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Adipose-derived stem cells (ASCs) are an important stem cell type separated from adipose tissue, with the properties of multilineage differentiation, easy availability, high proliferation potential, and self-renewal. Exosomes are novel frontiers of intercellular communication regulating the biological behaviors of cells, such as angiogenesis, immune modulation, proliferation, and migration. ASC-derived exosomes (ASC-exos) are important components released by ASCs paracrine, possessing multiple biological activities. Tissue regeneration requires coordinated “vital networks” of multiple growth factors, proteases, progenitors, and immune cells producing inflammatory cytokines. Recently, as cell-to-cell messengers, ASC-exos have received much attention for the fact that they are important paracrine mediators contributing to their suitability for tissue regeneration. ASC-exos, with distinct properties by encapsulating various types of bioactive cargoes, are endowed with great application potential in tissue regeneration, mechanically via the migration and proliferation of repair cells, facilitation of the neovascularization, and other specific functions in different tissues. Here, this article elucidated the research progress of ASC-exos about tissue regeneration in plastic and cosmetic surgery, including skin anti-aging therapy, dermatitis improvement, wound healing, scar removal, flap transplantation, bone tissue repair and regeneration, obesity prevention, fat grafting, breast cancer, and breast reconstruction. Deciphering the biological properties of ASC-exos will provide further insights for exploring novel therapeutic strategies of tissue regeneration in plastic and cosmetic surgery.
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INTRODUCTION

Adipose tissue provides a major energy storage depot for the body. Over the past years, adipose tissue has been considered as a multifunctional organ that controls metabolic homeostasis, immunity, and satiety (Yang et al., 2018). Adipose tissue can be broadly separated into fat-storing adipocytes and the adipose tissue stromal vascular fraction (SVF). SVF is a heterogeneous cell group that is traditionally isolated using enzymes such as collagenase. SVF is an easily accessible system comprised of various immune cells, erythrocytes, endothelial cells, and adipose-derived stem cells (ASCs), with the exception of adipocytes (Kim and Lee, 2020). ASCs are defined as a subset of mesenchymal stem cells (MSCs) isolated from the SVF within adipose tissue by enzymatic digestion (Gentile et al., 2019b). ASCs are specifically valuable because they can be easily harvested with the properties of abundance and convenient separation. In terms of cell identification, ASCs exhibit a mesenchymal-like morphology and the expression profile of CD34+, CD44+, CD31–, and CD45– cell surface markers (Shukla et al., 2020). ASCs are not only precursors to adipocytes but also multipotent progenitors to a variety of cells including osteoblasts, chondrocytes, myocytes, epithelial cells, and neuronal cells. Furthermore, ASCs possess several unique characteristics, including easy availability, high proliferation potential, self-renewal, and secretion of trophic factors and extracellular vesicles (EVs), thus offering a feasible and valid alternative to other sources of MSCs, such as bone marrow-MSCs (BMSCs) (Mazini et al., 2019). The secreted factors derived from ASCs, such as growth factors and cytokines, are known to exert paracrine signals responsible for chemoattractant, angiogenic, and prosurvival effects required for tissue regeneration (Bajek et al., 2016). ASCs are particularly useful as they can be easily harvested with minimal donor site morbidity and have a differentiation potential similar to other MSCs. Thus, ASCs have been successfully proposed as a prominent candidate in the development of tissue engineering products. As well, plastic and cosmetic surgery is a growing field uniquely positioned for the application of ASCs (Zuk et al., 2001).

The term “exosome” specifically defines a small subset of extracellular vesicles that range from 50 nm to 200 nm, which have been found in numerous body fluids, including blood, urine, cerebrospinal fluid, breast milk, saliva, lymph, and bile, under both healthy and pathological conditions (Wang et al., 2018). Exosomes are formed when the endosome membrane invaginates to produce a multivesicular body which upon fusing with the cell membrane to release the vesicles within as exosomes into the extracellular space (Toh et al., 2018). Consequently, the key expression biomarkers of exosomes, which are generally recognized as exosome-associated characteristics, are proteins associated with endocytosis and endosomal traffickings such as tetraspanins (CD81, CD63, CD9), ALIX, TSG101, caveolins, clathrin, and transferrin receptors, due to the different mechanisms of secretion (Hong P. et al., 2019). Exosomes are packed with cell-type-specific combinations of proteins (cytoskeletal proteins, transmembrane proteins, and heat shock proteins), nucleic acids (DNA, mRNA, miRNA, long and short non-coding RNA), lipids, and enzymes (GAPDH, ATPase, pgk1), shuttling these active cargoes between different cells involving in a complex intercellular communication system. These cargoes are wrapped in the membrane to protect from degradation and transport to the surrounding cells (Kalluri and LeBleu, 2020). Thus, exosomes have some special biological characteristics and processes and are capable of potentially modulating the specific activity of the recipient target cells.

The important aim of plastic and cosmetic field is closely associated with tissue regeneration, and to repair the morphology and function of congenital or acquired defects through many treatment methods, including medical imaging, microsurgery, composite tissue allotransplantation, nanotechnology, cell biology, and biomaterials (Naderi et al., 2017). Adipose tissue possesses important functions in immune modulation, wound healing, and tissue regeneration. Nowadays, autologous adipose tissue application is explored to be applied in improving skin quality, contour irregularities, wound repair and soft tissue regeneration in plastic and cosmetic surgery (Strong et al., 2019). Its efficacy and safety are widely accepted, but there is a lack of universally recognized mechanisms. However, given that the characteristics of adipose tissue vary dramatically depending on the donor status, the effect is of individual difference (Wang et al., 2013). Besides, significantly altering the components or biomechanical properties of the adipose tissue, such as by removing stromal cells from the adipose tissue, will subject to more complex applications. Therefore, autologous adipose tissue cannot be easily used as a drug. Thus, ASCs and ASC-exos are very important derivatives from fat tissue, capturing intensive attention. Exosomes carry specific contents of the parental ASCs, including DNAs, RNAs, lipids, cytokines, enzymes. Exosomes are capable of protecting their cargoes from degradation and are highly stable in serum and blood, thus efficiently delivering cargoes to target cells. ASC-exos and ASCs perform their functions via different mechanisms. The ASC-exos are used as tools for repairing and regenerated activation of damaged cells, and are now considered to orchestrate the events required for tissue regeneration, immune function, tissue homeostasis and development of cell fate. Hence, although without differentiation ability, ASC-exos can mimic the capacity of ASCs for innovative cell-free therapy, such as tissue regeneration and repair, reduction of injuries, and anti-inflammation. In terms of storage and delivery, unlike ASCs, exosomes are small non-living substances that can be sterile filtered and frozen without cryo-preservatives. From manufacturing and storage to delivery, there is no need to maintain cell viability and function. ASC-exos have certain advantages over ASCs in production, storage, shelf life, delivery, and potentially ready-to-use biological products (Vizoso et al., 2017). Moreover, ASC-exos are potentially safer therapeutic agents than ASCs. Compared with ASCs, ASC-exos might avoid cell therapy-associated problems, including limited cell survival, immune rejection efficacy, senescence-induced genetic instability, inactivate function, and the possibility of unfavorable differentiation (Figueroa et al., 2014). Owing to their multiple features, ASC-exos have shown therapeutic potential in many clinical diseases, especially in tissue regeneration, such as skin repairing, fat grafting, and various reconstruction operation. In addition, exosomes have been innovatively utilized for targeted drug delivery and as gene carriers for regenerative medicine (Mehryab et al., 2020). But actually, ASC-exos lack enough clinical trials to confirm the safety and effectiveness (Table 1).


TABLE 1. Characteristic comparison of ASC-exos and ASCs.

[image: Table 1]In this review, we mainly summarize the latest research about the functions and investigations of ASC-exos concerned with tissue regeneration in plastic and cosmetic surgery, including skin anti-aging therapy, dermatitis improvement, wound healing, scar removal, flap transplantation, bone tissue repair and regeneration, obesity prevention, fat grafting, breast cancer, and breast reconstruction. We hope this will provide further insights into the pivotal roles and applications of ASC-exos in tissue engineering and regenerative therapies. For these goals, we searched the adipose-derived stem cells/ASCs, exosomes and the above 8 related fields in plastic and cosmetic surgery as keywords on Pubmed in the recent 5 years. These searched studies involved in cell, animal experiments, or clinical trials, especially the original articles were included according to relevance to the topic.



