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Técnica biopsia 



Procesamiento 



Músculo normal 



Músculo normal 



Músculo normal 



Microscopia Electrónica 



Microscopia Electrónica 



Técnicas Histoquímicas 

S  Hematoxilina-eosina 

S  Tricrómico 

S  PAS 

S  Oil Red O 

S  ATPasas pH 9.4, 4.6 y 4.3 

S  Técnicas enzimas oxidativos: 

S      -DPNH 

S      -SDH (Succínico Deshidrogenasa) 

S      -COX (Citocromo oxidasa) 



ATPasa 4.3 

Tipo II: Contracción rápida 

   Ejercicio de fuerza  

  Glicolisis anaerobia           

          Ricas en glucógeno 

Tipo I: Contracción lenta, sostenida 

  Ejercicio de resistencia 

   Ac.grasos, ciclo Krebs   

     Ricas en lípidos y mitocondrias 

I 

II 

I 



Hematox
-eosina Pas 

Tricrómico Oil Red O Oil Red O 



ATPasa pH 4.6 



NADH COX 

SDH 



Impossible d'afficher l'image. Votre 
ordinateur manque peut-être de 
mémoire pour ouvrir l'image ou 
l'image est endommagée. Redémarrez 
l'ordinateur, puis ouvrez à nouveau le 
fichier. Si le x rouge est toujours 
affiché, vous devrez peut-être 
supprimer l'image avant de la 
réinsérer.

       Diagnóstico 



Estudio genético 

Sanger 

NGS (Next Generation Secuencing) 
Paneles, Exoma y Transcriptoma, Genoma 



MIOPATIAS 
Alteración en la  

Transmision neuroms 
MIASTENIA 

ATROFIA  
NEURÓGENA 

Unidad Motora 



Reinervación 

Atrofia neurógena 



Atrofia neurógena. SMA 



Atrofia neurógena 

HEMATOXILINA-EOSINA 



Atrofia neurógena 



ATPasa 9.4 

Atrofia neurógena 



Atrofia neurógena 

DPNH 



Atrofia neurógena 



Reinervación ATPasa 4.3 

Atrofia neurógena 



MIOPATIAS 
Alteración en la  

Transmision neuroms 
MIASTENIA 

ATROFIA  
NEURÓGENA 

Unidad Motora 



Miopatías 

S  Distrofias musculares 

S  Miopatías metabólicas 

S  Miopatías congénitas estructurales  

S  Miopatías inflamatorias (no infecciosas) 

S  Miopatías inflamatorias infecciosas 

S  Enfermedades endocrinas 

S  Tóxicos, tto corticoides y otros 

S  Neoplasias malignas 

S  Desuso 



Distrofias musculares 

Disorders of Voluntary Muscle. George Karpati; 2010 



Distrofias musculares 

S  Distrofinopatías (Duchenne y Becker…) 

S  Distrofias de cinturas 

S  Distrofias musculares congénitas 

S  Distrofia miotónica (Steinert) 

S  Distrofia facio-escapulo-humeral 

S  Distrofia oculo-faríngea 

S  Distrofia de Emery-Dreifuss 



Distrofias musculares: 
Distrofias de Cinturas 

Recessive 
  
  2A: Calpain-3 ;15q15 
  2B: Dysferlin; 2p13.1 
  2C: γ-Sarcoglycan; 13q12 
  2D: α-Sarcoglycan; 17q21 
  2E: β-Sarcoglycan; 4q12 
  2F: δ-Sarcoglycan; 5q33 
  2G: Telethonin; 17q12 
  2H: TRIM32; 9q33 
  2I (MDDGC5): FKRP; 19q13.3 
  2J: Titin; 2q24 
  2K (MDDGC1): POMT1; 9q34 
  2L: ANO5; 11p14 
  2M (MDDGC4): Fukutin; 9q31 
  2N (MDDGC2): POMT2; 14q24 
  2O (MDDGC3): POMGnT1; 1p32 
  2P (MDDGC7): DAG1; 3p21 
  2Q: Plectin 1f; 8q24 

