ATIONWIDE

CHILDREN'S
HOSPITAL"

T HE RESEARCH INSTITUTE

- .'—' ..\'-
>( AT

F ' | Therapy

for Inclusion Body Myositis
Research I nstitute
Hospital

e




The Clinical Problem in sIBM

AQuadriceps muscle weakness

A Genu recurvatum (pain)

A Frequent falls
o) Limb fractures

AA clinical trial improving quadriceps
muscle strength would result in a

oclinically meaningf out c




Resistant to other Approaches

A Weight training

A Electrical Stimulation

A Anabolic Steroids
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Myostatin Inhibition in the Cattle Industry

Can Muscle Enhancing Strategies be effective in neuromuscular disort
(Myositis, Muscular Dystrophy, SMA, ALS?)



Circulating Propeptide
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Myostatin Complex ACleavage

| MM Myostatin Dimer
Propeptide Complex

!
" — e

® MYO- 029

ActRIIB




ORIGINAL ARTICLE

Ann Neurology March 11, 2008

A Phase I/II trial of MYO-029 in Adult
SL.ﬂjjectS with Muscular Dystrophy

Kathryn R. Wag ner, MD, PhD,' James L. 1:| ckenstein, MD,* Anthony A. Amaro, MD,? _
Richard J. Barchn, I]: * Katharine EJ_H: J'{I: " Diana I Escolar, MD.” Kevin M. Flanigan, MD,’
Alan Pestronk, MD.? Rabi Taw |l J'{I: ' Gil 1. Wolfe, MD, 1o ' Michelle Eagle, PhD), MSc, MCSP, SRP,”
Julaine M. Florence, PT, DPT,® Wendy M. King, PT," |'r I.1|.':| . M5, PT,” Volker Straub, MD,”

Paul Juneau, I M2 Ka [|'| en Ir: ers, FIJ BSM," Cristina Csimma, I|' armDy, MHP,'*
Tracey Araujo, MSPharm,'* Roberr ll-:n MD,"? Ste phanis A. Parsons rhD,'? John M. Wozney, PhD,*
' Edward R. LaVallie, PhD,** n:lT erry R Me ndell, MD!? '

A Wyeth sponsored 11 Center Trial (10 USA;1GB)
Using MYO-029 antibody to myostatin
I No Clinical Benefit
I Muscle histology showed a trend toward
Increased muscle fiber size
I Demonstrated safety of systemic delivery of a
myostatin inhibitor in a clinical trial



Natural inhibitor proteins of myostatin leads to
enlarged muscles

3 Known Myostatin Inhibiting Proteins

Follistatin
Follistatin like related gene (FLRG)
Growth and serum protein (GASP1)

Wildtype Follistatin over -expression

Lee, S.J. & A.C. McPherron PNAS (2001).
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Candidate Genes for Myostatin Inhibition
Kaspar Lab Center for Gene Therapy

A Three candidate genes follistatin, FLRG, & GASP -1
A Follistatin performed better in head  -to-head
comparison when expressed by rAAV

Comparison of hindlimb Strength in C57/B6 mice

—— GFP
—— GASP-1
—FLRG

/\/\/J e

Weeks Post-Injection




AAV1-Follistatin increases overall body mass and
iIndividual muscle weights in mdx mice
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Treatment of mdx mouse

AAV1 GFP AAV1 FS

Injection of Leg Muscle

AAV1-FS344

180 days

AAV‘I G;FP\ AAV1-FS  C57BI/10
) -"u > L, 2“; . y : -".\'-'s. % f..




AAV1-Follistatin Increases Strength in aged  max animals

275 375 475 575
Age (Days)




Aged-mdx animals display reduced pathology when
Treated with AAV -Follistatin at 210 days of age

Gastrocnemius

180 days 560 days 560 days
GFP __Follistatin

Diaphragm
180 days 560 days 560 days
GFP Follistatin




Fulfilling Criteria for an IND

ACan transgene expression escape
reproductive complications ?

0 FS binds activins and suppresses synthesis
follicle -stimulating (FSH) at gonadal and
Hypothalamic/Pit sites

A Can FS demonstrate efficacy in
building muscle size and strength ?

Als there functional improvement ?



