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dystroglycanopathies with brain 
and eye involvement 

• Walker-Warburg syndrome - WWS 

• muscle-eye-brain disease – MEB 

• Fukuyama congenital muscular dystrophy – 
FCMD 

• congenital muscular dystrophy (CMD) or 
limb-girdle muscular dystrophy (LGMD) with 
cognitive impairment 
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developmental neurobiology 

- normal brain development in five slides - 
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Developmental Neuropathology, ISN, 2004, p.35. 
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Myshrall et al., J Neuropathol Exp Neurol, 71:1047-1063 2012. 
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Beltran-Valero de Bernabe et al., 2002 

Brain malformations in WWS patients with 
POMT1 mutations 
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Developmental Neuropathology, ISN, 2004, p.45. 

Walker-Warburg syndrome cerebrum - 21 week fetus 

abnormal cerebral development 



JNEN 43:395-407, 1984 

Fukuyama CMD - cobblestone lissencephaly 
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Moore et al., Nature 418:422-425, 2002 
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basement membrane disruptions 
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Moore et al., Nature 418:422-425, 2002 
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Satz et al., J Neurosci 30:14560-14572, 2010.  
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Satz et al., J Neurosci 
30:14560-14572, 2010.  



Breaches of the 
basement membrane, 
disruptions of the 
positioning of radial 
glia endfeet, and 
migration of 
differentiating neurons 
into the leptomengeal 
heterotopia 

Myshrall et al., J 
Neuropathol Exp 
Neurol 71:1047-1063 
2012. 



cobblestone lissencephaly 

Myshrall et al., J Neuropathol Exp Neurol, 71:1047-1063 2012. drawing by Huy Nguyen 



cerebellar structure and development 

from Goldowitz and Hamre, 1998 



Development of the Nervous System,  
Sanes, Reh, and Harris, 2000 
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coincident glia limitans disruption and 
abnormalities of Bergmann glia processes 

in the absence of dystroglycan 

perlecan 
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Nguyen et al., Acta Neuropathol Comm 1:58, 2013. 
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Nguyen et al., Acta Neuropathol Comm 1:58, 2013. 
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cerebellar pathology in 
dystroglycanopathies 

Developmental Neuropathology, ISN, 2004, p.46. 

Walker-Warburg syndrome cerebellum 



drawing by Huy Nguyen 

• Basement membrane 
disruption occurs in 
both cerebrum and 
cerebellum. 

• Abnormal inside-out 
migration results in glial 
neuronal heterotopia 
filling the cerebral 
subarachnoid space. 

• Abnormal outside-in 
migration results in 
cerebellar granule cell 
heterotopia. 
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drawing by Huy Nguyen 
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neuronal dystroglycan and LTP 

drawing by Huy Nguyen 
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modified from Nature 
Reviews Neuroscience 
4:969, 2003 
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J Periph Nerv Syst 7:2, 2002 
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L4 ventral rootlet 

myodystrophic mouse = Largemyd mouse 



P0-DG null 
ventral spinal 

nerve rootlet is 
similar to Large 
mutant mice. 



peripheral nerve pathology in 
the absence of dystroglycan 
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drawing by Huy Nguyen 



pathology at nodes of Ranvier 
in the absence of dystroglycan 

immunostains by Rita Barresi 



Summary 

• Dystroglycanopathies are heterogeneous: varying 
degrees of muscle, brain, eye, and nerve 
involvement. 

• Pathology is largely due to reduced binding of α-
dystroglycan to basement membranes. 

• In brain, eye, and nerve, many of the 
abnormalities are developmental. 

• Additional abnormalities stem from the roles of α-
dystroglycan at synapses and nodes of Ranvier. 
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Wallace et al., Neuromuscular Disorders 24:312–320, 2014  



compound heterozygous POMT1 mutations 

 Asp723Glyfs*8 (relatively common mutation) 
 Pro653Leu (novel mutation) 

 Pro653 is highly conserved. 
 Each parent is a carrier of one mutation. 
 A third, unrelated patient was identified with the 

same two mutations.  She also has CMD with 
cognitive impairment and dystroglycanopathy on 
muscle biopsy. 

Wallace et al., Neuromuscular Disorders 24:312–320, 2014  



homozygous Asp723Glyfs*8 POMT1 mutations 

Walker-
Warburg 
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(WWS) 

Wallace et al., Neuromuscular Disorders 24:312–320, 2014  
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Chang et al., Prenat Diagn 
29: 560-569, 2009.   
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Puckett et al., Neuromusc Dis 19:352-356, 2009  

FKTN mutations can also cause 
mild childhood onset LGMD 



Severe hydrocephalus is common in nestin-Cre, but 
rare in GFAP-Cre/DG null mice possibly a result of 
an obliterated subarachnoid space in nestin-Cre. 
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Satz et al.,  
J Neurosci 30:14560-
14572, 2010.  
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