ASC-EXOS IN SKIN AGING

The skin is subject to an unpreventable intrinsic aging process, along with the exogenous factors-induced aging state. Particularly, ultraviolet radiation results in premature skin aging, also known as extrinsic skin aging or photoaging. The most typical features of skin aging are the loss of elasticity and the generation of wrinkles, which are attributed to the structural and functional changes in skin cells and tissues (Li et al., 2019). Among skin cells, human dermal fibroblasts (HDFs) and keratinocytes (HaCaTs) are regarded as barriers to prevent skin from time aging and ultraviolet B (UVB) photoaging. Various improvement strategies, such as antioxidants, retinoids, peptides, growth factors, and autologous patient fat or collagen graft, have been used to fight against skin aging (Kim et al., 2019). Because of the poor penetration through the stratum and short-term maintenance for several months, these above strategies are now not ideal. It is hopeful to reduce skin aging pinned on ASCs and ASC-derivatives, which could regulate HDFs proliferation, migration, and collagen expression.

ASC-conditioned medium (ASC-CM) and ASC-exos, both containing key cytokines and growth factors secreted by the ASCs, could facilitate the regeneration and repair of various tissues and organs to exert influences on anti-oxidation, anti-wrinkle, and whitening skin. ASC-CM has been proved to protect HDFs from oxidative stress in vitro (Kim et al., 2008). Li et al. (2019) found that in UVB irradiation in vitro model, ASC-CM could effectively down-regulate the activation and transcription of UVB-induced signaling pathways such as mitogen-activated protein kinases (MAPKs), activator protein 1 (AP-1), and nuclear factor kappa B (NF-κB), and up-regulate the expression of antioxidant response elements such as phase II gene HO-1 and transforming growth factor-beta (TGF-β), while reducing interleukin 6 (IL-6) secretion. Thereby ASC-CM showed a positive effect on protecting HDFs and HaCaTs from UVB-induced photoaging damage. The platelet-derived growth factor AA (PDGF-AA) contained in ASC-CM also could activate the phosphatidylinositol-4,5-bisphosphate 3-kinase (PI3K)/protein kinase B (AKT) signal pathway, and mediate photoaging-induced HDFs proliferation, extracellular matrix (ECM) deposition and remodeling in the in vitro experiment, which was reported by Guo et al. (2020) group. It demonstrated that the well-prepared ASC-CM played a positive role in preventing HDFs from intrinsic and extrinsic aging damages to a certain degree. Meanwhile, the result also clarified that the PDGF-AA might contribute to better outcomes with some other components of ASC-CM. However, the ingredients in ASC-CM are rather complex to synergistically achieve the anti-aging goal. The exosomes are important components in ASC-CM, might possess a positively independent or synergistic roles. Hu et al. (2019) showed that exosomes from three-dimensional cultured HDF spheroids (3D-HDF-exos) and BMSC-exos could both down-regulate tumor necrosis factor alpha (TNF-α) and up-regulated TGF-β expression, resulting in decreased matrix metalloproteinase 1 (MMP-1) and increased type I procollagen in vitro and a nude mouse photoaging model. These results indicated that the exosome-containing 3D-HDF-exos and BMSC-exos both had anti-skin-aging properties and the potential to prevent and treat cutaneous aging (Figure 1A).
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FIGURE 1. ASC-exos function in various skin associated applications. (A) ASC-CM and BMSC-exos could produce ROS at a low level, downregulate TNF-α, upregulate TGF-β to increase MMP-1 and procollagen type I expression for collagen synthesis, thus enhancing the skin elasticity and ease the wrinkles for anti-aging. (B) ASC-exos was capable to enhance stratum corneum hydration, reduce the secretion of inflammatory cytokines such as IL-4, IL-5, IL-13, IFN-γ, and TNF-α, and alleviate the infiltration of mast cells, dendritic epidermal cells (DECs) in skin lesions and eosinophils in the blood, and produce ceramides to restore the epidermal barrier, thus relieving the dermatitis of skin. (C) ASC-exos reduced the production of ROS, decrease the expression of IL-6, IL-1β, TNF-α, and the oxidative stress-related proteins such as NADPH oxidase 1/4 (NOX1/4), increase MMP-9 and VEGF to ameliorate ECM reconstruction, thus fostering HDFs proliferation and migration to reinforce the re-epithelialization. (D) ASC-exos was conducive to promote tube formation of VECs, increase tissue thickness, and reduce the infiltration of inflammatory cells to relieve the inflammation and apoptosis for the high survival rate of the skin flap. ASCs, Adipose-derived stem cells; ASC-exos, ASC-derived exosomes; HDFs, Human Dermal Fibroblasts; HaCaTs, Human Keratinocytes; ECM, Extracellular Matrix; ROS, Reactive Oxygen Species; MMP-1/9, Matrix Metalloproteinase 1/9; IFN-γ, Interferon Gamma; TNF-α, Tumor Necrosis Factor Alpha; TGF-β, Transforming Growth Factor Beta; IL-4/5/6/13, Interleukin 4/5/6/13; NOX-1/4, NADPH Oxidase 1/4; VEGF, Vascular Endothelial Growth Factor; VECs, Vascular Endothelial Cells, VECs.


At present, the existing research of ASC-exos on skin aging is limited. As the epidermis layer is 50–120 μm and the epidermis-dermis thickness is 2–5 mm in humans, the local treatment with exosomes can arrive at the epidermis and be absorbed on human skin (Xu et al., 2018). Exosomes derived from human stem cells, such as ASCs, are of multiple bioactive functions for skin aging treatment, deserving further research.



ASC-EXOS IN ATOPIC DERMATITIS

Atopic dermatitis (AD) is a chronic inflammatory skin disease accompanied with pruritus, erythema, edema, excoriation, and thickening of the skin, leading to decreased unaesthetic appearance of skin (Lee et al., 2018). Both defective skin barrier and abnormal immune responses are crucial factors in AD development. Therefore AD with immunologic abnormalities could be treated by different or multi-pronged approaches focused on reducing the severity and frequency of symptoms, such as dietary management, drug therapy, and ultraviolet assisted therapy (Park et al., 2019). Several studies have demonstrated that allergic progress in AD could be suppressed by BMSCs and ASCs while modulating multiple targets (Shin et al., 2017). For instance, Sah et al. (2018) found that superoxide dismutase 3-transduced MSCs ameliorated AD pathology and enhanced the efficacy of MSC therapy by controlling activated immune cells, reducing expression levels of pro-inflammatory mediators in the skin of AD mice.

Nevertheless, given that AD chronic and recurrent characteristics, the therapeutic utilization of MSCs has several drawbacks, such as poor engraftment efficiency, undesired immune responses, short half-life, and difficulties in quality control (Lou et al., 2017). Exosomes are involved in the development and prognosis of AD skin diseases, including repairing leaky skin barriers as well as suppressing skin inflammation (Alves et al., 2016). Cho et al. (2018) established an AD model of NC/NGA mice treated with house dust mite antigens. In this mouse model, ASC-exos were found to ameliorate pathological symptoms such as the levels of serum IgE, the number of eosinophils in the blood, and the infiltration of mast cells, dendritic epidermal cells in skin lesions. The study suggested the immune regulation role of ASC-exos in AD. In the latter study, the same group also found that the subcutaneous injection of ASC-exos in an oxazolone-induced dermatitis model remarkably reduced trans-epidermal water loss, and enhanced stratum corneum hydration and markedly decreased the levels of inflammatory cytokines such as IL-4, IL-5, IL-13, TNF-α, interferon gamma (IFN-γ), IL-17 and TSLP, all in a dose-dependent manner (Shin et al., 2020). Interestingly, ASC-exos also induced the production of ceramides and dihydroceramides to promote skin barrier restoration (Shin et al., 2020). These studies suggested that the systemic administration of ASC-exos ameliorated AD-like symptoms through the regulation of inflammatory responses and the potential of effectively restoring epidermal barrier functions in AD (Figure 1B). ASC-exos could be a promising cell-free candidate to currently limited treatment options for AD.



