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Welcome from the European Commission

Dear Delegates,

The European Commission issued in 2005 a call for research proposals in rare inherited neuromuscular disorders, within
the context of its Sixth Framework Programme for Research and Technological Development. The aim of this call was to
ensure a long-lasting collaboration amongst first-class researchers in this field in order to foster translational research
to benefit as much as possible the patients.

As a result of this call, the European Commission granted 10 million Euro (around 14.5 million US Dollar) to support
the network of excellence ‘TREAT-NMD’ for a period of 5 years. This multidisciplinary consortium is composed of
24 partners, gathering basic and clinical academics, patient representatives, industries and managers from all over
Europe. Interaction with the wider international neuromuscular research community is ensured through a broad ‘Club
of Interest’,

TREAT-NMD eventually started in 2007 and is setting up a‘'TREAT-NMD Coordination Centre; a key step to long-lasting
integration of all levels of European research in neuromuscular diseases. Activities include the development of a clinical
and therapeutic platform, improved data and sample collection and availability, the development and use of disease
models, as well as promising preclinical and clinical research.

Itis my pleasure to welcome you to this TREAT-NMD international conference, co-sponsored by the National Institutes
of Health. Gathering international experts around an exciting programme, this conference will update you on the state
of the art in research on neuromuscular diseases.

| wish all participants a fruitful conference, strengthening the experts’ network and bringing knowledge forward.

Dr. Ruxandra Draghia-Akli
Director,

Health Directorate,

DG Research,

European Commission

I

I
\lllll
»

SIXTH FRAMEWORK PROGRAMME COOPERATION
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Welcome from the Conference organisers (TREAT-NMD and NIH)

Dear Delegates,

On behalf of the Organising Committee, TREAT-NMD and the NIH, we welcome you to Brussels for our first International
Conference entitled ‘Bringing Down the Barriers in Translational Medicine in Inherited Neuromuscular Diseases’. We
are pleased to be able to bring you this conference in Brussels, the home of the European Commission, who have
funded the establishment of TREAT-NMD, and many other initiatives, to improve the quality of life for all its citizens. In
partnership with the NIH we are ensuring that we recognise the need to look beyond Europe and address these issues
globally through international collaborations for the benefit of all.

We have assembled a stimulating programme to discuss progress in translational medicine and map the future
collaborative agenda to ensure care and therapy development is driven forward between clinicians, scientists, patients,
and industry for the benefit of the neuromuscular community.

Participants of the conference sessions have been working hard in the lead-up to this meeting to prepare the key
information on the current’state of the art’in their respective areas, and they will present this via expert panel discussion
sessions and participation from the conference delegates in general.

Our aim has been to bring together the experts, opinion leaders, and the neuromuscular community to tackle the key

issues that need to be addressed if we are to see new and promising therapies and treatments rapidly delivered to
patients all around the world.

We hope you enjoy your time in Brussels and we look forward to your active participation in the conference over the
next few days.

Best wishes.
Katie Bushby (TREAT-NMD)
Volker Straub (TREAT-NMD)

Stephen Lynn (TREAT-NMD)
John Porter (NIH)

TREAT.-NMD 5 &7

Neuromuscular Network ) QO
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Conference programme

Tuesday 17t November

9:00

14:00

14:05-14:30

14:30-16:00

14:30-15:05
15:05-15:20

15:20-5:30

15:30-16:00

16:00-16:30

16:30 - 18:00

Registration and setting up of posters
Opening of conference (Kate Bushby and John Porter)

Keynote lecture
DMD: the long march from the parts to the whole
Gert-Jan van Ommen (Leiden University, the Netherlands)

Making clinical trials in neuromuscular diseases a reality
Chairpersons:  Kate Bushby (TREAT-NMD Coordinator, Newcastle University, UK) and
John Porter (NIH/NINDS, USA)

This session starts the conference with an exploration and discussion of the models that would best
guide therapy development programmes, including the industry standard of label-based design, and
will address novel partnering models to ensure that appropriate expertise and funding is recruited
to projects. We will also discuss the important and controversial issue of triaging both repositioning
candidates as well as novel therapeutics for neuromuscular disease — seeking input from drug
developers, academics, advocacy groups, and patients. In a focussed discussion session, the views of
patient organisations representing small patient numbers, as well as the larger patient organisations
and the FDA, will be discussed.

Presentations:

Moving forward with TACT (TREAT-NMD Advisory Committee for Therapeutics) (Cristina Csimma)
The STAR initiative; partnering between the CMTA, academia and government to develop therapies
for CMT (Michael Shy)

Attaining symbiosis for therapy development efforts in neuromuscular diseases (John Porter)

Panel session: Cristina Csimma (Virdante Pharmaceuticals, USA)
Michael Shy (Wayne State University, USA)
Thomas Voit (Institute of Myology, France)
Petra Kaufmann (NIH/NINDS, USA)
Elizabeth McNeil (FDA, USA)
Anne Rutkowski (Cure-CMD, USA)
Plavi Mittal (Jain Foundation, USA)
Sharon Hesterlee (MDA Venture Philanthropy, USA)
Gunnar Buyse (University of Leuven, Belgium)

Afternoon tea and coffee (with poster viewing)

Target and candidate identification
Chairpersons:  Jon Tinsley (Summit, UK) and
Lee Sweeney (University of Pennsylvania, USA)

We will review the kinds of cell assays one can use for initial screens to identify potential therapeutic

starting points for possible future development. For this, one needs to consider a number of related

themes such as:

« What cell types are to be used? e.g. primary cells, immortal cell lines, stem cells.

« Any trade off between throughput vs. target relevance? e.g. compound collection size, assay
complexity, disease relevance.

« Are the assay end points appropriate for screening?

Oncehits’ have been identified using the screening assay the next requirement is to confirm the hit

can manipulate the cellular processes believed to gain a therapeutic advantage in order to develop

a candidate for consideration in animal models i.e. the concept of hit validation in vitro. Questions

that need to be asked when considering this include:

« Is the’hit’"mechanism known?

« Is there a valid in vitro therapeutic endpoint? e.g. increased target RNA, relocalisation of target
protein.

« Is the’hit’ toxic in cells?

Book of abstracts 13



It is only after iteration and refinement of the therapeutic repetitively through the assay and in vitro
validation that a compound should be considered a therapeutic candidate and moved to testing in
vivo for proof of concept.

Presentations:

16:30-17:00 HTS for NMD targets: first step in the search for critical therapeutics (John Babiak)

17:00-17:15 Drawbacks and possible solutions for the use of myoblasts to screen dystrophin exon-skipping
antisense oligonucleotides (Jenny Morgan)

17:15-17:30 Where's the target? Drug discovery and target identification applied to motor neuron diseases
(Rebecca Pruss)

17:30-17:45 SMN function and high throughput screening for SMA (Gideon Dreyfuss)

17:45-18:00 Panel session: John Babiak (PTC Therapeutics, USA)
Rebecca Pruss (Trophos, France)
Gideon Dreyfuss (University of Pennsylvania, USA)
Jenny Morgan (University College London, UK)

18:00-20:00 Drinks reception and poster session 1

Wednesday 18" November

09:00-10:30 Animal model assessment
Chairpersons:  Markus Ruegg (University of Basel, Switzerland) and
Joe Kornegay (University of North Carolina, USA)

Testing of candidate drug and biologic therapeutics in animal models is an essential step to provide
the proof-of-concept needed for moving new treatments into clinical trials. Although animal models
are, by definition, specific to single neuromuscular diseases, it is critical to collectively learn from the
experiences in individual diseases. We will describe common lessons from the shared experience and
pitfalls from a diverse range of therapy development efforts in neuromuscular disease.

Topics to be addressed include:

- Bringing adequate rigor to animal efficacy testing — efficacy data largely drive investments made
in drug development and patent applications. How do we ensure these investments are based
on the strongest possible data?

« Insearch of the‘ideal’animal model for therapeutic testing — recognizing that an animal model will
never be perfect, what do we need in an animal model to meet the potentially conflicting demands
of academic intellectual curiosity and industrial emphasis on simplicity and high-throughput.

« Rodent versus ‘large animal’ models - for some neuromuscular diseases, there are no defined
genetic animal models. For others, multiple models have been characterized. What are the roles
for the different animal models and, in particular, for rodent versus ‘large animal’ models?

« Outcome measures to define whether a candidate is a ‘go’ or a 'no-go’— how many measures to
use and what kind?

« Ensuring consistency from lab-to-lab and company-to-company in neuromuscular therapy
development - what are the issues in standardizing the different animal models and achieving
standard operating procedures in therapy testing?

« Ensuring consistency from lab-to-lab and company to company in neuromuscular therapy
development - is there a place for independent efficacy testing in core facilities?

Presentation:
09:00-09:30 Lost in translation: lessons for ALS from the SOD1 mouse (Michael Benatar)

09:30-10:30 Panel session: Michael Benatar (Emory University, USA)
Annamaria De Luca (University of Bari, Italy)
Miranda Grounds (University of Western Australia)
Kanneboyina Nagaraju (Children’s National Medical Centre, USA)
Charlotte Sumner (Johns Hopkins University, USA)
Shin‘ichi Takeda (National Centre of Neurology and Psychiatry, Japan)

10:30-11:00 Morning tea and coffee (with poster viewing)

14 TREAT-NMD/NIH International Conference



11:00-12:30

12:30-14:00

14:00-14:30

14:30-16:00

14:30-14:40
14:40-14:50
14:50-15:00
15:00-15:10

Therapeutic misconception and ethical considerations
Chairperson:  Simon Woods (Newcastle University, UK)

It is absolutely necessary to conduct clinical trials involving adults and children with rare diseases.
It is also mandatory that participation in clinical trials is based upon voluntary and adequately
informed consent. However there is a growing body of evidence that those with parental decision
making responsibility may be unable to distinguish between research and treatment, the so-called
‘therapeutic misconception’.

