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$1.1 Clinical characteristics of childhood FSHD; implications for trial-readiness.

Rianne Goselink?, Tim Schreuder?, Nens van Alfen?, Imelda de Groot?, Merel Jansen?, Richard
Lemmers?, Patrick van der Vliet3, Nienke van der Stoep*, Thomas Theelen®, Nicol Voermans?, Silvere
van der Maarel3, Baziel van Engelen?, Corrie Erasmus®

1 Department of Neurology, Donders Center for Neuroscience, Radboud university medical center,
Nijmegen, The Netherlands

2 Department of Rehabilitation, Donders Center for Neuroscience, Radboud university medical center,
Nijmegen, The Netherlands

3 Department of Human Genetics, Leiden University medical center, Leiden, The Netherlands

4 Department of clinical genetics, Leiden University medical center, Leiden, The Netherlands

5 Department of Ophthalmology, Radboud university medical center, Nijmegen, The Netherlands

6 Department of Paediatric Neurology, Donders Center for Neuroscience, Radboud university medical
center, Nijmegen, The Netherlands

Background: In order to optimize the participation in the therapeutic advances, knowledge on the
natural history and clinical research tools for children are highly needed.

Objectives: We performed a nationwide, single-investigator, natural history study on FSHD in
childhood.

Results: Thirty-two children were identified (estimated prevalence of 1:100.000 in the Netherlands).
FSHD in childhood consisted of facial weakness with normal or only mildly affected motor
performance, decreased functional exercise capacity, pain and fatigue, lumbar hyperlordosis, and
abnormalities on muscle ultrasound. Systemic features such as hearing loss, retinal, and cardiac
abnormalities were infrequent and subclinical. Patients had a mean D4Z4 repeat array of units (range
2-9 units) and 14% of the mutations were de novo.

Conclusions: FSHD in childhood is more prevalent than previously known and the genotype resembles

classic FSHD. Importantly, FSHD mainly affects functional exercise capacity and quality of life in
children.
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$1.2 Clinical examination of scapula function in patients with FSHD.
Jos lIspeert?, Jan Groothuis?, Nicol Voermans?, Baziel van Engelen?

1 Department of Rehabilitation, Donders Institute for Brain, Cognition and Behaviour, Radboud
University Medical Center, Nijmegen, The Netherlands

2 Department of Neurology, Donders Institute for Brain, Cognition and Behaviour, Radboud University
Medical Center, Nijmegen, The Netherlands

Background: Scapular dyskinesis (SD) is a distinct feature of the FSHD phenotype. Limitations in use of
the upper extremity and pain in the shoulder neck and arms are common problems in these patients. SD
can be caused by mainly serratus anterior and trapezius muscle weakness but it also occurs in patients
with normal muscle strength. Clinical examination of SD is difficult, but needed to distinguish patients
that can or cannot benefit by exercise interventions or who need orthoses or surgical management of
upper extremity problems.

Objectives: To develop a clinical method for evaluation of SD in patients with FSHD.

Results: We have collected video data from 3 patients with FSHD and varying scapular muscle function.
We will show how to discriminate patients that show SD due to loss of muscle strength from those who
have SD due to loss of motor control.

Conclusion: FSHD patients with scapular dyskinesis can have sufficient serratus anterior and trapezius

strength which is not adequately recruited for maintaining scapular posture. Some patients might
benefit from scapular coordination training.
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$1.3 Facioscapulohumeral muscular dystrophy (FSHD) has a talk with endocrinologic parameters:
estradiol, progesterone and testosterone.

Ceren Hangiil!, Umut Ozsoy?, Arzu Hizay?, Selen Bozkurt?, Ugur Bilge3, Sebahat Ozdem?, Hasan
Altunbas®, Hilmi Uysal®, Filiz Ko¢’, Sibel Berker Karatiziim?

1 Akdeniz Universirty Department of Medical Biology and Genetics
2 Department of Anatomy

3 Department of Biostatistics

4 Department of Biochemistry

5 Department of Endocrinology

6 Department of Neurology

7 Cukurova University Department of Neurology

Background: Facioscapulohumeral Dystrophy manifests earlier and more severe in men; in women
symptoms aggravate after menopause.

Objective: We tested the effects of estradiol and other hormones on severity, by using facial 3D
morphology scan and clinical severity score.

Results: Luteinizing hormone, follicle-stimulating hormone, free-estriol, estradiol, free-total
testosterone, progesterone, 17-OH-progesterone, prolactin, albumin, fibrinogen levels were analyzed
in 38(23 Males/15 Females) patients with clinical severity score and in 11 (6 Males/5 Females) patients
with facial 3D morphology scan. There was a negative correlation between clinical severity score and
estradiol(p = 0.031/ r = -0.556), progesterone(p = 0.029/r = -0.561), estradiol/free-testosterone ratio(p
=0.001/ r = -0.759), estradiol/total-testosterone ratio(p = 0.028/ r = -0.567) in 15 females; there was
no correlation in 23 males. Maximal closing of eyes(p = 0,002) and whistling(p = 0.000) were
significantly different than control group and correlated with free-testosterone(p = 0.010/r = -0.800) in
addition to detected hormones with clinical severity score. Besides, high fibrinogen levels were
detected in of 38 patients.

Conclusion: This is a pilot study revealing endocrinologic background in Facioscapulohumeral
Dystrophy. Having restricted number of patients, there is a need for far-reaching studies to verify the
effect of hormones in the course of disease. After verification and detailed research, hormonal
therapies can be suggested to enlighten Facioscapulohumeral Dystrophy.

Keywords: Facioscapulohumeral Muscular Dystrophy(FSHD); Estradiol; Testosterone; Progesterone;
Facial 3D morphology scan
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S$1.4 High frequency of keratinocyte-related skin diseases in FSHD.
Luisa Villal, Jordi Manera?, Marylin Gros?, Richard Lemmers3, Jessica de Greef3, Silvére van der
Maarel?, Guardoli Davide*, Leonardo Salviati®, Sabrina Sacconi' & FSHD working group

1 Université Cote d’Azur, Peripheral Nervous System & Muscle Department, Pasteur 2 Hospital, Centre
Hospitalier Universitaire de Nice, Nice, France

2 Neuromuscular disorders Unit, Neurology Department, Universitat Autonoma de Barcelona, Hospital
de la Santa Creu | Sant Pau, Barcelona, Spain

3 Department of Human Genetics, Leiden University Medical Center, Leiden, The Netherlands

4 Université Cote d’Azur, Department of Dermatology, Archet 2 Hospital, Nice, France

5 Clinical Genetics Unit, Department of Woman and Child Health, University of Padova, Padova, Italy

Introduction: FSHD is caused by derepression of the D4Z4-encoded transcription factor DUX4 in
skeletal muscle.

Objective: This study investigates the clinical features that may help to distinguish FSHD1 from FSHD2.

Methods: We examined 57 FSHD1 patients, 20 FSHD2 patients, 7 FSHD1+2 patients and 8 patients
with other NMD.

Results: We observed an increase in the frequency of skin diseases including moderate-severe atopic
dermatitis, prurigo nodularis, nummular eczema, psoriasis, lichen simplex chronicus, actinic keratosis,
all characterized by keratinocyte involvement, a cell type that expresses DUX4. Dermatological
diseases were especially found in patients with 7-10 RU. Their presence does not correlate with FSHD
disease severity (CSS, age-corrected CSS, Brooke score, Vignos score), disease duration or age at
examination. A significant correlation was found with DR1 methylation.

Conclusions: The presence of keratinocyte-related skin diseases is frequent in FSHD patients with >7
RU and correlates with their epigenetic status.
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S2.1 Large scale genotype-phenotype correlation study in 1,703 carriers of D4Z4 reduced alleles from
the Italian National Register for FSHD.

Fabiano Mele?, Giulia Ricci'?, Lucia Ruggiero?, Liliana Vercelli4, Cinzia Bettio!, Lorenzo Maggi®, Monica
Govil, Elisabetta Bucci’, Massimiliano Filosto®, Grazia D’Angelo®, Corrado Angelini®, Elena Pegoraro®,
Giovanni Antonini’, Rachele Piras'®, Maria Antonietta Maioli'?, Antonio Di Muzio'?!, Tiziana Mongini#,
Carmelo Rodolico'?, Lucio Santoro?, Gabriele Siciliano?, Angela Berardinelli'?, Giuliano Tomelleri?,
Rossella Tupler?

1 University of Modena and Reggio Emilia
2 University of Pisa

3 University Federico Il

4 University of Turin

5 IRCCS C. Besta

6 University of Padua

7 University "Sapienza"

8 University of Brescia

9 IRCCS E. Medea, Bosisio Parini
10 University of Cagliari

11 University of Chieti

12 University of Messina

13 IRCCS C. Mondino

Background: The majority (95%) of people affected by facioscapulohumeral muscular dystrophy
(FSHD) carry a reduced number of tandemly arrayed repetitive DNA elements, named D4Z4. Clinical
reports show high phenotypic heterogeneity in carriers of D4Z4 reduced alleles (DRA) ranging from
healthy carriers to typical FSHD to complex muscular phenotypes. 3% of healthy people carry one DRA.

Objectives: To clinically describe subjects carrying one DRA with 1-10 repeats including family
members.

Methods: Clinical evaluation of 1703 individuals carrying one contracted alleles with 1-10 D4Z4
repeats from the Italian National Registry for FSHD using the FSHD Comprehensive Clinical Evaluation
Form (CCEF) that defines nine clinical categories aimed at capturing clinical diversity. The CCEF
classifies: 1) typical FSHD (subcategories A1-3), 2) incomplete phenotypes (subcategories B1, B2), 3)
asymptomatic/healthy subjects (subcategories C1,C2), 4) atypical phenotypes (subcategories
D1,D2).The CCEF category was assessed in 846 index cases and 857 relatives from 267 unrelated
families.

Results: Clinical evaluation shows that 541probands (63.9%) present the classical FSHD phenotype
(CCEF categories A1-3), 87 (10.3%) do not display facial weakness (CCEF category B1), and 188 (22.2%)
show atypical clinical features (CCEF categories D1,2); 14 (1.6%) present signs such as scapular winging
or horizontal clavicles without muscle weakness (CCEF category C1). The large phenotypic variability
observed among probands is greater among the 857 relatives from 389 families: 227 (26.5%) were
assessed as category A, 71 (8.3%) as subcategory B1, 100 (11.7%) have facial weakness as unique
symptom (subcategory B2), 79 (9.2%) show atypical clinical features (subcategories D1, D2); whereas
380 (44.3%) have no muscle weakness (subcategories C1, C2). Subjects were subdivided in° groups on
the basis of DRA size. We found clinical categories distributed in all groups. Disease penetrance is
reduced with 44.3% of healthy relatives. The age at evaluation of healthy relatives is not significantly
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different from that of relatives who developed the full disease. The facial-sparing FSHD phenotype
(subcategory B1) was observed 10,2% of index cases and 8.3% of relatives. A>year follow-up study
conducted on 246 subjects revealed that disease trajectory observed in probands is steeper than that
observed in relatives. The subcategory B1 phenotype is associated with milder motor disability and
slower progression when compared with category A phenotype, regardless the size of the DRA.

Conclusion: These results highlight the importance of building a precise phenotypic classification of
probands and families for a correct stratification of patients. Collectively, our analyses demonstrate
that clinical variability is a critical element that needs to be considered together with the family history
for the creation of suitable clinical practice guidelines, proper genetic counseling and for defining
criteria for trial readiness.
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S$2.2 Exploring the pathogenicity of DUX4 permissive and non-permissive 4gA haplotypes in FSHD.
Muriel J Kuipers?, Richard JLF Lemmers®*, Andrew Smith?, Patrick J van der Vliet, BSc?, Nienke van der
Stoep?, Amy Campbell?, Karlien Mul?, Judit Balog', Don Henderson®, David San Leon Granado?, Nicol
Voermans?, Baziel van Engelen?, Rabi Tawil®, Stephen Tapscott?, Silvere M van der Maarel*

1 Department of Human Genetics, Leiden University Medical Center, Leiden, The Netherlands

2 Division of Human Biology, Fred Hutchinson Cancer Research Center, Seattle, Washington, USA.

3 Laboratory for Diagnostic Genome Analysis, Leiden University Medical Center, Leiden, The
Netherlands

4 Department of Neurology, Donders Institute for Brain, Cognition and Behaviour, Radboud University
Medical Center, Nijmegen, The Netherlands

5 Department of Neurology, University of Rochester Medical Center, Rochester, NY, USA

*Corresponding author

Introduction: Somatic derepression of DUX4 on disease-permissive 4gA haplotypes, but not on 4gB or
10q haplotypes causes FSHD. Permissivity for DUX4 expression is mainly based on sequence
differences in the DUX4 3’UTR, most notably the presence of a DUX4 polyadenylation signal (PAS).
Many 4gA haplotypes have been identified, all of them associated with FSHD, except for the DUX4
PAS-containing 4A166 haplotype as shown in multiple unaffected carriers of FSHD1-sized D4Z4 repeats
on a 4A166 allele.

Methods: Analysis of the DUX4 3’UTR sequence and DUX4 transcription in carriers of an FSHD1-sized
4A166 allele.

Results: DUX4 expression is strongly reduced in FSHD1-sized 4A166 muscle cells compared to FSHD1
muscle cells. Haplotype-specific sequence variants other than the DUX4 PAS may affect DUX4 mRNA

biogenesis.

Conclusion: Haplotype specific SNPs may contribute to DUX4 mRNA processing and/or stability.
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$2.3 SMCHD1 mutation spectrum for facioscapulohumeral muscular dystrophy type 2 (FSHD2) and
Bosma arhinia microphthalmia syndrome (BAMS) reveals disease-specific localization of variants in
the ATPase domain.

Richard JLF Lemmers'*, Nienke van der Stoep?, Patrick J van der Vliet?, Steven A Moore?, David San
Leon Granado?, Katherine Johnson3, Ana Topf3, Teresinha Evangelista® Volker Straub3, Tahseen
Mozaffar?, Virginia Kimonis®, Chiara Scotton®, Alessandra Ferlini®, Nicol Voermans’, Baziel van
Engelen’, Sabrina Sacconi?, Rabi Tawil°, Meindert H. Lamers?, Silvére M van der Maarel**

1 Leiden University Medical Center, The Netherlands

2 University of lowa

3 University of Newcastle, UK

4 Institut de Myologie, France

5 University of California

6 University of Ferrara, Italy

7 Radboud University Medical Center, The Netherlands
8 Nice University Hospital, France

9 University of Rochester Medical Center

Background: Variants in SMCHD1 result in quantifiable local DNA hypomethylation and can cause
FSHD2 and the unrelated BAMS. In FSHD2, pathogenic variants are found anywhere in SMCHD1 while
in BAMS, pathogenic missense variants are restricted to the extended ATPase domain. We compared
FSHD2-, BAMS- and non-pathogenic SMCHD1 variants to derive genotype-phenotype relationships.

Objectives: Examination of SMCHD1 variants and D4Z4 methylation in 187 FSHD2- and 41 BAMS
families and in the control population (n=58). Analysis of variants in a 3D model of the ATPase domain
of SMCHD1.

Results: D4Z4 methylation analysis is essential to establish pathogenicity of SMCHD1 variants. FSHD2
missense variants are significantly enriched in the extended ATPase domain. The position of the

(recurrent) variants in the 3D model suggest disease-specific residues for BAMS and FSHD?2.

Conclusions: The localization of missense variants in SMCHD1 may contribute to the differences in
phenotypic outcome.
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S$2.4 Trans-generational effects in FSHD: clinical and lab evidence for imprinting, possibly cumulative?
Peter Lunt?!, Daniel Perez?

1 Centre for Academic Child Health, Bristol Univ., Bristol UK
2 FSH Society, Lexington, MA 02420, USA

Background: Understanding epigenetic factors in FSHD will help identify potential therapeutic targets.
One possible epigenetic factor could be if D424 might be differentially methylated in egg and sperm,
and any difference not fully erased/reset, resulting in sex of transmission imprinting.

Objectives: To analyse clinical severity and methylation data for trans-generational sex influences.

Method: Age-at-onset data, recorded between 1985-90 from personal interview with subjects from
>20 3-generation UK FSHD1-families, was reanalysed for the 105 affected adult grandchildren (ages
18-70 yrs) where sex of the transmitting grandparent and parent was known, by grouping into the 8
possible "transmission-sex combinations" (eg. FMM is "female-to-male-to-male"). Comparison of
grandchild age-at-onsets between these groups has been made using 2-tailed parametric (t-test) and
non-parametric (Mann-Whitney) methods. A subset of 58 of these adult grandchildren, being from the
9 families with 5-6 D4Z4 repeats (22-25 kb on EcoR1-digest), was chosen for more detailed analysis,
and for direct comparison with similar analysis on published D4Z4 methylation data in 9 US kindreds,
mostly from Utah, who also have 5-6 repeats (Jones et al., 2017 NMD:27,221-8).

Results: 1) There is a statistically significant reducing age-at-onset from grandparent to parent to
(proband-excluded) grandchild (37-21-18 yrs), as published previously (Lunt et al 1995 HMG:4,951-8 &
erratum 1243-4), but no significant sex difference for age at-onset within any one generation. 2) For
the 105 grandchildren together, only between FFF (n = 22, median 17 y) versus MMF (n = 17, median
21y) did any difference by transmission sex-combination approach significance (p = 0.056). 3) In the
subset of 58 g-children with 5-6 D424 repeats, the g-child age-at-onset means and medians show
significant difference between maternal transmission xFx (x = either sex) (h = 36; mdn. 15y; mn. 19.3 y)
vs. paternal xMx (n = 22, mdn. 21y, mn. 26.4 y) (p = 0.04), and which is enhanced where the affected
grandparent is of the same sex; FFx (n = 19, median 18 y, mean 17.7 y) vs. MMXx (n = 16; mdn. 22 y; mn.
27.6y) (p =0.02). For Fxx (mn. 19.1 y) vs. Mxx (mn. 24.2 y), p = 0.2. 4) The Utah/US family methylation
data shows significant difference in g-child D4Z4 methylation between having an affected
grandmother Fxx (n = 22, mn. 17.4%) vs. affected grandfather Mxx (n = 10, mn. 34.3%) (p=0.003), and
similarly enhanced for FFx (n = 12, mean 14.9%) vs. MMx (n = 5, mn. 36.6%); but xFx (n = 17, mn.
19.9%) vs. xMx (n = 15, mn. 25.7%) did not reach significance (p = 0.30).