ASC-EXOS IN WOUND AND SCAR

Many exposed, unsightly, or chronic wounds, such as diabetic ulcers, are difficult to heal, not only causing functional disabilities but also affecting mental health. Poor wound healing eventually leads to hypertrophic scars or keloid formation, pigmentation, prolonged healing, and ulcerative skin defects (Eming et al., 2014). There are many traditional treatment methods for skin and soft tissue trauma, such as low-intensity lasers, advanced treatment dressings, negative pressure wound treatment, hyperbaric oxygen, and skin transplantation (Bellei et al., 2018). However, as wound healing is a complicated process referring to multiple cell types, growth factors, and extracellular matrix, some traditional treatments just play an auxiliary role accompanied by undesirable healing.

ASCs and SVF can produce abundant secretome groups, leading to cell proliferation and differentiation, migration, and healing microenvironment. The migration and functions of ASCs could be enhanced via PI3K/AKT pathway activated by integrin β1, resulted in the improved chronic refractory wound (Wang J. et al., 2020). Interestingly, in the wound mouse model, Bi et al. (2019) found that both SVF and human ASCs improved the function of endotheliocytes and fibroblasts, regulated gene expression, and jointly promoted skin healing. This study showed that SVF could replace ASCs for wound healing, due to the convenience of SVF applications. In the burn wound model, only autologous ASCs, but not allogeneic ASCs, significantly improved healing in acute burn wounds of the rat (Chang et al., 2018). Fujiwara et al. (2020) also constructed an ovine burn model and proved that ASCs improved grafted burn wound healing by promoting blood flow and vascular endothelial growth factor (VEGF) expression. Besides, the localized injection of ASCs could accelerate and enhance the closure of pressure ulcers (Xiao et al., 2019). Likewise, Bukowska et al. (2020) systematically ensured the safety of human SVF when injected into a murine pressure ulcer injury model. This healing function usually depends on the trophic factors of ASCs and SVF, including cytokines, growth factors, and chemokines. Notably, exosomes containing secretome from ASCs have opened the way to a newly emerging cell-free therapy.

Studies have shown that ASC-exos played a positive role in cutaneous wound healing by means of acting on HDFs and HaCaTs and other main target cells through various signal channels (Figure 1C; Qiu et al., 2020). Ma et al. (2019) exposed HaCaTs to hydrogen peroxide (H2O2) for establishing a skin lesion model, discovering that ASC-exos could foster HaCaTs proliferation, migration, and inhibit apoptosis through Wnt/β-catenin signaling pathway. Likewise, He et al. (2020) also confirmed that MALAT1-containing ASC-exos improved wound healing by targeting miR-124 and activating Wnt/β-catenin pathway. In addition, ASC-exos might also promote and optimize collagen synthesis via upregulating PI3K/Akt pathway during cutaneous wound healing (Zhang et al., 2018). Li X. et al. (2018) found that exosomes from NF-E2-related factor 2 (Nrf2)-overexpressing ASCs significantly reduced the ulcer area in the feet of diabetic rats, by promoting the proliferation and angiogenesis of endothelial cells, improving levels of senescence marker protein 30 (SMP30) and VEGF and vascular endothelial growth factor receptor 2 (VEGFR2) phosphorylation to accelerate the wound healing, as well as inhibiting reactive oxygen species (ROS) production and inflammatory cytokine expressions, such as IL-1β, IL-6, and TNF-α. Notwithstanding this superiority, exosome-based therapy of wound healing still faces the challenges of rapid clearance rate and relatively short half-life in vivo (Liu et al., 2017). The sustained release and retention of exosomes in the target area is an important factor for healing. Liu et al. showed hyaluronic acid (HA) might serve as exosomes immobilizer and wound dressing for durable exosomes retention at wound sites to effectively reparative effect. ASC-exos combined with HA was able to activate the HDFs activity of the wound surface and reinforced the re-epithelialization and vascularization of the wound surface (Liu et al., 2019). Moreover, several studies have confirmed the role of ASC-exos miRNAs in skin healing. For instance, Yang et al. (2020) found that highly expressed miRNA-21 derived from ASC-exos could enhance the migration and proliferation of the HaCaTs, by increasing the matrix metalloproteinase 9 (MMP-9) expression through the PI3K/AKT pathway. The overexpressing miRNA-21 could also enhance collagen synthesis and optimize collagen deposition, significantly improve the healing effect of full-thickness skin wounds in mice (Yang et al., 2020). Shi et al. (2020) verified that mmu_circ_0000250-modified ASCs derived exosomes promoted wound healing in diabetic mice by inducing miR-128-3p/SIRT1-mediated autophagy.

Compared to the single factor therapy, MSCs application is also superior in scar removal due to the MSCs-secreted various inflammatory modulators. In the rabbit scar model, Liu et al. (2014) locally injected BMSCs to regulate inflammation and prevented hypertrophic scar formation, attributing to BMSCs secretion of an anti-inflammatory protein, TNF-α-stimulated gene/protein 6 (TSG-6). Wu et al. (2015) showed that in vitro assay, the MSC-CM decreased viability, α-SMA expression, and collagen secretion of human keloid fibroblasts. Besides, in a mouse dermal fibrosis model, MSC-CM infusion induced a significant decrease in skin fibrosis due to the TGF-β3 in CM-mediated therapeutic effects on preventing collagen accumulation (Wu et al., 2015). The application of ASCs and ASC-derivatives might also provide novel scarless repair methods. In the early stage of wound healing, exogenous ASC-exos promoted the expression of type I and type III collagen to shorten the healing time, and might inhibit collagen synthesis to minimize scar formation in the later period (Hu et al., 2016). This tendency followed the histological changes observed during the natural healing of soft tissue wounds. That is, collagen deposition was more important in the early phase of healing, while in the late phase of healing, matrix reconstruction was more critical. ASC-exos ameliorated ECM reconstruction and reduced the scar formation by regulating the ratios of type III collagen/type I collagen, TGF-β3/TGF-β1, and MMP-3/tissue inhibitor of metalloproteinases 1 (TIMP-1), as well as facilitating HDFs differentiation (Wang et al., 2017). The team of Wang et al. firstly developed the FHE hydrogel and FEP hydrogel scaffold both with stimuli-responsive ASC-exos. The ASC-exos released by these two carrier materials significantly increased the regeneration of skin appendages and reduced the formation of scar tissue (Wang C. et al., 2019) (Wang M. et al., 2019). The sustained release of bioactive exosomes helps to achieve better wound healing and scar removal.



ASC-EXOS IN SKIN FLAPS INJURY

Flap transplantation is an essential method to repair refractory trauma and organ reconstruction, including the alar rim, external ear, and fingertip defects. The insufficient neovascularization and ischemia-reperfusion (I/R) injury are responsible for poor flap healing outcomes (Sorkin et al., 2020). ASC-based therapy has become an applicable method to prevent I/R injury for assisting flap transplantation. For instance, ASCs are able to enhance angiogenesis to increase the viability of chondrocutaneous composite grafts, for the application of defects in the nose, ear scales, and skin (Yucel et al., 2016).

Recent studies have shown that ASC-exos were hopeful to improve the survival status of skin flaps. By bioinformatics analysis, Xiong et al. pointed out that the miRNA-760 upregulation and miRNA-423-3p downregulation in ASC-exos could regulate the expression of ITGA5 and HDAC5 genes, respectively, consequently promoted the vascularization of the skin flap. In a leg wound model of rat, the microvascular angiography of 28 days post-flap transplantation revealed that the ASC-exos treated groups exhibited better vascularization degrees of the artificial dermis prefabricated flaps over control groups (Xiong et al., 2020). Undeniably, many differentially expressed miRNAs in ASC-exos are associated with the vascularization of flaps. The study by Pu et al. (2017) showed that IL-6-rich human ASC-exos promoted flap angiogenesis and flap repair after I/R injury in mice. In this case, the employment of ASC-exos to deliver IL-6 is beneficial for patient safety because it does not require the use of viral vectors. Bai et al. (2018) also showed that low-dose H2O2-stimulated ASC-exos could increase the neovascularization of the flap and relieve the inflammation and apoptosis after I/R injury, thus increasing the survival rate of the flap in vivo. In summary, ASC-exos play an important role in the vascularization of skin flaps, and thereby resolve the problem of insufficient neovascularization of the flaps, thus expanding the application of flap transplantation (Figure 1D).



