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Phase transitions in cancer metastasis
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The spread of cancer metastasis depends on a sequence of molecular factors involving adhesion molecules,
but also on mechanical and geometrical effects affecting cancer cell migration [1]. In this talk, we discuss our
recent work showing how concepts related to the physics of complex systems, such as non-equilibrium phase
transitions, the jamming transition, and turbulent active nematic flow, can be used to quantitatively describe
the behavior of metastatic spread in vitro [2] and in vivo [3]. By controlling adhesion and confining pressure in
vitro, it is possible to construct a phase diagram for migrating cancer cells that involves transitions between
jammed and unjammed states, and from laminar to turbulent active nematic flow [2]. Collective invasion of
metastatic cancer cells injected into the deep dermis of the mouse quantified using intravital multiphoton
microscopy and three-dimensional image analysis reveals a multicellular but low-cohesive migration mode
characterized by rotational patterns which self-organize into persistent tracks with orientational nematic order,
confirming that the active turbulent scenario is relevant for collective cancer cell migration in vivo [3]. We also
discuss the role of molecular factors in metastasis by introducing a Boolean network model for epithelial -
mesenchymal transition (EMT). a process by which polarized epithelial (E) cells acquire mesenchymal (M)
characteristics [5]. Using the model. we construct a topographic map of the cell phenotypes revealing a
multitude of metastable hybrid phenotypic states, separating stable epithelial and mesenchymal states, and is
reminiscent of the free energy measured in glassy materials and disordered solids. We discuss the implications
of E/M hybrid states for metastatic spread.
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