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At no time in the history of facioscapulohumeral muscular 
dystrophy (FSHD) has the future looked brighter for the 
successful development of a disease-modifying treatment. For 
example, in 2015, there were only seven clinical studies listed 
on the US-based Clinicaltrials.gov website (using the search 
term “FSHD”). With now (as of 21 June 2017) over 30 studies 
listed in the US – some involving pharmaceutical treatments 
and some involving interventions – the stage is set for positive 
change.

More groundwork is needed, however, such as the conduct 
of natural history studies, establishment of more global patient 
registries and completion of additional genetic and molecular 
studies, to better understand FSHD and to identify promising 
targets. Establishing relevant outcome measures and/or biomarkers 
of disease progression is crucial as well.  

Indeed, it has historically proven difficult to find preclinical 
and animal models of FSHD; however, a newer generation of 
mouse models appears to be encouraging in regard to reflecting 
human FSHD pathology. Because it is critically important for the 
pharmaceutical industry to find suitable patients for their FSHD 
trials quickly, a brief discussion of patient registries is also included.

Several promising approaches to the treatment of FSHD 
include: intramuscular transplant of muscle-derived and adipose-
derived mesenchymal cells (e.g., myoblast transfer), histidyl-tRNA 
ligase modulation, myostatin inhibition and DUX4 modulation, in 
addition to protein supplementation and muscle imaging.

This paper will provide a very brief overview of FSHD (for more 
details, see our paper entitled, “Facioscapulohumeral Muscular 
Dystrophy: Clinical, Therapeutic and Regulatory Updates” published 
in Volume 9, Issue 3 of the Journal for Clinical Studies), discuss the 
challenges associated with the lack of a unified FSHD registry 
and discuss select promising pharmaceutical interventions in the 
pipeline. A brief overview describing protein supplementation will 
also be provided, but imaging will not be discussed.

As ongoing FSHD studies are completed, it is hoped that the 
mechanism of disease will become better elucidated, more targets 
will be identified, and more biopharmaceutical companies will be 
willing to invest in clinical trials.

Background1

FSHD is a complex muscle disease that affects the entire body; but 
it is typically referenced as a single clinical phenotype affecting the 
face (facio), scapula (scapulo), and humerus (humeral) muscles. It 
appears to have varying molecular and genetic determinants with 
commensurate differences in disease progression. 

Potential Therapies in the R&D Pipeline for 
Facioscapulohumeral Muscular Dystrophy

FSHD has only recently attracted attention from the pharmaceutical 
industry, largely due to advances in our understanding of the 
genetic mechanisms of disease, including overexpression of a 
protein called double homeobox 4 or DUX4.

There is currently no disease-modifying treatment or cure for 
FSHD. Most treatments proposed to “treat” FSHD have not yet been 
tested in randomised clinical trials.  

According to the University of Massachusetts Medical 
School’s Wellstone Center of FSHD, FSHD is the most prevalent 
hereditary muscular dystrophy affecting men, women and 
children and is more prevalent than any of the other types of 
muscular dystrophy. A conservative estimate of incidence for 
FSHD1, the most common type, is 1 in 14,286 births throughout 
the world; however, due to increased experience with FSHD, 
population-based research and improved genetic testing, this 
estimate may be low; actual incidence may be as high as 1 in  
7500.

Accessing Patients
A patient registry is a collection of secondary data related to FSHD 
patients (and therefore may include family members). Registries can 
vary in sophistication from simple MS Excel spreadsheets that can 
only be accessed by a small group of physicians, to very complex 
databases that are accessed online across multiple institutions.  