ASC-EXOS IN BONE TISSUE DAMAGE

Fractures, tumor bone surgery, deformity, revision of the prosthesis, and osteomyelitis can be fully identified as segmental loss of bone structure. Particularly, bone regeneration is the main emphasis involving both surgery and aesthetics in craniofacial surgery. Exosomes, as nanoscale extracellular vesicles with an intercellular communication function, provide an excellent medium for the packaging and transportation of RNAs and proteins, benefiting for broad application in bone tissue engineering (Paduano et al., 2017). Besides, ASC-exos, with significant osteogenic induction ability, can effectively regulate the microenvironment of bone tissue by transporting a variety of bioactive molecules.

The bone remodeling cycle is composed of consequential phases: resorption, reversal, and formation. Studies have found that osteocytes in bone tissues equip with many functions of coordinating the bone remodeling of osteoclasts and osteoblasts, which maintain the bone homeostasis (Borciani et al., 2020). An in vitro study confirmed that ASC-exos could antagonize osteocyte apoptosis triggered by ischemia and hypoxia, and decrease osteocyte-mediated osteoclastogenesis, which was attributed to the decrease in receptor activator of nuclear factor kappa b ligand (RANKL) expression (Ren et al., 2019). RANKL interacts with its receptor RANK, which is highly expressed by osteoclasts or their precursors and is essential for osteoclast activation (Figure 2A). ASC-exos can be used in tissue engineering combined with efficiently biocompatible efficient carriers to improve osteogenesis efficiency. According to a recent study, ASC-exos could be immobilized on the polydopamine-coating PLGA scaffolds. This cell-free nano-sized carrier enhanced bone regeneration significantly, at least partially through its osteoinductive effects and capacities of promoting MSCs migration and homing in the newly formed bone tissue (Li W. et al., 2018). It was definitely established that an ideal scaffold for exosomes loading would be biocompatible, biodegradable, and capable of controlled releasing exosomes. Chen S. et al. (2019) showed that the exosomes derived from miR-375-overexpressing ASCs incorporated with hydrogel possessed the ability to enhance bone regeneration in a rat model of calvarial defect. More effective and convenient loading strategies should be developed. Furthermore, appropriate changes in the culture conditions of ASCs will facilitate the production of customized ASC-exos. By using hypoxia/serum deprivation (H/SD) induced osteocyte apoptosis model with murine long bone osteocyte Y4 (MLO-Y4), Zhu et al. (2017) demonstrated ASC-exos could efficiently antagonize osteocyte apoptosis and osteocyte-mediated osteoclastogenesis, via upregulated radio of B-cell lymphoma 2 (Bcl-2)/Bcl-2-associated X protein (Bax), diminished production of ROS and cytochrome c, and subsequent activation of aspartate proteolytic enzyme 9 (caspase-9) and caspase-3. This result also provided the in vitro evidence of ASC-exos application in age-related bone disease. Lu et al. (2017) demonstrated that ASC-exos, especially primed by TNF-α pre-conditioned ASCs, could promote the proliferation and differentiation of human osteoblasts through Wnt signaling pathway. Therefore, the methods for producing specific ASC-exos, offer a promising approach to replace direct stem cell transplantation, further widening the application of exosomes in bone regeneration (Figure 2B).
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FIGURE 2. ASC-exos function in the bone remodeling cycle. (A) In bone resorption and reversal, ASC-exos could decrease the expression of RANKL, which was highly expressed by osteoclasts or their precursors for osteoclast activation, to antagonize osteocyte-mediated osteoclastogenesis. (B) In bone formation, ASC-exos possessed the ability of lowering the production of IL-6 and PGE2, downregulating SA-β-gal activity and reducing the accumulation of γH2AX in osteoblasts. Additionally, ASC-exos could upregulate the radio of Bcl-2/Bax, diminish the production of ROS and cytochrome c, and subsequent activation of caspase-3/9 in osteocytes. ASCs, Adipose-derived stem cells; ASC-exos, ASC-derived exosomes; RANKL, Receptor Activator of Nuclear Factor Kappa B Ligand; IL-6, Interleukin 6; PGE2, Prostaglandin E2; SA-β-gal, Senescence-Associated β-galactosidase; γH2AX, Phosphorylated Histone H2AX; Bcl-2, B-cell lymphoma/leukemia 2; Bax, Bcl-2-associated X protein; Caspase-3/9, Aspartate Proteolytic Enzyme 3/9.


Osteoarthritis (OA) is a common degenerative joint disease characterized by cartilage degeneration, synovitis, subchondral bone sclerosis, and osteophyte formation (Henrotin et al., 2012). Current treatments are basically symptomatic to handle pain and swelling, and mainly rely on antalgics and anti-inflammatory drugs. Articular cartilage has a limited potential to repair, with progressively more clinicians emphasizing cellular therapy. Multiple adipose tissue-associated components and extractions are promising to be applied in OA therapy, including SVF, ASCs, ASCs-exos, ASC-CM, and microfragmented adipose tissue (MFAT). In a clinical trial, Spasovski pointed out that the OA patients treated with single injection of ASCs showed significant cartilage restoration (Spasovski et al., 2018). Similarly, in another trial of OA patients received with ASCs, the ASCs might cause an immediate local response due to released paracrine factors and cytokines for OA amelioration (Pers et al., 2018). Tran et al. (2019) employed SVF to regenerate damaged knee cartilage of OA patients, revealing a trend toward a better efficacy of SVF with the microfracture method for OA treatment over a period of two years. Hong Z. et al. (2019) also suggested that intra-articular SVF injection was a safe treatment of OA, and could effectively relieve pain, improve function, and repair cartilage defects in patients with bilateral symptomatic knee osteoarthritis. MFAT could reduce the phase of cell manipulation without expansion or enzymatic treatment in a short period (Paolella et al., 2019). In an inflammatory cell model of OA synoviocytes, MFAT reduced typical macrophages markers and its potentiality to induce an anti−inflammatory effect to address OA (Mautner et al., 2019).

As the cytoprotective and anti-inflammatory properties of ASCs in human chondrocytes and experimental OA may be mediated by paracrine effects, the paracrine mediators ASC-exos are attractive for alternative therapies of OA. ASC-exos might be safer, cheaper, and more effective OA therapy (Pers et al., 2015). ASC-exos are able to downregulate inflammation and oxidative stress, which might successfully mediate antisenescence in OA (Wang Q. et al., 2020). The intra-articular injection of ASC-exos could inhibit cartilage and subchondral bone degradation, decrease osteophyte formation, and anti-synovial inflammation, thus slowing the progression of OA (Zhang R. et al., 2019). Tofiño-Vian et al. (2017) showed that both ASC-CM and ASC-exos lowered the production of IL-1β-stimulated inflammatory mediators IL-6 and prostaglandin E2 (PGE2), down-regulated senescence-associated β-galactosidase (SA-β-gal) activity, and reduced the accumulation of phosphorylated histone H2AX (γH2AX), in OA osteoblasts. Furthermore, in the next study, they confirmed that microvesicles and exosomes secreted from ASCs could affect the metabolism of OA chondrocytes by modulating inflammatory and degradative pathways associated with joint destruction (Tofiño-Vian et al., 2018). Zhao et al. (2020) separated the patient ASC-exos, which exerted a strong stimulatory effect on chondrocyte migration and proliferation with the upregulation of miR-145 and miR-221 in the model of the inflammation-inflicted oxidative stress. Woo et al. also confirmed that human ASC-EVs could potentially protect cartilage from degeneration and could delay cartilage degeneration in OA rat and mouse models. The mechanism was probably that human ASC-EVs suppressed IL-1β up-regulated catabolic molecules and enhanced type II collagen expression in human OA chondrocyte (Woo et al., 2020). Ragni established an in vitro model of human fibroblast-like synoviocytes (FLSs) from OA patients, showing that ASC-EVs possessed the immunoregulatory properties for OA regulation and that hyaluronan was involved in ASC-EVs internalization in FLSs (Ragni et al., 2019).