In this session we will explore the possible implications of this evidence for the design and conduct
of clinical trials for neuromuscular diseases through a formal debate and interactive panel discussion.
It is perhaps uncontroversial that those responsible for regulating research and for providing ethical
approval have the responsibility to ensure the safety and well-being of vulnerable children. During this
session we will explore the extent of this responsibility and its implications for parents, researchers,
and regulators. It will be proposed that where parents have unrealistic expectations of benefit it is
unlikely that they meet the conditions for a legal and ethical consent. With this in mind, the panel
will debate the following motion:

‘Parents who express hope in the possibility of therapeutic benefit from clinical trial
participation should not be allowed to consent for their children to enter trials’

The audience will be invited to vote on the motion before and after the debate. This session involves

people with NMDs, patient advocates, a clinician, an ethicist, a parent and a lawyer. During the debate

the panel will:

- deconstruct the concept of the ‘therapeutic misconception’;

- invite audience participation and questions;

« provide expert commentary;

« conclude with constructive advice using examples of good practice with a view to their
dissemination throughout the wider community.

Panel session: Elizabeth Vroom (United Parent Project MD, the Netherlands)
Volker Straub (TREAT-NMD Coordinator, Newcastle University, UK)
Pauline McCormack (Newcastle University, UK)
Lynn Hagger (University of Sheffield, UK)
Maryze Schoneveld van der Linde (ENMC, the Netherlands)

Lunch and poster session 2

Keynote lecture
New treatments for hereditary neuromuscular diseases
Kenneth Fischbeck (NIH/NINDS, USA)

Developing novel, disease targeted therapies and systemic delivery
Chairpersons:  Serge Braun (AFM, France) and
Kenneth Fischbeck (NIH/NINDS, USA)

We will highlight novel gene directed therapies for neuromuscular diseases: expected therapeutic
benefits, delivery issues, and regulatory challenges. Exon skipping is taken as a model approach for
gene-specific therapy. Invited speakers will present the latest results of cutting-edge pre-clinical and
clinical trials.

Presentations:

New results from Prosensa’s exon skipping trial (Judith Van Deutekom)
Limb perfusion gene delivery (Jon Wolff)

New results from AVI's exon skipping trial (Francesco Muntoni)

New results from systemic AAV total body delivery (Luis Garcia)

Book of abstracts 15



15:10-16:00 Panel session: Judith van Deutekom (Prosensa, the Netherlands)
Jon Wolff (Roche, USA)
Hong M. Moulton (Oregon State University, USA)
Luis Garcia (Institute of Myology, France)
Annemieke Aartsma-Rus (Leiden University, the Netherlands)
Francesco Muntoni (University College London, UK)
Dominic Wells (Imperial College London, UK)
Alessandra Ferlini (University of Ferrara, Italy)
Brian Kasper (Nationwide Children’s Hospital, USA)
16:00 - 16:30  Afternoon tea and coffee (with poster viewing)
16:30-18:00  Registry development for clinical trials
Chairpersons:  Hanns Lochmiiller (Newcastle University, UK) and
Jacqueline Jackson (Indiana University, USA)
As clinical trials become a reality in an increasing number of neuromuscular conditions, the need for
registries containing well-defined, up-to-date and locatable patient cohorts is becoming ever more
pressing. Many therapies require a precise knowledge of the patient’s particular genetic mutation.
Other clinical items are important as potential inclusion criteria for a trial. At the same time, data
collected must be streamlined, simple and in many cases self-reportable by patients or carers in order
to achieve maximum uptake. Ethical issues around consent, data ownership and data protection must
also be carefully considered, and the benefits to patients and families of signing up for the registry
clearly defined.
We will draw on the success of the TREAT-NMD global registries for DMD and SMA, which are already
being used by pharmaceutical companies to provide trial feasibility information, and extend this
with experience from other disease groups, using the example of the National Research Roster for
Huntington Disease. The importance of registries from a regulatory perspective in terms of post-
marketing/approval studies and pharmacovigilance will also be considered. The overall aim of the
session will be to draw on lessons learned and summarise best practice for registry development for
other neuromuscular conditions.
Presentations:
16:30-16:50 Huntington disease and SMA (Jackie Jackson)
16:50-17:10 Regulatory and industry perspective (Per Nilsson)
17:10-17:30 TREAT-NMD patient registries (Hanns Lochmdiller)
17:30-18:00 Panel session: Per Nilsson (Actelion, Switzerland)
Christophe Béroud (INSERM, France)
Vanessa Rangel Miller (DuchenneConnect, USA)
Maryze Schoneveld van der Linde (ENMC, the Netherlands)
20:00 Gala dinner at the Concert Noble, Aarlenstraat 82 B-1040, Brussels
Bus transportation will be provided from the Crowne Plaza to the Concert Noble departing at 19:00.
The evening will be a special and festive party with tasty dishes, drinks and live music from the Jazz
collective’and DJ Pipa.
Thursday 19th November
09:00-10:30 Clinical outcome measures
Chairpersons:  Michael Rose (King’s College London, UK) and
Julaine Florence (Washington University, USA)
The correct choice of outcome measures for a clinical trial can be critical to its success. Making these
choices can be a time consuming and lengthy process and if the process is repeated for every trial
may result in a large duplication of effort. Even when the choices have been made there are many
practical issues that need to be addressed in order to successfully implement an outcome measure
for a trial. The panel participants represent the many stakeholders involved in outcome measures
including clinicians and academics who have created, assessed, chosen and implemented outcome
16 TREAT-NMD/NIH International Conference



09:00-09:15
09:15-09:30
09:30-09:45

09:45-10:30

10:30-11:00

11:00-12:30

11:00-11:10
11:10-11:15
11:15-11:25
11:25-11:40

11:45-12:30

12:30-13:00

13:00

measures for trials, industry partners, regulators and patient representatives. We will highlight the
factors that may influence the choice of outcome measures and the tools that are being developed to
help with making the choice. We will draw on examples from trials planning and implementation for
SMA, DMD, Charcot Marie Tooth, myotonic dystrophy, inclusion body myositis and peripheral nerve
disease.

Presentations:

How should we choose outcome measures for clinical trials and studies? (Michael Rose)
Implementing and optimising the clinical outcome measure (Julaine Florence)

Quality assessment of outcome measures (Jeremy Hobart)

Panel session: Leone Atkinson (PTC Therapeutics, USA)
Joanne Auld (King’s College London, UK)
Carole Bérard (Hospices Civils de Lyon, France)
Michael Benatar (Emory University, USA)
Anne Connolly (Washington University Saint Louis, USA)
Michelle Eagle (Newcastle NHS Trust, UK)
Jeremy Hobart (Peninsula Medical School, UK)
Anna Mayhew (Newcastle University, UK)
Eugenio Mercuri (Catholic University Rome, Italy)
Ingemar Merkies (University Hospital Maastricht, the Netherlands)
Elizabeth McNeil (FDA, USA)
Mary Reilly (University College London, UK)
Reza Sadjadi (King’s College London, UK)
Benedikt Schoser (Ludwig Maximilians University Munich, Germany)
Michael Shy (Wayne State University, USA)
Jean Louis Thonnard (Universite Catholique de Louvain, Belgium)
Elizabeth Vroom (United Parent Project MD, the Netherlands)

Morning tea and coffee (with poster viewing)

Effects of long-term treatment and combination therapeutics
Chairpersons:  Rudolf Korinthenberg (University Hospital Freiburg, Germany) and
Robert Griggs (University of Rochester, USA)

We will focus upon the future of long-term treatment. Most approaches currently in development do
not cure a disease; however they will slow its progression. Determining long-term net benefit requires
different outcomes measures than the ones generally used in short term studies. In addition, of the
drugs already used, benefit for long-term treatment has not been established. Using Pompe disease
and Duchenne Muscular Dystrophy as examples basic guidelines for the use of these drugs should
be created in the interim period.

Presentations:

Long-term corticosteroids in DMD: Implications for new treatments (Robert Griggs)

Long-term side effects of drugs in development for NMDs (Rudolf Korinthenberg)

Post-marketing studies - using Pompe disease as a paradigm (Bruno Eymard)

Combination of old and new approaches - ending with a forward look and guidelines (Francesco
Muntoni)

Panel session: Bruno Eymard (Institute of Myology, France)
Francesco Muntoni (University College London, UK)
Kate Bushby (TREAT-NMD Coordinator, Newcastle University, UK)
Annemieke Aartsma-Rus (Leiden University, the Netherlands)

Closing keynote lecture
Breaking down the barriers between stakeholders
Volker Straub (TREAT-NMD Coordinator, Newcastle University, UK)

Closing remarks followed by lunch

Book of abstracts 17






Biographies of keynote speakers

Gert-Jan van Ommen (Leiden University Medical Centre)

Prof. dr. Gert-Jan B. van Ommen, PhD, (1947) is head of the Department of Human Genetics
of Leiden University Medical Centre (LUMC) and founder of the Leiden Genome Technology
Centre (LGTC), a principal genomics facility in the Netherlands. He has as major research
interests neuromuscular and neurodegenerative diseases (with a focus on Duchenne Muscular
Dystrophy, DMD, and Huntington Disease); development and application of genome research and
diagnostic technology for disease study, diagnosis, therapy and prevention, including the societal
aspects of genetic advances. He is past president of HUGO, the European Society of Human
Genetics and the Dutch Society of Human Genetics and Editor-in-chief of the European Journal
of Human Genetics. He is member of several National, EU and HUGO committees in the fields
of Genetics, Innovative Health Care, Genomics, Bioinformatics, Biobanking, Ethics and IP issues.
He is Director of the Centre for Medical Systems Biology, CMSB, one of four Centres of Excellence
of the Netherlands Genome Initiative. It is a joint initiative of Leiden University Medical Centre,
Leiden University, Free University Amsterdam and its Medical Centre, Erasmus MC Rotterdam
and TNO Leiden, aiming to improve diagnosis, therapy and prevention of common diseases and
rare variants thereof.

Kenneth Fischbeck (NIH/NINDS)

Dr. Fischbeck received A.B. and A.M. degrees from Harvard University and an M.D. degree
from Johns Hopkins. After a medical internship at Case Western Reserve University and a
neurology residency at the University of California in San Francisco, he did postdoctoral research
on muscular dystrophy at the University of Pennsylvania. In 1982 he joined the faculty in the
Neurology Department at the University of Pennsylvania Medical School. In 1998 he came to
the NINDS as Chief of the Neurogenetics Branch. He received the Cotzias Award from the
American Academy of Neurology and was elected to the Institute of Medicine of the National
Academy of Sciences. His laboratory is studying the mechanisms of hereditary neurological and
neuromuscular disorders, particularly the polyglutamine expansion neurodegenerative diseases.

