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Honorable Chairman Aderholt, Ranking Member DeLauro, and distinguished members of the 
Subcommittee, thank you for this opportunity to testify. We are requesting a FY2025 appropriation 
of $40 million to the agency U.S. DHHS National Institutes of Health (NIH) for research programs 
on facioscapulohumeral muscular dystrophy (hereafter called FSHD).   

I am co-founder, Director emeritus, past -Chairman, -President & CEO, and -CSO of the FSHD 
Society.  As a patient with FSHD, my life’s work on FSHD disease and its funding spans nearly 
every research lab, biotechnology and pharma company working today on FSHD globally.  My 
efforts through the FSHD Society have led to understanding how FSHD11 and FSHD22,3 work.  I 
was a key architect of the Muscular Dystrophy Community Assistance, Research and Education 
Amendments of 2001 (MD-CARE Act, Public Law 107-84).  I have served on the Muscular 
Dystrophy Coordinating Committee (MDCC) since its inception in 2001 and am the longest serving 
member.  MDCC is a Federal Advisory Committee designed to coordinate activities relating to the 
various forms of muscular dystrophy across the NIH and with other Federal health agencies. 

Since 1994, the FSHD Society and I have informed the members of this Committee of the 
United States Congress on the need and rationale for research on FSHD.  We have updated you on 
the most recent developments in clinical medicine with respect to FSHD, kept you abreast of the 
latest breakthroughs in the molecular genetics of the disease and given you insights into the 
difficulty of living a lifetime with this disease. 

FSHD is a heritable disease and one of the most common neuromuscular disorders with a 
prevalence of 1:8,000.4  It affects nearly one million children and adults of both sexes worldwide. 
FSHD is characterized by progressive loss of skeletal muscle strength that is asymmetric in pattern 
and widely variable.  Muscle weakness typically starts at the face, shoulder girdle and upper arms, 
often progressing to the legs, torso and other muscles.  In addition to affecting any skeletal muscle, 
it can bring with it respiratory failure and breathing issues5-7, mild-profound hearing loss8, eye 
problems and cardiac bundle blockage and arrhythmias9,10.  FSHD causes significant disability and 
death according the U.S. Centers for Disease Control and Prevention (CDC), National Center on 
Birth Defects and Developmental Disabilities, Atlanta, and others11,12. 

FSHD is associated with epigenetic changes on the tip of human chromosome 4q35, in the 
D4Z4 DNA macrosatellite repeat array region, leading to an inappropriate gain of expression 
(function) of the D4Z4-embedded double homeobox 4 (DUX4) gene13-16. DUX4 is a transcription 
factor that kick starts the embryonic genome during the 2- to 8-cell stage of development17. Ectopic 
expression of DUX4 in skeletal muscle is associated with the disease and the disease’s 
pathophysiology that leads to muscle death.  DUX4 is never expressed in ‘healthy’ muscle.  FSHD 
has had few clinical trials, there is no cure or therapeutic options.  DUX4 requires and needs to 
activate direct transcriptional targets for DUX4-induced gene aberration and muscle toxicity18.  

Our patient community through its fundraising efforts and intensive research-integration has 
pioneered inroads to treating FSHD using genomic sequencing, genomic medicine, gene editing and 
next generation diagnostics.  All with the goal of reducing DUX4 in its DNA or RNA or protein 
state, or the effects of DUX4-driven toxicity e.g. modulating DUX4 repressive pathways, targeting 
DUX4 mRNA, DUX4 protein, or cellular downstream effects of DUX4 expression.  In the past five 
years, gains were made in expanding basic research, better understanding of natural history and 
disease heterogeneity, biomarkers and outcomes assessments, therapeutic compounds/interventions 
and clinical trial design19.   
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 We describe the advances in the last year as remarkable36-47.  Since 2023 to the present, there have 
been 177 articles published on FSHD (PubMed search terms: fshd or facioscapulohumeral or 
landouzy-dejerine), 187 articles published on human DUX4 or mouse Dux (PubMed search terms: 
DUX4 or Dux); and, 61 articles on DUX4 translocations in cancer (PubMed search terms: DUX4 
cancer).  New and notable discoveries in FSHD to highlight are as follows: long-range sequencing20, 
evolution of DUX4 and DUXC family21, RNA processing and novel peptide translation22, protein 
modifications of DUX423, SMCHD1 structure and function24, virus induction of DUX4 
expression25, animal models19, and clinical studies26.  These discoveries combined with earlier 
research data allow us to further define and to suggest a model of disease progression.   

