Parent Project X

Muscular Dystrophy TREAT-NMD

LEADING THE FIGHT TO END DUCHEMME Meuromuscular Network

2009 10 3

2009 4 30

51
Ul

Ricardo Rojas

www.duchenne-information.eu




gscheuerbrandt@t-online.de

DNA
1953 James Watson  Frances Crick
4
G T C 2
A-T G-C
4

{K':I e ér,:;-l MM M N “-l‘ TNH
b = e r:fl“ 8 r:r’%l:« L

1
M

" NH; | r}: o
H H H H
adernine guaning cyloging Thryrmine
DNA GGCTTAATCGT
DNA A T
C
~GGCTTAATCGT-
(NERRRANNRE
~CCGAATTAGCA-
pre-mRNA
RNA DNA T U
pre-mRNA
RNA RNA



RNA

pre- RNA
RNA
5
Ul
3 Nature
1 Ul
1 RNA
U1C-70K
U7 snRNA (18 )
MRNA
20 GUU AGC
AUG CCA uuu GCA GCG
4 3 64
2 RNA
reading
frame AUG 1 2




MRNA

UAG UGA

RNA
Ctrl

HQ

www.youtube.com/watch?v=D3fOXt4MrOM&feature=related

MRNA
26
3685
3
3500 L
2 1
20,488
DNA 2,220,223
MRNA 11,058 A os
3685
(Civomasome

A
FT/INN SE'ENR BN N

¥ ez L] L = e

rr r.‘ III"H““;'I““ II_.‘ |l|lr'||m | Jll:'w

m:umwr' H Tgrad g Detil Iy il____,rJI':
(T - 7

& 000 CO000rmoOnnnno- 0000 ees

E_;..-....-...:\_
Sieat]
proten

2.9

79

RNA tRNA

UAA

MRNA
RNA

24



0.75mm
0.01mm
125nm 1mm 100

1140

il Basal membrane proteins
Laminin-2 {merosin)

y Dystroglycans

Sarcospan

Sarcoglycans
© Dystroglycans
© Syntrophins
Extraceliular

Intracellular

Cytoskeletal actin filaments



5 30kg 12kg 1500
5 6kg

30 2 6kg
200

1990

Gertjan van Ommen

15
51
Prosensa AVI BioPharma MDEX
Van Ommen Judith van Deutekom  Annemieke
Aartsma-Rus Kate Bushby  Franceso Muntoni
3
AO
20 30
AO
Steve Wilton 79 4



in-frame

AO

91

AO

Annemieke Aartsma-Rus

mdx AO

4700
72

out-of-frame

MRNA

39 AO

2005 Terence Partridge

2006 Annemieke Aartsma-Rus
6

20 1

MRNA

in-frame



MRNA

Annemieke Aartsma-Rus

4770

Rank

O~NO U WNPF

[N
|
0]

51

to be skipped

51
45
53
44
46
52
50
43

2009

51

51

AO

8
Exon

3

AO

45

AO

2008 3 11

120

% of all patients

13.0
8.1
7.7
6.2
4.3
4.1
4.0
3.8

51.2%

13

55 11
63

51

Prosensa



Annemieke Aartsma-Rus 48-50 46-50
2 11
11 2'0- AO
MRNA 11
45-55
9
3 2009 3
10
2 3
45-55 11

Children’s National Medical Center

Eric Hoffman  Terence Partridge General Animal Research Facility = Takeda
CXMD AO
10 Mdx
7
MRNA 7
6 8
6 8 6 6 8
8 4 AO
2'0- AO
4 AO
4 MRNA 5



