Dear editors and reviewers,
We would like to thank ‘Aging Pathobiology and Therapeutics’ for allowing us to revise our manuscript. 
We appreciate your insightful and thoughtful comments on our previous manuscript. Based on those comments, we have carefully revised and improved the paper as much as we possibly could in the final version. The modifications were highlighted in the revised manuscript. The main corrections in the paper and the response to the editors’ and reviewers’ comments were as followings.

Thanks for all the help.

Best wishes,

Sincerely yours

Guangqian Zhou

Responses to the editors’ and reviewer’s comments:
We listed all the points raised by the reviewers as summarized below. 

To Reviewer #1:

This is a review article relating to senescence in mesenchymal stem cells (MSCs), miRNA, and extracellular vesicles (EVs). It is comprehensively summarized the current knowledge about MSC senescence, miRNAs relating to cellular physiology and senescence induction in MSCs, and miRNA-containing EVs secreted from MSCs. The authors are also summarized the potentials of therapeutic strategy using EVs secreted from MSCs. The topic of the manuscript is timely and important. Overall, this is informative and useful for the researchers and clinicians in the fields relating to stem cell and aging. However, there is a couple of concerns shown below for the manuscript.
1. Page 3, line 58 in Introduction, what is “the development of receptor cell senescence”?  Please rewrite it properly.
2. Page 3, line 79, increase in an activity of SA-β-gal,…. (or other phrase) may be better than SA-β-gal positive,. 

3. Page 4, line 121, imagine-based may be image-based (or imaging-based). 

4. Page 5, line 135 to 137, this sentence is complicated. Please rewrite more easily. 

5. Page 6, for Figure 1, please distinguish activating and inhibiting pathways in MSC senescence using arrow and suppression arrow. If you can distinguish upregulated miRNAs and downregulated miRNAs in MSC senescence, it prefers. 

6. Page 7, line 225 to 229 relating to Figure 2C, because this is complicated, please explain more detail. 

7. Page 9, line 318 to 320, the authors mention “FOXO1 acts on SIRT1-mediated ROS increase and maintenance during senescence”. Please cite the reference relating to this sentence. 
8. Page 10, line 338, what is the role of miR-204 for SIRT1in ESCs? 

9. Page 10, line 355, does “to trigger healthy adjacent cell senescence”mean “to trigger cellular senescence into healthy adjacent cells”? 

10. Page 13, line 445, please specify NPCs (maybe nucleus pulposus cells). 

11. Page 14, line 485, “remain unneglectable considerable” is needed to change to “remain unneglectable”

12. Page 14 to 15, line 483-516, this part completely overlaps to first part of the next section.  It is preferred to combine and reorganize them. 

13.Page 15, line 518, this title does not fit well because almost no mention exists about MSC senescence in this section. Application of MSC-EV therapy or other titles are preferred.
Answer: Thank you for your kind advice. We are sorry for our previous negligence. We have carefully revised this manuscript. The added information is as follows:
1. Page 3, line 57-59: EVs are an important participant in cell-to-cell communication and can precisely regulate receptor cell senescence and inflammation under various physiological and pathological conditions.
2. Page 3, line 77-81: With the accumulation of undegraded macromolecules, senescent cells show morphological enlargement, flattening, and extensive vacuolization [18], accompanied by increased senescence-associated β-galactosidase (SA-β-gal) activity, DNA damage, telomere shortening, and genomic instability.

3. Page 4, line 121: Especially based on the unique morphology of senescent cells, the development of image recognition-related detection technology has excellent application prospects.

4. Page 5, line 136-138: With the increase of passages, the ability of MSCs co-cultured with peripheral blood mononuclear cells to inhibit the proliferation of CD4+ and CD8+ T cells were continuously weakened.

5. Thanks for your kind advice, we have used arrows and suppression arrows in Figure 1 to distinguish between suppression and activation, as shown on page 6.
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6. We have re-described the results and modified the picture content accordingly. Page 7, line 226-228: By analyzing the replicative senescence-induced miRNAs expression changes of MSCs derived from young and old donors, twelve miRNAs were shown to be differentially expressed jointly in young and old donor MSCs.
The revised figure 2:
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7. We have cited the related references. Page 9, line 320-322: Among them, FOXO1 is a transcription factor involved in the expression of antioxidant enzymes (SOD and catalase) and acts on SIRT1-mediated ROS increase and maintenance during senescence [80, 81].
References:

80.
Xing YQ, Li A, Yang Y, Li XX, Zhang LN and Guo HC. The regulation of FOXO1 and its role in disease progression. Life Sci 2018; 193: 124-131.

