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Growth in sequencing capacity

¸ 2000: 10x human genome

-10 years, $3 billion

¸ 2008

-4 days, $100,000

¸ 2009

-4 hours, $25,000

¸ 2010

-14 minutes, $5,000



Therapy of DMD ςthe Challenges

Large protein

Å Need to replace at least 20% of normal levels

Å Need to target all muscles (heart, skeletal muscle, 
diaphragm)

Å Muscle can make up 40% of a
ǇŜǊǎƻƴΩǎ ōƻŘȅ Ƴŀǎǎ ǘƘŜǊŜŦƻǊŜ ƴŜŜŘ ǎȅǎǘŜƳƛŎ ŘŜƭƛǾŜǊȅ

Å Need to avoid immune response

Life long treatment needed
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Gene therapy using viruses

Challenge with DMD is that the dystrophin gene is very large



Dystrophin minigenes

Chamberlain JS



Missing the rod domain

Use dystrophin minigenes
in viral delivery

AAV the vector of choice



Systemic delivery truncated dystrophin genes

Clinical trial using AAV complete

Potential problems of immune response

and systemic delivery



Dystrophin immunity in Duchenneôs Muscular 

Dystrophy

Jerry R. Mendell, M.D., Katherine Campbell, B.S., Louise Rodino-Klapac, Ph.D., Zarife Sahenk, M.D., Ph.D., 

Chris Shilling, M.S., Sarah Lewis, Dawn Bowles, Ph.D., Steven Gray, Ph.D., Chengwen Li, Ph.D.,Gloria 

Galloway, M.D., Vinod Malik, Ph.D., Brian Coley, M.D.,K. Reed Clark, Ph.D., Juan Li, M.D., Xiao Xiao, Ph.D., 

Jade Samulski, M.P.M.,Scott W. McPhee, Ph.D., R. Jude Samulski, Ph.D.,and Christopher M. Walker, Ph.D.

N. Engl. . Med 363: 15  (2010)

Clinical trials of AAV delivery 2010
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Read through of mutations (stop codons)



ÅPremature stop codons in the dystrophin gene 

account for 10-15% of DMD cases

Ålead drug was named Ataluren/PTC124. (PTC 

Therapeutics)

Ådystrophin levels up to 25% of control mice were 

achieved in mdx mice

Read through of stop codons



PTC Therapeutics /Genzyme

A Phase 2b trial of PTC124 in Subjects With 

Nonsense-Mutation-Mediated Duchenne Muscular 

Dystrophy at high and low doses

The study enrolled 174 ambulatory males at least 

five years of age at 37 sites in North America, 

Europe, Australia and Israel

Primary Outcome Measures: 

Long-term safety

6 minute walk

No relationship between clinical benefit and 

dystrophin expression determined.



Ataluren slows the loss of walking ability in patients with nonsense mutations

In low dose group.  No benefit seen in high dose group.

29.7m average  change in 6 minute walk compared to 

placebo control at 48 weeks- safety results show ataluren was generally 

well tolerated 

The findings make it more likely than did an initial analysis that development 

of ataluren for nonsense-mutation-related DMD/BMD will continue. 

Need better drugs to promote readthrough
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Stem cells

Stem cells



Each myofiber may have a few satellite cells which

can generate greater than one hundred myofibers,

as well as replenishing the satellite cell population.

Possible to use nonmuscle-derived myogenic

precursors include embryonic stem cells, bone

marrow derived myogenic precursors, pericytes,

CD133+ progenitor cells and mesoangioblasts.

Gene replacement therapy 

Stem cells

Much promise but much more work needs to done before clinical trials can begin



Sources of human muscle stem cells 

Taken from Price, Kuroda and Rudnicki (2007) BBA 1772: 272-83 Stem cell 

therapies for  muscular dystrophy
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Utrophin in DMD patients

Kleopa et al  Hum Mol Genet. 15: 1623-8 (2006) 
Naturally occurring utrophin correlates with disease severity in DMD

Utrophin



Aim: to reconstruct this link by 
replacement with an alternative, 
but similar protein, utrophin



Current status of utrophin 

programme

V Utrophin upregulation has been achieved in mdx mice using 

compounds from a number of chemical series. 

V Candidate for pre-clinical development identified (Summit plc)

V First in man Phase 1 trials completed /  BioMarin 

Pharmaceuticals ïno safety issues but trials discontinued 

because of pharmokinetics

V New formulation being developed by Summit plc



Target or mechanism Drug properties Outcome

Efficacious, safe drug

Lack of efficacy

Toxicity or poor 
bioavailability

Toxicity or poor 
bioavailability

and

lack of efficacy

Need both the right biological hypothesis and the right molecule to modulate the target 
safely

Causes of Attrition



Target or mechanism Drug properties Outcome

Efficacious, safe drug

Lack of efficacy

Toxicity or poor 
bioavailability

Toxicity or poor 
bioavailability

and

lack of efficacy

Need both the right biological hypothesis and the right molecule to modulate the target 
safely

Causes of Attrition



ÅIdentify new compounds that increase utrophin

ÅImproved throughput of mouse experiments using 
the utrophin luciferase knock-in mouse model 

Future screening



Measuring drug effectiveness through 
live animal imaging

Å light (firefly) gene inserted into 
utrophin gene

Å Intensity of light signal indicates 
increase in utrophin levels

Å light signal can be measured in a 
living mouse

Åallows us to develop drugs more 
efficiently
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DMD and dystrophin



« Exon-skipping» principle

c In DMD patients, some segments are missing 

U
c the other segments can not be joined properly => the message is broken 

>
c the dystrophin protein can not be produced properly 

cThe absence of dystrophin leads to Duchenne Muscular Dystrophy 



« Exon-skipping» principle

cHow canthe segments be re-joined properly? 

U
>

cWecanexcludeanother segment 

cThe message can be read and dystrophin can be produced (just a little bit shorter) 

U



How to induce exon-skipping?

>

cBy usinglittle « Molecularplasters» calledoligonucleotidesto maskthe segment 
we want to exclude

cThese« Molecularplasters» or oligonucleotidescanbe directly injected
(different chemistryexist) or they canbe deliveredby a vector(viral vector)


