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

Objective: To investigate the influence of the soluble factors
released by hADSCs on the GLT1 in primary astrocytes cul-
tured from SOD1 (G93A) mice, a widely studied mutant
human SODI1 transgenic model of ALS.

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

Results: Our data indicate that soluble factors from hADSCs
significantly upregulate the expression of GLT1in SOD1(G93A)-
bearing astrocytes, which result in enhanced glutamate uptake
function. The upregulation of GLT'1 is accompanied by the inhi-
bition of caspase-3 activation in mutant astrocytes. In addition,
we find that hADSCs co cultured with SOD1 (G93A)-bearing
astrocytes produce more VEGF, HGF and IGF-1, which are
reported to have neuroprotective effects.

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

DOI: 10.3109/17482968.2012.721231/097

P2 INTRATHECAL TRANSPLANTATION
OF HUMAN STEM CELLS IN TRANSGENIC
AMYOTROPHIC LATERAL SCLEROSIS
MOUSE MODEL

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

Department of Neurology, University of Sao Paulo Medical School,
Sao Paulo. SB Brazil

Email address for correspondence: gerchadi@usp.br

Keywords: human stem cells, human ammniotic fluid cells, human
umbilical cord cells

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

Human amniotic fluid (hAF) or human umbilical cord
(hUC) Wharton’s jelly-derived SCs, and vehicle as controls,
were delivered intrathecally at the lumbar intervertebral space
of SOD16934 ALS mouse model (transgenic, TG), and also
of wild-type (WT) mice, approximately 15 days before dis-
ease onset. Mice were followed behaviorally and spinal cord
tissue was examined (histopathology and western blot) either
at the onset or at the endpoint, as performed in separate
groups of animals.

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

DOI: 10.3109/17482968.2012.721231/098

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

KNIPPENBERG S!, RATH KJ', THAU N3,
DENGLER R"?, SCHWARZ J?, WEGNER F"?, PETRI S!»3

! Hannover Medical School, Hannover, Germany, >*University of
Leipzig, Leipzig, Germany, 3Centre for Systems Neuroscience,
Hannover, Germany

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

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

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

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

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

Results: Intraspinal surgery was well tolerated by all animals.
Significant improvement of NSC-treated mice was detected
in motor performance tests and general condition scores. Sur-
vival analysis is still in progress. One week after surgery, GFP-
labeled NSC were found along the puncture channel in the
spinal cord tissue. Analysis of further time-points (2, 3, 4 and
6 weeks) as well as further histological analyses (co-localiza-
tion of GFP-positive cells with neural and glial markers,
motor neuron counts, quantitative analysis of astrocytosis and
microgliosis) is still ongoing.
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Discussion and conclusions: Intraspinal stem cell injection
was shown to be safe and well tolerated in ALS transgenic
mice and has already been shown to be feasible in ALS
patients. In our study, we found positive effects of lumbar
NSC-injection on motor performance and general condition.
Further analysis needs to determine how long transplanted
cells can survive in the spinal cord and what exactly underlies
their beneficial effects. Possibly, repeated injections at more
than one injection site will be necessary to maximize the
protective potential of adult stem cells in ALS.
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MOTOR NEURONS BY AAV2 FOLLOWING DIRECT
INJECTION INTO THE MOTOR CORTEX
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Background: The use of adeno-associated virus (AAV) in
gene therapy has multiple advantages due to its long-term
expression in the central nervous system (CNS) and low
immunoreactivity in humans. AAV-mediated gene therapy
strategies have been considered for neurodegenerative dis-
eases such as Canavan’s disease, Alzheimer’s disease and
recently, motor neuron diseases including amyotrophic lateral
sclerosis (ALS). AAV-IGF increased the lifespan of the well-
characterized hSOD16934 ALS mouse model. AAV serotypes
come in many “flavors” given by capsid engineering to improve
transduction efficiency and cellular specificity. Targeting only
specific neuron population without affecting other neuron
types within the cerebral cortex represents a major obstacle
for translational neuroscience.

Objectives: In this study, we investigated the specific tropism
of AAV serotypes for corticospinal motor neurons (CSMN).
Seven AAV serotypes (AAV2-1, AAV2-2, AAV2-5, AAV2-6,
AAV2-7, AAV2-8, and AAV2-9) that harbor the eGFP gene
were tested after direct injection into the layer V of the motor
cortex. CSMN transduction was confirmed by CTIP2 expres-
sion and by retrograde labeling with red fluorescent micro-
spheres injected into the corticospinal tract (CST). In addition,
using immunocytochemistry approaches we determine other
cell types transduced by AAV serotypes including neurons
(NeuN), callosal projection neurons (SATB2), astrocytes
(GFAP), microglia (Iba-1), and oligodendrocytes (OLIG2).

Results: We find that different AAV serotypes have varied
tropism for different neural cell populations in the motor cor-
tex. For example, AAV 2-1 and AAV2-9 transduce a mixed
cell population, including astrocytes. AAV2-5 exhibits tropis
for callosal projection neurons, whereas AAV2-2, AAV2-6,
and AAV2-8 show relatively high tropism for CSMN.
However, none of the serotypes examined have selective
tropism for CSMN.

Discussion: We have previously reported that CSMN are
specifically transduced by AAV following microinjection into
the corticospinal tract that lies within the dorsal funiculus of
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the mouse spinal cord. However, anatomical differences
between the mouse and human motor neuron circuitry may
hinder translation of this method to a therapeutic context for
gene therapy in humans. Therefore, identification of AAV
serotypes that can transduce specific neuron populations
upon direct cortical injection would be invaluable for potential
gene therapy approaches, and for building effective treatment
strategies for ALS patients.

Conclusions: Here we report that AAV2-2, AAV2-6, and
AAV2-8 exhibit tropism for large pyramidal neurons in layer
V of the motor cortex, including CSMN. Further enhance-
ment of their tropism specifically for CSMN by engineering
elements of the capsid proteins is an attractive and promising
avenue of future research.

DOI: 10.3109/17482968.2012.721231/100

P5 RESETTING INTRACELLULAR PH AS A
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Background: Studies on neurodegenerative diseases, includ-
ing amyotrophic lateral sclerosis (ALS), have revealed several
well-defined pathogenic processes such as excitotoxicity, reac-
tive oxygen species (ROS) and apoptosis. It is also becoming
clear that these pathogenic processes may lead to intracellular
acidification that in turn accelerates pathological progress of
the diseases. While the efforts in preventing and treating the
neurodegenerative diseases have produced limited success,
much less attention has been made to work on homeostasis
of intracellular pH (pHi) in these diseases, and none has been
done on ALS to our knowledge. On the other hand, intracel-
lular alkalinization has been implicated in preventing cell
death. We thus hypothesize an alkalic shift of pHi in
motoneurons will benefit survival of ALS patient.

Objectives: The objective of this investigation is to evaluate
therapeutic potential of resetting pHi using ALS mouse model
(mutant G93A SOD1, mSOD1) by either acidification/alka-
linization shifting of pHi, or in combination with riluzole. We
focus on the effects of pHi on survival, behavior and spinal
motor function ALS animal model.

Methods: Female adult mSOD1 mice were divided into four
groups treated with NH,CI, NaHCO,, and NaHCO, plus
riluzole in various combinations starting at age of 85 postna-
tal days. The end stage of the mSOD1 mice were determined
by failure on a rotarod for less than 5 seconds examined on
daily basis. The progress of the disease was evaluated by mon-
itoring hindlimb tremor, muscle weakness and body weight
once a week. And spinal motor function was evaluated with
in vitro root reflex technique.

