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The MDEX Consortium is a world leading translational medicine
consortium made up of experts from leading institutions in the UK
and Europe with the aim to undertake research and develop
treatments for Duchene Muscular Dystrophy (DMD) as well as other

muscular degenerative and neurological diseases.

www.mdex.org.uk



AON exon skipping

\ Target genesdystrophin/ other disease modifiers

\ ~ 70% of DMD boys have out of frame deletions in
dystrophingene

A\ AONSs induce exon skipping and restore the reading
frame in DMD boys with eligible deletions

\ Skipping of particular exons corrects a series of differe
mutations
- Skipping exon 51 corrects ~13% of all DMD deletio
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DMD exon skipping therapeutic approach

Deletion of exons 490
results in an oubf-frame
deletion iIn mMRNA

In this example, AVI658
skips exon 51

Successful skip allows for
subsequent transcription of
In-frame MRNA
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Patientdemographics and genotypes

1 | 4850 Y Y

1 102 9 Del 4550 Y N 12 171

1 103 8 Del 49-50 Y N 12 218

1 104* 8 Del 4850 Y N 10 0f 12 180 A219 doses administered
2 105 6 Del 45550 Y N 12 326 A3 doses missed due to
2 106 6 Del 48-50 Y N 12 255 CannUIation iSSUGS (*)

3 201 13 Del 49-50 Y N 12 1113

3 107 10 Pel-49-50— ¥ N 12 924 AOne patient withdrawn due
4 108* 10 Del 4850 Y N 11 of 12 2801 to DCM (**)

4 202** 10  Del 52 Y N> 7 864

s 200 10 Del45-50 Y N 12 1342

5 109 6 Del 4950 Y N 12 3036

5 203 13 Del 47-50 Y N 12 6207

5 204 13 Del 4950 Y N 12 4866

5 110 7 Del 4850 Y N 12 2664

6 205 10  Del 4950 Y Y 12 10788

6 111 10  Del 4550 Y N 12 6982

6 112 7 Del 4550 Y N 12 5673

6 207 10  Del 4550 Y N 11 6710

AVI~ MDEX



/ patients had increased dystrophin expression
when comparing preand post biopsies

Exon skipping andystrophinprotein expression
iIndicate adose response

. Minimal skipping and no detectable protein
expression in cohorts 1 and 2

iIl.  Skipping and no detectable protein expression in
most patients in cohort 3 and 4, with the exception
of one strong respondem cohort 3

lil. Stronger skipping in all boys in cohorts 5 and/i)

clear protein expressiom 3/4 patients in cohort 5
and 3/4 patients in cohort 6.

AVI~ MDEX



Low Dystrophin Protein Expression in 4 Cases
(Low Responders)

DMD muscle

Case 207 [450]; 20mg/kg

Pre treatment: <5% revertants

Post treatment 7% +ve fibres;
13% intensity (+24%)

+
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Case 109 [4%0]; 10mg/kg

Pre treatment: <3% revertants

Post treatment 6% +ve fibres:
17% intensity (+87%)

AV~

BioPharma, Inc.




HighDystrophinprotein expression in 3 cases
(High Responders)

Case 201 [4%0]; 2mg/kg Case 204 [4%0], 10mg/kg Case 205 [4%0];20mg/kg
Pre treatment: <1% revertrants Pre treatment: < 1% revertants Pre treatment: < 3% revertants

Post treatment 21% +ve fibres; Post treatment 15% +ve fibres; Post treatment 55% +ve fibres:
19% intensity (+314%) 27% intensity (+198%) 19% intensity (+110%)




Summary: AV4658 (eteplirsen)

>y > > > D

Well tolerated at all doses

Exon skipping @LlLdose levels

Increaseddystrophinproduction in seven patients

Dosedependent reduction in the T Cell inflammation

Boys stable during study period but longer duration
required to show impact on clinical progression




Ongoing AON clinical trials

Strategy 2007 2008 2009 2010 2011 2012 2013

|
20Me AO .
(Prosensa/GSK) IM study > Systemic study >I

> Study extension >

Phase | Non-ambulant:
Phase /Il NCT01128855
| Phase |l > Dosing-
| Phaselll NCTO1
Efficacy
NCT012

Dosing regimen:
|~ NCT01254019

PMO AO
(MDEX/AV] IM study > Systemic study
BioPharma)