Because of the large unmet need to identify disease-modifying 
and curative treatments – coupled with greater elucidation of 
the mechanism of action of certain types of MD (like Duchenne 
MD [DMD], Becker’s MD [BMD] and FSHD) – pharmaceutical 
companies and third-party capital investors are increasingly 
willing to invest in drug development. Registries are needed to 
help pharmaceutical companies rapidly identify FSHD patients for 
global trials, protect patients’ rights, meet patient expectations, and 
expedite drug development. Due to the small number of patients 
with FSHD, it is important to identify these individuals quickly 
in order to share rapidly evolving scientific advances with them, 
advocate for them, and provide opportunities to advance our 
scientific knowledge so that, ultimately, viable treatment options 
can be found.

Registries can play multiple roles, including identifying 
FSHD patients for scientific research, clinical trials, and later, as 
products/drugs are approved for the treatment of FSHD, in the 
post-marketing surveillance of pharmaceuticals. Registries can also 
send reminders to healthcare providers (or even patients) to undergo 
certain tests in order to reach treatment quality goals. Registries 
are less complex and simpler to set up than an electronic medical 
record, which keeps track of all the patients a doctor follows, while a 
registry only keeps track of a small sub-population of patients with 
a specific condition.
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Currently, many registries are only offered in one geographic 
area or for just one or two types of MD. The Muscular Dystrophy 
Association (MDA) – the world’s leading non-profit dedicated to 
finding treatments and cures for muscular dystrophy, amyotrophic 
lateral sclerosis (ALS) and other neuromuscular diseases – is 
attempting to remedy this disparity by working with QuintilesIMS 
and patient advocacy groups to provide a world map of people with 
myopathies. The MDA is not currently developing a registry of 
patients with FSHD.

Because there are multiple registries, it can be confusing for 
both the newly diagnosed patient and the caregiver. In general, for 
those who are unfamiliar with a certain type of MD, most patient 
advocacy groups provide links and post information for patients 
and their caregivers. Some groups, such as the US-based FSH 
Society, is attempting to plug the gap for a unified global FSHD 
patient registry and recently announced its intention to establish 
such a registry in collaboration with a dozen other organisations 
and government agencies around the world.3

Funding
In the past three years, there has been a shift in the funding source 
for clinical studies in FSHD, as listed on clinicaltrials.gov, with 35% 
of studies started from 2014 through 2016 receiving primary funding 
from industry. See Figure 1 below for a summary of industry and 
non-industry sponsors of FSHD trials, by percentage, since 1993.

Additionally, regardless of the sponsor, 71% of studies during this 
time were interventional in nature. These trends provide optimism 
of future approved treatments for FSHD. As a point of reference, 
industry sponsored trials became a significant portion of Duchene 
muscular dystrophy (DMD) development beginning in 2008, and in 
2016 the first treatment for DMD was approved by the FDA. 

Figure 1 – Industry and Non-industry Sponsors  
of FSHD Trials Since 1993 

Pharmaceutical Treatments
The World Health Organization4 defines a “clinical trial” as:
• “For the purposes of registration, a clinical trial is any research 

study that prospectively assigns human participants or groups 
of humans to one or more health-related interventions to 
evaluate the effects on health outcomes. Interventions include 
but are not restricted to drugs, cells and other biological 
products, surgical procedures, radiological procedures, devices, 
behavioural treatments, process-of-care changes, preventive 
care, etc.”

Therefore, studies listed on certain regulatory-mandated 
websites, like Clinicaltrials.gov, may include observational studies 
to study natural history progression, imaging trials to determine 
the differences between muscle groups and studies to examine 

the effects of vitamins and protein supplements. For the purposes 
of this paper, the authors will focus on the four main therapeutic 
treatments just below, but will comment on our literature review of 
protein supplementation.

