
Wang, K. X., et al. (2015). "The effects of secretion factors from 
umbilical cord derived mesenchymal stem cells on osteogenic 
differentiation of mesenchymal stem cells." PLoS One 10(3): e0120593.

Factors synthesized by mesenchymal stem cells (MSCs) contain 
various growth factors, cytokines, exosomes and microRNAs, which may 
affect the differentiation abilities of MSCs. In the present study, we 
investigated the effects of secretion factors of human umbilical cord 
derived mesenchymal stem cells (hUCMSCs) on osteogenesis of human bone 
marrow derived MSCs (hBMSCs). The results showed that 20 mug/ml 
hUCMSCs secretion factors could initiate osteogenic differentiation of 
hBMSCs without osteogenic induction medium (OIM), and the amount of 
calcium deposit (stained by Alizarin Red) was significantly increased 
after the hUCMSCs secretion factors treatment. Real time quantitative 
reverse transcription-polymerase chain reaction (real time qRT-PCR) 
demonstrated that the expression of osteogenesis-related genes 
including ALP, BMP2, OCN, Osterix, Col1alpha and Runx2 were 
significantly up-regulated following hUCMSCs secretion factors 
treatment. In addition, we found that 10 mug hUCMSCs secretion factors 
together with 2x10(5) hBMSCs in the HA/TCP scaffolds promoted ectopic 
bone formation in nude mice. Local application of 10 mug hUCMSCs 
secretion factors with 50 mul 2% hyaluronic acid hydrogel and 1x10(5) 
rat bone marrow derived MSCs (rBMSCs) also significantly enhanced the 
bone repair of rat calvarial bone critical defect model at both 4 
weeks and 8 weeks. Moreover, the group that received the hUCMSCs 
secretion factors treatment had more cartilage and bone regeneration 
in the defect areas than those in the control group. Taken together, 
these findings suggested that hUCMSCs secretion factors can initiate 
osteogenesis of bone marrow MSCs and promote bone repair. Our study 
indicates that hUCMSCs secretion factors may be potential sources for 
promoting bone regeneration.

Cui, Y., et al. (2016). "Exosomes derived from mineralizing 
osteoblasts promote ST2 cell osteogenic differentiation by alteration 
of microRNA expression." FEBS Lett 590(1): 185-192.

Mineralizing osteoblasts (MOBs) can release exosomes, although 
the functional significance remains unclear. In the present study, we 
demonstrate that exosomes derived from mineralizing pre-osteoblast 
MC3T3-E1 cells can promote bone marrow stromal cell (ST2) 
differentiation to osteoblasts. We reveal that MOB-derived exosomes 
significantly influence miRNA profiles in recipient ST2 cells, and 
these changes tend to activate the Wnt signaling pathway by inhibiting 
Axin1 expression and increasing beta-catenin expression. We also 
suggest that MOB derived-exosomes partly induce the variation in miRNA 
expression in recipient ST2 cells by exosomal miRNA transfer. These 
findings suggest an exosome-mediated mode of cell-to-cell 
communication in the osteogenic microenvironment, and also indicate 
the potential of MOB exosomes in bone tissue engineering.

Furuta, T., et al. (2016). "Mesenchymal Stem Cell-Derived Exosomes 
Promote Fracture Healing in a Mouse Model." Stem Cells Transl Med 
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5(12): 1620-1630.
: Paracrine signaling by bone-marrow-derived mesenchymal stem 

cells (MSCs) plays a major role in tissue repair. Although the 
production of regulatory cytokines by MSC transplantation is a 
critical modulator of tissue regeneration, we focused on exosomes, 
which are extracellular vesicles that contain proteins and nucleic 
acids, as a novel additional modulator of cell-to-cell communication 
and tissue regeneration. To address this, we used radiologic imaging, 
histological examination, and immunohistochemical analysis to evaluate 
the role of exosomes isolated from MSC-conditioned medium (CM) in the 
healing process in a femur fracture model of CD9(-/-) mice, a strain 
that is known to produce reduced levels of exosomes. We found that the 
bone union rate in CD9(-/-) mice was significantly lower than wild-
type mice because of the retardation of callus formation. The 
retardation of fracture healing in CD9(-/-) mice was rescued by the 
injection of exosomes, but this was not the case after the injection 
of exosomes-free conditioned medium (CM-Exo). The levels of the bone 
repair-related cytokines, monocyte chemotactic protein-1 (MCP-1), 
MCP-3, and stromal cell-derived factor-1 in exosomes were low compared 
with levels in CM and CM-Exo, suggesting that bone repair may be in 
part mediated by other exosome components, such as microRNAs. These 
results suggest that exosomes in CM facilitate the acceleration of 
fracture healing, and we conclude that exosomes are a novel factor of 
MSC paracrine signaling with an important role in the tissue repair 
process. SIGNIFICANCE: This work focuses on exosomes, which are 
extracellular vesicles, as a novel additional modulator of cell-to-
cell communication. This study evaluated the role of exosomes isolated 
from mesenchymal stem cell (MSC)-conditioned medium (MSC-CM) in the 
fracture-healing process of CD9(-/-) mice, a strain that is known to 
produce reduced levels of exosomes. Retardation of fracture healing in 
CD9(-/-) mice was rescued by the injection of MSC exosomes, but this 
was not the case after the injection of exosome-free CM. This study 
finds that MSC exosomes are a novel factor of MSC paracrine signaling, 
with an important role in the tissue repair process.

