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AON exon skipping 

Á Target genes: dystrophin / other disease modifiers 
 

Á ~ 70% of DMD boys have out of frame deletions in 
dystrophin gene 
 

Á AONs induce exon skipping and restore the reading 
frame in DMD boys with eligible deletions 
 

Á Skipping of particular exons corrects a series of different 
mutations 
- Skipping exon 51 corrects ~13% of all DMD deletions 
 
 
 



DMD exon skipping - therapeutic approach 

Deletion of exons 49-50 
results in an out-of-frame 
deletion in mRNA 

In this example,  AVI-4658 
skips exon 51 

Successful skip allows for 
subsequent transcription of 
in-frame mRNA 





Patient demographics and genotypes 
Cohort Subject  

No. 

Age Genotype GCS ACEi Doses 

received 

Cumulative 

dose  (mg) 

1                  101 10 Del  48-50 Y Y 12 186 

1 102 9 Del  45-50 Y N 12 171 

1 103 8 Del  49-50 Y N 12 218 

1 104* 8 Del  48-50 Y N 10 of 12 180 

2 105 6 Del  45-50 Y N 12 326 

2 106 6 Del  48-50 Y N 12 255 

3 201 13 Del  49-50 Y N 12 1113 

3 107 10 Del  49-50 Y N 12 924 

4 108* 10 Del  48-50 Y N 11 of 12 2801 

4 202** 10 Del  52 Y N* 7 864 

4 206 10 Del  45-50 Y N 12 1342 

5 109 6 Del  49-50 Y N 12 3036 

5 203 13 Del  47-50 Y N 12 6207 

5 204 13 Del  49-50 Y N 12 4866 

5 110 7 Del  48-50 Y N 12 2664 

6 205 10 Del  49-50 Y Y 12 10788 

6 111 10 Del  45-50 Y N 12 6982 

6 112 7 Del  45-50 Y N 12 5673 

6 207 10 Del  45-50 Y N 11 6710 

Å 219 doses administered 
 
Å 3 doses missed due to 
cannulation issues (*) 
 
Å One patient withdrawn due 
to DCM (**) 
 



7 patients had increased dystrophin expression 
when comparing pre- and post biopsies  

 
Exon skipping and dystrophin protein expression 
indicate a dose response: 

 
i. Minimal skipping and no detectable protein 

expression in cohorts 1 and 2 
 

ii. Skipping and no detectable protein expression in 
most patients in cohort 3 and 4, with the exception 
of one strong responder in cohort 3 
 

iii. Stronger skipping in all boys in cohorts 5 and 6, with 
clear protein expression in 3/4 patients in cohort 5 
and 3/4 patients in cohort 6. 



Low Dystrophin Protein Expression in 4 Cases 
(Low Responders)  

Case 109 [49-50]; 10mg/kg Case 207 [45-50]; 20mg/kg 

+     - +      - 

Control Muscle 

ug 10   5   3  

Normal muscle 

DMD muscle 

Post treatment 7% +ve fibres;  
13% intensity (+24%) 
 

Pre treatment: <5%  revertants 

Post treatment 6% +ve fibres;  
17% intensity (+87%) 
 

Pre treatment: <3%  revertants 



High Dystrophin protein expression in 3 cases 
(High Responders)  

Control Muscle 

Case 201 [49-50]; 2mg/kg Case 204 [49-50],  10mg/kg Case 205 [49-50];20mg/kg 

Maximal dystrophin level on western blot: 18% 

+   - 

+     - +        - 

Post treatment 

Pre treatment 
Pre treatment: < 1% revertants Pre treatment: <1% revertrants 

Post treatment 21% +ve fibres;  
19% intensity (+314%) 
 

Post treatment 15% +ve fibres;  
27% intensity (+198%) 
 

Post treatment 55% +ve fibres;  
19% intensity (+110%) 
 

Pre treatment: < 3% revertants 



Summary: AVI-4658 (eteplirsen) 

Á Well tolerated at all doses 
 

Á Exon skipping at ALL dose levels 
 

Á Increased dystrophin production in seven patients 
 

Á Dose-dependent reduction in the T Cell inflammation 
 

Á Boys stable during study period but longer duration 
required to show impact on clinical progression 
 



Muntoni and Wood (2011) Nature Reviews Drug Discovery 

Ongoing AON clinical trials 



AON EXON SKIPPING  
CURRENT LIMITATIONS 

ÁCurrent exon skipping AONs offer variable 
and limited efficacy 
 
 
 
 



AON EXON SKIPPING  
CURRENT LIMITATIONS 

ÁCurrent exon skipping AONs offer variable 
and limited efficacy 
 

ÁLack of targeted delivery to muscle 
 

ÁPoor delivery to heart and nervous system 



Name Sequence Abbreviation Length 

M23D 5ô-GGCCAAACCTCGGCTTACCTGAAAT-3ô PMO 25 

B peptide N- RXRRBRRXRRBRXB -C (RXRRBR)2XB 14 

Enhanced systemic delivery with peptide-AONs 

-GGCCAAACCTCGGCTTACCTGAAAT B peptide 

CPP domain AON domain 

Yin H, et al. (2008) Hum Mol Genet 
15:17(24):3909-3918 
 
Jearawiriyapaisarn N, et al. (2008) 
Mol Ther 16(9):1624-1629 
 
Wu, B, et al. (2008) Proc Natl Acad 
Sci U S A 105: 14814-14819 



-GGCCAAACCTCGGCTTACCTGAAAT B peptide 

CPP domain AO domain 

-GGCCAAACCTCGGCTTACCTGAAAT MSP - B peptide 

Targeting AON delivery to muscle 

ÅMuscle-specific peptide (MSP) ς ASSLNIA 
Å50-100 fold increased skeletal myocyte binding affinity 

Tissue-specific peptide domains 

Yin et al. (2010) Human Molecular Genetics 

Yin et al. (2011) Molecular Therapy 



Repeat dose B-MSP-PMO provides complete muscle 
dystrophin correction 

Yin et al. (2010) Molecular Therapy 

A. 6mg/kg IV injection 
B. 6 bi-weekly IV injections 

 



Pip series CPPs for AON delivery 



Ivanova et al. (2008) Nucleic Acids Research 

Yin et al. (2011) Molecular Therapy 

Pip series CPPs for AON delivery 



Pip5e-PMO has systemic and cardiac activity 

Yin et al. (2011) Molecular Therapy 



Pip5e-PMO has systemic and cardiac activity 

Yin et al. (2011) Molecular Therapy 



Heart correction 


