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INTRODUCTION

Neuromuscular diseases (NMDs) represent a
heterogeneous group of acquired and inherited dis-
orders. Although it is difficult to get an accurate
figure for the prevalence of NMD, conservative esti-
mates based on more common forms of these diseases
ranges from 1 in every 625 to 3500 individuals [1, 2],
or about 2- to 11-million people worldwide. Many
of these diseases cause progressive muscle weak-
ness, motor impairment, sensory loss, disability and
premature death. Although many NMDs have no
cure or effective treatment, recent years have seen
exciting progress in diagnostics, understanding dis-
ease physiopathology, and development of potential
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com/articles/journal-of-neuromuscular-diseases/jnd219009.
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new therapies. For example, clinical implementa-
tion of revolutionary advances in genetic diagnosis,
such as next generation sequencing, have acceler-
ated the discovery of new disease-causing genes [3],
and the first therapy to treat spinal muscular atrophy
(SMA), called Spinraza, was approved recently by
the United States Food and Drug Administration [4].
Such progress clearly highlights that we are entering
an era of new, impactful discoveries thereby provid-
ing much hope for the future of those impacted by
NMDs.

Many of these fundamental and clinical advances
have emerged due to strong connections and col-
laborations between basic science researchers and
their clinical counterparts. Basic researchers can
delve into the molecular mechanisms of disease
pathogenesis in model systems and develop novel
approaches to treat the underlying and/or secondary
defects. However, insight and therapies can only
progress so far in flies and mice, and the clini-
cal environment thus provides the complementary
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and necessary expertise into the human condition
to truly move NMD research forward. This bridge
between clinicians and basic science researchers must
remain strong to ultimately improve patient care
and outcomes.

The 4th Ottawa International Conference on Neu-
romuscular Disease and Biology was held in Ottawa,
Canada, September 5–7, 2017. The goal of this
conference was to assemble international experts
in fundamental science, translational medicine and
clinical NMD research. Speakers provided attendees
with updates on a wide range of topics related to
NMD, including methods to identify novel diseases,
recent developments in muscle, motor neuron and
stem cell biology, expanded disease pathogenesis of
known diseases, and exciting advances in therapy
development. Through many socializing/networking
opportunities, as well as poster sessions, attendees
were provided opportunities to stimulate discussion
and develop future research collaborations. Sum-
maries of our previous Ottawa NMD conferences are
also available [5, 6].

CONFERENCE STRUCTURE

The Conference held both scientific and clinical
sessions emphasizing important research and man-
agement discoveries for patients with NMDs. The
Conference featured almost 40 internationally rec-
ognized session speakers (10 from Canada, 19 from
the United States, 8 from Europe, and 1 from Aus-
tralia), and almost 300 attendees. Speakers were
chosen based on important scientific and clinical
contributions to their specific NMD field and a rec-
ognized ability to engage a broad audience at a high
level, regardless of attendee stage of career and back-
ground.

The conference was divided into 11 sessions. All
sessions were based around a disease type (e.g.
Amyotrophic Lateral Sclerosis, Myopathies, etc.).
Five of the sessions were attended by all con-
ference delegates, and contained a progression of
basic science, translational medicine and clinical
research approaches to the disease. In addition, we
offered three concurrent breakout sessions to allow
more in-depth presentations on recent advances in
either basic or clinical NMD research. Almost 100
abstracts were submitted for poster presentation, 7 of
which were advanced for a short platform presenta-
tion during the main scientific sessions. All posters
were available for viewing throughout the entire

conference, with two formal poster presentation
sessions. Two networking events provided excel-
lent opportunities for social interactions between
attendees.

The Conference was hosted by the University of
Ottawa Centre for Neuromuscular Disease (CNMD),
which is comprised of over 60 basic scientists and
clinicians/clinician researchers and over 150 graduate
students, postdoctoral fellows, residents and clini-
cal fellows. CNMD clinicians and researchers hold
their primary appointment at either the University
of Ottawa (uOttawa), The Ottawa Hospital (TOH),
Ottawa Hospital Research Institute (OHRI), Chil-
dren’s Hospital of Eastern Ontario (CHEO), CHEO
Research Institute (CHEORI) or the uOttawa Heart
Institute (uOHI). All session moderators were mem-
bers of CNMD.

Unfortunately, just prior to the conference, there
was a devastating hurricane across Florida and the
southern United States and we had several reserved
speakers that were understandably unable to attend
the conference (Michael Benatar (University of
Miami, USA), Leonard Petrucelli (Mayo Clinic –
Florida, USA), Steven Burden (Skirball Institute,
USA), Donald Sanders (Duke University, USA),
Stephan Zuchner (University of Miami, USA). We
were grateful to our speakers that offered to present
additional talks on their behalf, Drs. Mary Reilly
(University College London, UK) and Gil Wolfe
(University of Buffalo, USA).

