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Microfluidic device for drug screening tests: Body on a Chip
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Comprehensive in vitro model ‘Body on a Chip’, that recapitulate physiological condition for investigation
of drug efficacy and/or toxicity, have emerged as a promising drug screening technologies. We fabricated
a new microfluidic device for Body on a Chip, integrating pneumatic micropump for a medium circulation

loop, via original grayscale lithography. We further applied this device to study anti-cancer drug response
on human heart and liver cancer cells, and successfully demonstrated metabolite-induced side effects.
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Microfluidic platform ‘Body on a Chip’ used for drug screening
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J Time: over 10 years

y Cost: over ¥100B-

~ Failure: side effects
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Body on a Chip

Microphysiological system with microfluidic technology
> Two cell lines in a single device (in this project)
Heart: Primary human cardiomyocytes (hCM)
Liver : HepG2 hepatocellular carcinoma
> Controlled cellular environments

> Integrated micropump to mimic blood circulation
— Realize ‘Inter-tissue interaction”
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Model for humans
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Anti-cancer drug
(Doxorubicin

HepG2
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Demonstrated metabolite-induced side effects on heart cells

@ Pneumatic micropump
@ Microvalves

@ Cell culture chambers
@ Inlets for cell lines

® Outlet for wastes

Material: PDMS (Polydimethylsiloxane)

@ Toxicity assay of anticancer drug on hCM

Body on a Chip “"gG-well plate
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Model drug: Doxorubucin (DXR)

“Cell damage indicator: DAPI
— Stain the damaged cells

“Positive control: Staurousporine
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— Induce apoptosis 12
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“**96-well cell culture plate:
— Conventional cell culture without
a circulation system (i.e., pump)
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Two reasons why we could successfully fabricate ‘Body on a Chip’ at Nanotechnology Hub, Kyoto University
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Grayscale lithography for high-precision pneumatic pump
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Numerical optimization of lithography process parameters

Full valve fabricated via 3D lithography
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Cross section
of structure

Advantages in mold fabrication

1. Repeatability of the process
2. Controllability of 3D profiles
3. Uniformity in the device area
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Working principle of pump

New
Numerical simulation
(Black box)
3D lithography
simulator

INPUT
® Profile of target structure

OUTPUT

® Grayscale mask  ® Offset position
® Exposure dose @ Development time

Positive resist

‘Substrate Process optimizer 3D lithography experiments
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