Results: The main finding is that NaHCO, treatment
significantly prolonged the end stages of the mSOD1 mice
(the end stage for control mice: 136.0 = 10 days, mean * SD,
n=139; for NaHCO,: 149.6 + 9.6 days, mean*SD, n=12;
p =0.008), appearing as a right shift in Kaplan-Meier survival

Therapeutic Strategies 61

(KMS) plot. Although no significance was found for NH4Cl
treatment (133.4 + 4.1 days, mean = SD, n = 12), the pattern
of its KMS plot appeared different from control, suggesting a
more complicated process in acidification treatment.

Discussion: PHi value is known to be affected by extracel-
lular pH. Since motoneurons in ALS degenerate due to
pathological changes mostly occurred inside their cell body,
the prolonged survival of mSOD1 mice treated with NaHCO,
is likely achieved through the change of pHi. In addition,
NH4Cl was reported to cause pHi alkalinization in acute
in vitro study while its chronic application at system level was
found to acidify the body, which may explain the special
pattern for its KMS plot.

Conclusion: The data suggest direct alkalinization of
pHi improves the survival of mSOD1 and deserves further
investigation as a new therapeutic strategy.
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Background: There is no effective treatment or cure for
amyotrophic lateral sclerosis (ALS), where survival after
diagnosis is usually less than 5 years. One of the common
features of both sporadic and familial disease is that neuroin-
flammatory processes are evident with disease onset or shortly
thereafter. ACTH (adrenal corticotropic hormone) has anti-
inflammatory, neurotropic and myotropic effects, but has not
yet been tested in an ALS mouse model.

Objectives: 1: Can ACTH be used as a therapy for neuro-
degenerative diseases like ALS? 2: What dose and route of
administration (intramuscular (IM) or subcutaneous (SC))
provides favorable effects on disease onset/progression?

Methods: We used G93A SODI transgenic mice expressing
a high copy number of the human gene, which develop
ALS-like symptoms and pathology. All experiments were done
under an approved ACUC protocol. ACTHar gel was
provided by Questcor Pharmaceuticals (Anaheim Hills, CA).
The preparation contains the active hormone (ACTH1-39)
in a gelatin matrix (16%) at 400 U/mL. Mice were given the
drug at different doses (120 U, 60 U/kg) by IM or SC routes
either on an every other day basis or on a weekly regiment.
Each arm of the trial had 5-10 animals and a separate control
group of 20 animals who were given gelatin. We began drug
administration in presymptomatic 60-day old animals and
continued until end-stage. The mice were monitored for clin-
ical symptoms such as tremor and hind limb paralysis. Rotarod
testing was also done on a weekly schedule.

Results: The administration of ACTHar gel was well
tolerated. Even with a fairly large dose (120 U/kg) the mice
exhibited no acute side effects. All SC dose regiments were
found to delay onset of disease by 12 to 19 days (log rank
P=0.0001. Onset of paralysis was also delayed by 6-8 days
(log rank p=0.05). However, survival was not extended
significantly, (log rank p=0.313) for any arm of the study.
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Rotarod performance for all SC-treated animals improved
significantly within a 4-5 week window (Weeks 9-14),p <0.01
for males and 0.001 for female mice. Finally, the levels of
G93A-SODL1 in the treated animal spinal cords were reduced
by at least 75% (p=0.001-0.01).

Discussion: ACTHar is FDA approved for treating relapsing
multiple sclerosis, infant spasms, and nephritic syndromes.
The tolerance to the drug and the significant effects on disease
onset and early progression suggests that ACTHar gel has
potential as a therapy for ALS. The surprising decrease in
levels of SOD1 may add an additional benefit for patients with
familial SOD1-linked disease.

Conclusions: Additional studies are in progress to optimize
the dose of ACTHar gel to enhance survival as well as delayed
onset and early progression.
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Background: ALS pathology is accompanied by glial cell
activation and neuroinflammation. Increased levels of pro-
inflammatory cytokines were proposed to mediate the neu-
roinflammation and resultant activation of apoptotic pathways
via consecutive activation of death receptors, caspase-8 and
the pro-apoptotic BH3-only protein BID.

Objectives: The aim of the current study was to examine the
contribution of the BH3-only protein BID to motor neuron
loss, ALS disease progression and pro-inflammatory signalling
in vitro and n vivo.

Methods: RT-qPCR and Western blotting experiments were
carried out on lysates from lumbar spinal cords to assess
BID mRNA and protein levels across ALS disease progres-
sion in SODIG%3 mice. BID deficient primary mixed
motoneuron cultures were treated with pro-inflammatory
cytokines to examine cytokine-induced signal transduction
and cell death. KB-dependent reporter gene activation was
monitored in transiently transfected mixed motorneuron
cultures. We generated bid-deficient mice expressing human
mutant SOD 16934 and assessed for motor function, lifespan,
and motoneuron survival (n= 24/group; age, gender (12
males/12 females), weight and litter-matched) in accordance
with the most recent ALS guidelines for generating preclini-
cal data (1)().

Results: 5zd mRNA levels were significantly increased
across disease progression particularly at end stage and
BID protein levels were significantly increased at PND 120.
Interestingly, bid gene deletion protected primary mixed
motoneuron cultures against interleukin-13 (IL-1 B) and
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interferon-y (IFN- y) mediated cell death. In vivo, genetic
deletion of bid in SOD1G93A transgenic mice delayed the
onset and progression of the ALS phenotype. In addition,
bid deficiency significantly increased motoneuron survival
in bid ¥/~ mice at end stage, and potently inhibited microglia
and astrocyte activation. Reporter gene assays performed
in mixed motoneuron cultures suggested that bid was
indeed required for the efficient activation of the pro-
inflammatory transcription factor nuclear factor-KB in
response to pro-inflammatory cytokines, independent on its
effect on cell death.

Discussions and conclusions: Our data suggest a dual role
for BID as cell-death inducer and as an important mediator
of inflammation and astrocytosis during ALS disease progres-
sion. These results are particularly interesting in view of recent
findings (2) that suggested non-apoptotic roles of Bid in
inflammation and innate immunity in colonocytes. In sum-
mary, our findings highlight BID as a possible therapeutic
target in ALS.

Acknowledgements: This work was funded by Science
Foundation Ireland and the National Biophotonics and
Imaging Platform Ireland.
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Background: We have shown that Cul!(atsm) has therapeu-
tic potential for the treatment of ALS. Cull(atsm) extends
the lifespan, improves motor function and survival of motor
neurons, decreases oxidative and nitrosative damage, and
attenuates astrocyte and microglial activation in the
SOD1G93A transgenic mouse model of ALS (1). Similar
protective action has also been found in a SOD1G37R
mouse model.

Objectives: This study seeks to elucidate the mechanism by
which Cul(atsm) elicits these effects. As oxidative damage
and astrocyte activation were attenuated by Cull(atsm), the
potential stimulation of neuroprotective antioxidant systems
of astrocytes was investigated in vitro.

Methods: Primary astrocytes cultured from mouse brains
were treated with Cu'l(atsm) for up to 24 h. Biological activ-
ity of the compound was assessed by determining activation
of signaling kinases by Western blot. Nrf2 is a predomi-
nantly glial transcription factor responsible for regulating
antioxidant enzymes such as heme oxygenase-1 (HO-1) and
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glutamate-cysteine ligase (GCL), the latter of which con-
trols the synthesis of the critical antioxidant glutathione.
Activation of Nrf2 was assessed by transfecting astrocytes
with an antioxidant response element (ARE)-GFP reporter.
Induction of the downstream Nrf2 targets HO1 and GCL
were assessed by Western blot and activity assay, respec-
tively. Glutathione content and export were also determined
following Cull(atsm) treatment.

Results: Cul!(atsm) caused phosphorylation of the signaling
kinases Akt, ERK and JNK, indicating its biological activity.
ARE-GFP fluorescence was increased with Cull(atsm) treat-
ment, demonstrating activation of Nrf2. Cu/l(atsm) treatment
also stimulated the downstream Nrf2 targets HO1 and GCL.
Accordingly, glutathione content and export from astrocytes
was also elevated by Cull(atsm) treatment. The latter is impor-
tant, as glutathione export from astrocytes is essential to
maintain the glutathione content of neurons.

