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Spinocerebellar Ataxia Type 2 (SCA2) 

•  SCA2 is a polyglutamine disorder caused by 
ATXN2 mutaGon. 

•  Gait ataxia, frontal execuGve dysfuncGon, slow 
saccades, and parkinsonism. 

•  Age of onset is characterized by anGcipaGon 
where CAG22‐23 is normal and CAG>32 causes 
disease. 

•  Characterized by Purkinje cell death. 
•  Gain of normal funcGon (Duvick et al., Neuron 
2010). 



AnGcipaGon 

Pulst et al. Brain 2005 



Ataxin 2 regulates mRNA, Ca2+ 
movement and endocytosis 

A2BP1/Fox 1    Shibata et al., HMG 9:1303‐13; 2000 
PABP1       Nonhoff et al., PNAS 98:4409‐13; 2001 

DDX6        Nonhoff et al., MBC 18:1385‐96; 2007 
TDP‐43       Elden et al., Nature 466:1069‐75; 2010 

Endophilins     Nonis et al., Cell Signal 20:1725‐39; 2009 

IP3R         Liu et al., J Neurosci 29:9148‐62;2009 

RNA Binding Proteins 

Endocytosis and EGFR Func7on 

Calcium Movement 



•  SCA2 phenotype is worse in paGents homozygous for the 
disease allele (Ragothaman and Muthane, 2008). 

•  SCA2 phenotype is worse in homozygous vs heterozygous 
ATXN2 transgenic mice (Huynh et al., 2000). 

•  ATXN2 knockout mice are obese (Kiehl et al., 2006; Huynh et 
al., 2009). 

•  Reversibility of SCA1&3 transgenic mouse phenotype (Zu et al., 
2004; Boy et al., 2009). 

•  shRNA injecGon in brains of ATXN1 mouse improved phenotype 
(Xia et al., 2004). 

Hypothesis 
ReducGon of ataxin‐2 expression or mRNA 
stability provides a therapeuGc avenue for SCA2. 



Mouse Models 



Rotorod performance for SCA2 
Q58 transgenic mice 

Huynh et al., Nature Gene/cs  26, 44 ‐ 50 (2000) 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Rotorod analysis used to measure dantroline 
effect on SCA2 Q58 transgenic mice 

N=9‐12 mice per group 
0 to 40 rpm over 200 s 
Fed 5 mg/kg dantrolene orally twice/wk 

Liu et al., J. Neurosci 29,2009. 
Ilya Bezprozvanny 

PCP2 promoter 



Western Blo@ng 

An7‐Luciferase 

pGL2‐ATXN2‐Luc 

1062 162 1695 598 414 bp 

ATXN2‐Luciferase Expression Construct 

715 amino acids 
Ataxin2‐Luc Fusion Protein 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ATXN2 IntersGGal Promoter DeleGons 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DeleGon of an ETS family transcripGon factor 
binding site reduced ATXN2‐luc expression  

mCGA 
    d14 

...ctccgactCGAggtaaagag... 

...ctc--------------gag... 

...ctccgacttccggtaaagag... ATXN2 
100% match for an ETS family 
transcrip7on factor element located 
on the ATXN2 nega7ve strand: 

5’‐CCGGAAGT‐3’ 

+96          +103  

Control  no   mCGA  d14 
               del 

HEK293 cells  SH‐SY5Y cells 

Control  no   mCGA   d14 
               del 

Firefly luc RLU 

Renilla luc RLU 

Firefly luc RLU 

Renilla luc RLU 



EMSA supershij assays verified interacGons with 
ETS family transcripGon factors ELF‐2 and ETS‐1 

ETS1 ELF2 

Shi^ 

6% NaGve gel  
SH‐SY5Y protein lysate 

An7body 

Other things  
bind this probe Labeled  ds oligo 

Protein  
complex 

Supershi^ 

An7body  None 



OVER‐ESPRESSION OF ETS1 OR ELF2 REDUCES ATXN2‐LUC EXPRESSION 

UNDER‐EXPRESSION OF ELF2 INCREASES ATXN2‐LUC EXPRESSION  HYPOTHESIS: 

ETS factors inhibit 
ATXN2 expression by 
prevenGng other 
factors from binding 
this very same element 
to turn up ATXN2‐luc 
expression.   



gacccctccgacttccggtaaagagtccctatccgca

ETSF (‐) 
DICE (‐) 

FKHD 
GATA (‐) 
HOMF 

STAT 

ROI 

STAT (‐) 

MS 

5’-ccgtctgacccctccgactcgaggtaaagagtccc-3’ Primer MutR1 

5’-ccgtctgacccctc--------------gagtccctatccgc-3’ Primer MutR2 

MOKF 

Ets Core     TTCC

Site of CGA mutaGon 

Caps = Core Sequence, the four highest conserved consecuGve posiGons 
Red = Ci vector (consensus index vector) > 60, ranges from 0‐100 
MS = Matrix similarity.  Good match > 0.8, perfect match = 1.0 

MaGnspector Analysis 



December 21, 2001 The Journal of Biological 
Chemistry, 276, 48502‐48509.  



ATXN2 

ETV5 



ATXN2‐luc expression in mice 

Line 75 



Line 75 

TLR4 in olfactory bulb 
Brain 2009 132:940 

Line 75 

ATXN2 expression in sensory – like Gssues 



ATXN2‐luc expression in mice 

Overlay  Transparent 
   Overlay 

Highly 
Contrasted 



ATXN2 in olfactory bulb 

From Allen Atlas 

Odorants in the nasal mucosa are detected by 
sensory neurons that provide input to mitral 
cells in the olfactory bulb.  Mitral cells project 
into the hypothalamus where they might 
influence the homeostaGc regulator of the 
hypothalamus effecGng food intake and the 
reward calculator. 



ATXN2‐luc expression in excised Gssues  

Real Time PCR 

6x106  

photons/s/cm2  

Line 75 

Luciferase 
Mouse Atxn2 

(% rela7ve to brain) 



Compound Screen 



Quality of signal computaGons 

Measure of dynamic range 
Z’‐Factor =  1‐[(3(σexp+σcont))/|µexp‐µcont|] 
Z’‐Factor = 0.8 

384 well plate 



ConducGng the screen 



Corrected RLU Scores 

Plate 1 

Plate 197 



Compound Screen 



3’‐UTR 



PosiGve readout system 

Mark Stevenson Oxford   J RNAi Gene Silencing. 2009 Jun 12;5(1):331‐8. 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3’UTR 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Promoter 

ATXN2 
3’UTR 

ATXN2 
Promoter 

ATXN2 
3’UTR 

EGFP 

EGFP 

EGFP 

GFP 

GFP 



HEK293 cells transiently transfected 
with pOPRSVI‐luc+  

ATXN2 PosiGve readout system 



ATXN2 3’‐UTR DeleGons 

Firefly luc RLU 

Renilla luc RLU 

HEK293 cells 

0    0.1   0.2   0.3   0.4   0.5   0.6   0.7   0.8 

SH‐SY5Y cells 



Summary & Conclusions 

•    New reporter system for studying ATXN2 
 expression control. 

•    Inhibitory elements likely exist to control 
 ATXN2 expression. 

•    We iden7fied a cri7cal region in ATXN2 where 
 ETS factors act. 

•    ATXN2‐luc was highly expressed in cerebellum. 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