Volker Straub (TREAT-NMD Coordinator, Newcastle University)

Professor Volker Straub is joint co-ordinator of TREAT-NMD, executive board member of
the World Muscle Society and executive board member of the Institute of Human Genetics at
Newcastle University. Together with Hanns Lochmiiller, Volker was responsible for setting up the
German muscular dystrophy network, MD-NET, of which he was joint coordinator until 2008.
Within the neuromuscular research group at Newcastle, Volker has a long-standing interest in
the pathogenesis of muscular dystrophies, with research using zebrafish and mouse models. His
current research also involves the application of contrast enhanced MRIL

Book of abstracts
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Biographies of Conference session co-chairs
Making clinical trials a reality

Kate Bushby (TREAT-NMD Coordinator, Newcastle University)

Professor Kate Bushby has overseen the expansion of the Newcastle Muscle Centre since 1999 to its
position today as a leading international neuromuscular centre. Together with Volker Straub, Katie
is joint coordinator of the TREAT-NMD network. She is Research Director of the ENMC and is a
member of the Scientific Advisory Committee of the AFM. In the UK she is Deputy Director of
the MRC Centre for Neuromuscular Diseases at University College London and Newcastle, and
Clinical Director of the NCG diagnostic and advisory service for rare neuromuscular disorders
(limb-girdle muscular dystrophies).

John Porter (NIH/NINDS)

Dr. John Porter is Program Director at the National Institute for Neurological Disorders and
Stroke (NINDS). He manages a portfolio of research grants that focuses on diseases affecting the
motoneuron (spinal muscular atrophy and spinal bulbar muscular atrophy), axon (inherited and
acquired peripheral neuropathies), neuromuscular junction (inherited and acquired myasthenia
gravis and slow channel syndrome), and skeletal muscle, (myotonic dystrophy and congenital,
Duchenne/Becker, Emery-Dreifuss, facioscapulohumeral, limb girdle, and oculopharyngeal
muscular dystrophies). He currently serves as Executive Secretary for the interagency Muscular
Dystrophy Coordinating Committee and is on advisory boards for Translational Research in
Europe-Assessment and Treatment of Neuromuscular Diseases (TREAT-NMD), the MRC Centre
for Neuromuscular Diseases, the Muscular Dystrophy Association (MDA) Translational Research
Advisory Committee, the Fields Centre for FSHD and Neuromuscular Research, and the Jain
Foundation. Dr. Porter received his undergraduate degree in Biology from the College of William
and Mary and his PhD in Anatomy from Medical College of Virginia and completed postdoctoral
training in systems neurophysiology at the University of Alabama at Birmingham. Prior to joining
the NIH, Dr. Porter was Professor of Neurology at Case Western Reserve University. His 20+ year
academic research career focused upon extraocular muscle biology in health and disease, including
the mechanisms responsible for its novel responses to a variety of neuromuscular disorders.

Therapeutic target and candidate identification

Jon Tinsley (Summit plc)

Jon completed his undergraduate and postgraduate education at Leeds and Birmingham University
in the field of molecular virology and cell biology, receiving his PhD in 1991 where he continued
in academic research for several years. This included a number of years in the laboratory of Dame
Prof. Kay Davies where he played a major role in elucidating the function and therapeutic potential
of utrophin. Following on from this work, Jon received a prestigious MRC Non-clinical Senior
Fellowship to develop proteomic and transcriptomic technologies in neurological diseases. Jon
moved into the Biotech arena with Oxagen, as Head of Biology working on target identification
and drug discovery projects yielding a number of compounds progressing into preclinical
development. Jon joined VASTox (now Summit plc) as Head of Biology in the spring of 2005
tasked with the role of developing the biology capability, particularly the in vivo and in vitro
screening platforms for internal drug discovery programs. Jon has been programme director
for a number of projects successfully out-licensed which includes the utrophin upregulation
programme licensed to BioMarin in 2008. Jon’s current position is Senior Director of R&D.
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Lee Sweeney (University of Pennsylvania)

Dr. Sweeney’s research program addresses the molecular basis of cellular movement and force
generation. His approach encompasses investigations on single molecules, single cells and whole
organisms. At the level of the single molecule, the work examines the basic design and function
of the molecular motor, myosin. These studies combine protein engineering with biochemical
and structural analyses. At the level of isolated cells (cultured myocytes), the research program
has two aspects: (1) investigation of the role of various proteins either in the generation of force,
or in the transmission of force across the cell membrane, and (2) the process of assembly of the
contractile apparatus. Studies at the whole animal level involve gene transfer into muscle (both
germ line and somatic cell). Somatic cell gene transfer (utilizing viruses) allows the assessment of
acute alterations in cell structure and function following viral-driven expression of a single protein.
In response to acute changes in properties, feedback pathways intrinsic and extrinsic to the muscle
cell signal alterations in the muscle gene expression program that result in an adaptive response.
This new approach allows critical evaluation of principles of muscle cell design as well as evaluation
of possible causes of and treatments for muscle diseases. Currently, Dr. Sweeney is studying two
diseases, Duchenne Muscular Dystrophy and hypertrophic cardiomyopathy, with this approach.

Animal model assessment

Markus Riiegg (University of Basel)

Prof. Markus A. Riiegg has a track record as researcher in basic research addressing the
development and function of the neuromuscular junction and mechanisms of neuromuscular
diseases. Has authored more than 60 publications in major journals such as Nature, Nat. Cell Biol.,
Neuron, J. Cell Biol., EMBO J. and is inventor on 4 patents. He is an invited speaker to EMBO
and ENMC Workshops, Gordon Research Conferences, to the World Muscle Society and several
additional major meetings in the filed. He is also co-founder of MyoContract. He is the scientific
representative of the University of Basel on the TREAT-NMD Governing Board.

Joe Kornegay (University of North Carolina)

Dr. Joe N. Kornegay is Professor in the Departments of Pathology and Laboratory Medicine
and Neurology, and Investigator, Gene Therapy Centre, School of Medicine, University of North
Carolina-Chapel Hill. After receiving his veterinary degree from Texas A&M University in 1973,
Dr. Kornegay spent three years in private practice in Ohio and Texas, followed by six years in
residency (neurology and pathology) and graduate (Masters and PhD) training at the University
of Georgia College of Veterinary Medicine. Upon completion of this training, he served on the
faculty of the College of Veterinary Medicine at North Carolina State University for 11 years before
moving to the College of Veterinary Medicine at the University of Missouri. At Missouri, Dr.
Kornegay principally served as an administrator, first as a department chair and later as dean. He
moved to his current position at the University of North Carolina-Chapel Hill School of Medicine
in 2006. For the past 25 years, Dr. Kornegay has studied a spontaneous canine disease termed
golden retriever muscular dystrophy (GRMD), which serves as an animal model for Duchenne
Muscular Dystrophy (DMD) of humans.

Therapeutic misconception and ethical considerations

Simon Woods (Newcastle University)

Dr Simon Woods is a bioethicist at the Policy, Ethics and Life Sciences Research Centre (PEALS).
He is a member of a number of research and clinical ethics committees and has an active
international research profile in medical ethics and ethics related to developments in the life
sciences. He has published widely in the field and provides professional development training to
health professionals and members of ethics committees. Within the TREAT-NMD project Simon
chairs the Project Ethics Council and is a leader of the ethics workpackage.

22 TREAT-NMD/NIH International Conference



Developing novel, disease targeted therapies and addressing the challenges

of systemic delivery

Serge Braun (AFM)

Serge Braun, PharmD, PhD is Scientific Director of AFM, the French Muscular dystrophy
Association. He has 10 years experience in the University (working on the pathogenesis and
treatment of different genetic and acquired neuromuscular diseases) and 10 years in the
biotechnology sector (as VP Research at Transgene, Strasbourg, France; a leading gene therapy
biotech companys; also as co-founder of Neurofit, a contract research organization specialized in
preclinical testing of both the central and the peripheral nervous system). He was Vice-President
of Alsace BioValley, member of the tri-national biocluster. He is also scientific expert or member
of the Scientific Board of different state Institutions, non-profit associations, Venture Capitalists,
biotechs and bioclusters.

Kenneth Fischbeck (NIH/NINDS)

Dr. Fischbeck received A.B. and A.M. degrees from Harvard University and an M.D. degree
from Johns Hopkins. After a medical internship at Case Western Reserve University and a
neurology residency at the University of California in San Francisco, he did postdoctoral research
on muscular dystrophy at the University of Pennsylvania. In 1982 he joined the faculty in the
Neurology Department at the University of Pennsylvania Medical School. In 1998 he came to
the NINDS as Chief of the Neurogenetics Branch. He received the Cotzias Award from the
American Academy of Neurology and was elected to the Institute of Medicine of the National
Academy of Sciences. His laboratory is studying the mechanisms of hereditary neurological and
neuromuscular disorders, particularly the polyglutamine expansion neurodegenerative diseases.

Registry development for clinical trials

Hanns Lochmiiller (Newcastle University)

Professor Hanns Lochmiiller joined the Newcastle Muscle Centre in 2007 from Munich. Together
with Volker Straub, Hanns was responsible for setting up the German muscular dystrophy
network, MD-NET, of which he was Coordinator (jointly with Volker Straub) until 2008. He is
the scientific coordinator of EuroBioBank, a European network of biobanks for rare disorders.
Before coming to Newcastle University, Hanns held the post of Consultant and subsequently
Professor of Neurology and Molecular Neurogenetics at Ludwig-Maximilians-University in
Munich. He has a long-standing interest in the molecular genetics of the inherited myopathies
and neuromuscular junction disorders, and his research focuses on the further study of animal
models of these disorders as a means to understanding their pathophysiology, as well as to develop
the means to monitor disease progression and therapeutic interventions.

