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MET—< Investigation of cancer microenvironment under hypoxic exposure by using microfluidic
(FX3X) az |device with controllability of oxygen tension
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In cancer microenvironment, cells are exposed to spatial and temporal heterogeneity of oxygen tension.
Hyperproliferation of cells causes a chronic hypoxic condition with a nonuiform spatial distribution
of oxygen tension. In addition, immature vascularization in the cancer causes a temporal variation of
oxygen tension due to ischemia and reperfusion. Hence, it is important to understand cellular responses
and cell-cell interactions under temporal and spatial variations of oxygen tension. This study aimed
to develop a microfluidic device with controllability of oxygen tension to reproduce cancer
microenvironment, and to perform monoculture and coculture of cancer cells and endothelial cells under
control led oxygen tension. In order to lower the limit of the lowest oxygen level and to shorten the
time needed to establish a steady-state (3% 0, and 1 hour in the previous device), a new microfluidic
device was designed. Gas channels, where gas mixtures at predefined oxygen concentrations are supplied,
were repositioned to be above cell culture channels (media and gel channels) to enhance gas exchange
between the gas channels and cell culture channels. Numerical simulations revealed changes of oxygen
tension in the microfluidic device as a function of the system parameters such as device thickness,
size, the media and gas flow rates. Then, oxygen tensions created with the appropriate settings were
val idated by using oxygen—-sensing microbeads. As the results, a uniform oxygen tension down to 0.5%
0, or a linear oxygen gradient were establishedwithin 15min, By using the developed microfluidic device,
responses of cancer cells and endothelial cells to hypoxic exposure were investigated. When the oxygen
condition was switched between normoxia and hypoxia, an oxygen—dependent change of motil ity of the cancer
cel |s was observed. Endothelial permeability increased with barrier function loss by hypoxic exposure

showing that a size-selective endothelial barrier function observed under normoxic condition
disappeared. Usability of the developed device for coculturing the cells to investigate cell-cell
interactions under controlled oxygen tension was also confirmed