Conclusions: Restricting analysis to families with D424 5-6 Units minimises potential ascertainment
bias from the combined factors of male-female severity difference and the average 6 yr increase in
median onset-age per extra D4Z4 unit, enabling comparison of clinical and laboratory measures in 2
independent large data sets. The results suggest the level of demethylation of D4Z4, affecting onset
age, is subject to trans-generational imprinting in FSHD1, but with an additional cumulative effect
across 3-generations. Earlier onset and at least halving of methylation occurs if inherited from g-
mother through mother, compared with g-father through father. Confirmation and better
understanding of this effect, particularly if 2-generations of male-transmission may be partially
protective, could open avenues for therapeutic options. The effect may also have bearing on the level
of retrospectively deduced non-penetrance in females at larger D4Z4 fragment sizes.
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$3.1 Consequences of DUX4 Expression in vitro and in vivo.
Rebecca Resnick?, Sean Shadle?!, Amy Campbell?, Sean Bennett?, Chao-Jen Wong?, Leo Wang?, Rabi
Tawil?, Silvére van der Maarel?, Stephen J. Tapscott’?

1 Fred Hutchinson Cancer Research Center
2 University of Washington

3 Rochester University

4 Leiden University Medical Center

Background: DUX4 is normally expressed in cells of the cleavage stage embryo where it activates genes
characteristic of the first wave of zygotic gene activation. In addition, DUX4 activates the expression of
repetitive elements that have been implicated in both normal developmental processes and in disease
pathology.

Objectives: Several mechanisms have been identified for the DUX4-toxicity in somatic cells, including
the activation of the double-stranded RNA response pathway, but the mechanisms of activating this
pathway in muscle cells remains unknown, as is the differential activation of this pathway between
somatic cells and early development.

Results: Our studies have identified components of the toxic pathways in DUX4 expressing cultured
cells. We have also analyzed RNA expression from MRI-informed biopsies of FSHD skeletal muscle to

determine the molecular correlates of FSHD disease and progression.

Conclusions: These studies are beginning to bridge the in vitro studies of DUX4 with the disease
progression in FSHD.
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$3.2 Single-cell transcriptomes of myogenic cells in facioscapulohumeral muscular dystrophy.
Dongsheng Guo'?, Jennifer C.J. Chen'?, Rene Maehr3, Kathryn R. Wagner?#, Oliver D. King'?, Charles P.
Emerson Jr. 2, Lawrence J. Hayward'?

1 Department of Neurology

2 Wellstone Center for FSHD

3 Program in Molecular Medicine, University of Massachusetts Medical School, Worcester, MA 01655,
USA

4 Kennedy Krieger Institute, 707 N Broadway, Baltimore, MD 21205, USA

Objective: We hypothesize that single-cell transcriptome analysis of primary cells from FSHD muscle
biopsies and iPSC-derived secondary myoblasts may inform regarding the pathophysiology of muscle
damage in FSHD and the identification of FSHD biomarkers.

Methods: We induced a PAX3-driven myogenic differentiation program using iPS cells derived from
early-onset or adult-onset FSHD or control individuals and performed multiplexed single-cell RNA-seq.

Results: Muscle progenitor cells (S1 cells) with 2-4 D474 repeats (early-onset phenotype) showed
higher expression of DUX4 biomarkers compared to S1 cells harboring 5-8 D424 repeats (adult-onset).
Proliferating secondary myoblasts and biopsy-derived cells did not express detectable DUX4
biomarkers. Ongoing experiments include trajectory analysis of the iPSC-derived myogenic program
and single-nucleus approaches to analyze the transcriptomes of myotubes and acutely isolated biopsy
samples from FSHD and controls.

Conclusions: These results may provide insight into mechanisms contributing to the wide variance in
disease severity among early-onset, adult-onset, and non-manifesting FSHD muscles and among

corresponding iPSC myogenic lineages.

Support: Muscular Dystrophy Association, University of Massachusetts Wellstone MDCRC
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$3.3 Generation of an iPSC model of FSHD and unveiled aspects of DUX4 expression under genotoxic
stresses.
Mitsuru Sasaki-Honda?, Akitsu Hotta?, Hidetoshi Sakurai?

1 Center for iPS cells Research and Application, Kyoto University

Background: FSHD is a type of genetic/epigenetic skeletal muscle disease which causes progressive
“asymmetric” muscle weakness with a wide range of clinical manifestations among patients, indicating
involvement of environmental factors.

Objectives: We investigated whether such potential factors have influence on DUX4 expression in
patient-derived cells.

Results: First, we established a simple FSHD cell model in which patient-derived iPSCs, including gene-
corrected FSHD?2 isogenic clones, are differentiated into muscle lineages by MyoD overexpression,
recapitulating FSHD-specific DUX4 expression. Using this model, we found that oxidative stress and
other genotoxic stresses upregulated DUX4 expression. DUX4 reporter analysis revealed that oxidative
stress increased the number of DUX4-positive cells which are rare under normal condition.

Conclusions: Our results suggests that these environmental factors can be risk factors to FSHD muscles
through gene expression and may explain unique features of FSHD.
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$3.4 In vitro challenging of facioscapulohumeral muscular dystrophy macrophages derived
monocytes: the role of trained innate immunity in FSHD.
Anna Greco'?, Hans Koenen3, Martin Jaeger?, Karlien Mul!, Leo Joosten?, Baziel van Engelen?

1 Department of Neurology, Radboud University Medical Center, Nijmegen, The Netherlands

2 Laboratory of Experimental Internal Medicine, Department of Internal Medicine, Radboud University
Medical Center, Nijmegen, The Netherlands

3 Laboratory of Medical Immunology, Department of Laboratory Medicine, Radboud University
Medical Centre, Nijmegen, The Netherlands

Background: FSHD is one of the most prevalent inherited myopathies and it is characterized by a
progressive and asymmetric muscular weakness and atrophy. Muscle inflammation may play a role in
promoting the dystrophic process. In fact, recent studies describe muscle inflammatory infiltrates
mainly composed by macrophages derived monocytes and CD8+ T cells in muscles showing
hyperintensity features on T2-weighted short tau inversion recovery magnetic resonance imaging (T2-
STIR-MRI) sequences. A further understanding of the inflammatory mechanism involved is crucial,
especially as it may open up new possibilities for pharmaceutical interventions, anti-inflammatory
drugs being available.

Objectives: this study aimed at understanding if an enhanced (also referred as trained) innate
immunity could explained the inflammatory infiltrates associated with FSHD histology.

Methods: to unravel the nature of the inflammatory component associated with FSHD, as a first step,
we measured serum circulating inflammatory markers such as IL-6, TNFa, IL-1a, IL-B, MCP-1, and
VEGF-A in FSHD and healthy control sera. Subsequently, we challenged in vitro PBMCs and monocytes,
freshly isolated from FSHD patients and healthy controls. The cytokine production was measured as
well after the in vitro challenge to investigate whether innate immune cells displayed an enhanced
programme. Moreover, the phenotype of circulating immune cells was analyzed by flow cytometry.

Results: higher serum circulating levels of IL-6 and TNFa were found in the patient group, while MCP-1
and VEGF-A serum concentrations were significantly lower in the patient group suggesting possible
new disease markers. However, the cytokine production from in vitro challenged monocytes and
PBMCs did not differ between patients and controls.

Conclusion: Our results may suggest that higher serum levels of circulating inflammatory markers in

FSHD could be a consequence of local muscle injury and not of an enhanced functional status of the
innate immunity.
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$3.5 The interplay between myogenesis and inflammation in FSHD.
Maryna Panamarova?, Christopher RS Banerji'?, Joshua Sands?!, Rosamond Nuamah3, Alka Saxena3,
Peter S Zammit!?

1 King's College London, Randall Centre for Cell and Molecular Biophysics, New Hunt's House, Guy's
Campus, London

2 Faculty of Medicine, Imperial College London, Level 2, Faculty Building, South Kensington Campus,
London

3 Genomics Research Platform, Biomedical Research Centre at Guy’s and St Thomas’ Trust and Kings
College London, Guy’s Hospital, London

Background: Upon injury, healthy muscle, in cooperation with the immune system, initiates a repair
program that involves activation of muscle stem cells that proliferate/differentiate to repair the
damage. In FSHD however, the immune response is misregulated, and inflammatory changes in muscle
are a prominent histological feature in many patients. Such perturbed immune function may also
affect muscle repair.

Objectives: To investigate how the immune system affects myogenesis in FSHD.

Results: RNA-seq analysis on muscle cells from FSHD patients revealed suppression of the transcription
factor CCAAT/enhancer-binding protein beta-2 (CEBPB) in FSHD cells, compared to matched controls.
CEBPp is integral to efficient muscle regeneration and immune cell function, but its role in FSHD
pathology is unknown. Increasing CEBPB expression in FSHD myoblasts either by genetic modification
or via administering anti-inflammatory non-steroid drugs, enhanced proliferation and viability in FSHD
myoblasts, as well as reducing their susceptibility to oxidative stress. Myogenic differentiation of FSHD
myoblasts was also significantly improved with transiently upregulated levels of CEBP. Thus
enhancing the levels of CEBPB in FSHD myoblasts can rescue several phenotypes that are associated
with FSHD. Cytokines produced by the immune system during muscle regeneration are known to
influence muscle stem cell behavior. To begin to establish how the immune system interacts with
muscle repair in FSHD, we carried out RNA-seq analysis of lymphoblastoid cells from FSHD patients and
matched controls. We found that production of certain cytokines by immune cells from FSHD patients
are misregulated. Such perturbed cytokine production could then lead to the observed

suppression of CEBP levels in muscle cells. This in turn likely affects the regeneration potential of
FSHD muscle.

Conclusions: CEBP expression is suppressed in FSHD and enhancing CEBPp levels rescues aspects of
myogenesis in FSHD myoblasts. CEBPB upregulation could contribute to a therapeutic strategy in
FSHD.
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$3.6 Identification of the hyaluronic acid pathway as a novel therapeutic target for
facioscapulohumeral muscular dystrophy.
Alec M DeSimone'?, John Leszyk3, Kathryn Wagner?, Charles P Emerson Jr.%?

1 Wellstone Center for FSHD Research

2 Department of Neurology, University of Massachusetts Medical School, Worcester MA

3 Proteomics and Mass Spectrometry, University of Massachusetts Medical School, Worcester MA

4 Center for Genetic Muscle Disorders, Kennedy Krieger Institute, Johns Hopkins School of Medicine,
Baltimore, MD

DUX4 protein causes a number of cytopathologies that likely give rise to FSHD pathology, but the
underlying mechanisms that cause these pathologies remain elusive. To investigate these mechanisms,
we screened for DUX4-interacting proteins and identified C1QBP, which regulates several pathways
that are disrupted by DUX4. C1QBP is regulated by hyaluronic acid, suggesting that HA-dependent
signaling pathways play a role in pathology. We demonstrate that DUX4 causes accumulation of HA,
which correlates with delocalization of C1QBP and the mitochondria. Inhibiting HA synthesis with 4MU
prevents the appearance of these, as well as other DUX4-induced pathologies, while having only a
selective effect on DUX4 transcriptional activity. Additionally, we observe that inhibitors of HA
signaling protect from toxicity and cause DUX4 levels to decline via a post-transcriptional mechanism,
further identifying HA-signaling pathways as mediators of DUX4 pathology and potential targets for
therapeutics.
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$3.7 The role of mitochondrial reactive oxygen species in pathology of FSHD myogenesis.
Anna Karpukhina'?3, Yegor Vassetzky'?, Anna Valyaeva®3, Boris Chernyak?, Ekaterina Popova'

1 Belozersky Institute of Physico-Chemical Biology, Lomonosov Moscow State University, Moscow,
Russia

2 UMR 8126, CNRS, Université Paris-Sud, Université Paris Saclay, Institut Gustave Roussy, Villejuif,
France

3 Faculty of Bioengineering and Bioinformatics, Lomonosov Moscow State University, Moscow, Russia

Background: Oxidative stress is characteristic of FSHD muscles. Nevertheless, the exact role of reactive
oxygen species (ROS) in FSHD pathogenesis is still unclear.

Objectives: We treated immortalized human myoblasts MB135 expressing DUX4 that exhibit excessive
ROS levels and form atrophic myotubes with various antioxidants and studied the changes in
expression pattern and myotube formation.

Results: In contrast to classical antioxidants (Tempol, Trolox), the mitochondria-targeted antioxidant
SkQ1 did not suppress myotube formation and had a beneficial effect on myogenesis in MB135-DUX4.
We have analyzed the transcription profiles of antioxidant-treated MB135-DUX4 cells and found out
that this treatment decreased PITX1 expression.

Conclusions: Mitochondria-derived ROS play a role in pathophysiology of FSHD. This allows to envisage
new possible treatment strategies.
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$3.8 Regulation of DUX4 by natural microRNAs: from a case study to the identification of the DUX4-
targeted miRNome from a library of 1,881 natural human miRNAs.
Nizar Y. Saad?, Scott Q. Harper?

1 Center for Gene Therapy, The Abigail Wexner Research Institute at Nationwide Children’s Hospital

Background: Here, we hypothesize that miRNAs expressed in skeletal muscles could target DUX4
mMRNA, and therefore, miRNAs could function as modifiers of FSHD severity. Previously, we found that
miR-675 could directly inhibit DUX4 expression and counteract DUX4 pathogenicity in skeletal muscle
and non-muscle cells (manuscript submitted).

Objectives: We aim to test the role of miR-675 as a modifier of DUX4-induced damage, in a loss-of-
function in vivo study, and subsequently identify similar miRNAs using a library screen strategy.

Results: Using a loss-of-function study, we crossed a miR-675 knock-out mouse with our Tamoxifen
inducible Cre-DUX4 mouse model (TIC-DUX4), and measured total cage activity and rearing behavior.
As a result, we showed earlier weakness in the TIC-DUX4 mice lacking miR-675 when compared to TIC-
DUX4 mice. These results point towards a protective function of miR-675 against DUX4-induced
muscle weakness, and consolidates our in vitro findings. On the other hand, this proof-of-concept
encouraged us to look for other miRNAs similar to miR-675. To do so, we designed a miRNA library
screening approach, in which we transduce a pooled lentiviral library containing all 1,881 known
human miRNAs into a stable myoblast cell line expressing a mCherry-DUX4 fusion mRNA. We then
select, by flow cytometry, cells with reduced mCherry fluorescence, and isolate their gDNA for Next
Generation Sequencing (NGS) to identify DUX4-targeted miRNAs. So far, we prepared the library and
mCherry-DUX4 stable cell line, and optimized the gDNA extraction method for NGS, and by the
meeting, we expect to have identified a set of miRNAs specifically targeting DUX4 mRNA.

Conclusions: The results of the miR-675 loss-of-function study encourage us to look for a correlation
between miR-675 expression and severity in FSHD manifestation. In order to do so, we will measure
the expression of miR-675 and DUX4 in muscle cell lines taken from FSHD patients showing a wide
range of phenotype severity. On the other hand, the identification of additional miRNAs targeting
DUX4 mRNA would pave the way for their use in a miRNA-based gene therapy approaches and/or for
the identification of small molecule drugs increasing their expression in muscle.
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S4.1 Transgenic mice expressing tunable levels of DUX4 develop characteristic facioscapulohumeral
muscular dystrophy-like pathophysiology ranging in severity.

Takako I. Jones?!, Guo-Liang Chew?, Pamela Barraza-Flores?, Spencer Schreier!, Monique Ramirez!, Ryan
D. Wuebbles?, Dean J. Burkin?, Robert K. Bradley?, and Peter L. Jones!

1 Department of Pharmacology, University of Nevada, Reno School of Medicine, Reno, NV 89557 USA
2 Computational Biology Program, Public Health Sciences Division, Fred Hutchinson Cancer Research
Center, Seattle, WA 98109 & Basic Sciences Division, Fred Hutchinson Cancer Research Center, Seattle,
WA 98109

Background: There is large variability in the FSHD patient population; thus, there is a need to control
the timing and severity of pathology in FSHD-like models.

Objective: To identify conditions to consistently generate varying levels of FSHD-like pathology using
our DUX4 transgenic mice.

Results: The FLExDUX4 mouse crossed with the skeletal muscle-specific and tamoxifen inducible
ACTA1-MerCreMer mouse generates a highly versatile bi-transgenic model with chronic, low-level
DUX4-fl expression and mild pathology, that can be induced to develop more severe FSHD-like
pathology in a dose-dependent response to tamoxifen. Here, we assayed DUX4-fl mRNA and protein
levels, fitness, strength, global gene expression, histopathology, and immune response and compare
with FSHD.

Conclusions: The ACTA1-MCM;FLExDUX4 bi-transgenic mouse model expresses a chronic

low level of DUX4-fl and has mild pathology and detectable muscle weakness. The onset and
progression of moderate to severe pathology can be controlled via tamoxifen injection to provide
consistent mosaic expression and readily screenable FSHD-like phenotypes for assessing
therapies targeting DUX4-fl mRNA and protein.

Supported by the Chris Carrino Foundation, the Muscular Dystrophy Association, the FSH Society, and
the National Institutes of Health.
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S$4.2 Muscle xenografts reproduce key molecular features of FSHD.
Robert J. Bloch!, Amber L. Mueller?, Andrea O’Neill%, Takako I. Jones?, Anna Llach-Martinez'?3,
Paraskevi Sakellariou1?, Guido Stadler>®, Woodring E. Wright®, Peter L. Jones?

1 Department of Physiology, University of Maryland, Baltimore, Baltimore, MD 21201

2 Department of Pharmacology, University of Nevada, Reno School of Medicine, Reno, NV 89557

3 present address, Department of Cardiology and IIB, Sant Pau Hospital de la Santa Creu i Sant Pau,
Barcelona, Spain

4 present address, FAME Laboratory Department of Exercise Science, University of Thessaly, Karies,
Trikala, Greece 42100

5 Department of Cell Biology, UT Southwestern Medical Center Dallas, TX 75390

6 present address, Berkeley Lights, Inc., Emeryville, CA 94608

Background: The pathogenic mechanism that leads from DUX4 expression to FSHD is unknown.
Transgenic and viral overexpression models do not fully replicate FSHD, and studies of endogenous
DUX4 have been limited to biopsies and immature muscle cultures. Other approaches are limited, as
they require fresh human tissue.

Objective: Using methods we reported earlier (Sakellariou et al., Skeletal Muscle 6:4, 2016), we have
engrafted immortalized human muscle precursor cells from patients with FSHD and their close
relatives into immunodeficient mice to generate mature human muscle xenografts, with the goal of
using them to study FSHD pathogenesis and to test potential therapeutics.

