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Presentation Overview

A Duchennend Becker MD
AHow genes work and fAMur phy¢

A Concept of exon skipping

A strategies for deletions, duplications, nonsense mutations,
small insertion/deletions, splice defects

A What mutations could respond and how well?
A Improving exon skipping efficiencies
A Clinical trials

A Challenges



@ ani ,” T

rﬂ Genes: packets of genetic information
R
I

N -

L §

23 ’In

When needed, a gene Is switche
on anda gene message (MRNA
IS made

MRNA Is translated into a protein
(250,000 gene transcripts from 25,000 genes)
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i The mature message

~13,000 letters long
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Instructions make a protein (dystrophin
Involved in musclestability
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Normal Dystrophin:

a molecular shock absorber for muscle fibres
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Duchenne MDudefective dystrophin
nonsense or frarghifting mutations.
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Diagnostic testing

A Detect presence/reduction/absence of dystrophin
I Immunohistochemicataining
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I Western blotting
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BeckerM D : Dysrdphinor Dyshino

partially functional protein .. ends intact
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A Remain ambulant until 16 years or later

A Experience difficulties 85 years

I Typically in-frame deletions. - e
i May be diagnosed late in life or by accident. Eii



Overview of Gene Expression

I Genesequence A, C,Gand T

1 Transcription: Generating primary gene transcript -




Overview of Gene Expression

2  Splicing: processing the pRNA transcriptprecise joining of thexonsandintron removal

premRNA

mature mRNA
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Overview of Gene Expression

3 Transport and translation:

THE BAD AND OLD DOG RAN AND RAN AND RAN AND ATE THE FAT CAT END



DMD: Frameshift Deletions
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1 Transcription: Generating primary gene transcript
I Genesequence A, C,GandT
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BMD: In-frame Deletions

1 Transcription: Generating primary gene transcript
I Genesequence A, C,GandT

2  Splicing: processing the prmRNA transcript, precise joining of th&ons andintron removal

.................................................................................................................................

premRNA
mature mRNA——------------- ——
3 Loss of RAN AND RAN AND RAN AND

THE BAD AND OLD DO THE FAT CAT END



Concept of exon skipping

AApply fandadéti lcat i nterf
dystrophin gene expression

A Introduce a (second) mistake during DMD gene
transcript processing to make a BMiKe mRNA



preemRNA splicing

Recruiting function: RS-domain dependent
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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

Recruiting function: RS-domain dependent

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

Recruiting function: RS-domain dependent Recruiting function: RS-domain dependent

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
20MeAOs (Prosensa/GSK)  Morpholino AOs ‘MDEX//
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Exon skipping
DMD deletion gene can make BMD mRNA
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DMD Duplication Mutation

premRNA

mature mRNA
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premRNA

THE BAD AND OLD DOG RAN AND RAN AND RAN (AN-A)

THE BAD AND OLD DOG RAN AND ATE THE FAT CAT END



DMD Nonsense mutatiQand to End)
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THE BAD AND OLD DOG RAN AND RAN AND RAN END
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Mild/Asymptomatic BMD cases

D

Exon Deletion| Comments Reference

3-9 Playing competitive badminton at age pBeald 94
years.

0-22 High CK, myalgia but well developed | Gospe 89
musculature and no evidence of muscle
weakness

17-48 Source of the dystrophin migene used| England,91
In gene replacement studies

35-44 Cramping after soccer or mountain Koenig 89
climbing

41-44 Elevated CK, otherwise asymptomatic| Comi 94

45-53 Diagnosed age 60 Bosone

50-53 Elevated CK, otherwise asymptomatic| Comi 94




Redundant domains
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Multi-exon skipping

A Ability to treat clustered mutations

A Requires fewer therapeutic cocktails
| faster approval?

A Common dystrophin isoform
I similar turnover and dosage regimens???

A Technically challenging



Dystrophin expression : 6 weeks after injection of
morpholino AO into TA of ilay oldmdx mouse
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Untreated (9 weeks) Treated (out to 1 year)

Aurelie Goyenvalleand Kay Davies, Oxford



MDEX Clinical Trials (Pmo0)

Local restoration of dystrophin expression with the
morpholino oligomer AVI-4658 in Duchenne muscular
dystrophy: a single-blind, placebo-controlled,
dose-escalation, proof-of-concept study

Sebahattin Cirak, David Hunt, Carl Adkin, Michela Guglieri, Emma Ashton, Stephen Abbs,

Maria Kinali*, Virginia Arechavala-Gomeza®, Lucy Feng,
y . g — ]

Petros Nih

ulley, Linda Popplewell, lan R Graham, Geor

Milton, Ryszard Kole, Straub, Kate Bushby, Caroline Sewry, Jennifer E Morgan,

www.thelancet.com/neurology  Published online August 26, 2009 DO1:10.1016/51474-4422(09)70211-X




MDEX Phase 1 Clinical Trial

Low daose High dose
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Exon skipping and dystrophin restoration in patients
with Duchenne muscular dystrophy after systemic
phosphorodiamidate morpholino oligomer treatment:
an open-label, phase 2, dose-escalation study

Sebahattin Cirak*, Virginia Arechavala-Gomeza*, Michela Guglier] Lucy Feng, SilviaTorelli, Karen Anthony, Stephen Abbs, Maria Elena Garralda,
John Bourke, Dominic| Wells, George Dickson, Matthew | A Wood, Steve D Wilton, Volker Straub, Ryszard Kole, Stephen B Shrewsbury,

Caroline Sewry, Jennifer E Morgan, Kate Bushby, Francesco Muntoni

Control

www thelancet.com Published online July 25, 2011 DOI1:10.1016/50140-6736({11)60756-3



Individual dystrophin isoform&lel 51)
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Exon 53 skipping

DMD
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Will exon skipping help DMD mutations In
functional domains ??




Gene Knockdowmduction of BMDBIike Mice

A Mapping dystrophin isoforms based upon exon b!ndaries



