
ACTA 
MYOLOGICA

(Myopathies, Cardiomyopathies and Neuromyopathies)

Official Journal of 
Mediterranean Society of Myology

and
Associazione Italiana di Miologia

Founders: Giovanni Nigro and Lucia Ines Comi

Three-monthly

EDITOR-IN-CHIEF

Luisa Politano

ASSISTANT EDITOR

Vincenzo Nigro

CO-EDITORS

 Lefkos Middleton Gabriele Siciliano

 Giuseppe Novelli Haluk Topaloglu

 Reinhardt Rüdel Antonio Toscano

  

Vol. XLI - September 2022





SCIENTIFIC BOARD
Corrado Angelini, “San Camillo” Hospital, Venice, Italy
Enrico Bertini,  “Bambino Gesù” Hospital, Rome, Italy
Serge Braun, AFM-Telethon, Paris, France
Kevin P. Campbell, University of Iowa, Iowa City, USA
Giacomo Pietro Comi, University of Milan, Italy
Diana Conte, University of Bari, ASL Lecce, Italy
Marinos Dalakas, University of Athens,Greece
Feza Deymeer, University of Instanbul, Turkey
Marianne de Visser, Amsterdam University Medical Centres, 
Amsterdam, The Netherlands
Salvatore Di Mauro, Columbia University, New York, USA
Denis Duboc, Cochin Hospital, Paris, France
Victor Dubowitz, Imperial College, London, UK
Massimiliano Filosto, University of Brescia, Italy
Fayçal Hentati, University of Tunis, Tunisia
Eric P. Hoffman, Binghamton University, State University of New 
York, Binghamton NY, USA
Byron Kakulas, Perron Institute for Neurological and Translational 
Neuroscience, Perth, Western Australia, Australia
Michelangelo Mancuso, University of Pisa, Italy
Frank L. Mastaglia, Perron Institute for Neurological and 
Translational Science, Queen Elizabeth II Medical Centre, 
Nedlands, Western Australia, Australia
Giovanni Meola, University of Milan, Italy
Eugenio Mercuri, Catholic University, Rome, Italy
Luciano Merlini, University of Bologna, Bologna, Italy
Carlo Minetti, University of Genoa, Italy
Clemens Muller, Julius-Maximilians-University, Würzburg, Germany

Francesco Muntoni, University College London, UK 
Carmen Navarro, University Hospital of Vigo, Spain
Luis Negrao, University of Coimbra, Portugal
Gerardo Nigro, University of Campania “L. Vanvitelli ”, Naples, Italy
Anders Oldfors, University of Gothenburg, Sweden
Orlando Paciello, University of Naples “Federico II”, Naples, Italy
Elena Pegoraro, University of Padua, Italy
Heinz Reichmann, University Hospital, Technische Universität, 
Dresden, Germany
Filippo Maria Santorelli, IRCCS Stella Maris, Pisa, Italy
Serenella Servidei, Catholic University, Rome, Italy
Piraye Serdaroglu, University of Instanbul, Turkey
Yeuda Shapira, University of Jerusalem, Israel
Osman I. Sinanovic, University of Tuzla, Bosnia and Herzegovina
Michael Sinnreich, University of Basel, Switzerland
Francesco Danilo Tiziano, Catholic University of Sacred Heart, 
Rome, Italy
Edoardo Tizzano, Valle Hebron Research Institute (VHIR), 
Barcelona, Spain
Bjarne Udd, University of Helsinki, Helsinki, Finland
Andoni J. Urtizberea, AP-HP Marin Hospital, Hendaye, France
Mariz Vainzof, University of São Paulo, São Paulo, Brazil
Gert-Jan van Ommen, Leiden University Medical Center, the 
Netherlands 
Giuseppe Vita, Messina University Hospital, Messina, Italy
Steve Wilton, University of Western Australia, Perth, Australia
Massimo Zeviani, University of Cambridge, UK
Janez Zidar, University Medical Centre, Ljubljana, Slovenia

Official Journal of 
Mediterranean Society of Myology

and
Associazione Italiana di Miologia

Founders: Giovanni Nigro and Lucia Ines Comi

Three-monthly



Publisher

Via A. Gherardesca - 56121 Pisa, Italy

EDITOR-IN-CHIEF 
Luisa Politano, Cardiomyology and Medical Genetics - 

Dept. of Experimental Medicine, University of Campania 

“L.Vanvitelli” - Piazza Miraglia - 80138 Naples, IT

Tel. +39 081 5665300

Fax +39 081 5665101

actamyologica2@gmail.com

luisa.politano@unicampania.it

ASSISTANT EDITOR 
Vincenzo Nigro, University of Campania, “L. Vanvitelli”, 

Naples, IT - vinnigro@gmail.com

COPY EDITOR

Valentina Bàrberi

vbarberi@pacinieditore.it

CO-EDITORS

Lefkos Middleton, Imperial College London, London, UK

Giuseppe Novelli, University of Tor Vergata, Rome, IT

Reinhardt Rüdel, Ulm University, Ulm, DE

Gabriele Siciliano, University of Pisa, Pisa, IT

Haluk Topaloglu, University of Hacettepe, Ankara, TR

Antonio Toscano, University of Messina, Messina, IT

Acta Myologica publishes 4 issues per year in March, June, September, December. The Journal is available in OPEN 
ACCESS at: www.actamyologica.it

Acta Myologica is cited in Index Medicus, PubMed/MedLine, Scopus, Open-J Gate, Free Medical Journals, Socolar. The Jour-
nal is available on PubMed Central (http://www.ncbi.nlm.nih.gov/pmc/journals/1221/).

Journal Citation Reports: SJR 2019 0.616; SNIP 2019 0.818
Acta Myologica is available on Google Scholar

All correspondence should be addressed to: 
Mediterranean Society of Myology - Cardiomyology and Medical Genetics - Primo Policlinico - Piazza Miraglia - 80138 Naples, Italy - Tel. 
+39 081 566 5300 - Fax +39 081 566 5101. 
Luisa Politano, via Ferrarecce 57, 81100 Caserta, Italy; email: actamyologica2@gmail.com

EDITORIAL STAFF
Chiara Fiorillo, G. Gaslini Hospital, Genoa, IT
Lorenzo Maggi, Besta Neurological Institute, Milan, IT
Esther Picillo, UOD di Genetica Medica e Cardiomiologia - I Policlinico, Naples, IT
Giulia Ricci, University of Pisa, Pisa, IT
Lucia Ruggiero, University of Naples “Federico II”, Naples, IT
Vincenzo Russo, University of Campania, “L. Vanvitelli”, Naples, IT

BOARD OF THE MEDITERRANEAN SOCIETY OF MYOLOGY
V. Nigro, President
H. Topaloglu, Past President
L.T. Middleton, G. Siciliano, Vice Presidents
K. Christodoulou, Secretary
L. Politano, Treasurer
E. Abdel-Salam, M. Dalakas, F. Deymeer, F. Hentati, G. Meola, Y. Shapira, E. Tizzano, A. Toscano, J. Zidar
Co-opted Members: V. Askanas, S. Di Mauro, R. Rüdel 

Tribunal Authorization, Napoli N. 3827, January 10, 1989 - Journal registered at “Registro pubblico degli Operatori della 
Comunicazione” (Pacini Editore srl registration n. 6269 - 29/8/2001).

The editor remains at the complete disposal of those with rights whom it was impossible to contact, and for any omissions.

© Copyright by Gaetano Conte Academy - Mediterranean Society of Myology. All rights reserved.

The Journal and the individual contributions contained in it are protected by the copyright of Mediterranean Society and the following terms and condi-
tions apply to their use. Photocopies, for personal use (for reading, consultation and study purposes), are permitted within the limits of 15% of each 
volume or journal issue, excluding advertising,  by payment to SIAE of the charge due, in compliance with current regulations on copyright (Law 633, 
1941), and specific authorization in writing from CLEARedi: https://www.clearedi.org/topmenu/HOME.aspx.