Results: We report that FSHD and control human myogenic cells develop into fully mature, organized
and innervated human muscle tissue with minimal murine myonuclear contamination. They also
reconstitute the satellite cell niche within the xenografts. FSHD but not control xenografts express
DUX4 and DUX4 downstream targets, retain the 4935 epigenetic signature of their original donor, and
express a novel protein biomarker of FSHD, SLC34A2. Recent evidence shows that an inhibitor of p38
suppresses the DUX4 pathological program in xenografts of FSHD cells, with no apparent toxic effects
on grafts of control cells.

Conclusions: Ours is the first scalable, mature in vivo human model of FSHD. It is already proving
useful for studies of the pathogenic mechanism of FSHD and for tests of therapies that target DUX4

expression.

Supported by the Friends of FSH Research, the FSH Society, the Chris Carrino Foundation for FSHD, and
the NIH.
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$4.3 Clinically advanced p38 inhibitors suppress DUX4 expression in cellular and animal models of
FSHD.

Jonathan Olival, Scott Galasinski?, Amelia Richey!, Amy E. Campbell?, Marvin J. Meyers?, Neal Modi?,
Jun Wen Zhong?, Rabi Tawil®, Stephen J. Tapscott®¢, Francis M. Sverdrup?

1 Department of Biochemistry and Molecular Biology, Saint Louis University

2 Ultragenyx Pharmaceutical Inc.

3 Human Biology Division, Fred Hutchinson Cancer Research Center

4 Department of Chemistry, Saint Louis University

5 Department of Neurology, University of Rochester Medical Center

6 Department of Neurology, University of Washington, Seattle, WA 98105, USA

Background: Facioscapulohumeral muscular dystrophy (FSHD) is characterized by mis-expression of
the DUX4 developmental transcription factor in skeletal muscle where it is responsible for muscle
degeneration. Preventing expression of DUX4 mRNA is a disease-modifying therapeutic strategy with
the potential to reverse the course of disease. We previously reported that agonists of the beta-2
adrenergic receptor suppress DUX4 expression through an adenylate cyclase/cAMP mechanism.
Efforts to further explore this signaling pathway led to the identification of p38 MAP kinase as a major
regulator of DUX4.

Objectives: To determine the role of p38 MAP kinases in DUX4 expression and to evaluate the
therapeutic potential of p38 inhibition for FSHD.

Results: In vitro experiments demonstrate that clinically advanced p38 inhibitors suppress DUX4
MRNA synthesis in FSHD type 1 (FSHD1) and FSHD2 myoblasts and differentiating myocytes with
exquisite potency. Myocyte differentiation was not blocked as evidenced by myotube formation and
the expression of differentiation markers. Individual siRNA-mediated knockdown of either p38alpha or
p38beta suppresses DUX4 expression, demonstrating that each kinase isoform plays a distinct
requisite role in activating DUX4. Finally, systemic administration of p38 inhibitors effectively suppress
DUX4 expression in a mouse xenograft model of human FSHD gene regulation at clinically relevant
doses.

Conclusions: These data support the repurposing of existing clinical p38 inhibitors as potential
therapeutics for FSHD. A surprise finding emerged that p38 alpha and beta isoforms each
independently contribute to DUX4 expression. This offers a unique opportunity to explore the utility of
p38 isoform-selective inhibitors to balance efficacy and safety in skeletal muscle. We propose p38
inhibition as a disease-modifying therapeutic strategy for FSHD.
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S4.4 Examining the aetiology of myopathy mediated by the transcription factor Dux.

Kevin I. Watt?3# Mark Ziemann3>, Chao-Jen Wong?, Man K.S. Lee?, Fergus L. Sully?, Adam Hagg®>®,
Rachel E. Thomson?, Hongwei Qian H?, Assam El-Osta®°, Andrew J. Murphy?7, Stephen J. Tapscott?,
Paul Gregorevicl78%*

1 Department of Physiology, The University of Melbourne, Australia

2 Baker Heart and Diabetes Institute, Australia

3 Department of Diabetes, Central Clinical School, Monash University, Australia

4 Fred Hutchinson Cancer Center, Seattle, USA

5 Epigenetics in Human Health and Disease Laboratory, Central Clinical School, Monash University,
Australia

6 Department of Physiology

7 Department of Immunology

8 Department of Biochemistry and Molecular Biology, Monash University

9 Department of Neurology, The University of Washington, Seattle, USA

Introduction: While mutations that promote expression of the double homeobox (Dux) transcription
factor have been linked to Facioscapulohumeral dystrophy, the cellular mechanisms by which Dux mis-
expression promotes myopathy warrant further elucidation.

Objectives: This research sought to examine the acute effects of Dux activation in mammalian skeletal
muscle, by developing in vivo models of regulatable Dux expression.

Methods: Wild-type mice administered intramuscular injections of AAV vectors expressing inducible
Dux constructs were examined across dose and time conditions for effects on muscle morphology,
transcriptome and proteome signatures.

Results: Ectopic Dux expression in mouse muscles produced a progressive degenerative myopathy.
Robust changes in muscle transcriptome and proteome signatures were observed prior to the onset of
pathology, implicating alterations in a range of important biological processes.

Conclusions: The findings demonstrate methods for examining early cellular responses to Dux in

mammalian skeletal muscle, offering prospects to study disease etiology and test prospective
therapies.
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$4.5 Cellular pathway disruptions in mouse muscle expressing low levels of DUX4 protein.
Maja Zavaljevski', John K. Hall!, Darren R. Bisset?, Jeffrey S. Chamberlain?, Joel R. Chamberlain?

1 Department of Neurology, University of Washington School of Medicine, Seattle
2 Department of Medicine, University of Washington School, Seattle

Introduction: FSHD is caused by a DNA repeat deletion that leads to expression of the DUX4 gene.
Low-level DUX4 mRNA in FSHD biopsies is associated with muscle toxicity.

Objectives: Since recent studies from inducible DUX4 transgenic mice support the importance of DUX4
levels for accurate modeling, we expressed DUX4 in mouse muscle at low-levels for molecular analysis
of global gene expression changes in vivo.

Methods: We examined mRNA profile changes following adeno-associated virus (AAV) delivery of
DUX4 and the DUX4 promoter to wild type mouse muscle.

Results: Intramuscular injection of AAV-DUX4 produced a dose-dependent toxicity with local
histopathological changes. RNAseq revealed involvement of the innate immune system, muscular
system, cell cycle, cell death, NFKB cascade, and lipid metabolism.

Conclusions: Our model of DUX4 toxicity produced expression patterns consistent with other models

and provides a rapid, inducible platform for studying pathways involved in ongoing damage and testing
therapeutic interventions in established disease.
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S4.6 Study of regenerative potential of human perivascular cells expressing DUX4.
Silvia Maiullari!, Giorgia di Blasio?, Isabella Manni?, Emanuela Teveroni!, Fabio Maiullari3, Roberto
Rizzil, Siro Luvisetto?!, Giancarlo Deidda?, Fabiola Moretti’

1 Institute of Cell Biology and Neurobiology, National Research Council of Italy (CNR), Monterotondo,
Italy

2 "Regina Elena" National Cancer Institute IRCCS, Rome, Italy

3 Operational Research Unit, Fondazione di Ricerca e Cura Giovanni Paolo Il, Campobasso, Italy

Background: In vitro data demonstrate that estrogens improve differentiation of myoblasts deriving
from FSHD patients, counteracting differentiation impairment caused by DUX4.

Objectives: We aim to assess in vivo estrogen activity on the regenerative potential of muscle
precursor cells (perivascular cells, PVCs) derived from healthy individuals and engineered to express
DUX4, or derived from FSHD patients.

Results: Fluorescent-PVCs were implanted into injured hindlimb muscle of NSG mice treated with 1783-
estradiol (E 2) or fulvestrant. Animals were monitored by fluorescence emission, by a functional
treadmill test, and molecularly by IHC, gene and protein expression. Human PVCs are able to
participate in muscle regeneration of injured muscle. Preliminary data show that exogenous DUX4
reduces the performance of implanted PVCs whereas 17B-estradiol is able to recover it.

Conclusions: Implant of human PVCs is a useful model to study muscle regenerative process of FSHD.
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S4.7 Retrotransposon-mediated repression of Dux in early mouse development

Michelle Percharde!?, Chih-Jen Lin?, Yafei Yin®, Juan Guan?®, Gabriel A. Peixoto!, Aydan Bulut-
Karslioglu®8, Steffen Biechelel, Bo Huang*®, Xiaohua Shen?, and Miguel Ramalho-Santos®"&"

1 Eli and Edythe Broad Center of Regeneration Medicine and Stem Cell Research, Center for
Reproductive Sciences, University of California, San Francisco

2 The University of Edinburgh, MRC Centre for Reproductive Health

3 Tsinghua-Peking Center for Life Sciences, Tsinghua University

4 Department of Pharmaceutical Chemistry, University of California, San Francisco

8 Lead Contact

9 Present address: MRC London Institute of Medical Sciences

Background: De-repression of the DUX4 homeodomain transcription factor drives the muscular
dystrophy, FSHD, yet its roles in normal cells have previously remained a mystery. Recently,
DUX4 and its murine homolog, Dux, were found to be specifically and transiently activated in
early cleavage stage embryos, where they drive a programme closely tied to zygotic genome
activation (ZGA). In the mouse, this occurs at the 2-cell embryonic stage and includes Dux-
mediated activation of the transposon, MERVL, along with hundreds of MERVL-driven ZGA
genes.

Results: The mechanisms that regulate Dux/DUX4 and its targets in development are poorly
understood. Strikingly, Dux is rapidly shut down upon 2-cell exit and remains repressed
throughout subsequent embryonic development. We discovered that another highly expressed
transposon, LINE1, is essential for this process and the specific repression of Dux and MERVL-
driven 2-cell genes. Knockdown of LINE1 results in Dux and MERVL reactivation, a loss of ESC
self-renewal, and in embryos, arrest at the 2-cell stage. LINE1 RNA acts as a nuclear scaffold
that binds two other Dux repressors, Nucleolin and Kap1, and is essential for their direct
recruitment to Dux repeats.

Conclusions: Together these data provide unprecedented insight into Dux regulation in

development and highlight the importance of retrotransposons in early embryonic gene
control.
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S5.1 The crystal structure of SMCHD1’s hinge domain and the pathway for SMCHD1 chromatin
association reveal a model for how SMCHD1 is targeted to chromatin.

Kelan Chen'*, Richard Birkinshaw?", Natasha Jansz'*, Megan Iminitoffl, Alexandra Gurzau?, Osamu
Masui?, Haruhiko Koseki?, Peter Czabotar?, James Murphy?, Marnie Blewitt*

* Contributed equally

1 The Walter and Eliza Hall Institute of Medical Research
2 Centre for Integrative Medical Sciences, RIKEN Yokohama Institute

Background: SMCHDL1 is an epigenetic regulator required to silence D4Z4. Previous studies have
implicated SMCHD1'’s hinge domain in chromatin association, but without high resolution structural
information, the underlying mechanism has remained unclear.

Objectives: We sought to determine the structure of the SMCHD1 hinge domain, and the mechanism
through which SMCHD1 is recruited to chromatin.

Results: Here, we report the first crystal structure of the Smchd1 hinge domain. Using structure-
guided mutagenesis, we have defined structural features of the hinge domain that are crucial for
nucleic acid binding. In parallel, we have studied chromatin association in the nucleus. Interestingly,
SMCHD1 binds nucleic acid without sequence specificity. Instead, SMCHD1’s chromatin association
and protein stability rely on PRC1-mediated ubiquitination.

Conclusions: Together these studies suggest a model for SMCHD1 targeting, which depends on
chromatin state but is enhanced by an affinity for nucleic acids. Moreover, they provide a template for
interpreting how patient polymorphisms in the SMCHD1 hinge domain compromise function and lead
to FSHD.
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$5.2 Methylation of the region distal to the D4Z4 array is lower than predicted in FSHD1.
Patrizia Calandra?, Nicoletta Rossi?, Richard J. L. F. Lemmers?, Emanuela Teveroni!, Mauro Monforte3,
Giorgio Tasca?, Enzo Ricci?, Fabiola Moretti!, Silvere M. van der Maarel?, Giancarlo Deidda*

1 Institute of Cell Biology and Neurobiology, National Research Council of Italy, Monterotondo (Rome)
Italy

2 Department of Human Genetics, Leiden University Medical Center, Leiden, the Netherlands

3 UOC Neurologia, Fondazione Policlinico Universitario A. Gemelli IRCCS, Roma, Italy

Background: Epigenetic changes in FSHD can be investigated using methylation assays specific for
permissive chromosomes 4gA (PAS+).

Objectives: Taking advantage of the ability of this assay to directly measure methylation levels of a
single allele, we deeply investigated the correlation between methylation and the repeats number. To
minimize methylation variability due to sequence variations, we restricted the analysis to a large
homogeneous subgroup of individuals carrying a single permissive haplotype 4A161.

Results: Analysis of single CpGs in the region distal to the D4Z4 array showed that methylation levels
correlate with the D4Z4 units number. Despite this correlation, the methylations levels detected in

FSHD1 and FSHD?2 patients are significantly lower than those predicted by control individuals analysis.

Conclusions: Although obvious for SMCHD1 mutation carriers, this observation suggests that, also in
FSHD1, methylation levels are affected by factors other than D4Z4 units.
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S5.3 Identification of a new epigenetic factor required for the aberrant expression of DUX4 in FSHD
muscular dystrophy.

Roberto Giambruno, Stefano Micheloni, Cristina Consonni, Maria Pannese, Valeria Runfola, Giulia
Ferri, Davide Gabellini

Gene Expression and Muscular Dystrophy Unit, Division of Genetics and Cell Biology, IRCCS San
Raffaele Scientific Institute, Milano, Italy

Background: While there is significant information about the factors needed to maintain the FSHD
locus repressed in healthy subjects, little is known regarding the activation of DUX4 in FSHD. We
previously showed that the IncRNA DBE-T is required for aberrant DUX4 expression in FSHD.

Objectives: We decided to better characterize the mechanism through which DBE-T activates DUX4
expression.

Results: Using proteomics, we identified the chromatin remodelling protein WDR5 as a novel DBE-T
interactor. WDRS5 is a core component of the MLL/SET1 epigenetic activation complex. Notably, WDR5
interaction with specific IncRNAs is essential to maintain an active chromatin. We found that WDR5
binds directly and specifically to DBE-T, is recruited to the FSHD locus in a DBE-T dependent manner,
and is required for transcription activation by DBE-T. Importantly, WDR5 knockdown or
pharmacological inhibition block expression of DUX4 and its target genes in FSHD muscle cells.

Conclusions: We identified a druggable factor required for the expression of DUX4 in FSHD promoting
WDRS as a potential therapeutic target.
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$5.4 The D424 macrosatellite sequence as a prototype element for formation of long distance loops:
implication in pathologies.

Marie-Cécile Gaillard®", Natacha Broucgsault'*, Camille Laberthonniére!, Camille Dion?, Karine
Nguyen?, Frédérique Magdinier'#*, Jéréme D. Robin#*

1 Aix Marseille University, INSERM MMG, Nerve and Muscle Department. Marseille, France

Topological organization of the human genome follows specific rules and participates in the regulation
of genes through long-distance interactions between distant cis regulatory elements and genes. This
organization can be altered in diseases, including those linked to mutations in genes involved in this
topological organization or upon chromosomal rearrangements. Among them, Facio Scapulo Humeral
Dystrophy remains enigmatic in term of pathophysiological mechanisms. In most cases, the disease is
linked to shortening of an array of repetitive macrosatellite D4Z4 elements at the 4q35 subtelomeric
locus. This element protects against position variegation?, tethers telomeres at the nuclear periphery 2
and contributes to telomeric position effect over long distances (TPE-OLD)3, a looping regulatory effect
that depends on telomeric chromatin and telomere length. In a subset of patients, the disease is
associated with mutation in the SMCHD1 gene that encodes a protein belonging to the cohesin family.
This gene mainly characterized for its role in X inactivation and formation of long distance loops at
multigenic loci such as Hox genes loci is also involved in de novo methylation of the D4Z4 repeat at the
pluripotent stage 4 . By exploring the 3D organization of the 4935 locus in FSHD cells, we found that
D4Z4contractions and/or SMCHD1 mutations impact the spatial organization of the 4935 region and
trigger changes in gene expression. Using induced pluripotent stem cells, we further showed that
folding of the 4935 region is modified upon differentiation. These results highlight the role of the D4Z4
macrosatellite as a prototype sequence involved in the organization of chromatin in human cells and
formation of long distance loops.

1. Ottaviani et al. PLOS Genetics, 5(2):e1000394. 2009
2. Ottaviani et al. EMBO. J. 28(16):2428-36

3. Robin et al. Genome Res. 2015. 25(12):1781-90

4. Dion et al. Nucleic Acid Res. 2019
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S$5.5 Apabetalone, a CVD Phase 3 clinical-stage BET inhibitor, opposes DUX4 expression in primary
human FSHD muscle cells.

Christopher D. Sarsons?, Dean Gilham?, Laura M. Tsujikawa?, Li Fu?, Sylwia Wasiak?, Brooke D. Rakai?,
Stephanie C. Stotz!, Michael Sweeney?, Jan O. Johansson?, Norman C. Wong?, Ewelina Kulikowski®
Resverlogix Corp.

1 Calgary, Canada
2 San Francisco, USA

Background: Facioscapulohumeral dystrophy (FSHD) pathophysiology is attributable to epigenetic de-
repression of double homeobox 4 (DUX4) that is activated in myocytes during differentiation. Bromo-
and extraterminal domain protein inhibitors (BETi), including Resverlogix’s clinical lead apabetalone,
prevent DUX4 activation through an epigenetic mechanism.

Objectives: To quantify global gene expression changes during muscle differentiation and assess BETi
effects on disease associated markers and differentiation in order to evaluate BETi’s therapeutic
potential in FSHD.

Methods: Transcriptome analysis of primary FSHD myoblasts during differentiation, with and without
BETi treatment, using RNA sequencing, real-time polymerase chain reaction, and pathway analysis.

Results: Over 10,000 genes exhibited significant changes in expression during differentiation. DUX4
downstream markers were potently downregulated with apabetalone treatment. Differentiation

markers were minimally impacted at clinically-relevant concentrations.