OPENING DAY AND KEYNOTE SPEAKER

Opening remarks were provided by Drs. Jodi
Warman Chardon (TOH, CAN) and Robin Parks
(OHRI, CAN), Co-Directors of CNMD and two
of the conference organizers, who welcomed the
conference speakers and attendees to Ottawa. Dr.
Bernard Jasmin, co-organizer of the conference
introduced the Keynote Speaker for the Ottawa
NMD 2017 meeting, Dr. Eric Hoffman. Dr. Hoff-
man is a Professor in Pharmaceutical Sciences and
Associate Dean for Research at Binghamton Uni-
versity, and is well known for his contributions to
the identification of the dystrophin protein (impli-
cated in Duchenne Muscular Dystrophy (DMD)),
as well as orphan drug development and therapeu-
tic approaches in NMD. Dr. Hoffman’s keynote
address, “The DMD gene 30 years on - Where
has the journey led us?” reviewed the history of
DMD, phenotypic presentations of early muscle
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hypertrophy then progressive atrophy and the high
mutation rate of the dystrophin gene leading to
DMD. Dr. Hoffman discussed the variability of
the dystrophin protein quantity in different mus-
cles, which influences disease phenotype and has
implications for Becker’s muscular dystrophy (BMD)
and female carriers of dystrophin mutations. In
more recent work, Dr. Hoffman demonstrated that
microRNA (miRNA) interact with the expansive
dystrophin 3’ untranslated region of the mRNA
[7]. Expression of these miRNA are influenced by
inflammatory signals, such as TNF-alpha, showing
a link between inflammation and decreased dys-
trophin expression, thus further reducing dystrophin
expression in patients with DMD. Corticosteroids,
which are highly prescribed in patients with DMD,
reduce expression of these miRNA [8], suggest-
ing another mechanism for their beneficial effect.
These inflammation-induced miRNAs would also
reduce the effectiveness of antisense oligonucleotide
therapies, since they would tend to downregulate
expression of the dystrophin mRNA. Dr. Hoffman’s
Keynote Address provided an excellent kickoff for
the Conference.

SESSION 1: INNOVATIONS IN
NEUROMUSCULAR DISEASE AND
TRANSFORMATIVE TECHNOLOGIES

Given the recent significant advances in genomics
and animal modeling, the opening session was
devoted to exciting and upcoming technologies, and
was moderated by Dr. Robin Parks (OHRI, CAN)
and Dr. Jodi Warman Chardon (TOH, CAN). Dr.
Robert Baloh (Cedars-Sinai, USA) opened the ses-
sion by highlighting issues and opportunities in tissue
culture and animal models of human disease, includ-
ing the use of CRISPR/Cas9 gene editing to develop
these models. Dr. Baloh also discussed difficulties
with different disease modeling systems used for
the C9orf72 ALS/FTD (amyotrophic lateral sclero-
sis/frontotemporal dementia) disorders, specifically
focusing on induced pluripotent stem cells (iPSCs),
including clonal variability, inter-individual variabil-
ity, difficulties in generating true mature cell types,
complications due to the use and study of mixed
population and general variations in protocols used
to convert iPSCs into the desired mature cell types
[9, 10]. He also presented on the use of organoids
to compensate for lack of cellular maturity [11]
and microfluidic organs-on-chips, which can be used

to mimic the blood brain barrier [12]. Dr. Charles
Gersbach (Duke University, USA) described chal-
lenges in treatment approaches for DMD, including
the large size of the full-length gene product, which
is difficult to accommodate in conventional gene
therapy vectors, and the need to target the resident
progenitor cell pool in order to obtain true correc-
tion. No effective therapeutic options are currently
available for patients with DMD, and there is a
dire clinical need for novel approaches to treatment.
Dr. Gersbach described his very promising work
using the CRISPR/Cas9 system to achieve correc-
tion in cell culture and an animal model of DMD
[13]. Direct intra-muscular injection of an adeno-
associated virus (AAV) encoding CRISPR/Cas9 and
appropriate guide RNA in mdx mice resulted in
70% of fibers showing dystrophin protein at the sar-
colemma, which corresponded to correction in about
2% of the genomic DNA.

Dr. Christian Lorson (University of Missouri,
USA) reviewed the genetic cause of SMA (homozy-
gous deletion or mutation in the SMN1 gene), and
the unique opportunity for therapy development
due the presence of a highly homologous second
copy of the gene in the human genome. Dr. Lor-
son outlined his work in developing an antisense
oligonucleotide-based therapy targeting Element 1
(E1) of the SMN2 locus [14]. This approach was very
effective in a mouse model of SMA, and extended
survival, improved weight gain and “time to right”.
Dr. Lorson also discussed combinatorial treatments
for SMA, including SMN-dependent [15] and SMN-
independent [16] approaches. Dr. Charlotte Sumner
(Johns Hopkins University School of Medicine,
USA) gave an overview of the genetics of SMA and
the very promising therapeutics currently approved
(Nusinersen/Spinraza) or in development (AVSX-
101, scAAV9-SMN1). Dr. Sumner highlighted the
importance of early treatment. Infants treated at
presymptomatic stages had a marked improvement in
motor milestones in the NURTURE study [17], with
a 23% decrease in death compared to patients from
natural history studies, and 8% achieved independent
sitting as of 13 months into the study. Although these
data are encouraging, there was a large percentage of
treated patients that did not reach appropriate motor
milestones; 1 year after treatment 17% did not sit up,
36% did not stand, and 44% did not walk at expected
ages. Furthermore, no improvement was observed
in 49% of treated patients, and 16% had died from
advancement of disease. In short, additional, more
effective therapies are required.
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SESSION 2: CHALLENGES AND
OPPORTUNITIES IN AMYOTROPHIC
LATERAL SCLEROSIS THERAPY
DEVELOPMENT

