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Clinical services for Neuromuscular
Disease patients

Prof Sir Doug Turnbull

Wellcome Centre for Mitochondrial Research and
MRC International Centre for Genomic Medicine
in Neuromuscular Diseases, Newcastle University

Neuromuscular diseases collectively are common
but many individual disorders are rare. Whilst there
are generic measures that support many patients, in-
dividualised care is crucial. Developing a model en-
abling patients with rare forms of neuromuscular
disease to be seen by a team that is highly skilled in
managing their condition is important. Within the
NHS, the development of the NHS Highly Special-
ised Services has been crucial to the implementation
of this model of care. It allows patients with specific
neuromuscular diseases to be seen (and investigat-
ed) in centres of excellence, allowing improvements
in care and support. There are many other advan-
tages of this model of care including the developing
expertise of the clinical team caring for the patients,
the production of clinical guidelines and the collec-
tion of clinical cohorts so important for clinical tri-
als. This innovative model of care, combined with a
universal health system, means that the UK has ar-
guably the best standards of care for all patients with
neuromuscular disease.
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From Gene Discovery to Therapy

Francesco Muntoni

Dubowitz Neuromuscular Centre, UCL Great
Ormond Street Institute of Child Health, 30
Guilford Street, London WCIN IEH, UK.

The current generation of clinician scientists has
benefitted enormously from the technological ad-
vances in molecular genetics that have expedited the
identification of novel disease genes in ways that
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until a few years ago were unimaginable. This has
also led not only to the exponential identification of
novel disease genes but also novel molecular targets
for therapeutic intervention.

Regarding the first phase of the genomic studies,
the UK has benefitted from the network of clinical
centres involved in rare neuromuscular diseases and
funded via the Highly Specialised Services, and
from the links with other European centres and with
other large networks in US and Australia. The large
collection of well characterized patients and the in-
troduction for the first time of deep phenotyping us-
ing not only detailed muscle pathology but also
muscle MRI, allowed the UK Centres to identify ~
20 years ago some of the most common genes in-
volved in congenital and in limb girdle muscular
dystrophies, such as dysferlin and FKRP.

In the last few years the genomic revolution has
provided a completely different dimension to the
gene identification, allowing the characterization of
ultrarare conditions which identification would have
been impossible until just a few years ago.

The improved understanding of mechanism of
disease has also led to the development of novel
therapeutic interventions. For example, for a com-
mon condition such as Duchenne muscular dystro-
phy, the understanding of the rules that regulate
individual exon splicing, and the ability to modulate
splicing using antisense oligonucleotides, has led to
the first genetic therapeutic option for the affected
individuals. More recently, genomic studies using
large population of DMD patients is providing for
the first time both the molecular explanation for dif-
ference in clinical course between different patients.
These studies are providing insight on potential nov-
el therapeutic targets; and will also help to under-
stand the extent of any therapeutic intervention for
patients

ISSN 2214-3599/19/$35.00 © 2019 — IOS Press and the authors. All rights reserved
This article is published online with Open Access and distributed under the terms of the Creative Commons Attribution Non-Commercial License (CC BY-NC 4.0).
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The FOR DMD trial: Individualized vs
standardized treatment

R. Griggs! and Michela Guglieri?

'University of Rochester School of Medicine and
Dentistry, Rochester, NY, USA; *The John Walton
Muscular Dystrophy Research Centre, Newcastle
University, UK

Over 16 years ago Professor Katie Bushby noted the
“chaos” (at least 29 regimens) in corticosteroid (CS)
treatment of Duchenne Muscular Dystrophy (DMD).
She also set out to establish consensus guidelines for
DMD care. Working with multinational clinicians
and patient advocacy groups, she enlisted the Mus-
cle Study Group (MSG) to collaborate with TREAT-
NMD to address the wide variation in the use of CS
by studying the long-term risks/benefits of the 3
most commonly prescribed regimens, daily predni-
sone, intermittent prednisone , and daily deflazacort,
in a randomized, double-blind, comparative effec-
tiveness trial. The resulting FOR DMD clinical trial
enrolled 196 CS-naive boys (age 4-7) from sites in 5
countries and involved nearly 200 investigators/
staff. In 2020, after participants have completed 3-5
years of follow-up, the final results of the study will
be analyzed. The deliverables expected of the study
include: (1) identifying the superior CS regimen; (2)
establishing the outcomes of systematically-applied
consensus guidelines on side effects (metabolic, oc-
ular, bone) and on DMD complications; and (3) ex-
ploring the relationship of genotype to complications
of DMD and to benefits/side effects of CS treatment.

Knowing the superior regimen for long-term CS
treatment in DMD remains of great importance,
since novel treatments will likely require concomi-
tant CS. Importantly, in advance of the final results
we already know that 3-5 years of all 3 CS regimens
have been well tolerated. This study is a tribute to
Katie Bushby’s vision and persistence and her skill
in collaborating with the MSG and TREAT-NMD.

Acknowledgements: The FOR DMD investiga-
tors and steering committee; TREAT-NMD; the
MSG. Funding by NINDS grant: U01 NS061799;
the Parent Project for Muscular Dystrophy; the Mus-
cular Dystrophy Association; Italian Telethon; As-
sociation Frangaise contre les Myopathies-AFM:
and by Marathon, PTC, Sarepta, Santhera Pharma-
ceuticals.

S 04

Vision DMD: developing an alternative
to steroids

Michela Guglieri!, Paula R. Clemens?, Benjamin D.
Schwartz?, John van den Anker *°, Laurel J. Mengel
Gaw?, Laurie S. Conklin*?, Jana Haberlova®,
Dimitrios Athanasiou’, Elizabeth Vroom’, Rebecca
Crow!, Andrea L. Smith?, Lauren P. Morgenroth?®,
Adrienne Arrieta®, Ritchie Head®, Christina Olsen’,
John M. McCall*, Kanneboyina Nagaraju*!?, Jesse
M. Damsker*, Bushby K!, Eric P. Hoffman*!°
!John Walton Muscular Dystrophy Research
Centre, Newcastle University, Newcastle upon
Tyne, UK

2University of Pittsburgh and Department of
Veterans Affairs Medical Center, Pittsburgh, PA,
USA

SCamden Group, LLC, St. Louis, MO, USA
‘ReveraGen Biopharma, Rockville, MD, USA
SChildren’s National Health System, Washington
DC, USA

*Fakultni Nemocnice v Motole; Czech Republic
"United Parent Project Muscular Dystrophy
8TRINDS LLC, Kensington, MD, USA

*Ceratium UK

""Binghamton University- SUNY, Binghamton, NY,
USA

Corticosteroids are routinely prescribed as part of the
care recommendations in Duchenne muscular
dystrophy (DMD). They are effective but the burden
of side effects impacts clinical outcomes and detracts
from patient quality of life. Developing safe and
better tolerated treatments is an important goal for the
management of DMD and other chronic inflammatory
diseases. Vamorolone (VBP15), is a first-in-class
ligand of the glucocorticoid receptor that shows the
anti-inflammatory  efficacy of corticosteroids
(inhibition of innate immunity via activator protein 1
and nuclear factor kB) while reducing or eliminating
many adverse effects of  corticosteroids
(transcriptional transactivation of genes due to
binding the glucocorticoid response element).
Vamorolone demonstrated both efficacy and a
reduction in adverse effects in DMD patients
compared to traditional corticosteroids in a first-in-
patient 24-week, open-label study (VBP15-003)
following an acute treatment trial (VBP15-002),
demonstrating that oral administration of vamorolone
at dose levels of 0.25, 0.75, 2.0 and 6.0 mg/kg/day
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was safe and well-tolerated over a 24-week treatment
period.

A randomised, double blind, parallel group, pla-
cebo and active controlled study in 120 ambulant
DMD boys ages 4 to <7 years is currently recruiting
and aims to confirm the safety, efficacy, pharmaco-
dynamics and population pharmacokinetics of vam-
orolone at daily doses of 2.0 mg/kg and 6.0 mg/kg
versus prednisone 0.75 mg/kg/day and placebo over
a 24-week treatment period and to evaluate persis-
tence of effect over a total treatment period of 48
weeks. The study is being conducted in 34 sites
across 11 countries.

Vamorolone has the potential to replace chronic
corticosteroid treatment for many disorders where
adverse effects detract from the quality of life of pa-
tients. Vamorolone studies in younger and older
DMD patients are planned as well as studies in other
neuromuscular conditions.

Vamorolone has been developed by ReveraGen
Biopharma under a venture philanthropy model,
with funding from international non-profit founda-
tions, and the US and EU governments.
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EURO-NMD, a reference network for
neuromuscular diseases

T. Evangelista

NeuromuscularMorphology Unit, Myology
Institute, GHU Pitié-Salpétriere ; AP-HP;
Sorbonne Université Paris, France

John Walton Muscular Dystrophy Research Centre
and MRC Centre for Neuromuscular Diseases,
Institute of Genetic Medicine, Newcastle
University, Newcastle upon Tyne

Rare diseases (RD) are defined in the European Union
as life-threatening or chronically debilitating condi-
tions that affect less than 5 per 10 000 people. It is
well established that the small number of patients and
the geographic dispersion is an obstacle to the diagno-
sis, access to care, research and improvement of med-
ical expertise. The European Union has tried, over the
years, to combat the lack of specific health policies
for rare diseases in the different Member States,
through the establishment of an overall strategy for
Member States throughout the European Union.

The process behind the establishment of the
European Reference Networks (ERNs) was a long

one that started around 2004 with the creation of the
Rare Diseases Task Force later replaced by the
EUCERD Joint Action (EJA), led by Kate Bushby.
These specialised working groups were responsible
for the policy work and recommendations that were
at the origin of the publication, in March 2014, of the
Delegated and Implementing Acts by the European
Commission (EC). These provide a framework for
the creation of ERNs. ERNs are defined as networks
of health care providers/centres providing highly
specialised healthcare, with the purpose of improving
access to diagnosis, treatment and care for patients
across Europe. After the publication of the Delegated
and Implementing Acts in March 2014, the EJA
conducted a study to suggest a coherent grouping of
the different RD in thematic areas. The suggested
grouping intended to be a rational approach to RD
ERN planning and to ensure coverage of all RD.

The work to establish EURO-NMD started in
2013 under Kate Bushby’s lead. At that time we or-
ganised and ENMC workshop that has set the
grounds for the neuromuscular ERN — 200th
ENMC International Workshop “European Refer-
ence Networks: Recommendations and Criteria in
the Neuromuscular field”, 18-20 October 2013”.
EURO-NMD builds and expands on the successful
CARE-NMD and utilised the TREAT-NMD Alli-
ance portfolio of resources.

EURO-NMD is a European Reference Network
for the thematic grouping of rare neuromuscular dis-
eases (NMDs), a broad group of related disorders
that represent a major cause of mortality and lifelong
disability in children and adults. NMDs collectively
affect an estimated 500,000 EU citizens and result in
significant costs for families and the healthcare sys-
tem. EURO-NMD unites 61 of Europe’s leading
NMD clinical and research centres in 14 Member
States and includes highly active patient organiza-
tions. More than 100,000 NMD patients are seen an-
nually by the ERN.

The network aims are the harmonization and
implementation of standards for clinical and
diagnostic best practice; improving equity of care
provision across Member States; decreasing time to
diagnosis; increasing cost efficiency through better
care pathways and access to specialist training and
education. These aims will be addressed through the
application of eHealth services, development and
application of care guidelines, facilitation of
translational and clinical research and development
of educational programs.
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The DMD-Hub, collaboration to address
and increase trial capacity in the UK

Emma Heslop', Michela Guglieri', Cathy Turner!,
Becky Crow!, Anna Peel!, Emily Crossley?,
Alexandra Johnson? Mariacristina Scoto’,
Francesco Muntoni® and Volker Straub'

I John Walton Muscular Dystrophy Research
Centre, Institute of Genetic Medicine, Newcastle
University and Newcastle Hospitals NHS
Foundation Trust, Newcastle upon Tyne, UK
(Emma.Heslop@ncl.ac.uk)

2 Duchenne UK, London, UK

3 The Dubowitz Neuromuscular Unit, UCL Great
Ormond Street Institute of Child Health, London, UK

With Duchenne muscular dystrophy (DMD) clinical
research at an unprecedented stage in terms of the
number of possible therapeutic approaches coming
to trials, the need to increase trial capacity for DMD
trials in the UK and improve trial readiness was
identified. Specifically, clinicians at established UK
clinical trial centres involved in multiple DMD stud-
ies were reaching capacity, while centres that did
have capacity lacked the expertise and needed sup-
port to run industry-sponsored clinical trials.

Kate Bushby was instrumental in leading a col-
laboration with the community to take decisive ac-
tion. The ‘Newcastle plan’ workshop was organized
to bring together 75 participants from the DMD pa-
tient and research community, as well as industry to
address the issues. As a result, 8§ DMD patient orga-
nizations agreed to fund 16 posts at a cost of £1.2
million to address the immediate capacity issue at
experienced sites.

As part of a longer-term strategy the DMD-Hub
was set up as a partnership between UK centres of
excellence and Duchenne UK. With additional in-
vestment of £1.1 million from Duchenne UK, the
DMD-Hub is facilitating the sharing of expertise
and has successfully developed a network of trial-
ready centres in the UK now able to take on inter-
ventional trials in DMD.

To date the DMD-Hub has funded 12 additional
posts at 6 trial sites in Newcastle, Liverpool, Leeds,
Birmingham, Bristol and Glasgow. In 2019 there are
plans to support an additional 2 sites in London and
Manchester. The Hub is committed to working with
further sites (including Oswestry, Cambridge and
adult sites) to facilitate them to take on upcoming

industry- and academic-led trials. Ongoing training
for other sites is expected to open up additional
opportunities in subsequent years.

The DMD-Hub website (dmdhub.org) is a key re-
source for industry, clinicians and patients. It hosts
an interactive map of the UK detailing clinical trial
opportunities for patients, contains a repository of
information and tools for sites and acts as a one-stop
shop for industry / sponsors interested in conducting
trials in the UK.

Partnerships with industry and sites are being
enabled by the DMD-Hub to facilitate trial planning
and innovative funding models are being implemented
at DMD-Hub sites to ensure sustainability.

Future areas of interest for the DMD-Hub include
addressing the issues related to gene therapy trials
and the development of an Adult-Hub network to
include the non-ambulant population.

The mission of the DMD Hub is to ensure all pa-
tients with DMD, including children and adults,
have access to clinical research opportunities.
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Promoting rare disease policies across
Europe

V. Hedley!, K. Bushby'
!John Walton Muscular Dystrophy Research

Centre, Institute of Genetic Medicine, Newcastle
University

Leadership of the initial TREAT-NMD ‘Network of
Excellence’ resulted in the increasing involvement of
the Newcastle Muscle Team researchers in projects
and advisory bodies dedicated to ‘rare diseases’ more
broadly. Professor Kate Bushby, in particular, quickly
became acknowledged as a leading expert in the field
of rare disease policy. Rare diseases have, for many
years, been recognised as a priority area for European
cross-border collaboration: although the number of
patients living with any single condition will -by defi-
nition- be small, the fact that there are over 7000 indi-
vidual conditions classed as ‘rare’ equates to ca. 30
million patients across Europe. The rarity of these
conditions poses particular challenges to patients and
families, but also to health and social systems.

As vice-chair of the European Union Committee
of Experts in Rare Diseases (2010-2013), and subse-
quent independent expert in the Commission Expert
Group on Rare Diseases (2014-2016), Kate and her
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team developed a unique reputation for Newcastle
University as a seat of expertise not only in specific
thematic areas such as neuromuscular diseases, but
also in the formulation and implementation of poli-
cies supporting better diagnostics, treatment and
care for all conditions classed as rare. By focusing
on the commonalities, Kate and her team led the de-
velopment of policies and recommendations across
a broad range of topics, from national frameworks to
rare disease registries and data capture, from cross-
border genetic testing to network-building. The
fruits of those policies are highly visible today, most
notably in the creation of 24 European Reference
Networks for rare diseases, and in the adoption of
national plans and strategies by 25 European Mem-
ber States: this impact is very evident in the UK, as
well as in mainland Europe.

Kate’s legacy in the rare disease field has contin-
ued, as her colleagues in the John Walton Muscular
Dystrophy Research Centre continue to lead and
shape international initiatives and projects with
many ambitious goals: to identify future determi-
nants of health and wellbeing for rare diseases; to
reduce the diagnostic odyssey; to optimise the
knowledge base and identify innovative solutions
applied by one country which could be expanded to
others; and generally to continue to strive towards
collaborative policies with the power to alleviate the
many difficulties and inequalities rarity creates.
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What makes Genetics Human?

Professor Sir John Burn

Professor of Clinical Genetic, Institute of Genetic
Medicine, Newcastle University, Newcastle upon
Tyne, NE1 3BZ

Times of rapid change can expose fault lines in soci-
ety. Just as the mass of refugees from the Middle

East elicited contrasting reactions which in turn
stressed the existing partnerships in Europe, so the
arrival of high throughput sequencing and point of
care DNA testing will test the assumptions of Eu-
rope’s nation states. Termination of pregnancy and
population screening for genetic disorders test the
diversity of opinion from the more individualistic
and secular traditions of the North and West of Eu-
rope across to the countries of the East and South of
Europe where traditional Catholic teaching holds
sway. Memories of misuse and fears about impact
on insurance deter many from whole genome se-
quencing and genetic databases while others, nota-
bly in the UK, press ahead with industrial scale
sequencing in healthcare.

The emergence of non-invasive testing based on
fetal DNA in maternal circulation will increase ter-
minations of pregnancy for genetic disorders. Simi-
larly, the availability of molecular targeted cancer
treatments such as PARP inhibitors, PD1 blockers
and BRAF specific therapy will prompt adoption of
testing for germline defects in high penetrance “can-
cer genes” routine.

Point of care DNA testing for pharmacogenetic
susceptibility, DNA/RNA tumour markers and the
presence of pathogen sequences will democratise
genomics. By testing cheaply and quickly for diag-
nostically relevant information at the clinical inter-
face it becomes possible to use DNA technology to
improve outcomes without eliciting negative reac-
tions. Current restrictions on use of DNA technolo-
gy in Europe will soon seem out of step with pressing
clinical utility. A balance must be found which al-
lows high throughput and point of care DNA tests to
be ordered by a wide range of healthcare profession-
als and, in some cases, by members of the public
while ensuring the hard won skills of professional
geneticists remain available and their services finan-
cially viable.
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Genome Editing for Duchenne Muscular
Dystrophy

Christopher E. Nelson'?, Jacqueline N. Robinson-
Hamm'?, Jennifer E. Kwon'?, Karen Bulaklak,
Veronica Gough'?, Joel D. Bohning'?, Matthew
Gemberling'?, Charles A. Gersbach™>*
'Department of Biomedical Engineering, Duke
University

’Center for Genomic and Computational Biology,
Duke University

3Department of Orthopaedic Surgery, Duke
University Medical Center

The advent of genome editing technologies, includ-
ing the RNA-guided CRISPR/Cas9 system, has en-
abled the precise editing of endogenous human
genes. We have applied these tools to the correction
of mutations that cause genetic disease. For exam-
ple, we engineered CRISPR/Cas9-based nucleases
to correct the human dystrophin gene that is mutated
in Duchenne muscular dystrophy patients. When we
delivered these nucleases to cells from patients with
this disease, the correct gene reading frame and ex-
pression of the functional dystrophin protein were
restored in vitro and following cell transplantation
into mouse models in vivo (Ousterout et al., Nature
Communications 2015). When delivered directly to
a mouse model of this disease, gene editing by the
CRISPR/Cas9 system led to gene restoration and
improvement of biochemical and mechanical mus-
cle function (Nelson et al., Science 2016). In more
recent studies we have shown that genome editing
and dystrophin protein restoration is sustained in the
mdx mouse model of DMD for one year after a sin-
gle intravenous administration of AAV-CRISPR.
We also confirmed immunogenic host response to
Cas9 when administered via AAV vectors to adult
mice, but show that the humoral and cellular im-
mune response can be avoided by treating neonatal
mice (Nelson et al., Nature Medicine 2019). Addi-
tionally, we have observed unintended genome and
transcript alterations induced by AAV-CRISPR that
should be considered for the development of AAV-
CRISPR as a therapeutic approach. More recently,

we have developed novel animal models of this dis-
ease for the preclinical development of therapies
that will correct human disease-causing mutations.
New constructs have been developed and validated
for significant levels of gene correction and dystro-
phin restoration in this model. These studies demon-
strate the potential for genome editing to be used to
treat Duchenne muscular dystrophy and other neuro-
muscular disorders, and also highlight aspects of
host response and alternative genome editing out-
comes for further study.

S10

Alternate gene therapy approaches to
DMD

Kevin M. Flanigan
Center for Gene Therapy, The Research Institute of
Nationwide Children’s Hospital, Columbus, Ohio

Duchenne muscular dystrophy (DMD) occurs due to
mutations in the DMD gene that result in an absence
of the dystrophin protein, which plays a critical role
in stabilization of the muscle sarcolemmal membrane
via linkage to the transmembrane dystrophin-
associated protein complex, and ultimate to the
extracellular matrix. Gene therapy for DMD has
largely concentrated on AAV-mediated delivery of
microdystrophin gene constructs that have been
engineered to fit within the approximately 5 kb size
limit of AAV genomes, and typically encode critical
dystrophin domains. Here we discuss two alternate
gene therapy approaches. One approach utilizes
AAV delivery of the GALGT? gene, encoding B-1,4-
GalNAc transferase. Endogenous GALGT2 is
typically expressed in muscle only at the
neuromuscular synapse and myotendonous junction,
where utrophin replaces dystrophin in a utrophin-
associated protein complex. Overexpression of
GALGT?2 results in expression of utrophin throughout
the muscle fiber, as well as upregulation of other
proteins  associated with muscle membrane
stabilization, and a clinical trial of delivery of an
rAAVrh74 MCK.GALGT?2 vector via isolated limb
infusion is underway. A second approach is directed
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toward patients with the most common single exon
duplication, using AAV delivery of non-coding U7
small nuclear RNAs (snRNAs) with sequences
targeting exon 2 splice donor and acceptor sites that
results in highly efficient exclusion of one or both
copies of exon 2 from the mature mRNA transcript.
In this case, either transcript is therapeutic, as
exclusion of exon 2 results in translational initiation
from a downstream internal ribosome entry site
leading to a highly functional N-deleted protein
isoform found in mildly affected Becker muscular
dystrophy patients who have walked into their eight
decade. Both approaches are complementary to
microdystrophin therapies, to which they may also
have theoretical advantages in subsets of patients.

S11

AAV-mediated Gene Therapy in
Neuromuscular Disease: Clinical
Immunology Considerations

Byrne, Barry J
University of Florida, Powell Gene Therapy Center

Early onset neuromuscular disease (NMD) is often
associated with severe or null mutations that lead to
greater disease burden. The success of gene replace-
ment strategies in this setting may be influenced by
limited endogenous protein expression leading to
anti-transgene immune response and loss of effec-
tive copy number in skeletal muscle due to somatic
growth. In one example, Pompe disease is due to a
deficiency or absence of the lysosomal enzyme acid
alpha glucosidase (GAA), resulting in lysosomal
glycogen accumulation that impacts striated muscle
and the CNS, including defects of the neuromuscu-
lar junction (NMJ). Respiratory failure is the leading
cause of morbidity and mortality in Pompe patients.
AAYV vectors expressing GAA have been evaluated
in a phase I/II study in ventilator-dependent and in-
dependent pediatric Pompe patients. These studies
are based on the finding that accumulation of glyco-
gen in spinal motor neurons contributes to weakness
and diaphragmatic dysfunction observed in Pompe
disease. In a number of preclinical studies, we have
found that restoration of GAA activity in muscle and
neural tissue is able to reverse ventilatory insuffi-
ciency by reversing motor neuron dysfunction and
restoring the integrity of the NMJ. The principle de-
fect in the motor unit is related to deficiency of NMJ

structure and function. New evidence also indicates
the need for early intervention related to neural dys-
function since motor neurons show evidence of
apoptosis in the murine model of Pompe. These
deficits are present early in the mouse model and
restoration of GAA activity in the muscle and neu-
rons before 6 months of age leads to restoration of in
situ force production. After 18 months of age, the
loss in motor neurons leads to permanent deficits in
force production of the tibialis anterior.

Clinical studies of AAV-mediated gene therapy
have been pursued to address the fundamental as-
pects of gene therapy in a neuromuscular disease
where patients are identified by severe early onset or
newborn screening. Findings in non-clinical and
clinical studies related to immune management in
conjunction with AAV systemic delivery have
paved the way for clinical studies in adults and
younger subjects who are candidates for therapeutic
AAV administration. The loss of neuromuscular
junction formation is a major contributor to weak-
ness and ventilatory failure and these deficits can be
prevented by early administration of AAV-GAA.
Studies which utilize next generation AAV vectors
for systemic administration have led to efficient tar-
geting of muscle and motor neurons for the early
treatment of Pompe disease. Related studies in
Duchenne muscular dystrophy also highlight the im-
portance of identification and management of pre-
existing anti-AAV antibodies which are able to
reduce the efficacy of systemic AAV vectors. Practi-
cal considerations for the implementation of system-
ic AAV administration will be discussed for early
onset neuromuscular disease.
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Preventing transmission of pathogenic
mitochondrial DNA mutations

Louise Hyslop'?, Yuko Takeda, Lyndsey Craven®,
Meena Choudhary'?, Nilendran Prathalingam!,
Doug Turnbull®, Mary Herbert'?

Newecastle Fertility Centre! & Wellcome Trust
Centre for Mitochondrial Research, Institute of
Genetic Medicine’ & Institute of Neuroscience®,
Biomedicine West Wing, Centre for Life, Times
Square, Newcastle upon Tyne.

Newecastle Fertility Centrel & Wellcome Trust Cen-
tre for Mitochondrial Research, Institute of Genetic



S10 Invited Speakers

Medicine2 & Institute of Neuroscience3, Biomedi-
cine West Wing, Centre for Life, Times Square,
Newcastle upon Tyne.

Mutations in mitochondrial DNA (mtDNA) are
inherited exclusively from our mothers and can
cause a broad range of debilitating and fatal diseas-
es. Reproductive technologies designed to uncouple
the inheritance of the mitochondrial genome from
the nuclear DNA genome may enable affected wom-
en to have a genetically related child with a greatly
reduced risk of mtDNA disease. Such technologies
involve transplantation of the nuclear DNA from the
egg of an affected woman to an enucleated egg from
an unaffected donor. Nuclear genome transplanta-
tion can be performed either before or after fertilisa-
tion. The latter involves transfer of pronuclei, which
separately contain the maternal and paternal ge-
nomes. In parallel with legal and regulatory reform
to permit therapeutic application of so called “mito-
chondrial donation” techniques in the UK, we have
conducted preclinical studies to test the safety and
efficacy of pronuclear transplantation (PNT). Our
findings indicate that PNT is compatible with devel-
opment of embryos to the blastocyst stage, with no
detectable effect on chromosome segregation and
gene expression. Moreover, we find that the amount
of mtDNA co-transferred with the pronuclei is mini-
mal, accounting for 0-5% of the mtDNA contained
in PNT blastocysts. Remarkably, this tiny amount
mtDNA outcompetes the cytoplast donor mtDNA in
some embryonic stem (ES) cell lines derived from
PNT blastocysts. While the relevance of this to de-
velopment in vivo remains to be established, the
finding highlights the importance of ongoing re-
search to minimise resurgence of pronuclear-associ-
ated mtDNA. In the meantime, the Human
Fertilisation and Embryology Authority (HFEA)
have approved the cautious use of PNT in the UK
and our clinic has been granted the first licence for
its therapeutic application.

S13

Mitochondrial donation: predicting who
might benefit?

Grainne S Gorman

Wellcome Centre for Mitochondrial Research,
Institute of Neuroscience, Newcastle University,
Newcastle upon Tyne, UK

Primary mitochondrial (mt) DNA diseases affect up
to 1in 5000 live births and can often have devastat-
ing clinical sequelae. There are currently no curative
treatments with the focus of therapeutic strategies
largely on palliation of symptoms. The emergence
of assisted reproductive techniques, such as Mito-
chondrial Donation, offer the first real opportunity to
prevent the transmission of some serious forms of
mtDNA disease from mother to child. The Human
Fertilization and Embryo Authority (HFEA), the
statutory regulatory authority charged with regulat-
ing human embryo research in the UK, has devised,
a detailed regulatory process for issuing individual
licenses to couples considered suitable for Mito-
chondrial Donation. Clear licensing prerequisites
include a risk of transmitting serious mtDNA dis-
ease and a predicted mtDNA mutant load in oocytes
that would make Pre-implantation Genetic Diagno-
sis (PGD) unsuitable. In women of child bearing age
with a confirmed diagnosis of mitochondrial disease
due to pathogenic mtDNA mutations, reproductive
counselling is considerably more complicated due to
issues of mtDNA heteroplasmy, threshold effect and
variable penetrance of specific mutations. Predicting
mutant load in children is particularly complex as
seriously affected children with high heteroplasmy
levels can be born to asymptomatic mothers har-
bouring low levels of deleterious mtDNA mutations.
Here 1 will discuss the complexities around such
predictions and present new work on the derivation
of a statistical model to forecast the proportion of
children with mtDNA heteroplasmy levels expected
below a cut-off value that aligns with current PGD
practice guidelines for the most common heteroplas-
mic mtDNA pathogenic variant in adults. Our find-
ings have not only considerable implications for
women at risk of transmitting serious mtDNA muta-
tions but are now being considered in the HFEA de-
liberations for the granting of treatment licenses for
Mitochondrial Donation.
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Selenoprotein related myopathy
(SEPN1-RM): A comprehensive analysis
of progression over time to guide
clinicians and clinical trials

A. Silwal', M.Scoto', D. Ridout?, A. Schmidt?,

A. Laverty*, M. Henriques*, L. D’Argenzio®,

M. Main!, R. Mein!, A. Sarkozy', M. Manzur',
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'The Dubowitz Neuromuscular Centre, University
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Street Hospital, London, UK
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Great Ormond Street Institute of Child Health,
London, UK
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Ventilation, Great Ormond Street Hospital for
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*Principal Clinical Physiologist (Lung Function
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°Beggs laboratory congenital myopathy research
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"Hacettepe University Children’s Hospital,
Department of Paediatric Neurology, Ankara,
Turkey

Background: The term SEPNI-related myopathies
(SEPN-RM) refers collectively to four autosomal-
recessive disorders caused by mutations in the
SELENON gene, with similar clinical features but
with distinct muscle pathologies.

Aims and Methods: We present cross-sectional
phenotypic data of a multi-centric large cohort of 61
patients with SEPN1-RM with pathogenic variant in
SELENON gene. We also present longitudinal data
on clinical course of 25 patients (21 families) aged
2.5-24 years over a mean follow-up of 6.3 years with
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the aim to assess changes in motor abilities, respira-
tory function and scoliosis progression based on
functional scores, lung function tests and Cobbs an-
gle.

Results: In the cross-sectional data more than two-
thirds (47/61; 77%) of patients presented at < 2 years
with hypotonia, poor head/neck control and devel-
opment delay. 45/61 (74%) patients developed sco-
liosis at a mean age of 10.3 years with 18 patients
undergoing scoliosis surgery (mean age 13.6 years).
A total of 10/61 (16%) children lost ambulation
within the first two decades of life. Nocturnal venti-
lator support was initiated in 3/4" (50/61; 82%) pa-
tients (with mean FVC 38% - n=20) at mean age of
13 years.

In the longitudinal data patient cohort, two-third
of the children (n=16/25; 64%) had weight below
the 2™ centile during the follow up period and 6/61
children (0.1%) needed nasogastric feeds and/or
gastrostomy. Functional motor scores declined from
mean total score of 33 to 27 with an estimated an-
nual change in motor ability scores of -0.55; similar
trends were also noted with timed tests indicative of
a slow motor decline over time. 21/25 (84%) pa-
tients had spinal stiffness, preceding scoliosis by
mean of 1.8 years. FVC trends showed a decline
from a mean of 52% to 40% over a 4-year mean fol-
low up. The estimated change in FVC % per year
was -2.04 (SE 0.46; p value <0.001).

Conclusions: This large cohort of SEPN1-RM
patients well describes the phenotype and details the
clinical course of this rare condition, with emphasis
on a paediatric population. Our data suggest that loss
of independent ambulation occurs more frequently
than previously reported; and the observed FMS and
FVC trend data provide useful information on the
slope of change over time. Our results emphasize the
importance of a consistent multi-disciplinary assess-
ment and management of these patients, to improve
outcomes and inform clinical trials.

Abstract structure:
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An investigation of DMD genetic
variation and conservation and its links
to intellectual disability

Alexander J. M. Blakes!, Andrew G. L. Douglas'?
"Wessex Clinical Genetics Service, University
Hospital Southampton NHS Foundation Trust,
Southampton, UK

’Human Development and Health, Faculty of
Medicine, University of Southampton,
Southampton, UK

Background: DMD mutations in both males and fe-
males are linked to cognitive impairment of varying
degrees. The degree of impairment does not corre-
late with the severity of muscle disease or with the
“reading frame rule” and the pathogenic mechanism
is poorly understood. This makes it impossible to re-
liably predict cognitive outcomes for specific muta-
tions. Similarly, it is difficult to confidently ascribe
pathogenicity to DMD variants identified in children
undergoing genomic testing for intellectual disabili-
ty, whether or not any muscle disease is present.

Aims: We sought to ascertain whether publicly
available genomic datasets could be used to infer re-
gions of functional and clinical importance within
the DMD gene, with a particular focus on potential
causes of intellectual disability.

Methods: Population variant data were obtained
from the gnomAD database, while conservation
scores were obtained via the UCSC table browser.
Further variant information (including both copy
number and single-nucleotide variants) and clinical
phenotype data were obtained from the DECIPHER
database.

Results: Preliminary analysis reveals regions with
especially high degrees of conservation within the
dystroglycan-binding domain of the dystrophin pro-
tein. These same regions also display especially low
frequencies of population-level variation, further
suggesting their functional importance. Analysis of
clinical phenotype data is ongoing and these results
will also be presented.

Conclusion: This study confirms the functional im-
portance of the 3’ region of the DMD gene and helps
define specific regions that may be of pathogenic
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relevance in DMD-related cognitive impairment.
Furthermore, this data-driven approach to the defini-
tion of functionally important gene regions is appli-
cable to any gene of interest and may provide a
clinically useful tool in helping to resolve the patho-
genicity of genomic variants.

e-mail address: alex.blakes@soton.ac.uk
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An exploration of the relative
progression of change in a range of
upper limb (UL) parameters in boys
with Duchenne muscular dystrophy
(DMD)
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Ormond Street Hospital Trust, London, UK
’Dubowitz Neuromuscular Centre, UCL Great
Ormond Street Institute of Child Health & Great
Ormond Street Hospital Trust, London, UK
SInstitut de Myologie, Groupe Hospitalier Pitié
Salpétriere, Paris, France

“John Walton Muscular Dystrophy Research
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’Radboud University Nijmegen Medical Center,
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Background: The progression of DMD in the UL is
not well documented in the literature, particularly in
boys treated with glucocorticoids.

Aims: To explore the progression of change in iso-
metric strength, joint range and function of the UL
and investigate possible relationship between the
above parameters.

Methods: 21 boys with mean age 10.4 (3.25) years
(13 ambulant, 8 non-ambulant) with DMD treated
with glucocorticoids were followed longitudinally
for 4.5 years. UL myometry, goniometry and the

Performance of the Upper Limb test (PUL) assess-
ment data were extracted and analysed. The analysis
included descriptive statistics, comparisons between
ambulant and non-ambulant groups and correlation
between the outcome measures.

Results: The PUL scores demonstrated an increas-
ing trend in the boys up to 8 years old, followed by a
plateau and then declined from approximately 11
years of age in a proximal to distal order. In our sam-
ple, the distal domain did not change significantly
but the proximal and middle domain captured de-
cline, particularly in the non-ambulant group. Goni-
ometry scores demonstrated increasing presence and
severity of contractures with age. In the ambulant
group, approximately 28.3 % of the boys demon-
strated shoulder contractures, 6.7% elbow contrac-
tures and 11.7% wrist contractures, while in the
non-ambulant group, shoulder contractures were
present in 62.1%, elbow contractures in 58.3% and
wrist contractures in 33.3% of the boys. Myometry
absolute values for shoulder flexors, elbow flexors,
elbow extensors and wrist extensors showed no par-
ticular trend with increasing age. Myometry, goni-
ometry and PUL were poorly correlated.

Conclusions: In this cohort, PUL scores declined in
a proximal to distal direction. Joint contractures in-
creased in a proximal to distal order. Myometry did
not correlate with disease progression. Neither myo-
metry nor goniometry were predictive factors for
UL function in boys with DMD. Further research to
evaluate the use of myometry in DMD may be ben-
eficial as this is a commonly used outcome measure.
Presenting author’s email: efthymia.
panagiotopoulou.l14@ucl.ac.uk
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The common COL6A1 deep intronic
¢.930+189C>T mutation in Ullrich
Congenital Muscular Dystrophy is
efficiently corrected by exon-skipping
AONs treatment

Sara Aguti, Dominic Scaglioni, Matthew Beck,
Tenzin Sung-rab Brookes, Haiyan Zhou and
Francesco Muntoni

The Dubowitz Neuromuscular Centre, Great
Ormond Street Institute of Child Health, University
College London, United Kingdom
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Background: Collagen VI-related congenital mus-
cular dystrophies (COL6-CMD) are the second most
common congenital muscular dystrophy variants
and currently there is no cure available. COL6-CMD
are caused by recessive or dominant mutations in
one of the three genes encoding for the a-chains of
collagen type VI (COL6A1, COL6A2 and COL6A3).
Depending on the type of mutations, COL6-CMD
ranges from the severe Ullrich Congenital Muscular
Dystrophy (UCMD) to intermediate phenotypes and
the milder Bethlem Myopathy (BM). The common-
est recurrent mutation is a deep intronic COL6A1
mutation that induce the incorporation of a novel
pseudo-exon in the transcript, causing a dominant
gain of toxic function.

