[bookmark: _GoBack]Embryonic stem cells (ESCs) show great potential for use in tissue engineering, regenerative medicine, and drug screening applications due to their ability to differentiate into cells from all germ lineages. Differentiation of ESCs is commonly initiated through the formation of three-dimensional cell aggregates called embryoid bodies (EBs), which differentiate to generate primitive endoderm, ectoderm, and mesoderm lineages and recapitulate many of the morphogenic events of early development. In studies of morphogenic patterning and cell fate specification, it is important to temporally and spatially control the stem cell aggregate microenvironment. However, current techniques for aggregate culture are limited in their ability to provide well-controlled environments. In commonly used suspension culture, aggregates are exposed to variability in parameters such as fluid shear stress and biomolecule concentrations. Additionally, single aggregates cannot be tracked over time, limiting the ability to obtain dynamic phenotypic information on a single sample level. Microfluidic devices offer an alternative to conventional culture techniques, but many of those that have been developed for stem cell aggregate culture have not been widely adopted due to their limited characterization or complex operation. Thus, there is still a need for a technology that can both control variability in culture conditions and allow tracking of single aggregates over time.
Here, we present a microfluidic device for culture of embryonic stem cell aggregates in physically isolated, well-controlled, defined environments. Microscale fluid flow, due to the small length scales and laminar flow regime, enables precise temporal and spatial control of the aggregate microenvironment. Furthermore, the presence of cell-secreted molecules in the aggregate microenvironment can be modulated by operating the device under either perfusion or static flow conditions. The device is simple to operate: aggregates are loaded using gravity-driven flow and are passively positioned in an array of traps, guided by fluid streamlines. Retrieval of aggregates from the device can be achieved by reversing the flow. Over more than five days of culture of differentiating aggregates, we use imaging to characterize aggregate morphology and protein expression of pluripotent and differentiation markers. Overall, we demonstrate a novel microfluidic technology that provides well-controlled, defined conditions for culture of stem cell aggregates. Our technology allows us to capture dynamic, single sample level phenotypic characterization of differentiating stem cell aggregates. 


