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Abstract  Early-onset  Myopathy,  Areflexia,  Respiratory  Distress  and  Dysphagia  (EMARDD)  is  a
congenital  neuromuscular  disease  with  a  progressive  muscle  weakness,  respiratory  failure,  joint
contractures,  and  scoliosis  without  any  symptoms  of  functional  brain  anomalies  caused  by  vari-
ants in  the  MEGF10  gene.  Here,  we  report  the  clinical  phenotype  and  genetic  features  of  a
Moroccan patient  who  carries  a  novel  variant  associated  with  EMARDD  on  the  MEGF10  gene.  The
Whole Exome  Sequencing  analysis  conducted  on  a  11  year  old  boy  with  respiratory  and  swal-
lowing difficulties  revealed  the  presence  of  the  novel  variant  c.978T>A  (p.Cys326Ter)  on  exon
9 of  the  MEGF10  gene;  this  variant  is  thought  to  be  associated  with  EMARDD.  Our  study  reports
the first  nonsense  pathogenic  de  novo  variant  in  MEGF10  associated  with  EMARDD  worldwide,
identified in  a  Moroccan  patient.
© 2024  Published  by  Elsevier  España,  S.L.U.  on  behalf  of  Sociedad  Española  de  Anatomı́a
Patológica.

PALABRAS  CLAVE
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Identificación  de  una  variante  de  novo  en  el  gen  MEGF10  asociado  a  EMARDD

Resumen  La  miopatía  de  inicio  precoz,  arreflexia,  dificultad  respiratoria  y  disfagia  (EMARDD,
Secuenciación  del
exoma  completo;
Paciente  de
Marruecos

por sus  siglas  en  inglés)  es  una  enfermedad  neuromuscular  congénita  caracterizada  por  una
debilidad muscular  progresiva,  insuficiencia  respiratoria,  contracturas  articulares  y  escoliosis,
sin síntomas  de  anomalías  funcionales  en  el  cerebro,  causada  por  variantes  en  el  gen  MEGF10.
En este  estudio  presentamos  el  fenotipo  clínico  y  las  características  genéticas  de  un  paciente
de Marruecos  que  porta  una  variante  nueva  asociada  a  EMARDD  en  el  gen  MEGF10.  El  análisis
de secuenciación  del  exoma  completo  realizado  en  un  niño  de  11  años  de  edad  con  dificultades
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respiratorias  y  de  deglución  reveló  la  presencia  de  la  nueva  variante  c.978T>A  (p.Cys326Ter)  en
el exón  9  del  gen  MEGF10; se  cree  que  esta  variante  está  asociada  a  la  enfermedad  EMARDD.
Nuestro estudio  presenta  el  primer  caso  en  todo  el  mundo  de  una  variante  patogénica  de  novo
sin sentido  en  MEGF10  asociada  a  EMARDD,  identificada  en  un  paciente  de  Marruecos.
© 2024  Publicado  por  Elsevier  España,  S.L.U.  en  nombre  de  Sociedad  Española  de  Anatomı́a
Patológica.
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arly-onset  Myopathy,  Areflexia,  Respiratory  Distress  and
ysphagia  (EMARDD),  also  known  as  ‘‘MEGF10  myopathy’’,

s  a  rare  autosomal  recessive  human  congenital  myopa-
hy/muscular  dystrophy  caused  by  homozygous  or  compound
eterozygous  mutations  in  the  multiple  epidermal  growth
actor  (EGF)-like  domains  10  (MEGF10)  (OMIM  #614399).1,2

his  type  of  myopathies  is  characterized  by  severe  progres-
ive  congenital  muscle  weakness,  severe  respiratory  failure,
oint  contractures,  and  scoliosis  without  any  signs  of  struc-
ural  or  functional  brain  abnormalities.3

The  MEGF10  gene,  located  on  the  long  arm  of  chromo-
ome  5q23.2,  codes  for  a  type  I  transmembrane  orphan
eceptor  protein  with  significant  roles  in  muscle  develop-
ent  and  repair.  In  skeletal  muscle,  it  is  predominantly

xpressed  in  satellite  cells,  developing  myoblasts,  and  the
entral  nervous  system,  indicating  its  crucial  role  in  medi-
ting  signal  transduction.  The  expression  of  the  MEGF10
ranscript  is  confined  to  the  adult  and  foetal  brain,  spinal
ord,  and  skeletal  muscle,  with  high  concentrations  at  the
euromuscular  junction.4---7

