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CLINICAL WORK IN PROGRESS AND LATE BREAKING 

 

CW219 SMALL FIBER DEFICITS IN HSP7: 

ABNORMAL QSART, ABNORMAL CHEPS, AND 

SPARING OF EPIDERMAL NERVE FIBERS POINT TO 

PERIPHERAL AUTONOMIC NERVE AND CENTRAL 

SPINOTHALAMIC PATHWAY DYSFUNCTION  
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Background: Hereditary spastic paraplegia 7 (HSP7), 

associated with SPG7 mutation encoding the mitochondrial 

protein paraplegin, is characterized by progressive lower limb 

weakness and spasticity with absent or variable sensory 

deficits. In published clinical series with examination details 

0/22 affected individuals had loss of pin prick sensation, while 

3/22 had some loss of vibration sense. 

Objective: To describe the clinical pattern of deficits, 

neurophysiology, and neuropathology in a case of HSP7, 

focusing on small diameter nerve fiber involvement. 

Methods: A 49 year old man presented with isolated stiffness 

of the lower limbs causing difficulty running. Examination 

showed normal mental status, cranial nerves and muscle 

strength. Other findings included distal hypoesthesia to 

pinprick, lower limb hyperreflexia, spasticity, and extensor 

plantar responses. 

Results: Genetic testing detected findings of hereditary spastic 

paraplegia 7, SPG7 variant 2 with gly349ser at nucleoside 

position 1045. 

Neurophysiological testing demonstrated normal NCS, EMG, 

SEP, VER, and BAER findings. Quantitative sensory testing 

showed elevated cooling detection thresholds and normal 

vibration detection thresholds. Autonomic reflex screen 

revealed mild patchy sudomotor and adrenergic dysfunction. 

Contact Heat Evoked Potential Stimulation (CHEPS) showed 

low amplitude or absent responses with prolonged scalp 

latencies. Skin biopsy for epidermal nerve fiber density was 

normal in the calf and thigh. 

Discussion and Conclusions: In addition to corticospinal tract 

findings, the pattern of small fiber sensory deficits, 

neurophysiologic abnormalities, and neuropathology (normal 

epidermal nerve fiber densities) suggest that this variant of 

HSP7 can include peripheral autonomic neuropathy and 

central spinothalamic pathway involvement. 

 

CW220 COMPARISON OF THE SENSITIVITY TO 

CHANGE OF DECOMPOSITION-ENHANCED STA 

(DE-STA) MOTOR UNIT NUMBER ESTIMATION 

(MUNE) TO OTHER OUTCOME MEASURES IN 

SUBJECTS WITH ALS 
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Email address for correspondence: cives@uwo.ca 

Keywords: motor unit number estimation (MUNE), 

decomposition-enhanced STA (DE-STA), outcome measures 

Background:  ALS involves lower motor neuron (LMN) 

degeneration, which leads to progressive muscle atrophy and 

weakness. Clinical trials use outcome measures such as 

muscle strength and function to assess disease progression and 

treatment effects. Another outcome measure, termed motor 

unit number estimation (MUNE), is a quantitative, 

electrophysiological method for estimating the number of 

functioning motor units (MUs) innervating a muscle or group 

of muscles (1). Collateral reinnervation allows for the 

maintenance of levels of strength and function until MU losses 

have reached a critical threshold
 
(2). However, MUNE is 

unaffected by collateral reinnervation, and thus able to track 

underlying disease progression. Decomposition-enhanced 

spike-triggered averaging (DE-STA) MUNE improves upon 

other techniques in that it can be applied to proximal muscles 

(3). As an accessory respiratory muscle, the upper trapezius 

(UT) is a proximal muscle that may be relevant to study in 

subjects with ALS (4). In addition to the UT, we have chosen 

to study the biceps brachii (BB) muscle, as it represents 

innervation from a different level of the cervical spinal cord. 

Recent studies have compared DE-STA MUNE to measures of 

strength and function in subjects with ALS at a single time 

point (5, 6). However, a longitudinal study has not been 

completed.  

Objective:  To compare the sensitivity to change of DE-STA 

MUNE in the UT and BB of subjects with ALS to commonly 

used outcome measures.  
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Methods:  We have begun recruitment of 10-15 patients with 

clinically probable or definite ALS. At baseline, 2, 4, and 6 

months we will assess:  DE-STA MUNE in the UT and BB, 

muscle strength (manual muscle testing in 5 upper limb 

muscles and hand-held dynamometry in the UT and BB), 

pulmonary function (forced vital capacity [FVC] and sniff 

nasal inspiratory pressure [SNIP]), and the revised ALS 

functional rating scale (ALSFRS-R).  

Projected findings:  DE-STA MUNE will be more sensitive 

to change than each of the other outcome measures.  

Conclusion:  This study may establish the utility of DE-STA 

MUNE as an outcome measure in clinical trials. The study 

will demonstrate the unique information offered by DE-STA 

MUNE concerning disease progression at the level of the MU 

from two clinically relevant muscles.   

References: 
1. McComas A, Fawcett P, Campbell M et al. Journal of 

Neurology Neurosurgery and Psychiatry 1971; 34(2): 121-131 

2. McComas A, Sica R, Campbell M et al. Journal of 

Neurology Neurosurgery and Psychiatry 1971; 34(4): 453-460 

3. Boe S, Stashuk D, Doherty T. Muscle and Nerve 2004; 

29(5): 693-699 

4. Lewis R. Supplements to Clinical Neurophysiology 2009; 

60: 131-134 

5. Boe S, Stashuk D, Doherty T. Supplements to Clinical 

Neurophysiology 2009; 60: 181-188 

6. Boe S, Stashuk D, Doherty T. Muscle and Nerve 2007; 36: 

62-70 
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Background: There is currently no diagnostic test for ALS. 

Threshold-tracking transcranial magnetic stimulation (TMS) 

has revealed that cortical hyperexcitability is an early feature 

in ALS patients. Cortical excitability testing has distinguished 

ALS patients from healthy control subjects and patients with 

other neuromuscular disorders. 

Objectives: To evaluate the diagnostic accuracy of threshold-

tracking TMS in ALS patients. 

Methods: Sixty three ALS patients and 37 disease control 

subjects presenting with motor disturbances were 

consecutively recruited and studied using threshold-tracking 

TMS. Threshold-tracking TMS produced three 

electrophysiological variables: paired-pulse paradigm; 

stimulus-response curve; and cortical silent period. Motor 

evoked potentials were recorded from the abductor pollicis 

brevis muscle. Electrophysiological measurements and site of 

disease onset were incorporated as predictor variables in a 

functional logistic regression. A receiver-operator 

characteristic (ROC) curve was generated from the model-

fitted probabilities that each patient had ALS to produce an 

overall summary of how accurate the test was. 

Results: The area under the ROC curve was 0.71 (95% CI, 

0.60 - 0.82), indicating that threshold-tracking TMS was 

mildly accurate in diagnosing ALS. A sensitivity of 79.4% 

(95% CI, 69.4 - 89.4%), specificity of 56.8% (95% CI, 40.8 - 

72.7%), positive predictive value of 75.8% (95% CI, 65.4 - 

86.1%) and negative predictive value of 61.8% (95% CI, 45.4 

- 78.1%) thus corresponded to a predicted probability of 0.55. 

Discussion and conclusions: Threshold-tracking TMS 

represented a reasonably accurate test for diagnosing ALS in 

patients presenting to a tertiary referral centre with motor 

disturbances. An early diagnosis of ALS would enable prompt 

initiation of disease-modifying therapy in patients and bolster 

enrolment into clinical trials when neural structures are most 

intact and neuronal preservation is most warranted. 
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Background: Conventional neuro-imaging has a secondary 

role in Amyotrophic Lateral Sclerosis (ALS) diagnosis, while 

advanced quantitative MRI techniques represent a valid 

instrument to improve diagnostic accuracy. Magnetization 

Transfer Imaging (MTI) is able to demonstrate the presence of 

grey matter ultra-structural changes. MTI draws a contrast 

between tissues by exploiting the phenomenon of 

magnetization exchange between the spins of free water and 

water bound to macromolecules. MT ratio (MTR) is related to 
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the efficiency of exchange phenomena, which in turn depends 

on the composition and integrity of the grey tissue examined. 

Objectives: We evaluated the presence of cortical ultra-

structural changes in motor and extra-motor cortex of ALS 

patients at early stage of disease by using MTI.  

Methods: Twenty ALS patients and 17 age matched healthy 

controls were enrolled. The disease severity was assessed by 

using r-ALSFRS and MRC scale at upper and lower limbs. A 

high-resolution 3D Spoiled Gradient Recalled (SPGR) 

sequence acquired with (Sat) and without (No-Sat) MT 

saturation pulse were used to derive MTR values. 

Result: ALS patients disclose a significant reduction of MTR 

values in the following cortical regions: precentral gyrus, 

superior frontal gyrus, middle frontal gyrus, frontal pole, 

superior parietal lobule, planum temporale and planum polare. 

No correlation has been found between regional-MTR values 

and either disease severity assessed by MRC and r-ALSFRS 

scales, or with disease duration. 

Discussion: For the first time our work shows occurrence of 

ultra-structural changes, as detected by MTR, in cerebral 

cortex of ALS patients. The MTR reduction  in the precentral 

gyrus could be due to pyramidal cell degeneration, while the 

MTR reduction in premotor cortex (superior and middle 

frontal gyri) and in motor related parietal cortex (superior 

parietal lobule) confirms the involvement of extra-primary 

motor cortex areas in ALS. In addition, our work shows the 

presence of MTR reduction in extra-motor regions such as 

prefrontal and temporal cortex and this data is in agreement 

with neuropathological, neuropsychological and neuro-

imaging studies that reveal extra-motor brain region 

dysfunction in ALS patients with and without cognitive 

impairment. 

Conclusion: Grey matter MTI analysis could represent a 

further instrument to evaluate the presence of ultra-structural 

damage in ALS at early stage of disease. Our results support 

the hypothesis that the neurodegenerative process in ALS is 

not exclusive for the motor system, but involves larger areas 

of the neocortex since the initial stages of disease. 
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Background: Uric Acid (UA) is possibly a disease modifying 

marker in Parkinson's disease, Alzheimer's dementia, and 

related neurodegenerative disorders. However, its impact on 

ALS disease progression has not been fully explored. 

Evidence suggests that glutamate excitotoxicity, inflammation, 

and oxidative damage may play a central role in ALS 

pathogenesis. A recent study suggested that ALS patients have 

lower serum UA levels than healthy individuals. The reduced 

UA levels correlated with the rate of disease progression 

(ALSFRS-R decline), suggesting the possible role of oxidative 

stress in the induction and propagation of the disease.  

Methods: A secondary analysis of 85 cerebrospinal fluid 

(CSF) and 280 serum samples from the Northeast ALS 

Consortium (NEALS) Celebrex and Arimoclomol clinical 

trials and Disease Severity natural history data set in ALS is 

being performed. Primary outcome of disease progression will 

be ALS Functional rating scale-revised (ALSFRS-R). The 

main independent variable is UA level. Covariates of 

statistical analysis include baseline age, gender, body mass 

index, and time from symptom onset. 

Results: Statistical analysis is currently underway and results 

will be available in time for the symposium. 

Conclusion: We hypothesize that there is a possible 

association between UA levels and ALS disease progression, 

as measured by ALSFRS-R. UA is a natural anti-oxidant and 

higher UA levels might be associated with slower disease 

progression. If confirmed, UA could be an important 

biomarker/predictor of disease progression and with a 

potential to modify the rate of progression in patients with 

ALS.  
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Background: Among the pathogenic hypotheses on motor 

neuron degeneration leading to amyotrophic lateral sclerosis 

(ALS), the reactive oxygen species generation and oxidative 

stress theory has been put forward. 

Methods: We examined oxidative stress biomarkers 

(advanced oxidation protein products [AOPP], ferric reducing 

antioxidant power [FRAP], and total gluthatione [GSH]) in 

blood samples from 38 sporadic ALS (sALS) patients at the 

onset of the disease (mean time between onset of the 

symptoms and diagnosis with collection of the blood sample 

10.1+3.5 months, clinical severity assessed with ALS-

Functional Rating Scale Revised 42.8+5.5). As controls, we 

have recruited 40 healthy matched subjects. The determination 

of AOPP, FRAP levels was based on spectrophotometric 

detection. 

Result: Plasma AOPP levels were found to be increased 

(p<0.0001), FRAP and total GSH levels were found to be 

decreased (p<0.0001) in sALS patients compared to controls. 

No correlation between AOPP or FRAP values and site of 

onset and severity of the disease was observed. 

Discussion: Increased oxidative stress appears to be an event 

in association with motor neuron death in ALS, although the 

specific mechanism leading to oxidative damage in motor 

neurons remains to be defined. Moreover, whether or not 

oxidative stress is a primary cause of pathogenesis in ALS or, 

alternatively, it is merely a consequence of the disease, has 

long been debated. 

Conclusion: Our findings strengthen the role of oxidative 

stress in ALS, even in a very early phase of the disease. 

FRAP, AOPP could represent useful biomarkers to detect 

redox imbalance in ALS, thus providing a non invasive tool to 

monitor disease status and response to therapies. 
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Background: Diagnosing ALS is a very lengthy process with 

people waiting months or even years for a certain diagnosis. 

Moreover it is extremely necessary to find more accurate ways 

of measuring the progression of ALS and the effects of 

potential treatments during clinical trials. ALS is the prototype 

of disease where translational research becomes more 

meaningful because: a) its aetiology is unknown and 

heterogeneous; b) the pathologic direct study is not easily 

accessible; c) the lack of biological markers. 

Studying the gene expression profiling in skeletal muscle 

biopsies of G93A transgenic mice along the course of the 

disease, from early symptoms to sacrifice, may provide us 

with a prognostic biomarker. By microarray analysis a total of 

39 genes were found to be differentially expressed. These 

include genes implicated in calcium homeostasis, 

chemoattraction of macrophages and lymphocytes, glucose 

metabolism, oxidative stress, muscle innervation and 

regeneration and, finally, autophagy. 

Due to the fact that a prerequisite for something to be a 

biomarker is its accessibility, we are interested in translating 

these studies from the muscle of mice to the peripheral blood 

of ALS patients. 

Objective: Validate the gene expression profile, obtained in 

the animal model muscle, in the lymphocytes of ALS patients. 

Methods: Blood samples from ALS patients (n=40) diagnosed 

with sporadic ALS (probable or definite) were collected in the 

ALS units network of Madrid. All patients were discarded 

who harboured mutations in SOD1, TARDBP and FUS-TLS. 

The lymphocyte subpopulation (PBLs) was isolated and RNA 

extraction was made. After reverse transcription to cDNA it 

was analyzed by real-time PCR to study the expression of the 

selected genes. Previously we had ascertained that those genes 

were expressed in blood. These data were standardized with 

housekeeping gene expression. 
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This study is cross sectional and data analysis aims to correlate 

the values obtained in the real time PCR assay with the extent 

of disease determined by functional scales and survival time. 

Results: These will be presented during the conference. 

Funding: this study has been supported by ISCIII (PI071283 

and EC08/00049) and by Agencia Laín Entralgo (NDG07/07). 
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Amyotrophic lateral sclerosis (ALS) is a 

heterogeneous neurodegenerative syndrome characterized by 

progressive loss of primarily upper and lower motor neurons, 

resulting in evolving paresis of the linked muscles. ALS is 

defined by classical features of the disease, but may present as 

a wide spectrum of phenotypes. Research has advanced the 

understanding of ALS, but the cause is still unknown, no 

reliable diagnostic test exists, no effective treatment has been 

found and the current therapies are unsatisfactory. About 10% 

of all ALS cases have a self-reported familial disposition 

(FALS), of which 12-23% have been associated with 

mutations in the gene encoding for CuZn superoxide 

dismutase (SOD1). The remaining cases are regarded as 

sporadic (SALS).  

Chemometrics is a concept of making sense out of complex 

data. Systems biology data and "-omics" data are by definition 

of complex nature since the variables are many and correlated. 

Chemometric tools are hence powerful for understanding and 

visualizing metabolomics data.  

Metabolomics, in combination with chemometrics, have been 

used as a tool to study the disease in cerebrospinal fluid from 

human subjects with ALS and matched controls suffering from 

neurological conditions. A panel of potential biomarkers was 

found for ALS where FALS specifically showed an overall 

decrease in metabolite concentration for subjects with ALS 

compared to matched controls. Glutamic acid was one of the 

metabolites found to be decreased in all patients with ALS in 

contrast to previous studies. A larger metabolic heterogeneity 

was also detected among SALS cases compared to FALS in 

the metabolic pattern. Looking at SALS and FALS 

respectively against their respective matched controls, no 

significant differences from controls was found for SALS 

while the FALS samples significantly differed from their 

matched controls. In particular, significant deviating metabolic 

patterns were found between ALS subjects carrying different 

mutations in the gene encoding SOD1. 
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Background: Amyotrophic Lateral Sclerosis (ALS) is a 

progressive neurodegenerative disease that is difficult to 

diagnose early in its course. Currently, there is no diagnostic 

test specific for ALS. Because the pathogenesis of ALS is 

largely unknown, the identification of biomarkers associated 

with ALS could eventually assist early diagnosis and aid 

understanding of the disease by providing insights into its 

pathogenesis. 

Objectives:   To develop a well established plasma, serum, 

CSF and DNA sample repository and make the samples 

available to researchers for the purpose of furthering the 

understanding of ALS and developing disease biomarkers. 

Methods:  In 2007, the Neurology Clinical Trials Unit 

(NCTU) at Massachusetts General Hospital (MGH), in 

association with Northeast ALS Consortium (NEALS), 

established an standard operating procedure (SOP) for the 

collection of plasma, serum and DNA samples as well as CSF 

samples from people diagnosed with ALS, diseases that mimic 

ALS and healthy people to be stored in one of the first ALS 

repositories for use by researchers studying ALS biomarkers. 

The samples are collected from 30 medical centers and ALS 

clinics across the US and Canada. They are made available to 

researchers for the purpose of furthering the understanding of 

ALS and developing disease biomarkers.  
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To utilize these samples, researchers complete an application 

process that requires a brief description and scientific 

justification for the use of the samples. Researchers may 

request samples from specific disease groups, age ranges, 

gender of subjects and dates collected, all which is provided 

on the application form. The NEALS Bio-fluid Repository 

Committee reviews the applications based on a scale and rates 

the research based on the importance to the ALS community. 

Results:  Because these standardized samples are available to 

researchers in the NEALS Sample Repository, it is highly 

significant to ALS, one of the most debilitating motor neuron 

diseases with rapid fatality. Any method that can be developed 

for earlier detection of ALS would have the potential to help 

patients and monitor progress when treatment modalities 

become available. 

To date, over 600 samples have been collected and 6 requests 

have been submitted for review and approval for the use of 

these samples in ALS studies. 

Discussion and conclusions:  Often, timely diagnosis of ALS 

is not possible. In some cases, diagnosis is made only after the 

disease progresses. Identification of a valid biomarker would 

reduce the vast diagnostic assessments required to exclude 

other treatable mimics of ALS.  

With biomarkers as molecular signatures of disease, we can 

reasonably expect more proof of principal trials, more efficient 

and successful drug development, and ultimately, turn ALS 

into a manageable disease such as diabetes and coronary artery 

disease. 
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Background: In about 5% of people with ALS, there is a 

family history in a first degree relative. For the majority 

without such a history it is unclear how much above the 

background risk of 1 in 300 (0.33%) the risk to relatives is 

increased. We have taken a pragmatic approach using a clinic-

based sample and identified individuals presenting with 

sporadic ALS (SALS) who subsequently had an affected 

relative. 

Objectives: To determine the risk of ALS to a sibling or 

offspring of a patient attending a tertiary referral clinic with a 

diagnosis of sporadic ALS. 

Methods: Case records of patients with SALS seen at a 

tertiary referral centre over a 16 year period were reviewed 

and pedigree structures extracted. All individuals who had 

originally presented with sporadic ALS but who subsequently 

had an affected first degree relative were identified. 

Calculations were age-adjusted using the clinic population 

demographics. 

Results: 1502 probands, 1936 siblings and 1694 offspring 

were identified. Eight of the siblings had developed ALS and 

15 offspring. The unadjusted total risk of ALS over the 

observation period was 0.4% for siblings and 0.9% for 

offspring. Age information was available for 478 siblings and 

824 offspring. For this subset, the crude incidence of ALS was 

0.10% per year (0.05 - 0.21) in siblings and 0.11% per year 

(0.06 - 0.19) in offspring, and the age-adjusted risk was 0.12% 

per year (0.04 - 0.20) in siblings and 0.41% per year (0.20 - 

0.62) in offspring. 

Discussion: These findings suggest that there is an increased 

risk to first degree relatives of individuals with sporadic ALS, 

consistent with a multifactorial contribution to disease risk. 

Our results are likely to be a significant under-estimate as we 

did not systematically collect information on relatives but 

relied on passive ascertainment. 

Conclusions: Siblings and offspring of people with sporadic 

ALS have an increased risk of ALS compared with the general 

population.  
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 Introduction: Amyotrophic lateral sclerosis(ALS) is a 

devastating neurodegenerative disease. The rate of familial 

amyotrophic lateral sclerosis (FALS) is reported as 10%, but a 

systematic review and meta-analysis of the true population-

based frequency of FALS undertaken by our group refutes this 

fact. Calculations show that chance plays a significant role in a 

second family member being affected. There is currently no 

consensus on the definition of FALS. We propose criteria for 

FALS which incorporate family history and genetic analysis. 

