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Editorial on the Research Topic 
Perivascular niche and stem cell signaling in tooth


Tooth is a unique mineralized hard tissue surrounding dental pulp tissue with trigeminal ganglion neurons and blood vessels. In addition, the tooth is supported by periodontal tissues composed of hard alveolar bone, cementum, soft gingiva, and periodontal ligament tissues. The function of the tooth is, thus, precisely and complicatedly achieved by these cells’ combination and healthy tissue integrity. Perivascular niche is the micro space that serves as a stem cell reservoir and is an essential part of maintaining physiological conditions and influencing the pathological conditions of dental tissues (Shi and Gronthos, 2003). Senescence is one of the most important elements in regulating stem cell ability (López-Otín et al., 2023). Most recently, Li et al. presented the first spatially resolved transcriptomic landscape of murine jawbone including dental tissues, and uncovered DNA methylation as a crucial mechanism underlying transforming growth factor beta 1 (TGF-β1)-induced periodontal ligament stem cell (PDLSC) senescence (Li et al., 2024). Ju et al. reported that ectonucleotide pyrophosphatase/phosphodiesterase (ENPP) 1 is crucial for TGF-β1-induced PDLSC differentiation. ENPP modulates the mineralization efficacy driven by adenosine triphosphate released from dental pulp cells in response to intrapulpal pressure (Techatharatip et al., 2018). In observing stem cell behavior, cell differentiation, maturity, and spatiotemporal understanding between stem cells and blood vessels, mouse incisor is a good model for tracing cellular genetic changes. In dental pulp, there are the fundamental cell-to-cell communications that orchestrate tooth formation, angiogenic-odontogenic coupling, a distinct mechanism compared to the angiogenic-osteogenic coupling in bones (Matsubara et al., 2022).
Tooth formation is a complex process controlled by genetic information and environmental factors (Murashima-Suginami et al., 2021). Because root dentin formation is an important part of tooth formation, it is valuable to clarify the precise control mechanisms of root dentin formation, and more specifically, the differentiation process of pulp stem cells in the tooth root. Due to the process of dentin formation in the root is different from that in the crown, several unique factors must be involved in the formation of root dentin. Identifying these unique factors may help understand the process of adult root dentin formation and root regeneration. Cui et al. harvested tissues from the labial and lingual sides of mouse incisors and conducted microarray analysis. Gene ontology (GO) analysis of differentially expressed genes indicated the critical role of extracellular matrix in the discrepancy of dentin formation between root and crown, for which hemicentin-1 (Hmcn1) was selected as the target gene. In addition, single-cell RNA sequencing analysis showed the expression pattern of Hmcn1 at different developmental stages in mouse molars. The spatiotemporal expression of HMCN1 in mouse incisors and molars was detected by immunohistochemical staining as well. This group also investigated the functions of HMCN1 in human dental pulp cells, including proliferation, differentiation, and migration. Uncovering expression patterns of the spatially complicated but precisely differential gene expression will strengthen tissue area-specific target treatment in the future.
Both human and rodent molars have multiple roots and are formed through similar developmental sequences. It is considered that the formation of the tooth root and its surrounding structures including PDL and alveolar bone is important for tooth eruption (Ono et al., 2016). Tooth eruption, a crucial part of tooth development and regeneration, involves alveolar bone anabolism and catabolism. Periodontium, which surrounds teeth, is derived from dental follicle stem cells (DFSCs). During tooth eruption, DFSCs inhibit osteoclast differentiation by releasing extracellular vesicles containing Annexin A1 (ANXA1) and its mediated pathway, thereby preventing premature tooth eruption. Elucidation of this mechanism is extremely important for the understanding and treatment of abnormal tooth eruption diseases and the tooth regeneration process (Sun et al.).
Teeth and periodontal tissues are able to regenerate due to the inherent autonomous ability of their constituent cells. However, once huge deformation occurs, it is difficult to reproduce the integrated nature of tissue. This situation calls for regenerative therapies using bioengineering tools that maximize the potential of stem cells (Yang et al., 2019). Zheng et al. reported that N-acetylcysteine (NAC) is a stable, safe, and highly bioavailable antioxidant that shows promising prospects in bone tissue engineering due to the ability to attenuate oxidative stress and enhance the osteogenic potential and immune regulatory function of cells. This group systematically introduced the antioxidant mechanism of NAC, analyzed the advancements in NAC-related research involving mesenchymal stem cells (MSCs), precursor cells, innate immune cells, and animal models, discussed its function, and placed particular emphasis on the innovative applications of NAC-modified tissue engineering biomaterials.
