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Stem cells and genetic programming : lessons from 
fundamental research  
 
Scientists at the Institute Pasteur and CNRS have identified key regulatory factors 
controlling one of the critical developmental processes occurring during embryo 
development : X-inactivation, which ensures the silencing of the genes carried by one 
of the two X chromosomes present in all cells of female mammals.  These  regulatory 
factors are also implicated in maintaining the capacity of embryonic stem cells to give 
rise to the different tissues which form our organism, such as the skin, liver and brain. 
And these same regulatory factors are also capable of ‘reprogramming’ the genomes 
of adult cells so that they lose their specialisation and return to the stem cell state. The 
research published in Nature contributes to our understanding of the fundamentals 
governing the stem cell state, a knowledge which will be  necessary for controlling the 
differentiation of these cells and developing their use as a base for novel therapeutic 
stratégies. 
 
 
 Female mammals carry two identical sex chromosomes, two 
X chromosomes, whilst males possess only a single X 
chromosome. To avoid the effects of this imbalance, a 
mechanism is activated in females during embryonic 
development which ensures the silencing of the genes 
present on one of the two X chromosomes present in each 
cell. This mechanism ensures that cells of males and females 
express equally the genes present on the X chromosome.  
 
The mechanisms responsible for this X-chromosome 
inactivation are under investigation in the unit of Mouse 
Molecular Genetics (Institut Pasteur/CNRS URA 2578), headed 
by Philip Avner. The scientists in this unit have previously 

identified three factors controlling directly the onset of this 
process in the embryo.  In collaboration with the team  of 
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Le chromosome X inactif est mis en 
évidence grâce à l’ARN non-codant Xist  
(en vert) qui le recouvre dans chaque 
noyau (en bleu) de cellules femelles 
adultes. 
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Dr.Ian Chambers at the University of Edinburgh, they have now characterised a further three 
factors implicated in a complementary second level of regulation.  
Interestingly some of these factors have previously  been shown to be able to induce adult cells 
of specialised tissues such as the skin to move towards  the  undifferentiated  or stem cell state. 
When this ‘deprogrammation’ occurs in female cells it is accompanied by the reactivation of 
genes on the inactive X chromosome. This suggests that there are common molecular 
mechanisms between the reactivation of the inactive X and the process of 
reprogrammation/deprogrammation. 
 
The discovery of scientists from the Institut Pasteur and CNRS by contributing to the identification 
of these underlying common regulatory mechanisms. underlines the  importance of fundamental 
research for our understanding of the nature of the developmental plasticity of embryonic stem 
cells, an area of potential major interest for  the development of novel therapeutics  and public 
health.   
 
 
 
Ces travaux ont reçu un soutien de l’Agence Nationale de la Recherche Scientifique et du 
réseau européen d’excellence Epigenome. 
 
 
 
 
 
Molecular coupling of Tsix regulation and pluripotency, Nature, 18 novembre 2010. 
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