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Metabolic myopathies are muscle disorders were an 
enzyme defect may cause a metabolic block with 
glycogen or lipid accumulation. 

These muscle disorders (Adult acid maltase 
deficiency, Polyglucosan body myopathies) might 
mimic LGMD since they present often a proximal 
symmetric muscle involvement.

METABOLIC MYOPATHIES



JUVENILE AMD                     ADULT AMD
Angelini et al. Clin. Genet. 2007 Angelini et al. Basic Appl. Myol. 2004



MUSCLE MORPHOLOGY IN ADULT GSDII 

Note focal glycogen 
accumulation occurs in 
secondary lysosomes 

inside some fibers

SEMITHIN EPOXY SECTIONS



ELECTRON MICROSCOPY IN GSDII PATIENTS

Angelini et al. Acta Myologica 2003



BIOCHEMICAL PROCESSING OF GAA
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GAA IMMUNOBLOTTING IN MUSCLE
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A (hematoxylin eosin): estensive vacuolation

B (phosphatase acid): diffuse lysosomal activation

C (PAS): glycogen accumulation
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Muscle biopsy shows a vacuolar myopathy with increased lysosomal acid phosphatase reaction

MUSCULAR HYSTOPATOLOGY



ERT period: 12-54 months

n = 48

Average increase: + 61 m

Patients are divided according to the duration of the therapy
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MONITORING TREATMENT

6-minute walk test



Variable degree of cardiac hypertrophy (left ventricle or septum)

in 17% of patients, 

2 juveniles, 8 adults (hypertension in 5)

age 18 – 71 (average 63 years)

No variation after ERT

MONITORING TREATMENT

CARDIAC FUNCTION – ECHOCARDIOGRAPHY



Only one parameter is not sufficient, it is necessary the 
clinical judgment

SCALE OF CLINICAL EFFICACY



MUSCULAR MRI

AFTER 6 MONTHS OF ERT

Qualitative pattern: unchanged

+ 17.22% in muscular volume
+ 14.81% in subcutaneus 

adipose tissue
+ 5.93% in intramuscular 

adipose tissue

Pichiecchio et al, Muscle Nerve 40: 122–125, 2009



RESPONSE PARAMETER CLINICAL 

EFFICACY

Average N pts SD

N R N R N R

Age (yrs) 46,04 45,11 25 36 10,81 13,56

Disease duration 
(yrs) at T0 17,20 14,42 25 36 9,57 9,10

BMI at T0 25,11 22,70 13 22 5,97 5,37

GMW at T0 3,91 3,22 22 23 2,47 1,98

6MWT at T0 238,27 344,40 15 25 159,4 112,1

FVC at T0 60,36 67,80 23 33 28,30 19,83

Gender n. of patients (%)

M 13 
(52%)

12 
(34%)

F 12 
(48%)

23 
(66%)

Supportive  therapies

Diet & Physical activities 5 (20%) 17 
(47%)

Only diet, only 
physical activity, none

20 
(80%)

19 
(53%)

p 
Mann-

Whitney

N.S.

N.S.

N.S.

N.S.

0,035

N.S.

Pearson
Chi

square

NS

0,029



MOTOR FUNCTIONS: 6 MINUTE WALK TEST
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Angelini et al. Ther. Adv. Neurol. Disord. 2009



RESPIRATORY FUNCTION
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Angelini et al. Ther. Adv. Neurol. Disord. 2009



OBSERVATIONAL STUDY OF ERT FOR GSDII

Time and functional tests

Angelini et al. Ther. Adv. Neurol. Disord. 2009



POLYGLUCOSAN BODY MYOPATHIES

Rare forms of glycogen storage disease are due to a 

perturbation of the branching structure of glycogen, and they 

are characterized by an accumulation of polyglucosan (PG),

an abnormal polysaccharide with few branched points and 

excessively long peripheral chains. 

PG is accumulated in PG-bodies, that can be easily identified in 

muscle by their typical pathological features. Among the 

disorders in which PG storage is almost exclusively limited to 

striated muscle, there is a new group of diseases termed “PG 

body myopathies” (PGBM). 



GENETIC HETEROGENEITY

PGBM type 1 is due to mutations in the RBCK1 gene 

encoding a ubiquitin ligase, and it is clinically characterized 

by an early-onset myopathy and cardiomyopathy, with or 

without immunodeficiency. 

Recently, PGBM type 2 has been recognized to be due to 

mutations in the GYG1 gene encoding glycogenin-1, which 

is the muscle-specific isoform of a glycosyl-transferase that 

catalyzes 2 auto-glycosylation reactions using UDP-glucose 

as donor substrate to start glycogen synthesis. 



OBJECTIVES

We report an Italian family including one pair of siblings 

(Patient 1 and Patient 2) and their paternal female 

cousin (Patient 3), presenting as an autosomal recessive 

form of late-onset myopathy with limb girdle muscular 

dystrophy phenotype and PG accumulation in muscle 

without cardiac involvement.



MAIN CLINICAL FEATURES



PHENOTYPE OF PATIENT 1 

Note severe weakness in upper 
and lower girdle muscles, causing 

inability to rise from sitting 
without support. 



MUSCLE PATHOLOGY OF PATIENTS 2 AND 3 

Sections stained with 
H&E (A), Gomori 
trichrome (B,C), NADH-
TR (D), PAS (E-I) show 
many fibres displaying 
hyaline inclusions. The 
vacuoles are filled with 
strongly PAS-positive 
reacting material and 
are outlined by a thin 
rim of intense oxidative 
enzyme reaction, 
whereas the cytoplasmic 
areas surrounding the 
inclusions often resulted 
depleted of glycogen. 



