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The satellite cell  and myonuclei: IMPORTANCE FOR 
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MUSCLE FIBRE HYPER PLASTICITY

› Muscle adapt to:
› Feeding level
› Age
› Selection
› Overload  caused by ablation of synergistic muscle 
› Suspension /fixating in a cast/re-growth
› Resistance training
› Endurance training
› Shivering 

› It is suggested that the satellite cell is involved in these adaptations
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MYOGENESIS
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y = 1,5393x + 22,289
R2 = 0,9157

0
50

100
150
200

250
300

350
400

0 50 100 150 200 250

Age, days

Mg

DNA

Lineær
(DNA)

TOTAL DNA AND MYONUCLEI CONTENT IN 
LONGISSIMUS MUSCLE OF PIGS 

Swatland et al, 1977. Journal of 
Animal Science, 44, 759-764. 

Unpublished, 
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The satellite cell: Importance for muscle 
growth and regeneration
 The satellite cells: its niche

 Life cycle of satellite cells

 Are there more than one population 
of SR?

 Satellite cell and myonuclei by age 
and muscle type

 Satellite cell: 
 nutrition, selection for muscle growth rate, 

Light illumination

 Is SC needed for growth and 
regeneration?

 Sarcopenia (regeneration capacity)

 Regulation of satellite cells

 Future perspectives:
 Increased proliferation by plant extracts?
 Satellite cell and IMF?
 Satellite cells for cultured meat?  
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Rhoads, Rathbone, Flann. In Applied Muscle Biology and Meat Science. Pp47-67. 
eds. M. Du, and R.J. McCormick. CPR Press, ISBN 978-1-4200-9272. 

Pax7

Pax7
MyoD

MyoD/myogenin
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For growth: fast proliferating and fusion competence and the majority of cells 
(80%) express Pax7/MyoD
For re-generation: slow dividing and the majority of cells express Pax7 only. Can 
be activated. 

Schultz. (1996) Developmental Biology. 
175, 84-94.
Rouger et al. 2004. Cell Tissue Res, 317: 
319-326 (tom Turkey)
Li et al. 2011. J. Anim. Sci. 89:1751-1757. 
(young cattle)
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SATELLITE CELL CONTENT IN SLOW AND FAST MUSCLES

Muscle Myofibre
surface 
area mm2

Satellite 
cell per 
fibre

Total nuclei 
per muscle 
fibre

Satellite 
cell/nuclei 
(%)

Soleus 0.64 26.23 458 5.53
EDL 0.63 7.62 273 2.79
Zammit et al., 
2002. Exp. Cell 
Res. 281:39-49



AARHUS
UNIVERSITET

4-fold 75%
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Assume that SCs are the major source of 
increased muscle DNA!

Growing 
period

Ad lib (A)
(High DNA)

Restrictive (R)
(Low DNA)

Finishing 
period

AA AR RA RR

Daily gain, 
g/d

1037 817 1101 889

Total DNA, mg 197 175 198 170

Oksbjerg, Sørensen, Vestergaard. 2002. Acta Agric. Scand., Sect. A, Animal Sci. 52:85-90
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L R S Pooled SE

Fetus (g) 3701a 3598a 1893b 172

Semimembranosus muscle
Weight (g) 18.3a 16.8a 8.4b 0.9
DNA (mg) 26.2a 27.0a 15.4b 1.5

Muscle fibre number
unchanged

Characteristics of large (L) and small (S) fetal sheep at d 130 of gestation, 
and large fetal sheep from ewes fed a 30% of predicted nutrients for 1 
week prior to 130 of gestation (R)

Greenwood et al. 1999. Reprod. Fertil. Dev11, 281-291 
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Nissen and Oksbjerg, Animal 5, 
703-709, 2009
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Mozdziak et al. 1997. Am. J. Physiol. 
271:C565-C571. 
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Mozdziak et al. 1997. Am. J. Physiol. 
271:C565-C571. 
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Synergistic muscle: 
gastrocnemius, 
plantaris, and flexor 
digitorum profundus.
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McCarthy et al. 
2011. 
Development 
138:3657-3666

Effective fiber hypertrophy in satellite  cell-depleted skeletal muscle
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Hawke and Garry. 2001. J Appl Physiol. 91: 534-551
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Oksbjerg, Nissen, Vestergaard.2005. J. Anim.Physiol. And Anim. Nutr. 2055
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80% confluence Day 1

Day 2 Day 3
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Summary: Changes in muscle traits by age 
of lower limb muscles

Muscle fibre number 
decline by age  
Type I fibres,%                  

Selective decrease in Type II 
CSA, atrophy 

SC content of Type II 

Muscle regenerative 
capacity (SC content/ 
activation, proliferation 
and differentiation)  

Reduces muscle mass and muscle function  (endurance and 
strength) leading to disability  and loss of independence 
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SUMMARY:

› Muscle DNA increases by age and SC are 
the major source.