Dominant 
  
  1A: Myotilin; 5q31; Dysarthria 
  1B: Lamin A/C; 1q21; + Cardiac 
  1C: Caveolin-3; 3p25; Child onset 
  1D: DNAJB6; 7q36 
  1E: Desmin; 2q35 
  1F: TNPO3; 7q32 
  1G: 4q21 
  1H: 3p23 



Distrofias musculares 
congénitas 

Muscle Biopsy: A Practical Approach, 4th Edition. Victor Dubowitz  



GRADO 1+ GRADO 2+ 

GRADO 3+ GRADO 4+ 

GRADO 1+ GRADO 2+ Grado 1 Grado 2 

Grado 3 Grado 4 

Alteración arquitectura 



Necrosis  



Inflamación, miofagocitosis 



Regeneración 



Variabilidad, partición 



Internalización nuclear 



Alteraciones estructurales 



Fibras lobuladas 

Calpainopatías-DC 2A 



Inflamación+Eosinófilos 

DC 2A – Calpainopatía 

Fase precoz 

1ª b 

1ª b 2ª b 



Anillos y masas sarcoplásmicas 

Disferlinopatías- DC2B 



Distrofias musculares 

S  Distrofinopatías (Duchenne y Becker…) 

S  Distrofias de cinturas 

S  Distrofias musculares congénitas 

S  Distrofia de Emery-Dreifuss 

S  Distrofia miotónica (Steinert) 

S  Distrofia facio-escapulo-humeral 

S  Distrofia oculo-faríngea 



Distrofias musculares 

S  Distrofinopatías (Duchenne y Becker…) 

S  Distrofias de cinturas 

S  Distrofias musculares congénitas 

S  Distrofia miotónica (Steinert) 

S  Distrofia facio-escapulo-humeral 

S  Distrofia oculo-faríngea 

S  Distrofia de Emery-Dreifuss 



Proteínas de membrana 
Inmunohistoquímica 

Distrofinopatías: 
S -Distrofina 

Distrofias de Cinturas   
S -Caveolina 
S -Sarcoglicanos α, β, γ, δ, 
S -Disferlina 
S Calpaína (WB) 

Distrofia muscular congénita 
S Merosina 
S Colágeno VI  
S Alfa-distroglicano 

Enf Emery-Dreifuss:  
S Emerina 

M. Miofibibrilares: Desmina, Miotilina 



LGMD2A
B-928

DYSTROPHIN α-SARCOGLYCAN α2-LAMININβ-SARCOGLYCAN γ-SARCOGLYCAN δ-SARCOGLYCAN DYSFERLIN TELETHONIN

LGMD2B
B-1125

LGMD2C
B-1067

LGMD2D
B-881

LGMD2E
B-939

LGMD2F
B-1273

LGMD2G
B-1099

LGMD2I
B-988

Figure 11.2. Immunohistochemical analysis for muscle proteins in patients with AR forms of LGMDs. Yellow square, primary deficient protein; blue square,
secondary deficient proteins.
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Figure 11.3a, b. (a) Example of multiplex
Western blotting for several muscle proteins;
(b) for telethonin.
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Inmunohistoquímica 



Proteínas de membrana 
Inmunohistoquímica 

Normal 

distrofina 



Espectrina-
Control 

Distrofina 

Distrofinopatía grave, 
enf. Duchenne 



Distrofinopatía leve, 
enf. Becker 

as in Turner syndrome, or they inherit two copies of a mutated
X-chromosome from one parent (uniparental disomy). There-
fore, cytogenetic analysis should be performed in girls with
classical Duchenne phenotype.

Molecular testing
Southern blotting has been the most conventional technique
used for the detection of deletions and duplications [193]. This
technique was subsequently replaced by multiplex polymerase
chain reaction (PCR) [194]. In this approach multiple exons
that are most frequently deleted are co-amplified; common
protocols use up to 18 exons located around mutation

hot spots and can detect between 90% and 98% of deletions
[195, 196].

