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Abstract : 
This innovative study gives a new outlook on the skin barrier function by focusing on the mechanisms of 
mitochondrial defense. Indeed, while mitochondria are essential organelles responsible of cellular energy supply, 
they are also highly sensitive to various aggressions. Through accurate modeling studies, we discovered different 
mitochondrial defense mechanisms activated in stressed normal human epidermal keratinocytes (NHEK) ensuring 
cellular energy production and skin barrier integrity: (1) the mitochondrial dynamics through fission and fusion 
processes and (2) the removal of damaged mitochondria through mitophagy.  
 
(1) In order to accomplish their tasks, mitochondria dynamically adapt their morphology in cells: the process of 
fusion leads to an inter-connected network of mitochondria able to produce high level of ATP, whereas fission 
regulates this energy supply by triggering mitochondria fragmentation 1. In order to understand mitochondrial 
dynamics within the skin, mitochondria shape descriptors were analyzed in young and aged NHEK with a unique 
automatic tool we developed internally: MitoshapeTM 2. Interestingly, this method quickly demonstrates that aging 
triggers fission in NHEK (P<0.01), thus leading to an imbalance of mitochondrial dynamics. These results were 
confirmed at functional level since ATP production was decreased by 22% in aged NHEK compared to young control. 
Tissue consequences were analyzed in young versus aged SILABSKIN® reconstructed epidermis. Synthesis of 
cytokeratin 10 and loricrin, two major epidermal differentiation proteins, was reduced by 13% and 34% 
respectively in aged model, thus suggesting the involvement of mitochondrial dynamics imbalance in the impairment 
of skin barrier differentiation observed with age. 
 
(2) It is thus essential for the cell to specifically remove unproductive mitochondria through a powerfull recycling 
process: mitophagy 3. In order to identify this mechanism in primary cutaneous cells, we transposed our 10 years of 
expertise in autophagy, a theme recently awarded with a Nobel Prize, to the study of mitophagy within NHEK. 
Hence, visualization of α-GRP75 and LC3-II colocalization after immunostaining enables the specific quantification 
of mitophagosomes. Interestingly, our results show an increase of mitophagosomes by 181% in stressed NHEK 
compared to untreated control, thus demonstrating the selective degradation of damaged mitochondria through 
mitophagy in NHEK.  
 
In conclusion, this innovative study based on our expertise in imaging and in vitro modeling, gives new insights in the 
understanding of mitochondria homeostasis. Hence, these sensitive organelles are capable of initiating different 
defense mechanisms to ensure high ATP production and thus tissue functionality. These scientific discoveries 
supported the development of a natural active ingredient boosting cellular energy production and thus cutaneous 
barrier, by activating mitochondrial defense mechanisms. 
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