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Abstrac t  Two sisters with muscular dystrophy of Becker- 
like clinical features presented. Muscle weakness was most 
prominent in the pelvic girdle, but in the elder sister the 
distal muscles of the lower extremities were also affected. 
The progression was different in the siblings: The older 
sister showed a more pronounced deterioration than the 
younger. The family history was negative in four genera- 
tions including their brother and youngest sister. Serum 
creatine kinase activities increased considerably. Elec- 
tromyogram and muscle biopsy specimens revealed myo- 
pathic changes characteristic of muscular dystrophy. 
Chromosomal analysis confirmed normal 46,XX kary- 
otype. DNA analysis with all cDNA probes spanning the 
entire dystrophin gene failed to reveal any intragenic dele- 
tion or duplication on southern blot. Immunohistochem- 
istry for dystrophin using monoclonal antibodies against 
the rod and C-terminal domains showed normal continu- 
ous staining at the sarcolemma of the muscle fibers in the 
biopsy specimens of both patients. The results practically 
exclude the possibility of Xp21 myopathy, and it seems 
reasonable to classify these patients as having autosomal 
recessive childhood muscular dystrophy. 
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trophies in girls. Previously, in girls with a negative fam- 
ily history it was almost impossible to make the distinc- 
tion between patients with autosomal recessive muscular 
dystrophy and symptomatic carriers of X-linked muscular 
dystrophy. Localization and mapping of the gene of X- 
linked dystrophy (Koenig et al. 1987; Kunkel et al. 1985, 
Monaco etal.  1985) and determination of its protein prod- 
uct (Hoffman et al. 1987) also open up a new prospect in 
the diagnostic procedures. In this study we present a fam- 
ily with two girls showing the syndrome of Becker-like 
dystrophy to demonstrate the diagnostic uncertainties and 
possibilities. 

Case reports 

Four generations of the family history were negative with 
regard to any inherited diseases, except the two sisters re- 
ported here (Fig. 1). Consanguinity between the parents 
was excluded. In addition to the girls in question they had 
one unaffected son and daughter. 

Introduct ion  

Until the past few years the classification of muscular dy- 
strophies was based on the characteristic clinical syn- 
dromes, and was refined in the light of creatine kinase (CK) 
activity, electromyography, and muscle histology (Walton 
and Gardner-Medwin 1981); however, doubts may arise, 
firstly in the existence of "limb girdle dystrophy" and sec- 
ondly, in the possibility of Duchenne or Becker-like dys- 
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Case 1 

The elder sister (Fig. 2) was referred to our muscle clinic 
at age 9 years for fatigue, abnormal changing of her pos- 
ture, and difficulties in walking. She was born at term af- 
ter normal pregnancy and delivery. She started to walk at 
9 months of  age, but she stood and walked on her tiptoes 
from the beginning. Neurologic examination demon- 
strated slight weakness in shoulder girdle and moderately 
severe weakness in lower limbs. The wasting was pro- 
nounced symmetrically in the pectoralis, biceps, triceps, 
brachioradialis, hip flexors and extensors, and quadriceps 
muscles, whereas deltoids, flexors and extensors of the 
wrist, hamstrings, and calf muscles were relatively pre- 
served. She had difficulties in running, standing up, and 
climbing stairs, and walked in a waddling motion with her 
feet turned downward. Hyperlordotic gait, positive Gow- 
ers' sign, slight atrophy of the left thigh, mild calf-muscle 
hypertrophy, and diminished tendon reflexes were noted. 
Her serum CK level was high (2485 U/l). She has shown 
further continuous progression. At the time of the last 
neurologic control, at 12 years of  age she needed consid- 
erable help to push herself to an upright position, her 
walking was very clumsy, she was unable to climb up- 
stairs, her posture became extremely deformed, and she 
could stand only with some support. Despite the signifi- 
cant deterioration even at the age of 12 years, she was not 
confined to a wheelchair, rendering a Becker-like dystro- 
phy. 
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Case 2 

The younger sister was first investigated at age 5 years. 
She was born after uncomplicated pregnancy and deliv- 
ery. The early milestones of  her mental and motor devel- 
opment were normal. No muscle weakness and wasting 
were found, but the serum CK activity increased signifi- 
cantly (4510 U/l). Three years later she complained of fa- 
tigue and difficulties in climbing stairs. The parents no- 
ticed toe-walking. Incipient atrophy in the biceps of the 
upper extremities and slight calf-muscle hypertrophy was 
observed, but the bulk of muscles were otherwise normal 
(Fig. 2). The flexion of arms and hips, and the dorsiflexion 
of feet, were mildly reduced. There was mild scapular wing- 
ing. Occasionally positive Gowers '  sign was revealed. 
Tendon reflexes were diminished, but the ankle jerks re- 
mained brisk. 