Discussion and Conclusion: We have found that Cull(atsm)
activates the transcription factor Nrf2 and upregulates the
antioxidant systems of cultured astrocytes. This activation
may contribute to the neuroprotective and disease-attenuating
effects of Cull(atsm) observed iz vivo in ALS model mice, and
indicates that Nrf2 may be an important therapeutic target
for the treatment of ALS.

Reference
1. Soon CPW, Donnelly PS, Turner BJ ez al. J Biol Chem
2011;286:44035-44.

DOI: 10.3109/17482968.2012.721231/104

P9 BROMOCRIPTINE RETARDS DISEASE
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Background: Recent studies have suggested that oxidative
stress plays a critical role in the progression of motoneuron
loss in amyotrophic lateral sclerosis (ALS). Thus, oxidative
stress could be a main target for the development of novel
therapeutic agents in ALS. Neuronal apoptosis inhibitory pro-
tein (NAIP) has been shown to suppress cell death induced
by oxidative stress and to exert neuroprotective activity. Based
on the NAIP function, we originally developed the NAIP-
ELISA-based drug screening system and screened 953 neu-
rotropic compounds containing medical drugs by using this
system. Among hit compounds, a dopamine D2 receptor ago-
nist bromocriptine (BRC), which selectively exerts cell protec-
tion against oxidative insults and has been used as a treatment
for Parkinson’s disease, was of interest.

Objectives: The aim of this study was to evaluate the efficacy
of BRC in a congenic ALS-SOD1H4R mouse model.

Methods: Intraperitoneal daily administration of BRC
(Omg, Img and 10mg/5ml./kg) was commenced after the
onset of symptom in ALS-SODI1H%R mijce (post-onset
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administration). To validate the BRC efficacy in ALS-
SODI1H4R mjce, we performed behavioral (balance beam,
vertical pole, and footprint tests) and neuropathological anal-
yses. To evaluate the additive effect of riluzole, mice were
treated with vehicle or BRC in combination with riluzole,
and motor performance was assessed by balance beam and
footprint tests.

Results: Behavioral analyses revealed that the post-onset
administration of BRC sustained motor function in ALS-
SOD1H%6R mjce at a symptomatic stage (21-22 weeks of age)
when compared with the age-matched vehicle-treated ALS-
SOD1H4R mice. The BRC treatment prolonged 12% of
post-onset survival interval in ALS-SOD1H40R mice com-
pared with vehicle control (p,0.05 by log-rank test). How-
ever, there was no synergistic or additive effect of riluzole on
motor function and disease progression in ALS-SOD1H40R
mice. We demonstrated that the BRC treatment delayed
ChAT-positive neuron loss and reduced the levels of acti-
vated astrocytes and inflammatory factors, iNOS and TNF-o,
in the anterior horn of spinal cord in ALS-SOD1H46R mice.
In vitro studies showed that the BRC treatment reduced the
level of extracellular TNF-a in lipopolysaccharide-exposured
mouse astorcytes. The ALS-SOD1H4R mice treated with
BRC also exhibited the reduced level of oxidative damage.
Further, the BRC treatment upregulated several anti-oxidative
stress factors such as HO-1 and ATF3 in SH-SY5Y cultured
neuronal cells via a dopamine receptor-independent
pathway.

Discussion and conclusions: Our present study demonstrated
that the post-onset treatment of BRC sustained motor functions,
suppressed glial inflammation, and retarded the disease progres-
sion after onset in the ALS-SOD1H4R mouse model, implying
that BRC protects motoneurons from the oxidative insults via
suppression of astrogliosis in ALS-SOD 1H4R mjce. Thus, BRC
is a highly promising drug for ALS.
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Background: Neuregulinl (NRG1) is both a membrane
bound and secreted growth and differentiation factor that
regulates glial development as well as survival, synaptogenesis,
axoglial interactions, and microglial activation. We first
reported aberrant NRG1 signaling in amyotrophic lateral scle-
rosis (ALS) (1). We have developed a targeted neuregulin
antagonist called HBD-S-H4 (2) that given intrathecally
reduces microglia activation in rat chronic spinal cord pain
model (3). Therefore, here we hypothesize that blocking
NRG1 with HBD-S-H4 could be a new potential therapeutic
to slow disease progression in patients with ALS.
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Objectives: We determined whether blocking NRG1 in the
central nervous system slows disease progression and pro-
longs survival in the ALS-superoxide dismutase 1 (SOD1)
mouse model.

Methods: The NRG1 antagonist HBD-S-H4 was delivered
weekly through an implanted intracerebroventricular cannula
for 9 weeks (started from 8 weeks of age at the preclinical
stage to 16 weeks of age when disease onset showed in control
ALS-SOD1 mice). Body weight, disease onset and progres-
sion, animal survival as well as pathological changes were
measured in the HBD-S-H4 treated mice compared with
saline-treated control group.

Results: We have recently shown that soluble forms of NRG1
are induced in human ALS and the SOD1 model and that
NRGI receptor activation on activated microglia is associated
with disease progression. Our initial results show that weekly
treatments for 9 weeks of recombinant HBD-S-H4 are not
toxic, delayed disease onset, and prolonged survival in the
SODI1 mice. Cellular pathological changes in HBD-S-H4-
treated mice are underway.

Discussion and conclusions: We identified a common ther-
apeutic target of NRGI1 receptor activation on activated
microglia in both ALS patients and ALS-SOD1 model. We
are currently testing whether a NRG1 antagonist blocks
microglial activation in the SOD1 model, as it does in other
models and, whether this would be a potential therapeutic for
patients with ALS.
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Background: Neurotrophic factors (NTFs) preserved and
protected motor neuron in ALS models. However, all the
clinical studies with administration of NTFs in ALS patients
failed. We have developed muscle progenitor cells (MPCs)
populations expressing BDNF, GDNF, VEGF or IGF-1,
(MPC-NTFs). Combined conditioned media collected from
the cells rescued motor neuron cell lines (NSC-34) from
various insults. Furthermore, MPC-NTFs transplantation
enhanced the regeneration of rat sciatic nerves after injury.
Here we examined the retrograde transport of NTFs along
motor neuron axons and tested whether MPC-NTFs trans-
planted into muscles can improve the symptoms and survival
of SOD1 mice.

23rd International Symposium on ALS/MND

Results: A mixture of MPC populations each expressing
one of the four NTFs was transplanted into the hind legs
of SOD1 mice on days 90, 104, 118 of life. We found a
significant delay of symptoms (up to 30 days in the male)
and extension of lifespan (12 days in the males and 18 days
in females). However, transplantation of MPC alone or
MPCs over expressing just GDNF did not elicit any
improvement. The results suggest a synergistic effect of the
transplantation of MPCs expression in several NTFs. In
order to study the possible synergistic effect of the mixture
of MPC-NTFs on a signal transduction pathway; we
focused on the PI3K- AKT motor neuron survival pathway.
We found that the supernatant of a mixture of condition
media from MPC populations expressing NTFs increase
the phosphorilated AKT by 6-8 folds compared to MPC
expressing a single NTF.

