
Ekstrom, K., et al. (2013). "Monocyte exosomes stimulate the 
osteogenic gene expression of mesenchymal stem cells." PLoS One 8(9): 
e75227.

Inflammation and regeneration at the implant-bone interface 
are intimately coupled via cell-cell communication. In contrast to the 
prevailing view that monocytes/macrophages orchestrate mesenchymal 
stem cells (MSCs) and progenitor cells via the secretion of soluble 
factors, we examined whether communication between these different 
cell types also occurs via exosomes. LPS-stimulated human monocytes 
released exosomes, positive for CD9, CD63, CD81, Tsg101 and Hsp70, as 
determined by flow cytometry and Western blot. These exosomes also 
contained wide size distribution of RNA, including RNA in the size of 
microRNAs. The exosomes were shown to interact with human mesenchymal 
stem cells. After 24 h of culture, a considerable portion of the MSCs 
had internalised PKH67-labelled exosomes. Furthermore, after 72 h, the 
gene expression of the osteogenic markers runt-related transcription 
factor 2 (RUNX2) and bone morphogenetic protein-2 (BMP-2) had 
increased in comparison with control medium, whereas no significant 
difference in osteocalcin (OC) expression was demonstrated. The 
present results show that, under given experimental conditions, 
monocytes communicate with MSCs via exosomes, resulting in the uptake 
of exosomes in MSCs and the stimulation of osteogenic differentiation. 
The present observations suggest that exosomes constitute an 
additional mode of cell-cell signalling with an effect on MSC 
differentiation during the transition from injury and inflammation to 
bone regeneration.

Kumar, S. (2014). "Bone defect repair in mice by mesenchymal stem 
cells." Methods Mol Biol 1213: 193-207.

Adult bone marrow niche contains rare primitive but highly 
functional multipotent progenitors (e.g., mesenchymal stem cells; 
MSCs) capable of differentiating into specific mesenchymal tissues 
like bone, cartilage, muscle, fat tissues, ligament, dermis, bone 
marrow stroma, tendon, and other connective tissues. Upon in vivo 
transplantation, MSCs also secrete a wide range of growth factors, 
immunomodulatory cytokines, and important bioactive macromolecules 
including cell-derived exosomes to structure regenerative 
microenvironments. This protocol describes a mouse model to study bone 
formation/regeneration from adult mesenchymal stem cells.

Wang, Z., et al. (2014). "[DC-derived exosomes induce osteogenic 
differentiation of mesenchymal stem cells]." Zhongguo Shi Yan Xue Ye 
Xue Za Zhi 22(3): 600-604.

This study was aimed to investigate the effect of dendritic 
cell-derived exosome (DCex) on in vitro osteoblast differentiation of 
human bone marrow mesenchymal stem cells (hBM-MSC). DCex were 
harvested from the DC culture supernatants by ultracentrifugation. The 
morphology of DCex was observed by using transmission electron 
microscopy and the surface marker expression was detected by flow 
cytometry. MSCs at passage 3 were used in this study. DCex 
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incorporation into MSCs was observed under a confocal microscope. MSCs 
were either exposed to DCex (10 microg/ml) or the standard osteogenic 
induction condition. The cells cultured in complete medium were served 
as the control. The expression levels of Runt related transcription 
factor 2 (Runx2) were detected by real-time and standard PCR. The 
cellular alkaline phosphatase (ALP) activity was also detected. The 
results showed that the DCex were spherical or oval membrane vesicles 
with diameters of about 40-100 nm under transmission electron 
microscope. The DCex expressed surface molecules specific for DCs, 
including CD83, CD86, CD80, and HLA-DR. After cultured for 7 days, the 
MSCs treated with DCex highly expressed Runx2 as compared with the 
control group (P < 0.05). After cultured for 14 days, ALP activity of 
the DCex-treated MSCs was markedly higher than the control group (P < 
0.01), though it was lower than that of MSCs treated with standard 
inductive agents. It is concluded that DCex can induce MSCs to 
differentiate into osteoblasts. The detailed investigations are needed 
to clarify the underlying mechanisms.

Xu, J. F., et al. (2014). "Altered microRNA expression profile in 
exosomes during osteogenic differentiation of human bone marrow-
derived mesenchymal stem cells." PLoS One 9(12): e114627.