Published by Pacini Editore Srl, Pisa, Italy, September 2022

mailto:actamyologica@gmail.com
mailto:luisa.politano@unicampania.it
mailto:vinnigro@gmail.com
mailto:vbarberi@pacinieditore.it
http://www.actamyologica.it
http://www.ncbi.nlm.nih.gov/pmc/journals/1221/
https://www.clearedi.org/topmenu/HOME.aspx


CONTENTS

ORIGINAL ARTICLES

Gender effect on onset, prevalence and surgical treatment of cataract in patients with Myotonic Dystrophy type 1
Marianna Scutifero, Michele Lanza, Roberta Petillo, Maddalena De Bernardo, Luigia Passamano,  
Nicola Rosa, Luisa Politano ................................................................................................................................... 105

Congenital myopathy associated with a novel mutation in MEGF10 gene, myofibrillar alteration and progressive course 
Carolina Croci, Monica Traverso, Serena Baratto, Michele Iacomino, Marina Pedemonte, Francesco Caroli,  
Marcello Scala, Claudio Bruno, Chiara Fiorillo ...................................................................................................... 111

CASE REPORT 

Switching therapies: safety profile of Onasemnogene abeparvovec-xioi in a SMA1 patient previously treated  
with Risdiplam
Michele Tosi, Michela Catteruccia, Claudio Cherchi, Irene Mizzoni, Adele D’Amico .............................................. 117

Good response to the late treatment with ataluren in a boy with Duchenne muscular dystrophy:  
could the previous mild course of the disease have affected the outcome?
Ludovica Pasca, Alice Gardani, Matteo Paoletti, Daniele Velardo, Angela Berardinelli .......................................... 121

Juvenile Myasthenia Gravis in a 14-year-old adolescent masked by mood disorder:  
the complex balance between neurology and psychiatry
Rossella D’Alessandro, Anna Salvalaggio, Martina Vacchetti, Tiziana E. Mongini, Federica S. Ricci ..................... 126

NEWS FROM AROUND THE WORLD

AIM ........................................................................................................................................................................ 130
MSM ...................................................................................................................................................................... 130
WMS ...................................................................................................................................................................... 130

FORTHCOMING MEETINGS .......................................................................................................................... 131

Instructions for Authors ................................................................................................................................ 134





105

ACTA MYOLOGICA 2022; XLI: p. 105-110
doi:10.36185/2532-1900-075

Received: September 5, 2022
Accepted: September 21, 2022

Correspondence
Luisa Politano
Cardiomyology and Medical Genetics, University Hospital 
of Campania “Luigi Vanvitelli”, piazza Miraglia 2, 80138 
Naples, Italy. E-mail: luisa.politano@unicampania.it 
ORCID: https://orcid.org/0000-0002-0925-7158

How to cite this article: Scutifero M, Lanza M, 
Petillo R, et al. Gender effect on onset, prevalence and 
surgical treatment of cataract in patients with Myotonic 
Dystrophy type 1. Acta Myol 2022;41:105-110. 
https://doi.org/10.36185/2532-1900-075

© Gaetano Conte Academy - Mediterranean Society of 
Myology

  OPEN ACCESS

This is an open access article distributed in accordance 
with the CC-BY-NC-ND (Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International) license. The 
article can be used by giving appropriate credit and mentioning 
the license, but only for non-commercial purposes and 
only in the original version. For further information: https://
creativecommons.org/licenses/by-nc-nd/4.0/deed.en

ORIGINAL ARTICLES

Gender effect on onset, 
prevalence and surgical 
treatment of cataract in 
patients with Myotonic 
Dystrophy type 1

Marianna Scutifero1, Michele Lanza2, Roberta Petillo1,  
Maddalena De Bernardo3, Luigia Passamano1, Nicola Rosa3, 
Luisa Politano1

1 Cardiomyology and Medical Genetics, University Hospital of Campania “Luigi 
Vanvitelli”, Naples, Italy; 2 Eye Department, University of Campania “Luigi 
Vanvitelli”, Naples, Italy; 3 Department of Medicine and Surgery, University of 
Salerno, Salerno, Italy

Myotonic Dystrophy type 1 (DM1) is the most common muscular dystrophy in 
adults, affecting 1:8000 individuals. It is a multi-systemic disorder involving 
muscle, heart, endocrine and respiratory apparatus and eye. The eye symptoms 
can include ptosis, external ophthalmoplegia, epiphora, and early onset cata-
racts. Cataracts occur at a much earlier age (usually between 30 and 40) than 
the general population, where females are usually affected more than men.  
We studied gender differences in cataract prevalence and treatment age in 243 
DM1 patients (134 M; 109 F), aged 18 to 70 years, who were subsequently screened 
at routine follow-up. For each patient, information was collected on age, sex, CTG 
expansion, age of cataract onset, and age at cataract surgery, when available. 
Seventy-three patients, 30 females and 43 males, had cataracts, at a mean 
age of onset of 41.14 ± 12.64 in females, and 40.36 ± 10.03 in males. Sixty-nine 
of them underwent cataract surgery, males at an earlier age than females 
(42.8 ± 9.8 years versus 47.3 ± 12.6 years) and in 52.5% of cases before the age 
of 40, compared to 17.2% of females. The difference was statistically significant.  
The assumption that females in general and those with DM1 in particular develop 
cataracts more frequently and earlier than males is not confirmed, at least in this 
study. A possible explanation for these results could be related to non-advanced 
age, the protective role of estrogen and the lower prevalence of smoking in the 
study population.

Key words: Myotonic Dystrophy type 1, Steinert disease, gender, cataract, cataract 
surgery, prevalence 

Introduction
Myotonic Dystrophy type  1 (DM1) is the most common muscular 

dystrophy in adults, affecting 1:8000 individuals. It is a multi-systemic 
disorder involving muscle, heart, endocrine and respiratory apparatus, 
brain and eye 1-3. Muscle disease is characterized by myotonia and various 
degrees of muscle weakness  1-3. The heart damage 4-5 combines arrhyth-
mias and/or cardiac conduction disorders 6-8, often necessitating of device 
or heart implantation 7-12. The disorder may also affect the function of ma-
ny endocrine glands, with an increased risk for insulin resistance or diabe-
tes, erectile dysfunction, impaired fertility, benign and malignant thyroid 
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tumors 13-16. The respiratory involvement is frequent with 
a progressive decline of vital capacity values and sleep 
disorders 17-19. DM1 is often associated with cognitive im-
pairment and developmental behavioural disorders 20-22.

The pattern of inheritance is autosomal dominant, al-
though complicated by the phenomenon of anticipation, 
where symptoms appear earlier and are more severe in 
successive generations  23. Phenotypes range from indi-
viduals who are only mildly affected in late adulthood, 
to severely affected children with the congenital form 
of the disease 24,25. DM1 is caused by a CTG expansion 
in the 3′-untranslated region (UTR) of the dystrophia 
myotonica protein kinase (DMPK) gene on chromosome 
19q13.3 26. Small expansions (50 to 80 repeats) may be 
transmitted for several generations with minor changes. 
These alleles display greater instability when passing 
through the male germline  27,28. Accordingly, the jump 
from small expansion with minor symptoms to large ex-
pansion with classical DM1 is more likely to occur with 
paternal transmission. In contrast, the massive intergener-
ational expansions to 1,000 or more repeats are more like-
ly to occur with maternal transmission 28,29. This explains 
the near exclusive maternal transmission of congenital 
DM1  29. Anticipation is not an inevitable phenomenon. 
Occasionally the expanded repeat undergoes an intergen-
erational contraction (< 5% of transmissions) 30,31.

Myotonic Dystrophy is a unique form of muscular 
dystrophy which is associated with a variety of ocu-
lar manifestations  32,33. The eye is severely affected and 
symptoms can include ptosis, external ophthalmoplegia, 
epiphora, pupillary light-near dissociation, early onset 
cataracts, pigmentary retinopathy, bilateral optic nerve 
atrophy and low intraocular pressure (IOP). It has been 
shown that IOP is related to the detachment of the ciliary 
body 34 rather than to differences in central corneal thick-
ness or corneal biomechanical properties 35,36. The lens is 
particularly affected in DM1 and an early appearance of 
cataract is often the most common and reliable symptom 
of the disease, since it is frequently the first occasion for 
patients to seek medical attention 37. 

In patients with DM1 cataract occurs at a much earli-
er age (usually in the 30s-40s) compared to general popu-
lation and can also appear even in the lenses of teenagers. 

Females are usually more affected than men  38,39. This 
could be due to a longer survival, and to age-dependent 
cataract incidence. 

We studied the gender differences in cataract preva-
lence and treatment age in DM1 population.

Patients and methods
A population of 243 patients with DM1 (134  M; 

109F), aged 18-70 years (mean 43.3 ± 14.2) and regularly 
followed at the Cardiomyology and Medical Genetics of 
the University Hospital of Campania “Luigi Vanvitelli”, 
were subsequently screened at the routine follow-up. For 
each patient, information was collected on age, sex, CTG 
expansion, age of cataract onset, and age at cataract sur-
gery, when available.

Consent to the use of data in an aggregate manner 
was obtained upon admission to the University Hospitals 
as per established practice.

Statistical analysis

Data are shown as mean  ±  standard deviation. We 
performed Student  T test for non-paired data, and chi-
square test to investigate differences in mean and percent-
age between the two groups.

Results
The clinical characteristics of the patients enrolled 

in the study are shown in Table  I. Seventy-three out of 
243 patients with DM1 (30%) developed cataracts. Of 
them, 30 were females and 43 were males. The mean age 
of onset of cataracts was 41.14 ± 12.64 in females and 
40.36 ± 10.03 in males. The differences were not statis-
tically different (p = 1.29; Student  t test for non-paired 
data). 

