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Dystrofia mięśniowa 

Muscular dystrophy  
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Duchenne muscular dystrophy 
Progressive muscle weakness, more proximal 

Onset between 2-4 years of age  

>95% in wheelchair by 12 years of age  

Death between 15-25 years of age  

Variable mental retardation  

Frequent cardiac involvement  

Orthopaedic deformities 

Calf hypertrophy  

High creatine phosphokinase concentrations  

Dystrophin deficiency in muscle 

Hereditary,  

X-linked disease  

Gene Xp21 mutations 

In 1861, Duchenne described his first case of the dystrophy 

that now bears his name, under the title, Paraplégie 

hypertrophique de l'enfance de cause cerébrale. Because of the 

intellectual impairment in the affected boys, Duchenne initially 

thought the condition was cerebral in origin.  
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Duchenne & Becker muscular dystrophy 

Duchenne dystrophy: 1:3500 newborn males  

 

X - linked;  

The largest gene described in humans (~1% of X chromosome),  

extending over 2300 kb and comprising 79 exons 

 

- The size of the gene (2.4 Mb) and mRNA (14 kb) is a serious problem 

 

 

- in 65% patients the molecular abnormality involves exon deletions 

Becker dystrophy: 7-10 times less frequent that Duchenne 
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Structure of contractile unit – role of dystrophin 
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Approaches to treat Duchenne muscular dystrophy 

1. stop-codon read-through:  

 1.1. gentamycin (binds to 40S ribosome subunit) 

 1.2. ataluren PTC124) (binds to 60S subunit)  

2. Exon skipping  

 

3. Modification of DMD gene with meganuclease or zinc finger nucleases 

 

4. Utrophin overexpression/restoration 

 

5. Myostatin inhibition   

 

6. Gene therapy with dystrophin gene 

 6.1. plasmid 

 6.2. lentivirus  

 6.3. AAV  

7. Cell transplantation 



Phase I study of dystrophin plasmid-based gene therapy in 

Duchenne/Becker muscular dystrophy. 

Hum Gene Ther. 2004 Nov;15(11):1065-76 
 

Romero NB, Braun S, Benveniste O, Leturcq F, Hogrel JY, Morris GE, Barois A, Eymard B, Payan C, Ortega 

V, Boch AL, Lejean L, Thioudellet C, Mourot B, Escot C, Choquel A, Recan D, Kaplan JC, Dickson G, 

Klatzmann D, Molinier-Frenckel V, Guillet JG, Squiban P, Herson S, Fardeau M. 

 

Institut de Myologie, INSERM U582, CHU Pitie-Salpetriere, 75013 Paris, France. 

 

Nine patients with Duchenne or Becker muscular dystrophy were injected via the 

radialis muscle with a full-length human dystrophin plasmid, either once with 200 or 

600 microg of DNA or twice, 2 weeks apart, with 600 microg of DNA. In the biopsies 

taken 3 weeks after the initial injection, the vector was detected at the injection site in 

all patients. Immunohistochemistry and nested reverse transcription-polymerase chain 

reaction indicated dystrophin expression in six of nine patients. The level of expression 

was low (up to 6% weak, but complete sarcolemmal dystrophin staining, and up to 26% 

partial sarcolemmal labeling). No side effects were observed, nor any cellular or 

humoral anti-dystrophin responses. These results suggest that exogenous dystrophin 

expression can be obtained in Duchenne/Becker patients after intramuscular transfer of 

plasmid, without adverse effects, hence paving the way for future developments in gene 

therapy of hereditary muscular diseases. 7 



Foster et al., Gene Therapy 2006  

Partial dystrophins can exert therapeutic effect  

Spectrin-like  
central rod domain  
is largely dispensable 
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James G Tidball & Melissa J Spencer 

 
Nature Medicine 9, 997 - 998 (2003) 

 

Micro-dystrophin cDNA can be delivered with AAV vector 
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Gene therapy for Duchenne muscular dystrophy 

Gene transfer  Correction of mutation Cell therapy 

(myoblast transplantation) 

dystrophin utrophin 
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Utrophin 

-A homologue of dystrophin  
 
-Present in DMD patients 
 
- contains 74 exons, about 1 Mb – so 1/3 of dystrophin,  
   but its transcript (about 13 kb) is almost as large 
 
-Ubiquitously expressed; in muscle its expression is maturation  
  dependent, and it is gradually replaced by dystrophin,  
  therefore it is lacking in DMD 
 
- upregulation of utrophin by pharmacological treatment  
  or gene transfer may help to improve conditions in DMD 
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Animal models of DMD 
 1. Dmdx mice – not fully compatible with human DMD 

     (mutation in exon 23 of dystrophin gene;  
 normal lifespan) 

2. Golden retriever muscular dystrophy dogs 
  - by 8 months of age dogs walk with most   
 difficulty  
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Gutless vectors for dystrophin or utrophin transfer 

 – gutless Ad or AAV vectors  

Mdx mice – a model of muscular dystrophy 

dystrophin – guttless vector Utrophin – guttless vector  

Sham-injected 
Sham-injected 

Wild type 

mice 

Mdx 

mice 
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microdystrophin - AAV Hum Mol Genet 2002 