10

7 AO

9

AO

EX8A

3 AO

6 5

1.2mg
2'0-
AO

2 1

3 50

0.5mg

11

AO

1.2mg

61 83

1

10

2'0-
MRNA

6-9

2
120mg/kg
3

MRNA

AO

1

AO

AO

Ex6A Ex6B

AO
6 7 8 9

5 2
200mg/kg 1

6 7 8 9

MRI



AO

AO

http://www.duchenne-information.eu/home-en.htm

1
mMRNA
Annemieke Aartsma-Rus

11

45
80 2

44 2
2
8-11
8-11
8
8 3
AO

11

MRNA
AO
44
44
52-62

Annemieke

AO AO
8
9
1

43



PTC124

12

Annemieke Aartsma-Rus
46 A T

MRNA 46

MRNA 46
MRNA 46

MRNA 46 46
45

MLPA (multiplex ligation-dependent probe amplification)
79
( ) mRNA
79 13990 ( ) Leiden Muscular
Dystrophy Pages

www.dmd.nl/segs/murefDMD.html

12



50
51

Annemieke Aartsma-Rus

www.humagen.nl/lab-aartsma-rus/Table%20deletions.pdf

www.humagen.nl/lab-aartsma-rus/Table%20duplications.pdf

www.humagen.nl/lab-aartsma-rus/Table%20point%20mutations.pdf

10
Deleted exons Exon(s) to skip
40 - 43 44
43 - 45 46
43 -50 51
43 -52 53
44 43 or 45
44 - 50 43+51
46 — 47 45
46 — 52 45+53 or 53+54
48 — 50 51
51-53 50

Annemieke

2009 PPMD 79

B XA XX € 4X € X € €X
4K €X € X €0 ZIX €D FXX €X €X €X €X €KX
€& €] €X €K €X € €X € €X €KX €X €X €x
4K X €8 X €4 [X €K €X €X € FK € =X
€l X €& KK € =X X ¢ I3 B 2D IH B
IMHMGEGEXAdGHNDEARBOHOIDPEICG MWD X3

13



1 2
3
3
45 52 44
53 53 44
54 44 50
43 51 42 52
44
48 51
Annemieke PTC124
www.humagen.nl/lab-aartsma-rus/index%20for%parents.
45 53 20 2

RNA

Hoffman(14)

Terence Partridge(13)

14

20

Eric



2
2
2'0- AO
L_,':'- BASE
S
}_j
e
oo
0.1
.f'-"'\.
5 o o BASE
o
)
b
_T_Nn
0o
0. |
.*p"\
e L
AO
AO

AO

2 AO
AO
2'0-
CO ( ) P
S
2 N
4
(
AO
~ ( 20- AO
\[’JO‘ BASE PRO051 20
T s UCUUUACGGUAGAAGGAACU
O=p—-N
P AV1-4658
U= 0. _BASE
I j AO
'\-\.r\_.- 30
GAUCUUUACGGUAGAAGGAACUACAACCUC
51 - ESE
AO MRNA
2'0- PROO0O51 699

AVI1-4658 1000

15



23 2'0-

AO 15 mdx
2 AO
AO hDMD
2'0-
Annemieke
e
AO
2 AO
AO
1
3
AO 1
Matthew Wood AVI BioPharma
mdx 23 AO(PMO)
23 25
AO PMO mdx
23
AVI Biopharma B-
AO MSP
AO B

14 MSP 7

16



RXRRBRRXRRBRXB-ASSLNIA-X-
GGCCAAACCTCGGCTTACCTGAAAT

1 6mg/kg 3 mdx
CK 16
Kay Davies Aurélie
Goyenvalle
AO
8 9 AO
7 6
1 1 26
AVI Biopharma AO 50
AV1-5038
AO PNA
DNA RNA
PNA
DNA RNA
AO
Matthew Wood 23 PNA  mdx
28 PNA 25
madx 29
Matthew Wood Michael Gait
mdx 23 PNA PMO
PNA Pip
PNA-Internalization peptide(Pip2b) 23PNA20

RAhXRRAhXRRAhXRIHILFQNdRRMKWHK(3AlaC

Pip2b-PNA-AO 5Mg 8 mdx
17

17



Pip5e
25mg/kg
PMO
Pip5e Pip2b
Carolinas Medical Center
AO
2
PPMO
mdx 23
6mg/kg AO 2 10
50
AO
21

Institut de Myologie Luis Garcia

Aurélie Goyenvalle( )

