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Highlights on Spinocerebellar Ataxia 
Type 2 in the Pulst Laboratory 



What are SCAs? 

• Spinocerebellar Ataxias 

• Neurodegenerative Disorders 

• Affect primarily cerebellum 

• Often Purkinje cells 

• Autosomal dominant 



The SCA2 Gene 

• CAG Repeat codes for  
 glutamine (Q). 

Normal:  22Q 
Mutant: >32Q 

Ataxia Plus 
Slow saccadic eye movements 
More or less pure 
DOPA-responsive  PD 
ALS-like 

Pulst et al, Nature Genet 1996 



Prevalence rate in Eastern Cuba 
(per 100,000 people) 

Velazquez Perez et al. Neurosci. LeZ. 
454:157‐60; 2009. 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•  Caused by muta*on in the ATXN2 gene, encoding the protein “ataxin‐2” 
•  The nature of the muta*on is encoded CAG repeat expansion in exon 1  polyQ 
•  The normal gene has CAG repeat of structure interrupted by CAAs: 

•  The mutant ATXN2 has pure CAGs of lengths from 33 to >200 repeats 

•  The normal ataxin‐2 interacts with RNA binding proteins: 
 A2BP1/FOX1, PABP1, the ALS protein TDP‐43 

(CAG)8CAA(CAG)4CAA(CAG)8 

SCA2 

ATXN2: 152 kDa on gels 
144 kDa predicted, 1312 aa (published)            
126.8 kDa predicted, 1152 aa (based on my finding that transla*on starts further ds) 
Chr 12q14.1 

(CAG)n    Stablity is lost 



The mutated ataxin‐2 is characterized by gain‐of‐func*on or gain‐of‐toxicity 

Expanded polyQs gain protein interac*ons 
 ITP3R, glycolosis proteins… 

ATXN2 RNAs with expanded CAGs gain RBPs 

Moderate expansions (near normal)  
 with CAA interrup*ons 
 cause PD and ALS 

SCA2 

RNA structure changes RBP binding 



I 

II 
42 53 35 

22/22 
III 

22/39 
38 35 

22/22 
22/44 

21 

30 

21 
22/40 22/40 22/41 

23 29 
IV 

42 13 
22/43 
16 

5 16 
22/46 

9 
22/22 22/22 

22/52 

V 

Dynamic Mutation as the Cause of Anticipation 



Expanded (CAG)n repeat length 
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Cerebellum 



mGluR1 

CACNA1a (Cav2.1) 



Largest neurons in the brain 
200,000 parallel fiber synapses, excitatory, glutamatergic 
500 climbing fiber synapses, excitatory 
Output is to deep cerebellar nucleus and is inhibitory 

Purkinje Cells 



Models 

“I had an epiphany.” 



B6:D2 tg-Pcp2-cDNA(ATXN2Q58 ) 

Calbindin Staining 

Wt 

Tg 

Huynh et al Nat Genet 2000 



Functional Analysis 

Huynh et al Nat Genet 2000 



PC Firing is abnormal in SCA2 tg Mice. 

Red=Q128 
Black=wt 



Treatments 

“Discouraging data on the antidepressant” 



PIP2 
PLCβ


IP3  Ca2+ 

InsP3R 
RyR 

Ca2+ 

Ryanodine or 
Dantrolene 

Atax in‐2  ac*on on  Ca2+  movement   in  
cu l tured  pr imary  Purk in je  ce l l s   f rom ATXN2 

t ransgenic  mice  
DHPG 

N 

C 

mGLUR1 

Liu J et al J Neurosci   2009 





 Screening for compounds inhibi*ng luciferase 
 in collabora*on with the NIH Chemical Genomics Laboratory 

ATXN2‐promoter‐luciferase  



Real Time PCR 

ug ASO injected 

Clinical trials 

An*sense oligonucleo*des inhi*bing ATXN2 expression 
 Collabora*on with ISIS Pharmaceu*cals 






