Cell softening and cytoskeleton organization in tumorigenesis
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Cancer cells are softer than normal cells. To modulate compliance, cells must change the
cytoskeleton (csk) composition and organization. While f-actin is the primary csk component
influencing mechanics, recent evidence suggests intermediate filaments also contribute. However,
how f-actin and intermediate filaments are spatially organized in tumorigenic conditions and their
correlation with mechanics remains unclear. We hypothesize that the spatial organization of
vimentin, cytokeratin-5, and f-actin reflects mechanical properties and is altered during cancer
progression. To test this, we combine atomic force microscopy (AFM), traction force microscopy, and
polarization-resolved fluorescence microscopy to map mechanics, composition, and molecular order
of csk elements in a controlled system. We use non-tumorigenic (HMLE) and Ras-transformed
tumorigenic (HMLER) human mammary epithelial cells grown on micropatterns to ensure robust
averaging of AFM, traction forces, and polarization maps under well-defined extracellular matrix-
dependent prestress. Our results show a Ras oncogene-induced cell softening, which occurs
throughout the cell body, but also more polarized traction forces, an increased f-actin molecular
disorder, and in addition different expression and redistribution of cytoskeletal networks like f-actin,
vimentin, and cytokeratin-5.These findings suggest that f-actin molecular disorder serves as a
signature of tumorigenic cells and correlates with cancer-associated softening. Given vimentin’s
emerging role in regulating cell mechanics, we speculate that even slight changes in intermediate
filament organization may impact mechanics via rearrangement of actin filaments. Our method,
which combines different advanced techniques, reveals that cell softening and f-actin molecular
disorder are fingerprints of tumor cells at the nano and micro-scale respectively.



