the period of 1 December 2005 to 25 April 2012 were 
included in the database. 143 patients were considered for 
inclusion. Inclusion criteria included: 1). Definite or 
probable ALS at some stage of disease 2). Available date 
of death 3). Known spinal versus bulbar onset 4). Known 
diagnosis date and patient reported symptom onset date. 
63 patients were included, 19 bulbar onset (13 with EN, 
6 without EN) and 44 spinal onset (7 with EN and 
37 without EN). EN was recommended according to the 
AAN practice parameter guidelines. The survival distribu-
tion of the two samples with or without PEG or PRG was 
evaluated using the Log-Rank test after selecting for bul-
bar and limb onset as a sub-group analysis. In addition, a 
survival comparison was conducted for the sub-groups 
receiving riluzole and/or BiPAP.  

   Results:  For bulbar-onset patients receiving EN, the median 
length of survival from symptom onset and from diagnosis 
was 973 and 707 respectively, and for those who refused EN 
was 524 and 196 days respectively. The distribution differ-
ences in survival from symptom onset and from diagnosis 
between the EN and no EN groups were both statistically 
signifi cant, p    �    0.014, and p    �    0.019. For spinal-onset 
patients receiving EN the median length of survival from 
symptom onset and from diagnosis was 843 and 504 days 
respectively, and for those who refused EN was 722 and 459 
days respectively. The survival distributions from symptom 
onset and from diagnosis were not signifi cantly different 
between the EN and no EN groups. Demographic charac-
teristics between the two samples (with or without PEG/
PRG) were no different for age, gender and race. There was 
also no difference in BiPAP or riluzole use.  

   Discussion:  In our ALS patient population, bulbar-onset 
patients (progressive bulbar palsy) who received EN either by 
PEG or PRG had a statistically signifi cant improvement in 
survival as opposed to spinal-onset patients who did not.  

   Conclusion:  Localization of symptom onset may be an 
important factor in patient selection for PEG or PRG. Further 
study is needed to confi rm these fi ndings in a larger patient 
population and to identify additional factors impacting upon 
survival in ALS patients considered for EN.  

DOI: 10.3109/17482968.2012.721231/290

  P196 ALS DASHBOARD STAGING SYSTEM 
BULBAR AND RESPIRATORY DOMAIN 
MILESTONES ARE SIMILAR IN PATIENTS WITH 
AMYOTROPHIC LATERAL SCLEROSIS (ALS): 
TIME FROM GASTROSTOMY TUBE (GT) TO 
NON-INVASIVE VENTILATION (NIV) IS SIMILAR 
TO TIME FROM NIV TO GT  

   FISCHER   MP  1   ,    O’NEILL   M  1   ,    HENDERSON   AM  1   , 
   PACCICO   TJ  2   ,    LINDBLOM   SS  2   ,    BRAVVER   EK  1   ,    DESAI  
 UG  1   ,    BOCKENEK   WL  3   ,    WILLIAMS   NM  1   ,    SMITH   NP  1   , 
   NICHOLS   MS  1   ,    WRIGHT   KY  1   ,    BROOKS   BR  1     

  1 Department of Neurology, Carolinas Neuromuscular/ALS-MDA 
Center;  2 Internal Medicine;  3  Carolinas Rehabilitation, Physical 
Medicine and Rehabilitation; Carolinas Medical Center, Univer-
sity of North Carolina School of Medicine, Charlotte Campus, 
Charlotte, NC, USA   

   Email address for correspondence: michael.fi scher@carolinashealth-
care.org   

   Keywords:   disease staging  ,   benchmarking  ,   ALS Dashboard   

   Background:  Gastrostomy tube (GT) placement and ini-
tiation of non-invasive ventilation are employed to improve 
nutrition and respiration in patients with ALS. Both inter-
ventions occur at different times in various patients and 
each constitute a defi nite milestone in the ALS Dashboard 
staging system being evaluated to assess domain (bulbar, 
respiratory) stage specifi c disease progression.  

   Objectives:  Compare disease trajectory for patients with 
ALS who receive GT before NIV or NIV before GT in a 
single-center-based clinical audit.  

   Methods:  From 2007 – 2012, 35 patients (19 F;16M) 
received GT before NIV and 46 patients (24M; 22 F) 
received NIV before GT. Disease trajectory was assessed 
by ALSFRS-R and ALS Dashboard. Weight, body mass 
index at time of GT insertion, change in weight and body-
mass index prior to GT insertion and following GT inser-
tion, vital capacity at initiation of GT and at initiation of 
NIV, change in vital capacity pre-GT and pre-NIV, change 
in vital capacity post-GT and post NIV, survival post GT 
followed by NIV and post NIV followed by GT were ana-
lyzed. Statistical analysis was performed with MedcCalc 
software(version 12. 2.1.0).  

   Results:  Surprisingly, time from GT to NIV in 35 patients 
with ALS who had bulbar disease domain progression fi rst 
(mean    �    9.6 months; 95%CI    �    5.9 – 13.8 months) was iden-
tical to time from NIV to GT in 46 patients with ALS who 
had respiratory disease domain progression fi rst (mean    �    
9.8 months 95% CI    �    6.1 – 14.4 months). Overall survival 
in each group was comparable regardless of the initial 
intervention.  

   Conclusions:  Deployment of GT fi rst in bulbar domain pro-
gressing patients followed by NIV or NIV fi rst in respiratory 
domain progressing patients followed by GT proceeds along 
similar timelines.  

   Discussion:  Changes in ALS Dashboard respiratory stage in 
bulbar onset/affected patients with ALS is comparable to 
changes in ALS Dashboard bulbar stage in respiratory onset/
affected patients with ALS. ALS Dashboard change within 
bulbar and respiratory domains provides comparable rates of 
disease trajectory change over time. Further studies will be 
required to assess whether newer diagnostic techniques lead-
ing to earlier intervention or identifying pharmacological or 
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physical treatment interventions will affect these milestone 
changes in a similar fashion.  

DOI: 10.3109/17482968.2012.721231/291

  P197  “ WOULD YOU DO IT AGAIN? ”  PATIENT 
PERSPECTIVE REGARDING THEIR DECISION 
FOR PEG IN ALS  

  CAWADIAS E  ,   BUTLER M  ,   MCNEELY S   

  The Ottawa Hospital Rehabilitation Centre, Ottawa, Ontario, 
Canada   

   Email address for correspondence: ecawadias@hotmail.com   

   Keywords:   percutaneous endoscopic gastrostomy  ,   decision  ,   satis-
faction   

   Background:  Percutaneous endoscopic gastrostomy (PEG) 
has become the intervention of choice for ALS patients when 
oral food intake becomes unsafe or inadequate. But there are 
risks associated with the procedure and PEG does not stop 
disease progression. Studies have shown that PEG is probably 
effective in prolonging survival but this has not been quanti-
fi ed (AAN Practice Parameters). There has been research 
associated with the decision-making process but little on 
patient feelings about their decision after having the proce-
dure. However, PEG continues to be recommended and many 
patients accept it.  

   Purpose:  This study was to determine patient perspective 
regarding their decision to have a PEG after they had the 
procedure and started using the PEG.  

   Method:  In the course of assessment and follow-up for each 
patient by the Speech Language Pathologist (SLP), Regis-
tered Dietitian (RD) and/or Clinic Nurse (RN), answers to 
three specifi c questions were recorded: 1)Are you an  “ eat to 
live ”  (ETL) or  “ live to eat ”  person (LTE)? 2) How did the 
PEG insertion procedure go and were there any complica-
tions? 3) Would you do it again? (YES or NO). Patient 
comments were recorded. Site of onset, indicators for PEG, 
PFTs, BMI (initial and a time of procedure) and survival were 
also recorded.  

   Results:  Complete data for 22 patients (14 active, 8 deceased) 
have been collected (twelve patients with PEG but incomplete 
data were not included). Three patients (14%) stated that they 
would not  “ do it again ” . All 3 were LTE. Two had complica-
tions (pain, infection). One patient is deceased (627 days); the 
other two are presently living (639 and 738 days post-proce-
dure). One patient has returned to eating orally. Of the YES 
group, 58% were ETL. Comments from the YES group were 
generally positive. One patient found it a lot better than antic-
ipated. The most common negative comment was missing 
taking food orally. Additional comments were about adjust-
ments re: body image,  “ medicalization ”  of eating and  “ the 
alternative is I would starve or choke and shorten my life ” .  

   Discussion:  The result that 86% would do it again would 
indicate that the procedure is perceived by patients who 
choose to have a PEG to be a valuable component of their 
treatment. ETL group had more positive responses and com-
ments. Complications did not appear to have an impact on 
satisfaction.  

   Conclusion:  This study confi rms our clinical observation 
that the majority of our patients with ALS are satisfi ed with 
their decision to get a PEG. Comments from both groups 

provided insight into this aspect of patient care. The result 
that even patients who would  “ do it again ”  had negative com-
ments indicates that continued support of all patients post-
procedure is important.  

DOI: 10.3109/17482968.2012.721231/292

  P198 ALS BODY WEIGHT AFTER PEG 
PLACEMENT  
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   Email address for correspondence: jcwijnen@kpnmail.nl   

   Keywords:   dietician  ,   body weight  ,   weight loss   

   Background:  Signifi cant weight loss, as a result of insuffi -
cient food intake, reduces the survival rates in patients with 
ALS. The most recent practice parameter (1) suggests that 
enteral nutrition via percutaneous endoscopic gastrostomy 
(PEG) will stabilize body weight. Clinical data on the pattern 
of weight loss before and after PEG insertion, and particularly 
the effect of dietetic intervention, are scarce.  

   Objective:  To determine if it is possible to stabilize body 
weight in ALS patients after PEG insertion.  

   Method:  Data were retrospectively derived from the dieti-
tians ’  database between 2007 and 2011. Only patients with a 
PEG inserted were included in the analysis. A total of 21 
patients were identifi ed as suitable. The changes in body 
weight (kg/month) before and after PEG insertion were com-
pared and checked with the paired sample  t -test .   

   Results:  Before PEG, 16 patients lost weight and 5 gained 
weight: the mean weight loss was 0.8 kg/month. After PEG, 
14 patients lost weight, 2 stabilized and 5 others gained 
weight: the mean weight loss was 0.2 kg/month. The reduction 
in weight loss before and after PEG was not signifi cant 
(p    �    0.069). Patients with spinal onset (n    �    15) had a mean 
weight loss of 0.7 kg/month before and stabilized after PEG 
insertion. Patients with bulbar onset (n    �    6) had a mean 
weight loss of 0.8 kg/month before and 0.3 kg/month after 
PEG insertion. Weight loss after PEG was caused by a 
decreased energy intake.  

   Discussion:  There is little evidence (1), that body weight 
stabilizes after PEG insertion. The present study indeed shows 
that body weight continues to drop after PEG placement, 
albeit in a reduced pace. After PEG insertion, 5 patients tem-
porarily gained weight (mean 2.3 kg), but later they lost 
weight again.  

  We found no studies which took into account the wishes of 
the patient when deciding treatment, such as when to start or 
increase enteral nutrition, or to use a feeding pump when 
enteral nutrition by bolus is no longer tolerated. Also, close 
monitoring by a dietitian can prevent severe weight loss in 
ALS patients before PEG insertion.  

   Conclusions:  Our study shows that after PEG insertion, 
weight loss might be minimized by various interventions by 
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the dietitian. These interventions can also play a signifi cant 
role in weight control before insertion. Ultimately, it is the 
patient who should decide if and when any nutritional inter-
ventions are implemented. More studies are needed to show 
which factors that are amenable to intervention determine 
weight loss in ALS patients after PEG placement.  

  Reference:  
  1.  Miller R, Jackson C, Kasarskis E  et   al.  Practice Parameter 

Update: Neurology 2009;73:1218–26.  
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  P199 EARLY LOSS OF BODYWEIGHT IN 
ALS  –  IMPORTANT FOR DISEASE PROGRESSION?  
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   Email address for correspondence: birgitta.jakobsson.larsson@
neuro.uu.se   

   Keywords:   nutrition  ,   bodyweight  ,   ALSFRS   

   Background:  Reduced ability to maintain nutritional status is 
common among patients with ALS. During the disease progres-
sion and when bulbar symptoms arise it is diffi cult for the patients 
to maintain a balance in the calorie intake. Malnutrition leads to 
impaired muscle strength both in extremities and respiratory 
muscles and has a negative effect on the patient ' s quality of life. 
Body weight and BMI is simple methods to measure the nutri-
tional status and is commonly used in most ALS team.  

   Object:  The aim was to evaluate if the patients nutritional 
status, measured by body weight and body mass index (BMI), 

has an effect on the disease progression, measured by 
ALSFRS.  

   Methods:  This is a retrospective study where the data were 
collected by record review. A total of 35 patients were included, 
18 patients with PEG and 17 without PEG. At each patients 
record there were data on weight, height and ALS FRS at a 
minimum of three time points.  

   Results:  In the group with PEG, weight loss before diagnosis 
was 7% in spite of where the symptoms started, with a mean 
BMI of 24.5 (SD 2.9). During the time between diagnosis 
and PEG the weight loss continued with a total weight loss of 
10%. A stabilisation of body weight came after three months. 
ALSFRS at time for diagnosis was 32/40 and at the time for 
PEG 26/40. Three months after the PEG had been inserted 
the ALSFRS value was 21/40 but then the progression was 
slower. In the group without PEG treatment the weight loss 
was 5% before diagnosis with a BMI of 25.3 (SD 3.1). Their 
weight loss continued one year after time for diagnosis and 
then stabilized. At diagnosis this group had an ALSFRS value 
of 35/40 and after one year 28/40.  

   Discussion:  None of the patients in this study had a BMI    �    21. 
BMI alone was not a good indicator of malnutrition. Since this 
was a study with a longitudinal approach, patients died during 
the follow up period which complicated analysis of data. How-
ever, it is important to evaluate the change in total weight loss 
and not just current body weight and BMI.  

   Conclusion:  Of importance was the weight loss before 
diagnosis. When the bodyweight was stabilized the disease 
progression slowed down as measured with ALSFRS.      

DOI: 10.3109/17482968.2012.721231/294
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                        THEME 9 COGNITIVE AND PSYCHOLOGICAL 
ASSESSMENT AND SUPPORT    

 P200 THE EDINBURGH COGNITIVE ALS SCREEN 
(ECAS)      

   ABRAHAMS S ,  NEWTON     J ,      BAK TH          

  University of Edinburgh, Edinburgh, UK  

  Email address for correspondence: s.abrahams@ed.ac.uk                              

Keywords:   cognition  ,   behaviour  ,  screen

  Background:  A frontotemporal syndrome occurs in up to 
50% of people with ALS. However the cognitive status of the 
majority remains unknown due to lack of resources and of 
appropriate screening tools. Here we present the Edinburgh 
Cognitive ALS screen (ECAS), a 15 minute standardised 
interview for use by health care professionals in the clinic. 
The ECAS was developed to be sensitive and specifi c to cog-
nitive and behavioural changes in ALS and ALS-FTD. The 
ECAS is unique in being designed; a) specifi cally for ALS 
patients with varying motor disability, b) to be sensitive to the 
range of impairment in ALS including both executive and 
language dysfunction, c) to distinguish ALS with cognitive 
impairment from prodromal Alzheimer’s Disease and other 
conditions common in older adults.   

  Objectives:  To demonstrate sensitivity of ECAS to cognitive 
and behavioural change in ALS.   

  Methods:  23 non-demented patients with ALS were 
compared with 20 healthy controls, closely matched for age 
and years of education. In addition, two cases of ALS-FTD 
were tested. All participants were interviewed by a nurse 
specialist. The ECAS is a multidomain interview with sec-
tions assessing ALS-specifi c functions (executive and lan-
guage) and ALS-nonspecifi c functions (memory, visuospatial) 
and a separate carer behaviour interview based on new 
criteria for diagnosis of behavioural variant FTD.   

  Results:  a) ALS-non demented patients. ALS-specifi c 
functions: In total 43% (10) patients showed impairment with 
26% (6) a verbal fl uency defi cit, 22% (5) general executive 
dysfunction and 26% (6) language dysfunction (spelling 
impairment). ALS-nonspecifi c functions: No patients showed 
a defi cit on visuospatial functions. 9% (2) showed memory 
retention defi cit with only, one showing problems with 
ALS-specifi c function. Behaviour: 21% of patient carers 
described changes in behaviour with 17% Apathy, 4% 
(1 patient) Perseveration and Stereotyped behaviour and 
4% (1 patient) with Hyperorality and change in Eating 
Behaviour. Of note 9% (2 patients) showed behaviour 
changes without cognitive dysfunction. b) ALS-FTD. ALS-
specifi c functions: the patients were impaired across all ele-
ments with prominent executive and spelling dysfunction. 
ALS-non-specifi c functions: neither patient was impaired 
on memory retention. One patient showed poor visuospatial 
performance. Behaviour: Both patients showed predominant 
behaviour dysfunction across components.   

  Discussion and conclusions:  This study demonstrates 
that the ECAS is a sensitive measure of the frontotemporal 
syndrome in ALS and ALS-FTD. The proportion of non-
demented patients detected with cognitive impairment was in 
line with epidemiological research. Moreover patients showed 
the pattern of defi cits, which is specifi c to the disease. Of 
note, one patient showed an independent ALS-nonspecifi c 
memory retention problem and it is predicted that this patient 
has co-morbid prodromal Alzheimer’s disease. Further longi-
tudinal and neuropathological fi ndings may provide evidence 
for this. Future studies will continue to validate this screen.  

DOI: 10.3109/17482968.2012.721231/295

         P201 EXECUTIVE DYSFUNCTION IN ALS 
RELATES TO REDUCED WHITE MATTER 
INTEGRITY IN THE FRONTAL LOBES  

  PETTIT L  ,   BASTIN M  ,   ABRAHAMS S  

   University of Edinburgh, Edinburgh, UK   

   Email address for correspondence: L.D.Pettit@sms.ed.ac.uk   

   Keywords:   cognition  ,   correlation  ,   white-matter   

   Background:  Cognitive impairments are being increasingly 
recognised as part of the heterogeneous presentation of ALS 
patients. Defi cits in tests of executive functions are the most 
commonly reported impairment in ALS, however, slowed 
processing speed, a predominant feature of other motor dis-
orders, has received little attention. Reduced white matter 
integrity has been shown in tracts and cerebral regions associ-
ated with extra-motor functioning, however, direct correla-
tions with cognitive performance are rarely undertaken.  

   Objectives:  This study aimed to determine whether a) cogni-
tive impairments observed in ALS are underpinned by 
executive dysfunction or slowed processing speed, and b) to 
identify the loci of white matter changes which may underpin 
any observed impairments.  

   Method:  Cognitive functioning was investigated in 30 ALS 
patients and 30 age and IQ-matched controls using tasks 
designed to account for motor disability. Novel dual-task 
and processing speed paradigms were designed specifi cally to 
test the competing theories of executive functioning and 
speed. Background neuropsychological tests were also admin-
istered. In addition, diffusion tensor magnetic resonance 
imaging (DTI) data was obtained, allowing measurement 
of white matter integrity in anterior and posterior cerebral 
tracts through region of interest measures of fractional anisot-
ropy and mean diffusivity.  

   Results:  ALS patients performed signifi cantly worse than 
controls in the dual-task and letter fl uency test. However, the 
ALS patients performed comparably to controls on tests 
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of processing speed. Patients ’  performance in the dual-
task correlated with white matter integrity in the association 
fi bres adjacent to dorsolateral prefrontal cortex. Patients ’  
performance in letter fl uency correlated with white matter 
integrity in the Genu, and association fi bres adjacent to 
Broca’s area and Broadman’s area 10.  

   Discussion and conclusions:  ALS patients were impaired 
on tests of executive functioning, whilst showing intact 
processing speed. Performance in the dual task and letter 
fl uency test was associated with dysfunction to different 
pathways within the prefrontal cortex. The ALS group 
exhibited cognitive impairments indicative of executive dys-
function which were associated with extensive structural 
white matter changes in the frontal lobes. The investigation of 
white matter integrity through DTI is a sensitive method for 
revealing extra-motor changes and heterogeneity within ALS 
populations.  

DOI: 10.3109/17482968.2012.721231/296

  P202 CORTICAL THICKNESS CHANGES IN ALS 
WITH OR WITHOUT COGNITIVE AND BEHAVIOR 
DISTURBANCES COMBINED WITH 
NEUROPSYCHOLOGICAL ASSESSMENTS  

  YE S  ,   FAN D  

   Peking University Third Hospital, Beijing, China   

   Email address for correspondence: dsfan2010@yahoo.com.cn   

   Keywords:   cortical thickness  ,   neuropsychological assessments  ,  
 cognitive impairment   

   Background:  Some amyotrophic lateral sclerosis (ALS) 
patients have apparent cognitive and behavior disturbances 
which meet the criteria of ALS-FTD, and some only have 
mild symptoms named ALSci or ALSbi. Sensitive neuropsy-
chological examinations can be used for cognitive assessment, 
and cortical thickness measurement used for learning the 
structural features.  

   Objectives:  The aim of the study is to discuss the cortical 
thickness changes in ALS with and without cognitive and 
behavior disturbances, and fi nd whether there is any correla-
tion between cortical thickness and neuropsychological 
examinations.  