1. Cell therapies, including myoblast transfer therapy
2. Histidyl tRNA synthetase stimulation
3. Myostatin inhibition; and 
4. DUX4 modulation 

Cell Therapies
Different cell therapy strategies using various types of cells 
have been tested in chronic muscle disorders.5-9 There are many 
challenges in developing robust and efficacious muscle disease cell 
therapies. An ideal therapeutic candidate will have the following 
attributes: 1) cells which are easily obtainable in sufficient quantities, 
2) robust and rapid isolation and cellular amplification, 3) significant 
myogenic potential, 4) proper homing, 5) genetically modifiable (if 
applicable), and lastly 6) the ability to restore the pool of satellite 
cells in order to amplify the therapeutic effect in subsequent 
rounds of regeneration.10 The majority of this work has been done in 
muscular dystrophy animal models and in patients with DMD. This 
research, when paired with recent advances in cell therapeutics, 
gives promising insights into what the difficulties will be and how to 
overcome them when developing an efficacious therapeutic.

Myoblast transfer therapy, in which allogenic myoblasts 
were given via multiple intramuscular injections, was originally 
proposed for the treatment of DMD; however, the clinical effects 
were minimal and disappointing. Multiple factors contributing to 
the treatment failure were subsequently identified.11

According to Skuk and Tremblay, it is now widely believed that 
the inefficiency of myoblast transfer therapy derives from the poor 
survival and insufficient migration of transplanted myoblasts, as 
well as their rejection by the recipient’s immune system.12 It was 
estimated in animal models that 90–99% of myoblasts die after the 
injection, primarily within the first 12 hours post-injection. These 
results indicate that a stem-cell like sub-population is responsible 
for the persistent cells.13 For myoblasts to be an efficacious 
therapeutic, this sub-population must be significantly enriched and 
amplified. Poor dispersion of the injected cells was another factor 
which negatively impacted the myoblast transfer therapies.14

While much of the prior research has focused on DMD, the 
selective muscle involvement in FSHD and OPMD has directed 
scientists’ interest toward autologous myoblast transfer as a 
potentially feasible treatment option for these disorders.15 In DMD, 
the muscle pathology is spread across most muscles as opposed 
to diseases such as FSHD and OPMD, where affected and non-
affected muscles typically coexist.  

Vilquin et al. have explored proliferation and in vitro and in 
vivo differentiation of myoblasts from FSHD-unaffected vastus 
lateralis muscle and found that large-scale production of myoblasts 
is possible, with no morphological aberrations compared to the 
controls. This was in contrast to the finding of another study, 
where morphological changes were found.16 Nevertheless, the 
investigated myoblasts also had a high proliferative capacity.17 Based 
on their results, it was hypothesised that myoblasts expanded from 
unaffected FSHD muscles may be suitable candidates for autologous 
cell transplantation in FSHD. It is important to note that genetic 
and epigenetic changes due to cell passaging, best exemplified 
using induced pluripotent stem cells (iPSCs)18, is of concern, and so 
cellular amplification should be minimised.
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 Mesoangioblasts and muscle-derived CD133+ stem/progenitor 
cells have been tested in boys with DMD. Human mesoangioblasts 
differentiate into skeletal muscle under a variety of conditions, 
with the highest efficiency when exposed to human normal 
myoblast-conditioned medium.19 Studies have shown that intra-
arterial injection of mesoangioblasts restored muscle morphology 
in muscular dystrophy animal models.20  

Mesoangioblasts can be efficiently isolated from FSHD patient 
muscle biopsies and expanded ex vivo to an amount necessary to 
have efficacy in animal models, but the disease state of the muscle 
of origin is important. Proliferating mesoangioblasts differentiated 
into skeletal muscle to differing extents, correlated with the 
overall disease severity and the degree of involvement of the 
muscle of origin as assessed by clinical, MRI, and histopathology 
examination.21 While promising, the extent of differentiation 
necessary and the cell numbers required for efficacy in patients 
can only be determined in clinical trials. Mesoangioblasts from 
the unaffected muscles differentiate into morphologically normal 
myotubes, whereas those from affected FSHD muscles show 
myogenic differentiation block.22

In vivo studies in mice followed and confirmed these 
observations. Mesoangioblasts from apparently normal muscles 
were able to integrate and efficiently participate in muscle 
regeneration, whereas mesoangioblasts obtained from affected 
muscles presented differentiation defects.23

While a number of challenges will need to be resolved for 
the successful clinical development of a cellular therapeutic for 
muscle diseases, recent developments, including the identification 
of the potential hurdles and possible approaches, show that 
cell-based treatments for muscular dystrophy have significant  
promise.