Sixty-nine patients (94.5%) had cataract surgery, at 
an average age of 44.7 ± 11.2 years. However, males un-
derwent the surgery at an earlier age than females (mean 
age 42.8 ± 9.8 versus 47.3 ± 12.6). Furthermore, by divid-
ing the patients - males and females - according to the age 
of cataract surgery more or less 40 years, we noticed that 

Table I. Demographic characteristics of the study population.
Total Males Females P-value

Patients with DM1 examined (N) 243 128 115 n.s
Mean age in years 39.97 ± 14.85 40.77 ± 14.78 n.s
CTG expansion (Mn ± SD) 495.78 ± 477.95 466.25 ± 416.74 n.s
Smoking (N; % of patients) 57; 45 6; 5 p < 0.001
Insuline resistance/overt type 2 diabetes 
(N; % of patients) 52; 40.6 45; 39.1 n.s
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21/40 (52.5%) males underwent surgery before the age 
of 40 compared to only 5/29 (17.2%) females. The differ-
ence was statistically significant (p < 0.001, chi-squared 
test) (Tab. II).

Discussion
Cataract is a common cause of visual impairment in 

the elderly 40, and surgery is often effective in restoring 
vision  39. Cataract is a multifactorial disease associated 
with age, female sex, genetic predisposition, smoking, di-
abetes mellitus, drug intake and environmental exposure 
to UVB radiation 41-43. In a study on cataract prevalence 
and prevention in Europe, Prokofyeva et al. 44 found that 
the overall prevalence of cataract was higher in Germany 
and Italy compared to the rest of Europe. They showed 
an increase with age in 2/3 of cases diagnosed over the 
age of 70. Sex-specific cataract prevalence was higher 
in women than in men, although not all of the reviewed 
studies were consistent in this aspect. Sex-specific cata-
ract prevalence in a Spanish study 45 was higher in men 
over 64 years of age than in women at the same age, and 
a case-control study 46 from Athens, Greece, found only 
borderline significance of female sex to the risk of corti-
cal cataract. 

Furthermore, several European epidemiological stud-
ies 47-49 showed that former and current smoking 47, a his-
tory of cardiovascular disease  48, family history of oph-
thalmic disease, and higher exposure to sunlight  49 lead 
to increased risk of cataract, whereas only one study  50 
showed an association of increased cataract risk with 
diabetes duration of 10 years or longer, or with asthma 
and chronic bronchitis. Importantly, that literature review 
showed that chlorpromazine, corticosteroids and multivi-
tamin/mineral formulation intake increased the cataract 
risk depending on dose, treatment application, and dura-
tion 51,52. 

Myotonic cataract is a posterior sub-capsular cata-
ract, detectable as red and green iridescent opacities on 
slit lamp examination. Its characteristic multi-colored 
“Christmas tree” appearance (Fig. 1) is present in nearly 
all affected individuals, so that, in the absence of any evi-
dent clinical features, identification of typical sub-capsu-
lar opacities in subjects at risk for Myotonic Dystrophy, 

can be an indicator of a minimally affected gene carrier 
before the characterisation of the DMPK mutation 39. 

Several factors may influence the gender differences 
observed in the cataract onset and prevalence. Hormonal 
differences between women and men represent one of the 
most commonly cited factors 53 as advanced age at men-
arche, younger age at menopause and a shortened fertile 
period were significantly associated with an increasing 
incidence in cataract surgery in several studies. These 
data suggest that estrogen deficiency may contribute to 
the cataract development and that estrogen may play a 
protective role in the human lens 53. Several observations 
may support this suggestion: (i) women using postmeno-
pausal estrogen seem to have less cataracts compared 
to postmenopausal women non using estrogen; (ii) the 
antioxidant properties of various estrogen, used in hor-
mone replacement therapy, have been shown to protect 
lens proteins from the oxidative damage, that has been 
implicated in the pathogenesis of some forms of cata-
racts; (iii) alfa-estrogen mRNA has been found in human 
lens epithelial cells, suggesting a possible mechanism for 
a direct estrogen effect on lens; (iv) estrogen has been 
shown to protect against TGF-beta-induced cataract in a 
rat model of cataractogenesis 54. However, evidences for 
this hypothesis remain controversial, and it appears that 
sex hormone levels could be regarded as a risk factor for 
cataractogenesis more than as a key factor.

Table II. Cataract onset and surgery in the study population.
Males Females P-value

Number of patients with DM1 with cataract 43 30 n.s
Mean age in years 40.36 ± 10.03 41.14 ± 12.64 n.s
Patients with cataract surgery (N; %) 40; 93 29; 96.7 n.s
Mean age in years 42.8 ± 9.8 47.3 ± 12.6 < 0.05
Cataract surgery < 40 years (N; %) 21; 52.5 5; 17.2 < 0.001

Figure 1. Myotonic cataract presenting as red and green 
iridescent opacities on slit lamp examination, with the 
characteristic multi-colored “Christmas tree” appearance.
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A second influencing factor could be the insulin re-
sistance  13,14, an endocrine abnormality often associated 
with DM1, or the presence of an overt type 2 diabetes 55. 
Muscle insulin sensitivity is reduced by about 70% in pa-
tients with DM1, compared to those of controls 1. Dysreg-
ulation of alternative splicing of the insulin receptor (IR) 
pre-mRNA in skeletal muscles has been recently indicat-
ed as one of the causes 56-58.

Diabetes type 2 is a chronic systemic disorder affect-
ing nearly one in eight adults worldwide. Ocular com-
plications, such as cataract can lead to significant visu-
al impairment. Patients with diabetes have an increased 
incidence of cataracts which mature earlier compared to 
the rest of the population, and cataract surgery is a com-
mon and safe procedure to treat such a complication 59-60. 
However, no differences were found in the prevalence of 
insulin resistance or overt type 2 diabetes in our patients.

Conclusions
The assumption that females in general and those 

with DM1 in particular, develop cataracts more frequent-
ly and earlier than males is not confirmed, at least in this 
study. A possible explanation for these results could rely 
on the non-advanced age, as women are more affected 
in older ages, the protective role of estrogen (none of 
females was in menopause) and the lower prevalence of 
smoking among females. However, further studies are 
necessary to better clarify this particular aspect in DM1 
population.
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Early-onset myopathy, areflexia, respiratory distress, and dysphagia (EMARDD) is 
caused by homozygous or compound heterozygous mutation in the MEGF10 gene 
(OMIM #614399).  Phenotypic spectrum of EMARDD is variable, ranging from severe 
infantile forms in which patients are ventilator-dependent and die in childhood, to 
milder chronic disorders with a more favorable course (mild variant, mvEMARDD). 
Here we describe a 22 years old boy, offspring of consanguineous parents, pre-
senting a congenital myopathic phenotype since infancy with elbow contrac-
tures and scoliosis. The patient developed a slowly progressive muscle weakness 
with impaired walking, rhinolalia, dysphagia, and respiratory involvement, 
which required noninvasive ventilation therapy since the age of 16 years. First 
muscle biopsy revealed unspecific muscle damage, with fiber size variation, in-
ternal nuclei and fibrosis. Myofibrillar alterations were noted at a second mus-
cle biopsy including whorled fibres, cytoplasmic inclusion and minicores.  
Exome sequencing identified a homozygous mutation in MEGF10 gene, 
c.2096G > C (p.Cys699Ser), inherited by both parents. This variant, not reported in 
public databases of mutations, is expected to alter the structure of the protein and 
is therefore predicted to be probably damaging according to ACMG classification. 
In conclusion, we found a new likely pathogenic mutation in MEGF10, which is 
responsible for a progressive form of mvEMARDD with myofibrillar alterations 
at muscle biopsy. Interestingly, the presence of MEGF10 mutations has not been 
reported in Italian population. Early diagnosis of MEGF10 myopathy is essential 
in light of recent results from in vivo testing demonstrating a potential therapeutic 
effect of SSRIs compounds. 

Key words: congenital myopathy, MEGF10, myofibrillar, respiratory defect

Introduction
Early-onset myopathy, areflexia, respiratory distress, and dysphagia 

(EMARDD) is a congenital myopathy caused by homozygous or com-
pound heterozygous mutation in the MEGF10 gene (OMIM #614399) 1,2. 
Patients with EMARDD often present severe childhood weakness and hy-
potonia with respiratory distress caused by diaphragmatic paralysis where-
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by they become ventilator-dependent, and die in infancy. 
Within MEGF10 myopathies, milder chronic disorders 
with a more favourable course and later onset have been 
described and classified as mild variant or mvEMARDD. 
These forms can manifest only very mild muscle weak-
ness and mild respiratory dysfunction. Of note, minicores 
on muscle biopsy are described albeit not in all mvE-
MARDD patients 3-6.

In 2011, pathogenic variants in the multiple epider-
mal growth factor-like domains 10 (MEGF10) gene were 
found to be causative of EMARDD in five independent 
index patients  1. Since then, just over 20 patients have 
been reported with variants in MEGF10 6. MEGF10 is a 
single transmembrane protein with 17-EGF-like domains 
in the extracellular portion and multiple tyrosine phos-
phorylation residues in the cytoplasmic domain. It has 
been proposed that MEGF10 mediates cell-cell adhesion, 
acts as a phagocytosis receptor for apoptotic cells  1,7,8, 
and mediates signalling such as cell proliferation and dif-
ferentiation  9,10. In skeletal muscle, MEGF10 is mainly 
expressed in the satellite cell, which is a mononuclear 
muscle stem cell 10. Thus, MEGF10 appears to be a key 
regulator of muscle development and repair. Expression 
of the human MEGF10 transcript is restricted to the adult 
and foetal brain, spinal cord, and skeletal muscle. High 
concentrations are also present in the neuromuscular 
junction 1. 