Methods: Thirty-three papers were included in meta-analysis 

to calculate the pooled rate of FALS. The probability of a 

second family member being affected by ALS by chance was 

calculated. 
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Results: Pooling data from prospective population-based 

registry data revealed a rate of FALS of 5.1% (95% CI 4.1-

6.1). 

The lifetime risk of ALS in the UK is 1:411 and population 

statistics show the average kindred size to be 17. Thus a 

proband with 17 first- and second-degree relatives has a 4.1% 

chance of having another affected relative.  

Discussion: There is currently no consensus on the definition 

of FALS. We have shown that the rate of FALS is lower than 

previously reported and that chance may play a significant part 

in two people being affected within a kindred. To increase the 

yield of genetic studies it is important to have a clear 

definition of FALS. This short report proposes criteria for 

FALS.  

Conclusion: The true rate of FALS is 5%. A diagnosis of 

Familial ALS should be made with caution in kindreds with 

only two affected members as co-existence of disease within a 

family may be due to chance occurrence. We have proposed 

new criteria for FALS. The aim of these criteria are to increase 

the yield of genetic studies and to facilitate comparative 

interpretation of epidemiological and genetic FALS data. 

References: 

Alonso A, Logroscino G, Jick  S et al. Eur J Neurol 2009: 16: 

745-751 

Rabe M, Felbecker A, Waibel S et al. J Neurol 2010 DOI 

10.1007/s00415-010-5512-9 
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Background: A small percentage of cases of ALS are 

accounted for by dominant gene mutations. The remaining 

sporadic form of the disease is thought to be due to  a complex 

interplay between genetics and environment. Detailed 

population-based epidemiological analysis is necessary to 

identify environmental factors that may be implicated in 

disease pathogenesis. 

There are conflicting reports as to  whether there is a 

difference between the rate of ALS in urban and rural areas. 

 Objectives: 1)  To  provide  every patient diagnosed in 

Ireland from 1995-2009 an x,y co-ordinate and map these to 

identify evidence of clusters; 2) To compare urban and rural 

areas; 3) To compare all mapped cases from 1995-2009 with 

environmental agency maps to identify any factors 

significantly associated with apparent disease clusters. 

 Methods: We have employed a population based 

epidemiological approach using geo-coding by Health Atlas 

Ireland (HAI). An x,y co-ordinate was given to every patient 

diagnosed with ALS between 1995-2009. Environmental 

Protection Agency (EPA) data is correlated with x,y patient 

 co-ordinates to identify statistically significant clusters. 

An algorithm is under development to quantitatively assess 

whether there is a significant difference between urban and 

rural areas and whether environmental factors are significantly 

associated with clusters. 

 Results: 1187 patient co-ordinates were mapped. Sporadic 

and familial cases were mapped to identify possible clusters. 

There is an increase in rate of ALS in north-western counties. 

An algorithm is under development to determine whether there 

is evidence of clustering in other regions of the country. 

 Discussion: This is the first study to engage mapping 

techniques to identify location of ALS cases in an entire 

country. An east-west  gradient has been identified that 

reflects the underlying genetic structure of the Irish 

population. This study demonstrates the potential use of geo-

coding methods used to interrogate the geographic 

epidemiology of ALS in a defined population. 
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Background: Sporadic amyotrophic lateral sclerosis (ALS) is 

probably caused by multiple genetic and environmental factors 

causing motor neuron degeneration. Most of the 

environmental risk factors are still unknown. A systematic 
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review of studies on occupations in ALS patients revealed 

several candidate occupations to increase the risk of ALS (1). 

Large, well-designed, multi-centre studies using a Job 

Exposure Matrix (JEM) focusing on single exposures are 

needed to provide a more definitive answer about exogenous 

risk factors of ALS. A JEM enables the linking of occupations 

to profiles of environmental exposures by providing (semi-

)quantitative assessments of exogenous exposures for each 

occupation. 

Objectives: To investigate the association between 

occupational exposure to environmental factors and ALS. 

Methods: A nationwide population based case-control study 

has been performed in the Netherlands between January 2006 

and June 2010. Patients were ascertained from five sources. 

These include: (1) the Dutch ALS center, (2) neurologists, (3) 

consultants in rehabilitation medicine, (4) the Dutch 

Neuromuscular Patient Association and (5) patients were able 

to register at a website. Diagnosis was made according to the 

El Escorial criteria. Patients and controls completed a 

questionnaire in which their lifetime occupational history was 

asked. All occupations were coded according to the 1968 

Revised Edition of the International Standard Classification of 

Occupations (ISCO-68). JEM's focusing on heavy metals, 

solvents and electromagnetic fields will be used to quantify 

lifetime occupational exposure of each subject to these 

exogenous factors. Binary logistic regression will be used to 

determine whether these exogenous factors significantly 

modify the risk of ALS 

Results: Will be presented. 

Discussion and conclusions: This study will provide class I 

evidence, according to the Armon criteria for epidemiological 

studies in ALS, about occupational exposure as a risk factor 

for ALS. 

Reference:
 

1. Sutedja NA, Fischer K, Veldink JH et al ALS 2009; 10:295-

301 
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Background: The incidence of Amyotrophic Lateral Sclerosis 

(ALS) is approximately two per 100,000 persons in the United 

States. An environmental factor which triggers sporadic ALS 

is supported by geographic disparities in the incidence of ALS 

and by the development of the disease in conjugal couples. A 

high incidence of Amyotrophic Lateral Sclerosis/Parkinsonism 

Dementia Complex (ALS-PDC) has been documented 

amongst the Chamorro people of Guam, and the cyanobacteria 

toxin beta-methylamino-L-alanine (BMAA), found in 

components of the Chamorro diet, has been implicated. We 

previously reported a high incidence of ALS in Enfield, NH, 

which encompasses a lake with a history of documented 

cyanobacteria blooms potentially capable of producing 

BMAA. It is unknown whether true disease clusters of ALS 

exist in northern New England, and if present, if they are 

associated with toxic cyanobacterial blooms. This two-part 

study aims to elucidate geographic variation in ALS 

prevalence within northern New England, and to evaluate for a 

spatial association with toxic cyanobacteria blooms.  

Objective:  To determine whether spatial clustering of ALS 

exists within Northern New England.  

Methods: We reviewed electronic records and community 

databases to identify the dwelling addresses of patients 

presenting with ALS between 1998 and April 2009 in New 

Hampshire (NH), Vermont (VT), and Maine (ME). Case 

density was adjusted to account for the underlying population 

density using U.S. Census 2000 data.  We evaluated for 

significant clustering and spatial outliers using the Anselin's 

Local Moran's I statistic. Local Moran's I provides a measure 

of similarity between each block group’s value and those of 

nearby block groups. Its null hypothesis is that each block 

group represents independent observations, with no spatial 

autocorrelation. The working (alternative) hypothesis is that 

spatial clustering exists. 

Results: We identified clusters of high and low prevalence in 

NH and VT which appear to be significant. 

Discussion:  There appears to be areas of significant spatial 

clustering within NH and VT. Our comparison of these two 

states with ME suggested that our data collected from ME was 

not robust enough to draw any preliminary conclusions. 
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Further analysis will be needed to confirm whether these 

patterns remain consistent though an integrative, multi-scalar 

approach, and whether there is any correlation between these 

areas of clustering and potential environmental risk factors. 
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 Background: Cyanobacteria make a number of neurotoxins 

including β-Methylamino-L-alanine (BMAA), anatoxin-A, 

anatoxin-A(s), saxitoxin and cytotoxins including 

microcystins,  which has been linked to liver disease and 

hepatocellular caricinoma (HCC). BMAA has been linked to 

amyotrophic lateral sclerosis-Parkinsons-Dementia Complex 

(ALS-PDC) in Guam and has been found in the brains of ALS 

and Alzheimer's Disease (AD) patients. Cyanobacteria blooms 

are prominent in northern New England, and it is unclear if 

chronic exposure to blooms and their toxins (though direct 

contact, aerosolization and inhalation, or consumption of 

contaminated water) might be associated with the 

development of ALS, Parkinson's Disease (PD) or HCC. 

Objective: To determine if there is an increased prevalence of 

these diseases in close proximity to historical or present 

cyanobacterial blooms in northern New England. 

Methods: Using a detailed questionnaire, we are collecting 

demographic information on patients with ALS, PD, and HCC 

as well as age/sex matched controls. The questionnaire also 

addresses potential mechanisms for cyanobacteria exposure. 

 Historical data on cyanobacteria blooms was obtained from 

the NH Department of Environmental Services. Dwelling 

addresses will be mapped and spatial analysis will be 

performed using ArcGIS 9.3 software.  

Results: Preliminary analysis identified an association 

between ALS and water bodies with present or historical 

blooms (approximately a 2.5 fold risk) using an arbitrary 

buffer of 0.5 miles around water bodies. Our data regarding 

PD, HCC and controls are still work in progress. 
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Background: Motor neurone disease (MND) is an adult-

onset, fatal neurodegenerative disease. There are only 3 

proven risk factors for MND. These are male sex (1.6:1), 

increasing age and the inheritance of a genetic predisposition. 

Many MND specialists, however, notice an excess of 

particularly physically active people in their clinics. This 

observation and the controversial excess of MND cases 

amongst Italian footballers suggested exercise as a possible 

further risk factor for MND. We hypothesized that were the 

exercise hypothesis true, the most-fired motor neurones should 

be first to succumb in those otherwise predisposed to develop 

the disease. If it is accepted that dominant arm motor neurones 

will fire more often than non-dominant arm motor neurones 

over the course of a lifetime it follows that disease onset, if it 

occurs in the upper limbs (UL), should do so more often in the 

dominant arm. No similar effect would be predicted in the 

lower limbs (LL). Our study set out to test this hypothesis. 

Methods: Case notes from a series of deceased motor neurone 

disease patients seen in Newcastle between 1983 and 2001 and 

in Sheffield between 2001 and 2010 by PJS were examined. 

These patients represented all of those referred to two 

specialist regional MND clinics for whom medical records 

were available. Only patients meeting Airlie House criteria for 

clinically definite, clinically probable or clinically probable – 

laboratory supported ALS by the time of death were included 

in the handedness analysis. Those with dementia at 

presentation, active malignancy or a complicating second 

neurological diagnosis were excluded. The null hypotheses for 

congruence of handedness and arm of onset and proportion of 

right and left leg of onset were tested using the exact binomial 

test of goodness of fit. 

Results:  A total of 722 cases were included. Handedness was 

recorded in 83%. Of these, 93% were right-handed and 7% 

were left handed - ratios in keeping with those of the general 

population. The study population was similar in sex 

distribution (1.5:1), age of onset (mean 61 years; range 19-83) 

and site of onset (UL=30% , LL=34% Bulbar=30%, 

Thoracic=2%) to published series. A total of 216 upper limb 

onset cases were identified. Cases with simultaneous onset in 

right and left arms or where side of onset was ambiguous were 

excluded leaving 172 cases with clear unilateral onset. Of 

these, handedness was recorded in 153. Disease onset was 

congruous (R arm onset in R-handed patients; L arm onset in 

L-handed patients) in 64% (n=98) and non-congruous in 36% 

(n=55). These results were statistically significant (p =0.0006). 
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Although subgroups were small the data suggest that 

percentage congruence might increase with increasing age-of-

onset. Indeed, mean age of onset in congruent cases was 

higher than that in non-congruent cases (59 years vs 55 years, 

p=0.0259). Of the 247 patients with lower limb onset MND, 

177 had clear unilateral onset. Of these 50% first experienced 

symptoms in the R leg (n=89) whilst 50% first experienced 

symptoms in the L leg (n=88) (p=1.0).  

Conclusions:  In a well-characterised ALS population we 

have shown that in upper limb onset disease symptoms were 

most likely to manifest first in the dominant arm. Percentage 

congruency appears to be greater with increasing age of onset 

although a larger study would be needed to confirm this. In the 

lower limbs, onset is no more likely in the right leg than the 

left leg, as we predicted. Our contention is that motor neurones 

serving dominant upper limb muscles will be fired more often 

over a lifetime of daily activity and recreational exercise than 

those serving non-dominant arm muscles and may in 

consequence decompensate first in those otherwise 

predisposed to develop MND. This study does not prove an 

association between physical activity and the development of 

MND, although we argue that it provides evidence in its 

favour. It does document, along with Turner et al.(1), a 

previously unrecognized feature of ALS and suggests that 

further probing of the relationship between exercise beyond 

the norm into middle age and risk of ALS may be worthwhile. 

This work also has implications for disease pathogenesis and 

these will be discussed. 

Reference: 

1. Turner M. et al. JNNP. First published online June 18 2010 
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Background: It is now accepted that ALS patients with 

cognitive impairment present predominantly disorders on tests 

assessing executive function. A link between ALS and 

frontotemporal dementia (FTD) has been supposed but 

remains unproven. The cognitive deficits can occur before or 

after the onset of motor neuron disease. The evolution of ALS 

makes longitudinal study of the patient's neuropsychological 

profile difficult. Subsequently, the evolution of cognition 

during the course of ALS remains poorly defined. 

Objectives: The aim of this research is to study relationships 

between ALS progression and cognitive deficits, and to better 

define the evolution profile of cognitive impairment. 

Methods: We began a prospective evaluation of ALS patients 

in January 2008. Recruitment is made in two ALS clinics. 

Evaluations are first done at the moment of diagnosis and then 

repeated every six months. Patients are evaluated using the 

following neuropsychological tests: MMSE, Doors test, 

Wisconsin Card Sorting test, short scale of frontal evaluation 

(BREF), Multiple shopping test, Short Californian Verbal, 

Learning test, verbal memory span. This allows us to assess 

global intellectual functionning, memory, and executive 

functions. Behavioural scales are also completed by caregivers 

to investigate behavioural changes. We exclude from this 

study, patients with the following conditions : already known 

dementia, antecedents of severe pychiatric disorder, brain 

injury, cerebrovascular disease, diabetes mellitus and an onset 

of ALS more than one year. 

Results: The results will be presented at the symposium 

Discussion: Preliminary results presented last year at the 

symposium are consistent with previous works in ALS 

showing cognitive impairment. All profiles are different but 

we observe that only bulbar doesn't get better at WSCT after 6 

months. Like previous studies, they perform best at visual 

episodic memory. Surprisingly, bulbar onset patients have the 

best verbal fluency production at first evaluation. We will see 

if those observations still exist and if they are significant with 

a bigger cohort. 
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Background: Eighty per cent of ALS patients suffer from an 

undesirable loss of weight over the course of the disease. 

Underlying causes are malnutrition, cachexia as well as a 

multifactorial reduction of appetite. The established ALS 

Functional Rating Scale, ALS-FRSr, records symptoms of 

dysphagia and manual deficits upon intake of food. The loss of 

appetite as a therapeutically relevant cause of undesirable 

weight loss is not reflected in the ALS-FRSr. In the context of 

a controlled study, we examined for the first time the 

symptoms of loss of appetite by means of a specific self-

assessment score. 
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Objective: To survey online self-assessment of loss of 

appetite in ALS patients using the Council on Nutrition 

Appetite Questionnaire (CNAQ). 

Method: In a prospective, controlled and stratified study, 

patients conducted a symptom-oriented self-assessment of 

their appetite. An SQL database structure was developed for 

the technical realisation. 

Via encoded connections, a questionnaire is generated via the 

front-end of a web server featuring a specially secured 

operating system. Patients have access to a protected online 

portal via the URL www.ALShome.de. The study protocol 

envisages 30 study patients to visit the website once a week 

for self-assessment. The internet-based self-assessment is 

realised using the Council on Nutrition Appetite Questionnaire 

(CNAQ). This self-assessment questionnaire comprises 8 

questions and 5 dimensions (appetite, taste, nausea, mood, 

hunger). 

Results: An internet portal was developed by means of a CMS 

(Content Management System). We identified the CNAQ as 

an appropriate self-assessment score for appetite reduction in 

ALS independent of motor deficits. The low dropout rate 

among the patients that have been recruited so far expresses 

the medical, logistic and technical feasibility of an internet-

based self-assessment of appetite. 

Discussion: Our study established the methodical feasibility 

and technical practicability of an internet-based monitoring of 

loss of appetite in ALS patients. Early ascertainment of 

indications for nutrition management including 

ecotrophological consultation, supplementary nutrition and 

pharmacotherapy represent essential objectives in the 

treatment of undesirable weight loss. 

Acknowledgement: This study was funded by the Air Berlin 

Fund for ALS therapy research at the Charité. 
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Background: Respiratory insufficiency is a prognosis 

determining syndrome and a crucial focus in palliative care of 

ALS patients. Respiratory insufficiency is the subject of three 

arrays of questions (items) on the established self-assessment 

questionnaire ALS Functional Rating Scale-revised. One of 

the main limitations of the ALSFRSr is the lack of 

differentiation between neuromuscular hypoventilation and 

secretory pharyngeal and bronchial obstruction which in itself 

represents an independent risk factor for ALS-associated 

dyspnoea. We present a study aimed at the obtainment of 

subjective assessments of different aspects of dyspnoea 

performed by patients themselves. 

Objective: To survey the web-based self-assessment of 

dyspnoea in ALS patients using the Cancer Dyspnoea scale 

(CDS). 

Methods: In a prospective, controlled and stratified study, 

patients conduct a self-assessment of dyspnoea. They are 

given access to the Internet portal www.ALShome.de. To 

evaluate dyspnoea in ALS we employed the Cancer Dyspnoea 

Scale (CDS) which is an established tool in oncological 

indications. The hypothesis of this examination is based on the 

possibility of a generic use of the CDS in ALS as it is 

applicable in independence of a certain diagnosis. The CDS 

comprises 12 items across three dimensions: subjective 

perception of respiratory effort or sense of effort (5 items), 

sense of anxiety (4 items) and sense of discomfort (3 items). A 

quantitative analogue scale is assigned to each item. The 

severity of dyspnoea is ascertained based on a semi-

quantitative score from 0 (no dyspnoea) to 47 (maximum 

dyspnoea) following a particular calculation method, which 

considers each individual dimension. 

Results: We have already included 19 patients (8 female, 11 

male) in the study with a mean vital capacity of 37 % at the 

point of inclusion. The designated duration of the study is 52 

weeks. Four to eight weeks further down the line, all patients 

still perform weekly online self-assessments without fail. 

Discussion and Conclusion: The symptom-oriented self-

assessment of dyspnoea complements the established ALS 

Functional Rating Scale-revised (ALSFRSr). In contrast to the 

ALSFRSr, the CDS focuses on the multi-dimensional 

subjective experience of dyspnoea. The early detection of 

dyspnoea by means of online self-assessment is of clinical 

relevance for the timely identification of indications for non-

invasive ventilation or palliative pharmacotherapy. 

Acknowledgement: This study is supported by the Air Berlin 

fund for ALS therapy research at the Charité. 
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Background:  Patients with compromised respiratory systems 

often present unique challenges to the nutrition support team, 

particularly in regard to enteral feedings. Patients with 

decreased pulmonary function often require more calories to 

support the difficult task of breathing. While certain 

respiratory therapies may decrease metabolic demands, they 

may also increase air in the GI tract, decreasing a patient's 

feeding tolerance and ability to meet nutritional goals. 

Neuromuscular disease progression increases the need for 

additional pressure support and the number of hours of 

prescribed therapy, which might worsen feeding intolerance. 

In addition, ineffective swallow increases the risk for 

aspiration pneumonia, which is further deleterious to a fragile 

neuromuscular patient. 

 

Objectives:  Some treatment interventions, including 

physiologic manipulations, motility agents, gastric venting and 

valve use, can improve tolerance to enteral nutrition. 

However, collaboration among members of the clinical care 

team, particularly between dietitians, speech pathologists with 

swallowing specialization and respiratory therapists, is 

essential to understanding each patient's unique respiratory 

and nutritional needs and how these factors can interact during 

treatment. Clinical expertise in nutritional and respiratory 

support is vital to improving treatment and outcomes. 

Methods: Certain respiratory interventions, such as bi-level 

positive airway pressure (BiPAP) support, along with other 

factors, such as immobility, weakened GI muscles, patient 

positioning or concurrent treatments, can compound delayed 

gastric emptying. The resulting gas and distention can pose 

treatment and nutritional challenges. In this case study, a 

patient with amyotrophic lateral sclerosis who was receiving 

BiPAP therapy developed gastric distention and was not 

meeting volume goals for feeding. The patient reported satiety 

prior to initiation of meals or feedings.  

 

Results: The clinical team attempted several interventions to 

address the patient's feeding intolerance and improve overall 

treatment. Nocturnal pump feedings and slow boluses were 

initiated for volume intolerance. Knees-to-belly manipulations 

and use of a gastric valve bag did not relieve gastric distention. 

Though the home care nurse provided education on venting 

the gastrostomy tube, the patient and caregiver may have been 

overwhelmed and not in a teachable mode at the beginning of 

treatment. Re-educating the caregiver regarding this 

intervention at a later visit helped provide the most relief for 

the patient. 

Based on the case study, appropriate troubleshooting 

approaches for similar cases may include targeted delivery of 

enteral feedings, increased use of liquid meals to decrease 

respiratory effort and education regarding venting the 

gastrostomy tube at each clinic visit and patient encounter.  

 

Conclusions: Collaboration within multidisciplinary clinical 

care teams can help troubleshoot and manage oral and enteral 

challenges for respiratory-compromised patients. In addition 

to increasing communication with patients and caregivers to 

help reinforce self-care, clinicians must work together to 

understand one therapy's impact on another to help optimize 

each patient's nutrition support and respiratory status. 
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 Introduction: Amyotrophic lateral sclerosis (ALS) is a 

neurodegenerative disease characterized by progressive loss of 

motor neurons in spinal cord, brain stem and cortex. 