Real-time PCR has been used to detect deletions and dupli-
cations in female carriers [197, 198].

New molecular methods combining hybridization and
PCR amplification of DNA fragments were adapted to effi-
ciently detect exon deletions and duplications in the DMD
gene, namely multiplex amplifiable probe hybridization
(MAPH) [199] and multiplex ligation-dependent probe amp-
lification (MLPA) [200].

In MAPH, exon-specific DNA probes are used that differ
in length but which all have an identical flanking sequence at

NH2 Cys COOH
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Figure 10.12. Dystrophin immunohisto-
chemistry of skeletal muscle from a 5-year-
old Duchenne boy stained with antibodies
that recognize the N-terminal dystrophin
domain (Dys-3, Novocastra), the rod domain
(Dys-1, Novocastra), and the C-terminal
domain (Dys-2, Novocastra). Absent dystro-
phin staining is seen with all antibodies,
except for a few “revertant” fibers in which
the open reading frame has been reconsti-
tuted. The upper panel shows a normal con-
trol for dystrophin staining with Dys-3.
Western blot analysis with polyclonal anti-
bodies shows complete absence of dystro-
phin staining in the patient’s lane, whereas
dystrophin staining is seen in the control
lane. The double dystrophin band in the
control lane is due to differential splicing at
the C-terminus of dystrophin. Original mag-
nification 140!.

Figure 10.13. Immunohistochemistry of
skeletal muscle of a patient with late-onset
Becker muscular dystrophy. Antibody label-
ing is as in Figure 10.12. Note the absence of
labeling to the rod domain, but the high-
intensity labeling with the N-terminal and
C-terminal antibody, suggesting an internal
deletion with preservation of the reading
frame. This was confirmed by subsequent
molecular analysis which showed a large
deletion spanning exon 14 to exon 41,
which equates to about 40% of the entire
protein. This is demonstrated in the Western
blot, which shows large amounts of a dys-
trophin molecule with significantly reduced
molecular weight. This truncated dystrophin
molecule must retain significant biological
activity, as the patient became symptomatic
only at age 47, and was still ambulatory at
age 64. Original magnification 350!.
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Disorders of Voluntary Muscle. George Karpati; 2010 



Distrofinopatía 
Portadora sintomática 

distrofina 



Estudio de proteínas por 
Western Blot 

S  Variaciones en el 
tamaño y 
cuantificación 

LGMD2A
B-928

DYSTROPHIN α-SARCOGLYCAN α2-LAMININβ-SARCOGLYCAN γ-SARCOGLYCAN δ-SARCOGLYCAN DYSFERLIN TELETHONIN

LGMD2B
B-1125

LGMD2C
B-1067

LGMD2D
B-881

LGMD2E
B-939

LGMD2F
B-1273

LGMD2G
B-1099

LGMD2I
B-988

Figure 11.2. Immunohistochemical analysis for muscle proteins in patients with AR forms of LGMDs. Yellow square, primary deficient protein; blue square,
secondary deficient proteins.
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Figure 11.3a, b. (a) Example of multiplex
Western blotting for several muscle proteins;
(b) for telethonin.
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Disorders of Voluntary Muscle. 
George Karpati; 2010 



Miopatías Miofibrilares 
 

Figure 25.1a–l. Histochemical and immuno-
cytochemical features of a myotilinopathy
specimen. Note accumulation of myotilin
(b), ubiquitin (c), desmin (e), αB-crystallin
(f ), gelsolin (i), and dystrophin (j), and sharply
circumscribed decreases of NADH dehydro-
genase enzyme activity (h) in fiber regions
that appear abnormal in serial trichrome
sections (a, d, and g). Serial sections for
gelsolin (i) and dystrophin (j) are not shown.
Intensely fluorescent congophilic deposits
are associated with many hyaline deposits
(k). Grouped atrophic fibers have increased
reactivity for nonspecific esterase (l). Bar in l
(also applies to a–j) and in k ¼ 50 μm. (From
[12], with permission.)