These pioneering results reinforced the great prospects for ASC-exos and ASC-EVs as a novel therapeutic option for OA. However, the number of studies is small. In the context of OA, although the ASCs and SVF have been confirmed their clinically therapeutic efficacy and safety, the ASC-exos therapies have not yet been used in clinical trials. There still needs to execute a detailed exploration in large cohorts to investigate that the functions and mechanisms of ASC-exos are necessary. In pre-clinical studies, the optimized conditions and obtainments for ASC-exos in vitro and the mechanisms of ASC-exos in vivo require further studies. In clinical trials, the ASC-exos based therapy should set optimal criteria, including exosome concentration and dose, injection times and intervals. In addition, the comprehensive immune impact following the ASC-exos administration should be performed to determine the immune response of the recipient. Totally, ASC-exos may represent the effective clinical strategy of OA once trials have been fully controlled and their benefits and safety have been fully assessed.



ASC-EXOS IN OBESITY

Obesity is a growing health pandemic whose global prevalence has increased dramatically over the last few decades. In addition to bringing the physical changes, obesity also causes considerable obesity-related inflammation and metabolic disorders, including dysfunction of adipose tissue and insulin resistance in key metabolic organs and insufficient secretion of insulin by the pancreas (Zhang B. et al., 2019). Apart from the energy storage function, the adipose tissue is also an important endocrine tissue and a great source of ASC-exos. ASCs play critical roles in controlling obesity-associated inflammation and metabolic disorders. Thus, the secretion quantity and function of ASC-exos are hypothetically shaped by obesity. Zhao et al. (2018) found that ASC-exos could transfer into macrophages to induce anti-inflammatory M2 phenotypes through the transactivation of arginase 1 (Arg-1) and IL-10 by exosome-carried active STAT3, and increase the expression of uncoupling protein 1 (UCP-1) to promote white adipose tissue (WAT) beiging, thereby improving obesity-related inflammation and metabolism (Figure 3). Mechanistically, this study delineated a novel exosome-mediated ASC-macrophage cross-talk that facilitated immune and metabolic homeostasis in WAT, thus providing a potential therapy for obesity and diabetes.


[image: image]

FIGURE 3. ASC-exos could improve obesity-related inflammation and metabolism. In the obesity microenvironment of mice, ASC-exos was able to reduce the secretion of iNOS, TNF-a, and IL-12, and increase the secretion of Arg-1 and IL-10 to activate M2 macrophage polarization, thus ameliorating WAT inflammation. ASC-exos also increased the expression of UCP-1 to promote WAT beiging, thereby improving obesity-related inflammation and metabolism. ASCs, Adipose-derived stem cells; ASC-exos, ASC-derived exosomes; WAT, White Adipose Tissue; BAT, Brown Adipose Tissue; iNOS, Inducible Nitric Oxide Synthase; TNF-α, Tumor Necrosis Factor Alpha; IL-12, Interleukin 12; Arg-1, Arginase 1; IL-10, Interleukin 10; UCP-1, Uncoupling Protein 1.


Extracellular vesicles belong to a heterogeneity system, including exosomes, apoptotic bodies, microvesicles (Perez-Hernandez et al., 2017). It is worth noticing on ASC-EVs peculiarity in different physiological or pathological contexts. The concrete use of ASC-EVs in cell-based therapy in the obese setting should be taken into account. Some studies suggested that obesity or diabetes could impair the capacity of ASCs for anti-inflammation and wound healing, as well as influence the production and bioactivities of ASCs-exos, thus increasing the risk for immune or metabolic disorders (Strong et al., 2016). Togliatto et al. (2016) investigated the therapeutic impact of ASC-EVs recovered from obese subjects visceral and subcutaneous tissues. Compared with ASC-EVs from non-obese subjects, ASC-EVs from obese subjects showed impaired angiogenic potential in vitro because of the decrease of EVs cargoes including VEGF, MMP-2, and miRNA-126 (Togliatto et al., 2016). Obesity impacts on ASC-EVs and ASC-exos pro-angiogenic potential and may raise more concerns about these crucial tissue repair mediators.



ASC-EXOS IN FAT GRAFTING

Fat grafting has been gaining large attention in tissue augmentation over the past decades for hemifacial atrophy, lipodystrophy, and breast reconstruction (Tan and Loh, 2017). Both ASCs and fat graft can exert a wrinkle-reducing effect and synergistically affect collagen synthesis and neovascularization (Kim et al., 2019). However, the survival rate of fat grafts remains unsatisfied due to the devascularization and ischemic injury of adipose tissues made by liposuction, injection, and long-term fat absorption. Several technical modifications have been described to enhance fat graft survival with more complete adipose tissue structure. Cell-assisted lipotransfer (CAL) is an efficient technique that mixes ASCs-rich SVF with lipoaspirate, for reinforcing adipogenesis and angiogenesis to augment fat graft reliability (Yoshimura et al., 2008). Importantly, Kølle et al. (2020) conducted a randomized controlled clinical trial comparing fat grafts enriched with ex vivo-expanded autologous ASCs to non-enriched fat grafts in breast augmentation, demonstrating that ASCs significantly improved the volume retention of fat grafts compared with conventional fat grafting and no adverse effects were observed. This result further confirmed the significance of CAL in both reconstructive and cosmetic volume restoration. However, limitations of cell-based therapies have constrained their use, including uncommitted differentiation, unwanted side effects, immune rejection, and regulatory hurdles (O’Halloran et al., 2018). ASC-exos have been identified to motivate functional recovery in fat grafting and filling.

Recently, Han et al. (2018) discovered that co-transplantation of ASC-exos and hypoxia-treated ASC-exos in nude mouse models of subcutaneous fat grafting both could participate in neovascularization and attenuate inflammation in the grafts. In the subsequent study, they further investigated the molecular mechanism of hypoxia-enhancing promoting the effect of ASC-exos in fat grafting, raising that the hypoxia-treated ASC-exos significantly enhance the angiogenesis of the ischemic adipose tissue by regulating VEGF/VEGF-R signaling pathway (Han et al., 2019). As the functional nanovesicles secreted by ASCs, ASC-exos possess more advantages in improving the volume retention rate of fat grafts than ASCs. Chen B. et al. (2019) have shown that ASCs-exos were equivalent to ASCs in improving the survival of fat grafts by up-regulating early inflammation and enhancing angiogenesis in mice. Whereas during the mid to late stages of fat grafting, ASC-exos exerted a pro-adipogenic effect and also increased collagen synthesis level, similarly, to their source of ASCs (Chen B. et al., 2019). Zhu et al. (2020) found that in an in vivo mouse model of autologous fat grafting, grafts treated by ASC-EVs significantly exhibited survival with more neovascularization, increased fat retention, and decreased fibrosis and necrosis. The ASC-EVs uptake by macrophages promoted M2 type polarization and catecholamine secretion, thus the M2 macrophages-CM could enhance browning adipose differentiation with enhanced energy expenditure (Zhu et al., 2020). These results suggest that, as a cell-free strategy, ASC-exos could be an effective and appealing path to heighten graft survival in lipotransfer (Figure 4). However, a major drawback of fat grafting is the unpredictability of the clinical outcome since high volume absorption rates are common. It is not yet clear how long this effect lasts or whether ASC-exos from both healthy individuals and diseased patients are equally effective. Further experimental and clinical studies are required to determine the optimal concentration and source of ASC-exos enrichment required to improve fat graft without side effects.


[image: image]

FIGURE 4. The sequence flow diagram of fat grafting. In the clinical application of fat grafting for facial filler and breast augmentation, sterile adipose tissue is collected through liposuction. After enzyme digestion and centrifugation of the collected adipose tissue, the obtained heterogeneous mixture of endothelial cells, smooth muscle cells, fibroblast, pericytes, mast cells, and preadipocytes is named SVF. In CAL, half the volume of the aspirated fat is processed for isolation of the SVF containing ASCs, and the other half of the aspirated fat is prepared for grafting. Finally, the SVF-supplemented fat is injected into the target sites of grafting. In animal studies of the subcutaneous fat grafting, co-transplantation of ASC-exos with adipocytes can effectively promote the neovascularization to enhance survival in the fat grafts. ASCs, Adipose-derived stem cells; ASC-exos, ASC-derived exosomes; SVF, Stromal Vascular Fraction; CAL, Cell-Assisted Lipotransfer, CAL.