Bulbar involvement, in the form of dysphagia, implies 

malnutrition, dehydration and risk of choking. To nurture the 

patient, strategies such as changes in consistency of the food 

and performance of percutaneous endoscopic gastrostomy 

(PEG) are used. The risks of PEG are increased in patients 

with less than 50% of vital capacity. 

The aim of this study is to assess how respiratory status prior 

to PEG influences the survival in ALS. 

Material and methods: We have studied 73 patients, 34 

women and 39 men, mean age 63 years, controlled in our 

multidisciplinary ALS unit. PEG was performed in all of 

them, 23 patients were using noninvasive ventilation and 50 

were not. All patients were treated with riluzole and fulfilled 

criteria by the American Academy of Neurology for PEG. We 

have also analyzed the variables age, gender, delay in 

completion of the PEG and onset form of the disease. 

Results: The age at the time of PEG (P=0.041) and the time 

elapsed between the onset of symptoms and diagnosis are the 

only variables that show statistical significance for survival 

after PEG. The intervention does not increase mortality or 

morbidity during the first month. 
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Conclusions: In our series of patients, the use of BiPAP does 

not preclude the realization of PEG as we did not find 

differences in survival between the ventilated and unventilated 

patients. 
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 The Will Rogers Institute (The Institute) is a national health 

organization dedicated to the support of lung research and 

developing new treatments and cures for pulmonary disorders. 

The Institute has awarded a grant to The ALS Association to 

support research concerning respiratory problems in patients 

with ALS. The annual award provides up to $50,000 for a one-

two year study. The first call for abstracts was in 2006, and 

thus far this grant has funded three projects. Below are the 

titles of the 3 ongoing research projects. This presentation will 

provide an update on the status of these 3 current projects 

funded under the Will Rogers ALS Respiratory Care Research 

Program. 

1) 2008: "Progression of Respiratory Dysfunction in ALS 

Patients: A comparison of Standard of Practice versus 

Polysomnography-Directed Nocturnal Non-Invasive Positive 

Pressure Ventilation."  

2) 2009:  "Optimizing NIPPV Use for Patients with ALS." 

3) 2009:  "Average Volume Assured Pressure Support 

(AVAPS) in ALS patients with Nocturnal Hypoventilation." 

The goal of this research initiative is to improve the lives of 

patients with ALS through research directed at respiratory 

care.  It is hoped that new research in ALS respiratory care, 

will lead to better care and more treatment options for patients 

with ALS. 
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Background: Patients with ALS/MND are vulnerable to 

respiratory infections due to decreased FVC, decreased 

respiratory status, decreased diaphragmatic muscle function, 

decreased mobility and difficulty managing secretions. The 

High Frequency Chest Wall Oscillation (HFCWO) therapy 

gently compresses and releases the chest wall up to 25 times 

per second. This process creates mini-coughs that dislodge 

mucus from the bronchial walls, increase mobilization, and 

move it along toward central airways. The action also works to 

thin thick secretions, making them easier to clear. The 

HFCWO is used with patients with ALS/MND, although there 

have been no studies reporting utilization or quality of life. 

Objectives: We want to report on HFCWO usage with our 47 

clinic patients with ALS/MND as well as patient adherence, 

perceived quality of life indicators, and reported cases of 

pneumonia. 

Methods: Data was gathered from calls made to patients and 

caregivers at 5, 15 and 30 days. Quality of life questions were 

asked at each call. We tracked the numbers of patients seen 

over the year, and the average use per day in minutes was 

queried. Each patient's chart was looked at for reported cases 

of respiratory infections such as pneumonia. 

Results: Forty-seven patients from our ALS clinic were 

placed on the HFCWO in the last year. Our time in average 

minutes use per day was 18.8 minutes per day, which is higher 

than the national average of 16.92 (mean). Patients expressed 

4.2 out of a possible 5 points on all quality of life indicators, 

and were also higher than the national average of 3.8 (mean). 

The reported number of cases of pneumonia for patients is 

being determined. 

Discussion: Patients with ALS/MND who use the HFCWO 

report better sleep, more energy, and have overall positive 

scores on the quality of life indicators. We have had subjective 

comments from a number of our patients who have not 

reported having respiratory infections since using the HFCWO 

and feel that their secretions are easier to manage. 

Conclusion: The HFCWO appears to have benefit for patients 

with ALS/MND, as they reported better quality of life with 

improved adherence to therapy. The patients in our facility 

reported they like the HFCWO system, and they want to 
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recommend HFCWO therapy to others. Further study needs to 

be completed to track improvement of respiratory rates as well 

as study the HFCWO with larger groups of patients. 
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Background: Impaired ambulation affects almost all patients 

with motor neuron diseases(s) (MND). The specific issues 

impacting the quality of ambulation implicate the involvement 

of the upper versus the lower motor neuron population of 

affected cells. Therapeutic modalities used to address the signs 

and symptoms of upper versus lower motor pathology are 

quite different. Treatment of patients with both upper and 

lower motor neuron disease (ALS) can be complicated by 

concurrent and disparate clinical pathologies.  

Partial body weight bearing treadmill training (PWT) enables 

patients who are minimally or non-ambulatory to regain 

mobility during the therapy sessions. PWT has documented 

utility in patients affected with a large range of neurological 

conditions, however, the impact in patients with MND has not 

been reported or widely accepted. 

Patients with MND are a unique population where the 

therapeutic benefit of upper versus lower motor neuron 

pathology can be compared and contrasted. 

Objective: 1) To assess the benefit of PWT on patients with 

ALS, progressive muscular atrophy and primary lateral 

sclerosis. 2) To compare the benefit of PWT in MND versus 

other neurological conditions affecting ambulation 

(Parkinson's, Multiple Sclerosis, Stroke, NPH). 

Method: Utilizing the timed 25 foot walk, pre and post PWT 

therapy, along with the ALSFRS, Ashworth scale and patient 

interviews the efficacy of the therapy will be assessed. Patients 

are treated twice weekly for 6 weeks. Patients ambulate on the 

treadmill at 40% of their body weight for 7 trials each lasting 5 

minutes with 3 minute rest periods in-between trials. The 

BORG scale is used to determine pace and intensity. 

Results:  Initial data from this work-in-progress will be 

presented. Our preliminary data reveal a (qualitative) 

improvement in our ALS patient's ability to ambulate post 

therapy. In addition, our pilot data suggest a high degree of 

patient satisfaction and compliance consistent with the benefit 

of this therapy. Data comparing the relative effect of PWT in 

MND verses other neurological conditions will be presented. 

Data will also be stratified to evaluate patient's upper versus 

lower motor neuron involvement.  

Conclusion; Preliminary data suggest that PWT may be a 

significant therapeutic modality in MND patients who are 

minimally or non-ambulatory. At the time of presentation we 

will have quantitative data from our outcome measures and 

will address the relative benefit of PWT in MND versus other 

neurological conditions. 
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 Background: No medical act and no treatment can be 

performed without the assent by the patient and this assent can 

be removed at any time. Patients on mechanical ventilation 

due to advanced ALS/MND may at one time consider 

circumstances to be futile and may wish to discontinue life-

sustaining treatment. 

Objectives and method: In this case study three courses 

concerning physician assisted end of life palliation are 

described. 

Case 1: Male 47 years, diagnosed with ALS 3.5 years earlier. 

He had been treated with domiciliary noninvasive ventilation 

(NIV) for 16 months, the last 3 months 24 hours a day. He was 

fully alert, able to speak and suffered from severe peripheral 

paralyses. His decision to abort treatment was confirmed 

during two visits in his home with the presence of his spouse. 

Diazepam 20 mg was given i.v. during 15 minutes and the 

patient was asleep. This was supplemented by 30 mg of 

Morphine and NIV was discontinued. Twenty minutes later 

the patient passed away.  

Case 2: Male 72 years, diagnosed with ALS 11 years earlier. 

He was primarily treated with domiciliary NIV for 11 months 

followed by transition to tracheostomy ventilation for 8.2 

years. At that time he was almost totally paralyzed, but able to 

communicate with his spouse by slight movement of one 

eyebrow. For 7 months he had considered discontinuation of 

treatment. Present in the home were his family and a vicar. He 

was given 20 mg of Diazepam and 40 mg of Morphine and 

was asleep after 15 minutes. Ventilation was discontinued and 

he passed away after 20 minutes. 
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Case 3: Male 38 years, diagnosed with ALS 4.5 years earlier. 

He had unsuccessfully attempted NIV 14 months earlier, 

instead domiciliary 24 hour tracheostomy ventilation was 

initiated. He was eventually totally paralyzed and 

communicated by eye-track computer system. Present in his 

home were his family and several friends, totalling 12 people. 

He was given Diazepam 25 mg and was asleep. After 30 mg 

of Morphine ventilation was discontinued. He presented weak 

respiration for 15 minutes and 30 mg Morphine was added. 20 

minutes later he passed away. 

Discussion and conclusions: A strategy should be elaborated 

for end of life care in patients with advanced, progressive 

illness and care given in all settings. This should include a 

multidisciplinary consensus on practical procedures, 

psychological management of the patients and his relatives 

and an offer of follow-up consultations to the dependents. 
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Background: Palliative care services have been closely 

involved in the care of people with neurological disease in the 

UK, from the early days of St Christopher's Hospice in 

London in 1967. However with the increased awareness of the 

need for palliative care for all people with life limiting illness 

there has been increased pressure on services and people with 

ALS/ MND have not always received the care they need. 

There have been increasing concerns that it is important to 

ensure that referral is appropriate and to develop further 

information as the factors that may suggest referral for 

palliative care and end of life care. 

Objectives: The aim of a Working Group on Neurological 

End of Life Care has been to develop an awareness of the 

possible triggers for palliative care involvement in 

neurological disease, including ALS/MND. 

Methods: A working group of health and social care 

professionals has met and considered the possible trigger 

factors for referral for palliative care and end of life care for 

people with neurological disease. These triggers are being 

considered more widely, with consultation to ensure that they 

are felt to be appropriate. 

Results: The main triggers for the consideration of end of life 

care for people with ALS/MND have been felt to be: 

 Respiratory issues - particularly when non-invasive 

ventilation is considered 

 Swallowing problems - particularly when there is 

consideration of gastrostomy 

 Communication issues 

o Ability to communicate clearly is lost 

o Cognitive changes causing communication 

difficulty 

o Interpersonal communication within the close 

family 

 Psychosocial issues - concerns of the person or their 

family 

 Cognitive issues - increasing cognitive change or 

dementia 

However the group have felt that end of life issues should be 

considered at all times during the disease progression, using 

opportunities at the patient or family's request or when new 

treatment options, such as gastrostomy or ventilatory support, 

are being considered. The care at the end of life will often 

depend on how these issues are discussed and managed at 

these earlier stages. 

 Discussion: The discussion of end of life issues should be an 

integral part of the management of people with ALS/MND. 

From the time of diagnosis people with ALS/MND may wish 

to discuss their concerns and fears and these need to be 

addressed. At the trigger points there may be a need to allow a 

more proactive approach to this discussion, so that the person 

and their family can make a truly informed and autonomous 

decision. This will also allow more opportunities for advance 

care planning - of the treatment options that may be 

considered and the place of care and death. 
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Background: Complementary Therapies (CT's) can be 

beneficial in helping to support people alongside their illness 

or time of need. They aim to address symptoms of illness and 

their effects on the physical, psychological and emotional 

aspects of life, through the balanced treatment of the person as 

a whole. It was perceived that these aspects of such therapies 

could be beneficial for MND patients and their carers. A year 
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long pilot project was established at the Sheffield MND care 

centre. 

Objectives: Initially aimed to establish patient/carer needs and 

their perception of the value CT's would bring to improving 

support and empowerment to them throughout their MND 

journey. Also aimed to identify whether patients would like 

access to such a service, what their preference on place of 

treatment was and what their expectations regarding the 

benefits of the CT were. To collect data supporting continued 

funding of such a project, evaluations pre and post therapy 

needed to be carried out to determine whether MND 

patients’/carers’ experience was beneficial. 

Methods: Pre-pilot questionnaire was carried out to establish 

patient and carer needs, knowledge about services provided by 

Cavendish Cancer Care (CCC) and their perception of the 

value of such services. Funding was obtained to establish a 

free of charge, multidisciplinary service offering individual 

assessment of need and concerns, specialist help, support and 

CT's. This service is offered to patients with MND and their 

main carer within the Sheffield catchment area of the CCC 

through provision of information about what is available and 

how to access the Centre. Although the service provided is for 

a limited period of time it is available at times of particular 

difficulty. This package of care is offered to patients in 

addition to and together with, whatever mainstream healthcare 

treatment they are currently receiving. A wide range of CT's 

are offered from qualified and experienced practitioners. Pre 

and post questionnaires are allocated to the MND patients and 

their carers to identify whether they perceive a benefit from 

the service. 

Results: As a result of the pre-pilot questionnaire it was 

evident that there was interest in accessing CT's and it was 

predicted that there was a value in offering this service to 

MND patients and their carers. The evaluation of whether 

patients and carers accessing this service feel that the services 

they receive from the CCC are beneficial for them is being 

collated and is due for completion at the end of June 2010. 

Discussion: CT's are useful in helping to support people 

alongside their illness. The potential benefits of having access 

to CT's for patients with MND/carers are unknown at this 

stage. It is however hoped that this project will be the catalyst 

for introducing a new service for the future. 
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Background: Children that have lost a parent or a sibling are 

at risk of mental disorder. Earlier studies have shown that 

about one third of children who had lost a parent were 

depressed one year after the death (1), and that c:a 40 percent 

of the children still showed symptoms after one year (2). 

In order to avoid the grief having a destructive influence in 

their lives, these children need help to deal with their 

experience and emotions, and to cope with their thoughts 

about death and sorrow. Together with the wide spectrum of 

expertise available at the hospital and from our direct 

experience, we have developed a model for group therapy for 

bereaved children. 

Objectives: The purpose of this poster is to present our model 

for supporting children in bereavement. 

Methods: Invitations are sent out by the hospital to health 

centres, schools and churches for two groups twice a year. 

The groups are intended for children and young people who 

have lost a parent or sibling. One group is for children 

between 8-12 years and the other is for 13-19 years. At least 6 

months should have passed since bereavement. The group 

meets for two hours in the afternoon once a week for 8 weeks. 

We work with exercises on different themes like death, 

funeral, memories, what helps in grief, the changes in our 

lives, social network and emotions. 

Results: Until now, 87 children in the range 8 to 19 years have 

participated in the groups. Typical comments from the 

participants include: 

 we have met others who really know how it feels 

 after the group I can talk more easily about my father who 

has died 

 now I have learned things that will help me in life. 

Discussion: Zebra groups are a way of meeting others in the 

same situation. The participants receive support to deal with 

their grief by expressing it in words, and to understand their 

experiences, reactions and emotions. 

The challenge is to spread information about the groups and 

for the children to have the courage to take part. 
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Conclusions: A structured group activity is a highly 

appreciated way of giving the support that children and young 

people need to deal with their grief and sorrow. 

References: 
1. Weller RA, Weller EB, Fristad MA, Bowes JM. The 

American Journal of Psychiatry 1991; 148: 1536-1540 
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Background: Motor Neurone Disease (MND) is a rapidly 

progressing, neurological condition and the rate of progression 

varies greatly from one person to another. People with this 

condition usually become severely disabled, and can 

experience muscle weakness/stiffness, communication and 

swallowing difficulties and for some individuals their 

breathing may become affected. 

The Nottingham Care and Research Centre is funded by the 

Motor Neurone Disease Association to deliver high quality, 

co-ordinated assessments and management of care for people 

with confirmed or suspected MND. The care centre has 

worked hard to develop local services to improve care and 

service provision for people with MND. 

Objectives: To support the individuals with MND and their 

carers/family members. In doing so managing their symptoms 

and difficulties faced and improve their quality of life where 

possible. To support the improvement of services in the 

community. To take the service into the community (fair 

access and equity of care for the individuals who can no 

longer attend the clinic). 

Methods: Nottingham Care Centre has forged professional 

relationships with Health and Social Care professionals in the 

community and other Acute healthcare settings, with the 

support of the MND Association Regional Care Development 

Advisor. 

Partnership working with the local Primary Care Trusts has 

enabled the ongoing review of services for people with MND. 

In particular recent work with the Derbyshire Commissioners 

implementing the MND Year of Care Pathway has brought 

together health and social care professionals which has been a 

catalyst for improvements in support of people with MND 

Results:  

 Development of MND clinic in Derby (hub and spoke 

model) led by consultant in palliative care and consultant 

in rehabilitation in partnership with the MND Care Centre 

Co-ordinator from Nottingham Care Centre 

 Domiciliary visits for patients who can no longer access 

the MND Clinic. 

 ‘MND – A palliative care approach’  Study Day in 

Partnership with Tree Topps Hospice Derbyshire, which 

was attended by a healthcare commissioner, GPs, health 

and social care professionals 

 Development of  respiratory referral pathway 

 Education sessions for health and social care 

professionals. 

Discussion and conclusions: The Nottingham MND Care and 

Research Centre is  proud to provide a service which allows 

individuals to feel supported during their disease journey. 

Partnership working has been a key element in ensuring that 

local services have the knowledge and understanding that 

people with MND and their families require a service that is 

proactive and not reactive. The development of the 

Derby Satellite MND Clinic enables easier access for Derby 

patients to have a service on their door step, but also has the 

links with the Nottingham Care Centre. 
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Background: North Wales is a large, mainly rural geographic 

area with a dispersed population of people living with MND. 

The statutory Wheelchair Service in North Wales is provided 

through the NHS Artificial Limb and Appliances Centre 

(ALAC) linked to the Wrexham Maelor Hospital. Historically, 

people living with MND in North Wales have often 

experienced unacceptable delays when seeking access to 

wheelchairs from the National Health Service (NHS). This 

was the situation in North Wales until a unique partnership 

evolved between the statutory services, the MND Association 

and a private mobility aids supplier. 

Objective: To establish a fast track assessment service which 

could meet current service needs, anticipate and plan future 
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need through a range of statutory and non -statutory services, 

and allow the person with MND to benefit from mobility 

solutions in a seamless manner. 

Programme description: A fast track posture and mobility 

referral and assessment system which identifies current need 

and provision from statutory sources if appropriate. 

Assessments that identified non-statutory solutions are 

referred to the MND Association for provision of non-

specialist scooters within a partnership scheme managed on 

behalf of the MND Association by a private mobility 

company. The person with MND is actively and continually 

monitored by the statutory wheelchair service and service 

adjustments made accordingly. 

Clinical outcomes: 

 Enables person to access equipment to meet current 

mobility needs to be able to get on with living 

 Timely and progressive provision of equipment as disease 

progresses 

 Allows person with MND to adjust to the idea of using a 

powered chair through use of scooter initially 

 Provides timely information for future practical 

preparations for an NHS powered chair to be used 

 Partnership between statutory, voluntary and private 

sector ensures that service provision is seamless 

 Early information enables informed choices regarding 

vehicle considerations for transport of powered chair 

 Same Occupational Therapist involved from ALAC for 

both wheelchair and environmental controls systems 

 Experience of cases by ALAC OT can aid other 

professionals in community on planning for future needs. 

Recommendations to the field: Anticipatory service planning 

needs to be based around early referral ahead of need. This 

enables professional to work at the pace of the person with 

MND by planning ahead. Multidisciplinary working ensures 

that deterioration in mobility is monitored and enables referral 

to other disciplines in a timely manner. Holistic solutions 

require partnerships across sectors. 
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Background: People with ALS/MND live better for longer if 

they receive a coordinated, multidisciplinary, palliative 

approach to their care from diagnosis through to bereavement. 

Early diagnosis of the condition, timely referrals and a 

team approach from providers who understand MND and 

timely active interventions with nutrition and ventilation 

assistance can improve quality of life and survival time. Many 

practitioners have little knowledge or understanding of 

ALS/MND. 

Objectives: To support health professionals and community 

care providers, throughout Australia, to assist people living 

with MND to live better for longer through the provision of 

easily accessible, comprehensive, up to date and evidence 

based or best practice online information for each symptom 

and need related to ALS/MND. To increase access and 

availability of information to regional, rural and remote areas 

Methods: A comprehensive review of existing evidence based 

reviews was undertaken and information collated and 

organized. A web developer was engaged and an expert 

review panel (ERP) established. Staff from each MND 

Association in Australia provided input to the development of 

state based referral pathways. 

The information was collated to include a quick summary of 

each symptom and/or issue, practice points from evidence 

based reviews such as the AAN Practice Parameters (where 

available) and links to other relevant websites, related papers, 

related pages in the website and the referral pathway.  

Results: A website has been developed that provides easily 

accessible, comprehensive, up to date and evidence based or 

best practice information for each symptom or need related to 

ALS/MND including a range of issues related to quality of 

life. This will assist busy providers to access relevant 

information as and when a symptom arises including 

information on which services to refer the patient to in order to 

meet the indentified need. 

Feedback mechanisms and statistics related to website visitors 

during 2010/11 will provide information on the visitors and 

whether the website is facilitating a coordinated, 

multidisciplinary and palliative team approach from the outset 

of a person's journey with MND. 
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Discussion: This website will assist practitioners to access 

relevant information quickly and easily rather than having to 

search the ever increasing and confusing amount of 

information available via the internet. Ultimately it is 

anticipated that the website will promote access to needs based 

care for people living with ALS/MND and their families in 

their community from providers who understand ALS/MND. 