The physiological role of microRNAs (miRNAs) in osteoblast 
differentiation remains elusive. Exosomal miRNAs isolated from human 
bone marrow-derived mesenchymal stem cells (BMSCs) culture were 
profiled using miRNA arrays containing probes for 894 human matured 
miRNAs. Seventy-nine miRNAs ( approximately 8.84%) could be detected 
in exosomes isolated from BMSC culture supernatants when normalized to 
endogenous control genes RNU44. Among them, nine exosomal miRNAs were 
up regulated and 4 miRNAs were under regulated significantly (Relative 
fold>2, p<0.05) when compared with the values at 0 day with maximum 
changes at 1 to 7 days. Five miRNAs (miR-199b, miR-218, miR-148a, 
miR-135b, and miR-221) were further validated and differentially 
expressed in the individual exosomal samples from hBMSCs cultured at 
different time points. Bioinformatic analysis by DIANA-mirPath 
demonstrated that RNA degradation, mRNA surveillance pathway, Wnt 
signaling pathway, RNA transport were the most prominent pathways 
enriched in quantiles with differential exosomal miRNA patterns 
related to osteogenic differentiation. These data demonstrated 
exosomal miRNA is a regulator of osteoblast differentiation.

Nakamura, Y., et al. (2015). "Mesenchymal-stem-cell-derived exosomes 
accelerate skeletal muscle regeneration." FEBS Lett 589(11): 
1257-1265.

Mesenchymal stem cell (MSC) transplantation is used for 
treatment of many diseases. The paracrine role of MSCs in tissue 
regeneration is attracting particular attention. We investigate the 
role of MSC exosomes in skeletal muscle regeneration. MSC exosomes 
promote myogenesis and angiogenesis in vitro, and muscle regeneration 
in an in vivo model of muscle injury. Although MSC exosomes had low 
concentrations of muscle-repair-related cytokines, a number of repair-



related miRNAs were identified. This study suggests that the MSC-
derived exosomes promote muscle regeneration by enhancing myogenesis 
and angiogenesis, which is at least in part mediated by miRNAs such as 
miR-494.

Hofer, H. R. and R. S. Tuan (2016). "Secreted trophic factors of 
mesenchymal stem cells support neurovascular and musculoskeletal 
therapies." Stem Cell Res Ther 7(1): 131.

Adult mesenchymal stem cells (MSCs) represent a subject of 
intense experimental and biomedical interest. Recently, trophic 
activities of MSCs have become the topic of a number of revealing 
studies that span both basic and clinical fields. In this review, we 
focus on recent investigations that have elucidated trophic mechanisms 
and shed light on MSC clinical efficacy relevant to musculoskeletal 
applications. Innate differences due to MSC sourcing may play a role 
in the clinical utility of isolated MSCs. Pain management, 
osteochondral, nerve, or blood vessel support by MSCs derived from 
both autologous and allogeneic sources have been examined. Recent 
mechanistic insights into the trophic activities of these cells point 
to ultimate regulation by nitric oxide, nuclear factor-kB, and 
indoleamine, among other signaling pathways. Classic growth factors 
and cytokines-such as VEGF, CNTF, GDNF, TGF-beta, interleukins 
(IL-1beta, IL-6, and IL-8), and C-C ligands (CCL-2, CCL-5, and 
CCL-23)-serve as paracrine control molecules secreted or packaged into 
extracellular vesicles, or exosomes, by MSCs. Recent studies have also 
implicated signaling by microRNAs contained in MSC-derived exosomes. 
The response of target cells is further regulated by their 
microenvironment, involving the extracellular matrix, which may be 
modified by MSC-produced matrix metalloproteinases (MMPs) and tissue 
inhibitor of MMPs. Trophic activities of MSCs, either resident or 
introduced exogenously, are thus intricately controlled, and may be 
further fine-tuned via implant material modifications. MSCs are 
actively being investigated for the repair and regeneration of both 
osteochondral and other musculoskeletal tissues, such as tendon/
ligament and meniscus. Future rational and effective MSC-based 
musculoskeletal therapies will benefit from better mechanistic 
understanding of MSC trophic activities, for example using analytical 
"-omics" profiling approaches.

Li, H., et al. (2017). "Exosomes secreted from mutant-HIF-1alpha-
modified bone-marrow-derived mesenchymal stem cells attenuate early 
steroid-induced avascular necrosis of femoral head in rabbit." Cell 
Biol Int 41(12): 1379-1390.