Aims: The aim of this study was to identify lead
AON sequences designed to target a COL6A1 deep
intronic mutation and abolishing the inclusion of the
pseudo-exon in the transcript, hence generating a
normal transcript.

Materials and Methods: Skin fibroblasts cultured
from 4 UCMD patients carrying COL6A1 deep in-
tronic ¢.930+189C>T mutation were used as cellular
models. 15 AONs were designed and their efficiency
was evaluated at both RNA and protein levels using
quantitative real-time PCR, immunofluorescence
and flow cytometry.

Results: Two lead candidates have been identified
with promising results in skipping the pseudo-exon.
These AONS s specifically suppress the aberrant splic-
ing and the incorporation in the mature transcript of
the pseudo-exon, without altering the COL6A4 1 wild-
type expression at RNA level. Moreover, these two
AONs lead to the restoration of collagen VI protein
production in the extra cellular matrix (ECM) from
all the 4 patients derived fibroblasts. The restoration
of the protein production in the ECM was evaluated
with both immunofluorescence and flow cytometry
analysis. We are currently analysing the ultra micro-
structure of collagen VI protein in ECM with elec-
tron microscopy, to confirm normal collagen VI
structure restoration after AONs treatment.

Conclusion: Our findings provide a proof of con-
cept for AON exon-skipping as a therapeutic ap-
proach for one of the most common mutation in
COL6-CMD.

Sara Aguti, PhD

Postdoctoral Research Associate
University College London

Institute of Child Health, WCIN 1EH
London

United Kingdom
sara.aguti@ucl.ac.uk
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Translational consequences of
neurodegeneration in dystrophic nerves
of mdx mice, as a model for Duchenne
Muscular Dystrophy

Miranda D Grounds and Vidya S Krishnan

School of Human Sciences, the University of

Western Australia, Australia, 6009 miranda.
grounds@uwa.edu.au

Background: In the childhood disease Duchenne
Muscular Dystrophy (DMD) and the dystrophic mdx
mouse model, intrinsic repeated bouts of skeletal
muscle necrosis result in denervated neuromuscular
junctions (NMJs). We hypothesise that this ongoing
NMJ denervation results in premature progressive
degenerative changes in the nerves innervating the
dystrophic muscles contributing to their loss of func-
tion.

This dystrophic research builds upon our studies of
normal age-related loss of skeletal muscle mass (sar-
copenia) in healthy mice, associated with denerva-
tion of NMJs and myofibres. Our time course study
of sciatic nerves from ageing C57Bl/6J mice (im-
munoblotting) showed increased levels of various
neuronal proteins by 18 months (v SMI-32, ChAT)
and many others by 22 months (Tau5, p62), indica-
tive of neurodegeneration (2017. PMID: 27030741).
Immunostaining of lumbar spinal cords from old
mice shows loss of proprioceptive muscle afferents,
with consequences for sensorimotor control of mus-
cle function (2018. PMID: 30084046). These ongo-
ing ageing studies provide the techniques for the
studies in dystrophic rodents.

Aim: To test the hypothesis that premature progres-
sive (irreversible) neuronal changes occur in the
mdx mouse model of DMD.

Methods: Protein levels in sciatic nerves were quan-
tified using Western immunoblotting.
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Results: Our analyses of sciatic nerves of mdx com-
pared with normal C57B1/10Scsn mice by immu-
noblotting (n=8-10/group), show significantly
increased levels (P<0.05) of Tau5 and S100 by 13
months (9 months earlier than in normal mice), con-
firming our hypothesis; with markedly increased
protein levels (e,g. TauS5) by 18 months (n=4-7/

group.

Conclusions:  Progressive  neurodegenerative
changes have potentially major adverse consequence
for contraction and long-term function of dystrophic
muscles. For growing DMD boys where relentless
myofibre and NMJ damage occurs over many years,
it is essential for clinical translation to know the ex-
tent to which neuronal/spinal cord function has been
irreversibly altered at a particular stage of the dis-
ease, to optimise efficacy of clinical therapies that
aim to stabilise or improve function of the DMD
muscles.

For pre-clinical trials using dystrophic rodents,
neuronal degeneration may prove a valuable readout
to monitor longer-term benefits of therapies de-
signed to prevent/reduce myonecrosis.
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Neuromuscular disorders in Qatar:
Genetic Distribution and Proteomics

A. Abdelaleem', M. Elsaid?, N. Chalhoub!, R. Al
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Brain and Mind Institute-NY-USA

Prof. Human genetics, NRC

Background: NMDs comprise an extensive clini-
cally and genetically heterogeneous group of un-
common inherited disorders.

Aims: The objectives of our study are to find out
about the genetic distribution of NMDs in Qatar, the
frequency of the subtypes as well as the pattern of
altered circulating plasma proteins in a sample of
NMDs patients.

Subjects and methods: The first phase of the proj-
ect has recruited 58 NMDs families having a variety
of congenital myopathies/dystrophies and limb gir-
dle muscle dystrophies. Whole genomic sequencing
and large scale Somologic proteomic screening were
applied.

Results: Congenital mersoine deficient muscle dys-
trophy (MDC1A) was the predominating type en-
countered in our NMDs cohort. All MDC1A patients
were of the non-ambulatory type, the best achieved
motor skill, in a proportion of patients, was the un-
supported sitting. A founder mutation was identified
in a group of Qatari patients. Variability in clinical
phenotype’s severity in terms of respiratory and
feeding compromises, osteopenic changes, and brain
images were clearly obvious among MDCI1A pa-
tients with LAMA?2 founder mutation as well as other
mutations. An interesting novel large N-terminal de-
letion identified in our study showed the retained
transcription and translation of LAMA?2 in affected
cases. This finding points out the activation of an
alternative LAMA2 promoter.

Sarcoglyconopathy and Fukutin Receptor related
muscle dystrophies were of the recurrent dystro-
phies encountered in our cohort. Other rare subtypes
were identified. WGS variants analysis revealed ex-
citing clue to the atypical brain structural abnormali-
ties identified in one of our patients. The proteomic
screening approach revealed a set of 100 significant-
ly differentially altered markers in patients versus
controls. A number of naturally non-enriched mus-
cle proteins has been identified specifically altered
in patients indicating potential roles in promoting
secondary changes of muscle damage process.

Conclusion: The findings of this study are the first
to address the genetics of NMDs in Qatar. WGS
identified nation specific founder mutations both in
LAMA? and sarcoglycan alpha and spotted a ge-
netic background clarifying some of the atypical
MDCI1A-clinical characteristics. The “Omics”,
Whole Genome and Proteomic screening provide
high capacities of better understanding of the patho-
physiology of muscle damage in dystrophies.
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Global Phase 3 PolarisDMD Trial for
Edasalonexent, an Oral NF-kB Inhibitor
that Has Shown Consistent Positive

Effects on Muscle Function in Boys with
DMD

Joanne Donovan, MD, PhD (jdonovan(@catabasis.
com) for the MoveDMD Investigators
Catabasis Pharmaceuticals

Background: Edasalonexent (CAT-1004) inhibits
NF-kB, a key link between loss of dystrophin and
disease pathology, and which plays a fundamental
role in the initiation and progression of skeletal and
cardiac muscle disease in DMD.

Aims: To assess efficacy and safety of edasalonex-
ent in the Phase 3 PolarisDMD trial.

Methods: PolarisDMD is enrolling boys with DMD
from 4 to 7 years of age (before 8th birthday) with
any mutation who are able to stand from supine in
<10 sec. Key exclusion criteria include glucocorti-
coid use within 6 months, or recent use of investiga-
tional therapies. Edasalonexent/placebo will be
given three times/day for 1 year, and ~125 boys will
be enrolled in a 2:1 ratio, active:placebo, followed
by an open-label-extension (OLE) study in which all
boys receive edasalonexent. The North Star Ambu-
latory Assessment is the primary endpoint with
timed function tests as secondary endpoints. Addi-
tional assessments include ambulatory heart rate
monitoring, growth assessments and bone density.

Results: Edasalonexent has previously been studied
in boys with DMD of the same age in the Phase 2
MoveDMD trial and OLE, which showed benefits
on muscle function with clinically meaningful slow-
ing of disease progression through more than a year
of treatment compared to the off-treatment control
period. Edasalonexent had a durable and positive
impact on muscle enzyme tests including CK and
other muscle biomarkers that were significantly im-
proved. Lower leg muscle MRI T2, which correlates
with muscle function and loss of functional abilities,
was significantly improved compared to off-treat-
ment progression, consistent with slowing of disease
progression. Edasalonexent was well tolerated with-
out evidence of steroid side effects. Height and

weight increased age-appropriately, and the eleva-
tions in heart rate typically observed in DMD de-
clined significantly toward age-normative values,
suggestive of benefit.

Conclusions: Edasalonexent has demonstrated safe-
ty and efficacy in the MoveDMD trial, and the glob-
al Phase 3 PolarisDMD trial is currently enrolling.
Edasalonexent is a potential oral foundational thera-
py for all affected by DMD.
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Non-invasive assessment of fibrosis in
mouse skeletal and cardiac muscle by
contrast enhanced magnetic resonance
imaging using EP3533
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Background Increased levels of fibrosis in skeletal
and cardiac muscle have been associated with a
worse prognosis in Duchenne muscular dystrophy
(DMD). Anti-fibrotic medications are being evalu-
ated for amelioration of DMD. To date, MRI has not
been used successfully to image fibrosis within skel-
etal muscle as an outcome measure.

Aims and Methods: EP3533 is a novel gadolinium-
based contrast agent using a complex peptide with
an affinity to collagen 1. Compared to standard Gd
(DTPA), the relaxivity of EP3533 is five times high-
er per Gd atom. We acquired MRI scans from age-
matched 40 week old mdx and BL10 mice, using
EP3533 to detect and quantify fibrosis within skele-
tal and cardiac muscle.
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Results: Significant differences in post-contrast R1
were demonstrated between mdx and BL10 mice us-
ing EP3533 (cardiac p=0.02, GCN p=0.04, TA
p=0.04). All muscle groups had increased signal to
noise ratio (SNR) at 5 minutes, which may be due to
interference from Gd enhancement in blood vessels.
Levels of SNR in the mdx mouse reached a plateau
at 60-90 minutes, and did not return to pre-contrast
levels after the scanning period (120 minutes). The
BL10 mouse showed an initial peak at 5 minutes,
and then plateaued at a much lower level from ap-
proximately 10 minutes onwards. Differences be-
tween mdx and BL10 mouse muscles in signal were
demonstrated most clearly in the tibialis anterior
(TA) muscles. Post-MRI the TA and gastrocnemius
(GCN) muscles and the heart were removed for fi-
brosis quantification via Masson’s trichome staining
and the hydroxyproline assay. R1 change at 70 min-
utes in all muscles at follow up scan correlated sig-
nificantly with Masson’s trichrome. R1 change at
follow up correlated in three out of four muscles
with hydroxyproline. The strongest correlations to
ex vivo measures of fibrosis were in the GCN muscle

Conclusion: The results of this study suggest that
EP3533 can be used to quantify fibrosis within skel-
etal and cardiac muscles of mdx mice, showing a
high degree of correlation to established histological
and biochemical methods of fibrosis quantification.
The results do provide support for the potential use
of EP3533 as a non-invasive way to quantify fibrosis
in vivo.
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DMD HUB: Expanding and facilitating
clinical trials for Duchenne Muscular
Dystrophy in the UK
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3The Dubowitz Neuromuscular Unit, UCL Great
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The DMD Hub was established as a unique partner-
ship between Duchenne UK, the John Walton Mus-
cular Dystrophy Research Centre in Newcastle and
the Dubowitz Neuromuscular Unit at Great Ormond
Street Hospital in London, to address trial capacity
issues for Duchenne muscular dystrophy (DMD) tri-
als in the UK.

Together we are able to address the issues and
share expertise to establish a network of trial-ready
centres in the UK, able to take on interventional tri-
als in DMD. During the first 2 years we have sup-
ported the development of 6 trial sites and are
working to facilitate additional sites to take on up-
coming industry and academic-led studies.

The DMD-Hub website (DMDHub.org) is a key
resource for industry, clinicians and patients. It hosts
the clinical trial finder, which is an independent re-
source, regularly updated by a variety of reliable
sources to provide timely information on existing
and pending clinical trials for DMD in the UK. Links
to centres and staff performing the trials are provid-
ed to facilitate clinical trial recruitment. The devel-
opment of a Standard Operating Procedure for
clinical trial recruitment will be linked to the clinical
trial finder to facilitate fair and equitable access to
clinical trials across the UK.

The clinical trial finder currently lists 26 trials in 12
UK sites. The JWMDRC-Newcastle and GOSH-
London remain the sites with the highest number of
trials, however it is clear that the DMD-Hub has
successfully facilitated additional sites to take on
trials.

The DMD-Hub toolbox, also available on the
DMD-Hub website, is an ever evolving repository
for training material and other resources to respond
to the needs of sites and industry in the setting up
and delivery of interventional clinical trials in DMD.

The DMD-Hub has expanded its focus to better
include the DMD adult population. A meeting was
convened with key stakeholders to prepare for the
unique challenges of conducting clinical trials in this
group. The DMD-Hub is committed to working on
the recommendations identified during this meeting
and supporting the development of the infrastruc-
tures needed.
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A novel in-situ hybridisation (ISH) assay
mapping the in-frame pseudoexon 11
(pE11) expression in cultured dermal
fibroblasts (CDF) and muscle in patients
with severe collagen VI disease due to a
deep intronic mutation in COL6A1
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Background: A recurrent, de-novo deep intronic
mutation (intron 11) of COL6A41 (c.930 + 189C>T)
leading to a dominantly acting in-frame pseudoexon
insertion, originally identified by a combination of
muscle RNA and whole genome sequencing, has
been recently identified in a larger international co-
hort to cause severe collagen VI-related disease
(COL6-RD). cDNA analysis has shown lower ex-
pression of pEll-containing transcripts in muscle
and CDF compared to wild type transcripts, despite
the clinical severity and markedly reduced/mislocal-
ised collagen VI, indicating a strong dominant-neg-
ative effect.

Aim: To develop an ISH assay for spatial and quan-
titative mapping of pE11, wild-type (WT) and total

COLOG6AL transcripts and study effects of the muta-
tion on collagen VI assembly in muscle and CDF.

Methods: We developed customised highly specific
short-length exon junction chromogenically tagged
mRNA probes targeting E9E10 (total transcripts),
El1pEll (pseudoexon-containing transcripts) and
E11E12 (WT transcripts) for brightfield detection
(BaseScope, ACD bio-techne). A panel of recently
authenticated antibodies against chain-specific (col-
lagen VI Al, A2, A3) and multimeric collagen VI
was selected for immunoanalysis in muscle and
CDF. Muscle and CDF from four patients carrying
the intronic mutation and unaffected controls
(CTRL) were recruited for the study.

Results: Our current work is focused on optimising
ISH assay conditions using housekeeping probes,
and optimising collagen VI multimeric and chain-
specific antibodies in control muscle and CDF. In
CDF from all 4 patients, we have observed uniform,
low-level cytoplasmic expression of mutant pE11-
containing transcripts and a much higher expression
of WT transcripts comparable to CTRL.

Conclusion: Work on ISH in muscle and immuno-
analysis in muscle and CDF is in progress. We will
correlate results with existing muscle pathology,
quantitative collagen VI flow-cytometry and CO-
L6A41 RT-qPCR transcription data. Quantitative ISH
for mutation mapping combined with high-resolu-
tion microscopy could be potentially useful tools for
studying effects of dominant negative mutations on
collagen VI assembly in COL6-RD, and the effect of
therapies aimed at removing the retained intron from
the mature transcript.
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Background: The primary molecular endpoint for a
number of gene-based therapeutic clinical trials in
DMD is restoration or increased production of sar-
colemmal dystrophin from the baseline, assessed by
measuring the amount of dystrophin using Western
Blotting (WB) and immunohistochemistry (IHC).
With the ever-increasing numbers of DMD clinical
trials there is an urgent need to develop robust, reli-
able and objective dystrophin quantification meth-
odologies by THC that can overcome limitations of
existing methods.

Aims: To develop a fully automated digital high-
throughput method for multiplexed immunofluores-
cent analysis of dystrophin, associated DPC proteins
(alpha-sarcoglycan and beta-dystroglycan) and re-
generating fibres (fetal/developmental myosin-posi-

tive) in entire transverse sections of muscle biopsies
with rigorous optimisation of two key variables - ex-
posure settings and background signal correction.

Methods: Multiplex immunostaining of fresh frozen
sections and subsequent whole section fluorescent
slide scanning (AxioScan ZEISS) enabled the as-
sessment and quantification by image analysis
(Definiens software platform) of entire tissue sec-
tions from DMD, Becker muscular dystrophy (BMD)
and control (CTRL) muscle biopsies. Optimal expo-
sure settings were determined using DMD, BMD
and CRTL sections. Arbitrary thresholding was mi-
nimised using a novel dynamic thresholding strategy
of correcting the background signal per myofibre.

Results: The script generated automated data for
intensity, coverage and colocalisation for dystrophin
and DPC at the single-fibre as well as whole section
level, number of dystrophin-positive fibres in the
entire section and number of regenerating fibres in
correlation to the mean fluorescent intensities of
dystrophin, DPC and colocalised dystrophin-DPC in
the entire section from DMD, BMD and CTRL
biopsies.

Conclusion: We present a novel digital dystrophin
quantification script capable of multiparametric
analysis of dystrophin in relation to key DPC pro-
teins and myofibre regeneration allowing unbiased
analysis of the amount of functional dystrophin in
DMD/BMD samples. Rigorous optimisation strate-
gies are implemented to demonstrate ‘clinical trial
readiness’ and regulatory compliance. Comparative
analysis of previously published digital methodolo-
gy with our new script is ongoing.
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Background: Delayed puberty is almost universal
in glucocorticoid-treated patients with DMD. We
have demonstrated variations in the way this is man-
aged and there is a pressing need to establish the im-
pact of exogenous testosterone therapy on
well-being, pubertal status and longer-term gonadal
function as well as the musculoskeletal system in
this group of adolescents.

Aims: This single centre study followed the prog-
ress of 15 adolescents with DMD and delayed pu-
berty who were treated with incremental
intramuscular testosterone injections using the tes-
tosterone ester ‘Sustanon’ every 4 weeks for 2 years.

Methods: Data on a range of endpoints including
pubertal status and gonadal function was collected at
6 monthly intervals for 2 years. Patients were also
assessed 3 months after the final testosterone injec-
tion.

Results: All 15 patients completed 27 months of
follow-up. All were pre-pubertal at baseline with a
testicular volume (TV) less than 4mls and baseline
testosterone level <2nmol/l. 27 months later (3
months after the last testosterone injection) the mean
testicular volume was 3.3 mls (range 1.5-6mls),
Tanner stage G4P4 (range G4P4-G5P5) with a mean
testosterone of 10.4 nmol (1.9-21.8). Mean FSH was
9.1 TU/L (range 1.8-38.3) and mean LH 8.6 IU/
L(range <0.5-25.1). Qualitative interviews and treat-
ment satisfaction questionnaire responses were
favourable and no serious AEs were attributed to
testosterone therapy. 2 AEs were felt to be associat-
ed with testosterone (acne and injection site reac-
tion). 2 patients chose to stop testosterone injections
at 18 months because of concerns about potential
effects on mobility. Both continued to progress
through puberty spontaneously.

Conclusion: Testosterone is not part of the standard
of care in DMD but the described regimen was an
effective and well-tolerated treatment for pubertal
delay. Further follow-up is required but preliminary
results suggest that this regimen promotes endoge-
nous testosterone production.
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Background and aims: Investigation of compounds
to treat the defect in growth and skeletal develop-
ment in DMD necessitates an appropriate pre-clini-
cal model. The mdx mouse is commonly used but its
phenotype is mild and few medications that have
shown benefit in mdx have also shown efficacy in
clinical trials. The mdx:cmah carries a human-like
mutation in Cmah gene and has a more severe mus-
cle phenotype!, but its growth and bone have not
been investigated. We aimed to investigate its use as
amodel for assessing skeletal development in DMD.

Methods: 6 male mdx, mdx:cmah and wild-type
(WT) mice were sacrificed at 3, 5 and 7 weeks of
age. Bone mass and architecture were assessed by
micro-CT and breaking strength determined by
3-point bending. Growth was assessed by anthropo-
metric measures and calcein labelling at the chon-
dro-osseous junction. Bone transcriptome was
assessed using the Qiagen osteogenesis pathway 84-
gene array on humeral RNA.

Results: Mdx:cmah mice were smaller than WT at 3,
but heavier at 7 weeks (p=0.02). 5-week-old
mdx:cmah mice showed an increased growth rate
(p=0.007). Gene profiling identified a 3-fold upregu-
lation in Mmp-10 and Bmprib expression in both
mdx and mdx:cmah bone v WT and increased expres-
sion of many growth factors in mdx:cmah, including
Igf-1 (30-fold v WT). Igf1R (10-fold) and Vegfa (32-
fold). Micro-CT indicated that cortical bone area and
fraction were lower in 3-week-old mdx:cmah mice
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(p<0.05) but cortical bone fraction was greater in
both mdx and mdx:cmah v WT at 7-weeks (p<0.05).
Tissue mineral density was higher in mdx:cmah than
WT at 3 (p<0.05) and 7 (p<0.01) weeks.

Conclusion: The mdx:cmah mice shows clear
evidence of catch-up growth that is also associated
with an increase in bone development. This pattern
does not mimic the typical DMD growth trajectory.
Whilst its utility for studying growth and skeletal
development may be limited, further studies of this
model can shed light on the phenomenon of catch-up
growth.

Ref: Chandrasekharan et al. Sci Transl Med (2010)
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Background: Antisense oligonucleotide (ASO) me-
diated splice modification is currently the most
promising therapeutic intervention for Duchenne
muscular dystrophy. ASO can be used for targeted
exon exclusion resulting in the correction of aber-
rant reading frames and the production of an inter-
nally deleted, yet largely functional, dystrophin
protein. Crucial modification resulting in a signifi-
cant increase in bioavailability of the drug is conju-
gation of ASO to a cell-penetrating peptide. The
peptide Pip9b2 was conjugated to a phosphorodi-
amidate morpholino oligomer (PMO). Atomic force
microscopy (AFM) is a widely applied tool for bio-
mechanical studies of pathologically altered sam-
ples. In AFM, mechanical properties of cells or
tissues are quantified through the relative Young’s
modulus.

Aims: To estimate effectiveness of treatment of
mdx mice using two different doses of Pip9b2-PMO.
To utilize AFM for assessment of mechanical prop-
erties of sarcolemma following the treatment.

Methods: Male mdx mice received 2 systematic in-
travenous injections of 7.5 mg/kg or 15 mg/kg
Pip9b2-PMO at 1-week interval. Two weeks after
administration, Pip9b2-PMO-treated mice and their
age- and sex-matched controls (C57BL/10, mdx)
were sacrificed.

Results: Exon-skipping efficiencies in m. tibialis
anterior were determined to be 50.4% and 82.1% re-
sulting in restoration of dystrophin protein to 49.3%
and 53.3% following 7.5 mg/kg and 15 mg/kg cor-
respondently. The efficiencies of 37.5% and 55.4%
in m. soleus were considerably lower than that in m.
tibialis anterior in mdx given 7.5 mg/kg or 15 mg/kg
correspondently. Treated mdx showed uniform dys-
trophin distribution in the sarcolemma. Elastic prop-
erties of individual muscle fibers were probed by
AFM. Myofibers of C57BL/10 yielded Young’s
modulus values of 4.2 kPa on average, whereas
those of mdx were 2.3 kPa indicating lower resis-
tance of dystrophic muscles to deformation. Follow-
ing the treatment of mdx where 50% of dystrophin
restoration was reached, the Young’s modulus didn’t
differ from that in C57BL/10, suggesting recovery
of mechanical properties of myofibers. The Young’s
modulus of treated groups was considerably higher
than that in untreated mdx. It was not found any dif-
ference in elasticity between groups treated by 7.5
mg/kg and 15 mg/kg, dystrophin protein content was
equal between those groups.

Conclusion: Thus, Pip9b2-PMO treatment provides
effective dystrophin restoration in hindlimb muscles
of mdx reversing myofibers stiffness.

Funding Statement: This study was supported by
Medical Research Council.

D15

Genome editing to correct duplications
in the dystrophin gene

*Veronica Pini, Marc Moore, John Counsell,
Virginie Mariot, Helen C. O’Neill, Francesco
Conti, Jenny Morgan, Francesco Muntoni
Greet Ormond Street Institute of Child Health,
University College London, 30 Guilford Street,
London, UK, WCIN 1EH



S22 Posters and Platform Presentations

Background: Duchenne Muscular Dystrophy is a
severe neurodegenerative disorder caused by dele-
tions, duplications or point mutations in the DMD
gene, which encodes dystrophin. In absence of dys-
trophin, muscle fibers degenerate and patients be-
come wheelchair bound by their early teens. Cardiac
and respiratory muscles are also affected, causing
premature death by the third decade of life. Several
approaches are currently being tested in clinical tri-
als to treat DMD, but none of them are suitable to
treat patients carrying duplications in dystrophin
gene, which account for 10-15% of DMD cases.

Aims: In the present work we developed a genome
editing approach that exploits CRISPR/Cas9 to cor-
rect duplications in the DMD gene by using a single
guide RNA.

Material and Methods: We compared nuclear elec-
troporation and integrating lentiviruses as tools to
deliver CRISPR/Cas9 in patient-derived myoblasts
carrying in-frame duplications. The efficiency of ge-
nomic editing was assessed as the ratio between un-
targeted and targeted amplicons in the T7 assay.
Finally, Reverse Transcriptase-PCR and Western
Blot were used to assess dystrophin restoration at
transcriptional and protein levels.

Results: We have identified a nuclease able to effi-
ciently target DMD intron 9, which would be suit-
able for gene editing in several patients harbouring
DMD duplications. The estimated genomic target-
ing efficiency in Cas9-expressing cells obtained
from DMD patients was around 28%. RT-PCR of
treated versus untreated cells confirmed the restora-
tion to wild-type dystrophin transcripts and finally
Western Blot confirmed both dystrophin correction
and a decrease of the mutated protein in edited cells.

Conclusion: CRISPR/Cas9 editing tool has proven
to be suitable to remove large genomic duplications.
Cells derived from DMD patients carrying duplica-
tions in dystrophin gene have been treated and cor-
rected by using a single CRISPR/Cas9 gene therapy
construct and, at later stages, corrected myoblasts
will be assessed for their potential to functionally re-
store dystrophin production following transplanta-
tion in Duchenne Muscular Dystrophy animal
models.
Marc Moore’s email: sejjm41@ucl.ac.uk
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Background: Duchenne muscular dystrophy
(DMD) is due to mutations of the dystrophin gene
and primarily affects skeletal muscles. Our study
looks at different strategies to circumvent substan-
tial obstacles in the development of therapies for this
incurable disease. The limited availability of large
number of cells and the large size of the dystrophin
gene (2.4Mb) could be tackled by combining human
artificial chromosome (HAC)-based gene correction
and iPS cell-mediated production of transplantable
myogenic cells. However, another significant hurdle
is posed by cell delivery, as skeletal muscle is the
most abundant human tissue and to date there are no
systemically deliverable human iPS cell derived
myogenic progenitors generated without integrating
transgenes. This challenge could be addressed by
modulating molecules involved in the developmen-
tal specification of pericytes, able to migrate through
the vascular endothelium upon intra-vascular deliv-
ery, thus circumventing the requirement for multiple
intra-muscular injections.



Posters and Platform Presentations S23

Aims: This study aims at generating safe, systemi-
cally-deliverable DMD iPS cell-derived myogenic
cells genetically correctable with HACs containing
the entire human dystrophin genetic locus.

Methods: DMD iPS cells have been generated with
non-integrating strategies and then differentiated
into expandable myogenic cells using both the myo-
genesis regulator MyoD (mRNA) and a trangene-
free, small molecule-based protocol. Molecules
involved in the developmental specification of
perivascular cells able to migrate through the vascu-
lar endothelium upon systemic delivery were tested
to modulate cell migration.

Results: We generated three DMD iPS cell lines,
one of them already genetically corrected with HAC.
We then derived inducible myogenic cells similar to
skeletal muscle pericyte-derived mesoangioblasts.
Preliminary results show that genomic integration-
free MyoD mRNA drives a good myogenic differen-
tiation. We additionally show that iPS cell-derived
myoblasts acquire enhanced migration ability in
vitro upon activation of signalling pathways in-
volved in the developmental specification of peri-
cytes. Notably, RNA sequencing data elucidate the
gene expression shift underlying this acquired func-
tion, opening the way to the identification of drug-
gable targets.

Conclusion: The generation of human iPS cell-de-
rived myogenic cells able to migrate through an en-
dothelial wall lays the basis for further pre-clinical
studies exploring a new, safer genomic integration-
free approach for ex vivo gene therapy of DMD.
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Background: Exon skipping therapies in Duchenne
muscular dystrophy (DMD) aim to modulate the
pre-mRNA splicing of the DMD transcript using
morpholino (PMO) antisense oligonucleotides
(AONSs) to restore the DMD open reading frame,
leading to the production of a partially functional
protein. However, the functionality of such restored
dystrophin has been questioned.

Aims: To determine if restored dystrophin follow-
ing treatment with Golodirsen (exon 53 skipping
PMO) results in enhanced levels of dystrophin-asso-
ciated proteins (DPC) at dystrophin positive regions
of the sarcolemma in post-treatment muscle biopsies
as a surrogate marker of functional dystrophin. Ad-
ditionally, to assess if there is a reduction in the
number of regenerating myofibres associated with
restored dystrophin expression.

Methods: We developed a highly automated, high-
throughput method for multiplexed immunofluores-
cent analysis of dystrophin and DPC in entire
transverse sections of muscle biopsies. Using an op-
timised image analysis script developed in Definiens
software applied to digitally scanned whole sections,
we are able to generate data that allows colocalised
quantification of dystrophin and DPC (alpha-sarco-
glycan, beta-dystroglycan) at the sarcolemma and
quantify the number of regenerating fibres (fetal/de-
velopmental myosin cocktail).

Results: Exposure settings following rigorous opti-
misation experiments yielded normalised dystrophin
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and DPC intensity values in control sections without
significant variation across different batches. Digital
analysis performed on two samples revealed signifi-
cantly higher mean alpha-sarcoglycan intensity val-
ue in dystrophin-positive sarcolemma compared
with dystrophin-negative sarcolemma. We were also
able to quantify the number of the regenerating fi-
bres in these samples.

Conclusion: Our high-throughput digital analysis of
samples blinded to treatment state demonstrated that
the levels of DPC proteins are higher in dystrophin-
positive compared to dystrophin-negative fibres,
suggesting the dystrophin produced is able to drive
assembly of a functional dystrophin-associated pro-
tein complex. The algorithm also allowed us to
quantify the number of regenerating fibres in the en-
tire muscle biopsy sections. Analysis of dystrophin-
DPC-myofibre regeneration data on the entire study
cohort is in progress and results will be correlated
with treatment status following unblinding. We sug-
gest that quantitative dystrophin-DPC colocalisation
data and potentially the percentage of regenerative
fibres could be used as a surrogate marker of the
functionality of restored dystrophin in DMD.
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Background: Almost all patients with DMD devel-
op progressive left ventricular dysfunction. Despite
this, there has been little research into the response
of this specific form of cardiomyopathy to standard
‘heart failure’ medications, deployed uniformly.

Aims: To describe the course of ventricular function
before and after the introduction of a combination of
ACE-inhibitor and beta-blocker in a large cohort of
patients with DMD-related cardiomyopathy.

Methods: This was a retrospective analysis of serial
left ventricular fractional shortening measures ob-
tained in the four years before and four years after
initiation of combination therapy with an ACE-in-
hibitor and beta-blocker at one hospital in the period
January ‘95 to January 2015. Therapy was initiated
consistently at the first outpatient attendance at
which left ventricular FS < 28% (‘possible cardio-
myopathy’) or FS < 25% or regional wall motion
abnormality (‘definite cardiomyopathy’) was detect-
ed. Doses were up-titrated over subsequent visits, as
tolerated. Eplerenone was not added during this time
period.

Results: Results of 821 echocardiograms (> 2 scans
/ patient), performed on 126 DMD patients, aged
16.2 +4.7 at time of initial and 21 + 7.3 years at their
last analysed echocardiogram were reviewed. Mean
age of first cardiomyopathy detection was 17.3 + 4
years - but significantly older in those on steroid
therapy (18.1 + 3.4 versus 15.5 + 4.1 years; p =
0.003). Group mean FS fell by 0.83% per year be-
fore therapy, but this reduced to 0.38% per year dur-
ing four years on treatment. ‘Poor-attenders’ had
lower FS% before dysfunction was detected. Ven-
tricular function - already lost before treatment, was
not regained thereafter but fell at the same rate as in
those treated earlier. Neither age of detection of car-
diomyopathy nor FS% at therapy initiation affected
the beneficial response.

Conclusion: Combination drug therapy stabilises
ventricular function but cannot prevent its slower
decline over time. Cardiac therapies should be initi-
ated no later than on first detecting ventricular im-
pairment.



Posters and Platform Presentations S25

D19

Global FKRP Registry

Lindsay Murphy®!, Jean-Pierre Laurent?, Katherine
Mathews?, Herb Stevenson?, Simone Thiele’, John
Vissing®, Maggie Walter®, Lacey Woods’, Volker
Straub!

'The John Walton Muscular Dystrophy Research
Centre, Newcastle University, UK;

’LGMD2I Research Fund, USA;

*University of lowa, Carver College of Medicine, USA,
“University of Massachusetts Medical School; USA
Ludwig-Maximilians University of Munich,
Germany;

*University of Copenhagen, Denmark;

’Patient representative

*Presenting author: lindsay.murphy@ncl.ac.uk

Background: The Global FKRP Registry is an inter-
national registry for individuals with conditions caused
by mutation of the Fukutin-Related Protein (FKRP)
gene: limb girdle muscular dystrophy 2I (LGMD2I,
newly renamed LGMDRY) and the congenital muscu-
lar dystrophies MDCI1C, Muscle-Eye-Brain Disease
and Walker-Warburg Syndrome. The registry seeks to
further understanding of the natural history and preva-
lence of FKRP-related muscular dystrophies (MD).

Aims: The purpose of the registry is to aid the rapid
identification of eligible patients for clinical studies.
It disseminates FKRP-relevant information to par-
ticipants; provides a source of information to aca-
demics, industry and healthcare professionals; and
supports the FKRP community.

Methods: Registration is patient-initiated through a
secure online portal. Participants give their informed
consent and are invited to complete a questionnaire
about their condition. Data is reported by both pa-
tients and their healthcare professionals and in-
cludes: age of onset, presenting symptoms, family
history, motor function and muscle strength, respira-
tory and cardiac function, medication, in addition to
information on patient quality of life and pain.

Results: Currently, 643 patients (54% female, 46%
male) are registered with the Global FKRP Registry,
with an age range of | to 79 years. Registrations are
from 38 countries, with greatest numbers from USA
(28%), Germany (21%) and UK (12%). Diagnoses
are reported as LGMD?2I (90%), MDC1C (2%), oth-

er FKRP-related MD (3%), unspecified (5%). Sev-
enty-one percent of patients are reported as being
ambulant, 24% as non-ambulant and 5% as unspeci-
fied. The mutations reported within the registry are:
65% homozygous for the common mutation
(c.826C>A), 29% heterozygous for the common
mutation, 5% heterozygous with two unique muta-
tions and 1% homozygous with a unique mutation
which is not the common mutation.

Conclusion: The Global FKRP Registry is a valu-
able tool for the collection of patient data which in-
forms academics, healthcare professionals and
industry. For example, registry data may improve
our understanding of phenotype-genotype correla-
tion and inform improvements in standards of care.
The registry represents a trial-ready cohort of indi-
viduals and supports the FKRP patient community.
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Background: Duchenne muscular dystrophy
(DMD) is an X-linked recessive neuromuscular dis-
order affecting 1 in 5000 newborn males, mainly
caused by out-of-frame deletions or, more rarely,
duplications, nonsense or other small mutations af-
fecting DMD gene and therefore dystrophin protein
production.

MicroRNAs are short (~20-23 nucleotides) non-
coding RNAs that regulate gene expression; their
dysregulation in serum and urine has been associat-
ed with many paediatric neuromuscular conditions
including DMD.

MiRNAs are present in biofluids as free circulat-
ing molecules or included in exosomes small micro-
vescicles (40-100 nm) secreted by different cell

types.

Aims: To investigate the potential of plasma derived
exosomal miRNAs as a novel non-invasive biomark-
er in DMD and find novel free circulating miRNAs
cross-sectionally and longitudinally dysregulated,
we performed miRNA profiling and validation anal-
ysis in DMD patients and healthy controls.

Moreover, we assessed if there was any associa-
tion between miRNA levels in plasma and cortico-
steroid treatment.

