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演題：Dissecting the regulation of axon degeneration   

using transgenic mice and rats 
 

（ Dr Coleman は第 52 回日本神経化学会大会における ISN シンポジウムでの

講演のため来日されますが、学会の前に当センターでご講演いただけること

になりました。多数の御来聴をお願いいたします。） 

 
   The discovery of WldS mice profoundly altered understanding of axon 
degeneration.  First, it showed that lack of "nourishment" from cell bodies is not the reason 
why injured axons undergo rapid Wallerian degeneration.  Second, it allowed Waller's 
prediction of similar mechanisms in neurodegenerative disease to be confirmed.  Third, it 
opened the way to understanding what triggers, and regulates, axon degeneration.   
   Our recent data show that to protect injured axons in mice the WldS protein requires both 
its N-terminal 16 amino acids (N16), which bind valosin containing protein (VCP), and its 
intrinsic NAD+ synthesis activity.   Relative exclusion of WldS from nuclei unexpectedly 
strengthens its efficacy, indicating a non-nuclear site of action.  Although the N16-VCP 
interaction does not alter nuclear-cytoplasmic distribution, it does influence local targeting 
of WldS.  This suggests a mechanism in which NAD+ synthesis has to be targeted to a 
specific location to optimise its effect in vivo.    
  Regarding the trigger for Wallerian degeneration, we envisage that cell bodies have to 
supply wild-type axons continuously with one, or a few, key factors to block a default 
pathway of axon degeneration.  If the supply is interrupted by axonal injury, blocking 
axonal transport or blocking protein synthesis in the soma, the resulting degeneration is 
sensitive to WldS defining it as Wallerian-like.  Identifying these putative survival factor/s 
and understanding how WldS circumvents their interrupted supply are important next 
steps.   
  Transgenic WldS rats are contributing to both disease and mechanism studies. WldS delays 
axon degeneration in an induced glaucoma model but not apoptotic cell death in this model 
or in ventral root avulsion.  Several mRNAs expressed differentially between WldS and 
C57BL/6 mice are unaltered in WldS rats, making their involvement in axon protection 
unlikely. Emerging evidence of genomic divergence between WldS and C57BL/6 will also 
help design and interpret future gene expression studies. 
   Finally, our understanding of axon pathology is improving rapidly through transgenic 
approaches to image axons in vivo and the transport events inside them. Using YFP-H mice 
we found that axons in a mouse model of Alzheimer's disease fail to undergo Wallerian-like 
degeneration despite becoming severely dystrophic, suggesting neuronal metabolism and 
axonal transport can continue for months.  In other mice, homozygous for knockin of a 
human tauopathy mutation, we used MitoS transgene to reveal enhanced anterograde axonal 
transport of mitochondria.  Whether and how this contributes to tauopathy remains unclear 
but the prospect of promoting axonal transport in disorders where it is blocked offers an 
exciting route towards understanding and treating axonopathies.   
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