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Challenges of Organoid Research
-Basics and Trends in Organoid Research
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Organoids are cell-based, three-dimensional (3D) in vitro models mimicking functional aspects of
tissues and organs in vivo. So far, organoids have contributed to basic medical research such as
development, regeneration, disease modeling, and drug discovery (Zhao et al., Nat. Rev. Methods
Primers, 2022). In particular, current SARS CoV-2 issue, researchers accomplished disease
modeling using lung organoids as infected human lung models. In addition, the organoids were
used for high-throughput screening as drug discovery which is a good example of the usefulness
and potential of organoids in the future (Chen et al., Nat. Cell Biol, 2021). Although the term
"organoid” was used for the first time by Smith and Cochrane in their paper entitled “Cystic
organoid” published in 1946 in the Canadian Medical Association Journal (CMAJ), the term is widely
used in basic medical research now,

Currently, to realize in vitro organoids that mimic in vivo organs, protocols are being developed,
modified, and optimized by researchers all over the world. In this lecture (mini-lecture), I'd like to
share the basics of organoid research, new findings and trends in organoid research, and future
perspectives on organoid research.
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Pancreatic cancer remains a malignancy with a poor prognosis, and early diagnosis along with
prompt therapeutic intervention are crucial to improve the prognosis. Non-invasive pancreatic
carcinoma in situ is pathologically referred to as high-grade intraepithelial neoplasm (HG-PanIN).
Based on previous clinical evidence, HG-PanIN is thought to be associated with pancreatic duct
stenosis and caudal pancreatic duct dilation. Recent imaging studies have demonstrated that a
certain proportion of HG-PanIN can cause focal pancreatic parenchymal atrophy (FPPA).
Pathologically, HG-PanIN is surrounded by cancer-associated fibroblasts and immune cells, and
FPPA is characterized as acinar cell loss and replacement by adipose tissue, suggesting that
pancreatic cancer forms a distinct tumor microenvironment at very early stages. Understanding
these very early lesions of pancreatic cancer is crucial for elucidating the pathogenesis of early
pancreatic cancer, including identification of early diagnostic markers. However, there are currently
no tools available to study human early pancreatic cancer. Therefore, we have tried to establish
organoids from pancreatic juice cytology specimens from patients suspected of early-stage
pancreatic cancer. In this conference, we will present our recent findings regarding the
establishment of early pancreatic cancer organoids and their potential applications.
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Development of regenerative therapy for the eye using
pluripotent stem cell-derived organoids.
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The eye is a complex organ composed of distinct cell lineages. For instance, the retina originates
from the neuroectoderm, while the corneal epithelium is derived from the surface ectoderm, and
the iris, corneal endothelium, and stroma originate in the neural crest. In recent years, we have
successfully induced 2D eye-like organoids named SEAM (Self-formed Ectodermal Autonomous
Multi-zone), consisting of various ocular cell lineages, such as corneal and retinal progenitor cells
in a well-organized manner from human pluripotent stem cells (PSCs) (Hayashi R. Nature 2016,
Nature Protoc. 2017). The developmental patterns in SEAM closely recapture early eye
development in vivo, indicating it has characteristics of an organoid despite being cultivated in a
2D. Furthermore, we established a method for isolating induced corneal cells, and in 2019, achieved
the world's first successful transplantation of human iPSC-derived corneal epithelial cells to treat
patients with corneal epithelial stem cell deficiency. On the other hand, by utilizing SEAM as an
organoid model for human eye development, we have investigated the mechanisms underlying
the development of human ocular surface cells (cornea, conjunctiva, lacrimal gland, etc.), shedding
light on previously poorly understood aspects (Shibata S. Cell Rep. 2018, Nomi K. Cell Rep. 2021).
Additionally, we have successfully induced ocular surface epithelium, which serves as a common
primordium for these cells and produced functional 3D lacrimal gland organoids by a culture in
Matrigel (Hayashi R. Nature 2022). In this presentation, | will talk about our past efforts towards
realizing regenerative therapy for the cornea using iPSCs, as well as recent initiatives employing
organoid technology
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Until recently, in order to elucidate the mechanisms of human development and various diseases,
we cultured human cell lines two-dimensionally on culture plates, overexpressed the genes of
interest and examined the cellular changes and functions of genes. Or we created transgenic mice
or knockout mice of the genes of interest, and then extrapolated the resulting phenotypes to
humans. With the advent of pluripotent stem cells such as human ES/iPS cells and the spread of
extracellular matrix such as Matrigel and laminin, it is possible to create three-dimensional organ-
like structures even on culture plates. It has become possible to culture and handle cells and tissues
in a form that more closely resembles that of living organisms.

In our laboratory, we have tried differentiation of human iPS cells into various tissues. By
optimization of differentiation protocol, we succeeded in creating gastric organoids with
muscularis mucosa, and identified epithelial-derived factors involved in muscularis mucosa
formation (Uehara et al, Stem cell reports 2022). Furthermore, by forcing expression of the
transcription factor CDX2 in gastric organoids, we partially clarified the mechanism of intestinal
metaplasia (Koide et al., iScience 2022). In addition, in joint research with Fujita Health University,
we have created brain organoids from iPS cells established from patients with Fukuyama muscular
dystrophy, and have attempted to elucidate the disease mechanism by comparing them with those
derived from healthy individuals (Ikeda et al., iScience 2027).