Histidyl tRNA Synthetase Stimulation
Several decades ago, it was discovered that RNA synthetase 
has roles outside of translation; later, aberrant or mutant tRNA 
synthetases were linked to the pathogenesis of disease, ranging 
from cancer to peripheral neuropathies.23

Recombinant tRNA synthetase is currently being tested in 
different types of muscular dystrophies, investigating cytokine-
like capabilities of histidyl tRNA synthetase which might present 
an effective treatment of myopathies with an inflammatory 
component. The compound, Resolaris (ATYR1940), is a physiocrine-
based protein that modulates immune responses in skeletal muscle 
preclinically, and is identical to substantially all of human histidyl 
tRNA synthetase, a protein that is released from skeletal muscle. In 
vitro T-cell modulation experiments have demonstrated that at 100 
pM, Resolaris results in significant reduction of T-cell activation 
in muscle, as shown by reduced expression of T-cell activation 
markers.24

This compound has received orphan drug designation from both 
US Food and Drug Administration (FDA) and European Medicines 
Agency (EMA), as well as fast track status for FSHD from the FDA.25 
The route of administration of Resolaris is intravenous.

Last year, data from a randomised, double-blind, placebo-
controlled, multiple ascending dose study to evaluate the safety, 
tolerability and pharmacokinetics, immunogenicity and biological 
activity of ATYR1940 in adult FSHD patients were published, 
and supported the advancement of ATYR1940 for further clinical 
development in FSHD.26

At the end of 2016, the company announced interim results 
from an ongoing Phase Ib/II trial in patients with early onset FSHD 
(003 trial), results from a trial in patients with adult FSHD (005 trial) 
and results from a Phase Ib/II trial in adult patients with limb-
girdle muscular dystrophy and FSHD (004 trial). Forty-four patients 
received Resolaris at the time of data analysis, which was generally 
well-tolerated, adverse events were mild to moderate intensity and 
no serious adverse events were reported. According to an aTYR 
press release, overall individualised neuromuscular quality of life 
(INQoL) questionnaire scores were stable in all FSHD patients in 
the 004 trial and in five of eight patients, a small decrease in disease 
burden was demonstrated. In study 003, the INQoL scores were 
relatively stable and three of four patients demonstrated improved 
muscle strength. The 005 trial did not demonstrate worsening or 
improvement in INQoL or manual muscle testing.27

It is important to highlight that the press release did not list any 
figures related to statistical significance.

Myostatin Inhibition
Myostatin is an endogenous negative regulator of muscle growth. 
Neutralising antibody to myostatin, MYO-29, was tested in Phase 
I/II double-blind, placebo-controlled, randomised study in different 
types of muscular dystrophies including FSHD (NCT00104078). The 
compound failed to improve muscle strength in patients, measured 
by manual muscle testing, quantitative muscle testing, and timed 
function tests. The study, however, was not powered for efficacy. 
Bioactivity of MYO-029 was supported by a trend in a limited 
number of subjects towards increased muscle size using dual-
energy X-ray absorptiometry and muscle histology assessments.28

 
ACE-083, a locally acting muscle agent which increases muscle 

strength and function in an animal model, is another compound in 
development for the treatment of FSHD. ACE-083 works by binding 
to and inhibiting select proteins in the Transforming Growth Factor 
beta (TGF-beta) protein superfamily that negatively regulate muscle 
growth, such as activins and myostatin.29 TGF-beta causes fibrosis 
and promotes inflammation in skeletal muscles.30

