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Editorial on the Research Topic

Stemcells and extracellular vesicles in bone health, disease and regeneration,
volume II
Bone diseases and bone defects significantly affect human health, imposing a

considerable medical burden on society (1–4). However, currently available therapeutic

strategies for these conditions are neither cost-effective nor easily accessible (5). Notably,

medications used to treat osteoporosis are associated with rare complications such as

osteonecrosis of the jaw and atypical femoral fracture (depending it on long term therapy),

while effective methods for bone regeneration fall short in addressing severe infections and

large-scale defects (6). In preclinical studies, various sources of stem cells, particularly

mesenchymal stem cells (MSCs), have been utilized in the treatment of osteoporosis and

the promotion of bone regeneration, yielding certain positive outcomes (1). Furthermore,

extracellular vesicles (EVs) have garnered extensive attention recently for their potential in

treating bone diseases due to their cell-free nature, low immunogenicity, and capacity to

carry a diverse array of effective molecules and drugs (1, 7). This Research Topic aims to

explore and summarize the most cutting-edge advancements in this field. It seeks to

provide the latest foundational insights into bone diseases while contributing to efforts

aimed at maintaining optimal bone health.
Bone disease and regeneration

With the progression of aging, osteoporosis, a prevalent manifestation of skeletal senescence

closely associated with impaired bone homeostasis, inevitably occurs. MSCs as the most critical

type of stem cells in bone tissue, undergo senescence, a key factor contributing to the
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development of osteoporosis. The article by Tong et al. elaborates on

both the causes and mechanisms underlying MSC senescence while

also summarizing cutting-edge theories and technologies aimed at

inhibiting or eliminating senescent cells to mitigate osteoporosis.

Notably, this article emphasizes innovative techniques utilizing

stem cells and EVs for the treatment of osteoporosis, highlighting

their promising therapeutic efficacy. Therefore, a deeper

understanding of the mechanisms governing MSC senescence will

enhance our comprehension of the physiological and pathological

characteristics associated with osteoporosis, thereby facilitating the

development of more targeted and specific therapeutic strategies.

Previous preclinical studies have demonstrated the therapeutic

potential of MSCs in osteoporosis; however, their clinical

application is hindered by safety and ethical concerns. In

contrast, MSC-derived EVs, as a cell-free therapeutic strategy,

have garnered increasing attention in the scientific community

due to their favorable safety profile and low immunogenicity (8).

In their study, Zhang et al. conducted the first systematic review and

meta-analysis to evaluate the preclinical efficacy of MSC-EVs in

osteoporosis. Their findings indicate that MSC-EVs consistently

exert beneficial effects across multiple preclinical models, offering

robust evidence for their translational potential. Specifically, MSC-

EV treatment was associated with significant improvements in bone

mineral density, bone mass, microarchitectural parameters, bone

remodeling markers and biomechanical properties in osteoporotic

animal models. These results underscore the importance of further

research to expand and refine the existing evidence base, thereby

supporting the therapeutic promise of MSC-EVs in the

management of osteoporosis.

The health, disease, and regeneration of bone are not governed

solely by intrinsic skeletal factors, but rather unfold within a dynamic

network of crosstalk and reciprocal interactions with multiple organs

and tissues throughout the body. Metabolic disorders can disrupt the

equilibrium between bone formation and resorption, leading to

conditions such as osteoporosis, and further impair bone defect

repair through chronic inflammation and lipotoxicity. A

comprehensive understanding of the molecular mechanisms by

which metabolic networks regulate bone cell function and mediate

inter-organ communication will establish a systemic framework for

treating bone-related diseases and enhancing bone regeneration,

thereby supporting the development and clinical translation of

metabolism-targeted therapeutic strategies. In addition to MSC-

derived EVs, extracellular vesicles from diverse tissue sources have

demonstrated therapeutic potential in osteoporosis, as illustrated by

brown adipose tissue-derived EVs (BEVs) reported by Zhang et al.

