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Three-dimensional culture models are considered as a promising tool to study physiologically 
relevant in vitro human models. They represent a compromise between simplistic monolayer models and 
compelling animal models. Over the past decade, cell-biomaterial and cell-cell interactions have been 
proved highly valuable for the constitution of a relevant model, and further studies have been conducted 
on the mechanobiology of the matrices1, as well as on the synergistic effects of coculture both in physio- 
and pathological cases for example2–5. It is now well established that supportive cells such as fibroblasts, 
pericytes or mesenchymal stromal cells play a role during angiogenesis, as well as during tumor 
development. Besides, the need for a vascular compartment, and the reciprocal influence of endothelial 
and cancer cells are widely studied as well6,7. Yet, few quantitative studies have been conducted on the 
interactions of supportive, endothelial and cancer cells regarding development and perfusion of the 
endothelial network, secretions by any of these cell types, and possible migration of cancer cells, among 
others. It is therefore challenging to understand what is the influence of each cell type over the others. 

This internship aims at adapting a coculture system already studied in the lab to a triculture setup 
with fibroblasts, endothelial and cancer cells, using hydrogels of pullulan and dextran4,8,9. The mechanical 
and biological properties of the matrix have been studied already10, and can be tuned to convenience to 
help the cells adhesion, migration, and communication. Then, the influence of each cell type will be 
studied by investigating the three two-cell-type-system independently by proteomics analysis, evaluation 
of the permeability under perfusion, and immunostaining and 3D imaging. In particular, the work will 
involve: 

- Hydrogel synthesis and possible protocol optimizations. 

- Cell culture with human umbilical vein endothelial cells (HUVECs), breast cancer cells and breast-
cancer-derived fibroblasts. 

- Protein quantification assays and permeability testing under flow. 

- Immunostaining and confocal microscopy to assess the integrity of the vascularization. 
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The intern is expected to be interested in cell culture, in biomaterials, and in engineering and 
microfluidics. The intern is highly encouraged to take initiatives and to propose ideas. This internship will 
take place in our laboratory in Bichat Hospital, 18e, Paris, within a team and a lab constituted by more 
than 200 people, including researchers, clinicians, engineers, postdocs, PhD students, and interns. The 
team is specialized in biomaterials and hydrogel production for tissue engineering, and therefore owns 
the equipment necessary to accomplish this project, including the process of fabrication and 
characterization of the materials, as well as 3D cell dynamic culture and biomolecular analysis. The lab is 
young and dynamic, and the student will benefit from many soft-skills and communication trainings such 
as journal club sessions, weekly team meetings, or a “3-min-M2” contest. We are also committed to 
facilitate student integration by sharing time together, such as meals and social activities.  
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