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Abstract
Background/Aims: Overexpression of Gasp-1, an inhibitor of myostatin, leads to a 

date, the cellular and molecular mechanisms underlying this phenotype are not investigated. 
Methods: Skeletal muscles of overexpressing Gasp-1 mice, called Tg(Gasp-1) mice, were 
analyzed by histological methods. Satellite cell-derived myoblasts from these mice were used 
to investigate the molecular mechanisms. Results: We demonstrated that hypertrophy in 
Tg(Gasp-1) 
and an activation of the pro-hypertrophic Akt/mTORC/p70S6K signaling. In accordance with 
these results, we showed that overexpressing Gasp-1 primary myoblasts proliferated faster 
and myonuclei average per myotube was increased during differentiation. Molecular analysis 
revealed that Gasp-1 overexpression resulted in increased myostatin expression related to its 
auto-regulation. Despite its inhibition, myostatin led to Pax7 deregulation through its non-
canonical Erk1/2 signaling pathway. Consistent with this, inhibition of Erk1/2 signaling pathway 
as well as neutralization of secreted myostatin rescue the Pax7 expression in overexpressing 
Gasp-1 myoblasts. Conclusion: Our study shows that myostatin is able to act independently 
of its canonical pathway to regulate the Pax7 expression. Altogether, our results indicate that 
myostatin could regulate muscle development despite its protein inhibition.
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Introduction

1, 2]. This type 
3

via 4]. Then, satellite 5]. From 3 weeks old to adulthood, muscle mass regulation is dependent of protein synthesis mainly and the 
6, 7

7]. Among these growth factors, the myostatin 8, 9].Disruption of the Mstn gene in mice leads to a dramatic increase in skeletal muscle mass 8, 10 Mstn 11]. Naturally occurring mutations in Mstn gene lead to a hypermuscular 8, ].Interestingly, the action of this growth factor on muscle mass is not restricted to the carrying a postnatal deletion of the myostatin ].
20 21]. The phosphorylation of 22, 23

via 24, 25  superfamily such 26]. 27
31

Gasp-1  Tg(Gasp-1)

Tg(Gasp-1) 32]. All these data suggest that Gasp-1 
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Tg(Gasp-1) mice is that Gasp-1 

Tg(Gasp-1)
Tg(Gasp-1) Mstn  

Mstn  cells, we showed that Tg(Gasp-1)

in Tg(Gasp-1)

myostatin Gasp-1 

related proteins.
Materials and Methods

Animals
Mstn Mstn exon, and Tg(Gasp-1) mice, 

Gasp-1 16, 32

Isolation of satellite cell-derived myoblasts and cell culture

10 
Proliferation assay and measurement of myogenic index 33
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29].
RNA extraction, reverse transcription, and gene expression analysisand Tg(Gasp-1)

32
Enzyme-linked immunosorbent assay (ELISA) of GASP-1 and myostatin

29

Protein extraction and immunoblotting

and transferred onto 0.2 
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per experiments using the same software.
Results

Overexpression of Gasp-1 in mice has no effect during prenatal myogenesis
Tg(Gasp-1)32rather than hyperplasia of all skeletal muscles, we performed histological analysis on two 

tibialis anterior soleus, which stand out 
Tg(Gasp-1)phenotype of Mstn Tg(Gasp-1)

 and soleus 
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Fig. 1. Tg(Gasp-1) mice. tibialis 
anterior soleus Tg(Gasp-1)

soleus Tg(Gasp-1) mice immunos
soleus Tg(Gasp-1) mice. n = 3 mice/

genotype. soleus
Tg(Gasp-1) mice. n = 3 mice/genotype.

soleus Tg(Gasp-1) mice. n = 3 mice/genotype. 
*: p value < 0.05 ; ***: p value < 0.001

n = 3 mice/genotype. 
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Tg(Gasp-1) 
tibialis and soleus skeletal 

Gasp-1 1 promotes hypertrophy independently of the adult satellite cell pool. Thus, the increase of 
Overexpression of Gasp-1 leads to an increased proliferation rate and an improved 
differentiation

Tg(Gasp-1) mice, 
Tg(Gasp-1) in vitro. 

