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Editorial on the Research Topic
Molecular pathways and novel therapeutic targets in regenerative
dentistry
In the last two decades, Dentistry has shifted its focus from repairing tissues to

regenerating tissues. This can be seen in all areas, from studies looking into the

regeneration potential of gingiva, periodontal ligament, and bone to studies focused on

dental tissues such as dentin and pulp (1). Most of these changes have come from the

advent of stem cells in dental tissues (2), which brought new insights and alternatives

to allow for advanced therapeutic options.

To develop these advanced options, it is well established that tissue engineering and

regeneration depend on three factors: cells, scaffolds, and extracellular molecules (3). In

this context, much has been published on how the stem cells obtained from the dental

and surrounding tissues are adequate for the regeneration of these same tissues (4). For

example, dental pulp stem cells are very effective in regenerating the pulp tissue and,

consequently, dentin in both in vitro and in vivo conditions (5, 6). In addition to the

cell potential, scaffolds have also been deeply studied with many variations regarding

their composition and mode of application (solid, 3D printed, hydrogels, etc.), always

looking into adequate functionality according to the clinical tissue to be regenerated (7).

However, while these advances show a direct connection to the clinical applications,

understanding the molecular pathways and targets for regeneration still lag behind,

mostly due to the complexity of intracellular mechanisms and the infinite array of

substances that can be used for cell differentiation and function.

This collection was presented as an alternative to gathering innovative ways of studying,

interpreting, and applying knowledge on molecular pathways to regenerate dental tissues.

It is well known that, without proper signaling, cells would not be able to differentiate

and perform adequately. An important example is the fact that, while dental pulp stem

cells can differentiate into odontoblasts, it is also necessary that these cells also form new

blood vessels to allow for the regenerated pulp tissue to have proper nutrition (8). It is

crucial to not only regenerate lost cells and tissues but also maintain the functionality of

the regenerated tissue. Therefore, it is essential to have an understanding of the critical

signaling pathways and utilize molecules that activate these pathways.

This collection brings some additional insights on this critical piece of the regeneration

puzzle either in the review form (Zhou et al.) or in the original research form. The review
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covers six major pathways involved in the odontogenic

differentiation of DPSCs: Wnt signaling pathways, Smad

signaling pathways, MAPK signaling pathways, NF-kB signaling

pathways, PI3K/AKT/mTOR signaling pathways, and Notch

signaling pathways. This collection also comprised of a study

especially focusing on the sonic hedgehog–patched–gli signaling

pathway that covers the stem cell differentiation into pulp tissue

(Ishikawa et al.). The bone tissue regeneration area is also

covered here, including a study on the application of extracellular

substances, such as Resveratrol, to promote bone tissue formation

(Hwang et al.). In addition, this collection includes an

assessment of single-cell level signaling interactions that guide

human odontoblast and ameloblast development to determine

incisor or molar tooth germ type identity. In this study,

molecular mechanisms were analyzed in the form of induced

pluripotent stem cells (iPSC), which also have become an

important alternative for tissue regeneration (Hanson-Drury

et al.). Finally, the collection brings an important point of view

on how to stimulate the new generation of dentists to go deeper

into the knowledge of regenerative dentistry and understand how

to integrate the progress in the field of regenerative dentistry into

the clinical practice guidelines (Jamal and Elhussein).

The papers discussed here signify the tremendous potential of

regenerative dentistry in transforming dental treatments. We hope

the readers will enjoy this collection and enrich their

understanding of molecular aspects and novel therapeutic targets

in regenerative dentistry.
Frontiers in Dental Medicine 02
Author contributions

BC: Writing – original draft, Writing – review & editing. WD:

Writing – original draft, Writing – review & editing. YT: Writing –

original draft, Writing – review & editing.
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.

The author(s) declared that they were an editorial

board member of Frontiers, at the time of submission.

This had no impact on the peer review process and the

final decision.
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
1. Cooper PR, Takahashi Y, Graham LW, Simon S, Imazato S, Smith AJ.
Inflammation-regeneration interplay in the dentine-pulp complex. J Dent. (2010)
38:687–97. doi: 10.1016/j.jdent.2010.05.016

2. Nakashima M, Iohara K. Regeneration of dental pulp by stem cells. Adv Dent Res.
(2011) 23:313–9. doi: 10.1177/0022034511405323

3. Langer R, Vacanti JP. Tissue engineering. Science. (1993) 260:920–6. doi: 10.1126/
science.8493529

4. Nakashima M, Iohara K, Sugiyama M. Human dental pulp stem cells with highly
angiogenic and neurogenic potential for possible use in pulp regeneration. Cytokine
Growth Factor Rev. (2009) 20:435–40. doi: 10.1016/j.cytogfr.2009.10.012
5. About I. Dentin regeneration in vitro: the pivotal role of supportive cells. Adv
Dent Res. (2011) 23:320–4. doi: 10.1177/0022034511405324

6. Fawzy El-Sayed KM, Jakusz K, Jochens A, Dörfer C, Schwendicke F. Stem cell
transplantation for pulpal regeneration: a systematic review. Tissue Eng Part B.
(2015) 21:451–60. doi: 10.1089/ten.teb.2014.0675

7. Dissanayaka WL, Zhang C. Scaffold-based and scaffold-free strategies in dental
pulp regeneration. J Endod. (2020) 46:S81–9. doi: 10.1016/j.joen.2020.06.022

8. Sui B, Chen C, Kou X, Li B, Xuan K, Shi S, et al. Pulp stem cell-mediated
functional pulp regeneration. J Dent Res. (2019) 98:27–35. doi: 10.1177/
0022034518808754
frontiersin.org

https://doi.org/10.3389/fdmed.2021.651334
https://doi.org/10.3389/fphys.2024.1347756
https://doi.org/10.3389/fdmed.2023.1278809
https://doi.org/10.3389/fdmed.2023.1278809
https://doi.org/10.3389/fdmed.2020.596189
https://doi.org/10.1016/j.jdent.2010.05.016
https://doi.org/10.1177/0022034511405323
https://doi.org/10.1126/science.8493529
https://doi.org/10.1126/science.8493529
https://doi.org/10.1016/j.cytogfr.2009.10.012
https://doi.org/10.1177/0022034511405324
https://doi.org/10.1089/ten.teb.2014.0675
https://doi.org/10.1016/j.joen.2020.06.022
https://doi.org/10.1177/0022034518808754
https://doi.org/10.1177/0022034518808754
https://doi.org/10.3389/fdmed.2024.1426500
https://www.frontiersin.org/journals/dental-medicine
https://www.frontiersin.org/

	Editorial: Molecular pathways and novel therapeutic targets in regenerative dentistry
	Author contributions
	Conflict of interest
	Publisher's note
	References


