
  

 

   

  

 

 

 

The making of a heart from self-organized multicellular systems 
Project for students in master/engineering school 
 
IBDM, Turing Center for Living Systems, Marseille. Team: Physical approaches to cell dynamics and tissue morphogenesis 
 
Team description: we aim to identify the physical principles controlling animal morphogenesis, in particular how mechanical forces 
sculpt tissues during embryonic development. To do so, we develop and apply quantitative approaches to observe, perturb and 
predict morphogenesis. We study how cell collectives generate and respond to mechanical forces, differentiate and self-organize, 
by probing different scales, from the molecular organization of cell-cell contacts to the global tissue shape. 
 
Description of the project: The heart is the first organ to form and function during embryonic development. In mammals, heart 
development starts when a group of embryonic stem cells undergo a complex choreography to give rise to the three germ layers 
(1) ectoderm (future nervous and skin tissues), (2) mesoderm (future muscles, bones and blood) and (3) endoderm (inner organs 
such as the gut or thyroid). The first steps of heart development remain poorly understood because the difficulty to access to the 
implanted embryo. Recently, 3D aggregates of mouse embryonic stem cells, called gastruloids, have been shown to self-organize 
into a structure that mimics mouse gastrulation and the earliest steps of cardiac and gut development. We discovered that cardiac 
progenitor cells arise from a collective cell movement that transforms a seemingly homogeneous field of cells into different regions 
including distinct endoderm-like and cardiac mesoderm-like territories 80h after the formation of gastruloids (see Fig). At 168h, 
gastruloids have undergone massive morphogenesis with the formation of cavities/tubes associated to both cardiac and gut tissues, 
the formation of a vascular network and regularly beating tissues. 

 
The project aims to quantify gastruloids morphogenesis between 80h and 168h to decipher the biophysical mechanisms that 
underlie the formation of tubes/cavities and of the vascular network observed at 168h. To do so, the intern will use advanced 
imaging approaches including multiphoton imaging and light sheet microscopy to image and quantify in 3D the cellular dynamics 
that lead to the formation of these structures. They will use advanced cell segmentation and tracking pipelines developed in the lab 
to generate quantitative maps of tissue dynamics and cavities formation. 

While the formation of early heart structures is reproducible in gastruloids, the complex structure of the heart is not 
achieved. We hypothesize that the boundary conditions, both chemical and mechanical, can increase the robustness of heart 
formation in gastruloids. We will therefore use different micro-fabricated environments exhibiting different viscoelastic properties 
and confinement geometry and determine the variability of the formed structures. 
 
Existence of special opportunities for the intern: the project will be carried out in a biophysics lab that combines experimental and 
theoretical approaches. It will develop in close collaboration with biology groups, experts in heart development F Lescroart, S Zaffran 
(La Timone, Marseille) and R Kelly (IBDM). The project may lead to a funded Ph.D. project. 
 
Contacts: Informal inquiries are welcome. Pierre-François Lenne, pierre-francois.lenne@univ-amu.fr & Sham Tlili, sham.tlili@univ-
amu.fr 
 
Expected profile of the applicant: we are looking for a curious and enthusiastic student with a strong background in 
Physics/engineering motivated by undertaking an interdisciplinary project combining both experiments and data analysis (and if 
desired theoretical modeling) at the frontier between statistical physics, biophysics and developmental biology. 
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