AO

AO
AO U7-snRNA
U7-snRNA
RNA
mdx 23

18

PMO25

Yin, Saleh, Gait, Wood

Oi Long Lu
AO
8
AO
Vivo -
Vivo-
10

madx




2 AO DNA

snRNA
U7 SD23/BP22
80
madx
mdx
19
u7
7
2
6
2 Aurélie Goyenvalle
U7snRNA 2
ribonucleoproteins A1/A2(hnRNP)
pre-mRNA
u7
hnRNP

U7snRNA

AO

19

7

U7-snRNA
U7
2 AAV DNA
DNA RNA
23
1
GRMD
6 8
8 U-7
1
Kay Davies
U7snRNA

heterogeneous nuclear

DNA small RNA

AO

DNA



49 50
51
Al(U7ex51-AON-A1) U7snRNA

mdx
54

2 U7snRNA
U7snRNA Molecular Therapy "Enhanced
exon-skipping induced by U7snRNA carrying a splicing silencer sequence: promising tool for

DMD therapy” 25

Ul La Sapienza
Irene Bozzoni Ul snRNA

Ul snRNA 5'

RNA
Ul snRNA &' 9
23 54
2/1
3 4 6
madx 12
RNA 10 20
1 18 80 2

23 RNA

Ul Amsterdam Molecular

Therapeutics(AMT)

20



FDA EMEA

( ) 20 100
2 100 500
3 1000 5000
5
15
AO 1
off-target
1
DC Eric Hoffman 250
AVI 51 AO
1 1 AO

AO

21



51

98
TREAT-NMD 2009 9 25

EMEA DMD

EMEA
DC Children’s Medical Center  Eric Hoffman
TREAT-NMD
51
2
AO

2009 3 Kate Bushby

Kate Bushby Hans Shikan Judith van Deutekom

www.duchenne-information.eu

22

51

13



Judith van Deutekom, PhD
Hans Shikan, Pharm D.

Prosensa Therapeutics BV

2006 1 2007 3 Judith van
Deutekom Jan Verschuuren Prosensa Therapeutics BV
51 2'0- AO
PROO051
AO
madx
hDMD
4 10 13

50 52 48-50 49-50
1.5cm 1 0.8mg PROO051
4 MRNA

94
33 35 17 25

2007 12 27 New England Journal of Medicine  Eric Hoffman
18

PROO051 51 2007 New England

23



Journal of Medicine PROO051

PROO051
2008 7 2009 1 Prosensa 5 15 12
PROO051 51
Nathalie M. Goemans
Queen Silvia Mar Tulinius
2009 9 12 Natalie
Goemans
1 5 3
0.5mg/kg PROO051 2mg/kg 4mg/kg 3
6mg/kg
2 2 2
7 MRNA
PROO051
PROO51
12 12
9 10
PROO051 51
150
2010
TREAT-NMD
21 300 50

24



2007 2008 MDEX
Francesco Muntoni Kate
Bushby MDEX
Muscular Dystrophy Campaign
ActionDuchenne Duchenne Parents Support Group
8 AO

Steve Wilton Dominic Wells
AO H51A
AVI BioPharma AVI1-4658

Kate Bushby
University Newscastle u.T.
Francesco Muntoni

Imperial College London

51
1
12 18 7
2 48-50 2

45-50 49-50 1 50 1
49 50 1
51

MRNA 51 RNA
AV1-4658

25



2 0.09mg AO 0.9ml 9

5 10 0.9mg AO 3
4
44 79
22 32 11 21
1 42%
AO
AV1-4658 51
MRNA
2007 12 New England Journal of Medicine
2'0- AO
2 1
2
2009 8 26 Maria Kinali  Virginia Arechavala-Gomeza
Francesco Muntoni 23 23

Annemieke Aartsma-Rus Gertjan B. van Ommen 24

26



Maria Kinali, MD.
Virginia Arechavala-Gomeza, PhD.

