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MuUSCULAR DYSTROPHIES (term coined by Erb in 1891)unrelated hereditary, degenerative disorders
of dystrophin (DYSTROPHINOPATHIES or dystrophin-associated proteins

Muscular dystrophy hamVE ESSENTIAL CHARZTERISTICS

1. Genetic, i.e.heritable (even if there are no other cases in family).

2. ltis primary myopathy (as defined by clinical, histologic, and EMG criteria).

3. No histologic abnormlities other thamegeneration and regeneration of muscle fibers +
reaction to those changasf{ltration by fat and connective tissug; no abnormal storage of
metabolic products.

4. All (") symptoms are effects aftriated muscleweaknesgheart and viscat muscles may also
be involved).

5. Weakness become@sogressively worsg(i.e. not statid vs. congenital myopathies, metabolic
myopathies).

Two ADDITIONAL CHARACTERTICS(may be reversed in future):
1. We do not understand why muscles are wea&n where &cted gene product is known.
All muscular dystrophies might be reclassified eventually as metabolic myopathies on
biochemical defects are better defined.
2. No effective therapfpr any of dystrophies.

Features of three main types of muscular dystrophies

Duchenne Facioscapulohumeral Myotonic
Age at onset Childhood(< 5 yrs.) Adolescence (rarely | Adolescence or later
childhood) (rarely congenital)
Sex Male Either Either
Pseudohypertrophy |Common Never Never
Onset Pelvic girdle Shoulder girdle Distal limbs
Weakness of face Rare and mild Always Common
Rate of progression | Relatively rapid Slow Slow (variable)
Contractures and Common Rare Rare
deformity

Cardiac disorder Usually late None Common (conduction)
Inheritance X-linked recessive Dominant Dominant
Expressivity Full Variable Variable
Genetic heterogeneity | Duchenne and Becker None Proximal limb

allelic weakness

Genetic features of muscular dystrophies:

DISEASE INHERITANCE GENE MUTATION PROTEIN
X-linked MD
Duchenne/Becker XR Xp21 Dystrophin
EmeryDreifuss XR Xq28 Emerin
Limb -Girdle MD
LGMD 1A AD 502234 ?
LGMD 1B AD 191121 ?
LGMD 1C AD 3p25 Caveolin3
LGMD 2A AR 15915 Calpain3
LGMD 2B* AR 2p12 Dysferlin
LGMD 2C AR 13912 2-Sarcoglycan
LGMD 2D AR 17912 U-Sarcoglycan
LGMD 2E AR 4912 b-Sarcoglycan
LGMD 2F AR 5933 t-Sarcoglycan
LGMD 2G AR 17911 ?
LGMD 2H AR 9g31 ?

Congenital MD
With CNS involvement

Fukuyama CMD AR 993133 Fukutin
WalkerWarburg CMD AR 993133 ? Fukutin
Muscleeyebrain CMD AR 1 ?
Without CNS

involvement

Merosindeficient AR 6092 Laminin-2 (merosin)
classic type

Merosinpositive classi AR ? ?

type

Integrin-deficient CMD AR 12913 Integrin alpha?
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DISEASE INHERITANCE GENE MUTATION PROTEIN

Distal MD

Late-adultonset 1A AD 2p15 Dynactin

(Welander)

Late-adultonset 1B AD 2p ?

(Markesbery/Udd)

Early-adultonset 1A AR 9plql ?

(Nonaka)

Early-adultonset 1B AR 291214 Dysferlin

(Miyoshi)**

Early-adultonset 1C AD 14 ?

(Laing)

Other MD

Facioscapulohumeral AD 4935 ?

Oculopharyngeal AD 14911 Poly(A) binding protein
2

Myotonic dystrophy AD 19913 Myotonin-protein
kinase

Myotonic dystrophy AD 3q ?

type 2

Desmin storage (s. AD 1192123 U kcrystallin

Myofibrillar) myopathy 2435 Desmin

Bethlem myopathy AD 21922 Collagen VI

*probablysame condition as Miyoshi distal MD.

**p robably same condition as LGMD 2B.

DYSTROPHINOPATHIES I DUCHENNE, BECKER

DYSTROPHIN

PATHOPHYSIOLOGY

1 large (3685 amino acid, 4XDa) SUBSARCOLEMMAL CYTOSKELETAL PROTEIN with four distinct

domains.

T
T

I-beam shape ith cLoBULARdOMainsat each end amelobLIKE segmenin middle.
amino-terminal end binds to cytoplasmic actin filamentsarboxy-terminal end binds to

complex of proteins and glycoproteirgy/étrophirassociated proteingnddystrophirassociated
glycoproteins.

Dystrophin influences number distinct functiod#ferent gene transcripts (dystrophin isoforms) exist
1. MUSCLE DYSTROPHIN - on sarcolemma surface in skeletal, cardiac, smooth muscle fibers.
2. CORTICAL DYSTROPHIN - in hippocampus, amygdaldnalamus, hypothalamus, neocortex.
3. PURKINJE CELL ISOFORM - in cerebellum.

