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CHAPTER 22 

Peripheral nerve dystroglycan: its function and potential role in 
the molecular pathogenesis of neuromuscular diseases 
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Introduction 

Dystrophin is a large cytoskeletal protein encoded by the Duchenne muscular dystrophy 
(DMD) gene [1,2]. In skeletal muscle, dystrophin exists in a large oligomeric complex 
tightly associated with several novel sarcolemmal proteins, including an extracellular gly- 
coprotein of 156 kDa (a-dystroglycan) and a transmembrane glycoprotein of SO kDa 
(adhalin) [3-81. The 156 kDa a-dystroglycan binds laminin, a major component of the 
basement membrane [7,9,10]. It is heavily glycosylated, two-thirds of its molecular mass 
being accounted for by sugar residues [7,9,10]. The glycoprotein-binding site exists in the 
cysteine-richIC-terminal domains of dystrophin [11,12]. Dystrophin also interacts with F- 
actin through the actin binding site(s) in the N-terminal domain [10,13-151. These findings 
indicate that the dystrophin-glycoprotein complex spans the sarcolemma to link the subsar- 
colemmal actin-cytoskeleton with laminin meshwork in the basement membrane in skeletal 
muscle [6,7,10,16]. 

Utrophin, an autosomal homologue of dystrophin, is localized exclusively to the neuro- 
muscular junction in adult skeletal muscle [17-191. Utrophin, which has the cysteine-rich/C- 
terminal domains highly homologous to those of dystrophin [17], is associated with sar- 

I colemmal proteins identical, or immunologically homologous to the dystrophin-associated 
proteins in the neuromuscular junction [19]. The recent demonstration that a-dystroglycan 

, binds the basement membrane component agrin, which mediates the clustering of acetyl- 
choline receptor in the neuromuscular junction, suggests that the utrophin-glycoprotein 
complex may play a role in peripheral synaptogenesis [20-231. 

Distal transcripts of the DMD gene have been identified and their protein products have 
been shown to be expressed differently from the full-size 400 kDa dystrophin [24,28]. A 
protein of 71 kDa called Dp71 (also called apo-dystrophin-1) is expressed in non-muscle 
tissues, such as brain and liver [24-271. A protein of 116 kDa called Dp116 (also called 
apo-dystrophin-2) is expressed in Schwann cells of peripheral nerve [28]. While physiologi- 
cal functions of these proteins remain unknown, the fact that both Dp71 and Dp116 share 
the cysteine-richIC-terminal domains of dystrophin, which are involved in the interaction 







nerve membranes were overlaid with laminin or merosin. The 120 kDa a-dystroglycan 
bound laminin and merosin in the presence of 1 mM CaCI2 and 1 mM MgC12 (Fig. 2) [30]. 
The binding of laminin and merosin was inhibited by the inclusion of 10 mM EDTA or 
EGTA in the overlay medium (Fig. 2) [301. Addition of 20 mM CaC12, but not 20 mM 
MgCI2, in the overlay medium containing 10 mM EDTA restored binding of laminin and 
merosin (Fig. 2) [30]. These results demonstrate Ca2+-dependency of binding of laminin and 
merosin. The binding of laminin and merosin was inhibited by the presence of 0.5 M NaCl 
or 1000-fold excess (wt/wt) of heparin in the overlay medium (Fig. 2) [30]. 

Discussion 

Together, our results indicate that a-dystroglycan is a novel merosin-binding protein in pe- 
ripheral nerve, most likely in the myelin sheath membrane. The size of a-dystroglycan var- 
ies among different tissues [7,9,10]. The molecular mass of peripheral nerve a-dystroglycan 
is comparable to that of brain form (120 kDa), and is smaller, by about 40 kDa, than that of 
striated muscle or lung form (156 kDa) [7,9,10,37]. This is presumed to be due to differ- 
ences in the posttranslational modification, such as glycosylation, of a-dystroglycan 
[7,9,10,29,30]. However, the binding activities of laminin and merosin to the 120 kDa a -  
dystroglycan are similar to the laminin-binding activities of the 156 kDa a-dystroglycan 
[10,30]. 

Recently, the specific reduction of merosin M chain was demonstrated in skeletal muscle 
of patents with Fukuyama-type congenital muscular dystophy (FCMD), a disease charac- 
terized by brain anomaly and muscular dystophy [38]. The abnormality in the expression of 
a-dystroglycan in the sarcolemma of FCMD patients implicates the disturbance of the inter- 
action between a-dystroglycan and merosin in the molecular pathogenesis of FCMD [39]. 
The M chain is also deficient in skeletal muscle and peripheral nerve of dy mice [40-421, 
which have muscular dystophy and peripheral nerve dysmyelination [40-421. Intriguingly, 
laminin is known to promote Schwann cell myelination [43,44]. Furthermore, the expres- 
sion of merosin is upregulated during development of peripheral nerve [31], and merosin is 
expressed in differentiated Schwann cell neoplasms, with the exception of 6 detectable in 
undifferentiated malignant Schwannomas [45]. These findings indicate that the expression 
of lamininlmerosin in the basement membrane is associated with Schwann cell differentia- 
tion and myelination. Taken together, our results raise intriguing possibilities that a -  
dystroglycan may be involved in the regulation of Schwann cell myelination and that the 
disturbance of the interaction between a-dystroglycan and merosin may play a role in the 
pathogenesis of peripheral neuropathy in dy mice. At present it is unknown if a- 
dystroglycan exists in a complex associated with Dp116, utrophin or other dystrophin- 
associated proteins, or if this putative complex is involved in signal transduction. Further 
research is currently underway in our laboratory to address these important questions. 

Finally, adhalin is deficient in the sarcolemma of patients with severe childhood autoso- 
ma1 recessive muscular dystophy with DMD-like phenotype (SCARMD) [46-511, and all 
the dystrophin-associated proteins, including adhalin, are greatly reduced in the sarcolemma 
of DMD patients [12,52]. These findings suggest that the deficiency of adhalin may be the 
common denominator leading to muscle cell necrosis in these diseases [16,46]. Interest- 
ingly, SCARMD patients never present with nervous system dysfunction which is found in 
a substantial percentage of DMD patients. Taking our results into consideration, one hy- 



pothesis to explain this phenotypic difference could be that adhalin is not expressed in the 
nervous system [8,29,53,54], and thus, its specific deficiency causes only muscular dys- 
function 
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