Mesenchymal stem cells (MSCs)-derived exosomes exhibit 
protective effects on damaged or diseased tissues. Hypoxia-inducible 
factor 1alpha (HIF-1alpha) plays a critical role in bone development. 
However, HIF-1alpha is easily biodegradable under normoxic conditions. 
The bone-marrow-derived mesenchymal stem cells (BMSCs) were 
transfected with adenovirus carrying triple point-mutations (amino 
acids 402, 564, and 803) in the HIF-1alpha coding sequence (CDS). The 



mutant HIF-1alpha can efficiently express functional proteins under 
normoxic conditions. To date, no study has reported the role of 
exosomes secreted by mutant HIF-1alpha modified BMSCs in the recovery 
of the early steroid-induced avascular necrosis of femoral head 
(SANFH). In this study, we firstly analyzed exosomes derived from 
BMSCs modified by mutant (BMSC-Exos(MU) ) or wild-type HIF-1alpha 
(BMSC-Exos(WT) ). In vitro, we investigated the osteogenic 
differentiation capacity of BMSCs modified by BMSC-Exos(MU) or BMSC-
Exos(WT) , and the angiogenesis effects of BMSC-Exos(MU) and BMSC-
Exos(WT) on human umbilical vein endothelial cells (HUVECs). Besides, 
the healing of the femoral head was also assessed in vivo. We found 
that the potential of osteogenic differentiation of BMSCs treated with 
BMSC-Exos(MU) was higher than the wild-type group in vitro. In 
addition, BMSC-Exos(MU) stimulated the proliferation, migration, and 
tube formation of HUVECs in a dose-dependent manner. Compared with the 
BMSC-Exos(WT) or PBS control group, the injection of BMSC-Exos(MU) 
into the necrosis region markedly accelerated the bone regeneration 
and angiogenesis, which were indicated by the increased trabecular 
reconstruction and microvascular density. Taken together, our data 
suggest that BMSC-Exos(MU) facilitates the repair of SANFH by 
enhancing osteogenesis and angiogenesis.

Tao, S. C., et al. (2017). "Exosomes derived from miR-140-5p-
overexpressing human synovial mesenchymal stem cells enhance cartilage 
tissue regeneration and prevent osteoarthritis of the knee in a rat 
model." Theranostics 7(1): 180-195.

OBJECTIVES: Osteoarthritis (OA) is the most common joint 
disease throughout the world. Exosomes derived from miR-140-5p-
overexpressing synovial mesenchymal stem cells (SMSC-140s) may be 
effective in treating OA. We hypothesized that exosomes derived from 
SMSC-140 (SMSC-140-Exos) would enhance the proliferation and migration 
abilities of articular chondrocytes (ACs) without harming 
extracellular matrix (ECM) secretion. METHODS: SMSCs were transfected 
with or without miR-140-5p. Exosomes derived from SMSCs or SMSC-140s 
(SMSC-Exos or SMSC-140-Exos) were isolated and identified. 
Proliferation, migration and ECM secretion were measured in vitro and 
compared between groups. The mechanism involving alternative Wnt 
signalling and activation of Yes-associated protein (YAP) was 
investigated using lentivirus, oligonucleotides or chemical drugs. The 
preventative effect of exosomes in vivo was measured using Safranin-O 
and Fast green staining and immunohistochemical staining. RESULTS: 
Wnt5a and Wnt5b carried by exosomes activated YAP via the alternative 
Wnt signalling pathway and enhanced proliferation and migration of 
chondrocytes with the side-effect of significantly decreasing ECM 
secretion. Highly-expressed miR-140-5p blocked this side-effect via 
RalA. SMSC-140-Exos enhanced the proliferation and migration of ACs 
without damaging ECM secretion in vitro, while in vivo, SMSC-140-Exos 
successfully prevented OA in a rat model. CONCLUSIONS: These findings 
highlight the promising potential of SMSC-140-Exos in preventing OA. 
We first found a potential source of exosomes and studied their merits 



and shortcomings. Based on our understanding of the molecular 
mechanism, we overcame the shortcomings by modifying the exosomes. 
Such exosomes derived from modified cells hold potential as future 
therapeutic strategies.

Chen, Y., et al. (2018). "Exosomes derived from mature chondrocytes 
facilitate subcutaneous stable ectopic chondrogenesis of cartilage 
progenitor cells." Stem Cell Res Ther 9(1): 318.