Materials & Methods: The patients included in this
study are part of a cohort of DMD boys in a multi-
centre natural history study registered in clinicaltri-
als.gov (NCT02780492). Samples from patients
recruited in London, Paris, Newcastle and Leiden
were analysed.

gPCR microRNA profiling was performed using
Serum/Plasma Focus microRNA PCR SYBR green-
based panels (Exiqon), while validations were car-
ried out by a qPCR TagMan small RNA Assay (Life
Technology).

Results: We detected novel miRNAs (both free-cir-
culating and exosomal) dysregulated in plasma from
DMD patients and validated those with the strongest
abnormal expression.

We also detected a set of longitudinally dysregu-
lated miRNAs between different timepoints (AT1-
T2=24 months) in DMD patients.

Conclusion: Our findings indicate that a set of free-
circulating miRNA is longitudinally dysregulated in
plasma from DMD patients. Moreover we detected
novel dysregulated miRNAs in plasma from DMD
patients.
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Presenting Author: Jason Zhang, jzhang@
wavelifesci.com

Background: Wave Life Sciences has established a
targeted approach to designing stereopure nucleic
acid compounds based on sequence composition,
chemical design, and backbone stereochemistry.
Wave is using this approach to develop stereopure
exon skipping antisense oligonucleotides (ASOs) as
potential disease-modifying therapies for Duchenne
muscular dystrophy (DMD).

Aims: To determine the effects of investigational
stereopure  ASOs targeting exon 23 dystrophin
(DMD) pre-mRNA on exon skipping efficiency and
dystrophin protein restoration in the mdx23 mouse
model of DMD and to determine the relationship
between in vitro and in vivo effects.

Methods: mdx23 mice received single or 4 weekly
intravenous (IV) doses of ASO. Exon skipping
efficiency was determined by TagMan® assay,
dystrophin protein restoration by western blot, and
dystrophin localization by immunofluorescence
microscopy. Serum enzyme markers of muscle
and liver function were assessed. Cultured DMD
patient-derived myoblasts or murine mdx23-derived
myoblasts were incubated with ASOs under free-
uptake conditions.
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Results: Stereopure oligonucleotides targeting exon
23 induced dose-dependent exon 23 skipping in vi-
tro in mdx23-derived myoblasts. In vivo, after a sin-
gle IV dose, stereopure ASOs induced up to 16%
exon skipping in target muscle tissues (gastrocne-
mius, diaphragm, quadriceps, heart) and restored
dystrophin protein in gastrocnemius in mdx23 mice
for >28 days postdose. Four weekly IV doses of ste-
reopure ASOs induced dose-dependent exon skip-
ping of up to 20% in target muscle tissues of mdx23
mice, yielding dystrophin protein restoration in tar-
get tissues, with 93% restoration observed in the
gastrocnemius. Serum creatine kinase, aspartate
aminotransferase, and alanine aminotransferase lev-
els were reduced by 87%, 55%, and 79%, respec-
tively, after 4 weekly doses. The dose relationship of
exon skipping induced by stereopure ASOs was
similar in vitro and in vivo. Transcript levels ob-
served with free uptake of oligonucleotides in cul-
tured myoblasts were predictive of transcript and
dystrophin protein levels in the mdx23 mouse.

Conclusion: Stereopure exon 23 skipping ASOs
produced efficient exon skipping and dystrophin
protein restoration in mdx23 mice. Consistent results
observed between in vitro and in vivo models sup-
port our approach of selecting clinical candidates
targeting exon 51 and exon 53 using a free-uptake
myoblast cell model.

Supported by Wave Life Sciences Ltd, Cam-
bridge, MA, USA.

D22

Vision-DMD: an update on the drug
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VISION-DMD is the drug development program
of orphan drug Vamorolone (VBP15) in Duchenne
Muscular Dystrophy (DMD)

Vamorolone is a first-in-class dissociative steroi-
dal drug developed by ReveraGen Biopharma under
a venture philanthropy model, funded from interna-
tional non-profit foundations, US and EU govern-
ments.

Vamorolone is administered as liquid solution
taken daily.

The Phase Ila open-label, multiple ascending
dose (0.25, 0.75, 2.0, and 6.0 mg/kg/day) studies
(VBP15-002 and VBP15-003) recruited 48 steroid
naive DMD boys, age 4 to<7 years. Following a
2-week treatment period and 2-week washout
period (VBP15-002), participants continued to
receive vamorolone for 24 weeks (VBP15-003). A
2-year long-term extension study of vamorolone
was offered to participants completing the phase
IIa study.

Results of the phase Ila studies show vamorolone
was well tolerated during 24-weeks treatment at
tested doses. Pharmacodynamic  biomarkers
confirmed Vamorolone retains anti-inflammatory
activities, but shows decrease in frequencies and
severity of corticosteroid side effects. Bone loss was
not seen with any dose of vamorolone, evidenced by
serum osteocalcin. Adrenal suppression and insulin
resistance were less impacted in vamorolone-treated
DMD patients, relative to published glucocorticoid
studies.
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Additionally, dose-responsive improvement of mus-
cle function was observed for 2.0 and 6.0mg/kg/day
dose groups compared to natural history controls.

A phase IIb randomised, double blind, parallel
group, placebo and active controlled study with dou-
ble blind extension in 120 DMD boys has been initi-
ated in 30 sites in 9 countries. 9 patients have been
enrolled and 10 sites of 30 are recruiting. The study
aims to evaluate safety, efficacy, pharmadynamics
and population pharmacokinetic of vamorolone at
daily doses of 2.0mg/kg and 6.0mg/kg versus pred-
nisone 0.75mg/kg/day and placebo over 24-week
treatment period and evaluates persistence of effect
over a Treatment Period of 48 weeks in ambulant
DMD boys aged 4 to<7 years.

Studies conducted demonstrated the efficacy and
reduction in adverse effects in DMD patients using
vamorolone compared to traditional glucocorticoids,
supporting further testing of vamorolone as a safer
alternative to long term glucocorticoids for DMD.

Studies in older and younger DMD patients are in
development.

Vamorolone potentially could replace chronic
glucocorticoids in disorders where side effects de-
tract from patient quality of life.
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Respiratory Function Decline in
Eteplirsen-treated Patients Diverges
From Natural History Comparators
Over Time
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’Massachusetts General Hospital for Children,
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California, Davis, Davis, CA

Background: Patients with Duchenne muscular
dystrophy  (DMD)  experience  progressive
degeneration of skeletal muscles, including those
involved in respiration, and respiratory decline is
linked to mortality. The onset of respiratory decline
precedes increasing levels of clinical management
as the percent predicated forced vital capacity

(FVC%p) falls below established thresholds. The
goal of treatment is to delay the time to reach these
thresholds.

AIM: Motor function in eteplirsen-treated patients
in Studies 201 and 202 diverges from natural history
after 1 year of treatment. This analysis was conduct-
ed to determine if respiratory function follows a
similar pattern.

Methods: We evaluated eteplirsen treatment effect
in Studies 201 and 202 on FVC%p over time com-
pared with well-matched natural history controls
from the Cooperative International Neuromuscular
Research Group Duchenne Natural History Study
(CINRG DNHY) to determine if respiratory decline
exhibits a pattern similar to what has been described
for motor function. In Studies 201 and 202, pulmo-
nary function tests were performed in all patients
(N=12) every 24 weeks over the course of 216 weeks
of eteplirsen therapy. FVC%p was plotted over time
for both studies. This was compared with FVC%p of
baseline age and FVC%p-matched CINRG DNHS
patients over the course of 4 years to determine if
eteplirsen-treated patients diverged from the CINRG
DNHS patients. Two cohorts of CINRG DNHS pa-
tients were used as comparators: the All CINRG co-
hort (n=75), and the Genotyped CINRG cohort
(n=67).

Results: The eteplirsen-treated patients in Studies
201 and 202 had similar baseline levels and similar
decline compared with the All CINRG and Geno-
typed CINRG cohorts for the first year. A diver-
gence appeared after Year 2 that continued to widen
over the 4-year period. At Year 4, a difference of
approximately 10% in FVC%p favored eteplirsen
treatment in comparison to both CINRG DNHS co-
horts.

Conclusion: The temporal pattern of divergence of
respiratory function in the eteplirsen-treated patients
from the natural history comparators is similar to the
pattern of divergence seen for motor function.

Presenting author e-mail: NKahn@Sarepta.com
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Eteplirsen Is Well Tolerated in Men
with Mild or Moderate Renal
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Sarepta Therapeutics, Inc., Cambridge, MA, USA

Introduction: Duchenne muscular dystrophy
(DMD) is a rare, X-linked, fatal, neuromuscular dis-
ease caused by DMD gene mutations that disrupt the
dystrophin messenger ribonucleic acid (mRNA)
reading frame and prevent the production of func-
tional dystrophin protein. Eteplirsen is a phosphoro-
diamidate morpholino oligomer (PMO) approved by
the US Food and Drug Administration for treatment
of DMD patients with mutations amenable to exon
51 skipping. Eteplirsen excludes exon 51 to restore
the dystrophin mRNA reading frame and to enable
translation of internally shortened dystrophin pro-
tein. PMOs have uncharged backbones and bind in a
sequence-specific manner to RNA targets through
Watson-Crick base pairing. PMOs represent a
unique chemistry, structurally and biologically dis-
tinct from other synthetic antisense ribonucleic acid
therapeutics, such as phosphorothioates (PSOs).
Toxicities observed with PSOs have not been ob-
served in nonclinical or clinical studies of eteplirsen.
In DMD patients studied, approximately 64% of the
total systemic clearance of eteplirsen 30 mg/kg (ap-
proved dose) is via renal excretion.

Aim: To determine the pharmacokinetics (PK),
safety, and tolerability of eteplirsen in men with
mild or moderate renal impairment.

Methods: This single-dose, parallel-group study en-
rolled male volunteers with mild (estimated glomer-
ular filtration rate [eGFR] 260 to <90 mL/min; n=8)
or moderate (¢GFR >30 to <60 mL/min; n=8) renal
impairment. Participants received intravenous (IV)
eteplirsen 30 mg/kg, and postdose PK, safety, and
tolerability results were evaluated and compared
with demographically matched men with normal re-
nal function (n=9).

Results: All enrolled participants completed the
study. Total plasma clearance decreased by 27.5%
(mild group) and 60.6% (moderate group), with pro-
portional reductions in renal clearance (22.7% and

56.6%, respectively) and higher overall exposure
compared with the normal group. The single IV dose
appeared to be well tolerated by all groups. Three
participants, one in each group, reported 6 treatment-
related adverse events (AEs). These were dizziness
(normal group); pyrexia (mild group); and pollaki-
uria, micturition urgency, and 2 events of inconti-
nence (moderate group). All AEs were mild to
moderate, considered nonserious, and resolved.

Conclusions: Eteplirsen was well tolerated across
renally impaired and normal renal function groups.
Exposure to eteplirsen increased as a function of de-
crease in renal clearance.

Presenting author e-mail: CFratazzi@Sarepta.
com
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Background: FSHD sufferers live a long life with
disability. Symptoms may develop in early child-
hood and weakness usually noticeable in the teenage
years with 95% of affected individuals manifesting
disease by age 20 years. The disorder impacts on the
upper extremity and torso, impacting negatively on
the muscle mass, shoulder mobility and functional
tasks. Consequently chronic weakness of the shoul-
der and upper limbs negatively impacts indepen-
dence of sufferers, prospects of employment and
staying at work. At present there is no known cure
and knowledge regarding the mechanisms underpin-
ning FSHD is not sufficient to halt the progression of
the disease via pharmacological interventions or
gene therapy. Surgical interventions are used to im-
prove scapular stabilisation but long term effect on
disease progression is limited.

Aim: This study aims to test our hypothesis that
shoulder muscle weakness and reduced range of
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movements at upper limb joints would not affect
arm cycling ability of FSHD patients.

Methods: patients were recruited from our clinical
group and FSHD registry. They were assessed for
muscle strength, contractures of upper limb, Oxford
shoulder score. Subjects performed 2 minute of up-
per limb cycling x 5 at self-selected cadence (total
10 minutes work), with 30 seconds of rest between
arm cycling exercise intervals. Rate of perceived ex-
ertion (RPE), cadence and video analysis was per-
formed throughout the exercise period.

Results: 15 patients participated in the study; age
18-60 years, 9 males and 6 females. Patients had
varying degrees of shoulder involvement with Ox-
ford Shoulder Scores from 4-48. Participants gradu-
ally increased the cadence, maintained or increased
resistance. All participants were able to complete the
exercise programme. RPE was increased marginally
by the 5% cycle. No significant problems were re-
ported after the study. Participants were positive
about this as a home exercise programme.

Conclusion: Static arm cycling offers a potential
tool for upper limb rehabilitation for patients with
FSHD in home setting but its effectiveness needs to
be proven.
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reports
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Background: Dystrophinopathy is a rare, severe
muscle disorder, with nonsense mutations found in
13% of cases. Ataluren was developed to enable ri-
bosomal read through of premature stop codons in
nonsense mutation genetic disorders. Effectiveness
of this drug has been assessed by National Institute
of Clinical Excellence in the UK and the drug is
available by managed access agreement (MAA) for
patients after 5 years of age.

Methodology: We describe two patients, 7 and 21
years, on Ataluren. One patient had access to treat-

ment by MAA and another older patient had treat-
ment through Continued access programme from
PTC pharmaceuticals. North star and physiotherapy
assessments pre and post treatment were compared.

Results: Patient 1 has significant learning difficul-
ties and attends special school. He has point muta-
tion in exon 65 (c.9461T>A; p.Leu3154X). On
muscle biopsy dystrophin was absent with labelling
of rod domains and only a rare revertant-like fibres
are seen with a C terminal antibody. Pre-treatment
timed rise from floor was 34.8 seconds, 10 meters
run was 11.2 seconds and North Star Ambulatory as-
sessment was 7/34. These responded within 5
months of treatment on Ataluren to timed rise from
floor to 11 seconds, 10m run to 8 seconds and North
Star Ambulatory assessment to 15/34. According to
assessors this difference was related to improvement
in understanding of instructions.

Patient 2 has been on Ataluren from the age of 10
years, when he was enrolled in the first clinical tri-
als, and subsequently he has continued on Ataluren
post trials (2016). He has a point mutation (exon 59).
He has no learning difficulties and became non-am-
bulant at 14 years. He currently is not ventilated with
a FVC at 1.62; his cardiac status; LVEF 46%, FS
26%. His last assessment shows preservation in up-
per limb strength (PUL 2.0 21/42) and he currently
self-propels on level ground.

Conclusion and significance: Effectiveness of Ata-
luren is proved for motor abilities in patients with
DMD in research trials mainly concentrating on mo-
tor outcomes of ambulatory children. These two
cases support its benefit outside what has been re-
searched so far.
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Long-term efficacy of ataluren for the
treatment of nonsense mutation
Duchenne muscular dystrophy:
observational data from the STRIDE
Registry
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Background: Duchenne muscular dystrophy
(DMD) is a fatal, X-linked disease, characterized by
progressive muscle weakness. Approximately 10—
15% of cases of DMD are caused by a nonsense mu-
tation (nmDMD) in the dystrophin gene, which
leads to translation of truncated, non-functional dys-
trophin. Ataluren is the first approved therapy to tar-
get the underlying cause of nmDMD, enabling
formation of full-length, functional dystrophin.

Aim: In this study, long-term effectiveness of ata-
luren (40 mg/kg/day) in routine clinical practice was
evaluated in patients with nonsense mutation Duch-
enne muscular dystrophy (nmDMD) enrolled in the
international STRIDE Registry (N=213).

Methods: We compared data from registry partici-
pants (with >48 weeks between first and last assess-
ment) with data from participants in Study 020
(NCT01826487) receiving ataluren (N=115) or pla-
cebo (N=115) for 48 weeks. Data were extracted
from the registry on 9 July 2018.

Results: Registry participants had a mean (standard
deviation, SD) age of 9.8(3.7) years at first assess-
ment compared with 8.9(1.8) and 9.0(1.7) years in
the ataluren and placebo arms of Study 020, respec-
tively. Mean exposure to ataluren ranged from 71.8
to 121.6 patient-years depending on the different
outcome measures used. Registry participants expe-
rienced smaller 48-week mean (SD) functional de-
clines than patients receiving ataluren or placebo in
Study 020, respectively, in 6-minute walk distance
(n=66, 35.0[69.7], vs n=109, 42.2[84.9], and
n=109, 57.6[98.8] meters), and time to walk/run 10
meters (n=61, 1.6[3.2] vs n=109, 2.3[5.2], and
n=110, 3.5[6.4] seconds), stand from supine (n=55,

2.9[5.0] vs n=101, 3.8[6.1], and n=96, 3.9[6.9] sec-
onds), climb 4 stairs (n=47, 1.2[2.2] vs n=105,
2.7[5.3], and n=103, 4.5[7.3] seconds) and descend
4 stairs (n=40, 0.5[1.5] vs n=106, 2.2[5.3], and
n=100, 3.9[7.9] seconds). Safety outcomes were
consistent with the known safety profile of ataluren.

Conclusions: Although the registry cohort consisted
of older patients compared with those in Study 020,
these patients showed smaller functional declines,
suggesting that ataluren may slow disease progres-
sion in patients with nmDMD in routine clinical
practice.
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Background: Duchenne muscular dystrophy
(DMD) is a fatal, X-linked disease, characterized by
progressive muscle weakness. Loss of ambulation is
a major milestone in disease progression. Approxi-
mately 10-15% of cases of DMD are caused by a
nonsense mutation (nmDMD) in the dystrophin
gene, which leads to translation of truncated, non-
functional dystrophin. Ataluren is the first approved
therapy to target the underlying cause of nmDMD,
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enabling formation of full-length, functional dystro-
phin.

Aim: In this study, age at loss of ambulation was
evaluated in patients with nmDMD taking ataluren
for at least 12 months while enrolled in the interna-
tional, multi-center STRIDE (Strategic Targeting of
Registries and International Datasets of Excellence)
Registry (N=207).

Methods: In this study, age at loss of ambulation
was evaluated in patients with nmDMD taking ata-
luren for at least 12 months while enrolled in the in-
ternational, multi-center =~ STRIDE  (Strategic
Targeting of Registries and International Datasets of
Excellence) Registry (N=207). Data were extracted
from the registry on 9 July 2018. Kaplan—Meier
analyses were used to investigate age at loss of am-
bulation.

Results: Mean (SD) age of registry participants
starting ataluren treatment was 9.8 (3.7) and 89.2%
were being treated with corticosteroids in addition to
ataluren. At the date of data extraction, registry par-
ticipants had a mean (SD) age of 11.6 (3.6) years.
Mean (SD) exposure to ataluren within the registry
was 372.6 (211.6) patient-years and 44.6% of pa-
tients had been on ataluren for more than 720 days.
Mean (standard error) age at loss of ambulation in
registry participants was 15.5 (0.3) years, and 50%
of patients were still ambulatory at the age of 16.5
years. Safety outcomes were consistent with the
known safety profile of ataluren.

Conclusions: Ataluren may delay loss of ambula-
tion in patients with nmDMD.
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Background: Ataluren (Translarna™) is the first-
approved treatment for nonsense mutation Duchenne
muscular dystrophy (nmDMD) in the European
Union, in ambulatory patients aged 5 years and
older.

Aim: The STRIDE Registry is an ongoing,
multicenter, observational study aimed at building
a patient data repository to provide real world
experience regarding the treatment patterns for
ataluren in routine clinical practice.

Methods: An enrollment of approximately 200
patients was targeted, based in part on the size of
the nmDMD population in the EU. Patients are
being followed for at least 5 years from the date of
a patient’s enrollment, or until withdrawal of patient
consent, or death, whichever occurs first. The study
is being conducted in the countries in which the drug
is commercially available.

Results: Baseline data (as of 31.01.2018) from a
cohort of 154 patients (98.1% males, n=151) with
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nmDMD from sites across 12 counties were analyzed
in terms of demography and clinical manifestations
of nmDMD. In this cohort, the median age was 10.2
(5.0, 45.4) years; nmDMD was most frequently
diagnosed between the ages of 5-10 years (n=74,
48.1%), and the median age at genetic confirmation
was 5.5 years (0.02, 39.1). The median age of
symptomatic detection was 2.5 years (0, 30) with a
mean time (SD) between first clinical/biochemical
symptoms and nmDMD diagnosis confirmation
(i.e., identification of dystrophin gene mutation)
is 3.0 years (2.5). The exclusion of female carriers
from the analysis had minimal impact on median
age (10.1 years; min, max: 5, 22.8) and median
age at genetic confirmation (5.4 years; min, max:
0.9, 15.6). Additional descriptive statistics from
demographic data are forthcoming.

Conclusions: These data suggest a need for increased
awareness of nmDMD symptoms in order to reduce
delays in diagnosis; the later median age at diagnosis
observed here relative to recent results from the
global DMD population (3.4 - 4.3 yrs) suggests
that some countries may still face challenges with
genetic testing for nmDMD.
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Dystrophy
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Background: Cardiac failure is a major contributor
to mortality in Duchenne muscular dystrophy
(DMD). Current cardiac management relies on car-
dio-protective drugs that delay cardiac failure, but
do not prevent it. In cardiac and skeletal muscles,
dystrophin is an essential scaffold for a large glyco-
protein complex with structural and signalling roles.
Our previous research shows that dystrophin assem-
bles different glycoprotein complexes in heart and
skeletal muscle, suggesting distinct muscle-specific
functions. Consistent with this, recent studies sug-
gest that the C-terminus of dystrophin and a portion
of its central rod domain are uniquely important for
cardiac function. AR4-R23/ACT micro-dystrophin

is a leading gene therapy construct that lacks the two
putative cardio-protective domains and only partial-
ly protects from cardiac disease in the mdx mouse
model of DMD. The molecular basis for the incom-
plete cardiac rescue provided by AR4-R23/ACT
micro-dystrophin is currently unknown. This knowl-
edge is important to guide the optimisation of micro-
dystrophin gene therapy constructs to fully prevent
development of cardiac disease.

Aim: To compare the protein complexes assembled
by dystrophin and AR4-R23/ACT micro-dystrophin
in the heart in order to identify differences in
composition that may underlie the incomplete
cardiac rescue offered by AR4-R23/ACT micro-
dystrophin.

Materials: Wild-type, mdx and mdx mice that
express AR4-R23/ACT micro-dystrophin were used
in these studies. Proteomic analysis was performed
on isolated dystrophin and AR4-R23/ACT micro-
dystrophin protein complexes to compare their
protein composition. Western blot analyses were
performed to validate proteomic results and evaluate
protein expression levels in total protein extracts.
Heart tissue sections were immunolabelled to
compare protein localisation. Electron microscopy
experiments were performed to  visualise
ultrastructural differences between genotypes.

Results: We report here a new cardiac-specific
interaction between dystrophin and the cavin
protein complex that is not rescued by AR4-R23/
ACT micro-dystrophin. Cavins play important roles
in regulating the shape, function and dynamics of
caveolae (specialised membrane domains implicated
in cardiac contraction and disease). We discovered
that the localisation of cavin-1, cavin-2 and cavin-4
is disrupted in the mdx heart and is not rescued
by AR4-R23/ACT micro-dystrophin. A screen of
different micro- and mini-dystrophins for their
ability to interact with cavin proteins is ongoing.

Conclusion: Our results identify caveolar
dysfunction as a new potential player in cardiac
disease in DMD. These findings offer new insights
into the cardiac interactions of dystrophin and are
highly relevant to the optimisation of gene therapy
approaches with enhanced protection from cardiac
disease.
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Background: Myotonic Dystrophy type 1 (DM1) is
amultisystem disease with high heterogeneity repre-
senting an obstacle when defining outcome mea-
sures that can be reliable yet still valid for different
phenotypes. The Outcome Measures for Myotonic
Dystrophy (OMMYD) Consortium has proposed a
set of Functional-capacity Outcome Measures high-
lighted for consideration in clinical trials for DM1.

Aims: For this study, a cohort of 213 patients en-
rolled in the natural history study of PhenoDM1
(Myotonic Dystrophy Type 1 Deep Phenotyping to
Improve Delivery of Personalized Medicine and As-
sist in the Planning, Design and Recruitment of
Clinical Trials) was analysed. We aimed to assess:
[1] intra-session (i.e. trial to trial) reliability; and, [2]
construct validity (i.e. associations with disease pa-

rameters) of the OMMYD-defined functional-ca-
pacity outcome measures.

Methods: The study visit assessments included: [1]
Standard medical history and demographical data;
[2] Strength assessments; [3] OMMYD-defined
functional-capacity outcome measures (six-minute
walk test, timed 10 m walk test, timed 10 m walk/run
test, 30 seconds sit and stand test, and 9-hole peg
test); and [4] disease-specific patient-reported out-
comes that assess functional performance (including
DM1-ActivC and MDHI subscales).

Results: By comparing selected OMMYD function-
al-capacity outcome measures to clinical manifesta-
tions of the disease and to the reported burden of
illness, we assessed their sensitiveness to discrimi-
nate different disease phenotypes. Their association
to muscle strength and with participants’ perceived
functional-performance provides an insight of these
outcomes construct validity. Differences between
sexes were attributed to height differences. All tests
showed a significant difference between scores from
the first trial to the second trial. Thirty seconds sit and
stand test showed to discriminate for disease severity
and test repetition assess different disease parameters
apart from muscle strength or capability to walk.

Conclusion: This study established the feasibility
and reliability of these tests in large-scale studies.
This data will serve as reference values from a rep-
resentative sample of DM1 adults for future clinical
trials. These OMMYD tests can be used as a battery
of outcomes or independently as some have shown
overlapping on psychometric features.
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Background: Duchenne muscular dystrophy
(DMD) is a genetic disorder characterised by pro-
gressive muscle wasting and severe weakness. It oc-
curs in 1 in 5000 boys and is caused by the disruption
of dystrophin, a protein that maintains the integrity
of muscle cells and protects the cell membrane from
rupturing during contraction and relaxation cycles.
Dystrophin is the largest human gene, having differ-
ent isoforms, and patients have various mutations
leading to expression of dysfunctional protein forms.
Exon-skipping (using anti-sense oligonucleotides),
gene editing (using CRISPR/Cas9) and read-through
technologies are promising therapies that produce a
truncated yet functional protein. However, the de-
velopment and optimisation of these therapies and
determining their relative efficiencies, is limited by
the lack of an overarching (temporally, economical-
ly and ethically viable) platform.

Aims and methods: We utilise CRISPR/Cas9 gene
editing technology to develop dystrophin-detectable
human induced pluripotent stem cells (iPSCs), by
inserting a versatile multiple-reporter cassette, that
can track different dystrophin forms’ expression lev-
els temporally and spatially, in real time and in fixed
cells. Following that, iPSCs will be used in tissue
engineering an in vitro human skeletal mini-muscle
“organoid”, maintaining the dystrophin-tracking
properties.

Finally, once established, the developed model-
ling parameters and outcome measures will be used
to assess the efficacy of different therapies on pa-
tient-derived DMD dystrophin-tracking artificial
muscles to determine their ability to restore dystro-
phin function and ameliorate the dystrophic pheno-
type in each line.

Results and conclusion: The designed cassette has
been developed and tested by insertion into skeletal
muscle progenitor cells that have been differentiated
and one of the cassette functions has been confirmed.
Multiple lines are currently being developed and po-
tential outcome measures are being researched.
This platform could accelerate research for thera-
pies, offer more tailored and potentially personalised

treatment, reduce need for muscle biopsies and pro-
vide a reliable method to quantify dystrophin. This
reporting system can also be applicable to other neu-
romuscular conditions.
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Background: Respiratory function decline in Duch-
enne muscular dystrophy (DMD) is caused by pro-
gressive weakening of respiratory muscles. Standard
of care guidelines recommend routine respiratory
function monitoring to guide patient management.
We compared respiratory function measurements
obtained using a hand-held device allowing frequent
home-based measurements to hospital-based spi-
rometry measures in patients with DMD taking part
in the DELOS trial.

Methods: Respiratory function data were collected
from 64 DMD patients aged 10-18 years. All pa-
tients were required to have established respiratory
function decline (peak expiratory flow <80%p) at
baseline. Patients were treated with idebenone (900
mg/day) or placebo. Spirometry was conducted dur-
ing hospital visits at baseline and 3 month intervals
over 52 weeks. Patients also measured peak expira-
tory flow (PEF) weekly at home using the ASMA-1
device (Vitalograph). Data were analyzed using a
mixed model for repeated measures method.

Results: Patients enrolled in the DELOS study were
in an advanced stage of disease, with a mean age of
14.3 years. A majority (92%) were non-ambulatory
and showed signs of significant upper limb weak-
ness at baseline (59% had a Brooke’s score of 5 or
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above). The changes in PEF measured at home (ex-
pressed as percent of predicted, PEF%p) compared
well with those from hospital-based measurements,
showing a 5.6% (p = 0.002) treatment difference in
favor of idebenone across all weekly visits, com-
pared to a 6.27% difference at last visit using stan-
dard hospital spirometry (p =0.031). Similarly to the
hospital based data, the weekly ASMA-1 data indi-
cated a stabilization of PEF%p in the idebenone
group versus a consistent decline in the placebo

group.

Conclusion: Home-based recording of respiratory
function measures is reliable in pediatric and adoles-
cent patients with DMD, and may prove useful when
used in combination with hospital-based monitoring.
These data further support the efficacy of idebenone
in slowing respiratory function decline in DMD.
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Background: Patients with Duchenne muscular
dystrophy (DMD) experience respiratory function
decline that accelerates after they become non-am-
bulatory, leading to significant disease burden and,
in many cases, death. The ability of idebenone to
slow respiratory function decline in patients with
DMD has been investigated in two randomized, pla-
cebo-controlled trials (the phase 2 DELPHI trial and
phase 3 DELOS trial). DELPHI included patients
(aged 8 to 16 years) irrespective of baseline respira-
tory function status, while DELOS required patients
(aged 10 to 18 years) to be in the respiratory decline
phase. DELPHI allowed the randomization of both
glucocorticoid users and non-users, whilst DELOS
included only glucocorticoid non-users.

Methods: Source data from both trials were pooled
and analyzed for treatment effects on peak expira-
tory flow and forced vital capacity, expressed as a
percentage of predicted (PEF%p and FVC%p).
Change in PEF%p and FVC%p from baseline to
weeks 26 and 52 (end of study) were analyzed using
a mixed model for repeated measures, with study as
a random effect.

Results: In total, 76 patients (DELPHI: 12; DELOS:
64) were in the respiratory function decline phase
(PEF%p < 80%), of which 72 were not using gluco-
corticoids. Across all patients, the difference be-
tween the idebenone and placebo groups in PEF%p
from baseline to week 52 was 8.0%p (p = 0.003).
When omitting glucocorticoid users, this difference
was 7.7%p (p = 0.005). For FVC%p, the treatment
difference was 3.6%p (p = 0.046) in all patients,
with a comparable difference of 3.5%p (p = 0.051)
when omitting glucocorticoid users.

Conclusion: Results from a meta-analysis with data
from two randomized, placebo-controlled trials
(DELPHI and DELOS) demonstrate that idebenone
slows respiratory function decline in patients with
DMD. Additionally, the magnitude of treatment dif-
ference observed was unaffected by concomitant
glucocorticoid use.
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Regulation of the dystrophin-associated
glycoprotein complex composition by
the metabolic properties of muscle fibres
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Icollege of Medicine, Wasit University, Kut, Iraq;
2UCL Great Ormond Street Institute of Child
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Background: Skeletal muscle is a highly compliant
tissue that undergoes both qualitative and quantitative
remodeling in response to mechanical, electrical and
chemical stimuli. The dystrophin-glycoprotein
complex (DGC) links the muscle cytoskeleton to the
extracellular matrix and is responsible for force
transduction and for protecting the muscle fibre from
contraction induced damage (Kjaer, 2004). Mutations
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in any of the proteins constituting the DGC are
associated with muscular dystrophies and congenital
myopathies (Wicklund and Kissel, 2014). Expression
of DGC components have been shown to be altered
in many myopathies. In contrast we have very little
evidence of whether adaptive changes in muscle
impact on DGC expression.

Aims: To investigate the relationship between mus-
cle fibre phenotype and the DGC.

Methods: Immunohistochemistry, Western blot,
Quantitative PCR, Semi-quantitative measurement
of Collagen and Dystrophin Glycoprotein Complex
(DGC) protein expression by immunofluorescence,
Sarcolemma thickness measurement, and Imaging
and analysis

Results: We show that the DGC composition is in-
fluenced by the phenotype of the muscle fibre.

Conclusion: Our work shows that the metabolic
property of a muscle fibre is a key determinant in
regulating the expression of DGC proteins at the
sarcolemma.
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Patient Reported Outcome Measures in
Dysferlinopathy — How suitable are
they?
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Background: The COS is an international natural
history study of patients with dysferlinopathy. Dys-
ferlinopathy presents with heterogeneity in muscle
weakness, including both distal and proximal phe-
notypes which poses significant challenges for de-
veloping appropriate clinical trial outcome measures
as well as significant functional and quality of life
challenges for patients. 204 patients, at 15 sites in 8
countries were evaluated using four Patient Report-
ed Outcome Measures (PROMs)— Individualised
Quality of Life Measure for Neuromuscular Disease,
ACTIVLIM, International Physical Activity Ques-
tionnaire and for non-ambulant patients the Egan
Klassifikation Scale (EK)

Aims: To review the suitability of these PROMs in
this cohort over a period of three years. To sum-
marise change scores over this time for the four
PROMs.

Methods: Patients completed the InQOL, IPAQ,
ACTIVLIM at annual visits over three years. The
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EK was completed only if the patient was non-am-
bulant. INQOL is a quality of life measure that aims
to capture the impact of key muscle disease symp-
toms (weakness, fatigue, pain, and locking), the im-
pact on particular areas of life including activities,
independence, relationships, and body image. Par-
ticipants respond primarily using a 7-point Likert
scale and also with some yes/no responses. The
IPAQ assesses physical activity using a set of seven
questions and hours of activity at different levels of
intensity. The ACTIVLIM is a Rasch built measure
of activity limitation and using a three-point grading
system of impossible, difficult and easy and the EK
was originally designed for Duchenne muscular dys-
trophy but assessing key “own functioning” in non-
ambulant patients.

Data were analysed using descriptive statistics for
each visit and over the period of the study and for
rating scales (ACTIVLIM, EK, INQOL) modern
psychometric analysis using Rasch analysis
(RUMM2030 software) was also conducted to as-
sess item fit, person fit, targeting, dependency and
reliability

Results: Not all of the measures appeared to be suit-
able measurement tools in this disease specific co-
hort, this was particularly true for the INQOL. The
ACTIVLIM appeared more robust. Change scores
were noted for several of the measures over time.

IPAQ EK ACTIVLIM INQOL
Baseline 204 48 200 204
12 months 189 50 189 192
24 months 189 60 185 184
36 months 166 55 159 113

Discussion: Further work is required to adapt the
current PROM’s or alternative measures need to be
selected.

Anna.Mayhew(@newcastle.ac.uk
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Background: The COS is an international natural
history study of patients with dysferlinopathy. Dys-
ferlinopathy presents with heterogeneity in muscle
weakness, including both distal and proximal phe-
notypes which poses significant challenges for de-
veloping appropriate clinical trial outcome measures.
203 patients, at 15 sites in 8 countries were evaluat-
ed using three methods to measure strength on a va-
riety of upper and lower limb muscle groups

Aims: This study compared results between 3 meth-
ods of muscle strength testing used in the Jain Clini-
cal Outcome Study (COS) for Dysferlinopathy
performed at baseline and year 1 visits.

Methods: Manual muscle testing (MMT) uses the
Medical Research Council scoring system to
subjectively grade the amount of resistance the
subject can withstand as the evaluator pushes against
the extremity. Hand held dynamometry (HHD) uses
a force transducer in a small device held against the
extremity by the clinical evaluator. Quantitative
muscle testing (QMT) uses a force transducer
secured to a wall mounted fixed frame. All sites
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completed MMT and HHD, while only 7 of the 15
sites had the QMT equipment available. Subjects
also completed functional tests including as
appropriate for their ambulatory status including
adapted North Star Ambulatory Assessment for
Dysferlinopathy, 10 metre walk test (10m) and 6
minute walk test (6GMWT).

Results: The 3 strength testing methods were highly
& significantly correlated with each other (r = 0.8,
P<0.001). All 3 strength testing methods were high-
ly & significantly correlated with functional tasks (r
=0.7 - 0.8, P<0.001). Age was significantly corre-
lated with performance of all strength & functional
tasks.HHD was the only strength testing method that
demonstrated significant change in summed strength
over one year. There was a trend toward decreased
strength in Year 1 measured with QMA, but this was
not significant. HHD was the only modality captur-
ing decline consistently across muscle groups — thus
demonstrating significant change across 1 year in
total strength

Conclusion: Strength measurements are highly cor-
related with performance of functional tasks in Dys-
ferlinopathy. Hand held dynamometry is sufficient
for testing strength in key muscle groups & is sensi-
tive to disease progression in 1 year

lindsay.alfano@nationwidechildrens.org
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Background: The Jain Clinical Outcome Study
(COS) is an international study evaluating patients
with genetically confirmed dysferlinopathy. 203 pa-
tients were recruited across 15 sites and in 8 coun-
tries. Dysferlinopathy clinically presents with a
spectrum of muscle weakness including both distal
and proximal phenotypes which presents significant
challenges for developing appropriate clinical trial
outcome measures.

Aims: COS aims to develop understanding of dis-
ease progression and identify the most relevant out-
come measures for this cohort to facilitate trial
readiness in dysferlinopathy. Here we report three
years of longitudinal functional data.