Potential therapeutics are currently in clinical trials and the prospects of a first therapy within the 
next 12-24 months is tangible.  However, more approaches are in the discovery and development 
pipelines and a true cure is still many years off and depends upon increasing our knowledge of the 
disease and learning from these initial clinical trials.  More than $1 billion from investment banks, 
venture capital, private/philanthropic investors across more than 30 companies recently flowed into 
companies working on FSHD therapies.  Though DUX4 is clearly the target – we are still flying 
blind when it comes to measuring ectopic DUX4 in human muscle and understanding the normal 
function of DUX4.  What emerges -- is, on one end of the spectrum an overarching need for far 
more basic and mechanistic research e.g.  better understanding of the fundamental mechanisms of 
FSHD disease, including muscle disease.  Secondly, in the most important place of getting therapies 
to patients, is the need to eliminate projects that will never succeed in practice/clinic i.e. ‘does this 
have a pathway to clinic?’   

Now, along with our FY2025 request we highlight three broad areas of highest priority where 
Congress can kindly implore through report language, that the NIH increase its portfolio of grants 
and expand on its FSHD research projects spending. 
 

Table 1.  FSHD Research Areas in Need of Accelerated and Increased NIH Funding  
   
- Maintaining basic research on developmental and disease-associated DUX4 expression, dynamics and 
activity. These studies have added tremendously to planning therapeutic interventions in FSHD.    
- Validating protocols for fast and limited scale human trials based on molecular or MRI or other markers of 
disease activity in FSHD. Helping to create and identify viable biomarkers that could be exploited in clinical trials or 
engineering specific biomarkers and models associated with the onset, and progression of FSHD1 and FSHD2.  
Many different interventions will be coming to trial and more thought and validation should be put into how to 
determine effectiveness of the intervention very early with a small number of subjects. 
- Developing non-human animal models suitable for a broad range of different therapeutic interventions in 
FSHD. Improved preclinical and large animal models that accurately reflect mechanisms of disease onset and 
progression. The mouse models are good for some interventions but do not broadly represent disease progression. 
The FSHD community is very interested in the pig models that are in development, and other animal models might 
be good as well. 

 
When we merge the advances in the last year with earlier studies the data begins to form better 

models of disease progression.  Like brushstrokes on a canvas shape turns to form and a picture 
emerges.  Mechanisms of progression take on better definition and hypothetical models of disease 
progression need to be considered and explored.  The advances in the last year helps connect the 
dots from findings decades past and coming in from new and unexpected directions such as cancers 
-- B Cell Acute Lymphoblastic Leukemia (ALL)27, Ewing-like Sarcoma28, and CIC-DUX4 Sarcoma29. 

Mechanistic aspects of FSHD progression have become better defined.  Areas of interest in 
FSHD are: methylation profiles, accumulation of epigenetic memory17,30, 31, positive autoregulation of 
DUX418, 32, translational reprogramming33, ribonucleoprotein complexes, and DNA double-strand 
breaks.  

Areas of interest as potential therapeutics for FSHD, involve getting at FSHD via DUX4  
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(expression, mRNA, protein), via amplification (auto-regulation, feed-forward), accumulated 
memory (epigenetic, circuits), and via suppression of the muscle program. Therapeutic approaches 
for attacking cancer must be considered as well via targeting translocations (expression, mRNA, 
protein) by Immune Signaling Interferon Stimulated-Gene induction34 and by using Full-length 
DUX4 expression in cancer35.   

Currently active projects listed in NIH RePORT as being applicable to FSHD are $16.330 million 
FY2024 (1May2024) vs. $16.557 million year-ago FY2023 and $17.507 the year before in FY2022 
(source: NIH Research Portfolio Online Reporting Tools (RePORT) ‘FSHD or 
facioscapulohumeral or landouzy-dejerine’).  The NIH is currently the principal worldwide source of 
funding of basic biomedical research on FSHD.  Currently annual funding directly dedicated for 
FSHD listed in NIH RCDC is estimated at $10 million.  

