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Vessels in tumors branch and meander irregularly, and in some cases exhibit regurgitation,
resulting in heterogeneous hypoxia in tumor tissues. It is generally known that this hypoxia is
deeply involved in tumor growth and angiogenesis. Similarly, glucose supplied by tumor blood
vessels and proteins such as VEGF related to tumor growth expressed in blood vessels and tumor
cells are heterogeneously distributed in the tumor. Simple experimental devices to form gradients
of these gases and small molecules are not common. In this year, we performed theoretical
simulations and prototype experiments of microfluidic devices that can form both gradients
simultaneously.
A metal mold was fabricated to mold the microfluidic channels for gas supply and the cell culture
layer. PDMS (Polydimethylsiloxane) was poured into the mold and then heated to form the
microfluidic device. An oxygen sensing film containing porphyrin dye was placed in the culture
layer, and the oxygen gradient formed in the culture layer was measured using an originally
developed oxygen partial pressure measurement device. Two input channels were installed in the
cell culture layer, and the chemical gradient was formed by the influx of molecules of different
concentrations from each channel. The chemical gradient was observed when a fluorescent dye
was flowed into the culture layer from one of the channels. These gradients were simulated by
COMSOL, which is based on the finite element method, and it was shown that the oxygen and
chemical gradients can be freely controlled.
Based on these results, we proposed a new microfluidic device that simultaneously forms oxygen
and chemical gradients, and demonstrated its effectiveness through measurements and
simulations.
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Vessels in tumors branch and meander irregularly, and in some cases exhibit regurgitation, resulting in heterogeneous hypoxia in
tumor tissues. It is generally known that this hypoxia is deeply involved in tumor growth and angiogenesis. Similarly, glucose supplied
by tumor blood vessels and proteins such as VEGF related to tumor growth expressed in blood vessels and tumor cells are
heterogeneously distributed in the tumor. Simple experimental devices to form gradients of these gases and small molecules are not
common. In this year, we performed theoretical simulations and prototype experiments of microfluidic devices that can form both
gradients simultaneously.

A metal mold was fabricated to mold the microfluidic channels for gas supply and the cell culture layer. PDMS (Polydimethylsiloxane)
was poured into the mold and then heated to form the microfluidic device. An oxygen sensing film containing porphyrin dye was
placed in the culture layer, and the oxygen gradient formed in the culture layer was measured using an originally developed oxygen
partial pressure measurement device. Two input channels were installed in the cell culture layer, and the chemical gradient was
formed by the influx of molecules of different concentrations from each channel. The chemical gradient was observed when a
fluorescent dye was flowed into the culture layer from one of the channels. These gradients were simulated by COMSOL, which is
based on the finite element method, and it was shown that the oxygen and chemical gradients can be freely controlled.

Based on these results, we proposed a new microfluidic device that simultaneously forms oxygen and chemical gradients, and
demonstrated its effectiveness through measurements and simulations.
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