Discussion and conclusions: Here we have built a novel
powerful strategy that enables a stable, long-term administra-
tion of four NTFs cocktails. Since intramuscular inoculated
muscle progenitor cells participate in the formation of post
mitotic multinucleated fibers, this route of administration of
genetically manipulated MPCs results in a stable, long-term
expression of the four NTFs. The constant and continuous
release of the critical NTFs from the muscle fibers through
the neuromuscular junction into the motor neuron system,
and the retrograde transport to the cell bodies in spinal cords
probably inhibits death pathways. We hope that our study will
lead to a novel strategy to slow the progress and alleviate the
symptoms of ALS, and extend the life expectancy and quality
of affected patients.
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Background: Mice expressing the mutant human SODS934A
(mSOD1) have been extensively used to test drug candidates
for ALS. In this study we examined the effects of a non-
peptide neurotrophic factor inducer, PYM50028 (Phytop-
harm plc) on disease progression in mSOD1 mice. PYM50028
has been shown to be neuroprotective in a model of Parkin-
son’s disease, where it induces the expression of BDNF and
GDNF (1). Extracellular GDNF can prevent motoneuron
degeneration (2). Therefore, trophic factor inducers that can
increase endogenous GDNF production may be potential
therapeutic candidates for ALS.

Objectives: To establish the effects of PYM50028 on
neuromuscular function and motoneuron survival in
mSOD1 mice.

Methods: The effects of PYM50028 in mSOD1 mice were
compared to vehicle-treated mice, riluzole-treated mice, and
mice treated with both PYM50028 and riluzole. There were
4 treatment groups (n= 15/group): 1) PYM50028; 2) Rilu-
zole; 3) PYM50028 plus riluzole and 4) Vehicle. At 120 days
of age mice underwent physiological assessment of hindlimb
muscle force and motor unit survival. Motoneuron survival
was assessed from fixed spinal cord sections whereas hindlimb
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muscles (TA, EDL) were processed for histochemical analysis
of succinate dehydrogenase (SDH) activity.

Results: There was a 40% improvement in hindlimb muscle
force in 120 day old mSOD1 mice treated with PYM50028
compared to vehicle-treated mice. A similar improvement in
muscle force was observed in mice treated with both
PYM50028 and riluzole, although treatment with riluzole
alone did not improve muscle force. In mice treated with
PYM50028 alone or in combination with riluzole, there was
a 10% and 15% increase in EDL motor unit survival, respec-
tively. Treatment with riluzole alone failed to preserve any
motor units. Furthermore, there was a significant increase in
motoneuron survival in mice treated with PYM50028 alone
or in combination with riluzole, so that, respectively, 40% and
50% more motoneurons survived than in vehicle-treated
mice. Although riluzole had no detectable effects on muscle
function, it did have a significant neuroprotective effect, and
30% more motoneurons survived in the riluzole only group
than in the vehicle-treated group. SDH staining revealed
extensive metabolic changes in 120 day old mSOD1 muscles
which were not prevented by riluzole, but were almost com-
pletely prevented in the PYM50028-treated group.

Discussion: Our results show that PYM50028 improves
muscle function and rescues motoneurons in mSOD1 mice.
These effects are significantly greater than those of riluzole.
The effects of PYM50028 in mSOD1 mice are not altered by
co-treatment with riluzole. It is possible that the beneficial
effects of PYM50028 in mSOD1 mice are due to its ability
to induce the expression of neurotrophic factors.
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Background: A hexanucleotide ‘GGGGCC’ repeat expan-
sion in the noncoding region of the C9ORF72 gene has
recently been identified in ~30% of familial and ~4-10% of
sporadic ALS cases and is therefore the most common
genetic abnormality associated with ALS to date. Since the
function of the CO90ORF72 protein is unknown and a
CI90RF72 rodent model has not yet been generated, few
methodologies exist to begin to elucidate the pathogenicity
behind this repeat expansion. However, repeat expansions
in non-protein coding regions are the known cause of
other neuromuscular disorders (eg, DM1/2, FXTAS) and
pathogenicity is thought to arise by aberrant binding of
trans-acting factors to the cis repetitive elements. This is
perhaps best studied in DM1 where MBNLL1 is sequestered
by the ‘CTG’ expansion in the DMPK pre-mRNA resulting
in altered gene expression and aberrant splicing.
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Objectives: To characterize expression and splicing patterns
due to the presence of a ‘GGGGCC’ repeat in the non-coding
region of the COORF72 gene and utilize these data to develop
a viable antisense oligonucleotide (ASO) therapy and thera-
peutic readout.

Methods: Generate using high-throughput screening, profile,
C90ORF72 patient fibroblasts, iPS cells, iPS-differentiated
motor neurons and astrocytes, and human autopsy tissue.
Utilize the developed C9ORF72 cell lines and test multiple
ASO sequences for COORF72 knockdown and normalization
of the identified dysregulated/mis-spliced transcripts.

Results: We have identified expression patterns and splice
variants unique to cells/tissue that contain the COORF72
repeat expansion. Moreover, we have been able to utilize
CI90RF72 siRNA/ASO knockdown methodologies to nor-
malize specific CNS genes dysregulated in the COORF72
transcriptome.

Discussion and conclusions: We have generated and pro-
filed a number of ALS patient-derived fibroblasts, iPS cells,
and iPS-differentiated astrocytes/neurons and have identified
unique expression and splicing patterns in cells that carry the
C90RF72 repeat expansion. We have further validated these
data using autopsy tissue from human C9ORF72 ALS
patients. Since blocking the repeated cis elements by ASO and
RNA knockdown application is thought to be viable therapeu-
tic in other neuromuscular repeat expansions disorders (eg,
DM1), we tested this possibility in patient-derived COORF72
cells. Using these techniques, we are able to knockdown
C90RF72 RNA and protein levels. Furthermore, our tran-
scriptome profiling yielded a number of CNS-expressed gene
targets, whose aberrant expression in COORF72 cells can be
rescued with ASO/siRNA treatment suggestive of ideal
biomarker candidates. These approaches will allow us to effec-
tively develop 1) antisense-mediated therapeutic approaches
to ALS and 2) a relevant pharmacodynamic readout for
antisense efficacy.
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Background: Spinal and bulbar muscular atrophy (SBMA),
otherwise known as Kennedy’s disease, is an X-linked,
late-onset progressive neurodegenerative disease, which
predominantly affects males. Pathologically, the disease is
defined by selective loss of spinal and bulbar motoneurons
with accompanying neuromuscular impairment. Molecu-
larly, the disease results from an expansion in the CAG
repeat in the androgen receptor (AR) gene which encodes
a polyglutamine tract in the mature protein (1, 2). The
polymorphic CAG repeat normally ranges from 9 to 36, but
an expansion of greater than 38 repeats results in disease.
Although the underlying pathophysiology of the disease
remains largely unknown, it is related to abnormal nuclear
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accumulation of the pathogenic AR protein. Several treat-
ment strategies for SBMA have therefore focused on
decreasing nuclear accumulation and protein misfolding.
We have previously shown that treatment with arimoclomol,
a pharmacological co-inducer of the heat shock response,
reduces the formation of ubiquitinated inclusions, alleviates
disease symptoms and increases lifespan in the SOD16934
mouse model of ALS. In this study, we examined the effects
of treatment with arimoclomol in a mouse model of SBMA
in which mice carry 100 CAG repeats (AR100) in the
human AR gene (3). These mice recapitulate typical hall-
marks of the human disease, including motoneuron loss and
accompanying neuromuscular deficits.

Objectives: To test the effects of arimoclomol on disease
progression in SBMA mice.

Methods: Arimoclomol (120mg/kg/day) was administered
orally (in drinking water) to male mice, after symptom onset,
from 12 months of age. At 18 months, mice were anaesthe-
tised with isoflurane and the distal tendons of the tibialis
anterior (TA), extensor digitorum longus (EDL) and soleus
hindlimb muscles cut and attached to force transducers.
The sciatic nerve was exposed and stimulated to elicit muscle
contraction. Muscle force, contractile characteristics and
motor unit survival was determined in untreated and arimo-
clomol-treated AR100 and wildtype (WT) mice. Further-
more, the survival of spinal motoneurons was determined
morphologically.