Chapter 25: Myofibrillar myopathies
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Figure 25.2. Normal Z-disks are replaced by stripes of dense material. The
myofibrils are out of register. Z, Z-disk. Bar ¼ 1 μm. (From [6], with permission.)

ba Figure 25.3a, b. Streaks of dense material
(arrows in b) and less-dense material are
interspersed with dappled small spots of
dense material (asterisks in a and b) of Z-disk
origin. Degraded material is accumulating in
small autophagic vacuoles (X in a). Bars¼ 1μm.
(From [12], with permission.)

Figure 25.4. Abnormal fiber region harbors material that had emanated from
Z-disks and a cluster of dislocated mitochondria (m). Bar ¼ 1 μm. (From [17],
with permission.)

a b Figure 25.5a, b. (a) Large hyaline struc-
tures observed by light microscopy consist
of compacted and fragmented filaments of
variable electron density. (b) A higher mag-
nification of region marked by asterisk in
(a) resolves filamentous profiles. Bar¼ 1μm.
(From [12], with permission.)
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Disorders of Voluntary Muscle. George Karpati; 2010 

mutation in filamin C were reported. These three German
families may have a common founder [21].

Muscle imaging
Recently, several investigators performed muscle imaging
studies in MFM patients (see Table 25.1) [8, 13, 14, 16, 19,
30, 31, 32]. There is a significant overlap between the magnetic
resonance imaging (MRI) findings in the different diseases.
Moreover, the MRI findings are a snapshot in time and depend
on the stage of the disease. In a recent report by Fischer and
coworkers [32] patients with desminopathy and the single
patient with an aB-crystallin mutation had no MRI evidence
for quadriceps involvement but our four desminopathy and
two aB-crystallinopathy patients exhibited mild to moderate
quadriceps muscle weakness and atrophy on clinical exami-
nation. Hence, we should be cautious in using MRI to diagnose
MFM, or a specific type of MFM, unless data accumulate on
many more patients in different stages of their disease as well
as in disease controls

Therapeutic and preventative approaches
No known measures mitigate the slow but relentless progression
of MFM. Corticosteroids have not been shown to be of benefit.
Physical therapy, consisting of passive exercises, orthoses,
and other supporting devices, is helpful in the more advanced
cases. Respiratory support consisting of continuous (CPAP)

Figure 25.6. Large autophagic vacuoles harbor myeloid structures and debris.
Bar¼ 1 μm. (From [6], with permission.)

Table 25.1. Muscle imaging in myofibrillar myopathy (MFM)

Muscles Desminopathy
[8, 30, 32]

αB-Crystallinopathy
[32]

Myotilinopathy
[13, 14, 16, 31, 32]

Zaspopathy
[19, 32]

Filaminopathy
[32]

Gluteus maximus þ þ þ þ

Sartorius þ þ þ

Gracilis þ þ

Iliopsoas þ

Rectus femoris

Vastus intermedius þ þ þ

Vastus medialis þ þ þ

Vastus lateralis þ þ

Adductor magnus þ þ þ þ

Semimembranosus þ þ þ þ

Semitendinosus þ þ þ

Biceps femoris þ þ þ þ

Soleus þ þ þ þ

Peroneal þ þ þ

Medial gastrocnemius þ þ þ þ

Tibialis anterior þ þ þ
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Miopatías 

S  Distrofias musculares 

S  Miopatías metabólicas 

S  Miopatías congénitas 

S  Miopatías inflamatorias (no infecciosas) 

S  Miopatías inflamatorias infecciosas 

S  Enfermedades endocrinas 

S  Tóxicos, tto corticoides y otros 

S  Neoplasias malignas 

S  Desuso 



Miopatías metabólicas 

S Glucogenosis 

S Miopatías mitocondriales 

S Miopatías lipídicas 



M.Metabólicas-
Glucogenosis 

S  Tipo II (Pompe) 