This study is distinguished by its innovative conceptual framework:

rather than focusing exclusively on local skeletal factors, it

investigates the inter-organ metabolic crosstalk between the liver

and bone. The authors first establish a mechanistic link between

dysregulated lipid metabolism and jaw osteoporosis. Subsequently,

they demonstrate that administration of BEVs effectively

ameliorates lipid metabolic abnormalities and, importantly,

concurrently alleviates jaw osteoporosis—thereby achieving a

dual therapeutic benefit. By elucidating the role of systemic
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metabolic dysregulation in bone pathology, this work advances

our understanding of the comorbidity between metabolic disorders

and skeletal diseases. Furthermore, it proposes a novel therapeutic

strategy, leveraging BEVs to simultaneously target metabolic

dysfunction and osteoporosis, offering a paradigm shift toward

systemic, multi-target interventions.

Beyond degenerative disorders such as osteoporosis, post-injury

bone regeneration impacts a significantly broader population.

Tendon-bone injuries, for instance, predominantly affect younger

individuals, yet effective therapeutic options remain limited. To

address this unmet clinical need, Jiang et al.’s study focuses on the

regulation of inflammation during the tendon-bone healing

process. It posits that inflammation exerts a dual role in tissue

regeneration: while acute inflammatory responses facilitate necrotic

tissue clearance, tenocyte proliferation, and collagen fiber

deposition, prolonged or excessive inflammation can exacerbate

tissue damage and promote fibrotic scarring. Therefore,

spatiotemporal control of the inflammatory response is critical for

optimal tendon-bone interface repair. Notably, the article highlights

MSCs as potent modulators of immune activity, capable of

enhancing regenerative outcomes. Furthermore, EVs are

emphasized for their anti-inflammatory and pro-angiogenic

properties, which may synergistically support tissue remodeling

and integration at the injury site. Consequently, EV-based cell-free

therapies represent promising, safer, and potentially more effective

strategies for tendon-bone repair, meriting rigorous preclinical and

clinical evaluation.
Current limitations

However, several methodological bottlenecks currently hinder

translational applications in this field. In MSC research, the host’s

pathological or injured microenvironment significantly

compromises therapeutic efficacy, impairing the sustained survival

and functional integration of transplanted cells. Immunogenicity

remains a concern in allogeneic settings, and prolonged in vitro

expansion may lead to spontaneous malignant transformation of

MSCs. For EV research, although extracellular vesicles are generally

considered to exhibit lower immunogenicity than whole MSCs,

xenogeneic EVs may carry MHC molecules or residual components

from culture media, potentially triggering immune rejection.

Moreover, the absence of standardized protocols for EV sources—

such as those derived from different MSC subtypes—and isolation

methods leads to substantial batch-to-batch variability in

composition. EVs also suffer from limited long-term storage

stability, and the key molecular mechanisms underlying their role

in bone regeneration remain incompletely understood.

Furthermore, translational development of MSC- and EV-based

therapies faces regulatory and ethical challenges. Global regulatory

frameworks for these therapies are inconsistent, with no universally

established approval pathways for gene-edited cell products. Ethical

concerns regarding cell sourcing and genetic manipulation persist.

Insufficient long-term safety data, combined with incomplete
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reporting of critical outcomes in certain clinical trials, further

undermines reproducibility. These limitations not only constrain

scientific credibility but also impede the clinical translation of

promising findings.
Future perspective

Encouragingly, recent advances in gene editing technologies,

artificial intelligence (AI), and personalized precision medicine have

created new opportunities for MSC and EV applications in treating

bone-related disorders. For example, CRISPR-Cas9 enables precise

modulation of osteogenic transcription factors—such as RUNX2

and SP7—and immunoregulatory genes in MSC or EV-producing

cells, enhancing osteogenic potential while minimizing risks

associated with insertional mutagenesis. AI models trained on

multi-omics datasets—including transcriptomic and proteomic

profiles—can predict the performance of MSCs or EVs under

varying scaffold compositions, bioactive molecule loadings, and

microenvironmental conditions, enabling rapid design of

personalized regenerative formulations and reducing reliance on

empirical optimization. Additionally, well-designed multi-arm,

multicenter clinical trials that concurrently evaluate diverse

delivery routes, cell sources, and phenotypic modulation strategies

can enhance data robustness and accelerate regulatory validation.

In summary, the studies featured in this Research Topic explore

the mechanisms of osteoporosis driven by MSC senescence and

propose corresponding intervention strategies. They also examine

the therapeutic potential of MSC-EVs and BEVs in osteoporosis,

emphasizing how a systemic understanding of bone biology can

yield novel mechanistic insights and advance translational

approaches. Furthermore, MSCs have also been explored for the

regeneration of tendon-bone interface injury. Collectively, these

contributions synthesize recent cutting-edge progress in the use of

MSCs and EVs for degenerative bone diseases and bone defects,

elucidating their modes of action and highlighting their clinical

promise in managing skeletal disorders.