(University College London)

mdx
1 =7 AO 50
14
27
3 MHRA GTAC GOSH 2008 8 11
2009 2 AVI1-4658A0
12 51
4 1 12
0.5mg/kg
4.0mg/kg 30kg 10
1449 AO
AO  300mg/kg/
4 =2 10mg/kg 20mg/kg
5
AO

27



Great Ormond Street

AVI BioPharma Stephen B. Shrewsbury 9
12 AV1-4658
AVI BioPharma Francesco Muntoni Medical Research
Council 130
ICE DMD ICE
12 Jean-Claude Kaplan Terry
Partridge Adrian Thrascher Luis Garcfa Gerch Griggs
ICE 2008 Duchenne Parent Project Association
Monégasque contre les Myopathies 170 ICE
105 14 2009 6 6
e
1986/1987
20

28



Annemieke Aartsma-Rus

Gert-Jan van

Ommen Ommen

AO

MLPA

MLPA

TREAT-NMD

(www.treat-nmd.eu/registry) Duchenne Connect (www.duchenneconnect.org)

Horst Kéhler
2009 2 5
Gundolf Fleischer 120

29



Eva Luise Kéhler 12

80 51
3 21 Gaetano-Conte-Academiy of Naples
Mediterranean Society of Myology 2009
51
55

The Progress Reports on the Development of
Therapies of Duchenne Muscular Dystrophy
Reinhard Rudel Acta Myoloigica 2009 10

Pat Furlong
Parent Project Muscular Dystrophy(PPMD)

30



Gunter Scheuerbrandt, PhD
Im Talgrund 2

79874 Breitnau, Germany

Tel *49-7652-1777

E-mail gscheuerbrandt@t-online.de

www.duchenne-information.eu
2009 10 3

E-mail: matsuo@kobe-u.ac.jp

Home page: http://pedata.med.kobe-u.ac.jp

31



www.ncbi.nlm.nih.gov/sites/entrez

"search”

10~20

(1) Pomeranz-Krummel DA, Oubridge C, Leung AKW,

Li J, Nagai K. Crystal structure of human
spliceosomal U1 snRNP at 5.5 A resolution. Nature
2009; 458; 475-480), Query CC. Spliceosome subunit

revealed. Nature 2009; 458; 418-419.

(2) Neri M, Torelli S, Brown S, Ugo |, Sabatelli P,
Merlini L, Spitali P, Rimessi P, Gualandi F, Sewry C,
Ferlini A, Muntoni F. Dystrophin levels as low as 30%
are sufficient to avoid muscular dystrophy in the

human. Neuromusc. Disorders 2007; 17: 913-8.

(3) van Ommen GJ, van Deutekom JT, Aartsma-Rus
A. The therapeutic potential of antisense-mediated
exon skipping. Curr. Opin. Mol. Ther. 2008; 10;

140-149.

(4) Wilton SD, Fall AM, Harding PL, McClorey G,

Coleman C, Fletcher S. Antisense
oligonucleotide-induced exon skipping across the
human dystrophin gene transcript. Molecular Therapy

2007; 15; 1288-96.

(5) Lu QL, Rahinowitz A, Chen YC, Yokota T, Yin H,
Alter J, Jadoon A, Bou-Gharios G, Partridge T.
Systemic delivery of antisense oligoribonucleotide
restores dystrophin expression in body-wide skeletal

muscles. Proc. Natl. Acad. Sci. 2005; 102; 198-203.

32

(6) Aartsma-Rus A, van Deutekom JCT, Fokkema IF,
van Ommen G-JB, den Dunnen JT. Entries in the
Leiden Duchenne muscular dystrophy mutation
database: An overview of mutation types and
paradoxical cases that conform the reading-frame

rule. Muscle & Nerve 2006; 135-144.

(7) Aartsma-Rus A, Fokkema I, Verschuuren J,
Ginjaar |, van Deutekom J, van Ommen G-J, den
Dunnen JT. Theoretic applicability of
antisense-mediated exon skipping for Duchenne
Human Mutation

muscular dystrophy mutations;

2009; 30; 293-299.

(8) Béroud C, Tuffery-Giraud S, Matsuo M, et al.
Multiexon skipping leading to an artificial DMD
protein lacking amino acids from exons 45 through 55
could rescue up to 63% of patients with Duchenne
muscular dystrophy. Human Mutation 2007; 28(2);

196-202.