 
Table 2.  FSHD Research Dollars (millions) & FSHD Percentage of Total NIH Muscular Dystrophy Funding 
Sources: NIH/OD Budget Office & NIH OCPL & NIH RePORT / RCDC (e=estimate, a=actual) 
Fiscal Year   2012  2013 2014  2015 2016 2017 2018 2019 2020 2021 2022 2023e 2024e 
All MD ($ millions) $75 $76 $78 $77 $79 $81 $81 $83 $95 $82  $78 $81 $83  
FSHD ($ millions) $5  $5  $7  $8  $9  $11 $11 $10 $9  $9  $10 $10 $10 
FSHD (% total MD)  7% 7%  9%  10% 11% 14% 14% 12% 9%  11% 13% 12% 12% 
 

Honorable Chairman, thanks to Congress’ work in enacting the MD CARE Act, funding the 
NIH, and with communications with NIH-leadership and program/legislative staff -- several 
dystrophies now have FDA approved treatments.  NIH has been especially thoughtful with its 
expenditure and approach to research on muscular dystrophy.  

I have not delved into the catastrophic nature of FSHD physically, emotionally and financially in 
this testimony to spare the heartache and have simply stated the facts of the present condition and 
paradigm of FSHD scientific evolution.  The facts speak loudly that NIH has taken its foot off the 
accelerator and the opportunity to improve the lives of millions of individuals internationally are 
being missed if not ignored.  I wish to stress that we need funding now more than ever.   

It is imperative to increase our efforts in the areas mentioned herein -- gains in these areas will 
help ascertain if therapies are effective, safe and not cost-prohibitive.  We request for FY2025, 
increasing NIH FSHD research funding/appropriation of the standard portfolio to $40 million.  

Honorable Chairman, thank you for this opportunity to update you with this testimony.  
 