Methods: Patients attended six visits over three
years. Physiotherapy medical and MRI assessments
were conducted. Physiotherapy assessments includ-
ed manual muscle testing (MMT) hand held dyna-
mometry (HHD) and functional scales (North Star
Assessment for Dysferlinopathy and Performance of
Upper limb), as well as timed tests (rise from floor,
10 metre walk / run, four stair climb and descend;
Timed Up and Go, TUG; Six Minute Walk Distance,
6MWD) and respiratory function testing (forced vi-
tal capacity and mouth inspiratory pressure).

Results: Significant change across all three years in
respiratory function, muscle strength testing, timed
function tests, 6MWT and ACTIVLIM. All timed
tests except rise from floor showed significant and
consistent decline across all three years. NSAD,
10m and TUG demonstrated the most significant
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change. These results will be examined for differ-
ences between gender and ethnicity.

Conclusion: Progression in dysferlinopathy can be
demonstrated using functional outcomes and dyna-
mometry as measured by Physiotherapists over three
years. Results support future study design and help
power future clinical trials.
meredith.james@ncl.ac.uk
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Background: The Jain Clinical Outcome Study
(COS) is an international study evaluating patients
with genetically confirmed dysferlinopathy. 203 pa-
tients were recruited across 15 sites and in 8 coun-
tries. This three year study was extended for a two
year time period until all sites completed year 3 vis-
its. All sites completed year 3 visist, while some also
completed year 4 and year 5 visits.

Further to the Clinical Outcome Study data col-
lection allowing the characterization of the disease
(results reported elsewhere), patients also had the
option to donate biobank samples to the MRC Bio-
bank for Rare and Neuromuscular Diseases curated
at Newcastle.

Aims: COS aims to develop understanding of dis-
ease progression and support future scientific re-
search

Methods: Standardised Protocols for collection,
processing and shipment were provided to each site.
Blood for DNA and RNA was collected at one time
point only. Plasma and Serum were collected annu-
ally. Patients could opt to provide a skin sample to
generate fibroblast cell lines. Urine was introduced
from year 4 at Newcastle only. Samples have been
shipped to the Newcastle MRC Centre Biobank for
Rare and Neuromuscular diseases.

Results: 12 sites of 15 sites participated in the bio-
banking element.

While 97% patients opted to donate blood sam-
ples, only 43% patients opted to donate skin samples
for fibroblasts.

Samples currently at Newcastle are as follows:
Blood for RNA n142; DNA nl55; Baseline Plasma
nl47; Year 1 Plasma nl43; Year 2 Plasma nl34;
Year 3 Plasma n70 (pending final shipments); Base-
line Serum n147; Year 1 Serum n143; Year 2 Serum
nl35; Year 3 Serum n70 (pending final shipments);
Limited year 4 and year 5 samples are also available.

Conclusion: This is a valuable resource for scien-
tists worldwide to develop the body of knowledge
regarding Dysferlinopathies necessary to support
design of future therapeutic targets and clinical tri-
als.

The COS Study has been extended for two further
years. COS2 will also collect urine across all partici-
pating sites.

Heather.Hilsden@ncl.ac.uk
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D40

Clinical Outcome Study in
Dysferlinopathy: Medical comorbidities
and polytherapy in a large population of
dysferlinopathy patients

Roberto Fernandez-Torron'?, Helen Sutherland?,
Jordi Diaz-Manera®; Meredith K James'; Anna G.
Mayhew!; Simone Spuler?; John W. Day?®; Kristi
Jones®; Diana Bharucha-Goebel’; Emmanuelle
Salort-Campana?®; Alan Pestronk’; Maggie Walter'”;
Carmen Paradas'!; Tanya Stojkovic'?; Madoka
Mori Yoshimura'?; Elena Bravver'; Elena
Pegoraro's; Jerry Mendell'é; Jain Consortium; Kate
Bushby'; Volker Straub!

!John Walton Muscular Dystrophy Research
Centre, Newcastle University and Newcastle
Hospitals NHS Foundation Trust, Newcastle upon
Tyne, UK; *Neuromuscular Area. Biodonostia
Health Research Institute. Neurology Service.
Donostia University Hospital. Donostia-San
Sebastian. Spain; *Neuromuscular Disorders Unit,
Neurology Department, Hospital de la Santa Creu i
Sant Pau, Barcelona, Spain; *Charite Muscle
Research Unit, Experimental and Clinical Research
Center, a joint cooperation of the Charité Medical
Faculty and the Max Delbriick Center for
Molecular Medicine, Berlin, Germany;,
’Department of Neurology and Neurological
Sciences, Stanford University School of Medicine,
Stanford, CA, USA, *Institute for Neuroscience and
Muscle Research, Children’s Hospital at
Westmead, University of Sydney, Australia,
"Department of Neurology Children’s National
Health System, Washington, DC, USA;
8Neuromuscular and ALS center, La Timone
Hospital, Aix-Marseille Université, Marseille,
France; °Department of Neurology, Washington
University School of Medicine, St. Louis, MO, USA;
"Friedrich-Baur-Institute, Dept. of Neurology,
Ludwig-Maximilians-University of Munich,
Germany; ' Neuromuscular Unit, Department of
Neurology, Hospital U. Virgen del Rocio/Instituto
de Biomedicina de Sevilla, Sevilla, Spain; Institut
de Myologie, AP-HP, G.H. Pitié-Salpétriere 47-83,
Boulevard de I’Hopital, Paris, France;
BDepartment of Neurology, National Center
Hospital, National Center of Neurology and
Psychiatry Tokyo, Japan; "*Carolinas Healthcare
System Neurosciences Institute, Charlotte, NC,

USA; Department of Neuroscience, University of
Padova, Italy; "*Nationwide Children’s Hospital,
Columbus, OH, USA

Background: The Jain Clinical Outcome Study
(COS) is the largest international natural history
study In patients with genetically confirmed dysfer-
linopathy.

203 patients (aged 12-88) have been recruited
across 15 sites in 8 countries. All patients were mo-
lecularly diagnosed and followed over 3 years.

Aims: To describe the comorbidities in a large co-
hort of COS patients at baseline and during follow-
up (3 years).

To analyse the drugs and supplements taken be-
fore the screening and during the natural history
study.

Methods: Medical history and comorbidities were
collected by specific questionnaires administered by
trained nurses or medical doctors. Medication used
were categorised using the British National
Formulary.

Results: The most common comorbidities at base-
line were: cardiovascular (33 patients-16%-; 27 of
which are hypertension), endocrine (21 pa-
tients-10%-; 10 of which are hypothyroidism) and
respiratory (16 patients-7%-; 15 if which are asth-
ma). 5 patients were diagnosed from autoimmune
diseases. During follow-up, hypertension was diag-
nosed in 6 patients. 141 patients (69%) were taking
drugs or supplements at the beginning of COS
(range: 0-10 medications). 65 patients (32%) were
on daily vitamins or nutritional supplements, 27
(13%) on anti-hypertensive, 25 on NSAIDs (12%),
16 (8%) on opioids and 16 (8%) on antidepressants.
During follow-up, anti-hypertensive, antidepres-
sants, opioids and anti-epileptic prescribed more
commonly than other medications. Of note, before
participation in COS and due to misdiagnosis with
inflammatory myopathies, 56 patients (28%) had
previously been treated with steroids, 16 (8%) with
ivlg and 12 (6%) with immune suppressants.

Conclusion: Hypertension, asthma and hypothy-
roidism are the most common comorbidities in COS.
Besides vitamins and supplements, anti-hyperten-
sive, NSAIDs, opioids and antidepressants are the
most prescribed drugs. 28% of the patients had
previously taken steroids due to misdiagnosis.
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We believe this information should be taken into
account when designing interventional clinical tri-
als. This Study has been supported by the Jain Foun-
dation
Helen.Sutherland@ncl.ac.uk

D41

The UK Myotonic Dystrophy Patient
Registry: A Key Tool in the Facilitation
of Clinical Research

Ben Porter!, Phillip Cammish', Chris Turner?,
Emma Heslop', Chiara Marini-Bettolo'

"The John Walton Muscular Dystrophy Research
Centre, Institute of Genetic Medicine, Newcastle
University and Newcastle upon Tyne Hospitals
NHS Foundation Trust, Newcastle upon Tyne, UK
2University College Hospital, National Hospital for
Neurology and Neurosurgery, London, UK

Background: The UK Myotonic Dystrophy Patient
Registry (www.dm-registry.org/uk) is a patient self-
enrolling online database collecting clinical and ge-
netic information about both myotonic dystrophy
type 1 (DM1) and myotonic dystrophy type 2
(DM2). The registry was established in May 2012
with support from Muscular Dystrophy UK (MDUK)
and the Myotonic Dystrophy Support Group
(MDSQG), assisted by the TREAT-NMD Alliance
and is coordinated Newcastle University.

Aims: The registry’s primary aim is to facilitate
and accelerate clinical research in Myotonic
Dystrophy type 1 (DM1) and type 2 (DM2). The
registry also aims to act as the most comprehensive
distributor of information relating to upcoming
academic and non-clinical studies in Myotonic
Dystrophy.

Methods: The registry is used to capture longitudi-
nal, self-reported data through an online portal avail-
able to patients and clinicians.

Results: Between May 2012 and December 2018,
749 patients have registered. In those who have a
clinical diagnosis, 96% have DM1 and 4% have
DM2. There is an even distribution of patients regis-
tered from both genders and 62% of patients were
between 31 and 60 years old. Patients most frequent-
ly reported their current best motor function as either

ambulatory unassisted (61%) or ambulatory assisted
(30%). The most commonly reported symptoms
were fatigue (74%) and myotonia (70%), with 62%
of patients reporting both.

Conclusion: The registry has been a successful tool
in assisting in the recruitment to a number of clinical
studies since launching in 2012. It is an example of
a novel, online-based, cost-effective, and patient-
driven registry. The continued collection of longitu-
dinal data and ongoing recruitment of new
participants over time will be imperative when as-
sessing the progression of the condition, and will as-
sist in the design and feasibility of clinical studies in
the future.

Email: ben.porter@ncl.ac.uk

D42

The UK FSHD Patient Registry: A Key
Tool in the Facilitation of Clinical
Research

Ben Porter?, Phillip Cammish', Richard Orrell?,
Emma Heslop', Chiara Marini-Bettolo'

"The John Walton Muscular Dystrophy Research
Centre, Institute of Genetic Medicine, Newcastle
University and Newcastle upon Tyne Hospitals
NHS Foundation Trust, Newcastle upon Tyne, UK
’Queen Square Institute of Neurology, University
College London, London, UK

Background: The UK FSHD Patient Registry
(https://www.fshd-registry.org/uk/) is a patient driv-
en, clinician verified tool designed to support clini-
cal research. The registry shares a common dataset
with many registries worldwide and is able to collect
symptomatic information longitudinally. This online
patient driven registry aims to facilitate and acceler-
ate planning and recruitment of clinical trials. Pa-
tient reported outcomes are entered into a secure
online portal that are then combined with clinician
verified genetic details. Core clinical and genetic in-
formation has been collected through the registry
with additional data about pain (MPQ-SF) and qual-
ity of life (INQoL).

Aims: The registry’s primary aim is to facilitate and
accelerateclinicalresearchinto Facioscapulohumeral
Muscular Dystrophy (FSHD). The registry also aims
to act as the most comprehensive distributor of
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information relating to upcoming academic and non-
clinical studies in FSHD.

Method: The registry is used to capture longitudi-
nal, self-reported data through an online portal avail-
able to patients and clinicians.

Results: Between May 2012 and December 2018,
916 patients have registered, 87% with a clinical di-
agnosis of FSHD1. There is an almost even distribu-
tion of patients registered from both genders and
59% of patients were between 31 and 60 years old.
Muscle weakness was widely reported with periscap-
ular shoulder weakness occurring most frequently
(87%) followed by weakness of the hip girdle (67%)
and facial muscles (67%) then foot dorsiflexor
(64%). Onset of periscapular shoulder weakness
was reported to occur before the age of 30 in 59% of
cases, earlier than weakness in other areas. The use
of a wheelchair was reported to begin most often af-
ter the age of 30 (76%).

Conclusion: A broad spectrum of patients have reg-
istered providing a new insight into the FSHD popu-
lation in the UK. The Registry aims to help in the
planning and recruitment of research. Sharing a
common dataset with a growing number of FSHD
registries around the world will allow the registry to
achieve this locally and internationally. The registry
is well placed to inform future clinical research and
help develop of standards of care.

Email: ben.porter@ncl.ac.uk

D43

The Global Registry for COL6-related
dystrophies

Dr Alison Blain*, Prof. Volker Straub*

*The John Walton Muscular Dystrophy Research
Centre, Institute of Genetic Medicine, International
Centre for Life, Newcastle upon Tyne NEI 3BZ.
Alison.Blain@ncl.ac.uk

Background: Mutations in the Collagen 6 genes
(COL6A1, COL6A2 and COL6A3) cause a clini-
cally and genetically heterogeneous group of rare
diseases (Bethlem Myopathy, Ullrich Congenital
muscular dystrophy (UCMD) and intermediate phe-
notypes) which are collectively known as the COL6-
related dystrophies (COL6-RDs) . The newly

launched Global Registry for COL6-related dystro-
phies (www.collagen6.org), funded by the Collagen
VI Alliance through MDUK, allows secure capture
and storage of data from individuals affected with a
COL6-RD and from the medical professionals in
charge of their care.

Aims: The primary objectives of the registry are to:
-Contribute to trial readiness of COL6-related dys-
trophies (RDs), allowing identification of genetical-
ly well characterised cohorts for participation in
research

studies and clinical trials;

- Add to the understanding of disease natural histo-
ry and prevalence;

- Assist doctors and other health professionals by
providing them with up-to-date information on
managing COL6-RDs, to help them deliver better
standards of care for their patients;

- Stimulate industry interest in the COL6-RDs by
demonstrating the availability of clinician vali-
dated data to support future trials and post market-
ing surveillance;

- Provide individuals with COL6-RD with up to
date summaries of relevant current research and
news via the website and newsletters.

Methods: Affected individuals can access informa-
tion sheets about the registry, provide consent to be-
ing part of the registry and submit their data online.
As part of the consent process, affected individuals
consent to their clinicians entering data on their be-
half and medical professionals are provided with a
user account to allow them to enter data online. Re-
quests for anonymous data from the registry are ap-
proved by the registry steering committee (containing
professional and patient representation), who have
overall oversight of the registry governance.

Results: Here we describe the development of the
registry, plans for its future development and an
analysis of the data contained within the registry
thus far.

Conclusion: The Global Registry for COL6-related
dystrophies is a new resource for the COL6-RD
community which has potential to stimulate, accel-
erate and support clinical and basic research in this
group of diseases.
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Peripheral Neuropathy

PNO1

Preliminary falls and functional balance
data from the BALTIiC study: A
feasibility analysis of home based
BALance Training in people with
Charcot-Marie-Tooth disease

Dudziec, M™% Lee, L.E!, Massey, C', Skorupinska,
M!, Laura, M!, Reilly, MM' & Ramdharry, G.M'
'MRC Centre for Neuromuscular Diseases, UCL
Institute of Neurology, London UK

’Faculty of Health, Social Care and Education,
Kingston University and St Georges University of
London

Background: Charcot-Marie-Tooth disease (CMT)
is the most common inherited neuromuscular disor-
der. Features include a slowly progressive, length
dependent sensorimotor neuropathy. People with
CMT report a high incidence of falls, though few
groups to date have looked at exercise based inter-
ventions to improve balance in this population.
Aims: This study explored the feasibility and effect
of delivering a home based training programme us-
ing multi-sensory rehabilitation and proximal
strength training.

Methods: In this randomised controlled feasibility
trial, 14 participants (m=21.4%) with CMT1A were
randomised to either a 12 week home based exercise
programme of multi-sensory balance exercises and
proximal strengthening with a falls management
session or a falls management session only. Partici-
pants self-recorded falls and activity for a planned
20 weeks. During the intervention, balance and
strengthening exercises were prescribed in the home
environment. Outcome measures included balance
performance in static and dynamic posturography,
functional balance tests, lower limb strength tests
plus subjective measures of balance confidence and
function. Brief qualitative interviews were also un-
dertaken to capture participants’ experience of tak-
ing part.

Results: No significant differences in disease sever-
ity existed between the two groups. Training was

well tolerated with high participation levels. The in-
tervention group had greater delays with completing
the study in the aimed for 20 weeks because of work
commitments of a small number (Intervention
mean=32wks, SD=+10.6 Control mean=24wks
SD+2.6). Total reported falls were not significantly
different (Intervention mean= 7 SD=5.2; Control
mean= 4 SD+4; P=0.32).

Functional measures of balance showed larger
improvement effect sizes, favouring the intervention
group (Berg Balance Score, Hedge’s G = 1.14;
BESTest, Hedge’s G 1.04, IOMTW, Hedge’s G =
0.97, Functional Gait Assessment = 0.87). Centre of
pressure variables showed moderate improvements
in visual dependency (COP velocity with feet apart
eyes closed, Hedge’s G =0.48). Balance confidence
showed small effect changes.

Conclusions: This RCT was safe and feasible.
Functional measures show promise in this small and
varied group with possible improvements in visual
dependency. Now that feasibility has been demon-
strated and, further exploration of efficacy will need
to be undertaken on a larger sample.

PN02

Cross sectional study on CK levels in
CMT and related disorders

Mariola Skorupinska', Menelaos Pipis', Alexander
M. Rossor!, Matilde Laura!, Mary M. Reilly!
'MRC Centre for Neuromuscular Diseases, UCL
Institute of Neurology, London UK

Background: Creatine kinase (CK) exists as differ-
ent isoenzymes and is influenced by a number of
factors including gender, race, muscle bulk and
physical activity. An elevated CK may indicate
acute muscle injury such as acute myositis or rhab-
domyolysis or chronic muscle damage as is the case
with chronic denervation in CMT. Aside from
chronic denervation which occurs early in motor-
predominant subtypes of CMT and later in other
forms such as HSN, other factors including the dura-
tion of the disease and medications may influence
CK levels.

Aim: To assess the cross-sectional correlation of
CK with the CMTES, ulnar CMAP and molecular
diagnosis in CMT and related disorders.
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Methods: We retrieved CK values at specific time-
points for 161 patients and correlated them with the
corresponding CMTES and ulnar CMAP scores.
Furthermore, we correlated the biochemical data of
CK corrected for CMTES across all molecular diag-
noses.

Results: We evaluated the CK in 63 females and 98
male patients. 73% (118) of evaluated patients had
various subtypes of CMT (CMT1, CMT2, CMTi)
15% HMN (24), 8% HSN (13) and 4% HNPP (6). In
our cohort the CK range was 39-2205. 48% (77) of
patients had an elevated CK level and the majority
were male. Abnormal CK levels were found in 40%
of CMTT1 patients, 55% of CMT2, 40% of CMTi,
67% of HMN and 38% of HSN. There was no differ-
ence in the average level of CK between the differ-
ent groups of CMT subtypes. Patients with HMN,
were the most likely to have elevated rather than
normal CK levels and there was a trend of near-nor-
mal CK levels with higher CMTES. Impairment as
measured by CMT Examination Score (CMTES)
was on average 10.81 (£ 5.23) (range 0— 21). Aver-
age ulnar CMAP scores at the corresponding time
point was 5.01 (range between 0-9.6).

Conclusion: Based on this small cohort size, there
was no statistically significant correlation between
the CK level and CMTES or ulnar CMAPs. A CMT
cohort with larger numbers would be able to assess
more accurately assess if there is any correlation be-
tween CK and disease severity during the early stag-
es of various CMT subtypes.

PNO3

A novel homozygous mutation extending
the PMP22 protein by 9 amino acid
associated with an isolated severe
sensory ataxia

Alberto Zambon', Matthew Pitt?, Mary M Reilly?,
Francesco Muntoni'*

'Dubowitz Neuromuscular Centre, UCL Great
Ormond Street Institute of Child Health & Great
Ormond Street Hospital, London, UK.
’Department of Clinical Neurophysiology, Great
Ormond Street Hospital for Children NHS
Foundation Trust, Great Ormond Street, London,
UK.

SMRC Centre for Neuromuscular Diseases,
National Hospital for Neurology and Neurosurgery
and UCL Institute of Neurology, Queen Square,
London WCIN 3AR, UK.

Background: Peripheral myelin protein 22 (PMP22)
related neuropathies account for over 50% of inher-
ited peripheral neuropathies, the so-called Charcot-
Marie-Tooth. An increase or decrease in PMP22
gene copy number results in distinct phenotypes,
ranging from CMTIA (Duplication), hereditary
neuropathy with liability to pressure palsies (HNPP;
single deletion) and CMTI1E (Point mutations). Of
note, the underlying pathological mechanisms are
still poorly understood and homozygous mutations
of PMP22 are very rare.

Aims: To present a patient with a new homozygous
mutation in the PMP22 gene and a peculiar pheno-

type.

Patient: We have studied an 8-year-old girl who
presented before the age of 1 year with severe loco-
motor delay, hypotonia and absent deep tendon re-
flexes. She never acquired independent ambulation
and requires support also for standing in view of her
severe sensory ataxia. Strikingly, her muscle power
and muscle bulk are within normal limits in all seg-
ments and small sensory fibers are clinically spared.

Results: Nerve conduction studies showed an ex-
tremely severe sensorimotor demyelinating neurop-
athy (Conduction velocities<5m/s). Genetic analysis
revealed a homozygous sequence change in the
PMP22 gene causing the loss of termination codon
(c.483A>G; p.*161Trpext*10). This variant is pre-
dicted to extend the protein by an addition of 9 ami-
no acids and could potentially lead to loss-of-PMP22
function. Neurophysiological studies of the 2 het-
erozygous parents identified clear features support-
ing a diagnosis of HNPP in them.

Conclusion: PMP22-deficient human models are as
rare as important to decipher the physiological func-
tion of the PMP22 protein in vivo. The predomi-
nance of large fiber sensory involvement in this and
other rare similar cases suggests a pivotal role played
by PMP22 in the embryogenesis of dorsal root gan-
glia in humans.
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Plasma Neurofilament Light Chain
Concentration compared with I-RODS
in Stable Patients with Inflammatory
Neuropathies on regular Intravenous
Immunoglobulin

Mahima Kapoor', Aisling Carr?, Michael P Lunn?,
Alex Rossor!, Professor Mary M Reilly!
MRC Centre for Neuromuscular Diseases, UCL
Institute of Neurology
’National Hospital for Neurology and
Neurosurgery, London, UK

michaellunn@nhs.net

Background: Blood neurofilament light chain
(NfL) concentration using ultrasensitive single-mol-
ecule array (Simoa) assay has been explored in nu-
merous neurological conditions. In acquired
neuropathies, the stability of plasma NfL concentra-
tion in patients on regular intravenous immunoglob-
ulin  (IVIg) measured wusing ultrasensitive
single-molecule array (Simoa) assay is unknown.

Aim: To perform a pilot, longitudinal study that as-
sesses the reliability and validity of a Simoa assay
measuring plasma NfL concentration in stable pa-
tients with inflammatory neuropathies (CIDP and
MMN) on IVIg and assess for potential correlation
with the inflammatory Rasch-built overall disability
scale (I-RODS).

Methods: Blood samples and I-RODS were col-
lected over two-time points in 20 clinically stable
patients, on a regular IVIg regimen. Plasma NfL
concentration was measured using an in-house de-
veloped Simoa assay.

Results: There were 14 patients with CIDP and 6
with MMN. 35% of patients were females, mean
(SD) age of 56.6 (9.48) years receiving an average
dose of 2.42 (2.25)g/kg/month. There was no sig-
nificant difference in NfL concentrations or -RODS
scores between the two time-points (median=
11.38pg/mL vs. 9.97pg/mL, T= 47, p= 0.46) and
(median= 63 vs. 63, T="7.5, p=1). NfL levels did not
significantly differ between diagnoses (p= 0.91), or
gender (p= 0.51). NfL results did not correlate with
change in I-RODS (1= 0.098, p=0.76).

Conclusion: These results suggest that the Simoa
assay is stable in a range of [VIg doses and reinforce
[-RODS as a subjective marker of clinical stability.
The lack of correlation between NfL results and I-
RODS needs to be further evaluated in larger and
more diverse groups. These results suggest that ad-
equately treated inflammatory neuropathy does not
have a significant, measurable signal of axonal dam-
age, compared to normal control levels from other
studies.

PNOS

Intravenous Immunoglobulin Treatment
and Risk of thromboembolic events

Kapoor M?, Spillane J', Englezou C', Sarri-
Gonzalez S', Bell R?, Rossor A%, Manji H?, Lunn
MP!, Carr AS!, Reilly MM?

National Hospital of Neurology and Neurosurgery
(NHNN), Queen Square, London, UK.

’MRC Centre for Neuromuscular Diseases, UCL
Institute of Neurology, London, UK

3Department of Cardiology, UCLH, London, UK.

aisling.carr@nhs.net

Background: The potential risk of arterial thrombo-
embolic events (aTEE) with the use of IVIg has been
investigated in numerous groups of patients with
conflicting results. Our unit has previously conduct-
ed a retrospective cohort study of 111 inflammatory
neuropathy patients receiving regular [VIg and 333
neurology outpatients over a 30-month period that
showed a higher incidence of arterial events in pa-
tients exposed to IVIg.

Aim: In neurology outpatients, evaluate individual
risk factors (including IVIg exposure as a novel risk
factor) and create a predictive model for risk of arte-
rial TEE at two and a half years.

Methods: We performed multivariate logistic re-
gression to assess the effect of individual risk fac-
tors. Kaplan-Meier analysis was used to estimate the
arterial TEE cumulative incidence for patients for
significant variables in combination and indepen-
dently.

Results: Data on 445 neurology outpatients
including 112 neuromuscular patients receiving
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IVIg during this period was retrospectively collected
between January 2014 and July 2016. These groups
were matched on all cardiovascular risk factors
except for smoking and diabetes. History of any
IVIg exposure, hypertension and diabetes mellitus
were significant contributors to aTEE outcomes,
(odds ratio 3.3, 3.8 and 3.6, respectively, p<0.05). At
two and a half years, Kaplan-Meier analysis showed
cumulative probability of arterial TEE of 50% if
patients had all three risk factors, compared to
patients who had none of the risk factors; 15% if
patients had both IVIg and hypertension, and 53% if
patients had both IVIg and diabetes, compared to
patients who had neither of these risk factors.

Conclusions: This review quantifies the contribu-
tion of IVIg and traditional cardiovascular risk fac-
tors in aTEE in neurology outpatients. It also
provides a predictive model for future aTEE that
will needs validation. Having a predictive model
may be the first step to identifying ways to mitigate
this risk given two of the three risk factors are modi-
fiable.

1PN06

Applications of unbiased datasets and machine
learning for discovery of novel dHMN-causative
variants

Matthew Jennings", Alexander Smith?, Rita
Horvath?, Alan Robinson?*

'Department of Clinical Neurosciences, University
of Cambridge

’MRC Mitochondrial Biology Unit, University of
Cambridge.

* mjj47@cam.ac.uk

Background: Despite advances in genomic tech-
nology, for many distal hereditary motor neuropathy
(dHMN) patients, a single causative gene cannot be
identified. The predictive capacity of combined an-
notation dataset for predicting relevant variants has
been shown before using the Mitominer tool created
within the MRC Mitochondrial Biology Unit. This is
hindered, however, by the lack of a complete and
robust proteome of the peripheral nerve or even the
axon.

Aims: We utilize publicly available unbiased ex-
perimental datasets to highlight genesets enriched
for axonal function and peripheral nerve biology,

alongside individual variant characteristics to deter-
mine the qualities of causative genes and develop a
machine learning tool which can assess the likeli-
hood of any single variant causing dHMN.

Methods: Experimental data relating to genes either
causative or not causative for dHMN, identified us-
ing ClinVar and ExAC, allowed us to identify pat-
terns of data associated with genes causing axonal
neuropathy. This data was then used to train a ran-
dom forest machine learning predictive model, opti-
mized for maximal separating causative variant
from solved exome data.

Results: We find that there are several characteris-
tics which distinguished neuropathy-causing genes,
but that only certain experimental datasets were use-
ful. We do find however that other public data not
specifically related to motor neuropathies is also
useful in the identification of dHMN genes. Machine
learning methods effectively stratified the relevance
of variants within patient exome data and were able
to highlight variants of interest with unsolved cases.

Conclusions: We developed an approach to the
challenge of recognising novel variants causing
dHMN by identifying the characteristics of the genes
currently associated with the condition. Further-
more, we have developed a machine learning model
using these to distinguish between a set of poten-
tially causative variants. Additional non-biased da-
tasets relating to the peripheral motor neuron can be
added to the model we have developed and will im-
prove its accuracy, and the generation of these
should be encouraged in future. Our bioinformatic
tool applies a non-biased approach to the identifica-
tion of novel dHMN variants appropriate for the
next generation sequencing era.

PNO7

Genetic investigation of inherited
neuropathy in families from Middle
East using next generation sequencing

Alaa M. Khan, MSc, Tipu Sultan, MD, Yamna
Kriouile, MD, Menelaos Pipis, MD, Jana
Vandrovcova, PhD, Stephanie Efthymiou, MSc,
Vincenzo Salpietro, MD, Mary M. Reilly, MD,
FRCP, FRCPI, Henry Houlden, MD, PhD.
MRC Centre for Neuromuscular Disease and
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Department of Molecular Neuroscience, UCL,
Institute of Neurology. Queen Square, London
WCIN 3BG, UK. Children’s Hospital and Institute
of Child Health, Lahore, Pakistan. Service de
pédiatrie II; Hopital des enfants, Rabat, Morocco.

Background: Inherited peripheral neuropathies are
a group of clinically and genetically heterogeneous
disorders, that encompass Charcot-Marie-Tooth dis-
case (CMT), distal hereditary motor neuropathy
(dHMN), hereditary sensory neuropathy (HSN), he-
reditary sensory and autonomic neuropathy (HSAN)
and hereditary neuropathy with a liability to pres-
sure palsy (HNPP). Moreover, inherited peripheral
neuropathies can be part of a more complex neuro-
logical syndrome. The advent of next generation se-
quencing has allowed the discovery of new
disease-causing genes, however, 50% of patients
with CMT2 remain without a diagnosis and reaching
one remains a challenge due to the heterogeneity of
the condition.

Aim: To explore the genetic background of undiag-
nosed inherited neuropathies in families from the
Middle East using next generation sequencing.

Patients and methods: We recruited 11 families
within the SYNaPS study, mostly consanguineous,
with a clinical diagnosis of an inherited peripheral
neuropathy. These families mostly originate from
the Greater Middle East. Whole exome sequencing
was performed. Variants were filtered using our bio-
informatics system to only include rare homozygous
and compound heterozygous variant with MAF<0.01
in publically available databases. Segregation analy-
sis and confirmation by Sanger sequencing of candi-
date mutations is currently undertaken. In selective
cases with novel phenotypic features, further func-
tional studies will be performed.

Results: Neuropathy was the predominant feature in
6 families (100% consaguoinous) and 5 families
presented with a neuropathy as a feature of a wider
with multisystem condition. Likely pathogenic mu-
tations were identified in 7 families (63.6%), with 4
variants being novel. All diagnosed cases were auto-
somal recessive (AR) type and variants were found
in the following genes: SH3TC2, MTMR2, NEFL,
GAN, LAMA2, POLG, and WNK].

Conclusion: A genetic diagnosis has been obtained
in most of families with an autosomal recessive in-

heritance pattern. Phenotype and genotype correla-
tion was undertaken and unusual phenotypic features
in some conditions have been identified.

Email: skgtamq@ucl.ac.uk
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Background: Polyneuropathy, organomegaly, en-
docrinopathy, monoclonal gammopathy, skin
changes (POEMS) syndrome is a rare multisystem
disease associated with a plasma-cell dyscrasia. Al-
though pachymeningeal involvement has rarely
been described, the extent of central nervous system
(CNS) involvement has not yet been extensively in-
vestigated.

Aim: To identify the characteristics and frequency
of CNS involvement in POEMS syndrome.

Methods: We retrospectively evaluated CNS MRI
findings from Europe’s largest single-centre cohort
of POEMS syndrome patients. Of seventy-seven pa-
tients who fit diagnostic criteria for POEMS syn-
drome, 41 had MRI brain and 29 had MRI spine
examinations. A control group of 33 patients with
chronic inflammatory demyelinating polyneuropa-
thy (CIDP) was used as a comparator as this is the
major differential diagnosis. Of these CIDP patients,
12 underwent both MRI brain and spine, 7 had MRI
brain only and 14 had MRI spine.
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Results: In 41 POEMS patients with MRI brain
studies, we identified frequent smooth, diffuse men-
ingeal thickening of the cerebral convexities and falx
(n=29, 71%), of which 4 had meningeal collections.
Seventeen (41%) had vascular abnormalities includ-
ing white matter disease, of which 4 had established
infarcts. Of 29 patients with MRI spine, 17 (59%)
had thickening of the brachial and lumbosacral plex-
us. Conversely in 19 CIDP patients with MRI brain,
none had meningeal thickening (p < 0.0001), how-
ever 8 (42%) had vascular abnormalities (p = 0.85).
Of 26 patients with MRI spine, 9 (35%) had brachial
or lumbosacral plexus thickening (p = 0.06).

Conclusions: In contrast to CIDP, POEMS patients
frequently have pachymeningeal thickening. Vascu-
lar abnormalities and plexus thickening were com-
mon in both POEMS and CIDP. We propose that
pachymeningitis should be incorporated into the di-
agnostic criteria for POEMS syndrome, which
serves to distinguish features characteristic to PO-
EMS syndrome which are not seen in alternative
conditions within the differential diagnosis.
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Optimising Response Assessment
Following High-Dose Chemotherapy
and Autologous Transplant for POEMS
Syndrome

Presenting author: S Keddie

Tomkins O', Keddie S°, Lunn MP?, D’Sa’
'Department of Haematology, University College
London Hospitals NHS Trust, London NW1 2PG
2Centre for Neuromuscular Disease, National Hospi-
tal for Neurology and Neurosurgery, Queen Square,
London WCIN 3BG

Background: High dose melphalan autologous
stem cell transplantation (ASCT) has emerged as an
effective therapy for patients with systemic POEMS
syndrome (polyneuropathy, organomegaly, endocri-
nopathy, monoclonal-protein and skin changes).

Aim: To assess outcome measures following ASCT
in POEMS syndrome and identify potential prog-
nostication markers for disease progression.

Methods: We reviewed 42 patients who underwent
melphalan ASCT over the last 18 years to measure

outcomes following ASCT and optimise treatment
response. Overall survival was 92.9%, one year sur-
vival was 94.6%, and progression free survival rate
80.1% (mean follow up 62.6 months, range 4-226
months). Three patients (16.7%) had engraftment
syndrome, with no significant difference observed
according to the mobilisation agent used. Average
serum vascular endothelial growth factor levels im-
proved from 4,959pg/ml (95% CI 3,895-6,190) to
489.5pg/ml (95%CI 416-1,132) at six months and
330pg/ml (95% CI 313-869) at one year. Significant
neurological improvement was seen in all but two
patients after ASCT, with median pre-transplant
Overall Neuropathy Limitation Scale score of 6 im-
proving to a post-transplant score of 2 (p<0.01).
Seven percent of patients were bed bound before
ASCT, but none were on most recent follow up.
Nerve conduction studies demonstrated continued
improvement even three years after ASCT. Formal
haematological response was evaluable in 33/42 pa-
tients. No patient who achieved complete haemato-
logical response has relapsed by most recent follow
up, whereas of those with less than complete re-
sponse had a 31.6% relapse rate (p=0.027).

Conclusion: Long-term outcome is favourable in
patients treated with ASCT for POEMS syndrome.
VEGF, considered to be a surrogate biomarker for
disease activity significantly improves following
treatment, and patients who achieve complete hae-
matological response have significantly better pro-
gression free survival than those who don’t.
Neurological improvement following ASCT is often
ongoing for several years.
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Background: The MORC?2 gene encodes a member
of the Microrchidia protein superfamily. It is a
DNA-dependent ATPase that relaxes chromatin to
facilitate DNA repair. Mutations in MORC2 associ-
ated with axonal Charcot Marie Tooth Disease were
first described by Sevilla and Colleagues in 2016
and designated as CMT2Z.

Aims: We describe the clinical and neurophysiolog-
ical features in three families identified though
whole exome or mini exome sequencing at our cen-
tre who have MORC?2 associated CMT2. We present
a detailed discussion on the phenotypic spectrum
described in the literature.

Patients: A now 36 year old man first walked at 18
months, and could only just run at age 15, presented
at age 25 with evolving painful distal tingling and
hand cramping and “locking.” Detailed phenotyping
and neurophysiological evaluation revealed axonal
sensory and motor neuropathy with retinal dystro-
phy, pyramidal and subtle cerebellar signs, and
higher mental function impairment (IQ 80). Follow-
ing extensive evaluation including metabolic evalu-
ation, targeted genetic testing and CMT2/
intermediate panels, whole exome sequencing iden-
tified a p.R252W mutation in MORC?2. His child
carries the same mutation, evaluation at age 5 dem-
onstrated delayed gross motor and language skills,
behavioural lability, and sensorimotor axonal neu-
ropathy. Subsequently, a 27 year old female was
found to have the same mutation, describing child-
hood onset of intellectual disability and delayed mo-
tor milestones, hearing impairment, intoed walking
and upper limb involvement in her teens. She re-
quired a wheelchair at age 22. A further patient, now
age 29 had delayed motor milestones, early foot de-
formity and scoliosis and patchy upper limb symp-
toms, has required a wheelchair when outdoors since
age 27. She was identified to carry the E236G muta-
tion. This patient’s child had abnormal gait and falls
when first walking at 15 months and on clinical ex-
amination had brisk lower limb reflexes with ankle
dorsiflexion weakness with marked asymmetrical
varus deformity. At age 4 there is marked speech
and language delay and segregation of the mutation
has been confirmed.