Conclusions: BET inhibition is a promising therapeutic opportunity for FSHD with limited risk of off-
target effects.
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$6.1 Membrane repair deficits in facioscapulohumeral muscular dystrophy.
Sreetama Sen Chandra?, Adam Bittel®, Shruti Chennamaraja?, Jyoti Jaiswal'?, Yi-Wen Chen?2

1 Center for Genetic Medicine Research, Children’s National Health System, Washington, DC, USA
2 Department of Genomics and Precision Medicine, School of Medicine and Health Science, George
Washington University, Washington, DC, USA

Background: We recently identified that repair of injured muscle cells is critically regulated by redox
signaling, defect in which is associated with muscular dystrophies.

Objectives: As redox imbalance and myofiber damages are features associated with FSHD, in this study
we examined if FSHD muscle cells exhibited poor repair and if this could be a targeted therapeutically.

Results: Healthy and FSHD myoblasts were injured using the laser injury assay. The results showed
that FSHD myoblasts exhibited reduced ability and kinetics of cell membrane repair. As therapeutic
approaches to address this deficit we examined the efficacy of suppressing DUX4 expression using
DUX4-targeting antisense oligonucleotides and of antioxidant treatment on improving the repair
ability of the FSHD myoblasts.

Conclusions: Our study is the first to demonstrate membrane repair deficits in FSHD myoblasts and
assess the role of DUX4 and oxidative stress in treating the deficits.
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$6.2 Muscle ultrasound is a responsive biomarker in FSHD.
Rianne JM Goselink?®, Tim HA Schreuder?, Karlien Mul?, Nicol C Voermans?, Corrie E Erasmus?, Baziel
GM van Engelen'*, Nens van Alfen'*
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1 Department of Neurology, Donders Centre for Neuroscience, Radboud university medical centre,
Nijmegen, The Netherlands

Background: Responsive, relevant, and patient-friendly biomarkers are highly needed.
Objective: Our objective was to assess muscle ultrasound (MUS) as a biomarker in patients with FSHD.

Methods: One-year observational, longitudinal study investigating both quantitative and qualitative
MUS.

Results: Twenty-two patients with symptomatic FSHD 1 underwent a clinical examination and MUS at
baseline and after one-year follow-up. The qualitative MUS sum score increased from 18.59 to 20.32
(p=0.005), the quantitative MUS sum z-scores increased from 19.96 to 24.72 (p=0.003). The clinical
scores did not change over time. Muscle echogenicity correlated with the FSHD evaluation score
(R2=0.61, p=0.008).

Conclusions: Muscle ultrasound can detect disease progression in FSHD over 1 year. Both uantitative
and qualitative muscle ultrasound correlate with clinical severity in FSHD, and they identify muscle
deterioration earlier than clinical assessments. MUS is a responsive biomarker which can be
standardized between centres.
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$6.3 Long-term follow-up of MRI changes in thigh muscles of patients with facioscapulohumeral
dystrophy: a quantitative study.

Emmanuelle Salort-Campana?3, Farzad Fatehi*?4, Arnaud Le Troter?, Emilie Lareau-Trudel*®, Mark
Bydder?, Alexandre Fouré?, Maxime Guye?, David Bendahan?, Shahram Attarian'?

1 Centre de référence des maladies neuromusculaires PACA Réunion Rhdne Alpes, Centre hospitalier
universitaire la Timone, Université Aix-Marseille, Marseille, France

2 Aix-Marseille Université, Centre de Résonance Magnétique Biologique et Médicale, UMR CNRS 7339,
Marseille, France

3 Aix Marseille University, INSERM, GMGF, Marseille, France

4 Iranian Center of Neurological Research, Shariati Hospital, Tehran University of Medical Sciences,
Tehran, Iran

5 Département de médecine, division neurologie, Université de Sherbrooke, Sherbrooke, Quebec,
Canada

Background: Facioscapulohumeral muscular dystrophy (FSHD) has a slow and highly variable disease
progression. Quantitative muscle MRI (QMRI) has shown a great potential for the noninvasive
assessment of disease progression and the characterization of treatment efficacy.

Objectives: The aim of the present study was to investigate longitudinally the time-dependent changes
occurring in a large set of individual muscles in lower limbs muscles of FSHD patients using quantitative
MRI and to assess the potential relationships with the clinical findings.

Results: Thirty-five FSHD1 patients were enrolled. Clinical assessment were recorded each year for a
period ranging from 1 to 2 years. Clinical scores did not change significantly over time whereas fat

infiltration increased significantly.

Conclusions: gMRI could be used as a reliable biomarker and outcome measure of disease
progression.
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$6.4 PATCHS MRI score correlates with clinical severity in facioscapulohumeral muscular dystrophy.
Yigi Liu', Dongyue Yue?, Wenhua Zhu?, Jing Li3, Shuang Cai?, Sushan Luo?, Jianying Xi%, Jie Lin?, Jun Lu?,
Lei Zhou?, Zonghui Liang?, Jiahong Lu?, Chongbo Zhao!

1 Department of Neurology, Huashan Hospital, Fudan University, China
2 Department of Neurology, Jing’an District Center Hospital of Shanghai, China
3 Department of Radiology, Jing’an District Center Hospital of Shanghai, China

Background: Muscle MRI provides an objective measure of disease progression in patients with
facioscapulohumeral muscular dystrophy type (FSHD). Quantitative MRI can be a helpful end-point in
follow-up and therapeutic trial.

Objective: We aim to identify the muscle MR involvement pattern of both upper and lower parts of
body in FSHD patients and its correlation with clinical evaluations.

Results: PATCHS MRI scans consist of 6 muscle groups including scapular girdle, humeral, pelvic girdle,
thigh, calf and axial muscles was performed in 30 Chinese FSHD1 patients. The total fat infiltration
score correlated highly with the motor function measure, FSHD clinical score, Ricci score, 6-minute
walking test and manual muscle testing. Cluster analysis indicated two distinctive patterns of muscle
involvement, suggesting a group of untypical FSHD patients with early and more severely involvement
of pelvic girdle and leg muscles.

Conclusion: We showed a strong correlation between the fat infiltration score of PATCHS MRI and
clinical outcome measures. We also identified a group of untypical FSHD patients.
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$7.1 Clinical categories to describe the phenotypic complexity associated with D4Z4 reduced allele.
G. Ricci'?, L. Ruggiero3, L. Vercelli4, F. Mele?, C. Bettio?, L, Maggi>, M. Govi?, E. Bucci’, M. Filosto?, G.
D’Angelo®, C. Angelini®, E. Pegoraro®, G. Antonini’, R. Piras®, M.A. Maioli'°, A. Di Muzio!?, T. Mongini?,
C. Rodolico®?, A. Berardinelli*?, G. Tomelleri!4, L. Santoro3, G. Siciliano?, R. Tupler?

1 University of Modena and Reggio Emilia
2 University of Pisa

3 University Federico II, 4 University of Turin,
5 IRCCS C. Besta

6 University of Padua

7 University "Sapienza"

8 University of Brescia

9 IRCCS E. Medea, Bosisio Parini

10 University of Cagliari

11 University of Chieti

12 University of Messina

13 IRCCS C. Mondino

14 University of Verona

Background: Wide phenotypic variability has been observed in D4Z4 reduced allele (DRA) carriers,
sometimes with unexpected mode of inheritance. In some cases, the high frequency of FSHD
molecular signature might have generated a biased evaluation of families in which a myopathy and a
DRA were detected influencing diagnosis and interpretation of clinical and genetic data.

Objectives: Starting from the Italian National Registry for FSHD, in order to capitalize on the rich
repository of material from FSHD subjects, we have designed a Comprehensive Clinical Evaluation
Form (CCEF).

Results: The CCEF defines phenotypic subgroups by combination of different clinical features.
Conclusion: We believe that the precise phenotypic and genetic classification of patients and families
will be central to define the natural history of disease, to propose suitable measure of outcome and to
identify new susceptibility/causative factors contributing to FSHD.
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§7.2 Differentiating phenotypes in carriers of 7-8 D4Z4 reduced alleles: experience of the Italian
National Registry for FSHD.
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16 Department of Molecular, Cell and Cancer Biology, University of Massachusetts Medical School,
Worcester, USA

17 Li Weibo Institute for Rare Diseases Research at the University of Massachusetts Medical School,
Worcester, USA

Background: in FSHD1 alleles with 1-3 D4Z4 repeats are associated with a severe form, 4-8 with the
classical form, and 9-10 with a milder disease and reduced penetrance.

Objectives: we investigate phenotypic features of individuals carrying 7-8 repeats.

Results: we examined 187 index cases and 235 relatives with CCEF. Only half of probands display a
classical FSHD phenotype, whereas the other half present incomplete or atypical phenotype. The
majority of carrier relatives are asymptomatic. The study of 103 families revealed that in one third of
families the index case was the only subject presenting a myopatic phenotype.

Conclusions: carriers of 7-8 constitute a genetic subgroup different from classic FSHD with similar
characteristics of that including patients carrying D4Z4 borderline alleles. This observation is highly
relevant for clinical management because this clinical variability requires additional parameters to be
used in clinical practice for diagnosis ad interpretation of the clinical phenotype.
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$7.3 Longitudinal MRI evaluation of muscle involvement in FSHD.
Mauro Monforte?!, Giorgio Tasca?, Pierfrancesco Ottaviani?, Francesco Laschena?, Maria Rosaria
Bagnato?!, Anna Pichiecchio?, Enzo Ricci?

1 Unita Operativa Complessa di Neurologia, Fondazione Policlinico Universitario A. Gemelli IRCCS
Rome ltaly

2 Dipartimento di Radiologia IDI IRCCS Rome Italy

3 Neuroradiology Department IRCCS Mondino Foundation Pavia ltaly

Background: with clinical trials at the horizon in Facioscapulohumeral muscular dystrophy (FSHD), the
knowledge of its natural history is of paramount importance to understand the impact of new
therapies.

Objectives: to assess disease progression in FSHD using qualitative muscle magnetic resonance
imaging (MRI), with a focus on the evolution of hyperintense lesions on short-tau inversion recovery
(STIR) sequences.

Results: 100 consecutive FSHD patients underwent lower limb muscle MRI at baseline and after
365160 days. T1 weighted (T1w) and STIR sequences were used to assess fatty replacement and
muscle oedema. 49 patients showed progression on T1w sequences, and 30 patients showed at least
one new STIR+ lesion. Increased fat deposition at follow-up was observed in 13.9% STIR+ and in only
0.21% STIR- muscles at baseline (p<0.001).

Conclusions: our study confirms that STIR+ lesions represent prognostic biomarkers in FSHD and
contributes to delineate its radiological natural history.
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$8.1 Report on National FSHD Registries.
Karlien Mul

Department of Neurology, Radboud University Medical Center, Nijmegen, the Netherlands

Patient registries containing clinical and genetic information about FSHD patients are essential to
achieve a state of ‘clinical trial preparedness’ for FSHD. They can provide a valuable tool to quickly
identify and contact eligible patients to prevent unnecessary delays in the testing of potential
therapies as well as provide knowledge on many aspects of FSHD. Currently 13 national FSHD patient
registries have been established and efforts have been made to harmonize data collection among
these registries. Over the last few years, the field has seen an increase in collaborative research
projects based on data from the registries. Despite this increase in usage of registry data, there are still
many opportunities to further expand the use of registry data, optimize enrollment of patients into
registries and add new ways of data collection.
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$9.1 Dose escalation results from a phase 2 study of ACE-08, a local muscle therapeutic, in patients
with facioscapulohumeral muscular dystrophy (FSHD).

Jeffrey Statland?, Elena Bravver?, Chafic Karam3, Lauren Elman#*, Nicholas Johnson®, Nanette Joyce®,
John T Kissel’, Perry B Shieh?, Lawrence Korngut®, Chris Weihl°, Rabi Tawil'!, Anthony Amato?'?, Craig
Campbell*3, Angela Genge'#, Georgios Manousakis®®, Ashley Leneus®®, Barry Miller'®, Chad E Glasser?s,
Robert K Zeldin'®, Kenneth M Attie'®

1 University of Kansas Medical Center

2 Carolinas Healthcare System Neurosciences Institute
3 Oregon Health & Science University

4 University of Pennsylvania

5 University of Utah

6 University of California Davis Medical Center

7 The Ohio State University

8 University of California, Los Angeles

9 University of Calgary

10 Washington University School of Medicine

11 University of Rochester School of Medicine

12 Brigham and Women's Hospital

13 Children's Hospital London Health Sciences Centre
14 Montreal Neurological Institute

15 University of Minnesota

16 Acceleron Pharma

Background: ACE-083 is a locally-acting muscle therapeutic based on follistatin, a member of the TGF-
B superfamily, that binds myostatin and other negative muscle regulators. In a Phase 1 study, ACE-083-
treated healthy volunteers had increases in muscle mass that exceeded those reported for systemic
muscle agents. FSHD is characterized by progressive weakness in the upper arm and lower leg (foot
drop) in the majority of patients.

Objectives: This is a 2-part Phase 2 study in adults with FSHD with mild-to-moderate weakness of
ankle dorsiflexion or elbow flexion. Part 1 is open-label, ascending dose and Part 2 is placebo-
controlled (ongoing). In Part 1, ACE-083 (150-240 mg/muscle, n = 6 X6 cohorts) was injected into the
tibialis anterior or biceps brachii muscle g3 weeks X5 doses, unilaterally or bilaterally. The primary
objective of Part 1 was safety and tolerability. Muscle volume and fat fraction were assessed by MRI 2-
pt Dixon scan. Motor function tests and patient-reported outcomes (PRO, FSHD Health Index) will

be assessed in Part 2.

Results: In Part 1 of the study, the median (range) baseline age was 46 (19-69) yr and duration of
symptoms was 25 (4-55) yr. Baseline fat fraction in the treated muscle ranged from 6 to 82%.
Significant linear correlations (p < 0.01) were observed for baseline fat fraction and strength/function
measures, as well as for function tests and PRO score. Increases in mean total muscle volume were
dose-dependent, with >15% increase observed at doses of 200 to 240 mg/muscle. Mean fat fraction
decreased in the tibialis anterior cohorts. Adverse events included

injection site reactions and myalgia.
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Conclusions: ACE-083 treatment was well-tolerated over a 3-month period in patients with FSHD, and
resulted in increased muscle mass and decreased fat fraction. The placebo-controlled Part 2 of this
study is ongoing clinicaltrials.gov NCT 02927080).
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$9.2 The discovery of a drug target and development candidate that inhibits the expression of DUX4,
the root cause of FSHD.

[Abstract title is "Identification of a drug target...." But it's "The Discovery..." everywhere else]
Owen B. Wallace, Anthony Accorsi, Richard Barnes, Angela Cacace, Diego Cadavid, Aaron Chang,
Robert Gould, Steven Kazmirski, Joseph Maglio, Michelle Mellion, Peter Rahl, Alan Robertson,
Alejandro Rojas, Lucienne Ronco, Ning Shen, Lorin A. Thompson, Erin Valentine

Fulcrum Therapeutics, 26 Landsdowne Street, Cambridge, MA 02139, USA

Background: Facioscapulohumeral Dystrophy, FSHD, is a rare progressive and disabling muscular
dystrophy caused by aberrant expression of DUX4 in skeletal muscle which leads to myofiber death
and replacement of muscle by fat. No approved therapies exist for FSHD. A therapeutic approach to
reducing the expression of DUX4 has the potential to be a treatment for FSHD at its root cause.

Objectives: To identify a druggable target that reduces the expression of DUX4, and subsequently
identify a small molecule development candidate suitable for evaluation in clinical trials.

Results: By modeling the disease in vitro using patient-derived myotubes, and subsequently employing
our target identification strategies, we identified p38a MAPK as a tractable target, inhibition of which
reduces DUX4 mRNA and protein, reduces expression of downstream DUX4 target genes and inhibits
apoptosis of FSHD myotubes. Broad RNA-seq profiling indicated a selective effect on the DUX4
program with minimal impact on healthy human muscle cells. Additionally, the effect of p38 inhibitors
on DUX4 pathway genes was concentration dependent. Further target validation indicated that p38a
inhibition reduces DUX4 expression in both FSHD1 and FSHD2 patient-derived myotubes. P38
inhibitors have been explored extensively in previous clinical trials for other indications. We identified
losmapimod as the preferred developmental candidate for FSHD based on substantial and attractive
preclinical and clinical data regarding safety, PK and target inhibition.

Conclusions: We have discovered that p38 inhibition reduces the expression of DUX4 in patient-

derived myotubes. We have selected p38a/B inhibitor losmapimod for development in FSHD and plan
to evaluate its efficacy and safety in clinical trials.
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$9.3 Translating DUX4-targeted RNAi-based gene therapy for FSHD.
Lindsay Wallace!, Gholamhossein Amini Chermahini?, Allison Fowler?!, Matt Guggenbiller?, Kristina
Kazimir!, Catherine Cash?, Sue Knoblaugh?, and Scott Q. Harper?!

1 Center for Gene Therapy, The Abigail Wexner Research Institute at Nationwide Children’s Hospital
2 Department of Veterinary Biosciences, The Ohio State University

Background: Previously, our lab demonstrated efficacy and safety for AAV.mi405, a DUX4-targeted
RNAi-based gene therapy for FSHD.

Objectives: To refine the product for use in a rodent toxicology and biodistribution study designed to
support an eventual IND application.

Results: We compared AAV6 and AAV9 serotypes expressing mi405 from muscle specific (tMCK) or
ubiquitous (U6) promoters. We delivered two doses of each vector via tail vein injection to wild type
mice. Animals were assessed at 4 weeks for biodistribution and relative mi405 expression. Mice were
also evaluated for multiple organ toxicity at 4 week and® month necropsies by an independent
veterinary pathologist using a blinded design. Comparing all factors (expression, biodistribution,
safety), we identified AAV6.U6.mi405 as our lead target product.

Conclusions: Moving forward with AAV6.U6.mi405, we decided the most conservative approach

should involve a NHP toxicology study as a next step in the translational path. Because RNAi-based
gene therapy is not well-tested in humans, this is now underway.
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$9.4 Inhibition of DUX4 expression with antisense gapmers as a therapy for facioscapulohumeral
muscular dystrophy.