REFERENCES 
 
1. Gould T, Jones TI, Jones PL. Precise Epigenetic Analysis Using Targeted Bisulfite Genomic Sequencing Distinguishes FSHD1, FSHD2, and Healthy Subjects. Diagnostics (Basel). 
2021 Aug 13;11(8):1469. doi: 10.3390/diagnostics11081469. PMID: 34441403; PMCID: PMC8393475. (2021). 
2. Goossens R, Tihaya MS, van den Heuvel A, Tabot-Ndip K, Willemsen IM, Tapscott SJ, González-Prieto R, Chang JG, Vertegaal ACO, Balog J, van der Maarel SM. A proteomics 
study identifying interactors of the FSHD2 gene product SMCHD1 reveals RUVBL1-dependent DUX4 repression. Sci Rep. 2021 Dec 8;11(1):23642. doi: 10.1038/s41598-021-03030-3. 
PMID: 34880314; PMCID: PMC8654949. (2021). 
3. Wang, L. H. & Tawil, R. Facioscapulohumeral Dystrophy. Curr. Neurol. Neurosci. Rep. 16, 66 (2016). 
4. Deenen, J. C. W. et al. Population-based incidence and prevalence of facioscapulohumeral dystrophy. Neurology 83, 1056–9 (2014). 
5. Lu-Nguyen N, Malerba A, Antoni Pineda M, Dickson G, Popplewell L. Improving Molecular and Histopathology in Diaphragm Muscle of the Double Transgenic ACTA1-
MCM/FLExDUX4 Mouse Model of FSHD with Systemic Antisense Therapy. Hum Gene Ther. 2022 Apr 28. doi: 5.1089/hum.2021.251. Epub ahead of print. PMID: 35078334. (2022). 
6. Teeselink S, Vincenten SCC, Voermans NC, Groothuis JT, Doorduin J, Wijkstra PJ, Horlings CGC, van Engelen BGM, Mul K. Long-term follow-up of respiratory function in 
facioscapulohumeral muscular dystrophy. J Neurol. 2022 Feb 11:1–8. doi: 10.1007/s00415-022-10990-7. Epub ahead of print. PMID: 35147730; PMCID: PMC8831680. (2022). 
7.  Henke C, Spiesshoefer J, Kabitz HJ, Herkenrath S, Randerath W, Brix T, Görlich D, Young P, Boentert M. Respiratory muscle weakness in facioscapulohumeral muscular dystrophy. 
Muscle Nerve. 2019 Dec;60(6):679-686. doi: 10.1002/mus.26717. Epub 2019 Oct 23. PMID: 31566774.  (2019). 
8. Fuccillo E, Frezza E, Massa R, Di Girolamo S. Response To Letter To The Editor "Auditory Dysfunction In Facioscapulohumeral Muscular Dystrophy Type 1: Beyond The Inner Ear 
Involvement" By Gheller et al. Otol Neurotol. 2022 Mar 1;43(3):e392-e393. doi: 10.1097/MAO.0000000000003423. PMID: 34772889. (2022). 
9. van Dijk GP, van der Kooi E, Behin A, Smeets J, Timmermans J, van der Maarel S, Padberg G, Voermans N, van Engelen B. High prevalence of incomplete right bundle branch 
block in facioscapulohumeral muscular dystrophy without cardiac symptoms. Funct Neurol. 2014 Jul-Sep;29(3):159-65. PMID: 25473735; PMCID: PMC4264782. (2014). 
10. Ducharme-Smith A, Nicolau S, Chahal CAA, Ducharme-Smith K, Rehman S, Jaliparthy K, Khan N, Scott CG, St Louis EK, Liewluck T, Somers VK, Lin G, Brady PA, Milone M. 
Cardiac Involvement in Facioscapulohumeral Muscular Dystrophy (FSHD).  Front Neurol. 2021 May 24;12:668180. doi: 10.3389/fneur.2021.668180.  (2021). 
11. Blokhuis AM, Deenen JCW, Voermans NC, van Engelen BGM, Kievit W, Groothuis JT. The socioeconomic burden of facioscapulohumeral muscular dystrophy.  J Neurol. 2021 
May 27. doi: 10.1007/s00415-021-10591-w. (2021). 
12. Wallace B, Smith KT, Thomas S, Conway KM, Westfield C, Andrews JG, Weinert RO, Do TQN, Street N; Muscular Dystrophy Surveillance, Tracking, and Research Network (MD 
STARnet). Characterization of individuals with selected muscular dystrophies from the expanded pilot of the Muscular Dystrophy Surveillance, Tracking and Research Network (MD 
STARnet) in the United States.  Birth Defects Res. 2021 Apr 15;113(7):560-569. doi: 10.1002/bdr2.1764. (2020). 
13. Mocciaro E, Runfola V, Ghezzi P, Pannese M, Gabellini D. DUX4 Role in Normal Physiology and in FSHD Muscular Dystrophy. Cells. 2021 Nov 26;10(12):3322. doi: 
10.3390/cells10123322. PMID: 34943834; PMCID: PMC8699294. (2021). 



4 
U.S. House Appropriations Subcommittee on Labor, HHS, Education and Related Agencies FY2025 -- Version for the Hearing Record.  Patients, 
professionals, and other parties interested in FSHD can contact daniel.perez@fshdsociety.org.  