Jackie Jackson (Indiana University)

Ms. Jackson has Bachelor of Science Degrees in Psychology and Biology. She has been a Research
Manager in the Department of Medical and Molecular Genetics at Indiana University School
of Medicine for nearly 25 years. She has been responsible for the development and direction
of numerous research studies including studies of Huntington Disease, Parkinson Disease,
Alzheimer Disease, Alcoholism, Spinal Muscular Atrophy, Charcot-Marie-Tooth and others.
The studies she manages vary in scope ranging from the collection of family history information
to the facilitation of neuropathology and collection and dissemination of a multitude of biological
specimens. Indiana University maintains the National Research Roster for Huntington Disease
Patients and Families a registry which has been ongoing for over 30 years. Indiana University
also maintains data from the Huntington Disease in Venezuela Study. Ms. Jackson is a 25 year
member of the Huntington Disease Venezuelan Collaborative Research Team responsible for
finding the Huntington Gene. Indiana University currently participates in the TREAT-NMD
global database for Spinal Muscular Atrophy and plans to contribute data on Charcot-Marie
Tooth in the near future as well.
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Clinical outcome measures

Michael Rose (Kings College London)

Michael Rose is consultant in adult neurology at King’s College Hospital, London, United Kingdom
and runs a regional muscle disease clinic service there. He was a Medical Research Council
research fellow investigating mitochondrial muscle disease and spent a year in Rochester, New
York gaining specialist training in muscle disease. He is a founder member of the Muscle Study
Group and was involved in the conduct of their trials in inclusion body myositis. He has been
involved in the planning stages of several NMD trials including those for Duchenne Muscular
Dystrophy, spinal muscular atrophy, polymyositis and periodic paralysis. Michael is co-editor
of the Neuromuscular Diseases Cochrane Review Group. He was clinical trials mediator for the
European Neuromuscular Centre and is a current member of the ENMC Research Committee.
He is a partner in the TREAT-NMD network responsible for the establishment, expansion and
maintenance of the Registry of Outcome Measures for NMD and is keen to promote the systematic
review of outcome measures for NMD clinical trials. He continues researching into muscle disease
with particular interest in quality of life issues.

Julaine Florence (Washington University)

Dr. Florence is Research Associate Professor and Director of Clinical Studies with the
Neuromuscular Division, Department of Neurology, Washington University Medical School, St.
Louis, MO, USA. The focus of her career has been on the design, implementation and optimization
of clinical outcome measures in therapeutic trials for individuals with Neuromuscular Disorders.
Julaine also has a joint appointment in the Program in Physical Therapy, Washington University
Medical School and has been involved in rehabilitation services with the neuromuscular disease
clinic at Washington University since its inception.

Effects of long-term treatment and combination therapeutics

Robert‘Berch’ Griggs M.D. (University of Rochester)

Dr. Griggs is Professor of Neurology, Medicine, Pathology and Laboratory Medicine and Pediatrics
at the University of Rochester School of Medicine and Dentistry. Dr. Griggs is an internist/
neurologist specializing in neuromuscular diseases with a focus on experimental therapeutics. He
has directed an NIH-funded training program in the Experimental Therapeutics of Neurological
Disease since 1989. He is currently President (2009-2011) of the American Academy of Neurology.
Since 1998, Dr. Griggs has chaired the Executive Committee of the Muscle Study Group
(MSG), an international consortium of investigators focused on developing new treatments
for neuromuscular disease. He is the Principal Investigator of the NIH-funded Consortium
for the Investigation of Neurological Channelopathies (CINCH) in the Rare Disease Network.
He is the Principal Investigator of the NINDS-funded HYP HOP trial of dichlorphenamide in
periodic paralysis and Co-Principal Investigator (with Dr. Kate Bushby) of FOR DMD, a NINDS-
funded trial designed to determine the optimum corticosteroid regimen for Duchenne Muscular
Dystrophy.

Rudolf Korinthenberg (University of Freiburg)

Prof. Rudolf Korinthenberg, MD is head of the Department of Neuropaediatrics and Muscular
Disorders at Children’s Hospital, University Hospital Freiburg. He received his paediatric and
neuropaediatric training at University Hospital Miinster/Westfalia and holds his actual position
since 1990. He has published on a broad range of topics in child neurology, and during the last 18
years has concentrated on clinical scientific work in neuromuscular disorders. He has conducted
several German multicentre trials in NMD as principal investigator, and he is head of the Trials
Organisation Centre of MD-Net and The Clinical Trials Coordination Centre of TREAT-NMD.
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TREAT-NMD services for clinicians
and scientists conducting
research and academic trials

Through the TREAT-NMD infrastructure,
clinicians and basic scientists have access

to a wide range of trial and research-related
tools and services.

TREAT-NMD Advisory Committee for Therapeutics (TACT)
TACT is an expert body set up by TREAT-NMD to provide
transparent guidance and advice on the trial-readiness of
potential new therapies for neuromuscular diseases. Pls
and researchers working on new therapies with promising
preclinical results can contact TACT for advice on the steps to
be taken to move into clinical trials and an unbiased appraisal
of their therapy for this step.

www.treat-nmd.eu/TACT

Registry of Outcome Measures (ROM)

The TREAT-NMD Registry of Outcome Measures is a freely
accessible and regularly updated online resource for
information on existing outcome measures. It contains
detailed summary information about outcome measures,
including a description, availability information, contact details
for providers, and references to related documents including
manuals and training videos.

www.treat-nmd.eu/ROM

Standards of care guidelines

Variations in care standards between and even within
countries not only impact on quality of life but also make
comparison of trial results from different centres a challenge.
TREAT-NMD has worked with international specialist groups
to draw up international consensus documents on standards
of care. Standards of care for SMA are available in in multiple
languages on the TREAT-NMD website and those for DMD will
be made available after publication in the Lancet Neurology in
January 2010. A similar process is currently ongoing for CMD.
SMA care standards: www.treat-nmd.eu/sma-care

DMD care standards: www.treat-nmd.eu/dmd-care

The Care and Trial Site Registry

We encourage all clinicians interested in neuromuscular trials
or with expertise in neuromuscular patient care to register
with the TREAT-NMD Care and Trial Site Registry (CTSR), a
database of information on clinical sites set up to facilitate
the selection of centres with the expertise to take part in
clinical trials. Companies have already made use of the CTSR
to assist in their site selection for upcoming trials.
www.treat-nmd.eu/ctsr

Biobanks

EuroBioBank is the first operating network of biobanks in
Europe providing human DNA, cell and tissue samples as
a service to the scientific community conducting research
on rare diseases. It is the only biobank network dedicated
to rare disease research in Europe. A total of approximately
170,000 samples are available to researchers worldwide via
the online catalogue.

www.eurobiobank.org

Standard operating procedures for animal models

As the result of international collaborations between animal
model specialists worldwide, a set of SOPs for various
experimental protocols on animal models have been drafted
and made available on the TREAT-NMD website for the
use of researchers working in this area across the world.
www.treat-nmd.eu/animalmodels

Regulatory affairs database

The regulatory affairs database is a valuable source of advice
to investigators involved in clinical trial planning. It contains
details of national legislation from countries across Europe.
US regulations are planned to be incorporated in future.
European regulations and guidelines (e.g. from ICH and
EMEA) are also available.
www.treat-nmd.eu/regulatoryaffairs

Patient registries

The TREAT-NMD patient registries were set up primarily with
future trials and therapies in mind. The global registries for
DMD and SMA are recognised as the leading resource for trial
planning and recruitment in these diseases at an international
level and are already being used by pharmaceutical companies
for this purpose. The registries are open to enquiries from
academic colleagues, and clinicians are invited to make
use of the registries for their own research questions.
www.treat-nmd.eu/patientregistries
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Finding Strength to end Duchenne

When parents hear that their child has been diagnosed with Duchenne
muscular dystrophy, it can be devastating. They are forced to face an entire
new reality—the reality of Duchenne and everything the diagnosis
details—including the fact that there is no known effective treatment or cure
that will stop its progression. But there is hope.

Parent Project Muscular Dystrophy is the largest nonprofit organization in the
United States focused entirely on Duchenne muscular dystrophy. Our name
reflects our grassroots origins, parent-led focus, and passion.

PPMD takes a comprehensive approach in the fight against Duchenne:
* Funding research
* Promoting advocacy
¢ Connecting the community
¢ Broadening treatment options
* Raising awareness

Only this comprehensive approach will lead to the day that 100% of those
diagnosed can turn to a treatment and a cure to end Du

Parent Project
Muscular Dystrophy

LEADING THE FIGHT TO END Duckenne  ParentProjectMD.org e 800-714-5437

The Muscular
Dystrophy Association

is proud to have provided more
than $30 million for translational

research in the last five years.

www.mda.org




For more information visit
www.muscular-dystrophy.org
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Preclinical studies in models of NMD - methodology and
characterisation
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PSM-M&C-01 - Magnetic resonance imaging of cardiac function in mouse models for muscular
dystrophy associated cardiomyopathy

E. Greally', B.J. Davison!, A. Blain!, S.H. Laval’, K. Bushby', V. Straub', A.M. Blamire? and G. MacGowan’

Unstitute of Human Genetics, University of Newcastle, Newcastle upon Tyne, United Kingdom; >Campus for Ageing and

Vitality, University of Newcastle, Newcastle upon Tyne, United Kingdom; 3Freeman Hospital, Newcastle upon Tyne, United

Kingdom; elizabeth.greally@ncl.ac.uk

Cardiomyopathy is a major cause of death in muscular dystrophy (MD) and a number of studies have shown increased intracellular
calcium levels in muscular dystrophy. Manganese Enhanced Magnetic Resonance Imaging (MEMRI) can be used to monitor
intracellular calcium handling. MEMRI utilizes the divalent manganese ion which enters the cardiomyocyte through the L-type
calcium channel and potentially other routes and acts as a contrast agent on T1 weighted images. Using MEMRI we have non-
invasively assessed manganese uptake in the hearts of the dystrophin deficient mdx mouse, a model for DMD, and the delta-
sarcoglycan deficient Scgd-/- mouse, a model for LGMD2FE. Following MRI to measure global cardiac function, manganese
chloride was infused to achieve a dose of 190 nmol/g body weight. A single mid-ventricular short axis slice was obtained using an
ECG gated gradient echo (FLASH) sequence. Images were taken before the start of the manganese infusion and every 5 minutes
thereafter for up to 90 minutes. Manganese uptake into the myocardium was quantified by changes in signal intensity from baseline.
Preliminary data suggests that initially the rate of uptake and signal intensity are significantly increased in both mdx and Scgd-/-
when compared to controls. This study demonstrates for the first time that in-vivo myocyte calcium influx is abnormally increased
in muscular dystrophy cardiomyopathy and potentially a major factor in the development of left ventricular dysfunction. MEMRI
also provides a non-invasive system to monitor therapeutic intervention in mouse models of muscular dystrophy.

