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Duchenne muscular dystrophy
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The absence of dystrophin leads to progressive fibre damage and muscle wasting
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Duchenne Muscular Dystrophy

*Onset: 3to 5 yrs
*‘Weakness
—Distribution
*Proximal > Distal
*Symmetric
*Legs & Arms
*Hand strength increases by 10 years

*Gowers sign: Standing up with the aid
of hands pushing on knees

—Course

*Reduced motor function by 2 to 3
years

*Steady decline in strength: After 6 to
11 years

—Failure to walk: 9 - 13 years; Later with
steroid treatment

—A small reduction in muscle force is
shown by a relatively large deterioration
in functional ability function




Cell-based treatment for muscular dystrophies

Types of cell Cell delivery

* Myoblasts *Local (Ing‘amuscular)
.+ Satellite cell _ Ty

* Bone marrow/SP E : _%-__-

Circulating cell G
Pericytes/mesoangioblats *Systemic
Muscle stem cell/SP Intravenous vs Intra-arterial
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Human muscle-derived CD133+ cells
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Human adult muscle-derived CD133+ cells

CD 133
isoform?2

CD133
isoforml




Myogenic potential of muscle-derived CD133+ stem cells
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Rescue of dystrophin protein

Gene and Cell therapy combination




T

he muscle dystrophin-glycoprotein complex Mutation frequencies in DMD

Deletions : >75%

Nonsens : >5%

Insertions : <5%
DYSTROPHIN

Duplications : >10%

acti1 filamzris Splice mutations : <5%

Dystrophin exon phasing map
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DMD/BMD deletion genotypes

Institut Cochin Database
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DMD vs BMD genotype characteristics
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Exon-skipping

It 1s possible to skip one or several exon by masking important splicing sites
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Rationale for exon skipping in DMD
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Molecular tools for exon skipping

RNase H-Competent

SYNTHETIC ANTISENSE OLIGONUCLEOTIDES
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ENGINEERED SMALL NUCLEAR RNAs (U7, U1)
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General principle : application to A49-50 DMD deletion

Normal genotype (MRNA) : exon 51 region

- S Structure of the modified
U7snRNA carrier

A49-50 genotype : DMD phenotype

Frameshift Hairpin
structure
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Skipping of exon 51
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Skipped A49-50 genotype : BMD phenotype

Frameshift correction
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DMD genotypes for exon-skipping of CD133+ stem cells

Exon phasing around exon 51 :
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Skipped blood-derived CD133 cells in vivo : genotype A48-50

| 2.10* A48-50 blood-derived CD133 cells
% transduced with Lenti U7-ex51-A0ON1/2

Scid/mdx mouse

570 bp Normal : 970 bp
o Gl B Gl

J Skipping exon 51
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970 bp (Mouse)
570 bp (DMD non skipped)
340 bp
(DMD_Skipped)
Immunostaining anti-human dystrophin Nested RT-PCR for the analysis of

in Tibialis Anterior (TA) muscle the skipping of exon 51 in injected TA (I)




Skipped muscle-derived CD133 cells in vivo : genotype A48-50

5.10% A48-50 muscle-derived CD133 cells
% transduced with Lenti U7-ex51-A0ON1/2

Scid/mdx mouse

Normal : 970 b

970 bp (Mouse)

570 bp (DMD non skipped)
340 bp

(DMD _Skipped)

Immunostaining anti-human dystrophin Nested RT-PCR for the analysis of
in Tibialis Anterior (TA) muscle the skipping of exon 51 in injected TA (I)



Skipped blood-derived CD133 cells in vivo : dystrophin complex rescue

Laminin Merge

a-sarc

B-sarc

Dys-3




Skipped muscle-derived CD133 cells in vivo : dystrophin complex rescue

Laminin Merge




Skipped muscle-derived CD133 cells in vivo : dystrophin complex rescue

Laminin Merge B

a-Sareoglycan B>
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Skipped muscle-derived CD133 cells in vivo : muscle stem cell repopulation

| 5.10* A49-50 muscle-derived CD133 cells
% transduced with Lenti U7-ex51-A0ON1/2

Scid/mdx mouse

Laminin Laminin

MERGE

Lamin A/C @ M-cadherin

Skipped muscle-derived CD133 stem cells can localize to satellite cell positions



Patient and Clinical 1ssues
Need to develop approaches for all

Different approaches for different stage of disease
How approach rare mutation (personalized trial?)

Limited number patients (specific mutation)
Strategies with regulatory agencies

The costs (15k $/gr for morpholinos)

Time required to move from rGMP to gGMP

Lack agreement on outcomes measures (validation of
quantitative assessment, large animals, human)
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