Session 2 covered new disease discoveries in
ALS and was moderated by Dr. Derrick Gibbings
(uOttawa, CAN). Dr. Ian MacKenzie (University
of British Columbia, CAN) discussed his work on
mutations in the stress granule protein TIA1 (T-cell
restricted intracellular antigen-1) in ALS and FTD,
identified through whole exome sequencing of an
affected family [18]. TIA1 is an RNA-binding pro-
tein, which promotes translational arrest of mRNAs
in environmentally stressed cells through the for-
mation of highly dynamic stress granules. TIA1
mutations also occur in Welander distal myopathy
[19]. The phenotype of patients with ALS due to TIA1
mutation included focal or bulbar weakness, or apha-
sia, average onset age of 50 (one patient was in their
20 s), and the majority of the patients were female.
The brain pathology of these patients included large
round hyaline Lewy body-like inclusions that were
positive for TAR DNA-binding protein 43 (TDP-
43). TIA1 mutations affected stress granule (SG)
dynamics and led to the accumulation of the insol-
uble TDP-43 positive inclusions. Dr. Michael Strong
(Western University, CAN) reviewed the history of
ALS and the inclusion of FTD criteria and explained
that 50–60% of patients with ALS have at least
mild cognitive impairment and 15% have FTD. Dr.
Strong also reviewed the pathology underlying brain
atrophy, including the observation that many ALS
patients with cognitive impairment have abnormal
inclusions of tau protein that is hyperphosphorylated
on Thr175 [20]. Dr. Strong compared the overlap
between chronic traumatic encephalopathy (CTE)
and ALS/FTD, which share a common features in the
form of pathological phosphorylation of tau protein
[21].

Dr. Clotilde Lagier-Tourenne (Massachusetts Gen-
eral Hospital/Harvard University) reviewed the
identification of hexanucleotide (GGGGCC) expan-
sion mutations of C9orf72 as causative in ALS [22].
Dr. Lagier-Tourenne noted that sense and antisense
RNA foci accumulate in cells harboring C9orf72
mutations, which is depended on the dose and repeat
size, and is associated with age-dependent cogni-
tive changes [23]. Dr. Lagier-Tourenne described an
isoform-specific ASOs that prevents accumulation of
foci in cells from C9orf72 patients, and alleviates the
development of behavioural deficits in mice in vivo

[24]. Ms. Maneka Chitiprolu, from the laboratory of
Dr. Derrick Gibbings (uOttawa, CAN) gave a short
talk entitled, “Mechanisms eliminating stress gran-
ules by autophagy: implications for ALS”.

SESSION 3A: CLINICAL SESSION -
MYASTHENIC SYNDROMES AND
CHANNELOPATHIES

Dr. Hugh McMillan (CHEO, CAN) moderated
this session. We are gratefully to Dr. Gil Wolfe
(University of Buffalo, USA), for presenting on
immune modulation as a therapy for myasthenia
gravis (MG) and, on relatively short notice, providing
a more general overview of MG clinical manage-
ment that was originally scheduled to be presented
by Dr. Sanders. Dr. Wolfe began the session with
his overview of MG and highlighted the need for
an International Consensus Statement for the Man-
agement of MG [25, 26]. Dr. Wolfe outlined the
UCLA/RAND Appropriateness Method (RAM) to
help classify and provide clinical recommendations
for management of MG. Dr. Stephen Cannon (Uni-
versity of California Los Angeles, USA) provided
an overview of the clinical spectrum of the non-
dystrophic myotonias and periodic paralysis [27].
He highlighted that sodium channel myotonia may
be severe especially in the neonatal period with
life-threatening stridor and respiratory compromise,
and that genetic testing has replaced clinical neu-
rophysiology (CMAP exercise test) as the first line
testing. Dr. Cannon reviewed the clinical significance
of specific sodium channel gene mutations caus-
ing congenital myasthenic syndromes, focusing on
Nav1.4 mutations [28]. Dr. Wolfe returned to discuss
exciting advances in immune modulation for MG
therapy [29]. MG patients with anti-MuSK antibodies
represent 5–10% of the patients that are refrac-
tory to conventional therapies. Dr. Wolfe outline the
improvement of MuSK antibodies-positive patients
with the use of the monoclonal antibody therapy Rit-
uximab (CD20 antagonist) in small trials, and that the
clinical benefit was sustained long after the last Ritux-
imab treatment [30, 31]. The predictors for favourable
response to Retuximab included an age less than 45
with moderate disease and MuSK antibody-positive,
although antibody levels were not predictive of
response. Dr. Wolfe also highlighted the effective-
ness of sub-cutaneous intravenous immunoglobulin
(SCIG) for MG, with stable outcomes and improve-
ments in Myasthenia Gravis Foundation of America
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(MGFA) clinical class scores. Dr. Hanns Lochmueller
(formerly of Newcastle University, UK, recently relo-
cated to CHEORI, CAN) thoroughly reviewed recent
advances in genotype-phenotype correlation in con-
genital myasthenia syndromes [32]. Dr. Lochmueller
described diagnostic criteria and outlined over 30
different molecular causes, 90% due to recessive
mutation, with mutation in CHRNE, DOK7, RASPN
being the most common. Dr. Lochmueller described
the influence of founder effects in certain disorders
and the importance of identifying subtypes to tai-
lor therapy. He also highlighted the importance of
registries to improve clinical and scientific discover-
ies, including RD Connect, which has a Biomarkers
Biobank and Clinical Trial and Natural History sub-
sections [33].

