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Abstract(3d2): Three-dimensional epithelial cell collectives often exhibit coordinated orbiting along
curved cell-matrix interfaces before transitioning into collective matrix invasion. These symmetry-breaking
transitions underlie morphogenesis and cancer invasion, yet the spatial cues that dictate where invasive
branches arise remain elusive. Here, we show that the transition from orbiting to invasion is governed by
bidirectional coupling between cell traction and local matrix curvature. We used slightly elongated
multicellular spheroids that initially possessed both sharper and flatter regions. During the early orbiting
phase, they round up while exerting stronger contractile forces preferentially near the initial sharper
curvatures. This process locally aligns collagen fibers radially, priming the matrix for subsequent invading
branches that emerge roughly along the initial major axis of the spheroid. Notably, applying osmotic
pressure arrested or even reversed these invading branches. “Mosaic” spheroids containing small fractions
of “leader” cells disrupted coherent orbiting yet retained invasiveness. Finally, we establish a minimal self-
propelled particle model to elucidate how the crosstalk of cell-cell and cell-matrix adhesion mediates
collective orbiting. Altogether, this work elucidates how local curvature guides symmetry-breaking
collective, with relevance for embryonic development and tumor progression.
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