In addition, in joint research with the Department of Esophageal and Gastrointestinal Surgery at
Kobe University, we have established multiple colorectal cancer organoids from colorectal cancer
patients, with the aim of applying them to treatment (1) verifying the effects of new therapeutic
drug candidates; 2) We are also investigating the cytotoxicity of y8T cells, which are immune cells
created from human iPS cells.

In this presentation, | would like to introduce experiments using organoids in our laboratory,
and also talk about the advantages and disadvantages of three-dimensional culture that | think.
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Network-level analysis of human neural function using neural
organoids and the future perspective of neural organoid
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The developing telencephalon includes cerebrum and the hippocampus. Cerebrum is concerning
several higher brain functions and hippocampus is crucial for learning and memory formation, and
their dysregulation is associated with several neuropsychiatric disorders. Since it had been difficult
to study human neural tissues, the generation of reliable models of human neural tissue has been
desirable. Towards this problem, one possible solution is the differentiation of neural tissues from
human pluripotent stem cells that make it possible to study the developmental process of human
neural tissues as well as the mechanisms of several neuropsychiatric diseases.



Using human embryonic stem cells, we have succeeded in the generation of three dimensional
(3D) nervous tissues including cerebral cortex, medial pallium, choroid plexus, and spinal cord
(Eiraku et al. 2008, Kadoshima et al. 2013, Sakaguchi et al. 2015, Ogura and Sakaguchi et al. 2018,
Sakaguchi et al. 2019). These 3D tissues are currently called as neural organoids, and the neural
organoid technology enables to study several aspects of neural development including neural
function/dysfunction of human. Thus, neural organoids are thought to become a novel platform
to approach the complex mechanisms of human neuropsychiatric disorders.

In this presentation, we first overview the history of neural organoid technology, and then
introduce our achievements of the generation of regionalized neural organoids. We also discuss
about the merit and limitation of neural organoid technology toward modeling neuro-psychiatric
disorders, and lastly we will share future perspectives of neural organoid technology from a view
point of organoid medicine.
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The main functions of the gonads are divided into reproductive functions to produce gametes that
transmit genetic information to the next generation and endocrine functions to control growth
and homeostasis by secreting sex hormones. Abnormalities in the gonads can cause infertility and
disorders of sex development (DSDs). In addition, age-related decline in gonadal function can lead
to a variety of disorders associated with menopause. Many of these diseases are difficult to predict
and prevent, and new treatment methods based on an understanding of the developmental
process and age-related changes in the gonads are needed. Since most differentiation processes
of the gonads take place during the fetal period, gonadal reconstitution systems (gonadal
organoids) are needed to deepen our understanding. Since the gonads are composed of two
distinct cell lineages, germ cells and gonadal somatic cells, it is necessary to reconstitute and
evaluate these two cell lineages separately in order to faithfully construct gonadal organoids.



Recently, we have developed an in vitro culture method to induce functional oocytes from
mouse pluripotent stem cells. The processes of oogenesis in this culture system largely follow those
in vivo, and some of the oocytes yielded in culture had a potential to develop into individuals. We
have also succeeded in reconstructing the gonadal somatic cells that support germ cell
development and recapitulate the sexual differentiation process. The development of these series
of reconstitution systems allows us to analyze the differentiation process in culture. In this
conference, | will update recent advances of reconstitution of germ cell lineage and gonadal
somatic cells using pluripotent stem cells.
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Advancements in sequencing technology have led to rapid progress in genomic research on
human diseases. However, the question remains: how do genomic abnormalities translate into the
clinically observed disease phenotypes? Traditionally, the correlation between such genomic
abnormalities and disease phenotypes has been explored through mouse gene engineering
models in biomedical research. However, the complexity of human diseases, often involving
multiple genetic variants and environmental exposures, presents challenges for disease
recapitulation in vitro.

In recent years, the development of organoid culture technology and CRISPR-Cas9 genome
editing has started to overcome these limitations in human disease research. Organoid technology
enables the cultivation of tissue stem cells in an environment closely resembling the in vivo state
by leveraging niche factors that support tissue stem cell maintenance. Initially designed for
culturing mouse intestinal epithelium, this technique has been successfully adapted to various
organs across multiple species. Moreover, it has found applications in the cultivation of both
normal human tissues and diseased tissues, facilitating the observation of the biological behavior
of diseased tissues.

Furthermore, the integration of genome editing technology allows the introduction of disease-
related gene abnormalities into normal tissue cells. This establishes a novel research methodology
for studying Genotype-Phenotype correlations using human tissue cells, distinct from conventional
genetically modified mouse models. Through this combined research approach, utilizing disease
tissue models and genome-edited organoids, human disease research has entered a new phase.
This presentation aims to showcase the latest research findings, based on insights gleaned from
the development of organoid technology and the investigation of diseased tissues.





