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Seminar Abstract
The use of stem cells (whether multi- or pluripotent (MSCs, PSCs)) in cell therapies,
regenerative medicine and drug screening and discovery requires the imposition of
exquisite control over their fate to efficiently produce sufficient, defined single or
multi-cell populations (including most recently organoids). Further improvements
in expansion and differentiation outcomes, along with patterning and maturation
of specific cell types, are however often intrinsically limited by undefined media
culture components, poorly (or un-) known signal crosstalk between multiple
exogenous and endogenous (secreted) factors, and spatiotemporal variations in
microenvironmental composition inherent to conventional bioprocess culture and
bioreactor formats. To address these limits, and elucidate new factor combinations
and factor interplay, we have recapitulated early lineage choice and tissue
patterning events within perfused arrayed microtissue-scale environments,
coupled with single cell imaging cytometry and multivariate analysis. These
multiplexed microdevices have allowed us to explore up to 8100 unique media
conditions under flow conditions mimicking interstitial tissue flows in an unbiased
and quantitative manner to rapidly decipher factor interplay and signaling
hierarchies that control stem and progenitor cell fate choices. Most recently, we
have used this factorial approach to reveal critical contributions of induced
paracrine factors on cell specification of the primitive streak and thereafter
patterning into multilayered organoids, along with isolation of media combinations
that achieve near pure differentiated tissue cell types. Whilst this sophisticated but
facile microdevice-based methodology can be used for tuning complex
differentiation such as nephron segmentation, it opens a robust pathway for
interrogating other multicellular differentiation processes and organoid
development and maturation, in addition to the necessary bioprocess optimization
and media formulation design required for scale-up of these complex systems.
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