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"A Systems Bioengineering Framework for Probing
Collective Cell Migration”

Collective cell migration is a fundamental multicellular activity that plays essential roles in numerous
physiological and pathological processes, such as tissue development, regeneration, and cancer
metastasis. Proper coordination of cells, for instance, is required to repair damaged tissues in which
cells crawl collectively atop exposed extracellular matrix following injury. The collective migration
mechanisms responsible for tissue development are also utilized in the invasion and metastasis of
malignant tumors. Despite its significance, the fundamental processes that drive collective cell
migration, such as leader cell formation and multicellular cooperativity, remain poorly understood. To
elucidate the molecular and cellular mechanisms governing collective cell migration, my laboratory is
developing a single molecule biosensor for dynamic multigene analysis in complex tissue environments.
By integrating the single molecule biosensor with microengineered 3D tissue models, single cell
photothermal ablation, biomechanical analysis, and agent-based computational modeling, we establish
a systems bioengineering framework for probing collective cell migration. Using the systems
bioengineering framework, we reveal that the formation of leader cells during collective migration is
dynamically regulated by DII4 signaling through both Notchl and intercellular tension. Our finding
provides a molecular basis for the stochastic emergence of leader cells, which may enable novel
approaches in regenerative medicine, wound healing and anti-metastasis therapy in the future.
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