
 

III./10.2. Pathomechanism, etiology

After completing this chapter, you should be able to understand the
underlying pathomechanism of the most common muscle diseases.
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myopathy

Structure of the chapter

Muscle diseases may be classified into the following groups according to etiology:

A.) Hereditary (genetically determined)

B.) Immune mediated

C.) Endocrine related

D.) Toxic

E.) Infectious

A.) Hereditary etiology
Based on molecular pathomechanism, hereditary muscle diseases are classified into
the following groups:

1.) Disorders of the sarcolemma and the extracellular matrix,

2.) Myonuclear disorders,

3.) Lysosomal disorders,

4.) Myofibrillar and cytoskeletal deformities,

5.) Metabolic disorders,

This classification of hereditary muscle diseases has started to replace the traditional
classification.

Dystrophin is the largest component of the complex that binds cytoskeletal actin to the
extracellular matrix. The deficiency of dystrophin leads to Duchenne/Becker muscular
dystrophy. Its incidence is 1:3500/newborn males. The dystrophin gene is located on
the X chromosome. Spontaneous mutation of the gene is common, because it is the
largest human gene. In the 66% of cases, the disease is caused by a deletion, which
can be in frame or out of frame deletion. In the remaining 33%, point mutations are
seen. An out of frame deletion results in the more severe Duchenne muscular
dystrophy with poor prognosis. In this kind of gene deletion, dystrophin gene
expression is completely missing in muscle fibers. An in frame deletion results in the
less severe Becker muscular dystrophy. In this case, partial dystrophin expression is
present in muscle fibers. Among the point mutations, the early stop codon leads to the
most severe symptoms, because of the very early mutilation of the dystrophin protein.

Limb girdle muscular dystrophies (LGMD) are genetically very heterogeneous. There
are autosomal dominant (AD) and autosomal recessive (AR) types. LGMDs occur as a
consequence of the disorders of the proteins bound to the sarcolemma (sarcoglycans,
caveolin, dysferlin) or the disorders of some of the cytosolic molecules (e.g. calpain,
telethonin, titin, etc.). In LGMDs with a dominant inheritance, three types of genetic
errors have been identified (myotilin, lamin A/C, caveolin-3). All the other types of



LGMD show a recessive inheritance.

Fig.1: Important proteins in the etiology of muscular dystrophies: dystrophin binds the sarcomeric actin to
the extracellular matrix proteins with the help of so-called “dystrophin related proteins”.

Fig.2: Missing dystrophin expression in DMD (Duchenne Muscular Dystrophy)
In the control muscle (A), dystrophin expression is seen in all muscle fibers, while no dystrophin is

expressed in the DMD muscle (B.

Facioscapulohumeral muscular dystrophy (FSHD) shows an autosomal dominant
inheritance. The disease can be diagnosed with 90% certainty by genetic testing:
reduction of the D4Z4 repeats is seen on the 4q35 locus of the 4th chromosome. The
underlying error of the disease is the alteration of DUX4 gene expression (which
codes a pro-apoptotic molecule).

Myotonic dystrophy type I is an autosomal dominant trinucleotide repeat disease,
where pathological CTG expansion occurs in the protein kinase gene’s (DMPK,
19q13.3). The enlarged CTG-loop results in a change of RNA binding proteins,
altering RNA function. This is the pathomechanism behind this multisystemic disease.

From the disorders of ion channels, Thomsen (autosomal dominant inheritance) and
Becker (autosomal recessive inheritance) type myotonia congenita are mentioned.
Both are disorders of the chloride channel’s CLCN1 gene. Altered function of the
chloride channel leads to the disturbance of muscle contraction and relaxation.

The most important hereditary metabolic myopathies:

1. Mitochondrial myopathy occurs as a consequence of errors of oxidative
phosphorilation. The underlying pathomechanism may be mutations of the
mitochondrial DNA (mtDNA) or the nuclear DNA; in the latter case, genes of
mitochondrial proteins or proteins regulating the mitochondrial genome are affected.
Point mutations of the mtDNA show a maternal inheritance, and deletions are mainly
sporadic, but may also show maternal inheritance. Myopathies caused by nuclear
genome mutations show a Mendelian inheritance.

2. From the disorders of glycogenolysis, McArdle’s disease due to genetically
determined myophosphorylase deficiency is worth mentioning. The



myophosphorylase enzyme is extensively expressed in muscles, and it is responsible
for glycogen degradation.