Conclusion:  Detailed phenotyping  seeking
associated features such as hearing impairment,
retinal dystrophy, ataxia, pyramidal features and

neurodevelopmental impairment is of vital
importance in the evaluation of peripheral
neuropathy and pursuit of the diagnosis.
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Background: Late-onset ataxia is a common reason
for neurological consultation, but its cause often re-
mains idiopathic. Cerebellar dysfunction, but also
proprioceptive or vestibular impairment, can lead to
ataxia. When in combination, this more severe type
of ataxia is termed cerebellar ataxia, neuropathy,
vestibular areflexia syndrome (CANVAS). Both
sporadic and familial cases of CANVAS have been
reported, suggesting the possibility of a recessive
transmission of the disease
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Aim: to identify the genetic cause of CANVAS and
late-onset sensory ataxia

Methods: non-parametric linkage analysis and ge-
nome sequencing, functional studies

Results: we identified a recessive pentanucleotide
repeat expansion as the cause of CANVAS and a
common cause of late-onset sensory ataxia. The re-
cessive repeat expansion showed full segregation in
23 cases from 11 families. Additionally, 33 (22%)
out of 150 sporadic cases with late-onset ataxia car-
ried the recessive repeat expansion. The percentage
raised to 62% in patients with sensory neuronopathy
and cerebellar involvement and 92% in full-blown
CANVAS disease. The expansion resides in the
polyA tail of an Alu element and differs in terms of
both size and nucleotide sequence from the refer-
ence allele. Notably, the pentanucleotide repeat ex-
pansion does not affect expression of the repeat
hosting gene at mRNA and protein levels in patient
fibroblasts, lymphoblasts, muscle and brain tissue
suggesting that there is no overt loss of function.

Conclusions: these data, together with the observa-
tion of an allelic carrier frequency of the expanded
repeat of 0.7% in the European population, suggests
that this biallelic pentanucleotide repeat expansion
represents a frequent cause of late-onset ataxia, with
clinical similarities and disease frequency to that of
Friedreich’s ataxia.

Contact email: andrea.cortese@ucl.ac.uk
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Background: Spinal Muscular Atrophy is the most
common genetic cause of infant mortality, resulting
from homozygous deletion in the Survival Motor
Neuron gene 1 (SMNI). Spinraza (Nusinersen) is an
antisense-oligonucleotide (AON) drug, which is the
first FDA approved treatment for SMA. Although
the majority of patients show a significant clinical
improvement in response to Spinraza, some patients
show minimal or no improvement.

Aims: To determine if micro-RNAs (miRNAs) in
the cerebrospinal fluid (CSF) can be developed as
prognostic biomarkers to predict the clinical out-
comes of type I SMA patients in response to Spin-
raza treatment.

Methods: For discovery profiling, miRNA RT
panels containing 752 miRs were performed on
miRNAs extracted from the CSF samples of type I
SMA patients at pre- (n=10) and 2 months (n=10)
post-  Spinraza treatment. 13  significantly
differentially expressed miRNAs were identified
(p<0.05) for further validation. Candidate miRNAs
were validated using customized quantitative real-
time PCR panels in CSF samples from 8 additional
type I SMA patients, at pre-, 2 months post- and 6
months post- Spinraza treatment. The levels of
miRNAs at pre-treatment were used in a stepwise
multiple linear regression, with the percentage
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change in CHOP-INTEND motor scores at 10
months post-treatment, a time point when a clear
clinical response is expected, set as the dependent
variable.

Results: The levels of 3 candidate miRNAs (CM)
prior to Spinraza treatment were significant predic-
tors (CM1: (=-0.694, p< 1x103 CM2: B=0.518,
p=0.002, CM3: B=-0.273; p=0.013) for improve-
ment of the motor ability of the patients, measured
as the percentage change in CHOP-INTEND motor
scores at 10 months post-treatment to pre-treatment.

Conclusions: These data show that CSF miRNAs
could be employed as prognostic biomarkers to pre-
dict SMA patients’ responses to Spinraza treatment.
Further research is under way to increase the robust-
ness of this prognostic panel by increasing sample
size, identifying further prognostic miRNAs, and
include longitudinal data at different time-points
during treatment.
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Background & Aims: The aim of this work was to
develop novel optimised quantitative magnetic reso-
nance imaging (MRI) biomarkers to detect and mon-
itor neuromuscular diseases. The primary objective
was to estimate skeletal muscle-water spin-spin re-
laxation time (T, ), a challenging endeavour in fat
infiltrated muscles common in patients with these
conditions.

Methods: A multi-component slice-profile-com-
pensated extended phase graph (sEPG) model for
multi-echo  Carr-Purcell-Meiboom-Gill (CPMG)
spin-echo sequence signals was implemented, with
the fat signal modelled as two sEPG components
with fixed parameters, and the remaining unknown
parameters (B, field factor, T, , fat fraction (ff),
global amplitude and Rician noise standard devia-
tion) determined by maximum likelihood estima-
tion. Through software simulations the performance
of the method was compared with conventional
least-squares parameter estimation, and the com-
monly assumed multi-exponential signal model. The
algorithm was used to analyse clinical muscle study
data including patient groups with amyotrophic lat-
eral sclerosis (ALS), Kennedy’s disease (KD) and
Duchenne muscular dystrophy (DMD) — and their
longitudinal follow up scans — and matched healthy
controls. The processing pipeline to generate param-
eter estimate maps incorporated quality control ac-
cording to quality of fit criteria and physical
meaningfulness.

Results: Stable fitting was generally obtained, with
little T, variation between muscles in healthy con-
trols. In ALS and KD median T,  were significantly
elevated in varied patterns, but showed a trend to
decrease in DMD, where other T, distribution his-
togram metrics such as the skewness and full width
at quarter maximum differed significantly from
those observed in healthy volunteers. Maps of esti-
mated ff, were qualitatively consistent with indepen-
dently acquired Dixon fat fraction maps. Comparison
of T, maps with short TI inversion recovery (STIR)
MRI signal intensity distributions suggested that
conventional STIR contrast may depend on factors
additional to T _.

Conclusion: The data quality available from con-
ventional clinical scanner CPMG protocols places
limitations on the achievable accuracy and precision
of multi-component transverse-relaxation decay pa-
rameter estimates. Nevertheless, the developed
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methods provide reproducible measures which
change with disease, and which may distinguish dif-
ferent pathological processes.
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Background: Infantile onset SMA is the most com-
mon genetic cause of death in infants (Kolb et al
Ann Neurol 2017). Since the introduction of Stan-
dards of Care (Wang et al Consensus Statement for
Standard of Care in Spinal Muscular Atrophy 2007),
a more proactive approach to care for SMA resulted
in improvements in the natural history of the dis-
ease. However, for SMA I infants the approach has
been in most cases palliative until more recently
with the introduction of novel treatments like anti-
sense nucleotide and gene therapy.

Aims: In view of this dramatic change in the care of
SMA patients, from a palliative approach to causal
therapies, an audit was conducted to identify the
mortality of SMA patients in the Northeast popula-
tion over the last 10 years.

Results: In our cohort of neuromuscular patients, 77
were diagnosed with SMA 0, I, II or III. Currently
53 SMA patients are followed up in our service; of
these 4 SMA I children are receiving intrathecal
injection of Nursinersen. Twenty-four SMA patients
died of the disease. Of this latter group, 2 patients
had SMA 0 and died within their first month of life.
Seventeen suffered from SMA 1, 2 patients from
SMA 1II and 3 from SMA III respectively. Four
patients died while receiving Nursinersen treatment,
at the age of 6, 7, 20 and 26 months after their second
or third intrathecal injection. The causes of death
were respiratory arrest, hypoxic ischaemic brain
injury secondary to out of hospital cardio-respiratory
arrest and pneumonia. Two of those patients were
followed up out of area after having initiated

Nursinersen at our site. Prior to the introduction of
Nursinersen, all 13 patients with SMA 1 died at the
mean age of 8 months. The age of the deceased
patients with SMA II varied greatly between 3 years
and 56 years. As for SMAIIIL patients died aged on
an average of 61 years.

Conclusions: Over the past 10 years 25% SMA 0-I
patients died at an average age of 8.4 months (age
range 0 — 20), 6% SMA 1I - I1I patients died at mean
age of 47 years (age range 3- 75), cardiorespiratory
failure being the most common cause of death in all
cases.

MNDO04

Development of a Rasch optimised
functional outcome measure for people
with Spinal and Bulbar Muscular
Atrophy

G Ramdharry*, H Devine*, L Zampredi*, G.
Soraru**, G Querin**, S Fenu***, D. Pareyson®**,
P. Fratta*

Department of Neuromuscular Diseases, UCL,
London, UK*; University of Padua, Italy**;
Fondazione IRCCS Istituto Neurologico C.Besta,
Milan, Italy***

Background: Spinal and Bulbar Muscular Atrophy
(SBMA) or Kennedy’s disease, is a rare
neurodegenerative  disease  characterised by
progressive weakness in the limb and bulbar
muscles due to loss of lower motor neurons. In
SBMA there are currently several functional rating
scales in use. The revised amyotrophic lateral
sclerosis functional rating scale (ALSFRS-R), the
spinal and bulbar muscular atrophy functional rating
scale (SBMAFRS) and the adult myopathy
assessment tool (AMAT). The SBMAFRS was
developed by clinicians from the ALSFRS for
people with SBMA.

Aims: The aim was to combine items from three
commonly used functional scales and optimise it
specific to people with SBMA.

Methods: Three functional rating scales commonly
used for people with SBMA were individually anal-
ysed. Item performance was evaluated using Rasch
analysis. Individually, the items of the scales did not
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cover the spread of the ability of individual persons.
The individual items for the three scales were com-
bined and repeated items were deleted. Additional
items were discarded that did not fit the model or
were not deemed clinically relevant to the clinical
team. Items were rescored where there were disor-
dered thresholds, and evaluation of item dependency
and uni-dimensionality took place.

Results: 140 individual observations were entered
into the analysis. The resulting scale consisted of 23
items and 17 categories were rescored. There was a
good overall fit to the Rasch model (X? = 53.18,
p=0.22). Reliability indices were 0.76 and item fit
residuals were 0.02. Person location mean was high
compared to the item location mean. Dependency
was observed between stepping and speech; sit to
stand, stairs and rise from supine. The clinical team
justified retaining the items as they are functionally
distinct. The scale was not uni-dimensional on test-
ing (15.7% significant t-tests), but there was no clear
delineation in items between the positively loaded
and negatively loaded items.

Conclusion: We have combined items from three
functional scales to create a tailored tool for SBMA.
There are some issues of dimensionality and depen-
dency, but the performance of the scale has been op-
timised to create a more clinically relevant tool
specific to people with SBMA, with improved item
performance.

MNDO0S

Is Protein Intake Associated With Fat
Free Mass In Type I Spinal Muscular
Atrophy?

G. Baranello!, R. S. De Amicis?, A. Leone?, A.
Foppiani?, A. Battezzati?, C. Mastella’, M.
Bassano?, E. Giaquinto*, S. Bertoli’.

'The Dubowitz Neuromuscular Centre, University
College London Great Ormond Street Institute of
Child Health & Great Ormond Street Hospital,
London, UK and Developmental Neurology Unit,
Fondazione IRCCS Istituto Neurologico Carlo
Besta, Milan, Italy

’International Center for the Assessment of
Nutritional Status (ICANS), Department of Food
Environmental and Nutritional Sciences (DeFENS),
University of Milan, Italy

3SAPRE-UONPIA, Fondazione IRCCS Ca’ Granda
Ospedale Maggiore Policlinico, Milan, Italy
“Dietetic and Nutrition Center, M. Bufalini
Hospital, Cesena, Italy

Background: Spinal Muscular Atrophy Type I
(SMAL) is a severe autosomal recessive neuromus-
cular disease characterized by degeneration of alpha
motor neurons in the spinal cord with subsequent
muscular atrophy and increased fat free mass (FFM).
Amount of energy and dietary protein intake play a
key role in maintenance of FFM, but optimal protein
needs in SMA still remain unclear.

Aim: we investigated the association between FFM
and daily food protein intake (PI) ina SMA1 sample
with an optimal energy intake according to sex, age
and energy metabolism.

Methods: 14 children with SMA1 (57%M; mean
age:6 months, range 4-13) were recruited among a
large sample involved in an ongoing longitudinal
study, only if they presented an energy intake +/-
20% of energy expenditure assessed by indirect cal-
orimetry. WHO growth charts were used as reference
values for BMI. FFM was investigated by DXA and
FFM/length ratio (g/cm) was calculated. Mean en-
ergy and nutrients’ intakes by 3-days food dietary
records were compared with age-based dietary rec-
ommendations. Descriptive results are expressed as
median values with interquartile ranges (IQR).

Results: BMI Z-Score was -2.5 (IQR=-4.1—-1.7).
FFM was 63% (IQR=62—69%) and FFM/length ra-
tio was 63g/cm (IQR=59—66g/cm). 100% of pa-
tients had an energy intake in line with measured
energy expenditure; only 43% satisfied the carbohy-
drates’ recommendations, while 71% consumed
more fat than recommendations. Proteins/kg BW
were 1.9g/kg (IQR=1.4—2.1g/kg): +46% of recom-
mendations (IQR=5—+83%). PI/’kg BW (r=0.293,
p=0.308) and adequacy index (r=0.486, p=0.078)
were not correlated with FFM and FFM/length ratio.

Conclusion: SMA1 children with adequate daily
food intake consumed more lipids and proteins and
less carbohydrates than what recommended. Higher
protein intake was not related to FFM and FFM/
length rato; amount of PI in SMA1 children does not
seem to contribute to the improvement of FFM. Fur-
ther studies are needed to optimize protein require-
ments in SMAT1 children.
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Background: The availability of new therapeutic
options for SMA2 and 3 has led to modified clinical
phenotypes. However, the natural history of respira-
tory involvement in these conditions has not been
fully outlined so far. We hypothesized that the pro-
gression of respiratory and motor function would
decline differently among SMA2 and SMA3 non-
ambulant patients.

Aims: Main aim is to identify the yearly decline of
respiratory function and its correlation with motor
function.

Patients and Methods: Retrospective analysis of
SMAZ2 and non-ambulant SMA3 paediatric patients
(age<l8years) consented for SMAREACH UK nat-
ural history study. Nine-year data (Jun2010-
Sep2018) were collected from study forms. Patients
with at least 2 years follow-up data were included.
We excluded patients in any interventional clinical
trial. Anthropometrics, clinical data (establishment
of Non-Invasive ventilation (NIV), cough assist)
were collected. Motor function scores such as Ham-
mersmith functional motor scale (HFMS) and Re-
vised performance of upper limb (RULM) were
collected at each visit. Forced vital capacity abso-
lute, (FVC) and % predicted (FVC %pred.) were
collected from spirometry.

Results: Out of 314 SMA2 and 3 patients, 153 met
the inclusion criteria and had a full dataset available.
118/153 were SMA2, 16/153 were non-ambulant
SMA3, 19/153 unknown. Median age at first visit
was 5.6 (IQR 3.4-9.8) and 11.6 (IQR 4.9-15.8) years
for SMA2 and 3 respectively. 44/134 (33%) had start-
ed NIV, main reason being recurrent low tract res-
piratory infections followed by hypoventilation
detected at sleep study (12 vs 9). 39/134 (29%) had
started cough assist. FVC %pred. yearly rate of de-
cline was 3.2% in SMA2 patients and 4.0% in com-
bined SMA2 and 3. In SMA2 patients we observed a
steeper reduction of FVC %pred. up to 10 years of
age, followed by a slower yet regular decline. Con-
versely, in SMA3 patients FVC %pred. started de-
clining after the age of 10. In SMA2 HFMS at
baseline correlated with FVC absolute (r=0.8, p=0.01)
while both HFMS (r=0.40 p=0.22) and RULM (r=0.4,
p=0.0.14) correlated with FVC% pred.

Conclusion. In SMA2 and 3, the respiratory func-
tion expressed as lung volumes, declines progres-
sively from an early age and is correlated with motor
function.
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Corresponding email address: r.wadman@ucl.ac.uk

Background: Spinal muscular atrophy(SMA) is a
progressive motor neuron disorder caused by
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deletion of the SMNI gene. The most prominent
feature is muscle weakness of axial and limb
muscles. Scoliosis and respiratory problems are
common comorbidities in SMA types I and II as a
reflection of paraspinal and respiratory muscle
weakness. Weakness of bulbar muscles and muscles
of the gastrointestinal tract have been described to a
lesser extent, mostly in severe SMA (type I). Disease
course of feeding difficulties in intermediate SMA
(type II) are relatively unknown. The implementation
of disease-modifying therapies will change motor
function and survival in SMA, but effects on non-
motor co-morbidities are unknown. The natural
course of feeding difficulties needs to be explored in
order to have a reference for treatment effects on
these symptoms.

Aims: Identify feeding difficulties and their disease
course in treatment-naive SMA type II patients.

Patients and methods: We included all SMA type
II patients from the GOSH SMA database. Data was
retrieved through retrospective chart review. Growth
curves including BMI were analysed adjusted for
age and gender.

Results: We included 47 patients with a mean age of
10years (range 2-19yrs). Seven (72%) had a rela-
tively mild SMA type II phenotype and achieved the
ability to stand or walk with support in addition to
sitting. Mean follow up time was Oyears(range
1-15yrs). 31 of 47 Patients (66%) were underweight.
Reported feeding difficulties included unsafe swal-
lowing, (severe) weight loss or both. Feeding diffi-
culties were present in 48% of patients. Fourteen
patients(30%) needed gastrostomy because of se-
vere weight loss(40%), swallowing difficulties(40%)
or both(20%). Six out of 15 patients had recurrent
pulmonary infections with improvement after gas-
trostomy suggestive of recurrent (silent) aspiration.

Conclusion: Feeding difficulties were present in
48% of patients with SMA type II, especially with
more severe weakness. However, enteral feeding
was needed in only 30% of patients and was indi-
cated when severe weight loss or swallowing diffi-
culties with or without (silent) aspiration were
present.
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risdiplam (RG7916) in patients with
Type 1 to 3 spinal muscular atrophy
(SMA) compared with healthy subjects

Heidemarie Kletzl**, Christian Czech?,

Yumi Cleary?, Stefan Sturm?, Andreas Giinther?,
Giovanni Baranello®, Eugenio Mercuri¢, Laurent
Servais!, John W. Day®, Nicolas Deconinck,
Andrea Klein¢, Basil Darras", Riccardo Masson®,
Janbernd Kirschner', Nathalie Goemans’, Maria
Carmela Pera®, Claudia A. Chiriboga¥, Dirk
Fischer!, Ksenija Gorni?, Omar Khwaja?

“Roche Pharmaceutical Research and Early
Development, Roche Innovation Center Basel,
Basel, Switzerland

bCarlo Besta Neurological Research Institute
Foundation, Developmental Neurology Unit, Milan,
Italy

‘Paediatric Neurology and Nemo Center, Catholic
University and Policlinico Gemelli, Rome, Italy
dInstitute of Myology, Paris, France, Reference
Center for Neuromuscular Disease, Centre
Hospitalier Régional de La Citadelle, Liege,
Belgium

*Department of Neurology, Stanford University,
Palo Alto, CA, USA

IQueen Fabiola Children’s University Hospital,
Université Libre de Bruxelles, Brussels, Belgium;
Neuromuscular Reference Center UZ Ghent, Ghent,
Belgium

sUniversity Children’s Hospital Basel, Basel,
Switzerland, Inselspital, Bern, Switzerland
*Boston Children’s Hospital, Harvard Medical
School, Boston, MA, USA

Department of Neuropediatrics and Muscle
Disorders, Medical Center-University of Freiburg,
Freiburg, Germany

INeuromuscular Reference Centre, Department of
Paediatrics and Child Neurology, University
Hospitals Leuven, Leuven, Belgium

kDepartment of Neurology, Columbia University
Medical Center, New York, NY, USA

!Division of Neuropediatrics, University Children’s
Hospital Basel, University of Basel, Basel,
Switzerland

email: heidemarie kletzl@roche.com




Posters and Platform Presentations S57

Background: Spinal muscular atrophy (SMA) is
characterised by motor neuron loss and muscle
atrophy, due to reduced levels of survival of motor
neuron (SMN) protein from loss of function of the
SMNI1 gene. While SMNI produces full-length SMN
protein, a second gene, SMN2, produces only low
levels of functional SMN protein. Risdiplam
(RG7916; RO7034067) is an investigational, orally
administered, centrally and peripherally distributed
small molecule that modulates SMN2 pre-mRNA
splicing to increase SMN protein levels.

Aim: To report on the SMN protein levels measured
in studies of risdiplam in patients with Type 1 SMA
(FIREFISH - NCT02913482) and patients with
Type 2 and 3 SMA (SUNFISH - NCT02908685;
JEWELFISH - NCT03032172).

Methods: At abstract submission, SMN protein data
are available from 63 patients with Type 2 and 3
SMA and 21 patients with Type 1 SMA, at baseline
prior to treatment and after treatment with risdiplam.
SMN protein levels in 49 healthy subjects have been
collected in two other studies. This is the first de-
tailed comparison of SMN protein levels across
SMA types and healthy individuals, between copy
numbers, across a wide age range (3.3 months to 52
years in patients with SMA), and in longitudinal
data for patients receiving risdiplam versus patients
on placebo. The same procedures and assays were
used for SMN protein sample collection and analy-
sis, enabling a robust comparison.

Results: In SUNFISH and JEWELFISH, SMN pro-
tein increased in a dose-dependent manner upon
treatment with risdiplam, with a median 2.5-fold in-
crease (range 1.5-3.5) at the highest dose. In FIRE-
FISH, an individual SMN protein increase of up to
6.5-fold (range 1.6—6.5) was observed at the highest
dose.

Conclusion: This increase in SMN protein is ex-
pected to lead to significant clinical benefit, based on
the comparison of SMN protein levels in different
SMA severity types and healthy subjects.

MNDO09

Developing a bulbar motor neuron
protocol to study Spinal and Bulbar
Muscular Atrophy

Devine HE!, Malik B!, Greensmith L! and Patani R '?
ISobell Department of Neuromuscular Disease,
UCLIoN; *The Francis Crick Institute

Background: Spinal and Bulbar Muscular Atrophy
(SBMA) is a rare progressive motor neuron disease
caused by an X-linked, expanded polyglutamine re-
peat in the androgen receptor gene. It affects male
patients who present with wasting and weakness of
facial, bulbar and limb muscles in their fourth to
sixth decade Spinal motor neurons (MNs) have been
studied in mouse models of SBMA, pathological
specimens and increasingly in MNs derived from
patient induced pluripotent stem cells. However,
there are currently no established protocols for
studying bulbar MNs.

Aims: To develop a protocol to generate bulbar
MNs from SBMA patient-derived iPSCs.

Methods: SBMA IPSCs (SB1, SB3, SB5 and SB6)
were kindly provided from the lab of Dr Kurt Fisch-
beck at the National Institute for Neurological Dis-
orders and Stroke (USA) through an MTA. Three
lines of patient derived and three lines of control
iPSCs were plated to 100% confluency and then dif-
ferentiated into neuroepithelium using small mole-
cules (dorsomorphin, SB431542 and CHIRR) in
N2B27 media. At day 7 the cells were patterned us-
ing 5 developmentally rationalised experimental
conditions. At day 14 MN precursors were treated
with 0.1p M purmorphamine for a further 4 days.
The precursors were harvested at day 18.

Results: RNA was extracted from the cells and
qPCR used to identify the experimental conditions
which most closely demonstrated the HOX gene ex-
pression pattern found in bulbar MNs. The closest
experimental conditions were fine-tuned to optimise
the protocol. They will be retested for HOX gene
expression pattern. These precursors will undergo
terminal differentiation using Compound E. At day
7 of terminal differentiation the cells will be fixed
and immunocytochemistry will look for evidence of
Phox2B expression which defines bulbar MNs.
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Conclusions: These bulbar MNs will be used to fur-
ther explore the pathogenic mechanisms which un-
derlie motor neuron diseases. Defining the patterning
cues for bulbar v spinal MNs will lay the foundation
for regionally specified astrocytes for further study.

MND10

UK Spinal Muscular Atrophy Registry

Lindsay Murphy*!, Joanne Bullivant', Chiara
Marini-Bettolo'?
!John Walton Muscular Dystrophy Research
Centre, Newcastle University
’Newcastle upon Tyne NHS Trust Foundation
Hospitals

*Presenting author: lindsay.murphy@ncl.ac.uk
Background: The UK SMA Registry collects clini-
cal and genetic information from individuals with
spinal muscular atrophy (SMA). Launched in 2008,
the registry holds patient-entered data on over 500
SMA patients living within the UK and Ireland.
SMA is a recessive, progressive neuromuscular dis-
order with a prevalence of approximately 1-2 per
100,000 persons.

Aims: The purpose of the registry is to aid the rapid
identification of eligible patients for clinical studies.
It disseminates SMA-relevant information to partici-
pants; provides a source of information to academ-
ics, industry and healthcare professionals; and
supports the SMA community.

Methods: Registration is patient-initiated through a
secure online portal. Participants give their informed
consent and are invited to complete a questionnaire
about their condition, including: genetic confirma-
tion and SMN2 copy number; clinical diagnosis;
SMA classification; current and best motor function;
wheelchair use; scoliosis surgery; gastric/nasal feed-
ing; ventilation status; family history.

Results: Currently, 512 participants are registered
with the UK SMA Registry, with an age range of six
months to 84 years. The greatest number of partici-
pants report a diagnosis of SMA type 2 (40%), fol-
lowed by individuals with SMA type 3 (31%) and
with SMA type 1 (12%) (17% unspecified). Consid-
ering motor function, 31% percent of individuals are
unable to support themselves in a seated position,
37% are able to sit unsupported and 23% are able to

walk (9% unspecified). Sixty-three percent of par-
ticipants either always or sometimes use a wheel-
chair and 13% never use a wheelchair (24%
unspecified). The majority of registry participants do
not use a ventilation aid. Occasional use of non-in-
vasive ventilation is reported by 16% and permanent
use, by 1% of participants. Use of invasive ventila-
tion is lower, with reported occasional use by 1%
and permanent use, by 1% of participants (12% un-
specified for each).

Conclusion: The UK SMA Registry is a valuable
tool for the collection of patient data which informs
academics, healthcare professionals and industry. It
represents a trial-ready cohort of individuals and
supports the SMA patient community.
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The impact of spinal surgery on
respiratory and motor function and
weight gain in patients with SMA II and
non-ambulant I1I

Brusa C', De Graaf J', Manzur A', Main M!, Milev
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Nadarajah R?, Muntoni F!, Scoto M!

'Dubowitz Neuromuscular Unit, Great Ormond
Street Institute of Child Health, University College
London, UK; ? Orthopaedic and Spinal Surgery
Unit, Great Ormond Street Hospital, London, UK.

Background: Scoliosis is a significant orthopaedic
complication in Spinal Muscular Atrophy (SMA).
Bracing is palliative and surgical intervention fre-
quently required. Studies in small cohorts have re-
ported the impact of spinal surgery on respiratory
function. No data are available on motor function
and weight.

Aim: To better understand the impact of spinal sur-
gery on respiratory and motor function and weight in
patients with SMA II and non-ambulant III.

Methods: We retrospectively reviewed the notes of
SMA patients who underwent spinal surgery at
Great Ormond Street Hospital (last 10 years). Data
were collected up to 5 years both before and after the
procedure as Forced Vital Capacity (FVC) %,
Hammersmith Functional Motor Scale (HFMS),
Revised Upper Limb Module (RULM), and weight
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trajectories (UK-WHO growth charts). Cobb angle
values and post-operative pain were also
documented.

Results: The notes of 33 patients (26 SMA 1I, 7
SMA III) were reviewed. 24 underwent spinal fu-
sion, 4 traditional growing rods (GR, followed by
final growth spinal fusion in 2), 3 magnetic GR.
Mean age at surgery was 10.9 years (range 5.4 —
16.7), mean pre-operative Cobb angle 68 degrees
(range 35 — 97). Within the first year 69% showed
FVC % decline (mean -11.4, range -1 — -26), 31%
showed FVC % improvement (mean +10.5, range
+1 - +20). Motor scores showed progressive wors-
ening especially in gross motor function with rela-
tive spared upper limbs function. 15 patients
negatively deviated from previous growth curve in
the first year after surgery; 5 presented significant
weight loss (>5% of total weight) successfully treat-
ed with food supplements and/or gastrostomy.

Conclusions: Most patients presented respiratory
function decline early after surgery. A drop in motor
function was noticed which was not reported before.
Significant weight loss was detected in a proportion
of patients suggesting this aspect needs careful man-
agement. Further studies are planned to address
post-surgical pain.
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Challenges in the implementation of
nusinersen treatment for SMA in the
UK
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Spinal muscular atrophy (SMA) is a rare inherited
neuromuscular condition and until recently no drug
treatment was available. Nusinersen is an antisense
oligonucleotide and is the first drug approved by
FDA and EMA for all types of SMA.

Following the positive outcome of an interim
analysis of the Phase 3 ENDEAR study in SMA type

1, Tonis Pharmaceuticals and Biogen announced the
early termination of the ENDEAR study and that all
patients on the study would be transitioned onto an
Open Label Extension (OLE) study given the posi-
tive results. In addition, the company opened an Ex-
panded Access Program (EAP) to offer access to the
drug, free of charge, to all patients with SMAI.

This exciting news for the SMA community has,
however, been accompanied by major frustrations
due to delays in the implementation of both the OLE
and EAP and more recently delays in the overall
NICE approval process of nusinersen.

The main challenges have been around allocating
NHS resources for the EAP as the cost of delivering
the drug was not met by the company. Unfortunate-
ly, the whole process took more than six months to
see the first child being treated in the UK as part of
the EAP. Initially, access was allowed only to local
patients registered at the sites authorised to deliver
the EAP, raising concerns about rationale of inclu-
sion criteria and equity to accessing treatment. Since
then additional sites have been able to deliver this
new treatment and all eligible SMA1 children in the
UK had access to the treatment.

The EAP closed to all new SMA patients in No-
vember 2018 and whilst most EU countries are ad-
ministering the treatment in clinical practice, in
England we are still going through a NICE appraisal
process which is causing delays in accessing the
treatment and raises serious concerns around equity
to accessing the treatment.

MND13
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Background: Onasemnogene abeparvovec (AVXS-
101) is an investigational, one-time GRT that treats
the genetic root cause of SMA, a progressive
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neurological disease. AVXS-101 delivers the
survival motor neuron gene (SMN) via a self-
complementary adeno-associated serotype 9 viral
vector (scAAV9) that crosses the blood-brain
barrier. AVXS-101 is designed for immediate and
sustained expression of SMN protein in non-dividing
neurons, allowing for rapid onset and durable
therapeutic effect.

Aims: Report AVXS-101 GRT development for
SMA.

Methods: SMA mice (SMN2"" ,SMNA7"* ,Smn") re-
ceived intravenous scAAV9-SMN or scAAV9-GFP
at P1; survival and motor function were assessed.
Non-human primates (NHPs) received intravenous
scAAV9-GFP; transduced cell types were assessed.
In the phase 1 trial (NCT02122952), symptomatic
SMAI1 patients received a one-time AVXS-101 in-
fusion at low (n=3) or proposed therapeutic dose
(n=12). Safety (primary objective), event-free sur-
vival (no death/permanent ventilation), sitting unas-
sisted (secondary objectives), CHOP-INTEND, and
other milestones were assessed.

Results: In SMA mice, scAAV9-SMN improved
survival (>200 versus 15 days in controls), and in-
creased motor function (90% had righting ability at
P13 versus ~20% in controls). In NHPs, scAAV9-
GFP efficiently targeted motor neurons throughout
the CNS. In the phase 1 trial, all patients survived,
event free, at 24 months. In the therapeutic dose co-
hort, 11/12 patients reached CHOP-INTEND >40;
11 sat unassisted >5s, 10 for >10s, 9 for >30s. Two
patients crawled, stood, and walked. In the long-
term follow-up study (LTFU), 2 more patients sat
>30s and 2 stood with support. No patient received
nusinersen during the 24-month study period. Four
patients had an asymptomatic transient rise in serum
aminotransferase. The oldest patient is 59.2 months
of age with 53.3 months of follow-up post-AVXS-
101 therapy (as of September 27, 2018).

Conclusion: AVXS-101 demonstrated
transformational event-free survival, motor function,
and milestone improvements in symptomatic SMA 1
infants. Long-term safety is being monitored for 15
years (LTFU). Phase 3 trials in SMA1 patients in the
US and Europe are ongoing. Additional trials
investigate AVXS-101 in presymptomatic SMA,
and in older patients using intrathecal administration.
This experience with SMA is hoped to inform other

programs that build on the AveXis platform to bring
much-needed gene therapy to patients with rare
diseases.
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Background: Spinal muscular atrophy (SMA) is
characterised by motor neuron loss and muscle atro-
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phy, due to reduced levels of survival of motor neu-
ron (SMN) protein from loss of function of the
SMN1 gene. While SMNI produces full-length SMN
protein, a second gene, SMN2, produces low levels
of functional SMN protein. Risdiplam (RG7916;
RO7034067) is an investigational, orally adminis-
tered, centrally and peripherally distributed small
molecule that modulates SMN2 pre-mRNA splicing
to increase SMN protein levels.

Aim: To report on the FIREFISH Part 1 dose-find-
ing study (NCT02913482), an ongoing, multicentre,
open-label, two-part, seamless study of risdiplam in
infants aged 1-7 months with Type 1 SMA and two
SMN?2 gene copies.

Methods: Part 1 is exploratory and principally as-
sesses the safety, tolerability, pharmacokinetics and
pharmacodynamics of different risdiplam dose lev-
els (enrolment complete). Confirmatory Part 2
(n=40) assesses safety and efficacy of risdiplam,
with a primary endpoint of the proportion of infants
sitting without support for 5 seconds after 12 months.

Results: Part 1 interim analysis presents a dose-de-
pendent increase in SMN protein levels in whole
blood, with an up to 6.5-fold increase vs. baseline
after 4 weeks of treatment at the highest dose of ris-
diplam (2.0-6.5-fold). To date (data-cut 07/09/18),
no safety-related stopping rules have been met, and
none of the following events have been reported:
loss of ability to swallow, tracheostomy, or perma-
nent ventilation. Part 1 motor milestone, safety, and
survival data for infants that have been treated for a
minimum of 6 months will be presented.

Conclusion: The up to 6.5-fold increase in SMN
protein observed in Part 1 is expected to lead to clin-
ical efficacy based on the differences in SMN pro-
tein levels between SMA severity types (e.g., Type 2
vs. Type 1 with differences of ~2-fold). Part 2 of the
FIREFISH study is ongoing.
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MRI detection of human motor unit
fasciculation in Amyotrophic Lateral
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Background: Patients with Amyotrophic Lateral
Sclerosis (ALS) typically wait 12 months between
symptom onset and receiving a definitive diagnosis.
This delay prevents the early instigation of life-pro-
longing therapies, and hampers timely recruitment
into clinical trials. There is therefore a strong need to
develop improved diagnostic technologies for ALS.
A hallmark of ALS is the presence of fasciculation;
random and irregular muscle twitching produced by
involuntary activation of individual skeletal motor
units. The micro-movement of muscle fibres during
fasciculation offers a target for new diagnostic ap-
proaches.

Aims: To evaluate the potential of a novel diffusion
weighted MRI protocol to detect fasciculation in pa-
tients with ALS.

Methods: We have developed a novel diffusion
weighted MRI protocol which is sensitive to mi-
crometer-scale movement of skeletal muscle and
which can detect activity of motor units [1] — re-
ferred to as Motor Unit MRI (MUMRI). The legs of
4 patients with confirmed ALS and 6 healthy con-
trols were scanned using the MUMRI method, ac-
quiring time series of scans in both legs at rest over
multiple 3 minute epochs. The frequency and spatial
distribution of spontaneous motor unit activity was
assessed.

Results: Patients with ALS showed a significantly
higher rate of spontaneous motor unit activation at
rest than controls (mean 99.1 per minute, range 25.7-
161 in patients versus 7.7 per minute, range 4.3-9.7
in controls, p<0.05, Students t-test). The percentage
muscle cross sectional area in which fasciculation
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was detected was significantly higher in patients
than controls (15.9%, SD 2.8 vs 2.9%, SD 1.6).

Conclusion: Our results are the first demonstration
of the ability of MR imaging to detect fasciculation
in patients with ALS. This technique offers unprec-
edented insights into human skeletal muscle physi-
ology and pathophysiology. MUMRI can potentially
be extended to whole body assessment and could
provide a rapid, pain free and sensitive means of di-
agnosing and monitoring patients with ALS as well
as other neuromuscular disorders.

References: 1: Porcari et al, Proc ISMRM, p330,
Paris 2018.
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Background: It is often reported that the severity
and frequency of acute attacks of paralysis in people
with both hyperkalaemic and hypokalaemic periodic
paralysis starts to reduce around age forty. Forty is
also the age around which optimal motor perfor-
mance in master athletes starts to decline and above
which pathological changes e.g. up to 5 COX nega-

tive fibres on muscle biopsy, are accepted as within
normal limits for age.
Aims:

1. To determine if the reduction in periodic
paralysis attack severity with age is conserved
across species.

2. To investigate whether the reduction in
periodic paralysis attack severity with age is a
result of normal muscle ageing or ageing in
the presence of single ion channel dysfunction.

