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We fabricated a microfluidic device for cell culture to reproduce the tumor microenvironment. Prior
to the practical experiments, we performed simulations on pharmacokinetics into tumors and
obtained the following results.
In order to control the concentration of chemicals in the tumor microenvironment, we designed a
device that forms a chemical gradient in the cell culture layer, and demonstrated its effectiveness
through simulations and measurements. The shapes of the culture layer and the medium channels
were determined using advection-diffusion simulation using the finite element method. A culture
device was prepared using PDMS polymer with high biocompatibility, and the concentration
gradient was quantified by perfusing a fluorescent dye in the device. In addition, a flexible chemical
concentration gradient was successfully formed by changing the flow path length and liquid flow
rate. Tumor cells were seeded in the culture layer, and the quantification of the viable cell rate
showed the effectiveness of the device.
Next, we simulated the pharmacokinetics of tumor-environmental tumors prior to cell experiments
using microfluidic devices. Motile bacteria are one of the candidate drug delivery vehicles because
they can penetrate tumors. The combination of therapeutic bacteria and chemotherapy may have
dramatically higher antitumor effects, but the mechanism of their synergistic effect has been
unknown. Chemical concentration gradients using microfluidic devices may elucidate the
mechanisms of the synergistic effect. Co-delivery of C. novyi-NT and chemotherapeutic agents in
tumors was mathematically modeled. The concentration of doxorubicin in the tumor caused by the
combination of Doxil and C. novyi-NT was more than twice that of Doxil alone. These results
suggested that the degradation of extracellular matrix by the proteolytic activity of bacteria
contributed to the increased concentration.
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2. HEBREROBE R

We fabricated a microfluidic device for cell culture to reproduce the tumor microenvironment. Prior to the practical experiments, we
performed simulations on pharmacokinetics into tumors and obtained the following results.

In order to control the concentration of chemicals in the tumor microenvironment, we designed a device that forms a chemical
gradient in the cell culture layer, and demonstrated its effectiveness through simulations and measurements. The shapes of the
culture layer and the medium channels were determined using advection—diffusion simulation using the finite element method. A
culture device was prepared using PDMS polymer with high biocompatibility, and the concentration gradient was quantified by
perfusing a fluorescent dye in the device. In addition, a flexible chemical concentration gradient was successfully formed by changing
the flow path length and liquid flow rate. Tumor cells were seeded in the culture layer, and the quantification of the viable cell rate
showed the effectiveness of the device.

Next, we simulated the pharmacokinetics of tumor—environmental tumors prior to cell experiments using microfluidic devices. Motile
bacteria are one of the candidate drug delivery vehicles because they can penetrate tumors. The combination of therapeutic bacteria
and chemotherapy may have dramatically higher antitumor effects, but the mechanism of their synergistic effect has been unknown.
Chemical concentration gradients using microfluidic devices may elucidate the mechanisms of the synergistic effect. Co—delivery of C.
novyi-NT and chemotherapeutic agents in tumors was mathematically modeled. The concentration of doxorubicin in the tumor caused
by the combination of Doxil and C. novyi—-NT was more than twice that of Doxil alone. These results suggested that the degradation
of extracellular matrix by the proteolytic activity of bacteria contributed to the increased concentration.
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