Muntoni and Wood (2011) Nature Reviews Drug Discovery



AON EXON SKIPPING
CURRENT LIMITATIONS

A Current exon skipping AONSs offer variable
and limited efficacy
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AON EXON SKIPPING
CURRENT LIMITATIONS

A Current exon skipping AONSs offer variable
and limited efficacy

A Lack of targeted delivery to muscle

A Poor delivery to heart and nervous system



Enhanced systemic delivery witheptide-AONS

CPP domain AON domain

| | |
| [ B peptide ]|-|GGCCAAACCTCGGCTTACCTGAAAT |
| |

L - - __ |
Name Sequence Abbreviation Length
M23D 5 ©GCCAAACCTCGGCTTACCTGAAAT-3 6 PMO 25
B peptide N- RXRRBRRXRRBRXB -C (RXRRBR),XB 14

Human Molecular Genetics, 2008, Vol. 17, No. 24 3909-3918
doi:10.1093/hmg/ddn293

Y|n H, et a| (zooaum MOI Gene Advance Access published on September 10, 2008
15:17(24):39098918 Cell-penetrating peptide-conjugated antisense
oligonucleotides restore systemic muscle and

SEEIEWIDELEREN RERE RNV (cardiac dystrophin expression and function
Mol Ther16(9):16241629

HaiFang Yin', Hong M. Moulton?, Yiqi Seow’, Corinne Boyd', Jordan Boutilier?,
Patrick Iverson? and Matthew J.A. Wood*

Wu, B et al.(2008)ProcNatl Acad
SciU S Al05: 1481414819 and 2AVI Biopharma Inc., Corvallis, OR, USA

"Department of Physiology, Anatomy and Genetics, University of Oxford, South Parks Road, Oxford OX1 3QX, UK




Targeting AON delivery to muscle

CPP domain AO domain

"
| [ B peptide ]|IGGCCAAACCTCGGCTTACCTGAAAT

| | I
:[ B peptide ]}{ MSP ]|]|GGCCAAACCTCGGCTTACCTGAAAT |

|_____||___ I|_ ______________ |

A Musclespecific peptide (MSR)ASSLNIA
A 50-100 fold increased skeletal myocyte binding affinity

Yin et al. (2010) Human Molecular Genetics
Yin et al. (2011) Molecular Therapy



Repeat dose BISPPMO provides complete muscl
dystrophin correction

quadriceps triceps biceps diaphragm heart abdominal

A. émg/kg IV injection
B. 6 birweekly IV injections

Yin et al. (2010) Molecular Therapy



Pip series CPPs for AON deliver

Re-Penetratin RQIKIWFQN'RRMKWKK Introduce amino acid
changes to stabilize
against serum
: : proteolysis whilst
Pip series (RXR); . W maintaining activity
/ i \
Arg-rich domain Cationic domain
9 Hydrophobic segment

OXFORD



Pip series CPPs for AON delivery

Peptide Sequence Length
R RXRRXRRXRRXRXB 14
B RXRRBRRXRRBRXB 14
Pip2b RXRRXRRXR-IHILFQN-dRRMKWHKB 24
Pip5e RXRRBRRXR-ILFQY-RXRBRXRB 22
Pip5f RXRRBRRXR-ILFQY-RXRXRXRB 22
Pip5h RXRRXR-ILFQY-RXRRXR 17
Pip5j RBRRXRRBR-ILFQY-RBRXRBRB 22
Pip5k RBRRXRRBR-ILFQY-RXRBRXRB 22
Pip5I RBRRXRRBR-ILFQY-RXRRXRB 21
Pip5m RBRRXRRBR-ILFQY-RXRBRXB 21
Pip5n RXRRBRRXR-ILFQY-RXRRXRB 21
Pip50 RXRRBRRXR-ILFQY-RXRBRXB 21

Ivanova et al. (2008) Nucleic Acids Research
Yin et al. (2011) Molecular Therapy




Pip5ePMOhas systemic and cardiac activit)

quadriceps gastrocnemius  biceps diaphragm  heart abdominal

c57 Pk,

mdx

B-PMO

Pip5e-PMO :
Yin et al. (2011) Molecular Therapy




Pip5ePMOhas systemic and cardiac activity

120 4

quadrlceps gastrocnem ius biceps diaphragm heart abodminal

m B-PMO

100
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Yin et al. (2011) Molecular Therapy



Heart correction