   Method:  Cortical thickness measurements were performed 
on structural 3T MRI data of 18 patients and 18 matched 
healthy controls. Patients would have had tests of  verbal  
fl uency, prospective memory, theory of mind and picture 
emotional perception. Patients were divided into pure ALS, 
ALSci and ALS-FTD according to the tests and symptoms. 
Cortical thickness was analysed separately, and the correlation 
was checked with cognitive examinations.  

   Result:  Cortical thickness of whole brain 70 regions showed 
no difference between pure ALS patients and controls 
(P    �    0.05). Cortical thickness of bilateral lateral orbitofron-
tal, bilateral entorhinal, left medial orbitofrontal, and left 
parsorbitalis cortex were decrease in ALSci. Diffused reduc-
tion of cortical thickness was observed in bilateral hemisphere 
in ALS-FTD. Positive correlations were found between 
EBPM, TOM, arousal of negative pictures, recognition of 
pictures and their corresponding brain regions (P    �    0.05) .  

   Discussion:  Gliosis might counteract the neuron shrink-
ing, and would lead to no cortical thickness reduction of 

precentral cortex in pure ALS. Atrophic regions in ALSci 
could be explained by the cognitive impairments found in 
patients (using neuropsychological examinations), and we 
supposed they might relate to the deposition of pThr175-tau. 
Cognitive and behavior disturbances might be the reason of 
cortical thickness changes in extra-motor regions, since it was 
normal in pure ALS. The correlations between neuropsycho-
logical examinations and brain regions could all be explained 
by their anatomic and functional basis. Therefore, we consider 
that cortical thickness measurements could be used as a 
sensitive tool to refl ect the structural change of cognitive 
impairment.  

   Conclusion:  Cortical thickness in precentral cortex of 
ALS patient was not always decreased. Changes of cortical 
thickness showed a greater difference in pure ALS, ALSci 
and ALS-FTD, which would help to fi nd the nature of dis-
ease. Some neuropsychological examinations had signifi cant 
relationship with their corresponding brain regions. For those 
with mild cognitive impairment, cortical thickness measure-
ments could be a sensitive way to assess the cortical structure 
in an early stage.  

DOI: 10.3109/17482968.2012.721231/297

  P203 SOURCE ANALYSIS OF COGNITIVE 
FUNCTIONS IN AMYOTROPHIC LATERAL 
SCLEROSIS PATIENTS BY MEANS OF AUDITORY 
P300 ODDBALL PARADIGM  

   OLIVARES-TORRES   A  1   ,    CUSPINEDA-BRAVO   E  1   , 
   IGLESIAS-FUSTER   J  2   ,    HERN Á NDEZ-BARROS   DM  2   , 
   LARA-FERN Á NDEZ   G  1   ,    ZALD Í VAR-VAILLANT   T  1   , 
   SOTO-LAVASTIDA   A  1   ,    GUTI É RREZ-GIL   J  1   , 
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BAZ Á N   D  3   ,    BELTR Á N   C  1   ,    PUERTA-ARMAS   A  1   , 
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City, Havana, Cuba,  3 Hospital Hermanos Ameijeiras, 
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   Email address for correspondence: ana.olivares@infomed.sld.cu   

   Keywords:   event related potentials  ,   cognitive impairments  ,   source 
analysis   

   Background:  Traditionally, ALS is considered as a disorder 
limited to motor neurons in the primary motor cortex, in the 
brainstem and in the spinal cord, although in recent years, 
cognitive defi cit has been demonstrated in non-demented 
patients with ALS. Current research has emphasized the use-
fulness of Event Related Potentials (ERPs) to assess subclini-
cal cognitive impairment. P300 (P3) is the most studied 
cerebral wave in evaluating cerebral information processing 
during the course of this neurological disease and several elec-
trophysiological studies provide evidence for extra-motor 
areas, demonstrating sub-clinical cognitive defi cits in patients 
with ALS.  

   Objectives:  To determine and localize sources of electrical 
cognitive activities using a P3 auditory stimulation  “ oddball ”  
paradigm and to investigate the presence of sub-clinical cogni-
tive dysfunction in ALS patients.  

   Methods:  BAEPs were recorded for hearing assessment. 
P3 component was also recorded in 15 patients with ALS 
according to a paradigm validated in 25 healthy volunteers 
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using 32 EEG channels. The amplitude and latency for the 
component obtained were measured. The P3 component was 
obtained by subtracting the response to the frequent stimuli 
from that to the infrequent stimuli. P3 Grand Average was 
computed and electrical sources were estimated by means of 
Bayesian Model Averaging (BMA) approach in all groups. 
Clinical variables, depression and cognitive status were also 
evaluated with standardized scales for all groups.  

   Results:  Normal BAEPs were present in all groups. P3 
was not signifi cantly different between patients and healthy 
controls for latencies, while the amplitude obtained was lower 
in patients than in controls. In the patient group, P3 ampli-
tude correlated with age of disease onset, time of disease evo-
lution and Beck depression inventory, but it was not related 
with other severity variables of disease. Signifi cantly lower 
activation was also found at the level of source generators 
(postcentral gyrus, superior parietal gyrus, inferior parietal 
gyrus, and supramarginal gyrus of both hemispheres) in 
ALS patients as compared with healthy controls.  

   Conclusions:  Decreased P3 amplitude indicates the 
presence of sub-clinical cognitive defi cits in ALS patients. 
ERPs source analysis is a useful tool in investigating neural 
substrates and cerebral regions involved in specifi c cogni-
tive functions. ERPs represent a convenient technique to 
detect and assess sub-clinical impairment in patients with 
severe loss of motor function. Our fi ndings confi rm the 
hypothesis of a sub-clinical cognitive impairment in ALS 
patients, suggesting pathological involvement beyond the 
motor areas.  

DOI: 10.3109/17482968.2012.721231/298

  P204 THE ACCURACY OF THE MINI MENTAL 
STATE EXAM IN DETECTING FRONTAL 
TEMPORAL COGNITIVE IMPAIRMENT IN 
MOTOR NEURON DISEASE  

  RUSH B  ,   MIRRA K  ,   BOYLAN KB  

   Mayo Clinic, Jacksonville, FL, USA   

   Email address for correspondence: rush.beth@mayo.edu   

   Keywords:   cognitive screening  ,   diagnostic validity   

   Background:  The Mini Mental State Exam (MMSE) is used 
routinely in clinical practice and research of patients with 
motor neuron disease (MND) despite recognized limitations 
for evaluating frontal temporal cognitive impairment common 
in MND. The ALS Cognitive Behavioral Screen (ALS-CBS) 
was developed specifi cally for screening frontal temporal 
cognitive impairments in MND and has published diagnostic 
validity data for examining such symptoms in MND. The 
diagnostic accuracy of the MMSE and a MND-specifi c 
screening tool has never been directly compared in a sample 
of patients with MND.  

   Objectives:  To compare the diagnostic accuracy, sensitivity, 
and specifi city of the MMSE and the ALS-CBS in detecting 
frontal temporal impairment in MND.  

   Methods:  Fifty patients with MND were administered 
the MMSE, the ALS-CBS-Cognitive Scale, and an independ-
ent comprehensive neuropsychological evaluation. Neuro-
psychological evaluation fi ndings were used as the gold 
standard for classifying patients into 3 diagnostic groups: 
Normal, Mild Cognitive Impairment (MCI), and Dementia. 
Using accepted cut-off scores for the MMSE and ALS-

CBS, diagnostic accuracy of the screening measures was 
evaluated in distinguishing between patient groups.  

   Results:  Neuropsychological evaluation yielded 10 Normal, 
19 MCI, and 21 Dementia cases. Kruskal-Wallis and Mann 
Whitney U tests revealed no signifi cant group differences in 
patient demographics or disease characteristics. Kruskal-
Wallis tests revealed predicted group effects for MMSE 
( χ  2  (2,  N     �    50)    �    24.9,  p     �    0.0001) and ALS-CBS-Cognitive 
Scale ( χ  2  (2,  N     �    50)    �    34.0,  p     �    0.0001). Scores were: 
MMSE (Normal (median    �    29.1; IQR 28.6, 29.3)); MCI 
(median    �    27.9; IQR 26.1, 27.9); Dementia (median    �    24.0; 
IQR 20.6, 26.1)] and ALS-CBS-Cognitive Scale (Normal 
(median    �    16; IQR 15, 17.3); MCI (median    �    12; IQR 10, 
14); ementia (median    �    7; IQR 4.5, 8)). In distinguishing 
Normal from Dementia patients using accepted cut-off 
scores for MMSE (   �    23) and ALS-CBS-Cognitive Scale 
( �    /   �    10) the MMSE had a diagnostic accuracy of 58% 
(Sensitivity    �    38%; Specifi city    �    100%) compared to 90% 
for the ALS-CBS-Cognitive Scale (Sensitivity    �    86%; 
Specifi city    �    100%). In distinguishing Normal from MCI/
Dementia patients, using accepted cut-off scores for MMSE 
( �    26) and ALS-CBS-Cognitive Scale ( �    17) the MMSE 
correctly identifi ed 58% (Sensitivity    �    48%; Specifi city    �     
100%) compared to 86% with the ALS-CBS-Cognitive 
Scale (Sensitivity    �    98%; Specifi city    �    40%). Uniformly, false 
negative screening errors were more common using the 
MMSE than the ALS-CBS Cognitive Scale.  

   Discussion:  The MMSE has limited accuracy in detecting 
frontal temporal cognitive impairment in MND. Using the 
MMSE for cognitive screening in MND may infl ate false 
negative screening errors and consequently preclude early 
identifi cation of MND patients with cognitive impairment. 
Findings question the validity and utility of the MMSE as 
a cognitive screening tool for patients with MND and support 
the use of screening tools designed and specifi cally validated 
for use in MND.  

DOI: 10.3109/17482968.2012.721231/299

  P205 MEMORY FUNCTION IN AMYOTROPHIC 
LATERAL SCLEROSIS IN COMPARISON TO 
PATIENTS WITH MILD COGNITIVE IMPAIRMENT: 
A NEUROPSYCHOLOGICAL AND STRUCTURAL 
ANALYSIS  

   MACHTS   J  1   ,    KAUFMANN   J  3   ,    NAUE   N  1   ,    KASPER   E  2   , 
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   Background:  Cognitive functions have been found to be defi -
cient in patients with amyotrophic lateral sclerosis (ALS), but 
unlike in patients with mild cognitive impairment, where tempo-
ral dysfunctions are assumed to cause the defi cits, the role and 
characteristics of memory impairment in ALS remain unclear.  

   Objectives:  Defi ne and compare memory functions in 
ALS patients with a group of amnestic MCI patients (aMCI) 
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using a neuropsychological assessment and structural MRI 
analysis.  

   Methods:  40 ALS-Patients, 40 amnestic MCI patients and 
40 healthy age- and gender-matched controls were subjected 
to perform neuropsychological tests. In addition structural 
MRI was acquired and analyzed using voxel-based morpho-
metry (VBM).  

   Results:  The analysis of the verbal memory performance 
(measured with Auditory Verbal Learning Test) revealed the 
following pattern: The aMCI group showed a signifi cantly 
poorer performance in the delayed verbal recall compared 
to ALS patients and healthy controls (p    �    0.01). Similar 
effects were observed in the recognition task. Amnestic 
MCIs recognized a signifi cantly lower amount of previously 
presented words than the group of ALS patients and healthy 
controls while ALS patients made more errors during the 
recognition. After error correction of the recognition per-
formance, there were signifi cant differences between the 
ALS group and the healthy controls (p    �    0.05). Analyzing 
the structural data we found both temporal and frontal 
atrophies in the ALS patients in correlation with the above 
mentioned results.  

   Conclusion:  Memory impairment is evident in patients 
with ALS. While aMCI patients suffer from a mainly hippoc-
ampal dysfunction, memory impairment in ALS patients 
appears to be linked to fronto-temporal dysfunctions. This is 
supported by neuropsychological and structural changes 
observed in the MRI and could be a relevant factor for 
the progression of the disease.  

DOI: 10.3109/17482968.2012.721231/300

  P206 LANGUAGE IMPAIRMENT IN ALS: 
PREVALENCE, PROFILE AND RELATION TO 
EXECUTIVE DYSFUNCTION  
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   Background:  Executive dysfunction has been the most fre-
quently investigated cognitive domain in non-demented ALS 
patients. Studies have frequently reported impairments in fl u-
ency, set-shifting, attention and inhibition. Recent consensus 
criteria(1) have defi ned cognitive impairment in ALS based 
on impaired scores ( 
    5 th  percentile of age- and education-
matched controls) on at least two measures of executive 
functioning, although cognitive impairments observed in 
ALS patients are not restricted to the executive domain. 
Studies have reported impairments on tasks of language 
function including confrontation naming, single word and 
syntactic comprehension and verb processing. However, there 
have been comparatively few systematic investigations of 
language in non-demented ALS patients and the nature 
and frequency of language impairment has not been fully 
characterised. Where impairments have been identifi ed, it 

remains unclear whether they refl ect an aphasia-like impair-
ment or a primary executive dysfunction.  

   Objectives:  The current study aimed to investigate the prev-
alence and nature of language involvement in non-demented 
patients with ALS and examine whether language impair-
ments can be suffi ciently explained by executive dysfunction.  

   Method:  Neuropsychological assessment data was obtained 
from 51 patients with ALS and 35 healthy controls matched 
for age, gender and IQ. Composite scores were derived for the 
domains of language, executive, memory and visuospatial 
functioning. Domain impairment was defi ned as a composite 
score    
    5 th  percentile relative to the control mean.  

   Results:  Analysis revealed that the ALS patients demon-
strated signifi cant impairments in domains of executive and 
language functioning compared to healthy control partici-
pants, with signifi cantly lower composite scores indicating 
poorer performance. Language impairment was found in 
43% of ALS patients, and Executive impairment in 31% of 
patients. The ALS patients demonstrated impairments in 
naming, comprehension and verb processing. Inspection of 
individual participants ’  performance revealed no single pat-
tern of language impairment.  

  Language impairment was related to the degree of executive 
dysfunction; we found a signifi cant correlation (p    �    0.001) 
between language and executive composite scores. Executive 
functioning emerged as a signifi cant predictor of language 
performance in the ALS patient group, accounting for 
44% of the variance in the Language composite scores 
(p    �    0.001). However,    �    40% of patients classifi ed as impaired 
on the language composite demonstrated executive abilities 
within the unimpaired range.  

   Discussion and conclusions:  This study demonstrates 
that language impairments may be at least as prevalent as 
executive dysfunction in ALS. Results highlight that language 
and executive impairments are a frequent, but not consistent 
feature of cognitive change in ALS. Although executive and 
linguistic symptoms may co-occur, linguistic defi cits can 
occur in isolation of wider cognitive change and cannot 
be suffi ciently explained by frontal-executive dysfunction, 
further highlighting the heterogeneity of cognitive impairment 
in ALS patients.  

   Acknowledgements:  Support was obtained from the MRC, 
MND Association UK and Institute of Social Psychiatry  
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TEST SCORES TO CHOOSE COMMUNICATION 
INTERVENTION  
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   Background:  The Boston Naming Test (BNT) measures 
confrontational word retrieval in individuals. A comparison 
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between patients in our clinical program with ALS/MND 
(n    �    15) with a control group (n    �    15) concerning subtle lan-
guage disorders, showed signifi cant differences (p    �    0.004) 
between the results for the two groups on BNT (items 29 – 58).  

   Objectives:  We wanted to examine if the shorter version of 
BNT might give us information about the lexical level of the 
patients and by that give us information about accurate com-
munication intervention procedures such as different types 
of Augmentative and Alternative Communication (ACC).  

   Method:  We included the shorter version of BNT in our stand-
ard clinical procedure. All ALS/MND patients joining our pro-
gram at the Uppsala University Hospital, Sweden, were offered 
the opportunity to be examined by BNT (items 29 – 58; a total 
of 30 items). We compared the results between BNT scores 
among patients with already implemented ACC together with 
the most accurate ACC solutions for new patients. The BNT 
procedure was replicated no shorter than every sixth months.  

   Results:  During March 2010 - April 2012 we examined 
51 patients between one to four different occasions with 
the described short version of BNT. Over 90% of the intrap-
ersonal scores were consistent (   �   /� 3 items). We examined 
20 patients with moderate or severe dysarthria/anarthria 
among patients with ALS/MND with bulbar and/or higher 
motor neuron involvement. Three of the patients were offered 
ACC but denied. Two have BNT- scores  �    14/30: Both use 
low-tech communication aids such as picture pointing or 
answering questions by yes/no. Six patients who scored 
between 16 – 22/30 use a mixed form of ACC with communi-
cation by a Light Writer SL35 or Speak Out, writing, 
pointing at pictures and letters, using a “subject chooser” or 
scanning by help from a signifi cant other. Three of the six 
patients have whole or partially computer based communica-
tion. Nine patients scored  �    22/30 and seven of these use 
whole or partially high-tech communication solutions such 
as Light Writer SL40, computer based communication 
through eye control or head mouse. In this high-score group 
there is a broader prevalence of mixed communication 
aids and strategies compared to the other groups. Out of the 
31 patients without communication impairments we found 
seven patients with BNT-scores  �    17/30.  

   Discussion:  In spite of a limited group of patients we 
have found that BNT scores might give us an additional 
explanation for why some patients receive low-tech commu-
nication aids and some high-tech. By additional planning out 
of BNT-scores the ALS/MND patients gain more accurate 
communication intervention and time.  

   Conclusion:  BNT is a helpful and easy administrated 
procedure that gives information which helps in choosing an 
accurate level of ACC on a personal basis.  

DOI: 10.3109/17482968.2012.721231/302
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   Background:  Pathological Laughing and Crying (PLC) 
expresses itself as uncontrolled, unwanted emotional displays 

of crying and laughing and patients with Amyotrophic 
Lateral Sclerosis (ALS) have among the highest documented 
prevalence rates of PLC. The recent FDA-approved medica-
tion Neurodex has been a successful treatment option for 
ALS patients with PLC symptoms. Despite this advancement, 
our understanding of the subjective experience of PLC 
remains limited. The Pathological Laughing and Crying 
Experience Survey (PLACES) is introduced as a tool to meas-
ure patients ’  internal experiences of PLC, in the hope that 
a closer examination of the prevalence and nature of PLC 
will advance understanding of the anatomy of PLC, assist in 
identifi cation of affected patients, and more broadly inform 
our understanding of emotion regulation.  

   Objectives:  Identify the prevalence of PLC in the ALS 
population and validate this new tool’s utility, when used 
with currently existing measures of PLC.  

   Methods:  This study employed two self-administered ques-
tionnaires with ALS patients, to measure the prevalence 
and clinical phenomenon of PLC. The CNS-LS, a 7-item 
scale, identifi ed objective levels of clinical PLC. The PLACES 
is an 18-item self-report likert scale that documented patients ’  
subjective and objective experience of pathological laughing 
and crying episodes. Individual items measure patients ’  
subjective experience of controllability of episodes, mood con-
gruence, episode triggers, onset characteristics, and the dura-
tion, frequency, intensity, and type of emotional outbursts.  

   Results:  Participants (N    �    230) with confi rmed ALS reported 
varying levels of PLC (7 – 33) with 35.6% reporting clinically 
signifi cant levels, as indicated by a CNS-LS score of greater 
than or equal to 13. Of those patients with clinical levels of 
PLC participating in a larger study (N    �    44), patients reported 
a preponderance of crying (52%), as opposed to laughing 
(24%), or equal amounts of each (24%). Male patients 
reported higher levels of uncontrollable laughter than did 
females (F    �    6.4; p    �    0.01), yet males and females had 
equal levels of crying frequency. Patients reported that both 
laughing and crying episodes were triggered most of the time 
by emotional precedence, thus they were not spontaneous. 
The duration of laughing episodes was shorter than crying 
spells, lasting only a few minutes or less, and was less congru-
ent with pre-existing mood. Crying episodes tended to be 
more congruent with pre-existing mood.  

   Discussion:  Negative emotions experienced during PLC 
episodes may be more authentically felt than previously 
suspected, being rooted in pre-existing feelings and being dif-
fi cult to control. Interesting gender differences in laughing 
episodes warrant further study.  

   Conclusion:  PLC in ALS patients is important to identify 
and treat, particularly because this common and distressing 
syndrome has the potential for being effectively treated.  