BACKGROUND: Developing cartilage constructed with the 
appropriate matrix composition and persistent chondrogenesis remains 
an enduring challenge in cartilage defects. Cartilage progenitor cell 
(CPC)-based tissue engineering has attracted recent attention because 
of its strong chondrogenic differentiation capacity. However, due to 
the lack of a suitable chondrogenic niche, the clinical application of 
CPC-regenerated cartilage in the subcutaneous environment remains a 
challenge. In this study, exosomes derived from chondrocytes (CC-Exos) 
were used to provide the CPC constructs with a cartilage signal in 
subcutaneous environments for efficient ectopic cartilage 
regeneration. METHODS: Rabbit CPC-alginate constructs were prepared 
and implanted subcutaneously in nude mice. CC-Exos were injected into 
the constructs at the same dose (30 mug exosomes per 100 muL 
injection) after surgery and thereafter weekly for a period of 12 
weeks. Exosomes derived from bone mesenchymal stem cells (BMSC-Exos) 
were used as the positive control. The mice in the negative control 
were administered with the same volume of PBS. At 4 and 12 weeks after 
implantation, the potential of CC-Exos and BMSC-Exos to promote 
chondrogenesis and stability of cartilage tissue in a subcutaneous 
environment were analyzed by histology, immunostaining, and protein 
analysis. The influences of BMSC-Exos and CC-Exos on chondrogenesis 
and angiogenic characteristics in vitro were assessed via coculturing 
with CPCs and human umbilical vein endothelial cells. RESULTS: The CC-
Exos injection increased collagen deposition and minimized vascular 
ingrowth in engineered constructs, which efficiently and reproducibly 
developed into cartilage. The generated cartilage was phenotypically 
stable with minimal hypertrophy and vessel ingrowth up to 12 weeks, 
while the cartilage formed with BMSC-Exos was characterized by 
hypertrophic differentiation accompanied by vascular ingrowth. In 
vitro experiments indicated that CC-Exos stimulated CPCs proliferation 
and increased expression of chondrogenesis markers while inhibiting 
angiogenesis. CONCLUSIONS: These findings suggest that the novel CC-
Exos provides the preferable niche in directing stable ectopic 
chondrogenesis of CPCs. The use of CC-Exos may represent an off-the-
shelf and cell-free therapeutic approach for promoting cartilage 
regeneration in the subcutaneous environment.

Li, Y., et al. (2018). "Mesenchymal Stem Cells-Derived Exosomes: A 
Possible Therapeutic Strategy for Osteoporosis." Curr Stem Cell Res 
Ther 13(5): 362-368.

Osteoporosis is a common age-related disorder characterized by 
low bone mass and deterioration in bone microarchitecture, leading to 



increased skeletal fragility and fracture risk. The pathophysiology of 
osteoporosis is multifactorial. It is related to the imbalance between 
osteoblasts and osteoclasts; reduced bone mass and increased 
adipogenesis in the bone marrow. Moreover, angiogenesis, inflammatory 
process and miRNAs have shown effects in the formation of 
osteoporosis. In the recent years, mesenchymal stem cells (MSCs) have 
been regarded as an excellent choice for cell-based tissue engineering 
therapy of osteoporosis. Growing evidence showed that paracrine effect 
has been considered as the predominant mechanism for the role of MSCs 
in tissue repair. Recently, many studies have proposed that MSCs-
derived exosomes are effective for a variety of diseases like cancer, 
cardiovascular diseases, etc. However, whether the MSCs-derived 
exosomes could serve as a novel therapeutic tool for osteoporosis has 
not clearly described. In this review, we summarize the MSCs-derived 
exosomes and the relationship with osteogenesis, osteoclast 
differentiation, angiogenesis, immune processes and miRNAs. Finally, 
we suggest that MSCs-derived exosomes might be a promising therapeutic 
method for osteoporosis in the future.

Liu, Y., et al. (2018). "MSC-derived exosomes promote proliferation 
and inhibit apoptosis of chondrocytes via lncRNA-KLF3-AS1/miR-206/GIT1 
axis in osteoarthritis." Cell Cycle 17(21-22): 2411-2422.