Increased TGF-beta signalling has also been associated with 
inherited and acquired muscle disorders, including muscular 
dystrophies and neuromuscular diseases such as ALS.31,32 Besides 
its effect on induction of muscle atrophy and fibrosis, TGF-beta also 
decreased muscle fibre size and dramatically reduced maximum 
isometric force generation in mice.33

A Phase I study investigating ACE-083 in healthy volunteers 
demonstrated that ACE-083 produced substantial dose-dependent 
increases in muscle volume, with the highest dose level generating 
a 14.5% increase in muscle volume.34,35 A Phase II study in FSHD 
patients with muscle weakness in musculi tibialis and anterior 
biceps brachi has been initiated. 

DUX4 Modulation 
Both FSHD types (FSHD1 and FSHD 2) have a common downstream 
mechanism of aberrant expression of DUX4, which causes a toxic 
gain of function. DUX4 has therefore become an interesting target 
for potential FSHD therapeutics. Possible therapeutic approaches 
include increasing methylation in the D4Z4 region, knocking down 
or inhibiting expression DUX4 or targeting downstream targets of 
DUX4.36, 37, 38

 Multiple preclinical studies have been carried out or are 
underway. In 2012, a group of scientists led by Wallace used adeno-
associated viral vector (AAV) to deliver micro mRNA targeting 
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DUX4, and managed to correct DUX4-associated myopathy in mice 
model by DUX4 gene silencing.39 The main issue with Wallace’s work 
was that the delivery system using AAV could trigger an immune 
response. Ansseau later used different antisense oligonucleotides 
(AOs), against the DUX4 mRNA and was able to knock down DUX 
expression in an in vitro model of FSHD and demonstrated the 
promise of antisense strategies to treat FSHD.40 Further work has 
been published on AOs that are targeting DUX4 mRNA to prevent 
or downregulate its translation to the toxic protein, and also to 
decrease the aberrant expression of genes downstream of DUX.41 
This study used a new AO-based therapeutic approach for FSHD 
using phosporodiamidate morpholino oligomers (PMOs), targeting 
the key elements of 3’ end processing of the DUX transcript, which 
are believed to bring certain advantages over classic AOs.

 
A recent study showed that in primary human myoblasts 

from FSHD patients and unaffected controls, DUX4-targeted AOs 
suppress the atrophic myotube FSHD phenotype but do not improve 
the disorganised FSHD myotube phenotype. It is hypothesised 
that the latter may be caused by overexpression of DUX4c. DUX4c 
is a protein identical to DUX4 except for the end of the carboxyl 
terminal domain, is expressed at a low level in healthy muscle cells 
and up-regulated in FSHD, and therefore might be another suitable 
therapeutic target in FSHD.42, 43, 44

Another possible therapeutic approach is the use of CRISPR/
dCas9-based genome editing technology. Himeda and colleagues 
demonstrated that the CRISPR/dCas9 transcriptional inhibitor can 
be specifically targeted to the highly-repetitive FSHD macrosatellite 
array and can repress expression of DUX4 full-length protein and 
downstream targets in primary FSHD myocytes. 

The last approach we would like to mention is antisense RNA 
therapy to eliminate the polyadenylation signal on the 4qA allele so 
that DUX4 is not translated. In other words, it means that the 4gA 
allele is converted to the 4qB allele.45

Further progress in DUX-targeted therapeutic approaches for 
FSHD is warranted prior to moving into clinical trials involving 
patients. 

Protein Supplementation 
An earlier, non-randomised clinical study by Anderson et al. 
suggested that protein-carbohydrate supplements might improve 
protein balance in patients with MD46, including those with FSHD; 
however, later, randomised studies involving only patients with 
FSHD did not show any further improvement to the training effects 
alone.47 The 2015 study, a randomised, double-blind placebo study 
conducted in Denmark, found that while regular endurance training 
does improve fitness, walking speed and self-assessed health in 
patients with FSHD without causing muscle damage, the protein-
carbohydrate supplement (consisting of 23 grams of whey protein 
and 17 grams of carbohydrates) did not offer any improvements.