SESSION 3B: BASIC RESEARCH SESSION
– RECENT DEVELOPMENTS IN
NEURON/NMJ FORMATION

The first basic research session was moderated by
Dr. Jocelyn Côté (uOttawa). Dr. Richard Robitaille
(Université de Montreal, CAN) opened the session
with a presentation of his work on the role of
Schwann cells in regulating synaptic competition to
refine synaptic connections at the NMJ. Early during
development, multiple presynaptic nerve terminals
compete for the control of the same synaptic site,
with the “loser” pruned back through the action of
glial cells. Dr. Robitaille showed that perisynaptic
Schwann cells are able to detect synaptic strength
through the purinergic receptor system, and directly
influence glial cell pruning of the weaker connec-
tions [34]. This work has obvious implications for
synapse repair in ALS. Dr. Alison Ebert (Medical
College of Wisconsin, USA) described studies out-
lining the intricate interaction of various neuronal
cell types using cell culture systems derived from
converted iPSC. Dr. Ebert showed that SMA iPSC-
derived astrocytes had significantly higher levels of
microRNA-146a (miR-146a), which appeared to be
released from the cells and could induce motor neu-
ron death in vitro [35]. Such findings suggest a new
mechanism in astrocyte-mediated SMA pathology.

Dr. Laurent Schaeffer (University of Lyon, FR)
presented his work on missense mutations in agrin
that lead to congenital myasthenic syndrome [36].
Two specific patient-derived mutations were dis-
cussed, both of which produced a protein that was
largely insoluble and affected the natural secretion of

the protein. Follow-up studies suggested that agrin
may have a presynaptic function at the NMJ. Dr.
Justin Boyer, from the laboratory of Dr. Jeffery
Molkentin (Cincinnati Children’s, USA), provided
a short talk entitled “Erk1/2 signaling is essential
to maintain the satellite cell pool and for muscle
regeneration.”

SESSION 4A: CLINICAL SESSION:
NEUROPATHIES

This session devoted to the clinical presentations
and impact of emerging therapies for neuropathies
was moderated by Dr. Ari Breiner (TOH, CAN).
Dr. Pierre Bourque (TOH, CAN) reviewed the
clinical presentations of autoimmune neuropathies,
highlighting the clinical classification of the spec-
trum of Acute Immune Neuropathies/Guillain Barre
Syndrome and Chronic Inflammatory Demyelinat-
ing Neuropathies (CIDP) as well as their multiple
subtypes (i.e. AMAN, acute motor axonal neuropa-
thy; PCB, pharyngeal-cervical-brachial weakness;
MMN, multifocal motor neuropathy with conduc-
tion blocks; CANOMAD, chronic ataxic neuropathy
ophthalmoplegia IgM paraprotein anti disialosyl anti-
bodies; CANDA, chronic ataxic neuropathy with
disialosyl antibodies) and their characteristic anti-
genic targets [37]. Dr. Bourque succinctly reviewed
the evolving nomenclature of neuropathy-related
paranodal autoantibodies. He highlighted that treat-
ment recommendations are limited by small sample
sizes, however, in the case of CIDP, monthly high
doses of oral dexamethasone equivalent to oral pred-
nisone and intravenous immunoglobulin was better
than placebo. Dr. Hans Katzenberger (University
of Toronto, CAN) presented “Fire and Ice: updates
in the assessment and management of acquired
neuropathies.” Dr. Katzberg reviewed classic small
fibre neuropathy testing, including quantitative sen-
sory thresholds, sympathetic skin responses, laser
doppler imaging, intrapidermal nerve fibre density
and cardiac autonomic sensory testing, and dis-
cussed the poor performance of proxy tests for
small fibre sensory neuropathies [38]. He also high-
lighted the increased use of nerve ultrasound to
assess compressive neuropathies, including for pre-
and post-operative evaluations and peripheral nerve
trauma. Dr. Katzberg highlighted the importance of
lifestyle modifications, in addition to glycemic con-
trol, in adults and children to limit diabetic and
pre-diabetic neuropathy as well as the appropriate
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management (such as Mexiletine) for the common
and serious effect of muscle cramps [39].