BACKGROUND: Exosomes secreted by human mesenchymal stem cells 
(hMSCs) have been shown to promote cartilage regeneration. This study 
aimed to explore whether exosomal lncRNA-KLF3-AS1 derived from hMSCs 
can promote chondrocyte proliferation via miR-206/GIT1 axis in 
osteoarthritis (OA). METHODS: hMSCs and MSC-derived exosomes (MSC-exo) 
were prepared for morphological observation and identification by 
transmission electron microscopy (TEM) and flow cytometry. IL-1beta-
induced OA chondrocytes and collagenase-induced mouse OA model were 
established for the further experiments. Luciferase activity assay was 
performed to test whether miR-206 could bind to KLF3-AS1 or GIT1. Cell 
proliferation and apoptosis were evaluated by CCK-8 assay and flow 
cytometry, respectively. RESULTS: MSC-Exos increased chondrogenic 
genes Col2a1 (type II collagen alpha 1) and aggrecan, decreased 
hondrocyte hypertrophy markers MMP-13 (matrix metalloproteinase-13) 
and Runx2 (runt-related transcription factor 2) in chondrocytes 
isolated from OA model mice. Furthermore, MSC-Exos attenuated 
IL-1beta-induced chondrocyte proliferation inhibition and apoptosis 
induction. Moreover, MSC(KLF3-AS1)-Exos (exosomes derived from KLF3-
AS1-overexpressing-MSCs) ameliorated IL-1beta-induced chondrocyte 
injury. Results also demonstrated that KLF3-AS1 acted as a competitive 
endogenous RNA (ceRNA) by sponging miR-206 to facilitate GIT1 
expression. In addition, miR-206 overexpression and GIT1 knockdown 
reversed MSC(KLF3-AS1)-Exos-mediated attenuation of chondrocyte 
injury. CONCLUSION: Exosomal KLF3-AS1 derived from MSCs involved in 
MSC-Exos-mediated chondrocyte proliferation induction and chondrocyte 
apoptosis inhibition via miR-206/GIT1 axis. Abbreviation: G-protein-
coupled receptor kinase interacting protein-1 (GIT1).



Liu, Y., et al. (2018). "Exosomal KLF3-AS1 from hMSCs promoted 
cartilage repair and chondrocyte proliferation in osteoarthritis." 
Biochem J 475(22): 3629-3638.

The present study was designed to explore whether exosomal 
lncRNA-KLF3-AS1 derived from human mesenchymal stem cells (hMSCs) can 
serve as a positive treatment for osteoarthritis (OA). hMSCs and MSC-
derived exosomes (MSC-exo) were prepared for morphological observation 
and identification by transmission electron microscopy and flow 
cytometry. IL-1beta-induced OA chondrocytes and collagenase-induced 
rat model of OA were established for the further experiments. 
Lentivirus-mediated siRNA targeting KLF3-AS1 was transfected into MSCs 
for silencing KLF3-AS1. The real-time quantitative PCR and western 
blotting analysis were performed to examine the mRNA and protein 
levels of type II collagen alpha 1 (Col2a1), aggrecan, matrix 
metalloproteinase 13 and runt-related transcription factor 2. Cell 
proliferation, apoptosis and migration were evaluated by CCK-8 assay, 
flow cytometry and transwell assay. HE (hematoxylin and eosin) 
staining and immunohistochemistry were used for histopathological 
studies. MSC-exo ameliorated IL-1beta-induced cartilage injury. 
Furthermore, lncRNA KLF3-AS1 was markedly enriched in MSC-exo, and 
exosomal KLF3-AS1 suppressed IL-1beta-induced apoptosis of 
chondrocytes. Further in vivo investigation indicated that exosomal 
KLF3-AS1 promoted cartilage repair in a rat model of OA. Exosomal 
KLF3-AS1 promoted cartilage repair and chondrocyte proliferation in a 
rat model of OA, which might be an underlying therapeutic target for 
OA.

Mao, G., et al. (2018). "Exosomal miR-95-5p regulates chondrogenesis 
and cartilage degradation via histone deacetylase 2/8." J Cell Mol Med 
22(11): 5354-5366.

