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Bottom-up Approach to Mammalian Gastrulation 
 
One of the most striking feature of embryonic development is that differentiation is happening in a spatially ordered 
fashion: tissue self-organize to form well-defined patterns. During gastrulation, the cells of the embryo are allocated 
into three germ layers: ectoderm, mesoderm and endoderm. Elegant work in the fish, frog, and mouse embryos 
has established that spatial patterning during gastrulation is under the control of the morphogen pathways 
(Activin/Nodal, BMP, Wnt…). However, studying the spatio-temporal dynamics of pattern formation is difficult in 
those systems, because of their inherent lack of observability (especially in organisms that develop in utero) and 
manipulability : it is not possible in an embryo to control in a quantitative manner the parameters that are likely to 
be relevant for  the establishment of the multi cellular pattern such as the size and shape of the tissue and its 
physical and chemical environment. 
 
Recently, we took the first step toward in vitro recapitulation of early embryonic patterning by showing that 
Embryonic Stem Cells (ESCs) confined to circular disks comparable in size to mammalian embryos using 
micropatterning technology and treated with the gastrulation inducing signal BMP4 differentiate to an outer 
trophectoderm-like ring followed by the three embryonic germ layers in an ordered, reproducible sequence along 
the radial axis of the colony. These results demonstrate that geometric confinement is sufficient to trigger 
self-organized patterning in hESCs and that the intrinsic tendency of stem cells to make patterns can be harnessed 
by controlling colony geometries, and provides a quantitative assay for studying paracrine signaling in early 
development. 
 

 
  
Figure 1: ESCs grown under standard and 
micropatterned conditions show heterogeneous 
and standardized colony geometries, respectively. 
Reproducible spatial patterning observed after 
42h of differentiation in BMP4 (Sox2: ectoderm, 
Bra:mesoderm, Cdx2 :trophectoderm). 
 
 

The observed pattern doesn’t however recapitulate all the features of the patterning observed in embryos, 
suggesting that the imposed boundary conditions are too stringent or incorrectly defined. By taking advantage the 
micro-fabrication and the micro-fluidics toolbox, we propose here to study how the physical (stiffness of the 
substrate, size and shape of the tissue) and chemical (spatio-temporal profile of differentiating signals) properties of 
the cells micro-environment is affecting the final pattern, in order to define what is the minimal set of boundary 
conditions allowing for proper gastrulation. 
 
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 decisions and patterns 
formation. The project will be done in close collaboration with the lab of J. Collignon (mouse embryology) at IJM.  
 
 
Sorre, B., et al. (2014). Encoding of Temporal Signals by the TGF-β Pathway and Implications for Embryonic Patterning. Developmental Cell,  
 
Warmflash, A., Sorre, B., Etoc, F., Siggia, E. D., & Brivanlou, A. H. (2014). A method to recapitulate early embryonic spatial patterning in human embryonic stem cells. 
Nature Methods 
 
 

Please, indicate which speciality(ies) seem(s) to be more adapted to the subject: 
Condensed Matter Physics  Macroscopic Physics and complexity    Theoretical Physics 

C B 