Although creatine is frequently in the news as a popular 
performance-enhancing supplement, Evangeliou et al. conclude 
that while it may help, “there is a lack of double-blind clinical trials 
in humans and undoubtedly, further research is required.”48

Therefore, the authors concluded that there is little evidence 
that protein supplementation provides any significant positive 
effects in patients with FSHD.  

Because FSHD varies in its effects on targeted anatomical 
regions of the body in each individual, larger-scale clinical trials, 

facilitated by FSHD-targeted registries, are needed in order to 
obtain a greater understanding of how protein supplements affect 
the bodies of patients.

Summary
Facioscapulohumeral MD, likely the most prevalent form of MD, 
currently has no cure, but several factors point to the potential for 
successful development of a disease-modifying FSHD treatment 
in the near future. First, the number of interventional trials to 
treat FSHD is increasing; second, the amount of capital for FSHD 
investment has increased; and third, industry sources of capital are 
increasing sharply.  

We reviewed four main therapeutic approaches in clinical 
development: cell therapies, histidyl tRNA synthetase stimulation, 
myostatin inhibition, and DUX4 modulation.

The majority of work on cell therapies has been done in 
muscular dystrophy animal models and in patients with DMD. A 
number of challenges exist – such as poor survival of the myoblasts, 
insufficient migration, rejection by the recipient’s immune system 
and variability with proliferation – that will need to be resolved 
for the successful clinical development of a cellular therapeutic for 
FSHD. Recent advances, including the identification of the potential 
hurdles and possible approaches, show that cell-based treatments 
for FSHD have significant promise.

Resolaris is the most advanced recombinant tRNA synthetase 
currently being tested in FSHD. Its administration appears to 
significantly reduce certain types of inflammatory responses. 
Initial results from a randomised, double-blind, placebo-controlled, 
multiple ascending dose study, interim results from an ongoing 
Phase Ib/II study in patients with early onset FSHD, and results 
from a Phase Ib/II study in adult patients with FSHD all appear 
encouraging, but the clinical development is not yet complete and 
it is important to highlight that that the press releases did not list 
any figures related to statistical significance.

Myostatin was tested in a Phase I/II double-blind, placebo-
controlled, randomised study in patients with FSHD. Although 
the safety and tolerability was favourable, the compound failed to 
improve muscle strength in patients, as measured by manual muscle 
testing, quantitative muscle testing, and timed function tests. 

ACE-083, a locally-acting muscle agent that increased muscle 
strength and function in an animal model, is also in development 
for the treatment of FSHD. Early studies produced substantial, dose-
dependent increases in muscle volume and appear encouraging. A 
Phase II study in FSHD patients has been initiated. 

DUX4 has become an interesting target for potential FSHD 
therapeutics. Possible therapeutic approaches include increasing 
methylation in the D4Z4 region, knocking down or inhibiting 
expression of DUX4 or targeting downstream targets of DUX4. 
Multiple preclinical studies have been carried out and are 
underway. Antisense oligonucleotides are being used to alter DUX4 
expression in animal models, though there remains a concern about 
immunogenicity. Other models, including the use of CRISPR gene-
edited technology, appear promising, but further progress in DUX-
targeted therapeutic approaches for FSHD will be required prior to 
moving to clinical trials in patients. 

Regarding protein supplementation, few well-controlled, 
randomised clinical studies are available for review. Earlier studies appeared 
promising, but later studies were inconclusive or showed no clear benefit.  
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        As FSHD becomes better understood, the current interest from 
the pharmaceutical interest can be expected to build. Hopefully, 
ongoing and future clinical trials will soon result in an approved, 
disease-modifying or curative treatment for patients with FSHD.
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