Subcomplexes of glycoprotein compl@mvolved with dystrophin in muscle support):

1) dystroglycan subcomplex U -dystfoglycans) functions as connecting axi®Y(STROPHIN-AXIS)
between extracellular matrixgminin) and subsarcolemma cytoskeletant{n).

2) sarcoglycan subcompleX U, -Barcoghycansyfixed to dystrophiraxis by lateral association;
mu t at ilimmggdleYnuscular dystrophies

3) syntrophin subcomplex( Ui, 2-fgntrophins)- binds to carboxyerminal domain of dystrophin.

f mutations inJ 2aminin Y congenital muscular dystrophymerosinis collective name for
l aminins that share common U2 chain.

Integrins - another group of transmembrane proteins that link esfitdar matrix to sarcolemma (i.e.
bind merosin to skeletal muscle).
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DystrophinFUNCTION - support to muscle membrane during contraction

Dystrophin deficiencwe ak ens sarcol emma i ¥ hi efixltuxacefl | walaa

of intracellular proteases and compl ement Y
there is also secondary reduction of other componeiigsimoglycan subcomplexn muscle
membrane (normal dystrophismrequired for assembly and integrity of DGC).

UTROPHIN

- dystrophin homolog.

1 confined toneuromuscular junction(vs. dystrophin found throughout sarcolemma).

1 binds to actin and most likely dystroglycan compléarmsuUTROPHIN-AXIS Similar to dystrghin-
axis.

GENETICS

Different mutations irDYSTROPHIN geneY  inked recessive dystrophinopathies:
Duchennemusculardystrophy (DMD)i absent dystrophin.
Becker muscular dystrophy (BMD)1 abnormal dystrophin.
Other milder dystrophinopathié¢different sites of mutation in dystrophin gene):
1) exercise intolerance associated with myalgias, muscle cramps, or myoglobinuria;
2) minimal limb-girdle weakness or quadriceps myopathy;
3) asymptomatic elevation of serum CK;
4) cardiomyopathy with only mild muselweakness;
5) fatal X-linked cardiomyopathy without muscle weakness.

DYSTROPHIN geneis at| Xp21.1| - nearly all patients are males
DYSTROPHIN geneis one of largest humangendsat | east 2.4 megabase
mutation rate.

1 DMD and BMD areallelic disorders caused by different mutations in same gene.
1 1/3 DMD cases are new mutations.
1T @& 20% new DMD c agenadal masaieismc aused by

= —a

Large mutation$ in 75% DMD and 87% BMD patients.
1T & 65% | ar g edekions(ddetion bresakpaits age at sites where recombination
events occur in healthy individuals).

1 largeduplicationsar e r &@%)e (a 5

Point mutationgnot readily detectablel)in 30% DMD and 15% BMD patients.

Frame-shifting mutations( most DMD pat i ent &inmolecule (mssing eatbexyg d
terminus, which does not bind adequately to dystrepksociated proteins at cell membrane)
Y neartotal loss of dystrophilY severe DMD phenotype

Non-frame-shifting mutationsY dystrophin mol ecul eminusit h pres
(semi funct i onnilter BMpHemoygehi n) Y

In-frame deletions(relationship between site of deletion and clinical syndrome):
in cysteinerich and carboxy er mi nus domains Y DMD phenot
I n proxi mal portion of motywe,domain Y very
in distal region Y BMD phenotype.

Rare exceptions from these rules:
i there areout-of-frame deletionsthat can result in DMD, BMD, or intermediate phenotype;
i there are situations with no correlation between degree of dystrophin deficiersgvanity
of phenotype.

PATHOLOGY

1) variation in fiber size (diameter) due to presence of both small and giant fibers, sometimes with
fiber splitting.

2) increased numbers ofternalized nuclei (beyond normal $%).

3) hypercontracted fibers (enlarged, roundedhyaline fibers that have lost their normal cross
striations); rare in BMD; result from segmental necrosis at another level, allowing calcium to ent
site of sarcolemma breakdown and trigger contraction of whole length of muscle fiber.

4) degeneration, necross, phagocytosiof muscle fibers.

5) regenerationof muscle fibergblue hue).

6) proliferation ofendomysial fatty connective tissuéin late stages, muscles become almost totally
replaced by fat and connective tissue).

both type 1 and type 2 fibers aneolved.
more severe phenotyp@nore necrotic, hypercontracted, and regenerating fibers.
sarcolemma defects are observed with electron microscopy.

= =4 A

Both atrophic and hypertrophic muscle fibers are seen; some fibers are dege(@eglirttonnective
tissue (c) beteen muscle fibers is increased:
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V.Kmn’s NoTtes MUSCULAR DYSTROPHIES Mus5 (4)

s e el )l
3 \ & .“fk‘ W Duchenne’s muscular dystrophy. Biopsy of calf mus-
) . % cle. There is an obvious focus of active necrosis containing occa-
Muscular dystrophy, pseudohypertrophic sional mononuclears, reduplicated sarcolemmal nuclei, and some
pattern. The histologic detail of an involved muscle docu- necrotic and necrotizing muscle fibers with internalization of sarco-
ments the extreme atrophy of some fibers with hypertrophy  |emmal nuclei. The surrounding, better-preserved fibers reveal

of other fibers. Strands of adipose tissue have appeared in  marked inequality of cross-sectional diameter with a slight interstitial
the atrophic muscle on the left. fibrosis.

