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The importance of mitochondrial dynamics and mitophagy during muscle 

immobilization and remobilization is reported in this issue of Acta Physiologica 

by Kang et al. (Kang et al., 2016). In these processes the essential role of 

FoxO3 is highlighted. Activation of FoxO3 directs the activation of the 

autophagic/mitophagic pathway producing the fragmentation of the 

mitochondrial network and activating apoptosis in immobilized muscle.  

 

In a previous article, authors showed that prolonged immobilization in skeletal 

muscle reduced the levels of PGC-1α and nuclear respiratory factors 1 and 2 

regulate the biogenesis of mitochondria (Kang and Ji, 2013). Authors now 

report that muscle immobilization activates mitophagy/autophagy during the first 

weeks through the activation of the FoxO3-dependent pathways, but this 

process strongly increases after remobilization (Kang et al., 2016). Interestingly, 

the same authors have recently shown that overexpression of PGC-1α 

attenuates mitophagy activation in muscle disuse situations (Kang and Ji, 

2016). These studies suggest that during muscle immobilization the elimination 

of unnecessary mitochondria is activated and that after remobilization this 

process is increased to eliminate damaged mitochondria.  

 

FoxO3 is a transcription factor that induces the expression of genes involved in 

autophagy such as Atg12, Atg4, or Beclin1 and LC3-II among others (Zhao et 

al., 2007). This transcription factor has been associated with mitochondrial 

remodelling in muscle after several different stimuli such as calorie restriction, 

fasting, or exercise (Lopez-Lluch and Navas, 2016). These stimuli have been 
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associated with changes in mitochondrial activities and remodelling (Rodriguez-

Bies et al., 2010). Furthermore, the activation of autophagy by thyroid hormone 

has been very recently associated with the coupling with mitochondrial 

biogenesis and the activity of skeletal muscle through activation of PGC-1α and 

FoxO3 (Lesmana et al., 2016). Autophagy has also been recently considered as 

an essential process to support skeletal muscle plasticity after endurance 

exercise (Sanchez et al., 2014). These reports indicate that the mechanisms of 

mitochondrial biogenesis and mitophagy are coupled to maintain the balanced 

mitochondrial activity (Figure 1). 

 

The study of the dynamics of mitochondria during muscle immobilization can 

highlight the role of mitochondria on muscle wasting processes associated with 

cachexia, sarcopenia or fibromyalgia. The most important findings of Kang’s 

study is the activation of autophagy/mitophagy during recovery process, which 

highlights the importance of fusion and fission processes and mitophagy in the 

recovery of the right mitochondrial architecture and active mitochondria after 

remobilization. Further, these processes highlight the importance of a right 

mitochondrial structure control in order to balance the biogenesis of new 

mitochondria and the removal of damaged structures to avoid mitochondrial 

dysfunction. Probably, a disruption of this balance is associated with age-

related and several disease-associated processes affecting muscle (Lopez-

Lluch et al., 2015).  

 

This study of Kang et a., (Kang et al., 2016), opens the development of new 

strategies to avoid excessive muscle damage during recovery after long-term 
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immobilization. Recovery is accompanied by increase of ROS production, 

oxidative damage and increase of pro-inflammatory cytokines (Kang et al., 

2015). The knowledge of the molecular processes affecting muscle during this 

recovery can help to develop therapies that will reduce the side-effects of 

inflammation and ROS production probably by acting on PGC-1α activation and 

modulation of FoxO3-dependent mitophagy. In my opinion, this is especially 

important during aging since waste of muscle by sarcopenia is accelerated 

when muscle immobilization is needed after severe injuries such as hip fracture, 

a common injury in elderly people. Strategies to avoid massive muscle wasting 

in old people are needed and the knowledge of the biochemical and molecular 

aspects of this process will help to think about it.  
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Figure legends.  

Figure 1. Mitochondrial remodelling after immobilization and 

remobilization processes. During immobilization (IM) fusion processes 

decrease reducing the number of mitochondria. Longer time of immobilization 

activates the activity of fission processes probably inducing the accumulation of 

damaged mitochondria. However, the activation of FoxO3 also induces 

mito/autophagy that eliminates unnecessary mitochondria. During 

remobilization (RM), the activation of PGC-1α induces the production of new 

mitochondrial components at the same time that induce fusion to increase the 

amount of active and balanced mitochondria at the same time that induce the 

elimination of damaged mitochondria by increasing mito/autophagy processes.  
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