Perivascular cells as MSCs in human dental pulp and periodontal tissue express NOTCH3 and they are very similar and composed of identical subpopulations. In addition to perivascular MSCs, endothelial cells, Schwann cells, and fibroblasts, etc. Construct perivascular niches (Pagella et al., 2021). Understanding the mechanisms of homeostasis and maintenance of dental perivascular niches by the intra and extracellular signals is essential to promote the development of dental regenerative medicine. Dental niche cells in tooth formation participate in tooth development, which may shed light on designing next-generation tooth bioengineering strategies to achieve the eventual goal of de novo tooth regeneration (Hu et al., 2022). In this regard, further studies on the formation of dental vascular niches and the involvement of bioengineering technology will further support the acceleration of dental stem cell regenerative medicine.
AUTHOR CONTRIBUTIONS
TO: Conceptualization, Supervision, Writing–original draft, Writing–review and editing. ES: Conceptualization, Supervision, Writing–original draft, Writing–review and editing. BL: Conceptualization, Supervision, Writing–original draft, Writing–review and editing.
FUNDING
The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. To acknowledges the support by grant-in-aid (Grant Number 22K17025) for Scientists Research from the Ministry of Education, Culture, Sports, Science and Technology, Japan. ES acknowledges the support from National Institutes of Health grants R01DE025885 and R56DE03370. BL acknowledges the support from the National Natural Science Foundation of China (82401070) and the International Orthodontics Foundation Young Research Grant (IOF2023Y03).
ACKNOWLEDGMENTS
We sincerely thank all the contributors who have shared their wisdom and research with us, and all the reviewers who have spent so much effort and time providing objective and constructive feedback on the submissions.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Hu, H., Duan, Y., Wang, K., Fu, H., Liao, Y., Wang, T., et al. (2022). Dental niche cells directly contribute to tooth reconstitution and morphogenesis. Cell. Rep. 41 (10), 111737. doi:10.1016/j.celrep.2022.111737
 Li, B., Li, W., Liao, Y., Weng, Z., Chen, Y., Ouchi, T., et al. (2024). Multi-omics approach reveals TGF-β signaling-driven senescence in periodontium stem cells. J. Adv. Res. S2090-1232 (24), 00617–00619. doi:10.1016/j.jare.2024.12.037
 López-Otín, C., Blasco, M. A., Partridge, L., Serrano, M., and Kroemer, G. (2023). Hallmarks of aging: an expanding universe. Cell. 186 (2), 243–278. doi:10.1016/j.cell.2022.11.001
 Matsubara, T., Iga, T., Sugiura, Y., Kusumoto, D., Sanosaka, T., Tai-Nagara, I., et al. (2022). Coupling of angiogenesis and odontogenesis orchestrates tooth mineralization in mice. J. Exp. Med. 219 (4), e20211789. doi:10.1084/jem.20211789
 Murashima-Suginami, A., Kiso, H., Tokita, Y., Mihara, E., Nambu, Y., Uozumi, R., et al. (2021). Anti-USAG-1 therapy for tooth regeneration through enhanced BMP signaling. Sci. Adv. 7 (7), eabf1798. doi:10.1126/sciadv.abf1798
 Ono, W., Sakagami, N., Nishimori, S., Ono, N., and Kronenberg, H. M. (2016). Parathyroid hormone receptor signalling in osterix-expressing mesenchymal progenitors is essential for tooth root formation. Nat. Commun. 7, 11277. doi:10.1038/ncomms11277
 Pagella, P., de Vargas Roditi, L., Stadlinger, B., Moor, A. E., and Mitsiadis, T. A. (2021). Notch signaling in the dynamics of perivascular stem cells and their niches. Stem Cells Transl. Med. 10 (10), 1433–1445. doi:10.1002/sctm.21-0086
 Shi, S., and Gronthos, S. (2003). Perivascular niche of postnatal mesenchymal stem cells in human bone marrow and dental pulp. J. Bone Min. Res. 18 (4), 696–704. doi:10.1359/jbmr.2003.18.4.696
 Techatharatip, O., Nowwarote, N., Taebunpakul, S., and Pavasant, P. (2018). Biphasic Effect of ATP on in vitro mineralization of dental pulp cells. J. Cell. Biochem. 119 (1), 488–498. doi:10.1002/jcb.26206
 Yang, X., Ma, Y., Guo, W., Yang, B., and Tian, W. (2019). Stem cells from human exfoliated deciduous teeth as an alternative cell source in bio-root regeneration. Theranostics 9 (9), 2694–2711. doi:10.7150/thno.31801
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2025 Ouchi, Shimizu and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




OPS/images/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		Editorial: Perivascular niche and stem cell signaling in tooth		Author contributions

		Funding

		Acknowledgments

		Generative AI statement

		Publisher’s note

		References









OPS/images/cover.jpg
’ frontiers | Frontiers in Cell and Developmental Biology

Editorial: Perivascular niche and
stem cell signaling in tooth





OPS/images/logo.jpg
, frontiers ‘ Frontiers in Cell and Developmental Biology