Conclusions: The expert review panel established will 

continue to meet to review content and to advise on the 

availability of new resources. Feedback from visitors will 

assist with futher development of the site to better meet the 

needs of visitors. It is anticipated that this web-based resource 

could easily be adopted by other MND Associations 

internationally with minor changes to reflect the services 

available in that country. 
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Background: In Denmark, some 130 patients are diagnosed 

with ALS each year. Eighty eight percent of them are referred 

to RCfM. RCfM is a nation-wide tertiary specialist centre for 

neuromuscular diseases. Since 2002, RCfM has drawn up 

individual rehabilitation plans for ALS patients and their 

relatives as part of our consultancy scheme. A rehabilitation 

plan is based on the needs and wishes of each family 

expressed in personal conversations, at home visits or 

interdisciplinary meetings. The plan is mailed to the local 

healthcare professionals and department of neurology. A 

rehabilitation plan is a continuous process aiming to support 

the patient and his/her relatives in living and coping with the 

disease. It is gradually adjusted to accommodate individual 

needs as the disease progresses. Approx. 98 percent of the 

referred patients consent to have a rehabilitation plan drawn 

up.  

As a supplement to the individual rehabilitation plan, RCfM's 

ALS consultants previously arranged group based 

introductory seminars for all patients who had been diagnosed 

within the past six months. Participants at the seminars said 

they were very satisfied with its form and contents, and the 

ALS consultants at RCfM also observed a positive effect in 

the families. Although the seminars were free of charge, only 

approx. 30 percent of the patients invited participated, and we 

decided to examine the reason for this. 

In 2009, we carried out a questionnaire survey among the 38 

people who had not wished to participate. Some of the things 

we discovered were that: 

 25 patients (66 %) said they knew enough about the 

disease and its consequences 

 22 patients (58 %) said they were intimidated by having 

to be away from home for three days 

 22 patients (58 %) said they would use the experiences 

from other ALS patients 

 20 patients (53 %) said they knew enough about their 

rights according to the social legislation. 

 The survey did not give an unequivocal answer to the low 

rate of participation. It did, however, indicate that the seminars 

need to be tailored more specifically to the needs and wishes 

of the individual family. 

Objectives: To study whether it is possible to obtain a higher 

rate of participation by tightening the referral procedure and 

customizing seminars. 

Methods: The ALS consultants want to: 

 refer well-defined groups of patients with comparable 

problems to three different seminars in 2010 

 work out new information material about the seminars to 

allow patients and their relatives to immediately identify 

with the target group 

 use questionnaire surveys to examine the reasons why 

some patients opt out of the seminars.  

Results: The results of the study will be available at the end of 

2010 as a poster presentation. 
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Background: User involvement is essential to the idea of 

rehabilitation. To support and maintain the ALS patient as an 

actively constitutive factor, it is necessary to develop methods 

that communicate personal experiences and perceptions as an 

integrated part of the individual rehabilitation process. The 

journalistically mediated personal narrative seems to hold a 

potential for such a strengthening of user participation by 
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authorizing the patient's voice as complementary to the 

professionals', and allowing the patient agency within the 

multidisciplinary cooperation. 

Objectives: The project investigates: 1) How patients with 

ALS in journalistic narrative represent their experience and 

coping with central, complex problems that generally 

characterize the course of the disease; 2) How ALS 

rehabilitation professionals in journalistic narrative represent 

their understanding of the individual's disease and 

rehabilitation process; 3) Whether such journalistic narratives 

promote user involvement when applied in an existing ALS 

multi-disciplinary rehabilitation program. 

Methods: Eight persons with ALS are selected in 

collaboration with the national rehabilitation centre and the 

national patient association for ALS. Each participant is 

interviewed four times through one year and portrayed in 

journalistic features, which are integrated with the person's 

electronic rehabilitation centre patient record, and distributed 

to his or her significant health professionals in hospital 

departments, community health services, the general 

practitioner, etc. Finally, the features are assembled and 

published in the section for personal narratives on the websites 

of the national rehabilitation centre and patient association.  

Narratives are constructed with methods from intimate and 

narrative journalism, perceived as a performance ethnography 

process. Narratives are analyzed using qualitative research 

theory in performance narratives, reflective and dialogic 

interview, and creative analytic practice. The process of 

narration is analyzed in relation to predominant rehabilitation 

discourse. 

Results: Stories with four of eight participants have been 

produced, focusing on stem cell therapy, suicide, 

disintegration of speech/communication abilities, and the 

dilemma privacy versus professional help. 

Data obtained raise among other questions: 1) Who holds the 

authority to articulate knowledge about the patient? 2) How 

can personal narrative be understood as subjective but equally 

valid and necessary research knowledge? 

Discussion and conclusion: Does it make sense to speak of a 

‘self discipline of narrative subjectivity', complementary to the 

professionals' disciplines, enhancing health democracy? 
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Background: As yet no published longitudinal investigation 

has examined and modelled the complex direct and indirect 

relationships between key psychosocial variables, physical 

status and patient-reported quality of life in MND. The MND 

Quality of Life study UK is a longitudinal investigation 

examining the role of disability, fatigue, anxiety, depression, 

coping and social isolation on quality of life among British 

MND patients. The study was co-ordinated by the Walton 

Centre for Neurology and Neurosurgery, Liverpool, with 

patients also participating from MND care centres in Preston, 

Manchester, Sheffield and Oxford. 

Objective: To psychometrically validate measures for use in 

MND and to examine the complex direct and indirect 

relationships between psychosocial variables and patient-

reported quality of life in MND. 

Methods: The first phase questionnaire suite contained a 

novel fatigue measure - the Neurological Fatigue Index: Motor 

Neurone Disease (NFI:MND), along with the Hospital 

Anxiety and Depression Scale (HADS), the MND Dyspnoea 

rating scale (MND:DRS), the MND Coping Scale, and the 

MND Social Withdrawal Scale (MND:SWS). The second 

phase utilised a modified questionnaire pack including a 

shortened version of the MND:DRS, the ALSFRS-R to assess 

functional status and the World Health Organisation's 

WHOQoL-BREF to measure quality of life. Questionnaires 

were psychometrically validated using Rasch analysis. 

Structural Equation Modelling will be used to identify causal 

relationships between variables. 

Results: In the first phase, 269 patients were recruited to the 

study, 82 patients completed the questionnaire a second time 

after a period of 4 weeks for the test retest analysis. Of the 173 

patients that were medically fit enough to participate in the 

second phase, 114 (66%) completed the questionnaires at least 

6 months after the close of the first phase. 
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 Amyotrophic lateral sclerosis (ALS) is a progressive 

degenerative disease. Characteristics of the progression vary 

from symptoms involving speech and swallowing, to 

symptoms involving limbs or a combination of all. Onset and 

life expectancy vary considerably. Though symptoms may 

vary, it has been estimated that 75-95% of people with ALS 

will require assistance with communication at some point. 

AAC strategies can provide effective means to communicate 

to enhance social interactions and involvement with decision 

making. 

It may be difficult to consider AAC strategies when the 

individual is still using natural speech to communicate; 

however, early and frequent intervention and early 

introduction to AAC are considered to be key components to 

increasing AAC acceptance. Studies show an increasing rate 

of AAC acceptance with the most recent being 96% 

immediate acceptance. Many AAC interventionists 

recommend "communication systems that include speech 

generating devices so that, despite the loss of speech, persons 

with ALS may continue to fulfill the roles important in their 

lives" (Fried-Oken, et. al., 2006). 

 Light (1988) recognized four main purposes for 

communication: needs and wants, information transfer, social 

closeness and social etiquette. Work by Ditto et. al. (1996) 

underscores the importance of communication as they rated 

the "most valued" life activities as being those activities 

involving social interaction with friends and family and those 

related to "maintaining personal autonomy."  

This poster session will explore Alternative and Augmentative 

Communication options which may be employed by an 

individual with ALS to express these "most valued life 

activities". Communicative options will include: 1) indicating 

needs and directing care by using rate enhancement and 

vocabulary expansion features; 2) storing messages for later 

use; 3) sharing personal narratives; 4) photographs and video 

encouraging others to engage in longer and richer interactions; 

5) unique ways to organize vocabulary on a communication 

system.  

The use of AAC strategies leads to a significant improvement 

in the overall communication status of individuals with ALS 

providing a means for them to participate in "most valued life 

activities" of interaction with important and treasured 

communication partners and maintaining autonomy. Further, 

use of these communication options can provide a means for 

the individual with ALS to maintain active participation in 

vocational and social environments decreasing the risks of 

social isolation, facilitating the psycho-social status of the 

individual and increasing quality of life.  
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Background: Conversations with patients and their relations 

have revealed that surrounding persons often possess little 

awareness of the actual emotional state of patients with 

advanced amyotrophic lateral sclerosis (ALS) whose 

communication ability is seriously restricted. Such patients 

have more difficulties coping with the disease. The case of a 

home-care patient with progressive-bulbar-palsy type ALS on 

tracheostomy and mechanical ventilation, who had a serious 

problem and was tired of communicating with other people, is 

presented. Over time, she was helped to improve her ability to 

transmit information by using computer equipment, and her 

quality of life (QoL) was assessed using the Schedule for 

Evaluation of Individual Quality of Life-Direct Weighting 

(SEIQoL-DW).  

Objectives and Methods: The patient was a female in her 

70’s with progressive-bulbar-palsy type ALS for over 11 

years. She was still able to send a message in pointed kana 

(Japanese letters) on the dial plate of her cellphone with subtle 

residual movements of her finger tips, but she began to give up 

on communicating with surrounding people. We first 

communicated with her using a simple letter board to establish 

a good relationship. Then, we gradually introduced her to a 

personal computer, downloaded free software 

(‘HEARTYLADDER'), and showed her how to operate it. Her 

QoL was measured five times over four years using the 

SEIQoL-DW. 

Results: She understood how to use the mouse and mastered 

many PC software packages. After our 21 instruction sessions, 

she began to exchange e-mail and enjoy the Internet. Before 

our intervention, her SEIQoL-DW Index Score was only 30, 



24 

 

but after the instruction sessions, her score increased to over 

80 and has remained high.  

Discussion: Though this is merely a case report, we could not 

find a similar report that spanned several years of attempts to 

improve communication ability and document SEIQoL-DW 

Index Scores. Communication ability appears to be closely 

linked to subjective QoL, and its improvement can support 

coping, as reflected by the SEIQoL-DW Index Score. 
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Background: In the field of speech and language pathology 

there is much speculation but very little evidence regarding the 

effects of communication on quality of life (QoL). This is due 

to limited research evidence and the fact that communication 

is often not adequately represented within existing QoL 

measures. Communication is an integral part of interaction and 

is essential for social participation. It is evident that the 

possibility of not being able to communicate will affect an 

individual’s role within their environment. This is certain to be 

reflected in their QoL. 

Many people with neurodegenerative diseases will suffer from 

a progressive form of motor speech impairment known as 

progressive dysarthria. The ultimate goal of rehabilitation 

services with progressive communication impairments is 

maintenance or improvement of QoL. Clinicians strive to 

identify which activities are relevant in the lives of individual 

clients, to try and achieve some level of functional 

satisfaction. In order to meet these goals it is important to 

understand the complexities of what QoL really means. 

Objectives: This study aims to investigate the relationship 

between communication and QoL in individuals suffering 

from neurodegenerative conditions, investigate the role that 

communication plays in the QoL of individuals with 

neurodegenerative conditions, and determine if there is a 

relationship between the severity of communication 

impairments and the individual’s QoL. 

Methods: 34 patients were recruited from King Faisal 

Specialist Hospital, Riyadh, Saudi Arabia, 19 with PD, 6 with 

MS, and 9 with ALS/MND. The patients participated in an 

assessment of intelligibility, assessment of functional 

communication, completed the Arabic version of the Sickness 

Impact Profile (A-SIP), the Scheduled Evaluation of 

Individual QoL-Direct weighing (SEIQoL-DW) and the 

McGill Quality of life-Single Item Scale (MQoL-SIS). 

Results: Pearson correlation coefficient was used to explore 

associations between the variables. The results revealed 

statistically significant correlation between sentence 

intelligibility scores and MQoL-SIS, as well as a less 

statistically significant correlation between word intelligibility 

and MQoL-SIS. A weak correlation was found between 

functional communication as judged by the participants 

themselves and Individual QoL (SEIQoL-DW) scores. By 

dividing the sample according to severity of dysarthria, 

participants with moderate-severe dysarthria showed 

correlations between sentence intelligibility scores and both 

A-SIP and MQoL-SIS scores. 

Discussion and conclusion: The most significant correlation 

was found between sentence intelligibility score and MQoL-

SIS in the overall sample. There appears to be some 

relationship between QoL and communication measures; 

however, due to the small sample size and the fact that the 

majority of participants had mild dysarthria it is not possible to 

determine how much the severity of dysarthria is related to 

QoL in individuals with neurodegenerative conditions. Further 

research looking at individuals with more severe dysarthria as 

well as change over time is warranted. 
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 Background:  Many Japanese patients with advanced 

amyotrophic lateral sclerosis (ALS) whose communication 

ability is severely restricted are cared for by family, 

multidisciplinary health care professionals and volunteers even 

after commencement of tracheostomy and mechanical 

ventilation. Some receive sufficient information technology 

(IT) support and advice on communication whilst others do 

not. There are considerable regional differences in the 

recognition of communication problems and the support given 

in Japan. Nationwide networking in this field has not 

previously occurred in Japan. We were designated as 

secretariats of a project by "The Study Group for Improving 

Community Medicine for Patients with Intractable Diseases" 

(Chairman: Yasuto Itoyama) and had a workshop in Sendai, 
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Miyagi, Japan, on 30th January in 2010 on communication 

support. 

Objectives: We aimed to survey the regional situation and the 

problems of communication support provided by nonprofit 

organization (NPO) teams and also to survey opinions and 

impressions regarding follow-up of the workshop.      

Methods:  Firstly, we asked the medical-coordinators to 

identify their reliable NPO partners helping patients with 

severely restricted communication through the setting up and 

maintenance of IT communication tools or switches for call 

bells. Secondly, we sent the NPO teams a questionnaire asking 

for information about their requests for help and how they 

responded. Thirdly, we asked the participants to fill out a 

questionnaire at the end of the workshop asking for the age, 

gender, background, resident area, opinions and impressions 

of workshop. Results Difficulties identified included lack of 

human resources, educational programs for supporting team 

staff, limitations of a system depending entirely on volunteers, 

fundraising, insufficient information-giving to patients, family 

and supporting persons by their medical team, poor awareness 

of the importance of communication, vexatious paperwork in 

asking for public support, limitation of maintenance by 

providers, insurance for volunteers and its limitation (traffic 

accidents will not be covered by volunteer insurance even 

during their volunteer activity), the time lag between each 

assessment and subsequent intervention, a lack of mutual 

support amongst NPO teams, and the issue of recycling of 

used equipment. These items are listed according to the 

frequency of occurrence in the questionnaire. The impression 

among the people who attended the first workshop was fair. 

They wanted a repeat workshop or similar activities in order to 

improve their support to patients and families and how to 

improve awareness of their work.  

 Discussion and conclusions: This survey was the first 

conducted on NPO teams supporting ALS patients. We were 

able to obtain some information on the situation and problems 

of IT support which formed the basis of discussions at the 

workshop. Although the identification of NPO teams by the 

coordinators may have been incomplete, the similarities in 

response from the different regions in Japan suggest that the 

survey was representative.  
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Background: Patients with amyotrophic lateral sclerosis 

(ALS) living with tracheostomy positive pressure ventilation 

(TPPV) show the total manifestation of ALS. Due to gradual 

loss of voluntary motor functions, impaired communication 

might progress to various degrees in each patient. In some 

patients, severely impaired communication, namely minimum 

communication state (MCS) or totally locked-in state (TLS) 

occur. Precise studies of communication impairment of ALS 

patients with TPPV have not been reported so far. 

Objectives: We conducted this study to clarify the problems 

of communication impairment of ALS patients with TPPV. 

Methods: We investigated the abilities and methods of 

communication of ALS patients with TPPV who received 

home ventilation care system of Tokyo Metropolitan 

Neurologic Hospital (TMNH) in July, 2009. The definitions of 

MCS and TLS were adopted from the following articles: 

(Neurology 1987; 37: 1431-1432, Neurology 2003; 61: 135-

137). 

Results: Thirty-eight ALS patients with TPPV (26 men and 

12 women) were included in this study. The mean duration of 

TPPV care was 5.4 years and the longest was 24 years. 

Twenty-nine patients, including 7 of 8 patients who had used 

TPPV for more than 10 years, could communicate with eye 

movement using portable communication board, various kinds 

of switches, personal computer and other augmentative and 

alternative communication (AAC) devices. MCS and TLS 

occurred in 4 (10.5%) and 5 (13.2%) patients, respectively. 

Discussion and conclusions: The present study shows that the 

majority of ALS patients with TPPV can communicate using 

communication board with retained eye movement even after 

long-term ventilation (more than 10 years). TLS usually 

developed within 5 years after the start of TPPV in about 13% 

patients. However, severe communication impairment 

including MCS and TLS might occur in about half of the 

patients with TPPV, during the disease course. The acute 

development of new AAC devices is needed for these severely 

impaired patients. 
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Background: Reduced breath support, volume and 

subsequent intelligibility can be prominent features in the 

clinical symptomology of service users with MND. Effortful 
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and fruitless interaction with interlocutors can impair 

confidence and bear anxiety within communication exchanges. 

Reduced intelligibility can initially result in frustration, with 

increasing submission to the debilitating condition becoming 

more common and causing interactive withdrawal. Speech and 

Language Therapists (SALT's) are faced with the challenge of 

assessing laryngeal dysfunction and implementing treatment 

programmes for service users, in a bid to maintain their 

existing communication skills and promote communicative 

effectiveness within their environments. The typical 

worsening of speech parameters is a constant clinical 

consideration and as such, rehabilitation is not often deemed 

as warranted. Furthermore, resource constraints within the 

National Health Service render fewer clinicians able to access 

formal training in treatment techniques and those who are 

trained are often unable to offer the intensity of treatment 

required to achieve optimum results. This study highlights the 

effectiveness of an intensive voice treatment, used largely 

within the Parkinson Disease population, in promoting speech 

volume and communicative effectiveness for a service user 

with MND. 

Objectives: The study aims to highlight the effectiveness of 

the application of LSVT principles with traditional therapy 

techniques, in the treatment of dysarthria in MND. Direct 

intervention aimed to increase breath support and volume, 

whilst traditional techniques focused on supporting the service 

user in using strategies to promote communicative 

effectiveness with interlocutors.  

Method: A man presenting with reduced speech volume, 

intelligibility and MND participated in the study. Pre and Post-

assessment scores were recorded with a digital sound level 

meter. Four sessions were provided weekly for four weeks: 

two by the clinician and two by a family member trained in 

technique application. The service user was required to sustain 

breath support for the production of the sound ‘Ah' and 

repeatedly say functional words and sentences. The sound 

level meter recorded volume levels within sessions and 

assisted in the provision of feedback. The service user was 

advised to "Think loud", apply effort and familiarise himself 

with the effort required to adapt his volume levels. This 

facilitated performance monitoring and outcome maintenance. 

Results: Speech volume increased by 18 decibels at single 

word level and by 21 decibels at sentence level, following 

therapeutic intervention. Speech intelligibility increased, with 

particular improvement in communication by telephone 

evidenced. An improvement in the service user's confidence 

levels as a conversational partner was noted. 

Discussion and conclusions: The application of LSVT 

principles in conjunction with traditional therapy techniques, 

in the management of dysarthria in MND should be 

considered as a viable treatment method by SALT's. 
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Background and objectives: Brain-computer interfaces 

(BCIs) provide computer access that uses neurological signals 

and does not depend on neuromuscular activity. Several 

studies have demonstrated that individuals with advanced ALS 

can use noninvasive BCIs for communication (1,2,3). In a 

P300-based BCI, stimuli such as letters and numbers that the 

user can select from, are presented in non-repeating order. The 

P300 event-related potential is identified in the 

electroencephalography, enabling the user to make a selection 

among the stimuli by simply concentrating on it. In able-

bodied users, Townsend et al (2) showed that a pseudorandom 

-or checkerboard  paradigm (CBP) method of stimulus 

presentation significantly improves P300-based BCI 

performance compared to the standard or row/column 

paradigm (RCP). The difference in presentation theoretically 

improves accuracy and bitrate. Townsend et al (2) also 

reported anecdotal improvements with the CBP in people with 

ALS who had extensive experience with the RCP. The present 

study seeks to verify these results in a larger group of people 

with ALS. 

Methods: Following the protocol of Townsend et al (2), each 

user completed one CBP session and one RCP session (with 

order counter-balanced across users). Each session begins with 

a calibration phase, after which the user performs a copy-

spelling task. For each user, the number of flashes used for the 

copy-spelling task is determined and converted to written 

symbol rate (WSR) (4). This measure reflects the maximum 

number of selections/min that the user can make assuming that 

s/he corrects every error (which in real life is often not 

necessary). 

Results: In initial results from 10 people with ALS, accuracy 

is higher, but more flashes are needed with the CBP than with 

the RCP. With the CBP, accuracy was as high as 100% with as 

few as three target flashes, corresponding to a written symbol 

rate of 6.15 selections/min. The data from people with ALS 

appears to be more variable than that from able-bodied 

volunteers; however data from an age-matched control group 

is yet to be collected. Many users with ALS report that the 
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CBP is easier to use and produces less eye fatigue than the 

RCP. 

Discussion and conclusions: The initial data reported here 

suggest that the results obtained by Townsend et al (2) 

showing increased efficacy with the CBP can be replicated in 

an ALS population who have little or no experience using a 

P300-BCI. With continued improvements, P300-based BCIs 

could restore significant capacity for independent 

communication and control to people severely disabled by 

ALS. 
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Background:  Patients diagnosed with ALS/MND frequently 

request equipment to alert caregivers. Those with decreased 

volume and/or dysarthria, those who are wheelchair or bed 

bound and those who rely on non-invasive or invasive 

ventilator support are most often in need of an adapted alerting 

method. If one cannot call for help or walk to another room, it 

is crucial to provide them with a method of alerting a family 

member or caregiver. Something as simple as a bell, buzzer or 

a wireless doorbell may suffice but if upper extremity 

weakness is present, it may not be possible for PALS to 

manually press a button or ring a bell. In order to facilitate 

activation, several adaptive technology companies have 

developed switch adapted call bells or alerting systems. 