Results: Arimoclomol significantly improved hindlimb mus-
cle force and contractile characteristics, rescued motor units
and importantly, improved motoneuron survival in SBMA
mice treated from 12-18 months of age.

Discussion: Upregulation of the heat shock response by
treatment with arimoclomol after symptom onset may have
therapeutic potential in the treatment of SBMA.

Conclusions: Since SBMA is a hereditary disorder, presymp-
tomatic individuals carrying the mutation can be genetically
identified. We are therefore currently investigating the effects
of presymptomatic treatment of SBMA mice with arimoclo-
mol (from 6 months of age), to establish whether this regime
is more effective than that observed following treatment after
symptom onset.
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Background: A previous study has identified mutations in a
gene encoding for angiogenin in ALS patients (1). Subsequent
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studies by our group demonstrated that angiogenin protects
cultured motoneurons against ALS-associated, stress-in-
duced cell death (2,3). Furthermore, we have demonstrated
that systemic angiogenin protein delivery significantly
increased life-span and improved motor function in
SOD1G93A mice (3).These results also suggested that ang-
iogenin protein delivery may be beneficial in treating patients
with newly diagnosed ALS.

Objectives: The aim of the current study was to focus on
developing these findings into a therapeutic technology based
on the delivery of systemic angiogenin protein for the treat-
ment of ALS and to investigate if angiogenesis is related to
angiogenin’s neuroprotection in ALS.

Methods: We examined the effect of systemic delivery of
angiogenin on angiogenin serum levels and uptake in a mouse
model of ALS, the SODS934 mouse. We also assessed whether
angiogenin treatment increases angiogenesis and vascularisa-
tion in SODS93A mouse. We expanded the study to include a
comprehensive dose-response investigation of the effect of
systemic angiogenin protein delivery on life-span and disease
progression and motor function in a post-symptom onset
treatment paradigm in both SODS?3A and TDP-43 mice
(n = 24/group; age, gender (12 males/12 females), weight and
litter-matched) in accordance with the most recent ALS
guidelines for generating preclinical data (4).

Results: Our pharmacokinetic studies demonstrated a marked
difference in angiogenin uptake and elimination in the
SOD1G93A mice compared to their wild-type counterparts.
Additionally, angiogenin uptake and angiogenesis was
observed in the spinal cord of SOD1G93A mice following
systemic administration of angiogenin. Dose-response studies
demonstrate an extension in lifespan, an increase in motor
function and motoneuron survival in mice models of
ALS following systemic angiogenin treatment from our post-
symptom onset treatment paradigm.

Conclusion: Together, our data suggest a role for angiogen-
esis the role of angiogenin and generate a comprehensive pre-
clinical package for developing angiogenin as a therapy for
clinical evaluation in ALS.

Acknowledgement: This research was funded by Enterprise
Ireland.
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Background: Despite multiple clinical trials and recent
advances in understanding its pathogenesis, there is no cure
or effective treatment for amyotrophic lateral sclerosis
(ALS). Oxidative stress, mitochondrial dysfunction and
apoptosis have been proposed as the cause of motor neuron
death in ALS.

Rasagiline, a monoamine oxidase B inhibitor, is FDA-
approved for the symptomatic treatment of Parkinson’s dis-
ease. Rasagiline has demonstrated broad neuroprotective
activities against a variety of neurotoxins in neuronal cell
cultures and in the SOD mouse model of ALS. i wvirro
experiments indicate rasagiline stabilizes mitochondria
under stress conditions.

Objectives: Specific Aim 1: To determine whether rasag-
iline is safe in this patient population and if the drug has
the potential to slow ALS disease progression. Specific Aim
2: To determine if mitochondrial function is affected by
rasagiline. We will measure and compare the change of
BCL-2/BAX prior to, before and after the rasagiline treat-
ment study drug.

Method: This is a phase II multi-center open label study in
El Escorial probable or definite ALS who met our inclusion
and exclusion criteria. Subjects are treated with rasagiline
2 mg daily for 12 months. The primary outcome measure is
the change of the slope of ALS Functional Rating Scale-
Revised (ALSFRS-R) over 12 months as compared with
natural history data derived from four large completed
ALS trials. The secondary outcome measure is the change
in proposed biomarkers including blood leukocyte Bcl-2/
Bax ratio, mitochondrial potentials in platelets, and indica-
tors of apoptosis and oxidative stress following rasagiline
administration. We are also evaluating safety laboratory and
clinical data.

Results: Nine centers in the Western ALS (WALS) study
group are participating in this study. These centers recently
completed enrollment of thirty-five ALS patients. There were
18 men and 17 women, with a mean age at entry of 61 years
(59-82), and a mean disease duration of 1.5 years (0.5-3).
The mean ALSFRS-R at study entry was 38.6 (31-45). Cur-
rently, rasagiline 2 mg is safe and well tolerated in patients
with ALS. However, four patients did drop out due to side
effects (dizziness) of the medication and there was one patient
death unrelated to the study drug.
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Conclusion: Six month data on primary and secondary
outcome measures as well as safety data will be available
before the meeting and will be presented.

DOI: 10.3109/17482968.2012.721231/112

P17 DEXPRAMIPEXOLE IS NOT CONVERTED
TO PRAMIPEXOLE AFTER ADMINISTRATION
IN HUMANS

WEI D, WU C, HE P, KERR D, STECHER S, YANG L
Biogen Idec, Cambridge, MA, USA
Email address for correspondence: dong. wei@biogenidec.com

Keywords: dexpramipexole, pramipexole, chiral interconversion

Background: Dexpramipexole (DEX) is currently being
investigated in clinical studies for the treatment of amyo-
trophic lateral sclerosis (ALS). DEX is the R-( +) enantiomer
of pramipexole (PPX), which is a non-ergoline dopamine ago-
nist marketed (Mirapex®) for the treatment of Parkinson’s
disease and restless legs syndrome. Although DEX and PPX
may share neuroprotective properties, DEX is pharmacologi-
cally distinct from PPX in that DEX has minimal affinity for
dopaminergic receptors.

Objective: This study was designed to determine whether PPX
can be identified in the circulation at pharmacologically signifi-
cant levels following oral administration of DEX in humans.

Methods: Healthy adult subjects were administered doses of
DEX up to 600 mg. A plasma sample was taken 2 hours after
dosing. To monitor potential circulating PPX, a highly sensitive
and selective chiral LC-MS/MS assay was developed and qual-
ified for the detection of PPX in the presence of DEX in human
plasma. In this assay, human plasma samples were spiked with
an isotope-labeled internal standard solution. Plasma samples
were extracted by solid phase extraction (SPE). The analyte
PPX was separated from DEX using a chiral HPLC method.
An LLC-MS/MS system consisting of a Shimadzu LLC20-ADXR
Prominence UFLC and AB Sciex triple quadrupole mass spec-
trometer was used. Multiple-reaction monitoring (MRM) and
electrospray positive ionization were used for analyte detection.
For the qualified assay, the dynamic range of PPX was 0.150—
1.00 ng/mL with the lower limit of quantitation at 0.150 ng/mL
in the presence of up to 1000 ng/mL of DEX. The minimal
pharmacologically active PPX concentration is expected to be
greater than 0.300 ng/mL (1). Intra- and inter-day precisions
and accuracies were within 80—120% of nominal values for both
standards and quality control samples.

Results: A total of 16 samples were tested to determine the
presence of pharmacologically significant PPX. PPX was not
detected in any of the samples tested (< 0.300 ng/mL in the
presence of up to 1860 ng/mL of DEX).