MicroRNAs play critical roles in the pathogenesis of 
osteoarthritis, the most common chronic degenerative joint disease. 
Exosomes derived from miR-95-5p-overexpressing primary chondrocytes 
(AC-miR-95-5p) may be effective in treating osteoarthritis. Increased 
expression of HDAC2/8 occurs in the tissues and chondrocyte-secreted 
exosomes of patients with osteoarthritis and mediates cartilage-
specific gene expression in chondrocytes. We have been suggested that 
exosomes derived from AC-miR-95-5p (AC-miR-95-5p-Exos) would enhance 
chondrogenesis and prevent the development of osteoarthritis by 
directly targeting HDAC2/8. Our in vitro experiments showed that 
miR-95-5p expression was significantly lower in osteoarthritic 
chondrocyte-secreted exosomes than in normal cartilage. Treatment with 
AC-miR-95-5p-Exos promoted cartilage development and cartilage matrix 
expression in mesenchymal stem cells induced to undergo chondrogenesis 
and chondrocytes, respectively. In contrast, co-culture with exosomes 
derived from chondrocytes transfected with an antisense inhibitor of 
miR-95-5p (AC-anti-miR-95-5p-Exos) prevented chondrogenic 
differentiation and reduced cartilage matrix synthesis by enhancing 
the expression of HDAC2/8. MiR-95-5p suppressed the activity of 
reporter constructs containing the 3'-untranslated region of HDAC2/8, 



inhibited HDAC2/8 expression and promoted cartilage matrix expression. 
Our results suggest that AC-miR-95-5p-Exos regulate cartilage 
development and homoeostasis by directly targeting HDAC2/8. Thus, AC-
miR-95-5p-Exos may act as an HDAC2/8 inhibitor and exhibit potential 
as a disease-modifying osteoarthritis drug.

Mao, G., et al. (2018). "Exosomes derived from miR-92a-3p-
overexpressing human mesenchymal stem cells enhance chondrogenesis and 
suppress cartilage degradation via targeting WNT5A." Stem Cell Res 
Ther 9(1): 247.

BACKGROUND: WNT5A is known to be involved in the pathogenesis 
of osteoarthritis. This study investigated the molecular mechanism of 
exosomal miR-92a-3p and WNT5A in chondrogenesis and cartilage 
degeneration. METHODS: Exosomal miR-92a-3p expression was assessed in 
vitro in a human mesenchymal stem cell (MSC) model of chondrogenesis 
and in normal and OA primary human chondrocytes (PHCs). MSCs and PHCs 
were treated with exosomes derived from MSC-miR-92a-3p (MSC-
miR-92a-3p-Exos) or its antisense inhibitor (MSC-anti-miR-92a-3p-
Exos), respectively. Small interfering RNAs (siRNAs) and luciferase 
reporter assay were used to reveal the molecular role of exosomal 
miR-92a-3p and WNT5A in chondrogenesis. The protective effect of 
exosomes in vivo was measured using Safranin-O and Fast Green staining 
and immunohistochemical staining. RESULTS: Exosomal miR-92a-3p 
expression was elevated in the MSC chondrogenic exosome, while it was 
significantly reduced in the OA chondrocyte-secreted exosome compared 
with normal cartilage. Treatment with MSC-miR-92a-3p-Exos promoted 
cartilage proliferation and matrix genes expression in MSCs and PHCs, 
respectively. In contrast, treatment with MSC-anti-miR-92a-3p-Exos 
repressed chondrogenic differentiation and reduced cartilage matrix 
synthesis by enhancing the expression of WNT5A. Luciferase reporter 
assay demonstrated that miR-92a-3p suppressed the activity of a 
reporter construct containing the 3'-UTR and inhibited WNT5A 
expression in both MSCs and PHCs. MSC-miR-92a-3p-Exos inhibit 
cartilage degradation in the OA mice model. CONCLUSIONS: Our results 
suggest that exosomal miR-92a-3p regulates cartilage development and 
homeostasis by directly targeting WNT5A. This indicates that exosomal 
miR-92a-3p may act as a Wnt inhibitor and exhibits potential as a 
disease-modifying osteoarthritis drug.

Tofino-Vian, M., et al. (2018). "Microvesicles from Human Adipose 
Tissue-Derived Mesenchymal Stem Cells as a New Protective Strategy in 
Osteoarthritic Chondrocytes." Cell Physiol Biochem 47(1): 11-25.

