
Ravindra Singh, Ph.D.  

Department of Biomedical Sciences 
Iowa State University 
singhr@iastate.edu 

 

**** 

Antisense-Mediated Correction of Aberrant 

Splicing in a Model Genetic Disease of Children 

http://www.nature.com/nrn/journal/v2/n1/animation/nrn0101_043a_swf_MEDIA1.html


Spinal Muscular Atrophy (SMA) 

Autosomal recessive disease of children and infants 

Type I 

12 years 

Type II 

7 Years 

Type III 

3 Years 

Courtesy: Families of SMA (FSMA.ORG) 

A disease of lower motor neuron degeneration 

Second leading genetic cause of infant mortality  



SMA is a disease of low levels of Survival Motor Neuron (SMN) 



Low levels of SMN bodies (Gems) in nucleus of SMA fibroblasts 

SMN DAPI MERGE 

Normal 

Fibroblast 

SMA Patient 

Fibroblast 

Gems 

Hallmarks of disease 

Why do SMA patients have low levels of SMN? 



Two SMN Genes as inverted repeats on 5q11-q13 
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Spinal Muscular Atrophy (SMA) 

DSMN1 

Affects 1 in ~6,000 babies  

~1 in 40 people are carriers 

Three types of SMA 

Type I, II and III 

All types of SMA  

carry copies of SMN2 
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What causes skipping of SMN2 exon 7 ? 

(5´ss) 

(3´ss) 

EXON 7 EXON 8 
INTRON 6 

INTRON 7 

EXON 6 Pre-mRNA 
~6.0 kb ~0.5 kb 

54 bases 

(5´ss) 

(3´ss) 

C6U mutation in SMN2 

3 ss is relatively weak  

2002: Loss of ASF/SF2 motif 

2003: Gain of hnRNP A1 motif 

2008: hnRNP Q 

2010: Sam68 
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2008: Two hnRNP A1 motifs 

A100G mutation in SMN2 
2007: Gain of hnRNP A1 motif 
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2007: TSL2 

Element 2 

Weak 5 ss is also a problem 

A>G mutation 
completely 

restores Ex7 

inclusion 

Element 1 



ISS-N1 

Ex6 Ex7 Ex8 
Intron 7 

GUAAGUCUGCCAGCAUUAUGAAAGUGAAUCUUACUUUUGUAAAACUUUAUGGUUUGUGG 

N1D10-14 (lane 4) 

N1D15-19 (lane 5) 

N1D10-19 (lane 9) 

N1D20-24 (lane 6) 

N1D15-24 (lane 10) 

N1D25-29 (lane 7) 

N1D30-34 (lane 8) 

N1D20-29 (lane 11 

N1D25-34 (lane 12) 

N1D15-29 (lane 14) 

N1D20-34 (lane 15) 

N1D25-39 (lane 16) 

N1D10-34 (lane 18) 

N1D10-29 (lane 17) 

SMN2 (lane 3) 

ISS-N1: A novel intronic splicing silencer: 

deletion of ISS-N1 corrects splicing 
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Lane # 

% exon 7 skipped 
11 12 13 8 9 10 14 15 

NA 4 81 74 19 89 41 7 3 82 89 54 29 5 5 
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Singh et al (2006) Mol. Cell. Biol. 26, 1333-1346 

5´SS  



Effect of ISS-N1-targeting ASOs on SMN2 splicing in 

SMA Type I patient cells (GM cells) 
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GUAAGUCUGCCAGCAUUAUGAAAGUGAAUCUUACUUUUGUAAAACUUUAUGGUUUGUGG 

Anti-N1 Anti-N1+10 
Anti-N1+20 Anti-N1+30 

ISS-N1 

Ex6 Ex7 Ex8 
Intron 7 

Ex5 Ex4 Ex3 Ex2b Ex2a Ex1 

SMA Patient Fibroblast + - + + + + 
Normal Fibroblast - + - - - - 

5´SS  

Singh et al (2006) Mol. Cell. Biol. 26, 1333-1346 

US Patent # US 2007/0292408  



hnRNP A1 hnRNP A1 

guaagucugccagcauuaugaaagugaau Exon 7 

ISS-N1 5 splice site 

Singh et al., 2006 Hua et al., 2008/ ISIS Pharmaceuticals 



In vivo experiments on ISS-N1 as a target  



ICV delivery of antisense oligonucleotides 

Singh et al (2006) Mol. Cell. Biol. 26, 

1333 

In vivo experiments on ISS-N1 as a target  



In vivo experiments on ISS-N1 as a target  



In vivo experiments on ISS-N1 as a target  



How short an oligo can be for 

splicing correction? 



GC-rich sequence 
provides the target for the 
shortest stimulatory oligo 

Core of the 
antisense Target 

Shortest ASO to correct splicing in a patient cell line  
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guaagucugccagcauuaugaaagugaau Exon 7 
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Off-target effect of an ASO is the matter of size 

Singh NN et al., RNA Biology, 2009 July 14; 6 (3)  
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The 8-mer ASO restores high levels of SMN 

and other proteins in SMA patient cells 
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The stimulatory effect of a single low dose 

of the 8-mer ASO lasts for five days 
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The 8-mer ASO triggers subcellular reorganization 

characteristic of the healthy cells 

Singh NN et al., RNA Biology, 2009 July 14; 6 (3)  
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