We thank Dr. Mary Reilly (University College
London, UK) for agreeing to expand her talk to
include some of the elements that were to be covered
by Dr. Stephan Zuchner, who was unable to attend the
conference due to the severe weather in Florida. Dr.
Reilly outlined the recent increase in gene discov-
ery with the advent of next generation sequencing
(NGS) technology. NGS now permits multiple paral-
lel sequencing by either targeted gene panels, protein
coding sequences (whole exome sequencing) or the
whole genome (whole genome sequencing) [40].
Dr. Reilly reviewed the classification of ‘pure’ neu-
ropathies (i.e. Charcot Marie Tooth Disease, CMT)
and discussed that although there are greater than 90
causative CMT genes, more than half of all CMT
patients have one of five genetic mutations (PMP22
duplication 39.5%, PMP22 point mutation 1.4%,
GJB1 10.8%, MFN2 2.8% and MPZ 3.1%) [40]. Dr.
Reilly discussed the classification of neuropathies as
part of a complex neurological or multisystem dis-
order, where neuropathy is part of a more complex
disease and the diagnosis is more challenging.

SESSION 4B: BASIC RESEARCH SESSION
– MUSCLE DEVELOPMENT AND
ATROPHY

Dr. David Picketts (OHRI, CAN) chaired the basic
research session on muscle development and atrophy.
Dr. David Glass (Novartis Institute of Biomedical
Research, USA) discussed his work on signaling
pathways involved in regulating skeletal muscle mass
and function, specifically focusing on the growth dif-
ferentiation factor (GDF) family of proteins [41].
For example, GDF11 functions similar to myostatin,
and acts directly on the muscle to cause a reduction
in muscle fibre cross-sectional area, while GDF15
drives a decrease in food intake, inducing essentially
anorexia. Dr. Marco Sandri (University of Padova,
IT) continued the discussion of cellular pathways that
control muscle mass and force generation. Onset of
muscle atrophy or cachexia leads to muscle dener-
vation in part due to upregulation of noggin, which
directly antagonizes the bone morphogenic protein
(BMP) pathway involved in maintaining muscle mass
[42]. Dr. Sandri also discussed the importance of
optimal mitochondrial function and autophagy in
maintaining muscle homeostasis [43].

Dr. Denis Guttridge (Ohio State University, USA)
spoke about the role of NF-kB in DMD pathology.
NF-kB is well known for its role in inflammation,
but its expression also inhibits muscle growth [44].
Dr. Guttridge presented his work on the function of
NF-kB in the dystrophic heart, an important area of
study since 95% of DMD patients have cardiomyopa-
thy and 25% die from cardiac failure. NF-kB appears
to be involved in recruiting epigenetic regulators
(e.g. HDAC1) to the upstream region of many genes,
including those involved in calcium handling, thus
contributing to the pathological state. Dr. Michael
Rudnicki (OHRI, CAN) discussed his work on
molecular regulation of muscle stem cell asymmetric
division. During cell division, dystrophin-deficient
satellite cells fail to form poles properly and undergo
mitotic catastrophe, suggesting DMD is not only
due to muscle degeneration but also a failure to
regenerate properly [45]. Using a high-throughput
screen for compounds that affect asymmetric ver-
sus symmetric satellite cell division, compounds that
affect epidermal growth factor receptor (EGFR) sig-
naling were shown to promote symmetric division,
and electroporation of an EGF expression plasmid
into mouse muscle increased muscle mass. Thus,
modulating satellite cell division may be a thera-
peutic option to increase muscle mass. Dr. Angela
Lek from the laboratory of Dr. Lou Kunkel (Boston
Children’s Hospital/Harvard University, USA) closed
the session with a short talk entitled “Genome-
wide CRISPR screen to identify DUX4 modulating
pathways.”

AN EVENING AT THE CANADIAN
MUSEUM OF HISTORY

A dinner session was convened at the Canadian
Museum of History (Gatineau, Canada), with con-
ference co-organizers Drs. Rashmi Kothary (OHRI,
CAN) and Bernard Jasmin (uOttawa, CAN) acting as
the Masters of Ceremony. Conference delegates were
treated to a reception in the Canadian History Hall, a
permanent exhibit designed to “explore the journey
of a country and its people.” Following the Gala Din-
ner, which took place in the museum’s Grand Hall,
Ms. Danielle Campos provided an entertaining and
inspirational talk on her life’s journey (so far) as a per-
son affected by neuromuscular disease. Ms. Campos
was a member of the National Canadian Paralympic
Swim Team from 1998 to 2006, and won 3 gold,
2 silver, and 2 bronze metals in freestyle and relay
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swimming at the 2000 and 2004 Paralympic Games
in Australia and Athens, respectively, in addition to
many other metals at national and international com-
petitions. She is also a graduate of Fanshawe College
(London, ON, CAN) and obtained her Bachelor of
Social Work degree from the University of Windsor
(Windsor, ON, CAN). Ms. Campos explained that
her diagnosis of congenital fibre type disproportion
has created some challenges, but her life in sport has
provided countless opportunities to travel the world to
compete against some of the world’s best athletes and
meet many exceptional people. A key “take home”
message to the basic and clinical NMD researchers
in the audience was to keep doing what we do: we
provide hope to individuals currently challenged with
NMD for a future free of these diseases. It is through
our continued efforts and persistence that we will
achieve new insight into disease pathogenesis which
will ultimately lead to the treatments and cures of
tomorrow.

