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Quantifying cell mechanical properties is important to better understand many cellular processes. Focusing on 
immune reaction at the single-cell level [1-6; 8], we have shown that when a white blood cell (or leukocyte) contacts 
another cell to attack it or exchange information, the former become much stiffer and more viscous within minutes 
[1]. Studying this active stiffening can help better understanding the immune response and pathologies such as 
cancer and respiratory diseases. This requires a better characterization of leukocyte mechanical properties, which is 
the aim of this internship. 
 
We have shown that immune cells follow weak power-law rheological properties [1], a signature found in many living 
systems. However, we seek to dissect the contribution of different subcellular compartments in the global 
viscoelastic properties (e.g. actomyosin cell cortex, cytoplasm and nucleus) to see which one contributes to cell 
stiffening during leukocyte activation. We have observed two different phases during this stiffening, an early phase 
(~1 minute starting with cell-target contact) followed by a rapid stiffening that lasts few minutes. We would like to 
assess if and what subcellular mechanical changes can be associated with different stiffening phase. For instance, we 
would like to know if cytoskeletal rearrangements within cell cortex is the main actor during cell stiffening. 
 
To address properly these questions, we will also need to study factors that may influence the mechanical 
measurement, such as the presence of adhesion between the cell membrane and the probe used to press on the 
cell to measure its stiffness. In mechanical terms, we will need to assess to what extend some boundary conditions 
such as adhesive properties at the boundaries influence our mechanical measurements. 
 
During this internship with a major experimental component, we will use our in-house micropipette-based single-
cell rheometer (figure 1) that allows trough microindentation to track viscoelastic changes in white blood cells during 
activation [1,4,7]. Cell and molecular biology know-how will be provided by biologists through established 
collaborations. 

Figure 1. Single-cell rheometer. Two micropipettes are placed in a Petri 
dish. A flexible pipette (right) holds an activating 5-µm microbead covered 
with antibodies that can activate a leukocyte. A rigid micropipette (left) 
gently holds a leukocyte (inset). The base of the flexible micropipette is 
translated to impose a desired force on the cell. Recording the resulting 
cell deformation allows measuring cell viscoelastic properties while cell 
morphological changes are observed. A movie (time x30) showing the 
activation of a leukocyte can be seen here. 
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