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Strategies to improve AAV µDys vector
Reduce immunity & enhance efficacy
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Ø enhances targeted delivery to muscle, heart 
and muscle stem cells.

Ø reduces immunogenicity of the capsid, micro-
gene, and micro-dystrophin protein. 

Ø increases micro-dystrophin expression level and 
duration.

Ø But does not improve micro-dystrophin quality.

AAV vector optimization



Quantity and quality of dystrophin are both 
important for DMD gene therapy.

Once the dystrophin level reaches a threshold, 
quality becomes more important than quantity. 



Conclusions: Our study shows that dystrophin levels appear not to be a major 
determinant of disease severity in BMD, as long as it is above approximately 10%.
A significant relation between age and disease course was only found in the exon 45–
47 deletion subgroup. This suggests that at higher dystrophin levels, the disease 
course depends more on the mutation site than on the amount of the dystrophin 
protein produced.





By retrospectively collecting data for a series of French BMD patients, we showed that the 
age of dilated cardiomyopathy (DCM) onset was delayed by 11 and 14 years in Δ45–48 and 
Δ45–49 compared with Δ45–47 patients, respectively. A clear trend toward earlier 
wheelchair dependency (minimum of 11 years) was also observed in Δ45–47 and Δ45–49 
patients compared with Δ45–48 patients. Muscle dystrophin levels were moderately 
reduced in most patients without clear correlation with the deletion type. Disease 
progression in BMD patients appears to be dependent on the deletion itself and associated 
with a specific structure of dystrophin at the deletion site.

DCM onset delayed 
by 11-14 yrs

Early DCM onset

Late DCM onset
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Mini-dystrophin, the era before micro-dystrophin
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Generation 0 µDys (≤ 2 repeats)
Can fit into AAV but cannot protect muscle
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Generation 1 µDys ( 4 or 5 repeats)
Can fit into AAV and can protect muscle
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Dose nNOS Binding Make a Difference?

Lai et al Journal of Clinical Investigation 119:624, 2009
Lai et al PNAS 2013
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Dystrophin contains one membrane binding domain
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Micro-dystrophin with MBD1
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Micro-dystrophin with MBD1
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Dystrophin in the heart 
is different from that in skeletal muscle

Cardiac-specific
DGC



Partial or complete loss of R16-19 is associated with more severe 
cardiac disease













Cavin-1 interacts with dystrophin in 
the heart but not skeletal muscle

Duan lab unpublished



High affinity binding to cavin-1 may underlie 
enhanced heart protection by ∆H2-R15

Duan lab unpublished



•Current micro-dystrophin is suboptimal.

•Inclusion of nNOS-binding domain improves muscle 
perfusion and exercise capacity.

•Inclusion of additional membrane-binding domain leds
better protection against eccentric contraction injury.

•Inclusion of heart protection domain may better 
preserve cardiac function.

•Ability to deliver dystrophin to muscle stem cells may 
improve muscle regeneration.

Summary



Acknowledgements

NIH 
PPMD

Jesse’s Journey
Jackson Freel DMD Research Fund