14. Jagannathan S. The evolution of DUX4 gene regulation and its implication for facioscapulohumeral muscular dystrophy. Biochim Biophys Acta Mol Basis Dis. 2022 May 
1;1868(5):166367. doi: 10.1016/j.bbadis.2022.166367. Epub 2022 Feb 11. PMID: 35158020. (2022). 
15. Vuoristo S, Bhagat S, Hydén-Granskog C, Yoshihara M, Gawriyski L, Jouhilahti EM, Ranga V, Tamirat M, Huhtala M, Kirjanov I, Nykänen S, Krjutškov K, Damdimopoulos A, 
Weltner J, Hashimoto K, Recher G, Ezer S, Paluoja P, Paloviita P, Takegami Y, Kanemaru A, Lundin K, Airenne TT, Otonkoski T, Tapanainen JS, Kawaji H, Murakawa Y, Bürglin TR, 
Varjosalo M, Johnson MS, Tuuri T, Katayama S, Kere J. DUX4 is a multifunctional factor priming human embryonic genome activation. iScience. 2022 Mar 22;25(4):104137. doi: 
10.1016/j.isci.2022.104137. PMID: 35402882; PMCID: PMC8990217. 
16. Wong CJ, Whiddon JL, Langford AT, Belleville AE, Tapscott SJ. Canine DUXC: Implications for DUX4 retrotransposition and preclinical models of FSHD. Hum Mol Genet. 2021 
Dec 9:ddab352. doi: 10.1093/hmg/ddab352. Epub ahead of print. PMID: 34888646. 
17. Hendrickson, P. G. et al. Conserved roles of mouse DUX and human DUX4 in activating cleavage-stage genes and MERVL/HERVL retrotrans. Nat. Genet. 49, 925–934 (2017). 
18. Campbell AE, Shadle SC, Jagannathan S, Lim JW, Resnick R, Tawil R, van der Maarel SM, Tapscott SJ.  NuRD and CAF-1-mediated silencing of the D4Z4 array is modulated by 
DUX4-induced MBD3L proteins. Elife. 2018 Mar 13;7. pii: e31023. doi: 10.7554/eLife.31023 (2018). 
19. Nip Y, Bennett SR, Smith AA, Jones TI, Jones PL, Tapscott SJ. Human DUX4 and porcine DUXC activate similar early embryonic programs in pig muscle cells: implications for 
preclinical models of FSHD. Hum Mol Genet. 2023 Feb 2:ddad021. doi: 10.1093/hmg/ddad021. Epub ahead of print. PMID: 36728804. (2023) 
20. Butterfield RJ, Dunn DM, Duval B, Moldt S, Weiss RB. Deciphering D4Z4 CpG methylation gradients in fascioscapulohumeral muscular dystrophy using nanopore sequencing. 
Genome Res. 2023 Sep;33(9):1439-1454. doi: 10.1101/gr.277871.123. Epub 2023 Oct 5. PMID: 37798116; PMCID: PMC10620044. 
21. Bosnakovski D, Toso EA, Ener ET, Gearhart MD, Yin L, Lüttmann FF, Magli A, Shi K, Kim J, Aihara H, Kyba M. Antagonism among DUX family members evolved from an 
ancestral toxic single homeodomain protein. iScience. 2023 Sep 2;26(10):107823. doi: 10.1016/j.isci.2023.107823. PMID: 37744032; PMCID: PMC10514451. 
22. Campbell AE, Dyle MC, Albanese R, Matheny T, Sudheendran K, Cortázar MA, Forman T, Fu R, Gillen AE, Caruthers MH, Floor SN, Calviello L, Jagannathan S. Compromised 
nonsense-mediated RNA decay results in truncated RNA-binding protein production upon DUX4 expression. Cell Rep. 2023 Jun 27;42(6):112642. doi: 10.1016/j.celrep.2023.112642. 
Epub 2023 Jun 13. PMID: 37314931; PMCID: PMC10592454. 
23. Knox RN, Eidahl JO, Wallace LM, Choudury SG, Rashnonejad A, Daman K, Guggenbiller MJ, Saad NY, Hoover ME, Zhang L, Branson OE, Emerson CP Jr, Freitas MA, Harper 
SQ. Post-Translational Modifications of the DUX4 Protein Impact Toxic Function in FSHD Cell Models. Ann Neurol. 2023 Aug;94(2):398-413. doi: 10.1002/ana.26668. Epub 2023 
