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The Clinical Problem in sIBM

ÅQuadriceps muscle weakness

ÅGenu recurvatum (pain)

ÅFrequent falls
ð Limb fractures 

ÅA clinical trial improving quadriceps
muscle strength would result in a 
òclinically meaningful outcomeó



Resistant to other Approaches 

ÅWeight training 

ÅElectrical Stimulation

ÅAnabolic Steroids 
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Myostatin Inhibition in the Cattle Industry

Can Muscle Enhancing Strategies be effective in neuromuscular disorders

(Myositis, Muscular Dystrophy, SMA, ALS?)
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ÅWyeth sponsored 11 Center Trial (10 USA;1GB)

Using MYO-029 antibody to myostatin

ïNo Clinical Benefit

ïMuscle histology showed a trend toward 

increased muscle fiber size

ïDemonstrated safety of systemic delivery of a 

myostatin inhibitor in a clinical trial 

Ann Neurology  March 11, 2008



Natural inhibitor proteins of myostatin leads to 
enlarged muscles

Wildtype Follistatin over -expression

Lee, S.J. & A.C. McPherron PNAS (2001).

3 Known Myostatin Inhibiting Proteins

Follistatin
Follistatin like related gene (FLRG) 
Growth and serum protein (GASP1)
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ÅThree candidate genes follistatin, FLRG, & GASP -1
Å Follistatin performed better in head -to -head                                                     

comparison when expressed by rAAV 

Candidate Genes for Myostatin Inhibition
Kaspar Lab Center for Gene Therapy

Comparison of hindlimb Strength in C57/B6 mice



AAV1-Follistatin increases overall body mass and 
individual muscle weights in mdx mice



Injection of Leg Muscle 

AAV1-FS344

180 days 

Treatment of mdx mouse 



AAV1-Follistatin Increases Strength in aged mdx animals



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



Fulfilling Criteria for an IND

ÅCan transgene expression escape 
reproductive complications ?
ðFS binds activins and suppresses synthesis 

follicle -stimulating (FSH) at gonadal and 
Hypothalamic/Pit sites

ÅCan FS demonstrate efficacy in 
building muscle size and strength ?
ÅIs there functional improvement ?



Follistatin Gene
1 2 3 4 5 6a 6b

1 2 3 4 5 1 2 3 4 5 6b

Alternative Splicing

FS317 FS344

N Domain FS Domain I FS Domain II FS Domain III N Domain FS Domain I FS Domain II FS Domain III C

Serum Peptide FS 315Tissue bound Peptide FS 288

SP SP

N Domain FS Domain I FS Domain II FS Domain III N Domain FS Domain I FS Domain II FS Domain III C

29 AA 29 AA

10 X affinity for activin receptor 



Reproductive Data in Mice

Used in Pre-clincal Studies 



Follicle Stimulating Hormone in Mice 
4 wks 12wks 20wks

1763 2.56 14.2 13.64

1764 13.44 2 2.65

1765 2.78 1.68 4.56

1766 2.11 2.43 1.05

1767 2.56 4.85 1.35

1741 2.43 2.25 1.54

1743 4.58 1.82 10.81

1744 3.16 2.28 2.06

1745 9.33 2.15 2.81

1758 20.02 22.63 19.84

1759 23.14 21.71 18.55

1760 22.38 21.92 22.7

1761 17.68 21.18 19.69

1762 17.64 23.23 20.51

1746 18.42 18.84 17.63

1771 18.84 23.09 21.95

1748 18.35 16.04 19.32

1749 17.8 23.13 23.88

1750 18.33 18.54 22.87

Female Controls

Female  FS

Male Controls

Male FS

4.305 ± 4.3

4.650 ± 5.2

20.258 ± 1.5

21.13 ± 2.6 



MOVING TO NON -HUMAN PRIMATE 

Can Mouse Studies Predict Efficacy in 
a Clinical Trial ?



FS344 Gene Transfer to Monkey



FS Serum Levels Thigh Circumference

CMV

MCK



AAV1 - FS

Control





Functional Improvement

Promoter 

Twitch Force Tetanic Force 

Untreated 
Leg  

FS-Treated Untreated 
leg

FS-Treated

MCK 17.0 19.0 (11.8%) 65.0 73.0 (12.3%)

CMV 19.0 24.0 (26.3%) 64.0 72.0 (12.5%)



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



Clinical Chemistries
Monkeys used in Pre-clinical Studies



Follistatin Treatment had no effect on Cardiac Tissue



IFN - ELISpot to FS344 and AAV1