BACKGROUND/AIMS: Chronic inflammation contributes to cartilage 
degeneration during the progression of osteoarthritis (OA). Adipose 
tissue-derived mesenchymal stem cells (AD-MSC) show great potential to 
treat inflammatory and degradative processes in OA and have 
demonstrated paracrine effects in chondrocytes. In the present work, 
we have isolated and characterized the extracellular vesicles from 
human AD-MSC to investigate their role in the chondroprotective 
actions of these cells. METHODS: AD-MSC were isolated by collagenase 



treatment from adipose tissue from healthy individuals subjected to 
abdominal lipectomy surgery. Microvesicles and exosomes were obtained 
from conditioned medium by filtration and differential centrifugation. 
Chondrocytes from OA patients were used in primary culture and 
stimulated with 10 ng/ml interleukin(IL)-1beta in the presence or 
absence of AD-MSC microvesicles, exosomes or conditioned medium. 
Protein expression was investigated by ELISA and immunofluorescence, 
transcription factor-DNA binding by ELISA, gene expression by real-
time PCR, prostaglandin E2 (PGE2) by radioimmunoassay, and matrix 
metalloproteinase (MMP) activity and nitric oxide (NO) production by 
fluorometry. RESULTS: In OA chondrocytes stimulated with IL-1beta, 
microvesicles and exosomes reduced the production of inflammatory 
mediators tumor necrosis factor-alpha, IL-6, PGE2 and NO. The 
downregulation of cyclooxygenase-2 and microsomal prostaglandin E 
synthase-1 would lead to the decreased PGE2 production while the 
effect on NO could depend on the reduction of inducible nitric oxide 
synthase expression. Treatment of OA chondrocytes with extracellular 
vesicles also decreased the release of MMP activity and MMP-13 
expression whereas the production of the anti-inflammatory cytokine 
IL-10 and the expression of collagen II were significantly enhanced. 
The reduction of inflammatory and catabolic mediators could be the 
consequence of a lower activation of nuclear factor-kappaB and 
activator protein-1. The upregulation of annexin A1 specially in MV 
may contribute to the anti-inflammatory and chondroprotective effects 
of AD-MSC. CONCLUSIONS: Our data support the interest of AD-MSC 
extracellular vesicles to develop new therapeutic approaches in joint 
conditions.

Vitha, A. E., et al. (2018). "Characterization and Therapeutic Uses of 
Exosomes: A New Potential Tool in Orthopedics." Stem Cells Dev.

In recent years, regenerative medicine has directed its 
interests onto the use of stem cells to heal human tissue. One 
specific class of cells that has been employed in this field of 
research is mesenchymal stem cells. Due to difficulties with the usage 
of whole stem cells, researchers have turned to an alternative, the 
secretome of these mesenchymal stem cells. In recent years, research 
has explored numerous aspects of the mesenchymal stem cell secretome, 
especially the most promising aspect, exosomes. This review explores a 
variety of interest in exosomes including the classification and 
molecular composition, mechanisms for isolation, and the various 
biological functions. As more is discovered about these exosomes 
different diagnostic and therapeutic uses in the medical field have 
also been explored. A new field attempting to exploit these exosomes 
in clinical practice is orthopedics. While a significant deal of 
research has been carried out, even more is being discovered to allow 
utilization of these vesicles in clinical practice.

Zhang, S., et al. (2018). "MSC exosomes mediate cartilage repair by 
enhancing proliferation, attenuating apoptosis and modulating immune 
reactivity." Biomaterials 156: 16-27.



Mesenchymal stem cell (MSC) exosome was previously shown to be 
effective in repairing critical size osteochondral defects in an 
immunocompetent rat model. Here we investigate the cellular processes 
modulated by MSC exosomes and the mechanism of action underlying the 
exosome-mediated responses in cartilage repair. We observed that 
exosome-mediated repair of osteochondral defects was characterised by 
increased cellular proliferation and infiltration, enhanced matrix 
synthesis and a regenerative immune phenotype. Using chondrocyte 
cultures, we could attribute the rapid cellular proliferation and 
infiltration during exosome-mediated cartilage repair to exosomal 
CD73-mediated adenosine activation of AKT and ERK signalling. 
Inhibitors of AKT or ERK phosphorylation suppressed exosome-mediated 
increase in cell proliferation and migration but not matrix synthesis. 
The role of exosomal CD73 was confirmed by the attenuation of AKT and 
ERK signalling by AMPCP, a CD73 inhibitor and theophylline, an 
adenosine receptor antagonist. Exosome-treated defects also displayed 
a regenerative immune phenotype characterised by a higher infiltration 
of CD163(+) regenerative M2 macrophages over CD86(+) M1 macrophages, 
with a concomitant reduction in pro-inflammatory synovial cytokines 
IL-1beta and TNF-alpha. Together, these observations demonstrated that 
the efficient osteochondral regeneration by MSC exosomes was effected 
through a coordinated mobilisation of multiple cell types and 
activation of several cellular processes.