May 19. PMID: 37186119; PMCID: PMC10777487. 
24. Tapia Del Fierro A, den Hamer B, Benetti N, Jansz N, Chen K, Beck T, Vanyai H, Gurzau AD, Daxinger L, Xue S, Ly TTN, Wanigasuriya I, Iminitoff M, Breslin K, Oey H, Krom 
YD, van der Hoorn D, Bouwman LF, Johanson TM, Ritchie ME, Gouil QA, Reversade B, Prin F, Mohun T, van der Maarel SM, McGlinn E, Murphy JM, Keniry A, de Greef JC, 
Blewitt ME. SMCHD1 has separable roles in chromatin architecture and gene silencing that could be targeted in disease. Nat Commun. 2023 Sep 25;14(1):5466. doi: 10.1038/s41467-
023-40992-6. PMID: 37749075; PMCID: PMC10519958. 
25.  Full F, Walter S, Neugebauer E, Tan J, Drayman N, Franke V, Tay S, Landthaler M, Akalin A, Ensser A, Wyler E. Herpesviruses mimic zygotic genome activation to promote viral 
replication. Res Sq [Preprint]. 2023 Dec 13:rs.3.rs-3125635. doi: 10.21203/rs.3.rs-3125635/v1. PMID: 38168299; PMCID: PMC10760233. 
26. Wong CJ, Friedman SD, Snider L, Bennett SR, Jones TI, Jones PL, Shaw DWW, Blemker SS, Riem L, DuCharme O, Lemmers RJFL, van der Maarel SM, Wang LH, Tawil R, 
Statland JM, Tapscott SJ. Regional and bilateral MRI and gene signatures in facioscapulohumeral dystrophy: implications for clinical trial design and mechanisms of disease progression. 
Hum Mol Genet. 2024 Apr 8;33(8):698-708. doi: 10.1093/hmg/ddae007. PMID: 38268317; PMCID: PMC11000661. 
27. Yasuda T, Tsuzuki S, Kawazu M, Hayakawa F, Kojima S, Ueno T, Imoto N, Kohsaka S, Kunita A, Doi K, Sakura T, Yujiri T, Kondo E, Fujimaki K, Ueda Y, Aoyama Y, Ohtake S, 
Takita J, Sai E, Taniwaki M, Kurokawa M, Morishita S, Fukayama M, Kiyoi H, Miyazaki Y, Naoe T, Mano H. Recurrent DUX4 fusions in B cell acute lymphoblastic leukemia of 
adolescents and young adults. Nat Genet. 2016 May;48(5):569-74. doi: 10.1038/ng.3535. Epub 2016 Mar 28. Erratum in: Nat Genet. 2016 Nov 29;48(12 ):1591. PMID: 27019113. 
28. Kawamura-Saito M, Yamazaki Y, Kaneko K, Kawaguchi N, Kanda H, Mukai H, Gotoh T, Motoi T, Fukayama M, Aburatani H, Takizawa T, Nakamura T. Fusion between CIC and 
DUX4 up-regulates PEA3 family genes in Ewing-like sarcomas with t(4;19)(q35;q13) translocation. Hum Mol Genet. 2006 Jul 1;15(13):2125-37. doi: 10.1093/hmg/ddl136. Epub 2006 
May 22. PMID: 16717057. 
29. Bosnakovski D, Ener ET, Cooper MS, Gearhart MD, Knights KA, Xu NC, Palumbo CA, Toso EA, Marsh GP, Maple HJ, Kyba M. Inactivation of the CIC-DUX4 oncogene 
through P300/CBP inhibition, a therapeutic approach for CIC-DUX4 sarcoma. Oncogenesis. 2021 Oct 12;10(10):68. doi: 10.1038/s41389-021-00357-4. PMID: 34642317;  
30. Grow EJ, Liu Y, Fan Z, Perisse IV, Patrick T, Regouski M, Shadle S, Polejaeva I, White KL, Cairns BR. Chromatin Reprogramming of In Vitro Fertilized and Somatic Cell Nuclear 
Transfer Bovine Embryos During Embryonic Genome Activation. bioRxiv [Preprint]. 2023 Apr 11:2023.04.10.536281. doi: 10.1101/2023.04.10.536281. PMID: 37090641; PMCID: 
PMC10120652. 
31. Resnick R, Wong CJ, Hamm DC, Bennett SR, Skene PJ, Hake SB, Henikoff S, van der Maarel SM, Tapscott SJ. DUX4-Induced Histone Variants H3.X and H3.Y Mark DUX4 