S  Tipo III 

S  Tipo IV 
(Amilopectinosis) 

S  Tipo V (McArdle) 

S  Tipo VII (Tarui) 



Miofosforilasa 

Glucogenosis tipo V, enf 
McArdle 

PAS 



M.Metabólicas-
Mitocondriales 

Fibras rojo-rasgadas 



SDH COX 

M.Mitocondrial 
Fibras Rojo-Rotas 

Occasional internal nuclei occur in normal muscle, and they
are common near myotendinous junctions, and care in inter-
pretation of such regions is needed. In some conditions the
nuclei may be central within the fiber, and in regenerating
fibers in longitudinal section they may form a chain down the
center of the fiber. In some conditions central nuclei are a
characteristic feature, for example myotubular and centronuc-
lear myopathies and CMD, where they are regularly spaced
down the fiber. Central nuclei also occur in central core disease
associated with defects in ryanodine receptor 1. In other situ-
ations, internal nuclei are scattered within the myofibrils. In
split fibers they often occur along the internal membrane;
some of these relate to nuclei of the capillary endothelial cells.

Necrosis, regeneration, and an increase in connective tissue
and adipose tissue are key features of dystrophic muscle
(Figure 5.2). Necrosis, however, is segmental and may
not always be apparent in the plane of section. The amount
of fibrous and adipose tissue is minimal in endomysial areas
of normal muscle but the width of perimysial bands varies
with age, and is wider in neonates than adults. In dystrophic
muscle the amount of connective tissue is variable and it
separates the individual fibers (Figure 5.2). A significant
amount may also be seen in other conditions; for example,
in central core disease, in which differential muscle involve-
ment is a feature. This may cause diagnostic confusion with
CMDs, where connective tissue is often particularly excessive
(Figure 5.2).

Necrotic fibers can be identified by their pale staining with
H&E and Gömöri trichrome, and may be associated with

phagocytes, and fibrosis (Figure 5.2). Their fiber type profile,
however, with regard to myosin isoforms is often retained.
Hypercontracted fibers stain intensely with most stains and
represent damaged or necrotic fibers, and are more common
in DMD and Becker muscular dystrophy (BMD). Regenerating
fibers are distinguished by their basophilia, but this only
represents the early stages of regeneration, and antibodies to
developmental myosins more accurately identify fibers at vary-
ing stages of maturity. Histochemically regenerating fibers
have a profile of type 2C fibers (see below), and at early stages
of maturity they are not innervated and therefore show extra-
junctional neuronal cell adhesion molecule (N-CAM). Baso-
philic fibers also have a high RNA and acid phosphatase
content, and show enhanced sarcolemmal, and sometimes
internal, labeling with antibodies to several proteins, including
desmin, vimentin, utrophin, caveolin-3, dysferlin, and major
histocompatibility complex class I (MHC-1); but they lack
neuronal nitric oxide synthase (nNOS) and β-spectrin may
be reduced. In addition, they may show enhanced labeling of
basal lamina proteins, probably resulting from duplication of
the basal lamina (i.e., that of the original fiber together with
that of the regenerating fiber).

Basophilia may also be seen in split fibers and non-
regenerating fibers. Granular fibers with abnormal mitochon-
dria also appear basophilic, and may appear red with the
modified Gömöri trichrome stain (see Figure 5.3). These are
often referred to as “ragged-red fibers.” They occur in some
mitochondrial disorders, and as an incidental feature in several
disorders, or as a consequence of aging.

a b

dc

Figure 5.3a–d. Muscle biopsy from a case
with a mitochondrial myopathy showing
(a) granular basophilic fibers (arrow) stained
with H&E, (b) ragged-red fibers with Gömöri
trichrome (arrow), (c) enhanced SDH activity
in ragged fibers (arrow), and (d) fibers
devoid of COX activity (*).