DOI: 10.3109/17482968.2012.721231/303
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  P209 BRAIN COMPUTER INTERFACE AND 
EYE-TRACKING TECHNOLOGY FOR 
NEUROPSYCHOLOGICAL ASSESSMENT 
OF ALS PATIENTS  

   CARELLI   L  1   ,    POLETTI   B  1   ,    SOLCA   F  1   ,    MERIGGI   P  2   , 
   CIPRESSO   P  3   ,    PEDROLI   E  3   ,    MESSINA   S  1   ,    MORELLI   C  1   , 
   LUL É    D  4   ,    LUDOLPH   AC  4   ,    RIVA   G  3   ,    SILANI   V  1   

   1 Department of Neurology and Laboratory of Neuroscience,  “ Dino 
Ferrari ”  Center, Universit à  degli Studi di Milano, IRCCS Istituto 
Auxologico Italiano, Milan, Italy,  2 Polo Tecnologico, Biomedical 
Technology Department, Fondazione Don Carlo Gnocchi Onlus, 
Milan, Italy,  3 Applied Technology for Neuro-Psychology Lab, 
IRCCS Istituto Auxologico Italiano, Milan, Italy,  4  Department of 
Neurology, University of Ulm, Ulm, Germany   

   Email address for correspondence: l.carelli@auxologico.it   

   Keywords:   cognitive assessment  ,   brain computer interface  ,   
eye-tracking   

   Background:  Most Amyotrophic Lateral Sclerosis (ALS) 
patients show a range of cognitive defi cits, with 5% presenting 
clinical features of frontotemporal dementia (1). Cognitive 
assessment in moderate-severe stages of ALS may become 
problematic, due to the lack of motor-verbal free testing. 
Eye-tracking (ET) and Brain Computer Interface (BCI) have 
been effectively used in ALS as Alternative and Augmentative 
Communication means and represent interesting tools 
to administrate extended neuropsychological assessments.  

   Objectives:  A recently funded project, “eBrain: BCI-ET for 
ALS”, aims to evaluate P300 BCI and ET technology as cog-
nitive assessment tools in ALS. To preliminary test this 
approach, a widespread used and sensitive cognitive task, 
the Verbal Fluency test (VF), has been administered to a sam-
ple of healthy subjects. The overall project testing setup 
has also been evaluated for successive clinical use.  

   Methods:  Twenty-eight healthy subjects (M. age: 55    �    14 
years, M. education: 14.35    �    3.68 years) underwent a two-
hour session, including the systems calibration, a words copy 
task and VF with BCI and ET. In the ET assessment, the 
VF has been administered according to the original proce-
dure (three one minute phonemic and semantic VF). In the 
BCI, subjects have been asked to produce a word starting with 
the “M” letter and then to write it by means of BCI, for fi ve 
times; the total reasoning time has been computed. A short 
neuropsychological screening has also been performed.  

   Results:  The average BCI calibration accuracy was 92.74%. 
In the BCI copy test, correctly selected characters were 
about 80% (M. 11,12 over 14); in the VF, subjects correctly 
written about 88% of characters (M. 24.04 over M. 27.5), 
with an average reasoning time of 17.5 seconds for produc-
ing fi ve words. For the ET assessment, correctly selected char-
acters in the copy test were about 94% (M. 30.07 over 32); 
in the VF, subjects correctly written about 95% of characters 
(M. 32.6 over M. 34.40).  

   Discussion and conclusions:  These preliminary results 
show a good rate of accuracy for both BCI and ET systems, 
without a preliminary training. VF in BCI required not trivial 
changes in the original procedure, while ET   allowed a reason-
able adherence to the original validated test. However, BCI 
could be more suitable in the presence of eye movement’s 
alterations. The defi nition of ALS patients ’  cognitive profi les 
has a major importance for clinical issues and patients end-
of-life decisions. The study presents the use of BCI and 
ET as possible means for the development and administration 

of a motor-verbal free neuropsychological battery. This pro-
tocol will be also applied to ALS patients, by adapting other 
cognitive tests to these technologies in order to obtain a more 
comprehensive cognitive battery.  

  Reference  
  1.  Phukan J, Pender NP, Hardiman O. Lancet Neurology 

2007;6:994 – 1003.  
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  P210 FORCED VITAL CAPACITY, 
NEUROPSYCHOLOGICAL IMPAIRMENT, AND 
AMYOTROPHIC LATERAL SCLEROSIS  

  HARRIS D  ,   EPPIG J  ,   NIEVES C  ,   DEBOO A  ,   
PAOLONE M  ,   HEIMAN-PATTERSON T  ,   LIBON D  

   Drexel University College of Medicine, Philadelphia, PA, USA   

   Email address for correspondence: dharris@drexelmed.edu   

   Keywords:   FVC  ,   neuropsychological  ,   ALSFRS   

   Background:  Forced vital capacity (FVC) is an integral and 
important parameter used to track and evaluate patients with 
MND/ALS. Previous research has linked reduced FVC with 
cerebral perfusion defi cits in ALS. Given that decreased per-
fusion could result in cognitive dysfunction, there may also be 
a link between reduced FVC and neuropsychological defi cits.  

   Objective:  To examine the relationship between neuropsy-
chological defi cits and FVC in ALS.  

   Method:  32 patients diagnosed with defi nite and probable 
ALS. Patient characteristics were: 40.5% were female, 59.5% 
were male, M age    �    62.36 (11.36); M education    �    13.74 
(2.35); MMSE    �    27.16 (2.93); M length of illness    �    4.56 
(6.54); M ALS-FRS    �    28.69 (11.23); and M FVC    �    FVC: 
65.64% (23.85). Neuropsychological functioning was 
assessed with the Philadelphia Brief Assessment of Cognition 
(PBAC), brief assessment of neurocognitive functioning 
measuring executive control, language, visuospatial function-
ing, verbal/ visual memory and behavior/ comportment. 
The mean total PBAC score was 73.82 (10.94), a score well 
above the cut-off for dementia. Using simple correlation and 
multiple regression analyses, the combined association 
between FVC, neuropsychological impairment, and function-
ing abilities assessed with the ALS Functional Rating Scale 
(ALS-FRS) were examined.  

   Results:  Simple correlations found better FVC was related 
to better performance on the PBAC executive Index (r    �    0.435, 
p    �    0 .004); language Index (r    �    0.428, p    �    0.009); visuospa-
tial Index (r    �    0.353, p    �    0.026); and the total the PBAC score 
(r    �    0.452, p    �    0.006); and ALS-FRS bulbar (r    �    0.554, 
p    �    0.001; upper limb (r    �    0.427, p    �    0.003; lower limb 
(r    �    0.519, p    �    0.519), and respiratory (r    �    0.310, p    �    0.038) 
functioning. A regression analysis was conducted with FVC 
as the dependent variable. In the fi rst block, all fi ve PBAC 
neurocognitive indices were entered using a stepwise proce-
dure. Only the PBAC executive index entered the model, 
accounting for 39 percent of variance (r    �    0.619, R 2    �     0.383, 
F    �    19.21, df    �    1/31, p    �    0.001). In the second block, all ALS-
FRS indices were entered also using a stepwise procedure. 
The ALS-FRS index measuring lower limb functioning 
entered fi rst (r    �    0.770, R 2    �     0.593, F    �    15.48, df    �    1/30, 
p    �    0.001), followed by ALS-FRS bulbar index (r    �    0.770, 
R 2    �     0.666, F    �    6.30, df    �    1/29, p    �    0.018). The entire model 
accounted for 66 percent of the variance.  
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   Discussion:  In prior research ALS severity, operationally 
defi ned with the ALS-FRS and FVC, correlated with reduced 
cerebral perfusion in frontal/ parietal brain regions assess with 
arterial spin labeling (ASL). The current research found an 
association between executive function and ALS-FRS lower 
limb followed by bulbar functioning suggests that FVC might 
be used to estimate cerebral functioning in ALS patients.  

DOI: 10.3109/17482968.2012.721231/305

  P211 DIFFERENTIAL NEUROPSYCHOLOGICAL 
IMPAIRMENT ASSOCIATED WITH BULBAR 
ONSET AND INVOLVEMENT IN AMYOTROPHIC 
LATERAL SCLEROSIS  

   ELMAN   L  1   ,    MCCLUSKEY   L  1   ,    BOLLER   A  1   ,    
GROSSMAN   M  1   ,    LIBON   D  2   

   1 University of Pennsylvania, Philadelphia, PA, USA,  2  Drexel 
University College of Medicine, Philadelphia, PA, USA   

   Email address for correspondence: elmanl@uphs.upenn.edu   

   Keywords:   executive dysfunction  ,   bulbar disease   

   Background:  ALS patients with bulbar onset typically have 
a poor prognosis though prolonged survival may occur. 
Dementia and executive dysfunction are additional poor prog-
nostic factors in ALS. There remains controversy as to whether 
bulbar onset disease is associated with an increased incidence 
of executive impairment.  

   Objectives:  To test the hypothesis that bulbar involvement 
in ALS patients will be related to greater neuropsychological 
impairment.  

   Methods:  A group of approximately 200 patients were 
seen at the ALS Association Center at the University of 
Pennsylvania and participated in ongoing longitudinal research 
(M age    �    61.13    �    13.05; M education    �    14.31    �    3.40; 
M MMSE    �    28.45    �    2.53). Data regarding 1) the site of 
disease onset; and 2) the presence or absence of upper motor 
neuron (UMN) and lower motor neuron (LMN) disease by 
segment was collected. Neuropsychological assessment 
included a letter F-fl uency test, digits forward/ backward, 
The Oral Trails Test, and a modifi ed Visual-Verbal Test; 
not all tests were administered to all patients. The effect of 
initial segment involvement at disease onset (bulbar, cervical, 
lumbosacral) was assessed with a series of 1-way ANOVAs.  

   Results:  When compared to patients with cervical or lum-
bosacral onset, patients with bulbar onset disease presented 
with lower performance on the digits backward and Visual-
Verbal tests (digits backwards F(2/154)    �    4.17, p    �    0.017; 
Visual-Verbal Test (F(2/97)    �    3.82, p    �    0.025). Post-hoc 
analyses found that bulbar onset disease patients repeated 
fewer digits backward compared to patients with cervical 
onset disease (p    �    0.012) and scored lower on the Visual-
Verbal Test compared to cervical onset (p    �    0.032) and 
lumbosacral onset (p    �    0.048) patients. Groups were then 
constructed on the basis of presence or absence of UMN 
and/or LMN signs for all three segments. T-tests compar-
ing patients with UMN bulbar disease versus no UMN 
bulbar disease found worse performance on tests of letter 
F-fl uency (t(184)    �    2.38, p    �    0.018), digits backwards 
(t(174)    �    2.05, 0.042) and Oral Trails (t(157)    �    2.84, 
p    �    0.005). Similar t-test compared for the presence or absence 
of UMN and LMN cervical and lumbosacral signs revealed 
no differences on neuropsychological tests.  

   Discussion:  In a large cohort of ALS patients, bulbar 
onset disease and bulbar involvement, and particularly 
UMN bulbar involvement, appears to result in differential 
neuropsychological impairment when compared to other 
groups of ALS patients.  

   Conclusions:  Longitudinal research, currently underway, 
will address whether bulbar onset and the presence of UMN 
bulbar signs are differentially related to the cognitive impair-
ment throughout the disease course.  

DOI: 10.3109/17482968.2012.721231/306

  P212 GENDER DIFFERENCES IN THE 
BEHAVIORAL VARIANT OF FRONTOTEMPORAL 
DISEASE (BVFTD) IN AMYLOTROPHIC LATERAL 
SCLEROSIS: A NATIONAL SAMPLE  

   FLAHERTY-CRAIG   C  1   ,    BROTHERS   A  2   ,    MCFALLS   A  1   , 
   HARRISON   M  1   ,    YANG   C  1   ,    LEGRO   R  1   ,    SIMMONS   Z  1   

   1 Penn State College of Medicine, Hershey, PA, USA,  2  University 
of Colorado, Fort Collins, CO, USA   

   Email address for correspondence: cfl ahertycraig@hmc.psu.edu   

   Keywords:   FTD  ,   gender  ,   remediation   

   Background:  We recently demonstrated gender differences 
in emergence of frontotemporal disease (FTD) associated 
cognitive decline in a national sample of 110 ALS subjects(1). 
Female gender was associated with more bilateral involve-
ment of cognitive change, with relatively greater preservation 
of language capacities, consistent with cognitive reserve 
theory. Currently, we hypothesize that female gender is asso-
ciated with a less fl orid, more apathetic profi le in ALS in 
the course of emerging behavioral change, consistent with 
more frontal cortical-subcortical involvement.  

   Objectives:  Our objectives were to investigate gender 
differences in prevalence rates and pattern of emergence of 
change in the three recognized subtypes of behavioral impair-
ment (bi) in ALS: disinhibited (DIS), apathetic (APA) and 
stereotypic (STE)(2).  

   Methods and materials:  A convenience sample of 114 sub-
jects (56 M) from 14 ALS multidisciplinary clinics were 
evaluated cross-sectionally by completion of the 24 item 
Frontal Behavioral Inventory (FBI), a caregiver based inter-
view rating of behavioral change with scores ranging from 
0 – 3. Based upon Neary  et   al.  classifi cation(2), 5 FBI items 
were combined for each behavioral subtype. This allowed 
for a range of scores from 0 – 15, while data for each gender 
was skewed due to the mild degree of behavioral change 
evidenced by most subjects. Thus, the non-parametric Mann-
Whitney U was applied to compare gender group fi ndings. 
Demographic comparisons were made with t-tests.  

   Results:  Gender groups were equivalent for education and 
IQ, the female group expectedly older(p    �    0.006). Prevalence 
rates of clinically evident behavioral change (FBI Total    �    27) 
were small for the total sample (4.1%) and equivalent 
between gender groups (p    �    0.234). No gender differences 
were evident for the APA and STE subtypes, while a signifi -
cantly greater proportion of males evidenced the DIS 
subtype(p    �    0.002).  

   Discussion and conclusions:  Consistent with the tendency 
to mask cognitive change in emerging FTD(1), female 
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gender appears to be associated with a more covert type of 
behavioral change in the early stage. Ironically, this is recog-
nized to be associated with more widespread frontal pathology 
extending into the dorsolateral convexities of the frontal 
lobes(2). We propose a remediation approach based upon a 
neuroendocrine model purporting the use of estrogen as an 
effective intervention strategy to impede both the declines in 
cognitive capacities and behavioral activation evidenced in 
female ALS patients with emergence and progression of 
FTD. We plan to test this neuroendocrine model in a multi-
center clinical trial involving FTD patients in the presence 
and absence of ALS, in a crossover design.  

  References  
  1.  Flaherty-Craig C, Brothers A, McFalls A, Yang C, Simmons 

Z. Neurodegenerative Disease Management, accepted for 
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  2.  Neary D, Snowden J, Mann D. Journal of Neurological 
Sciences 2000;180:15 – 20.  
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  P213 NARRATIVES OF ALS: A GENDERED 
MODEL  
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   Background:  Narratives of illness, disability, mental disor-
ders, genetic disorders, chronic conditions, dying and death 
play a key role in shaping our understanding of the human 
condition. In the past decades efforts have been made to 
better understand these anthropological illness narratives, 
with an increasing interest on chronic illness. This research 
project is a cross-sectional anthropological study of the illness 
experience of men and women with ALS. ALS presents a 
particular set of challenges for the construction of an illness 
narrative, since it has no known etiology, no treatment, and 
no cure. A critical medical anthropological approach is used 
to examine the limits and challenges of biomedicine through 
the lived experience of men and women with a visible and 
life-limiting chronic illness.  

   Objectives:  The research objectives were: 1) determine how 
health behaviors (with regard to terminal illness) vary between 
genders 2) identify the impact of gender on the attitudes 
of men and women with ALS related to family, emotional 
support, identity, and explanatory models 3) understand 
how individuals cope with an illness such as ALS with no 
known etiology, no treatment and no cure.  

   Methods:  The study used nine participants, fi ve men and 
four women living in Georgia. Qualitative and quantitative 
methods were used to collect data, including: semi-structured 
interviews, structured questionnaire including psychosocial 
instruments to assess coping style, and participant observation 
of support group meetings  

   Results:  Results identifi ed both gendered and universal 
themes among individuals with ALS, and refl ect various cop-
ing measures and health behaviors that emerge for men and 
women with ALS.  

   Discussion:  The narratives of female persons with ALS 
showed the following themes: a longing for aesthetic beauty/
feminine qualities, maternal concern/compassion, spousal 
anxiety, and acceptance. Male ALS narratives uniquely 
dealt with an acute awareness of diagnosis date, lack of famil-
ial provision/protection, dependability, weight and body 
image, sexual performance and physical activity. Illness nar-
ratives provide clinicians and researchers insight about ALS 
and improve quality of life for patients and their families.  

DOI: 10.3109/17482968.2012.721231/308

  P214 KINSHIP DIFFERENCES IN CAREGIVER 
BURDEN  

   TRAMONTI   F  1,2   ,    BONGIOANNI   P  1,2   ,    PUPPI   I  1   ,    
LEOTTA   R  1   ,    ROSSI   B  1   

   1 Neurorehabilitation Unit, Neuroscience Department, Azienda 
Ospedaliero,Universitaria Pisana, Pisa, Italy,  2  NeuroCare Onlus, 
Pisa, Italy   

   Email address for correspondence: paolo.bongioanni@tin.it   

   Keywords:   caregiver burden index  ,   caregiver burden  ,   kinship   

   Background:  Caregiver burden in Amyotrophic Lateral 
Sclerosis (ALS) is arousing an increasing attention, since the 
psychosocial demands posed by such a disease are remarka-
ble. In this regard, further investigation is needed to identify 
differences in burden among specifi c caregiver subgroups. 
In our study we evaluated caregiver burden in relation to kin-
ship, with the aim of verifying if different relationships and 
roles within the family might be related to different burden 
perceptions.  

   Patients and methods:  We have administered the Caregiver 
Burden Inventory (CBI) to 72 caregivers (mean age    �    SD: 
53.4    �    11.5 yrs; 24 M; 48 F) of ALS patients, and differences 
related to sex and kinship have been explored comparing 
subgroups by t-test.  

   Results:  Scores of physical and social burden are signifi cantly 
higher (p    �    0.05) in the general female subgroup. Partners 
show higher rates (p    �    0.05) of physical burden and higher 
total scores (p    �    0.01) than sons and daughters. Among 
adult children caregivers, daughters complain higher develop-
mental (p    �    0.05) and general burden (p    �    0.05) than sons.  

   Discussion:  Data analysis suggests signifi cant differences 
in caregiver burden according to sex/gender and type of rela-
tionship with the patient. The most representative subgroup 
of caregivers is that of partners (especially wives): in such 
a subgroup caregiver burden seems to be higher. Moreover, 
differences within the general sample, as well as in the sub-
groups, support the concept of a higher burden in females.      

DOI: 10.3109/17482968.2012.721231/309
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THEME 10 IMAGING, ELECTROPHYSIOLOGY AND  
MARKERS OF DISEASE PROGRESSION 

P215 ASSESSING COGNITIVE 
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S Vielhaber, C Stoppel, N Naue,  
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WHOLE BODY MRI ANALYSIS 
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J Allen, R Sufit, T Siddique,  
A Apkarian  
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HYPEREXCITABILITY 
PRECEDES THE CLINICAL 
ONSET OF SPORADIC ALS 
P Menon, MC Kiernan, S Vucic  
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NUMBER INDEXING (MUNIX) 
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MUSCLE OF ALS PATIENTS 
P Barkhaus, S Nandedkar  

P226 BIOELECTRICAL 
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NEURON DISEASE: 
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ANALYSIS, REPETITIVE NERVE 
STIMULATION AND SINGLE 
FIBER EMG 
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SCLEROSIS PATIENTS 
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P228 THE CLINICAL AND 
NEUROPHYSIOLOGIC STUDY 
OF UPPER MOTOR NEURON-
DOMINANT AMYOTROPHIC 
LATERAL SCLEROSIS 
Y Xu, L Tang, N Zhang, D Fan  

P229 ALS ENTERS THE WORLD 
OF BIG DATA: INITIAL 
DESCRIPTION OF AND RESULTS 
FROM THE PRO-ACT 
PLATFORM 
M Leitner, A Sherman, D Schoenfeld, 
N Atassi, JD Berry, N Zach, E Sinani, 
J Walker, I Katsovskiy, M Cudkowicz  

P230 GRAY MATTER 
DEMYELINATION IS 
UNEXPECTEDLY COMMON IN 
NEURODEGENERATION: 
AMYOTROPHIC LATERAL 
SCLEROSIS 
Y Li, J Zhang, S Kang, D Bergles,  
J Rothstein  

P231 SERUM LEVELS OF 
VASCULAR ENDOTHELIAL 
GROWTH FACTOR IN 
AMYOTROPHIC LATERAL 
SCLEROSIS. RELATION TO ITS 
INCREASED EXPRESSION OF 
SKIN 
H Ishikawa, S Ono  

P232 A COMPARATIVE STUDY 
OF BIOMARKERS FOR 
DYSPHAGIA IN AMYOTROPHIC 
LATERAL SCLEROSIS 
E Bearce, A Pinnegar, M Collins,  
M Sell, M Konczal, L Al-Khashti,  
V Gaiser, JR Coates, T Lever  

P233 NOVEL MARKERS OF 
MITOCHONDRIAL DYNAMICS 
IN AXONS ARE DISRUPTED IN 
MUTANT SOD1 TRANSGENIC 
MICE 
B Gentil, H Durham 

A
m

yo
tr

op
h 

L
at

er
al

 S
cl

er
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
81

.1
1.

22
1.