In this study, we report the first Italian patient har-
bouring a novel homozygous MEGF10 variant. This sub-
ject showed early disease onset with progressive course 
and muscle biopsy revealed the presence of myofibrillar 
alterations. 

Methods
Tissue and blood samples were obtained after written 

informed consent from the patient parents and stored in 
the Muscle Pathology Laboratory for diagnostic and re-
search purposes as approved by Local Ethic Committee.

Exome sequencing (ES) was performed as previously 
described11 and the computational analysis of candidate 
variants was performed according to allele frequency, 
conservation of affected residues, and predicted impact 
on protein function and structure 12. The candidate patho-
genic variant in MEGF10 was confirmed by Sanger se-
quencing and segregation was performed in the healthy 
parents. Web-based softwares were used to predict the 
pathogenicity of mutations, as reported in the Results 
section.

Muscle biopsies were obtained from patient quad-
ricep muscle after local anaesthetic injection and snap 
frozen in isopentane. Routine histological procedures 
were performed according to standard protocols and 

included Hematoxylin and eosin (H&E), Modified Go-
mori Trichrome, Cytochrome Oxidase (COX), Succinate 
Dehydrogenase (SDH), Nicotinamide adenine dehydro-
genase (NADH), Adenosine triphosphatase (ATPase), 
Adenosine triphosphatase (ATPase), Periodic Acid Schiff 
(PAS), Oil red O. 

Case report 
This patient is a 22-year-old boy, born to healthy con-

sanguineous parents without family history of neuromus-
cular diseases. The patient was born at 33 weeks gestation 
by planned caesarean delivery due to foetal tachycardia, 
after a pregnancy complicated by threatened miscarriage 
requiring drug therapy and rest. Apgar to minute 1 was 3, 
so he underwent primary resuscitation for asphyxia and 
was admitted to the NICU for 48 hours with good recov-
ery. He had weak suction and presented with a congenital 
myopathic phenotype with elbow contractures and scoli-
osis since the first months of life. 

No motor developmental delay or intellectual disabil-
ity were observed, but he developed a slowly progressive 
muscle weakness with impaired walking, rhinolalia, dys-
phagia, and respiratory involvement, which required noc-
turnal non-invasive ventilation therapy since the age of 16 
years. Brain and spine MRI, ECG, echocardiogram and 
serum creatine kinase (CK) level test were performed, re-
sulting normal. Electrophysiological investigation docu-
mented motor and sensory conduction parameters within 
normal limits, with the exception of a reduction in ampli-
tude of the muscle evoked potential. A first muscle biop-
sy at age of 5 years, revealed unspecific muscle damage, 
with fibre size variation, internal nuclei and fibrosis. In a 
second muscle biopsy performed years later, myofibrillar 
alterations were noted, including whorled fibres, cyto-
plasmic inclusion and minicores (Fig. 1). 

Follow-up neurological examination showed axial 
hypotonia, generalised muscular hypotrophy and weak-
ness (Fig.  2), preserved facial expressions, cleft palate, 
and global areflexia. Joint retractions at the elbows and 
ankles bilaterally were also observed. The patient was 
able to walk without support with equinus-varo-supinate 
foot stance, hyperlordosis, and tilting of the pelvis. Sen-
sation was not impaired. In the following years, there was 
a slow worsening of the neuromuscular picture, requiring 
the use of a manual wheelchair for longer trips. The pa-
tient also underwent bilateral Achilles tendon tenotomy 
and vertebral arthrodesis surgery. Since age 17, he devel-
oped swallowing difficulties and recurrent pulmonary in-
fections due to aspiration of food. 

Exome sequencing led to the identification of the ho-
mozygous variant (NM_001256545.2): c.2096G > C (p.
Cys699Ser) in the MEGF10 gene. This variant is absent 
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in genomic databases (such as ClinVar and gnomAD), 
affects a conserved residue (GERP score = 5.85), and is 
predicted to be pathogenic by several in silico tools, in-
cluding CADD (27.9), Mutation Taster (disease causing, 
score = 1), SIFT4G (damaging, score = 0.001), and Poly-
phen-2 HVAR (damaging, score = 0.99). This amino acid 
change is further classified as likely pathogenic according 
to the ACMG criteria (PM2, PP3). The variant is not pre-
dicted to alter the splicing (SpliceAI scores = 0). Sanger 
sequencing was also performed and confirmed that the 
patient was homozygous for the variant, and both parents 
were carriers.

Discussion
We describe a novel mutation in MEGF10 in a pa-

tient presenting with a progressive form of myopathy 
characterised by generalised muscle weakness, scoliosis 
and respiratory involvement, in whom a muscle biopsy 
showed features suggestive of myofibrillar myopathy.

To date, 23  patients with MEGF10 myopathy have 
been reported in the literature and these cases have been 
recently reviewed by Fujii et al.  6. We summarised the 
clinical characteristics of the current and reported pa-
tients, according to the classification in one of the two 
forms (classic early onset EMARDD or mild variant 
mvEMARDD) (Fig. 3). The age of onset was established 
as the age at which patients manifested respiratory dis-
tress or progressive muscle weakness. 

Initially, mutations in the MEGF10 gene were asso-
ciated with a severe phenotype of congenital myopathy 
termed EMARDD, characterized by generalised mus-
cle weakness, breathing difficulties, joint contractures 
and scoliosis  1,2. More recently, it became apparent that 
MEGF10 mutations may results in a wide spectrum of 
disease in terms of clinic pathological features, ranging 
from severe infantile to milder chronic disorders with 
a more favourable course 1-6,10,13. In a study reported for 
EMARDD and mvEMARDD, it was shown that there 
is considerable overlap in clinical findings between the 
EMARDD and minicore myopathy diagnostic groups, 
although certain features are more frequently reported ac-
cording to clinical/genetic diagnosis 5.

Genotype–phenotype correlations have been also 
postulated  6,10. Indeed, individuals with more damaging 
variants (homozygous null mutations/frameshift muta-
tions)  1,2 show the EMARDD phenotype with respirato-
ry failure starting in infancy and non-specific changes 
on muscle biopsy. In contrast, patients displaying a less 
severe phenotype, with later respiratory failure and mini-
cores on muscle biopsy (mvEMARDD or with minicore 
myopathy)  3,10 harbour homozygous or compound het-
erozygous missense variants affecting the cysteine in 

Figure 1. Muscle biopsy with HE and NADH staining. A) 
first muscle biopsy revealed unspecific muscle damage, 
with fibre size variation, internal nuclei and fibrosis; B) in 
a second muscle biopsy performed years later, myofibril-
lar alterations including whorled fibres, cytoplasmic inclu-
sion and minicores, were evident.

Figure 2. A) patient at the age of six; B) patient at 17 
years old. A progression of generalised muscular hy-
potrophy, scoliosis and hyperlordosis is evident; joint 
retractions at the elbows and tibio-tarsus bilaterally are 
also present. Ambulation is still possible for less than 10 
meters. 
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the EGF-like domain 10. Additionally, missense changes 
are statistically associated with a later onset and benign 
course, whereas truncating variants are expected to cause 
an early onset severe phenotype 6. 

Although our patient carried a missense variant, 
he displayed an early-onset myopathy with progressive 
course. Hypotonia at birth was followed by scoliosis, re-
traction and respiratory involvement, requiring respira-
tory support at age 6 and swallowing problems since at 
age 17. Two consecutive muscle biopsies confirmed the 
progression of the disease over the years. The first mus-
cle biopsy performed at age 5 years revealed unspecific 
muscle damage, whereas the second biopsy performed 
one year later showed more definite and significant al-
terations, suggestive of a myofibrillar myopathy with 
presence of core like areas, inclusions, and whorled fibre 
(Fig. 1). Interestingly, another reported patient with late 
onset MEGF10 myopathy phenotype had only nonspecif-
ic findings at the first and second biopsies, and then ex-
hibited cores at the third biopsy 13. Thus, we propose that 
minicores that mark the late onset group, can actually be a 
consequence of a longstanding myofibrillar pathological 
processes starting in infancy. 

Myofibrillar alterations have been already reported in 
late onset mvEMARDD  3,4. However, not all the mvE-
MARDD patients present minicores 5,6 and these features 
are not typical for early-onset forms. This seems to con-
firm the hypothesis that minicores may only occur at a 
later stage. Indeed, myofibrillar myopathies (MFM) are a 
group muscle disorders usually with adult onset of distal 
weakness. Onset in infancy or childhood is very uncom-
mon. In addition, the association of MEGF10 defect and 

deterioration of the myofibrillar network has not been 
formally validated and functional studies are needed to 
explore the putative role of MEGF10 in maintenance of 
the myofibrillar network.

