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Presentation Overview 
 

ÅDuchenne and Becker MD 
 

ÅHow genes work and ñMurphyôs Lawò 
 

ÅConcept of exon skipping  

Åstrategies for deletions, duplications, nonsense mutations, 

small insertion/deletions, splice defects 
 

ÅWhat mutations could respond and how well? 
 

ÅImproving exon skipping efficiencies 
 

ÅClinical trials 
 

ÅChallenges 



Genes: packets of genetic information 

When needed, a gene is switched 

 on and a gene message (mRNA) 

is made 

mRNA is translated into a protein 
(250,000 gene transcripts from 25,000 genes) 





The DMD gene: 79 exons across 2,400,000 letters  

The mature message 

~13,000 letters long 

Instructions make a protein (dystrophin) 

involved in muscle stability 
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Dystrophin gene:   Exo  Intron Exo  Intron Exon Intron 





Normal Dystrophin:  

a molecular shock absorber for muscle fibres  

Immunostaining normal muscle 
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Mouse mdx gene:   Exo  Intron Exo  Intron Exon Intron 



Duchenne MD: defective dystrophin 

nonsense or frame-shifting mutations.  

Immunostaining dystrophic muscle 



Diagnostic testing 

ÅDetect presence/reduction/absence of dystrophin 

ïimmunohistochemical staining 

 

 

 

 

 

 

ïWestern blotting 

 

 















Becker MD:  ñDysrophin or Dyshinò  

partially functional protein .. ends intact  

      Mild          Normal         Moderate 







Becker Muscular Dystrophy 

 

ÅRemain ambulant until 16 years or later 
 

ÅExperience difficulties 5-15 years 
 

ÅPartial inactivation of the dystrophin gene 

ïTypically in-frame deletions. 

ïMay be diagnosed late in life or by accident. 



Overview of Gene Expression  
 

1 Transcription:   Generating primary gene transcript 

ï Gene sequence A, C, G and T 

 

 

 



Overview of Gene Expression  
 

1 Transcription:   Generating primary gene transcript 

ï Gene sequence A, C, G and T 

 

 

 

2 Splicing: processing the pre-mRNA transcript, precise joining of the exons and  removal 

 

 

 

 

 

pre-mRNA 
 

 

 

                                            mature mRNA 



Overview of Gene Expression  
 

1 Transcription:   Generating primary gene transcript 

ï Gene sequence A, C, G and T 

 

 

 

2 Splicing: processing the pre-mRNA transcript, precise joining of the  and  removal

 

 

 

 

 

 

3 Transport and translation:  
 

     

pre-mRNA 
 

 

 

                                            mature mRNA 



DMD: Frame-shift Deletions 
 

1 Transcription:   Generating primary gene transcript 

ï Gene sequence A, C, G and T 

 

 

 

2 Splicing: processing the pre-mRNA transcript, precise joining of the  and  removal

 

 

 

 

 

 

3                   Loss of                        ñN ANDò 
 

     

pre-mRNA 
 

                                 

                                          mature mRNA 



BMD: In-frame Deletions 
 

1 Transcription:   Generating primary gene transcript 

ï Gene sequence A, C, G and T 

 

 

 

2 Splicing: processing the pre-mRNA transcript, precise joining of the  and  removal

 

 

 

 

 

 

3                Loss of                   RAN AND RAN AND RAN AND 
 

                                    

pre-mRNA 
 

                                 

                                          mature mRNA 



Concept of exon skipping 

ÅApply ñgenetic bandaidsò that interfere with 

dystrophin gene expression 
 

ÅIntroduce a (second) mistake during DMD gene 

transcript processing to make a BMD-like mRNA 
 

 

ÅCANNOT BE A CURE!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!  



pre-mRNA splicing 

Cartegni L., Wang J., Zhu Z., Zhang M. Q., Krainer A. R.; 2003. ESEfinder: a web resource to identify exonic  

splicing enhancers, Nucleic Acid Research, 2003, Vol. 31, No.13 3568-3571 



Block exon recognition/definition 

Cartegni L., Wang J., Zhu Z., Zhang M. Q., Krainer A. R.; 2003. ESEfinder: a web resource to identify exonic  

splicing enhancers, Nucleic Acid Research, 2003, Vol. 31, No.13 3568-3571 



Induced exon skipping 

Cartegni L., Wang J., Zhu Z., Zhang M. Q., Krainer A. R.; 2003. ESEfinder: a web resource to identify exonic  

splicing enhancers, Nucleic Acid Research, 2003, Vol. 31, No.13 3568-3571 



 

Two types of genetic bandaid 
2OMeAOs (Prosensa/GSK)     Morpholino AOs (MDEX/AVI) 
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Exon skipping:  
DMD deletion gene can make BMD mRNA 

 

 

 

 

 

 

 

 

 

 

     

pre-mRNA 
 

 

 

                                            mature mRNA 



DMD Duplication Mutation  
 

 

 

 

 

 

 

 
 

     

pre-mRNA 
 

 

                                            mature mRNA 
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Exon skipping & duplications more trimming 

 

 

 

 

 

 

  

    

pre-mRNA 
 

                                            mature mRNA 



DMD Nonsense mutation (And to End) 
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Exon skipping and Nonsense mutations 

 

     

E pre-mRNA 
 

 

 

                                            mature mRNA 



Mild/Asymptomatic BMD cases 

 

 

Exon Deletion Comments Reference 

 3-9 Playing competitive badminton at age 62 

years. 

Heald 94 

9-22 High CK, myalgia but well developed 

musculature and no evidence of muscle 

weakness 

Gospe 89 

17-48 Source of the dystrophin mini-gene used 

in gene replacement studies 

England,91 

35-44 Cramping after soccer or mountain 

climbing 

Koenig 89 

41-44 Elevated CK, otherwise asymptomatic Comi 94 

45-53 Diagnosed age 60 Bosone 

50-53 Elevated CK, otherwise asymptomatic  Comi 94 



Redundant domains 

 



Multi-exon skipping 

ÅAbility to treat clustered mutations 
 

ÅRequires fewer therapeutic cocktails 

ïfaster approval? 
 

ÅCommon dystrophin isoform  

ïsimilar turnover and dosage regimens??? 
 

ÅTechnically challenging 

 

 



Dystrophin expression : 6 weeks after injection of 

morpholino AO into TA of 11-day old mdx mouse 

4x 10x inset 

8% central  
nuclei  

22% central  
nuclei  

17    18     19       20       21        22        23        24       25         26       27    28       29     30       31       32   



dko mouse (dys/utr-/-) and Pep-morpholino* 

Untreated (9 weeks)                                                  Treated (out to 1 year) 

Aurelie Goyenvalle and Kay Davies, Oxford 



MDEX Clinical Trials  (PMO) 

 
 



MDEX Phase 1 Clinical Trial 



MDEX Phase 1 Clinical Trial 



Kindly supplied by Francesco Muntoni 



Individual dystrophin isoforms (del 51) 
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Exon 53 skipping 
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Will exon skipping help DMD mutations in 

functional domains ?? 
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Gene Knockdown/Induction of BMD-like Mice 

Å  Mapping dystrophin isoforms based upon exon boundaries 
 
 

In-frame                    Out of frame 


