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Establishment of Food Science Research Platform Using
Physiologically Relevant Culture Models Focusing on Metabolizing

Enzymes for Nutrients and Xenobiotics

Yu Takahashi, Graduate School of Agricultural and Life Sciences, The University of Tokyo

Introduction

In food science research, the accurate prediction of the physiological functions of food ingredients and nutrients in the
human body is desired. Experimental animals such as mice and rats, or cell lines established from cancer tissues, have
been commonly used; however, in addition to species differences in nutrient metabolism between rodents and humans,
many food companies have recently discontinued animal testing. Furthermore, established cell lines cannot properly
reflect physiological functions in vivo. Thus, this study focused on tools with more physiological properties than
conventional models, such as primary adipocytes, pluripotent stem cells, small intestinal organoids, and liver organoids.
Using these materials, we aimed to elucidate various physiological phenomena, develop new technologies, and
evaluate their physiological functions.

Adipocyte research

Obesity is a condition in which mature adipocytes excessively accumulate excess energy within the cells as lipid
droplets, which can increase the secretion of inflammatory cytokines, ultimately leading to fatal coronary artery disease.
Therefore, elucidation of the molecular mechanisms of adipocyte differentiation and lipid droplet formation would
contribute to the development of disease prevention and treatment. Adipocyte differentiation proceeds through
activation of peroxisome proliferator-activated receptor gamma (PPARY). Sterol regulatory element-binding protein
(SREBP)-1 also plays an important role in lipid droplet formation. We found that the endoplasmic reticulum stress-
inducing molecule tribbles homolog 3 and retinoic acid receptor-related orphan receptor o repress PPARY activity™?.
We also found that SREBP-1 is activated independently of adipocyte differentiation and induces the expression of
enzymes involved in fatty acid synthesis, further promoting lipid droplet formation® Moreover, we found that perilipin 2
plays a role in accelerating lipolysis by localizing on lipid droplets upon lipolytic stimuli®.

Organoid research

Organoids are mini-organs that can be cultured in vitro, in which several types of differentiated cells are polarized. As
they exhibit more physiological properties than conventional cells, they can be useful as experimental tools to predict
the efficacy and safety of biomolecules in humans. | focused on the small intestine, where nutrient absorption occurs,
and the liver, where absorbed nutrients are directly transported through the portal vein, and conducted research using
the small intestine and liver organoids. First, | established methods to greatly reduce the culture cost of human small
intestinal organoids and to efficiently transduce exogenous genes>®. | have also developed monolayer epithelial cells
from human small intestinal organoids, which enable the absorption and permeation of biomolecules in a more
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Figure. Schematic illustration of intestinal organoids and monolayer cells
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convenient manner’. These cells were found to exhibit physiological functions of the human small intestinal epithelium,
such as xenobiotic enzyme induction, transporter-dependent glucose transport, and chylomicron secretion, which
cannot be fully replicated using Caco-2 cells, a conventional human small intestinal epithelial model®. These methods
have also been applied to human liver organoids, that is, cost-effective culture and highly efficient gene transfer systems
have been successfully developed®.

Future perspectives

The small intestine, liver, and adipose tissue play important roles in nutrient and xenobiotic metabolism. However,
there are species differences between humans and mice in the mechanisms of metabolic function, and conventional
culture cell lines express metabolic enzymes at significantly low levels. | found that the expression levels of key enzymes
involved in these metabolic pathways are as high in human organoids as in normal organs. Therefore, it is expected that
the use of organoids will enable the accurate metabolic evaluation of nutrients and food ingredients in human cells and
the discovery of new physiological functions. Furthermore, the combination of these materials is expected to enable
higher-order physiological evaluations in the future, such as the evaluation of organ connections in the small intestine-
liver-adipose tissue axis.
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