80
 o

n 
12

/1
3/

12
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



Poster Communications    Imaging, Electrophysiology and Markers of Disease Progression 169

  Discussion and conclusions:  ALS-CFB detected impair-
ments in energization, motor inhibition as measured by sac-
cades, and executive function in the ALS group. These changes 
were missed by the standard neuropsychological battery. 
Additionally, MR imaging revealed volumetric changes in the 
GM, WM and sulcal CSF predicted by the frontal lobe model 
loci (IF, MF) (2). The results demonstrate the sensitivity and 
utility of the ALS-CFB in detecting region specifi c frontal 
lobe dysfunction, which is correlated to structural changes on 
neuroimaging.  
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LATERAL SCLEROSIS: A CORTICAL THICKNESS 
3T MRI STUDY  
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   Background:  The extensive application of advanced magnetic 
resonance imaging (MRI) techniques has undoubtedly 
improved our knowledge of ALS pathophysiology. Neverthe-
less, the actual spread of the neurodegenerative process through-
out the central nervous system is not fully understood.  

   Objectives:  The aim of the present study was to assess the 
spatial distribution of cortical damage in ALS, by using a 
cortical thickness (Cth) measurement approach.  

   Methods:  Automatic surface-based Cth measurements were 
performed on structural 3T MRI data of 20 ALS patients and 
18 matched healthy controls (HC) in a case-control study 
design. Clinical scores of disability and disease progression 
were correlated with Cth measures.  

   Results:  Comparing patients with controls, we observed sig-
nifi cant cortical thinning mainly in frontotemporal areas, 

 P215 ASSESSING COGNITIVE CHANGES IN ALS: 
FROM A NOVEL BEHAVIORAL TEST TO ITS 
NEURAL CORRELATES      
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  Background:  ALS is viewed as a multisystem disorder (1), yet 
its cognitive changes are diffi cult to identify in the clinic largely 
due to the relatively mild nature of the defi cits, limitations of 
the standardized neuropsychological assessments in patients 
with severe motor impairments, and the lack of agreement 
regarding the nature and origin of the cognitive decline.   

  Objectives:  The goals of this study are: A) To assess sensitiv-
ity of a novel Computerized Frontal Battery (ALS-CFB), 
which links cognitive processes to specifi c brain regions (2), 
against a standard neuropsychological battery; and B) To 
measure the association between cognitive impairment and 
structural changes in the brain.   

  Methods:  Eighteen patients with ALS and the same number 
of matched healthy controls were recruited. Ten patients with 
ALS returned for a repeat assessment in approximately 8 
months. Structural MR included T1W (3D) and interleaved 
2D dual TSE PD/T2. A novel Semi-Automated Brain Region 
Extraction (SABRE) approach (3) was used to perform a 
volumetric analysis in the gray (GM) and white (WM) matter 
as well as sulcal and ventricular CSF and subcortical hyper-
intensities of 30 segmented regions. Cognitive testing included 
ALS-CFB, composed of tests sensitive to frontal processes 
such as energization (i.e., ability to initiate and sustain a 
response), executive functioning, emotion regulation and 
metacognitive processing, as well as the standardized neu-
ropsychological battery.   

  Results:  ALS-CFB detected changes in cognition when the 
standardized testing failed to do so. Signifi cant atrophy was 
observed in the GM of the inferior frontal (IF) and anterior 
temporal (AT) regions as compared to the controls (p    �    0.05). 
Longitudinally, the atrophy was seen in the GM in the medial 
inferior frontal cortex bilaterally and in the WM in the middle 
frontal (MF), inferior frontal (IF) and medial middle frontal 
(MMF) regions on the right. Sulcal CSF increased in the same 
regions. Signifi cant correlations were observed between GM 
atrophy in the IF region and reaction time and anti-saccades 
testing and AT atrophy correlated with digit forward task 
across participants. Longitudinally, IF and MF atrophy was 
correlated with changes in verbal fl uency and reaction time.   

                        THEME 10 IMAGING, ELECTROPHYSIOLOGY 
AND MARKERS OF DISEASE PROGRESSION    
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bilaterally, including the primary motor, lateral frontal and 
prefrontal, medial frontal, temporal and parieto-occipital cor-
tices. Furthermore, cortical thinning was signifi cantly related 
to i) ALS Functional Rating Scale-Revised (ALSFRS-R) 
score (an index of disease disability) in a left lateral frontal 
area (p    �    0.0356), ii), disease progression rate in a left medial 
temporal area (p    �    0.0265), and iii) to disease duration in a 
right medial frontal area (p    �    0.0072).  

   Discussion and conclusions:  Cortical thinning of the pri-
mary motor cortex might be a diagnostic marker for upper 
motor neuron degeneration in ALS. The correlations found 
between cortical thinning of frontotemporal areas and clinical 
measures of disability and disease progression as well as dis-
ease duration might provide a further evidence of the progres-
sive development in ALS of a multisystem disorder within the 
spectrum of frontotemporal lobar degeneration (FTLD).  

DOI: 10.3109/17482968.2012.721231/311
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   Background:  A continuum between amyotrophic lateral 
sclerosis (ALS) and fronto-temporal dementia (FTD) is 
encouraged by pathological, biochemical and genetic charac-
teristics. Overlapping cognitive and behavioural profi les in 
patients with ALS and FTD have been demonstrated by neu-
ropsychological studies. Imaging studies showed that FTD 
patients have a distinct pattern of cortical thinning in the tem-
poral lobe which is furthermore associated with progression 
of clinical defi cits (1).  

   Objectives:  Our objective was to compare the cortical thick-
ness of ALS patients with different cognitive stages ranging 
from normal cognitive performance up to dementia (ALS-
FTD). We expected a similar pattern of cortical thinning 
wherein the ALS patients with no cognitive impairment 
(ALSnci) should have a stronger thinning in motor areas and 
ALS-FTD patients in frontal and temporal regions. The 
patients with cognitive impairment (ALSci) should show a 
pattern involving motor, frontal and temporal regions.  

   Methods:  An age and gender matched sample of 69 ALS 
patients and 34 healthy controls was investigated. The ALS 
group was divided by their cognitive status and according to 
current consensus criteria (2, 3): 33 ALSnic, 28 ALSci, 8 
patients were diagnosed as ALS-FTD. The cortical thickness 
was measured using FreeSurfer. A vertex-wise comparison 
was performed using a GLM and results are reported accord-
ing to the Desikan-Killiany atlas.  

   Results:  A vertex-wise comparison between all four groups 
revealed the following signifi cant results (for all p    �    0.05, FDR 

corrected): ALS-FTD patients had a thinner cortex as the 
ALSci who had a thinner cortex as the ALSnci patients (ALS-
FTD    �    ALSci    �    ALSnci) in left and right superior temporal 
gyrus, superior frontal gyrus, left caudal middle frontal gyrus, 
lateral orbital frontal gyrus (for ALSnci    �    ALSci both hemi-
spheres). Besides, a thinner cortex of ALSci patients com-
pared to ALSnci patients was found in the left pars 
opercularis and rostral middle frontal gyrus. Additionally, a 
thinner cortex of ALS-FTD patients compared to ALSci 
patients could be demonstrated in the posterior cingulate cor-
tex. Only the comparison between healthy controls and ALSci 
patients revealed signifi cant results in terms of signifi cant 
thinning in the left and right precentral gyrus, pars opercula-
ris, insula, superior and middle temporal gyrus, posterior cin-
gulated cortex and left middle and superior frontal gyrus and 
medial orbital frontal cortex.  

   Conclusion:  As expected, alterations in the brain of patients 
with cognitive impairment could be found in the temporal and 
frontal regions. The decreasing thickness of the fronto-tempo-
ral cortex from ALSnci via ALSci to ALS-FTD appears to be 
an indicator for the continuum between ALS and FTD. Fur-
ther research is needed to explore cortical thickness as prog-
nostic marker.  
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  P218 DIFFERENTIAL INVOLVEMENT OF 
CORTICOSPINAL TRACT FIBERS IN UMN-
PREDOMINANT ALS PATIENTS: A DIFFUSION 
TENSOR IMAGING AND TRACTOGRAPHY STUDY  
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   Background : Diagnosis of amyotrophic lateral sclerosis 
(ALS) is dependent on clinical evidence of combined upper 
motor neuron (UMN) and lower motor neuron degeneration, 
although either can predominate at disease onset. Some 
UMN-predominant ALS patients display bilateral hyperin-
tensity of the corticospinal tract (CST) on T2- and proton 
density (PD)-weighted MRI sequences. Interestingly, other 
UMN-predominant ALS patients, phenotypically indistin-
guishable, do not have such CST hyperintensity. The reason 
for this variability between presence or absence of CST hyper-
intensity and the essentially identical UMN-predominant 
clinical features is unclear.  

   Objectives : Using diffusion tensor imaging (DTI) with diffu-
sion tensor tractography (DTT) to quantitatively assess the 
intracranial CST of UMN-predominant ALS patients with or 
without hyperintensity could possibly reveal differences in DTI 
abnormalities along the CST of both patient subgroups.  

   Methods : DTI data were obtained at 1.5T in 47 UMN-pre-
dominant ALS patients with ( n    �     21) CST hyperintensity 

A
m

yo
tr

op
h 

L
at

er
al

 S
cl

er
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
81

.1
1.

22
1.

80
 o

n 
12

/1
3/

12
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



Poster Communications    Imaging, Electrophysiology and Markers of Disease Progression 171

(ALS-CST    �    ) or without ( n    �     26) CST hyperintensity (ALS-
CST-) and in neurologic controls ( n    �     12). Fractional anisot-
ropy (FA), mean diffusivity (MD), axial diffusivity (AD), and 
radial diffusivity (RD) were compared between patients and 
controls along the CST. ALSFRS-R score, disease duration, 
disease progression rate, and El Escorial score were also 
obtained in ALS patients.  

   Results : Signifi cant abnormalities ( p    �     0.05) were detected in 
FA, AD, or RD in CST primarily at the internal capsule (IC) 
level in ALS patients, especially in the ALS-CST    �    subgroup. 
AD and RD values were different between ALS-CST    �    and 
ALS-CST- patients suggesting distinct pathologies between 
these subgroups. Furthermore, DTT revealed subcortical 
truncation of fi bers projecting from the precentral gyrus in 
some ALS-CST    �    and ALS-CST- patient subgroups but in no 
controls; fi bers projecting to the adjacent postcentral gyrus 
were spared. This suggests an abnormality of CST fi bers aris-
ing from primary motor cortex of UMN-predominant ALS 
patients and not of fi bers projecting to/from the primary sen-
sory cortex. Signifi cantly shorter disease duration ( p    �     0.02) 
and faster disease progression rate ( p    �     0.03) were observed 
in ALS patients with CST fi ber truncation than those without, 
whereas no signifi cant differences were noted for ALSFRS-R 
and El Escorial scores.  

   Discussion and conclusions : Abnormalities in DTI metrics 
at the IC level suggest axonopathy in UMN-predominant ALS 
patients, which can be quantitatively distinguished between 
those with CST hyperintensity and those without. Our DTT 
fi nding of subcortical fi ber truncation in patients arising from 
the primary motor cortex and not those projecting to/from the 
primary sensory cortex suggests specifi city of this fi nding, and 
is in keeping with relative sparing of the sensory system in ALS. 
Correlation of CST fi ber truncation with shorter disease dura-
tion and faster disease progression rate in these UMN-
predominant ALS patients suggests that DTI/DTT can 
identify a more severe pathologic process in some patients and 
be used to distinguish between patient subgroups.  

DOI: 10.3109/17482968.2012.721231/313

  P219 THE RESTING STATE DEFAULT MODE 
NETWORK (DMN) IS PATHOLOGICALLY 
HYPERACTIVE IN AMYOTROPHIC LATERAL 
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   Background:  Resting state networks are activated in the 
human brain when the subjects is at rest (closed eyes, non 
sleeping and asked to think about nothing). They can be 
assessed using BOLD effect based functional MRI-techniques. 
The default mode network (DMN) is active in the medial and 
lateral part of the prefrontal and temporolateral cortex. The 
DMN intensifi es its activity at rest; its function is thought to 
be related to daydreaming, comprehending emotions of other 
people, building autobiographic memory and others func-
tions. In ALS, the DMN has been shown to be activated in 
larger areas than normal in sensorimotor regions, but premo-
tor and frontal involvement was not decisive.  

   Objective:  To determine the extent of the DMN in ALS 
patients MRI where T1 spatial normalization was optimized 
to reduce misrepresentation artefacts.  

   Methods:  We compared 40 Patients with ALS against 40 age 
matched healthy controls, using the FSL Software package 
(http://www.fmrib.ox.ac.uk/fsl/index.html). We performed 
detailed spatial normalization and skull stripping using SPM 
and an independent component analysis using the FSL Dual 
Regression Tool (http: //www.fmrib.ox.ac.uk/analysis/dualreg) 
for the comparison of the network activity on group level. All 
Subjects underwent an assessment of clinical questionnaires 
(ALSFRS, SF36, EuroQual5D, Frontal Assessment Battery, 
Mini-Mental Status Examination and Edinburgh Handedness 
Inventory).  

   Results:  We found a distinctly different behaviour of the 
DMN of ALS patients when compared to controls. In par-
ticular the DMN in ALS signifi cantly increased in both the 
frontal and temporal regions of the DMN highly suggestive 
of a loss of intracortical inhibition.  

   Discussion:  These fi ndings may represent compensation for 
lost underlying subcortical neuronal network capacities or 
indeed the loss of anatomically long tract connectivity itself 
when intrinsic intracortical inhibition is postulated to be 
dependent on anatomically intact long tract connectivity (as 
opposed to U-fi bre connectivity). Previously, a similar analysis 
(1) was performed, but they found much less hyperactivity in 
fewer regions of the DMN in patients. Using adequate pre-
processing (i.e., optimized skull stripping) greatly improves 
detection of the extent of DMN hyper- and hypoactivity, and 
thus the value of rsfMRI to describe ALS related alterations 
of brain connectivity.  
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   Background:  We introduce a novel approach to advanced 
voxel-based MRI analysis called Voxel-based intensitometry 
(VBI). Utilizing known approaches like VBM we developed 
VBI as a technique to reveal and assess white matter damage 
in ALS, which is more consistent and more easily accessible 
than grey matter alteration.  

   Objectives:  To submit T1 MRI data of 30 patients (mean age 
63, SD 11; mean ALSFRS-R 37, SD 6; mean disease duration 
24 months, SD 18) and 37 matched healthy volunteers to 
in-house developed preprocessing algorithms that allow for 
direct comparability of intensity information and assess its 
feasibility for diagnosing cerebral involvement in motor 
neuron disease.  
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   Methods:  Patients and controls were subjected to T1 MRI 
and comprehensive clinical assessment, including ALSFRS-R. 
VBM-like preprocessing algorithms were adapted to 
normalize all datasets in space and average intensity. Group 
comparison ANCOVA was used to identify signifi cant ALS-
related clusters of altered T1 signal, in which mean intensity 
was calculated. Regression analysis was conducted to fi nd 
regions where intensity and ALSFRS-R scores correlated.  

   Results:  Group comparisons revealed areas of signifi cantly 
different intensity between patients and controls. These 
regions comprehensively overlapped with the known changes 
in the white matter of ALS patients ’  brains, such as pyramidal 
tract, corpus callosum, frontal regions and known regions of 
extra motor involvement. In these clusters, mean intensity 
allowed to separate patients and controls with 89% specifi city 
at 100% sensitivity. Furthermore regression analysis identifi ed 
ROIs in which averaged intensity signifi cantly correlated with 
ALSFRS-R scores (Spearmans rho    �    �0.89 ∗  ∗ ).  

   Discussion:  In our cohort VBI identifi ed patients vs. controls. 
Additionally the correlation between intensity and clinical 
scores suggests predictability of clinical status of the patients 
on behalf of their MR scans. If proven true, VBI would be the 
fi rst objective tool to diagnose ALS and verify clinical status 
in addition to clinical assessment and ALSFRS-R. These 
results have to be verifi ed in larger cohort multi center trials 
to prove VBI as a competent biomarker.  

DOI: 10.3109/17482968.2012.721231/315
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   Background:  Amyotrophic lateral sclerosis (ALS) is increas-
ingly recognized to be a multisystem disease associated with 
cognitive dysfunction. Conversely, functional neuroimaging 
studies revealed activation changes in motor-related areas, but 
sometimes also within fronto-temporal regions. Typically, 
activity elicited by a certain task is compared in ALS vs. 
healthy controls. However, prospective studies investigating 
the functional changes related to the disease-progression of 
ALS in a longitudinal within-subject design are lacking.  

   Objectives:  In the present study, we investigated the time course 
of changes in fMRI activation patterns and their potential con-
tribution to the understanding of ALS pathophysiology.  

   Methods:  Motor- and novelty-processing related brain activity 
was analyzed in patients with ALS (n    �    14) in two sessions 
separated by a 3-month interval. To assess motor-related activity 
we employed a Go/NoGo-task, in which task-irrelevant novel 
stimuli (inside and outside scenes) were additionally presented, 
offering the possibility to investigate the neural processing of 
stimulus novelty relative to frequently presented stimuli.  

   Results:  The comparison of the results of the fi rst and second 
measurement revealed that the activity in the motor cortex 

decreased during the time course of 3 months. This might 
refl ect the progressive major neural loss in the motor system 
and functionally connected areas. Interestingly, the activation-
decrease in the cerebellum correlated positively with the 
patients ’  ALSFRS-Score and in motor cortex with their 
MRC-Megascore. Importantly, novelty-processing related 
activity in the hippocampus was higher in the second com-
pared to the fi rst measurement. This activation-increase 
showed a negative correlation with the patients ’  ALSFRS-
Score. This pattern most likely refl ects compensatory activity 
in order to overcome dysfunctions typically observed at the 
beginning of lesions.  

   Conclusions:  This longitudinal fMRI study captures 
progression of motor and extra-motor degeneration in ALS. 
The functional pattern points clearly to an involvement of 
the hippocampus. Compared to the motor system lesion, the 
hippocampal dysfunction occurs at a later disease stage which 
might explain why memory impairment is hardly detected 
in a clinical setting.  

DOI: 10.3109/17482968.2012.721231/316
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   Introduction:  Since neurodegenerative diseases affect body 
weight, assessment of the body fat distribution in the course 
of the disease might act as a surrogate marker. Body mass 
index and blood lipids have already been reported to correlate 
with survival and functional status of ALS patients (1, 2). 
However, these techniques provide no information on the 
regional distribution of adipose tissue in ALS patients but 
there are important metabolic differences between fat depots. 
In this study, whole body MRI was used to analyze fat tissue 
volume differences between ALS patients and controls.  

   Methods:  Whole body MRI data were acquired on a 1.5 T 
scanner by acquisition of 6 to 8 consecutive T1-weighted vol-
umes. Sixty-two patients with defi nite or probable ALS 
according to revised El Escorial criteria (age 60    �    12 years, 
ALSFRS 36.3    �    7.5, mean disease duration 22 months) and 
62 age- and gender-matched controls were examined by a 
standardized automatic image postprocessing protocol (3), 
subcutaneous and visceral fat volumes were determined by 
the Automatic Tissue Labelling Analysis algorithm. Data were 
diffusion fi ltered prior to application of the fat determination 
algorithm ARTIS (Adapted Rendering for Tissue Intensity 
Segmentation).  

   Results:  The region-of-interest-based approach could be 
restricted to parts of the body where major fat volume 
changes were expected in the course of the disease so that 
MRI-based fat volume analysis was able to differentiate 
between visceral and subcutaneous fat tissue. Total fat vol-
ume of ALS patients was not changed as compared with 
controls. ALS patients displayed decreased subcutaneous 
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and increased visceral fat content and thus an increased 
ratio of visceral to subcutaneous fat. Multiple regression 
analysis showed that gender and ALS-FRS-R were signifi -
cant predictors of fat volumes.  

   Conclusion:  The potential in determination of subcutane-
ous and visceral fat volume by MRI based analysis was 
demonstrated. Fat distribution was altered in ALS patients 
with increased visceral fat compared to controls. These fi nd-
ings demonstrated that adipose tissue was affected in its 
topography in ALS and calls for further functional studies on 
this key metabolic tissue.  
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  P223 A LONGITUDINAL STUDY OF DIFFUSION 
TENSOR IMAGING IN ALS PATIENTS  
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   Keywords:   DTI  ,   fractional anisotropy  ,   corticospinal tracts   

   Background:  DTI measures the direction of the fl ow of 
water along axon tracts. Fractional anisotropy (FA) derived 
from DTI serves as an  in vivo  marker of the integrity of these 
tracts. Degeneration of these tracts will result in a reduced FA 
value.  

   Objective:  To assess changes in white matter tracts integrity 
in ALS patients compared to controls, early in the disease and 
at 6 months.  

   Methods:  12 patients with probable and defi nite ALS with 
FVC    �    70% and ALSFRS    �    35 and 12 healthy controls were 
enrolled. Subjects were scanned at baseline and 6 months 
later. ALSFRS-R, FVC and manual muscle testing were per-
formed at baseline and at 6 months. Patients and controls 
underwent two structural MRI scans at baseline and at 6 
months that included a high resolution T1 and a DTI scan. 
We calculated voxel wise fractional anisotropy (FA) Voxel-wise 
statistical analysis of FA data was carried out using the tract-
based spatial statistics. A mean FA skeleton was created for 
each group. Also, the T1-anatomical brain images were used 
to calculate cortical gray matter volume.  