3. Pompe disease belongs to the lysosomal storage diseases. Acid maltase (alpha-
glucosidase) deficiency of genetic origin leads to this disorder.

4. The lipid storage myopathy is a result of carnitine deficiency or carnitine
palmitoyltransferase (CPT) deficiency.

B.) Immunological etiology
Idiopathic inflammatory myopathies

Dermatomyositis, polymyositis and inclusion body myositis belong to this category.
In these disorders, pathological examination shows inflammation in the muscle.

Pathomechanism of dermatomyositis:

As a consequence of a humoral immune reaction, membrane attack complexes are
deposited in the vessel walls and the endothelium. This complex damages the vessel
wall, and necrosis of capillaries and eventually of the muscle occurs.

In polymyositis, CD8+ T lymphocytes and macrophages form endomysial
infiltrations.

Fig.3: Endomysial inflammatory cellular infiltration is seen among the muscle fibers.

Inclusion body myositis is a result of the defect of the nuclei of muscle cells, thus
intranuclear filamental structures (rimmed vacuoles) and endomysial lymphocyte
infiltration appears.

Myasthenia gravis

Myasthenia gravis is an autoimmune disease. In the 80-90% of cases, antibodies are
directed against the postsynaptic acethylcholine receptors (AChR) resulting in the
disturbance of neuromuscular transmission.

The antibodies are produced by myoid cells in the thymus, which are erroneously
expressing ACh receptors. In the remaining 10-20%, anti-AChR antibodies are not
detected in the serum of patients using standard diagnostic techniques. In these cases,
other types of antibodies may be present, antibodies directed against the muscle-
specific kinase (MuSK) being the most common.

Clinical symptoms of Lambert-Eaton syndrome are similar to those of myasthenia
gravis, but they can be easily differentiated with electrophysiological examination.
Lambert-Eaton syndrome is a classical paraneoplastic syndrome, most frequently
occurring in the presence of small cell lung cancer (SCLC).

C.) Endocrine etiology



Myopathy frequently occurs as a consequence of dysfunction of the thyroid- and
parathyroid glands, Cushing-disease and hypopituitarism. For further discussion of
endocrine myopathies, see section III/11 on the neurological consequences of internal
medicine diseases.

D.) Toxic etiology
Iatrogenic etiology

Many drugs, chemicals and toxins can be harmful to muscle cells and cause
myopathy. Toxic agents may cause muscle necrosis (e.g. ethanol), lysosomal
proliferation (chloroquine), inflammation (penicillamine), mitochondrial dysfunction
(zidovudine) or hypokalemia (diuretics).

Considering their clinical significance, some of the iatrogenic myopathies (e.g. muscle
lesion caused by steroids or statins) are discussed in more detail below.

Corticosteroid administration may lead to two types of muscle disorders:

Acute Quadriplegic Myopathy (AQM) and

Chronic steroid myopathy

In AQM, the thick filaments of the A bands disintegrate, and myosin monomers arise.
Despite this damage, sarcomers keep their integrity, which is an essential
circumstance for the recovery of the contractile function of the muscle (i.e. synthesis
of new myosin) after the pathogenic factor is removed. Recovery may be hastened
with a low-protein diet and cautious physiotherapy.

Chronic steroid myopathy may be caused by many metabolic disorders. Chronic
steroid myopathy is characterized by faster degradation and slower synthesis of
muscle fiber proteins. Furthermore, calcium uptake of the sarcoplasmic reticulum is
decreased and glycogen synthesis is increased. The cellular effects of glucocorticoids
are most likely exerted via steroid-receptors. A decrease in the number of steroid-
receptors has been described in the literature in denervated and inactive muscles. This
may explain why steroid myopathy is more likely to occur in inactive muscles.

In clinical practice, elevated serum creatine kinase (CK) levels are often seen during
statin therapy, but rarely rhabdomyolysis may also occur. The biochemical
background of this syndrome has not been elucidated yet. In genetically predisposed
individuals, elevation of coenzymeQ10 has been reported during statin therapy.

Summary

Myopathies show a heterogeneous etiology. Genetic defects and autoimmune
disorders are among the most common causes. The most common iatrogenic
myopathy in everyday practice is steroid myopathy. Toxic myopathies are primarily
caused by alcohol, cocaine and chloroquine.