PSM-M&C-02 - Mild exercise improves skeletal muscle performance in a mouse model of limb girdle
muscular dystrophy 2B

M. Lantorno, T. Duong, A. Sali, S. Rayavarapu, ]. Vandermeulen, D. Guerron, A. Pons, E. Hoffman and K. Nagaraju

CINRG (Cooperative International Neuromuscular Research Group), USA; tduong@cnmcresearch.org

Defects in the dysferlin gene results in limb girdle muscular dystrophy (LGMD2B) and distal Miyoshi muscular dystrophy. The
loss of dysferlin leads to adult onset of muscle weakness, high serum creatine kinase levels and a prominent inflammatory infiltrate
in skeletal muscle. We sought to determine the effects of different exercises in AJ mice. A] mice (n=40) were subjected to mild
exercise interventions at 17 weeks age. They were divided into Untreated (NT; n=10), Horizontal Treadmill (HT; n=10), Downbhill
Treadmill (DT; n=10) and Voluntary Wheel (VW; n=10) groups. Treated mice underwent 48 exercise sessions with baseline,
midpoint and endpoint measures. Muscle function was assessed using grip strength and rotarod, muscle force, and histology for
inflammation, degeneration and regeneration. All intervention groups were compared to the no intervention group. No differences
were observed in forelimb grip strength. However, VW showed better hindlimb grip strength (P<0.01). Furthermore, HT and
VW groups showed a significant improvement in rotarod function (P<0.05), while DT group showed a strong trend of improved
performance (P=0.076). Serum Creatine Kinase levels were not different between groups. The fiber size distribution curve in
quadriceps was slightly larger in HT and VW. H&E and moma staining analysis showed a decreased inflammatory infiltrate
and higher degree of regeneration in the HT and VW. In conclusion, mild exercise improves muscle function in A/J mice. The
improvement in muscles strength seen at midpoint coincides with known histological presentation of muscle weakness in A] mice
before and after the onset of symptoms.

PSM-M&C-03 - Accelerate preclinical phase of new therapeutic treatment development
R. Willmann, S. Possekel, M.A. Riiegg, R.]. Fairclough, K.E. Davies and T. Meier
University of Basel and Santhera Pharmaceuticals, Switzerland; raffaella.willmann@unibas.ch

TREAT-NMD Activity 07 focuses on those aspects of preclinical studies for DMD which subsequently affect the quality and
relevance of therapeutic efficacy assessment. Four aspects are considered: (1) development of high-throughput screening setups
in cellular systems and in vitro models to find drug candidates for DMD; (2) recommendation of appropriate animal models for
use in preclinical efficacy studies of potential new treatments, in order to overcome the debate as to whether all currently used
animal models correctly mimic the human disease and to establish guidelines detailing how to evaluate them. This work package
assessed the available animal models by in-depth comparison of the human and animal disease states. The results of this work
and the recommendation of the mdx mouse as the model of choice for DMD are published as a review paper in Neuromuscular
Disorders 19 (2009); (3) eelection of readout parameters to assess the efficacy of treatment in the animal models, with the aim to
increase comparability of preclinical data and facilitate prioritization of different treatment options prior to clinical trials. Our team
currently supports and coordinates a discussion addressing this topic; (4) creation of a set of standardized experimental protocols
to evaluate the selected parameters. To this end, two workshop meetings were held; one in USA (2007) and one in Switzerland
(2008) with experts in the field from Europe, USA and Australia. The outcome of the meeting is a collection of standardized
experimental protocols to assess the main endpoints used in DMD animal models. Protocols are available under http://www.
treat-nmd/research/preclinical/SOPs.
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PSM-M&C-04 - Urinary level of prostaglandin D2 metabolites in animal models of Duchenne Muscular
Dystrophy

S. Kamauchi, M. Hayashi, T. Maruyama, K. Aritake and Y. Urade

Osaka Bioscience Institute, Japan; kamauchi@obi.or.jp

Hematopoietic prostaglandin (PG) D synthase (H-PGDS) is responsible for the production of PGD2 in mast cells, Th2 lymphocytes,
and antigen-presenting cells during inflammatory and immune responses. Recent studies showed that H-PGDS appeared in
necrotic muscle fibers in patients with Duchenne Muscular Dystrophy (DMD) or polymyositis (Okinaga et al., Acta Neuropathol.,
104: 377,2002). PGD2 production in necrotic muscle fibers is considered to be closely related with the pathologic variation in DMD
and polymyositis. We investigated the correlation between the pathologic variation and the level of urinary PGD2 metabolites.
When [3H]-PGD2 was infused intravenously into normal Wistar rats, 80% of the infused radioactivity was excreted into the urine
and bile within 4 hours. Urinary metabolites were separated by reverse-phase HPLC and analyzed by tandem mass spectrometry.
The urinary level of a PGD2 metabolite, tetranor-PGDM (Song ef al., J. Biol. Chem., 283: 1179, 2008) was about 3 times higher
in mdx mice, a model of DMD, than in wild-type mice. Administration of H-PGDS inhibitor, HQL-79 to mdx mice for 5 days
significantly decreased the level of urinary tetranor-PGDM and reduced the volume of the necrotic muscle fibers (Mohri ef al.,
Am. J. Pathol,, 174: 1735, 2009), suggesting that urinary tetranor-PGDM is useful as a clinical indicator for DMD pathology.

PSM-M&C-05 - An in vitro cell model to further elucidate mechanisms of muscle fibrosis and test
possible anti-fibrotic agents

S. Zanotti, S. Gibertini and M. Mora

Fondazione IRCCS Istituto Neurologico C. Besta, Italy; mmora@istituto-besta.it

Innovative treatments for neuromuscular disorders are to be tested in vitro and in vivo before they can proceed into clinical trials.
We isolated primary fibroblasts from DMD and control muscle biopsies and induced transdifferentiation to myofibroblasts by
TGE-B1 treatment. We compared proliferating activity and soluble collagen production, as well as transcript and protein levels of
decorin, myostatin, TGF-f1, MMP-1 (interstitial collagenase), MMP-2 (gelatinase), MMP-3 (stromelysin), MMP-7 (matrilysin),
and the MMP inhibitors TIMPs 1 to 4, in fibroblasts and myofibroblasts. Principal differences included: significantly greater
soluble collagen production; significant upregulation of decorin, myostatin and MMP-7 transcripts and proteins; and significant
downregulation of MMP-1 and TIMP-3 transcripts and proteins, in untreated DMD fibroblasts compared to controls. TGF-f1
transdifferentiation significantly lowered decorin and myostatin, and significantly increased TGF-f1 transcript and protein;
significantly increased MMP-1 and TIMP-3, and significantly lowered MMP-7 transcript and protein in DMD cells compared
to pretreatment. The several differences between DMD and control fibroblasts show that DMD fibroblasts have a profibrotic
phenotype, accentuated by TGF-P1 treatment. Dystrophin absence itself could exert a direct influence on ECM homeostasis by
allowing leakage of cellular components to the extracellular space, or abnormal cellular uptake of extracellular growth factors,
cytokines, or enzymes to influence muscle fibroblasts either directly by altering adhesion properties or indirectly by interactions
with molecules released into the ECM by muscle or inflammatory cells. The transdifferentiation of muscle fibroblasts may serve
as a simplified model of fibrosis to further elucidate mechanisms of muscle fibrosis and test possible anti-fibrotic agents.

PSM-M&C-06 - Phenotyping neonatal models of neuromuscular degeneration as a prelude for drug
candidate evaluation.

B.E El-Khodor!, M. Winberg® and S. Ramboz!

IPsychoGenics Inc., 765 Old Sawmill River Road, Tarrytown, NY, USA; 2Spinal Muscular Atrophy Foundation, 888 Seventh

Avenue, New York, NY, USA; bassem.elkhodor@psychogenics.com

Phenotyping neonatal models of neuromuscular degeneration as a prelude for drug candidate evaluation. The present study
addresses methodological approaches and common interpretational challenges relevant to neonatal models of neuromuscular
diseases using Spinal Muscular Atrophy (SMA) (SMNdelta7) and Duchene’s Muscular Dystrophy (DMD) (mdx) as examples.
While indices of neonatal well-being are important endpoint for any drug screening, we sought in vivo non-invasive measures
of muscle function to evaluate therapeutics that could potentially improve motor function. We will present the latest validation
data for the hind limb suspension test (a.k.a. the tube test), a novel non-intrusive behavioral test for the evaluation of neonatal
neuromuscular function (El-Khodor et al., 2008). The neonatal tube test has been used successfully in ongoing drug screening
efforts in the SMNdelta7 and mdx models. We show that this test can be used as a diagnostic test in the SMA mice. Although the
first detectable muscle pathology appears at 3 weeks of age in the mdx animals, the tube test detected a significant motor deficit
in the mdx animals as early as postnatal day 8. The present study will also detail PsychoGenics battery of straightforward, easy-to-
perform, rapid and moderate-throughput tests of survival, motor function and indices of neonatal well-being in the SMNdelta7
and mdx mice.
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PSM-M&C-07 - The immediate consequences of treadmill exercise on adult dystrophic mdx mice
H.G. Radley-Crabb, J.R. Terrill, T. Shavlakadze, J. Tonkin, PA. Arthur and M.D. Grounds
The University of Western Australia, Australia; mgrounds@anhb.uwa.edu.au

Despite suffering the same genetic defect as DMD patients the dystropathology in sedentary adult mdx mice is very mild. It is
well documented that both voluntary exercise and treadmill exercise can increase dystropathology (myofibre necrosis) in adult
mdx mice. The exact events leading to myofibre necrosis are unknown; excess inflammation and increased levels of oxidative
stress are however strongly implicated. The aims of this study were to: (1) establish a short and repeatable 30 minute treadmill
protocol and to profile the timecourse of indicators of muscle damage immediately after treadmill exercise; (2) evaluate the extent
of dystropathology in mdx mice after a single exercise session in comparison to 4 weeks of treadmill exercise and conclude if a
single exercise session is an appropriate protocol to screen pre-clinical drugs in adult mdx mice. Histological analysis consistently
showed the highest level of myofibre necrosis in the quadriceps in comparison to other muscles. Transient elevations in blood
serum creatine kinase were also a consistent marker of muscle damage peaking immediately after exercise. Gene expression of
inflammatory cytokines showed a significant increase in IL-6 and Il-1a and decreased TNF mRNA. A more precise understanding
of the sequence of molecular and cellular changes which lead to myofibre necrosis immediately after exercise can identify
biomarkers to rapidly evaluate the efficacy of pre-clinical drug interventions in adult mdx mice. We have used this procedure
to examine the beneficial effects of an anti-inflammatory drug (cV1q - a mouse specific TNF antibody) and an anti-oxidant
(N-acetylcysteine) on adult mdx mice.