Tg(Gasp-1) 
Tg(Gasp-1)

Tg(Gasp-1)
Gasp-1 To analyze the effect of Gasp-1 

Tg(Gasp-1)
Tg(Gasp-1) Tg(Gasp-1) 

Gasp-1 

Tg(Gasp-1)

Fig. 2. Gasp-1 in 
Tg(Gasp-1)

Tg(Gasp-1) primary myowell and grown in growth medium for a period of 72 h. Proliferation was 
n = 4 independent experimentscorrespond to means ± SD. Statistical 
and Tg(Gasp-1)der proliferating conditions for 24 h.  

signals of three distinct experiments. 
*: p value < 0.05 ; **: p value < 0.01 .
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regulated in the Tg(Gasp-1)differentiation when Gasp-1 

Myostatin is up-regulated in Tg(Gasp-1) primary myoblasts and mice.

Fig. 3. Gasp-1 enhances differentiation of Tg(Gasp-1)
Tg(Gasp-1)

Tg(Gasp-1)
n = 3 independent experiments

Tg(Gasp-1) n = 3 inde-
pendent experiments

Tg(Gasp-1)

*: p value < 0.05 ; **: p value < 0.01 ; ***: p value < 0.001.
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n = 5 independent experiments
Gasp-1 Tg(Gasp-1)

Gasp-1 Tg(Gasp-1) satellite 
myostatin and Inhbb 

Tg(Gasp-1)
Fst Fstl3 

Smad7 Tg(Gasp-1)
Gasp-1 Bmp4, 

Fig. 4. Tg(Gasp-1) primary myo
Gasp-1 and myostatin 0 h to 96 h of differentiation in 

Tg(Gasp-1) 
n = 3 inde-

pendent experiments; graphs 

secreted into culture media were 
n = 3 independent experiments; 

*: p va-
lue < 0.05; **: p value < 0.01; 
***: p value < 0.001.

Table 1. Tg(Gasp-1)  List of 
 (Tg:Gasp-1) primary myo

n.s., non- value < 0.01 ; ***: p value < 0.001
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Ta
bl

e 
2.

 

Bmp2 and 31]. Pax7 and Pax3expression of Igf-1  34 myostatin expression in 
Gasp-1 of differentiation of Tg(Gasp-1)
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Gasp-1 and myostatin 
Tg(Gasp-1) Since Gasp-1 myostatin

Tg(Gasp-1) 35 Bmp4, 
Bmp2, , Fst, Fstl3 and Smad7 Pax3 and Pax7 in Tg(Gasp-1) mice 

Inhbb, Mstn and Gasp-
1

Tg(Gasp-1) mice serum compared to 
 in Tg(Gasp-1)

ERK1/2 signaling pathway is activated in Tg(Gasp-1) primary myoblasts
Gasp-1 

Gasp-1 

Tg(Gasp-1)

36, 37 Tg(Gasp-1)decreased in Tg(Gasp-1)
Tg(Gasp-1)

Gasp-1 
Tg(Gasp-1)

Tg(Gasp-1) and Mstn  
Tg(Gasp-1) and 

Mstn 

Tg(Gasp-1) and Mstn 

Fig. 5. Tg(Gasp-1)
Tg(Gasp-1)

Tg(Gasp-1) n = 6 mice/genotype; 
*: p value < 0.05 ; **: p value < 0.01 ; ***: p value < 0.001.
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increased in Tg(Gasp-1) and Mstn Mstn 

Tg(Gasp-1)

Fig. 6. Tg(Gasp-1)and Tg(Gasp-1) Tg(Gasp-1) 
n = 3 independent experiments Tg(Gasp-1)

Tg(Gasp-1) and Mstn 
Tg(Gasp-1) and Mstn *: p value < 0.05 ; **: p value < 0.01 ; ***: p va-

lue < 0.001.
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Pax7 expression is deregulated in Tg(Gasp-1) myoblasts compared to the Mstn -/- myoblasts24 Tg(Gasp-1) and Mstn 

had increased in Mstn Tg(Gasp-1)proliferation, Tg(Gasp-1)

