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Visualization of mechanical stresses in expanding cell cluster

Youngbin Cho, Bomi Gweon, Ung Hyun Ko, and Jennifer H. Shin

Abstract. Collective cell migration is a fundamental phenomenon observed in various biological processes such as

development, wound healing, and cancer metastasis. During the collective migration, cells undergo changes in their

phenotypes from those of stable to the migratory state via the process called epithelial-mesenchymal transition (EMT). Recent

findings in biology and biochemistry have shown that EMT is closely related to the cancer invasion or metastasis, but not

much of the correlations in kinematics and physical forces between the neighboring cells are known yet. In this study, we

aim to understand the cell migration and stress distribution within the expanding cell cluster. We constructed the in vitro

cell cluster on the hydrogel, employed traction force microscopy (TFM) and monolayer stress microscopy (MSM) to visualize

the physical forces within the expanding cell monolayer. During the expansion, cells at the cluster edge exhibited enhanced

motility and developed focal adhesions that are the essential features of EMT while cells at the core of the cluster maintained

the epithelial characteristics. In the aspect of mechanical stress, the cluster edge had the highest traction force of ~90 Pa

directed toward the cluster core, which means that cells at the edge actively pull the substrate to make the cluster expansion.
The cluster core of the tightly confined cells by neighboring cells had a lower traction force value (~60 Pa) but the highest
intercellular normal stress of ~800 Pa because of the accumulation of traction from the edge of the monolayer.
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Fig. 1. A typical expanding behavior of the cell cluster.
(a) Schematics of two states within the cell cluster.
(b) Trajectory for entire cell cluster during 12
hours expansion analyzed by PIV method. (c)
Trajectory for edge and core cells in 12 hours
expansion experiment. (d) Average speed of the
edge and core cells within the cluster.
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Fig. 2. Measurement of traction force exerted by the
cell. (a) Schematics of the principle of TFM.
(b) Reference phase image of patterned cell cluster.
(c) Reference image of embedded fluorescent beads.
(d) Map of traction stresses, depicted as color (blue
describes the inward direction to the center, and
red describes the outward direction). All scale bars
represent 200 pm.
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Fig. 4. Visualization of intercellular stress using the
MSM. (a) Schematics of intercellular stresses
(normal stress and shear stress). (b)
Representative time-lapse images of normal
stress. (c) Average normal stress of the entire
cluster during expansion. (Blue line : median
value, Gray region : 10~90 percentile of data).
(d) Representative time-lapse images of shear

R I Y < stess. (¢) Average shear stress of the entire

i l\ o0 ! ® || . | ‘%;,.-:;f!é'{i',- cluster during eipansion. (Blue line : median

Traction value, Gray region : 10~90 percentile of data).

All scale bars represent 200 pm.

Fig. 3. Physical dynamics within the expanding cell cluster.
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