Rika Maruyama?, Kenji Rowel Q. Lim?, Yusuke Echigoya?, Quynh Nguyen?, Hunain Khawaja3, Sreetama
Sen Chandra3, Takako Jones?*, Peter Jones?, Yi-Wen Chen3?®, Toshifumi Yokota®®

1 Department of Medical Genetics, Faculty of Medicine and Dentistry, University of Alberta,

2 Laboratory of Biomedical Science, Department of Veterinary Medicine, Nihon University College of
Bioresource Sciences

3 Center for Genetic Medicine Research, Children’s National Health System

4 Center for Molecular Medicine, Reno School of Medicine, University of Nevada

5 Department of Genomics and Precision Medicine, School of Medicine and Health Science, George
Washington University

6 Muscular Dystrophy Canada Research Chair

Background: FSHD is genetically linked to aberrant expression of DUX4 in muscle. DUX4, in its full-
length form, is cytotoxic in non-germline tissues.

Objectives: To develop a treatment for FSHD, we designed locked nucleic acid (LNA)/ 2’-O-
methoxyethyl (2’-MOE) gapmer antisense oligonucleotides (AOs), which knockdown DUX4 in
immortalized patient myotubes and the mouse model. We also developed a screening method capable
of reliably evaluating the knockdown efficiency against endogenous DUX4 mRNA in vitro.

Results: We demonstrate that several designed LNA/2’MOE gapmers selectively and effectively
reduced DUX4 expression in vitro. We also found, for the first time, potential functional benefits of
AOs on muscle fusion and viability. Finally, we show that one of the LNA gapmers was taken up and
induced effective silencing of DUX4 in vivo.

Conclusions: The gapmers and screening protocol developed here will help facilitate the development
of FSHD therapies.

2019 FSHD International Research Congress Abstracts Page050



$9.5 Targeting the DUX4 transcriptional mechanism of action.
Darko Bosnakovskit?3, Meiricris T. da Silva'?, Sithara T. Sunny?, Elizabeth T. Ener®?, Erik A. Toso'?,
Angelo Yuan?, Ziyou Cui'?, Michael A. Walters®, Ajit Jadhav®, Michael Kyba'?

1 Lillehei Heart Institute, Department of Pediatrics, University of Minnesota

2 University Goce Delcev - Stip, Faculty of Medical Sciences, Stip, 2000, R. Macedonia

4 Bioinformatics and Computational Biology Program, University of Minnesota, Minneapolis, MN
55455, USA

5 Institute for Therapeutics Discovery and Development, University of Minnesota, Minneapolis, MN
55455, USA

6 National Center for Advancing Translational Sciences, National Institutes of Health, Rockville, MD
20850, USA

Facioscapulohumeral muscular dystrophy is caused by mutations that lead to overexpression of the
transcription factor, DUX4. Because DUX4 has been shown to interact with and utilize the histone
acetyltransferases, EP300 and CBP, we postulated that inhibition of the acetyltransferase activity of
EP300/CBP would counter the cytotoxic effects of DUX4. We describe the activity of a new spirocyclic
EP300/CBP inhibitor, which we name iP300w and describe effects that this compound has on the
cytotoxicity of the DUX4 protein, as well as expres sion of DUX4 target genes, in cells overexpressing
DUX4, both engineered cell lines and FSHD myoblasts, as well as in an FSHD animal model. These
results point to the central role that EP300 and CBP play in the transcriptional mechanism underlying
DUX4 cytotoxicity and the translational potential of blocking this interaction.
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$9.6 Discovery of novel small molecule treatment options for FSHD.

Geese Marcus?, Ermann Monika?, Schneider Martin!, Monecke Sebastian!, Mosblech Alina?, Kaever
Alexander?, Bayerlova Michaela?, Frankenreiter Sandra?, Schreiter Kay?, Dickie Anthony?, Loke Pui?,
James Timothy?, Anighoro Andrew?, Hirsch Rolf!, Miller Stefan3, De Maeyer Joris*

1 Evotec International GmbH, Manfred Eigen Campus, Essener Bogen 7, 22419 Hamburg, Germany
2 Evotec (UK) Ltd, 114 Innovation Drive, Milton Park, Abingdon, Oxfordshire 0X14 4RZ, United
Kingdom

3 Evotec (Miinchen) GmbH, Am Klopferspitz 19a, 82152 Planegg-Martinsried, Germany

4 Facio Therapies BV, Galileiweg 8, 2333 BD Leiden, The Netherlands

There is wide support for the pathogenesis model in which gain-of-function of the DUX4 gene in
skeletal muscle cells underlies FSHD progression. DUX4 is a transcription factor whose expression is
normally restricted to early embryonic development. Expression of DUX4 in muscle tissue of FSHD
patients initiates a transcription cascade ultimately resulting in overt pathology.

Drug discovery efforts in FSHD have been hampered by the very low and stochastic expression of
DUX4 in a small percentage of myonuclei. Because the regulatory pathways involved in the activation
of DUX4 are largely unknown, we implemented a phenotypic approach to identify novel small
molecules and drug targets to repress DUXA4. In order to build a predictive and translatable assay, we
used primary patient-derived myocytes to develop and validate a high-content screening assay
allowing automated sensitive detection and quantification of endogenous, non-stimulated DUX4
protein and myotube fusion efficiency. Our assay confirmed that the expression of DUX4 is dynamically
regulated during myogenic differentiation and showed that effects on fusion are associated with
potentially false-positive signals on the DUX4 readout. The excellent assay performance enabled high-
throughput screening, resulting in the discovery and optimization of multiple hit series with confirmed
activity in secondary assays.

RNA-seq studies with selected compounds revealed normalization of the FSHD transcription signature.
We applied a number of chemoproteomic approaches to deconvolute the mode of action of the
phenotypic hit series, resulting in the discovery of novel targets to repress DUXA4. In order to support
the pharmacokinetic/pharmacodynamic strategy, we developed a xenograft animal model in which we
could demonstrate in vivo repression of DUX4 after oral dosing of a selected lead compound from one
of the series. Together, these results form the basis for building a diverse FSHD-focused product
pipeline.
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$10.1 Conceptual framework for measurement of treatment effect on DUX4 in losmapimod Phase 2
trials.

Lucienne Ronco?, Diego Cadavid!, Aaron Chang?, Michelle Mellion?, Alejandro Rojas?, Ning Shen?, Rabi
Tawil?, Stephen Tapscott?, Owen Wallace?

Fulcrum Therapeutics, 26 Landsdowne Street, Cambridge, MA 02139, USA

1 Fulcrum Therapeutics, Cambridge, Massachusetts, USA

2 Neuromuscular Unit, Department of Neurology, University of Rochester Medical Center, Rochester,
NY, USA

3 Human Biology Division, Fred Hutchinson Research Center, Seattle, Washington, USA

Background: Aberrant and pathologic DUX4 expression drives the rare and progressive muscular
dystrophy FSHD, leading to myofiber death and replacement of muscle by fat. DUX4 is a double
homeobox transcription factor and its expression in myofibers initiates profound transcription
deregulation in FSHD.

Objectives: We have identified a drug target and development candidate that inhibits the expression
of DUX4, the root cause of FSHD. Target engagement and inhibition of DUX4 will be measured in
muscle biopsies in a clinical evaluation of the p38a/pB inhibitor losmapimod.

Results: Because reliable detection of DUX4 protein and mRNA in FSHD subject skeletal muscle
biopsies is challenging, this study conducted RNA-seq profiling of FSHD skeletal muscle biopsies to
identify a transcriptional signature indicative of DUX4 expression and activity that is feasible for
losmapimod clinical trials.

Conclusions: A conceptual framework for selection of a biomarker of DUX4 activity in losmapimod
FSHD phase 2 clinical trials will be presented.
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$10.2 Elucidating the extent and pattern of longitudinal upper extremity reachability decline in FSHD,
using Kinect sensor-based reachable workspace outcome measure.

Jay J Han!, Maya Hatch PhD?, Gregorij Kurillo PhD?, Alina Nicorici BS?, Craig M McDonald?, Ruzena
Bajcsy PhD?

1 University of California Irvine, Department of Physical Medicine & Rehabilitation, Irvine, CA, USA
2 University of California Berkeley, Department of Electrical Engineering & Computer Science,
Berkeley, CA, USA

3 University of California Davis, Department of Physical Medicine & Rehabilitation, Sacramento, CA,
USA

Background: The extent and specific pattern of upper extremity reachable workspace decline in FSHD
is unknown. Kinect-based reachable workspace outcome measure (RSA) was tracked longitudinally for
5 years in a cohort of 18 FSHD subjects.

Results: Averaged upper extremity (right+left) reachable workspace demonstrated -1.63%/year
decline in total RSA (p=0.144); with most notable decline in the above-the-shoulder level quadrants’
reachability (upper-lateral Q3: -9.5%/year, p<0.001 and upper-medial Q1: -6.8%/year, p=0.063) with
no significant changes in the lower quadrants (Q2,Q4). RSA declined more significantly when loaded
with 500g wrist weight: total: -1.82%/year; Q1: -7.20%/year; Q3: -8.09%/year, all p<0.05. When
dominant and non-dominant sides were analyzed separately, dominant side’s reachable workspace
declined more significantly (total RSA: -3.24%* /year vs. +0.78%/year; Q1: -7.4%/year vs. -3.61%/year;
Q3:-9.09%*/year vs. -4.34%* /year; with *p<0.05).

Conclusions: This study elucidates natural history of longitudinal reachable workspace declines found

in FSHD, especially involving above-the-shoulder level upper-lateral quadrant, and more significantly
affecting the dominant upper extremity.

2019 FSHD International Research Congress Abstracts Page054



$10.3 Development of an optimized Timed-Up-and-Go Test for the FSHD population.
Maya N. Hatch?, Vicky Chan?, Alina R. Nicorici?, Gregorij Kurillo3, Tony Nguyen?, Diego Cadavid*, and Jay
J. Han?

1 University of California at Irvine School of Medicine, Department of Physical Medicine &
Rehabilitation, Irvine, CA, USA

2 University of California at Davis School of Medicine, Department of Physical Medicine &
Rehabilitation, Sacramento, CA, USA

3 University of California at Berkeley College of Engineering, Department of Electrical Engineering and
Computer Science, Berkeley, CA, USA

4 Fulcrum Therapeutics, Cambridge, MA, USA

Background: Despite development of many new therapies, the FSHD field is still limited in outcome
assessment tools for use in clinical trials. Many of the currently available outcomes were developed
long ago and are borrowed; thus not specific to FSHD. FSHD is a slowly progressive disease with unique
presentation and distribution, thus necessitating measures tailored specifically for their unique needs.

Objectives: To fill the gap in outcome measures, our group has modified the classic timed-up-and-go
(TUG) test and tailored it to the FSHD population.

Results: We utilized a 3-phased iterative approach to modifying the TUG. The finalized measure, the
optimized TUG (oTUG), developed by our group included specific patient-identified daily activities that
challenged impairments in the upper extremities and trunk/core, in addition to lower extremity
impairments. Preliminary results on a small group of individuals show our oTUG is feasible and
reproducible in a range of FSHD.

Conclusion: Although preliminary work is promising, larger reliability and correlation studies on the
oTUG are required to fully validate this new outcome measure. Additionally, to further advance
translatability of the measure and gain additional kinematic data, wireless sensor technology with the
oTUG is being considered.
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$10.4 The facioscapulohumeral muscular dystrophy specific Rasch-built Overall Disability Scale (FSHD-
RODS).

Karlien Mul?, Corinne G.C. Horlings?, Nicol C. Voermans?, Catharina G. Faber?, Baziel G.M. van Engelen?,
Ingemar S.J. Merkies?

1 Department of Neurology, Radboud University Medical Center, Nijmegen, the Netherlands
2 Department of Neurology, Maastricht University Medical Center, Maastricht, the
Netherlands

3 Department of Neurology, St. Elisabeth Hospitaal, Willemstad, Curagao

Background: In FSHD, there is an urgent need for clinimetrically sound patient-reported outcome
measures for trials.

Objective: To design a patient-reported Rasch-built interval scale on activity and participation for
FSHD.

Methods: A pre-phase scale consisting of 159 items was completed by 498 FSHD patients (Dutch n =
171; UK n = 287; French n = 40). This pre-FSHD-RODS was subjected to Rasch analyses to create an
interval measure.

Results: Based on determinants like misfit statistics and -residuals, differential item functioning, and
local dependency we removed items from the pre-phase scale until a 47 items FSHD-RODS was
constructed achieving Rasch model’s expectations. Adequate reliability and (cross cultural and
external) validity scores were obtained.

Conclusions: The FSHD-RODS is an interval measure for detecting activity and participation restrictions

in patients with FSHD. Its responsiveness is currently being assessed and its cross-cultural validation
extended to other countries.
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P1 Modelling FSHD by cell transplantation and genetic manipulation in a zebrafish model.
Camilla Farnetani!, Peter Zammit?, Robert Knight?*

1 Centre for Craniofacial & Regenerative Biology, King's College London,
2 Randall Centre for Cell and Molecular Biophysics, King's College London

Background: Facioscapulohumeral Dystrophy (FSHD) is the most prevalent of the primary types of
muscular dystrophy, affecting around 1 in 8,333. Mis-expression of the transcription factor DUX4 is the
most likely cause of FSHD; however, since the molecular basis for its role in FSHD is still unclear and it
is unclear in which cells it induces FSHD, no suitable therapy has yet been developed. A major
limitation for understanding DUX4 induced pathologies is the lack of a good animal model to observe
how muscle stem cell (muSC) behaviour is affected in vivo and why FSHD muscle is associated with
altered behaviour of inflammatory cells.

Objectives: We are generating an animal model for the study of FSHD pathogenesis using the
zebrafish, whose

transparency and amenability to drugs has increasingly led to its use as a model organism for the
dissecting the importance the role of genes implicated on human diseases, including other muscular
dystrophies.

We are developing two zebrafish models of FSHD:

1: A transgenic zebrafish line for drug-inducible DUX4 expression in muscle fibres, muSCs and
macrophages. Using live cell imaging, we will then observe the consequences of DUX4 expression on
myogenesis and the immune system during muscle repair in vivo.

2: A xenograft protocol to engraft FSHD-derived human myoblasts into transparent zebrafish, which
will allow observation of proliferation, migration and differentiation of these cells in vivo. These
models will be then used to test the potential of receptor tyrosine kinase (RTK) inhibitors for
overcoming DUX4-induced pathophysiology, based on recently published results in mouse.

Results and Conclusions: Preliminary results indicate that over-expression of DUX4 in zebrafish
myofibres causes progressive fibre atrophy over a period of days. Immunolabelling of the larvae with
antibodies against human DUX4 revealed that expression of DUX4fl in myofibres colocalized with signs
of muscle damage, suggesting that expression of human DUX4 in zebrafish muscle leads to muscle
deterioration. Experiments are under way to determine whether the muscle wasting arises due to
DUX4-induced apoptosis, and to characterize the immune system response to DUX4 overexpression in
muscle.
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P2 The role of Estrogen Receptor Related beta (ERRB) in FSHD-1 mechanism.

Anna Pakula®®#, Yuliya Sytnikova>®7, Silvia Maiullari®, Emanuela Teveroni, Matthias Lambert?, Jeffrey
Widrick#, Hiroaki Mitsuhashi3#, Fedik Rahimov *3#4, Oliver King?, Seong Won Kim¥#, Janelle M.
Spinazzola'*, Katlynn M. Gwilt'#, Giancarlo Deidda®, Fabiola Moretti®, Martha L. Bulyk>®7, Louis M.
Kunkel'3#

1 Division of Genetics and Genomics, Boston Children’s Hospital, Boston, MA 02115, USA

2 Wellstone Muscular Dystrophy Program, Department of Neurology, University of Massachusetts
Medical School, Worcester, Massachusetts, USA

3 Wellstone Muscular Dystrophy Program, University of Massachusetts Medical School, Worcester,
Massachusetts, USA

4 Department of Pediatrics and Geneticse, Harvard Medical School, Boston, Massachusetts 02115, USA
5 Division of Genetics, Department of Medicine, Brigham and Women’s Hospital and Harvard Medical
School, Boston, Massachusetts, USA

6 The Broad Institute of MIT and Harvard, Cambridge, MA, USA

7 Department of Pathology, Brigham and Women’s Hospital and Harvard Medical School, Boston,
Massachusetts, USA

8 Institute of Cell Biology and Neurobiology, National Research Council of Italy, Monterotondo, ltaly

Background: We have generated a zebrafish model of FSHD1 by injecting human DUX4-fl (full length)
mMRNA into fish embryos. By performing an analysis of DUX4 binding sites (CHIP-seq) we have
discovered that, at 12h of embryo development, Estrogen Receptor Related Beta (ERRB) interacts with
DUX4. An advantage of our model is that we can monitor DUX4-fl and ERRP throughout early stages of
disease development, which is not feasible in humans.

Results: To characterize this interaction, we modulated ERRB in a DUX4-fl transgenic zebrafish model
and human primary cells and have observed that this leads to DUX4-fl re-localization into cytoplasm at
3-4 dpf. Treatment of transgenic zebrafish with an ERRB agonist, revealed that swimming performance
was impaired in treated fish compared to nontreated animals only at day 4, however at later
timepoints their performance improved and the re-localization was no longer observed. We are
analyzing the long-term consequences of that treatment as well as the effect of the ERRB agonist in
human myoblasts.
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P3 U7-snRNA-Mediated Exon Skipping of the Toxic DUX4 Gene as a Promising Therapeutic Approach
for Facioscapulohumeral Muscular Dystrophy (Corrected Title).

Afrooz Rashnonejad?, Gholamhossein Amini Chermabhinil, Andrew Palo?!, Madison A. Harper?, Nicolas
Wein%?, Scott Q. Harper®'?

1 Center for Gene Therapy, Abigail Wexner Research Institute at Nationwide Children’s Hospital,
Columbus, OH, USA
2 Department of Pediatrics, The Ohio State University, Columbus, OH, USA

Background: The full-length isoform of DUX4 causes cell death and muscle toxicity, while a short
isoform is non-toxic.

Objectives: The goal is to develop a DUX4 exon-skipping strategy designed to bias DUX4 splicing in
favor of the non-toxic DUX4-short isoform.

Results: Several U7-snRNAs targeting different parts of DUX4 gene (U7-DUX4) were designed and their
ability to suppress full length DUX4 and prevent cell death was investigated. We detected >80%
reduction of DUX4 protein in treated cells, and improved their viability. DUX4 mRNA levels and DUX4-
responsive biomarkers were markedly decreased in treated FSHD myoblasts/myotubes. As of this
writing, in vivo studies are underway, including investigate the capability of AAV-U7-DUX4s to
suppress DUX4 long-term in our new TIC-DUX4 mouse model, and improve histopathological,
functional, and molecular outcomes.