From a genetic perspective, MEGF10 variants have 
never been reported in subjects of Italian ancestry. In our 
patient, we identified the novel homozygous variant p.
Cys699S affecting a very conserved cysteine residue in 
a crucial EGF-like functional domain. Cysteine substitu-
tions in the extracellular EGF-like domains of MEGF10 
are the most commonly reported missense variants  1,3-

5,10 and they have been shown to result in a significant 
decrease in the tyrosine phosphorylation activity in the 
intracellular domain 9,10. These findings thus support the 
pathogenic relevance of the p.Cys699Ser variant in our 
patient. Furthermore, the degree of functional impairment 
of MEGF10 has been demonstrated to depend on which 
EGF-like domain is mutated 9,14. This suggests that differ-
ent EGF-like domains may be relatively more important 
for MEGF10 signalling than others 5. Functional studies 
are warranted to confirm the role and pathogenetic asso-
ciation of MEGF10 mutation in our patient.

It has been reported that MEGF10 regulates the 
proliferation and differentiation of muscle stem cells by 
promoting the activation of satellite cell proliferation 
and, simultaneously, inhibiting the myoblast differentia-
tion 1,10,15. Centrally located nuclei are also a substantial 
feature in the histopathological picture of our case. Albeit 
unspecific, central nuclei can be linked to a possible in-
volvement of the regeneration pathway which is so far 
the most corroborated patho-mechanism of the MEGF10 
defect. MEGF10 also interacts with the intracellular do-
main of NOTCH. The action of MEGF10 on myoblasts 
appears to be mediated, at least in part, by interactions 
with components of the Notch signalling pathway. The 
NOTCH pathway in general and NOTCH1 in particular, 
is a key regulator of satellite cell and myoblast physiol-
ogy  16. Notch1 interacts with both MEGF10  17 and the 
serotonin pathway  18 and defects in these interactions 
may participate in the pathogenesis of EMARDD 17. Re-
cent findings indicate that sertraline, an SSRI, amelio-
rates the phenotype of MEGF10 myopathy in different 
disease model, including myoblasts (mouse-derived and 
human-derived), Drosophila and zebrafish, revealing its 
potential as a novel therapy for MEGF10 myopathy 13. 

Conclusions
In summary, our report proposes a continuum in the 

phenotypes associated with MEGF10 variants, which in-
clude a clinical and histopathological progression of the 
disease and represent a novelty from the dichotomy be-
tween the early onset classic severe EMARDD and mvE-

Figure 3. Clinical and genetic characteristics of patients 
with MEGF10 mutations reported in literature according 
to the classification in early onset severe form and mild 
variant form.
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MARDD. We also suggest that myofibrillar alterations 
are a common finding, and that MEGF10 gene should be 
tested in suspected MFM patients with childhood onset 
of progressive myopathy, scoliosis and retraction, and 
respiratory defect. Accumulation of further cases will 
be important to confirm the current genotype-phenotype 
correlations and for early diagnosis, which will play a rel-
evant role in the management of patients and the use of 
potential therapeutic strategies.
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Switching therapies: safety 
profile of Onasemnogene 
abeparvovec-xioi in a SMA1 
patient previously treated 
with Risdiplam
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Adele D’Amico1

1 Unit of Neuromuscular and Neurodegenerative Disorders, Department of 
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Three disease-modifying drugs (Nusinersen, Risdiplam and Onasemnogene abep-
arvovec) have been approved for SMA type I. Onasemnogene abeparvovec (GRT) 
can be administered in naïve patients or patients who are already being treated 
with Nusinersen or Risdiplam. Safety data on GRT in naïve patients or previously 
treated Nusinersen have been extensively described whereas any case of switch 
therapy from Risdiplam to GRT has been reported yet. We report on a SMA type I 
patient treated with Risdiplam by 2 months and switched to GRT at 5 months. She 
manifested the more common and awaited side effects that resolved in 3 months. 
The follow-up after 9  months from GRT infusion showed normal blood count, 
renal and cardiac function. She had great improvement in motor outcome, and 
no respiratory and bulbar problems as well as normal neurocognitive profile. This 
case suggests that the GRT may be safe also in patients previously treated with 
Risdiplam.

Key words: Risdiplam, Onasemnogene abeparvovec, safety, switching therapies

Introduction
Spinal muscular atrophy (SMA) is an autosomal recessive neuromus-

cular disease, caused by homozygous mutations of the survival motor neu-
ron 1 (SMN1) gene, leading to degeneration of alpha motor neurons which 
results in progressive proximal muscle weakness and paralysis 1. The dis-
ease severity is classified in three main phenotypes from type I to type III 
on the basis of age of onset and highest motor function achieved 1. In recent 
years, three disease-modifying drugs have been approved 2. Nusinersen, an 
anti-sense oligonucleotide (ASO) that acts as an SMN2 splicing modifier, 
was the first therapy approved for the treatment of all types of SMA in 
2017  2. Onasemnogene abeparvovec (GRT), a gene therapy product de-
vised to insert a functional SMN1 copy in motor neurons using an ade-
no-associated viral vector (AAV9), was approved in 2020 for treatment of 
SMA patients (with different indications by FDA and EMA) 2. Risdiplam, 
the latest approved therapy for all types of SMA, is a small pyridazine 
derivative molecule, which modifies the splicing of pre-mRNA from the 
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SMN2 gene promoting the expression of full-length mR-
NA and higher levels of functional SMN protein 2.

While mid- and long-term (at least 12 months) fol-
low-up from SMA patients treated with Nusinersen or 
GRT are available as well as safety data on their combi-
nations or switch 3,4, to date, there is no safety data about 
the switch from Risdiplam to GRT. Here we report on a 
SMA type 1 baby treated with Risdiplam from the age 
of 2 months who switched to GRT at 5 months. To the 
best of our knowledge, this is the first report describing 
the safety profile and the clinical outcome of a switching 
from Risdiplam to GRT.

Case report
The baby was the first child born of unrelated parents 

coming from an eastern European country. The pregnan-
cy was uneventful. The vaginal delivery was at term and 
the neonatal period was reported as normal until the age 
of 30 days, when parents noted a reduction in leg move-
ments. Soon after the neurological examination, a genetic 
test was performed demonstrating the absence of SMN1 
with two copies of SMN2, thus confirming the diagnosis 
of a SMA type  1. At the age of two months, the baby 
started treatment with Risdiplam at a dose of 1.6 ml/day 
that was gradually implemented, according to weight in 
the following months. 

Our first neurological evaluation was performed at 
the age of 3 months. The child was alert, reactive, show-
ing good visual tracking and interaction with the exam-
iner. In supine traction, the child still did not control her 
head but she was able to balance her head quite well when 
sitting with support. She had minimal distal leg move-
ments, and she had subgravity movements at forearms 
and hands. She presented diaphragmatic breathing with-
out a chest deformity and bulbar function was completely 
preserved. She fed herself by mouth, without difficulties 
in swallowing or drooling. The CHOP-INTED score was 
32/64. Compound muscle action potential (CMAP) reg-
istered from ulnar nerve showed a low voltage (0.4 mV, 
normal values > 1.7 for age 1-5 months 5). In the follow-
ing months, parents enquired the access to GRT because 
they planned to move to their country of origin where 
Risdiplam was unavailable. Thus, extensive blood tests 
including cells blood count, serum transaminases, serol-
ogy for hepatotropic viruses and antibody titer for AAV9 
were performed, resulting in normal range. The child met 
all the eligibility criteria, and at the age of 5 months, af-
ter a washout period of 3 days from Risdiplam, she re-
ceived the treatment with Onasemnogene abeparvovec 
(7.7 × 1014 vg, based on a weight of 6.8 kg). As recom-
mended she started treatment with prednisolone at 1 mg/
kg/day the day before the GRT infusion 6.

There were no immediate adverse effects. Two days 
after the infusion, the patient presented fever (T max 
38.6°C) and loss of appetite. Five days after infusion, 
blood chemistry tests showed the presence of hyper-trans-
aminasemia (AST 170 U/L, ALT 131 U/L, normal range 
>  33  U/l), thrombocytopenia (62.000/uL, normal range 
150.000-450.000/uL) and hyper-ferritinemia (4809  ng/
ml, normal range 13-150 ng/ml), thus prednisolone was 
doubled at 2 mg/kg/day. Her liver enzymes and platelet 
count have gradually normalized, and we proceeded with 
progressive steroid’s reduction until complete suspension 
after 95 days. Liver ultrasound was always normal. 

The last clinical evaluation was performed 9 months 
after the gene therapy administration. The baby was 
14  months old and she presented significant improve-
ment in motor function. She acquired a stable sitting po-
sition, she maintained the kneeling position with anterior 
support and she was able to stand unaided with upper 
limbs support. Her CHOP-INTEND score was 59/64 and 
HFMSE score 18/66. No respiratory problems bell-chest 
or paradoxical breathing were observed. The neurocog-
nitive and speech profile was normal. The blood tests 
showed normal blood count, renal and cardiac function. 
She fed by mouth and no swallowing problems were re-
ported, nor chewing fatigue or drooling were observed. 
She had a good body-weight growth. The ulnar CMAP 
< 1 mv, showed an increased amplitude (0.6 mV).

