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Lysosomal myopathies

“Hereditary muscle disorders due to a
primary defect in lysosomal proteins and
morphologically characterized by the
presence of autophagic vacuoles in
myofibers”
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Lysosomal myopathies

• Pompe disease
• Danon disease
• X-linked myopathy with excessive

autophagy (XMEA)
• Autophagic vacuolar myopathy (AVM)
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WHAT IS POMPE DISEASE?

• Synonyms
– Glycogen storage disease, type II (GSD-II)
– Glycogenosis type II
– Acid maltase deficiency (AMD)

• Disease Families
– Lysosomal storage disease
– Glycogen storage disease
– Neuromuscular disease/metabolic muscle disease
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JC Pompe
1901-1945

GSD II. Infantile form
Pompe JC. Over Idiopathische hypertrophie van het hart. Nederl Tijdschr Geneesk 1932;
76:304-312.
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GSD II - Infantile form

Massive Cardiomegaly
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GSD II (Pompe Disease)

Enzyme Deficiency: ?á-glucosidase (GAA)

Pathology: Accumulation of glycogen in tissues,
primarily skeletal muscle

Inheritance: Autosomal Recessive

Frequency: Overall: 1:40,000

Onset: Infantile onset: within 1st year of life
Late onset: childhood to adulthood

Clinical Course: Infantile onset: death in 1st 2 years of
life (before ERT)
Late onset: variable progression
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Pompe Disease:
clinical clues

Infantile onset < 12 months Late onset > 12 months

Head lag

Enlarged tongue

Respiratory
insufficiency

Delayed motor
development

Muscle weakness

Organomegaly

Cardiomegaly/
cardiomyopathy

Morning headache
Daytime somnolence

Shortness of breath/
sleep apnea

Scapular winging

Scoliosis

Low back pain

Muscle weakness

Look also for unusual symptoms or clusters of more common symptoms

Hirschhorn R, Reuser AJJ. In: The Metabolic and Molecular Bases of Inherited Disease. 2001:3389-3420.

Respiratory
insufficiency

Gait abnormality
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Late Onset Pompe Disease (LOPD)

Ø The late onset forms are clinically heterogeneous and may present with a
limb-girdle muscle weakness with or without respiratory distress.

Ø Asymptomatic subjects may be accidentally diagnosed because of
hyperCKemia

Ø The pathogenesis of late-onset forms has been attributed to
intralysosomal accumulation of glycogen and to the presence of
autophagic vacuoles, causing disruption of muscle fibers.

Ø It has also been shown that an increased muscle protein turnover may
contribute to muscle weakness and wasting.
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LGMD-like (57%)

Respiratory
distress (13%)

Asymptomatic
HyperCKemia

(30%)

Vacuolar
myopathy (45%)

Unspecific
changes (25%)

Increase glycogen
content (30%)

Clinical presentation in 41 cases

Morphological aspects

http://www.go2pdf.com


Muscle Involvement Pattern in Late Onset GSDII
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Specific clinical indicators - Red flags-
• Scapular winging:

• LGMD2A
• LGMD2C
• LGMD2F
• FSHD
• Pompe disease

• Muscle hypertrophy:
• LGMD1C
• LGMD2C
• LGMD2F
• LGMD2I

• Tongue hypertrophy
• LGMD2C
• LGMD2F
• LGMD2I
• Pompe disease
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Limb Girdle Muscular Weakness (LGMW):
differential diagnosis

• LGMW can be observed in both genetic and acquired disorders
as :

– Limb Girdle Muscle Dystrophies

– Metabolic myopathies (i. e. Mitochondrial myopathies)

– Inflammatory myopathies (i.e PM, IBM, DM)

– Toxic (i.e. steroids, statins, etc) and endocrine myopathies
(thyroid, etc)
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Cardiac and respiratory involvement :
Red Flags

Cardiac involvement very common in:
• LGMD1B, 2C, 2F and 2I
• Danon disease
• Myotonic dystrophies
• Pompe disease (infantile form)

Respiratory muscle weakness is common in
• LGMD2C-F and in 2I
• Pompe disease
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LATE ONSET POMPE DISEASE
Diagnostic Algorithm

Toscano A., Montagnese F, Musumeci O
Acta Myologica, 2013 (in press)

http://www.go2pdf.com


Potenziali di
Fibrillazione

Scariche Miotoniche Scariche Ripetitive
Complesse

LESIONI NEUROGENE
Poli/dermatomiosite
Miopatia a corpi inclusi
Distrofia muscolare
(Duchenne)
Rabdomiolisi
Miopatie tossiche (alcool,
clorochina)
Deficit Maltasi Acida
Glicogenosi (Debrancher )
Miopatia miotubulare
Paralisi periodica ipercaliemica
Miopatia nemalinica
Deficit carnetina muscolare
Miopatie Mitocondriali

