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Organoids: from 3D Models to Revolutionizing Medical Paradigms
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Abstract As three-dimensional miniature organ models cultured in vitro, organoids have demonstrated great
potential in both basic research and clinical applications. This review systematically summarizes the development of or-
ganoid technology, highlights its major achievements in disease modeling, drug screening and regenerative medicine, and

discusses the development prospects and policy trends in the field of organoids. By analyzing current research progress
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worldwide, this article aims to provide insights for further development and application of organoid technology.
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In 1907, scientists discovered that sponge cells could self-organize and regenerate into complete organisms®!. In 1944, researchers isolated the ante-
rior kidney cells of amphibians and cultivated them to generate different types of organs*!. In 1960, experiments on organ dissociation-recombination
derived from chicken embryos were carried out'*’!. In 1961, scientists observed the in vitro differentiation of embryoids*®. In 1964, the hypothesis of
differential adhesion for cell sorting and rearrangement was proposed®’. In 1981, mouse embryonic pluripotent stem cells were successfully isolated for
the first time™>'). In 1987, research showed that culturing mammary epithelium in extracellular matrix extracts could form 3D ducts and lumens”?. An-
other study indicated that extracellular matrix also affected the differentiation ability of alveolar epithelial cells®”. In 1998, embryonic stem cells were
first isolated and cultured from human blastocysts”™*. In 2007, human induced pluripotent stem cells were successfully prepared®**!. In 2008, scientists
successfully cultivating cerebral cortex tissue from embryonic stem cells and the research on organoids began to shift towards 3D, In 2009, research
demonstrated that individual LGRS" intestinal stem cells could self-organize in vitro to form intestinal organoids with intestinal crypt-villi structures**.
In 2010, gastric organoids derived from mouse pyloric stem cells were successfully constructed®®. In 2011, tumor organoids and retinal organoids
derived from mouse embryonic stem cells emerged™**”. In 2013, brain organoids derived from human pluripotent stem cells were successfully cultivat-
ed”. Kidney organoids and prostate organoids emerged in 20142’ In 2015, pancreatic cancer, breast, fallopian tube or hippocampal organoids were
successfully cultivated®**. In 2020, snake venom gland organoids emerged and various respiratory tract organoids were used in COVID-19-related
research’®®, Significant progress was made in the research of cardiac organoids in 2021"), Fetal liver organoids emerged in 2023'*), and at the same
time combined brain organoids with AI technology to develop a hybrid neuromorphic computing system'®. Testicular organoids were successfully cul-

tivated in 20247, Tn 2025, scientists used 3D printing technology to optimize the culture conditions of brain organoids".
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Fig.1 Major events in the development of organoid technology
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e SENSUIEER, TC TR DNAXUEE K2, K B it 42
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National standard GB/T 44831-2024 “general techniccal requirements for
skin-on-chip”: standardizes cell sources, component performance, and biological

performance indicators for skin-on-chip devices, aiming to break down international

trade barriers

CDE release of “technical guiding principles for non-clinica research of

FDA modernization act 3.0:
mandates the phasing out of
animal testing for monoclonal

human stem cell-based products” and “tech

The “14th Five-Year” national  unavailable
key research and
development program of
China: listed organoid

P
principles for
non-clinical research of tumor therapeutic vaccines”: expliccitly permits the
use of organoids as supplementary data sources when animal mordels are

“Expert consensus on the application of organoid drug sensitivity testing in
precision medicine and drug development” and “Chinese anti-cancer
association guidelines for the integrated diagnosis and treatment of glioma™:

antibodies and other drugs,
explicitly incorporating
organoid data into the drug
safety assessment framework

technology as a key special task, ~ Standardize the clinical pathway for organoid utilization in tumor preciision therapy a 2025
promoting its application in CHINA e o
disease modeling, drug -
screening, and regenerative : EU
medicine i i i
2024 European chemicals industry action .
CHINA i 0 plan: mandates the phased elimination of Estahllsh.lng data.base and
2022 : animal testing in chemical safety _ Alintegration
o EU assessment starting in 2026, enforcing the ~ Achieving global mutual
. i Horizon europe strategic plan 2025-2027: adoption of NAMs (new approach recognition of standards
2021 explicitly designated organoids as a core non- methodologies) like organoids. Specifically, Enabling cross-border data
USA animal technology development target, organoid data submitted in chemical access/sharing

FDA modernization act 2.0:

climinated the mandatory application in biomedical rcsczarcb

“Org; hip d

committed to advancing their widespread

registration dossiers after 2026 may serve
as stand-alone compliance evidence,

requirement for animal testing
prior to clinical trials for new
drugs, permitting the use of
organoids, organ-on-a-chip
systems, and other alternative
methodologies

of OoC standardization

obviating the need for corroborating animal

provides a comprehensive deployment plan for testing
standardization work concerning organ-on-a-
chip (0OoC) technology, accelerating the pace

B3 XB[EHEXBCRRET

Fig.3 Evolution of policies related to organoids
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