Special studies 

Genetic studies 

Chromosomal abnormalities were excluded, both girls had 
normal 46,XX karyotype, cDNA analysis for Duchenne 
gene was performed. Southern blots using all the cDNA 
probes spanning the entire dystrophin gene (Koenig et 
al. 1987; Walker et al. 1990) failed to reveal any intra- 
genic deletion or duplication. Serum CK activities of the 
affected and unaffected family members are shown in 
Table 1. 

Electromyography 

In the muscles of  the elder sister (case 1) a myopathic pat- 
tern was found with a few fibrillation potentials. In  the 
younger girl (case 2) slight focal myopathic changes were 
revealed with short polyphasic potentials, but no fibrilla- 
tion potentials. 

Muscle biopsies 

Muscle b iopsy  was obtained from the quadriceps muscle 
of both girls. Fresh frozen cryostat sections were stained 

Table 1 Serum creatine kinase (CK) activities in patients and 
their relatives 

Gender Age Clinical CK (U/I) a 
(years) affection 

Case 1 Female 9 
Case 2 Female 5 
Case 2 b Female 8 
Sister (unaffected) Female 6 
Brother (unaffected) Male 4 
Mother (unaffected) Female 28 

Yes 2485 
Yes 4510 
Yes 6465 
No 46 
No 41 
No 82 

Fig. 2 The affected sisters: case 1 (12 years old;/eft) and case 2 (at aNormal: 10-80 
age 8 years; right) bRepeated determination 
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with Hematoxylin and Eosin, modified G6m6ri trichrome, 
Sudan Black, PAS, NADH-TR, and myofibrillar ATPase 
preincubated at pH 9.4, 4.6, and 4.3 

In muscle specimens of the elder sister (case 1) the 
amount of  peri- and endomysial connective tissue in- 
creased considerably. There was great variation of fiber 
caliber with both rounded atrophic and markedly hyper- 
trophic fibers (Fig. 3). Necrotic fibers with slight phago- 
cytic invasions were also seen. Clusters of macrophages 
were present in the interfascicular septa. 

The histologic findings in the younger girl (case 2) 
were similar: There was much variation in fiber size with 
rounded atrophic fibers, necrotic fibers with phagocytosis, 
abundant perimysial connective tissue, and somewhat 
mononuclear infiltration in the perimysial tissue (Fig. 4). 

Fig.5 Immunohistochemical localization of dystrophin in the 
muscle of case 2 (younger sister; • 160) 

Immunohistochemistry for dystrophin using monoclonal 
antibodies (Novocastra Laboratories, UK) against the rod 
domain (DYS1) and C-terminal domain (DYS2) was per- 
formed. In the muscle specimens normal continuous stain- 
ing at the sarcolemma of muscle fibers was found (Fig. 5). 

Fig. 3 Muscle biopsy from the quadriceps of case 1 (elder sister). 
Marked increase of connective tissue, large variation of fiber cal- 
iber, split fiber, and necrotic fiber invaded by macrophages (H & E x 
200) 

Fig.4 Quadriceps muscle from case 2 (younger sister). Marked 
variation in fiber size, abundant interstitial tissue, and split fibers 
(H & E • 160) 

Discussion 

Muscle dystrophies presented here in the young sisters 
have given rise to the difficulties in making an exact diag- 
nosis. However, correct classification is essential for reli- 
able genetic counseling. There are two large categories: 
They may belong to X-linked muscular dystrophies or au- 
tosomal recessive limb-girdle dystrophy. Only the new re- 
sults of molecular genetics and immunohistochemistry 
brought about the possibility of classifying young female 
patients correctly. 

Regarding the first group, the girls may be manifesting 
carriers of Duchenne/Becker (DMD/BMD)-type dystro- 
phy. Uneven inactivation of X-chromosome in carriers for 
a DMD/BMD mutation may be the underlying mecha- 
nism for appearance of muscular dystrophy in female het- 
erozygotes (Ayme et al. 1979; Gomes et al. 1977; Moser 
and Emery 1974; Richards et al. 1990; Yoshioka 1981). 
Their variable clinical symptoms (frequently slowly pro- 
gressive proximal myopathy) manifest themselves mostly 
in the second or third decade of life (Moser and Emery 
1974). Sometimes it may appear as early as the first 10 
years of age (Ayme et al. 1979; Gomez et al. 1977; 
Richards et al. 1990). When a symptomatic carrier has 
an affected boy in the family the diagnosis is simple 
(Gomez et al. 1977), but in the absence of positive pedi- 
gree it may be doubtful. Analysis of DNA indicating dele- 
tion in the DMD gene of X-chromosome verifies the di- 
agnosis (Richards et al. 1990); however, point mutations 
may be overlooked, and consequently, negative cDNA 
probes do not exclude undoubtedly DMD/BMD mutation. 



