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To manufacture high-quality cell-processed products with consistent reproducibility, optimizing
the quality of the source cells is critically important. Extensive research has been conducted to
generate three-dimensional (3D) tissue structures (organoids) that mimic specific organs in
structure and function, derived from human pluripotent stem cells (hPSCs). In anticipation of
regenerative medicine applications, studies on the development of Good Manufacturing Practice
(GMP)-compliant manufacturing methods for organoids and regulatory discussions have
commenced in the EU and the United States. The present study aims to develop quality testing
methods for manufacturing organoids as cell-processed products to accommodate the next
generation of 3D organoid utilization from hPSCs. The development of cell-processed products

using stem cells as raw materials is actively pursued both domestically and internationally. To
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ensure product quality, cells exhibiting characteristics suitable for manufacturing individual final
products must be used. If the raw cells have a low differentiation efficiency toward the target cell
type, not only is the manufacturing yield compromised, but there is also an increased risk of
residual undifferentiated cells posing a tumorigenic threat. Therefore, to enable efficient
manufacturing, ensure safety, and maintain quality control, testing methods for selecting
appropriate raw cell lines for manufacturing are essential.

Research and Development Item 1: To adapt to the next generation of 3D organoid utilization from
hPSCs, we present quality testing methods for manufacturing organoids as cell-processed
products. We established draft quality standards considering the characteristic tissue structure of
intestinal organoids and the evaluation of small intestine-specific factors in the culture
supernatant (e.g., cobblestone appearance of mucosal epithelial tissue, presence of goblet cells,
DEFAS5 in the culture supernatant). By demonstrating the applicability of morphological
evaluation to the standardization of intestinal organoids, we elucidated the existence of "true" and
"false" representations of the characteristic cobblestone appearance of intestinal mucosa through
comparative evaluation with tissue images (HE staining). RNA-seq analysis, including intestinal
organoids and human small intestine tissues, revealed that intestinal organoids are classified
among raw cell lines, and the gene expression dynamics related to the submucosal propria
influence this classification. We have established a critical foundation for developing quality
evaluation methods through an integrated approach, incorporating imaging analysis data of
intestinal organoids.

Research and Development Item 2: This item aims to develop quality testing methods for hPSC
lines as raw materials for cell-processed products by exploring markers that predict the
differentiation tendency of hPSCs into specific cell lineages and analyzing their functions. As part
of this research task, we focused on human induced pluripotent stem cells (hiPSCs) as raw
materials for manufacturing neural cells, aiming to identify neural differentiation prediction
markers and develop a quality evaluation method using these markers. We identified the ROR2
gene, and functional analysis revealed the suppression of genes related to epithelial-mesenchymal
transition (EMT). This strongly suggests that ROR2 functionally contributes to neural
differentiation by promoting neural induction through EMT suppression, establishing it as a
highly versatile marker. Based on these findings, by selecting hiPSC lines with low ROR2
expression, we expect to obtain hiPSC lines that efficiently and reproducibly differentiate into
neural precursor cells and GABAergic neurons, yielding significant foundational outcomes for a
novel quality evaluation method for hiPSCs as raw materials for neural cell manufacturing.
Research and Development Item 3: This item aims to develop in vitro tests to evaluate the potency
of human mesenchymal stem cell (MSC) processed products in terms of effectiveness-related
physiological functions (potency) using substitute quality characteristics. Focusing on
"differentiation ability" as one aspect of human MSC potency, we aimed to identify osteo-
differentiation prediction markers and develop a quality evaluation method using these markers
as a simple quality evaluation system for the differentiation ability. We first selected three genes
through rank correlation analysis and pathway analysis of related functions using microarray data

as genes correlated with gene A, a candidate osteodifferentiation prediction marker for MSCs
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obtained from previous research. Functional analysis confirmed the promotion of
osteodifferentiation through the overexpression of gene B. The involvement of gene B, a
transcription factor, in MSC osteodifferentiation has been rarely reported, suggesting a high
possibility of identifying a novel factor related to osteodifferentiation prediction in connection with
gene A. Furthermore, gene C was also found to be involved in the mutual expression of these
genes. These results demonstrate the functional relationship of the three genes in MSC
osteodifferentiation ability, enhancing the accuracy of the evaluation method by confirming the
expression levels of gene B as a qualitative marker and gene C in the undifferentiated state of

MSCs in addition to using gene A as a quantitative marker.