Unfortunately, these can be quite expensive. An additional 

downside is limited volume. This can be particularly 

problematic when PALS need to alert caregivers who are 

sleeping.  To this end, we have designed a low-cost switch-

adapted alerting system that can be fitted with a very loud 

piezo buzzer.  

Objectives:  The purpose of this poster presentation is to 

describe how to construct a simple and inexpensive switch-

adapted buzzer alerting system for PALS.  

Methods:  The materials necessary to construct the system 

will be listed and pictured. The following equipment/supplies 

will be included: soldering iron, power drill, project box, piezo 

alarm, battery connector/wire and switch jack for standard 1/8 

inch mono plug. Step-by-step instructions will be outlined. 

Specific equipment variations and construction details will be 

described.   

Results:  PALS who use or have used this system report that it 

is a reliable alerting solution. Compared to more expensive 

wireless or wired switch-adapted call bells, the Radio Shack 

alerting system holds up well and consistently meets alerting 

needs. Minimal time, effort and skill with tools are required to 

construct the buzzer.   

Discussion and conclusions:  Based on our experience, a 

switch adapted buzzer alerting system can be one of the most 

important pieces of adaptive equipment for PALS. Some 

patients report occasions where they felt they were drowning 

in secretions or urgently needing to use the bathroom and 

unable to get a caregiver's attention.  Having an alerting 

system that can be activated by any number of adaptive 

switches gives PALS back some control and can help avert 

potential disasters with regard to provision of care. It is 

recommended that centers that provide care to PALS distribute 

this information or provide alerting devices whenever 

possible.  

 

CW260 THE PREVALENCE OF HEARING LOSS IN 

PATIENTS WITH ADULT ONSET MOTOR NEURON 

DISEASE  

PHILIPPOU E, JOUBERT K 

University of the Witwatersrand, Johannesburg, Gauteng, 

South Africa 

Email address for correspondence: 

ephilippou@webmail.co.za 

Keywords: atypical symptoms, hearing loss, prevalence 

Background: It is widely accepted that motor neuron disease 

(MND) affects motor neurons. It is however evident that 

certain motor neuron groups are less vulnerable to the 

pathological process of degeneration. This includes upper 

brainstem nuclei responsible for eye movement control, 

suggesting that inclusive involvement of motor neurons is no 

longer indicated. 

There is a dearth of information regarding atypical effects of 

MND, resulting in limited understanding into the vulnerability 

of for example the auditory system. A single retrospective 

study suggests bilateral hearing loss associated with MND (1). 

It is postulated that sensorineural hearing loss could be 

attributed to the presence of neuropathy, while conductive 

hearing loss is associated with paralysis of the tensor and 

levator veli palatini muscles. It is a well-known fact that 
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hearing loss may negatively impact an individuals' 

participation in daily living across communicative contexts. 

Hearing loss, combined with dysarthria and the use of 

augmentative and alternative communicative strategies, 

implies that individuals with MND require additional support 

to meet their daily communicative needs. 

Multi-disciplinary approaches to prolonging lifespan show 

positive improvements, emphasizing the importance of 

exploratory research into atypical symptoms (such as hearing 

loss) impacting patient quality of life. 

Objectives: This descriptive, exploratory study aimed firstly 

to identify the prevalence of hearing loss in patients with adult 

onset MND by audiometric testing and secondly to profile 

across type of onset and disease stage. 

Methods: A single evaluation of auditory function was 

performed on 30 patients with a neurologist confirmed 

diagnosis of spinal or bulbar onset MND. Participants, aged 30 

- 66 years old across all four stages of disease severity were 

included. Individuals with hearing impairment diagnosed prior 

to the onset of MND and those presenting with co-morbid 

factors associated with hearing impairment were excluded. 

The audiological test battery included otoscopic evaluation, 

immitance audiometry (tympanometry and acoustic reflexes) 

and behavioural testing: pure tone and speech audiometry. It 

further included electrophysiological measures: distortion 

product otoacoustic emissions and neurodiagnostic auditory 

brainstem response. 

The behavioural response modes were modified to 

accommodate individual motor and speech abilities. These 

accommodations included augmentative and alternative 

communication options including alphabet boards and visual 

facilitators paired with the use of visual gaze and head lasers. 

Test reliability was increased by using an inter-rater during 

every test session. 

Results:  Results of descriptive and interferential statistical 

procedures will be presented with emphasis on describing 

prevalence of hearing loss in patients with MND and profiling 

the hearing loss across onset type and stage of disease. 

Clinical implications will also be presented. 

Reference:  
1. Maier, A., Linke, P., Dullinger, J.et al. (2009). Amyotrophic 

Lateral Sclerosis, 10(1), 189 
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 Background: ALS is a disease with a very bad prognosis, 

historical series record the mortality at 50 % at 18 months of 

evolution after the diagnosis. ALS Multidisciplinary Units try 

to improve the quality of life and the survival of ALS patients. 

Objectives: The aim of this study is to evaluate the evolution 

of ALS patients seen quarterly in an ALS Unit from the 

moment of diagnosis over the following 24 months. 

Methods: A descriptive study of consecutive patients attended 

from the time of diagnosis with quarterly reviews in the ALS 

Unit from 2006 to 2010 was done. The worsening of the 

functional state (ALSFRS-r) and the respiratory function, the 

appearance of dysphagia and signs of depression and / or 

frontotemporal dementia were evaluated in relation to the 

initial location of the symptoms (Bulbar (B), Arms (A), Legs 

(L)).  

Results: Forty two patients (30 M and 12 W) were evaluated 

with an average age of onset of 57.97 years old. An equal 

distribution was observed for initial location of the symptoms 

(B14 patients, A 14, L 14). The worsening of the functional 

state (B 42.14 points ALSFRS-r at the beginning to 15.25 at 

24 months (-26.89 pts); A 43.14 to 20.66 (-22.48pts); L 42.35 

to 19.69 (-22.66pts)), the need of Non-invasive Ventilation (B 

66.66 %; A 41.66 %; L 53.84 %), the presence of dysphagia 

(B 91.66; A 42.85; L 71.42 %), signs of depression (B: 78.57 

%, A 42.85 %; L 64.20 %) and signs of frontotemporal 

dementia (B: 50 %; A 21.42; L 35.71 %) were significantly 

bigger after 24 months of evolution in bulbar patients. There 

were no statistically significant differences in the mortality 

(Global 23.82 %)  

Conclusions: The mortality of the patients attending an ALS 

multidisciplinary unit is later than the historical series 

recorded. Bulbar symptoms at the beginning determine a faster 

clinical deterioration of the disease during 24 months after 

diagnosis. 
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Background: The importance of patient and public 

involvement (PPI) in the research process is becoming 

increasingly recognised, with active participation leading to 

more relevant research to match patient priorities. Guided by 

National Institute of Health Research (NIHR) principles we 

have therefore established a novel type of committee, the 

Sheffield MND Research Advisory Group (SMND RAG), 

which brings together people affected by MND to inform our 

research. A diagnosis of MND is life changing to all 

concerned and the group aims to provide a different type of 

expertise, gained through member's involvement with the 

disease, to help shape our research proposals. 

Objectives: The main aims of SMND RAG are to enable 

patient/carer perspectives to be included in research proposals, 

identify and prioritise relevant research topics, improve 

recruitment to research studies, aid the of writing lay 

documents and help dissemination of research findings to a 

wider audience. 

Methods: We have established a committee of 10 members 

who have been affected by MND. Recruitment of members 

and organisation was co-ordinated by existing research staff at 

the Sheffield Teaching Hospital, Dementias & 

Neurodegenerative Diseases Research Network (DeNDRoN) 

and via close links with the local (South Yorkshire) MND 

Association branch. The committee communicates regularly 

with quarterly face-to-face meetings and monthly email 

updates. A protocol for feedback has been established with 

both clinical and scientific researchers who are invited to 

submit documents for review. 

Results:  SMND RAG has reviewed full grant applications, 

submitted comments to patient recruitment and patient/carer 

information sheets and provided important feedback to 

Sheffield based MND researchers. The group has already 

helped achieve funding from national funding bodies and there 

are currently several projects submitted for funding with 

outcomes pending in which SMND RAG support has been 

invaluable. Articles in the local press about the group have 

helped to raise awareness of MND and of the important 

research we do in Sheffield. 

Discussion:  This research advisory group provides the 

foundation for a partnership between researchers and those 

affected by MND to improve the relevance and quality of our 

research. The group operates at a local level to support 

Sheffield based MND research. It is hoped that we will form 

the basis upon which other regional committees can be 

founded, supporting UK wide MND research. 
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Background: Amyotrophic lateral sclerosis (ALS) is a 

progressive and terminal neurodegenerative disease leading 

to irreversible motor neuron degeneration. The high 

incidence of sporadic ALS (sALS) suggests that long-term 

influences of environmental factors on the genome may have 

a major impact in the development of the disease. Epigenetic 

changes are characterized by reversible regulation of gene 

function without altering the genetic code, and may be driven 

by environmental factors that are proposed to contribute to 

the etiology of ALS.  

Objectives: Our long-term goal is to identify the 

pathogenetic mechanisms underlying ALS onset to facilitate 

the identification of effective therapies. Our hypothesis is that 

epigenetic modifications to DNA play a key role in the onset 

and progression of ALS.  

Methods: DNA was extracted from postmortem frozen 

human brain and spinal cord tissue from 24 Caucasian ALS 

patients, ages 35-78 and matched controls. The samples were 

bisulfite-converted and subjected to an epigene discovery 

phase using state-of-the-art epigenetic approach. The 

Illumina Infinium HumanMethylation27 DNA array allowed 

us to quantitatively measure DNA methylation for 27,578 

CpG sites spanning 14,495 genes. Illumina’s Genome Studio 

software was employed to identify differentially methylated 

sites between ALS and control. The corresponding genes 

(differentially methylated genes (DMG)) to these sites were 

subjected to a series of bioinformatics analyses to identify the 

over-represented biological functions and the common 

regulatory mechanisms among the DMGs.  

Results: We identified 383 and 4,080 autosomal CpG sites in 

brain and spinal cord tissues respectively with a significantly 

different methylation status in ALS compared to control 

(False Discovery Rate (FDR) < 5%). The biological functions 

of ‘extracellular region’, ‘defense response’ and ‘immune 

response’ were highly associated with these differentially 

methylated sites in spinal cord (FDR < 5%), while no such 

function was over-represented within the differentially 

methylated sites in brain.  

Discussion and conclusions: Data from our initial discovery 

phase will reveal new pathogenetic mechanisms underlying 

ALS. We hope to be able to determine whether DNA 

methylation profiles obtained in our discovery phase in brain 

and spinal cord parallel profiles in blood to identify 

epigenetic biomarkers of ALS. This could enable early 

diagnosis and potentially early-stage therapeutic interventions 

to increase survival outcomes in ALS patients.  

This research is funded by the A. Alfred Taubman Medical 

Research Institute. 
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Background: Amyotrophic lateral sclerosis (ALS) is a 

genetically complex and heterogeneous disorder. To date, 

mutations in several genes have been identified to cause 

familial forms of ALS, which typically follow Mendelian 

inheritance. On the other hand, ALS without obvious familial 

aggregation is likely governed by a variety of genetic and 

non-genetic factors that define an individual's risk to develop 

the disorder, onset age, as well as clinical presentation and 

progression. In the past two decades, hundreds of reports, 

including several genome-wide association studies (GWAS), 

have been published claiming or refuting genetic association 

between putative ALS genes and disease risk. This wealth of 

information is becoming increasingly difficult to follow, 

evaluate, and most importantly to interpret. 

Objective: To facilitate the evaluation and interpretation of 

genetic association findings in ALS by creating a publicly 

available database which serves as an exhaustive, unbiased, 

and regularly updated resource of genetic association studies 

in the field. 

Methods: Using methodology developed earlier by our group 

(1), database curation is currently ongoing and entails 

identifying and annotating all ALS genetic association studies 

published in English-language, peer-reviewed journals. Data 
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will be extracted following systematic searches of scientific 

literature databases. Extracted data includes essential 

characteristics of the investigated populations (eg origin and 

ethnicity, sample sizes, onset ages, gender distribution) as 

well as gene-specific results and genotyping details (eg 

genotype distribution and allele frequencies). For all 

polymorphisms with genotype data available in at least four 

independent case-control samples, we will provide up-to-date 

and cumulative meta-analyses. In addition, significant 

findings are graded based on criteria recently proposed by the 

Human Genome Epidemiology Network (2). 

Results: ALSGene is scheduled to go online in the fall of 

2010 and will be freely available at www.alsgene.org. At the 

meeting, we will provide a detailed introduction into the 

methods and background of ALSGene and present some 

initial meta-analysis results, with a particular focus on 

findings originally identified by GWAS. 

Conclusions: Our systematic approach will not only facilitate 

the interpretation of the current status of ALS genetics, but 

will also help prioritize future fine-mapping, and functional 

genetic experiments. 

References: 

1.Bertram Nat Genet 2007; 39(1):17-23  

2. HuGENe Int J Epidemiol 2008; 37(1):120-32 
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Background: Consensus opinion in the complex genetics of 

neurodegenerative conditions is moving from the ‘common 

disease, common variant’ hypothesis corroborating GWAS to 

a ‘multiple rare variants for a common disease’ hypothesis. 

Exploration of such a hypothesis can be achieved by deep re-

sequencing of candidate genes in multiple individuals with a 

common phenotype. 

Objectives 

To identify candidate genes involved in ALS pathogenesis 

using the Irish ALS SNP dataset and re-sequence them to 

identify variants associated with ALS. 

Methods: Approximately 500 genes were identified as 

candidates for re-sequencing using a stringent homozygosity 

mapping approach in the SNP dataset. This list was 

supplemented with top results from previous GWAS studies 

and other investigations using SNP data. A capture solution 

using the Agilent SureSelect target enrichment system was 

designed targeting exons of the genes of interest. 150 

individuals were selected from the Irish ALS DNA bank for 

re-sequencing of the captured exons using the Illumina 

Genome Analyzer II. 

 

Results: The gene list derived from the homozygosity 

mapping approach showed enrichment for genes annotated 

with the ‘Neurological system process’ gene ontology term 

(corrected p = 1.3 × 10
-9

). 

 

Discussion and conclusions: Using observations in an 

existing SNP dataset, candidate genes involved in ALS 

pathogenesis have been identified. Deep re-sequencing of 

these genes may reveal rare disease-causing variants 

associated with ALS that were previously indeterminable 

using tagging SNP-based methods. 
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Background: Recent studies have implicated various genetic 

mutations as possible pathogenic contributors to amyotrophic 

lateral sclerosis (ALS). These mutations have been found in 

the regions encoding the enzyme superoxide dismutase 

(SOD1), the RNA binding proteins fused in 

sarcoma/translated in liposarcoma (FUS/TLS) and TAR 

DNA-binding protein 43 (TDP-43), and the gene encoding 

Optineurin (OPTN)(1). FUS/TLS and TDP-43 are dual 

RNA/DNA binding proteins known to form aggregates in 

ALS when improperly expressed. The phenotypic 

implications of these mutations are not currently known, 

however, two mutations in TDP-43 C-terminus regions 

(A315T, M337V) do not seem to affect RNA interactions (2). 

The contribution of these mutations remains to be elucidated 

with respect to the pathology of ALS.  

Objectives: Our aim in this study was to use contemporary 

standards of immunohistochemistry in spinal cord tissue from 
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patients with known mutations in SOD1, FUS/TLS, and 

TDP-43, and compare them with known protein expression in 

control tissues. The ultimate aim of this research is to develop 

a diagnostic pattern of protein expression that is unique for 

cases that present with mutations.  

Methods: We performed standard immunohistochemistry as 

well as immunofluorescence using antibodies against SMI31 

(phosphorylated high molecular weight neurofilament, NFH), 

TDP-43, Ubiquitin, p62, SOD1, FUS/TLS, Optineurin, and a 

novel antibody against Rho-guanine nucleotide exchange 

factor (RGNEF). The results of this immunohistochemical 

analysis will then be compared with pathology from cases of 

sporadic ALS (sALS), familial ALS (fALS), and ALS with 

cognitive impairment (ALSci), none of which bear any 

known mutations. Key alterations in the patterns of protein 

expression will be used to develop a panel describing the 

presence/absence of skeins, aggregates and punctate/granular 

staining.  

Results: We have shown that RGNEF potentially plays a 

pathogenic role in ALS (3). We have shown that RGNEF can 

be coexpressed with Ubiquitin in ALS cases, but not in 

controls. We have also determined that a 3’ untranslated 

region (UTR) mutation in FUS/TLS (FUS 41G>A) exhibits 

TDP-43-positive skeins and aggregates in spinal cord tissue. 

Characteristic staining patterns in cases presenting with 

mutant SOD1, as well as mutant TDP-43 are consistent with 

previously published reports.  

Discussion and conclusions: Though it has yet to be fully 

characterized, our findings of cytosolic skeins and aggregates 

indicate that RGNEF may play a pathogenic role in ALS. 

Additionally, our novel finding of TDP-43-positive pathology 

in a mutant FUS/TLS case (3’UTR 41G>A) suggests an 

uncharacterized dynamic interplay between FUS/TLS, TDP-

43, and RNA metabolism. 

 References: 
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Background:  Hundreds of primary research studies have 

unveiled multiple factors contributing to ALS, including 

cellular chemistry, excitotoxicity, energetics, free radicals, 

genetics, inflammation, necro-apoptosis, proteomics, and 

systemic effects. Most recently, it has been suggested that the 

etiology of ALS may actually arise from the interactions of 

multiple mechanisms rather than any single initiating event. 

As such, carefully selected combination treatments may be 

required to obtain meaningful clinical therapeutic success. 

Objectives: Our objective is to elucidate the impact and 

dynamics of multi-mechanism interactions in the G93A 

SOD1 mouse model, and perhaps more importantly, predict 

their response to thousands of different potential combination 

treatments. 

Methods:  Methods include using our dynamic meta-analysis 

to aggregate, examine, and predict the treatment response of 

experimentally determined relationships published in 

hundreds of primary research articles utilizing the G93A 

SOD1 mouse model. As with all meta-analysis, this study 

employed inclusion and exclusion criteria to select studies 

from manual literature searches of the NIH PubMed/Medline 

database from all articles containing "G93A" and "ALS". 

Results:  Results indicate that ALS is a highly interactive and 

unstable pathology. Pathology dynamics reveal small 

oscillations in the underlying cellular pathways, which 

steadily grow in magnitude over time. Meta-analytical 

predictions reveal a high degree of synergy, which can be 

exploited to select combination therapies. In fact, our 

preliminary treatment predictions reveal that about twenty 

percent of the simulated three-way combinations exhibit 

synergistic therapeutic effects. 

Discussion and conclusions:  The high degree of 

interactivity and instability in ALS likely results from the 

over-regulation of multiple homeostatic factors. Careful 

selection of synergistic and/or stabilizing combination 

treatments is promising. The use of quantitative methods, 

such as dynamic meta-analysis, is an excellent platform for 

screening potential combination therapies in a high-

throughput manner. 
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Background: Familial adult onset amyotrophic lateral 

sclerosis (FALS) poses injuries to the central nervous system 

that lead to progressively debilitating and irreversible motor 

deficits, which result from a poorly understood, multifactorial 

neurodegenerative process. Although it is well known that 

mutations in the gene encoding superoxide dismutase 1 

(SOD1) are reported to be one cause of FALS, a secondary 

group of ALS cases with vastly greater incidence occurs with 

unknown causes. Research dedicated to these sporadic ALS 

cases describes the potential causes to be of environmental 

origin. The earliest report of environmental causes of 

neurodegenerative disease pointed to a long latency 

neurotoxin in cycad seeds responsible for the high incidence 

of ALS-parkinsonism dementia complex among the 

Chomorro people of Guam during the 1950s and 1960s. 

Recently isolated water insoluble steryl glucosides from 

cycad have been shown to reproduce an ALS-PDC phenotype 

in feeding animals. 

Objectives: To determine whether environmental agents 

accelerate disease onset in an otherwise late-onset condition, 

we combined in vivo models of ALS and tested dietary steryl 

glucosides (SG) for their potential synergistic properties in 

combination with genetic predisposition to adult onset ALS. 

Methods: Twenty male mice and an equal number of female 

mice were treated with 42 mg of SG per kilogram of body 

weight daily in their daily diet. Half of these animals 

harboured the mSOD1G37R mutation for genetic 

predisposition to ALS. The role of SG regarding: a) 

progressive loss of motor coordination and grip endurance; b) 

onset of motor neuron dysfunction; c) severity of gait 

abnormalities and aberrant roaming activity; and d) 

enhancement of ALS neuropathology were investigated. 

Results:Our results show that SG has direct deleterious 

effects on grip endurance and motor neuron dysfunction and 

some additive (though not synergistic) influence as 

determined by measurements of astrocytosis, reactive 

microgliosis, and anterior cell count. 

Discussion:Although the mechanism of cycad toxin-induced 

neurodegeneration remains uncertain, the link between our 

current data and the epidemiological studies of ALS-

parkinsonism dementia complex seems well founded. These 

results showed that dietary exposure to steryl glucosides 

alone was sufficient to produce a disease phenotype, and 

when implemented in conjunction to a genetic predisposition 

to ALS was sufficient to produce a remarkably more severe 

disease phenotype. 