Target Genes for Expression. Cell Rep. 2019 Nov 12;29(7):1812-1820.e5. doi: 10.1016/j.celrep.2019.10.025. PMID: 31722199; PMCID: PMC6886682. 
32. Kong X, Nguyen NV, Li Y, Sakr JS, Williams K, Sharifi S, Chau J, Bayrakci A, Mizuno S, Takahashi S, Kiyono T, Tawil R, Mortazavi A, Yokomori K. Engineered FSHD mutations 
results in D4Z4 heterochromatin disruption and feedforward DUX4 network activation. iScience. 2024 Feb 29;27(4):109357. doi: 10.1016/j.isci.2024.109357. PMID: 38510139;  
33. Hamm DC, Paatela EM, Bennett SR, Wong CJ, Campbell AE, Wladyka CL, Smith AA, Jagannathan S, Hsieh AC, Tapscott SJ. The transcription factor DUX4 orchestrates 
translational reprogramming by broadly suppressing translation efficiency and promoting expression of DUX4-induced mRNAs. PLoS Biol. 2023 Sep 25;21(9):e3002317. doi: 
10.1371/journal.pbio.3002317. PMID: 37747887; PMCID: PMC10553841. 
34. Spens AE, Sutliff NA, Bennett SR, Campbell AE, Tapscott SJ. Human DUX4 and mouse Dux interact with STAT1 and broadly inhibit interferon-stimulated gene induction. Elife. 
2023 Apr 24;12:e82057. doi: 10.7554/eLife.82057. PMID: 37092726; PMCID: PMC10195082. 
35. Smith AA, Nip Y, Bennett SR, Hamm DC, Lemmers RJLF, van der Vliet PJ, Setty M, van der Maarel SM, Tapscott SJ. DUX4 expression in cancer induces a metastable early 
embryonic totipotent program. Cell Rep. 2023 Sep 26;42(9):113114. doi: 10.1016/j.celrep.2023.113114. Epub 2023 Sep 8. PMID: 37691147; PMCID: PMC10578318. 
36. Padberg GW, van Engelen BGM, Voermans NC. Facioscapulohumeral Disease as a myodevelopmental disease: Applying Ockham's razor to its various features. J Neuromuscul Dis. 
2023;10(3):411-425. doi: 10.3233/JND-221624. PMID: 36872787. 
37. Wang LH, Leung DG, Wagner KR, Lowry SJ, McDermott MP, Eichinger K, Higgs K, Walker M, Lewis L, Martens WB, Mul K, Sansone VA, Shieh P, Elsheikh B, LoRusso S, 
Butterfield RJ, Johnson N, Preston MR, Messina C, Carraro E, Tawil R, Statland J; ReSolve Investigators of the FSHD CTRN. Lean tissue mass measurements by dual-energy X-ray 
absorptiometry and associations with strength and functional outcome measures in facioscapulohumeral muscular dystrophy. Neuromuscul Disord. 2023 Sep;33(9):63-68. doi: 
10.1016/j.nmd.2023.06.008. Epub 2023 Jun 21. PMID: 37400350; PMCID: PMC10527411. 
38. Strafella C, Caputo V, Bortolani S, Torchia E, Megalizzi D, Trastulli G, Monforte M, Colantoni L, Caltagirone C, Ricci E, Tasca G, Cascella R, Giardina E. Whole exome sequencing 
highlights rare variants in CTCF, DNMT1, DNMT3A, EZH2 and SUV39H1 as associated with FSHD. Front Genet. 2023 Aug 22;14:1235589. doi: 10.3389/fgene.2023.1235589. PMID: 
37674478; PMCID: PMC10477786. 
39. Runfola V, Giambruno R, Caronni C, Pannese M, Andolfo A, Gabellini D. MATR3 is an endogenous inhibitor of DUX4 in FSHD muscular dystrophy. Cell Rep. 2023 Sep 
26;42(9):113120. doi: 10.1016/j.celrep.2023.113120. Epub 2023 Sep 12. PMID: 37703175; PMCID: PMC10591880. 
Campbell AE, Arjomand J, King OD, Tawil R, Jagannathan S. A Targeted Approach for Evaluating DUX4-Regulated Proteins as Potential Serum Biomarkers for Facioscapulohumeral 