Author contributions

CM: Writing – review & editing, Writing – original draft. JL:

Writing – review & editing, Funding acquisition. SB: Writing –

review & editing. LZ: Writing – review & editing. BS: Writing –

review & editing, Funding acquisition.
Frontiers in Endocrinology 03
Funding

The author(s) declared that financial support was received for

work and/or its publication.This work was supported by grants

from the National Natural Science Foundation of China (82371020,

82401078), Project of State Key Laboratory of Oral & Maxillofacial

Reconstruction and Regeneration (2024MS04, 2024KB02), and

Partner Laboratory Cooperation and Exchange Program Project

of Fourth Military Medical University (2024HB014).
Acknowledgments

We sincerely express our gratitude towards all authors,

reviewers, and journal editors who have contributed to this

Research Topic.
Conflict of interest

The author(s) declared that this work was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Generative AI statement

The author(s) declared that generative AI was not used in the

creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this

article has been generated by Frontiers with the support of artificial

intelligence and reasonable efforts have been made to ensure

accuracy, including review by the authors wherever possible. If

you identify any issues, please contact us.
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. Sui B, Hu C, Liu A, Zheng C, Xuan K, Jin Y. Stem cell-based bone regeneration in
diseased microenvironments: Challenges and solutions. Biomaterials. (2019) 196:18–
30. doi: 10.1016/j.biomaterials.2017.10.046

2. Awasthi H, Mani D, Singh D, Gupta A. The underlying pathophysiology and
therapeutic approaches for osteoporosis. Medicinal Res Rev. (2018) 38:2024–57.
doi: 10.1002/med.21504

3. Brown C. Osteoporosis: staying strong. Nature. (2017) 550:S15–S7. doi: 10.1038/550S15a
4. Li B, Ouchi T, Liu J, Yang Y. Injury-induced niche factors Cxcl12 and Shh/Ihh
coordinate suture stem cell activation during calvarial bone regeneration. Sci Signal.
(2025) 18:eadw7107. doi: 10.1126/scisignal.adw7107

5. Ma C, Zhang Y, Cao Y, Hu C, Zheng C, Jin Y, et al. Autonomic neural
regulation in mediating the brain-bone axis: mechanisms and implications for
regeneration under psychological stress. QJM. (2024) 117:95-108. doi: 10.1093/
qjmed/hcad108
frontiersin.org

https://doi.org/10.1016/j.biomaterials.2017.10.046
https://doi.org/10.1002/med.21504
https://doi.org/10.1038/550S15a
https://doi.org/10.1126/scisignal.adw7107
https://doi.org/10.1093/qjmed/hcad108
https://doi.org/10.1093/qjmed/hcad108
https://doi.org/10.3389/fendo.2025.1739689
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Ma et al. 10.3389/fendo.2025.1739689
6. Zhang K, Zhang J, Wang Q, Pan J. Osteoclast-derived exosomes promote MRONJ
via the VEGFR2-caspase9 and notch1-hes1/hey signaling pathways. Oral Dis. (2025) 1-
12. doi: 10.1111/odi.70080

7. Grieco G, Piccolo S, Ragni E, De Girolamo L. Secretome and extracellular vesicle
signatures in bone marrow-derived mesenchymal stromal cells after expansion in
Frontiers in Endocrinology 04
standard and next-generation media. Extracell Vesicles Circ Nucl Acids. (2025) 6:195–
215. doi: 10.20517/evcna.2024.99

8. Chen Y, Huang Y, Li J, Jiao T, Yang L. Enhancing osteoporosis treatment with
engineered mesenchymal stem cell-derived extracellular vesicles: mechanisms and
advances. Cell Death Dis. (2024) 15:119. doi: 10.1038/s41419-024-06508-w
frontiersin.org

https://doi.org/10.1111/odi.70080
https://doi.org/10.20517/evcna.2024.99
https://doi.org/10.1038/s41419-024-06508-w
https://doi.org/10.3389/fendo.2025.1739689
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Editorial: Stem cells and extracellular vesicles in bone health, disease and regeneration, volume II
	Bone disease and regeneration
	Current limitations
	Future perspective
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


