X-linked myopathy with excessive

autophagy

LAMP-2  lysosome-associated membrane
protein-2

MAC membrane attack complex

OMIM Online Mendelian Inheritance in Man
(http://www.ncbi.nlm.nih.gov/omim)

XMEA X-linked myopathy with excessive
autophagy

XVM X-linked vacuolated myopathy

Definition of entity

The first family with X-linked
myopathy with excessive autophagy
(XMEA) was described in 1988 by
Kaimo et a (5) (OMIM 310440). It is
a dowly progressive inherited myopa-
thy characterised by membrane bound
sarcoplasmic vacuoles. Therefore, it
has been also reported as X-linked vac-
uolated myopathy, XVM (10). So far,
16 families have been identified in
Europe and North America (4).

XMEA patients are males with onset
in early childhood. The affected boy is
unable to keep up with his companions
in running and climbing. Serum crea-
tine kinase values are elevated aready
during the first years of lifeby 25t0 3
times and may, during adolescence, rise
to 10 to 15 times normal. Proximal
muscles of the lower limbs are mainly
affected, but shoulder girdle muscles
are also involved. No other organs
appear to be diseased, and the patients
have no cardiomyopathy or cognitive
deficits. XMEA is dowly progressive
and ambulation is usually preserved
until later age, but some patients
become wheelchair bound around 50 to
60 years of age. XMEA patients have a
normal life expectancy. Female carriers
are usually without symptoms or only
very mildly affected.

EMG findings are characteristic
with abundant myotonic and high fre-
quency discharges, without clinical
myotonia. This is observed even in
clinically unaffected muscles. MRI dis-
closes fatty degeneration with typical
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Figure 1. Map sketch of the XMEA gene locus in Xq28 (to scale). Pink, the X chromosome; Blue, the Y chromo-
some; PAR, the Xq pseudoautosomal region (the X and Y chromosomes have the same sequence and contain the
same genes in this region). Some genes in the PAR (e.g. IL9R) are expressed from both the X and Y chromosomes
and are therefore not candidates for this X-linked disease. Others (HSPRY3 and SYBL1), are expressed only from
the X chromosome and remain therefore positional candidates (2).

distribution. (Ja&skeldinen et a, unpub-
lished data).

Molecular genetics and pathophysi-

ology
Genetic linkage was recently estab-

lished between XMEA and markers in
a 10 cM gpan of the most telomeric
band of the long arm of chromosome X
(Xg28) (1, 11). A recent unpublished
observation of arecombination event in
anew family defines marker DXS8103
as the centromeric limit of the XMEA
region. The telomeric limit is in the
extreme tip of the chromosome within
the Xq pseudoautosomal region (PAR)
(Figure 1). Based on the completed
human genome sequence (http://mww.
celera.com), the segment between
DXS8103 and PAR contains 5 million
base-pairs of DNA coding for at least
100 genes.

Two main pathogentic mechanisms
have been suggested. As the name
implies, Kalimo et a (5) suggested that
the vacuol es are autophagosomes clear-
ing sarcoplasm of debris after a sub-
lethal injury to the myofibre, and the
debris is further extruded from the
fibres between the multiple layers of
basal lamina. Thisview is supported by
the presence of lysosomal enzymes in
both the vacuoles and around the fibres
and by the immunopositivity of XMEA
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Figure 2. The vacuoles of XMEA (arrows) contain del-
icate basophilic granules, which are also present
around the affected fibres between the multiplied lay-
ers of basal lamina, cf. Figure 6. H & E. x80

vacuoles for LAMP-2, a protein in
lysosomal membranes considered to be
important in autophagy (8, 9). Even if
autophagy appearsto have akey rolein
XMEA, it maybe only secondary to a
still unknown primary injury. Villanova
et a (10) suggested a “reverse” patho-
genesis, ie, the injury is induced by
deposition of MAC on myofibres with
secondary invagination and/or endocy-
tosis, one of the arguments being that
immunopositivity for dystrophin and
laminin should not exist on lysosomal
membranes. On the other hand, basal
laminaisalso present in the vacuol es of
LAMP-2 deficiency (8), and MAC and
calcium deposition may be only sec-
ondary to the debris around the affect-
ed myofibres (Meri, persona commu-
nication).
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Figure 3. The size variation of myofibres is increased
and fibre splitting occurs. Numerous dystrophin-posi-
tive vacuoles (arrows) are present in the sarcoplasm
of most fibres. Anti-dystrophin 2. <52