PG BODIES ON ELECTRON MICROSCOPY

Glycogen filamentous areas 
without delimiting membrane, 
and myofibrils that appeared 
misaligned by the large 
granulo-filamentous storage 
(A). Abundant subsarcolemmal 
and intermyofibrillar 
accumulation of filamentous 
material is surrounded by 
glycogen (B,C,F). Accumulation 
of filamentous protein material 
that disrupt myofibrils, 
dispersed vesicles and Z-line 
remnants (D), abundant 
glycogen accumulation that 
disrupts myofibrillar 
organization with Z-line 
fragmentation and sarcoplasmic 
reticulum disorganization.



SERIAL MUSCLE SECTIONS OF PTS 2,3 

HE

PAS

PAS-
amylase

Serial sections (1) Serial sections (2) Serial sections (3)



MUSCLE PATHOLOGY OF PATIENTS 2 AND 3 
HE PAS PAS-amylase p62 ubiquitin

Three sets of serial sections showing that accumulated material is resistant to amylase digestion and it is strongly 
labelled for ubiquitin and p62/SQSTM1 (marker of protein aggregates). 



IMMUNOBLOT ANALYSIS 

Muscle from all 3 patients (1,2,3) showed an over-expression of MuRF-1 
protein, a muscle-specific E3-ubiquitin ligase involved in ubiquitin-
proteasome (UPS) degradation. The lysosomal-autophagic pathway is also at 
play: PG bodies are strongly reacting for p62 (which binds ubiquitinated 
proteins to LC3 to be delivered to autophagosomes for degradation), and the 
levels of the lipidated LC3-II form (a marker of autophagy) are increased. 

When the amount of material to be degraded exceeds normal capacity, 
ubiquitinated proteins may aggregate and form autophagic vacuoles. We 
speculate that in this disease the accumulated PG are insufficiently degraded 
by the UPS, and may cause both induction of autophagy and impaired 
autophagic flux.



GENETIC ANALYSIS 

Next generation sequencing (NGS) analysis was performed in 
the genomic DNA from the 3 patients in this family to disclose the 
primary gene involved. Sequencing ofRBCK1 gene was normal.

We performed targeted re-analysis of whole exome sequencing, and 
Motorplex data. This resulted in the identification of a single 
nucleotide substitution at the donor splice site in intron 2 of the 
GYG1 gene (c.143+3G>C, p.Asp3Glufs*4), either in 
homozygous state (in the 2 siblings, Patient 1 and Patient 2) or in 
compound heterozygote state (in the cousin, Patient 3), confirming
the diagnosis of PGBM2. 

The c.143G>C homozygous mutation has been identified in other
PGBM2 patients in the literature (where it appears as a common 
mutation), in whom it was associated with some residual amount of 
glycogenin-1 protein. This data might explain the late-onset
myopathic phenotype observed in such patients. 



GENETIC ANALYSIS OF THE NOVEL GYG1 MUTATION 

A.GYG1_cDNA sequence, and position of 

primers used. B. Product amplified by 
PCR on the GYG1 coding sequence using 
3 different primers pairs showing that at 
3 three different annealing 
temperatures, the patient’s sample 
showed a number of bands of different 
sizes. These PCR products are all longer 
than the control band, suggesting the 
insertion of a cryptic exon. To verify this 
hypothesis, each fragment has been 
isolated and cloned C. Sequencing of 
each clone showed that there are two 
different cDNAs, encoded by either 
alleles cDNA: the allele 1 shows the 
skipping of exon 2, while the allele 
2 shows the insertion of an intronic 
fragment. 



GENETIC ANALYSIS OF THE NOVEL GYG1 MUTATION 

D. Sequence analysis of the 
critical region corresponding to 
allele 1 shows that in the 
patient’s sample the exon 2 is 
skipped. E. Sequence analysis of 
the critical region corresponding 
to allele 2 shows that in the 
patient’s sample there is an 
insertion between exon 4 and 
exon 5. By BLAST research we 
mapped this sequence in the 
intron 4. We amplified the 
intronic region on genomic DNA 
to characterize the sequence of 
this intron retention. 

The sequence analysis shows a single nucleotide variant 
(chr 3: g.148.717.967 C>G) that enhances the 5’splice site of this cryptic 
exon. This mutation is novel.



The deficiency of glycogenin-1 should be considered and investigated 
as a possible genetic cause of PGBM. 

We identified a novel GYG1 gene mutation that enhances a cryptic 5’ 
splice site in intron 4. The other c.143G>C homozygous mutation we 
found has been associated with some residual amount of glycogenin-
1 protein, explaining the late-onset myopathic phenotype observed in 
our patients, in whom the onset of symptoms occurred later than 50 
years of age. 

In this family with PGBM2 and GYG1 gene mutations, the 
investigation of the pathogenetic events causing PG accumulation 
has suggested a role of ubiquitin-proteasomal and autophagic 
degradation pathways.



CONCLUSIONS

It is important to reach in metabolic cases a definite 
diagnosis since such myopathies can be treated: late-
onset Pompe disease responds variably to ERT for 2-4 
years and RR-MADD to carnitine/riboflavin 
supplementation. 

In undefined LGMD cases a diagnosis can be nowdays
reached by NGS.
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