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This research project involved developing cell and gut-liver chips to predict first-pass effects in drug
discovery research by the following process: item 1: Generation of HepG2 and Caco-2 cells with high expression
of drug-metabolizing enzymes and item 2: Constructing the first-pass effect evaluation model using Micro

physiological system (MPS).

Item 1: Generation of HepG2 and Caco-2 cells with high expression of drug-metabolising enzymes

Many drugs are metabolized by Cytochrome P450 (CYP) 1A2, 2C9, 2C19, 2D6, and 3A4, and undergo
conjugation reactions by UGT1A1. Therefore, we attempted to knock in gene expression cassettes for several
drug-metabolizing enzymes in HepG2 cells and Caco-2 cells using the Precise Integration into Target
Chromosom (PITCh) system, a genome editing technology. P450 oxidoreductase (POR) was also overexpressed
as it is an essential cofactor for the metabolism of CYPs. The activities of several drug-metabolizing enzymes
in genome-edited HepG2 and genome-edited Caco-2 cells were sufficiently high compared to non-genome-
edited cells. These results suggest that we have successfully generated genome-edited HepG2 and Caco-2 cells

with high drug-metabolizing capacity.

Item 2: Constructing the first-pass effect evaluation model using Micro physiological system (MPS)

An intestine-liver chip was fabricated by seeding genome-edited Caco-2 cells in the top channel and
genome-edited HepG2 cells in the bottom channel of a microfluidic device made of polydimethylsiloxane
(PDMS). We analyzed gene expression levels of drug-metabolizing enzymes in genome-edited HepG2 and
genome-edited Caco-2 cells on PDMS devices. There was no change in gene expression of drug-metabolizing
enzymes under conditions where genome-edited HepG2 or genome-edited Caco-2 cells were cultured alone on
the PDMS device, compared with conditions where genome-edited Caco-2 cells were seeded on the top channel
and genome-edited HepG2 cells on the bottom channel. The following model drugs were used to investigate

whether the intestine-liver chip could predict first-passage effects.

Drugs susceptible to first-pass effects (F < 0.3): Propranolol
Drugs moderately susceptible to first-pass effects (0.3 < F < 0.7): Diclofenac
Drugs less susceptible to first-pass effects (0.7 < F): Acetaminophen

The results showed that there was no difference in the amount of acetaminophen, a drug that is less
susceptible to first-passage effects, transmitted between the WT intestine-liver chip and the genome-edited
intestine-liver chip. For diclofenac, a drug moderately susceptible to first-passage effects, few metabolites could
be detected in the WT intestine-liver chip, whereas their metabolites increased in a time-dependent manner in
the genome-edited intestine-liver chip. Concentrations in the bottom channel of propranolol, a drug susceptible
to first-pass effects, showed lower concentrations in the genome-edited intestine-liver chip compared to the WT
intestine-liver chip. These results indicate that the genome-edited intestine-liver chip may be a new model for

predicting in vitro first-pass effects.



