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How cells encode differentiation signals? 
 
During embryonic development, cells gradually go from pluripotent to highly specialized states. 
This process is guided by morphogens, a class of secreted factors that have been shown in vitro to 
be able dictate cell fate in a dose-dependent manner. How morphogens operate in vivo to define cell 
fate is still unclear, especially as we have recently shown that the temporal profile of the 
concentration of morphogen could be as important as its absolute concentration. (see Sorre et al. 
2014) 
 
We will focus on Nodal signaling, a morphogen of the TGF-β family that plays a crucial role in 
early development as well as in cancer. Using a combination of automated microfluidic cell culture 
and single cell analysis, we propose to study how mouse embryonic stem cells encode Nodal 
signaling and how this defines their subsequent differentiation into ectoderm, mesoderm or 
endoderm. 

Figure 1 : top : example of fluorescent 
reporter for TGF-β signaling (green): the 
reporter is in the cell nucleus when the 
pathway is active. Bottom: example of 
cell response to various temporal 
profiles of stimulation. From left to right: 
step, pulses and ramps at various speeds. 
The response to a TGF-β concentration 
step is transient and adaptive, slowly 
increasing the ligand concentration 
diminishes the response and well-spaced 
pulses of ligand combine additively 
resulting in greater pathway output than 
with constant stimulation 
 

During this internship, you will have the opportunity to learn the following techniques/concepts: 
micro-fabrication, micro-patterning, surface modification for cell culture, image analysis, single cell tracking, 
mouse Embryonic Stem Cell culture, molecular cloning, classical embryology, mathematical modeling of cell 
fate descision and patterns formation. The project will be done in close collaboration with the lab of J. 
Collignon (mouse embryology) at IJM.  
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Please, indicate which speciality(ies) seem(s) to be more adapted to the subject: 
Condensed Matter Physics  Macroscopic Physics and complexity    Theoretical Physics 


