







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 12 April 2017



                    Antisense oligonucleotide therapy for spinocerebellar ataxia type 2

                    	Daniel R. Scoles1, 
	Pratap Meera2, 
	Matthew D. Schneider1, 
	Sharan Paul1, 
	Warunee Dansithong1, 
	Karla P. Figueroa1, 
	Gene Hung3, 
	Frank Rigo3, 
	C. Frank Bennett3, 
	Thomas S. Otis2Â nAff4 & 
	â€¦
	Stefan M. Pulst1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 544,Â pages 362â€“366 (2017)Cite this article
                    

                    
        
            	
                        18k Accesses

                    
	
                        238 Citations

                    
	
                            180 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Amyotrophic lateral sclerosis
	Drug development
	Neurodegeneration
	Neurodegenerative diseases
	Spinocerebellar ataxia


    


                
    
    

    
    

                
            


        
            Abstract
There are no disease-modifying treatments for adult human neurodegenerative diseases. Here we test RNA-targeted therapies1 in two mouse models of spinocerebellar ataxia type 2 (SCA2), an autosomal dominant polyglutamine disease2. Both models recreate the progressive adult-onset dysfunction and degeneration of a neuronal network that are seen in patients, including decreased firing frequency of cerebellar Purkinje cells and a decline in motor function3,4. We developed a potential therapy directed at the ATXN2 gene by screening 152 antisense oligonucleotides (ASOs). The most promising oligonucleotide, ASO7, downregulated ATXN2 mRNA and protein, which resulted in delayed onset of the SCA2 phenotype. After delivery by intracerebroventricular injection to ATXN2-Q127 mice, ASO7 localized to Purkinje cells, reduced cerebellar ATXN2 expression below 75% for more than 10 weeks without microglial activation, and reduced the levels of cerebellar ATXN2. Treatment of symptomatic mice with ASO7 improved motor function compared to saline-treated mice. ASO7 had a similar effect in the BAC-Q72 SCA2 mouse model, and in both mouse models it normalized protein levels of several SCA2-related proteins expressed in Purkinje cells, including Rgs8, Pcp2, Pcp4, Homer3, Cep76 and Fam107b. Notably, the firing frequency of Purkinje cells returned to normal even when treatment was initiated more than 12 weeks after the onset of the motor phenotype in BAC-Q72 mice. These findings support ASOs as a promising approach for treating some human neurodegenerative diseases.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Access Nature and 54 other Nature Portfolio journals
Get Nature+, our best-value online-access subscription
$29.99 /Â 30Â days
cancel any time

Learn more


Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: Effect of ASO7 on motor phenotypes.[image: ]


Figure 2: Cerebellar gene expression for ASO7-treated SCA2 mice following rotatod tests.[image: ]


Figure 3: Slow firing frequency of Purkinje cells from ATXN2-Q127 mice was restored by ASO7.[image: ]


Figure 4: Slow firing frequency of Purkinje cells from BAC-Q72 mice was restored by ASO7.[image: ]
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Extended data figures and tables

Extended Data Figure 1 In vitro screen for ATXN2 ASOs by qPCR.
A total of 152 ASOs were delivered at 4.5â€‰Î¼M to HepG2 cells by electroporation in two 384-well plates. ATXN2 expression was evaluated by qPCR (nâ€‰=â€‰3 wells per ASO). Shown is the evaluation of the eight best positive hit ASOs for half maximal inhibitory concentration (IC50) determination. Values are meanâ€‰Â±â€‰s.d. of ATXN2 quantity relative to total RNA. Cont., scrambled control ASO.


Extended Data Figure 2 Positive hit ASOs evaluated in vivo.
aâ€“c, 250â€‰Î¼g of the indicated ASOs in a total of 7 Î¼l was delivered by ICV injection. After 7 days treatment, the expression of mouse Atxn2 or human ATXN2 and Aif1 was determined by qPCR relative to Actb. a, Wild-type FVB mice. Whereas ASO7 reduced mouse Atxn2 the most by 50%, significant reduction of mouse Atxn2 was not indicated by ANOVA testing for any of ASOs. ASO8 significantly elevated Aif1 expression (Pâ€‰<â€‰0.05). b, BAC-Q72 mice. ATXN2 expression was significantly reduced by ASOs 1, 3 and 7 compared to saline (Pâ€‰<â€‰0.001, 0.01 and 0.01, respectively). Elevations of Aif1 was not observed compared to saline-treated mice. c, ATXN2-Q127 mice. Compared to saline treated mice, ASOs 1, 3, 7 and 8 all significantly lowered ATXN2 expression by 40% or greater (Pâ€‰<â€‰0.001), whereas ASOs 3 and 8 increased Aif1 expression (Pâ€‰<â€‰0.001). Values are meanâ€‰Â±â€‰s.d. relative to those determined from normal saline-treated mice. Statistical tests were ANOVA followed by the Bonferroni correction. Technical replication was inserted by employing qPCR with triplicate determinations, and biological replication was made by evaluating multiple mice and/or mouse lines. The number of mice (left-to-right in each chart) was as follows: a, nâ€‰=â€‰2, 2, 2, 3, 2, 2, 2, 2, 1; b, nâ€‰=â€‰2, 1, 1, 2, 2, 2, 1, 2; c, nâ€‰=â€‰2, 3, 1, 1, 1. d, e, ASOs localized to the cerebellar Purkinje cell layer of treated mice. Mice were treated by ICV injection into the right lateral ventricle of the indicated lead ASOs for 7 days in BAC-Q72 mice (ASO3 and ASO7 used at 250â€‰Î¼g) or 10 weeks in ATXN2-Q127 mice (ASO1 used at 200â€‰Î¼g). ASOs were localized in paraffin embedded sections by immunohistochemical peroxidase staining using an anti-ASO antibody. Saline, ATXN2-Q127 mice treated by ICV injection of 7 Î¼l saline for 10 weeks. d, 10Ã— objective. e, 3Ã— digital zoom of a region of the Purkinje cell layer in the corresponding 10Ã— image, indicated by the box. Scale bars, 100â€‰Î¼m (d), 25â€‰Î¼m (e). fâ€“i, Distribution of ASO7 in the cerebellum. f, ASO7 was distributed in Purkinje cell layers throughout the cerebellum (2Ã— objective). gâ€“i, Higher power images for regions indicated in f showed ASO7 localization in Purkinje cells across the cerebellum: g, 10Ã— objective; h, i, 40Ã— objective.