Discussion and conclusions: PPX was not detected in
humans at pharmacologically significant levels in human
plasma after administration of dexpramipexole at doses up to
600 mg/day. Therefore, chiral conversion of DEX to PPX, if
it occurs at all, occurs very rarely and does not lead to phar-
macologically active PPX in vivo.
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Background: Dexpramipexole is currently being investi-
gated for the treatment of amyotrophic lateral sclerosis
(ALS). Dexpramipexole has been shown to be primarily
renally eliminated and exhibits linear pharmacokinetics
across a wide dose range (1).

Objectives: The main objective of this study was to evaluate
the pharmacokinetics of a single oral dose of dexpramipexole
in healthy subjects and in those with varying degrees of renal
impairment. Secondary objectives included a) establishment
of a relationship between estimated glomerular filtration
rate (¢GFR) and dexpramipexole pharmacokinetics and b)
evaluation of the safety and tolerability of dexpramipexole in
subjects over a range of renal function.

Methods: This was a Phase I, multicenter, open-label, single-
dose study. Adult subjects were recruited following an initial
screening visit at which a screening eGFR was calculated
based on the Modification of Diet in Renal Disease (MDRD)
equation. Subjects were grouped by renal function (mild
(eGFR 50-79 mL/min/1.73m?), moderate (¢GFR 30-49 mL/
min/1.73m?), severe (eGFR <30 mL/min/1.73m?), end-stage
renal disease (ESRD, on hemodialysis for at least 3 months)).
Twelve healthy volunteers (¢GFR = 80mL/min/1.73m?) were
matched by age (£ 10 years) and gender to subjects with renal
dysfunction. Each subject received a single dose of dexprami-
pexole on Day 1; subjects with mild (n=6) or moderate
(n=06) renal impairment and matched healthy volunteers
(n = 8) received 150 mg and subjects with severe renal impair-
ment (n=6) or with ESRD (n = 6) and matched healthy vol-
unteers (n=4) received 75 mg (administered day after
dialysis for subjects on hemodialysis). In order to identify any
unexpected safety or tolerability issues, subjects (referred to
as Sentinel) were selected for each renal function cohort
(n =2 for mild and moderate renal impairment and n=1 for
severe and ESRD). Sentinel subjects then progressed through
the entire study and had results analyzed prior to dosing the
remaining subjects. Urine and blood samples were collected
before dosing and for 72 hours post-dosing to determine dex-
pramipexole concentration. Additional blood samples were
collected up to 144 hours in patients with severe renal impair-
ment and ESRD. Laboratory tests, electrocardiograms, vital
signs, and adverse event reports were collected to determine
safety. Assessments were done for all patients before dosing
and on Days 1-4 and Day 7. Patients with ESRD were also
assessed on Days 5 and 6.

Results: 36 subjects completed the study as planned. The
data are currently under evaluation.

Discussion and conclusions: Pharmacokinetic parameters
and safety and tolerability of dexpramipexole in healthy sub-
jects and in subjects with mild, moderate, severe, or ESRD
will be reported.

23rd International Symposium on ALS/MND

Reference
1. Bozik ME, Mather JL, Kramer WB ez al/ ] Clin Pharmacol
2011;51:1177-85.

DOI: 10.3109/17482968.2012.721231/114

P19 A RANDOMIZED, BLINDED, PLACEBO-
CONTROLLED ASCENDING DOSE STUDY OF
THE SAFETY AND PHARMACOKINETICS OF
DEXPRAMIPEXOLE IN HEALTHY VOLUNTEERS

FARWELL W!, HE P!, LEESE P2, STECHER S},
BHARGAVA P!, PURDY S!, KERR D!

1Biogen Idec, Cambridge, MA, USA, ?Quintiles, Overland Park,
KA, USA

Email address for correspondence: wildon.farwell@biogenidec.com

Keywords: dexpramipexole, pharmacokinetics, safety

Background: Dexpramipexole, a synthetic amino-
tetrahydrobenzothiazole, is being evaluated for the treatment
of amyotrophic lateral sclerosis (ALS).

Objectives: The primary objective of this study was to deter-
mine the safety and tolerability of oral dexpramipexole in
doses up to 600 mg as a single dose or 300 mg twice daily for
3.5 days in healthy volunteers. The secondary objective was
to evaluate the pharmacokinetics of these doses.

Methods: This Phase 1, single-center, blinded, randomized,
placebo-controlled, ascending-dose study was conducted in
two parts using 5 cohorts (each cohort was composed of nine
healthy adults including at least four females). Randomiza-
tion within each cohort was 7: 2 dexpramipexole to placebo.
Part A (3 cohorts) was a single-ascending dose study (SAD)
and Part B (2 cohorts) was a multiple-ascending dose study
(MAD). A screening visit to determine study eligibility was
conducted in the 28 days prior to dosing. In Part A, each
subject received a single oral dose of dexpramipexole (300,
450, or 600 mg) or placebo on Day 1. Serial blood and urine
samples were collected prior to dosing and for 72 hours after
dosing to determine dexpramipexole concentration. Safety
was assessed for all subjects (adverse events, vital signs,
clinical laboratory evaluations, electrocardiograms, physical
examinations) before dosing, on Days 1-4 and on Day 8
(£ 1 day). In Part B, subjects received twice daily doses of
dexpramipexole (225 or 300 mg) or placebo on Days 1 to 3
and a single dose on the morning of Day 4. Serial blood and
urine sampling was done prior to dosing, for up to 12 hours
following the initial dose, and for 72 hours following the last
dose. Safety assessments were conducted for all subjects
before dosing, on Days 1-7, and on Day 11 (£ 1 day).

Results: A total of 45 subjects completed the study. The data
are currently under evaluation.

Discussion and conclusions: Pharmacokinetic parameters
following single and multiple doses and safety of up to
600 mg dexpramipexole in healthy volunteers will be
reported.
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Background: Dexpramipexole is a potential first-in-class
mitochondrial modulator being developed for the treatment
of amyotrophic lateral sclerosis (ALS). An ongoing Phase
3 study (EMPOWER) is evaluating the use of dexpramipexole
150 mg twice daily for ALS. Dexpramipexole pharmacokinet-
ics in the Japanese population has not been investigated.

Objectives: The primary objective of this study was to evalu-
ate the pharmacokinetics of single and multiple doses of dex-
pramipexole in healthy Japanese and Caucasian subjects. A
secondary objective was evaluation of the safety and tolerabil-
ity of single and multiple doses of dexpramipexole in these
subjects.

Methods: This study was conducted in 2 parts; for each part,
a screening visit was done within 28 days prior to dosing.
Subjects of Japanese and Caucasian descent were enrolled in
a 1: 1 ratio, matched by gender, age (* 10 years), and body
mass index (BMI, = 20%, if possible) in each study part. Sub-
jects in Part A (n = 28) went through three different treatment
periods sequentially: single doses of dexpramipexole 75 mg
(Treatment 1) and 150 mg (Treatment 2), then 5 doses of
150 mg twice daily (Treatment 3). There was a wash-out
period between treatments. Subjects in Part B (n=28)
received dexpramipexole 300 mg every 12 hours for 5 doses.
Blood and urine samples were collected pre-dose and inten-
sively post-dose. Safety assessments (adverse events, labora-
tory tests, vital signs, 12-lead electrocardiogram, physical
examination) were conducted during the treatment days, with
a final assessment 6 days after last dosing (* 2 days).

Results: The time-plasma concentration profile of dexprami-
pexole was superimposed between Japanese and Caucasian
subjects. At the clinical dose of interest (150 mg twice daily),
the geometric mean ratio (C_ ., AUC) of dexpramipexole
exposure between Japanese and Caucasian subjects was close
to one (90% confidence interval: 0.80, 1.25) after single dose
administration and at steady-state. Renal clearance of dex-
pramipexole was similar in the two ethnic groups; urinary
excretion is the primary elimination pathway for dexprami-
pexole. Dexpramipexole was generally safe and well tolerated
in all participants at doses up to 150 mg twice daily.
The pharmacokinetic and safety data at 300 mg twice daily
(Part B) are currently under evaluation.

