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D u c h e n n e  M u s c u l a r D y s t r o p h y - D M D

necrosis/regeneration
process

Degeneration

Late stageEarly stage

muscle fiber damageLack of Dystrophin

Efficacy of gene therapies
Inflammation / Fibrosis / 

Adipose tissue
Atrophy / Loss of strength

Adapted from Gordova G et al, Front Genet. 2018

Limitation for AAV gene therapy : 
loss of viral genomemicro-dystrophin

N e e d  f o r  a  c o m b i n e d  t r e a t m e n t  t o  o p t i m i z e  d y s t r o p h i n  r e s t o r a t i o n
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M u s c l e  m a s s  h o m e o s t a s i s

Created with BioRender.com
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B M P 1 4 / G D F 5  c o n t e r a c t s m u s c l e  a t r o p h y a f t e r e l e c t r i c a l a c t i v i t y i m p a i r m e n t

Atrophied muscle

Healthy muscle

Activity impairmentInnervation

TGFβ family member: Growth Differentiation Factor 5

Circulating factor (Storm et al. 1994) 

Compensatory response to limit muscle mass loss
Sartori et al, Nat Gen 2013 

Needed for re-innervation (MacPherson et al. 2015) 
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P r e s e r v a t i o n  o f  a g e - r e l a t e d  m u s c l e  m a s s  a n d  f u n c t i o n  w a s t i n g

Traoré et al. Science Translational Medicine, 2019

C o u n t e r b a l a n c i n g  a g e - r e l a t e d  m u s c l e  a t r o p h y  t h r o u g h  n o v e l  
i d e n t i f i e d  m o l e c u l a r  p a t h w a y s
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Balances proliferation and differentiation of satellite cell descendants (Friedrichs et al., 2011).

Regulates myogenic differentiation in muscle satellite cells (Ono et al., 2011).

Has a key role in adult muscle regeneration (Clever et al., 2010).

Inhibits intramuscular adipogenesis (Huang et al., 2014).

BMP signaling and skeletal muscle regeneration

E f f e c t s o f  G D F 5  i n  D M D ?
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G D F 5  o v e r e x p r e s s i o n  i n  D M D  m o u s e  m o d e l  ( m d x )

mdx
scr GDF5

P-SMAD1/5 / laminin / DAPI

2w  post-inj

A c t i v a t i o n  o f  G D F 5  p a t h w a y
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E f f e c t  o f  G D F 5  o v e r e x p r e s s i o n  o n  D M D  m u s c l e

I m p r o v e m e n t  o f  D M D  m u s c l e  h i s t o l o g y
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G D F 5  o v e r e x p r e s s i o n  a n d  i n f l a m m a t o r y  m a r k e r  e x p r e s s i o n

Pro-inflammatory pro-inflammatory cytokine 
and anti-inflammatory myokine

Pro-inflammatory
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G D F 5  o v e r e x p r e s s i o n  a n d  d i f f e r e n t i a t i o n  /  r e g e n e r a t i o n  p r o c e s s  

H y p e r p l a s i a  w i t h
I n c r e a s e  o f  s m a l l  f i b e r  n u m b e r

D e c r e a s e  o f  c e n t r a l l y  n u c l e a t e d  
f i b e r s
- > m o d u l a t i o n  o f  r e g e n e r a t i o n

Muscle fiber number 8w - CSA distribution (%) % centrally nucleated fibers
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G D F 5  a n d  h y p e r p l a s i a

mdx GDF5
3w post-inj

eMHC/laminin / DAPI

mdx 

P r e s e n c e  o f  n e w  f i b e r s  i n  i n t e r s t i t i a l  s p a c e
G D F 5  c o u l d  r e g u l a t e  m y o g e n i c  c o m m i t m e n t  o f  r e s i d e n t  m u s c l e  c e l l s
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 I m p r o v e m e n t  o f  D M D  m u s c l e  h i s t o l o g y

 M o d u l a t i o n  o f  i n f l a m m a t o r y  m a r k e r s  a n d  r e g e n e r a t i o n

 I n c r e a s e d  o f  s m a l l  f i b e r  n u m b e r  
- > h y p e r p l a s i a
- > a p p e a r a n c e  o f  n e w  s m a l l  f i b e r s

G D F 5  o v e r e x p r e s s i o n e f f e c t s i n  m d x  m u s c l e

C o u l d G D F 5  o p t i m i z e A A V - m i c r o D y s t r o p h i n g e n e t h e r a p y ?



- 13 -

A  c o m b i n e d  t r e a t m e n t  t o  o p t i m i z e  D M D  g e n e  t h e r a p y  

A A V - G D F 5  a n d  A A V - m i c r o D y s t r o p h i n

Birth
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A A V - G D F 5  +  A A V - µ D y s t r o p h i n  t r e a t m e n t  o n  m u s c l e  m a s s  h o m e o s t a s i s
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A A V - G D F 5  +  A A V - µ D y s t r o p h i n  t r e a t m e n t  o n  m u s c l e  r e g e n e r a t i o n  p r o c e s s

MHCemb mRNA
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S y n e r g i c e f f e c t s t o  o p t i m i z e A A V - µ D y s t h e r a p y

 I n c r e a s e s o f  s m a l l  f i b e r  n u m b e r

 I n c r e a s e s  o f  M H C e m b e x p r e s s i o n

 M o d u l a t e s  o f  r e g e n e r a t i o n

 I n c r e a s e s  t h e  n u m b e r  o f  s m a l l  µ d y s p o s i t i v e  f i b e r s

1/COMPOSITIONS FOR TREATMENT OF SARCOPENIA OR DISUSE ATROPHY / A1/EP3823662
2/COMBINED THERAPY FOR MUSCULAR DISEASES/A1/WO2021089736

A A V - G D F 5  +  A A V - µ D y s c o m b o  v s A A V - µ D y s a l o n e



- 18 -

Confidential

AAV9-GDF5 + AAV10-µDys
(intramuscular)

Proof of concept

Muscle Tibialis
Anterior (TA)

1 DONE

sGDF5 
(systemic)

Therapeutic approach

RAT-DMD

2

sGDF5 + AAV10-µDys
(systemic)

Valentina Taglietti, et al. Duchenne muscular dystrophy trajectory in R-DMDdel52 preclinical rat model identifies COMP as biomarker of

fibrosis. Acta Neuropathologica Communications 2022 10:60 https://doi.org/10.1186/s40478-022-01355-2

sGDF5 
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