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Placenta-on-a-chip was used to reproduce a characteristic three-dimensional
layered structure of human placenta, in which the syncytiotrophoblast and cytotrophoblast, as well
as the fetal vasculature, are located across the stroma. Fibrin gel, fibrin gel mixed with vascular
endothelial cells and fibroblast cells, and cell suspensions of placental cells were injected into
the three parallel gel channels and their adjacent media channels at different timings to reveal the

process of human placenta formation. In addition, quantitative evaluation of material exchange
between mother and fetus was achieved by measuring permeability of the trophoblast and microvascular
network under controlled culture conditions. Furthermore, we developed an experimental setup to
observe the dynamics of a single layer of vascular endothelial cells under hypoxia and flow
exposure, and showed that their stimuli promote morphological changes.
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