Conclusions: This study provides proof of concept for silencing DUX4 expression using U7-snRNA
mediated exon skipping and has implications for future FSHD gene therapy.
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P4 The RNA Binding Protein FRG1 Controls Transcription Landscape Regulating Muscle Maturation and
Metabolism.

Antonio Vallarola!, Alberto Termanin?, Margherita Cortini?, Valeria Ghiaroni, Mattia Forcato?, Elena
Germinario?, Giuseppe D’Antona3, Bert Blaauw?, and Rossella Tuple!

1 Life Science Department University of Modena and Reggio Emilia
2 Biomedical Science Department — Padova
3 Sport Medicine Center Voghera (PV)

Background: Among animal models for FSHD, mice overexpressing FRG1 present progressive myopathy
with features of human disease.

Objectives: To investigate FSHD pathogenesis, we analyzed the expression profiles of skeletal muscles of
FRG1 mice at 28d (dystrophy onset) and at 96d (full dystrophy).

Results: We found profound transcriptional deregulation with the significant enrichment of genes
expressed during embryogenesis and inflammation. Study of FRG1 mice in the postnatal period revealed
that FRG1 overexpression induces the impairment of muscle maturation. In this context we observed
the deceleration of growth curve and reduction of muscle cross-sectional area associated with lack of
adult isoforms of sarcomeric proteins and transcriptional downregulation of glycolytic enzymes. At older
age we detected the transcriptional activation of inflammatory pathways. Our findings indicate that
delayed maturation and alteration of energy metabolism precedes dystrophy.

Conclusion: Our studies shed new light on molecular mechanisms leading to muscle dystrophy and
provide insights for research on effective therapeutics.
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P5 Circulating Biomarkers for Facioscapulohumeral Muscular Dystrophy.
Christopher R. Heier'?, Alyson A. Fiorillo2, Christopher B. Tully, Aswini Panigrahi', Heather Gordish-
Dressman?, Aiping Zhang?, Sachchida Nand Pandey?, Jean K. Mah?, Yi-Wen Chen?'?

1 Center for Genetic Medicine Research, Children’s National Health System, Washington, DC, USA
2 Department of Genomics and Precision Medicine, School of Medicine and Health Science, George
Washington University, Washington, DC, USA

3 Cumming School of Medicine, University of Calgary, Calgary, AB, Canada

Background: Circulating biomarkers can be used to evaluate disease states and responses to therapeutic
interventions. Blood samples from a clinically well characterized cohort of individuals with early-onset
FSHD were collected.

Objectives: The goal of this study is to identify protein and miRNA biomarker candidates using omics
approaches.

Results: For protein biomarkers, we removed the top 12 most abundant proteins before obtaining the
protein profiles using the Q Exactive HF mass spectrometer (22 FSDH and 14 controls). miRNA profiling
was conducted using TagMan Array Human MicroRNA assays (28 FSHD and 16 controls). We identified
28 proteins and 14 miRNAs that were differentially expressed between FSHD and controls; 13 proteins
and 3 miRNAs correlated with disease severity. Several identified proteins and miRNAs were reported to
be altered in other neuromuscular diseases.

Conclusions: The identified proteins and miRNAs will be further validated and prioritized to be used as
biomarkers for therapeutic trials.
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P6 Measurement properties of performance-based outcome measures of physical functioning in
individuals with facioscapulohumeral dystrophy (FSHD) - A systematic review.
K. de Valle %23, J. McGinley3, . Woodcock¥?3, M.M. Ryan¥?3, F. Dobson3

1 Neurology Department, The Royal Children’s Hospital, Melbourne
2 Murdoch Children’s Research Institute, Melbourne
3 Department of Physiotherapy, University of Melbourne

Aim: This review aims to appraise evidence of measurement properties of performance-based
outcome measures of physical function in individuals with FSH.

Method: Using established systematic review protocol, a search of selected electronic health data
bases was undertaken. Two authors independently screened studies for eligibility and extracted
psychometric data. The methodological quality of studies was appraised using the consensus-based
standards for the selection of health measurement instrument (COSMIN).

Results: Of 12 identified outcome measures, four required high technology equipment, three were
FSH specific. The FSH clinical score had moderate quality evidence and remaining measures had low to
very low quality evidence supporting their measurement properties. Low recruitment in middle-aged,
ambulant individuals make results hard to generalise across lifespan and severity.

Conclusion: There is a paucity of valid, accurate and responsive outcome measures in FSH. Further
research is required to ensure trial readiness.
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P7 Process Abstract: Implementing Kinect sensor-based Reachable Workspace (RWS) measurement

system in a multi-site, international FSHD clinical study.

Jay J. Han?, Gregorij Kurillo?, Maya Hatch?, Vicky Chan?, Alina Nicorici3, Diego Cadavid?, Jan Groothuis®,

Sabrina Sacconi®, Valeria Sansone’, Jeffrey Statland®, Rabi Tawil®, and the ReSolve Study Investigators®

1 University of California Irvine, Department of PM&R, CA, USA

2 University of California Berkeley, Department of Electrical Engineering and Computer Science, CA,
USA

3 University of California Davis, Department of PM&R, CA, USA

4 Fulcrum Therapeutics, MA, USA

5 Radboud Universitair Medisch Centrum, Nijmegen, Netherlands
6 Nice University Hospital, Nice, France

7 University of Milan, Department of Neurology, Milan, Italy

8 University of Kansas, Department of Neurology, KS, USA

9 University of Rochester, Department of Neurology, NY, USA

10 ReSolve Study Investigators

Background: Kinect sensor-based reachable workspace (RWS) assessment system utilizes motion
capture technology to quantitatively track upper extremity skeletal motion, and reconstruct an
individual's upper-extremity reachability. The developed RWS outcome measure has shown excellent
reliability and validity in FSHD. However, much of the development and testing has been done at one
site with small sample size.

Objectives: Test the scalability and implementation of the RWS system in a large, multi-site,
international FSHD clinical study (3 E.U. and 8 U.S.-based ReSolve sites; Fulcrum, SRA002-2018).

Results: The total equipment cost for each site was ~$1900 (TV-display, computer, Kinect). Average
system assembly time per site is estimated at ~2 hours. Remote web-based evaluator training sessions
took ~1 hour. Each evaluator then underwent certification process, with 18 evaluators certified thus
far (8 passed on 1st attempt, 6 on 2nd, and 4 on 3rd). Anonymous surveys delivered to each
participating site confirmed ease of using the system and setup and high overall satisfaction.
Conclusion: Scalability and implementation of the RWS system for large mulit-site studies overall has
been successful with reasonable costs, and fairly minimal setup time and training.
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P8 Proposal of a neuropsychological protocol to study cognitive functions in FSHD.
Elisa Lait, Francesca Torri?, Lucia Chico?, Giulia Riccit, Gabriele Siciliano?

1 Department of Clinical and Experimental Medicine, University of Pisa

Background: Signs of systemic and cerebral nervous system (CNS)’s abnormalities are occasionally
reported in rare paediatric severe form of FSHD; a CNS involvement in the adult-onset classic form of
FSHD has not been accurately investigated.

Objectives: Here we present data of e a neuropsychological evaluation protocol aimed to evaluate the
cognitive functioning, also in well correlation with the degree of motor impairment and disability, in a
cohort of 20 adult patients clinically and genetically characterized. In particular, the protocol includes
the evaluation of short- and long-term memory, selective and shift attention and executive functions.

Results: This study shows a possible cognitive impairment in the adult-onset form of FSHD.

Conclusions: In view of these results seems useful encourage the planning of future investigations to
better characterized the cognitive profiles of these patients.
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P9 Self-report questionnaire vs. clinical evaluation form in the French National Registry on
Facioscapulohumeral Dystrophy: a statistical comparison.

Benoit Sanson?, Céline Guien?, Caroline Stalens?, Luisa Villa?, Sitraka Rabarimeriarijaona*, Rafaélle
Bernard?*, Pascal Cintas>, Guilhem Solé®, Vincent Tiffreau’, Andoni Echaniz-Laguna®, Armelle Magot®,
Raul Juntas Morales?9, Véronique Bombart!?, Agnés Jacquin-Piques??, Aleksandra Nadaj-Pakleza®3,
Christophe Béroud?, Sabrina Sacconi4, The French FSHD Registry Group*

1 Université Cote d’Azur, Service Systeme Nerveux Périphérique & Muscle, Centre Hospitalier
Universitaire de Nice, Nice, France

2 Aix Marseille University, INSERM, MMG, Bioinformatics & Genetics, Marseille, France

3 Medical Affairs Department, AFM-Telethon, Evry, France

4 APHM, Hépital Timone Enfants, Laboratoire de Génétique Moléculaire, Marseille, France

5 Neurology Department, CHU Toulouse, Toulouse, France

6 Département de Neurologie, CHU Bordeaux, Bordeaux, France

7 Neuromuscular Reference Center, CHRU Lille, Lille, France

8 Department of Neurology, APHP, CHU de Bicétre, Le Kremlin Bicétre, France

9 Neuromuscular Reference Center, CHU Nantes, Nantes, France

10 Département de Neurologie, CHU de Montpellier, Montpellier, France

11 Neuromuscular Reference Center, CHU Reims, Reims, France

12 Service de Neurologie, CHU de Dijon-Bourgogne, Dijon, France

13 Neuromuscular Reference Center, CHU Angers, Angers

14 Institute for Research on Cancer and Aging of Nice (IRCAN), INSERM U1081, CNRS UMR 7284,
Université Cote d'Azur (UCA), Faculté de Médecine, Nice, France

* The list cannot be displayed here due to space constraints but is available online through a QR code
on the poster

Background: FSHD, one of the most prevalent neuromuscular dystrophies, has no treatment. The
physiopathological mechanism must be further characterized in view of future clinical trials. To this
end, national registries on FSHD have been set up. Data are gathered mostly through medical
evaluation, which relies on the willing participation of physicians; some databanks are fed with data
provided by patients themselves, the reliability of which has never been investigated. To help increase
inclusions and data quality, the French registry was designed to combine both a clinical evaluation
form (CEF), and a self-report questionnaire (SRQ), thereby allowing for an evaluation of data accuracy
and consistency.

Methods: Statistical comparison between CEF/SRQ pairs collected at close time points was made for
281 patients (131 women/150 men; average age 59.5 + 16.0 years). Kappa or ICC values were
calculated to determine the correlation between answers provided in both forms.

Results: Quantitative or objective content such as the Brooke scale show the best agreement
(kappa/ICC >= 0.6). Discordance is observed in questions involving symptoms, interpretation or
medical technicalities. Errors may originate from either party, but it is safe to assume that patients
better answer symptom-related questions, while more technical items are best left to physicians.

Conclusion: Patient answers to questions involving easily understandable objective criteria should be
trusted, allowing physicians to focus on items requiring medical expertise. Our results form the basis
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for tailoring an optimized collection form, addressing questions to either the patient or the physician.
Once online, such questionnaires will facilitate telemedicine care of FSHD.

This work was supported by AFM.
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P10 Patterns of muscle involvement, predictive characteristics, and meaningful change for functional
motor tasks in FSHD.

Jeffrey Statland?, Kate Eichinger?, Melissa Currence, PTA?, Melissa Mclntyre, DPT3, Nicholas Johnson?,
Rabi Tawil?

1 University of Kansas Medical Center, Kansas City, KS

2 University of Rochester Medical Center, Rochester, NY
3 University of Utah, Salt Lake City, UT

4 Virginia Commonwealth University, Richmond, VA

Background: The possibility of molecularly targeted therapies for facioscapulohumeral muscular
dystrophy (FSHD) create a pressing need to develop functional motor outcomes (FMOs) for clinical
trials. The ability to understand muscle input on performance and predictive baseline characteristics
can help inform trial design.

Methods: We combined data from 2 studies: one from the Universities of Kansas and Utah (n=44) and
the other from the University of Rochester (n=31) to correlate manual muscle testing from 34 upper
and lower extremity muscles to performance on FMOs: 6 minute walk test, timed up and go, and 30
foot go. Predictive models were constructed using baseline characteristics. Meaningful changes were
approximated using linear regression on patient-reported global impact on daily activities.

Results: Knee flexion showed the strongest correlations to FMOs (r=|0.58-0.72]). Age, gender,
baseline clinical severity and knee flexion accounted for half the variability in performance. Increases
in FMOs between 16-26% corresponded with one degree more patient-reported impact on daily

activity.

Conclusions: Knee flexion strength was the strongest driver of gait FMO performance in FSHD; with
changes of 16-26% corresponding to increased impact on daily activity.

Study funding: grant support from the FSH Society; and a CTSA Multi-Institute Pilot grant.
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P11 Biomarker identification by high-resolution proteomic approach in FSHD.
Victor Corasolla Carregaril, Mauro Monforte?, Andrea Urbani!, Enzo Ricci?, Giorgio Tasca?

1 UOC Chimica, Biochimica e Biologia Molecolare Clinica, Fondazione Policlinico Universitario A.
Gemelli IRCCS, Roma, Italy
2 UOC Neurologia, Fondazione Policlinico Universitario A. Gemelli IRCCS, Roma, ltaly

Background: the identification of tissue and circulating biomarkers is of major importance for FSHD.

Objectives: in this exploratory study, we combined muscle imaging, microdialysis and proteomics of
muscle interstitial fluids and patients’ sera. We had collected microdialysates (i.e., interstitial fluids
obtained through a microcatheter) from muscles with different features on MRI (STIR+, STIR- and
controls). Microdialysates were analyzed using a high-resolution mass spectrometer, to detect
proteins dysregulated, and possibly secreted in the bloodstream, in the early phases of the disease

Results: a total of 1290 proteins were identified, 132 of which only found in STIR+ muscles. The
majority belonged to the nucleic acid-binding, immune response, enzyme modulator and protein
signaling classes. Forty-six were dysregulated in STIR+ compared with STIR- muscles and 79 compared
with controls. Ingenuity Pathway Analysis confirmed that these proteins are mostly involved in
inflammatory response. Serum analysis is currently ongoing and the results will be presented during
the congress.

Conclusions: High-resolution proteomics is a feasible method to analyze muscle microdialysates. The

modulation of pathways related to inflammation further supports the role of this process in active
disease phases.
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P12 Effect of creatine monohydrate on functional muscle strength and muscle mass in children with
FSHD: a multi-centre, randomised, double-blind placebo-controlled crossover trial.

Dr lan Woodcock®?3, Ms Katy De Valle?3, Dr Eppie Yiu'?3, Dr Kate Carroll*23, Dr Rachel Kennedy?3,
Monigue Ryan'?3[Abstract name on spreadsheet and on program is Creatine in paediatric FSHD: an
RCT.

1 Department of Neurology, The Royal Children's Hospital, Melbourne, Australia
2 Neuroscience Research Unit, Murdoch Children’s Research Institute, Melbourne, Australia
3 Department of Paediatrics, University of Melbourne, Melbourne, Australia

Creatine monohydrate is a naturally occurring compound involved in energy production in cells,
particularly in tissues with high energy requirements such as skeletal muscle, which has been shown to
increase strength and function in Duchenne muscular dystrophy. Creatine has not yet been studied in
paediatric FSHD, although a previous study in adults showed a trend towards benefit. This multi-
centre, randomised, double-blind, placebo-controlled crossover trial will compare changes in strength-
related motor function following treatment with creatine monohydrate to treatment with placebo, as
measured by the Motor Function Measure, from baseline to 12 weeks. Eligible subjects will be
randomised to either creatine monohydrate therapy or placebo for three months, then crossover to a
further three months of therapy with either placebo or creatine. Subjects will undergo clinical
assessments and study safety assessments at the beginning and end of each treatment period.
Recruitment is on-going with plan to complete end of 2019.
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P13 Phenotype may predict the clinical severity of facioscapulohumeral muscular dystrophy.
Yigi Liu', Dongyue Yue?, Wenhua Zhu?, Jing Li3, Shuang Cai?, Sushan Luo?, Jianying Xi%, Jie Lin?, Jun Lu?,
Lei Zhou?, Zonghui Liang?, Jiahong Lu?, Chongbo Zhao!

1 Department of Neurology, Huashan Hospital, Fudan University, China
2 Department of Neurology, Jing’an District Center Hospital of Shanghai, China
3 Department of Radiology, Jing’an District Center Hospital of Shanghai, China

Background: The Comprehensive Clinical Evaluation Form (CCEF) was reported to facilitate the
harmonized phenotypic classification of facioscapulohumeral muscular dystrophy (FSHD) patients and
families.

Objectives: We aimed to explore the clinical severity in FSHD patients classified by CCEF. 54 Chinese
FSHD1 patients were included and evaluated by structured questionnaire, manual muscle test (MMT),
FSHD clinical score (CS), Ricci score (CSS), 6-minute walking test (6MWT) and motor function measure
(MEM).

Results: There were 26 males and 28 females, with the D4Z4 repeat number of 4.54 on average. 16
patients belong to category Al, 22 to A2, 4 to A3, 1 to B1 and B2 respectively, and 10 to D1. The Al
patients was younger, with an earlier onset, shorter disease duration, smaller D4Z4 repeat number
and more severe clinical disability in CS, MMT and MFM. 6 D1 patients displayed pes cavus.

Conclusions: The patients with severer facial involvement may have aggressive disease progression
and worse motor functions. Facial impairment could be a predict factor to clinical severity.
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P14 An in situ hybridization-based method for detecting DUX4 RNA expression in vitro.
Gholamhossein Amini Chermahini?, Afrooz Rashnonejad, Scott Q. Harper?

1 Center for Gene Therapy, Abigail Wexner Research Institute at Nationwide Children's Hospital at
Nationwide Children's Hospital, Columbus, OH, 43205 USA
2 Department of Pediatrics, The Ohio State University, Columbus, OH, 43205 USA

Background: Detecting endogenous DUX4 in patient tissue using conventional methods can be
challenging. Developing simple and trustworthy DUX4 detection methods is an important need in the
FSHD field.

Objectives: Our objective is to develop a new strategy to detect endogenous DUX4 mRNA.

Results: Here, we describe a novel and efficient technique for detecting over-expressed and
endogenous DUX4 mRNA in human cells. which based on a RNA in situ hybridization (ISH) technology.
We show that a custom-designed RNAscope assay can detect DUX4 mRNA in transfected HEK293 cells
also, it was highly sensitive for detecting lower amounts of endogenous DUX4 mRNA in FSHD
myotubes. Moreover, the RNAscope assay was able to track reductions in DUX4 mRNA following
treatment with our RNAI therapy.