ASC-EXOS IN BREAST CANCER AND BREAST RECONSTRUCTION

Adipocytes are the abundant cellular components in the breast cancer microenvironment. The invasion of breast cancer cells leads to the proximity of cancer cells and adipocytes, which have been referred to as cancer-associated adipocytes (CAAs) (Choi et al., 2018; De Lope et al., 2018). CAAs exhibit a fibroblastic-like morphology and overexpressed ECM proteins. CAAs can interact with cancer cells via several ways to trigger breast cancer initiation, metastasis, angiogenesis, and cachexia. Studies have demonstrated the survival rate, growth, and invasiveness of tumors after interacting with ASCs, which are CAAs components. By excreting a variety of bioactive factors including visfatin, adipsin, CCL5, IGF, HGF, VEGF, IL-8, and TGF-β, ASCs can exert biological influences on proliferation, epithelial-mesenchymal transition, and metastasis (Huang et al., 2019; Goto et al., 2019). ASCs could differentiate into cancer-associated fibroblasts in breast cancer environment, especially with a more pronounced effect on obese patients (Cho et al., 2012; Ecker et al., 2019).

The exosomes, released from the adipocytes and ASCs, are emerging as a new type in the crosstalk between breast tumors and adipocytes (Sauter et al., 2019; Teufelsbauer et al., 2019). Previously, Lin et al. (2013) investigated the effect of ASC-exos on breast cancer MCF7 cells, showing that ASC-exos activated the Wnt and Hh signaling pathways to strengthen tumor cell migration. On the other hand, the breast cancer-derived exosomes could reciprocally shape the function of adipocytes. A recent study confirmed that miRNA-144 and miRNA-126-secreting exosomes from breast cancer cells co-cultured with adipocytes could promote cancer metastasis by inducing beige/brown differentiation and reprogramming the metabolism in surrounding adipocytes (Wu et al., 2019). Interestingly, Lee et al. (2019) emphasized the effect of cancer stem cells (CSCs) treated with exosomes derived from osteogenic differentiating human ASCs. The results showed that the expression of drug-resistance genes (ATP binding cassette transporter), the breast cancer gene family (BCRA1 and BCRA2), and the ErbB gene family were all significantly decreased in CSCs (Lee et al., 2019). The osteoinductive ASCs-exos could be a biochemical cue for CSCs reprogramming into non-tumorigenic cells and contribute to overcoming therapeutic resistance. He et al. (2018) noted that MSC-CM could also suppress the growth of breast cancer cells by inhibiting the STAT3 signaling pathway and MSC-CM combined with radiotherapy significantly delayed xenograft tumor growth in mice.

For patients with breast cancer, breast reconstruction requires the unification of tumor safety and aesthetics. Fat grafting using mammaplasty might complicate breast imaging and breast cancer surveillance due to the varying levels of nodule formation and calcifications in breast tissue (Bayram et al., 2019). The ASCs assisted fat transplantation is a common technique for CAL which makes great improvements in the survival rate of transplanted fat with less fat resorption and necrosis for the favorable aesthetic outcome of breast augmentation. Nevertheless, tumor safety in breast reconstruction is the primary consideration (O’Halloran et al., 2017). Silva et al. (2019) suggested that fat transplantation did not promote tumor proliferation and metastasis in mouse models of residual breast cancer. Krastev et al. carried out a long-term follow-up trail of 587 breast cancer patients who underwent autologous fat transplantation and traditional breast reconstruction, respectively. The results showed that after 5 years the local recurrence rate of breast cancer had no significant difference in these two methods (Krastev et al., 2019). Similarly, Gentile et al. (2019a) also conducted a 3-year follow-up of 121 patients with breast cancer who underwent adipose stromal cell-enhanced engineering fat transplantation, which also showed satisfactory safety and effectiveness. Thus, these clinical studies using ASCs report safety data in breast reconstruction.

To some extent, exosomes originate from the tumor-adipocytes interaction in a complex metabolic network favoring malignant progression. However, at this stage, there are limited studies on ASC-exos used for breast reconstruction. In clinical trials and basic experiments, it is worth noting that the role of ASC-exos in breast reconstruction after breast cancer surgery is not entirely clear. To avoid the tumorigenic potential risk, the mechanisms of ASCs and ASCs-exos in breast cancer and breast construction remain to be carefully elucidated. Additionally, it is important to conduct randomized trials for illuminating the safety and efficacy of transplanted ASCs or ASC-exos, in comparison to commonly applying with conventional techniques.



CONCLUSION AND PERSPECTIVE

Adipose-derived stem cells are stem cell populations within the adipose stromal compartment that have multiple differentiation potentials, easy acquisition, and the high yield, making ASCs attractive for tissue engineering and cell therapy as an ideal stem cell source. ASC-exos, containing important paracrine mediators, have received much attention recently for functioning in intercellular communication. As cell-to-cell messengers, ASC-exos are valuable supplement with the regenerative and reconstructive strategies, and is particularly successful and safely applied to chronic wounds, scars, bone injuries, and cosmetic surgery. Both ASCs and ASC-exos possess huge application potential on the tissue regenerative field in plastic and cosmetic surgery.

In terms of source and production, ASCs boast the benefits that the stem cell yield from fat is much greater than that obtained from other sources. ASC-exos possess advantages of huge sources and high availability, indicating that ASC-exos can be an alternative when exosomes from other sources have difficulties to extract or are not suitable for therapy (Ha et al., 2020). ASC-exos and other MSC-exos have similar characteristics, such as morphology and cell surface markers, but some important biological differences have been found in proliferation, gene expression, differentiation ability, and immunosuppressive pathways. For exosomes from different sources of MSCs, they partly contain similar proteins. Interestingly, Villatoro et al. (2019) showed that canine ASCs had advantages of proliferative capacity, whereas canine BMSCs showed a significantly higher secretory production of some soluble factors. Therefore, when selecting the source of MSCs, those biological differences should be considered for cell implantation or the secretome is directly used for specific clinical applications. In addition, it is obvious that those of MSC-exos vary according to the origin of MSCs. However, comparative studies of MSC-exos by their tissue origin are still limited, and only a few reports have compared different exosomes within the same study. For example, compared with human BMSC-exos, ASC-exos exhibited a higher activity of neprilysin, which was an amyloid β peptide degrading enzyme, suggesting the therapeutic relevance of ASC-exos in Alzheimer disease (Katsuda et al., 2013). ASCs might be safer and more effective than that from BMSCs, including lack of major histocompatibility complex (MHC) class II on ASCs, induction of higher levels of anti-inflammatory macrophages and pro-lymphangiogenic activity (Maguire, 2019).

Furthermore, compared with ASCs, ASC-exos offer distinct advantages that uniquely position them as highly effective bioactive constituents. The proposed several main reasons are as follows based on previous reports: (1) Biosafety: exosomes, including ASCs-exos, are naturally occurring secreted membrane vesicles from the releasing cells with lower immunogenicity, posing the favorable biosafety of ASC-exos. (2) Biological activity: although without similar self-differentiation function as ASCs, ASCs-exos contain a broad repertoire of cargoes, including nucleic acid, proteins, and enzymes for modulating multiple cellular activities, acting in both immediate and remote areas in a paracrine manner. (3) Stability: the ASC-exos are comprised of naturally bimolecular phospholipid structure, providing sufficient stability to avoid biodegradation. Thus, ASC-exos are very well tolerated in biological fluids along with the ubiquitous presence. (4) Carrier features: ASCs-exos function as a carrier for itself, also can be used as a component uploaded in well-designed biomedical materials. Due to the intrinsic homing capacity or artificially modified targeting ability, ASC-exos can serve as stable and effective carriers to load specific proteins, lipids, and genetic material, and preferentially transport it to targeted tissues or organs. Exosome-based delivery systems may be of precedence in the treatment of diseases attributing to their endogenous origin, which minimizes the immunogenicity and toxicity and exerts the optimal effect. The development of multifunctional bioactive biomaterials with long-term ASC-exosomes release is also very important to synergistically enhance tissue regeneration and therapy. With the above desirable properties, ASC-exos hold clinically promising potential in the novel cell-free therapeutic strategies. Therefore, as mentioned in this review, ASC-exos are expectantly recognized as new candidates for the skin anti-aging therapy, skin inflammation treatment, wound and scar repair, flap grafting, bone tissue repair, obesity prevention, fat transplantation, breast cancer, and breast reconstruction (Table 2). Collectively, these findings reinforce the significance of ASC-exos-participated cell communication and applications in plastic and cosmetic surgery. Though lacking adequate application in clinical practice, ASC-exos are playing an increasingly greater role especially in maximizing the therapeutic effect of dermopathic features and tissue reconstruction.