Methods: To minimise genetic and environmental
confounders and standardise the paralytic attack,
male hyperkalaemic periodic paralysis (HyperPP)
mutant mice were compared to their wild-type broth-
ers. All animals were housed in the same environ-
ment. A paralytic attack was induced on soleus
muscle ex vivo in a tissue chamber maintained at 30
degrees Celsius using a solution containing 10mM
potassium and 1.3mM Calcium as previously de-
scribed. The results from young adult (13 to 26
weeks, n=5 WT, n=5 Hyper PP), middle-aged (43 to
70 weeks, n=4 WT, n= 5 Hyper PP) and old (>95
weeks, n=5 WT, n=8 Hyper PP) mice were com-
pared.

Results: Young and middle-aged soleus lost signifi-
cantly more force than old soleus. This was true for
both HyperPP (one-way ANOVA p=0.007) and
wild-type (one-way ANOVA p=0.009) animals.
This was not simply due to a reduction in absolute
force as maintenance of force also occurred in old
soleus that had greater or equal baseline tetanic force
to young soleus. Tetanic force for 2 out of the 5 old
wild-type soleus muscles was increased throughout
the period of hyperkalaemia. This was never ob-
served in young or middle-aged wild-type, or young,
middle-aged or old HyperPP soleus.

Conclusions: A reduction in periodic paralysis
attack severity with age appears to be conserved
across species. Our data suggests this phenomenon
is the result of ‘normal’ muscle ageing rather than
the chronic consequence of single ion channel
dysfunction.
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Background: The four transgenic mouse models of
periodic paralysis recapitulate many features of the
human disease. They have similar pathology, the
same gender difference in phenotype severity and
muscle weakness is consistently induced on expo-
sure to extremes of potassium. However, none of the
mouse models have ever been observed to have a
spontaneous attack of weakness and the potassium
concentration needed to induce an attack is more ex-
treme than that reported for humans.

Aims:

1. To identify differences in normal mouse and
human muscle excitability and explore these
differences using selective pharmacological
blockade.

2. To test whether the identified differences
protect against spontaneous attacks of
weakness in mice with periodic paralysis.

Methods: Muscle velocity recovery cycles
(MVRCs) can be used to indirectly measure muscle
excitability in vivo. In human muscle there are two
phases of increased conduction velocity. The first,
known as early supernormality, has a correlate in
nerve and reflects passive decay of charge that has
accumulated in the sarcolemma. The second, known
as late supernormality, is specific to muscle and re-
flects activity-induced potassium accumulation in
the t-tubules. MVRCs have not previously been re-
ported in mice. MVRCs were recorded under anaes-
thesia in Wild-type C57B1J6 mouse Tibialis Anterior
(TA), using QTRAC software, as described for hu-
mans. Intraperitoneal injection of 9-Anthracene-car-
boxylic-acid was used to block CIC-1 channels and
micromolar ouabain to selectively block the t-tubule
Na/K pump. MVRCs were recorded pre- and post-
pharmacology in the same animal.

Results: In contrast to human MVRCs, mouse
MVRCs had no late supernormality. Blockade of
CIC-1 induced late supernormality in mouse TA
(p=0.002, t-test with Welch correction). Blockade of
the t-tubule Na/K pump induced late supernormality
in 3 of 14 TAs exposed to ouabain compared to 0 of
66 not exposed to ouabain (p= 0.007, two-tailed
Fisher exact test).

Conclusions: MVRCs can be recorded in mice. Our
data suggest that, compared to humans, mice have
more effective t-tubule potassium buffering and
clearance. This is due, at least in part, to an increased
CIC-1 conductance and t-tubule Na/K pump activi-
ty. The next step will be to determine if this protects
against spontaneous attacks of weakness in mice
with periodic paralysis.

NMJ+CO03

Anderson Tawil Syndrome: expanding
the phenotype and assessing cardiac risk

Vinojini Vivekanandam, Karen Suetterlin, Natalie
James, Sarah Holmes, Damian Kozyra, Louise
Germain, Iwona Skorupinska, Richa Sud,
Konstantinos Savvitis, Jatin Pattni, Dorren Fialho,
Michael G Hanna, Emma Matthews

MRC Centre for Neuromuscular Diseases, Queens
Square Institute of Neurology.

Background: Anderson Tawil Syndrome (ATS) is a
rare neuromuscular channelopathy traditionally
characterised by periodic paralysis, cardiac arrhyth-
mias and dysmorphic features. Mutations in the
KCIN2 gene are associated with ATS. Accurate and
early diagnosis is important in facilitating treatment
of episodic paralysis and preventing potentially life-
threatening cardiac events.

Aims: To fully characterise the phenotype in a care-
fully stratified cohort including cognitive deficits
and cardiac risk.

Patients: At the Nationally Commissioned Highly
Specialised Service for Channelopathies we have
one of the largest cohorts of patients with ATS in the
world. Patients with a genetically confirmed diagno-
sis were consented and enrolled into our Channelo-
pathy cohort study. Clinical and family history,
examination findings and investigations including
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neurophysiology, psychometric, cardiac and radio-
logical assessments were reviewed.

Results: 66 patients were identified with KCIN2
mutations. Comprehensive clinical information has
so far been collected for 18. Cardiac symptoms were
prominent. Two thirds (11) had daily or very fre-
quent palpitations. 27% (5) reported shortness of
breath. Serious cardiac complications occurred in 4
patients (ICD insertion, left ventricular dysfunction/
cardiomyopathy). 39% (7) reported pain which has
previously not been appreciated in ATS. At least
44.4%(8) patients had fasciculations. 22%(4) pa-
tients had minimal decrement (<48%) on Long Ex-
ercise Tests (LET) despite having episodic weakness.
Lower limb Muscle MRI was abnormal in 6 patients.
Daytime somnolence was reported, prompting sleep
studies. Neuropsychometric testing suggests slowed
processing speed. While dysmorphic features exist,
these can be subtle. Short stature is not ubiquitous,
with a height range of 147-180.34cm. Heterogeneity
within families was commonly seen.

Conclusions: The phenotypic spectrum of ATS is
broader than currently appreciated including fre-
quent pain, fasciculations and daytime somnolence
suggestive of nocturnal hypoventilation. Fascicula-
tions may suggest additional lower motor neurone
pathology. A negative LET is common and should
not deter from pursuing genetic testing. Cardiac
symptoms are common and complications beyond
ventricular ectopics require screening for. Data anal-
ysis is ongoing.

NMJ+C04

Applied Neuromuscular-Junction
Facility to investigate structure and
function of mammalian neuromuscular
junction

Veronika Boczonadi'*, Clarke Slater!, Rita
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Alex Laude', Doug Turnbull*
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of Genetics, CHEO Research Institute, University
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‘Wellcome Centre for Mitochondrial Research,

Institute of Neuroscience, Newcastle University,
Framlington Place, Newcastle upon Tyne, NE2
4HH

Background: The Neuromuscular junction (NMJ)
is the specialized chemical synapse that mediates the
transmission of action potentials in motor axons to
skeletal muscle fibers. The NMJ is the best charac-
terized cholinergic synapse and its study for many
years has provided much of our general knowledge
of synapse structure, function and development.
While an increasing number of molecular defects
are known to cause impaired neuromuscular trans-
mission, in very few cases has the impact of these
molecular defects on the structure and function of
the NM1Js been characterized in detail, much less un-
derstood. Partly as a result of this lack of knowledge,
available treatments for diseases of the NMJ are lim-
ited in number and efficacy.

Aims: To address these concerns we aimed to estab-
lish the Applied NMJ Facility to study NMJ struc-
ture and function.

Methods: Here, we are initially using murine nerve-
muscle preparations for electrical recording com-
bined with high-resolution laser confocal microscopy
(LSM880) allowing accurate investigation of NMJ
functionality at a single synapse resolution. It is our
intention to extend our structural and functional
NMIJ studies to human biopsy samples later on this
year.

Result: Our facility can provide detailed informa-
tion about synaptic transmission at the NMJ, using
both extra- and intra-cellular electrical recording, as
well as high resolution imaging of NMJ morpholo-
gy, membrane recycling, mitochondrial membrane
potential and Ca?" dynamics.

Conclusion: This is a broadly applicable technique
which can be adopted to investigate alterations of
NMJ activity. Furthermore it will facilitate the de-
velopment and assessment of new therapies in
mouse models of neuromuscular diseases, including
peripheral neuropathies, motor neuron disorders and
myasthenic syndromes.
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Exploring novel treatments for
disorders that feature defects of the
neuromuscular junction structure

Mirela D. Panea!, MSc, Judith Cossins', DPhil,
David Beeson!, PhD

"Weatherall Institute of Molecular Medicine,
Nuffield Department of Clinical Neurosciences,
University of Oxford, Oxford, United Kingdom

Congenital myasthenic syndromes (CMS) are a
group of inherited disorders that affect the signal
transmission at the neuromuscular junction (NMJ)
and share the clinical feature of fatigable muscle
weakness. In DOK7-CMS compromised neurotrans-
mission is due to small and destabilised NMlJs.
DOKY7 is a cytoplasmic-adaptor protein that ampli-
fies the signalling from muscle-specific receptor ty-
rosine kinase (MuSK), that is responsible for the
formation and stabilisation of the NMJ. It has re-
cently been shown that large amounts of DOK?7 pro-
tein in muscles generate enlarged NMJ in mice,
which are very efficient in signal transmission and
have no reported detrimental effects.

This study aims to identify small molecules that
can specifically upregulate the amount of DOK7 in
muscles.

First, the level of upregulation needed to generate
the enlarged NMJ is undefined. We used a retroviral
vector harbouring a human DOK7 expression cas-
sette to infect wild-type C2C12 and subsequently
titrate levels of DOK7 needed to generate enlarged
ACHR clusters. A 4-5 fold increase in DOK7 protein
levels proved to be enough to mimic the generation
of enlarged synapses in vitro.

Subsequently, approximatively 5000 small mole-
cules from a library of muscle-specific compounds
were used in screening experiments. Initial screen-
ings were performed in triplicates on a C2C12 report-
er cell line designed to contain a 1-Kb sequence of
the DOK7 promoter fused to the Luciferase-reporter.
Confirmatory results were performed for potential
candidate upregulating compounds on a similar
EGFP reporter cell line. Five potential hits that show
significant upregulation after being tested on both re-
porter cell lines, are being further investigated. They
will provide the basis for a more detailed analysis of
the effects of DOK7-upregulation in cell culture bio-
logical assays and ultimately for in vivo testing.

Email address: mirela.panea@ndcn.ox.ac.uk
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Salbutamol modulates postsynaptic
specialisation at the neuromuscular
junction in a mouse model of ColQ
myasthenic syndrome

McMacken G*, Spendiff S*, Whittaker RG®,
Howarth R?, Slater CR®, Boczonadi V®, Horvath R¢,
Lochmiiller He',

“John Walton Muscular Dystrophy Research Centre,
Institute of Genetic Medicine, Newcastle University,
Newcastle Upon Tyne, UK

bInstitute of Neuroscience, Newcastle University,
Newcastle Upon Tyne, UK

“Department of Clinical Neurosciences, University
of Cambridge, Cambridge, UK

“Department of Neuropediatrics and Muscle
Disorders, Medical Center — University of Freiburg,
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Background: The B-adrenergic agonists salbutamol
and ephedrine have proven to be an effective therapy
for human disorders of the neuromuscular junction
(NMJ), in particular many subsets of congenital my-
asthenic syndromes (CMS). However, the mecha-
nisms underlying this clinical benefit is unknown.

Aims: In order to explore the effect of salbutamol in
CMS, we investigated the effect of salbutamol treat-
ment on the NMJ in the ColQ deficient mouse, a
model of end-plate acetylcholinesterase deficiency.

Methods: ColQ” mice received 7 weeks of daily
salbutamol injection, and the effect on muscle
strength and NMJ morphology was analysed.

Results: Salbutamol to a gradual improvement in
muscle strength in ColQ” mice. In addition, the
NMIs of salbutamol treated mice showed significant
improvements in several postsynaptic morphologi-
cal defects, including acetylcholine receptor density
and area, but did not affect nerve terminal area or
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axon diameter. Salbutamol had no measurable effect
on muscle fibre size or fibre type proportion.

Conclusion: These results suggest that B-adrenergic
agonists lead to clinical benefit in CMS by inducing
long-term structural changes at the NMJ, and that
these effects are primarily at the postsynaptic mem-
brane.

FNMJI+C07

Congenital myasthenic syndrome due to
a mutation in a nuclear membrane
protein

Judith Cossins', Pedro Rodriguez Cruz'?, Richard
Webster!, Susan Maxwell', Jacqueline Palace?,
Ji-Yeon Shin?, David Beeson'!

!Neurosciences Group, Weatherall Institute of
Molecular Medicine, University of Oxford, John
Radcliffe Hospital, Oxford OX3 9DS, UK.
’Nuffield Department of Clinical Neurosciences,
John Radcliffe Hospital, University of Oxford,
Oxford OX3 9DU, UK.

3Department of Cell and Developmental Biology,
University of Michigan, Ann Arbor, United States
Email: Judith.cossins@imm.ox.ac.uk

Background: Next generation sequencing has led to
the identification of an increasing number of unex-
pected gene mutations affecting synaptic transmis-
sion at the neuromuscular junction. Here we have
identified a family with a novel congenital myas-
thenic syndrome (CMS) with mutations in a nuclear
envelope protein. We describe both the characterisa-
tion of this disorder and our investigation of the un-
derlying pathogenic mechanism.

Aim: To learn how a ubiquitously expressed nuclear
envelope protein mutation can cause a disorder
where the dominant symptoms are due to defective
neuromuscular transmission.

Results: The index case and his brother have mild
fatiguable muscle weakness in shoulder abductors,
finger extensors and ankle dorsiflexors, and mild
wasting of deltoid and medial gastrocnemius. They
showed decrement of 40% and 26% on RNS at 3Hz
respectively. Whole exome sequencing identified a
homozygous single nucleotide deletion c¢.127delC;
p.P43fsin TORIAIPI. The gene encodes nuclear en-

velope protein LAP1 (lamin-associated protein 1),
of which at least two isoforms (LAP1B and shorter
LAPIC) exist. The variant, which is predicted to ab-
late the expression of LAP1B but not LAP1C, was
shown by Sanger sequencing to segregate with dis-
ease. Mutations in TORIAIP] are rare and an effect
on neuromuscular transmission has not previously
been reported. Trapezius biopsy showed mild varia-
tion in muscle fibre size, and no detectable expres-
sion of LAP1 in muscle nuclei. Electron microscopy
revealed abnormal herniated nuclei. A mouse model
for the disorder was obtained in which LAP1 is ab-
lated in striated muscle. Mice were initially strong,
with normal EMG and diaphragm spontaneous and
evoked endplate potentials. They became weak from
6-7 weeks of age and by 12 weeks of age showed up
to 15% decrement at 20Hz RNS. Diaphragm sponta-
neous and evoked endplate potentials became pro-
longed, and EDL and soleus endplates were very
fragmented with some sprouting and denervation.
Synaptic AChR levels were unchanged in the model
mouse diaphragm compared with wild type ('*I-
BuTx), but extra-synaptic AChRs increased 3-fold.
MuSK expression was decreased. H&E staining
showed a large variation in fibre size with central
nuclei. Electron microscopy showed muscle fibre
morphology ranging from normal to very disorgan-
ised and atrophied, and with abnormal endplates
structure.

Conclusion: Our data is consistent with denervation
and muscle degeneration and regeneration, with
ongoing remodelling of the NMJs, and impaired
neuromuscular transmission caused by defective
synaptic structure.
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Mitochondrial Disease

Mo1

The phenotypic and genotypic spectrum
of MT-ATP6-related mitochondrial
disease

Yi Shiau Ng!, Grainne S. Gorman', Mika H.
Martikainen'?, Alasdair Blain', Enrico Bugiardini®,
Apphia Bunting*, Andrew M. Schaefer!, Charlotte
L. Alston', Emma L. Blakely', Sunil Sharma',
Imelda Hughes®, Albert Lim!, Christian DeGoede®,
Meriel McEntagart’, Stefan Spinty®, Tain Horrocks®,
Mark Roberts!®, David Gosal'?, Cathy E.
Woodward?, Patrick F. Chinnery'!, Rita Horvath!,
Victoria Nesbitt'?, Carl Fratter'?, Joanna Poulton®,
Michael G. Hanna?®, Robert D.S. Pitceathly®, Robert
W. Taylor!, Doug M. Turnbull', Robert McFarland'
Email: yi.ng@ncl.ac.uk

"Wellcome Centre for Mitochondrial Research,
Newcastle University, Newcastle upon Tyne, UK
’Faculty of Medicine, University of Turku, and
Division of Clinical Neurosciences, Turku
University Hospital, Turku, Finland

SMRC Centre for Neuromuscular Diseases, UCL
Institute of Neurology and National Hospital for
Neurology and Neurosurgery, London, UK
“Nuffield Department of Obstetrics and
Gynaecology, University of Oxford, Oxford, UK.
’Royal Manchester Children’s Hospital, Central
Manchester University Hospitals NHS Foundation
Trust, Manchester, UK.

*Department of Paediatric Neurology, Royal
Preston Hospital, Preston, UK.

’South West Thames Regional Genetics Service, St.
George’s Hospital, London, UK.

84lder Hey Children’s NHS Foundation Trust,
Liverpool, UK.

*Greater Glasgow and Clyde NHS Yorkhill
Hospital, Glasgow, UK.

Greater Manchester Neuroscience

Centre, Salford Royal NHS Foundation Trust,
Manchester Academic Health Science

Centre, Salford, UK.

""Department of Clinical Neuroscience & Medical
Research Council Mitochondrial Biology Unit,
School of Clinical Medicine, University of
Cambridge, Cambridge, UK

2Department of Paediatrics, The Children’s
Hospital, Oxford, UK.

BOxford Medical Genetics Laboratories, Oxford
University Hospitals NHS Foundation Trust,
Oxford, UK.

Background: Mutations in M7-ATP6 are associated
with maternally-inherited Leigh syndrome (LS) and
neurogenic weakness, ataxia and retinitis pigmento-
sa (NARP). Early studies suggested a strong correla-
tion between mutant heteroplasmy level and disease
severity in two common pathogenic variants,
m.8993T>C/G.

Aims: To determine the phenotypic and genotypic
spectrum  of MT-ATP6-related mitochondrial
disease.

Methods: A retrospective, observational cohort
study (January 2009 — October 2018) of individuals
referred to the three national mitochondrial centres in
Newecastle upon Tyne, London and Oxford that com-
prise the NHS Highly Specialised Service for Rare
Mitochondrial Disorders of Adults and Children.

Results: We identified 88 clinically affected indi-
viduals (median current age 26.5 years, range 0.75—
74 years, interquartile range: 33.3 years) and 37
asymptomatic family members from 60 pedigrees.
Fifteen patients (17%) died, and four patients were
lost to follow up during the study period. The com-
mon clinical features were cerebellar ataxia (83%),
peripheral neuropathy (74%), and cognitive dys-
function (65%). Thirty-six per cent of patients mani-
fested with Leigh syndrome (LS), and only 7 patients
exhibited a pure NARP syndrome. The median age
of onset was younger in patients with LS compared
to those presenting with other clinical phenotypes
(1.5 vs 15 years, p<0.001). Four adult patients devel-
oped unexpected, subacute brainstem dysfunction.
Nine pathogenic variants were identified in our pa-
tient cohort, and five of them accounted for 91% of
all cases. The maternal transmission of the patho-
genic MT-ATP6 variants was established in 68 pa-
tients (77%), and the mutation likely arose de novo
in three patients (3%). Logistic regression modelling
revealed a correlation between the risk of clinical
manifestation and mutant heteroplasmy level in five
common mutations; the chance of being clinically-
affected increasing significantly when the mutant
load exceeded 50%.
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Conclusion: This is the most extensive observational
study of MT-ATP6-related mitochondrial disease
to date. Our data highlight that sequencing of
the MT-ATP6 gene should be included in the
diagnostic workup of patients with both cerebellar
ataxia and neuropathy. Clinicians should be aware
that brainstem crisis can occur in adult patients
without previously manifesting LS. Moreover,
the expression threshold for the mutant mtDNA
heteroplasmy associated with common, pathogenic
MT-ATP6 variants have important implications for
genetic counselling and reproductive options.
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FBXL4 related mitochondrial disease is
associated with pyruvate dehydrogenase
deficiency
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Background: FBXL4 related mitochondrial disease
or FBXL4 deficiency is a severe autosomal reces-
sive mitochondrial disorder, typically characterised
by neonatal or infantile onset lactic acidosis, failure
to thrive, muscular hypotonia, and variable addition-
al features. FBX14 deficiency was first described as
a disorder of mitochondrial DNA (mtDNA) mainte-
nance associated with mtDNA depletion and com-
bined mitochondrial respiratory chain deficiency.
FBXL4 protein is localised to mitochondria but its
function remains unknown.

Aims: To identify patients with FBXL4 deficiency
and assess the associated biochemical defects.

Patients and Results: FBXL4 sequencing of 85 pa-
tients with suspected mtDNA depletion syndrome in
Oxford did not identify any cases of FBXL4 defi-
ciency. Analysis of other patients with suspected
mitochondrial encephalomyopathy presenting neo-
natally or in infancy identified 5 unrelated patients
homozygous or compound heterozygous for patho-
genic / likely pathogenic variants in FBXL4. All 5
patients were found to have pyruvate dehydrogenase
deficiency in fibroblasts (0.23-0.57 nmol/mg pro-
tein/min; normal range 0.6-0.9), whereas there was
no evidence of mitochondrial respiratory chain defi-
ciency in muscle (results available for 4/5 patients).

Conclusion: We propose that PDH deficiency is a
common consequence of loss of functional FBXL4
protein and has a major contribution to the disease
phenotype. If substantiated, this finding may have
important treatment implications for patients with
FBXL4 deficiency.

Email: carl.fratter@ouh.nhs.uk
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Epigenetic Profiles of hIPSC-Derived
Myogenic Cells
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Background: A number of chromatin modifying
enzymes are reliant on intermediate products of me-
tabolism, underscoring a focal point that links a
cell’s metabolic state with its transcriptional profile.
Metabolic impairments caused by mitochondrial
DNA (mtDNA) mutations have the potential to im-
pact the epigenetic landscape and might represent an
unexplored pathomechanism contributing to the dis-
ease that warrants further investigation.
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Aims: To develop a cell model for exploring novel
pathomechanisms contributing to mitochondrial dis-
ease in skeletal muscle, including the impact mtD-
NA mutations have on enzymatic chromatin
modifications.

Methods: In this study we utilised human induced
pluripotent stem cell (hIPSC) technology to estab-
lish an in vitro model of mitochondrial disease. hIP-
SC clones have been generated from patients
harbouring the heteroplasmic m.8344A>G mt-
tRNA™* and m.3243 A>G mt-tRNA™ U mutations
most commonly associated with myoclonic epilepsy
with ragged red fibres (MERRF) and Mitochondrial
encephalomyopathy, lactic acidosis, and stroke-like
episodes (MELAS) syndromes respectively. By tak-
ing advantage of the random segregation of mutant
mtDNA in patient fibroblast populations, we ob-
tained hIPSC lines with high heteroplasmy for dis-
ease modelling alongside isogenic control lines with
low/undetectable levels.

Patient-specific hIPSC lines were then differentiated
into disease-relevant myogenic cell types by reca-
pitulating developmental signalling gradients that
occur during myogenesis. Differentiated cells ex-
press key myogenic regulatory factors (MyoD,
Myogenin) and form multinucleated MyHC"/Titin*
myotubes whilst retaining PAX7" satellite-like cells.

Results: The m.3243 A>G mutation appears to have
a detrimental effect on overall myogenicity. Myo-
tubes with high m.3243A>G load also show impair-
ments in mitochondrial function and fail to initiate
expression of certain MyHC isoforms which might
indicate an impairment in myotube maturation.
ChIP-Seq libraries are currently being subjected for
genome-wide sequencing in order to assess locus-
specific changes in metabolically sensitive epigene-
tic marks that might underlie observed impairments.
This in vitro model provides new insight into
pathomechanisms of mitochondrial disease in skel-
etal muscle. Epigenetic modifications and/or expres-
sion of specific loci that are affected by mtDNA
mutations are being tested as new targets for novel
therapeutic interventions. Ben O’Callaghan is sup-
ported by a PhD studentship from the MRC Centre
for Neuromuscular Diseases.
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Background: The vast majority of mitochondrial
disorders result from mutations in components of
the nuclear-encoded mitochondrial DNA (mtDNA)
maintenance machinery and oxidative phosphoryla-
tion (OXPHOS) subunits. The role of the mtDNA
transcription machinery in mitochondrial disease,
however, remains relatively unknown. The mito-
chondrial RNA polymerase (POLRMT) is the sole
RNA polymerase in mitochondria and is responsible
for the transcription of the mitochondrial genome.

Aim: To characterise the clinical and molecular na-
ture of novel POLRMT variants that underlie the mi-
tochondrial disease-associated phenotype present in
five unrelated individuals.

Patients and Methods: Using whole-exome se-
quencing, we identified novel recessive and domi-
nant POLRMT variants in five individuals presenting
with a variety of clinical problems, ranging from
global developmental delay, hypotonia and growth
defects in childhood to late onset progressive exter-
nal ophthalmoplegia (PEO). Where investigated,
these defects were accompanied by either a mosaic
cytochrome ¢ oxidase deficiency in skeletal muscle
and/or multiple respiratory chain enzyme deficien-
cies. Mitochondrial mRNA and OXPHOS protein
levels were assessed in mutant POLRMT fibroblasts
(3 of 5 patients). In addition, recombinant mutant
POLRMT proteins were generated in order to deter-
mine the effect of POLRMT variants on mitochon-
drial transcriptional activity in vitro.

Results: Functional characterisation of patient fibro-
blasts revealed a defect in mitochondrial mRNA
synthesis, although no mtDNA deletions or copy
number abnormalities were identified. Mild decreas-
es in the levels of both OXPHOS subunits and fully-
assembled complexes were observed in vivo, whilst
functional in vitro characterisation of the investigat-
ed recombinant POLRMT variants revealed that pa-
tient mutations exhibited variable, but deleterious
effects on mitochondrial transcription.

Conclusion: Our results demonstrate for the first
time, that pathogenic variants in the POLRMT gene
can cause a spectrum of clinical phenotypes ranging
from childhood-onset developmental delay to late-
onset PEO and emphasise the importance of defec-
tive mitochondrial transcription as a disease
mechanism.
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Background:  Mitochondrial =~ methionyl-tRNA
formyltransferase (MTFMT) is required for the
initiation of translation and elongation of mitochondrial
protein synthesis. Pathogenic variants in MTFMT
have been associated with Leigh syndrome (LS) and
mitochondrial multiple respiratory chain deficiencies.
Aims: To elucidate the spectrum of clinical, neuro-
radiological and molecular genetic findings of pa-
tients with bi-allelic pathogenic MTFMT variants.

Methods: Retrospective cohort study combining
new cases and previously published cases.

Results: In this multi-centre study, we identified
eight new patients with pathogenic MTFMT variants
and 30 other previously reported cases. The median
age of presentation was 14 months (range: birth to
17 years, interquartile range (IQR) 4.5 years), with
developmental delay (59%) and motor symptoms
(47%) being the most common presenting clinical
features. Raised serum lactate was evident in 83% of
patients (range 2.7 — 14.3 mmol/L, normal < 2.2),
and a structural cardiac abnormality was observed in
12 patients. MRI head findings included symmetri-
cal basal ganglia changes (62%), periventricular and
subcortical white matter abnormalities (55%), and
brainstem lesions (48%). Six patients (18%) had nei-
ther basal ganglia nor brainstem signal abnormali-
ties. Twenty-five of 34 patients (74%) were alive at
the time of their last clinical follow up (median 6.8
years, range: 14 months-31 years, IQR: 14.5 years);
29% of patients survived into adulthood (=18 years).
Isolated complex I and combined respiratory chain
deficiencies were identified in 31% and 59% of the
cases, respectively. Reduction of mitochondrial
complex I and complex IV subunits was identified in
all patient fibroblasts analysed (n=13). Sixteen
pathogenic MTFMT variants were identified, of
which ¢.626C>T represents a founder mutation in
the European population.

Conclusion: Patients that harbour pathogenic vari-
ants in MTFMT have a milder clinical phenotype
and disease progression compared to those patients

with LS caused by other nuclear-driven mitochon-
drial defects. Evaluation of patient fibroblasts may
preclude the need for a muscle biopsy to prove cau-
sality of novel variants.
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Molecular mechanisms of mitochondrial
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in Mendelian disorders of mtDNA
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Background: Mitochondrial DNA (mtDNA) dele-
tions are an important pathological mechanism in
adults with mtDNA maintenance disorders. These
mtDNA deletions clonally expand within post-mi-
totic cells (neurons and muscle) causing mitochon-
drial respiratory chain deficiency.

Aim: To attempt to correlate mitochondrial genetics
and respiratory chain deficiency at a single cell level
and assess whether deleted mtDNA species have a
replicative advantage.

Methods: We used immunofluorescence to quantify
mitochondrial respiratory chain deficiency in muscle
biopsies from patients with mtDNA maintenance
disorders (n=16). Using the same tissue section from
a subset of patients (n=6), we performed laser
microdissection and single cell genetic analysis to
investigate the relationship between mtDNA
genetics and respiratory chain deficiency. For a
further 3 patients then used single molecule PCR in
combination with real time PCR to determine if a
replicative advantage explains the accumulation of
mtDNA deletions.
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Results: Quadruple immunofluorescence demon-
strated no obvious differences between patients with
dominant or recessive mutations, with the majority
of patients showing some fibres with isolated CI de-
ficiency and some fibres with both CI and CIV defi-
ciency. Genetic analysis demonstrated major arc
deletions to be more common and showed a clear
correlation between deletion level and respiratory
chain deficiency. We find that 62.8% of respiratory
chain deficient muscle fibres contained a single dele-
tion, 34.6% two deletions and 2.6% three deletions.
In cells with multiple mtDNA deletions we find that
56.7%the smallest mtDNA deletion (Largest mtD-
NA molecule) clonally expands to the highest level.

Conclusion: There is no genotype based pattern of
respiratory chain deficiency. We demonstrate a clear
correlation between the level of mtDNA deletion
and extent of respiratory chain deficiency within a
single cell. Single molecule PCR in combination
with real time PCR demonstrates that there appears
to be no replicative advantage for smaller mtDNA
molecules.
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Background: Mitochondrial diseases are heteroge-
neous diseases that can arise due to mutations in ei-
ther the nuclear or mitochondrial genomes. These
conditions are further complicated by the polypoid
nature of mitochondrial DNA (mtDNA), which
means that mtDNA mutations can be heteroplasmic
and lead to a mosaic pattern of deficiency within tis-
sues such as skeletal muscle. Limitations in tech-
niques to date have allowed either highly multiplexed
analysis of protein expression or spatially resolved
analysis of the expression of a small number of pro-
teins.

Aim: To optimise and use imaging mass cytometry
for the assessment of mitochondrial proteins in skel-
etal muscle of patients with mitochondrial disease.

Methods: We used imaging mass cytometry to in-
vestigate changes in respiratory chain complexes
I-V (CI-V) and mitochondrial mass markers. Skele-
tal muscle was assessed from patients with nuclear
encoded CI mutations (n=2), single, large-scale
mtDNA deletions (n=2), the m.3243A>G mtDNA
point mutation (n=2) and three other tRNA variants
(n=3).

Results: Imaging mass cytometry demonstrated iso-
lated and severe CI deficiency in 100% of muscle
fibres in patients with nuclear encoded CI mutations.
In comparison mosaic patterns of CI, CIII and CIV
respiratory chain deficiency was observed for pa-
tients with mtDNA variants. Most interestingly, in
tRNA patients we find that fibres with CI deficiency
have a compensatory increase in CII and CV.

Conclusion: Imaging mass cytometry allows corre-
lation of a large number of mitochondrial proteins
and thus in-depth characterisation of respiratory
chain deficiency. Furthermore, it will allow us to
correlate respiratory chain deficiency with a range of
cell signalling and other mitochondrial markers.
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immunoassay for evaluating
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complex I and complex IV defects in
diagnostic muscle biopsies

D. Chambers', A. Kumar?, L. Feng', I.
Hargreaves® , A. Lam* , A. Manzur* , F. Muntoni®,
C. Sewry*, J. Poulton’, R. Phadke'

'UCL Institute of Neurology, London, UK;
’National Hospital UCLH, London, UK;

3John Moores University, Liverpool, UK;
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Background: The investigation of clinically
suspected mitochondrial disease (mtD) includes
performing a skeletal muscle biopsy for biochemical/
histochemical assessment of mitochondrial respiratory
chain (RC) defects. COX-SDH histochemistry detects
RC-complex IV (CIV) defects, but RC-complex I
(CI) defects cannot be detected histochemically. CI/
CIVdefectsarecommoninmtD.Immunohistochemical
evaluation of RC-complex defects relies on reduced
amount of the assembled complex associated with
catalytic deficiency, detectable with RC subunit-
specific monoclonal antibodies.

Aims: Our aim was to design a dual chromogenic
immunoassay (DCI) for evaluating CI/CIV defects
in diagnostic muscle biopsies to complement the ex-
isting histochemical assays.

Methods or Patients or Materials: In the DCI op-
timised protocol, primary antibodies (Abcam),
TOMM20 (mitochondrial mass), NDUFBS (CI) and
MTCO1 (CIV) were co-incubated (TOMM?20+CI
and TOMM20+CIV), and then TOMM20 developed
to yellow and the other marker to teal (Discovery/
Ventana Systems) with co-localising antibodies vi-
sualising as green. The DCI and COXSDH assays
were performed in serial frozen sections. 23 biopsies
were assessed: 15 with genetically confirmed mtD
(mtDNA rearrangements/point mutations/deple-
tion), 4 with high clinical/histological suspicion of
mtD, and 4 unaffected controls. % COX and CI/
CIV-deficient fibres were counted in two random
fascicles, with high concordance amongst % COX-
negative and CI/CIV-deficient fibres.

Results: Control sections stained as a mosaic dark
green (type I fibres) and light green (type II fibres)
pattern. Completely CI/CIV-deficient fibres stained
yellow, and partly CI/CIV-deficient fibres stained
yellow-green, and were easily detectable due to
good visual colour contrast. The DCI detected more
Cl-deficient fibres in 7/19 cases and more CIV-defi-
cient fibres in 5/19 cases compared to COX-negative
fibres (average 6%). Most COX-negative fibres had
dual CI+CIV defects with DCI. Segmental and par-
tial CI/CIV defects were detectable. Equivocal
COX-SDH stained fibres were often strongly CI/
CIV-immunodeficient.

Conclusion: In conclusion, our multiplex DCI reli-
ably detects CI/CIV defects comparable in sensitiv-
ity to the COX-SDH histochemical assay, is easy to
evaluate due to a good visual contrast between CI/
CIV positive and negative fibres and can be easily
co-opted to routine diagnostic work. Studies are un-
derway to develop a quadruple chromogenic immu-
noassay for digital evaluation of CI/CIV defects.
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Background: Collectively, mitochondrial disorders
are among the most common inherited neurological
disorders. The prevalence of adult mitochondrial
disease caused by mitochondrial DNA (mtDNA)
mutations is around 1:5,000.
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Aims: To describe the clinicopathological and bio-
chemical profile of an adult harbouring a novel mu-
tation in MT-TG.

Patient: A 39 year old female presented with senso-
rineural hearing loss since her late teens, visual im-
pairment with bilateral cataracts, retinal dystrophy
and subsequent bilateral retinal detachments in her
20s, hypothyroidism in her 30s, secondary amenor-
rhoea, and short stature on examination. There was
no family history of neurological or neuromuscular
disease. Blood lactate was elevated and histochemi-
cal staining revealed frequent ragged red and cyto-
chrome ¢ oxidase (COX) deficient fibres in muscle
tissue. Spectrophotometric analysis of mitochondri-
al respiratory chain activity revealed reduced activi-
ty of complexes I and IV prompting mitochondrial
DNA genetic analysis.

Results: Sequencing of the entire mitochondrial ge-
nome revealed the novel missense mutation
m.10038G>A in MT-TG, encoding tRNA glycine, at
a heteroplasmy level of 92% in muscle, 40% in urine
and 15% in blood. Single fibre segregation studies
confirmed a higher mutation load in COX deficient
fibres (n=27, 95.3%) as compared with COX posi-
tive fibres (n=26, 78.9%; p=0.0005).

Conclusion: We describe a novel pathogenic muta-
tion in MT-TG. The m.10038G nucleotide is highly
conserved and the m.10038G>A mutation was pres-
ent at variable heteroplasmic levels in different tis-
sues. Histochemical and biochemical evidence of
impaired mitochondrial protein synthesis was indi-
cated in muscle tissue, and single fibre studies con-
firmed the biochemical defect segregated with high
mutant levels. As such, it is highly likely the
m.10038G>A is pathogenic. The majority of mtD-
NA mutations occur in the 22 mtDNA-encoded
tRNA genes. However, despite over 270 reported
tRNA mutations, only five reside within M7T-TG.
The cause of the variability in prevalence of muta-
tions among tRNA gene remains unknown.
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number, age and nuclear factors in the
clinical heterogeneity associated with
the m.3243A>G mutation
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Background: Mitochondrial disease associated
with m.3243 A>G, the most common pathogenic mi-
tochondrial DNA (mtDNA) mutation, is clinically
heterogeneous. People who harbour m.3243A>G
can present with a range of clinical features that
progress at variable rates, making an accurate prog-
nosis difficult.