Discussion
To the best of our knowledge, this is the first report 

of a therapeutic switch from Risdiplam to Onasemnogene 
abeparvovec in a SMA type 1 child. 

Monotherapy using Nusinersen, Risdiplam or GRT 
results in motor milestone achievements, and prolonged 
survival in symptomatic infants with SMA type 1. 

The safety profiles of these modifying therapies are 
quite well known. The most common side effects related 
to intrathecal injection of Nusinersen, observed in clinical 
trials and in clinical practice, are: headache, post-punc-
ture syndrome, back pain, nausea, vomiting, rash, and 
pyrexia; whereas the most reported risdiplam-related ad-
verse events in clinical trials (FIREFISH and SUNFISH) 
are fever, diarrhea, mouth and aphthous ulcers, arthralgia, 
urinary tract infection, constipation, that are seemingly 
associated with progression of or complications related to 
the underlying condition, rather than the drug 3. 

Common and almost awaited side effects related to 
GRT are vomiting, loss of appetite, thrombocytopenia and 
liver enzymes elevation 7. These complications are most 
often mild and self-limiting; however some safety con-
cerns related to GRT include severe liver failure, caused 
by hepatotoxicity secondary to a hyperinflammatory re-
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action and thrombotic microangiopathy, a rare, acute, and 
life-threatening condition, characterized by microangio-
pathic hemolytic anemia with thrombocytopenia. These 
fatal complications occurred in a very low percentage of 
treated patients 8. 

Following the approval of Onasemnogene abepar-
vovec, increasingly often, families ask for combined treat-
ments or therapeutic switches. Clinical trials data on com-
bination therapies are lacking whereas in the last two years 
several observational studies have been published report-
ing safety and efficacy profiles of SMA type 1 patients who 
switched from Nusinersen to GRT or viceversa 9-12.

Risdiplam has been the latest treatment approved for 
SMA and, up to date, no switching from Risdiplam to 
GRT has been still reported in SMA type 1.

This has been our first clinical experience of switch-
ing from Risdiplam to GRT in a young SMA type 1 pa-
tient. The switch was well tolerated; the baby experienced 
the expected side effects (high transaminases, fever, and 
thrombocytopenia) that resolved in 3 months under pred-
nisolone treatment. We are certainly aware that the age 
and the weight as well as the clinical status at the time 
of infusion have played a crucial role in the good clinical 
outcome in our patient. However, this case shows that the 
switch from Risdiplam to Onasemnogene abeparvovec is 
safe, as already demonstrated for Nusinersen.

The clinical decision regarding the opportunity in 
switching and the timing of administration of a second 
therapy is always challenging. Currently, there are no 
published guidelines or clinical recommendations regard-
ing the switch of therapies in SMA type 1 patients, so it 
is left to the decision of the clinician if, how and when to 
proceed.

It is known that Risdiplam and Nusinersen have dif-
ferent mechanisms of action than GRT, but it is unclear 
whether the combination of these therapies can really in-
crease the SMN expression levels above the monotherapy 
approach. Moreover, the long-term effects of their con-
current administration in terms of efficacy and safety are 
not yet known.

In our opinion, it is extremely important to continue col-
lecting safety and efficacy data to answer these questions.
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Duchenne muscular dystrophy (DMD) is a severe, progressive X-linked re-
cessive disorder, caused by the absence of the dystrophin protein. A res-
olutive therapy for DMD is not yet available. The first approved drug for 
DMD patients with nonsense mutations is ataluren, approved for the treat-
ment of children aged ≥  2  yrs, that seems effective in slowing the disease pro-
gression. An earlier introduction of ataluren seems to give better results. 
We report the case of a 14-year-old DMD patient with a nonsense mutation in 
exon  70, still ambulant, who started taking ataluren at 12  years and remained 
stable for the following two years. The patient was on steroid since the age of 6, 
with beneficial effects. At two-years follow-up, an optimal disease evolution was 
observed, associated with a constant decrease of creatine kinase blood levels.  
Despite the late start of the treatment, ataluren seems to have significantly contributed 
to the stabilization of the functional status in this patient though it cannot be excluded 
that the result may have been influenced by the previous favorable course of the disease.   
However, further studies should be planned in patients with similar age treated 
with ataluren to better evaluate the treatment’s results compared to the natural 
course of the disease. 

Key words: Duchenne muscular dystrophy, target therapy, nonsense mutation, atal-
uren, time function tests

Introduction
Duchenne muscular dystrophy (DMD) is a disabling, life-shortening 

X-linked neuromuscular disease 1. Causative mutations (deletions, dupli-
cations, point mutations) involve the DMD gene, which codes for dystro-
phin, a large protein responsible for muscle membrane stabilization and 
signaling mediation 1. About 13% of DMD patients have a nonsense muta-
tion that converts an amino acid into a premature stop codon in the dystro-
phin mRNA, generating a nonfunctional protein 2. Typical disease trajecto-
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ry involves delayed walking, worsening motor skills, loss 
of ambulation, and premature death due to cardiorespira-
tory failure. In the last decade, an improved standard of 
care focused on the preservation of the ambulatory func-
tion 2 has positively modified the natural history of DMD. 
Corticosteroids are still the gold standard treatment to 
increase muscle strength 1 nevertheless, they cannot tar-
get the molecular cause of the disease. For DMD patients 
with nonsense mutations, a novel treatment approach has 
been essayed with ataluren (PTC124), able to restore the 
function of dystrophin by introducing an amino acid at 
the stop codon site to continue the mRNA translation. 
Ataluren is an orally bioavailable drug evaluated in two 
randomized, double-blind, placebo-controlled trials in 
Phase IIb and Phase III 3-5. 

In DMD patients, motor function changes with age, 
anthropometric and myometric variables, genetic predis-
position, training and steroid use  1. Therefore, baseline 
disease trajectories and reliable measures of outcome are 
crucial to interpret new drugs’ efficacy. 

We report the case of a DMD patient with a nonsense 
mutation, who started ataluren at 12 years and 9 months, 
and maintained ambulation and an optimal functional sta-
tus at two-years follow-up.

Case report
The patient, currently aged 14 years, reached inde-

pendent ambulation at 15 months showing speech delay. 
He received a DMD diagnosis at one year of age, after an 
incidental registration of elevated creatin kinase (CK) val-
ues (13.369 U/L). Muscle biopsy showed a severe dystro-
phic muscle picture. The immunohistochemical staining 
for dystrophin was absent with COOH and rod domains 
monoclonal antibodies, while a faint signal was detect-
ed with NH2 domain antibody. The WB analysis showed 
the absence of the dystrophin band, while traces of an 
immunoreactive band were detected with the rod-domain 
antibody. Genetic analysis showed the nonsense mutation 
c.10141C > T; R3381X in exon 70 of the DMD gene. The 
stop codon generated by the nonsense mutation is TGA 
and the 3’ adjacent nucleotide is A (TGAA tetranucle-
otide).

At the age of 6 years, daily deflazacort was started 
(0.9 mg/kg/day) without major side effects. At 10 years, 
though ejection fraction and heart volumes were within 
the normal limits, angiotensin-converting-enzyme inhibi-
tor therapy was introduced to delay the left ventricle dys-
function. Motor skills and performance remained stable, 
showing a positive profile as demonstrated by 6MWT and 
time function tests values (TFTs) (Fig.  1). The patient 
practiced physical rehabilitation since the time of diagno-
sis and regularly utilized ankle- and leg-foot orthoses. A 

cognitive evaluation with Weschler III test showed an In-
telligence Quotient (IQ) of 75. At 12 years and 3 months, 
a muscle MRI was performed that showed hypertrophy of 
triceps surae and a mild to moderate fat substitution of ad-
ductor magnus, vastus lateralis and intermedius (Fig. 2).

The treatment with ataluren was started at 12 years 
and 9  months, at the dosage of 40  mg/kg/day. At that 
time, he was still ambulant with a waddling gait, lumbar 
lordosis and showed a positive Gowers’ sign. He was in 
the pre-pubertal period with short stature (129 cm, less 
than 3rd percentile) and a body mass index (BMI) of 26; 
mild cushingoid features, tightness of the Achilles ten-
dons, and proximal muscle weakness were present. Echo-
cardiography revealed normal kinetic and dimensional 
parameters. Spirometric examination showed normal 
vital capacity and expiratory volumes. CK values were 
about 12.000/13.000 U/L in several determinations.

Soon after the ataluren introduction, the patient 
reported a prompt subjective improvement in muscle 
strength. The 6MWT values registered in the two years 
after the start of the drug were superimposable to those 
achieved in the previous years, with the best performance 
obtained at one year follow-up (covered distance: 540 m). 
Also the North Star Ambulatory Assessment (NSAA) 
score and the other TFTs remained stable over the last 
2 years. Interestingly, the CK blood levels decreased to 
6000-7000 U/L, at last follow-up visits (Fig. 1). 