Conclusion: In conclusion, the environmental agent studied 

here has direct cytotoxic effects, contributes to disease 

progression in ALS, and suggest a synergistic effect of 

dietary neurotoxin in combination with genetic mutations 

leading to familial ALS. The mouse model of disease 

exploited in this study may be used further to understand the 

mechanisms of motor neuron death and CNS pathology in 

degenerative conditions exacerbated by environmental 

agents. 
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 Background: ALS-PDC is a neurological disease that can 

present as classical ALS, an Alzheimer's-like disorder with 

associated parkinsonism features, or a combination. We have 

successfully modeled the disease by feeding washed cycad 

flour to adult mice, which develop behavioural and 

histopathological deficits resembling ALS- parkinsonism-

dementia complex. We have further identified the 

environmental toxin stigmasterol beta-D-glucoside (SG) as a 

primary contributant to this neurodegeneration. 

Objectives: The objective of the current project was to assess 

whether age-related neurodegeneration, in the form of 

neurotoxin induced amyotrophic lateral sclerosis - 

parkinsonism-dementia complex (ALS-PDC) in a mouse 

model was affected by stress. It was predicted that the higher 

stress levels simulated would reveal behavioural and 

histological evidence of increased age-related 

neurodegeneration relative to controls. 

Methods: To probe whether stress levels would affect 

neurodegeneration in our model of ALS-PDC, adult male 

CD-1 mice were either stressed through restraint, fed SG, or a 

combination of these. A control group was also monitored. 

The experimental timeline was 12 weeks after a period of 

habituation to the laboratory environment and after baseline 
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behavioural data for stress, memory, locomotion, and muscle 

strength was collected. A detailed timeline of behavioural 

events was studied from pre-initial exposure to shortly after 

the 12 week exposure period has ended. The behavioural 

measures that were recorded included a light-dark box test for 

anxiety, an open field test for locomotion, a radial-arm maze 

test for working memory, a wire-hang test for muscle 

strength and a paw print analysis for gait irregularities. 

Results: Preliminary behavioural findings suggest that stress 

exacerbates neurotoxin-induced mouse behavioural deficits in 

areas such as working memory while modulating measures 

for locomotion and having no additional detrimental effect on 

gait pattern. 

Discussion and conclusion: Behavioural measures can 

identify differences in age-related neurodegeneration in mice 

that result from lifestyle factors such as stress. While these 

measures can identify that behavioural differences exist they 

are unable to tell us the extent to which neurodegeneration 

has been affected and thus histological and biochemical 

analyses are ongoing. This research represents an important 

first step in confirming that stress is indeed a significant 

contributor to disease progression in our model of ALS-PDC. 
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Background: There is now strong evidence indicating the 

importance of immunity, and immune responses in 

neurodegenerative diseases, such as ALS. ALS is a complex 

neurodegenerative disease, where the role of the non-

neuronal cells, such as astrocytes and microglia are shown to 

be involved in disease initiation and progression. Among the 

several immunological molecular/cellular mechanisms 

described in ALS patients and ALS mouse models, the MCP1 

(monocyte chemoattractant protein-1) and CCR2 (CC 

chemokine receptor 2) system deserves much attention. 

Multiple lines of investigations suggested the involvement of 

cytokines, such as MCP1 in the immune reactions of the 

nervous system, however it was not possible to visualize and 

to obtain direct cellular information from cells that secrete 

MCP1, and initiate an immune reaction. 

Objectives: 1) To visualize the timing, location and extend 

of immune response in relation to vulnerable motor neurons 

during disease initiation and progression in ALS; 2) to isolate 

pure populations of cells that produce one of the major 

cytokine involved in immune responses; 3) to perform further 

cellular analysis to determine the distinct set of cytokines and 

signalling cascade of events that are involved in MCP1-

CCR2 mediated neuroinflammation in different stages of 

ALS.  

Methods: By multiple crossbreeding we generated triple 

transgenic mice MCP1-CCR2-SOD1G93A to study the role 

of MCP1-CCR2 system in disease initiation and progression 

of ALS in vivo, using one of the best-characterized ALS 

mouse model, the SOD1G93A transgenic mouse, and the 

recently generated a bitransgenic mouse whereby CCR2 and 

its ligand MCP1 are genetically labeled by green fluorescent 

protein and monomeric red fluorescent protein-1, 

respectively.  

Results: We find that neuroinflammation is an early process 

in ALS, and occurs even before disease symptoms develop. 

MCP1+ and CCR2+ cells are involved in neuroinflammation 

in ALS and their location as well as numbers are related to 

disease initiation and progression. We are in the process of 

investigating the cellular interactions between vulnerable 

motor neurons both in the cortex and spinal cord with 

MCP1+ and CCR2+ cells. We are also investigating the 

distinct set of cytokines involved in neuroinflammation at 

different stages of disease initiation and progression by 

various Multiplex assays using FACS purified MCP1+ and 

CCR2+ cells. 
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Background: Skeletal muscle undergoes atrophy upon the 

loss of neural input, a pathological condition prominently 

associated with neuromuscular disease including ALS. How 

neural activity dictates muscle atrophy is an important issue 

for therapeutic intervention. While progress has been made in 
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identifying the downstream effectors in atrophy, including 

the ubiquitin E3-ligases Murf1 and atrogin-1, the signaling 

pathway controlling activity-dependent muscle atrophy 

remains elusive. HDAC4 is a critical regulator of the muscle 

transcription factor MEF2. HDAC4 binds and potently 

inhibits MEF2 transcriptional activity. While in normally 

innervated skeletal muscle, HDAC4 is found most readily at 

the neuromuscular junctions, HDAC4 is dramatically induced 

in response to denervation and ALS. This induction of 

HDAC4 is required for denervation-induced repression of 

muscle structural genes dependent on MEF2. HDAC4 

therefore emerged as a critical component that connects 

neural activity to muscle transcriptional machinery. However, 

whether HDAC4 is involved in denervation-induced muscle 

atrophy or whether there exists a MEF2-independent 

mechanism that confers the function of HDAC4 in muscle is 

unknown. 

Objectives: The aim of this study was to investigate whether 

HDAC4 is required for denervation-induced muscle atrophy 

and elucidate the signaling pathway for controlling 

neurogenic muscle atrophy. 

Methods: siRNA or the MEK1-dominant negative mutant 

(DN-MEK1) was directly injected and transfected into TA 

muscles of 6-wk-old C57BL/6J mice using an electroporator. 

Two days post-electroporation, nerves was surgically 

severed. After an additional 7-14 days, TA muscles were 

collected. Protein lysates from TA muscles were used for 

western blot analysis. Myofiber cross-sectional area was used 

to assess muscle atrophy. NIH3T3 and C2C12 were used as 

model cell lines to find the molecular mechanism of AP-1 

activation induced by HDAC4. 

Results and discussion: We have found that HDAC4 

inactivation blunts muscle atrophy caused by denervation. An 

HDAC4-dependent signaling pathway was further elucidated, 

and identified that the AP-1 transcription factor and 

inflammatory cytokines are downstream targets of HDAC4 in 

denervated muscle. Notably, loss of AP-1 by c-fos 

knockdown abrogated denervation-induced muscle atrophy 

and cytokine induction. Interestingly, HDAC4 activated AP-1 

activity by a mechanism independent of its well-characterized 

transcriptional repressor activity. Instead, HDAC4 promoted 

AP-1 activation by stimulating MAP kinase activity. The 

MAPK pathway, particularly MEK-ERK, appeared to be 

activated in atrophic muscles following denervation and as 

well as in ALS mouse model (SOD1-G93A). Moreover, 

muscle fibers expressing DN-MEK1 were much larger than 

DN-MEK1-negative fibers, suggesting that specific MAP 

kinase activity is required for the execution of muscle 

atrophy. The surprising connection of HDAC4 and MAP 

kinase signaling might provide potential therapeutic targets 

against muscle atrophy observed in ALS. 

Conclusions: Our studies establish a novel HDAC4-MAPK-

AP-1 signaling cascade that controls muscle atrophy, and 

uncovers an unexpected crosstalk between protein 

deacetylase and kinase cascade that could have broad 

implication in cell signaling and disease. 
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Background: The SOD1-G93A transgenic mouse was 

recently established as a suitable model for dysphagia 

(swallowing impairment) in ALS. Preliminary research with 

this model suggests that dysphagia in ALS may be attributed 

to sensory pathology in addition to the well-documented 

motor pathology for this disease. This hypothesis cannot be 

tested using existing instrumental methods which evaluate 

only the final motor output of the peripheral swallowing 

mechanism (ie, movement of the structures/muscles used for 

swallowing). Measurements of motor output actually 

encompass the combined sensory input, central integration, 

and motor output components of the nervous system that are 

involved in swallowing. Therefore, any sensory and/or 

central integration dysfunction contributing to dysphagia in 

ALS may be masked by motor impairment. 

Objectives: The goal of this work is to develop an 

experimental protocol to record brainstem evoked potentials 

from mice in response to superior laryngeal nerve stimulation 

that produces swallowing. These so-called swallow evoked 

potentials (SwEPs) will serve as a tool to identify and 

quantify the function of the individual sensory, central 

integration, and motor components of the swallowing reflex 

that may be pathological in SOD1-G93A transgenic mice. 

Methods: The effect of various stimulus and recording 

variables on SwEP waveform morphology (ie, number of 

positive and negative peaks, peak-to-peak amplitudes, and 

peak latencies) are currently being investigated using 3-4 

month old C57BL/6J mice. These variables include electrode 

placement, filter settings, signal amplification, signal 

averaging, stimulus rate, and stimulus amplitude. Once 

identified, the optimal stimulus and recording parameters will 

be used to investigate the swallowing function of SOD1-

G93A transgenic mice (compared to nontransgenic 

littermates) at four time points: 1, 2, 3, and 4 months of age. 

Evidence of neurodegeneration specifically within the 

sensory and central integration components involved in 
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swallowing will be investigated using histochemical and 

immunohistochemical methods. 

Results: Data collection and analyses are ongoing. Testing of 

C57 mice will be completed over the next 6 months and the 

results will be included in the poster presentation. 

Discussion and conclusions: Identification of the specific 

neurological components of the swallowing circuit that are 

pathological in ALS is critical to the development of novel 

and effective treatments to improve the swallowing function 

(and hence the life-span and quality of life) of individuals 

with ALS. The SwEP testing protocol currently under 

investigation may prove to be a useful experimental tool to 

accomplish this goal. Moreover, this tool has the potential to 

directly measure the effect of experimental treatments (eg, 

stem cell therapy, gene therapy, and pharmacological agents) 

specifically on the swallowing function of SOD1-G93A 

transgenic mice (and other mouse models of ALS), which 

may facilitate identification of promising treatments for 

clinical trials aimed at improving dysphagia in humans with 

ALS.  

This work is supported by NIH/NIDCD R03DC010895. 
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Background: An important question still debated in ALS is 

whether all spinal motoneurons are affected the same way by 

the SOD1 mutation. It has been recently suggested that FF 

motor units (MUs) are more susceptible than FR MUs, which 

in turn are more susceptible than S MUs(1-2). We have 

recently developed a new in vivo preparation allowing the 

study of the electrical properties of motoneurons in adult 

mice(3). With this preparation, we can investigate the 

properties of motoneurons in concert with the contractile 

properties of their MUs. As such, this preparation constitutes 

the ideal tool to study this question. 

Objectives: The first task presented to us is to investigate, in 

WT mice, the relationship between the electrophysiological 

properties of motoneurons and the contractile properties of 

the muscle fibers they contact. Doing so will allow us to 

establish criteria for the classification of mouse MUs in 

physiological types. 

 

Methods: Mice are anesthetized with pentobarbital sodium 

and artificially ventilated. The triceps surae  nerve is 

carefully dissected and the tendon of the muscle is secured to 

an isometric force transducer. Intracellular recordings of 

motoneurons are performed using glass microelectrodes 

lowered into the spinal cord after a laminectomy has been 

performed over the lumbar enlargement. 

 

Results: We have studied 18 MUs so far. In all cases, the 

properties of individual twitches produced in response to 

spikes, elicited by a brief intrasomatic depolarizing pulse, 

have been measured. Their contraction time ranged from 8 to 

20 ms (mean+/-SD, 12+/-3 ms), peak force ranged from 0.4 

to 6.3 mN (2.3+/-2.0 mN), and total duration 27 to 67 ms 

(48+/-11 ms). We have also studied the force profile in 

response to repetitive stimulation. We have observed that 

mouse MUs reached their tetanic force at stimulation 

frequencies just above 50 Hz. The working range of firing 

frequencies corresponds then to the ‘sub-primary range’ that 

we described previously(3). At the present time, more 

recordings are needed to study the fatigability of MUs. 

Conclusion: Even though more data are still needed to be 

able to fully characterize WT mouse MUs, this new 

technique shows tremendous potential to better understand 

the pathogenesis of ALS. By being able to study type-

identified MUs, it will be possible to investigate the 

modifications in the properties of a type-identified MU 

before, during, and after denervation. 
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Background: In a ALS mouse model (SOD1 G93A), only 

the fast contracting motor units are affected (1,2). The 

mechanisms leading to this selective vulnerability remain 

unknown. In particular we do not know whether the 

electrophysiological properties of motoneurons are affected 

at the time when the muscle fibers are denervated. 

Objectives: To investigate whether some spinal motoneurons 

display abnormal subthreshold and firing properties just 

before or during the degeneration process in SOD1 mice. 

 

Methods: We performed intracellular recordings in lumbar 

motoneurons of anesthetized mice using the same preparation 

as in (3). We recorded 20 lumbar motoneurons in transgenic 

mice (G93A model) aged from 39 to 66 days old. 

Results: The input resistance ranged from 1.1 to 5.4 MOhm 

(mean +/- SD; 2.4 +/- 1.0 MOhm, N=20) and the membrane 

time constant from 0.4 to 3.8 ms (1.9 +/- 1.1 ms, N=15). The 

average values were, respectively, 35% and 24% smaller than 

in wild type (WT) animals but all individual values were in 

the WT range (3). All other subthreshold properties 

(electrotonic length: 0.8-1.9, 1.3 +/- 0.3, N=15; cell 

capacitance: 0.2-2.8 nF, 1.2 +/- 0.8 nF, N=15; frequency of 

subthreshold resonance: 9-22 Hz, 16 +/- 4 Hz, N=13) 

distributed in the same range and had the same mean as in 

WT. The discharge properties were tested in 13 motoneurons 

during slow triangular current ramps (1-2 nA/s). 3 were 

unresponsive. 9 displayed fast oscillations and a sub-primary 

firing range that was followed (6 motoneurons) or not (3 

motoneurons) by a linear primary range as in WT animals. 

By contrast with WT, one motoneuron did not display fast 

oscillations. The gain of the primary range was 9-20 Hz/nA 

(15 +/- 4 Hz/nA, N=7) as in WT. We speculate that the motor 

unit action potentials would help us identifying degenerating 

motor units. Preliminary data in WT motor units show that 

some neuromuscular junctions were unable to sustain 

prolonged stimulation at frequencies higher than 80Hz.  

 

Conclusions: At the time when neuromuscular junctions 

begin to degenerate, the intrinsic properties of SOD1 

motoneurons were rather similar to those of WT mice (3). 

However, it is likely that our sample includes motoneurons 

innervating both affected and unaffected motor units. It 

remains to verify whether motor unit degeneration could be 

identified on the basis of the ability of neuromuscular 

junctions to follow high frequency stimulation. This will 

allow us to investigate whether the two classes of 

motoneurons display specific electrical properties. 
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Objectives: Neuronal cytoplasmic and intranuclear 

aggregates of RNA-binding protein TDP-43 are a hallmark 

feature of neurodegenerative diseases such as amyotrophic 

lateral sclerosis (ALS) and frontotemporal lobar degeneration 

(FTLD). ALS and FTLD show a considerable clinical and 

pathological overlap and occur as both familial and sporadic 

forms. Mutations in TDP-43 are known to cause both the 

familial and the sporadic form of ALS in about 3% of 

patients. The goal of this study is to overexpress two such 

TDP-43 mutations – A315T and G348C and the wild-type 

human TDP-43 protein in transgenic mice, thereby modeling 

the human disease. 

Materials and methods: TARDBP (NM_007375) was 

amplified by PCR from a human BAC clone (clone RPCI-11, 

clone number: 829B14) along with the endogenous promoter 

(~5kB). Site-directed mutagenesis using the primer-based 

approach was used for the generation of mutants (TDP-

43
A315T

 and TDP-43
G348C

). The full-length TARDBP (wild-

type, G348C and A315T mutants) were linearized by Swa-1 
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restriction enzyme and microinjected in mice embryos 

(having a background of C3H X C57BL/6). Later, they were 

transplanted in pseudo-pregnant mothers (having ICR CD1 

background). Founders were bred with Ntg C57BL/6 mice to 

establish stable transgenic lines. Transgene expression was 

analyzed in brain and spinal cord by real-time PCR and in 

brain, spinal cord, muscle, liver by Western blot using 

monoclonal human TDP-43 antibody (Clone E2-D3, 

Abnova). Immunohistochemistry and immunofluorescence 

on spinal cord and brain sections of TDP-43 transgenic mice 

were done using monoclonal TDP-43 antibody, ubiquitin 

(Chemicon), Iba-1 (Wako), GFAP (Chemicon). 

Results: Neurons in the affected spinal cord and brain 

regions showed accumulation of TDP-43 nuclear and 

cytoplasmic aggregates that were both ubiquitinated and 

phosphorylated as observed in ALS/FTLD patients. 

Moreover, the characteristic ~25-kDa C-terminal fragments 

(CTFs) were also recovered from nuclear fractions and 

correlated with disease development and progression in TDP-

43
A315T

 and TDP-43
G348C

 mutant mice as compared to TDP-

43
wt

 mice. TDP-43
G348C

 mice showed increased ubiquitin 

positive TDP-43 aggregates in the cytoplasm. Also these 

mice had learning and memory deficits as evaluated by 

passive avoidance test compared to TDP-43
wt

. TDP-43
G348C

 

and TDP-43
A315T

 transgenic mice also had increased 

microgliosis and astrogliosis. 

Conclusion: Our results suggest that mutation in TDP-43 

(A315T and G348C) result in cytoplasmic aggregation of 

TDP-43 and its ubiquitination and phosphorylation. These 

mice have increased microgliosis and astrogliosis. These 

mice also have severe learning and memory deficits 

suggesting their usefulness in modeling ALS and FTLD-U. 
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 Background:  Canine degenerative myelopathy (DM) is a 

progressive neurodegenerative disease recently shown to be a 

result of a missense mutation in the superoxide dismutase 1 

(SOD1) gene (1). In canine DM, upper motor neuron spastic 

paresis and general proprioceptive ataxia in the pelvic limbs 

occurs in dogs over 8 years old. If euthanasia is delayed, 

clinical signs will progress causing flaccid tetraparesis, and 

other signs appearing to result from lower motor neuron 

dysfunction. Some human cases of amyotrophic lateral 

sclerosis (ALS) have been found to result from SOD1 

mutations. Based on this and similarities in disease 

phenotype, canine DM appears to be a spontaneously 

occurring model for human ALS.  

Objectives:  To investigate if loss of motor roots can be 

correlated with disease severity in DM affected Boxers. We 

hypothesize a progressive axonal fiber loss in motor roots of 

dogs with DM.  

Methods:  T8 ventral roots were collected from 5 DM 

affected, and 2 age-matched control Boxers. Images were 

obtained from cross sections of these roots embedded in 

epoxy resin, and stained with P-Phenylene Diamine. Total 

myelinated fiber numbers and cross-sectional areas of each 

axon were determined using image analysis software 

(MetaMorph®). Fiber density, percentage of endoneural area 

occupied by fibers, and size distributions were calculated. 

Morphometric data were evaluated with respect to clinical 

severity using a scoring system: 0 being unaffected and 4 

being the most severely affected [grade 0 (n=2); grade 1 

(n=1); grade 2 (n=2); grade 4 (n=2)].  

Results:  Sample size was found to be insufficient to 

correlate the morphometric data with disease grade. 

Therefore data were pooled into affected and unaffected 

groups for statistical analysis. Affected dogs had significantly 

fewer axons per motor root than control dogs. For both 

groups, the average number of fibers falling into different 

size classes was determined. A biphasic distribution of fiber 

sizes was observed in all dogs; this was particularly evident 

when fiber sizes were expressed as fiber diameters. Visually 

there appeared to be fewer fibers across the entire size 

spectrum in nerve roots of affected dogs. No significant 

differences were seen in the other measurements, however 

the sample sizes were not sufficient to rule out that such 

differences existed.  

Discussion and conclusions:  Results from this study may 

indicate a decrease in myelinated fibers in the motor roots of 

DM affected dogs. Additional control and DM-affected 

samples are being collected to determine if the progression of 

fiber loss correlates with disease severity, and whether there 

are changes in the other morphometric measures in DM. 

Results from this study indicate that total motor root axon 

number is a useful biomarker for evaluating therapeutic 

interventions. 
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Background: Amyotrophic lateral sclerosis (ALS) is a fatal 

neurodegenerative disease that has a worldwide median age 

of onset of 55 years. Death often occurs within five years of 

the first symptoms as the respiratory system is eventually 

dysfunctioned. The disease mechanism underlying ALS is 

poorly understood. However, proteins that play fundamental 

roles in ALS pathogenesis have recently been identified. 

These include TDP-43 and FUS. Our group discovered 

several mutant forms of TDP-43 and FUS that appear to 

directly trigger neurodegeneration leading to familial ALS. 

