
RNA and the Link to  
Motor Neuron Disease 

 
February 26, 2015 

Stephen J. Kolb, M.D., Ph.D. 
Department of Neurology 

Department of Molecular & Cellular Biochemistry 



“Final Common Pathway” 

Charles	  Sco,	  Sherrington	  1857-‐1952	  

“…to move things is all that mankind can do, for such the 
sole executant in muscle, whether in whispering a syllable 
or felling a forest.” 

   -‐	  Charles	  Sherrington,	  1924 



Gray’s Anatomy 



RNA processing is a Big Deal 

Human Transcriptome 
> 80,000 protein encoding transcripts 

Human Genome 
< 20,000 protein encoding transcripts 

Human Proteome 
250,000 – 1,000,000 distinct proteins 























P-bodies and Stress Granules 

Li et al. J. Cell Bio. 2013;201, 361 

-  Decapping and degradation of 
unwanted mRNAs 

-  Storing of mRNA until needed 
-  Involved in translational 

suppresion by miRNAs 
-  Involved in the transport of 

mRNAs in neurons in response to 
stimulation 



Axon length is 20,000 x soma diameter 



Gene Variants in ALS genes (Feb, 2015) 

Cirulli et al. Science 2015;Feb 19. aaa3650 



Ubiquitin-positive inclusions 

Dense anti-ubiquitin positive deposit “Skein-like” filamentous arrays 

Neuroscience Letters, 1988: 93:197-203 Scale bars = 5 µm 



TDP-43 inclusions in FTD and ALS 

Manuela Neumann et al. Science 2006;314:130-133 

ALS Ubiquitinated inclusions FTLD Ubiquitinated inclusions 



Mutations in TDP-43 result in FTD and ALS 

RNA Recognition Motif 
-  210 proteins known to have 

these domains 
 

Da Cruz et al. Curr. Opin. Neurobiol. 2011;21:904 

Prion-like domain: 
-  enriched in polar residues 

and glycin 
-  Confer “prionogenicity 

29 RNA binding 
proteins contain 

prion-like domains! 

King et al. Brain Res. 2012;1462:61 



FUS/TLS inclusions in FTD 

Mackenzie et al. Acta Neuropathol 2011;121, 207-218 

FTLD Ubiquitinated inclusions 



Mutations in FUS/TLS result in FTD and ALS 

Da Cruz et al. Curr. Opin. Neurobiol. 2011;21:904 



Link between RNA metabolism and Pathological 
Inclusions 

Ling et al. Neuron 2013;79:416 



Link between RNA metabolism and Pathological 
Inclusions 

Ling et al. Neuron 2013;79:416 



Clinical - Genetic Spectrum of ALS-FTD 

Acta Neuropathol, 2012: 124: 339-352 



Ling et al. Neuron 2013;79:416 

Another Link between FTD and ALS 



Why prion-like domains in  
RNA-binding proteins? 

Ramaswami et al. Cell 2013;154 



Collins et al. Acta Neuropathol 2012;124:717 

RNA - binding motif 45 accumulates with 
TDP-43 inclusions   



Why neurons? Why motor neurons? 

Ramaswami et al. Cell 2013;154 

Longevity of neurons allows 
accumulation of more damage 



Ramaswami et al. Cell 2013;154 

Why neurons? Why motor neurons? 

Higher amount of stored mRNA 
increases sensitivity to 

hyperaggregation  



Ramaswami et al. Cell 2013;154 

Connectivity of neurons causes 
systemic spread and functional 

failure 

Why neurons? Why motor neurons? 



Putative downstream consequences of  
aberrant RNP formation  

Cirulli et al. Science 2015;Feb 19. aaa3650 



The example of Spinal Muscular Atrophy 

Workman et al. Brain Res 2012;1462, 93 



The example of Spinal Muscular Atrophy 

Burghes and Beattie Nat. Rev. Neurosci. 2009;10, 597 Gabenella et al. PlosOne 2007;2, e921 

Reduced snRNP Assembly 



Another example of Molecular Convergence 

Sun et al. Nature Communication 2015;6:6171 



“Final Common Pathway?” 

Charles	  Sco,	  Sherrington	  1857-‐1952	  

-  How best to study RNA processing events 
in neurons and relevant non-neuronal 
cells? 

-  What is the molecular “tipping point” for 
neuronal death? 

-  Why is there a precipitous “spread” of 
neuronal death once the “tipping point” is 
realized? 
-  Multiple types of therapy? 

-  What type of biomarkers can we develop 
that are based upon RNA processing 
defects? 

-  What are the therapeutic targets? 

 
What is the molecular basis of motor neuron vulnerability? 



“Let us keep looking, in spite of everything. Let us 
keep searching. It is indeed the best method of 
finding, and perhaps thanks to our efforts, the 
verdict we will give such a patient tomorrow will not 
be the same we must give this man today.” 
 
 

           Charcot (1889) 
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