Nature Med., July 2006  

dystrophin  
in diaphragm 
after AAV6- 
delivery 

After i.v. delivery of AAV6-dystrophin, the gene was expressed for at least one year 

Double KO – dystrophin & utrophin 
80% mortality at 15 weeks of age  
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The generation of revertant dystrophin from mutant allele 

Moore and Flotte NEJM 2010 
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2. Exon-skipping strategies    

 2.1. Remove a specific mutation from the transcript (such as premature stop codon) 

 2.2. Restore open-reading frame to a frame-shifted transcript arising from a gene  

 with a deletion or insertion  

Antisense oligonucleotides in gene therapy 

1. Inhibition of gene expression  

3. Displacement of protein sequestered on triplet repeats  RNA: 

  myotonic dystrophy type 1, type 2, spincerebellar ataxia type 1 & 3,  

 fragile X-associated ataxia  

Duchenne muscular dystrophy, B-thalassemia  
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Exon-skipping strategies using antisense oligonucleotides  

Chamberlain & Chamberlain, Nature Medicine 2010  

17 



Exon skipping as a way to improve conditions in DMD 
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Exon skipping as a way to improve conditions in DMD 

Pichavant et al., Mol Ther 2011 
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Van Deutekom et al, NEJM 2009 
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25 Kinali et al., Lancet Neurol 2009  

Restoration of dystrophin expression in patients treated with morpholino  



 

Major hurdles include: 

 

1. the need to correct large masses of 

tissue (40% of the body weight) with 

minimal damage to the already 

inflamed and necrotic muscles,  

2. Prevent the  immune rejection to the 

therapeutic protein,  

3. sustained (if possible, life-long) 

expression. 

4. Size of the gene/cDNA 

 

Problems in gene therapy of Duchenne muscular dystrophy 
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Immunity in gene therapy of Duchenne muscular dystrophy  

-self-immunity should develop against the reverted dystrophin  

 

- however, epitopes of revertant dystrophin are most probably not  

  efficiently expressed in the thymus of DMD patients to induce 

  self-tolerance 

One recent trial (Medell JR, NEJM Oct 2010) – rAAV with dystrophin minigene  

 

1. Some patients had immune response to epitopes represented in rAAV 

2. Unexpectedly, a rapid T-lymphocyte response to dystrophin epitopes that  

 were not expressed from the vector-expressed protein also developed in one patient 

3. This patient and one other showed some level of immunoreactivity to these epitopes 

 before receiving the vector  

Reason?  
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Disease targets for gene therapy  

Disease       Gene(s)  

Cystic fibrosis     CFTR, a-1-anti-trypsin 

Gaucher disease    glucocerebrosidase  

Hemophilia A     Factor VIII  

Hemofilia B      Factor IX  

Familial hypercholesterolemia    LDL-R  

Muscular dystrophy     sarcoglycan, dystrophin,  

      utrophin  

Ornithine transcarbamylase deficiency  OTC 
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1. Self-complementary AAV vector 

2. AAV8-pseudotyped  

3. Targeting to liver 

4. Limitations of immune response (lower prevalence of anti-AAV8 antibodies)  
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Is gene therapy for hemophilia necessary?  

 



Gene therapy of Leber’s congenital amaurosis  
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Leber’s congenital amaurosis  

1. Most common cause of congenital blindness in children 

 

2. LCA2 – one of the forms – caused by mutation in the retinal pigment  

 epithelium-specific 65-kD protein gene (RPE65) 

 

3. RPE65 is required to keep light-sensing photoreceptor cells – the rodes  

 and cones of the retina – in operating order  

 

4. The RPE65 gene encodes for the isomerohydrolase that isomerizes 

bleached all-trans-retinal into photosensitive 11-cis-retinal (Jin et al., 2005; 

Moiseyev et al., 2005). If no 11-cis-retinal is produced due to loss of or 

impaired RPE65 function, the chromophore rhodopsin cannot be 

assembled, and the photoreceptors remain insensitive to light stimuli 

 

5. LCA2 is a rare diseases – in USA only 2000 people – but is untreatable  

 and causes blindness early in life  
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Lancet, October 2009 
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Science, 7th October 2011 

Successful gene therapies 



Science, 7th October 2011 

Successful gene therapies 



Treatment of beta-thalassemia 

Persons, Nature September 2010  -self-inactivating lentiviral vector 
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Nature, September 2010  
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Gene therapy is effective in a number of monogenic diseases  
 
 

1. Immunodeficiencies 

 

 - X-SCID immunodeficiency: retroviral vectors & hematopoietic stem cells  

 - ADA- immunodeficiency - retroviral vectors & hematopoietic stem cells 

 - chronic granulomatous diseases - retroviral vectors & hematopietic stem cells 

 

2. Congential blindness: 

 

 - Leber’s congenital amaurosis – rAAV vectors  
 

 

Some beneficial effects have been observed in treatment of:  

 

1. Adrenoleukodystrophy – lentiviral vector & hematopoietic stem cells 

2. b-thalassemia – lentiviral vector & hematopoietic stem cells   

SUMMARY 
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