81.
Hao Z, Xu G, Yuan M, Tan R, Xia Y, Liu Y, et al. Leucine Supplementation in Middle-Aged Male Mice Improved Aging-Induced Vascular Remodeling and Dysfunction via Activating the Sirt1-Foxo1 Axis. Nutrients 2022; 14(18):3856.
8. Page 10, line 340: SIRT1 is considered to be a key regulator of inflammation and aging. miRNAs post-transcriptionally downregulated SIRT1 during the differentiation of mouse embryonic stem cells, and maintain low levels of SIRT1 expression in differentiated tissues, where MiR-204 was found to be involved in inhibiting SIRT1 protein expression [82].
9. Page 10, line 360: Conditioned medium collected from MSCs overexpressing miR-495 suppressed the cell migration, which is consistent with the paracrine effect of SASP to trigger cell senescence into healthy adjacent cells [87].

10. Page 13, line 449-451: Induced pluripotent stem cell-derived MSC-EVs (iMSC-EV) enriched with miR-105-5p could rejuvenate senescent nucleus pulposus cells by activating the SIRT6 pathway in vitro.
11. Page 14, line 489-491: In initial studies in most animals, MSCs have shown encouraging positive results in various types of cell therapy, but the concerns of human MSC therapy remain unneglectable, including immune rejection and various cancer promotion.
12. Page 14, line 489-514: 

In initial studies in most animals, MSCs have shown encouraging positive results in various types of cell therapy, but the concerns of human MSC therapy remain unneglectable, including immune rejection and various cancer promotion. Due to the clinical outcomes of MSC-based therapy remaining nonoptimal, so far, a large proportion of the majority of registered clinical trials applying MSC therapy for human diseases have indeed fallen short of expectations.

Emerging evidence suggests that MSC-EV therapy has equal or better efficacy than MSCs in many diseases, and the risk of MSC-based therapy is significantly reduced. The advantages of cell-free therapies based on MSC-EVs are considerable. The incapability of MSC-EVs to self-replicate greatly reduces the risk of expansion and tumor and increases safety. The small size also provides faster tissue penetration [118]. The potential to stimulate the immune system is limited, reducing the risk during allogeneic transplantation. EVs are easier to handle in transportation and storage, which makes EV therapeutic potential optimal.

The effects of MSC-EVs, including anti-senescence, anti-inflammatory, and wound healing, play a positive role in various diseases. In pilocarpine-induced status epilepticus mice treated with MSC-EVs, EVs reach the hippocampus within 6 h and exert anti-inflammatory and neuroprotective effects, which are coupled with normal hippocampal neurogenesis and cognitive and memory functions [119]. Melatonin-pretreated MSC-EVs affect the ratio of macrophage M2 polarization to M1 polarization by regulating the activation of phosphatase and tensin homolog (PTEN)/Akt signaling pathway, thus suppressing inflammatory response and promoting diabetic wound healing [120]. In the rat model of skin burn treated with human MSC-EVs, EVs accelerate the re-epithelialization of the wound, promote the nuclear transfer of β-catenin, and enhance skin cell migration and proliferation, thus facilitating wound healing [121].
13. We have changed the title of this section to “Prospects of MSC-EV therapy”, line 488 on page 14.

To Reviewer #2:

The manuscript entitled “Senescence of mesenchymal stem cells: implications in extracellular vesicles, miRNAs and their functional and therapeutic potentials” submitted by He and colleagues provided a comprehensive analysis of miRNAs, specifically a relatively detailed and in-depth insight into how senescence influences MSCs. Advances in understanding the role of miRNAs in aging may provide new ways to alleviate MSC senescence. However, the contents of this manuscript are not novel, with the vast majority of point well established and known in the relevant fields.