Guo, S. C., et al. (2016). "Exosomes from Human Synovial-Derived 
Mesenchymal Stem Cells Prevent Glucocorticoid-Induced Osteonecrosis of 
the Femoral Head in the Rat." Int J Biol Sci 12(10): 1262-1272.

Osteonecrosis of the femoral head (ONFH) represents a 
debilitating complication following glucocorticoid (GC)-based therapy. 
Synovial-derived mesenchymal stem cells (SMSCs) can exert protective 
effect in the animal model of GC-induced ONFH by inducing cell 
proliferation and preventing cell apoptosis. Recent studies indicate 
the transplanted cells exert therapeutic effects primarily via a 
paracrine mechanism and exosomes are an important paracrine factor 
that can be directly used as therapeutic agents for tissue 
engineering. Herein, we provided the first demonstration that the 
early treatment of exosomes secreted by human synovial-derived 
mesenchymal stem cells (SMSC-Exos) could prevent GC-induced ONFH in 
the rat model. Using a series of in vitro functional assays, we found 



that SMSC-Exos could be internalized into bone marrow derived stromal 
cells (BMSCs) and enhance their proliferation and have anti-apoptotic 
abilities. Finally, SMSC-Exos may be promising for preventing GC-
induced ONFH.

Qi, X., et al. (2016). "Exosomes Secreted by Human-Induced Pluripotent 
Stem Cell-Derived Mesenchymal Stem Cells Repair Critical-Sized Bone 
Defects through Enhanced Angiogenesis and Osteogenesis in Osteoporotic 
Rats." Int J Biol Sci 12(7): 836-849.

Bone defects caused by trauma, severe infection, tumor 
resection and skeletal abnormalities are common osteoporotic 
conditions and major challenges in orthopedic surgery, and there is 
still no effective solution to this problem. Consequently, new 
treatments are needed to develop regeneration procedures without side 
effects. Exosomes secreted by mesenchymal stem cells (MSCs) derived 
from human induced pluripotent stem cells (hiPSCs, hiPSC-MSC-Exos) 
incorporate the advantages of both MSCs and iPSCs with no 
immunogenicity. However, there are no reports on the application of 
hiPSC-MSC-Exos to enhance angiogenesis and osteogenesis under 
osteoporotic conditions. HiPSC-MSC-Exos were isolated and identified 
before use. The effect of hiPSC-MSC-Exos on the proliferation and 
osteogenic differentiation of bone marrow MSCs derived from 
ovariectomized (OVX) rats (rBMSCs-OVX) in vitro were investigated. In 
vivo, hiPSC-MSC-Exos were implanted into critical size bone defects in 
ovariectomized rats, and bone regeneration and angiogenesis were 
examined by microcomputed tomography (micro-CT), sequential 
fluorescent labeling analysis, microfil perfusion and histological and 
immunohistochemical analysis. The results in vitro showed that hiPSC-
MSC-Exos enhanced cell proliferation and alkaline phosphatase (ALP) 
activity, and up-regulated mRNA and protein expression of osteoblast-
related genes in rBMSCs-OVX. In vivo experiments revealed that hiPSC-
MSC-Exos dramatically stimulated bone regeneration and angiogenesis in 
critical-sized calvarial defects in ovariectomized rats. The effect of 
hiPSC-MSC-Exos increased with increasing concentration. In this study, 
we showed that hiPSC-MSC-Exos effectively stimulate the proliferation 
and osteogenic differentiation of rBMSCs-OVX, with the effect 
increasing with increasing exosome concentration. Further analysis 
demonstrated that the application of hiPSC-MSC-Exos+beta-TCP scaffolds 
promoted bone regeneration in critical-sized calvarial defects by 
enhancing angiogenesis and osteogenesis in an ovariectomized rat 
model.

Zhang, J., et al. (2016). "Exosomes/tricalcium phosphate combination 
scaffolds can enhance bone regeneration by activating the PI3K/Akt 
signaling pathway." Stem Cell Res Ther 7(1): 136.