TABLE 2. The mechanisms and functions of ASC-exos in tissue regeneration.

[image: Table 2]Nevertheless, there are still some challenges in the development of ASC-exos application. Firstly, obtaining ASCs continues to be an inconvenience. The sources of ASCs, as well as the separation and cultivation methods, medium composition and dosage, cell passage, cell fusion and viability, mycoplasma, and other microbial contamination, all should be tightly controlled to maintain reliable biological efficacy and ASC-exos with high quality. Secondly, the extracted ASC-exos might have low purity and yield in the lab. Nowadays ASC-exos separation methods include ultracentrifugation, exclusion, ultrafiltration, two-aqueous system, immunoaffinity, and polymer precipitation. Although the ultracentrifugation is the most common method for largely separating exosome, but accompanied by the shortcomings of time-consuming, labor-intensive, costly instrumentation, and multiple overnight centrifugation steps. As it is overly idealistic to completely isolate ASC-exos from other components, the efficient, appropriate, and affordable techniques should be thoughtful to acquire exosomes. These technologies still need to achieve equilibrium in improving the yield and purity of ASC-exos.

Thirdly, given that plastic surgery frequently performs liposuction and autologous fat transplantation, plastic surgeons and researchers have unique advantages in obtaining ASCs and ASCs-exos. However, in the application of ASC-exos in tissue regeneration of plastic and cosmetic surgery, there are many aspects worth noting. Emerging studies have reported that ASC-exos can be utilized in plastic and cosmetic surgery, but almost all these studies are limited in cellular and animal assays, without the large scale exploration of clinical trials like ASCs. In addition, exosomes could be absorbed on human skin, but even if in the existing studies, there is still lack of enough reports in skin aging, atopic dermatitis and skin flaps injury, which are important and intractable skin disease. Therefore, the actual clinical prospects of ASC-exos are almost a blank, also meaning that there exist vast space for development. Another important point is that auxiliary therapy of ASC-exos. Clinically, for plastic and cosmetic surgery-related diseases, laser therapy, drug therapy, tissue filling and surgical operation are common treatments and achieve good clinical effects. Nevertheless, to a certain extent, ASC-exos can only be used as a supplementary treatment, rather than a sole therapy in the beginning. Most of the existing studies focus on ASC-exos as the main or sole treatment. Hence, whether ASC-exos possess synergistic effects or inhibitory effects on the above-mentioned common treatments needs further research.

According to the above considerable insights into the ASC-exos applications and limitations, it needs to carry out more comprehensive researches in the following aspects. (1) Quality control. There exists a substantial degree of heterogeneity in dosing regimens in the reported cases. For better outcomes of plastic and cosmetic surgery, ASC-exos utilization details, including the storage conditions, effective doses, concentration, and period of treatment, are all the important points. It is necessary to further explore suitable microenvironmental conditions or genetic engineering techniques to ascertain the efficiency of ASC-exos treatment. (2) Components and functions. The ASC-exos are comprised of multiple bioactive components. The complex multi-component substances in ASC-exos may produce diverse biological characteristics when finally used in practice. The propensity for some controversial effects of ASC-exos is contingent upon the type and state of the host cells, the type and state of the recipient cells, and the interacting microenvironments. For possibly utilizing ASC-exos in clinical application, a deep understanding of ASC-exos and their components is the priority. Identifying the key components and reforming ASC-exos to overexpress these components might maximize the therapeutic effect while reducing the side or off-target effects. In the subsequent studies, ongoing advances in the analysis of the function of ASC-exos will probably unravel the ASC-exos characteristics, allowing deepening the understanding of their role in pathogenesis and regeneration properties. (3) Carrier peculiarity exploration. ASC-exos is of carrier peculiarity due to the intricate structure of exosomes. It means that exosomes are the ideal therapeutic delivery system. ASC-exos are effective tools for cargo transportation of effective therapeutic agents with lower immunogenicity and toxicity. On the other hand, ASC-exos could also be uploaded in the specific nanomaterials or hydrogel materials to promote skin repair. Engineering ASC-exos to be effective and safe requires a comprehensive understanding of their necessary components, including but not limited to membrane stability, architecture, and packaging of the interior components. (4) Large clinical trials. At present, excavations on ASC-exos studies belong to basic research or animal level. These experiments can not clearly and actually reflect the ASC-exos usages and their physiological levels in vivo. In fat transplantation, it is of great value to clinically explore whether the exogenous ASC-exos could be used for cell transplantation with safety and effectiveness. Especially, clinical implementation of any operation must be based on safety. However, the roles of ASC-exos in some diseases remain controversial. The oncological safety of ASC-exos in breast cancer and breast reconstruction is worthy of extreme attention. Moreover, the ASC-exos impacts on the common treatment of plastic and cosmetic surgery are urgent clinical problems. In the end, larger prospective, blinded, randomized clinical trials are in urgent need to further establish the long-term effectiveness, safety and dose of ASC-exos in humans. Collectively, ASC-exos are promising candidates for cell-free therapy strategy and deserve intense investigation to accelerate ASC-exos applications in tissue regeneration of plastic and cosmetic surgery.
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ABBREVIATIONS

γ H2AX, Phosphorylated Histone H2AX; AKT, Protein Kinase B; AP-1, Activator Protein 1; Arg-1, Arginase 1; ASC-CM, ASC-Conditioned Medium; ASC-exos, ASC-derived exosomes; ASCs, Adipose-derived Stem Cells; BAT, Brown Adipose Tissue; Bax, Bcl-2-associated X Protein; Bcl-2, B-cell lymphoma/leukemia 2; CAL, Cell-Assisted Lipotransfer; Caspase-3/9, Aspartate Proteolytic Enzyme 3/9; ECM, Extracellular Matrix; EVs, Extracellular Vesicles; H2O2, Hydrogen Peroxide; HaCaTs, Human Keratinocytes; HDFs, Human Dermal Fibroblasts; I/R, Ischemia-Reperfusion; IFN- γ, Interferon Gamma; IL-4/5/6/13, Interleukin 4/5/6/13; iNOS, Inducible Nitric Oxide Synthase; MAPKs, Mitogen-Activated Protein Kinases; MMP-1/9, Matrix Metalloproteinase 1/9; MSCs, Mesenchymal Stem Cells; NF- κ B, Nuclear Factor Kappa B; NOX-1/4, NADPH Oxidase 1/4; Nrf2, NF-E2-related factor 2; PDGF-AA, Platelet-Derived Growth Factor-AA; PGE2, Prostaglandin E2; PI3K, Phosphatidylinositol-4,5-Bisphosphate 3-Kinase; RANKL, Receptor Activator of Nuclear Factor Kappa B Ligand; ROS, Reactive Oxygen Species; SA- β-gal, Senescence-Associated β-galactosidase; SMP30, Senescence Marker Protein 30; SVF, Stromal Vascular Fraction; TGF- β, Transforming Growth Factor Beta; TIMP-1, Tissue Inhibitor of Metalloproteinases 1; TNF- α, Tumor Necrosis Factor Alpha; TSG-6, TNF-Alpha-Stimulated Gene/Protein 6; UCP-1, Uncoupling Protein 1; UVB, Ultraviolet B; VECs, Vascular Endothelial Cells; VEGF, Vascular Endothelial Growth Factor; WAT, White Adipose Tissue.
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Disease

Skin aging

Atopic

dermatitis

Skin wound

Scar formation

Skin flap injury

Skin flap I/R
injury

Bone defect

Osteoarthritis.