(9) Van Vliet L, de Winter C, van Deutekom JCT, van
Ommen G-JB, Aartsma-Rus A. Assessment of the
feasibility of exon 45-55 multiexon skipping for

Duchenne muscular dystrophy. BMC Medical

Genetics 2008; 9; 105

(10) Yakota T, Lu Q, Partridge, Kobayashi M,
Nakamura A, Takeda S, and Hoffman E. Efficacy of
systemic morpholino exon-skipping in Duchenne
dystrophy dogs. Annals of Neurology 2009; 65;
667-676.

(11) Aartsma-Rus A, Janson AAM, van Ommen G-JB,

van Deutekom JCT. Antisense-induced exon skipping



for duplications in Duchenne muscular dystrophy.

BMC Medical Genetics 2007; 8; 43.

(12) Welch EM, Barton ER, Zhuo J. PTC124 targets
genetic disorders by nonsense mutations. Nature
2007; 447, 87-91. Comment: Schmitz A, Famulok M.
Ignore the nonsense. Nature 2007; 447, 42-43.

(13) Yakota T, Takeda S, Lu Q-L, Partridge TA,
Nakamura A, Hoffman, EP. A renaissance for
antisense oligonucleotide drugs in neurology, exon
skipping brakes new ground. Archives of Neurology,

2009; 66; 32-38.

(14) Yokota T, Duffy W, Partridge T. Optimizing exon
skipping therapies for DMD. Acta Myologica 2007;
26; 179-184.

(15) Heemskerk HA, de Winter CL, de Kimpe SJ, van
Kuik-Romeijn P, Heuvelmans N, Platenburg GJ, van
Ommen G-JB, van Deutekom JCT, Aartsma-Rus, A.
In vivo comparison of 2'-O-methyl phosphorothioate
and morpholino antisense oligonucleotides for
Duchenne muscular

dystrophy skipping. J. of Gene Medicine 2009; 11;

257-266.

(16) Yin H, Moulton HM, Scow Y, Boyd C, Boutilier J,

Iverson P, Wood MJA. Cell-penetrating

peptide-conjugated antisense oligonucleotides
restores systemic muscle and cardiac dystrophin
expression and function. Human Molecular Genetics

2008; 17; 3909-3918.

(17) Ivanova GD, Arzumanov A, Abes R, Yin H, Wood

MJA, Lebleu B, Gait MJ. Improved cell-penetrating

33

peptide-PNA conjugates for splicing redirection in
HelLa cells and exon skipping in mdx mouse muscle.

Nucleic Acid Research 2008; 20; 6318-6428.

(18) Deutekom JC, Janson AA, Ginjaar IB, et al.

Local dystrophin restoration with antisense
oligonucleotide PRO051. N Engl J Med 2007; 357;
2677-86. Hoffman, EP. Skipping toward personalized
molecular medicine. N Engl J Med 2007; 357;

2719-22.

(19) Goyenvalle A, Vulin A, Fougerousse F, Leturcq F,
Kaplan J-C, Garcia L, Danos O. Rescue of dystrophic
muscle through U7 snRNA-mediated exon skipping.

Science 2004; 306; 1796-99.

(20) Arechavala-Gomeza V, Graham IR, Popplewell
LJ, Adams AM, Aartsma-Rus A, Kinali M, van
Deutekom JC, Wilton SD, Dickson G, and Muntoni F.
Comparative Analysis of antisense oligonucleotide
sequences for targeted exon skipping of exon 51
during dystrophin pre-mRNA splicing in human

muscle. Human Gene Therapy 2007; 18; 798-810.

(21) Wu B, Li Y, Morcos PA, Doran TJ, Lu P, Lu QL.

Octa-guanidine  morpholino restores dystrophin
expression in cardiac and skeletal muscles and
ameliorates pathology in dystrophic mdx mice.

Molecular Therapy 2009; 17; 864-71.

