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Abstract  
 
Actin structures have been shown to play a crucial role in tissue morphogenesis. The mouse intestinal epithelial 
tissue displays actin stars (AcSs), assembled in a large-scale supra-cellular network connecting differentiated cells 
through the middle of cell-cell junctions. AcSs can form in a large set of epithelial tissues, both in vivo and in vitro, 
and are conspicuously absent from the proliferative crypt compartment. The structured multicellular 
architecture of the AcS network may act as a "crystalline" framework, preserving the organization of cells within 
the differentiated domain in the intestinal epithelium. Here, mouse intestinal organoid tools, with standardized 
culture techniques and advanced genetic methods combined with live imaging, will be used in combination with 
biophysical analyses and physical modeling to test models of the possible mechanical role that the AcS network 
plays at various scales for tissue morphogenesis. 
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Objectives  
 
The AcS cytoskeletal assembly has only been observed in vitro within purified reconstituted minimal actin systems 
(1,2), and reported only once in vivo within a sponge model, tentatively referred to as a 'histoskeleton' in the 
1980s, although no specific function was attributed to it (3). Given the novelty of these observations and our 
complementary methodologies, we wish to explore the interplay between the extensive AcS network and tissue 
morphogenesis. We hypothesize that the AcS network ensures morphological and functional stability upon the 
epithelium at various scales, individual epithelial cells and epithelial assemblies and ultimately impact the tissue 
patterning. 
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Proposed approach (experimental / theoretical / computational)  
 
In parallel to the in vivo mouse intestine model, we use potent intestinal organoid tools developed in the lab, 
with standardized culture techniques and advanced genetic methods combined with live imaging to unravel 
cellular mechanisms governing epithelial homeostasis (4). Here, we integrate these advancements with high-
resolution cell and developmental biology (DD’ team), along with biophysical analyses and physical modeling 
(JFR’ team; 5) to decipher the functions of AcS:  
-  at the individual cell level for cell shaping and differentiation, and at the collective level for restricting cell 

intercalation and migration events. We will design a joint cell segmentation and cell classifier (crypt versus 
differentiated cells), together with an automatic detection code for cell divisions and cell rearrangements, 
notably deep-learning-based, joint segmentation and tracking tools; 

- at the tissue level for epithelial compartment self-organization and stabilization. Quantitative analyses by 
segmenting tissue domains and using a cell-based simulation code will be used to test models of the possible 
mechanical role that the AcS network plays and its effects on tissue-level coarsening kinetics. 

 
 

 

Interdisciplinarity  
 
The project is interdisciplinary at its core, at the crossroads of biology, physics and computer science: indeed, 
deep learning-based tools will help us recast the problem of cell differentiation in mechanics concepts. The 
PIs have complementary expertise in those fields: the lead supervisor, D. Delacour, a CNRS developmental cell 
biologist, group leader at IBDM Marseille, focuses on understanding epithelial morphogenesis, homeostasis, and 
intestinal pathologies, with expertise in cell dynamics, particularly in 2D and 3D model systems. In 2017, she was 
awarded the Research Prize on Rare Intestinal Diseases from the Foundation Groupama. In June 2023, she 
established a new team dedicated to mammalian epithelial morphogenesis at IBDM in Marseille, equipped with 
animal housing and advanced imaging facilities. The co-supervisor, JF. Rupprecht, a CNRS theoretical physicist 
and group leader at the Centre de Physique Théorique/CENTURI Marseille, specializes in vertex models for 
tissues, mechano-hydrodynamic models for actin cortex, and image analysis techniques, including automated 
detection tools. Both partners have obtained solid results, yet unpublished, providing a strong foundation for 
the project. 
 

 
 

PhD student’s expected profile 
The project blends different aspects, both experimental and theoretical, corresponding to a wide range of 
profiles. We are looking for profiles ranging from (1) someone who enjoys performing experiments and 
developing image analysis, while performing some simulations, to (2) someone who enjoys performing the image 
analysis and simulations, and some experiments. In any case, interdisciplinary will be key to the project. We 
target motivated and talented in either Biology or Physics students.
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Is this project the continuation of an existing project or an entirely new one?  
 
It is a new project 
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