Discussion and conclusions: Pharmacokinetic parameters
following single and multiple doses and safety and tolerability
of dexpramipexole in healthy Japanese and Caucasian subjects
will be reported.
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Background: Therapies are being developed for SODI-
familial ALS, which represents 1-2% of ALS. Clinical trials
involving this relatively rare patient group requires a focus on
recruitment of subjects.

Objectives: To assess recruitment strategies used to recruit
32 SOD1 positive familial ALS subjects for Phase I clinical
trial involving the antisense oligonucleotide drug Isis-
SODI1Rx.

Methods: Recruitment efforts at the national level included
1) Email alerts sent by non-profit organization to distribute
information directly to healthcare professionals 2) Contact
information was provided for the coordination center for
patient inquires. Appropriate patient inquires were then
directed to their closest clinical trial site. 3) Athena Diagnos-
tics, a commercial genetic testing company for SOD1, sent a
follow-up letter to the ordering physician or clinic with infor-
mation about the clinical trial. 4) Travel expenses were reim-
bursed 5) A patient information webinar was presented.
6) The study sponsor implemented a SOD1 genetic testing
program for those with a dominant family history of ALS.
7) Trial subjects were allowed to enroll in more than one
cohort. 8) Trial sites focused local efforts towards reviewing
their current patient populations for eligible subjects, posting
information on institutional websites, and speaking at local
patient support groups.

Results: Recruitment and enrollment for the first cohort of
8 subjects took over 10 months to complete. Recruitment
and enrollment for cohort 2 and cohort 3 took 3 months and
recruitment and enrollment for cohort 4 was completed in
2 months. A total of 21 subjects were enrolled as the proto-
col allowed for subjects to participate in more than one
cohort. There were only three screen failures. Total recruit-
ment and enrollment for this trial was completed in
24 months.

Conclusions: Recruitment for this clinical trial was slow
initially. Barriers to recruitment and enrollment included
initial lack of genetic testing by the trial, the rural location
of the patient population, lack of information about
available trials for the specific patient population and some
difficulty in refining clinical trial sites for enrollment effi-
ciency. Recruitment for later cohorts was faster. As new
therapeutic efforts target specific genetic mutations, one
area of clinical trial development and strategy should be to
develop mechanisms to cultivate and maintain relationships
with families affected by rare genetic disorders to enhance
and improve clinical trial enrollment. These mechanisms
may include involvement in natural history studies,
pre-symptomatic familial studies, and enrollment in genetic
and/or biomarker databases.
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Background: At each clinic visit, ALS patients anxiously
request opportunities to participate in clinical studies and
therapeutic trials. Despite this interest from patients, only a
small number are involved in clinical research and attention
to the characteristics of such patients identify that they
constitute a group of patients with better disease trajectories.
To involve ALS patients in such endeavors requires attention
by clinicians and clinical researchers to improving time and
financial efficiencies that will allow greater patient participa-
tion in research embedded within clinical encounters. There
are a number of challenges in store for entering more patients
in clinical trials.

Objective: Identify characteristics of ALS and neuromuscu-
lar disease clinical trials that prevent efficiencies allowing
increased numbers of patients to safely participate in more
clinical trials.

Methods: Prospective review of clinical research and clinical
trial protocols at Carolinas Medical Center Department of
Neurology Research Division bi-weekly meeting including
MDs and PhD principal investigators, RN coordinators and
non-RN study coordinators including subject recruitment/
enrollment, study procedures, subject scheduling, adverse
events. ALS studies (12) consisted of three intravenous, one
enteral feeding, six oral/enteral feeding and two physical inter-
ventions. Neuromuscular studies (6) consisted of one intrave-
nous, two oral/enteral feeding interventions and three natural
history collections. A center-based biorepository clinical study
collected serum/plasma, PBMC, CSF, tissues samples across
ALS, neuromuscular and other neurological diseases. Study
difficulties and inefficiencies were defined and tabulated
prospectively.

Results: Review identified 1) disparities in inclusion/
exclusion criteria, 2) no common data elements, 3) different
clinical procedures, 4) redundancy in clinimetrics, 5)
differences in definition of adverse events (including or not
including disease progression), 6) different allowed co-
morbidities, 7) differences in drug delivery regimen and
involvement of investigational pharmacy services, 8)
different types of strength measure, 9) inability to perform
study procedures and 10) loss of caregiver in advanced
patients. Ongoing budget disparities for patient remunera-
tion for participation and non-standard additional costs to
finish a clinical trial were additional financial issues that
precluded enrolling more patients in clinical trials.

Conclusions: Ten challenges with respect to entering more
patients with ALS into clinical trials were identified. Three of
these will be addressed by the National Institutes of Neuro-
logical Diseases and Stroke Common Data Elements initiative
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if it becomes the standard of practice. Participation by patients
with advanced ALS and the impact of participation on the
caregiver has not been adequately addressed in clinical trials
to date. As patients with ALS extend their disease trajectory
based on standard of care treatment and interventions, then
longer clinical trials and more patients will be required.
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Background: With FDA approval, a number of ALS patients
will undergo diaphragm pacing (DPS), with the hope of
improving survival in coming years. Support for the procedure
is based on a comparison to a control group receiving stand-
ard respiratory care, but there has still been no clinical trial
comparing survival with versus without DPS.

Objectives: To estimate survival outcomes and understand
potential biases among patients that underwent DPS. This was
done by comparing them to cohorts obtained from two separate
studies; one compared early versus standard NPPV (Lechtzin
et al.) and a second with the addition of minocycline.

Methods: We measured survival time starting from initiation
of NPPV for each patient and applied Cox proportional
hazards models to determine the effects of age, gender, site of
onset, FVC, riluzole use, and length of time to NPPV
on survival. We adjusted covariates that were significant (at
p<0.05) in testing whether survival differed in patients
receiving DPS compared with the other cohorts.

Results: Follow-up data were available for 77 patients with
DPS and 258 without (190 from the Lechtzin study and 68
placebo from the minocycline trial). We found significant dif-
ferences among the groups in baseline values for FVC, riluzole
usage, age and sex. We found that survival was affected by
FVC, age, and time to initiate NPPV following diagnosis. The
unadjusted hazard ratio for DPS was 0.37 (95% CI 0.27 to
0.51) and 0.40 (95% CI 0.29 to 0.56) after adjustment for
FVC, age and time to initiate NPPV. Each HR is highly sig-
nificant (p<0.001).

Median survival was 26.4 mos (95% CI 19.6 to 42.5) for
DPS, 10.4 mos (95%CI 9.0 to 12.9) for Lechtzin study and
10.1 mos (95% CI 8.3 to 13.6) for minocycline placebo
patients.

Discussion: Our findings support the hypothesis that DPS
improves survival, even after statistically adjusting for imbal-
ances among the study populations. The risk reduction was
estimated to be around 60% and median survival was extended
by 16 months. We could not exclude certain biases, however.
For example, length-time bias (proactive patients seek earlier
treatments thus extending the apparent survival time as meas-
ured from treatment initiation) and selection bias (sicker
appearing patients are denied surgery and given standard care)
are not easily quantitated by these studies. An understanding
of these concerns is necessary so that a recommendation for
the performance of the surgery is carried forward, while a
clinical trial is necessary to rule out other factors.
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Background: Sialorrhea is a frequent and disabling symptom
in patients with amyotrophic lateral sclerosis (ALS). Medical
treatment is often poorly effective and/or not well-tolerated.
Radiotherapy of salivary glands can be an interesting thera-
peutic option.

Objective: Estimate efficiency and tolerance of radiotherapy
of salivary glands in patients with ALS.