BACKGROUND: Recently, accumulating evidence has shown that 
exosomes, the naturally secreted nanocarriers of cells, can exert 
therapeutic effects in various disease models in the absence of parent 
cells. However, application of exosomes in bone defect repair and 
regeneration has been rarely reported, and little is known regarding 



their underlying mechanisms. METHODS: Exosomes derived from human-
induced pluripotent stem cell-derived mesenchymal stem cells (hiPS-
MSC-Exos) were combined with tricalcium phosphate (beta-TCP) to repair 
critical-sized calvarial bone defects, and the efficacy was assessed 
by histological examination. We evaluated the in vitro effects of 
hiPSC-MSC-Exos on the proliferation, migration, and osteogenic 
differentiation of human bone marrow-derived mesenchymal stem cells 
(hBMSCs) by cell-counting, scratch assays, and qRT-PCR, respectively. 
Gene expression profiling and bioinformatics analyses were also used 
to identify the underlying mechanisms in the repair. RESULTS: We found 
that the exosome/beta-TCP combination scaffolds could enhance 
osteogenesis as compared to pure beta-TCP scaffolds. In vitro assays 
showed that the exosomes could release from beta-TCP and could be 
internalized by hBMSCs. In addition, the internalization of exosomes 
into hBMSCs could profoundly enhance the proliferation, migration, and 
osteogenic differentiation of hBMSCs. Furthermore, gene expression 
profiling and bioinformatics analyses demonstrated that exosome/beta-
TCP combination scaffolds significantly altered the expression of a 
network of genes involved in the PI3K/Akt signaling pathway. 
Functional studies further confirmed that the PI3K/Akt signaling 
pathway was the critical mediator during the exosome-induced 
osteogenic responses of hBMSCs. CONCLUSIONS: We propose that the 
exosomes can enhance the osteoinductivity of beta-TCP through 
activating the PI3K/Akt signaling pathway of hBMSCs, which means that 
the exosome/beta-TCP combination scaffolds possess better osteogenesis 
activity than pure beta-TCP scaffolds. These results indicate that 
naturally secreted nanocarriers-exosomes can be used as a bioactive 
material to improve the bioactivity of the biomaterials, and that 
hiPS-MSC-Exos combined with beta-TCP scaffolds can be potentially used 
for repairing bone defects.

Zhang, S., et al. (2016). "Exosomes derived from human embryonic 
mesenchymal stem cells promote osteochondral regeneration." 
Osteoarthritis Cartilage 24(12): 2135-2140.

OBJECTIVE: Clinical and animal studies have demonstrated the 
efficacy of mesenchymal stem cell (MSC) therapies in cartilage repair. 
As the efficacy of many MSC-based therapies has been attributed to 
paracrine secretion, particularly extracellular vesicles/exosomes, we 
determine here if weekly intra-articular injections of human embryonic 
MSC-derived exosomes would repair and regenerate osteochondral defects 
in a rat model. METHODS: In this study, osteochondral defects were 
created on the trochlear grooves of both distal femurs in 12 adult 
rats. In each animal, one defect was treated with 100 mug exosomes and 
the contralateral defect treated with phosphate buffered saline (PBS). 
Intra-articular injections of exosomes or PBS were administered after 
surgery and thereafter weekly for a period of 12 weeks. Three 
unoperated age-matched animals served as native controls. Analyses 
were performed by histology, immunohistochemistry, and scoring at 6 
and 12 weeks after surgery. RESULTS: Generally, exosome-treated 
defects showed enhanced gross appearance and improved histological 



scores than the contralateral PBS-treated defects. By 12 weeks, 
exosome-treated defects displayed complete restoration of cartilage 
and subchondral bone with characteristic features including a hyaline 
cartilage with good surface regularity, complete bonding to adjacent 
cartilage, and extracellular matrix deposition that closely resemble 
that of age-matched unoperated control. In contrast, there were only 
fibrous repair tissues found in the contralateral PBS-treated defects. 
CONCLUSION: This study demonstrates for the first time the efficacy of 
human embryonic MSC exosomes in cartilage repair, and the utility of 
MSC exosomes as a ready-to-use and 'cell-free' therapeutic alternative 
to cell-based MSC therapy.

Cosenza, S., et al. (2017). "Mesenchymal stem cells derived exosomes 
and microparticles protect cartilage and bone from degradation in 
osteoarthritis." Sci Rep 7(1): 16214.