Follistatin Gene

3 4
Alternative Splicing / \ \

120345 6

FS Domain | FS Domain Il FS Domain Il FS Domain | FS Domain Il FS Domain Il

\ FS317 \ FS344
29 AA ] 29 AA ]
Tissue bound Peptide FS 288 Serum Peptide FS 315

FS Domain | FS Domain Il FS Domain Il FS Domain | FS Domain Il FS Domain Il

10 X affinity for activin receptor



Reproductive Data in Mice
Used In Preclincal Studies

Reproductive Study (C57BI/10)
Group Mean Litter Size (SD)

AAV1-FS Male Treated x Untreated Female (n=4) 9.0 (2.582)

AAV1-FS Female Treated x Untreated Male (n=4) 9.25 (1.708)

Untreated Male x Untreated Female (n=4) 9.0 (2.160)

Reproductive Study (mdx)
Group Mean Litter Size (SD)
AAV1-FS Male Treated x Untreated Female (n=3) 4.5 (0.707)

AAV1-FS Female Treated x Untreated Male (n=2) 2.0 (0)

Untreated Male x Untreated Female (n=6) 3.83 (1.169)




Follicle Stimulating Hormone in Mice

4 wks

12wks

20wks

1763 2.56 14.2 13.64 Female Controls
1764 13.44 2 2.65

1765 2.78 1.68 4.56 4,650 £5.2
1766 2.11 2.43 1.05

1767 2.56 4.85 1.35

1741 2.43 2.25 1.54 Fema'e FS
1743 4.58 1.82 10.81

1744 3.16 2.28 2.06 4305 +4.3
1745 9.33 2.15 2.81

1758 20.02 22.63 19.84

1760 22.38 21.92 22.7

1761 17.68 21.18 19.69 20.258 +1.5
1762 17.64 23.23 20.51

1746 18.42 18.84 17.63

1771 18.84 23.09 21.95 Male FS
1748 18.35 16.04 19.32

1749 17.8 23.13 23.88 21.13+2.6
1750 18.33 18.54 22.87



Can Mouse Studies Predict Efficacy In
a Clinical Trial ?

MOVING TO NON -HUMAN PRIMATE



FS344 Gene Transfer to Monkey




FS Serum Levels Thigh Circumference
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AAV1 - FS

.Control
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Functional Improvement

Twitch Force Tetanic Force

Promoter

Untreated FS-Treated Untreated FS-Treated
Leg leg

17.0 19.0((11.8%)) 65.0 . @




Hormone Levels Post AAV1-FS Treatment
NHP used in Pre-clinical Studies

Table 3. Hormonal data of rAAV1- FS344 treated non-human primates

Time Point

Animal

FSH (ng/ml)

LH (ng/ml)

Estradiol (ng/ml)

Testosterone (ng/ml)

Baseline

No

Females

Males

Females

Females

Males

-
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0.34
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Clinical Chemistries
Monkeys used in Pre-clinical Studies

Table 2. CBC Chemistry of rAAV1-F5344 treated non- human primates

MCK-FS

CMV-FS

Parameter

Baseline

5 months

15 months

Post Injection

Post Injection

Baseline

5 months

15 months

Post Injection

Post Injection

Hgb (mg/dL)

1M7x12

123+£07

1352086

129+ 09

12903

1262048

WEBC (Kicu mm)

94+ 36

11018

Fex17

132217

10828

155289

Platelets (K/cu mm)

4447+ 78.6

4737+ 1015

4753+ 212

4700+ 10.8

4320 £ 396

CK (UIL)

282.3

+123.3

103.3£34.0

3151 £436.8

141057

ALT (UIL)

297129

197 £ 2.1

28.7+10.3

217246

29564

AST (UIL)

353+ 351

347 +9¢

443+ 114

31.7+6.0

355+49

BUN (mg/dL)

19.0+1.0

123 +£1.5

16014

16349

16044

18578

Creatinine (mg/dL)

0501

08x01

0.7x01

0902

09x01

0901

GGT (UIL)

720+288

920+ 387

iIfTo+516

770+207

71.3+182

f50+98




Follistatin Treatment hado effect on Cardiac Tissue
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IFN - ELISpot to FS344 and AAV1