Aim: To describe and understand the cause of
m.3243 A>G-associated heterogeneity.

Patients and Methods: We examined the pheno-
typic profile of 238 m.3243A>G carriers from the
Mitochondrial Disease Patient Cohort UK using the
Newecastle Mitochondrial Disease Adult Scale
(NMDAS) and evaluated which commonly assayed
tissue (blood, urine, skeletal muscle) represents the
m.3243A>G mutation load and mtDNA copy num-
ber most associated with disease burden. We then
modelled the role of heteroplasmy level, age and ad-
ditive nuclear genetic factors in the development of
specific phenotypes within 46 pedigrees from the
cohort.

Results: Blood heteroplasmy declines by ~2.3%/
year and males have ~20% higher m.3243A>G mu-
tation load in urine; we present formulas to adjust
for these effects. Age and m.3243A>G heteroplas-
my level in all three tissues are associated with dis-
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ease burden (R? range=0.18-0.27, P<0.001), with
blood heteroplasmy (corrected and uncorrected) be-
ing most strongly associated. A greater proportion of
the variation in disease burden is explained if mtD-
NA copy number in skeletal muscle is included
(R*=0.40, P<0.001). Common phenotypic features
include hearing impairment, psychiatric involve-
ment and ataxia, however, age and heteroplasmy
levels are poor predictors of severity for individual
phenotypes (pseudo-R?<0.17). We found high to
moderate heritability estimates for psychiatric in-
volvement, cognition, ataxia, migraine and hearing
impairment (h* range=0.40-0.76, P<0.05).

Conclusion: Our results indicate that m.3243A>G
heteroplasmy, skeletal muscle mtDNA copy number
and age explain some of the variation in m.3243 A>G-
related disease burden, however, nuclear genetic
factors also influence clinical outcomes. This study
paves the way for future work identifying these nu-
clear modifiers.
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Background: The Wellcome Centre for Mitochon-
drial Research, Newcastle supports world class re-
search into mitochondrial disease. Our Centre also
strives to be world class at involving patients and the
public with our research, thereby allow us to devel-
op an effective research strategy for the benefits of
patients.

Aim: Our existing and future aims are: To engage
with patients throughout the UK about our research,
helping them to become better decision makers; to
build a community of empowered expert patients
and carers who are involved in developing and im-
plementing a research and engagement strategy for
our mutual benefit and to build capacity and engage-
ment expertise within our staff to create a listening
culture in our scientific community that is respon-
sive to patient needs.

Methods: We have incorporated patients’ and car-
ers’ views in the strategic direction of the Centre;
developed our engagement conferences and patient/
carer focus groups; delivered an international multi-
stage design event with the purpose of involving
people living with mitochondrial disease in the de-
sign and development of ideas that could transform
their lives.

Results: Members of the Wellcome Centre for Mi-
tochondrial Research continue to be involved with
annual patient engagement conferences, regular fo-
cus groups discussing policy and research issues and
the design of a patient/public focused website. We
have devised and delivered a very successful not-
for-profit venture, the Myto project, where research-
ers from Newcastle University’s Open Lab teamed
up with the Wellcome Centre for Mitochondrial Re-
search and TU Eindhoven in order to hold three de-
sign events across the UK, Netherlands and Italy.
These design events sought to involve people living
with and caring for mitochondrial disease in the cre-
ation and development of digital tools to enrich their
lives and spread important messages about mito-
chondrial disease.

Conclusion: Through engagement we continue to
stimulate national and international debate on issues
affecting our patients, and create strategic partner-
ships with patient and public groups. This allows us
to ensure research advances make a meaningful dif-
ference to the lives of patients with mitochondrial
disease.
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Background: The Wellcome Centre for Mitochon-
drial Research (WCMR) aims to transform the lives
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of patients with mitochondrial disease. Utilising the
expertise of clinical and laboratory team members,
we work closely with patients to improve their lives
and the lives of future generations affected by mito-
chondrial disease.

Aims: We seek to generate substantial improve-
ments in the health and wellbeing of patients with
mitochondrial disease. Our goal is to offer every pa-
tient the opportunity to take part in studies and clini-
cal trials that may ultimately lead to new therapeutic
strategies.

Methods: Within the Centre, close proximity be-
tween the clinical and laboratory team provides an
ideal environment for maximising translational re-
search opportunities.

Results: Currently we have one commercial phase 1
and one commercial phase 2/3 CTIMP in set-up and
have two further phase 1 CTIMPs in feasibility. We
are currently delivering a phase 3 combined CTIMP/
device trial, working with a commercial Sponsor.
We are also in the process of setting up an MRC
funded drug repurposing study which will be the
largest study ever undertaken in participants with
mitochondrial myopathy and which was designed in
collaboration with patients. In addition to CTIMP
studies, we are delivering, preparing to deliver or
have recently completed, 10 observational and inter-
ventional studies. These include follow-up of chil-
dren born via Mitochondrial Donation, ‘deep
phenotyping’ studies and a number of studies aim-
ing to identify optimal outcome measures for future
studies. We also continue to collect data and tissue
for the Wellcome Centre for Mitochondrial Re-
search Patient Cohort and Newcastle Mitochondrial
Research Biobank which provide an invaluable re-
source for internal and external researchers.

Conclusion: We work closely with research spon-
sors, including The Newcastle upon Tyne Hospitals
NHS Foundation Trust, with our academic and com-
mercial collaborators and also with other support
organisations (e.g. UKCRC Clinical Trials Units) to
obtain the necessary regulatory approvals and en-
sure that our research is conducted to the highest
possible standards.
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Background: Pathogenic mitochondrial (mt) DNA
variants are responsible for a broad spectrum of
chronic, multisystem presentations that can be pres-
ent at birth or develop later in life. mtDNA disease is
progressive, causing debilitating physical, develop-
mental, and cognitive disabilities and with no effec-
tive cure. Given mtDNA is  strictly
maternally-inherited, the ability to prevent the trans-
mission of mtDNA disease is possible using pre-
implantation genetic diagnosis (PGD) and more
recently, mitochondrial donation.

Aims:
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To determine success rates for mtDNA PGD
To ascertain the segregation patterns of indi-
vidual pathogenic mtDNA variants and how
representative a single cell biopsy (8 cell
stage) is of the entire embryo

3. To generate prediction models for the likeli-
hood of PGD success for important patho-
genic mtDNA variants

N —

Patients: Data were collected from 80 PGD cycles,
representing 43 patients and 12 pathogenic mtDNA
variants, generated by three international, licenced
centres offering mtDNA PGD.

Results: The live birth success rate for mtDNA
PGD was 15.2% per PGD cycle. The majority of
pathogenic variants displayed a wide range of het-
eroplasmy within individual embryos. However, the
m.8§993T>G and m.9176T>C pathogenic variants
resulted in a binomial distribution of heteroplasmy
levels within individual embryos. A high mutation
load of the pathogenic m.3243A>G and m.8344A>G
variants in patients showed significant association
with a high level of heteroplasmy of the pathogenic
variant in the patient’s embryos. Subsequent labora-
tory investigations of disaggregated blastocyst cells,
following unsuccessful PGD, confirmed that blasto-
mere biopsy at the eight cell stage is representative
of the total mutation load in the embryo. Prediction
models were generated and demonstrate that for the
majority of pathogenic mtDNA variants, as the ma-
ternal heteroplasmy level increases the success rate
for PGD decreases, due to a lack of embryos with a
low mutation load.

Conclusion: Our data show that mtDNA PGD can
successfully prevent the transmission of mtDNA
disease, however for many pathogenic mtDNA vari-
ants, a high level of maternal heteroplasmy confers a
low likelihood of achieving embryos with a suitably
low mutation load to warrant implantation. There-
fore for some patients who harbour high levels of a
heteroplasmic pathogenic mtDNA variant, Mito-
chondrial Donation may represent a more suitable
alternative to PGD to prevent the transmission of
mtDNA disease.
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Background: Pathological variants of human mito-
chondrial DNA (mtDNA) were first reported over
30 years ago; yet treatments are still lacking for this
devastating group of disorders. Deleterious muta-
tions often affect some, but not all, of the many cop-
ies of the mtDNAs -a state known as
heteroplasmy- and, typically, disease manifests only
if the proportion of the mutant molecules exceeds a
threshold. Thus, even a modest increase in the pro-
portion of wild-type mtDNA should be curative. The
nucleus ultimately determines the heteroplasmy
level of mtDNA variants, but the molecular mecha-
nisms underpinning the selection for or against del-
eterious mtDNAs are still poorly understood. Aims:
To determine the cellular processes affecting the
selection of mtDNA variants, and to use this infor-
mation to identify small molecules that favour the
propagation of wild-type mtDNA.
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Methods: We used both unbiased and targeted ap-
proaches to study human cells carrying the most
common pathological mtDNA, m.3243G. Then,
having identified specific features of cells that are
capable of selecting wild-type over mutant mtDNA,
we screened for compounds that target the relevant
pathways and processes to determine whether any
decreased the level of mutant mtDNA.

Results: Our studies of cells that do, or do not, select
wild-type mtDNA have led to the discovery of two
small molecules that induce the selection of wild-
type mtDNA in somatic cells, and restore the mito-
chondrial respiratory capacity without inducing cell
death. One of these compounds has been adminis-
tered to human subjects previously and so can poten-
tially be rapidly translated to the clinic. Analysis of
the pathways involved in the process has enabled us
to begin dissecting the underlying mechanisms of
actions of the small molecules, which involve the
inhibition of the replication of the DNA molecules
as function of the mitochondrial fitness.

Conclusion: There is an urgent unmet clinical need
for therapies to treat patients with mtDNA-related
disorders. The identification of small molecules that
favour the selection of wild-type mtDNA represents
an important advance. Moreover, since the com-
pounds rectify the genetic defect itself by decreasing
the number of copies of the mutated gene, they, can
potentially, not only arrest disease progression, but
also reverse it. An experimental medicine study will
evaluate the safety and efficacy of one of the com-
pounds in patients with m.3243G mtDNA.
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Background: The ubiquinol:cytochrome ¢ oxidore-
ductase hinge protein (UQCRH) is a very small sub-
unit of complex III (CIII) of the oxidative
phosphorylation (OXPHOS) system. UQCRH con-
nects the subunits cytochrome ¢ with the cytochrome
cl. Thus, it plays an important role in the assembly
of CIII. Mitochondrial disease presentations linked
to UQCRH are not yet described, although somatic
UQCRH variants have been linked to different types
of cancer.

Aims: To confirm the pathogenicity of a homozy-
gous deletion of exons 2 and 3 in UQCRH identified
by whole exome sequencing and autozygosity map-
ping and to compare the human phenotype to the
phenotype of a mouse model with the equivalent de-
letion of Ugcrh.

Patients and Methods: We report two male first
cousins from a consanguineous family with recur-
rent episodes of severe ketoacidosis, excess blood
ammonia and hypoglycaemia and signs of encepha-
lopathy. Brain MRI’s showed no abnormality and
between episodes the health of the two patients was
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entirely normal. A mouse model was created by de-
letion of exons 2 and 3 of Ugcrh and screening of the
mouse phenotypes was performed.

Results: In patient fibroblasts, steady-state levels of
CIII subunit UQCRC2 were decreased and Blue-
Native PAGE assessment showed a slightly smaller
assembly of CIII compared to controls. Patient fibro-
blasts also demonstrated low CIII enzymatic activity
and decreased maximal respiration by Seahorse
analysis. The murine presentation was more severe,
with progressive functional impairment and prema-
ture early adult death. Enzymatic activity and pro-
tein expression of OXPHOS complexes were
investigated in mouse tissue revealing significant
decreases in CIII activity in heart, brain and liver.
mRNA expression analysis in mouse liver embry-
onic fibroblasts (MEFs) revealed decreased expres-
sion of the Ugcrh transcript, more severe in the
homozygous animals compared to heterozygotes.
Complexome profiling of heart samples from wild-
type and homozygous mice revealed decreased CIII
expression and altered assembly profiles in homozy-
gotes, in agreement with the human patient data.

Conclusion: We describe the first patients with bi-
allelic mutations in UQCRH, with an identical muta-
tion in the mouse mimicking several phenotypic
aspects. Notably, bi-allelic variants in UQCRC2 and
UQCRB, two other subunits of complex III, result in
a similar episodic clinical presentation.

M16

Bladder dysfunction in patients with
mitochondrial disease

Catherine Feeney, RGN MClinRes"%, Ashwin
Sachdeva, PhD'?, Alistair Blain' Alexandra
Bright,'2 Janice Gebbie,'?, Christopher Harding,
MD?, Robert McFarland, MD'? Grainne Gorman,
MD'2, Doug Turnbull, MD,?

"Wellcome Centre for Mitochondrial Research,
Institute of Neuroscience, Newcastle University,
United Kingdom

’Newcastle Hospitals NHS Foundation Trust,
Queen Victoria Road Newcastle-upon-Tyne

Background: Mitochondrial diseases often present
with a spectrum of clinical features with multi-organ
involvement. Since mitochondrial diseases are often

characterised by a loss of smooth muscle function, it
is plausible to hypothesise that mitochondrial dys-
function may contribute to bladder dysfunction.

Aim: To determine the presence of bladder dysfunc-
tion in patients with mitochondrial disease.

Methods: In this observational cohort study of pa-
tients with genetically confirmed mitochondrial dis-
ease, we assessed bladder function using three tools:
a validated questionnaire measuring severity scores;
bladder diary measuring nocturnal polyuria index
and bladder scan measuring bladder voiding effi-
ciency.

Results: Between 31st October 2017 and 30th June
2018, 65 consecutive patients aged 18years or over,
with a genetic diagnosis of mitochondrial disease
without cognitive impairment were recruited. Twen-
ty percent of patients manifested with bladder dys-
function as defined by one of: ICIQ-LUTS*
Questionnaire severity score of >60%; NPT* >35%
or BVE *<70%, necessitating referral for further
urological investigations. ICIQ-LUTS questionnaire
severity scores demonstrated no patients reported
severe LUTS, based upon on 60% severity thresh-
old. Bladder diary revealed 40% of the cohort re-
ported nocturia (>2x/night) whilst 13.2% were noted
to have nocturnal polyuria. Finally, 18% of the co-
hort were found to have high post-void residual vol-
umes (bladder voiding efficiency < 70%).

Conclusion: Our findings suggest bladder dysfunc-
tion is under recognised in this patient group and
support the need for clinical urological assessment.
A combination screening approach is best suited, as
seen in other chronic disease settings. Further work
is required to devise a composite score to evaluate
LUTS and extend this study to a larger patient group.
* ICIQ-LUTS = International Consultation on
Incontinence Modular Questionnaire — Lower
Urinary Tract Symptoms

*NPI =Nocturnal Polyuria Index

*BE = Bladder Voiding Efficiency
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Guidelines for physiotherapy in
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Jane Newman, PhD!2, Cecilia Jimenez-Moreno
PhD,' Sarah Holmes, M.Clin.Res 3

"Wellcome Centre for Mitochondrial Research,
Institute of Neuroscience, Newcastle University,
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’Biomedical Research Unit. Newcastle University
3Centre for Neuromuscular Disease, National
Hospital for Neurology and Neurosurgery,
University College Hospital London, United
Kingdom

Background: The physical manifestations of Mito-
chondrial disease are extremely varied. Muscle
symptoms spanning from fatigue, muscle pain and
weakness and neurological symptoms can be as var-
ied as ataxia or dystonia. Research investigating the
efficacy of physiotherapy interventions in people
with Mitochondrial disease is lacking. However,
many symptoms and impairments seen in people
with Mitochondrial disease are also seen in other dis-
ease populations. Therefore this guidance includes
references from research evidence for other neuro-
logical and neuromuscular populations alongside re-
search including people with mitochondrial disease.

Aim: To provide indications for referral to physio-
therapy; to highlight the importance of physiothera-
py for people with mitochondrial disease and provide
examples of the relevant outcome measures for use
within the clinical setting.

Methods: This expert consensus opinion was writ-
ten and developed by physiotherapists based within
the specialist mitochondrial centres in Newcastle,
London and Oxford. The guidance was also re-
viewed by members of the multi-disciplinary team
based within these centres, colleagues from acute
and community services and patient groups. Where
possible this guidance is supported by existing evi-
dence-based knowledge.

Results: This guidance is intended to be of interest
to the following people or organisations; healthcare
professionals; people with Mitochondrial disease
and their carers; patient support groups; commis-
sioning organisations; service providers and re-
searchers.

Conclusion: In view of the diverse presentations of
mitochondrial disease, we recommend that all pa-
tients diagnosed with a mitochondrial disorder
should be able to access a specialist physiotherapist.
This will enable patients to receive advice about
their condition and be referred for on-going physio-
therapy in their locality as required. Local physio-
therapy services are encouraged to obtain support in
the management of this rare condition from the phys-
iotherapists that work within the three mitochondrial
disease centres for more specialised advice.
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Observational Study of PatiEnts with
mitochondrial depletion syndrome,
RRM2B
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"Wellcome Centre for Mitochondrial Research,
Institute of Neuroscience, Newcastle University,
United Kingdom

’NIHR Newcastle Biomedical Research Centre.
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3School of Pharmacy and Pharmaceutical Sciences.
Cardiff University.

‘MRC Mitochondrial Biology Unit. Cambridge
University.

Background: Mitochondrial diseases are an impor-
tant group of inherited neuro-metabolic disorders
that invariably exhibit multi-organ involvement, are
relentlessly progressive, and result in high disease
burden and premature death. To date, over 70 pa-
tients have been reported in the literature manifest-
ing with a spectrum of RRMZ2B-related
mitochondrial disease. While pharmacological
agents are emerging for this mitochondrial disease
little is known about its natural history.

Aim: To deeply phenotype patients harbouring
recessive mutations in RRM2B over 12 months to
enable the development of disease-specific, patient-
centric outcome measures for future studies.
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Methods: Patients (pediatric and adults) with a ge-
netically proven diagnosis of recessive RRM2B-
related mitochondrial disease enrolled in the Medical
Research Council Mitochondrial Disease Patient
Cohort Study in Newcastle, Oxford and London will
be invited to participate.

Participants will then be asked to attend Newcastle
to complete the following clinical assessments at
study start and end:

(a) Demographics and anthropometrics.
Physical examination and Vital signs.

(b) Disease burden (NMDAS).

(¢) Diurnal variation in skeletal muscle and
liver glycogen by in vivo 13C and 1H
magnetic resonance spectroscopy.

(d) Assessment of bulbar function.

(¢) Pulmonary Function

(f) Muscle Strength and Motor Function

(g) Functional capacity

(h) Physical activity monitoring

(i) Bowel Dysfunction

(j) Symptom Severity

Interim visits will also be performed at a venue con-
venient to the participant. These visits will include
assessments that are deemed feasible.

Results: The study is scheduled to start February
2019. The results from the study will analysed to as-
sess to the feasibility and validity of assessments for
use in future clinical trials.

Conclusion: This study will establish relevant clini-
cal biomarkers for future clinical trials in RRM2B.
The interrogation of feasible, valid and sensitive bat-
tery of clinical markers is imperative when new
pharmacological treatments are in the pipeline.

M19

High-throughput screening to discover
mitochondrial therapeutics

Oliver Russell', Shane Bell!, Gareth Ettridge',
Polly Usher!, Iffath Ghouri', Robert N.
Lightowlers!, Doug M. Turnbull!-

"Wellcome Centre for Mitochondrial Research,
Newcastle University, Newcastle-upon-Tyne, UK
*Centre for Ageing and Vitality, Newcastle
University, Newcastle-upon-Tyne, UK

Email: oliver.russell@ncl.ac.uk

Background: Mitochondrial dysfunction is a key
pathogenesis in numerous neuromuscular disorders.
There are currently no effective curative treatments
available to patients with mitochondrial dysfunc-
tion.

Aim: To develop a range of high-throughput assays
to discover new treatments for mitochondrial dys-
function

Methods: We have designed and adapted several
assays to enable the application of high-throughput
fluorescent imaging techniques to screen thousands
of small molecules and natural products. Due to the
multi-faceted nature of mitochondria our assays are
able to improvements in various aspects of mito-
chondrial function including mitochondrial biogen-
esis, mitochondrial turnover, mitochondrial REDOX
status and oxidative phosphorylation rate.

Results: We validated our assays using previously
described modifiers of mitochondrial function. Here
we show that the effect of these control compounds
is reproducible even in 384 well format. Once veri-
fied, we used a selection of the assays to screen com-
pound libraries and show that not only can we detect
compounds which improve mitochondrial function,
but that they are more efficacious than previously
reported compounds.

Conclusion: Development of high-throughput as-
says is key to discovering new treatments for mito-
chondrial dysfunction. The time invested to develop
these assays is already paying dividends with the
discovery of several promising new potential mito-
chondrial therapeutics.

M20

Cardiac manifestations of mitochondrial
disease in children and adolescents

Albert Lim, Yi Shiau Ng, Emma L Blakely,
Charlotte L Alston, Alex Bright, Cecilia Jimenez-
Moreno, Jane Newman, Catherine Feeney, Andrew
Schaefer, Robert W Taylor, Grainne S Gorman,
Doug M Turnbull, Robert McFarland

Wellcome Centre for Mitochondrial Research,

Institute of Neuroscience, Newcastle University,
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Background: Mitochondrial disease in children is
an immensely-diverse group of disorders caused by
nuclear or mitochondrial DNA defects. Prevalence
of cardiac involvement in childhood mitochondrial
disease is not well-characterised, thus resulting in
uncertainties about cardiac health surveillance.

Aims: To determine the spectrum of cardiac abnor-
malities in genetically-confirmed childhood mito-
chondrial diseases.

Methods: Children and adolescents under 18 years
were identified from the UK mitochondrial Disease
Patient Cohort (REC 13/NE0326) and were fol-
lowed up regularly in Newcastle, UK. Medical re-
cords, electro-cardiographies (ECQG),
echocardiograms and genetic reports from 2009 to
2018 were reviewed.

Results: Fifty two children with pathogenic mito-
chondrial-DNA (mt-DNA) and fifty three children
with nuclear-DNA (n-DNA) mutations were identi-
fied. The most common mt-DNA mutation was the
m.3243A>G  followed by m.11778G>A,
m.8993T>C, m.8993T>G and m.9176T>C. The
most common n-DNA defect was the POLG gene
mutation followed by the Complex I subunit assem-
bly genes, the SUCLA2 and the SURF'I genes. Out
of the 96 clinically-affected children and adoles-
cents, the three most prevalent phenotypes were
ataxia, weakness and developmental delay.

Overall, cardiac abnormalities were identified in 9
patients (9.4%): mt-DNA mutation(n=7) and n-
DNA defect(n=2). In the mt-DNA group, hypertro-
phic cardiomyopathy was identified in four patients
(m.3243A>G, m.8993T>C, m.8993T>G and
m.4300A>G). One patient who harboured the
m.3243 A>G mutation had coarctation with multiple
ventricular septal defects while the other patient
with the same mutation had dysplastic aortic valve
with stenosis and regurgitation. Asymptomatic right
bundle branch block was identified in a 17-year-old
who harboured the m.13513G>A mutation.

In the n-DNA group, only two patients had
hypertrophic cardiomyopathy (recessive mutations
in AGK and NDUFS1). The patient who harboured
the AGK mutations developed hypertrophic
cardiomyopathy with biventricular systolic and
diastolic impairment. His two elder siblings (adults)
had severe cardiomyopathy requiring heart transplant

at age 13 and 14 years, respectively. The cardiac
manifestations were significantly more frequent in
mt-DNA defects (15.9% vs 3.8%, p=0.047).

Conclusion: Cardiac manifestations featured more
frequently in those with mt-DNA mutations than
those with n-DNA defects. In the n-DNA defects,
cardiac disease with mitochondrial disease is geno-
type-specific. Therefore, cardiac surveillance should
be targeted to mitochondrial DNA mutations and
high-risk nuclear genotypes.

Email: albert.lim@ncl.ac.uk
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Background: Mitochondrial DNA (mtDNA)-relat-
ed ATP synthase disorders cause maternally-inherit-
ed Leigh syndrome and neurogenic muscle
weakness, ataxia and retinitis pigmentosa (NARP).
Most MT-ATP6/8 mutations are missense with rela-
tively uniform levels across tissues, and high mutant
loads frequently correlate with severe clinical phe-

notypes.

Aims: To describe the clinical phenotypes and func-
tional consequences of truncating M7-ATP6 muta-
tions.

Methods: We report three unrelated probands with
mitochondrial encephalomyopathy harbouring trun-
cating MT-ATP6 mutations. Structural and function-
al consequences of the MT-ATP6 variants were
investigated with Blue-Native Gel Electrophoresis
(BNGE), Microscale oxygraphy, reactive oxygen
species (ROS) measurement in patients’ tissues, and
with transmitochondrial cybrid cell lines.

Results: Patient 1 presented with adult-onset ataxia,
chronic kidney disease and diabetes, while Patient 2
had myoclonic epilepsy and ataxia; both harboured
the novel m.8782G>A; p.(Gly86*) mutation. Patient
3 exhibited cognitive decline, with posterior white
matter abnormalities on brain MRI, and severely im-
paired renal function requiring transplantation. The
m.8618dup; p.(Thr33Hisfs*32) mutation, previous-
ly associated with NARP, was identified. All three
probands demonstrated a broad range of heteroplas-
my across different tissue types. Blue-native gel
electrophoresis of cultured fibroblasts and skeletal
muscle tissue confirmed multiple bands, suggestive
of impaired complex V assembly. Microscale oxyg-
raphy showed reduced basal respiration and ATP
synthesis, and increased reactive oxygen species
generation. Transmitochondrial cybrid cell lines
studies confirmed the deleterious effects of the novel
m.8782G>A; p.(Gly86*) mutation.

Conclusion: We expand the clinical and molecular
spectrum of MT-ATP6-related mitochondrial
disorders to include leukodystrophy, renal disease
and myoclonic epilepsy with ataxia. Truncating

MT-ATP6 mutations may exhibit highly variable
mutant levels across different tissue types, an
important consideration during genetic counselling.
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Targeting metabolic-epigenetic axis to
promote oxidative phosphorylation
activity in the presence of mitochondrial
dysfunction

Monika J Madej", Ben O’Callaghan, Michael G
Hanna & Henry Houlden

University College London, MRC Centre for
Neuromuscular Diseases London, UK
*Email-m.madej@ucl.ac.uk

Background: Mitochondrial impairment, which re-
sults in a metabolic imbalance, determines changes
in activities of metabolites-dependent enzymes.
Chromatin modifying enzymes reliant on metabo-
lites link metabolism with gene transcription and
overall cell function. Therefore, we aim to shift this
program towards the oxidative respiration. The ra-
tionale of this therapeutic strategy is to overcome the
oxidative metabolism deficit threshold at which dis-
ease manifests.

Aims: This project aims to delineate compounds,
which boost oxidative mitochondrial function. This
strategy has a potential to target a broad spectrum of
diseases, where mitochondrial function is compro-
mised including neuromuscular and neurodegenera-
tive disorders.

Methods: We take advantage of the established in
vitro human model system where human induced
pluripotent stem cells derived (iPSCs) derived-
myogenic progenitors are induced towards the
mature myotubes characterized by expression of
oxidative and glycolytic Myosin Heavy Chains
(MYH) isoforms. Those two distinct fibre types
correlate with oxidative and glycolytic metabolism,
respectively. To this end, iPSCs-derived myogenic
progenitors carrying mitochondrial mutations vs.
isogenic control lines are differentiated in the
presence of small compounds. Small compounds
compatible with this assay are available
commercially. Treatments, which enhance or cause
a shift from glycolytic to oxidative fibre types are
selected for further analysis. Fibres isoforms are
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detected based on immunofluorescent staining and
quantified as an output read-out.

Results: We have performed the proof of concept
experiment, which demonstrates an absence of
MYH isoforms in the presence of the mitochondrial
mutation (m.3243A>Q), indicating lack of fibres
maturation. The same mutant line subjected to the
treatment with one of the tested compounds - inhibi-
tor of epigenetic reader targeted against bromodo-
main (I-BET762) induces Fast MYH. Therefore,
treatment with epigenetic modifiers can prove to be
of therapeutic benefit applicable to disorders where
mitochondrial dysfunction plays a major role.

M23

Neuromuscular disorders and PREFER
project: understanding patient
preferences and their importance in the
drug development process
Jimenez-Moreno A.C." and Gorman G.! on behalf
of the PREFER project WP3.6 team members.
"Welcome Trust Mitochondrial Research Centre,
Institute of Neurosciences, Newcastle University,

UK.
Cecilia.jimenez-moreno@ncl.ac.uk

Background: Patient preferences are defined by the
Food and Drug Administration (FDA) as “The
relative desirability or acceptability to patients of
specified alternatives or choices among outcomes or
other attributes that differ among alternative health
interventions”. Over the last decades there has been
an increasing recognition of the importance of
patient preference information in the decision
making process along the drug development. Rare
diseases in particular have been highlighted as
sensitive groups that could beneficiate from patient
preferences. However, there is not yet consensus on
how and when better to incorporate patient
preferences into decision making to better inform
concerning stakeholders. In 2016, the European
public-private  partnership PREFER (‘Patient
Preferences in Benefit and Risk Assessments during
the Drug Life Cycle’) launched, a five year project
funded by the Innovative Medicines Initiative-2
Joint agreement. The PREFER project aims to assess
when and how patient preferences should be
incorporated into the drug development process.

More specifically, provide a set of systematic
recommendations to assess, engage and include
patient preferences during the development,
approval, and post-approval of new therapies.

Methods: As part of the PREFER project’s work-
package 3, a case study in neuromuscular disorders
will be completed that will inform the PREFER aim.
This case study will assess patient and caregiver un-
met health priorities and risk tolerance for neuro-
muscular treatments by systematic qualitative and
quantitative approaches. An initial series of ten face-
to-face interviews and four focus groups will be
completed to elicit a set of attributes that will later be
included on a large-scale survey expected to reach
up to 700 participants (patients and caregivers) with
myotonic dystrophy type 1 and mitochondrial disor-
ders.

Results: In parallel to this conference, focus groups
with patients and caregivers will be ongoing as part
of the case study.

Conclusion: This study will set precedents that not
only will inform the PREFER project aims but also
stakeholders interested in these diseases about cur-
rent unmet health needs that patients and caregivers
established as priority and the risks they are willing
to undertake to treat them.

Other diseases and diagnostics

OoDO01

The development of an immunoblotting
external quality assurance scheme

Yolande Parkhurst', Matt Henderson!, Julie
Marsh!, Richard Charlton!, Rita Barresi'-2.

" Muscle Immunoanalysis Unit, Newcastle upon
Tyne Hospitals NHS Foundation Trust, Newcastle
upon Tyne, UK, ? John Walton Muscular Dystrophy
Research Centre, MRC Centre for Neuromuscular
Diseases, Institute of Genetic Medicine, Newcastle
University, Newcastle upon Tyne, UK.

Background: The Muscle Immunoanalysis Unit
(MIU) is an ISO 15189 accredited laboratory which
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offers a highly specialised national referral service
for the diagnosis of Limb Girdle Muscular Dystro-
phy (LGMD) - progressive muscle diseases that pro-
duce weakness in a limb-girdle distribution. Analysis
is undertaken on frozen muscle biopsies, utilizing
immunohistochemistry and immunoblotting tech-
niques to study protein expression and focus genetic
analysis. The unique immunoblotting process used
in MIU was developed by the department and is not
offered by any other UK laboratory. As a result,
there is currently no external quality assurance
(EQA) scheme available for this technique.

Aims: To develop an international scheme to assess
the quality of immunoblots by suitably accredited
laboratories.

Methods: The scheme was trialled with Hospital
Sant Pau (Barcelona) and MIU as participants. The
referring centre emailed an electronic image of the
blot to the assessing centre, which reviewed the im-
age and completed a standardized scoresheet. The
referring centre checked the responses against the
original report to determine consistency.

Results: Results from the initial trial assessment
highlighted advantages and limitations of the meth-
odology. Further discussion and modifications of
the scoresheet are in progress to establish guidelines
for an unambiguous standardized assessment.

Conclusion: We propose to develop a format and
procedure for an external quality assessment scheme
for immunoblotting. This is supportive of require-
ments necessary for ISO 15189 accreditation, in
which medical laboratories seek confirmation of
confidence in the results of diagnostic testing
through participation in suitable comparisons. Fur-
ther data is required and the expansion of the scheme
to involve additional participants will be explored.

ODO02

Diagnostic outcomes of the Highly
Specialised Services for Rare
Neuromuscular Disorders -Congenital
Muscular Dystrophies and Myopathies
(HSS CMD/CMY)

Anna Sarkozy', Rahul Phadke'-3, Rachael Mein®,
Stephanie Robb', Lucy Feng'?, Caroline Sewry'*
and Francesco Muntoni'-¢

'Dubowitz Neuromuscular Centre, Great Ormond
Street Hospital for Children NHS Foundation
Trust; *UCL Institute of Child Health & MRC
Centre for Neuromuscular Diseases, London, UK;
3Queen Square Institute of Neurology, London, UK;
*Genetics Department, Molecular Genetics
Laboratory Viapath, Guy’s Hospital, London,
United Kingdom, *Wolfson Centre for Inherited
Neuromuscular Diseases, RIAH Orthopaedic
Hospital, Oswestry, United Kingdom; SNIHR Great
Ormond Street Hospital Biomedical Research
Centre, Great Ormond Street Institute of Child
Health, University College London, & Great
Ormond Street Hospital Trust, London, UK

Background: Congenital muscular dystrophies
(CMD) and congenital myopathies (CM) are rare
neuromuscular conditions with major clinical, path-
ological and genetic heterogeneity. Diagnostic gold
standard is identification of pathogenic variant/s in a
disease causing gene. Diagnostic abilities are hin-
dered by the clinical and genetic complexity of
CMD and CM, size and polymorphic nature of many
disease genes, such as RYRI, TTN and NEB genes,
and the high number of private mutations identified
in patients.

Aims: To describe diagnostic outcomes of the HSS
for CMD and CM in the UK.

Methods: Review of the clinical, pathology and
genetic diagnostic outcomes in HSS CMD/CMY in
the 2016-2017 financial year. All patients referred to
the service underwent gatekeeping and specialised
advisory service, with multidisciplinary review of
pathology and genetic results. Sequencing of full
coding and short flanking intronic sequences and
duplication/deletion analysis of 82 CMD and CM
genes was performed by next generation sequencing.
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Results: A total of 516 patients were referred to the
service. A definite genetic diagnosis was achieved in
160 patients (31%). Ninety of these patients (17%)
had parallel referrals to the clinical/pathological/ge-
netic services. Clinical assessment was offered to
201 patients and majority of these had muscle biop-
sy and muscle MRI review as well, if available. A
definite genetic diagnosis was achieved in 117/201
patients seen in our clinic (58%). Fifty patients had a
diagnosis of CM (25%) and 13 of CMD (5%). A
muscle/skin  biopsy review was completed in
128/516 patients and 95/128 (74%) obtained a defi-
nite pathological diagnosis. A diagnosis of CMD or
CM was excluded on clinical and/or pathological
grounds in 86/516 patients.

Conclusion: This review highlights the importance
of specialist validation of genetic analysis results by
expert clinical and pathological review. The higher
diagnostic yield in patients with clinical assessments
at GOSH reflects the benefits of the combined mus-
cle pathology and muscle MRI imaging review, sys-
tematically applied to all patients seen in clinic. This
outcome review also highlights a high number of
patients in whom a diagnosis of CMD/CM was ruled
out, helping to redirect diagnostic investigations.
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Novel recessive MYO18 gene pathogenic
variants in a patient with congenital
myopathy and mini core pathology

Anna Sarkozy!, Irina Zaharieva', Ian Horrocks?,
Rachel Mein?, William Stewart*, Rahul Phadke!,
Cheryl Longman® and Francesco Muntoni'
!Dubowitz Neuromuscular Centre, UCL Great
Ormond Street Institute of Child Health & MRC
Centre for Neuromuscular Diseases, London, UK
’Paediatric Neurosciences Research Group, Royal
Hospital for Children, Glasgow, UK

3Genetics Department, Molecular Genetics
Laboratory Viapath, Guy’s Hospital, London,
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Background Recessive variants in MYOIS8B, en-
coding an unconventional myosin protein, have been
described in three unrelated patients with congenital
myopathy, with classic nemaline rods or dense bod-
ies reminiscent of nemaline rods in two patients.
Cardiomyopathy, short stature, Klipper-Feil anoma-
ly and dysmorphisms were variably present.

Aims: To describe a novel patient with congenital
myopathy and MYOI18B variants.

Patient: The patient, of Philippine origin, presented
with severe motor delay, achieving independent am-
bulation at age 5 years. Now aged 17 years he has
facial weakness with ptosis, axial weakness with
progressive thoracic scoliosis and proximal more
than distal limb weakness, affecting lower more than
upper limbs. He remains ambulant but cannot rise
independently from the floor. Generalised hypermo-
bility with ankle contractures is present. Respiratory
function is normal, but he has mild feeding difficul-
ties. CK was normal at age 12 years. Lower limb
muscle MRI at age 15 years showed asymmetric
fatty infiltration and bulk reduction of glutei, hip ex-
tensors, flexors and adductors, soleus and gastrocne-
mii, with asymmetric involvement of semitendinosus
and tibialis anterior muscles. Muscle biopsy showed
myopathic size variation, unevenness of oxidative
staining with few distinct mini-cores, slow fibre uni-
formity and a distinct population of very small fetal
myosin-positive fibres uniformly dispersed across
fascicles. No nemaline rods were observed on light
and electron microscopy.