Conclusions: We found that RNAscope was a highly sensitive method for detecting DUX4 mRNA in
vitro, and may enable us to develop a new, rapid RNA ISH-based molecular diagnostic assay for FSHD.
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P15 Characterization of human perivascular cells as a new cellular model of facioscapulohumeral
muscular dystrophy.

Giorgia. di Blasio'?, Silvia Maiullari?, Emanuela Teveroni?, Fabio. Mancino?, Luca Proietti?, Patrizia
Calandral, Mauro Monforte?, Giorgio Tasca?, Enzo Ricci?, Giancarlo Deidda?, Fabiola Moretti?

1 Institute of Cell Biology and Neurobiology, National Research Council of Italy (CNR), Monterotondo,
Italy
2 Catholic University, Rome, ltaly

Background: Regeneration process of adult skeletal muscle is mediated mainly by satellite cell
activation. However, others cell types as perivascular cells (PVCs, also pericytes, or mural cells) can
participate this process. Given their abundance and proliferative potential, PVCs may represent a
useful model for studying in vivo FSHD and a promising therapeutic candidate.

Objectives: We aim at characterizing PVCs from FSHD and healthy individuals at molecular and
functional levels.

Results and Conclusions: We Isolated and characterized PVCs from muscle and fat tissues from
healthy and FSHD patients and analysed their properties compared to those of myoblasts from the
same individual. FSHD-PVCs recapitulate properties of FSHD myoblasts, thus indicating they can
represent a good model for investigating in vitro and in vivo FSHD properties. Moreover, FSHD-PVCs
can differentiate in myotube, thus suggesting the usefulness to evaluate their therapeutic potential.
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P16 Investigation of the Effect of Estrogen on DUX4/B-Katenin/PAX3-7 Protein Levels in
Facioscapulohumeral Muscular Dystrophy (FSHD).
Ceren Hangul?, Esin Guvenir Celik?, Hacer Kaya?, Onur Eroglu3, Hilmi Uysal*, Sibel Berker Karauzum?

1 Akdeniz University Department of Medical Biology and Genetics

2 Bilecik Seyh Edebali University Department of Molecular Biology and Genetics
3 Bilecik Seyh Edebali University Biotechnology Research and Application Center
4 Akdeniz University Department of Neurology

Objective: In Facioscapulohumeral Dystrophy(FSHD) It is noteworthy that the findings progressed at an
earlier age in men, and the disease worsens in postmenopausal women. Depending on these
observations; the role of estrogen was investigated in the pathophysiology of FSHD.

Method: Primary FSHD1 myoblast cell lines prepared from biopsies of four individuals(63 and 71 years
old(63yM/71yM)two males; 47 and 58 years old(47yF/58yF) two females) were used. Three different
groups i) estradiol untreated control group, ii) 10 nM 30-minutes and iii) 10 nM 4-hours estradiol
treatment were generated. Cell lysates from FSHD myoblasts in these groups were examined by
western blot for the presence-amount of DUX4, PAX3/7 and B-catenin transcription factors.

Results: After estradiol treatment DUX4 protein level reduced to zero in 71yM, it wasn’t detected in
63yM and 47yF. Because of ineffective attachment in 58yF, proteins weren’t obtained. The level of B-
catenin protein increased with estradiol in 71yM, 63yM and 47yF samples. 3 different protein bands of
80 kDa, 56 kDa and 45 kDa were determined for PAX3/7 proteins. Of these, 80 kDa and 56 kDa forms
were observed only in 71yM; after estradiol 80-kDa PAX3/7 form reduced; 56-kDa PAX3/7 form was
expressed at the 4th hour. The 45 kDa form was determined in all samples; with estradiol treatment
this form decreased in 71yM-47yF and increased in 63yM.

Conclusion: The decrease in DUX4, the increase in B-catenin, stimulation in the expression of 56 kDa
form of PAX3/7 protein family after 4 hours of estradiol treatment support the protective role of
estrogen in FSHD pathophysiology. To understand the effect of estradiol on pathophysiology better
and to develop treatment alternatives; extensive studies are needed with each transcription factor and
related target genes; both at mRNA-protein levels.

Keywords: estradiol, DUX4, B-catenin, PAX3/7, FSHD (facioscapulohumeral muscular dystrophy)
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P17 Single-cell transcriptomics reveals DUX4 expression during early stages of myogenesis in FSHD1.
Anna Pakula®?, Oliver King3, Matthias Lambert?, Emanuela Gussoni®?, Louis Kunkel?

1 Division of Genetics and Genomics, Boston Children’s Hospital, Boston, Massachusetts
2 Department of Pediatrics and Genetics, Harvard Medical School, Boston, Massachusetts
3 Department of Neurology, University of Massachusetts Medical School, Worcester, Massachusetts

Background: It is not yet known precisely how the transcriptional de-repression of DUX4 leads to
disease pathology in FSHD, a situation complicated by its expression in only a small fraction of muscle
cells. To better understand the timing of DUX4 expression and its impact on the transcriptome, we
performed single-cell RNA sequencing (scRNA-seq) on myogenic cell-cultures from FSHD1 and control
individuals (n=4 each).

Results: Primary myoblasts were cultured in differentiation medium for 3.5 days, at low confluency.
The inDrops platform was used to acquire scRNA-seq data for ~3000 cells per library, with 2-4 libraries
per individual. DUX4 transcripts were detected in a small set of FSHD cells, and known biomarkers of
DUX4 activity (e.g. ZSCAN4, TRIMA43, LEUTX) in a larger set of FSHD cells. These findings were broadly
consistent with the recent scRNA-seq study by van den Heuval et al. (Hum Mol Genet, 2019), although
DUX4 biomarker levels were lower overall in our study. As our study also had lower levels of MYH3, a
marker of late-stage myocytes — likely due to the mononuclear cells having low confluency, with little
cell-to-cell contact — it provides a complementary view of DUX4 expression at early stages of
myogenesis.
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P18 Exploring the relationship between DUX4 and hypoxia-inducible Factor (HIF1a).
Thuy-Hang Nguyen?, Alexandra Tassin?, Alexandre Legrand?, Anne-Emilie Decléves?, Nicolas Figeac3,
Philipp Heher?, Christopher R. S. Banerji® and Peter S. Zammit3

1 Lab. of Respiratory Physiology, Pathophysiology and Rehabilitation
2 Lab. Metabolic and Molecular Biochemistry, Health Institute, University of Mons, Belgium
3 Randall Centre for Cellular and Molecular Biophysics, King’s College of London, UK

Background: Examining FSHD skeletal muscle molecular networks reveals pathways involved in
hypoxic response and oxidative stress to be critically disturbed, with HIF1la being of particular interest
(Banerji et al., 2015, 10.1098/rsif.2014.0797).

Objectives: Our goal is to investigate potential relationships between DUX4 and HIF1a and its
contribution to muscle dysfunction.

Results: Human DUX4 inducible myoblasts were cultured under normoxia or hypoxia.
mmunofluorescence studies showed that hypoxia increases HIF1a protein levels, with a concomitant
increase in proliferation rate. Hypoxia however, reduced myogenic differentiation into multinucleated
myotubes. DUX4 induction reduces differentiation, and preliminary data indicates that HIF1a levels are
altered upon DUX4 expression, depending on the differentiation state. 52% of induced myoblast nuclei
with DUX4 also contained HIFla protein. In vivo studies are ongoing, and include a murine model
based on an intramuscular injection of a DUX4 expression vector followed by electroporation.

Conclusion: FSHD is linked to a greater sensitivity of muscle cells to oxidative stress. Using
transcriptomic studies, we have found that HIF1a signalling is deregulated in FSHD. Expression of DUX4
in human myoblasts associates with HIF1a signalling, and we are investigating this association with the
DUX4-induced phenotype.
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P19 DUX4 is a co-repressor of the progesterone and glucocorticoid nuclear hormone receptors.
Julieta Quintero?, Sabrina Pagnoni®?2, Alberto Luis Rosa’?

1 IRNASUS-CONICET, Facultad de Bioquimica, Universidad Catélica de Cérdoba
2 Fundacién Allende y Sanatorio Allende, Cérdoba, Argentina

Background: DUX4 is a nuclear transcription factor that regulates the expression of zygote activated
genes in placental mammals. Our laboratory originally showed that DUX4 is a cytotoxic, pro-apoptotic
protein. We proposed that DUX4 may contribute to the pathogenic pathway in FSHD. Aberrant
expression of DUX4 is now considered a key element in FSHD pathogenesis.

Objectives: To study the potential co-repressor activity of DUX4 on the progesterone and
glucocorticoid nuclear receptors (NRs).

Results: Using alternative reporter systems and a reconstituted experimental model in HepG2 cells,
which lack endogenously-expressed progesterone NR, we demonstrate that DUX4 has a strong co-

repressor activity on the progesterone NR. Additional studies, using a HepG2 reconstituted cellular
model, showed that DUX4 is also a co-repressor of the glucocorticoid NR.

Conclusions: Taken together, our results provide evidence indicating that DUX4, a transcriptional

activator, could indirectly modulate gene expression via co-repression of hormone NRs, a previously
unrecognized endocrine role for DUXA4.
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P20 Deciphering the mechanism of herpesviral DUX4 induction.
Stephanie Walter!, Emanuel Wyler?, Vedran Franke?, Altuna Akalin?, Markus Landthaler?3, Armin
Ensser?!, Florian Full?

1 Institute for Clinical and Molecular Virology, University Hospital Erlangen, Erlangen, Germany

2 Berlin Institute for Medical Systems Biology, Max-Delbriick-Center for Molecular Medicine in the
Helmholtz Association, Berlin, Germany

3 IRI Life Sciences, Humboldt Universitat zu Berlin, Berlin, Germany

Background: DUX4 is a transcription factor exclusively expressed during embryonal development and
in human testis. Aberrant expression of DUX4 is the cause of FSHD. In a recent study we could show
that DUX4 is activated upon herpesviral infection.

Objectives: Accordingly, this project centers on deciphering the role of DUX4 during herpesviral
infection.

Results: Using standard molecular biology methods together with modern technologies like RNA-Seq
and Chromatin-IP our experiments confirmed the expression of DUX4 upon infection with members of
all herpesvirus subfamilies. This leads to the induction of hundreds of DUX4 target genes, such as
members of the TRIM, PRAMEF and ZSCAN protein families. We found that DUX4 is still upregulated
when using an inhibitor for the viral polymerase, providing evidence that the incoming viral particle
can elicit its expression.

Conclusion: Collectively, our results give new insights into the endogenous functions of DUX4 and
point at a possible link between herpesviral infection and FSHD.
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P21 Genetic and epigenetic analysis of the FSHD-linked 4q35 region in rare female “Coats' disease”
patients.
Robin B. Fitzsimons?, Peter L. Jones?, Adrian T Fung?, and Takako I. Jones?

1 Sydney Medical School, University of Sydney, NSW 2006, Australia Department of Pharmacology
2 University of Nevada, Reno School of Medicine, Reno, NV 89557 USA
3 Save Sight Institute, University of Sydney, NSW 2006, Australia

Background: Sporadic Coats' disease manifests as retinal telangiectasis leading to exudates,
detachment and blindness, and mostly affects young boys. However, male and female FSHD patients,
especially those with large D4Z4 contractions, are at risk of developing symptomatic “Coats' disease.”
FSHD patients sometimes present first to ophthalmologists.

Objective: We analyzed DNA methylation and genomic DNA sequence of the distal-most 4935 D4Z4
repeat through the polyadenylation site in exon 3 for three females with “Coats'” telangiectasis but no
muscle disorder.

Results: “Coats' telangiectasis," can exhibit some FSHD-like D4Z4 genetic and epigenetic
characteristics. One patient with severe Coats exudates had D4Z4 deletion (25 kb fragment),
hypomethylation, and an unusual 4gA haplotype simulating 4gA161. No patient met the combined
genetic and epigenetic requirements of FSHD.

Conclusions: These preliminary data support a relationship between changes in the 4935 D4Z4 array

and Coats' disease in some females. However, overall FSHD-permissive conditions may not be
essential.
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P22 SMCHD1 plays a pleiotropic role in euchromatin or heterochromatin regulation with
consequences in rare diseases.

Camille Dion?, Stéphane Roche?, Camille Laberthonniére?, Natacha Broucgsault?, Jéréme Déjardin?,
Marnie E. Blewitt3, Bruno Reversade*>%7, Jérdme D. Robin?!, Frédérique Magdinier!

1 Aix Marseille University, INSERM MMG, Nerve and Muscle Department. Marseille, France

2 Institut de Génétique Humaine UMR9002 CNRS-Université de Montpellier, France

3 The Walter and Eliza Hall Institute of Medical Research, Melbourne, Australia; The Department of
Medical Biology, University of Melbourne, Melbourne, Australia

4 Institute of Molecular and Cell Biology, A*STAR, Singapore. Institute of Medical Biology, A*STAR,
Singapore

5 Department of Paediatrics, National University of Singapore, Singapore, Singapore

6 Medical Genetics Department, Kog University School of Medicine (KUSOM), Istanbul, Turkey

7 Reproductive Biology Laboratory, Academic Medical Center (AMC), Amsterdam-Zuidoost, The
Netherlands

SMCHD1 has been of major interest following identification of germline mutations in Facio-Scapulo-
Humeral Dystrophy (FSHD) and in an unrelated developmental disorder, Bosma Arhinia
Microphthalmia Syndrome (BAMS). By investigating why SMCHD1 mutations lead to these two
different rare genetic diseases, we uncovered a role for this factor in de novo methylation at the
pluripotent stage using a collection of fibroblasts reprogrammed into hiPSc. SMCHD1 binds to the
D4Z4 macrosatellite element and is required for its dynamic methylation upon reprogramming but
dispensable for methylation maintenance. We found that FSHD and BAMS patient’s cells carrying
SMCHD1 mutations are both permissive for DUX4 expression. By analyzing gene expression profiles in
FSHD and BAMS patients’ cells, we uncovered a role for SMCHD1 in the regulation of genes involved in
skeletal muscle differentiation and patterning during development uncovering a pleiotropic role of
SMCHD1 in chromatin regulation.
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P23 NO66 acts together with SMCHD1 as a co-repressor of DUX4 in facioscapulohumeral muscular
dystrophy (FSHD).

Mara S Tihaya?!, Remko Goossens?, Judit Balog?, Kirsten R Straasheijm?, Rabi N Tawil?, Baziel GM van
Engelen3, Stephen J Tapscott?, Silvére M van der Maarel*

1 Leiden University Medical Center

2 University of Rochester Medical Center
3 Radboud University Medical Center

4 Fred Hutchinson Cancer Research Center

Background: The D4Z4 chromatin modifier SMCHD1 functions as a repressor of the DUX4 locus. Loss of
SMCHD1 from D4Z4-repeats leads to DUX4 expression in a permissive 4qA genetic background. We
identified nucleolar protein NO66, a demethylase of active chromatin marks H3K4me3 and H3K36me3,
as an interactor of SMCHD1.

Objectives: To study whether NO66 plays a role in D4Z4 repression. We did this by depletion of NO66
in primary myocytes derived from healthy controls, FSHD1 and FSHD2 patients, followed by DUX4
expression studies and analysis of SMCHD1 binding to D4Z4.

Results: NO66 depletion resulted in upregulation of DUX4 and DUX4 targets in FSHD1 and 2 myocytes,
but failed to derepress DUX4 in controls. Healthy myocytes counteracted NO66 loss by recruiting more

SMCHD1 to D474, contrary to FSHD myocytes.

Conclusions: Our study identifies NO66 as a corepressor of D4Z4 together with SMCHD1 and gives us
new insights into the epigenetic regulation of D4Z4.
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P24 An Innate Immunity Model of FSHD Muscle Pathology
Katelyn Daman?, Jing Yan?, Sonal Jangalwe?, Jennifer Chen?, James Windelborn3, Oliver King?,
Kathryn Wagner?®, Michael Brehm?, Charles P. Emerson Jr?

1 Wellstone Program, University of Massachusetts Medical School

2 Diabetes Center of Excellence, University of Massachusetts Medical School
3 Department of Biology, Washington College

4 Center for Genetic Muscle Disorders, Kennedy Krieger Institute

Facioscapulohumeral muscular dystrophy (FSHD) is the third most frequently diagnosed type
of muscular dystrophy which presents with asymmetric progressive muscle weakening of
muscles in the face, upper body and shoulder girdle, progressing to loss of ambulation and
profound physical disabilities. Misexpression of the transcription factor DUX4 is genetically
associated with FSHD muscle pathology, but has highly variable clinical severity and muscle
specificity independent of DUX4 misexpression, consistent with findings that implicate innate
immunity as a central cause of FSHD muscle pathology. We have developed an FSHD
muscle/blood double xenograft model in an immune deficient mouse to investigate the role
of innate immunity in FSHD muscle pathology. This mouse model is genetically optimized for
engraftment and expansion of innate immune cells from human cord blood. Our
immunohistology and gene expression studies in this model show that human CD45+ cells
that mediate innate immunity preferentially home to and destroy FSHD xenograft muscle
relative to control unaffected muscle, supporting the hypothesis that DUX4 misexpression in
FSHD muscle initiates a pathological innate immune response. Our goal is to utilize this FSHD
muscle/blood xenograft model to investigate the mechanisms underlying FSHD innate
immunity and to develop FSHD therapeutics that block FSHD innate immunity muscle
pathology.

Supported by Friends of FSHD Research, NINDS and NICHD UMMS Wellstone MDCRC
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P25 An innate immunity model of FSHD muscle pathology.
Katelyn Daman?, Jing Yan?, Sonal Jangalwe?, Jennifer Chen?, James Windelborn3, Oliver King?, Kathryn
Wagner*, Michael Brehm?, Charles P. Emerson Jr!

