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Abstract
A central challenge in biomedicine is the development of physiologically relevant in vitro systems that faithfully
recapitulate tissue architecture and function, while enabling reliable assessment of drug responses and
cytotoxicity. At the core of this challenge lies the fundamental property of living matter to self-organize into
higher-order structures across molecular, cellular, organ, and organismal scales. Conventional two-dimensional
cultures and simplified models fail to capture these emergent processes, particularly the interplay between
mechanical cues, cellular organization, and dynamic collective behaviors, thereby limiting their predictive
power for translational applications. Collective motion driven by active transport processes and mechanical
cues have emerged as a key mechanisms underlying such order formation across these length scales. Here, |
present recent results on structure formation in organoid systems, demonstrating how mechanical feedback
between extracellular matrix, proliferation, and cell migration governs morphogenetic processes in these
multicellular model systems. | will present findings on the developmental phases of mammary gland organoids,
pancreatic ductal adenocarcinoma organoids, and epiblastoid development. Notably, we identify the formation
of cardiac shell organoids as a key finding, representing a structurally organized and functional in vitro model
with emergent tissue-level organization.
These results directly address key biomedical challenges by providing more physiologically relevant and
tunable model systems for studying development and disease. The structural and functional complexity of the
organoids enhances their applicability for drug screening and disease modeling, while cytotoxicity assays
confirm high biocompatibility and minimal adverse effects on cell viability. Together, this approach helps bridge
the gap between simplified in vitro systems and in vivo physiology, enabling more predictive and reliable
platforms for biomedical research and therapeutic testing.
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Utilizing advanced technologies such as microfluidics, multimodal imaging, Al-
guided microscopy, magnetic and optical tweezers, and atomic force
microscopy, his research team aims to uncover the fundamental principles
driving organoid development, contributing to advancements in developmental
biology and tissue engineering. His recent efforts focus on translating these

findings into biotechnological applications.
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