When cDNA analysis fails to reveal deletion, dystrophin 
immunohistochemistry may support the detection of car- 
tier status both in manifesting and asymptomatic cases 
(Arahata et al. 1989 a; Bonilla et al. 1988). Mosaicism of 
fibers with dystrophin positivity and dystrophin deficiency 
proved to be indicative of carrier status for DMD/BMD 
gene, and the proportion of dystrophin-deficient fibers in 
symptomatic carriers was higher as compared with 
asymptomatic cases (Arahata et al. 1989b; Bonilla et al. 
1988). In a recent study three girls with a sporadic my- 
opathy of early onset were presented, none of whom had 
a verifiable deletion in the DMD/BMD gene, but in mus- 
cle specimens a mosaic of fibers with or without dys- 
trophin suggested the carrier state of X-linked dystrophy 
(Minetti et al. 1991). 

Balanced X-autosome translocations affecting the X- 
chromosome at the Xp21 locus were revealed in girls with 
characteristic clinical features of X-linked muscular dys- 
trophy (Boyd et al. 1986; Lindenbaum et al. 1979). 

The family history of sisters presented here was nega- 
tive with regard to muscle diseases. The cDNA probes in 
our patients failed to reveal any deletion in the X-chromo- 
some, and the immunohistochemical observations have 
shown dystrophin-positive fibers in the muscle specimens. 
Our patients had normal 46,XX karyotype, and there were 
no visible structural abnormalities in the chromosomes. 
Therefore, both karyotypic mosaicism and translocation 
between X-chromosome and an autosome could be ex- 
cluded. These findings ruled out any relevance of our pa- 
tients to X-linked dystrophies, despite the clinical pheno- 
type as well as laboratory and histologic findings similar 
to BMD. 

Some problems arise in distinguishing the autosomal 
recessive limb-girdle dystrophy from X-linked dystro- 
phies on clinical features. Families with affected members 
suggestive of Duchenne-type dystrophy, but inherited as 
an autosomal recessive trait, were presented previously 
(Hamida et al. 1983; McGuire et al. 1991; Norman et al. 
1989; Salih et al. 1983). There are a few clinical features 
supporting the differentiation: Slightly later appearance of 
clinical symptoms, lower serum CK activity, and the pedi- 
gree may indicate autosomal recessive dystrohpy. The 
histopathologic pictures may also have some differences. 
In our elder patient the first symptoms were noticed at a 
very early age of life. The rise in serum CK activities was 
considerable in both girls, and in the younger one it was 
highly increased as early as 5 years of age, when she was 
apparently free of any clinical symptoms. The histologic 
changes were also very prominent, but did not contribute 
to the differentiation. Consequently, only the new meth- 
ods, i.e., dystrophin identification and DNA analysis, 
proved to be adequately sensitive in these girls to verify 
the tpye of their muscular dystrophy as an autosomal re- 
cessive form. In the latter group we could not exclude the 
possibility of a newly discovered type of severe childhood 
autosomal recessive muscular dystrophy (SCARMD) due 
to the specific deficiency of the 50 Kd dystrophin-related 
glycoprotein in the muscle, which would need a special 
immunohistochemical analysis (Matsumura et al. 1992). 
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These types of autosomal recessive muscular dystro- 
phies frequently fall under the term limb-girdle muscular 
dystrophy. However, this form of dystrophy is under exten- 
sive discussion, because it may cover a heterogenic group 
of proximal myopathies. In our cases the symptoms were 
predominantly proximal, although the elder girl had her 
distal muscles of the lower extremities affected. Her clin- 
ical phenotype seemed more like DMD/BMD. In our 
opinion, it seems reasonable to consider autosomal reces- 
sive childhood muscular dystrophy. The exact classifica- 
tion, first of all the differentiation between manifesting 
DMD/BMD carriers and young female patients with auto- 
somal recessive inheritance, has practical impact on ge- 
netic counseling. Symptomatic women with autosomal re- 
cessive trait of inheritance have a much lower chance of 
delivering an affected offspring compared with the risk of 
50% for a carrier of X-linked dystrophy. 
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