   Results:  All ALS patients exhibited a signifi cant progression 
in their disease over a period of 6 months. When comparing 
the whole brain skeletal FA between ALS patients and con-
trols we found that the region corresponding to the bilateral 
corticospinal tracts caudal to the thalamus had signifi cantly 
lower FA in ALS patients. Over 6 months the anisotropy for 
this region did not exhibit a signifi cant change, but showed a 
decreasing trend. This decrease in FA correlated with the 
decline in FVC. The anisotropy of part of the superior longi-
tudinal fasciculus that was not affected at baseline seemed to 

decrease in ALS patients but not in controls over 6 months. 
For the area where ALS patients showed a signifi cant differ-
ence from control baseline, there was a difference in radial 
but not in axial diffusivity suggesting that disrupted myelin 
tracts may be at the root of the drop in FA noted in the 
patients. The correlation between peripheral grey matter and 
mean skeletal FA observed in the healthy controls was dis-
rupted in ALS patients.  

   Discussion and conclusion:  The signifi cant decrease in FA 
values noted in ALS patients very early in the disease process 
suggest that DTI is a sensitive tool for detecting early corti-
cospinal tract degeneration and may help establish early diag-
nosis. Surprisingly longitudinal analysis did not reveal 
signifi cant change in FA values overtime. Longitudinal decline 
in FA has been found by some investigators but not by others. 
DTI could be used as a surrogate marker of UMN degenera-
tion but further studies need to be done before using it as a 
marker of disease progression. We also found that our patients 
had diffi culties tolerating repeated MRI scan as their disease 
progressed.  

DOI: 10.3109/17482968.2012.721231/318

  P224 CORTICAL HYPEREXCITABILITY 
PRECEDES THE CLINICAL ONSET OF 
SPORADIC ALS  
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   Objective:  The pathophysiological mechanisms underlying 
the development of sporadic amyotrophic lateral sclerosis 
(ALS) remains unresolved. Cortical hyperexcitability was 
noted to precede the clinical onset of familial ALS in previous 
studies. This issue remains a matter of debate in sporadic ALS 
and was addressed in the present study which assessed corti-
cal excitability from a clinically and electro-physiologically 
normal region in early sporadic ALS patients.  

   Methods:  Cortical excitability studies were undertaken in 12 
sporadic, Awaji Criteria probable, ALS patients (6 Male; 6 
Female, mean age 56 years) using the threshold tracking tech-
nique of Transcranial Magnetic Stimulation (TMS).Motor 
Evoked Potentials (MEP) were recorded from a clinically nor-
mal abductor pollicis brevis (APB) muscle which was also 
assessed by qualitative and quantitative electromyography 
(EMG). Results were compared to 66 age matched healthy 
controls.  

   Results:  Short-interval intracortical inhibition (SICI) was 
signifi cantly reduced in ALS patients when compared to 
controls (averaged SICI ALS 0.3    �    0.8%; controls 
10.5    �    0.7%, P    �    0.0001) along with a reduction in the rest-
ing motor thresholds (P    �    0.05) and cortical silent period 
(P    �    0.05) and an increase in intracortical facilitation 
(P    �    0.05), all indicative of cortical hyperexcitability. Impor-
tantly, there was no neuro-physiological evidence of LMN 
dysfunction, within the target APB muscle. Motor unit 
architecture represented by the mean motor unit potential 
(MUP) amplitude, duration and polyphasia was normal.  
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   Conclusion:  The present study confi rms that cortical hyper-
excitability precedes the onset of lower motor neuron dysfunc-
tion in sporadic ALS, thereby suggesting a central origin of 
sporadic ALS with cortical hyperexcitability underlying motor 
neuron degeneration.  

DOI: 10.3109/17482968.2012.721231/319
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(MUNIX) STUDIES IN THE BICEPS MUSCLE OF 
ALS PATIENTS  
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   Background:  Motor unit number estimation (MUNE) stud-
ies have been used to study loss of motor units (MUs) in 
patients with motor neuron disease (MND). MUNE is usu-
ally performed in distal muscles of hand, e.g., thenar or 
hypothenar. Proximal muscles are diffi cult to study due to the 
multiple nerve stimuli required. A new method called  ‘ motor 
unit number index (MUNIX) ‘  requires only a single supramax-
imal stimulation with optimized surface electrode placement, 
and uses surface EMG interference pattern (SIP) for analysis. 
Hence it can be used to study large proximal muscles.  

   Objective:  To investigate the change in the number and size 
of MUs in biceps using the MUNIX method.  

   Methods:  Studies were performed in fourteen patients with 
MND at 3 month intervals. All patients had 5 – 7 such studies 
over a 12 – 18 month period. The compound muscle action 
potential (CMAP) was recorded using supramaximal inten-
sity. Several active electrode positions were tested to record the 
response with highest amplitude. The SIP was recorded using 
isometric contraction at force levels ranging from slight to max-
imum. MUNIX was computed using the area and power of the 
CMAP and SIP signals (1). Motor unit size index (MUSIX) 
was computed by dividing CMAP amplitude by MUNIX.  

   Results:  Patients were divided into 2 groups based on the 
disease onset in upper limb (group 1) or lower limb/bulbar 
(group 2). In Group 1 (5 patients), the MUNIX decreased 
by 54% while CMAP decreased by 42%. MUSIX increased 
by 40% over the study period. Three patients had reduced 
CMAP and MUNIX with increased MUSIX. In group 2 
(9 patients) the CMAP and MUNIX decreased by 17% and 
18%, respectively, and MUSIX increased by only 2%. One 
patient had reduced CMAP and MUNIX and with 
increased MUSIX. Another two patients had borderline 
abnormalities.  

   Discussion:  This study demonstrates greater MU loss in the 
biceps muscle of patients whose disease onset was in the upper 
limb. The reduced MUNIX was partially compensated by 
reinnervation which gave increased MUSIX with a smaller 
drop in the CMAP amplitude. In the second patient group, 
the biceps showed fewer changes in CMAP, MUNIX and 
MUSIX. Most patients had normal fi ndings in each of 5 – 7 
investigations. This refl ects less involvement and progression 
of the biceps. MUNIX was easy to perform, requiring less 
than 5 minutes. Recording the CMAP with maximal ampli-

tude was easier when the response from the previous study is 
available for comparison.  

   Conclusion:  MUNIX can be used to study MU loss and 
remodeling in MND in proximal muscle such as the biceps.  
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  P226 BIOELECTRICAL ACTIVITY IN MUSCLES 
OF PATIENTS WITH MOTOR NEURON DISEASE: 
QUANTITATIVE MUP ANALYSIS, REPETITIVE 
NERVE STIMULATION AND SINGLE FIBER EMG  
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   Email address for correspondence: kokestr@gmail.com   

   Keywords:   Single fi ber EMG  ,   repetitive nerve stimulation  ,  
 quantitative motor unit potential analysis   

   Background:  Electrodiagnostic examination reveals the fi nd-
ings of lower motor neuron (LMN) involvement in ALS which 
is characterized by ongoing denervation and reinnervation. 
The rate of disease progression and outcome depend on the 
dominant process either denervation or reinnervation. As well 
as the typical routine EMG fi ndings of ALS, the tests which 
evaluate neuromuscular junction (NMJ) might be pathologic 
refl ecting the crippled transmission caused by immature 
axonal sprouts and end-plates.  

   Objective:  In this study, bioelectrical activity of motor units 
in MND was evaluated by Q-MUPA, RNS, SFEMG.  

   Methods:  Thirty two patients (13 F, 19 M; 19 – 74 years old) 
who had been diagnosed as MND by clinical and electro-
physiological fi ndings were enrolled. Repetitive nerve stimula-
tion of ulnar and accessory nerves as well as Q-MUPA and 
SFEMG in m. EDC had been performed.  

   Results and discussion:  Mean disease duration was 
36.9    �    60.3 months. In Q-MUPA, MUP durations were pro-
longed in 28 patients and 7 of them had also high amplitude 
values. In RNS, 18 patients showed signifi cant decrement (13 
patients on m.TRP, 3 patients on m.ADM, 2 patients on both 
m.ADM and m.TRP). However, 13 of the patients didn’t have 
a signifi cant decrement. SFEMG revealed high jitter values in 
29 patients but 2 patients with normal strength in their EDC 
muscles revealed normal jitter. In 1 patient, both RNS and 
SFEMG could not be performed.  

   Conclusion:  These fi ndings demonstrate an ongoing rein-
nervation in MND by means of long duration - MUPs and 
faulty transmission at NMJ caused by collateral sprouting. 
The MUP changes and NMJ abnormality could be detected 
by Q-MUPA and RNS and/or SFEMG, respectively.  

DOI: 10.3109/17482968.2012.721231/321
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  P227 EEG SOURCE ANALYSIS IN AMYOTROPHIC 
LATERAL SCLEROSIS PATIENTS  
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   Background:  Traditional electroencephalography (EEG) 
analysis has been considered of scant importance in Amyo-
trophic Lateral Sclerosis (ALS) because it does not show any 
particular slowing or speci fi  c abnormal activity in this disease, 
nevertheless the few quantitative EEG(QEEG) studies carried 
out in ALS has shown evidences of subtle EEG changes in 
alpha frequencies. No EEG sources analysis studies have been 
performed in ALS patients.  

   Objectives : This work focuses on the application of quantita-
tive electric tomography (qEEGT) analysis for determine and 
localize cortical sources of subtle, not visually detected, 
changes in EEG activity (for all frequency bands) in ALS 
patients without dementia.  

   Methods:  conventional basal EEG (19 electrodes, 10/20 sys-
tem) were recorded from 15 ALS patients in a relaxed wakeful-
ness stage with eyes closed. Bayesian model averaging (BMA) 
approach was used to estimate electrical sources of EEG 
recorded activity. High resolution source Z-spectra and 3- 
dimensional images (Brain Electrical Tomography) of Z values 
for all the sources at each frequency (0.5 - 30 Hz) were obtained 
for all cases. To estimate statistically signifi cant increments and 
decrements of brain electric activity within the frequency spec-
tra, the t-Student vs. Zero test was performed.  

   Results:  Evident changes were found at the level of EEG 
cortical sources in all ALS patients independent of time dis-
ease evolution. Signifi cant decrement of alpha activity was 
found at the pre and potcentral gyrus, and in the occipital 
cortex, cuneus and precuneus areas of both hemispheres. Sig-
nifi cant increment of theta activity was found in the precentral 
and postcentral gyrus, supplemented motor area, superior and 
middle frontal gyrus of both hemispheres.  

   Conclusions:  This study documents the presence of wide-
spread cortical dysfunction suggesting pathological involve-
ment beyond the motor areas in ALS patients, including those 
with recent onset of their disease. qEEGt analysis is likely to 
be a powerful tool for detecting and localize subtle EEG 
changes in ALS patients.  

DOI: 10.3109/17482968.2012.721231/322

  P228 THE CLINICAL AND NEUROPHYSIOLOGIC 
STUDY OF UPPER MOTOR NEURON-DOMINANT 
AMYOTROPHIC LATERAL SCLEROSIS  

  XU Y  ,   TANG L  ,   ZHANG N  ,   FAN D  

   Peking University Third Hospital, Beijing, China   

   Email address for correspondence: dsfan2010@yahoo.com.cn   

   Keywords:   PLS  ,   upper motor neuron-dominant ALS  ,   
characteristics   

   Objective:  To investigate the clinical and electrophysiological 
characteristics of upper motor neuron-dominant amyotrophic 
lateral sclerosis (UMN-D ALS).  

   Methods:  The clinical and electrophysiological characteris-
tics were analyzed retrospectively in 76 patients with UMN-D 
ALS and 19 patients with primary lateral sclerosis (PLS).  

   Results:  There were 84 UMN-D ALS patients after 8 PLS 
patients shifted to this group. In UMN-D ALS patients, the 
females increased in those with ages more than 40 (male: 
female    �    1: 1.37), 32 patients (38.1%) were bulbar onset. 
UMN-D ALS patients acquired EMG evidence of denervation 
in a median of 30 months after symptom onset, and clinical 
lower motor neuron (LMN) signs 6 months later, 77 patients 
(91.6%) developed LMN sign by 4 years from symptom onset. 
ALSFRS-R changed from 40    �    3 to 32    �    4 in UMN-D ALS 
patients in 4 years (t    �    1.83, P    �    0.05). The amplitude of motor 
unit action potential (MUAP) of the fi rst interosseus dorsalis 
was higher and the duration of MUAP was longer in UMN-D 
ALS patients than in PLS patients ((582.5    �    30.7)  μ v  vs  
(353.5    �    21.5)  μ v; (t    �    1.87, P    �    0.05));((19.8    �    2.3) ms  vs  
(9.6    �    1.3) ms; (t    �    1.85, P    �    0.05)).  

   Conclusions:  UMN-D ALS patients characterized by more 
females, more cases with bulbar onset and faster progression 
than PLS patients, and electromyographic evidence of focal 
denervation.  

DOI: 10.3109/17482968.2012.721231/323

  P229 ALS ENTERS THE WORLD OF BIG DATA: 
INITIAL DESCRIPTION OF AND RESULTS FROM 
THE PRO-ACT PLATFORM  
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ATASSI   N  2   ,    BERRY   JD  2   ,    ZACH   N  1   ,    SINANI   E  2   ,    
WALKER   J  2   ,    KATSOVSKIY   I  2   ,    CUDKOWICZ   M  2    

  1 Prize4Life, Cambridge, MA, USA,  2  Mass General Hospital, 
Boston, MA, USA   

   Email address for correspondence: mleitner@prize4life.org   

   Keywords:   research resource  ,   dataset  ,   clinical data   

   Background:  Large datasets are critical for identifying statisti-
cally signifi cant and biologically relevant observations, particu-
larly for diseases resulting from the intricate interplay of genetic 
and environmental factors. The Pooled Resource Open-access 
ALS Clinical Trials (PRO-ACT) platform provides an unprec-
edented opportunity to increase our understanding of the ALS 
patient population and the natural history of the disease.  

   Objective:  To build, analyze, and make publicly available the 
world’s largest merged dataset of patient clinical data from 
completed Phase II/III ALS clinical trials.  

   Design and methods:  We obtained 6700 �  patient records 
from 11 completed industry-sponsored trials and 1000 
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records from 7 government/non-profi t sponsored trials. These 
data include the placebo arms from all trials and the drug arms 
from the majority of trials, including the riluzole trials. Utilizing 
empirical and theoretical knowledge from the literature, com-
mon data elements developed by NINDS and NEALS, and with 
input from clinical investigators, we have developed an ALS spe-
cifi c common data structure. We have used this common data 
structure to enable the merging of disparate datasets for the fi rst 
time into a unifi ed searchable dataset.  

   Results:  The dataset contains at minimum an estimated 6 
million datapoints, including never before described data, col-
lected over a time period of 6 – 22 months (average 13 months). 
We have begun statistically analyzing this dataset so as to 
describe its contents and increase its utility for the research 
community. Baseline characteristics, survival distribution, and 
identifi ed prognostic factors will be described. The rate of 
functional decline was compared between the subset of the 
industry-sponsored trials and the government/foundation-
sponsored trials that assessed ALSFRS to ensure that the 
respective patient populations were similar. The full dataset 
will be made freely accessible to the research community for 
analysis and download (anticipated release Dec 2012 to coin-
cide with ALS/MND), and a sample of the data will be 
released this summer for the ALS Prediction Prize challenge 
promoting the development of quantitative methods to pre-
dict future ALS progression.  

   Discussion:  The PRO-ACT platform is the result of a unique 
collaboration among industry, academic, and foundation 
partners. Creation of this platform will enable a wide variety 
of analyses that were previously not possible. Use of this large 
merged ALS clinical dataset by the research community will 
help us better understand the natural history of the disease, 
further efforts to successfully stratify ALS patients, and pro-
vide insights into the design and interpretation of future 
clinical trials. Academic institutions and companies are 
encouraged to both contribute and analyze data for new 
insights into ALS. Pooling and analyzing clinical trial data is 
currently being explored for a wide variety of related diseases 
including Alzheimer’s disease, Parkinson’s disease, Multiple 
Sclerosis, and Frontotemporal Dementia, and the PRO-ACT 
platform will serve as a model for these future efforts.  

DOI: 10.3109/17482968.2012.721231/324

  P230 GRAY MATTER DEMYELINATION 
IS UNEXPECTEDLY COMMON IN 
NEURODEGENERATION: AMYOTROPHIC 
LATERAL SCLEROSIS  
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   Email address for correspondence: yli85@jhmi.edu   

   Keywords:   NG2 glia  ,   oligodendrocyte  ,   myelination   

   Background:  ALS is a non-cell autonomous disease as astro-
glia and microglia play a role in disease progression in rodent 
models. However, whether oligodendrocyte lineage is involved 
in ALS pathogenesis is not clear. Our recent study has shown 
that NG2 glia, also known as oligodendrocyte progenitor, pro-
liferate and undergo dramatic changes in the lumbar spinal 
cord gray matter in G93A SOD1 mice at endstage. This sug-
gests that oligodendroglia might degenerate during disease 
progression, which could be causing NG2 glial proliferation. 

More importantly, in ALS patients, although it is well known 
corticospinal tract demyelination occurs, it is largely unknown 
whether there are oligodendrocyte lineage changes in motor 
cortex and spinal cord gray matter where motor neurons 
degenerate.  

   Objectives:  Given that NG2 glia are restricted to oligodendro-
cyte differentiation in ALS mouse lumbar spinal cord gray 
matter, we asked whether oligodendrocyte degenerate as dis-
ease progresses as measured by myelination in mouse. In addi-
tion, we investigated whether oligodendrocyte lineage 
undergoes similar changes in the CNS gray matter of ALS 
patients.  

   Methods:  Immunohistochemistry (IHC) was used to deter-
mine NG2 glia cell morphology. IHC staining, luxol fast blue 
myelin staining and erichrome cyanine myelin staining were 
performed to evaluate myelin expression. Western Blotting 
was used to quantitatively evaluate myelin protein expression. 
MRI  in vivo  imaging was carried out to determine mouse 
lumbar spinal cord myelin signals.  

   Results:  In ALS mouse lumbar spinal cord, loss of myelin 
basic protein expression/demyelination was seen as early as 
disease onset. Repeated longitudinal mouse MRI studies also 
suggested that gray matter demyelination occurred  in vivo  at 
the onset of clinical disease. Further myelin staining showed 
clear gray matter demyelination and distorted myelin struc-
tures in the lumbar spinal cord gray matter. In ALS patient 
motor cortex gray matter, NG2 glia showed increased immu-
noreactivity compared to those without neurological diseases. 
In addition, patchy demyelination in the gray matter of motor 
cortex and spinal cords was reliably and repeatedly observed, 
with preservation of neurons in the some regions of demyeli-
nation . Furthermore, we found that in ALS patients the 
decrease in myelin protein expression was correlated to oli-
godendrocyte progenitor marker, PDGF α R, expression, 
which is consistent with our animal studies.  

   Discussion:  Both animal and human studies unexpectedly 
showed  gray matter  oligodendrocyte degeneration as measured 
by different myelin stains and  in vivo  MRI imaging in ALS. 
Since oligodendrocytes not only facilitate saltatory conduction 
of action potential, but also support neuronal functions such 
as lactate metabolism, through oligodendroglial specifi c 
MCT1, the injury to oligodendroglia in ALS may have path-
ogenic consequences.  

   Conclusions:  Oligdendrocytes degenerate in the gray matter 
in ALS.  

DOI: 10.3109/17482968.2012.721231/325

  P231 SERUM LEVELS OF VASCULAR 
ENDOTHELIAL GROWTH FACTOR IN 
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RELATION TO ITS INCREASED EXPRESSION 
OF SKIN  

  ISHIKAWA H  ,   ONO S  

   Teikyo University Chiba Medical Center, Ichihara, Chiba, Japan   

   Email address for correspondence: ono@med.teikyo-u.ac.jp   

   Keywords:   skin  ,   serum  ,   vascular endothelial growth factor   

   Background:  Vascular endothelial growth factor (VEGF), 
fi rst discovered as a tumor-secreted protein that promotes 
vascular permeability, is an important angiogenesis factor. 
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VEGF is expressed in many tissues and is rapidly upregulated 
during hypoxia, which occurs during acute or chronic 
vascular disease, pulmonary disease, or cancer. The precise 
mechanisms governing this upregulation remain unknown, 
but oxygen deprivation is a key regulator of VEGF gene 
expression with cells rapidly accumulating hypoxia-inducible 
transcription factors (HIFs) in response to decreased oxygen 
tension. A central role of VEGF in the pathophysiology of 
motor neuron disease has been raised by studies in mice 
where the hypoxia-response element of the VEGF promoter 
has been deleted. The VEGF165 isoform stimulates normal 
and abnormal vessel growth and promotes survival of motor 
neurons during hypoxia, VEGF gene expression is stimulated 
mainly through binding of HIF to a defi ned hypoxia-response 
element in the VEGF promoter.  

   Objectives:  We measured serum levels of VEGF in ALS 
patients and controls, and studied the relationship between 
serum levels of VEGF and the density of VEGF immunore-
activity of skin in ALS patients.  