Distrofia miotonica
Miotonia congenita
Paramiotonia congenita
Paralisi periodica ipercaliemica
Poli/dermatomiosite
Deficit Maltasi Acida
Glicogenosi (Debrancher )
Miopatia ipotiroidea
Miopatia miotubulare
Miopatie tossiche (clorochina)
Sindrome di Schwartz-Jampel
XMEA: miopatia x linked con
eccessiva autofagia

LESIONI NEUROGENE
Poli/dermatomiosite
Distrofia muscolare
(Duchenne)
Miopatia a corpi inclusi
Deficit Maltasi Acida
Glicogenosi (Debrancher)

Pompe disease: spontaneous activity
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Typical muscle MRI features in LOPD
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Respiratory muscles involvement in LOPD
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GSD II
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Biochemical Analysis

GAA activity

Preliminary assay Dried blood spot (DBS)

Confimatory assay Fibroblasts
Muscle
Lymphocytes

(In one of those tissues)
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Autosomal recessive disorder due to mutations in GAA gene

More than 300 mutations have been described

More common mutations
• IVS 1-13 t>g splice common in adult Caucasian patients
• Asp645Glu common in infants Pompe disease from

Taiwan
• Arg854X common in African or African-American infants
• del525T and del exon 18 common in Dutch infants

Genetic analysis
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• Since first approval in 2006 for Pompe Disease
treatment, increasing data are becoming
available on the safety and efficacy of Myozyme

• Longer-term data (> 3 years) are also starting to
become available although, due to the later
approval in many countries, the sample size
remains small

http://www.go2pdf.com
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Data source: EMBASE and MEDLINE
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Patient characteristics
• Total of 385 patients over the age of 2 were included

– 190 male - 195 female
– 44 juvenile 281 adult

1Data not available for 60 patients; 2Data not available for 39 patients; 311 patients reported at time points in both groups
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Motor performance – 6MWT

• The mean 6MWT distance declined by 3m in Pompe Disease patients in the placebo
arm of a randomized controlled trial1

• 6MWT data were available for 122 treated patients
– 77.9% improved

– 8.2% stabilized

– 13.9% declined

– Range of mean improvement reported was 10-149m

• The majority of benefit in 6MWT was achieved at 12 months
– There is no clear correlation between longer treatment and further improvement1

1van der Ploeg et al. N Engl J Med. 2010;362:1396-406; 2Angelini et al, J Neurol (in press 2011)
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6 MWT
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Respiratory status - FVC

• FVC declines in over 70% of untreated Pompe disease patients1, with
studies suggesting a mean drop of ~1.5% per year following diagnosis2

• FVC data was available for 127 treated patients
– 52.8% had improved FVC status following treatment

– 13.4% had stable FVC status following treatment

– 33.8% had declining FVC status following treatment

• No clear trend was observed between treatment duration and FVC response

1van der Beek et al. Mol Gen Metab. 2011 (in press); 2van der Beek et al. Neuromuscul Disord. 2009;19:113-117.
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FVC % predicted
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Considerations on ERT
• Studies of the natural history of Pompe disease indicates that patients are likely to

deteriorate without treatment

• At least two-thirds of juvenile and adult Pompe disease patients stabilize or
improve when treated with ERT

• However, direct comparison between studies remains difficult due to the variety in
outcomes reported

– The development of internationally accepted “Guidelines” would aid studies
comparison

• There is a paucity of long-term data in Pompe disease patients

– Important to collect data on a larger cohort of patients

– It should allow identification of phenotypic predictors of response

– Recently (2012), it has been recommended that all patients has to start
ERT at diagnosis if there is evidence of clinical symptoms and have to be
assessed at 1 year.

– Presymptomatic individuals have to be regularly monitored (i.e., every 6
months) in order to start ERT when they become objectively affected

http://www.go2pdf.com
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Danon disease
Synonyms

• Glycogen Storage Disease type IIb (GSD IIb)
• Lysosomal glycogen storage disease with normal

acid maltase
• PseudoPompe
• Glycogen Storage Disease due to LAMP-2

deficiency
• Pseudoglycogenosis
• X-linked vacuolar myopathy and cardiomyopathy
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Danon Disease

• Danon disease is an X-linked dominant lysosomal
disease, initially described by Danon et al. in 1981,
in two unrelated 16-year-old boys manifesting with
cardiomyopathy, skeletal myopathy, and
intellectual disability
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Nature 2000

Neurology 2001
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Etiopathogenesis

• LAMP-2 is a major constituent
of the lysosomal membrane
proteins

• The gene encoding LAMP-2 is
located in Xq24.

• Lamp-2 open reading frame
consists of 1,233 nucleotides
containing 9 exons.