Identifying the mechanisms through which rare TDP-43 and 

FUS mutations cause familial ALS should be relevant to 

understanding the cause of familial and sporadic ALS as a 

whole. 

Objective: 1) To establish TDP-43 or FUS-expressing motor 

neuron cell lines; 2) To investigate the toxic mechanism of 

the TDP-43 and FUS mutations in both neuronal cell lines 

and non-neuronal cell lines. 

Methods: Motor neuron derived cell lines NSC 34 and MN-

1, and cervical cancer cell line HeLa were used in the present 

study. The cells were transiently transfected with wild type or 

mutant TDP-43 and FUS. The overexpressed proteins were 

stained with immunofluorescence and examined by confocal 

microscopy. The components of the TDP-43 aggregates were 

identified using immunoprecipitation. MTT assay and 

Annexin V assay were performed following transfection in 

order to study the toxic effect of the mutation. The effect of 

TDP-43 and FUS overexpression on mitochondria and 

caspase 3 activation was also studied by JC-1 assay and 

Caspase 3/7 Glo assay, respectively, post-transfection. 

Results: When overexpressed, wild type TDP-43 and FUS 

and their mutant forms were translocated to the cytoplasm. 

As a result, a significant toxicity was found in both neuronal 

cells and non-neuronal cells, although only neuronal cells 

showed a difference between wild type and mutant TDP-43 

transfected cells. Both wild type and mutant TDP-43 were 

found to be ubiquitinated. Treatment with an apoptosis 

inducer led to a higher percentage of apoptotic cells among 

those expressing mutant TDP-43 than control cells. Caspase 

3/7 activity was elevated after TDP-43 protein 

overexpression. Mitochondrial membrane potential was also 

compromised. 

Discussion and conclusions: NSC 34 and MN-1 cells 

transfected with TDP-43 and FUS showed similar 

pathologies to that of ALS patient cells, such as cytoplasmic 

aggregation and ubiquitination, suggesting that the cell lines 

can be used as models for ALS. The toxicity was due to 

overexpression of TDP-43, suggesting it may be a toxic gain 

of function. Mutations in the TDP-43 gene may render cells 

more susceptible to extracellular stresses, at least in our 

models, to a caspase 3 activator, staurosporine. Transient 

transfection of TDP-43 also resulted in caspase 3/7 

activiation and mitochondria disruption, suggesting that an 

intrinsic apoptotic death pathway may be involved in ALS 

pathogenesis. 
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Background: The mechanistic basis underlying progressive 

and selective degeneration of motor neurons in motor neuron 

disease (MND) is poorly understood, although recent 

evidence derived from SOD1 models implicate non-cell 

autonomous mechanisms. The discovery that TDP-43 is the 

major protein within ubiquitinated cytoplasmic inclusions, 

the hallmark pathology in 90% of MND cases and the recent 

identification of causative TDP-43 mutations in 1-4% of 

familial and sporadic forms highlights the need to develop 

experimental models to address the consequences of mutant 

TDP-43. 
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Objectives: Recent discoveries in reprogramming and 

resulting derivation of human induced pluripotent stem cell 

(iPS) lines permit human-based cellular models to study the 

consequences of disease causing mutations. In order to 

establish a platform for in vitro disease modeling we sought 

in this study to first generate iPS lines from TDP43 M337V 

mutation carrying and control individuals and next optimize 

differentiation protocols for motor neuron and astrocytes. 

Methods: Generation of iPS cells from adult human 

fibroblasts was undertaken by viral transduction of Oct4, 

Sox2, Klf4 and Myc. Resulting clones were characterised and 

validated by standard criteria including expression of 

pluripotency markers, bisulphite sequencing and teratoma 

formation. Neural conversion of iPS cells was achieved by 

dual inhibition of SMAD-signalling and generation of 

functional MNs was assessed by IHC, PCR, 

electrophysiology and myoblast co-cultures following 

patterning with Shh and RA. 

Results: Induced pluripotent lines and subsequent efficient 

neural conversion was achieved from TDP-43 M337V mutant 

and healthy control individual. TDP-43 M337V mutant and 

control iPS lines both gave rise to HB9/ChAT (+) mature 

motor neurons that were electrophysiologically active and 

formed neuromuscular junctions in myoblast co-culture. 

GFAP (+) astrocytes were also generated from propagated 

neural stem cells derived from both mutant and control 

backgrounds. 

Discussion: Our results establish an in vitro human 

experimental platform to begin to address cellular autonomy 

of MN degeneration and the role of TDP-43. 
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Amyotrophic lateral sclerosis (ALS) is a neurodegenerative 

disease characterized by progressive loss of motor neurons, 

causing muscle atrophy and paralysis. Most ALS patients are 

sporadic cases, resulting from multiple genetic and 

environmental factors, which are still unknown. Induced 

pluripotent stem cell (iPSC) technology offers the possibility 

to induce patient skin cells into pluripotent stem cells, by 

introducing four transcription factors (Oct4, Sox2, c-Myc and 

Klf4). Patient specific-iPSCs are capable of expanding and 

providing any cell type. We aim to generate motors neurons 

from sporadic ALS patient-specific iPSCs, in order to study 

this disease. We have been attempting to reprogram skin 

fibroblasts by transduction with a lentivirus containing the 

four transcription factors linked with self-cleaving sequences 

in a single open reading frame. Downstream of the 

transcription factors sequence there is a GFP reporter gene, 

which enables the visualization of cells undergoing 

reprogramming. We have detected the expression of 

pluripotent markers on the reprogrammed fibroblasts, such as 

alkaline phosphatase, SSEA4 and Nanog. Presently, skin 

biopsies are being collected from various patients with 

sporadic forms of ALS. Fibroblasts isolated from patients 

skin will be reprogrammed into iPSCs. Patient-derived iPSCs 

will then be differentiated into motor neurons. We will 

investigate potential biological defects in the patient-specific 

iPSC-derived motor neurons such as the presence of 

misfolded SOD1 species, cytoskeletal abnormalities, 

mitochondrial dysfunction and axonal transport defects. 

Furthermore, we will carry out gene expression analysis on 

iPSC-derived motor neurons. It is our hope that the iPSC 

technology will result in the discovery of biological defects 

that predispose motor neurons to degeneration in sporadic 

ALS. 
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Background: Amyotrophic lateral sclerosis (ALS) is a fatal 

adult-onset neurodegenerative disease characterized by the 

loss of both upper and lower motor neurons leading to 

progressive paralysis. Transactive response DNA binding 

protein 43 kDa (TDP-43) is a major component of the 

ubiquitin-positive inclusions that are a pathological hallmark 

of affected cells in ALS. TDP-43 is RNA/DNA binding 

protein that is predominantly nuclear but undergoes 

subcellular redistribution in ALS. It relocates to the 

cytoplasm and forms sequestered aggregates. Biochemical 

analyses of TDP-43 in brains and spinal cords of FTLD and 

ALS cases reveal that TDP-43 is pathologically modified. 
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Since 2008, we and other groups have found missense 

mutations in the TARDBP gene encoding TDP-43 in familial 

and sporadic ALS cases, supporting a causative link between 

TDP-43 dysfunction and neurodegeneration. 

Objectives: 1) To determine whether patient lymphoblasts 

can be used as a model for ALS; 2) To investigate the effect 

of TDP-43 mutations on cell division, cytotoxicity and post-

translational modifications in lymphocytes. 

Methods: Lymphoblast cells lines from patients carrying 

TDP-43 mutations and controls were treated with various 

stresses (apoptosis inducer, endoplasmic reticulum stress and 

proteasome inhibition) and investigated using 

immunohistochemisty, immunofluoresence, Western blot, 

trypan blue, MTT, annexin V, caspase 3/7 and proteasome 

assays. 

Results: TDP-43 was found to be pathologically modified 

under cellular stresses. Western blot analysis showed that 

TDP-43 was hyperphosphorylated, ubiquitination and 

cleaved into 35 kDa and 25 kDa fragments. 

Immunohistochemistry results showed that TDP-43 was 

redistributed from nucleus to the cytoplasm and forms 

sequestered aggregates. Toxicity experiments suggest that the 

TDP-43 mutation is rendering cells more susceptible to 

cellular stresses. Cell cycle progression seems to be altered in 

immortalized lymphocytes derived from patients with TDP-

43 mutation. 

Discussion and conclusion: Lymphocytes treated with 

cellular stresses (proteasome inhibitor and apoptosis inducer) 

showed similar pathology to that of ALS patient cells, such as 

redistribution, aggregate formation, ubiquitination and 

phosphorylation, suggesting that these cells may be used in 

ALS study. Cells carrying TDP-43 gene mutations are more 

susceptible to apoptosis induction. There seems to be a 

distinct regulation of cell cycle and survival in lymphocytes 

from patients with TDP-43 mutations. 
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Primary cultures of motor neurons from immature 

mammalian spinal cord provide excellent in vitro models for 

dissection of molecular pathways underlying neuronal 

dysfunction in Amyotrophic Lateral Sclerosis. However, they 

suffer from the limitation that the developmental status 

(physiology) is different from that in the adult and that 

neurons are isolated from the spinal cord cellular context. In 

this regard, organotypic cultures are useful for examining 

pathophysiology of diseases as they maintain preserved 

architecture and many aspects of in vivo biology. In addition 

they allow a good experimental access and precise control of 

the extracellular environment.  

In the present study we propose a protocol to generate 

organotypic culture of adult mouse spinal cord slices (ASCS). 

The integrity of the spinal cord slices was examined at 

histological level. Neurons and glial cells were identified 

using SMI-32 and GFAP immunostaining respectively. 

Motor neurons were identified on account of their 

morphology, size and localization in the ventral horn. Using 

calcein labeling to assess cell viability we show that spinal 

cord slices can be kept viable for up to two weeks in culture. 

This technique was used to compare the viability of motor 

neurons from wild type and G93A mSOD mice. 

ASCS are a novel ALS ex vivo experimental model, which 

permits direct treatment with pharmacological agents 

modulating cell death pathways and thus provides a 

therapeutic screening system that will help limiting the 

number of animals used. 
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More than 15 years ago, point mutations in the gene for 

Cu/Zn superoxide dismutase (SOD1) were found to correlate 

with some familial cases of ALS (fALS). SOD1 acts as a 

dimer consisting of two SOD1 monomers and is a cellular 

oxidative defense enzyme. Since nearly all of the SOD1 

mediated fALS are inherited dominantly patients carry one 

mutated and one wildtype allele resulting in the expression of 

mutant as well as wildtype SOD1 proteins. Enzymatic active 

dimers might therefore consist of two wildtype, two mutant 

subunits or one wildtype and one mutant subunit. It has 

already been observed that overexpression of wildtype SOD1 

could hasten onset and accelerate progression of mutant 

SOD1-mediated disease in mice. To investigate the 

biochemical and biophysical properties of defined SOD1 

dimers we generated constructs where two SOD1 subunits 

are moleculary attached to each other by a polypeptide. 
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SOD1 dimers containing a wildtype and mutant subunit are 

herein referred to as SOD1 heterodimers while dimer 

constructs containing two mutant subunits are referred to as 

SOD1 homodimers.  

A set of different mutant SOD1 dimers were expressed in a 

bacterial expression system under standard conditions. All 

mutant homodimeric proteins tended to be localized in the 

insoluble inclusion bodies of bacterial cells while 

heterodimeric SOD1 proteins remained - like the wildtype 

homodimer - soluble. This result confirmed observations 

obtained in our laboratory that SOD1 homodimers displayed 

a greater tendency to aggregate than their heterodimeric 

counterparts in eukaryotic expression systems. In order to 

increase the amount of soluble mutant SOD1 homodimer we 

expressed all proteins under low temperature conditions. 

Purified SOD1 dimers displayed dismutase activity indicating 

that proteins are folded correctly even under non-permissive 

expression conditions. Secondary structure analysis by CD 

spectrometry revealed that the overall secondary structure of 

SOD1 fusion proteins was similar to those published for 

monomeric SOD1. To analyze the stability of SOD1 dimers, 

purified proteins as well as extracts of transiently transfected 

HEK293 cells were treated with proteinase K. In agreement 

with earlier studies, we could demonstrate that some SOD1 

mutant proteins were more sensitive to proteinase K digest 

than others. Nonetheless, heterodimers were less sensitive to 

proteinase K treatment in both experimental paradigms 

suggesting that a wildtype subunit stabilized the dimeric 

conformation for SOD1 heterodimers. 

In SOD1 heterodimers a wildtype subunit seems to have a 

great influence on the stability and aggregation tendency of 

SOD1 dimers. It has been shown that a wildtype subunit 

could influence onset and progression of disease in transgenic 

mice and it also might influence the severity and progression 

of the disease in human patients. 

Support by the Stiftung Rheinland-Pfalz für Innovation and 

the Thierry Latran-Foundatiuon. A.W. is a recipient of a Carl 

Zeiss-Foundation fellowship. 

 

SW283 HIGH CONTENT SCREENING FOR TDP-43 

MODULATORS: NEW THERAPEUTIC 

APPROACHES AND PATHOPHYSIOLOGY OF ALS 

LEE-ARMANDT JP
1 ,2

, ZAARUR N
1
, BOYD J

2
, 

GLICKSMAN M
2
, WOLOZIN B

1
 

1
Boston University School of Medicine, Boston, MA, United 

States,
 2

Laboratory for Drug Discovery in 

Neurodegeneration, Harvard NeuroDiscovery Center, 

Cambridge, MA, United States 

Email address for correspondence: jpeter@bu.edu 

Keywords: TDP-43, stress granules, high content screening 

Emerging evidence indicates that RNA metabolism play a 

critical role in the biochemical processes contributing to 

ALS. Mutations in a gene that encodes TDP-43 (Tar DNA 

Binding Protein-43), which is an RNA binding protein, have 

been identified in familial and sporadic ALS patients. Studies 

in cell lines, neurons and transgenic mice indicate that TDP-

43 forms inclusions upon over-expression. Some studies, 

including our own, suggest that the TDP-43 inclusions found 

in ALS are associated with stress granule (SG) markers. SGs 

are protein-RNA complexes that are formed through a 

process of ‘physiological aggregation’ in response to stalled 

mRNA translation. 

This study is designed to screen FDA approved drugs and 

additional compound libraries to identify compounds that 

may have therapeutic potential for ALS. Lead compounds 

might also be useful as probes to understand SG biology and 

the pathophysiology of ALS. 

We have established and characterized a PC12 cell line that 

stably expresses wild-type, GFP-tagged TDP-43 under 

control of a tetracycline promoter. A screen of the 1,600 

compound library of FDA approved compounds and purified 

natural products was performed at the Laboratory for Drug 

Discovery in Neurodegeneration, Harvard NeuroDiscovery 

Center. Lead compounds that were both inhibitors and 

inducers of TDP-43 aggregation were selected for further 

analyses using dose-response and cell survival protocols. 

Characterization of inducible PC12 cells expressing WT 

GFP-tagged TDP-43 revealed that approximately 50% of the 

cells expressed detectable WT TDP-43 in the nucleus. In 

30% of the cells, overexpression of WT TDP-43 resulted in 

translocation and aggregation of TDP-43 in the cytoplasm, 

which co-localized with a SG marker TIA-1. Over-expression 

of TDP-43 was toxic to the cells. One of the compounds 

identified by screening of the FDA approved library and 

purified natural products, one compound showed potent 

activation of TDP-43 aggregation in cytoplasm (EC50= 0.025 

mM). After 48 hours of compound treatment, nuclear TDP-

43 and cytoplasmic inclusions showed 2-fold incrase 
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(p<0.05) while the total number of cells decreased 1.5-fold 

(p<0.05). 

Inducible PC12 cells expressing WT GFP-tagged TDP-43 are 

a reliable in vitro model for high content screening for 

discovery of new therapeutic approaches to ALS. We 

identified a compound that decreased the total number of 

cells while increasing the level of TDP-43 expression and 

intensity of inclusions suggesting that the identified 

compound might be working to increase the cell death in 

cells that do not over-express TDP-43, or to decrease cell 

proliferation. 

Utilizing a compound that induces TDP-43 containing SGs 

identified from the FDA approved drug library will provide a 

platform for translational research to study the biology of SG 

and TDP-43. Furthermore, screening additional libraries is 

ongoing and finding a novel compound that reduces TDP-43 

associated phenotypic changes may provide new therapeutic 

approaches to ALS. 
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 Background: In finding new ALS drugs, one strategy is to 

develop inhibitors of the α-amino-3-hydroxy-5-methyl-4-

isoxazole propionic acid (AMPA) receptors, a subtype of 

glutamate ion channel receptors. This is because excessive 

activity of AMPA receptors is thought to link to the selective 

death of motor neurons. Previously, we successfully 

identified a class of AMPA receptor-selective RNA inhibitors 

or aptamers. The potency of one aptamer rivals any existing 

AMPA receptor inhibitors ever reported. Unmodified, these 

RNA aptamers are limited in therapeutic applications in vivo 

by their inherent sensitivity towards ribonucleases, the 

enzymes that catalyze the degradation of RNA molecules. 

However, chemical modifications of RNA molecules at the 

2′-OH position of the ribose can turn them into ribonuclease-

resistant or biostable aptamers. Thus, making ribonuclease-

resistant aptamers is the first step to translate these aptamers 

from powerful AMPA receptor antagonists into clinical 

drugs. 

Objectives: Identification of biostable, nanomolar affinity, 

highly selective aptamers for AMPA receptors. 

Methods: An in vitro evolution approach was used to 

identify chemically modified aptamers from a RNA library. 

A series of assays are used to characterize the aptamers with 

the functional receptor forms, including the use of a laser-

pulse photolysis technique with a microsecond time 

resolution. 

Results: A combinatorial library containing chemically 

modified RNAs by replacing the 2′-OH with 2′-F group was 

prepared for aptamer selection with GluA2Qflip, a key AMPA 

receptor isoform thought to inflict excitotoxicity in motor 

neurons. Expressed in HEK-293 cells, GluA2Qflip was used in 

the membrane form as an intact, functional receptor for the 

aptamer selection. After 12 rounds of selection, we identified 

a class of an enriched aptamer sequence by cloning and 

sequencing. Our functional assay using whole-cell current 

recording with GluA2Qflip expressed in HEK-293 cells 

showed that this sequence correlated to a nanomolar affinity 

aptamer against GluA2Qflip. Furthermore, using 32P-labled 

aptamer and a ribonuclease digestion assay running on a 

sequencing gel, we found that 50% of the chemically 

modified aptamer remained after 48 hour digestion whereas 

the unmodified RNA with the same sequence was totally 

digested within 1 minute under the same reaction condition. 

These results suggest we have identified a potent, stable 

aptamer. 

Discussions and conclusions: We are doing truncation 

experiments to find the minimal, functional sequence of the 

aptamer. We will then test if it has any side activity on either 

kainate or N-methyl-D-aspartate subtype of glutamate 

receptors. Once established, the chemically modified aptamer 

will be tested immediately in vivo for its potency and efficacy 

in various excitotoxicity and ALS models. Because an 

aptamer is an RNA molecule by nature, it is water soluble. 

Thus, our aptamer represents a novel molecule of AMPA 

receptor-selective inhibitor as a drug candidate for a new 

ALS therapy. 
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 Background: Substance P antagonist N-acetyl-tryptophan, 

an inhibitor of release of cytochrome c, is a potential 

therapeutic agent in the Neurodegenerative Drug Screening 

Consortium's library of 1040 compounds. However, there is 

no report on its neuroprotection in Amyotrophic Lateral 

Sclerosis (ALS). In addition, the action mechanisms of N-

acetyl-tryptophan are poorly understood.  

Objectives: We aim to evaluate the mechanisms of action 

and possible neuroprotective efforts of N-acetyl-tryptophan 

in models of ALS. 

Methods: The effects of N-acetyl-tryptophan were first 

studied in H2O2-induced cell death of NSC34 motor neurons, 

a cellular model of ALS. A chemical structure-activity 

relationship analysis was performed. After treatment, 

substance P secretion, mitochondrial factor cytochrome 

c/smac/AIF release, mitochondrial membrane potential 

dissipation, caspase-9/-3/-1 activation, and proteasome 

activity were evaluated. In addition, the effects of N-acetyl-

tryptophan in isolated mitochondria were assessed. N-acetyl-

L-tryptophan is not a mitochondrial permeability transition 

inhibitor in isolated mitochondria. N-acetyl-tryptophan was 

also studied in an animal model of mSOD1
G93A

 ALS 

transgenic mice. The rotarod test was performed and body 

weight was measured in the absence or the presence of N-

acetyl-tryptophan. 

Results: We demonstrate that N-acetyl-L-tryptophan, but not 

N-acetyl-D-tryptophan, is neuroprotective in NSC34 motor 

neurons. The finding is supported by energy minimization 

and molecular dynamics analysis. Furthermore, N-acetyl-L-

tryptophan shows protection in mSOD1
G93A

 ALS transgenic 

mice. Our results indicate that N-acetyl-L-tryptophan inhibits 

the secretion of Substance P, and N-acetyl-L-tryptophan 

provides protection not only through the prevention of 

caspase-dependent and caspase-independent apoptotic cell 

death pathways, but also through the correction of 

proteasomal dysfunction.  