   Methods:  Skin biopsy samples were taken from the left 
upper arm of 20 patients with ALS (mean age 62.1 years) 
and from 20 controls with other neurodegenerative diseases 
matched for sex and age (mean age 59.7 years). Routine 
formalin-fi xed paraffi n-embedded 6  μ m sections were immu-
nostained according to standard techniques. The sections 
were incubated with anti-VEGF antibody. The sections were 
stained by ABC kit. The immunoreactivity was quantifi ed 
with an image-analysis system. Blood samples were collected 
from the same 20 ALS patients and the same 20 controls. 
Samples were analyzed using commercially available ELISA 
kits for VEGF.  

   Results:  Serum VEGF levels were signifi cantly higher 
(p    �    0.02) in ALS patients (365.4    �    140ng/l) than in controls 
(203.6    �    125.9ng/l). There was a moderate positive relation-
ship (r    �    0.51) between duration of the disease and VEGF 
levels in serum from ALS patients. The immunoreactivity of 
VEGF was strongly positive in the epidermis and in some 
blood vessels and glands of the reticular dermis in all ALS 
patients. Its optical density in ALS patients (6.22    �    2.91) was 
signifi cantly higher (p    �    0.001) than in controls (1.65    �    0.61). 
Furthermore, there was a signifi cant positive relationship 
(r    �    0.84, p    �    0.001) between the immunoreactivity and dura-
tion of illness in ALS patients. There was a signifi cant positive 
relationship (p    �    0.02) between serum VEGF concentrations 
and the optical density of VEGF in ALS patients.  

   Conclusions:  The increased amount of serum VEGF may 
refl ect in part the increased VEGF immunoreactivity of skin 
in ALS and may be involved in the pathogenesis of ALS.  

DOI: 10.3109/17482968.2012.721231/326

  P232 A COMPARATIVE STUDY OF BIOMARKERS 
FOR DYSPHAGIA IN AMYOTROPHIC LATERAL 
SCLEROSIS  

  BEARCE E  ,   PINNEGAR A  ,   COLLINS M  ,   SELL M  , 
  KONCZAL M  ,   AL-KHASHTI L  ,   GAISER V  ,   COATES JR  , 
  LEVER T  

   University of Missouri, Columbia, MO, USA   

   Email address for correspondence: eabgxb@gmail.com   

   Keywords:   dysphagia  ,   swallowing  ,   animal models   

   Background:  Swallowing impairment (dysphagia) is 
common in amyotrophic lateral sclerosis (ALS), resulting in 

malnutrition, dehydration, and pulmonary aspiration. These 
symptoms are associated with a poor quality of life and con-
tribute to death. No effective treatments currently exist for 
dysphagia in ALS.  

   Objectives:  Our lab is dedicated to studying animal models 
of ALS to hasten the identifi cation of novel treatments for 
dysphagia. Previous work in our lab showed that, like people 
with ALS, the SOD1-G93A transgenic mouse develops symp-
toms of dysphagia. Dogs with degenerative myelopathy (DM) 
exhibit a spontaneous SOD1 mutation that results in ALS-like 
symptoms of the limbs similar to humans and transgenic mice. 
Unspecifi ed swallowing impairment was recently reported in 
end-stage dogs with DM. Our goal is to identify common 
biomarkers of dysphagia in ALS across species (mouse, dog, 
and human).  

   Methods:  We have developed 4 dysphagia assays that have 
the potential for universal application in mammals: 1) Video 
analysis (VA) of oral ingestive behaviors, 2) Fluoroscopic 
(x-ray) analysis (FA) of swallowing, 3) Laryngeal brainstem 
response (LBR), and 4) Histological analysis (HA) of the 
brainstem nuclei involved in swallowing (trigeminal, facial, 
ambiguus, hypoglossal, dorsal motor nucleus of the vagus, and 
nucleus tractus solitarius). Using VA methodology, we inves-
tigated the lick rate of SOD1-G93A mice (n    �    14) and non-
transgenic littermates (n    �    12) of either sex at 3, 5, and 7 
weeks of age. For HA, brainstems of formalin-fi xed end-stage 
DM (n    �    4) and control (n    �    4) dogs, and ALS (n    �    2) and 
control (n    �    2) humans were paraffi n processed and stained 
using hematoxylin  &  eosin to identify brainstem nuclei and 
general histopathology by light microscopy. Researchers were 
blinded to genotype for all assays.  

   Results:  At all time points, SOD1-G93A mice demonstrated 
a signifi cantly slower lick rate compared to controls (p    �    0.05). 
We are now establishing biomarkers of dysphagia in this strain 
using FA, LBR, and HA methods. In all canine DM and 
human ALS samples, subtle evidence of neurodegeneration 
was identifi ed within each of the brainstem nuclei involved in 
swallowing. This fi nding is markedly different from our previ-
ous report of prominent vacuolization in the brainstem nuclei 
of SOD1-G93A mice.  

   Discussion and conclusions:  Early-onset impairment of 
lick rate in SOD1-G93A mice suggests this strain may be a 
model of bulbar rather than spinal onset ALS, making it 
uniquely suitable for translational research to humans with 
bulbar onset ALS ( ̃ 30% of ALS cases). However, our histo-
logical fi ndings suggest that neurodegeneration in canine DM 
may more closely recapitulate human ALS. We are currently 
testing this hypothesis using VA and FA methods to establish 
a clinicopathological correlation of dysphagia in canine DM 
for comparison with SOD1-G93A mice. Identifi cation of 
common biomarkers of dysphagia in ALS across species is a 
critical step toward the identifi cation of novel therapeutics 
suitable for pre-clinical trials.  

DOI: 10.3109/17482968.2012.721231/327
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  P233 NOVEL MARKERS OF MITOCHONDRIAL 
DYNAMICS IN AXONS ARE DISRUPTED IN 
MUTANT SOD1 TRANSGENIC MICE  

  GENTIL B  ,   DURHAM H  

   MNI McGill University, Qu é bec, Canada   

   Email address for correspondence: benoit.gentil@mcgill.ca   

   Keywords:   mitochondrial fusion  ,   axon  ,   SOD1   

   Background:  Distal axonopathy with loss of integrity of the 
neuromuscular junction occurs early in the pathogenesis of a 
familial form of ALS caused by mutations in SOD1 (ALS1). 
A strong and early mitochondrial phenotype also is observed 
in culture and transgenic mouse models, including altered 
morphology, fi ssion/fusion, transport and bioenergetics. The 
dramatic rounding of mitochondria observed in cultured 
motor neurons expressing the ALS1-causing mutant, 
SOD1G93A, correlated with inhibition of mitochondrial 
fusion. This led us to investigate the role of post-translational 
modifi cations of profusion proteins and how they are affected 
by mutant SOD1.  

   Objectives:  To assess differences in mitochondrial dynamics 
in neuronal cell bodies and axons and the impact of mutant 
SOD1 on these processes.  

   Methods:  Explant cultures of murine dorsal root ganglia 
(DRG) were used for this study because of the ability to analyze 
cell bodies and axons separately by biochemical techniques. 
Mitochondrial fusion was assayed by co-expressing photoac-
tivable EGFP targeted to the mitochondrial matrix. Profu-
sion proteins were examined by Western analysis of extracts 

prepared from cell body and axonal compartments of the 
cultures and from brain, spinal cord and sciatic nerves of 
wildtype mice and those carrying SOD1WT or SOD1G93A 
transgenes.  

   Results:  In cultured neurons, the rate of mitochondrial fusion 
was higher in the cell body than in the axon, suggesting a local 
regulation of profusion proteins which could be affected in 
ALS1. Full length Mfn2 was detected on Western blots as a 
83 kDa band. However, in extracts of DRG axons and of 
mouse sciatic nerve and brainstem, this band was diminished 
and two smaller bands were labeled by antibody to Mfn2, 
migrating at 70 kDa and 13 kDa. This suggested the smaller 
forms (sMfn2) arose from proteolytic cleavage of full length 
Mfn2. Preferential cleavage in axons was indicated by relative 
absence of the sMfn2 in DRG cell bodies and in regions of 
nervous tissue dominated by cell bodies and dendrites (i.e., 
lumbar spinal cord, cortex or cerebellum).  In silico  analysis 
identifi ed a presenilin-like consensus sequence in the pre-
dicted cleavage region. Interestingly, these sMfn2 were absent 
from sciatic nerve of SOD1G93A transgenic mice at 120 days 
of age, just prior to appearance of overt symptoms.  

   Discussion:  The data provide strong evidence of specialized 
processes controlling mitochondrial dynamics in neuronal cell 
bodies and axons. Cleavage of the profusion protein, Mfn2, in 
axons correlated with reduced rate of mitochondrial fusion. 
Absence of Mfn2 cleavage in sciatic nerve of fALS1 transgenic 
mice implicates abnormal protease activity in the axonopathy that 
is an early feature of the disease. We propose that sMfn2 could 
serve as a biomarker for evaluation of therapeutic effi cacy.        

DOI: 10.3109/17482968.2012.721231/328
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  Results : Hallmark ALS symptoms include clumsiness, speech 
change, dysarthria and dysphagia, cramps, fatigue, and gait 
changes; signs include fasciculation, atrophy, and weakness. 
Potential modifying terms include progressive, excessive, per-
sistent or unusual location. Examples of candidate ALS red 
fl ags are  ‘ excessive fatigue ’ ,  ‘ persistent cramps ’ ,  ‘ tongue fas-
ciculation ’ , or  ‘ unusual location weakness ’  (not adhering to 
radicular or peripheral nerve distribution). Results from the 
ongoing validation of the red fl ags list will be presented.   

  Conclusions : It is expected that the ALS red fl ags list will 
enable clinicians, particularly GPs and neurologists, to recog-
nise ALS signs and symptoms at an early stage. This will 
facilitate appropriate referral, and may lead to earlier treat-
ment and improved outcomes.   

 The ALS specialists meeting in June 2011 and this program 
were funded by Biogen Idec.  

DOI: 10.3109/17482968.2012.721231/329

   P235 HEART RATE VARIABILITY CORRELATES 
ALSFRS-R IN AMYOTROPHIC LATERAL 
SCLEROSIS  

  OH K-W  ,   OH S-I  ,   LEE S-H  ,   CHOI WJ  ,   KIM SH  

   Department of Neurology, Hanyang University College of Med-
icine, Seoul, Republic of Korea   

   Email address for correspondence: gdoors@hanmail.net   

   Keywords:   heart rate variability  ,   autonomic dysfunction  ,   ALS 
functional rating scale-revised   

   Background:  Amyotrophic lateral sclerosis (ALS) is a neu-
rodegenerative disorder characterized by progressive loss of 
motor neurons, however it is increasingly recognized that non-
motor manifestations may occur, including autonomic nerv-
ous system dysfunction. Therefore, our fi rst objective in these 
studies was to evaluate autonomic dysfunction in patient with 
ALS.  

   Objectives:  Eighty-two patients with sporadic ALS were 
compared to 172 healthy controls.  

   Methods:  Heart rate variability (HRV) and ALS functional 
rating scale-revised (ALSFRS-R) was collected in ALS 
patients.  

   Results:  A decrease in HRV was found in the ALS patients, 
indicating dysfunction of autonomic cardiac control ( p     �    0.0001). 
ALSFRS-R was positively associated with HRV ( p    ,     0.05).  

   Discussion:  These results suggest that cardiac autonomic 
dysfunction in patients with ALS has sympathetic-activated 

 P234 DEVELOPMENT OF A  “ RED FLAGS ”  
SYMPTOM LIST TO ASSIST WITH EARLY 
RECOGNITION AND DIAGNOSIS OF 
AMYOTROPHIC LATERAL SCLEROSIS      

    WILLIAMS     JR  1  ,       ATASSI     N  2  ,       NAKANO     I  3  ,       MORA     JS  4  ,  
     DRORY     V  5  ,       CUDKOWICZ     M  2  ,       SHEFNER     J  6  ,       CHI Ò      A  7  ,  
     MITSUMOTO     H  8  ,       SILANI     V  9  ,       ZINMAN     L  10  ,       WEBER     M  11  ,  
     VAN DEN BERG     LH  12  ,       ROBBERECHT     W  13  ,       RONNEVI    
 L-O  14  ,       HARDIMAN     O  15  ,       BRUIJN     L  16   ,        KERR     D  1           

  1 Biogen Idec, Cambridge, MA, USA,  2 Massachussetts General 
Hospital, Charlestown, MA, USA,  3 Jichi Medical University, Tog-
ichi, Japan,  4 Hospital Carlos III, Madrid, Spain,  5 Tel-Aviv Sour-
asky Medical Center, Tel-Aviv, Israel,  6 Upstate Medical University, 
Syracuse, NY, USA,  7 University of Torino, Torino, Italy,  8 Columbia 
University Medical Center, New York, NY, USA,  9 University of 
Milan Medical School, Milan, Italy,  10 Sunnybrook Health Sci-
ences Centre, Toronto, Canada,  11 Kantonsspital St. Gallen, St. Gal-
len, Switzerland,  12 University Medical Centre Utrecht, Utrecht, 
The Netherlands,  13 University Hospital Leuven, Leuven, Belgium,  
14 Karolinska Institute, Stockholm, Sweden,  15 Trinity College and 
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  Email address for correspondence: james.williams@biogenidec.com                              

  Keywords:    Red fl ag  ,   symptoms  ,   diagnosis  

  Introduction : Amyotrophic lateral sclerosis (ALS) diagnosis 
is primarily based on physician-observed signs and symptoms. 
Currently, there is a median delay of 8 – 16 months from symp-
tom onset to diagnosis, mainly due to similarities between 
early symptoms of ALS and other common, non-fatal, dis-
eases. Identifying which symptoms are most predictive of ALS 
may decrease diagnostic delay. This initiative aimed to develop 
a shortlist of hallmark symptoms to assist with early recogni-
tion/ diagnosis of ALS.   

  Methods : A shortlist of characteristic ALS signs and symp-
toms for ALS diagnosis was developed at a meeting of ALS 
specialists (June 2011). This shortlist, termed  ‘ ALS red fl ags ’ , 
was developed by the ALS specialists based on their clinical 
experience and a review of their patient databases. The ALS 
red fl ags list is being validated using patient data from the 
General Practice Research Database (GPRD), which contains 
anonymised data from  ~ 630 primary care practices (over 11 
million patients) in the United Kingdom. Published literature 
indicates that the computer-identifi ed ALS incidence from the 
GPRD is comparable with rates in population-based registries 
in Scotland, Ireland, and Italy; thus this is a reasonable data-
base for validation of the red fl ags list. Red fl ags will be 
abstracted from the medical records of approximately 2000 
patients with ALS referred to neurologists by general practi-
tioners (GPs). Latent class analyses will test if red fl ag clusters 
can differentiate patients with ALS from other neurology 
referrals.   

                        THEME 11 IMPROVING DIAGNOSIS, 
PROGNOSIS AND DISEASE PROGRESSION    
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balanced with decreasing both sympathetic and parasympa-
thetic components. HRV was found to be related to disability 
of the disease.  

DOI: 10.3109/17482968.2012.721231/330

  P236 COMPARISON OF AN AMYOTROPHIC 
LATERAL SCLEROSIS STAGING SYSTEM WITH 
THE REVISED AMYOTROPHIC LATERAL 
SCLEROSIS FUNCTIONAL RATING SCALE  

  BALENDRA R  ,   AL-CHALABI A   

  Department of Clinical Neurosciences, King’s College London, 
London, UK   

   Email address for correspondence: r.balendra@gmail.com   

   Keywords:   ALS Staging System  ,   measuring disease progression  ,  
 ALS-FRSr   

   Background:  A disease staging system is a set of milestones 
occurring in a specifi ed order, representing progression 
through a disease. A staging system has been proposed for 
amyotrophic lateral sclerosis (ALS) consisting of four stages 
occurring at predictable proportions of the disease course: 
Stage 1 (fi rst region involved i.e. symptom onset), Stage 2A 
(diagnosis), Stage 2B (second region involved), Stage 3 (third 
region involved), Stage 4A (need for gastrostomy) and Stage 
4B (need for non-invasive ventilation)(1). An established 
measure of functional decline in ALS is the revised ALS Func-
tional Rating Scale (ALS-FRSr). While a functional scale is 
not a staging system, the ALS-FRSr nonetheless has a rela-
tionship with disease progression. The two systems have some 
similarities. ALS-FRSr questions refl ect regional involvement, 
corresponding to Stages 1 – 3 and need for gastrostomy or non-
invasive ventilation. ALS-FRSr score    �    5 indicates Stage 4B 
has been reached and a score    �    7 indicates Stage 4 has been 
reached.  

   Objectives:  The aim was to compare ALS Stage with ALS-
FRSr in a cohort of patients.  

   Methods:  A database of ALS patients from ten UK centres 
who had participated in a clinical trial between 2009 and 2011 
was analysed. The ALS Stage and the concomitant ALS-FRSr 
score were recorded for each patient visit to the trial at base-
line, week 12 and months 6, 9, 15 and 18. Median, range and 
interquartile range of ALS-FRSr were calculated for each ALS 
Stage.  

   Results:  There were 217 patients included in the study. 
78.3% had limb onset disease and 21.7% had bulbar onset 
disease. 69.6% were male patients and 30.4% were female 
patients. ALS-FRSr scores were not normally distributed. The 
median ALS-FRSr scores with interquartile ranges at each 
stage were Stage 2A: 43.0 (41.0 – 45.0), Stage 2B: 38.0 (35.0 –
 42.0), Stage 3: 34.0 (29.5 – 37.5), Stage 4A: 25.0 (19.25 –
 31.75) and Stage 4B: 23.0 (18.00 – 29.25). Patients with 
bulbar onset ALS had higher ALS-FRSr scores at Stage 4A 
with a median of 29.0 (22.25 – 33.75) whilst patients with limb 
onset ALS had lower scores at Stage 4A with a median of 19.0 
(16.5 – 25.5).  

   Discussion:  The median ALS-FRSr score should decline as 
ALS progresses, and the spread of ALS-FRSr scores should 
widen since not all patients are equally functionally impaired, 
depending on the pattern and type of weakness. We observe 
both these effects, confi rming that the ALS staging system 
used is a measure of disease progression. Limb onset patients 

are more functionally impaired than bulbar onset patients by 
the time they reach Stage 4A.  

   Conclusions:  The staging system measures progression 
through the disease while the ALS-FRSr refl ects overall func-
tional decline. The staging system is a useful additional meas-
ure which can be utilised in patient care and ALS research.  

  Reference  
  1.  Roche J, Rojas-Garcia R, Scott K et   al.  Brain 2012;135: 

847 – 852  
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  P237 RASCH ANALYSIS OF THE AMYOTROPHIC 
LATERAL SCLEROSIS FUNCTIONAL RATING 
SCALE – R (ALSFRS-R)  

   GIBBONS   C  1,2   ,    THORNTON   E  3   ,    EALING   J  4   ,    MITCHELL  
 D  5   ,    SHAW   P  6   ,    TALBOT   K  7   ,    TENNANT   A  8   ,    YOUNG   C  1   

   1 The Walton Centre for Neurology and Neurosurgery, Liverpool, 
UK,  2 GM CLAHRC, Manchester, UK,  3 The University of Liv-
erpool, Liverpool, UK,  4 Hope Hospital, Salford, UK,  5 Preston 
Royal Hospital, Preston, UK,  6 Sheffi eld Institution for Transla-
tional Neuroscience (SITRaN), Sheffi eld, UK,  7 University of 
Oxford, Oxford, UK,  8  University of Leeds, Leeds, UK   

   Email address for correspondence: carolyn.young@thewaltoncentre.
nhs.uk   

   Keywords:   ALSFRS-R  ,   rasch  ,   validation   

   Background:  The ALSFRS-R is the gold standard question-
naire measure of functional impairment in patients with ALS. 
The scale is widely used in clinics and research although its 
measurement properties, beyond internal consistency and 
construct reliability, have not been examined.  

   Objective:  To apply ALSFRS-R data to the Rasch model in 
order to rigorously evaluate the psychometric properties of 
the scale and assess the scale ' s ability to produce interval-level 
measurement.  

   Methods:  A questionnaire pack containing the ALSFRS-R 
was sent to 147 consecutive patients with a confi rmed diag-
nosis of MND.  

   Results:  The ALSFRS-R displayed marginal fi t to the Rasch 
model ( χ  2  (24)    �     37.80, p    �    0.04). Item 9  “ How has your ability 
to climb stairs changed? ”  displayed a high fi t residual (    �    3.34 
logits) indicating possible irrelevance of the item. T-test anal-
ysis revealed that the 12-item scale displayed unacceptable 
multidimensionality (12.41% (CI 7.53 – 19.11%) signifi cant 
tests). A modifi ed 11-item version of the ALSFRS-R was 
examined following the removal of item 9. The modifi ed scale 
displayed improved fi t statistics including excellent fi t to the 
Rasch model ( χ  2  (22)    �     29.64, p    �    0.12) high reliability 
(PSI    �    .91) and unidimensionality (8.97% signifi cant T-tests 
(CI 4.86 – 14.84)).  

   Discussion:  The 12-item ALSFRS-R scale does not satisfy 
the demands of the Rasch model. Multidimensionality present 
in the commonly-used summary score impacts upon the 
scale ' s ability to provide accurate comparisons between 
patients or over time. The modifi ed ALSFRS-11 has excellent 
fi t characteristics and is unidimensional. The ALSFRS-11 is 
therefore capable of producing interval level measurement, 
unlike the ALSFRS-R.  