Muscular Dystrophy Using Immunoassay Proteomics. J Neuromuscul Dis. 2023;10(6):1031-1040. doi: 10.3233/JND-221636. PMID: 37899061; PMCID: PMC10657687. 
40. Nunes AM, Ramirez MM, Garcia-Collazo E, Jones TI, Jones PL. Muscle eosinophilia is a hallmark of chronic disease in facioscapulohumeral muscular dystrophy. Hum Mol Genet. 
2024 Feb 10:ddae019. doi: 10.1093/hmg/ddae019. Epub ahead of print. PMID: 38340007. 
41. Arends T, Tsuchida H, Adeyemi RO, Tapscott SJ. DUX4-induced HSATII transcription causes KDM2A/B-PRC1 nuclear foci and impairs DNA damage response. J Cell Biol. 2024 
May 6;223(5):e202303141. doi: 10.1083/jcb.202303141. Epub 2024 Mar 7. PMID: 38451221; PMCID: PMC10919155.  
42. Ma Y, Schwager Karpukhina A, Dib C, Gautier C, Hermine O, Allemand E, Vassetzky YS. Exchange of subtelomeric regions between chromosomes 4q and 10q reverts the FSHD 
genotype and phenotype. Sci Adv. 2024 May 3;10(18):eadl1922. doi: 10.1126/sciadv.adl1922. Epub 2024 May 1. PMID: 38691604. 
43. O'Neill A, Martinez AL, Mueller AL, Huang W, Accorsi A, Kane MA, Eyerman D, Bloch RJ. Optimization of Xenografting Methods for Generating Human Skeletal Muscle in Mice. 
Cell Transplant. 2024 Jan-Dec;33:9636897241242624. doi: 10.1177/09636897241242624. PMID: 38600801; PMCID: PMC11010746. 
44. Tawil R, Wagner KR, Hamel JI, Leung DG, Statland JM, Wang LH, Genge A, Sacconi S, Lochmüller H, Reyes-Leiva D, Diaz-Manera J, Alonso-Perez J, Muelas N, Vilchez JJ, 
Pestronk A, Gibson S, Goyal NA, Hayward LJ, Johnson N, LoRusso S, Freimer M, Shieh PB, Subramony SH, van Engelen B, Kools J, Leinhard OD, Widholm P, Morabito C, Moxham 
CM, Cadavid D, Mellion ML, Odueyungbo A, Tracewell WG, Accorsi A, Ronco L, Gould RJ, Shoskes J, Rojas LA, Jiang JG. Safety and efficacy of losmapimod in facioscapulohumeral 
muscular dystrophy (ReDUX4): a randomised, double-blind, placebo-controlled phase 2b trial. Lancet Neurol. 2024 May;23(5):477-486. doi: 10.1016/S1474-4422(24)00073-5. PMID: 
38631764. 
45. Vishnu VY, Lemmers RJLF, Reyaz A, Mishra R, Ahmad T, van der Vliet PJ, Kretkiewicz MM, Macken WL, Efthymiou S, Dominik N, Morrow JM, Bhatia R, Wilson LA, Houlden 
H, Hanna MG, Bugiardini E, van der Maarel SM, Srivastava MVP. The first genetically confirmed cohort of Facioscapulohumeral Muscular Dystrophy from Northern India. Eur J Hum 
Genet. 2024 Apr 25. doi: 10.1038/s41431-024-01577-z. Epub ahead of print. PMID: 38664571. 
46. Biferali B, Mocciaro E, Runfola V, Gabellini D. Long non-coding RNAs and their role in muscle regeneration. Curr Top Dev Biol. 2024;158:433-465. doi: 
10.1016/bs.ctdb.2024.02.010. Epub 2024 Apr 11. PMID: 38670715. 
47.  Giardina E, Camaño P, Burton-Jones S, Ravenscroft G, Henning F, Magdinier F, van der Stoep N, van der Vliet PJ, Bernard R, Tomaselli PJ, Davis MR, Nishino I, Oflazer P, Race 
V, Vishnu VY, Williams V, Sobreira CFR, van der Maarel SM, Moore SA, Voermans NC, Lemmers RJLF. Best practice guidelines on genetic diagnostics of facioscapulohumeral 
muscular dystrophy: Update of the 2012 guidelines. Clin Genet. 2024 Apr 29. doi: 10.1111/cge.14533. Epub ahead of print. PMID: 38685133. 