Tg(Gasp-1) and Mstn 
Tg(Gasp-1) Tg(Gasp-1)slightly decreased proportion of undifferentiated Pax7

Tg(Gasp-1)the Mstn  cells and a reduced proportion of committed Pax7  cells and differentiated Pax7

Fig. 7. Tg(Gasp-1) primary 
Tg(Gasp-1) and Mstn  pri

Tg(Gasp-1) and Mstn  Pax7  cells, committed Pax7  cells and differentiated Pax7 Tg(Gasp-1) and Mstn **: p value < 0.01 ; ***: p va-
lue < 0.001.
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Gasp-1 seemed to result in reduced 
Mstn of progenitor muscle cells in Tg(Gasp-1) mice compared to the Mstn  mice. Therefore, we 

Fig. 8. Tg(Gasp-1)

Mstn 

Mstn and Tg(Gasp-1)
Mstn rating conditions and Tg(Gasp-1)

**: p value < 0.01 ; ***: p value < 0.001 Mstn a: p va-
lue < 0.05 ; b: p value < 0.01 ; c: p value < 0.001
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Up-regulation of myostatin in Tg(Gasp-1) myoblasts deregulates Pax7 expression

Mstn 
Mstn 

in Mstn 

Tg(Gasp-1) Tg(Gasp-1)

Tg(Gasp-1)
Mstn 

Tg(Gasp-1) 
Mstn 

Tg(Gasp-1)Finally, we sought to determine whether neutralization of myostatin could increase Pax7 expression in Tg(Gasp-1) Tg(Gasp-1)

Mstn 
Tg(Gasp-1)

Discussion

Gasp-1, called Tg(Gasp-1)
Gasp-1 32

Gasp-1 

in vitro 29, 38 Gasp-
1

Gasp-1 -/- 39]. In contrast, Tg(Gasp-1)  
Gasp-1 17

3
Tg(Gasp-1) Gasp-1 

Gasp-1 Tg(Gasp-1) 

Gasp-1
Tg(Gasp-1) mice.

Tg(Gasp-1) i.e. the proliferation and 
Tg(Gasp-1)

Mstn in vitro 40]. 
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41 Tg(Gasp-1) 42
Tg(Gasp-1)

Mstn 43]. 
Mstn  mice in adulthood 43, 44 45

Gasp-1 in Tg(Gasp-1)

The Tg(Gasp-1)

21that Gasp-1 

in vivo

Tg(Gasp-1) mice.
Tg(Gasp-1) 22

in Tg(Gasp-1)
Tg(Gasp-1)

myostatin Igf-1 46
Tg(Gasp-1)

Tg(Gasp-1) mice present an opposite 
Mstn  8, 32, 46 47, 48], myostatin 

Smad7.
Inhbb in Tg(Gasp-1) 

Inhbb is one of the four 49
Inhbb 50phenotype of the Tg(Gasp-1) compared to Mstn Inhbb  mice, only two 50] while Tg(Gasp-1) mice 32]. Thus, the effect of Inhbb

Mstn
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Fst and Fstl3 9
Gasp-1 Tgf 1 51expression array analysis in Tg(Gasp-1)

Tg(Gasp-1) 
Pax3 and Pax7, two major factors regulating muscle 52]. In 

Tg(Gasp-1)the Mstn 24], we hypothesized that the myostatin

Tg(Gasp-1)in the Tg(Gasp-1) Mstn 

Mstn myostatin regulates Pax7 expression via Mstn 44 . 45] showed an increase in muscle progenitor Pax7  cells during of myostatin in the regulation of muscle progenitor pool . The decrease of Pax7 related to 
Tg(Gasp-1)hyperplasia in Tg(Gasp-1) Gasp-1 

myostatin 
Tg(Gasp-1) 32 myostatin counteracts Gasp-1 

45
Mstn44 Gasp-1 hyperplasia in Tg(Gasp-1)

23 23]. In Tg(Gasp-1)
Mstn  mice.
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