As important contributors to epigenetic regulation, miRNAs are frequently reported to affect the translation and stability of targeted mRNAs and regulate post-transcriptional gene expression. Mounting evidence has suggested the participation of individual miRNAs in regulation of target mRNAs and numerous cellular processes by modifying different signaling networks, including senescence-related signaling molecules and pathways. As another part of this manuscript, the authors attempted to address that senescence-related EVs can transfer regulatory factors particularly miRNAs and proteins to promote the senescence process in autocrine, endocrine, and paracrine ways. Senescent cells secrete high levels of EVs and regulate their surrounding microenvironment, playing a critical role in promoting SASP, limiting the regenerative potential of surrounding cells and enhancing local inflammation levels. However, the heterogeneity of MSC-EVs is so far one of the most challenging issue affecting their therapeutic applications.

Promoting or inhibiting expression levels of specific miRNAs in EVs can affect therapeutic efficiency for specific diseases. Indeed, both MSC senescence associated EVs and miRNAs have been comprehensively documented in recently published papers, and the manuscript lacks novelty and significant, with the timeliness much comprised.

Answer: Thank you for your comments on our previous manuscript. We are sorry that our previous manuscript was not written well enough. 
In this review, we comprehensively summarized the current knowledge about MSC senescence, miRNAs relating to MSCs senescence, and miRNA-containing EVs derived from MSCs. In addition, we also discussed the potential of therapeutic strategies using MSC-EVs, especially for EVs as a carrier for delivering specific molecules. Cell senescence is a dynamic process evolving with time, and its specific regulation remains unknown. Analyzing the senescence properties of MSCs is very important for developing methods to assess MSC senescence, as well as for understanding how senescence affects the quality and efficacy of MSCs. A comprehensive analysis of miRNAs provides a more detailed and in-depth insight into how senescence influences MSCs. Advances in understanding the role of miRNAs in aging may provide new ways to alleviate MSC senescence. Undoubtedly, continued in-depth studies of miRNAs within MSC senescence will shed light on their mechanisms of action during senescence and may reveal clues for the potential roles in the extracellular environment.

Senescence may influence the production rate and cargo type of MSCs and their EVs. Systematic analysis and comparison of miRNAs related to MSC senescence and those contained in MSC-EVs will help to discover universal senescence markers to identify senescent cells. Translating preclinical results into the clinic faces different challenges related to EV dynamics and biology. Effective MSC-EV therapy may depend on the physiological function and state of the parental cells, as senescent may deprive cells of reverse/reduce disease efficacy. A correct understanding of the detailed mechanisms involved in miRNAs and EV-miRNAs during senescence may contribute to the regulation of MSC efficacy, as well as the development of MSC-EVs to improve tissue regeneration and aging-related diseases.
The heterogeneity of MSC-EVs is so far one of the most challenging issues affecting their therapeutic applications. In response to this problem, we have made the following content supplement. On page 17, we added the summary and discussion of the detection technology of EV content.
Page 17, line 530-549: The development of technology for detecting EV contents is helpful to promote the study of maintaining EV characteristics. Currently, contents are analyzed using chemical, physical, biological, and nanotechnological methods, usually involving the use of multiple antibodies, nucleic acid fitting, or molecular markers as recognition components, coupled with various chemical labels (e.g., redox probes and optical dyes), nanoparticle tags or DNA oligonucleotide [122]. For example, Raman spectroscopy is used to distinguish the overall chemical bond characteristics of EVs based on the spectral patterns generated by vibration and rotation. EV particles are captured on a specially modified plane or spherical interface and fluorescent dye labeling is added to detect and quantify the membrane proteins and internal miRNAs [122-124]. The analysis and identification of specific contents can be achieved by using surface-sensitive label-free physical analysis methods (e.g., electrical impedance spectroscopy, quartz crystal microbalance, and surface plasmon resonance) or external chemical tags to monitor the binding of EV contents to receptors on the array [125-127]. Although the diversity of EV detection methods has been achieved, the standardization of identification and analysis is still very important. The above detection methods are more or less affected by the difference in the quality of reagents provided by different suppliers. The control of high-quality biologics and the evaluation of binding parameters helps to improve the reproducibility of detection.
To Reviewer #3:

In this paper, authors review the recent results on roles and mechanisms of miRNAs, particularly EV-miRNAs, involved in MSC senescence, and discusses their implications in functional properties and therapeutic efficacy of MSCs and their EVs. This work proposes an extensive review on miRNAs and MSC senescence, it is likely to be cited in the future.

Answer: We are honored to receive your approval for this article.