1 Wellstone Program, University of Massachusetts Medical School

2 Diabetes Center of Excellence, University of Massachusetts Medical School

3 Department of Biology, Washington College, 4 Center for Genetic Muscle Disorders, Kennedy Krieger
Institute

Facioscapulohumeral muscular dystrophy (FSHD) is the third most frequently diagnosed type of
muscular dystrophy which presents with asymmetric progressive muscle weakening of muscles in the
face, upper body and shoulder girdle, progressing to loss of ambulation and profound physical
disabilities. Misexpression of the transcription factor DUX4 is genetically associated with FSHD muscle
pathology, but has highly variable clinical severity and muscle specificity independent of DUX4
misexpression, consistent with findings that implicate innate immunity as a central cause of FSHD
muscle pathology. We have developed an FSHD muscle/blood double xenograft model in an immune
deficient mouse to investigate the role of innate immunity in FSHD muscle pathology. This mouse
model is genetically optimized for engraftment and expansion of innate immune cells from human
cord blood. Our immunohistology and gene expression studies in this model show that human CD45+
cells that mediate innate immunity preferentially home to and destroy FSHD xenograft muscle relative
to control unaffected muscle, supporting the hypothesis that DUX4 misexpression in FSHD muscle
initiates a pathological innate immune response. Our goal is to utilize this FSHD muscle/blood
xenograft model toinvestigate the mechanisms underlying FSHD innate immunity and to develop FSHD
therapeutics that block FSHD innate immunity muscle pathology.

Supported by Friends of FSHD Research, NINDS and NICHD UMMS Wellstone MDCRC
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P26 Elucidating the Role of Metabolic Stress and Mitochondrial Dysfunction in FSHD.
Heher, P.%, Banerji, C.R.S.%, and Zammit, P.S.?

1 King's College London, Randall Centre for Cell and Molecular Biophysics, New Hunt's House,
Guy's Campus, London SE1 1UL, UK

A poor response to oxidative stress and mitochondrial dysfunction contributes to FSHD pathology.
FSHD myoblasts are more vulnerable to oxidative challenge, resulting in oxidative damage-induced
apoptosis and muscle fiber atrophy. The oxidative stress response is tightly linked to cell metabolism
and thus, to mitochondrial function.

We have performed a dynamic transcriptomic analysis in patient-derived isogenic FSHD myogenic

cell lines. Multivariate regression revealed perturbation of pathways that control mitochondrial
biogenesis, in particular of the PGC1la-ERRa-NRF1/2 signaling axis (Banerji et al., 2018,
doi:10.1093/hmg/ddy405). Indeed, patient-derived FSHD myogenic cells have lower mitochondrial
content than controls, and differentiate into hypotrophic myotubes. Notably, treatment with ERRa
agonists rescues this phenotype in vitro. Furthermore, DUX4 expression in human myoblasts
drastically reduces the capacity of the mitochondrial electron transport chain, leading to a deficiency
in oxidative phosphorylation. Therefore, a thorough characterisation of mitochondrial (dys)function in
FSHD may reveal novel therapeutic entry points.
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P27 Intramuscular pattern of fat infiltration measured by MRI to identify disease initiation in FSHD.
L. Heskamp?, A. Ogier?3, A. Le Troter, D. Bendahan?, A. Heerschap?

1 Department of Radiology and Nucleair Medicine, Radboud University Medical Center, Nijmegen, The
Netherlands

2 Aix Marseille University CNRS URM 7339 Centre de Resonance Magnetique Biologique et Medicale
Faculte de Medecine, 27 Bd J. Moulin 13005 Marseille France

3 Aix Marseille Université, Université de Toulon, CNRS, LIS, Marseille, France

Introduction: Discovering the location of DUX4 initiation and the subsequent muscular fat infiltration
could guide therapy development in FSHD.

Objective: To study the intramuscular fat infiltration pattern in 396 lower extremity muscles of 9
FSHD patients from tendon to tendon using quantitative MRI and semi-automatic muscle
segmentation.

Methods: Per muscle, on average 44 slices (thickness => mm) were semi-automatically segmented
on 2pt-Dixon fat fraction (FF) maps to determine the FF per slice. Subsequently, each muscle was
divided in five proximo-distal segments.

Results: FF depended on the segments position along the muscle (p < 0.001), being highest distally.
The muscles exhibited a fat infiltration front, being most evident in intermediately fat infiltrated
muscles (10%<FF<50%). The position of the fat infiltration front was more proximally when the
muscle’s average FF was higher.

Conclusion: Muscles in FSHD patients exhibit a fat infiltration front that appears to start distally,
indicating that DUX4 expression starts here as well.
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P28 The French National Registry of patients with Facioscapulohumeral muscular dystrophy.
Céline Guien?, Benoit Sanson?, Sitraka Rabarimeriarijaona3, Rafaélle Bernard?, Nicolas Lévy*3, Sabrina
Sacconi®*, Christophe Béroud'?

1 Aix Marseille University, INSERM, MMG, Bioinformatics & Genetics, Marseille, France

2 Université Cote d’Azur, Service Systéme Nerveux Périphérique, Muscle et SLA, Centre Hospitalier
Universitaire de Nice, Nice, France

3 APHM, Hoépital Timone Enfants, Laboratoire de Génétique Moléculaire, Marseille, France

4 Institute for Research on Cancer and Aging of Nice (IRCAN), INSERM U1081, CNRS UMR 7284,
Université Cote d'Azur (UCA), Faculté de Médecine, Nice, France

Background: Facioscapulohumeral muscular dystrophy is a rare inherited neuromuscular disease with
an estimated prevalence of 1/20,000 and France therefore harbors about 3,000 FSHD patients.

Objectives: With research progresses and the development of targeted therapies, patients’
identification through registries can facilitate the description of disease natural history and improve
recruitment in clinical trials and studies. The French National Registry of FSHD patients was designed
as a mixed model registry to collect molecular and clinical data. It involves both patients and
physicians, through self-report and clinical evaluation questionnaires respectively. As for all rare
diseases, because of the limited number of patients, data quality is a major goal of the registry and
various automatic data control features have been implemented in the bioinformatics system. In
addition, data are manually validated by molecular and clinical curators.

Results: Since its creation in 2013, data from 752 FSHD patients have been collected, representing
about 25% of the French FSHD population. The mixed model strategy allowed to collect 62.4% of data
from both patients and clinicians; 23.1% from patients only and 14.5% from clinicians. With the
identification of the FSHD2 form, specific questionnaires have been designed. Though FSHD2 patients
are progressively included, FSHD1 patients still account for the majority (94.5%). The registry is
compatible with the FAIR principles as data are Findable, Accessible and Interoperable. To do so, we
used the molecular international nomenclature and standardized clinical terms used by the FILNEMUS
French network of reference centers for the diagnosis and follow-up of patients suffering

from a rare neuromuscular disease. The implemented clinical terms were shown to mostly map to
dictionaries and terminology systems such as SNOMED-CT (75% of terms), CTV3 (61.7%) and NCIt
(53.3%). Because of the sensitive nature of data, they are Reusable as aggregated data after evaluation
and approval by the registry oversight committee.

Conclusions: The French National Registry of FSHD patients belongs to a national effort to develop
databases, which should now interact with other initiatives to build a European and/or an
international FSHD virtual registry for the benefits of patients. It is accessible at https://fshd.fr and
various useful information, links, and documents, including videos, are available for patients and
professionals.
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P29 An Update on the UK FSHD Patient Registry in 2019 and Future Considerations.

Ben Porter?, Phillip Cammish?, Richard Orrell>, Emma Heslop?, Chiara Marini-Bettolo?, Mark Busby?,
Andrew Graham?, David Hilton-Jones®, Peter Lunt®, Fiona Norwood?, Mark Roberts8, Stuart Watt?,
Suzanne Watt*

1 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

2 Queen Square Institute of Neurology, University College London, London, UK

3 Department of Neurology, Bradford Teaching Hospitals NHS Foundation Trust, Bradford, UK

4 Patient Representative

5 Department of Clinical Neurology, John Radcliffe Hospital, Oxford, UK

6 University of Bristol, Bristol, UK

7 Department of Neurology, Kings College Hospital, London, UK

8 Greater Manchester Neurosciences Centre, Salford Royal NHS Foundation Trust, Salford, UK

9 Neuromuscular Service, The Robert Jones and Agnes Hunt Orthopaedic Hospital NHS Foundation
Trust, Shropshire, UK

Background: The UK Facioscapulohumeral Muscular Dystrophy (FSHD) Patient Registry is a patient
driven, clinician verified tool designed to support clinical research. The Registry is used to capture
longitudinal, self-reported data through an online portal available to patients and clinicians.

Objectives: The registry aims to facilitate and accelerate clinical research and act as the most
comprehensive distributor of information relating to upcoming academic and non-clinical studies in
FSHD.

Results: Between May 2012 and May 2019, 912 patients participated in the Registry, of which 88% had
a patient-reported diagnosis of FSHD or FSHD type 1 (FSHD1), 3% with FSHD type 2 (FSHD2) and 9%
with an unspecified or unconfirmed diagnosis. Genetic confirmation of FSHD1 was provided in 51% of
patients who had a patient-reported diagnosis of FSHD or FSHD1, and genetic confirmation of FSHD2
was provided in 59% of patients who had a patient-reported diagnosis of FSHD2.

Conclusions: A wide range of patients have participated in the Registry helping provide new insights

into clinical research and standards of care. By sharing a common dataset with an increasing number
of FSHD registries, the registry will be positioned to continue to contribute to future clinical research.
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P30 Safety and tolerability of losmapimod, a selective p38alpha/beta MAPK inhibitor, for treatment of
FSHD at its root cause.

Diego Cadavid, Michelle Mellion, Owen Wallace, Lucienne Ronco, Drew Thompson, Alejandro Rojas,
Michelle Hage, Robert Gould

Fulcrum Therapeutics, 26 Landsdowne Street, Cambridge, MA 02139, USA

Background: Fulcrum Therapeutics is developing losmapimod, a selective p38a/p MAPK inhibitor that
selectively reduces double homeobox 4 (DUX4) protein expression in FSHD myotubes, for treatment of
FSHD at its root cause.

Objectives: To report the known safety and tolerability of losmapimod.

Results: There has been extensive clinical testing of losmapimod for its anti-inflammatory potential in
over 3,500 healthy subjects and patients across at least 10 different adult indications (including COPD,
rheumatoid arthritis, neuropathic pain, and atherosclerosis) but not FSHD. Although losmapimod was
not effective in any indication previously tested and never filed for approval, it demonstrated
favorable pharmacokinetic, pharmacodynamic, safety, and tolerability profile.

Conclusions: Losmapimod was safe and tolerable in all previous indications including for chronic oral
administration.
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P31 Antisense therapy for facioscapulohumeral muscular dystrophy.
Aiping Zhang?, Kelly Murphy?, Sreetama Sen Chandra?, Hunain Khawaja?!, Kenji Rowel Q. Lim?, Rika
Maruyama?, Takako Jones?, Peter L. Jones?, Toshifumi Yokota?, Yi-Wen Chen®#

1 Center for Genetic Medicine Research, Children’s National Health System, Washington, DC, USA

2 Department of Medical Genetics, Faculty of Medicine and Dentistry, University of Alberta,
Edmonton, AB, Canada

3 Department of Pharmacology, Center for Molecular Medicine, University of Nevada, Reno School of
Medicine, Reno, Nevada, USA

4 Department of Genomics and Precision Medicine, School of Medicine and Health Science, George
Washington University, Washington, DC, USA

Background: Antisense oligonucleotides (AONs) therapy has shown promise for treating an array of
disorders and can be used to reduce DUX4 in FSHD.

Objectives: The goal of this study is to develop antisense strategies to reduce the pathogenic DUX4
mRNA in affected muscles.

Results: We examined three different types of AONs, including third-generation antisense (3GA), LNA
gapmers and 2’MOE gapmers. The AONs were delivered by either intramuscular injections (i.m.) or
subcutaneous injections (s.c.) to the DUX4-expressing FLExXDUX4 FSHD-like mouse model. Our results
showed that the AONs were present in skeletal muscles 24 hours after either one i.m. or one s.c.
injection. The AONs delivered by either routes effectively reduced the DUX4. In addition to DUX4
reduction, mice received longer treatments showed pathological improvement and muscle functional
improvement measured by grip strength testing.

Conclusions: The data support the use of AONs, delivered either locally or systemically, as therapeutic
approaches for FSHD.
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P32 Phase 1 Clinical Trial of Losmapimod in FSHD.

Michelle L. Mellion?, Lucienne Ronco?, Drew Thompson?, Michelle Hage?!, Sander Brooks?, Emilie van
Brummelen?, Lisa Pagan?, Umesh Badrising?, Baziel Van Engelen®, Geert Jan Groeneveld?, Diego
Cadavid?

1 Fulcrum Therapeutics, Cambridge, MA, USA
2 Centre for Human Drug Research (CHDR), Leiden, NL
3 Leiden University Medical Centre, Leiden, NL, 4 Radboud University Medical Centre, Nijmegen, NL

Background: Fulcrum Therapeutics is developing losmapimod to treat FSHD at its root cause by
inhibiting DUX4 expression. Fulcrum developed the losmapimod capsule for initial testing in FSHD; the
losmapimod tablet formulation was previously tested, but not in FSHD.

Objectives: The objective of this study is to investigate the initial safety, tolerability, pharmacokinetic
(PK) profile, and target engagement (TE) in healthy volunteers (HV) and FSHD patients as well as drug
concentrations in muscle of FSHD patients.

Results: In part A 10 HV were randomized to losmapimod 7.5 mg in the first period (n=8) and 15 mg in
the second period or to single oral dose placebo in both dosing periods (n=2). Part B is a parallel study
design randomizing 15 FSHD patients to placebo (n=3), losmapimod 7.5 mg (n=6) or losmapimod 15
mg (n=6) po BID for 14 days.

Conclusions: In Part A of the study, the losmapimod capsule showed similar safety and PK profile to
published data of the losmapimod tablet. Part B of the study is ongoing.
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P33 Losmapimod reduces DUX4 expression across FSHD patient-derived myotube cells.
Alejandro Rojas, Erin Valentine, Joseph Maglio, Anthony Accorsi, Alan Robertson, Ning Shen, Angela
Cacace, Lucienne Ronco, Owen Wallace

Fulcrum Therapeutics, 26 Landsdowne Street, Cambridge, MA 02139, USA

Background: FSHD is caused by the loss of repression at the D4Z4 locus leading to DUX4 expression in
skeletal muscle, activation of its early embryo transcriptional program and muscle fiber death. While
some progress toward understanding the signals driving DUX4 expression has been made, the factors
and pathways involved in the transcriptional activation of this gene remain largely unknown.

Objectives: To characterize the in vitro efficacy of losmapimod in reducing DUX4 and its downstream
consequences across genotypes in FSHD.

Results: Using optimized myotube culture conditions, we investigated the preclinical efficacy of
losmapimod in FSHD1 and FSHD2. Results showed a robust reduction of DUX4 expression, activity and
cell death with losmapimod in both FSHD1 and FSHD2 patient-derived myotubes. RNA-seq studies
revealed that only a small number of genes were differentially expressed after treatment, ~75%
targets of DUX4 without impacting cellular health pathways such as those involved in myogenesis.

Conclusions: We have discovered that p38 inhibition reduces the expression of DUX4 across all

patient-derived myotubes tested including FSHD1 and FSHD2 genotypes. Fulcrum has nominated
losmapimod, a specific p38a/B inhibitor, for clinical development.
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P34 MyoScreen™, a drug discovery platform for FSH muscular dystrophy.
Joanne Young?, Katarzyna Lagiewka?, Violaine Chapuis-Perrot?, Eve Duchemin-Pelletier?, Pauline
Poydenot!

1 CYTOO SA, Minatec, BHT Bat. 52, 7 parvis Louis Néel, 38040 Grenoble, France

Background: Effective treatments are missing for degenerative muscle disorders such as FSHD because
the current in vitro muscle pathological models lack physiology relevance and pharmacology
predictivity. We recently reported MyoScreen™, human patient-derived skeletal myotubes that
demonstrate sarcomeric organization, acetylcholine receptor expression, response to chemical and
electrical stimulation and pharmacologically relevant drug responses (SLAS Discov. 2018 23(8):790-
806).

Objectives: The objective was to develop a physio-pathological FSHD MyoScreen platform compatible
with high-throughput screening.

Results: To do so, primary myoblasts from two FSHD patients and healthy donors were sourced,
amplified and characterized. Differentiation into mature myotubes was performed using MyoScreen™

and characterization was run using a panel of assays.

Conclusions: Although healthy and FSHD myoblasts and myotubes present similar differentiation and
morphological features, some promising phenotypic differences were detected.
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P35 Single-nucleus RNA-seq identifies divergent populations of FSHD2 myotube nuclei.
Shan Jiang¥?#, Katherine Williams»?#, Xiangduo Kong?, Weihua Zeng'?, Xinyi Ma'2, Rabi Tawil*, Kyoko
Yokomori®*, Ali Mortazavit?"

1 Department of Developmental and Cell Biology, University of California Irvine, Irvine, CA 92697

2 Center for Complex Biological Systems, University of California Irvine, Irvine, CA 92697

3 Department of Biological Chemistry, School of Medicine, University of California Irvine, Irvine, CA
92697, USA

4 Neuromuscular Disease Unit, Department of Neurology, University of Rochester Medical Center,
Rochester, New York, USA

# These authors Contributed equally
* Correspondence: kyokomor@uci.edu (K.Y.); ali.mortazavi@uci.edu (A.M.)

FSHD is characterized by the misexpression of DUX4 in skeletal muscle. Although DUX4 upregulation is
thought to be the pathogenic cause of FSHD, DUX4 is lowly expressed in patient samples, and analysis
of the consequences of DUX4 expression has largely relied on artificial overexpression. To better
understand the native expression profile of DUX4 and its targets, we first performed pooled RNA-seq
on a 6-day differentiation time-course in FSHD2 patient-derived primary myoblasts and identified
early-and late-induced sets of FSHD-associated genes during differentiation. Using single-cell and
single-nucleus RNA-seq on FSHD2 myoblasts and 3-day differentiated myotubes respectively, we
captured, for the first time, DUX4 expressed at the single-nucleus level and found that DUX4 and its
targets expression do not always occur within the same nucleus. We identified two populations of
FSHD myotube nuclei with distinct transcriptional profiles. One population is highly enriched with
DUX4 and FSHD related genes, including the DUX4 paralogous gene DUXA (“FSHD-Hi”). The other
population has no expression of DUX4 and expresses low amounts of FSHD related genes (“FSHD-Lo”),
but it is marked by the expression of CYTL1 and CHI3L1, distinct from normal control nuclei. Thus,
“FSHD-Lo” nuclei may represent those patient myocytes that may have entered a different cell state.
In contrast, “FSHD-Hi” myotube nuclei upregulated a set of transcription factors (TFs) in addition to the
known DUX4 target transcription factors, such as ZSCAN4 and LEUTX, that are actively involved in germ
cell and early development as well as muscle atrophy. These TFs may form a self-sustaining network of
gene dysregulation that perpetuates this disease after DUX4 is no longer expressed.
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