PSM-M&C-08 - Preclinical drug trial efforts for muscular dystrophy: methods and end points

A. Sali, D. Guerron, C. Spurney, G. Pandey, R. Gernapudi, ]. Vandermeulen, D. Francia, V. Farajian, R. Rawat, S. Rayavarapu,
B. Ampong, S.T. Fricke, E.P. Hoffman and K. Nagaraju

Children’s National Medical Center, USA; knagaraju@cnmcresearch.org

Promising therapeutic interventions for muscular dystrophy are rapidly increasing, leading to an increased demand for pre-clinical
testing in mouse models of muscular dystrophy. Pre-clinical efficacy and toxicity assessments are critical steps in moving potential
therapies from the bench to patient bedside. Currently, there are no dedicated preclinical facilities for muscular dystrophies. We
have established a state-of-the-art facility at Children’s National Medical Center (CNMC), Washington DC to maintain several
mouse models of myopathy (mdx-23, mdx-52, mdx4cv, Calpain- 3 KO, dysferlin- deficient, EMD null and MHC class I model of
myositis) and to evaluate therapeutic interventions in these models. We have developed several sensitive functional (grip strength,
rota-rod, in vitro force contractions), behavioral (open field activity), imaging (echocardiography, MRI and optical imaging),
biochemical (serum creatine kinase) and histological (EBD dye uptake, fibrosis and H&E) end points that are useful not only to
assess drug efficacy but also to evaluate the phenotype of myopathic mouse models. So far, our pre-clinical drug testing facility
has tested over 30 therapeutic interventions and more are in the pipeline. We will present these methods, their sensitivities and
discuss their ability to detect a significant difference upon therapeutic intervention. These efforts would significantly help to
accelerate the pace of human muscular dystrophy clinical trials.

PSM-M&C-09 - Effect of a mild exercise regime on disease parameters in the mdx mouse model
M. van Putten, C. de Winter, W. van Roon-Mom, G-J. van Ommen, PA.C. ’t Hoen and A. Aartsma-Rus
Leiden University Medical Center; m.van_putten@lumc.nl

Duchenne Muscular Dystrophy (DMD) is a severe, progressive, muscle wasting neuromuscular disorder, characterized by the
lack of functional dystrophins. To assess the therapeutic effects of possible treatments in more detail and to determine which
levels of dystrophin restoration are required for improved muscle function in mdx mice, we have set up several functional tests
for monitoring muscle strength and condition. These tests consist of grip strength, rota-rod and 2 and 4 limb hanging wire tests.
Where possible, standardized operating procedures (from the TREAT-NMD website) were implemented. Since there is some
debate on the effect of exercise on disease progression, we first assessed whether there is a difference in histology and in previously
identified fibrotic and immunologic RNA biomarker levels between exercised and sedentary mice. Male mdx mice (n=5) underwent
a 12 week functional test regime starting at the age of four weeks. Mice performed different functional tests on consecutive days
on a weekly basis. Creatine kinase levels were determined once a week. After sacrifice the percentage of fibrotic/necrotic areas
throughout different skeletal muscles and heart were determined using a computer-automated image analysis system. We found no
indications for differences in fibrosis between the exercised and sedentary mice in heart and skeletal muscle, nor did the amount
of fibrosis vary between different locations within muscles. Gene expression levels of disease-related genes did not differ between
the groups. Based on these results the functional test regime was found not to affect the natural disease progression in mdx mice.
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PSM-M&C-10 - MALDI reveals membrane lipid profile reversion in MDX mice
E Benabdellah, H. Yu, A. Brunelle, O. Laprévote and S. De La Porte
CNRS, France; sporte@nbcm.cnrs-gif.fr

Duchenne Muscular Dystrophy (DMD), the most common and severe X-linked myopathy, is characterized by the lack of
dystrophin, a sub-sarcolemmal protein necessary for normal muscle functions. In a previous study of the lipid content of skeletal
muscles of dystrophic (mdx) mice, the animal model for DMD, by in situ Matrix-Assisted Laser Desorption-Ionization Mass
Spectrometry (MALDI-MS), an inversion of the phosphatidylcholine PC34:2/PC34:1 ion peaks intensity ratio was observed
between destructured (abnormal fiber morphology) and structured (normal fiber morphology). A possible treatment for this
dramatic disease is to introduce an exogenous nitric oxide (NO) donor into the organism, leading to an increase of utrophin and
a regression of the dystrophic phenotype. In the present work, after confirmation by tandem mass spectrometry of the structure
of these two phospholipids, their intensity ratio inversion was used to evidence a restoration of membrane lipid composition very
similar to those of wild-type mice after the treatment of mdx mice with molsidomine, a NO donor. This was associated with the
observation by immunohistology of an increase of the regeneration process in the mice.

PSM-M&C-11 - Muscle hypertrophy and contractures in a myostatin heterozygote null GRMD dog
J.N. Kornegay', J.R. Bogan', D.]. Bogan!, M. Styner!, D. Chen!, R.W. Grange? and K. Wagner’

IUniversity of North Carolina-Chapel Hill, USA; ?Virginia Tech University, USA; 3The Kennedy Krieger Institute, USA;
joe_kornegay@med.unc.edu

Myostatin is a negative regulator of muscle growth. There has been increasing interest in inhibiting myostatin to promote muscle
growth in a range of conditions, including Duchenne Muscular Dystrophy (DMD). To provide further justification for use of
myostatin blockade as a treatment for DMD, we have initiated a set of experiments to define the phenotype of dogs produced by
breeding obligate female carriers of the golden retriever muscular dystrophy (GRMD) canine model of DMD with male myostatin-
null whippet dogs. The genotype of the first litter (F1 generation) included three females and three males. In subsequent phenotypic
studies, we have focused mostly on the three males: GRMD Normal/Myostatin Normal (Racer), GRMD/Myostatin Heterozygote
Null (Dash), and GRMD/Myostatin Normal (Flash). Characteristic signs of GRMD, including gait abnormalities and stunting,
developed in the two dystrophic dogs within the first six weeks of life. The phenotype of these two dogs was similar until about
4 months of age, when the myostatin-heterozygote null dog was noted to have more difficulty at gait. Over the subsequent three
months, the dog’s gait became even more compromised, with associated contractures and hypertrophy of some muscles. The
phenotype of this dog has been characterized with several tests, including MRI and force measurements. On MRI, there was
selective apparent hypertrophy of flexor muscles, with associated atrophy of extensors. Force measurements showed a similar
selective involvement of extensors and sparing of flexor muscle function. The imbalance between extensor and flexor muscle
involvement seemingly contributed to the contractures in these dogs.

PSM-M&C-12 - Structural and functional evaluation of branched myofibers in mdx mice
R.M. Lovering, A.B. McMillan, L. Michaelson and C.W. Ward
University of Maryland School of Medicine, USA; rlovering@som.umaryland.edu

Myofibers with structural malformations have been reported in diseased and damaged muscle; however the basis for these
malformations and the impact of these myofibers on overall muscle function is not fully understood. In dystrophic (dy/dy) mice,
the proportion of malformed myofibers decreases after prolonged muscle activity, suggesting they contribute to injury susceptibility
in dystrophic muscle. We assessed the occurrence, morphology, and function of malformed myofibers enzymatically isolated from
young (2 months) and old (9 months) mdx and age-matched control mice. In mdx, there were visible malformations in 6% and
65% of EDL myofibers of young and old mice, and in 5% and 11% of FDB myofibers in young and old mice, respectively. Despite
these visible malformations, cytoskeletal architecture was normal. Age-matched controls did not display altered morphology. In
mdx FDBs, an assessment of global EC coupling revealed that the peak amplitude of Ca(2+) release in malformed portions of
mdx myofibers was significantly decreased compared to the normal regions of the same myofibers. Osmotic challenge, an indirect
measure of susceptibility to membrane stress, revealed a greater incidence of spontaneous Ca(2+) sparks in the malformed portions
of myofibers. We also used MRI to determine the 3D architecture of hindlimb muscles. High resolution T1-weighted, multi-echo
T2-weighted (for T2 mapping), and spin echo diffusion tensor (to noninvasively track myofibers) MR images were acquired on
a 7T Bruker Biospec MR system. With this approach, we compare myofiber morphology and muscle architecture (PCSA, fiber
length, and pennation angle) of intact mdx and control muscles in vivo.
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PSM-M&C-13 - Modelling of SMA in mice: novelties and limits

M. Michaud, T. Arnoux, S. Bielli, E. Durand, Y. Rotrou, S. Jablonka, F. Robert, M. Giraudon-Paoli, M. RiefSland, M-G. Mattei,
E. Andriambeloson, B. Wirth, M. Sendtner, ]. Gallego, R.M. Pruss and T. Bordet

TROPHOS, France; rpruss@trophos.com

Mimicking SMA in mice to evaluate potential therapeutics is a great challenge. Several models have been developed introducing
the human SMN?2 transgene onto the null Smn-/- background showing that disease severity in mice depends on a fine tuning of
SMN protein expression. We addressed this challenge by generating new SMN2;Smn-/- lines on a pure C57BL/6N background
with transgene copy number ranging from 1 to 4. While 1-2 copies of SMN2 were insufficient and 4 copies fully rescued Smn-/-
mice, we report here the establishment of Smn-/- mice carrying three copies of SMN2. Though indistinguishable from normal
littermates until four days of age (P4), SMA mice rapidly developed muscle weakness and motor defects. At P15 (median survival),
motor neuron and axonal loss were evident, correlated with a reduction in compound muscle action potential amplitude, and in
nerve conduction. Although similar to wild type pups at P1, marked differences in breathing patterns were evident in SMA pups at
P7 with smaller ventilation volume, longer breath duration and greater apnea frequency and duration. Defects in neuromuscular
junction maturation were observed as early as P8 in the diaphragm. Whether these defects account for respiratory insufficiency
and premature death of SMA mice remains to be explored. Though still severely afflicted, this new SMA mouse is the longest
surviving SMN2;Smn-/- model on pure C57BL/6N background described to date. As one additional copy of SMN2 fully rescued
the phenotype, it appears unlikely that a milder phenotype can be produced by manipulating SMN2 copy number alone.