DOI: 10.3109/17482968.2012.721231/332
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  P238 DISEASE SEVERITY AND DISEASE 
TRAJECTORY OF AMYOTROPHIC LATERAL 
SCLEROSIS (ALS) PATIENTS AT FIRST CLINIC 
VISIT MEASURED PROSPECTIVELY WITH 
“ALS DASHBOARD” - A SIX-DOMAIN 
(COGNITION, AFFECT, BULBAR, RESPIRATORY, 
ARM, LEG) STAGING SYSTEM  

   BRAVVER   EK  1   ,    DESAI   UG  1   ,    BOCKENEK   WL  2   , 
   LINDBLOM   SS  3   ,    PACCICO   TJ  3   ,    SANJAK   MS  1,4   , 
   WILLIAMS   NM  1   ,    SMITH   NP  1   ,    NICHOLS   MS  1   , 
   LANGFORD   VL  1   ,    HOLSTEN   SE  1   ,    WARD   AL  1   ,    WRIGHT  
 KA  1   ,    BROOKS   BR  1   

   1 Department of Neurology, Carolinas Neuromuscular/ALS-MDA 
Center,  2 Carolinas Rehabilitation, Physical Medicine and Reha-
bilitation,  3 Internal Medicine, Carolinas Medical Center, Univer-
sity of North Carolina School of Medicine, Charlotte Campus, 
Charlotte, NC, USA,  4  Kinesiology Department, University of 
North Carolina, Charlotte, Charlotte, NC, USA   

   Email address for correspondence: elena.bravver@carolinashealth-
care.org   

   Keywords:   disease burden  ,   disease trajectory  ,   benchmarking   

   Background:  While the time from disease onset to disease 
diagnosis has been studied in several populations of people 
with ALS, the disease burden at fi rst clinic visit and at diag-
nosis has been less carefully analyzed.  

   Objectives:  Determine prospectively the distribution of clin-
ical stages in people with ALS, at the time of fi rst clinic visit 
and diagnosis according to the “ALS Dashboard” staging 
algorithm.  

   Methods:  From 2009 – 2011 181 patients (101 M; 80 F) were 
referred to the Carolinas Neuromuscular/ALS-MDA Center. 
17 were found not to have ALS. The remaining patients were 
staged according to the “ALS Dashboard” staging algorithm 
in cognitive, affect, bulbar, respiratory, arm and leg domains. 
Age at diagnosis, site of onset, time from onset to diagnosis, 
vital capacity at diagnosis, ALSFRS-R total and bulbar, arm, 
leg, respiratory subscores at diagnosis were calculated. 
Domain-specifi c stage at diagnosis and at three month inter-
vals after diagnosis were established for each patient. Statisti-
cal analysis was performed with MedcCalc software version 
12. 2.1 (www.medcalc.org/)  

   Results:  Cognitive stage    �    3 was present at diagnosis in 
12.3%. Affect stage    �    3 was present in 18.2%. Bulbar stage    �    3 
was present in 20.2%. Respiratory stage    �    3 was present in 
15.5% but increased to 70.6% by 3 months based on intro-
duction of non-invasive ventilation. Arm stage    �    3 was present 
in 23.6% at diagnosis. Leg stage    �    3 was present in 42.4% at 
diagnosis and increased to 68.6% at 6 months. Bulbar stage 
changes were more rapid in bulbar onset patients than spinal 
onset patients. Lost to follow-up occurs at 2.5% at 3 and 6 
months.  

   Conclusions:  “ALS Dashboard” staging changes in this pro-
spectively evaluated cohort was more rapid in the respiratory 
domain due to changes in standard of practice for these 
patients.  

   Discussion:  Further analysis of ALS staging is required to 
understand the effect of lost to follow-up on natural history 
studies in patients with ALS.  

DOI: 10.3109/17482968.2012.721231/333

  P239 RESTING AND EXERCISE-RELATED 
OXIDATIVE STRESS MARKERS IN PATIENTS 
UNDER ERYTHROPOIETIN TREATMENT  

   CALDARAZZO IENCO   E  1   ,    CARLESI   C  1   ,    LOGERFO   A  1   , 
   CHICO   L  1   ,    LAURIA   G  2   ,    SICILIANO   G  1   

   1 Department o Neuroscience, University of Pisa, Pisa, Italy,  
2  Department of Neurology, National Neruolog Institute C. Besta, 
Milan, Italy   

   Email address for correspondence: g.siciliano@med.unipi.it   

   Keywords:   oxidative stress  ,   exercise  ,   erythropoietin   

   Background : Treatment with erythropoietin (EPO) has been 
suggested as possible therapeutic approach in ALS. Among 
the possible neuroprotective effects of EPO infl uence on cell 
oxidative stress balance has been suggested. The possible 
pathogenic role of oxidative stress on motor neurone degen-
eration in ALS is emphasized by a bulk of evidence derived 
from genetic, molecular and animal models. Furthermore, 
research interest has recently developed on the relationships 
between exercise, oxidative stress and motor neurone degen-
eration in ALS.  

   Objectives : We aimed to analyse the effect of EPO on exer-
cise related oxidative stress parameters in ALS.  

   Methods:  Along the currently ongoing Italian multi-center, 
double blind, randomized, placebo-controlled “EPOS” clini-
cal trial for safety and effi cacy of erythropoietin in ALS, we 
analyse, in a group of patients, some peripheral oxidative 
stress biomarkers (advanced oxidation protein products-
AOPP, ferric reducing ability of plasma- FRAPP and total 
glutathione) basally and at 3, 6 and 9 months during the 
administration of either EPO or placebo. We also analysed the 
modifi cations of these parameters with aerobic exercise 
(cycloergometer or handgrip incremental workload test), per-
formed by a subset of patients.  

   Results:  At this moment of writing the abstract, our still 
blinded data show, before treatment, increased levels of oxida-
tive stress parameters in ALS patients, compared to age-
matched controls. After treatment it is possible to distinguish 
two subgroups of patients: the fi rst group showing a trend of 
increment of AOPP levels and reduced levels of total glutath-
ione, indicating increased oxidative stress, while the second 
group shows no differences in these parameters.  

   Discussion and conclusion : The opening of blindness at 
the end of the study will allow us to relate laboratory to clin-
ical data, in order to better interpret this data. This will be 
useful to clarify the oxidative stress modulation occurring 
during aerobic exercise and verify a possible modifying role 
of erythropoietin on the oxidative stress balance.  

DOI: 10.3109/17482968.2012.721231/334

A
m

yo
tr

op
h 

L
at

er
al

 S
cl

er
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
81

.1
1.

22
1.

80
 o

n 
12

/1
3/

12
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



182 Improving Diagnosis, Prognosis and Disease Progression  23rd International Symposium on ALS/MND

  P240 QUANTITATIVE LABIAL, TONGUE SPEECH 
AND SWALLOWING RATE MEASUREMENTS AT 
DIAGNOSIS CORRELATE WITH ALS 
FUNCTIONAL RATING SCALE  –  REVISED 
(ALSFRS-R) BULBAR SUB-SCORE AND BULBAR 
SUB-SCORE ITEM SCORES BUT NOT WITH 
ALSFRS-R TOTAL SCORE  –  INTER-RATER 
RELIABILITY IN SPEECH AND SWALLOWING 
DOMAINS  

  WRIGHT KA  ,   BRAVVER EK  ,   LANGFORD VL  ,   BROOKS 
BR  

   Carolinas Medical Center, Department of Neurology, Carolinas 
Neuromuscular/ALS-MDA Center, University of North Carolina 
School of Medicine, Charlotte Campus, Charlotte, NC, USA   

   Email address for correspondence: Amy.Wright@carolinashealth-
care.org   

   Keywords:   bulbar function  ,   oral motor  ,   benchmarking   

   Background:  Labial articulation rate (LAR) and tongue 
articulation rate (TAR) (words-per-minute (WPM) or words-
per-minute-per-breath (WPMPB)) changes over time signifi -
cantly prior to intelligibility changes. Liquid swallowing 
rate(LSR)(mL-per-swallow-per-minute (mLPSPM) or mL-
per-swallow-per-minute-per-breath(mLPSPMPB)) changes 
prior to video fl uoroscopic swallowing changes and predicts 
oral feeding safety capacity across a wide-range of causes of 
neurogenic dysphagia. Quantitative changes in LAR, TAR and 
LSR allows assessment of disease progression in the speech 
and swallowing domains of bulbar function and may allow 
assessment of response to pharmacologic or physical treat-
ments in prospective clinical trials.  

   Objectives:  Determine the LAR and TAR at diagnosis and 
compare with LSR in the same ALS-MND patients. Deter-
mine inter-rate variability for LAR, TAR and LSR in a sub-
group of ALS-MND patients at diagnosis. Determine the 
relationship of LAR, TAR and LSR to ALSFRS-R total score 
and ALSFRS-R bulbar subscore total and bulbar sub-score 
speech, salivation and swallowing item-score.  

   Methods:  LAR was measured by repeating “pepper” and 
TAR was measured by repeating “ticker” 10 times and record-
ing the start and completion time in seconds. The number of 
breaths required to complete the task were recorded. LSR was 
measured by recording the time for swallowing 90 mL(3oz)
water from the initiation of liquid leaving the cup at the lips 
to the completion of the fi nal swallow of liquid in seconds. 
The number of breaths required to complete the task were 
recorded. Examiner attention is required to note that the fi nal 
swallow in some patients may be delayed after the liquid 
enters the mouth. Qualitative properties, cough, clearing 
throat, spurting out liquid from mouth or nose, either during 
or after swallow test were recorded. Wetness of voice quality 
at completion of swallow test was also recorded. WPM, 
WPMPB, mLPSPM, and mLPSPMPB were calculated and 
statistical analysis was performed with MedcCalc software 
version 12. 2.1 (www.medcalc.org/)  

   Results:  At diagnosis in 118 ALS-MND patients LAR, TAR 
and LSR were measurable in 104 patients. LAR, TAR, LSR 
measured as WPM and mLPSPM distributed differently 
than LAR, TAR, LSR measured as WPMPB and mLP-
SPMPB and were not normal. LAR and TAR correlated 
signifi cantly across patients (R2    �    0.995;p    �    0.001). LAR 
and TAR correlated signifi cantly with LSR across patients 
(R2    �    0.762; R2    �    0.883: p    �    0.01). Inter-rater reliability in 
36 paired tests was excellent (Spearman rho LAR    �    0.889; 

TAR    �    0.881; LSR    �    0.773;p    �    0.01). LAR, TAR, LSR did 
not correlate with ALSFRS-R total score. LAR (R2    �    0.891) 
or TAR(R2    �    0.848) signifi cantly correlated(p    �    0.01)with 
ALSFRS-R bulbar sub-score speech item score. LSR(R2    �    
0.788)signifi cantly correlated(p    �    0.01)with ALSFRS-R 
bulbar sub-score swallowing item-score  .

   Conclusions:  LAR, TAR and LSR are robust quantitative 
bulbar clinimetrics that provide specifi c outcome measure-
ments correlating with bulbar functional milestone scales in 
the ALSFRS-R but not with the ALSFRS-R total score.  

   Discussion:  LAR, TAR, LSR will provide more precision in 
assessing response to treatment in speech and swallowing 
domains of patients with ALS.  

DOI: 10.3109/17482968.2012.721231/335

  P241 VALIDATION OF ROBUST TOOLS TO 
MEASURE SIALORRHEA IN ALS: A STUDY IN A 
LARGE FRENCH COHORT OF ALS PATIENTS  

   ABDELNOUR-MALLET   M  1   ,    TEZENAS DU MONTCEL  
 S  2   ,    CAZZOLLI   PA  3   ,    ASSOULINE   A  4   ,    POINTON   C  1   , 
   LEVEQUE   N  1   ,    HENRI   D  1   ,    ELMAZRIA   H  1   ,    ROTHMAYER  
 M  1   ,    LENGLET   T  1   ,    LE FORESTIER   N  1   ,    DELANIAN   S  5   , 
   GONZALEZ   J  6   ,    SALACHAS   F  1   ,    BROOKS   BR  7   ,    PRADAT  
 P-F  1   
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Project, Canton, OH, USA,  4 Service d’Oncologie Radioth é rapie, 
Centre Clinique de la Porte de Saint Cloud, Boulogne-Billancourt, 
France,  5 Service d ’ Oncologie-Radioth é rapie, H ô pital Saint-Louis, 
APHP, Paris, France,  6 Service de Pneumologie, Groupe Hospitalier 
Piti é  Salp ê tri è re,, Paris, France,  7  Carolinas Neuromuscular/ALS-
MND Center, Carolinas Medical Center, Department of Neurol-
ogy, University of North Carolina School of Medicine, Charlotte 
Campus, Charlotte, NC, USA   

   Email address for correspondence: maya.abdelnour@psl.aphp.fr   

   Keywords:   sialorrhea  ,   scale  ,   reliability   

   Background:  Sialorrhea is a frequent and disabling problem 
in patients with bulbar involvement related to amyotrophic 
lateral sclerosis (ALS). There is an unmet need for validated 
tools to measure sialorrhea in ALS, especially to evaluate 
treatments.  

   Objective:  We assessed prospectively the inter/intra rate 
reviewer reliability of two scales: the Oral Secretion Scale 
(OSS), specifi cally developed for ALS patients (1,2), and the 
Sialorrhea Scoring Scale (SSS), initially developed for Parkin-
son disease patients (3,4).  

   Methods:  Sialorrhea was rated in 69 ALS consecutive patients 
by four evaluators: two neurologists, one nurse and one speech 
therapist. Inter-rater reliability was evaluated by the light 
kappa coeffi cient and intra-rater reliability by the weighted 
kappa coeffi cient. We also compared patients ’  and caregivers ’  
answers.  

   Results:  The two scales present a high inter/ intra-rater reli-
ability: weighted kappas were 0.85 for both scales and light 
kappas 0.89 for the OSS and 0.88 for the SSS. Both scales 
also showed a good intra-profession reliability (OSS 
kappa    �    0.84; SSS kappa    �    0.79) and agreement between 
patients ’  and caregivers ’  answers. The SSS showed a higher 
responsiveness compared to OSS.  
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   Discussion:  Our population was representative of a standard 
ALS population since we prospectively included all the ALS 
patients attending a multidisciplinary evaluation during the 
study period. From a practical point of view, the two question-
naires are rapid to administer and do not exceed 5 minutes. 
Given the very good agreement between patients ’  and caregiv-
ers ’  answers in the intra-rater test, we can practically assess 
saliva retention, using one either of the two scales OSS or SSS, 
by phone and /or by contacting the caregiver especially when 
the patient is dysarthric or in advanced stage of his disease. 
This point is an advantage for the monitoring of treatment’s 
effect and for therapeutic trial.  

   Conclusion:  Both OSS and SSS are reliable tools to measure 
sialorrhea in ALS patients. Because of the wide range of sali-
vation degrees, SSS may be more sensitive to evaluate treat-
ments in patients with severe hypersialorrhea.  
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  P242 MOTOR FATIGUE SIGNS ARE NOT 
PRESENT DURING THE SIX MINUTE WALK TEST 
(6MWT) IN AMBULATORY AMYOTROPHIC 
LATERAL SCLEROSIS (ALS) PATIENTS  

  HOLSTEN SE  ,   SANJAK MS  ,   LANGFORD VL  ,   BRAVVER 
EK  ,   WILLIAMS NM  ,   NICHOLS MS  ,   SMITH NP  ,   WARD 
AL  ,   BROOKS BR  

   Carolinas Medical Center, University of North Carolina School of 
Medicine, Charlotte CampusCarolinas Neuromuscular/ALS-
MDA Center, Charlotte, NC, USA   

   Email address for correspondence: holstenscott@gmail.com   

   Keywords:   6 minute walk test  ,   motor fatigue  ,   velocity   

   Background:  The 6 minute walk test (6MWT) has been 
shown to be a reliable measure of motor function and corre-
lated with disability in neuromuscular disorders (1,2,3). We 
previously validated the 6MWT with other outcome measures 
that are commonly used to evaluate motor function and impair-
ment in ALS. We have shown that the 6MWT distance signifi -
cantly correlated with ALSFRS-R total score, lower extremity 
muscle strength, the 25 foot walk test, timed up and go, and 
number of falls but did not correlate with FVC (3). A concern 
was that ALS patients may experience motor fatigue during the 
6MWT which could compromise its internal validity.  

   Objectives:  Evaluate signs of motor fatigue defi ned as rate 
of decline in walking distance and velocity during the 6MWT 
in ambulatory ALS patients.  

   Methods:  Walking distance was recorded in 2 minute inter-
vals during a standardized 6MWT. Fifteen ambulatory ALS 
patients (9 males, and 6 females, age    �    65    �    11) performed 
the 6MWT according to modifi ed American Thoracic Society 
(ATS) Protocol (4). Participants were instructed to walk as 
far as possible for 6 minutes on a fl at, hard surface, wearing 
shoes, and using their usual assistive devices in a 25 meter 

hallway. Participants were instructed to stop and rest during 
the test as needed then resume walking as soon as they could 
until the 6 minutes was completed. Walking velocity was cal-
culated from distance recorded at 2, 4, and 6 minutes.  

   Results:  Mean    �    SD distance recorded at 2, 4, and 6, were 
similar in the three intervals (127    �    29, 116    �    27,125    �    41 
meters respectively, ANOVA p    �    0.6499). Correspondent gait 
velocities were also similar (1.05    �    0.24, 1.02    �    0.22, and 
1.02    �    0.24 m/sec).    

   Discussion and conclusions:  Our preliminary data indi-
cates that fatigue defi ned as decline in walking distance and 
speed during the 6MWT is not present in ambulatory ALS 
patients. This is similar to observations obtained from multi-
ple sclerosis patients (1) and in contrast with spinal muscular 
atrophy patients who exhibited signifi cant fatigue by the 
decline in distance from fi rst to sixth minutes of 6MWT (2). 
Therefore, our previous conclusion that the 6MWT is a robust 
outcome measure expanding the dynamic range of treatment 
measurement in ambulatory ALS patients early in disease 
progression seems to be confi rmed.  
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  P243 VALIDATION OF THE SIX MINUTE WALK 
TEST (6MW) IN AMBULATORY AMYOTROPHIC 
LATERAL SCLEROSIS (ALS) PATIENTS  
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   1 Carolinas Neuromuscular/ALS-MDA Center, Department of 
Neurology, Carolinas Medical Center, Charlotte, NC, USA,  
2 Department of Kinesiology, University of North Carolina, Char-
lotte, NC, USA,  3 Department of Physical Medicine and Rehabili-
tation, Charlotte, NC, USA,  4  University of North Carolina School 
of Medicine, Charlotte Campus, Charlotte, NC, USA   

   Email address for correspondence: Mohammed.Sanjak@carolinas 
healthcare.org   

   Keywords:   outcome measure  ,   motor function  ,   validation   

   Background:  Evaluation of motor impairments in ALS 
patient is necessary for clinical decision making, natural his-
tory, and effi cacy of therapeutics. The recent surge in thera-
peutics with potential to improve rather than reduce 
progression of motor function in ALS may require a sensitive 
and meaningful functional outcome measure. 6MWT is being 
increasingly used in a variety of neurodegenerative motor sys-
tem diseases including spinal muscular atrophy and ALS.  

   Objectives:  To validate 6MW with outcome measures fre-
quently used to evaluate motor performance in ALS which 
include the ALS Functional Rating Scale-Revised(ALSFRS-R), 
Quantitative Muscle Test(QMT), forced vital capacity(FVC), 
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4-step stair climbing(SC), 25-foot walk test(25FWT), timed-
up-and-go(TUG), and number of falls(F).  

   Methods:  Distance during the 6MW, ALSFRS-R, FVC, 
25FWT, TUG, F, and QMT of bilateral hip, knee fl exors and 
extensors, and ankle dorsifl exors were evaluated in 56 ambu-
latory ALS patients following standard procedures. TUG was 
evaluated as the time it took the patient to stand up from 
standard chair, walk 3 meters, and return to the chair. SC and 
25FWT were evaluated as the time it took the patients to go 
up and down 4 steps and walk 25 foot respectively. Pearson’s 
correlations were used to test for linear relationships between 
the outcome measures.  

   Results:  6MW distance signifi cantly correlated with ALSFRS-R 
total score(r    �    .49;p0.002), QMT(r    �    .58;p0.02), SC(r    �    �.57; 
p 0.001), 25FWT(r    �    �.51;p 0.005), and TUG(r    �    �.65;
p 0.001), but did not correlate with FVC(r    �    .18 p 0.16). In 
addition, 6MWT signifi cantlly correlated with number of falls, 
F(r    �    .42;p 0.002)experienced by ALS patients.  

   Discussion and conclusions:  6MW correlates with other 
outcome measures that quantify lower extremity motor def-
icit in ALS, but does not correlate with FVC. 6MW is a 
robust outcome measure expanding the dynamic range of 
treatment measurement in ambulatory ALS patients early in 
the disease. 6MWT correlates with the number of falls which 
is a meaningful safety-related outcome measure for ALS 
patients.  