Mesenchymal stem or stromal cells (MSCs) exert 
chondroprotective effects in preclinical models of osteoarthritis 
(OA). Most of their therapeutic effects are mediated via soluble 
mediators, which can be conveyed within extracellular vesicles (EVs). 
The objective of the study was to compare the respective role of 
exosomes (Exos) or microvesicles/microparticles (MPs) in OA. MPs and 
Exos were isolated from bone marrow murine BM-MSCs through 
differential centrifugation. Effect of MPs or Exos was evaluated on 
OA-like murine chondrocytes and chondroprotection was quantified by 
RT-qPCR. In OA-like chondrocytes, BM-MSC-derived MPs and Exos could 
reinduce the expression of chondrocyte markers (type II collagen, 
aggrecan) while inhibiting catabolic (MMP-13, ADAMTS5) and 
inflammatory (iNOS) markers. Exos and MPs were also shown to protect 
chondrocytes from apoptosis and to inhibit macrophage activation. In 
vivo, Exos or MPs were injected in the collagenase-induced OA (CIOA) 
model and histomorphometric analyses of joints were performed by 
microCT and confocal laser microscopy. BM-MSCs, MPs and Exos equally 
protected mice from joint damage. In conclusion, MPs and Exos exerted 
similar chondroprotective and anti-inflammatory function in vitro and 
protected mice from developing OA in vivo, suggesting that either Exos 
or MPs reproduced the main therapeutic effect of BM-MSCs.

Lu, Z., et al. (2017). "Priming Adipose Stem Cells with Tumor Necrosis 
Factor-Alpha Preconditioning Potentiates Their Exosome Efficacy for 
Bone Regeneration." Tissue Eng Part A 23(21-22): 1212-1220.

Mesenchymal stem cells (MSCs) have been widely used for tissue 
repair and regeneration. However, the inherent drawbacks, including 
limited cell survival after cell transplantation, have hindered direct 
MSC transplantation for tissue repair and regeneration. The aim of 
this study was to investigate if exosomes isolated from MSCs can 
promote the proliferation and differentiation of human primary 
osteoblastic cells (HOBs) and be potentially used for bone tissue 
regeneration. We showed that adipose tissue-derived MSC (ASC)-derived 
exosomes (ASC-EXO) were able to promote the proliferation and 
osteogenic differentiation in HOBs; and the trophic effects of ASC-EXO 



on HOBs were further harnessed when ASCs were preconditioned with 
tumor necrosis factor-alpha (TNF-alpha) for 3 days, which mimics the 
acute inflammatory phase upon bone injury. In addition, we showed that 
Wnt-3a content was elevated in ASC-EXO when ASCs were preconditioned 
by TNF-alpha, and inhibiting Wnt signaling decreased the osteogenic 
gene expression levels in HOBs which were cultured in TNF-alpha 
preconditioned ASCs conditioned medium. In conclusion, it was 
demonstrated that ASC-EXO, especially primed by TNF-alpha 
preconditioning on ASCs, offer a promising approach to replace direct 
stem cell transplantation for bone repair and regeneration.

Tofino-Vian, M., et al. (2017). "Extracellular Vesicles from Adipose-
Derived Mesenchymal Stem Cells Downregulate Senescence Features in 
Osteoarthritic Osteoblasts." Oxid Med Cell Longev 2017: 7197598.

Osteoarthritis (OA) affects all articular tissues leading to 
pain and disability. The dysregulation of bone metabolism may 
contribute to the progression of this condition. Adipose-derived 
mesenchymal stem cells (ASC) are attractive candidates in the search 
of novel strategies for OA treatment and exert anti-inflammatory and 
cytoprotective effects on cartilage. Chronic inflammation in OA is a 
relevant factor in the development of cellular senescence and joint 
degradation. In this study, we extend our previous observations of ASC 
paracrine effects to study the influence of conditioned medium and 
extracellular vesicles from ASC on senescence induced by inflammatory 
stress in OA osteoblasts. Our results in cells stimulated with 
interleukin- (IL-) 1beta indicate that conditioned medium, 
microvesicles, and exosomes from ASC downregulate senescence-
associated beta-galactosidase activity and the accumulation of 
gammaH2AX foci. In addition, they reduced the production of 
inflammatory mediators, with the highest effect on IL-6 and 
prostaglandin E2. The control of mitochondrial membrane alterations 
and oxidative stress may provide a mechanism for the protective 
effects of ASC in OA osteoblasts. We have also shown that 
microvesicles and exosomes mediate the paracrine effects of ASC. Our 
study suggests that correction of abnormal osteoblast metabolism by 
ASC products may contribute to their protective effects.

Toh, W. S., et al. (2017). "MSC exosome as a cell-free MSC therapy for 
cartilage regeneration: Implications for osteoarthritis treatment." 
Semin Cell Dev Biol 67: 56-64.

Mesenchymal stem cell (MSC) therapies have demonstrated 
efficacy in cartilage repair in animal and clinical studies. The 
efficacy of MSC-based therapies which was previously predicated on the 
chondrogenic potential of MSC is increasingly attributed to the 
paracrine secretion, particularly exosomes. Exosomes are thought to 
function primarily as intercellular communication vehicles to transfer 
bioactive lipids, nucleic acids (mRNAs and microRNAs) and proteins 
between cells to elicit biological responses in recipient cells. For 
MSC exosomes, many of these biological responses translated to a 
therapeutic outcome in injured or diseased cells. Here, we review the 



current understanding of MSC exosomes, discuss the possible mechanisms 
of action in cartilage repair within the context of the widely 
reported immunomodulatory and regenerative potency of MSC exosomes, 
and provide new perspectives for development of an off-the-shelf and 
cell-free MSC therapy for treatment of cartilage injuries and 
osteoarthritis.

