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Topic discussed  

 

Å AVI study 28 (skipping exon 51 with a morpholino antisense, AVI -4658)  

Å What do the results mean?  

Å What next for the development of AVI -4658 as a medicinal product  

 

Å Other activities of the MDEX consortium related to exon skipping  

 
 



MDEX Consortium and exon 51  

 

Å MDEX DOH initial funding in 2005  
ð Chose an optimal sequence 

ð Chose an optimal òbackboneó 

ð Assess safety and biochemical efficacy after administering the AO in a single muscle  

 

Å MDEX 2009 MRC funding  
ð Assess safety and biochemical efficacy of the same AO after repeated intravenous 

administrations  

 
 



 

2004  



Started December 2007;  
Completed December 2008  



 
MDEX trial, AVI 4658,  
morpholino AO against exon 51  
 
 
 
- Dose escalation study, 2 groups (0.09mg; 0.9 mg),  
- 7 patients, age 10 -17  
- EDB muscle injection (one saline, one AO)  
- Bilateral muscle biopsy after 3 weeks  
  
   



 Protein studies in high dose cohort  



2008  



Started in February 2009  
Finished in March 2010  



Å Design 
ðOpen label, multiple dose, dose - ranging study  
ð6 Dose cohorts: 0.5, 1, 2, 4, 10 and 20 mg/kg  
ð1 h IV, weekly x 12 weeks  
ðPre Tx biopsy  and post Tx biopsy (2 weeks after last dose at week 14)  

 

Å Study Population  
ð19 Ambulant DMD patients Ó 5 and Ò 15 years of age 
ðDMD deletion amenable to treatment via exon 51 skip  

 

Å Primary o utcomes 
ðsafety and tolerability;  

 

Å Secondary outcomes  
ðpharmacokinetic (urine/ blood)  
ðmolecular efficacy (dystrophin on muscle biopsy)  

 

Method: AVI - 4658 - 28 ( Morpholino  antisense)  



 



Results: safety  

Å AVI -4658 well tolerated by IV administration  

Å No adverse safety signal  

Å Maximum single dose of 900mg  

ÅMaximum cumulative dose of 10,813mg  

Å  

-1 patient in cohort 4 with worsening  

disease-related cardiomyopathy, withdrawn from 

treatment after 7 doses (stabilised on ACEi/ Ǿ-blocker)  

 



Results: Biochemical Efficacy  
 
 
All muscle biopsies perfectly preserved  
 
Exon skipping and dystrophin protein expression indicate a clear dose response  
with:  
 
i. Minimal skipping but 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 the 5 th  and 6th  cohorts, with clear  
    protein expression in 6/8 patients in cohort 5  and 6.  
     In two of these 6 patients protein expression was considerably higher  
 
 
All together 7 patients  had unequivocal increased dystrophin expression when 
comparing pre - and post biopsies  



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% revertrants 

Post treatment 6% +ve fibres;  

17% intensity (+87%) 

 

Pre treatment: <3% revertrants 



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 amount 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  

Å Well tolerated at all doses up to 20mgs/kg  
 - No drug related SAEs  
 

Å Demonstrated Exon skipping at ALL dose levels 
 

Å Increased Dystrophin production in seven (7) patients confirmed by:  
  - immunohistochemistry  
  - Western Blot  
 

 

What do these different techniques tell us?  



How to measure dystrophin production  

Å 1. Number of dystrophin positive fibres 
Å 2. Intensity of dystrophin in the dystrophin + fibres 
Å 3. Quantity of dystrophin from homogenate of muscle (western blot)  



Dystrophin  

Normal muscle  
100% fibres have 100% dystrophin  

DMD: Absent dystrophin 

occasional revertrant fibres can be present 



Reduced Dystrophin  

Manifesting DMD carrier:  

 

30% + fibres,  

variable % of dystrophin from ~ 10% 

 to ~ 70% 

BMD1: 100% + fibres  
 60% intensity  

BMD 2 : 70% + fibres  
 10-40% intensity  
 



Dystrophin on blot  
N N D D 



AVI -4658 study results and variability  



Dystrophin expression is variable  
following 2OME and PMO administration  

2OME 

Systemic delivery of morpholino oligonucleotide restores 

dystrophin expression bodywide and improves dystrophic 

pathology 

 
Alter J, Lou F, Rabinowitz A, Yin H, Rosenfeld J, Wilton S, Partridge TA, Lu Q.  

PMO 

2OME vs PMO  



Dystrophin expression is variable  
following 2OME and PMO administration  



How to reduce variability and 
increase dystrophin expression  

Å1. Longer duration of treatment  

Å2. Higher dosage   Ą study at Columbus  

Å3. Improved chemistry Ą MDEX studies  





MDEX , other studies  

03.2011 