• To date, less than 100 cases
have been reported with about
60 mutations

• The disease is due to the primary deficiency of Lysosome-Associated
Membrane Protein - 2 (LAMP-2) gene
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Etiopathogenesis
• Deficiency of LAMP-2 leads to a failure in the normal progression of

autophagic maturation with accumulation of Autophagic Vacuoles
with Sarcolemmal Features (AVSF)
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Clinical presentations
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• Clinical data on 82 pts with Danon
disease from 36 families
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Pathological findings (basofilic inclusions and AVSF)
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Clinical history

23 year-old-man.
At age 20, diagnosis of Wolf-
Parkinson-White syndrome.
One year later, non-obstructive
hypertrophic cardiomyopathy .

In several occasions, blood
tests revealed persistently
increased serum CK levels
(max 783 IU/L, n.v. <200).

Neurological examination :
normal

Case report 1

Laboratory studies: serum
CK 680 IU/L n.v. <200

EMG: increased polyphasic
potentials

Echocardiogram: left
ventricular hypertrophy
especially of the lateral and
posterior walls, with diffuse
hypokinesia and decreased
contractility.

Neuropsycological battery
tests: normal cognitive
status.
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Case report 1
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W321R
	

Patient SIANNNLSYRDAPLGSSYMC
Homo sapiens SIANNNLSYWDAPLGSSYMC
Mus musculus NISNKNLSFWDAPLGSSYMC
Cricetul gris SVANNNLSFWDAPLGSSYMC
Gallus gallus SADNNNLSKWDASLGNSYMC

b-actin

LAMP-2
(126kd)

P C1 C2

Biochemical and molecular genetic investigations

Acid maltase enzyme activity: normal
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Clinical history
6-yr-old male with no family
history of cardiac disease,
muscle disorder or metabolic
disorders

Since the first months of life,
the patient presented asthmatic
bronchitis

At the age of 7 months,
episode of pneumonia,
increased transaminases and
CK levels

At the age of 5 the patient had
been referred to our evaluation

Case report 2
Laboratory studies: serum
CK 512 IU/L n.v. <200

ECG short PQ interval with
stiffness of ST-segment and
high voltages of R in left
precordial leads

Echocardiogram: heart
hypertrophy most significant
at the inter-ventricular septum
level.

Neuropsycological battery
tests: normal QI, mild form of
dyslexia and dysorthography
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Lamp-2 gene analysis : c.222 T>A exon 3 (p. Y74X)
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X-linked myopathy with excessive autophagy
(XMEA)

• XMEA is a rare X-linked recessive AVM originally identified
in a Finnish family

• It is characterized by a slowly progressive weakness and
atrophy of the proximal muscles

• No Cardiac or CNS involvement

• Female carriers are normal or mildly affected

• Electromyography shows myotonic discharges without
clinical myotonia
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XMEA etiopathogenesis

• Muscle pathology is similar to Danon disease

• Mutations in VMA21 are responsible of XMEA

• VAM21 is an essential assembly chaperone of the
vacuolar ATPase. Its deficiency raises lysosomal pH,
reduces lysosomal degradative ability and blocks
autophagy (Ramachandran et al Acta Neuropathol 2013)
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Take home messages

• Late onset lisosomal myopathies are rare diseases but less
rare than thought

• Clinical knowledge about similar but different presentations
as well as a correct and specific algorythm are necessary to
achieve the final diagnosis

• Early diagnosis = early therapeutic intervention

• Nowadays, pathogenetic clues are relevant to design future
“tailored” therapies
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GSD II Italian Group
• Torino ( T. Mongini, L. Vercelli)
• Padova (C. Angelini - C. Semplicini - E. Pegoraro)
• Milano - Policlinico (M. Moggio - V. Lucchini - GP Comi)
• Milano-Besta (L. Morandi - L. Maggi)
• Verona (P. Tonin - M. Scarpelli)
• Pavia (S. Ravaglia - C. Danesino)
• Roma-Gemelli (S. Servidei - G. Primiano)
• Roma-Tor Vergata (R. Massa - C. Terracciano)
• Roma- S. Andrea (G. Antonini - M.Garibaldi)
• Chieti (A. Di Muzio - F. Ciccocioppo)
• Brescia (M. Filosto – A. Todeschini)
• Pisa (G. Siciliano - G. Ricci)
• Bologna (R. Liguori)
• Cagliari (G. Marrosu - R.Piras)
• Napoli (G. Di Jorio )

Collaborations
• Prof. A. van der Ploeg, The Netherlands
• Prof. C. Desnuelle, France
• Dr. E. Cupler, Saudi Arabia
• Prof. B. Schoser, Germany
• Prof. P. Laforêt, France
• Prof. M. Roberts U.K.
• Prof. J. Vissing Denmark
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