› SC reside in the niche between the basal 
lamina and the sarcolemma. 

› In growing animals there are 2 populations 
of SC: One is proliferating (Pax/MyoD) and 
for growth, and one is quiescent (Pax7) and 
for re-generation through whole life.

› The number of satellite SC cell decreases 
by age and is higher in type I than type II 
fibre.

› SC number changes along with changing in 
muscle growth and if SC cells are killed by 
γ-irradiation this inhibits muscle growth and 
inhibit muscle repair. However, more recent 
studies question this.

› SCs are regulated by growth factors  

› Needless to say but research is needed on 
satellite cells in meat producing animals 
(signaling) in order to optimize growth.
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FUTURE PERSPECTIVES?

Plant extracts for increasing proliferation for better growth

Reprograming of satellite cell to the adipogenic lineage

Satellite cell as a donor for production of in vitro meat 
(cultured meat) 



Bhattacharya, S. 2013. Health promoting 
compounds in plants: targeting type 2 diabetes. 
PhD Thesis, Science and Technology, Aarhus 
University
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IMF=1.6%
Intra-muscular fat (IMF) 
in  pork chops of pigs 
(Kobe beef)
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Control
50 μM Citi-
glitazone 
(PPAR-γ)
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ESC

piPSC

Mb

SC

ESC = Embryonal stem cell

piPSC = porcine inducible pluripotent stem cell

Mb = myoblast

SC = satellite cells
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FRACTIONAL RATES OF PROTEIN SYNTHESIS AND 
DEGRADATION IN SLOW- AND FAST-TWITCH MUSCLE OF 
FEMALE RATS (AFTER GARLICK ET AL. 1989.)
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SATELLITE 
CELL

IMPORTANCE FOR 
POSTNATAL 
GROWTH



Satellite cell (SR) activator: HGF

• Conditioned medium from stretched  SC stimulated SR not stretched.
• Conditioned medium from stretched SC grown with NOS‐inhibitor did not 

accelerate activation of un‐stretched  control SC, and HGF was not 
released to the medium.

• Conditioned medium from un‐stretched SR in the presence nitro Oxid 
donor, accelerated the activation of SR in vitro, and HGF was found in the 
conditioned medium. 

• Assays of NOS activity were present in SR cultures revealed that NOS is 
stimulated when SR are stretched in vitro.

• Conclusion: It is indicated that stretch triggers an intracellular cascade of 
events including NO synthesis which results in HGF release and SCR 
activation.

• Tatsumi et al. Molecular Biology of the cell. 2002, 13:2909‐2918     c‐met.  HGF is expressed in 
young but not adult animals
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(Oksbjerg et al. 2009. Trends in Comparative Biochem & Physiol)

M. Longissimus dorsi M. Vastus intermedius



Rhoads, Rathbone, Flann. In Applied Muscle Biology and Meat 
Science. Pp47-67. eds. M. Du, and R.J. McCormick. CPR Press, 
ISBN 978-1-4200-9272. 
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Duclos et al. 1996. Growth 
Regulation. 6:176-184
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Nissen, Jorgensen, Oksbjerg 2004, JAS 82 .414-421. 

Estimated Total DNA  (mg) in semitendinosus muscle of 
LW, MW, and HW pigs within litters) 
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Clonal analysis

One cell/well 

1) Slow dividing clones

2) Fast dividing and 
fusion competent clones

Are satellite cells equal?

Schultz. (1996) Developmental Biology. 175, 84-94.
Rouger et al. 2004. Cell Tissue Res, 317: 319-326 (tom 
Turkey)
Li et al. 2011. J. Anim. Sci. 89:1751-1757. (young cattle)
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PLoS One  2012. 7(5)(2012,e37950. 
doi:10.1371/jounal.pone.0037950 :
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PLoS One  2012. 7(5)(2012,e37950. 
doi:10.1371/jounal.pone.0037950 :
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INTRA-LITTER VARIATION IN MUSCLE FIBRES

a a

b

500

550

600

650

700

750

LW MW HW
Pig weight within litter

To
ta

l f
ib

re
 n

um
be

r, 
th

ou
sa

nd
s a

b b

3000
3500
4000
4500
5000
5500
6000
6500

LW MW HW
Pig weight within litter

M
FA

, u
m

2

Nissen, Jorgensen, Oksbjerg 2004, JAS 82 .414-421. 



PRESENTATION TITLE
AUTHOR NAME
AUTHOR TITLE

AARHUS
UNIVERSITET

(Oksbjerg et al. 2009. Trends in Comparative Biochem & Physiol)

y = 8,409x + 270,81
R² = 0,9393
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