(22) Denti MA, Rosa A, D'Antona G, et al. and
Bozzoni |. Body-wide gene therapy of Duchenne
muscular dystrophy in the mdx mouse model. Proc
Natl Acad Sci 2006; 103; 3758-63. Denti MA, Incitti T,
Sthandier O, et al, and

Bozzoni I. Long-term benefit of adeno-associated



virus/ antisense-mediated exon skipping in dystrophic

mice.

(23) Kinali M, Arechavala-Gomeza V, Feng L, et al.

and Muntoni F. 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. The Lancet Neurology 2009; 8; 918-928,

(24) Aartsma-Rus A, van Ommen G-J B. Less is

more: therapeutic exon skipping for Duchenne

muscular  dystrophy. The Lancet Neurology,

published online 26 August 2009.

(25) Goyenvalle A, Babbs A, van Ommen G-JB,
Garcia L, Davies KE. Enhanced exon-skipping
induced U7 snRNA carrying a splicing silencer
sequence: Promising tool for DMD therapy. Mol. Ther.

2009; 17; 1234-40.

(26) Goyenvalle A, Babbs A, Powell D., Kole R.,
Fletcher S., Wilton SD., Davies KE. Prevention of

Dystrophic  Pathology in  Severely affected

Dystrophin/Utrophin deficient mice by

34

Morpholino-Oligomer mediated exon skipping. Mol.

Ther. 2009. (In press).

(27) Alter J, Lou F, Rabinowitz A, et al. and Lu QL.
Sysstemic delivery of morpholino oligonucleotide
restores dystrophin

expression bodywide

andmimproves  dystrophic  pasthology. Nature

Medicine 2006; 12; 175-177.

(28) Yin H, Lu Q, Wood M. Effective exon skipping
and restoration of dystrophin expression by peptide
nucleic acid antisense oligonucleotides in mdx mice.

Molecular Therapy 2008; 16; 38-45.

(29) Yin H, Betts C, Saleh AF, Ilvanova GD, Lee H,
Seow Y, Kim D, Gait MJ, Wood MJA. Optimisation of
peptide ncleic acid antisense oligonucleotides for
local and systemic dystrophin splice correction in the

mdx mouse. Molecular Therapy, 2009, in press.



51

51
50 51

49 52
50 29 51 52

( RNA

UGA
50 51
Cu ucu

End Exon 49 | Start Exon 50 End Exon 50 | Start Exon 51
---CAG-CCA-GUG-AAG | AGG-AAG-UUA-GAA---AUU-GGA-GCC-U | CU-CCU-ACU-CAG-ACU-
GIn pro val lys | arg lys leu glu ile gly ala ser| pro thr gin thr

---GUU-ACU-CUG-GUG-ACA-CAA---AAA-CUA-GAA-AUG-CCA-UCU-UCC-UUG-AUG-UUG-GAG---
Val thr leu val thr gin lys leu glu met pro ser ser leu met leu glu

End Exon 51 | Start Exon 52
---AUG-AUC-AUC-AAG-CAG-AAG | GCA-ACA-AUG-CAG-GAU-UUG---
met ile ile lys gln lys |ala thr met gin asp leu
50 MRNA 49 51

51 1

End Exon 49 | Start Exon 51
---CAG-CCA-GUG-AAG | CUC-CUA-CUC-AGA-CUG-UUA-
gin pro val lys | leu leu leu arg leu leu

UC-UUU-ACG-GUA-GAA-GGA-ACU
-CUC-UGG-UGA-CAC AAG---AAC-UAG-AAA-UGC-CAU-CUU-CCU-UGA-UGU-UGG--
leu trp STOP!

End Exon 51 | Start Exon 52
---AU-GAU-CAU-CAA-GCA-GAA-G | GC-AAC-AAU-GCA-GGA-UUU---

AON PROO051
51 20

35



MRNA 50 MRNA
51

50 51
52 49 3

End Exon 49 | Start Exon 52
---CAG-CCA-GUG-AAG | GCA-ACA-AUG-CAG-GAU-UUG---
gin pro val lys | ala thr met gln asp leu

50 51 77

36



