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Gut-specific biochemical and biophysical cues promote the
enteroendocrine function of in vitro gut model

Hohyeon Han', Minji Kim®, Yoo-mi Choi’,
Dong Gyu Hwang', and Jinah Jang"**

@i
i i 'School of Interdisciplinary Bioscience and Bioengineering,
POSTECH, Republic of Korea
“Department of Mechanical Engineering, POSTECH, Republic of Korea
‘ *Department of Convergence IT Engineering, POSTECH, Republic of Korea

jinahjang@postech.ac kr

Enteroendocrine (EEC) cells, which constitute only about 1% of the intestinal epithelium, produce various cytokines,
peptides, and hormones in response to luminal environmental changes such as microbial dysbiosis. Accumulating
data suggests that EEC cells have critical roles in intestinal immune response and barrier function and alternations
in the EEC cell population and hormone secretion are related to gastrointestinal diseases such as inflammatory
bowel disease (IBD). The current standard tool to study the relationship between EEC dysfunction and underlying
IBD mechanisms is animal models with chemically induced IBD. However, as is often the case, the inter-species
difference between humans and animals makes it challenging to translate the data into clinics.

Representative /n vitro alternatives to the animal models are using organoids or cell lines; however, they have
distinct limitations respectively. One of the limitations of organoids is their low reproducibility. Intrinsically, all
organoids suffer from batch-to-batch variability due to the difference of tissue donors or culture conditions which
makes it difficult to control the cell population within organoids. This could be a critical issue especially for
translational studies including drug screening because the uncontrolled variability of organoids can interfere with
accurate analysis of the results. In addition, as the EEC cells are very rare, enrichment of special cell types
or exaggeration of specific gene expression is needed to establish hormone-producing, functional EEC models.
On the other hand, human-derived isolated EEC cell lines typically lack physiological relevance because of their
limited cellular diversity. As the dynamic interactions between different EEC cell types are necessary to have
side hormonal repertoire in the model, cell line models have restricted functionality as well. To overcome these
limitations, engineering the culture environment of the cells, such as the extracellular matrix (ECM) which the
cells interact with, is vigorously investigated.

In this regard, we have previously developed a gut-specific biomaterial, decellularized extracellular matrix (dECM)
derived from porcine colon tissue, and established a bioprinting process to recapitulate the hollow tubular structure
of the native gut. EEC cells showed significantly different expression levels of various intestinal lineage markers,
implying transdifferentiation and dedifferentiation, when cultured on colon dECM, the tissue-specific biochemical
cues. However, these transcriptional changes did not lead to a hormonal secretion change in the 2D environment.
Augmenting to the 3D environment, especially tubular geometry, remarkably increased the expression of serotonin
levels, demonstrating the synergetic effect of tissue-specific biochemical and biophysical cues on promoting
EEC function /n vitro.

Keywords : /n vitro gut model, /n vitro enteroendocrine model, Tissue-specific biomaterial, Decellularized extracellular
matrix, Bioprinting
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