Extended Data Figure 3 Effects of ASO7 on ATXN2 expression in vivo by dose and time.
aâ€“c, Dose response for ASO7 on ATXN2 expression in BAC-Q72 mice treated with ASO7 by ICV injection for 14 days. a, Expression of cerebellar human ATXN2 and mouse Atxn2 determined by qPCR. The 210â€‰Î¼M dose reduced ATXN2 by 63.2% (Pâ€‰<â€‰0.01) and mouse Atxn2 by 44.5% (Pâ€‰<â€‰0.001) compared to the 0â€‰Î¼M dose. The statistical test used was ANOVA followed by the Bonferroni correction. b, Cerebellar Aif1 expression determined by qPCR demonstrated that Aif1 levels were not significantly altered by ASO7 treatment. c, Cerebellar Gfap expression determined by qPCR demonstrated that Gfap levels were not significantly altered by ASO7 treatment. aâ€“c, The replicate number of mice for the saline, 52â€‰Î¼g, 105â€‰Î¼g and 210â€‰Î¼g treatments was 3, 2, 3 and 3, respectively, and the values indicated are meanâ€‰Â±â€‰s.d. The experiment was performed once.

                          Source data
                        


Extended Data Figure 4 Weights of mice before and after rotarod testing.
a, Rotarod test of ATXN2-Q127 mice treated with a single ICV dose of 210â€‰Î¼g ASO7. b, Rotarod test of BAC-Q72 mice treated with a single ICV dose of 175â€‰Î¼g ASO7. Weeks of ASO treatments are indicated on the x axes. Mouse weights were unaffected by ASO7 treatment. Significant differences between weights of BAC-Q72 mice compared to wild-type littermates were observed (Pâ€‰<â€‰0.001 for any age group, Studentâ€™s t-test). The relevance of mouse weights on motor phenotype testing is discussed in the Supplementary Discussion.

                          Source data
                        


Extended Data Figure 5 ASO7 lowered expression of wild-type and mutant ATXN2 in cultured SCA2 patient-derived fibroblasts.
a, Patient-derived SCA2(CAG35) fibroblasts were transfected with the indicated quantities of ASO7. After 72â€‰h RNA was prepared and total ATXN2 expression was determined by qPCR. Values are meanâ€‰Â±â€‰s.d. of 3 technical replicates from single cultures. ATXN2 was reduced by 79% for the 2â€‰Î¼M dose compared to 0â€‰Î¼M (Pâ€‰<â€‰0.001, Studentâ€™s t-test). b, To determine ASO7 effect on the expression of non-mutant (CAG22) and mutant (CAG35) ATXN2, RTâ€“PCR reactions were evaluated by agarose gel electrophoresis, with loading controlled for by GAPDH. Both a and b were replicated once yielding nearly the same result.

                          Source data
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Neurodegeneration therapy
Ataxin-2 polyglutamine expansions increase the risk for amyotrophic lateral sclerosis (ALS) and cause spinocerebellar ataxia type 2 (SCA2), two neurodegenerative diseases without a cure. A pair of papers this week report therapeutic approaches towards reducing ataxin 2. Daniel Scoles et al. test antisense oligonucleotides (ASOs) against ataxin-2 in mice models of SCA2 that recreate progressive adult-onset dysfunction and degeneration of the neuronal network. The most promising therapeutic lead is ASO7, which downregulates ATXN2 mRNA and protein and delays the onset of SCA2 phenotypes. Moreover, treatment of symptomatic mice normalizes firing of cerebellar Purkinje cells and improves motor functioning. Nearly all ALS patients have toxic aggregates of the protein TDP-43 in the brain and spinal cord. Lowering ataxin-2 has been shown to suppress TDP-43 toxicity in yeast and flies, and, elsewhere in this issue, Lindsay Becker et al. show that lowering ataxin-2 in mice, genetically or with antisense oligonucleotides, reduces TDP-43 aggregation and toxicity, improves motor function and increases lifespan. Both papers suggest that antisense oligonucleotide-based therapeutic approaches could be used to tackle neurodegeneration.
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