Muscle biopsy in Duchenne muscular dystrophyseveral enlarged densely staining hyaline fibres
with numerous small necrotic fibres are present throughout; increased quantity of fibrous and adipo
connedive tissue (top left) muscular pseudohypertrophy noted clinically:

¥ Y W e

- - &= —y

EPIDEMIOLOGY

INCIDENCE for DMD - 1/ 3,500 male birthst{ost common neuromuscular disease of childjood
1 no geographic or ethnic variation.
1 for BMD - 1/ 20,000 male births.

PREVALENCE

DMD (prevalence is less than incidence because life span of patients is shart@:3ed) 00,000 or
1/18,000 males.

BMD i 2.4 /100,000

CLINICAL FEATURES

SKELETAL MUSCLES

\ Rapidly progressive proximal muscle weakesswith pseudohypertrophy* of calves|

* muscleinfiltration by fat (but in younger children it isue muscle fiber hypertrophy

i accuratecriteria established by Duchenne 1868
1) weakness, appearing first in lower extremities
2) wide-based gait and stanceith lordosis
3) subsequent hypertrophy of weakened muscles
4) loss of muscle contractility with electrical stimulation
5) intact sensation / bowel / bladder function
6) progressive, deteriorating course.
1 lower extremities> torso >upper extremities (arm weakness is not obvious without careful
examination!)
 proximal limbs > distal limbs | Pelvicgirdle!!!]
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neck flexors > extensors;

wrist extensors > flexors;

biceps and triceps > deltoid;

quadriceps > hamstrings;

tibialis anterior ad peronei > gastrocnemius, soleus, tibialis posterior.

1 next most common site of muscular hypertrophy (after calves) is tongue, followed by forearm
muscles.

1 bulbar & ocular musclesare spared.

1 tendon reflexesare gradually lost.

1 significant contracturesof iliotibial bands, hip flexors, and heel cords develop (in 70% by age 10
yrs) Y | imitewhkinhmgi p fl exion, toe

1 myalgias and muscle spasms do not occur.

1 reportedadverse reactions 8UCCINYLCHOLINE andHALOTHANE (marked CK elevation,
myoglobinuria + car@c arrest).

M YOCARDIUM

1 involved in 90% cases.

{ stable or only slowly progressivasymptomaticuntil late stage).

1 PATHOLOGY - cardiac muscle degeneration and myocardial fibrgpesticularly subendocardial in
posterobasal region and adjacent lateral ofdikft ventricle).

1 extent of cardiac involvement does not correlate with myopathy degree.

SMOOTH Gl MUSCLE

f fatty infiltration of smooth GI mubstutten. Y a

CNS

1 intellectual impairment occurs in all patients (only 2ZB0% have IQ < 70; average IQ is one
standard deviation below normal meam)nprogressive; affects verbal ability more than
performance.

N.B. IQs are lower than those of children with comparably disabling and chronicedisord
1 no consistent neuropathologic abnormalities are found.
1 no correlation with changes in dystrophin or affected gene.

CLINICAL COURSE

T
T

E ]

onset < 5 yrsriewborn is asymptomatic!); early motor milestones are met on time.
earliest problems(usually2-3 yrs) - developmental delays (esp. in walking and climbing; boys
probably never run normally), appearance of enlarged calf muscles.
Poor head control in infancy may be first sign of weakness!
age 36 yrs - waddling and lordotic gait;OWERS' sign
age 5 yrs- muscle weakness is obvious by muscle testing.
age 6 yrs- enlargement of calf, gluteal, latéxaastus, deltoid, infraspinatus muscles; weakness is
readily apparent; frequent falls.
strength of limbtorso muscles continues to decline steafldyn ages 6 though 11 yeartendon
reflexes decrease Y disappear).
i age 8 years difficulty in climbing sairs.
i age 10 years 50% patients haviest proximal (biceps, triceps, knee) reflexes.
ankle reflex- remains in 1/3 patients even in estdge disease!).
I joint contracturescommonly appedoetween 6 and 10 years
i decreased vital capacitgan be deteetafter age of 10
functional impairment mild until 8 years, then declines more rapidly oveext 2-3 yearsY
inability to walk after age 12
N.B. after ambulation is lost all muscles atrophy!
second decade progressive weaknessl&ky phoscol i osis Y decreasi
maxi mal pressures Y amgec Ma 20p a punomary tnfedtiomng. i o n
universally fatal!!!
i mean age of death is 20--8/9 years.
I respiratory failure (40%), cardiac complicatiqt€-40%)- congestive heart failure and
arrhythmias.
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