Obesity

Fat grafting

Breast cancer

ASCs, Adipose-derived stem cells; ASC-exos, ASC-derived exosomes; HDFs, Human Dermal Fibroblasts; HaCaTs, Human

Source

Human
ASC-CM

Human
ASC-CM

Human

BMSC-exos

Human ASC-exos

Human ASC-exos

Human ASC-exos

Human ASC-exos

Human ASC-exos

Human ASC-exos

Human ASC-exos

ASC-exos

Human ASC-exos

Human ASC-exos

Human ASC-exos

Human ASC-exos

Human ASC-exos

Human ASC-exos

Human ASC-exos

Human ASC-exos

Human ASC-exos

Human ASC-exos

Mouse ASC-exos

Human ASC-exos

Mouse
ASC-exos

Human ASC-exos

Model

Photoaging-
induced HDFs and
HaCaTs
Photoaging-
induced

HDFs

Photoaging-
induced HDFs and
mice

AD model of
NC/NGA mice

AD model of
SKH-1 mice

Skin lesion model
of HaCaTs

Skin lesion model
of HaCaTs and
HDFs
full-thickness skin
wound of mice

Diabetic foot ulcer
of rat

Ful layer skin
wound of mice

Skin wound of
diabetic mice

Skin wound of
mice
Skin wound of
mice

Artificial dermis
prefabricated flap
and leg wound of
rat

Skin flap /R injury
of mice

Skin flap /R injury
of mice
Hypoxic-ischermic
osteocyte
Galvarial defects of
rats

Human primary
osteoblastic cells

Function

Photoaging
prevention

Photoaging
prevention

Photoaging
prevention

Dermatitis
improvement

Epidermal Barrier
Repair

HaCaTs viability
enhancement
HaCaTs and HDFs

viabilty
enhancement

Wound healing

Wound healing

Wound healing

Wound healing

Scar removal

Scar removal

Flap vascularization

Flap repair

Flap repair

Osteogenesis

Bone formation

Bone formation

Mechanism

Downregulate the activation and transcription of UVB-induced
signaling pathways and upregulate the expression of
antioxidant response elements
PDGF-AA in ASC-CM promoted HDFs proliferation and
activated PI3K/Akt signal pathway to facilitate ECM deposition
and remodeling
Produce ROS at alow level, downregulate TNF-a, upregulate
TGF-B to increase MMP-1 and procollagen type | expression for
collagen synthesis
Decrease the levels of inflammatory cytokines and reduce the
number of eosinophils in the blood, and the infitration of mast
cells, dendritic epidermal cells
Reduce trans-epidermal water loss and enhance epidermal
lamellar bodies and form lamellar layer at the interface of the SC
and stratum granulosum.
Foster HaCaTs proliferation, migration, and inhibit apoptosis
through Wnt/B-catenin signaling pathway
ASC-exos containing MALAT1 could mediate H202-induced
wound healing via targeting miR-124 through activating the
Wnt/p-catenin pathway
Promote fibroblasts proliferation and migration and optimize
collagen deposition via the PI3K/Akt signaling pathway to
accelerate wound healing.
ASC-exos overexpressing-Nrf2 promoted the proliferation and
angiogenesis of endothelial cells, and increased the expression
of wound growth factor, decreased the levels of inflammation
and oxidative stress-related proteins.
ASC-exos overexpressing miRNA-21 enhanced the migration
and proliferation of the HaCaTs by increasing the MMP-9
expression through the PIK/AKT pathway
mmu_circ_0000250 enhanced the therapeutic effect of
ASCs-exosomes to promote wound healing in diabetes by
absorption of miR-128-3p and upregulation of SIRT1
Inhibit collagen expression to reduce scar formation in the late
stage of wound healing
Regulate the ratios of type Ill collagen/type | collagen,
TGF-B3/TGF-B1, and MMP-3/TIMP-1, as well as facilitating
HDFs differentiation
Upregulation of miRNA-760 and downregulation of
mIRNA-423-3p in ASC-exos could regulate the expression of
ITGAS and HDACS genes, respectively, to promote the
vascularization of the skin flap
IL-6 highly contained in ASC-exos could enhance skin flap
recovery and angiogenesis after I/R injury
Ho0,-treated ASC-exos increased the neovascularization and
relieve the inflammation and apoptosis of the flap after I/R injury
Ameliorate osteocyte apoptosis and osteocyte-mediated

by lowering the of RANKL
AASC-exos overexpressing miRNA-375 were absorbed by
hBMSCs, and inhibit the expression of IGFBP3 to exert
osteogenic effects
TNF-a-preconditioned ASC-exos promoted the proliferation
and differentiation of human osteoblasts through the Wnt
signaling pathway
Downregulate SA-p-gal activity and the accumulation of yH2AX

Downregulated the pr y markers IL-6, NF-kB and

OA model of Inflammation

osteoblasts improvement

ot v Chondrogen

stimulated with TNF-a, while they upregulated the ant-inflammatory cytokine

He02 IL-10 when co-cultured with activated synovial fibroblasts,
promoted chondrogenesis in periosteal cells and increased
collagen type Il and -catenin

Obese mice Obesity prevention  Activate M2-type macrophage polarization, improve
inflammation, and promote the browning of white adipose
tissue

Mice Fat grafts Hypoxia-treated ASC-exos enhanced the angiogenesis by

survival promotion  regulating the VEGF/VEGF-R signaling pathway
Mice Fat grafts

Breast cancer
MCF-7 cells

survival promotion

Tumor progression

Promote angiogenesis and up-regulate early inflammation, exert
proadipogenic effect and increase collagen synthesis during the
mid to late stages

Activate the Wnt and Hh signaling pathways to strengthen the
growth of MCF-7 cells

References

Lietal., 2019
Guo et al., 2020
Huetal., 2019
Choetal., 2018
Shin et al., 2020

Maetal., 2019

He et al., 2020
Zhang et al., 2018

LiX. etal., 2018

Yang et al., 2020
Shietal., 2020

Huetal.,, 2016

Wang et al., 2017
Xiong et al., 2020
Puetal., 2017
Bai et al,, 2018

Renetal., 2019

ChenS.etal., 2019
Luetal, 2017

Tofifio-Vian et al.,
20

Zhao et al., 2020

Zhao et al., 2018

Hanetal., 2019

Chen S. etal., 2019

Linetal, 2013

; UVB, Ultraviolet B; ASC-CM,

ASC-Conditioned Medium; ECM, Extracellular Matrix; HzO5, Hydrogen Peroxide; PDGF-AA, Platelet-Derived Growth Factor-AA; ROS, Reactive Oxygen Species; MVIP-
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Abbreviations:

ASC-exos

acquisition from ASCs with
exosome separation methods,
exist in adipose tissue and
stable in serum and blood
small lipid bilayer vesicles
could be sterile filtered and
frozen without
cryo-preservatives, easily
long-term storage and delivery,
easily keep biological activity
protect cargoes from
degradation, target specificity,
good tissue permeability,
intercellular communication,
immune function, tissue
homeostasis and development
of cell fate

DNAs, RNAs, lipids, cytokines,
enzymes from the parent cell
limited immunogenicity, high
biosafety

considered as multiple
bioactive substances for tissue
regeneration, could be gene
modification, upload drugs as
carriers, upload in other carriers
such as nanomaterials

lack enough clinical trials to
confirm the safety and
effectiveness

relative low purity and yield,
complicated components,
substantial degree of
heterogeneity in dosing
regimens in the reported cases,
lacking in vivo clinical trials

ASCs, Adipose-derived

ASC-derived exosomes.

ASCs

easy acquisition and high yield
from adipocyte tissues,
especially from white adipose
tissue

mesenchymal-like cells

should preserve cell viability
and function from manufacture
to storage and delivery, high
storage requirements, complex
cultivation

multi-lineage differentiation,
secret

great kinds of growth factors
by paracrine function,
prosurvival effects, regulation
of immune function,
angiogenesis

exosomes, cytokines, DNAs,
RNAs, lipids, enzymes
immunogenicity, biosafety

considered as ideal stem cell
source for cell and tissue
regeneration; could be gene
modification, upload in carriers
such as nanomaterials

security and effectiveness are
verified in many diseases

limited cell survival, immune
rejection efficacy,
senescence-induced genetic
instability, inactivate function,
and the possibility of
unfavorable differentiation,
individual differences

stem cells; ASC-exos,
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