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Abstract

Regenerative medicine has undergone several paradigm shifts over the past four decades. Initially developed tog

extracellular vesicles.

Accumulating evidence suggests that many therapeutic effects previously attributed to stem cells ar

derived from stem cells from human exfoliated deciduous teeth (SHED-CM).

Particular emphasis is placed on the immunomodulatory and neuroregenerative properti
potential application in neurodegenerative disorders such as Amyotrophic Lateral Sclerogi
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Introduction

Regenerative medicine has rapidly evolved alinary fi 'ntegrating stem cell biology, tissue engineering, biomaterials science,
and translational medicine. Initially, th ) It
age of transplantable organs, particularly for the heart, liver, and kidneys, served as a
major driving force for the devel ke medicine. However, despite major advances in stem cell technology, many challenges
i gll transplantation is frequently limited by poor engraftment efficiency, cellular
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The second generation focused on tissue engineering. This approach combined cells with scaffold materials and signaling molecules to create
more structurally organized tissues. Applications included cartilage, cornea, and skin regeneration. The concept demonstrated that tissue
regeneration requires not only cells but also a microenvironment capable of supporting cell proliferation and differentiation.

The third generation involved stem cell transplantation. Mesenchymal stem cells, neural stem cells, and induced pluripotent stem cells (iPSCs)
became major targets for regenerative therapy. Although iPSC technology represented a major scientific breakthrough, practical clinical
application remains difficult because of manufacturing complexity, cost, and safety concerns. These limitations have contributed to the
emergence of fourth-generation regenerative medicine based on secretome therapy. This strategy utilizes bioactive substances released from
stem cells rather than the cells themselves.

Secretome and extracellular vesicles

Stem cell-derived conditioned medium contains cytokines, chemokines, growth factors, extracellular vesicles, and exosomes that collectively
regulate inflammation, angiogenesis, tissue repair, and neuroprotection. The term “secretome” generally refers to the entire spectrum of
bioactive substances released by cells during culture (Figure 1). Among secretome components, extracellular vesicles and exosomes [1, 2] have
attracted particular attention because they contain proteins, lipids, mRNA, and microRNA capable of modulating recipient cell function. These
vesicles are believed to play important roles in intercellular communication and tissue regeneration. Compared with live gntation,
secretome-based therapies offer several theoretical advantages. These include lower embolic risk, improved storage
control, repeated administration, and superior penetration into target tissues. Importantly, extracellular vesicles g
barrier, making them attractive candidates for neurological disorders.
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Stem cells from hu i i N (SHED) are neural crest-derived mesenchymal stem cells with high proliferative capacity and
potent neurorege es. Because oY their developmental origin, SHED exhibit characteristics favorable for central nervous system

2



Journal of Biology Open aceess

regeneration. These findings suggest that SHED-CM represents a promising candidate for next-generation regenerative medicine targeting
neurodegenerative diseases.

Regulatory and ethical considerations

The rapid commercialization of exosome and conditioned medium therapies has progressed faster than the development of appropriate
regulatory frameworks in many countries. In Japan, secretomes lacking viable cellular components are not currently classified as specified cell-
derived products under the Act on the Safety of Regenerative Medicine. Consequently, some therapies are being introduced into clinical practice
without sufficient scientific validation. This situation highlights the urgent need for international standards governing manufacturing quality,
safety assessment, efficacy evaluation, and ethical oversight.

Although secretome therapy offers considerable promise, treatments should not be administered without adequate scientific evidence and
informed consent. Clinical research must adhere to internationally accepted ethical principles, including the Declaration of Helsinki.

Future perspectives

Secretome-based regenerative medicine may represent a scalable and clinically practical alternative to conventional ste gntation.
Future research should focus on large-scale manufacturing technologies, standardization of quality control, optirg

Regenerative medicine is currently undergoing a major conceptual transition from cell transp i peutic strategies.
Accumulating evidence suggests that many regenerative effects previously attributed to s i secreted bioactive
factors.

SHED-derived conditioned medium possesses strong immunomodulatory and neuro i | and may represent a promising next-

generation therapeutic platform for neurological diseases. Although substanig
secretome research may fundamentally reshape the future of regenerative m

References

1. 2020, 367:eaau6977.

1) Kalluri R, LeBleu VS. The biology, function, and biomedjcal application
i stem cell derived secretome and extracellular

2) XuS§, Liu C, Hong-Long Ji. Concise review: therapeuti al of the mes
vesicles for radiation-induced lung injury: progress a )
3) Sakai K, Yamamoto A, Matsubara K, Nakamura S, Narus : dental pulp-derived stem cells promote locomotor recovery
after complete transection of the rat spinal cord by mul
4) Matsubara K, Matsushita Y, Sakai K, Kangdd

eted ectodomain of sialic acid-binding ig-like lectin-9 and monocyte
ord injury by altering macrophage polarity. ] Neurosci. 2015, 35:2452-
2464.

Shimojima C. Galectin-3 inhibits o

5) gh notch signaling. ] Immunol. 2016,196:4164-4171.