Discussion
The only approved drugs for DMD concern deletions 

amenable for exon  53 skipping (Viltolarsen, in the USA 
and Japan), and deletions amenable for exon  51 skipping 
(Eteplirsen). Ataluren was recently approved for the treat-
ment of nonsense mutations. Several randomized clinical 
trials  3-5 showed that ataluren is well-tolerated and able to 
improve dystrophin expression, reducing the rate of muscle 
degeneration as measured using 6MWT. In Italy, ataluren is 
approved by the Italian Drug Agency (AIFA) for DMD boys 
since two years of age. Recent studies show that ataluren 
can be of benefit in non-ambulatory as well as in ambulatory 
patients 6. However, for a better interpretation of the data in 
clinical practice, different outcome measures are necessary 
according to the different stages of the disease. 

Furthermore, a positive relation between earlier drug 
introduction and better results has also been described 7. 

Our patient has shown a good response to the steroid 
treatment and physiotherapy, compared to DMD pairs. 
According to the model of Mercuri et al. 8, he relies on the 
stable/improvement disease class. Moreover, according to 
the most recent studies 7, our patient was not among those 
most likely to benefit from treatment with ataluren, as 
6MWD was 439 m at baseline. Nonetheless, the response 
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to ataluren contributed to the stabilization of the previ-
ously shown functional profile and even to the improve-
ment of some motor performances. Compared to the pop-
ulation of nonsense and deletion DMD patients described 
by Hamuro et al. 9, our patient shows a disease course that 
can be considered exceptional (6MWT > 500 m at > 14 
years of age). Furthermore, in our patient, both values of 
6MWT and of 10 m walking test – which measure the 
walking function – are significantly related each other, a 
result usually more evident in boys with preserved func-
tional activity. Finally, the improvement in motor perfor-
mance seems to have a corresponding biochemical trend 
in a decrease of CK levels (more than half), observed in 
the last two years of treatment compared to the values 
recorded at the start of treatment. This pattern may reflect 
a treatment effect as described in the study by Finkel et 
al. 3, in which the majority of subjects treated with atal-
uren showed a decrease in CK values without any correla-
tion with the magnitude of the response. 

Given the increasing availability of trials aimed at 
establishing new drugs’s efficacy in DMD, reliable tools 
are needed to measure the outcomes and more predictable 
trajectories of natural diseases. DMD patients having a 
nonsense mutation do not appear to show a significantly 
different disease course than patients with other muta-
tions. In the study of Pane et al. 10, boys with DMD gene 
duplications generally performed better than those with 
other mutations, and those skipping exon 44 had better 
baseline results and less drastic changes than those eligi-
ble for skipping of exon 45 or 53 10. 

Our patient has a point mutation involving exon 70, 
for which predictable responses to active therapeutic 
management have not yet been reported. Considering 
the mild natural disease evolution, the results obtained 
could be explained not only by the steroid treatment or 
the ataluren association, but by the set of therapeutic in-
terventions implemented. The significant results observed 
in particular in the 6MWT after the ataluren introduction, 
are likely due to the greater reliability of this test in mea-
suring muscle endurance compared to the MRC scale. 

The good response to ataluren could also be ex-
plained by predisposing genetic factors not yet fully ex-
plored. For instance, the stop+4 model may help in pre-
dicting functional changes, as shown by the recent papers 
of Wangen et al. 11. In this report while no difference in 
6MWT were observed in patients with point mutations 
according to the type of stop codon, frame status of exons 
involved and protein domain affected, a significant differ-
ence (p < 0.05) was observed when considering the stop 
codon together with the 3’ adjacent nucleotide (“stop+4 
model”), as patients with stop codon TGA and 3’ adjacent 
nucleotide G (TGAG) have a more rapid decline 12. 

Limitations of the study
We are aware that the results obtained in a single 

case report cannot be extended to the population of non-
sense DMD patients. Furthermore, the lack of a second 
muscle biopsy (refused by the patient’s parents) which 
might show the state of dystrophin after the ataluren in-

Figure 1. Time function tests and CK levels during follow-up. A) creatine kinase value (U/L) at different follow-up visits; 
B) 6 minute walk test results (meters) at different follow-up visits; C) North Star Ambulatory Assessment (score) at dif-
ferent follow-up visits; D) time taken to run/walk 10 meters (seconds) at different follow-up visits; E) time taken to climb 
4 stairs (seconds) at different follow-up visits; F) time taken to stand from supine (seconds) at different follow-up visits.
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troduction, and the relative long-term follow-up required 
to better describe the evolution pattern in the patient, can 
be considered as limitations of the study. However, while 
there is now supporting evidence for an early introduction 
of ataluren in patients with DMD, indications regarding 
ataluren introduction at older ages are lacking. 

We are convinced that a deep clinical and genet-
ic characterization of patients with exceptional course 
of disease and possibly good response to ataluren may 
be of interest for both clinical and research purposes, as 
well as  that further studies on larger cohorts, exploring 
modifying genes and other genetic determinants are nec-
essary to clarify the stratification criteria for DMD, and to 
identify patients who can most benefit from the ataluren 
treatment.
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Juvenile Myasthenia Gravis 
in a 14-year-old adolescent 
masked by mood disorder: 
the complex balance 
between neurology and 
psychiatry
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Juvenile Myasthenia Gravis (JMG) is a neuromuscular disease, often char-
acterized at onset by fatigue and fluctuating weakness. We report a case of 
a girl affected by severe mood disorder, in which the diagnosis of JMG and 
its treatment were challenged by the concomitant psychiatric condition. 
A 14-year-old girl, with a history of severe mood disorder and emotional dysregula-
tion, had been treated with benzodiazepines, sertraline, and antipsychotics, reporting 
generalized fatigability, weakness, and drowsiness, first ascribed to her psychiatric 
condition and therapy. After a suicide attempt, she was hospitalized and a neurological 
assessment revealed a fluctuating ptosis and facial weakness, that improved with rest. 
The diagnosis of JMG was confirmed by repeated nerve stimulation test, and by the 
response to pyridostigmine. Antibodies anti-AChR and anti-MuSK were negative.  
JMG diagnosis may be harder in adolescents with psychiatric comorbidity. More-
over, the neurological condition limits the choice of the appropriate psychophar-
macotherapy. 

Key words: juvenile Myasthenia Gravis, psychiatric comorbidities, mood disorder

Introduction
Paediatric Myasthenic Syndromes (PMS), caused by defects of trans-

mission at the neuromuscular junction, may manifests in three main dis-
tinct forms, with different pathophysiological mechanisms: the congenital 
myasthenic syndromes (CMS), a heterogeneous group of genetically in-
herited disorders of the neuromuscular transmission; the transient neona-
tal myasthenia, resulting from placental transfer of maternal antibodies 
to infants from mothers with autoimmune myasthenia; and the juvenile 
myasthenia gravis (JMG), an autoimmune acquired disorder in which an-
tibodies are directed at the postsynaptic membrane of the neuromuscular 
junction, leading to varying degrees of muscle weakness and fatigability 1. 
The disease presentation is usually under 19 years-old 1-4.

All forms of PMS lead to muscle fatigue and weakness of varying 
degrees. Especially in JMG, fluctuations in weakness are a hallmark of this 
disease. The weakness can involve ocular, bulbar, respiratory, and skeletal 
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muscles. Clinical diagnosis is confirmed by electromyog-
raphy (EMG) and response to therapy, while serology is 
less helpful in children 2-4.

In some cases, initial myasthenic symptoms may be 
underestimated, especially in presence of other medical 
conditions causing fatigability and exhaustion 5.

Depressive features can also be a key confounder in 
JMG; as a consequence, the simultaneous onset of the 
two disorders adds to the risk of diagnostic confusion 6.

The main objective of this presentation is to describe 
how a psychiatric condition, namely a severe mood dis-
order, challenged the diagnosis of JMG in a 14 year-old 
girl. This case highlights the importance of a careful 
neurological assessment in young psychiatric patients 
presenting confounding symptoms and signs, with an 
integration of neurological and psychiatric perspectives, 
causing a relevant impact on differential diagnosis and 
pharmacological options.

Case report
A 14  year-old girl was admitted in the psychiatric 

department for a suicide attempt with ingestion of metal 
objects. She had already been hospitalized twice during 
the previous year, because of eating dysregulation, recur-
rent panic attacks with depressive symptoms, and general 
emotional dysregulation. Her family history was positive 
for psychiatric disorders and substance addiction (her fa-
ther had an history of alcohol abuse and depression), in 
the context of a poor family environment, complicated 
by a complex parental separation. Family and personal 
history was silent for neuromuscular diseases: in partic-
ular, perinatal conditions were reported as regular, and 
the development of motor milestones was normal. She 
had been treated with high-dose benzodiazepines (delo-
razepam, lorazepam), sertraline, and an atypical antipsy-
chotic (aripiprazole) for six months, with poor results on 
depressive symptoms and worsening of general fatigue, 
weakness, and drowsiness, considered in part as side ef-
fects of the therapy and in part as a manifestation of her 
psychiatric condition. Nocturnal respiratory distress was 
also described with mild desaturation and diagnosed as 
panic attacks. 

At admission, the neurological assessment revealed a 
myasthenic face, with asymmetric eyelid ptosis and facial 
muscle weakness, which were fluctuating during the day, 
and improving with rest. The patient showed a mild gen-
eralized weakness, and there were no other neurological 
signs nor bulbar involvement.