In  this  report,  we  present  the  clinical  features  of  a  Moroc-
an  patient  exhibiting  signs  of  EMARDD,  and  whom  Whole
xome  Sequencing  results  have  revealed  the  presence  of  a
ovel  heterozygous  de  novo  variant  in  exon  9  of  the  MEGF10
ene.

atient and methods

tudy  case

he  patient  is  an  11-year-old  Moroccan  boy  with  no  abnor-
al  events  during  the  perinatal  period  or  any  developmental
elay.  He  is  the  second  child  of  non-consanguineous  healthy
arents  with  no  family  history  of  neuromuscular  disorders.
is  brother  and  sister  are  both  healthy  and  do  not  exhibit
ny  abnormalities.

At  the  beginning  of  her  pregnancy,  the  mother
xperienced  bleeding  and  loss  of  consciousness  due  to  psy-
hological  shock,  which  required  medical  intervention  and
regnancy  stabilizing  pills  for  ten  days.  The  clinical  presen-
ation  of  the  patient  is  shown  in  Table  1.
Physical  examination  revealed  bilateral  pseudohypertro-
hy  of  the  calf  muscles,  motor  deficit  of  the  scapular
nd  pelvic  girdles,  positive  Gower’s  sign  and  a  decrease
bserved  in  the  osteotendinous  reflexes  (ROT)  of  the  lower

D

T
m

2

imbs.  Nerve  conduction  study  (NCS)  showed  normal  nerve
onduction  velocity  (NCV).  However,  needle  electromyogra-
hy  (EMG)  examination  revealed  myopathic  pattern  in  the
our  limbs.

Biochemistry  analysis  indicated  significantly  increased
evels  of  creatine  kinase,  alanine  aminotransferase,
spartate  aminotransferase,  and  lactate  dehydrogenase
19  698  U/L,  93  U/L,  124  U/L  and  230  mg/L,  respectively).
he  main  clinical  features  of  the  patient  at  the  age  of  11
ears  are  shown  in  Fig.  1.

equencing  study

enomic  DNA  of  all  the  family  members  was  extracted
rom  peripheral  blood  and  the  DNA  of  the  proband  II:1
nderwent  a  WES  (whole-exome  sequencing)  at  BGI  Tech
olution  (Hong  Kong,  China).  To  select  the  pathogenic  candi-
ate  variants,  we  prioritized  genes  known  to  be  associated
ith  myopathies.  Assuming  a  consanguineous  autosomal

ecessive  pattern  of  inheritance,  we  first  screened  for
omozygous  and  heterozygous  compound  variants,  and  then
or  heterozygous  variants  having  allele  frequencies  <0.01
sing  SNP  databases.  The  pathogenicity  of  the  remaining
ariants  was  evaluated  using  PolyPhen-2,  Mutation  Taster,
nd  SIFT.

To  confirm  the  segregation  of  the  variant,  we
erformed  Sanger  sequencing  on  all  available  fam-
ly  members  using  MEGF10  exon  9  primers  (Forward
′-TTTCACATGGCACTAACTAATCTTTC  and  Reverse  5′-
CTGCCCAGAGTAGCCTAGA).

esults

he  heterozygous  variant  c.978T>A  (p.Cys326Ter)  of  the
EGF10  was  predicted  to  be  pathogenic  using  in-silico  soft-
are.  This  variant  is  absent  from  both  the  gnomAD  and

he  dbSNP  databases.  Sanger  sequencing  confirmed  that  the
ariant  is  de  novo,  as  none  of  the  other  family  members
arry  the  variant  (Fig.  2).

Moreover,  the  alignment  of  multiple  orthologous  MEGF10
rotein  sequences  from  different  species  showed  that  the
.Cys326Ter  variant  affects  a  conserved  residue  (Fig.  3).
iscussion

he  gene  causing  EMARDD  is  the  MEGF10,  located  on  chro-
osome  5q23.  It  encodes  for  a  1140  amino  acid  protein,  that
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Table  1  Clinical  presentation  of  the  patient.