PSM-M&C-14 - Non invasive assessment of skeletal muscle function in mouse using 1TH-MR imaging
and 31P-MR spectroscopy

D. Bendahan

CRMBM, UMR CNRS 6612, Faculté de Médecine de Marseille, France; david.bendahan@univmed.fr

Although Magnetic Resonance (MR) techniques are able to provide key information related to muscle function, invasive procedures
used for muscle stimulation and force output measurement in animal models preclude from a total non invasive assessment and
repeated investigations in the same animals. We describe a new experimental setup allowing a strictly non-invasive investigation
of muscle function in contracting mouse gastrocnemius muscle using 1H-MR imaging and 31P-MR spectroscopy. This setup
allows prolonged anesthesia with control of the body temperature, transcutaneous muscle stimulation, force, MR Imaging and
Spectroscopy measurements. We investigated 8 mice through two fatiguing stimulation protocols (6 minutes of repeated isometric
contractions at 1.7 Hz) repeated over a 7-day period. T2-weighted imaging (T2WI) demonstrated that transcutaneous stimulation
mainly activated the gastrocnemius muscle. Moreover, changes in isometric force and energy metabolism were highly reproducible.
In addition diffusion WT allowed to check fibers integrity. The setup described in the present study is suitable for repeated MR
assessment of mouse skeletal muscle function, allowing mechanical performance, energy metabolism, anatomy and physiology
to be accessed strictly non-invasively in contracting gastrocnemius muscle. Longitudinal studies become thus readily feasible and
each mouse can serve as its own control, thereby reducing inter-individual variability, workload and costs. This major advance in
the exploration of skeletal muscle function opens up new perspectives for assessment of animal models of NMD.
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PSM-TT-01 - Developing AMPA receptor aptamers as new drug candidates for ALS
Z. Huang, ].S. Park and L. Niu
University at Albany, State University of New York (SUNY), USA; Iniu@albany.edu

In finding new treatment for amyotrophic lateral sclerosis (ALS), one of the important therapeutic strategies is to develop
inhibitors of the a-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid (AMPA) receptors. This is because excessive activity of
AMPA receptors, generally termed as excitotoxicity, is thought to link to the selective death of motor neurons. We are interested
in developing AMPA receptor inhibitors that are both potent and water soluble, the properties superior to all existing inhibitors.
Using systematic evolution of ligands by exponential enrichment (SELEX), we have successfully identified three classes of aptamers
with nanomolar affinity against AMPA receptors. In the class of competitive aptamers, we found one aptamer with an IC50 value
of 30 nM, rivaling any other exiting AMPA receptor inhibitors. Furthermore, this aptamer is broadly active in all AMPA receptor
subunits (i.e. GluR1-4), but has no unwanted activity in kainate or NMDA receptors, the two other glutamate receptor subtypes.
We have also identified two other classes of noncompetitive aptamers that are differentially selective to conformations of GluR2, a
key AMPA receptor subunit that mediates excitotoxicity: one class uniquely inhibits the open-channel whereas the other inhibits
the closed-channel conformation. Our results suggest the possibility of developing aptamers that are nanomolar affinity, water-
soluble and highly selective to both an AMPA receptor subunit and a unique receptor conformation. These aptamers are excellent
water-soluble, nanomolar affinity templates for design of better inhibitors as drug candidates for a potential new ALS therapy.

PSM-TT-02 - Up-regulation of TGF beta signaling in MDC1A
M. Girgenrath, A. Kumar and M. Morin
Boston University, USA; swetag@bu.edu

MDCI1A is a devastating form of muscular dystrophy that is caused by mutations in the LAMA2 gene encoding for laminin-a2, an
integral component of the extracellular matrix laminin211 protein complex. Lama2Dy-w mice, the murine model for MDCI1A,
exhibit accelerated muscle degeneration with little to no regeneration, increased inflammation, and fibrosis, and have a severely
reduced lifespan. It has been demonstrated that genetic/pharmacological inhibition of apoptosis increases lifespan and improves
postnatal growth and myofiber histology in Lama2Dy-w mice. However, while promising, these treatment strategies lead to only
partial recovery. Treated mice remain significantly smaller than healthy control mice and still retained poor muscle regenerative
capacity with increased fibrosis. Members of the Transforming Growth Factor-p (TGF-p) superfamily have been shown to enhance
fibrosis and are known to inhibit proliferation and differentiation of muscle satellite cells. Our results indicate increases in TGF-p1,
2 and 3 transcripts in Lama2Dy-w muscles relative to control muscles. Down-stream targets of TGF- implicated in fibrosis such
as periostinl, proteoglycan4 and Serpin E1 are also expressed at higher levels. In addition, we see a significant increase in mRNA
expression of Cyclin Dependent Kinase (CDK) inhibitors such as p21 and p16. Increased TGF-p signaling has been suggested
to inhibit proliferation by inducing expression of these and other CDK inhibitors. These preliminary results suggest that TGF-f
signaling might contribute to the dystrophic pathology in MDCI1A and inhibition of this pathway could potentially improve the
pathology.

PSM-TT-03 - Activin receptor type IIB inhibition improves strength and function of dystrophic muscle
J. Lachey
Acceleron Pharma, USA; jlachey@acceleronpharma.com

Absence of the membrane stabilizing protein dystrophin, the defining characteristic of Duchenne Muscular Dystrophy, increases
susceptibility to contraction-induced muscle damage which manifests into progressively weakening muscle. One strategy to
prevent the decline in muscle function is by promoting muscle fiber hypertrophy. Inhibition of activin receptor type IIB (ActRIIB)
signaling induces skeletal muscle hypertrophy and increases muscle mass and strength in wild-type mice. To determine the
effect of ActRIIB inhibition-induced hypertrophy on dystrophic muscle, mdx mice were treated with RAP-031, a fusion protein
comprised of a form of the ActRIIB extracellular domain fused to a murine Fc. 7-week old mdx mice were treated with vehicle
or RAP-031 for 42 weeks. Body composition, grip strength and extensor digitorum longus (EDL) contraction force were assessed.
RAP-031 treatment increased lean tissue mass compared to the vehicle cohort (P<0.001). Grip strength normalized to lean mass
was 28.3% higher (P<0.01) in RAP-031-treated mice compared to controls. EDL absolute twitch and tetanus contraction forces
were increased 30% (P<0.01) and 42.5% (P<0.01) respectively in the RAP-031 group compared to controls. Forces generated
during an eccentric contraction protocol (5 trials) were significantly greater (P<0.01) in the RAP-031 treated group compared to
controls whereas there was no difference in percent force drop. While the RAP-031 treated muscle lost force at the same rate as
untreated muscle, starting with greater absolute force allows the treated muscle to maintain function despite contraction-induced
damage. Overall, these data support a therapeutic benefit provided by ActRIIB inhibition to dystrophic muscle.
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PSM-TT-04 - Chemotherapy of Duchenne Muscular Dystrophy
K. Aritake, M. Hayashi, T. Maruyama, S. Kamauchi, I. Mohri and Y. Urade
Osaka Bioscience Institute, Japan; aritake@obi.or.jp

Duchenne Muscular Dystrophy (DMD) is an X-linked muscular abnormality caused by the loss of dystrophin and is one of the
most gravely genetic disorders. We have recently found that hematopoietic prostaglandin (PG) D synthase (HPGDS) was induced
in grouped necrotic muscle fibers in DMD patients. Cytosolic form of phospholipase A(2) and cyclooxygenase-2, the upstream
enzymes of the arachnoid acid cascade, were similarly observed in the HPGDS-positive fibers (Okinaga et al., Acta Neuropathol.,
104, 377-384, 2002). We developed novel HPGDS inhibitors based on the X-ray crystallographic analysis of human HPGDS
complexed with its prototype inhibitor (Aritake et al., ]. Biol. Chem., 281, 15277-15286, 2006). In this study, we developed a novel
therapy for DMD by inhibition of HPGDS. HPGDS was localized in the necrotic muscle fibers and accumulated macrophages in
mdx mice. Oral administration of HPGDS inhibitors for 5 days prevented the expansion of muscular necrosis in an mdx mouse
model, as measured by X-ray computed tomography (CT) imaging enhanced by non-ionic contrast media. The treatment with
HPGDS inhibitors also decreased the expression of mRNAs of pro-inflammatory cytokines. These results indicate that PGD2
produced by HPGDS plays important pathological roles on the expansion of muscle damage. HPGDS inhibitor also accelerated
the accumulation and activation of macrophages in the necrotic area. These results indicate that PGD2 produced by HPGDS is
involved in the expansion of muscle necrosis in DMD and that inhibition of H-PGDS is a novel therapy for DMD.

PSM-TT-05 - Genetic and pharmacological inhibition of cyclophilin D rescues mitochondrial defects
and prevents muscle apoptosis in collagen VI myopathic mice

T. Tiepolo, E. Palma, A. Angelin, P. Sabatelli, N.M. Maraldi, E. Basso, P. Braghetta, L. Merlini, M. A. Forte, P. Bernardi and P. Bonaldo

Department of Histology, Microbiology & Medical Biotechnologies, University of Padova, Padova, Italy; bonaldo@bio.unipd.it

Ullrich congenital muscular dystrophy (UCMD) and Bethlem myopathy (BM) are inherited muscle disorders caused by mutations
of genes encoding the extracellular matrix protein collagen VI. Mice lacking collagen VI (Col6al-/-) display a myopathic phenotype
associated with ultrastructural alterations of organelles, mitochondrial dysfunction with abnormal opening of the permeability
transition pore (PTP), and spontaneous apoptosis of myofibers. Treatment with cyclosporin (Cs) A, a drug that desensitizes the
PTP by binding to cyclophilin (Cyp) D, was shown to rescue myofiber alterations in Col6al-/- mice and in UCMD patients,
suggesting a correlation between PTP opening and pathogenesis of collagen VI myopathies. We found that inactivation of the
gene encoding for Cyp-D rescues the disease phenotype of collagen VI deficiency. In the absence of Cyp-D, Col6al-/- mice
show negligible myofiber degeneration, rescue from mitochondrial dysfunction and ultrastructural defects, and normalized
apoptosis. These findings demonstrate that lack of Cyp-D is equivalent to its inhibition with CsA at curing the mouse dystrophic
phenotype and establish a cause-effect relationship between Cyp-D-dependent PTP regulation and pathogenesis of collagen VI
myopathies. We investigated the therapeutic effects of the non-immunosuppressive CsA derivative Debio 025. Treatment with
Debio 025 prevents mitochondrial dysfunction and normalizes the apoptotic rates and ultrastructural lesions of Col6al-/- mice.
Thus, desensitization of the PTP can be achieved by selective inhibition of Cyp-D without inhibition of calcineurin, resulting in
an effective therapy of Col6al-/- myopathic mice. These findings validate Cyp-D and the PTP as pharmacological targets for the
therapy of collagen VI myopathies.

