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Abstract Organoids, known as three-dimensional micro-organs obtained by culturing stems cells in ma-

trix materials in vitro, are highly similar to the source tissues and organs. The organoid technology provides a new
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powerful research model and technical tools for basic research, drug screening and regenerative medicine. The aim

of regenerative medicine is to help tissues or organs to restore their normal physiological functions. By combining

with tissue engineering or genetic engineering, organoids provide a new source of transplants for regenerative medi-

cine. This review presents the applications of organoids in regenerative medicine and discusses the main challenges

in this field.
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Cells, tissues and organs can be directly isolated from donors, and organoids can be obtained by culturing cells in vitro. Cells, organoids, tissues and

organs can all be used as transplants for regenerative transplantation. Cells and organoids can also be used in regenerative medicine after genetic modi-

fication and bioengineering reconstruction.
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Fig.1 Cells, organoids or organs used in regenerative medicine
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A: organoids derived from ASCs (adult stem cells), iPSCs (induced pluripotent stem cells), ESCs (embryonic stem cells) can be used for physiological

research, disease modeling and translational research. B: tumor-derived organoids can be used to study disease mechanisms, build tumor biobanks, and

screen drugs.
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Fig.2 Culture methods and applications of organoids
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Fig.3 Milestones in the development of regenerative medicine
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The organoids used for regenerative transplantation can be derived from healthy individuals or patients. The patient-derived cells can be induced to
differentiate into healthy organoids after reprogramming and genetic modification. Healthy organoids can be used in regenerative transplantation in
various forms such as single cells, fragments, intact organoids, and can also be combined with engineering techniques. Effect evaluation and functional
tests should also be carried out after transplantation.
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Fig.4 A schematic for applications of organoids in regenerative medicine
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Table 1 Challenges and solutions of organoids in regenerative medicine
ek fit R I %
Challenges Solutions

At the organoid preparation stage

How could we establish a standardized organoid culture model?

How could we reduce the reliance of organoid culture on matrigel or
basement membrane extracts from biological sources?

How could we decrease the limited growth potential and maturity
level of organoid models?

At the organoid transplantation stage

How to identify the target population suitable for transplantation, and
find the optimal timing and site for transplantation?

‘What can we do to help the organoid cells survive in the early stage
of transplantation, help the graft grow and develop in the intermediate
stage, and help the graft form a physiological connection with the host
and reproduce normal physiological functions?

‘What can we do to avoid the tumorigenicity of the donor organoids in

late stages?

Strengthen international communication and cooperation

Standardize organoid culture methods

Build a mature and stable organoid culture system

Materials with clear ingredients (hydrogels, etc.) may be used for organoid
culture and transplantation

Establish more complex organoid models, such as organoid vasculariza-
tion, co-cultivation of organoids and nerve cells, etc., so that organoids can
reproduce the physiological conditions of living organs more realistically

Determine the appropriate transplant timing for transplantation by studying
the mechanism of the interaction between the graft and the host environ-
ment

Select the appropriate transplant site based on the purpose of treatment
Study the influence of different organoid statuses on the success rate of
transplantation, and then sort out organoids suitable for transplantation and
cell populations from organoids

Establish the optimal transplantation system by trying different transplant
forms and methods

Combining organoid technology with engineering technology, etc

Screen out suitable transplant populations, expand the sample size for later
observation and ensure sufficient observation time

Before obtaining reliable experimental observation results, a cautious at-
titude should be adopted before clinical application
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