Suspecting a myasthenic syndrome, neurophysiolog-
ical and laboratory exams were performed. EMG showed 
a pathological decrement in the compound motor action 
potential after the 4 th stimulation (18%, 26%) of the right 

facial nerve (orbicularis oculi muscle). Both anti-AchR 
and anti-MuSK antibodies resulted negative. A chest TC 
was performed and excluded the presence of thymoma. . 
A DNA sample was collected for genetic analysis in or-
der to detect possible congenital myasthenic syndromes 
(still on-going). A clinical and neurophysiological diag-
nosis of seronegative JMG syndrome was made. First-
line symptomatic therapy with low-dose pyridostigmine 
(15 mg, 5 times per day) was initiated, leading to a pro-
gressive reduction of eyelid ptosis, generalized fatigue, 
and drowsiness with positive subjective outcome. A mul-
tidisciplinary team composed by child neurologists and 
psychiatrists assessed different therapeutical options: 
steroids were avoided because of her psychiatric comor-
bidities, and for the good response to the symptomatic 
therapy alone (pyridostigmine).

From the psychiatric point of view, the therapy was 
re-assessed, avoiding drugs associated to the risk of my-
asthenic symptoms worsening, such as benzodiazepines. 
Sertraline was also suspended for the lack of efficacy, and 
aripiprazole was confirmed as a stabilizer agent, togeth-
er with the diagnosis of severe mood disorder with emo-
tional dysregulation. After reaching an adequate control 
of myasthenic symptoms, with an evident improvement 
of her neurologic condition, a better anxiety control and 
lower emotional lability were also observed. 

Discussion
JMG represents a challenging diagnosis, which can 

result even harder in adolescents with psychiatric comor-
bidity, due to the difficulty of differentiating neurologic 
and psychiatric symptoms. To date, little is still known 
about the relationship between myasthenia and associat-
ed psychiatric disorders; however, it is known that psy-
chiatric symptoms, such as fatigue, lack of energy and 
shortness of breath may coincide with those of the neu-
rological disease, leading to a misdiagnosis. The correct 
diagnosis is missed in up to 46% of myasthenic patients 
during the 1st year of disease manifestation and depres-
sive symptoms are a key confounder accounting for 20% 
of initial misdiagnoses 5,6.

In the literature, psychiatric comorbidities are report-
ed as quite common in myasthenic patients, with a preva-
lence of mood disorders around 45% and a prevalence of 
anxiety disorders around 58% 7. Moreover, it is important 
to remark that many pharmacological treatments, includ-
ing psychiatric ones, can cause myasthenic-like symp-
toms, or unmask a latent form of myasthenia, or exac-
erbate it or also induce de novo myasthenia 8. Therefore, 
psychiatric treatments must be carefully planned because 
of the risk of worsening myasthenic symptomatology. In 
particular, antipsychotics impair neuromuscular trans-
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mission at presynaptic and postsynaptic levels; lithium, 
for instance, causes reduction in acetylcholine synthesis 
and release reduction in number of receptors, and sed-
atives like benzodiazepines, inducing central respirato-
ry depression, which can be very dangerous for patients 
with bulbar symptoms or borderline respiratory reserve 9. 
In the presented case, immediate worsening of general 
fatigue and weakness was reported following initiation 
of high dose of benzodiazepines, initially interpreted as 
mood deflection. 

On the other hand, regarding JMG as a chronic, de-
bilitating, life-threatening disease with unpredictable 
progression, patients affected may have psychiatric con-
sequences in terms of coping and adaptation to the dis-
ease 7,10. Thus, subject with JMG may be at increased risk 
of psychiatric disorders.

In the presented case, the diagnosis was suspected 
after a careful neurological clinical assessment, which 
is always recommended in the evaluation of psychiatric 
patients, particularly at onset or in the presence of a mod-
ification in symptoms. The clinical diagnosis was con-
firmed by the positive repetitive nerve stimulation test, 
which was performed on the orbicularis oculi muscle; the 
single-fiber electromyography (sfEMG), which is con-
sidered the gold standard for seronegative JMG, was not 
carried out due to discomfort and the length of the test, 
poorly tolerated in young patients  2. At the time of the 
first assessment, immunological analysis did not detect 
the presence of anti-AChR and MuSK antibodies. This 
finding is consistent with literature reports, as delayed 
seroconversion can be years after onset and particularly 
in pre-pubertal children 3. Therefore, it is suggested to re-
peat this test in seronegative young patients at 6 monthly 
intervals.

The final therapeutic strategy was discussed by a 
multidisciplinary team, and included pyridostigmine and 
aripiprazole, avoiding benzodiazepine, sertraline and ste-
roids, with a good outcome both on neurological and psy-
chiatric manifestations 1.

Conclusions 
Mood and anxiety disorders symptoms may be a key 

confounder in JMG, leading to a diagnostic delay. Infor-
mation on the relationship between JMG and psychiatric 
symptoms are limited, and misdiagnosis and under-treat-
ment are actual issues in these patients. Although JMG 
is a rare disease if compared to juvenile psychiatric dis-
orders, ‘red flags’ symptoms such as fluctuating weak-
ness and fatigability should always prompt a neurological 
assessment. Moreover, clinically relevant guidelines for 
managing myasthenic patients in presence of psychiatric 
comorbidities are hardly available. This case outlines the 

need of further studies, especially about the safety of dif-
ferent therapeutical options for the comorbidities.
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AIM

The Association promoted the Webinar “SMA and 
dysphagia”, held on 18 July 2022 and the Workshop On 
Neuromuscular Diseases which taken place in Brescia 
from 22 to 24 September. 

The XXII National Congress of the Italian Association 
of Myology will be held at the Auditorium R. Gervasio in 
Matera, from 19 to 22 October 2022. It is possible to pro-
ceed with the registration for the event, by 17 July with a 
reduced fee. To learn more, please visit the congress web-
site: https://congressoaim2022.it

MSM

Due to pandemics, the 14th Meeting of the Mediter-
ranean Society of Myology (MSM) is moved to the 2023. 
Proposals to organize and host the event are welcome.

WMS 

The 27th International Annual Congress of the World 
Muscle Society will take place on 11th-15th October 2022, 
in Halifax, Nova Scotia, Canada. The congress venue is the 
Halifax Convention Centre at 1650 Argyle Street, in the 
heart of this Atlantic seaport.

Electronic presentations and posters will be made 
available via the Society’s platform as well as apps for del-
egates wishing to participate virtually. Hard work is being 
done to ensure that the registration process is as flexible as 
possible in these ever-changing and uncertain times.

To learn more, please visit the congress website: 
https://www.wms2021.com

NEWS FROM AROUND THE WORLD
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2022
September 13-15

7th Congress of Myology. Nice Acropolis, France. 
Information: website: https://www.institut-myologie.org

September 15-17

Mitochondrial Medicine Meeting. Nice Acropolis, France. 
Information: website: https://www.institut-myologie.org

October 11-15

27th Congress of World Muscle Society. Halifax, Canada. 
Information: website: https://worldmusclesociety.org

October 19-22

22nd Congress of the Italian Association of Myology. 
Matera, Italy. Information: website: www.miologia.org; 
segreteria.aim@fclassevents.com

December 7-8

The 4th International Conference on Rare Diseases. 
Vienna, Austria. Information: website: www.bioevents.net

2023
January 9-11 

12th World Gene Convention. Sapporo, Japan. 
Information: website: https://www.bitcongress.com/
WGC2023

April 22-28

75th AAN Annual Meeting. Boston, MA. USA. Information: 
website: https://www.aan.com

May 16-19

4th International Meeting on Laminopathies. Madrid, 
Spain.

May 20-23

Heart Failure 2023 and World Congress on Acute Heart 
Failure. Prague, Czech Republic. Information: website: 
https://www.escardio.org/Congresses-&-Events/Heart-
Failure

May 25-26

International Conference on Neuroscience and 

FORTHCOMING MEETINGS

ACTA MYOLOGICA 2022; XLI: p. 131

 

 

  



Forthcoming meetings

132

Neurology in Tokyo, Japan. Information: website: https://
www.neuralscience.scientexconference.com

July 1-4

9th EAN Congress. Budapest, Hungary. Information: 
website: https://www.ean.org

October 3-7

28th Congress of World Muscle Society. Charleston, USA. 
Information: website: https://worldmusclesociety.org

2024
April 13-19

76th AAN Annual Meeting. Denver, CO. USA. Information: 
website: https://www.aan.com

June 29 - July 2 

10th EAN Congress. Helsinki, Finland. Information: 
website: https://www.ean.org

October 8-12

29th Congress of World Muscle Society. Prague, 
Czech Republic. Information: website: https://
worldmusclesociety.org

2025
April 5-11

77th AAN Annual Meeting. San Diego, CA. USA. 
Information: website: https://www.aan.com

October 7-11

30th Congress of World Muscle Society. Vienna, Austria. 
Information: website: https://worldmusclesociety.org
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