PSM-TT-06 - Exercised dystrophic mdx mice and specific modulation of disease-sensitive indices by drugs
clinically relevant for DMD: effects of a chronic treatment with the ACE inhibitor enalapril

A. Cozzolil, V. Sblendorio!, R.F. Capogrosso’, B. Nico?, L. De Benedictis®, M. Montagnani® and A. De Luca'

IDept. of Pharmacobiology, University of Bari, Italy; Dept. of Human Anatomy and Histology, University of Bari, Italy; >Dept.

of Pharmacology and Human Physiology, Medical School, University of Bari, Italy; adeluca@farmbiol.uniba.it

Angiotensin (Ang)-converting enzyme (ACE) inhibitors have clinical value for treating cardiomyopathy in Duchenne Muscular
Dystrophy (DMD) patients. Also, Ang-II antagonist losartan reduces advanced and induced muscle fibrosis in mdx mouse. We
verified the involvement of Ang-II in earlier stage of muscle pathology, by treating 4-5 week-old treadmill-exercised mdx mice
with 1-5 mg/kg enalapril (6 days/week i.p. for 4-8 weeks). In vivo, enalapril counteracted the exercise-induced decrease of fore
limb strength in a dose-dependent manner and significantly ameliorated resistance to exercise. Ex vivo, the treatment contrasted
dose-dependently the exercise-induced reduction of macroscopic chloride conductance, gCl, in EDL muscle. Enalapril might have
blunted a direct effect of Ang-II on muscle chloride channel, since Ang-II in vitro (10-300 nM) produced a concentration-dependent
decrease of gCl in wild-type EDL muscle, through an AT-1 receptor-mediated activation of PKC pathway. Enalapril at 5 mg/kg
partially ameliorated mechanical threshold and calcium-dependent contractile parameters of EDL muscle, suggesting positive effects
on the altered calcium homeostasis. No effect, at any dose, was observed on plasma creatine kinase and lactate dehydrogenase.
A mild improvement of histology profile was observed in both diaphragm and gastrocnemious muscle, along with a significant
decrease of NF-kB positive fibres. Dihydroethidium-positive nuclei were also reduced by 80% in tibialis anterior muscle, supporting
a drug-induced decrease in superoxide production. Thus, enalapril significantly ameliorated mechanical and inflammation-sensitive
parameters in dystrophic muscle, reinforcing the interest of early treatment with ACE-inhibitors in DMD patients.
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PSM-AA-01 - AVI-5038: initial efficacy and safety evaluation in cynomolgus monkeys
P Sazani, R. Blouch, D. Weller, S. Leow, R. Kole and S. Shrewsbury
AVI BioPharma Inc., USA; psazani@avibio.com

Duchenne Muscular Dystrophy (DMD) has a frequency of approximately 1 in 3,500 male births. Mutations that cause DMD occur
spontaneously, and cluster around two ‘hot spots’ within the large, 2.4 megabase, 79 exon gene. AVI recently conducted a screen
of peptide conjugated phosphorodiamidate morpholino (PPMO) compunds to induce skipping of exon 50 of human dystrophin,
in order to select an effective candidate to restore the reading frame in DMD patients with deletions in exons 51, 51-53, or 51-55.
As a result, AVI is now in development with AVI-5038, our lead exon 50 skipping candidate. The objective of this study was to
evaluate the efficacy of AVI-5038 at inducing skipping of dystrophin exon 50, as determined by RT-PCR, when administered via
intravenous or subcutaneous injection to cynomolgus monkeys once weekly for 4 weeks. The efficacy endpoint, RT-PCR, was
evaluated following a 21-day post-dose period. Initial evaluation of toxicology of AVI-5038, clinical pathology and histological
examination of selected tissues was also performed. The results of this study will be discussed.

PSM-AA-02 - Long term systemic antisense-mediated exon skipping in dystrophic mouse models
A. Aartsma-Rus', C. de Winter!, H. Heemskerk!, M. van Putten, . van Deutekom? and G-J. van Ommen'

IDepartment of Human Genetics, Leiden University Medical Center, Leiden, the Netherlands; ?Prosensa Therapeutics, Leiden,
the Netherlands; a.m.rus@lumc.nl

Antisense-mediated reading frame restoration is a promising therapeutic approach for Duchenne Muscular Dystrophy (DMD).
In this approach, antisense oligoribonucleotides (AONs) induce specific exon skipping during pre-mRNA splicing of mutated
dystrophin transcripts. This is aimed to restore the disrupted open reading frame and allow synthesis of internally deleted, partly
functional Becker-like dystrophin proteins. The approach is theoretically applicable to over 70% of all patients. Proof of concept
has been achieved in cultured muscle cells from patients, in the mdx mouse and dog models and recently in patients as well.
In a first trial in 2006, we showed exon 51 skipping and dystrophin restoration in each patient after local intramuscular AON
injections. A subsequent trial where patients are treated systemically is currently ongoing and results are expected soon. Due to
AON turnover, repeated treatment is necessary. Therefore, long term safety and efficacy of 2°0-methyl phosphorothioate AON
treatment was tested in mouse models with varying levels of severity. We compared intravenous, intraperitoneal and subcutaneous
routes of administration. In further studies, weekly subcutaneous injections of 200 mg/kg for up to 6 months were well tolerated,
and no toxic effects were observed (based on liver and kidney function parameters). Treatment resulted in significantly improved
serum creatine kinase levels and rotarod running times compared to saline treated controls. These results indicated that long term
treatment with 2’-O-methyl phosphorothioate AONS is safe and efficient in dystrophic mouse models, which is encouraging for
future long term trials in patients.

PSM-AA-03 - Dual exon skipping in myostatin and dystrophin as a potential therapy for Duchenne
Muscular Dystrophy

D.U. Kemaladewi, W.M. Hoogaars, S.H. van Heiningen, J.C.T. van Deutekom, G-J.B. van Ommen, A.M. Aartsma-Rus, P. ten

Dijke and PA.C. 't Hoen

Leiden University Medical Center, the Netherlands; p.a.c.hoen@lumc.nl

Myostatin is a member of the transforming growth factor-beta family that inhibits muscle growth. Mutations leading to non
functional myostatin have been associated with hypermuscularity and enhanced muscle regeneration. In this study, we aim
to knockdown myostatin by means of exon skipping, a technique which has been successfully applied to reframe the genetic
defect of dystrophin gene in Duchenne Muscular Dystrophy (DMD) patients. We targeted myostatin exon 2 with antisense
oligonucleotides (AON) in human primary myoblasts cell culture. We observed skipping of myostatin exon 2, which disrupted the
open reading frame and specifically decreased myostatin mRNA expression level. Furthermore, upon myostatin downregulation,
the expression levels of its target genes CDKN1A, PAX7, MYF5 and MYOG were found to be elevated. This suggests that myostatin
downregulation leads to enhancement of satellite cells self renewal and differentiation of myoblasts towards myofibers. In addition,
we combined two AON targeting dystrophin and myostatin in our in vitro culture system and showed that exon skipping in both
target genes occurred without apparent interference. Therefore, we propose dual exon skipping in dystrophin and myostatin to
simultaneously restore dystrophin synthesis and enhance muscle regeneration as a potential therapy for DMD.
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PSM-AA-04 - Guidelines for exon skipping quantification in the DMD gene

P, Spitali?, R. Vossen!, H. Heemskerk', ]. den Dunnen’, A. Ferlini’ and A. Aartsma-Rus!

IDepartment of Human Genetics, Leiden University Medical Center, Leiden, the Netherlands; 2Department of Experimental
and Diagnostic Medicine, Section of Medical Genetics, University of Ferrara, Ferrara, Italy; sptptr@unife.it

Antisense-mediated exon skipping aiming for reading frame restoration is currently one the most promising therapeutic approaches
for Duchenne Muscular Dystrophy (DMD). Several antisense oligonucleotides (AONs) and other molecular approaches have
been tested in the last years to induce exon skipping throughout the dystrophin transcript to investigate how to optimize the
exon skipping process, especially in cultured muscle cells and the mdx mouse model. Since the major outcome measure of the
treatments is the exon skipping levels, here we present the comparison of several different techniques to quantify exon skipping
in cells and mouse muscle treated with AONs. We compared densitometry of RT-PCR products on ethidium bromide stained
agarose gells, primary and nested RT-PCR followed by lab-chip analysis, real-time PCR (ESRA) and melting curve analysis. The
(expensive) Fluidigm digital PCR system allows absolute quantification of skipped versus non-skipped transcripts, and was used
as a reference. Preliminary results suggest that quantification through lab-chip of primary PCR products gives similar results as
the fluidigm system for muscle tissue. Analysis for cells is ongoing. Hopefully, these results will allow better comparison between
different laboratories.

PSM-AA-05 - Applicability of antisense-mediated exon skipping for Duchenne Muscular Dystrophy
mutations

A. Aartsma-Rus', I. Fokkema, ]. Verschuuren?, 1. Ginjaar', J. van Deutekom?, G-J. van Ommen! and J. den Dunnen!

ICenter for Human and Clinical Genetics, Leiden University Medical Center, Leiden, the Netherlands; Department of

Neurology, Leiden University Medical Center, Leiden, the Netherlands; 3Prosensa Therapeutics B.V., Leiden, the Netherlands;

a.m.rus@lumec.nl

Antisense-mediated exon skipping aiming for reading frame restoration is currently a promising therapeutic application for
Duchenne Muscular Dystrophy (DMD). It employs of antisense oligoribonucleotides (AONs) to induce exon skipping during
pre-mRNA splicing of mutated dystrophin transcripts. This will restore the disrupted open reading frame and allow synthesis
of internally deleted, partly functional dystrophin proteins found in the less severe Becker muscular dystrophy. After proof of
concept in patient-derived cell cultures and the mdx mouse model, AONs for exon 51 are currently in early phase clinical trials
(van Ommen et al. this meeting). This approach is mutation-specific, but as th