Results: Next generation sequencing of 55 genes re-
sponsible for congenital myopathies identified two
novel heterozygous MYOI8B gene variants. The
c.4131delC p.(Alal1378fs) results in a premature ter-
mination of the MYO18B protein and is predicted to
be pathogenic. The second variant, ¢.39+5G>T, has
not been previously reported and bioinformatics
splicing predictions were not informative. The vari-
ants were confirmed in trans. To assess the signifi-
cance of the ¢.39+5G>T variant, transcript analysis
was performed on muscle tissue with RT-PCR of
mRNA and amplification of ¢cDNA. The assay
showed an abnormal fragment length, indicating and
effect of the variant on mRNA splicing.
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Conclusions: We have identified a novel patient
with recessive MYOI8B gene variants. This report
further expands the current knowledge on this rare
form of myopathy, suggesting that mini-cores with-
out nemaline rods can also be part of the associated
pathological spectrum.
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A novel patient with multiple pterygium
syndrome and nemaline myopathy due
to recessive TPM?2 gene variants
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Background: Pathogenic variants in 7PM2 have
been associated with a variable clinical spectrum,
including congenital myopathies and distal arthro-
gryposis, all but one with dominant inheritance. A
homozygous pathogenic variant in 7PM2 has been
reported in a single family with nemaline myopathy
(NM) and Escobar variant multiple Pterygium syn-
drome (EVMPS).

Aims: We report the second patient with recessively
inherited 7PM2-related EVMPS and NM 1in a pa-
tient from a consanguineous family.

Patient: Reduced fetal movement and scoliosis were
antenatally detected. He was hypotonic at birth, with
kyphoscoliosis, multiple upper and lower limb con-
tractures, pterygia at shoulders and knees and mild
ptosis. He required nasogastric tube feeding and gas-
trostomy from 10 months of age. Creatine kinase
was normal. He sat at 18 months and was able to pull
up on furniture and do a few steps at age 3.5 years.
Intelligence and speech development was normal.
He had non progressive thoracolumbar kyphoscolio-
sis with lower thoracic and lumbar spine fusion (T4-
S1). There was no respiratory compromise.

Results: Muscle biopsy from right vastus lateralis
muscle showed myopathic size variation and type I
fibre predominance. Few cores/mini cores and
sparse, small nemaline rods were seen only at the
ultrastructural level. A novel homozygous intronic
sequence variant, ¢.564-2A>C was found in the
TPM?2 gene, predicted to abolish the consensus ac-
ceptor splice site for exon 6b. Unaffected parents
were heterozygous for the variant and expected to
produce 50% of TPM2.2 which appears to avoid
muscle weakness.

Conclusions: We have identified a novel homozy-
gous intronic 7PM?2 gene variant affecting exon 6b
splicing in a patient with EVMPS and NM. Interest-
ingly, the only other homozygous TPM2 variant was
also found in exon 6b and expressed only in two of
four TPM2 isoforms (TPM2.2 and TPM2.3). This
report confirms role of TPM2 as cause of EVMPS
and the importance of TPM2 expression in early pe-
riod of prenatal life.
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Background: The GNE Registry is an international,
patient reported, disease specific database which
provides the neuromuscular community with a valu-
able, flexible and sustainable resource of disease
specific information. The registry can be used to
support planning and recruitment for clinical trials,
and to capture real-world patient data (including
data that may contribute to post marketing surveil-
lance and standards of care). The GNE Registry is
managed by the John Walton Muscular Dystrophy
Research Centre (JWMDRC, Newcastle University,
UK) and supervised by the Steering Committee. The
GNE myopathy registry helps to facilitate transla-
tional research. The registry is available in 7 lan-
guages, collecting data since March 2014 with over
350 participants from over 30 countries worldwide
(www. http://www.treat-nmd.eu/gne/patient-regis-
tries/international-registry).

Aims: To contribute to the disease understanding by
collecting reliable information; facilitating clinical
trial readiness and translational research by helping
the recruitment of patients in the clinical trials; help-
ing to overcome the scarcity of resources and the
geographic isolation of patients; informing patients
and the GNE myopathy community of latest devel-
opments in scientific research and disease manage-
ment, via newsletters.

Methods: Patient reported data gathered through
disease specific questionnaires (GNEM-FAS, quali-
ty of life (SF12) and other non-validated question-
naires.

Results: The registry has allowed a genotype-phe-
notype study to be conducted (Reference). Ten
newsletters have been produced in 7 languages and
distributed to the registry participants and to the neu-
romuscular community via TREAT-NMD network.
The registry helped to facilitate recruitment for pa-
tient  advocacy  meetings, clinical trials
(NCT02736188, NCT02377921) and natural history
study (NCT01784679). The registry has also partici-
pated in EURORDIS and MDUK research, namely
The Voice of rare disease patients and GNE patient’s
day.

Conclusions: The International HIBM Patient Reg-
istry is a valuable tool for this ultra-rare disease
community

lucy.imber@ncl.ac.uk
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Self-management in neuromuscular
diseases: a qualitative exploration of the
patient perspective
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Background: The concept of self-management has
seen a growth in interest from health policy-makers
over the past two decades and is frequently regarded
as a way of reducing the burden of long-term illness
and demand on health services, whilst simultane-
ously improving outcomes for individual patients. It
has consequently become a key focus in many areas
of healthcare but has had little exploration in people
living with neuromuscular diseases (NMDs). This
study seeks to use qualitative research methods to
explore the concept of self-management from the
perspective of patients with NMDs, to inform future
interventions and research in the area.

Methods: This study will use semi-structured
interviews with patients at one regional specialist
centre for neuromuscular diseases. Recruitment will
continue until data saturation, indicated by no new
themes arising from the data. Semi-structured
interviews will explore 1) how people manage living
well with their condition; 2) successful strategies;
challenges; 3) unmet support needs; 4) areas of
importance for living well with NMDs; 5) resources
used and role of staff in self-management support.
Interviews will be audio recorded and transcribed.
Sampling will be purposive to ensure a breadth of
people with a range of diagnoses and ages. Three
main groups will be targeted with 5-10 participants
in each group: 1) Early disease onset with rapid
progression; 2) early disease onset with slow
progression over the lifespan; 3) late disease onset
with slow progression. Thematic analysis will be
used to code data and identify the key domains and
themes. An exploratory comparison of themes will
be undertaken between the three identified groups
and those with and without affected family members.
Preliminary themes will be sent to participants for
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respondent validation to gain feedback and refine
interpretation of data.

Conclusion: This study is the first to explore self-
management from the perspective of NMD patients
using qualitative methods. This study seeks to use
qualitative research methods to explore the concept
of self-management from the perspective of patients
with NMDs, to inform future interventions and re-
search in the area.
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The clinical and genetic spectrum of a
UK cohort of paediatric and adult
patients with MYH?7 gene related skeletal
myopathies
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Background: Pathogenic variants in the MYH7
gene, encoding for the slow beta cardiac myosin
heavy chain, are responsible for a wide spectrum of
mostly dominantly inherited myopathies affecting
cardiac and skeletal muscles, including hypertrophic
or dilated cardiomyopathy, Laing type distal myopa-
thy, congenital fibre type disproportion, scapulope-
roneal myopathy and myosin storage myopathy
MYH?7 gene variants have so far been reported only
in two UK families with skeletal myopathy.

Aims: To describe clinical and genetic spectrum of
a UK cohort of patients with MYH7 gene related
congenital myopathy.

Methods: Patients were recruited at the Dubowitz
Neuromuscular Centre and National Neurology and
Neurosurgery Hospital in London. A retrospective
review of medical notes of patients with genetically
confirmed MYH?7 gene related myopathy was done,
including demographics, family pedigrees, clinical
features, neurophysiology, skeletal muscle MRI,
and the muscle biopsies.

Results: We identified 8 novel patients from 5 fami-
lies with MYH7 gene pathogenic variants. Four were
females and four males, with age ranging between 2
and 44 years. Onset ranged between 1 and 7 years.
Patients presented variable patterns and severity of
muscle weakness and wasting or muscle hypertro-
phy, with wide intra an inter-familial variability.
Cardiomyopathy was diagnosed in 2 patients and
one commenced targeted cardiac treatment. One pa-
tient had reduced respiratory function, with force
vital capacity being 29% of the predicted value at
age 18 years. Muscle biopsies were available in 2/8
cases. Both showed myopathic changes with mini-
cores, and one case showed marked fast fibre pre-
dominance. There was no evidence of myosin
storage. Lower limb muscle MRI was performed in
two patients and showed hypertrophy of gastrocne-
mii and in one patient diffuse involvement of the
muscles with streaky fatty infiltration. We identified
5 MHY7 dominant variants (one missense, and four
in-frame single amino acid or single exon deletions).

Conclusions: This work further expands current ge-
notypic and phenotypic knowledge on MYH7 gene
related myopathies and aids diagnosis and clinical
management of patients with this rare disease.
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Background: Laminopathies are severe
heterogeneous genetic diseases caused by mutations
in A-type lamins, which are encoded by the LMNA
gene. These proteins together with Lamin B1 and B2
form the nuclear lamina: a mesh-like structure
located underneath the nuclear membrane which
helps maintaining nuclear shape and regulating gene
expression. Laminopathies affect multiple cell types
and can be tissue-specific or systemic, with some
subtypes affecting striated muscle, peripheral nerve
and adipose tissue, while others cause multisystem
disease with accelerated aging. Although different
mechanisms have been proposed, the precise
pathophysiology  of  laminopathies  remains
unknown; additionally, their rarity and lack of easily
accessible cell types for ex vivo studies negatively
impact on therapy development.

Aims & Methods: To bypass these hurdles, here we
used induced pluripotent stem (iPS) cells from pa-
tients with skeletal muscle laminopathies such as
LMNA-related congenital muscular dystrophy and
limb-girdle muscular dystrophy 1B, to model disease-
associated phenotypes in vitro. iPS cells from three
skeletal muscle laminopathy patients were differenti-
ated into skeletal myogenic cells and myotubes.

Results: Characteristic cellular phenotypes were ob-
served in all LMNA-mutant iPS lines, including nu-
clear shape abnormalities and mislocalisation of
proteins of the nuclear lamina. Notably, complex
modelling in three-dimensional (3D) artificial mus-
cle constructs resulted in recapitulation of nuclear
abnormalities with higher fidelity than standard bi-
dimensional (i.e. monolayer) cultures and identified
nuclear length as a robust and objective outcome
measure. Finally, we will present and discuss cur-
rent efforts and future applications of this novel 3D
organoid-like platform for therapy development and
drug screening for skeletal muscle laminopathies.

Conclusion: These results demonstrate that patient-
specific iPS cells can model phenotypic readouts of
skeletal muscle laminopathies with high fidelity
upon 3D differentiation in vitro, laying the founda-
tion for future therapy screening platforms for skel-
etal muscle laminopathies and other severe muscle
disorders.
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Natural history of sporadic inclusion
body myositis: a longitudinal
observational study investigating
outcome measures for clinical trials
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Background: Sporadic inclusion body myositis
(IBM) is the most common age-related acquired my-
opathy. Distinct early clinical features include selec-
tive weakness of quadriceps and forearm muscles.
Pathological features of the disease include both in-
flammatory and degenerative features, which, to-
gether with the nature of progression and
unresponsiveness to immunosuppressants suggest a
possible neurodegenerative mechanism.

Aims: Our aim was to longitudinally evaluate clini-
cal, quantitative (muscle strength) and functional
characteristics of the disease in order to develop reli-
able statistical models of progression over time that
can be used in clinical trials.

Methods: In a prospective cohort study, we recruit-
ed 205 patients with a diagnosis of IBM made by a
neuromuscular expert and fulfilling any of the fol-
lowing research diagnostic criteria: 1) Griggs’ crite-
ria, 2) MRC (Hilton-Jones) criteria, or 3) ENMC
2011 criteria. Patients were enrolled across three
centres (London, Oxford and Newcastle). Patients
underwent bilateral manual muscle testing (MMT)
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on 23 muscle groups using the expanded (0-5) MRC
scale, quantitative muscle testing (QMT) using the
HUMAC Norm CSMi dynamometer and grip test-
ing using the handheld dynamometer (where avail-
able) at each follow up visit. Disability scoring was
performed at each follow up visit using the IBM
Functional Rating Scale (IBMFRS). The time at
which a patient first required a mobility aid was re-
corded. Linear multilevel models were fitted to in-
vestigate the progression of MRC scores, IBMFRS
scores and quantitative myometry scores over time.
Cox proportional hazards regression was used to
model time to use of a mobility aid in patients with
IBM.

Results: In the preliminary analyses we have been
able to generate reliable multilevel statistical models
of disease progression using those muscle groups
that are worst affected by the disease over time. We
have also demonstrated the progression of IBMFRS
over time confirming its utility in monitoring disease
progression. We studied predictors of time to use of
a mobility aid. Final results will be presented at the
meeting.

Conclusion: This study will prove to be the largest
prospective observational study in patients with IBM
to date and will reveal useful outcome measures that
can be used to trial therapeutics in clinical trials.
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Hereditary autosomal recessive cerebellar ataxias
are a highly heterogeneous group of disorders that
affect the cerebellum and connected regions of the
nervous system causing a range of symptoms in-

cluding uncoordinated voluntary movements, prob-
lems with eye movements and dysarthria. ACBDS5
encodes for the peroxisomal membrane protein Ac-
yl-coA binding domain 5 (ACBDS5) which is in-
volved with peroxisomal metabolism and selective
autophagy. A homozygous deleterious indel muta-
tion has been previously reported in an ACBD5-de-
ficient patient with ataxic symptoms, with impaired
-oxidation of very-long-chain fatty acids (VLCFA)
(Ferdinandusse et al., 2017).

Aims: To investigate the autosomal recessive muta-
tion of ABCDS found in a family with ataxia by ex-
ploring its pathogenic mechanism and functional
effects.

Methods: Blood and skin biopsies taken from con-
sented family members (two affected brothers, one
unaffected sister and both parents). DNA was ex-
tracted from blood and the skin biopsies were used
to grow primary fibroblast lines for all family mem-
bers. Western blots using protein from primary fi-
broblast lines, anti-ACBD5 antibody, cDNA
sequencing and metabolic screening were used to
confirm type of mutation, pattern of inheritance and
effect on protein ACBDS.

Results: Western blots, immunofluorescence stain-
ing, and cDNA sequencing show a loss of function
mutation in ACBDS5, with nonsense mediated decay
(NMD). Metabolic screening revealed an increase in
very long chain fatty acids in the affected patients.

Conclusion: The molecular techniques used show a
loss of function mutation that shows NMD. Meta-
bolic screening shows an increase in very long chain
fatty acids which hints at a possible peroxisomal
mechanism. Future work will centre around further
exploration of a possible mechanism, focusing on
peroxisomal and mitochondrial metabolism and
function, using an additional ACBD5-deficient line
and ABCDI-deficient cell lines that cause adreno-
leukodystrophy (ALD) that may have a similar
mechanism.

References: ACBDS5 deficiency causes a defect in
peroxisomal very long-chain fatty acid metabolism.
Ferdinandusse S et al., 2017. J Med Genet 54:330-
337
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Background: Established in 2009 as part of
TREAT-NMD, TACT is an expert multidisciplinary
body that provides the neuromuscular community
with independent, confidential and objective guid-
ance on advancing new therapies (whether novel or
repurposed) for rare neuromuscular diseases.

Aims: The goal of each TACT review is to position
the potential therapy along a realistic and well-in-
formed pathway to or through clinical trials, and
eventual registration, by evaluating supporting pre-
clinical data and other critical drug development
considerations necessary for objective decision-
making. The output is detailed advice leading to the
improved design and conduct of studies that gener-
ate more meaningful data and have the increased
potential to be funded longer term.

Methods: Applications are reviewed by a bespoke
panel of world-leading experts drawn from the
TACT committee of around 65 members in response
to the specific needs of a particular application. All
reviews are conducted under strict confidentiality
agreements and conflict declarations. An online and
thorough review process is followed by a face-to-
face meeting between the panel and the applicant. A
confidential and independent report detailing the
panel’s advice is provided to the applicant within
4-6 weeks of the meeting. TACT conducts two re-
view cycles each year, considering up to four appli-
cations each time.

Results: To date TACT has held 18 review meetings,
10 in Europe and 8 in the North America, and has
reviewed a total of 53 applications from both
academic investigators and industry. TACT has
worked closely with existing infrastructures

established by the National Institute of Health (NIH)
and the European Union, and major patient
organisations in multiple regions around the world
to ensure the process assists the neuromuscular
community as a whole.

Conclusion: Feedback shows that TACT has gener-
ated recommendations that have greatly helped in-
vestigators, including industry, in evaluating their
potential compounds. It has encouraged applicants
to consider their development programs in a me-
thodical fashion with clear go/no-go decisions and
with optimal use of funding and resources. Exam-
ples of the impact of TACT review advice are given.

1OD12

Frequency of Coronary Artery Disease
in People with McArdle Disease
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London, UK
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Background: McArdle disease (glycogen storage
disease type V; GSDV) is a rare metabolic disorder
characterised by the inability to use glycogen as an
energy source in skeletal muscles. Consequently, af-
fected people experience pain during physical activ-
ity and exercise. Complications include muscle
contractures, muscle breakdown (rhabdomyolysis),
compartment syndrome and kidney failure. Exer-
cise-related symptoms and anxiety about causing
muscle damage can be a major barrier to exercise
and many patients lead sedentary lifestyle. Seden-
tariness may increase the prevalence of coronary
heart diseases (CAD) in this patient population.
Proving this theory may help improving patients’
care by supporting exercise training in this patient
population and early investigation for CAD.

Aims: Review the medical notes of patients with
McArdle disease to analyse the occurrence of CAD,
risk factors and treatments provided in this
population.

Methods: A retrospective, single-site study was
performed in the UK. Medical notes from patients
seen between April 2017 and April 2018 (period of
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one year) were reviewed. Collected data included
genetic diagnosis, age at McArdle disease diagnosis,
current age, gender, presence/absence of CAD, age
at CAD diagnosis, symptoms of cardiac disease, car-
diac disease treatment type, level of physical activity
/ sedentariness, other risk factors for cardiac disease
(smoking, hypercholesterolemia, hypertension, fam-
ily history of cardiac disease, etc.), body mass index
and past medical history.

Results: Preliminary data from 73 patients will be
presented.

Conclusion: Preliminary data on CAD frequency in
a sample of patients with McArdle disease will be
discussed.
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Comorbidity and mortality in patients
with sporadic Inclusion Body Myositis
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Background: Sporadic Inclusion Body Myositis
(sIBM) is an age-related acquired myopathy with
male predominance. The disease results in progres-
sive limb weakness and loss of function leading to
severe disability and having a major impact on qual-
ity of life. In a recent meta-analysis, high variability
in sSIBM prevalence estimates and quality of the
studies was found. The meta-prevalence using the
four articles of highest quality was 45.6/million.The
natural history of sIBM remains largely unknown
and available data on mortality and comorbidity in
these patients is extremely limited. Survival rates in
patients with sIBM seem to be comparable to the
general population.

Aims: To evaluate the cause of death and contribut-
ing factors in sIBM patients seen at the UCL Queen
Square Centre for Neuromuscular Diseases.

Methods: Data from patients with sIBM fulfilling
2011 ENMC criteria were reviewed. Causes of death
were obtained from the death certificates, which

were retrieved from the General Register Office.
Collection and review of clinical data of the living
and deceased patients was done. Underlying comor-
bidities were extracted.

Results: Seventeen deaths were recorded. Mean age
of death was 75.6+7.7 years. Mean age of death in
the UK is 79 years for males and 83 years for fe-
males (Office for National Statistics). The most fre-
quent primary cause of death was respiratory (60%).
The most common associated comorbidities were
cardiovascular (21%) and rheumatological (19%).

Conclusions: These preliminary data suggest that
there might be a possible impact of sIBM on lifes-
pan. Aspiration pneumonia was the leading cause of
death in our cohort. Regular monitoring including
SALT evaluation and advice should be undertaken.
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Background: Digital scripts are vital for unbiased,
high-throughput multiparametric analysis of muscle
landscapes in frozen/fixed histology sections with
useful diagnostic and research applications. By ex-
trapolating far greater quantities and parameters of
pathological data compared to traditional manual as-
sessment digital scripts open up novel opportunities
for deep subset analyses and pathway mapping in
tissue sections.

Aims: To develop a versatile, modular digital script
that can be tailored to desired study specifications
applicable to a variety of neuromuscular conditions.

Methods: Entire sections of skeletal muscle stained
either fluorescently or chromogenically were
scanned using a digital slide scanner. The images
were exported to the Definiens Tissue Studio and
Developer software platform that was used to de-
velop subsequent image analysis modules.

Results: Initially the script was developed to map
oxidative changes in the mixed fibre-type gastrocne-
mius muscle, with COX-SDH staining, in a long-
term rodent model of critical illness and recovery.
Staining intensity translated to digital heatmaps as
surrogate indicators of mitochondrial biogenesis.
Reliable fibre separation was then achieved with
subsequent introduction of a ubiquitously expressed
membrane marker stain (spectrin/laminin) to create
a ‘mask’ for defining the sarcolemma of each myofi-
bre. Brightfield analysis of muscle fibre diameter in
‘histologically normal’ paediatric muscle biopsies
provided good correlation between whole section
counts and manually selected regions of interest,
generating age-stratified data on muscle fibre size.
Current modules measure numerous indices related
to the level of expression of markers, and the cover-
age of markers above a given threshold in myofibre
subpopulations using multiplexed immunofluores-
cent staining. We have developed an optimised
module for multiparametric quantification of dystro-
phin and associated proteins in biopsies from Duch-
enne and Becker muscular dystrophy patients.
Separate modules are under development for quanti-
tative immunoanalysis of complex I/IV defects in
patients with primary mitochondrial disease and dot-
quantitation for RNA in-situ hybridisation assays.

Conclusion: Our unique modular approach allows
for continuous machine learning, increasing the

script’s capacity to generate a variety of high-
throughput qualitative and quantitative datasets tai-
lored to a wide range of neuromuscular applications.
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Background: Paediatric-onset protein aggregation
and vacuolar myopathies (PAVM) are rare familial
or sporadic disorders with marked clinical, patho-
logical and genetic heterogeneity. Extensive patho-
logical work-up in muscle biopsies may be required
to narrow the hunt for the putative disease-causing
gene/protein. A multisystem proteinopathy (MSP)
causing several phenotypes in adults including
rimmed vacuolar myopathy, motor neurone disease,
frontotemporal dementia and Paget disease of bone,
unified by pathological aggregation of ubiquitin and
TDP-43 has been linked to mutations in VCP,
HNRNPA2B1, HNRNPAI and SOQSTM1. Intranucle-
ar and cytoplasmic VCP+ inclusions are present in
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most cases of VCP-MSP. VCP+ aggregates are hith-
erto not reported in other PAVM except sporadic
inclusion body myositis and some extra-skeletal
neurodegenerative disorders

Aims: Here we describe two clinically diverse early
and late-childhood onset cases with unifying muscle
pathology of a vacuolar myopathy with VCP-posi-
tive intranuclear and cytoplasmic inclusions resem-
bling the classic YCP-MSP.

Patients: PI, a 21-year-old male presented at age 16
with aching pain in his left forearm and progressive
difficulty straightening the left hand fingers. Re-
maining neurological assessment was normal. PII, a
22-year old female presented at age 9 with toe walk-
ing and delayed motor milestones. She developed
rapidly progressive weakness and lost ambulation at
age 14. She is currently fully wheelchair dependent,
and uses long-term non-invasive ventilation. There
is no family history of neuromuscular disease in
both patients.

Results: CK was normal, EMG myopathic in left
forearm finger flexors and intrinsic hand muscles,
and muscle MRI showed oedema and fatty
infiltration affecting left forearm and finger flexors
in PI. Muscle biopsies from both patients following
extensive histochemical, immunohistochemical
and ultrastructural work-up showed identical
pathology resembling that of classic VCP-
inclusion body myopathy with chronic myopathic/
dystrophic changes, rimmed vacuoles, sarcoplasmic
and intranuclear protein aggregates/inclusions
(VCP/ubiquitin/TDP43+) and tubulofilamentous
inclusions. Extensive molecular genetic studies to
date are negative including whole exome sequencing
in PII.

Conclusion: Further molecular genetic diversity
may underpin the unifying VCP+ inclusion body
pathology in these atypical paediatric presentations.
Recruitment to other next-generation-sequencing
platforms is under consideration.
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The John Walton Muscular Dystrophy Research
Centre (JWMDRC) team encompasses a number of
specialists performing world-class translational re-
search to bring diagnosis, care and therapy to people
with neuromuscular diseases. These diseases range
in scope from Duchenne Muscular Dystrophy and
Spinal Muscular Atrophy, to Limb Girdle Muscular
Dystrophies and Myotubular and Centronuclear My-
opathy. The team aims to use the knowledge ob-
tained from translational research to offer patients
with genetic and acquired neuromuscular diseases
the opportunity to take part in studies and clinical
trials, which may lead to new treatments and im-
prove the health outcomes and quality of life
for all patients and their families. Multidisciplinary
in nature, the JWMDRC team works together to col-
laborate on many different clinical trials and studies
in both adult and paediatric populations. Current and
upcoming projects include interventional clinical tri-
als, translational research, natural history studies,
patient registries and BioBanks, plus exciting ad-
vancements in gene therapy. The team is active in
the conception and design of local, national and in-
ternational commercial and academic studies. The
JWMDRC coordination team is responsible for ob-
taining MHRA approval, Health Research Authority
(HRA) and Research Ethics Committee approval,
local confirmation of capacity and capability from
Research and Development, National Institute for
Health Research support and adoption and study
management throughout the whole process. Every
member of the team is instrumental in conducting
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research in line with Good Clinical Practice (GCP)
that is facilitated by the coordination team to pro-
duce the highest professional level of neuromuscular
clinical research in Newcastle and the North East.
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Background: Sporadic inclusion body myositis
(sIBM) is characterized by a combination of inflam-
matory and degenerative changes affecting muscles.
While the primary cause is unknown. Genetic fac-
tors contributing to the aetiology of sSIBM. Our last
whole exome sequencing association analysis in
sIBM and controls identified 15 common SNPs
within Major histocompatibility complex (MHC) re-
gion. This finding is inconsistent with the previous
reports that MHC associated with the risk of sIBM.

However, because this region is in high degree of
linkage disequilibrium (LD) existing among alleles,
it is very difficult to know the causal allele among
these in LD.

Aim: My aim from this work is to explore the sSIBM
cases-controls genotyping array association by in-
vestigating the potential association with HLA-relat-
ed genes.

Methods: A total of 434 Caucasian patients with
IBM were recruited from many countries through
International IBM Consortium Genetic Study
(IIBMCGS). These cohort will be genotyped by im-
munochip array a custom-designed, high-density
genotyping chip that covers genes known to be as-
sociated with a variety of autoimmune diseases.

Expected result: We expected to identify the most
significant risk allele within HLA genes. This in-
clude the alleles identified in the recent association
study that showed a strong association with HLA-
DRB1*03:01, HLA-DRB1*01:01 and HLA-
DRB1#13:01. Promising association might be
identified with large sample size. We are aiming to
reach 550 sIBM cases.
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Background: Progressive respiratory involvement
it’s been described in some patients with neuromus-
cular disorders (NMD) being the result of progres-
sion of weakness in the inspiratory muscles in
combination to alteration of the mechanical proper-
ties of the lungs and chest wall (1). In patients with
NMD, clinical assessment of respiratory function
and performance of pulmonary function tests are of
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great value to screen for nocturnal respiratory disor-
ders, weakness of the diaphragm, hypercapnic respi-
ratory insufficiency and potentially cough
deficiency(2). The screen the rate of progression and
the need of potential referral to specialized respira-
tory services for additional interventions becomes
critical in over time.

Aims: To explore the use of Overnight Pulsoxime-
try (OP) as an initial screen to evaluate respiratory
progression in neuromuscular patients.

Methods or Patients or Materials: A retrospective
audit of OP tests was performed from January 2017
to July 2018. Reason for referral and outcome of the
OP were reviewed alongside diagnosis, age, FVC
and FVC% and presence of signs of nocturnal hy-
poventilation.

Results: A total of OP 83 tests were audited (23%
from pediatric patients). There was a range of diag-
nosis. Duchenne Muscular Dystrophy (14%) and
Fascioscapulohumeral Muscular Dystrophy (13%)
were the most common ones.

Main reason (75%) for referral was the presence of
hypoventilation signs. Low values of FVC%, drop in
FVC from sitting to lying or incapacity to perform
FVC test in clinic were the other ones. The OP out-
come for the majority of patients (42%) indicated ab-
sence of objective changes in overnight traces. Only
29% were referred to respiratory specialist services
(13% to Sleep Services under the suspicion of Ob-
structive Sleep Apnea). The remaining demonstrated
either a combination of normal SPO2 mean with an
altered Sleep Apnea Index (SAI), moderately altered
SPO2 mean but stable in comparison to previous
studies or moderately altered SPO2 mean but with no
symptoms. The presence of artefact traces resulting
in the need of repeating the study was found in 16%.

Conclusion: OP appears to be a valuable screening
assessment for those patients who report signs of hy-
poventilation with an unclear respiratory involve-
ment signs. Further exploration of confounding
factors such as fatigue, musculoskeletal pain, is
strongly encouraged to discriminate from respirato-
ry progression.

References:
1. Chatwin M, Ross E, Hart N, Nickol A, Polkey
M, Simonds A. Cough augmentation with
mechanical  insufflation/exsufflation  in

patients with neuromuscular weakness. Eur
Respir J. 2003;21:502-8.

2. Priou P, Trzepizur W, Meslier N, Gagnadoux
F. Update on the respiratory management of
patients with chronic neuromuscular disease
[Internet]. Vol. 73, Revue de Pneumologie
Clinique. 2017 [cited 2019 Jan 8]. p. 316-22.
Available from: http://www.ncbi.nlm.nih.
gov/pubmed/29174288
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Background: Efficacy of exercise interventions in
patients with myopathy has long been a contentious
topic, heightened by the variability of outcome mea-
sures across studies. We systematically reviewed
outcome measures utilised to assess exercise train-
ing in patients with muscle diseases and performed a
meta-analysis for outcome measures that were most
frequently employed.

Aim: Evaluate the relevance and usefulness of the
most frequently utilised outcomes to evaluate the
benefit of exercise training in patients with muscle
diseases.

Methods: A systematic review and meta-analysis
were performed according to PRISMA. We searched
MEDLINE, Embase, Scopus, WoS, SPORTDiscus,
CDSR, CENTRAL, and DARE from inception to
April 2018. Articles were eligible according to pre-
defined criteria. The most frequently utilised out-
come measures were evaluated by a random-effects
meta-analyses pre, post and training, non-training.
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Results: Our search identified 33,727 records; 130
articles fulfilled inclusion ctiteria, comprising 1,808
patients with muscle diseases. We observed a sig-
nificant increase in maximal aerobic capacity and
peak power pre versus post exercise training
(P<0.0001) and exercise training versus control
(P<0.05). Compared to post-training, 6 Minute Walk
Test (P<0.05), timed sit to stand tests (P<0.05), rise
from supine (P<0.005), SF-36 (P<0005), fatigue se-
verity scale (P<0-0001), central nuclei (P<0.05),
type I/type II muscle fibre area (P<0.005), and ci-
trate synthase (P<0-0001) were effected. We noted
no effect on the Timed up and Go, Quality Of Life
domains, capillary density, fibre type composition,
strength and creatine kinase compared with non-ex-
ercise controls and/or post-exercise.

Conclusion: An array of outcome measures cur-
rently exist to assess exercise efficacy and safety in
patients with myopathy. Greater consensus of the
most appropriate outcome measures to be used in
clinical research and clinical practice is required. A
comprehensive review of outcome measures utilised
will facilitate academics, clinicians, and pharmaceu-
tical companies in trial design. These findings have
major implications in the context of clinical trial
readiness.
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Background: Rare neurological conditions have a
significant cost burden on health and social care ser-
vices. Neurological impairments result in increased

dependence and sedentary lifestyle. Although en-
hancing physical activity is considered imperative in
these conditions, the effectiveness of interventions
on physical activity and therapeutic exercise across
rare neurological disorders remains unclear. The aim
of'this protocol is: to synthesise the body of evidence
on the effectiveness of physical activity interven-
tions and therapeutic exercise for people with rare
neurological diseases.

Methods: a scoping review will be undertaken
across a broad range of rare conditions, such as the
ataxias (e.g. Friederich’s ataxia), hereditary spastic
paraparesis, Huntington’s disease, neuromuscular
diseases (e.g. polyneuropathies, myasthenia and
muscular dystrophies), motor neurone disease, atyp-
ical parkinsonisms. A two-phase search strategy will
be conducted: a preliminary search will be conduct-
ed using keywords such as physical therapy, physio-
therapy or exercise. Relevant keywords of
systematic reviews will be extracted to form a sec-
ond list of terms that will be used to run the final
searches through the following databases: Pubmed,
Embase and CINAHL. Only full-text systematic re-
views in English will we included with at least one
outcome measure on physical activity (e.g. walking,
endurance or balance). Only studies concerning
adults over the age of 18 will be considered. Phar-
macological studies will be excluded. Data extrac-
tion: titles and abstracts will be screened for
eligibility by one reviewer against inclusion/exclu-
sion criteria. The full-text of papers that are poten-
tially suitable will be retrieved and checked by a
second reviewer, who will also independently re-
view a random sample of 10% of the total papers for
inclusion or exclusion. Any discrepancies will be
discussed and resolved by a third party. Data will be
extracted from each eligible review including, where
possible: research designs, population sample sizes,
details of interventions and any control, outcome
measures, study results and effect sizes. A narrative
synthesis of findings will be undertaken.

Conclusion: this synthesis should help to identify
the available evidence on physical activity interven-
tions and therapeutic exercise and areas of unmet
needs in individuals with rare neurological disor-
ders.
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Background: Autosomal recessive mutations of the
Transport And Golgi Organization protein 2 (TAN-
GO2) have recently been identified as the cause of a
rare metabolic disorder with a distinct clinical and
biochemical phenotype of recurrent metabolic cri-
ses, hypoglycemia, lactic acidosis, rhabdomyolysis,
arrhythmias and encephalopathy with cognitive de-
cline.

Aims: To further elucidate the clinical presentation
of patients with TANGO2 mutations.

Patient and methods: We report nine patients from
seven independent families carrying TANGO?2 muta-
tions with a complex presentation including devel-
opmental delay, recurrent metabolic crises, muscle
weakness, rhabdomyolysis, cardiac arrhythmias, en-
cephalopathy and refractory seizures with onset in
early childhood. We studied muscle histology, bio-
chemical measurement of respiratory chain enzyme
activities in skeletal muscle and immunoblot analy-
sis of fibroblasts and muscle.
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Results: All nine patients carried autosomal reces-
sive pathogenic TANGOZ2 mutations. One patient
was homozygous for the reported deletion of exons
3-9, another carried the same deletion at hemizygos-
ity with a 22q11.21 microdeletion inherited in trans.
The other patients carried four novel homozygous
mutations  (c.262C>T/p.Arg88*;  ¢.220A>C/p.
Thr74Pro; ¢.380+1G>A exon 5 essential splice-site
variant), and a further novel heterozygous mutation
(c.11-13del TCT/p.PheSdel) which was hemizygous
in cDNA, indicating the loss of the other allele.
These variants are very rare and predicted to be
pathogenic. Immunoblot analysis in fibroblasts (3
patients) and muscle (1 patient) detected a decrease
of TANGO?2 protein levels.

Conclusions: These nine new cases expand the clin-
ical presentation, and further elucidate the molecular
mechanism contributing to the phenotype, of pa-
tients with TANGO?2 mutations.
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Neuromuscular diseases (NMD) are an important
group of inherited and acquired disabling conditions
caused by impairment of peripheral nerve and / or
skeletal muscle function, and leading to premature
death or major chronic disability, often exacerbated

by cardio-respiratory involvement. Over the last de-
cade there has been dramatic progress in the devel-
opment and testing of experimental therapies for
NMD, exemplified by the unprecedented number of
possible therapies for Duchenne muscular dystrophy
(DMD) coming to trial, the extensive patient regis-
tries and work on outcome measures and regulatory
interactions led by TREAT-NMD and other groups.
However, to date, involvement of clinical trial sites
in the UK outside the main centres at Newcastle and
London has been limited, especially in industry
funded studies. There are thus two current strategic
imperatives: first, to invest in and accelerate the pre-
clinical discovery, development and translation of
improved, second generation experimental therapies
for DMD and other NMDs; and second, to dramati-
cally increase UK clinical trial capacity.
As such, the MDUK Oxford Neuromuscular Centre,
directed by Professor Matthew Wood, was founded
in 2019 by Muscular Dystrophy UK and the Univer-
sity of Oxford to focus on the urgent mission of ac-
celerating the discovery, development and
deployment of new medicines to combat devastating
neuromuscular diseases. The Centre builds on the
already excellent research, training and patient care
in Oxford to drive the development of novel experi-
mental therapies more rapidly and increase national
clinical trial capacity in neuromuscular diseases.

The core strategic and scientific objects of the Cen-

tre are to:

e Develop enhanced clinical infrastructure and
clinical trial capacity in adult and paediatric
neuromuscular disease;

e Deliver new experimental medicines to impact
neuromuscular disease;

e Advance neuromuscular gene discovery to
identify new therapeutic targets and biomarkers;

e Develop new and improved stem cell and animal
models for neuromuscular disease;

e Build capacity through recruitment and a PhD
training programme;

e Build partnerships with industry to advance the
core translational objectives.
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