   Study Supported by:  Carolinas ALS Research Fund, Pin-
stripes Fund, Muscular Dystrophy Association  

DOI: 10.3109/17482968.2012.721231/338

  P244 PROSPECTIVE LONGITUDINAL 
VALIDATION OVER TIME OF CLINICAL DISEASE 
TRAJECTORY (CDT) IN AMYOTROPHIC LATERAL 
SCLEROSIS (ALS) PATIENTS BY  ‘ ALS 
DASHBOARD ’  CONTAINING COGNITIVE  –  
BEHAVIOR (DEPRESSION  –  PSEUDOBULBAR 
AFFECT (PBA)  –  BULBAR  –  RESPIRATORY  –  
ARM  –  LEG DOMAINS  –  RATE OF LEG AND 
ARM DOMAIN CLINICAL STAGE CHANGES PER 
PATIENT IS STATISTICALLY GREATER THAN 
RESPIRATORY OR BULBAR STAGE CHANGES  
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   Background:  CDT is currently evaluated per-patient by 
ALS Functional Rating Scale-Revised (ALSFRS-R) without 
attention to cognitive and behavioral (depression/pseudobul-
bar affect-PBA) domains that are not included in current 
proposed staging algorithms.  

   Objective:  Assess CDT with  ‘ ALS Dashboard ’  longitudinally 
to defi ne differences in rate of clinical stage changes in differ-
ent domains.  

   Setting:  Multidisciplinary ALS Clinic.  

   Methods:  ALS patients(99/263), categorized as El Escorial 
Criteria Clinically Defi nite (EECD)(90) or Awaji-Shima Cri-
teria Clinically Defi nite (ASCD)(109) were staged longitudi-
nally according to ALS Dashboard criteria.  

   Results:  At diagnostic visit in EECD/ASCD ALS    �    stage-3 
cognitive (8.9% / 13.8%) and respiratory dysfunction (7.8% 
/ 4.6%) was similar, but    �    stage-3 PBA (11.1% / 2.8%; 
p    �    0.0400), depression (25.6% / 10.0%; p    �    0.007), bulbar-
dysfunction (45.6% / 13.8%; p    �    0.0001), arm-dysfunction 
(35.6% / 8.3%; p    �    0.0001), leg-dysfunction (55.6% / 33.9%; 
p    �    0.0040) were signifi cantly increased in EECD-ALS. ALS 
Dashboard identifi es earlier development of Affect-Bulbar-
Arm-Leg, but not Cognitive-Respiratory    �    stage-3 disease in 
EECD- than ASCD-ALS patients with subsequent faster pro-
gression in EECD-ALS patients. Development of increased 
Leg clinical stages (0.22    �    0.09 (SD) stages per patient per 3 
months) was identical with increased Arm clinical stages 
(0.18    �    0.10) but statistically increased (p    �    0.0495) com-
pared with increased Bulbar clinical stages (0.10    �    0.09) and 
increased Respiratory clinical stages (0.03    �    0.03) post diag-
nostic visit.  

   Conclusion:  ALS Dashboard is a novel tool for analyzing 
accumulation of disease severity within a single patient and 
across different patients. ALS severity in some, but not all 
domains, segregates differently with a higher proportion 
of    �    stage-3 Leg-Arm-Bulbar disease in EECD than ASCD 
ALS. The prospective rate of development of advanced leg 
and arm stages was statistically greater than the development 
of bulbar and respiratory stages. ALS Dashboard provides 
description of ALS milestone changes that permits more pre-
cision in comparing domains involved than rates of disability 
measured by ALSFRS-R.  

DOI: 10.3109/17482968.2012.721231/339

  P245 AMYOTROPHIC LATERAL SCLEROSIS 
AND PREGNANCY  

  YEGORKINA O  ,   VOLOSHYNA N  

   Institute of Neurology, Psychiatry and Narcology of the NAMS of 
Ukraine SI, Kharkov, Ukraine   

   Email address for correspondence: oegorkina@ukr.net   

   Keywords:   pregnancy  ,   delivery   

  Nowadays amyotrophic lateral sclerosis (ALS) is registered in 
the young more often. Therefore, perhaps in the future neu-
rologists and obstetricians-gynecologists will have to deal with 
pregnancy in patients with ALS more often.  

  We describe a case of pregnancy in ALS, registered in the 
Ukraine, and the peculiarities of ALS course during this 
period.  

  The female patient (32 years old), who has 2 children (14 
and 4 years old), was admitted in INPN NAMSU with ALS 
diagnosis in March 2012 for a planned dynamic observation. 
A verifi ed ALS (24 points on ALS FRSR) was diagnosed in 
INPN NAMSU in October 2011. The fi rst signs of the disease 
appeared in September 2011 after discontinuation of breast 
feeding. The patient ' s height is 162 cm and weight is 49.5 kg. 
From 2010 to 2011 her weight loss was    �    10 kg. The patient ' s 
complaints included speech changes, periodical choking, 
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episodes of night diffi culties of breathing, weakness in extrem-
ities (uses wheelchair and constant assistance of other per-
son), menstrual disorders, twitches in all the body. In the 
neurological status a mild facial hypomimia, atrophy of tongue 
muscles with fi brillations, dysarthria, tetraparesis, fascicula-
tions without sensory impairments was registered. The vital 
lung volume (VLV) was 24%. Patient ' s abdomen was increased 
although the patient did not attach any importance for that. 
An urgent gynecological consultation and ultrasound exami-
nation of the uterus confi rmed a pregnancy at the term of 20 
weeks. The family denied a proposal of a justifi able abortion. 
According to a psychological examination the patient ' s cognitive 
functioning was normal. Hematology and blood biochemistry 
parameters were normal. Results of viral hepatitis and her-
petic infection markers analyses were negative. The patient is 
under dynamic observation by a neurologist, gynecologist, 
and anesthesiologist. Since 21 week of pregnancy she uses 
 “ Bipap ST ”  for 10 – 15 min before sleep and takes NeuroAid 
medication with unproven effi cacy in ALS nor in pregnancy. 
Ultrasound examination on 21 st  week of pregnancy demon-
strated no pathological changes in the fetus. During the period 
of observation the patient ' s weight gain was 6 kg, VLV increased 
up to 40%, SpO 2  was 96%. A range of movements has raised 
and the patient is able to move with assistance. The patient 
has no complaints concerning choking and her dysarthria 
becomes milder. In the neurological status tetraparesis with 
amyotrophic set of symptoms and fasciculations are regis-
tered. The term of delivery (probably 37 – 38 weeks) will be 
determined in accordance with the patient ' s conditions (VLV 
and SpO 2 ). The method of delivery management (Cesarean 
or vaginal) is not defi ned yet. If necessary, usage of an infi ltra-
tive anesthesia will be planned.  

DOI: 10.3109/17482968.2012.721231/340

  P246 EYE MOVEMENT DISTURBANCE IS 
ASSOCIATED WITH COGNITIVE IMPAIRMENT 
IN ALS  
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   Background : Although ocular motor movements have been 
considered spared in amyotrophic lateral sclerosis (ALS) for 
long time, their abnormalities are increasingly recognized in 
patients with ALS (1).The most frequent oculomotor dys-
function reported is ophthalmoparesis, particularly in trache-
otomized longer-surviving patients, but also pursuit, saccadic, 
and nystagmus impairment has been described. However, 
there is not defi nite data about their frequency. Only single 
cases have been reported in literature about occurrence of eye 
movement disorders in ALS-plus syndrome, but systematic 
studies concerning this issue are lacking.  

   Objectives:  To evaluate the frequency of gaze disturbance 
and its association with cognitive impairment in an ALS 
cohort.  

   Methods : We retrospectively analysed the occurrence of eye 
movement disorders and cognitive impairment in 300 ALS 
patients (aged 27 – 83 years), referred to our ALS Center.  

   Results : 14% of our patients (42/300) presented a gaze 
disturbance. The upward gaze limitation and the saccada-
tion of pursuit were the most frequent disorders observed, 
isolated or associated. Three patients presented oculomotor 
apraxia and other three patients had a ptosis. Slow saccades 
and saccadic intrusions were also observed. One of the fi ve 
tracheotomized patients included presented slow saccades. 
50% (21/42) of ALS patients with oculomotor disorders 
had dementia, while only 8% of ALS patients without gaze 
disturbance were demented. Seven not demented patients 
with oculomotor disturbance showed an extra moto neuro-
nal involvement, namely an extrapyramidal syndrome in 5 
cases, a cerebellar syndrome in 1 case and dysautonomia in 
the last one.  

   Discussion : ALS is a neurodegenerative disorder primarily 
affecting the upper and lower motor neurons. Increasing evi-
dence about an involvement of cerebral extra-motor areas in 
ALS is emerging. Neuroimaging, pathologic and neuropsy-
chological studies together with genetic fi ndings suggest that 
ALS doesn ' t affect the motor system exclusively, but rather 
should be considered part of a continuum clinico-pathological 
spectrum of disease, including frontotemporal dementia 
(FTD) with TDP-43 and FUS-proteinopathies. Considering 
the complex network at the basis of the voluntary gaze control, 
its exploration provides valuable information about various 
cortical and subcortical regions, besides the motor function. 
Oculomotor function may be impaired in ALS, despite the 
characteristic resistance of oculomotor nuclei, through frontal 
and parietal lobes involvement, in particular in ALS-FTD.  

   Conclusions : In our cohort we found eye movement impair-
ment in 14% of patients, signifi cantly more frequently in sub-
jects affected by ALS-FTD than in not demented ALS patients 
(p    �    0.0001). Therefore, the analysis of gaze disturbance and 
its early detection might be predictable of a cognitive involve-
ment, thus assuming a negative prognostic signifi cance. Fur-
ther studies are needed and we intend to analyze the possible 
association between occurrence of eye movement disorders, 
FTD, and known mutations in genes causing ALS.  

  Reference  
  1.  Sharma R, Hicks S, Berna CM  et   al.  Arch Neurol. 2011; 

68(7):857 – 61.  

DOI: 10.3109/17482968.2012.721231/341
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   Background:  Amyotrophic lateral sclerosis (ALS) is a pro-
gressive neurodegenerative disease with an incidence of 
2 – 5/100000 in France. Pathophysiological mechanisms 
involved in this disease are complex but remain for the most 
part unknown. This lack of knowledge might explain the 
absence of reliable biological markers in ALS. NMR spectros-
copy ( 1 H NMR), gas chromatography-mass spectrometry 
(GC-MS) and liquid chromatography-mass spectrometry 
(LC-MS/MS) are powerful analytical methods providing a 
rapid metabolic fi ngerprint. These methods are considered as 
references to perform metabonomics approach. Some authors 
have previously shown that  1 H NMR and GC-MS could be 
relevant tools to explore CSF from ALS patients. However, 
all these tools have never been used together to explore the 
CSF metabolic profi le of ALS patients. Moreover, biomarker 
specifi city has never been tested using the same approach in 
different neurological diseases.  

   Objectives:  The aim of this study was to analyze CSF of 
patients with ALS and different neurological diseases by  1 H 
NMR, GC-MS and LC-MS/MS in order to identify specifi c 
biomarkers in the early stage of ALS disease, and to identify 
some biochemical pathways involved in this disease.  

   Methods:  CSF samples were collected from patients with 
ALS at the time of diagnosis (group I) and from patients with 
other neurodegenerative diseases (group II), multiple sclerosis 
(group III), chronic infl ammatory demyelinating polyradicu-
loneuropathy (group IV) or peripheral neuropathy (group V). 
One and two-dimensional  1 H NMR, GC-MS and LC-MS/
MS analyses were performed using “bucketing” methodology. 
We have just begun to independently analyze the data and 
check the coherence of relevant identifi ed metabolites. PCA 
and OPLS-DA analyses were performed using Simca P    �    soft-
ware. The quality of the model was described by R 2  and Q 2  
values. Then, we focused on relevant metabolites using uni-
variate statistical analysis.  

   Results:  We analyzed 80 CSF samples from ALS patients and 
23, 21, 18 and 30 CSF samples from groups II, III, IV and 
V, respectively. We identifi ed more than 100 metabolites using 
 1 H NMR and MS such amino-acids and organic acids. At this 
date, we analysed 70% of the samples and others are currently 
being analysed. Multivariate analysis showed similar results 
using all analytical methods. Preliminary results of PCA 
(group I vs V) revealed that the two fi rst PCs explained more 
than 55 % of the variation in the selected metabolites. 
OPLS-DA showed that both populations were separated with 
a R 2    �     0.7 and a Q 2    �     0.3. We noted that metabolites contrib-
uting to the separation of the two clusters are involved in 
aerobic glycolysis.  

   Conclusions:  CSF screening by  1 H NMR spectroscopy and 
MS could be a good, rapid and easy tool to identify CSF 
metabolic profi le and to suggest some hypotheses about 
pathophysiological mechanisms. Further experiments should 
help us to increase the robustness of the model, particularly 
using an external validation method.  

DOI: 10.3109/17482968.2012.721231/342

  P248 SIGNIFICANT CMAP DECREMENT BY 
REPETITIVE NERVE STIMULATION IS MORE 
FREQUENT IN MEDIAN THAN ULNAR NERVES 
OF PATIENTS WITH AMYOTROPHIC LATERAL 
SCLEROSIS  
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   Introduction:  Several studies have shown a signifi cant ampli-
tude decrement in compound muscle action potentials 
(CMAP) on repetitive nerve stimulation (RNS) of muscles 
involved in ALS. In ALS, muscle wasting preferentially affects 
the thenar muscles (APB) rather than the hypothenar muscles 
(ADM).  

   Methods:  We performed RNS studies in the APB and ADM 
muscles of 32 ALS patients to determine whether the effect 
of RNS differs between the median and ulnar nerves.  

   Results:  The decremental responses to RNS were greater in 
the APB than in the ADM. Reduced CMAP amplitude was 
negatively correlated with CMAP decrement in median but 
not in ulnar nerves.  

   Discussion:  The greater CMAP decrement in median nerve 
was attributed to preferential involvement of the APB in the 
pathophysiology of ALS or some underlying difference in the 
biology of the two muscles/nerves. Further investigation may 
further our understanding of the pathophysiology of ALS.  

DOI: 10.3109/17482968.2012.721231/343

  P249 RESPIRATORY PREDICTORS OF ALS 
SURVIVAL IN HOME VENTILATED-COMPLIANT 
PATIENTS  
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CARVALHO   M  2   

   1 Department of Physical Medicine and Rehabilitation, Santa 
Maria Hospital, Lisbon, Portugal,  2  Neuromuscular Unit, Institute 
of Molecular Medicine, Academic Medical Center of Lisbon, Lis-
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   Background:  The uncertainty about survival prediction in 
ALS, is one of the basis for continuous research and effort. 
Particularly, concerning non-invasive ventilation (NIV) that 
remains the mainstay strategy in prolonging survival, there is 
a paucity of trials with rigorous management and optimal 
parameter settings. We aim to identify potential predictors of 
survival among ALS patients compliant to NIV.  

   Methods:  Prospective, comparative trial of sixty consecutive 
ALS patients adherent to NIV (    �    4h usage/day), who were 
assigned to two groups according to being alive or dead at 
February/2012, within a 5-year period of time (from 
February/2007). G1 (n    �    29) included all dead patients who 
had been compliant to NIV. G2 patients (n    �    31) included 
compliant subjects who were alive in the same period. All 
patients were followed-up with ALSFRS, oxymetry, respiratory 
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function testing and blood gases analysis every 3 months, and 
all data were registered to compare timings to NIV adaptation 
and usage. Primary outcomes included survival (disease dura-
tion from symptoms onset; from diagnosis; and from NIV 
adaptation). Secondary outcomes included ALSFRS scores; 
nocturnal pulse oxymetry and parameters data from the 
BiPAP ventilator. Statistics: groups compared with ANOVA 
and chi 2  as appropriate, as well as multivariate Cox regression 
analysis to determine independent predictors of survival.  

   Results:  No clinical or laboratorial differences were observed 
between groups for any variable at admission (site of disease 
onset, ALSFRS, RFT and blood gases, or oxymetry) as there 
were no parameters setting differences at initial NIV trial 
(pressures; triggers sensitivities; I/E ratio; or back-up breath 
rate). At the end of the study, statistical differences were 
observed: mean percentage of oxygen saturation (SpO 2 ) was 
higher in G2 (p    �    0.06), percentage of saturation under 90% 
was higher in G1 (p    �    0.039) and mean heart rate was lower 
in G2 (p    �    0.005). Disease duration (in days) from symptoms 
was higher in G2, but not signifi cant. In addition, survival 
correlated positively with maximal inspiratory pressure (MIP; 
p    �    0.02), IPAP (P    �    0.041) and backup breathing rate (BR; 
p    �    0.038). Multivariate Cox regression analysis showed that 
apart from age, gender and type of disease onset, ALSFRS 
(p    �    0.002), SpO 2  (p    �    0.002) ,  Sat    �    90% (p    �    0.005), IPAP 
(p    �    0.0001), MIP (p    �    0.0001), periodic pattern (p    �    0.001) 
and BR (p    �    0.016) were associated with increased disease 
duration and ALSFRS rate of decline. (�2 log-likelihood 
103.24; (df) 16; p    �    0.001).  

   Conclusions:  Determinants of respiratory function (MIP), 
oxymetry, and parameters setting of NIV equipment are sig-
nifi cant predictors of survival. This strengthens the idea of 
NIV as a potential disease-modifi able treatment strategy as 
well as the need to fully adapt and follow-up ventilated 
patients.  

DOI: 10.3109/17482968.2012.721231/344
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   Introduction:  The role of VEGF in the pathogenesis of ALS 
is a critical point. We have addressed this issue by evaluating 
VEGF expression in a large population of patients. In addi-
tion, we tested the possible role of its modulation by non-
invasive ventilation in ALS patients with respiratory failure. 
In a small group of ALS patients without respiratory symp-
toms VEGF was quantifi ed before and after exercise.  

   Methods:  We measured plasma level of VEGF in 83 ALS 
patients, 20 controls and 10 patients with other neuromuscular 
diseases matched for age. ALS patients were divided into 4 
groups: patients presenting with severe respiratory insuffi ciency 
before and after non-invasive ventilation (NIV) (G1); stable 

ALS patients chronically on NIV (G2); patients undergoing a 
standardized exercise (G3); and stable ALS patients without 
respiratory impairment.  

   Results:  30 ALS patients were included in G1, 14 in G2, 12 
in G3 and 27 in G4. VEGF levels were similar in controls and 
in all ALS groups analysed. There was no association between 
VEGF level and gender, fi rst affected region, age, disease 
duration and ALS-FRS-R. In general no correlation was 
found between VEGF level and respiratory function measure-
ments, except for G2 in which VEGF was negatively corre-
lated to forced vital capacity (p     5      0.025). VEGF level increased 
signifi cantly in G2 after NIV (p    �    0.01) and in G3 after exer-
cise (p    �    0.02) but remained stable in the rest of patients, with 
no signifi cant change in patients tested longitudinally.  

   Discussion:  Overall, in our population plasma levels of 
VEGF is similar between ALS and controls. However, it 
seems that non-invasive ventilation increases VEGF expres-
sion in ALS patients with marked respiratory impairment. 
Moreover, exercise has the potential to augment VEGF plasma 
level in ALS patients. Our results suggest that both non-inva-
sive ventilation and exercise can drive neuroprotective mech-
anisms in ALS.  

DOI: 10.3109/17482968.2012.721231/345
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   Background:  Several agents have been shown to prevent or 
slow disease progression in animal models of spinal and bul-
bar muscular atrophy (SBMA), although no previous clinical 
trials showed defi nite effi cacies.  

   Objectives:  To analyze natural history of SBMA with quan-
titative outcome measures and to establish sensitive and vali-
dated disease-specifi c endpoints for the clinical trials.  

   Methods:  We performed a prospective observation of disease 
progression over 3 years in 34 genetically confi rmed Japanese 
patients with SBMA by using quantitative outcome measures, 
including functional and blood parameters.  

   Results:  The baseline evaluation revealed that CAG repeat 
length in the  androgen receptor  gene correlated not only with 
the age of onset but also with the timing of substantial changes 
in activity of daily living. Multiple regression analyses indi-
cated that the serum levels of creatinine are the most useful 
blood parameter that refl ects the severity of motor dysfunc-
tion in spinal and bulbar muscular atrophy. In 3-year 
prospective analyses, a slow but steady progression was 
affi rmed in most of the outcome measures we examined. In 
the analyses using random coeffi cient models that summarize 
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related to bulbar function, but not to lower limb function at 
baseline, whereas the site of onset had no substantial effects 
on disease progression.  

   Discussion and conclusion:  These results suggest that 
SBMA patients show a slow but steady progression of motor 
dysfunction over time that is independent of CAG repeat 
length or clinical phenotype, and that objective outcome 
measures may be used to evaluate disease severity at an early 
stage of this disease.      

DOI: 10.3109/17482968.2012.721231/346

the individual data into a representative line, disease progres-
sion was not affected by CAG repeat length or onset age. These 
models showed large inter-individual variation, which was also 
independent of the differences of CAG repeat size. Analyses 
using these models also demonstrated that the subtle neuro-
logical defi cits at an early or preclinical stage were more likely 
to be detected by objective motor functional tests such as the 
6-minute walk test and grip power or serum creatinine levels 
than by functional rating scales such as the revised amyo-
trophic lateral sclerosis functional rating scale or modifi ed 
Norris scale. Categorization of the clinical phenotypes using 
factor analysis showed that upper limb function is closely 
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