Wang, Y., et al. (2017). "Exosomes from embryonic mesenchymal stem 
cells alleviate osteoarthritis through balancing synthesis and 
degradation of cartilage extracellular matrix." Stem Cell Res Ther 
8(1): 189.

BACKGROUND: Mesenchymal stem cell therapy for osteoarthritis 
(OA) has been widely investigated, but the mechanisms are still 
unclear. Exosomes that serve as carriers of genetic information have 
been implicated in many diseases and are known to participate in many 
physiological processes. Here, we investigate the therapeutic 
potential of exosomes from human embryonic stem cell-induced 
mesenchymal stem cells (ESC-MSCs) in alleviating osteoarthritis (OA). 
METHODS: Exosomes were harvested from conditioned culture media of 
ESC-MSCs by a sequential centrifugation process. Primary mouse 
chondrocytes treated with interleukin 1 beta (IL-1beta) were used as 
an in vitro model to evaluate the effects of the conditioned medium 
with or without exosomes and titrated doses of isolated exosomes for 
48 hours, prior to immunocytochemistry or western blot analysis. 
Destabilization of the medial meniscus (DMM) surgery was performed on 
the knee joints of C57BL/6 J mice as an OA model. This was followed by 
intra-articular injection of either ESC-MSCs or their exosomes. 
Cartilage destruction and matrix degradation were evaluated with 
histological staining and OARSI scores at the post-surgery 8 weeks. 
RESULTS: We found that intra-articular injection of ESC-MSCs 
alleviated cartilage destruction and matrix degradation in the DMM 
model. Further in vitro studies illustrated that this effect was 
exerted through ESC-MSC-derived exosomes. These exosomes maintained 
the chondrocyte phenotype by increasing collagen type II synthesis and 
decreasing ADAMTS5 expression in the presence of IL-1beta. 
Immunocytochemistry revealed colocalization of the exosomes and 
collagen type II-positive chondrocytes. Subsequent intra-articular 
injection of exosomes derived from ESC-MSCs successfully impeded 
cartilage destruction in the DMM model. CONCLUSIONS: The exosomes from 
ESC-MSCs exert a beneficial therapeutic effect on OA by balancing the 
synthesis and degradation of chondrocyte extracellular matrix (ECM), 
which in turn provides a new target for OA drug and drug-delivery 
system development.

Zhu, Y., et al. (2017). "Comparison of exosomes secreted by induced 
pluripotent stem cell-derived mesenchymal stem cells and synovial 
membrane-derived mesenchymal stem cells for the treatment of 
osteoarthritis." Stem Cell Res Ther 8(1): 64.

BACKGROUND: Osteoarthritis (OA) is the most common joint 
disease worldwide. In the past decade, mesenchymal stem cells (MSCs) 



have been used widely for the treatment of OA. A potential mechanism 
of MSC-based therapies has been attributed to the paracrine secretion 
of trophic factors, in which exosomes may play a major role. In this 
study, we aimed to compare the effectiveness of exosomes secreted by 
synovial membrane MSCs (SMMSC-Exos) and exosomes secreted by induced 
pluripotent stem cell-derived MSCs (iMSC-Exos) on the treatment of OA. 
METHODS: Induced pluripotent stem cell-derived MSCs and synovial 
membrane MSCs were characterized by flow cytometry. iMSC-Exos and 
SMMSC-Exos were isolated using an ultrafiltration method. Tunable 
resistive pulse-sensing analysis, transmission electron microscopy, 
and western blots were used to identify exosomes. iMSC-Exos and SMMSC-
Exos were injected intra-articularly in a mouse model of collagenase-
induced OA and the efficacy of exosome injections was assessed by 
macroscopic, histological, and immunohistochemistry analysis. We also 
evaluated the effects of iMSC-Exos and SMMSC-Exos on proliferation and 
migration of human chondrocytes by cell-counting and scratch assays, 
respectively. RESULTS: The majority of iMSC-Exos and SMMSC-Exos were 
approximately 50-150 nm in diameter and expressed CD9, CD63, and 
TSG101. The injection of iMSC-Exos and SMMSC-Exos both attenuated OA 
in the mouse OA model, but iMSC-Exos had a superior therapeutic effect 
compared with SMMSC-Exos. Similarly, chondrocyte migration and 
proliferation were stimulated by both iMSC-Exos and SMMSC-Exos, with 
iMSC-Exos exerting a stronger effect. CONCLUSIONS: The present study 
demonstrated that iMSC-Exos have a greater therapeutic effect on OA 
than SMMSC-Exos. Because autologous iMSCs are theoretically 
inexhaustible, iMSC-Exos may represent a novel therapeutic approach 
for the treatment of OA.