SESSION 5: RECENT ADVANCES IN
SPINAL MUSCULAR ATROPHY

The session on SMA was moderated by Dr. Alex
MacKenzie (CHEO, CAN). Dr. Melissa Bowerman
(University of Oxford, UK) presented her work on
circadian rhythm dysregulation in SMA. Dr. Bow-
erman provided an overview of genes involved in
circadian rhythm, including CLOCK and Cry1, and
discussed her studies showing that these genes are
dysregulated in a mouse model of SMA at a presymp-
tomatic age [46]. Dr. Bowerman also showed that the
Smn gene itself displays a diurnal expression pattern,
and mouse models of SMA are sensitive to light per-
turbations. Interestingly, light modulation improves
lifespan and weight in a mouse model of SMA. Dr.
Rashmi Kothary (OHRI, CAN) discussed his stud-
ies suggesting that SMA is more than a disease of
motor neurons, and is, in fact, a multi-organ disease
[47]. SMN protein is normally expressed at relatively
high levels in lymphoid organs, and depletion of SMN
protein leads to severe alterations in the thymus and
spleen, including a decrease in overall size (for the
spleen) and altered histological architecture. Thymo-
cyte development is also altered in the mouse model
of SMA, as is cytokine expression. Some of these
defects can be corrected when mice are treated by
gene therapy (AAV9-SMN).

Dr. Thomas Gillingwater (University of Edin-
burgh, UK) presented his work on targeting the

ubiquitin pathway as a therapy for SMA. Dr. Gilling-
water showed that the ubiquitin pathway is disrupted
in SMA, including the Uba1 protein which was
reduced to ∼40% of wildtype levels in the motor
neurons of a mouse model of SMA [48], and
gene therapy-mediated restoration of Uba1 rescued a
mouse model of the disease [49]. Interestingly, muta-
tions in UBA1 cause a rare form of SMA known as
X-linked SMA (XL-SMA), a disease that is clini-
cally similar to SMA [50]. More recent studies in
the Gillingwater lab have focused on discovering
targets of UBA1, which may represent new therapeu-
tic targets for treating SMA. Dr. Stephen Kolb (The
Ohio State University Wexner Medical Center, USA)
provided an overview of biomarkers for SMA with
successes and challenges. Dr. Kolb also presented
results from the NeuroNEXT SMA Infant Biomarker
Study [51]. These longitudinal natural history studies
are crucial to provide the baseline necessary to evalu-
ate the effectiveness of new therapeutics. Ms. Viviane
Tran from the laboratory of Dr. Jean-Francois Côté
(Institut de Recherches Cliniques de Montreal, CAN)
provided a short talk entitled, “ELMO1/2 proteins
regulate myoblast function during skeletal muscle
development and regeneration.”

SESSION 6: PHENOTYPIC AND
MOLECULAR INSIGHTS INTO
MYOPATHIES

Session 6 was moderated by Dr. Nadine Wiper-
Bergeron (uOttawa, CAN). Dr. Carsten Bonnemann
(National Institutes of Health, USA) discussed the
evolving genetic and clinical landscape of early onset
titinopathy. Although not the largest gene in the
human genome, titin does have the largest number
of exons (approximately 363) in any single gene, and
codes for the largest protein (up to 3700 kDa). Due to
its large size, titin presents a challenge for molec-
ular diagnosis, since the gene may contain many
missense variants with indeterminate pathogenicity,
which may be contained in different titin splicing
isoforms. Mutations in titin are also associated with
several different diseases, including LGMD 2J [52],
recessive centronuclear myopathy [53] and recessive
core myopathy with heart disease [54]. This complex-
ity has necessitated the development of four iterative
pillars for diagnostic confidence: i) genotypic (muta-
tions present in the DNA); ii) phenotypic (what the
disease looks like); iii) histotypic (what the tissue
structure looks like); and iv) imaging (gross analysis
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of muscle involvement by ultrasound or MRI) [55].
Such an approach is useful for many neuromuscular
disorders that are difficult to diagnose.

Dr. Alan Beggs (Harvard Medical School, USA)
provided an overview of the genetically and phe-
notypically heterogeneous congenital myopathies.
These disorders are typically non-progressive,
and are characterized by primary hypotonia and
weakness, as well as muscle pathology (i.e. myotubu-
lar, CFTD, multiminicore, nemaline). Dr. Beggs
discussed in greater detail nemaline myopathy, muta-
tions for which typically occur in genes encoding thin
filaments (e.g. nebulin, actin, tropomyosin) and, as
demonstrated by Dr. Beggs’ group, Kelch-like fam-
ily member 41 gene (KLHL41) [56]. Dr. Beggs also
discussed his work on developing a gene therapy
strategy, which has advanced to human clinical tri-
als, to treat X-linked myotubular myopathy (MTM1)
[57].

