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We have developed two cell culture systems for use in pharmaceutical research using nano-biotechnology. First, we
developed a double layered co-culture system using cell sheet technology, and showed that in a layered co-culture system
with HepG2 and bovine endothelial cells, the expression levels of various cytochrome P450 (CYP) genes were sig-
nificantly increased compared to monolayer cultured HepG2 cells. In the layered HepG2 co-culture, expression of the
CYP2C and CYP3A family genes was induced by phenobarbital treatment. We also detected CYP3A4 enzyme induction
using this co-culture system. Next, we developed sensor cells. Living cells maintain homeostasis by responding quickly
and with great sensitivity to changes in the external environment. Consequently, sensors using cells as active elements are
thought to be able to perform analyses faster and with more sensitivity than previous methods. We have modified mam-
malian cells using genetic engineering techniques to develop next-generation cell sensors that can visually represent
specific reactions. We successfully produced devices using sensor cells that can process a variety of specimens using
Micro-Electro-Mechanical System (MEMS), Nano-Electro-Mechanical System (NEMS), and other nano/micro
processing technologies. These systems may serve as a useful model for in vitro pharmacological studies on the coordi-
nated regulation of metabolism and cytotoxicity. In this review, we introduce our research and describe recent trends in
this field.
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Fig. 2. Schematic Representation of the Construction of the
Layered Co-culture System Using Temperature-sensitive
Polymer Grafted Surfaces

Endothelial cells are seeded on the PIPAAm-coated dishes and en-
dothelial cell sheets grown at 37°C. The temperature is decreased to 20°C to
induce the detachment of endothelial cell sheets; endothelial cell sheets are
stratified to HepG2 and assembled into a layered co-culture system.
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Fig. 3. Comparison of Expression Levels of the Cytochrome
P450 Genes between Monolayer Culture and Layered Co-
culture at 21 Days after Overlaying a Bovine Pulmonary Ar-
tery Endothelial Cell (BPAEC) Sheet onto Hepatic HepG2
Cells
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Fig. 4. Comparison of Human Integrin o4 and Decorin Gene
Expression Levels between Layered Co-culture Cells and
Monolayer Cultured HepG2 Cells (control) at 14 Days after
Overlaying BPAEC Sheet onto HepG2 Cells
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Fig. 5. Construction of Sensor Cells
Sensor cells were constructed by transfected gene which contained
promoter and reporter genes such as luciferase or GFP to animal cells.
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Detection limit for cadmium chloride with sensor cells was 130 ng/ml.
On the other hand, detection limit using cell vialbility test was 530 ng/ml.
These results indicated that the sensor cells have significant advantages for
the detection of cytotoxicity in sensitivity, when compared to the cell viability
test.
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Fig. 7. Cytotoxic Response of the Sensor Cell Line in the 3-inlet Microfluidic Channels
Fluorescence in the sensor cells increased in a CdCl, dose-dependent manner in the microfluidic channels.
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