Behera, J. and N. Tyagi (2018). "Exosomes: mediators of bone diseases, 
protection, and therapeutics potential." Oncoscience 5(5-6): 181-195.

Bone remodeling is a continuous lifelong process in the repair 
of micro-damage to bone architecture and replacement of aging tissue 
in bone. A failure to such process leads to pathological destructive 
bone diseases such as osteoporosis, rheumatoid arthritis, and 
osteoarthritis. However, this active process is regulated by; 
osteoclasts, which are involved in the bone resorption process; 
osteoblasts, with involvement in the bone formation process and bone-
derived endothelial cells, which promote angiogenesis. In the bone 
micro-environment, these cellular interactions are mediated by a 
complex interplay between cell types via direct interaction of cell 
secreted growth factors, such as cytokines. Recently, the discovery of 
exosomes ( approximately 40-100 nm in size), has attracted more 
attention in the field of the bone remodeling process. Exosomes and 
microvesicles are derived from different types of bone cells such as 
mesenchymal stem cells, osteoblasts, osteoclasts and their precursors. 
They are also recognized to play pivotal roles in bone remodeling 
processes including osteogenesis, osteoclastogenesis, and 
angiogenesis. In this review, we especially emphasize the origin and 
biogenesis of exosomes and bone cell derived exosomes in the 
regulatory process of bone remodeling. Moreover, this review article 



also focuses on exosomal secreted proteins and microRNAs and their 
involvement in the regulation of bone remodeling.

Du, W., et al. (2018). "Exosomes derived from preadipocytes improve 
osteogenic differentiation, potentially via reduced miR223 
expression." Mol Med Rep.

Insufficient bone volume remains a key issue when using dental 
implants. Adipose tissuederived stem cells (ADSCs) can accelerate bone 
healing when combined with dental implants. To improve the application 
of ADSCs for dental uses, the present study aimed to identify optimal 
implantation conditions. Mesenchymal stem cellderived exosomes can 
induce naive stem cells to differentiate through the osteogenic 
lineage. In the present study, exosomes derived from 3T3L1 
preadipocytes (3T3L1exo) were purified and characterized. The effects 
and potential mechanisms of 3T3L1exo on 3T3L1 cell ossification were 
examined by reverse transcriptionquantitative polymerase chain 
reaction, western blotting, electron microscopy, RNA sequencing and 
histological analysis. The current study confirmed that 3T3L1exo 
enhanced 3T3L1 preadipocyte osteogenic differentiation, as revealed by 
upregulation of osteogenic differentiationassociated genes and 
increased Alizarin Red staining. Furthermore, the microRNA (miR) 
expression profiles of 3T3L1exo and 3T3L1 preadipocytes were sequenced 
and compared. The results of a further analysis demonstrated that 
miR223 expression was reduced in 3T3L1 preadipocytes stimulated by 
3T3L1exo compared with in unstimulated cells. This finding suggested 
that 3T3L1exo promoted 3T3L1 bone formation by decreasing miR223 
through a competitive mechanism, another miRNA, or another factor. The 
mechanism by which miR223 is decreased warrants further investigation. 
In conclusion, the application of 3T3L1exo may be useful for 
investigating preadipocyteinduced bone regeneration.

Li, B., et al. (2018). "Exosome-mediated transfer of lncRUNX2-AS1 from 
multiple myeloma cells to MSCs contributes to osteogenesis." Oncogene 
37(41): 5508-5519.

Multiple myeloma (MM) is characterized by the decreased 
osteogenic potential of mesenchymal stem cells (MSCs). Communication 
between cancer cells and cancer stromal cells is a driving factor in 
tumor progression. Understanding the myeloma-stroma interactions is 
critical to the development of effective strategies that can reverse 
bone diseases. Here we identified that bioactive lncRNA RUNX2-AS1 in 
myeloma cells could be packed into exosomes and transmitted to MSCs, 
thus repressing the osteogenesis of MSCs. RUNX2-AS1, which arises from 
the antisense strand of RUNX2, was enriched in MSCs derived from MM 
patients (MM-MSCs). RUNX2-AS1 was capable of forming an RNA duplex 
with RUNX2 pre-mRNA at overlapping regions and this duplex 
transcriptionally repressed RUNX2 expression by reducing the splicing 
efficiency, resulting in decreased osteogenic potential of MSCs. In 
vivo mouse models, administered an inhibitor of exosome secretion, 
GW4869, was found to be effective in preventing bone loss, sustained 
by both bone formation and anticatabolic activities. Therefore, 



exosomal lncRNA RUNX2-AS1 may serve as a potential therapeutic target 
for bone lesions in MM. In summary, our results indicated a key role 
of exosomal lncRUNX2-AS1 in transferring from MM cells to MSCs in 
osteogenic differentiation, through a unique exosomal lncRUNX2-AS1/
RUNX2 pathway.