Dr. Kevin Flanigan (Research Institute of the
Nationwide Children’s Hospital, USA) focused his
talk on the nature of the dystrophin gene and
mutations that cause Duchenne and Becker mus-
cular dystrophy. Dystrophin is the largest gene
in the human genome, and has several alterna-
tive transcription and translational start sites, which
can impact development of new therapeutics. The
United Dystrophinopathy Project Consortium was
created to understand how dystrophin gene vari-
ations can impact clinical expression of several
dystrophinopathies, including DMD [58]. Dr. Flani-
gan discussed his work on identifying a novel internal
ribosome entry site (IRES) in exon 5 of the dystrophin
gene, which can be induced to express a nearly func-
tional but somewhat truncated dystrophin protein,
and which may be a new target for therapeutic inter-
vention [59].

Dr. Elizabeth McNally (Northwestern Univer-
sity/Feinberg School of Medicine, USA) discussed
her work on characterizing genetic modifiers that act
on muscle injury and repair. Dr. McNally focused on
the beneficial effects of the glucocorticoid steroids
used to treat DMD (e.g. prednisone, deflazacort, epel-
erenone). These steroids function in part to increase
the expression of annexins, such as annexin A6,
which accumulate at the site of sarcolemmal dam-
age and assist in repair [60]. Indeed, intermittent
steroid administration was shown to be beneficial in
two mouse/cell models of muscular dystrophy [61,
62], a benefit that was achieved without the com-
mon side-effects of chronic steroid use. The session
ended with a short talk by Dr. Dwi Kemaladewi, from

the laboratory of Dr. Ronald Cohn (The Hospital for
Sick Children, CAN), entitled “Exon inclusion for the
treatment of splice site mutations in merosin-deficient
congenital muscular dystrophy.”

SESSION 7A: CLINICAL SESSION -
ADVANCES IN CLINICAL MYOPATHIES

The clinical session on myopathies was moder-
ated by Dr. Jocelyn Zwicker (TOH, CA). Dr. Ariel
Breiner (TOH, CA) opened the session by discussing
the fundamental principles in NMD ultrasound [63].
Dr. Breiner outlined ultrasound settings for optimal
tissue resolution, which is impacted by depth of field,
area of focus, frequency (i.e. high frequencies pro-
vide better resolution for superficial structures) and
gain (brightness to compensate for attenuation of
signal at greater tissue depth). Dr. Breiner empha-
sized that ultrasound is rapid and painless, provides
anatomic rather than physiological data, and can
act as a potential biomarker in inflammatory neu-
ropathies/myopathies. Ultrasound can also be used to
localize the pattern of affected muscles in myopathies
and help direct percutaneous muscle biopsies [64].
Dr. Doris Leung (Kennedy Kreiger Institute, USA)
presented an update on MRI biomarkers for muscle
disease to help characterize disease progression and
response to therapy, particularly with inflammatory
myopathies, for both clinical assessment and as a
research tool. Dr. Leung also demonstrated character-
istic specific muscle involvement for certain muscular
dystrophies, such as sartorius involvement in SEPN1-
related congenital muscular dystrophies or ‘central
cloud’ effect in collagen VI myopathies [65]. Dr.
Leung outlined her work in imaging in patients with
FSHD, emphasizing specific muscle patterns that
emerge only when sufficient numbers of patient MRIs
are assessed from multiple institutions (i.e. selective
semi-membranous involvement) [66, 67].

Dr. Nathalie Streichenberger (Centre Hospitalier
de Lyon, FR) presented the “Concepts of mus-
cle biopsy: Diagnosis to organisation of the Lyon
Myobank.” Dr. Streichenberger outlined the devel-
opment of the large Lyon NMD biobank with over
6000 muscle samples and emphasized the importance
of collecting comprehensive clinical information
including motor deficits, genetic analysis, EMG data,
and muscle imaging, paired to detailed muscle biopsy
data. Dr. Streichenberger outlined the diagnostic ben-
efits of three types of biopsy, including needle muscle
biopsy, clamp biopsy, and open surgical biopsy as
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well as the importance of proper muscle biopsy sam-
ple preparation. Finally, Dr. Bernard Brais (McGill
University, CAN) presented his work on an emerging
autosomal dominant syndrome of muscle hypertro-
phy with impressive strength and myalgias pain,
known as Strongman syndrome. These patients can
be difficult to identify given that they are rarely
associated with hyperCKemia and can have nor-
mal muscle biopsies or slightly larger type 2 fibres.
Dr. Brais outlined his work identifying causative
genes for NMD, including in large French Canadian
families with Strongman syndrome due to DCST2
mutations [68].

SESSION 7B: BASIC RESEARCH SESSION
– ADVANCES IN MUSCLE STEMS CELLS
AND DEVELOPMENT

The moderator for this session was Dr. Jeffery
Dilworth (OHRI, CAN). Dr. Joe Chakkalakal (Uni-
versity of Rochester Medical Center, USA) presented
his work on the relationship between age-related
changes in muscle satellite cells and NMJ decline
[69]. In aging muscles, the number of satellite cells
decline, and there is also a reduction in satellite cell-
derived myonuclei at the aged NMJ. Consistent with
a specific role for satellite cells at the NMJ, dipthe-
ria toxin-induced elimination of satellite cells led to
a loss of NMJ structure, and expression of Sprouty 1
specifically in satellite cells can counteract the age-
related loss of NMJ integrity. Dr. Benedicte Chazaud
(Institut National de la Santé et de la Recherche
Médicale, FR) presented her work on the role of
macrophage subsets in controlling muscle extracellu-
lar matrix remodeling and fibrosis. Macrophage play
a crucial role during normal muscle regeneration, and
appear to have different transcriptional and functional
characteristics during different stages of regeneration
[70].