Section 2: Investigation of muscle disease
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COX-SDH 



Miopatia mitocondrial 



Miopatías 

S  Distrofias musculares 

S  Miopatías metabólicas 

S  Miopatías congénitas  

S  Miopatías inflamatorias (no infecciosas) 

S  Miopatías inflamatorias infecciosas 

S  Enfermedades endocrinas 

S  Tóxicos, tto corticoides y otros 

S  Neoplasias malignas 

S  Desuso 



Miopatías Congénitas 

S  1. M. nemalínica 

S  2. M. con cores 

S  3. M. Miotubular/centronuclear  

S  4. Desproporción congénita de 
tipos 



Nemalínica	
  



Nemalínica	
  



Cores	
  centrales	
  
SDH	
  y	
  COX	
  



Minicores	
  





Centronuclear/Miotubular	
  





NADH	
  



COX	
  



Desproporción	
  por	
  =pos	
  



ATPasa	
  9,4	
  



Miopatías 

S  Distrofias musculares 

S  Miopatías metabólicas 

S  Miopatías congénitas estructurales  

S  Miopatías inflamatorias (no infecciosas) 

S  Miopatías inflamatorias infecciosas 

S  Enfermedades endocrinas 

S  Tóxicos, tto corticoides y otros 

S  Neoplasias malignas 

S  Desuso 



Miopatías Inflamatorias 
Inmunes 

S  1a. Dermatomiositis: afectación cutánea, 
exantema heliotropo, lesiones Grotton, 
debilidad proximal, disfagia. 20% 
paraneoplásicas. 

S  1b. Polimiositis: Puede haber afectación 
sistémica/asociada a enf. tejido conectivo 

S  1c. Miositis con cuerpos de inclusión:  
mayores de 50, lentamente progresiva, distal 
manos y en cuádriceps.   

/ 



- Inflamación 

 predominante de linfocitos T y endomisial 

- Necrosis y regeneración de fibras 
musculares 

- Expresión de MHC-1 (HLA-ABC) en la 
superficie de las fibras  

    

Polimiositis 



CD45 

Inflamación 



CD 68 

Necrosis/Regeneración 



Normal Positivo 

MHC-1 (HLA-ABC) 



- Inflamación: Pred. de células B y T CD4 
perivascular/perimisial 

- Arteriolas perimisiales y capilares 
endomisiales: Depósito de inmunocomplejos 
y MAC.  

- Necrosis y regeneración 

- Expresión de MHC-1 (95%) Predominante 
perifascicular 

- Atrofia perifascicular 

Dermatomiositis 



DM- Inflamación 

CD-20 



DM-Atrofia perifascicular 



DM-Atrofia perifascicular 



DM 
IHQ MHC-1 



S  Inflamación: predominante células T y 
endomisial 

.  Necrosis y regeneración 

.  Expresión de MHC-1 

.  Vacuolas “tapizadas”. Inclusiones eosinófilas 

.  Otras: Infiltración conectivo-adiposa, fibras 
rojo-rasgadas, COX -, fibras atróficas 
anguladas: pseudodenervación 

.  ME: filamentos 15-18 nm 

 

Miositis Cuerpos de 
Inclusión (IBM) 



IBM- Vacuolas tapizadas 



Rojo C. 

Thioflavina 

IBM- Inclusiones eosinófilas 



IBM- MHC-1 



IBM-Alteraciones 
mitocondriales 



Miopatías 

S  Distrofias musculares 

S  Miopatías metabólicas 

S  Miopatías congénitas estructurales  

S  Miopatías inflamatorias (no infecciosas) 

S  Miopatías inflamatorias infecciosas 

S  Enfermedades endocrinas 

S  Tóxicos, tto corticoides y otros 

S  Neoplasias malignas 

S  Desuso 



 
Miopatía tóxica por 

estatinas 



 
Miopatía tóxica por 

estatinas 



Miopatías secundarias 

Atrofia selectiva de fibras tipo II 