Age  Clinical  presentation

Birth  No  clinical  or  medical  concerns.
0---6 months  Difficulty  breast-feeding,  weak  sucking  ability.

At  6  months,  difficulty  swallowing  solid  foods,  resulting  in  rapid  vomiting.
19 months  Frequent  stumbling,  falling  without  using  hands  to  break  the  fall,  high  activity  and  energy  levels,  strong  visual

and intellectual  intelligence.
2 years  Able  to  climb  stairs,  play,  and  run,  but  occasionally  experienced  dizziness  and  walked  in  the  opposite

direction  of  his  gaze.
3 years Significant  speech  difficulties  and  learning  challenges,  remarkable  emotional  intelligence.
5 years Fall  during  recreational  activity,  toe-walking  on  the  right  leg,  hip  hypertonicity,  upward  gaze  strabismus,  mild

myopia.
9 years  Unsteady  gait  due  to  Achilles  tendon  contracture  in  the  left  foot,  became  unable  to  rise  from  bed,  breathing

difficulties.
10 years  Continued  deterioration,  forcefully  walking  on  the  left  foot  due  to  right  leg  tendon  contracture,  difficulty

lifting right  leg,  numbness  in  both  feet,  facial  pallor,  reduced  appetite,  intestinal  pain,  laughter-induced
urinary incontinence.

11  years  Challenges  handling  heavy  objects,  difficulty  moving  hands  backward  or  forward,  scoliosis,  dyspnoea,
significant  cognitive  impairment,  wheelchair  use.

Figure  1  Clinical  phenotype  of  the  patient  at  the  age  of  11  years.  (A,  B)  Note  the  wasting  of  shoulder  girdle  muscles,  loss  of
normal spinal  curvature  and  minimal  scoliosis.  (C,  D)  Generalized  poor  muscle  mass,  global  wasting  of  thigh  muscles,  and  inability
to walk  or  stand  independently,  requiring  continuous  use  of  a  wheelchair  for  all  mobility  needs.

3
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Figure  2  (a)  Pedigree  of  EMARDD  family  studied.  Among  the  two  generations,  only  the  proband  had  the  syndrome  and  his  parents
had no  relevant  medical  history.  (b)  The  results  of  Sanger  sequencing  of  the  patient.
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igure  3  An  analysis  of  conservation  reveals  the  alignment  

rthologues.

as  been  shown  to  play  an  important  role  in  satellite  cell  pro-
iferation  and  differentiation.5 Satellite  cells,  also  known
s  Muscle  stem  cells  (MuSCs),  are  located  peripherally  in
n  asymmetric  niche  between  the  myofiber  membrane  and
he  basal  lamina.  In  vivo  studies  in  humans  have  shown  that
atellite  cells  are  crucial  for  skeletal  muscle  fibre  regen-
ration,  homeostasis,  repair,  growth  and  hypertrophy.8---10

keletal  muscle  regeneration  is  impacted  in  muscle-wasting
iseases  like  EMARDD  dystrophy,  a  severe  congenital  mus-
ular  disorder  that  causes  severe  progressive  congenital
uscle  weakness  and  respiratory  failure  in  affected  indi-

iduals.
A  study  suggests  that  the  configuration  of  specific  epi-

ermal  growth  factor  (EGF)-like  domains  in  the  MEGF10
ene  plays  a  pivotal  role  in  the  transmission  of  extracellu-
ar  signals.  The  ‘‘C326R’’  variant  is  predicted  to  disrupt  the
tructural  integrity  of  the  second  disulfide  bond  in  its  epider-
al  growth  factor  (EGF)-like  domain.  This  study  reveals  an

ssociation  between  the  C326R  variant  in  the  extracellular
GF-like  domains  of  MEGF10  and  a  reduction  in  the  tyrosine
hosphorylation  of  the  affected  protein.  The  findings  sug-

est  that  disruptions  in  the  MEGF10  signalling  cascade  may
esult  in  a  reduction  of  muscle  satellite  cells,  potentially
ontributing  to  the  development  of  MEGF10  myopathy.11

i
n

4

ultiple  amino  acid  sequences  for  the  MEGF10  protein  and  its

In  our  study,  we  identified  the  new  heterozygous  de  novo
ubstitution  C326R  (c.978T>A)  in  exon  9  of  the  MEGF10  gene
n  a  Moroccan  patient,  which  is  thought  to  be  associated
ith  EMARDD.  This  nonsense  variant  leads  to  a  premature