Discussion and conclusions: Our investigation elucidates the 

molecular mechanisms of neuroprotective effects of N-

acetyl-L-tryptophan. We also demonstrate that N-acetyl-L-

tryptophan could be used in potential therapies for ALS and 

other neurodegenerative diseases that are characterized by 

inappropriate activation of cell-death pathways and/or 

oxidative stress. 
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Introduction: Glycogen synthase kinase (GSK)-3 has 

recently been implicated in the pathogenesis of 

neurodegenerative diseases. This enzyme, in the past only 

linked with glyconeogenesis regulation, is currently used like 

neuroprotector agent because of its modulation on the 

apoptotic pathway. Thus, inhibition of GSK-3 stops intrinsic 

apoptosis via (1). The cyclic nucleotides cAMP and cGMP 

are second messengers participating in a variety of cellular 

responses to extracellular agents such as neurotransmitters. 

cAMP and cGMP are inactivated by cyclic nucleotide 

phosphodiesterases (PDE), then these enzymes modulate 

cyclic nucleotide-mediated signal pathway like 

neuroinflammatory responses (2,3). There are 11 

phosphodiesterase families with differential expression 

pattern between tissues. PDE-7 is expressed in T-cells, brain 

and skeletal muscles. Inhibition at level GSK-3 and PDE, 

could prevent motoneuron apoptosis, increase levels of 

cAMP in muscle of ALS patients and repress 

neuroinflammatory syntoms. VP1.15 is a double inhibitor of 

PDE-7/GSK-3, with IC50 = 1,11 µM and IC50 = 2 µM 

respectively. PAMPA assay allowed us to deduce that 

VP1.15 is able to go through the blood-brain barrier. For 

above reasons, this molecule was used in a preclinic assay 

with transgenic human mutant SOD1 mice. 
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Materials and methods: DNA samples from the ears of 

mice were analyzed by PCR to identify and select transgenic 

and normal animals would be incorporated into the test. 

Finally, a total of 11 transgenic male mice and 9 transgenic 

female mice (with corresponding normal littermates) were 

recruited. The excess of normal and transgenic animals was 

considered as control drug-free survival. The trial began at 

onset of symptoms by taking mice weight three times a week, 

by visual assessment of motoneuron impairment and by 

testing on a grid once a week. These observations were 

maintained until completion of the assay. The drug was 

administered daily for 30 days via intraperitoneal injection. 

The dose delivered was 7.5 mg / kg. The animals had food 

and water ad libitum, and the access to food and drink when 

the symptoms worsened was guaranteed. The assay was 

ended when all transgenic mice could not be incorporated in 

the supine position, and all mice were sacrificed. 

Results: Survival analysis, maintenance of motor functions 

and molecular studies in brain, spinal cord and muscle of the 

mice studied, will be presented during the conference.  

Funding: this study has been supported by ISCIII (PI071283 

and EC08/00049) and by Agencia Laín Entralgo 

(NDG07/07). 
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Purpose: A few neurodegenerative diseases which affect 

brain and spinal cord could be at least partially improved by 

peripheral immunization using the responsible protein, eg 

amyloid-β in Alzheimer's disease and Cu/Zn superoxide 

dismutase (SOD1) in amyotrophic lateral sclerosis (ALS). 

This approach may, however, influence not only the disease-

causing protein but normally functioning proteins as well. 

This undesirable effect complicates interpretation of the 

treatment results. To overcome this problem, we used 

minimum sequences unique for the mutant protein instead of 

using whole protein as the antigen. 

Method: We previously established the DF transgenic mice 

that had a human SOD1 gene with a 2-bp deletion at codon 

126 (leu126delTT mutation) and also had an additional 

FLAG-tag sequence at the carboxyl terminus of the gene. 

Consequently, the 5-AA sequence from codon 127 to 131 

(GQRWK) as well as the FLAG sequence (DYKDDDDK) 

are unique for the mutant DF protein. Using these peptides, 

we investigated the effect of SOD1 immunization in the DF 

mice. The GQRWK including peptide or 3×FLAG peptide 

were emulsified with same amount of Freund's adjuvant. The 

emulsion was intraperitoneally inoculated 8 week old 

transgenic mice. Serial boost immunization was administered 

to the mice at the ages of 10, 12 and 17 weeks. 

Results: The FLAG immunization showed no benefit to the 

DF mice with regard to hind limb extension score, body 

weight, the onset of the disease, nor lifespan. In the serum 

from the FLAG immunized mice, there was no increase in the 

amount of antibody against the FLAG peptide. The GQRWK 

immunized group showed beneficial tendencies in hind limb 

reflex score, body weight, the disease onset time, and 

lifespan. Especially body weight at the age of 21 and 22 

weeks showed a statistically significant difference between 

the immunized and control groups (p<0.05). The antibody 

against the GQRWK peptide is remarkably elevated in the 

ELISA analysis in all immunized mice. The pooled sera from 

the GQRWK immunized group recognized similar 

components in the spinal cords as commercial anti-SOD1 

antibodies. 

Conclusions: Peptide immunization might be beneficial in 

the treatment of ALS. A variety of SOD1 mutations are 

reported through all exons of SOD1 gene. We need to 

understand how the immunization works and which part of 

the SOD1 protein are responsive for the effect of the 

immunization. 
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Amyotrophic lateral sclerosis (ALS) is a fatal, neurological 

disorder characterized by an unremitting degeneration of 

motor neurons in the spinal column and brain. As of yet, 

there is no therapy that substantially improves patient 

survival. The precise disease mechanism remains unclear; 

however, recent genetic studies, crossing SOD1_G93A mice 

into either RAG2(-/-) or CD4(-/-) backgrounds, have 

provided evidence that infiltrating T cell populations are 

neuroprotective and not cytotoxic (1,2). Additionally, the co-

stimulatory pathway is activated in spinal cord, skeletal 

muscle, and sciatic nerve during disease progression in 

SOD1_G93A mice (3). These studies also established that 

treatment of SOD1_G93A mice with a blocking antibody to 

CD40L (anti-CD40L) ameliorated several pathophysiological 

parameters associated with disease onset and progression. 

Anti-CD40L treatment improved survival, delayed disease 

progression, improved motor neuron survival, decreased 

astrocytosis, and decreased the association of immune cells 

on peripheral nerves in SOD1_G93A mice. In an effort to 

further elucidate the therapeutic mechanism of action of 

immunomodulatory treatments in SOD1_G93A mice we 

have used two complementary strategies. First, we have 

characterized the effect, in the SOD1_G93A mice, of 

depleting monoclonal antibodies that target subsets of T cell 

populations to clarify the role of T cells in the disease. 

Second, we have investigated the impact of the macrolide 

immunosuppressants, rapamycin and FK506. We report that a 

one time, transient treatment of SOD1_G93A mice with 

depleting antibodies to either CD3 or CD8 dramatically 

impact total T cell populations or CD8 positive T cell 

populations, respectively. Proliferation of T cell populations 

after treatment partially restores the numbers of total T cells 

or CD8 positive T cells 35 days after treatment. A single dose 

of CD8 depleting antibody at day 50, prior to clinical 

symptoms, in the SOD1_G93A model failed to ameliorate 

disease progression or survival in SOD1_G93A mice in a 

gender specific manner. In contrast, a single dose of CD8 

depleting antibody at the start of symptoms trended toward 

improvement of disease progression. Similarly, macrolide 

immunosuppressant therapy had differential effects 

depending on the dosage, gender, and start time of the 

treatment. Potential therapeutic implications of these pre-

clinical studies will be discussed.  
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Background: Mutated or otherwise misfolded proteins are a 

hallmark of neurodegenerative diseases. Heat shock proteins 

(HSP) facilitate proper folding or clearance of misfolded 

proteins. Upregulation of multiple HSPs is protective in cell 

culture and mouse models for neurodegenerative diseases, 

including ALS. Treatment with inhibitors of heat shock 

protein 90 (Hsp90) results in increased expression of HSPs. 

NexGenix Pharmaceuticals is developing a series of fully 

synthetic small molecule Hsp90 inhibitors based on the 

natural radicicol scaffold. The lead compound, NXD30001, 

exhibits significantly less toxicity than first generation 

clinical stage Hsp90 inhibitors, and crosses the blood-brain 

and blood-spinal cord barriers – properties which make it a 

particularly favorable therapeutic candidate for chronic 

neurodegenerative diseases. We have previously reported that 

NXD30001 effectively induces HSPs in primary mouse 

motor neurons and glia. Further, we have reported data that in 

cultures of primary motor neurons expressing SOD1(G93A), 

treatment with NXD30001 (low nM) reduces inclusion 

formation and extends cell viability. Here, we report findings 

from preliminary investigations with NXD30001 in 

transgenic mice expressing SOD1(G93A), a model for 

fALS1. 

Objectives: To evaluate pharmacokinetic (PK) and 

pharmacodynamic (PD) parameters for NXD30001 in 

transgenic C57B6/SJL mice expressing SOD1(G93A); to 

establish the potential for therapeutic efficacy for NXD30001 

in this model. 

Methods: Transgenic C57B6/SJL mice, expressing 

SOD1(G93A), at 14 weeks were administered NXD30001 or 
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vehicle (i.p.), and sacrificed at various time points. Plasma 

and brain from the sacrificed mice will be analyzed for 

compound penetration, to determine PK parameters for 

NXD30001 in this strain. Sections from spinal cord and 

cerebellum from the sacrificed mice are being analyzed for 

induction of HSPs, as a measure of PD. In a preliminary test 

for efficacy, mice are being treated with NXD30001 and 

assessed for motor function (grip-strength and rotarod) and 

survival (righting reflex). 

Results: We expect results from the PK and PD analyses to 

be completed by the end of May, 2010. We expect to find 

that NXD30001 effectively penetrated the brain and spinal 

cord in this strain of SOD1(G93A)-expressing mice. We hope 

to determine the time course for HSP induction by 

NXD30001 in spinal cord and cerebellum. In addition, by the 

end of June, 2010, we hope to have obtained an initial 

indication of therapeutic potential of NXD30001 in 

SOD1(G93A)-expressing C57B6/SJL mice. 

Discussion and conclusions: We expect the data from these 

studies to demonstrate the potential for therapeutic efficacy 

for NXD30001 in a mouse model for fALS1 and to provide 

valuable information regarding mechanism of action and 

potential therapeutic biomarkers. In addition, we plan to use 

the data from these studies to inform a full efficacy study for 

NXD30001 in this fALS strain. A successful outcome from 

these studies will significantly advance the therapeutic 

development of this novel Hsp90 inhibitor for ALS. 
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Background: Hyperimmune caprine serum against human 

immunodeficiency virus (HIV) lysate (AIMSPRO®) is 

currently under Phase II trialing (in systemic sclerosis and 

secondary progressive multiple sclerosis). Orphan drug 

designations have been awarded by the Food and Drug 

Administration (FDA) in the United States and the 

Therapeutic Goods Administration (TGA) in Australia for the 

use of Aimspro in the treatment of ALS. A number of ALS 

patients have been treated and preliminary open label data 

suggest that the rate of decline of respiratory function is 

reduced in this condition by its daily subcutaneous 

administration. A double-blind multi-centre trial, with FVC 

as the primary outcome, is in preparation. The mechanism of 

action of Aimspro has been investigated and some findings 

are presented here. 

Objectives: To evaluate possible mechanisms of action of 

Aimspro. 

Methods: High and low dose lipopolysaccharide (LPS) 

experiments were carried out in mice and horses. In addition, 

horses with chronic inflammatory airways disease (IAD) 

were treated with Aimspro or placebo, with regular 

bronchoscopic assessments and mucus examination. Finally, 

electrotonus / threshold tracking recordings were carried out 

on motor axons before and 1 hour after administration of 

Aimspro to a 58 year old male patient with ALS. 

Results: In murine and equine LPS models of inflammation, 

Aimspro rapidly produced a Th-1 to Th-2 shift, with 

suppression of TNF-α production. Significant reductions in 

mucus production, viscosity and neutrophil content were seen 

in the equine IAD cases. The ALS patient showed an 

abnormally long strength duration time constant (SDTC), 

which was rapidly normalized by Aimspro. 

Discussion: The animal experiments provided evidence that 

Aimspro has anti-inflammatory activity. The possible 

importance of TNF-α in the process of neuronal destruction 

in ALS means that, if these findings apply to humans, 

Aimspro may moderate this process. The normalization of 

SDTC in the same ALS patient raises the possibility that 

Aimspro can modify voltage gated ion channel function. This 

may have a moderating effect on neuronal hyperactivity in 

ALS, and may have further contributed to the improvement 

shown. 

Conclusions: Aimspro exhibited anti-inflammatory activity 

in murine and equine models, and moderated voltage gated 

ion channel function of motor axons in an ALS patient. These 

effects may explain uncontrolled observations suggesting a 

potential benefit of Aimspro in ALS. 
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Background: Low enrollment in ALS clinical trials delays 

drug development and increases trial cost. Less than one third 

of patients followed in specialized ALS clinics enroll in 

research studies and enrollment rates are highly variable 

between different sites (0-75%). In cancer trials, combining 

an educational video to the process if obtaining an informed 

consent resulted in increased enrollment. Mean enrolment in 

Stages 1 and 2 of the current clinical trial of ceftriaxone in 

ALS was 0.5 subjects/site/month. Enrollment in ALS trials 

may improve with standardized consenting process and the 

addition of recruitment tools to promote more informed 

patients. 

Objective: We propose to evaluate the effects of an 

educational video as a ‘recruitment tool' on enrollment in the 

clinical trial of ceftriaxone in ALS. 

Methods: A prospective study will be conducted to track 

enrollment in the clinical trial of ceftriaxone in ALS over a 

period of 20 weeks. Baseline enrollment rate will be 

determined by monitoring enrollment in all participating sites 

for 8 weeks. During the subsequent 12 weeks, 25 randomly 

selected sites (approximately half of the sites) will show a 7-

minute educational video to all the patients that are 

potentially eligible to enroll in the trial of ceftriaxone. The 

educational video will be available to all sites thereafter. 

The educational video focuses on the general benefits of 

participating in a clinical trial, the preclinical science and 

rationale of using ceftriaxone to treat ALS, and the study 

procedures used in the ceftriaxone trial. 

Mean enrollment per site over 12 weeks will be compared 

between the 25 randomly selected sites using the video and 

the approximately 25 sites not using the video using a simple 

t-test. Sites enrollment rates will also be compared between 

before and after using the video using a paired t-test.  

Mean enrollment per site in the first two stages of the Clinical 

Trial of Ceftriaxone in ALS was 0.5 subject/site/month and 

standard deviation equal to 1.16.  For this study design with 

total sample size of 50 sites, comparing the mean enrollment 

per site over 12 weeks between the two groups, with expected 

mean enrollment of 1.5 subject in the no-video group and 2.4 

subjects in the video-group, standard deviation of 1.2 in each 

group, and alpha (0.05), using a simple t-test, power is 80%. 

Results: work in progress. 
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Background: CK-2017357 (CK-357) is a novel small 

molecule activator of fast skeletal muscle that slows the rate 

of calcium release from the regulatory troponin complex and 

sensitizes the sarcomere to calcium. It is highly selective for 

fast skeletal muscle vs. slow skeletal and cardiac muscle. Pre-

clinically, CK-357 increases skeletal muscle force during 

sub-maximal nerve stimulation and increases the time to 

fatigue. In a recently completed double-blind, randomized, 

placebo-controlled, four-way crossover Phase I trial in 

healthy volunteers, the pharmacokinetic (PK) and 

pharmacodynamic (PD) effects of 3 single doses (250, 500, 

and 1000 mg) of CK-357 vs. placebo were assessed by 

repetitive stimulation of the deep peroneal nerve and 

recording the isometric force generated by the tibialis anterior 

muscle. There were significant placebo-corrected 

concentration- and dose-dependent increases in peak force of 

up to 21% at midrange stimulation frequencies. CK-357 was 

generally well-tolerated with no SAEs reported, and no 

clinically important changes in other safety assessments (vital 

signs, ECGs, and clinical labs) were observed. This Phase I 

study and associated preclinical studies suggest a potential 

role for CK-357 in augmenting strength during movements 

involving sub-maximal nerve stimulation, as well as in 

improving endurance and reducing fatigue. 

Objectives: The primary objective of this Phase IIa evidence-

of-effect study is to evaluate the effects of CK-357 on 

measures of skeletal muscle function or fatigability in ALS 

patients. The secondary objectives of this study are to 

evaluate the PK/PD relationship, safety and tolerability, and 
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effects on patient- and investigator-determined global 

functional assessment of CK-357 in ALS patients. 

 

Methods: This Phase IIa clinical trial is a double-blind, 

randomized, placebo-controlled, three-way crossover study in 

male and female ALS patients to evaluate 2 single doses (250 

and 500 mg) of CK-357 vs. placebo. Multiple quantitative 

measures of muscle strength are employed, including hand 

held dynamometry of 18 muscles, vital capacity, sniff 

inspiratory pressure, maximum voluntary ventilation, and 

hand grip. In addition, novel measures of endurance have 

been developed, including maintenance of 30% and 70% 

maximal handgrip and duration of shoulder flexion. A 

functional assessment tool has also been developed. This 

battery of tests is performed at baseline, 3, 6, and 24 hours 

after dosing. Given that PD effects in healthy volunteers were 

noted 3-7 hours after dosing, it was felt appropriate to 

evaluate functional changes within this time frame. Multiple 

safety measures are also obtained. At least 36 and up to 72 

patients will be enrolled.  

 

Results and conclusions: Enrollment in this Phase IIa study 

began April 2010. Results from the first 36 completed 

patients are expected to be available in Q4 2010 for 

presentation at the International Symposium on ALS/MND in 

December 2010. 
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Background and aim: Anakinra (ANA) is a naturally 

occurring interleukin-1 receptor antagonist (IL-1RA) with 

anti-inflammatory properties. We have initiated a controlled, 

open-label pilot study to evaluate the safety and tolerability 

of ANA in ALS. A secondary objective is to evaluate the 

effects of ANA on clinical function. We administer an 

investigational therapy of ALS with a daily subcutaneous 

injection of Anakinra (ANA) based on its anti-inflammatory 

properties. The monitoring of safety and clinical picture is 

performed by means of a web-based platform 

(www.ALSHome.de). 

Methods: 20 patients are currently enrolled in a phase IIb-

controlled, open-label pilot study to test the safety and 

tolerability of ANA. The patients are treated with a daily 

subcutaneous injection of 100 mg ANA over a 52-week 

treatment period. The primary aim of the trial is to determine 

whether treatment with ANA is safe and well-tolerated in 

combination with riluzole. The parameters measured are the 

total number of adverse events (AE), the intraindividual rate 

of functional decline using the ALS Functional Rating Scale-

Revised (ALS-FRS-R) and vital capacity (VC). For this pilot 

study, the web-based platform ALSHome.de was customized 

and implemented. ALSHome.de comprises several modules 

that allow for the monitoring of side effects and self-

evaluation using the ALS-FRS-R. 

Results: We will present data on safety and tolerability of 

ANA in combination with riluzole in 20 ALS patients.  

Conclusion: Due to the small number of patients enrolled in 

this trial, it would be premature to draw conclusions 

regarding the efficacy of ANA. However, a secondary 

objective of this investigational therapy is the evaluation of 

clinical effects of ANA on ALS progression. The trial is 

designed as a feasibility study in preparation for a larger 

phase IIb/III trial of efficacy. EudraCT-Nummer: 2010-

019218-26 
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Background: Over the past several years the role that neuro 

inflammation plays in the pathogenesis of ALS has suggested 

a therapeutic strategy targeting that process. Blood studies 

have confirmed elevation in blood cellular activation and 

secretory factors suggesting an ongoing inflammatory 

process in humans with ALS. SOD1 mouse model studies 

have implicated microglial/macrophage activation to be the 

most important factor contributing to progression of ALS. 

Previous attempts to change neuroinflammatory states in 

ALS patients have failed to show clinical benefit, however 

those approaches did not target the inflammatory 

macrophage/microglial cells directly. Neuraltus 

Pharmaceuticals (Palo Alto, CA) has developed NP001 as a 

systemic macrophage activation regulator for treatment of 

ALS. 

Methods: ALS patient blood (from CPMC Forbes-Norris 

MND/ALS Center) derived macrophages were tested to 

define cell surface and secretory markers that change with in 

vitro NP001 treatment. C57Bl/6 G93A SOD congenic mice 
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were tested for response to NP001. Rates of neurologic 

degeneration and survival in 19 animals were evaluated after 

exclusion of animals that died from non-ALS causes. A 

single ascending dose phase 1 safety and tolerability study in 

32 ALS patients was completed in September of 2010. 

Results: ALS patient blood monocytes expressed elevated 

cell surface CD16 and secreted factors that could influence 

both activation state and migration of cells into diseased 

spinal cord. NP001 treatment for three days significantly 

down regulated monocyte cell surface CD16 in a dose 

dependent manner and inhibited production of  macrophage 

activation factors (sCD14, sCD163, MCP-1, osteopontin and 

MMP-9) without overt cellular toxicity.G93A congenic SOD 

mice treated every three weeks (5 days iv, 16 days off) 

starting at 65 days showed significant delays in neurologic 

degeneration (14 days) as measured by serial neuroscore 

evaluations by a blinded reviewer. NP001 treated animals 

survived significantly longer than control saline injected 

animals (13 days; males: 18 days). Dose ranging studies in 

ALS patients with iv administration of NP001from 0.2 to 3.2 

mg/kg showed the drug to be well tolerated. 

Discussion: NP001's active ingredient has been long known 

to regulate systemic macrophage activation levels. Current in 

vitro studies of ALS patient blood monocytes showed down 

regulation of CD16 expression. In addition, factors known to 

influence/reflect macrophage activation state (sCD14, 

sCD163, MMP-9) and migration from blood into diseased 

tissues (osteopontin, MCP-1) were down regulated using 

NP001 doses achievable in man. G93A mice treated with 

NP001 (2.1 mg/kg) every three weeks for 6 cycles showed 

significant delay in neuroscore degeneration and an improved 

survival. The phase 1 study of NP001 in 32 ALS patients 

completed in September of 2010 demonstrated safety at all 

doses tested. A six month phase 2 study of NP001 in patients 

with ALS is anticipated for 2011. 