Li, W., et al. (2018). "Tissue-Engineered Bone Immobilized with Human 
Adipose Stem Cells-Derived Exosomes Promotes Bone Regeneration." ACS 
Appl Mater Interfaces 10(6): 5240-5254.

Exosomes, nanoscale extracellular vesicles functioning as 
cell-to-cell communicators, are an emerging promising therapeutic in 
the field of bone tissue engineering. Here, we report the construction 
and evaluation of a novel cell-free tissue-engineered bone that 
successfully accelerated the restoration of critical-sized mouse 
calvarial defects through combining exosomes derived from human 
adipose-derived stem cells (hASCs) with poly(lactic-co-glycolic acid) 
(PLGA) scaffolds. The exosomes were immobilized on the polydopamine-
coating PLGA (PLGA/pDA) scaffolds under mild chemical conditions. 
Specifically, we investigated the effects of hASC-derived exosomes on 
the osteogenic, proliferation, and migration capabilities of human 
bone marrow-derived mesenchymal stem cells in vitro and optimized 
their osteoinductive effects through osteogenic induction. 
Furthermore, an in vitro assay showed exosomes could release from 
PLGA/pDA scaffold slowly and consistently and in vivo results showed 
this cell-free system enhanced bone regeneration significantly, at 
least partially through its osteoinductive effects and capacities of 
promoting mesenchymal stem cells migration and homing in the newly 
formed bone tissue. Therefore, overall results demonstrated that our 
novel cell-free system comprised of hASC-derived exosomes and PLGA/pDA 
scaffold provides a new therapeutic paradigm for bone tissue 
engineering and showed promising potential in repairing bone defects.

Wang, X., et al. (2018). "Mesenchymal stem cell-derived exosomes have 
altered microRNA profiles and induce osteogenic differentiation 
depending on the stage of differentiation." PLoS One 13(2): e0193059.

Human mesenchymal stem cell (hMSC)-derived exosomes have shown 
regenerative effects, but their role in osteogenesis and the 
underlying mechanism are yet to be determined. In this study, we 
examined the time-course secretion of exosomes by hMSCs during the 
entire process of osteogenic differentiation. Exosomes derived from 
hMSCs in various stages of osteogenic differentiation committed 
homotypic cells to differentiate towards osteogenic lineage, but only 
exosomes from late stages of osteogenic differentiation induced 
extracellular matrix mineralisation. Exosomes from expansion and early 
and late stages of osteogenic differentiation were internalised by a 
subpopulation of hMSCs. MicroRNA profiling revealed a set of 
differentially expressed exosomal microRNAs from the late stage of 
osteogenic differentiation, which were osteogenesis related. Target 
prediction demonstrated that these microRNAs enriched pathways 
involved in regulation of osteogenic differentiation and general 



mechanisms how exosomes exert their functions, such as "Wnt signalling 
pathway" and "endocytosis". Taken together, the results show that MSCs 
secrete exosomes with different biological properties depending on 
differentiation stage of their parent cells. The exosomal cargo 
transferred from MSCs in the late stage of differentiation induces 
osteogenic differentiation and mineralisation. Moreover, it is 
suggested that the regulatory effect on osteogenesis by exosomes is at 
least partly exerted by exosomal microRNA.

Qi, H., et al. (2019). "Exosomes derived from mesenchymal stem cells 
inhibit mitochondrial dysfunction-induced apoptosis of chondrocytes 
via p38, ERK, and Akt pathways." In Vitro Cell Dev Biol Anim.

Osteoarthritis (OA) is the most common chronic joint disease 
worldwide. Chondrocyte, as the only resident cell type in cartilage, 
its apoptosis is of pathogenetic significance in OA. Mesenchymal stem 
cell (MSC)-based-therapy has been proved effective in OA in animals 
and clinical studies. Nowadays, the regenerative potential of MSC-
based therapy is mostly attributed to its paracrine secretion, in 
which exosomes may play an important role. In the present study, we 
aimed to find out the significance of MSC-derived exosomes (MSC-Exos) 
on the viability of chondrocytes under normal and inflammatory 
conditions. Bone marrow MSCs (BMSCs) and chondrocytes from rabbits 
were cultured in vitro. BMSC-Exos were isolated by an 
ultracentrifugation method. Transmission electron microscopy and 
Western blot were used to identify exosomes. The internalization of 
BMSC-Exos into chondrocytes was observed by fluorescent microscope. 
The viability and apoptosis of chondrocytes induced by IL-1beta were 
tested through MTT method, Hoechst33324 dying, and mitochondrial 
damage measurement. Phosphorylation of p38, ERK, and Akt were 
evaluated by Western blot. The results showed that BMSC-Exos were 
round-shaped. Co-culturing BMSC-Exos with chondrocytes could observe 
the uptake of BMSC-Exos by chondrocytes. The viability decreased, 
apoptosis occurred, and the mitochondrial membrane potential of 
chondrocytes changed a lot when IL-1beta were given, but all the 
changes were almost abolished when BMSC-Exos was added. Furthermore, 
the phosphorylation of p38 and ERK were inhibited, and phosphorylation 
of Akt was promoted by BMSC-Exos compared with IL-1beta group. The 
present study demonstrated that BMSC-Exos inhibited mitochondrial-
induced apoptosis in response to IL-1beta, and p38, ERK, and Akt 
pathways were involved. BMSC-Exo might represent a novel cell-free 
therapeutic approach for the treatment of OA.