top  codon  at  position  326,  resulting  in  the  loss  of  814  C-
erminal  amino  acids,  including  a  very  conserved  cysteine
esidue  within  a  crucial  EGF-like  functional  domain.  MEGF10
omprises  17  unconventional  epidermal  growth  factor-like
omains,  each  featuring  eight  cysteine  residues,  presumed
o  create  disulfide  bonds.  The  C326T  variant  specifically
odifies  one  of  these  residues,  which  are  uniformly  pre-

erved  across  vertebrates  (Fig.  2).  This  modification  causes
runcation  of  the  MEGF10  protein,  leading  to  the  clinical
resentation  observed  in  the  affected  child  in  this  study,
uch  as  progressive  muscle  weakness  and  respiratory  failure.
ysteine  substitutions  in  the  extracellular  EGF-like  domains
f  MEGF10  are  the  most  commonly  reported  missense  vari-
nts  and  have  been  shown  to  result  in  a  significant  decrease
n  the  tyrosine  phosphorylation  activity  in  the  intracellu-
ar  domain.1,3,11---13 These  results  substantiate  the  pathogenic
ignificance  of  the  C326T  variant  in  our  patient.
To  our  knowledge,  this  variant  has  not  been  reported
n  the  literature  or  in  the  HGMD  database,  and  it  is  a
ovel  variant  associated  with  severe  EMARDD  phenotypes.
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linically,  the  patient  in  this  study  has  symptoms  similar
o  those  observed  in  other  previously  reported  cases  of
EGF10-related  EMARDD.1,14 Thus,  it  is  essential  to  con-
uct  functional  studies  in  order  to  confirm  the  pathogenic
ssociation  of  this  variant  to  the  phenotypic  profile  of  our
atient.

onclusion

n  conclusion,  this  study  presents  the  first  reported  case
f  a  rare  novel  de  novo  pathogenic  variant  not  previously
escribed  in  the  MEGF10  gene.  Our  results  enlarged  the
utation  spectrum  of  MEGF10  in  patients  with  EMARDD  and
roves  the  important  role  of  the  Whole  Exome  Sequencing
echnology  in  the  genetic  diagnosis  of  neuromuscular  dis-
ase.

nformed consent

his  study  is  covered  by  the  local  research  ethics  committee
f  the  Institut  Pasteur  du  Maroc.  All  family  members  who
ere  included  in  this  study  gave  their  informed  consent.

thics approval

he  genetic  study  was  approved  by  the  medical  ethics  com-
ittee  of  Institut  Pasteur  du  Maroc.

onflict of interest

one.

ata availability

ata  will  be  provided  by  the  authors  upon  request.

cknowledgements

he  authors  are  indebted  to  the  family  members  who  par-
icipated  in  this  study.  This  project  was  supported  by  the
nstitut  Pasteur  du  Maroc  (IPM).

eferences

1. Logan CV, Lucke B, Pottinger C, Abdelhamed ZA, Parry DA,
Szymanska K, et al. Mutations in MEGF10, a regulator of
satellite cell myogenesis, cause early onset myopathy, are-

flexia, respiratory distress and dysphagia (EMARDD). Nat Genet.
2011;43:1189---92, http://dx.doi.org/10.1038/ng.995.

2. Pierson TM, Markello T, Accardi J, Wolfe L, Adams D, Sin-
can M, et al. Novel SNP array analysis and exome sequencing

5

gía  58  (2025)  100795

detect a homozygous exon 7 deletion of MEGF10 caus-
ing early onset myopathy, areflexia, respiratory distress and
dysphagia (EMARDD). Neuromuscul Disord. 2013;23:483---8,
http://dx.doi.org/10.1016/j.nmd.2013.01.013.

3. Boyden SE, Mahoney LJ, Kawahara G, Myers JA, Mit-
suhashi S, Estrella EA, et al. Mutations in the satellite
cell gene MEGF10 cause a recessive congenital myopa-
thy with minicores. Neurogenetics. 2012;13:115---24,
http://dx.doi.org/10.1007/s10048-012-0315-z.