Methods: Prospective monocentric study in ALS patients
with sialorrhea treated by radiotherapy in the Clinique De La
Porte De Saint Cloud (Boulogne-Billancourt, France). Pre-
liminary results of 40 patients treated between November
2010 and November 2011 are presented. All patients had con-
formational radiotherapy. Total dose was 10 Gy in 2 fractions
on 3 days in 27 patients and 20 Gy in 4 fractions on 10 days
in 13 patients. We used two 6 MV photon opposed beams and
radiation volume including both submaxillary glands and the
two thirds of both parotid glands. Patients had clinical exam-
ination at the end of treatment, 1 month and 3 months later.
Efficiency of radiotherapy was evaluated with the 9-grades
Sialorrhea Scoring Scale.

Results: 32 complete responses (SSS 1, 2) and 8 partial
responses (SSS 3, 4, 5) were observed at the end of the
treatment. Follow-up at 1 month and 3 months showed a
complete response in 16 and 11 patients, respectively, and a
partial response in 16 and five patients. Treatment was well
tolerated. Acute toxicity was observed in 15 patients : Xeros-
tomia in three patients, taste modification in five patients,
pharyngeal pain in four patients and thick saliva in three
patients. All side effects were resolved in the days following
the end of the treatment. Seven patients treated at dose of
10 Gy relapsed and had a second radiotherapy at the same
dose with good results.

Discussion: Radiotherapy allowed a dramatic decrease or
resolution of sialorrhea. Inter-individual variability explains
the relapse in some patients and the dose of 10 Gy is
probably not sufficient to maintain a long response. Treatment
is well tolerated and toxicity is low with both doses of 10 and
20 Gy. Side effects are transitory even in patients who have a
second radiotherapy.

Conclusion: Radiotherapy of salivary glands in ALS
patients with sialorrhea appears as a very interesting thera-
peutic option. A larger number of patients and a longer
follow-up remain necessary to confirm these encouraging
preliminary results.
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Background: Dysarthria is a motor disorder of articulation,
phonation, and respiration, resulting in unintelligibility of
speech. In ALS, progressive paresis of bulbar muscles causes
velopharyngeal incompetence (VPI) with advancing com-
munication problems. Guidelines recommend alternative
and augmentative communication devices. To reduce hyper-
nasality, a nose peg often is uncomfortable and not well
accepted by patients. Furthermore, a palatal lift or augmen-
tation prosthesis can be helpful. However, it might be impos-
sible to adapt or wear the prosthesis because of a hyperactive
gag reflex or dysphagia. In other conditions of VPI, various
surgical management options exist: augmentation of the
posterior pharyngeal wall or the soft palate by autologous
lipoinjection, is minimally invasive, and has shown effective,
lasting results for restoring normal resonance. Therefore, it
could also be applied in ALS patients.

Objectives: To report on two patients with ALS who under-
went autologous fat injection of the posterior pharyngeal wall
for VPIL.

Methods: Patients were examined interprofessionally by
experts of ALS clinics (a neurologist, an otorhinolaryn-
gologist, a speech pathologist) pre- and postoperatively.
Videoendoscopic evaluation of velar function with video-
graphic documentation was made before and two months
after surgical treatment. Under general anesthesia, autologous
abdominal fat was aspired, centrifugated, and afterwards
injected into the posterior pharyngeal wall. Postoperatively,
the patients had to wear a flexible abdominal belt for
5 days.

Results: In 2010 and 2011, posterior pharyngeal augmenta-
tion was recommended to two male patients with upper-
motoneuron-predominant ALS and marked rhinolalia aperta.
As gag reflex was clearly increased, palatal prosthesis was not
suggested. At the time of operation, the patients were aged 56
and 54 years and had an ALS-FRS-R of 29/48 and 27/48,
respectively. Both patients had only mild dysphagia and were
orally fed. The disease was characterized by bulbar- and
lower-limb-onset, a duration of 7 and 3 years, respectively.
Improvement in articulation was demonstrated in both cases
postoperatively, and both patients reported that speaking was
less fatiguing. As in the 54-year old patient intelligibility of
speech deteriorated again, autologous fat grafting was re-ap-
plied 7 months later, resulting in improved intelligibility again.
Each operation was well tolerated without any side effects.

Discussion: In the field of plastic surgery, fat grafts have
become an important procedure with proven long term
survival. However, in ALS autologous fat injection of the
posterior pharyngeal wall has not been described up
to now. Furthermore, distribution and evolution of symp-
toms substantially differ in ALS patients. Therefore, the
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potential benefits, risks, and costs of lipoinjection for VPI
are crucial factors.

Conclusions: Dysarthria in ALS remains a significant prob-
lem with limited therapeutic options. Augmentation of the
posterior pharyngeal wall by autologous fat grafting was a safe
and effective treatment in two ALS patients with VPI, and
should be considered in selected patients with ALS.

DOI: 10.3109/17482968.2012.721231/121

P26 THE ROLE OF EXERCISE AND ITS IMPACT
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Background: Controversy exists over the possible benefits
of physical therapy and exercise as a therapeutic tool to slow
disease progression and improve quality of life in ALS.
Some studies suggest increased functional ability and reduced
disease progression with exercise while others suggest that
vigorous physical activity can aggravate excitotoxicity,
oxidative stress and increase calcium loads causing selective
degeneration of vulnerable motor neurons. Additionally, ani-
mal studies suggest that swimming-based therapy may be
beneficial (1); however, it is unclear if a specific exercise is
more beneficial in ALS patients.

Objectives: To evaluate the impact of exercise in a large
cohort of ALS patients with attention to different types
of exercise.

Methods: Information from consecutive patients initially
evaluated at Hospital for Special Care's (HSC) ALS Clinic
between 2007 and 2010 was collected retrospectively. Patients
were divided into two groups: those who reported any exercise
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beyond activities of daily living and those who did not do any
additional exercise. The exercise group was further subdivided
into types of exercise performed: aerobic, aqua therapy, resist-
ance, and other exercise. Survival, forced vital capacity(FVC)
and ALS functional rating scores(ALSFRS) were collected as
endpoint measures. Analysis of the data included single factor
ANOVA of survival between different types of exercise with
confidence intervals. Comparison of means was done with a
two sample, t-test and comparison of proportions wasper-
formed using chi-square test.

Results: Of the 234 ALS patients, 56.8% were male, mean
age of disease onset was 63.8+/-12.6 yrs, 29% were on
riluzole, mean initial FVC was 83% + /- 27%, and the initial
region of onset was: bulbar(27%), cervical(33%),
lumbosacral(37%), thoracic(2%), and respiratory(1%).
27%(62/234) reported exercise: 40.3% aqua therapy, 30.7%
aerobic, 9.7% resistance, and 19.4% other. A single factor
ANOVA analysis showed no difference in ALS disease dura-
tion for different modes of exercise (p =0.6867). 95% confi-
dence intervals showed that aqua therapy promised most with
average disease duration between 27.9 and 51.6 months com-
pared to no exercise which showed 95% confidence interval of
disease duration between 28.2 and 37.3 months. Although
there was not sufficient evidence (p=0.1339), a trend was
noted for increased survival in ALS patients who did aqua
therapy compared to those who did not. Also, a trend of slower
rate of decline inALSFRS (—1.08vs.—1.51,p=0.0759) and
lung function (—1.88%vs.—3.36%,p =0.0895) was noted in
the exercise group vs. no exercise group.

Discussion and conclusions: There was no significant dif-
ference in survival between exercise and no exercise groups
suggesting no detrimental effect of exercise in ALS. A trend
of improved survival with aqua therapy in ALS patients was
noted and is consistent with studies done in ALS mouse mod-
els where swimming-based training sustained motor function
and increased survival(1).

Reference
1. Deforges S, Branchu ], Biondi O, et al. J Physiol. 2009;
587(14):3561-72.

DOI: 10.3109/17482968.2012.721231/122




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




