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Introduction 
SCA2 is an autosomal dominant cerebellar ataxia 
characterized by progressive degeneration of the 
cerebellum and brain stem. SCA2 is caused by 
polyglutamine expansion in the SCA2 protein 
ataxin-2, causing gain-of-function. We 
hypothesize that reduction of ATXN2 expression 
will be therapeutic for SCA2, based on reversible 
phenotypes in polyQ models and lack of neuro-
degeneration in SCA2 knockout mice. 

Objectives 
To characterize the ATXN2 promoter to gain 
understanding on how to control its expression. 

Conclusions 
• ATXN2-luc expression mimicked predictions for 
endogenous ATXN2 (seen in Allen Brain Atlas), 
suggesting this ATXN2 fragment possesses 
promoter elements required for tissue-specific 
expression. 

• The ETS element in the ATXN2 promoter 
supports the majority of ATXN2 expression.   
• ETS1 may represent a therapeutic target for 
treating SCA2. 
• Since the majority of ATXN2 expression is 
supported by this small promoter region, ATXN2 
expression could be targeted by decoy 
oligonucleotides containing the ATXN2 ETS1 site 
and short flanking sequences. 
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ATXN2-luc reporter construct 
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after stop  

Similar to endogenous ATXN2, ATXN2-
luc is expressed in cerebellum (CB) 
and olfactory bulb (OB) 
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Deletions harboring an ETS element in the 
ATXN2 promoter between +87 to +109 most 
potently inhibit ATXN2-luc expression 
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ETS Element 
TTCTGCTTCCGTCTGACCCCTCCGACTTCCGGTAAAGAGTCCCTATCCGCACCTCCGC 

TTCTGCTTCCGTCTGA     CCGACTTCCGGTAAAGAGTCCCTATCCGCACCTCCGC 

TTCTGCTTCCG     CCCCTCCGACTTCCGGTAAAGAGTCCCTATCCGCACCTCCGC 

TTCTGCTTCCGTCTGACCCCT     TTCCGGTAAAGAGTCCCTATCCGCACCTCCGC 

TTCTGCTTCCGTCTGACCCCTCCGAC     GTAAAGAGTCCCTATCCGCACCTCCGC 

TTCTGCTTCCGTCTGACCCCTCCGACTTCCGGTAAA     CCTATCCGCACCTCCGC 

TTCTGCTTCCGTCTGACCCCTCCGACTTCCG     GAGTCCCTATCCGCACCTCCGC 

TTCTGCTTCCGTCTGACCCCTCCGACTTCCGGTAAAGAGTC     CCGCACCTCCGC 

5 bp deletions in ATXN2 reveal lowest 
expression with ETS core elimination 

* 58 bp ATXN2 promoter fragments placed between a 
75 bp minimal prolactin promoter and luciferase 

mCGA 
    D14 

5’-acccctccgacttccggtaaaga-3’ ATXN2 3’-TGGGGAGGCTGAAGGCCATTTCT-5’ 

5’-acccctccgactCGAggtaaaga-3’ 
3’-TGGGGAGGCTGAGCTCCATTTCT-5’ 

5’-acccctc--------------ga-3’ 
3’-TGGGGAG--------------CT-5’ 

+109  +87 ETS 

The ATXN2 ETS site CCGGAAGT is on the 
minus strand and has 100% match with the 
consensus for ETS1 binding. A 3 bp 
substitution reduced expression and 14 bp 
deletion abolished expression of ATXN2-luc 

ETS1 & ELF2 bind a 20 bp ATXN2 probe (WT 
in electromobility supershift assays ) 
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mCGA substitution in the ETS site prevents shift: 
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ETS1 activates ATXN2-luc (HEK293) 

Western blot showing 
increased endogenous ataxin-2 
with ETS1 overexpression 

Luciferase assay showing increased 
ATXN2-luc expression with ETS1 
overexpression, but not when the ETS1 
site was mutated 

Immunofluorescent labeling showed ETS1 overexpression 
increased endogenous ataxin-2 expression 
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Ataxin-2 perinuclear  
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Increased ataxin-2 
expression 

•  Ets1 in the Allen 
Brain Atlas shows 
high expression in 
Purkinje cells, 
suggesting  ETS1 
may support 
ATXN2 expression 
in this cell type. Ets1 in situ hybridization. 

Reproduced with permission of the Allen 
Mouse Brain Atlas [Internet]. Seattle (WA): 
Allen Institute for Brain Science. ©2009. 
Available from: http://mouse.brain-
map.org.  
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Control 

Luciferase assay showing expression of 
dominant negative ETS1 (aa 307-441) 
reduced ATXN2-luc expression 
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ETS1 activates endogenous ataxin-2 (HEK293) 
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