Zhang, S., et al. (2019). "MSC exosomes alleviate temporomandibular 
joint osteoarthritis by attenuating inflammation and restoring matrix 
homeostasis." Biomaterials 200: 35-47.

The efficacy of mesenchymal stem cell (MSC) therapies is 
increasingly attributed to paracrine secretion, particularly exosomes. 
In this study, we investigated the role of MSC exosomes in the 
regulation of inflammatory response, nociceptive behaviour, and 
condylar cartilage and subchondral bone healing in an immunocompetent 



rat model of temporomandibular joint osteoarthritis (TMJ-OA). We 
observed that exosome-mediated repair of osteoarthritic TMJs was 
characterized by early suppression of pain and degeneration with 
reduced inflammation, followed by sustained proliferation and gradual 
improvements in matrix expression and subchondral bone architecture, 
leading to overall joint restoration and regeneration. Using 
chondrocyte cultures, we could attribute some of the cellular 
activities during exosome-mediated joint repair to adenosine 
activation of AKT, ERK and AMPK signalling. Specifically, MSC exosomes 
enhanced s-GAG synthesis impeded by IL-1beta, and suppressed IL-1beta-
induced nitric oxide and MMP13 production. These effects were 
partially abrogated by inhibitors of adenosine receptor activation, 
AKT, ERK and AMPK phosphorylation. Together, our observations suggest 
that MSC exosomes promote TMJ repair and regeneration in OA through a 
well-orchestrated mechanism of action that involved multiple cellular 
processes to restore the matrix and overall joint homeostasis. This 
study demonstrates the translational potential of a cell-free ready-
to-use exosome-based therapeutic for treating TMJ pain and 
degeneration.

Zuo, R., et al. (2019). "BM-MSC-derived exosomes alleviate radiation-
induced bone loss by restoring the function of recipient BM-MSCs and 
activating Wnt/beta-catenin signaling." Stem Cell Res Ther 10(1): 30.

BACKGROUND: Radiotherapy to cancer patients is inevitably 
accompanied by normal tissue injury, and the bone is one of the most 
commonly damaged tissues. Damage to bone marrow mesenchymal stem cells 
(BM-MSCs) induced by radiation is thought to be a major cause of 
radiation-induced bone loss. Exosomes exhibit great therapeutic 
potential in the treatment of osteoporosis, but whether exosomes are 
involved in radiation-induced bone loss has not been thoroughly 
elucidated to date. The main purpose of this study is to investigate 
the role of exosomes derived from BM-MSCs in restoring recipient BM-
MSC function and alleviating radiation-induced bone loss. METHODS: BM-
MSC-derived exosomes were intravenously injected to rats immediately 
after irradiation. After 28 days, the left tibiae were harvested for 
micro-CT and histomorphometric analysis. The effects of exosomes on 
antioxidant capacity, DNA damage repair, proliferation, and cell 
senescence of recipient BM-MSCs were determined. Osteogenic and 
adipogenic differentiation assays were used to detect the effects of 
exosomes on the differentiation potential of recipient BM-MSCs, and 
related genes were measured by qRT-PCR and Western blot analysis. 
beta-Catenin expression was detected at histological and cytological 
levels. RESULTS: BM-MSC-derived exosomes can attenuate radiation-
induced bone loss in a rat model that is similar to mesenchymal stem 
cell transplantation. Exosome-treated BM-MSCs exhibit reduced 
oxidative stress, accelerated DNA damage repair, and reduced 
proliferation inhibition and cell senescence-associate protein 
expression compared with BM-MSCs that exclusively received 
irradiation. Following irradiation, exosomes promote beta-catenin 
expression in BM-MSCs and restore the balance between adipogenic and 



osteogenic differentiation. CONCLUSIONS: Our findings indicate that 
BM-MSC-derived exosomes take effects by restoring the function of 
recipient BM-MSCs. Therefore, exosomes may represent a promising cell-
free therapeutic approach for the treatment of radiation-induced bone 
loss.