Dr. Stanley Froehner (University of Washington
Medical School, USA) discussed his work on devel-
oping simvastatin as a treatment for DMD [71].
Simvastatin is best known as a cholesterol-lowering
drug, but it is also known to reduce inflamma-
tion, oxidative stress, and fibrosis, all hallmarks
of dystrophic muscle. Administration of simvas-
tatin to a mouse model of DMD led to reduced
circulating levels of creatine kinase, decreased evi-
dence of inflammation and fibrosis in the muscle,
improved specific force, and improved myocardial
performance. Dr. Fabio Rossi (University of British

Columbia, CAN) addressed the question of whether
muscle fibrosis was a result or a cause of failed
regeneration. During normal muscle regeneration,
fibro-adipogenic progenitor (FAP) cells expand and
infiltrate the damaged muscle, and progress through
a series of transformations from secreting primarily
inflammatory cytokines, followed by myokines and
finally they appear involved in deposition of extra-
cellular matrix. FAP undergo apoptosis at the end of
the regeneration, and a failure to die (as may be the
case in chronically damaged tissue) actually leads to
their involvement in the formation of fatty and fibrotic
deposits in the muscle [72, 73]. Dr. Natasha Chang,
from the laboratory of Dr. Michael Rudnicki (OHRI,
CAN) provided a short talk entitled, “p38-gamma
MAPK regulation of Carm1 mediates asymmetric
cell fate of muscle stem cells.”

SESSION 8: FUTURE DIRECTIONS IN
NEUROMUSCULAR DISEASE RESEARCH

The final session of the conference was moder-
ated by Drs. Jodi Warman Chardon (TOH, CAN)
and Robin Parks (OHRI, CAN). Dr. Kym Boycott
(CHEO, CAN) provided a talk entitled “Approaches
to solve the remaining unsolved neuromuscular dis-
orders.” Dr. Boycott discussed the large increase in
the identification of new disease-causing genes that
resulted from the wide-spread adoption of whole
exome sequencing. Creation of the International Rare
Diseases Research Consortium (IRDiRC) further
accelerated the rate of gene discovery [74]. However,
challenges still exist, such as persistent lack of data
sharing, insufficient infrastructure to allow sharing of
large data sets, and how to bring together groups of
basic scientists and clinicians working on the same
gene. Fortunately, there are several international ini-
tiatives designed to bring the rare disease community
together, including IRDiRC, PhenomeCentral and
Orphanet. Dr. Boycott also pointed out that there
are new approaches to enhance the discovery rate
for patients that fail to be diagnosed through whole
exome sequencing, such as transcriptome sequenc-
ing which can detect certain genome rearrangements
(e.g. duplications, deletions and inversions) better
than whole exome sequencing [75].

The final speaker of the conference was Dr. Nigel
Laing (University of Western Australia, AU), who
discussed issues surrounding future best practices
in NMD. Dr. Laing presented a study showing that
whole exome sequencing was a cost-effective method
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to diagnose paediatric muscle diseases, relative to tra-
ditional diagnostic approaches [76]. Dr. Laing also
pointed out that treating individuals with rare dis-
eases actually costs disproportionately more health
care dollars in Australia (and, presumably, many
other countries), where 2% of the population suf-
fering with rare disease consumes over 10% of the
inpatient hospital costs [77]. Finally, Dr. Laing dis-
cussed the idea of preconception carrier screen, which
is currently offered in several centers in Australia for
cystic fibrosis [78, 79], and could be expanded to
encompass many NMD conditions [80]. In conclu-
sion, Dr. Laing stated that preconception screening
may become more widely available if the average
cost of therapies (e.g. Spinraza) exceeds the cost of
screening.

CONCLUDING REMARKS

Closing remarks were provided by Drs. Jodi War-
man Chardon (TOH, CAN) and Robin Parks (OHRI,
CAN), who, on behalf of the organizers, thanked the
attendees, speakers and sponsors. The Ottawa NMD
2017 conference accomplished its primary objective
of engaging the attendees with high level scientific
and clinical presentations in NMD. We hope the con-
ference inspired new collaborations and new ideas
that will lead to new understanding of NMD dis-
ease pathogenesis, ultimately enhancing diagnosis
and treatment options for patients affected by NMDs.

Save the Date! Planning is already underway for
the 5th Ottawa International Conference on Neuro-
muscular Disease and Biology (Ottawa NMD 2019),
which will take place on October 17–19, 2019. Once
again, we look forward to exciting and dynamic
updates from leading basic and clinical researchers
in NMD here in our National Capital.
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