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Directing active multicellular tissues with multiscale environments. 

Application to “on-chip” cell differentiation 

The behavior of a multicellular tissue results from the coordinated actions of 

the individual cells it is made of. In vivo, these cell populations interact with their 

microenvironment, including the physical and biochemical cues exerted by the 

extracellular matrix (ECM) and by neighboring tissues. These environments are 

complex and span different length-scales from the microscales (molecular sizes 

of the biopolymers of the ECM), to the mesoscales (large scale heterogeneities, 

such as physical boundaries or confinement). To study these situations, there is 

therefore a need for well-controlled in vitro experiments in which the cells experience multiscale 

guiding cues.  

In the last years, our group has addressed different aspects of the emergence of collective cell 

behaviors in well-defined microfabricated environments. In particular, we have shown that spindle-

shape cells tend to adopt a common orientation amounting to a “nematic” order. The intrinsic activity 

of the cells then results in spontaneous collective large-scale flows controlled by their environment 

(selectively probing either subcellular or supracellular scales). These experiments are interpreted 

within the theoretical framework of active matter. 

In the present project, we propose to increase the complexity of these experiments by exposing 

active cell populations to multiscale environments. These structures will incorporate in the same setup 

both microscale and mesoscale features acting antagonistically or synergistically on the cells. From 

these experiments, we’ll access the physical parameters of the cell system such as its activity or its 

rheological parameters, and relate them to biological signaling pathways and functions. Based on these 

results, we will then design structures promoting the formation of well-controlled 3D tissues and use 

this strategy to improve the differentiation of undifferentiated cells “on-chip”. 

To address these questions practically, our group has a long-standing expertise in microfabrication, 

innovative microscopy techniques, and cell biology techniques. Moreover, this interdisciplinary project 

is developed in close collaboration with groups of biologists and theoreticians. 
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