4. Nagase T. Prediction of the coding sequences of unidentified
human genes. XX. The complete sequences of 100 new cDNA
clones from brain which code for large proteins in vitro. DNA
Res. 2001;8:85---95, http://dx.doi.org/10.1093/dnares/8.2.85.

5. Holterman CE, Le Grand F, Kuang S, Seale P, Rud-
nicki MA. MEGF10 regulates the progression of the
satellite cell myogenic program. 5;2007:911---22.
http://www.jcb.org/cgi/doi/10.1083/jcb.200709083.

6. Chung W-S, Clarke LE, Wang GX, Stafford BK, Sher A,
Chakraborty C, et al. Astrocytes mediate synapse elim-
ination through MEGF10 and MERTK pathways. Nature.
2013;504:394---400, http://dx.doi.org/10.1038/nature12776.

7. Kay JN, Chu MW, Sanes JR. MEGF10 and MEGF11
mediate homotypic interactions required for mosaic
spacing of retinal neurons. Nature. 2012;483:465---9,
http://dx.doi.org/10.1038/nature10877.

8. Sambasivan R, Yao R, Kissenpfennig A, Van Wittenberghe L, Paldi
A, Gayraud-Morel B, et al. Pax7-expressing satellite cells are
indispensable for adult skeletal muscle regeneration. Develop-
ment. 2011;138:4333, http://dx.doi.org/10.1242/dev.073601.

9. Lepper C, Partridge TA, Fan C-M. An absolute requirement
for Pax7-positive satellite cells in acute injury-induced skele-
tal muscle regeneration. Development. 2011;138:3639---46,
http://dx.doi.org/10.1242/dev.067595.

0. Relaix F, Zammit PS. Satellite cells are essential for
skeletal muscle regeneration: the cell on the edge
returns centre stage. Development. 2012;139:2845---56,
http://dx.doi.org/10.1242/dev.069088.

1. Mitsuhashi S, Mitsuhashi H, Alexander MS, Sugimoto H, Kang
PB. Cysteine mutations cause defective tyrosine phospho-
rylation in MEGF10 myopathy. FEBS Lett. 2013;587:2952---7,
http://dx.doi.org/10.1016/j.febslet.2013.08.002.

2. Takayamaa K, Mitsuhashia S, Shin J-Y, Tanakac R,
Fujiid T, Tsuburaya R, et al. Japanese Multiple
Epidermal Growth Factor 10 (MEGF10) myopa-
thy with novel mutations: a phenotype---genotype
correlation. Neuromuscul Disord. 2016;26:604---9,
http://dx.doi.org/10.1016/j.nmd.2016.06.005.

3. Harris E, Marini-Bettolo C, Töpf A, Barresi R, Polvikoski T, Bai-
ley G, et al. MEGF10 related myopathies: a new case with adult
onset disease with prominent respiratory failure and review
of reported phenotypes. Neuromuscul Disord. 2018;28:48---53,
http://dx.doi.org/10.1016/j.nmd.2017.09.017.

4. Croci C, Traverso M, Baratto S, Iacomino M, Pedemonte
a novel mutation in MEGF10 gene, myofibrillar alter-
ation and progressive course. Acta Myol. 2022;41:111---6,
http://dx.doi.org/10.36185/2532-1900-076.

dx.doi.org/10.1038/ng.995
dx.doi.org/10.1016/j.nmd.2013.01.013
dx.doi.org/10.1007/s10048-012-0315-z
dx.doi.org/10.1093/dnares/8.2.85
http://www.jcb.org/cgi/doi/10.1083/jcb.200709083
dx.doi.org/10.1038/nature12776
dx.doi.org/10.1038/nature10877
dx.doi.org/10.1242/dev.073601
dx.doi.org/10.1242/dev.067595
dx.doi.org/10.1242/dev.069088
dx.doi.org/10.1016/j.febslet.2013.08.002
dx.doi.org/10.1016/j.nmd.2016.06.005
dx.doi.org/10.1016/j.nmd.2017.09.017
dx.doi.org/10.36185/2532-1900-076

	Identification of a de-novo variant of the MEGF10 gene associated with EMARDD
	Introduction
	Patient and methods
	Study case
	Sequencing study

	Results
	Discussion
	Conclusion
	Informed consent
	Ethics approval
	Conflict of interest
	Data availability
	Acknowledgements

	References