Flgure 4.Inan ad]acent section, many (examples indi-
cated by arrows) but not all vacuoles are weakly posi-
tive for muscle specific laminin 2 (merosin), which
identifies basal lamina. Note that the affected fibres
are surrounded by thickened basal lamina (cf. Figure
6). Anti-laminin 2. x52

Figure 5. (D) a1-antirypsin-positivity is seen within
the vacuoles (arrows) and surrounding the affected
fibres. a1-antirypsin.

Figure 6. Electron micrograph of affected fibres. Gran-
ular debris is present both within a small subsar-
colemmal vacuole opening to the surface of the fibre
(arrow) and between the multiple layers of basal lami-
na around the fibre. x2640

Figure 7. Another vacuole deep in the sarcoplasm
contains a degenerating mitochondrion (arrow), small
vesicles and granular debris. The vacuole is surround-
ed by a single membrane without a definite basal lam-

ina. x8000

Figure 8. Black deposits of calcium are seen both
around some affected fibres and within the vacuoles of
one fibre (fibre 1), while in other fibres (fibres 2-3) the
vacuoles are negative. x80
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Figure 9. Immmunoreactmty for complement complex
5b-9 (membrane attack complex, MAC) is present on
the sarcolemma of fibres 1-6 and within one vacuole
in fibre 4. 80x.

Structural changes

Fibre size variation of both fibre
types is markedly increased. Definite
necrosis, phagocytosis, inflammation,
or fibrosis are not observed at younger
ages, but later, fibrosis and fat accumu-
lation occur. The key feature is vacuo-
lation of sarcoplasm (Figure 2). In con-
trast to common rimmed vacuoles,
these are bound by a dystrophin posi-
tive membrane (Figure 3). Many of the
vacuoles are also immunopositive for
laminin, and the affected fibres are sur-
rounded by multiple layers of basal
lamina (Figure 4); both features being
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discernible in detail by electron
microscopy (Figures 6, 7). The vac-
uoles contain cell debris (degenerating
organelles, granular material, and
membrane whorls), which is also pres-
ent between the layers of the multiplied
basal lamina, and both compartments
stain positively for acid phosphatase
and other lysosomal enzymes (Figure
5). The surface of the affected fibresis
also decorated by deposited calcium
(Figure 8) and complement C5b-9
membrane attack complex (MAC; Fig-
ure 9) (5, 6, 10).

Of the numerous forms of inherited
muscular  dystrophies only one,
Danon'’s disease (3), exhibits the prin-
cipal pathological feature seen in
XMEA, namely vacuoles decorated by
antibodies to dystrophin and laminin
and containing lysosomal enzymes
(chapter 8.1.2). Moreover, al Danon
patients have cardiomyopathy and
many have mental retardation (7, 8).
Like XMEA, Danon’s disease is X-
linked, but the 2 conditions are not
allelic, the latter resulting from defects
in LAMP-2, the gene of which maps to
Xg24 (8). The possibility that Emery-
Dreifuss muscular dystrophy, the gene
of which is also located in the Xq28
region, were allelic with XMEA
despite its clearly different clinical pic-
ture has been excluded by direct
seguencing of the emerin gene (11).

Future perspectives

Establishing the definite pathogene-
sis of this peculiar inherited myopathy
must await identification of the gene
defect. The Xg28 locus contains a vast
number of genes, and an international
collaborative effort is underway to
study candidate genes for mutations.
This work would however be greatly
advanced through the identification of
recombination events in new families.
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