Zhao, P., et al. (2018). "Exosomes derived from bone marrow 
mesenchymal stem cells improve osteoporosis through promoting 
osteoblast proliferation via MAPK pathway." Eur Rev Med Pharmacol Sci 
22(12): 3962-3970.

OBJECTIVE: Osteoporosis is the most common bone metabolic 
disease. Exosome exerts a crucial role in the development of multiple 
diseases. The aim of the study was to investigate the role of exosome 
derived from bone marrow mesenchymal stem cells (MSCs) in osteoporosis 
and its underlying mechanism. MATERIALS AND METHODS: MSCs were first 
isolated from rat bone marrow. After the surface antigen of MSCs was 
identified by flow cytometry, MSCs-derived exosomes (MSC-Exo) was 
extracted. The osteogenic and lipid differentiation abilities of BMSCs 
were determined by alizarin red staining and oil red staining, 
respectively. Quantitative reverse transcriptase-polymerase chain 
reaction (qRT-PCR) was used to detect the mRNA expressions of genes. 
Cell counting kit-8 (CCK-8) assay was used to detect the viability of 
hFOB 1.19 cells. Western blot was used to measure expressions of the 
specific surface markers in exosomes and the MAPK pathway-related 
proteins in hFOB 1.19 cells. Moreover, cell cycle of hFOB 1.19 was 
detected by flow cytometry. RESULTS: We observed a positive 
identification of surface antigens in MSCs, which presented good 
multidirectional differentiation ability. The isolated MSC-Exo 
exhibited typical morphology and particle size of exosomes, and the 
detection of specific surface labeled protein was positive under an 
electron microscope. After co-culture of MSC-Exo and osteoblast cell 
line hFOB 1.19, we found that MSC-Exo could promote the proliferation 



of hFOB 1.19 cells. Moreover, mRNA and protein expressions of GLUT3 in 
cells were increased, and the cell cycle was also promoted. The 
expressions of related proteins in the MAPK signaling pathway were 
found to be promoted. Rescue experiments demonstrated that MSC-Exo 
could promote the growth and cell cycle of hFOB 1.19, which were 
reversed by p-JNK knockdown. CONCLUSIONS: MSC-derived exosomes improve 
osteoporosis by promoting the proliferation of osteoblasts via MAPK 
pathway.

Li, J. J., et al. (2019). "Stem Cell-Derived Extracellular Vesicles 
for Treating Joint Injury and Osteoarthritis." Nanomaterials (Basel) 
9(2).

Extracellular vesicles (EVs) are nanoscale particles secreted 
by almost all cell types to facilitate intercellular communication. 
Stem cell-derived EVs theoretically have the same biological functions 
as stem cells, but offer the advantages of small size, low 
immunogenicity, and removal of issues such as low cell survival and 
unpredictable long-term behaviour associated with direct cell 
transplantation. They have been an area of intense interest in 
regenerative medicine, due to the potential to harness their anti-
inflammatory and pro-regenerative effects to induce healing in a wide 
variety of tissues. However, the potential of using stem cell-derived 
EVs for treating joint injury and osteoarthritis has not yet been 
extensively explored. The pathogenesis of osteoarthritis, with or 
without prior joint injury, is not well understood, and there is a 
longstanding unmet clinical need to develop new treatments that 
provide a therapeutic effect in preventing or stopping joint 
degeneration, rather than merely relieving the symptoms of the 
disease. This review summarises the current evidence relating to stem 
cell-derived EVs in joint injury and osteoarthritis, providing a 
concise discussion of their characteristics, advantages, therapeutic 
effects, limitations and outlook in this exciting new area.

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.

Ren, L., et al. (2019). "Adipose mesenchymal stem cell-derived 
exosomes ameliorate hypoxia/serum deprivation-induced osteocyte 
apoptosis and osteocyte-mediated osteoclastogenesis in vitro." Biochem 
Biophys Res Commun 508(1): 138-144.

Age-related skeletal changes is closely associated with 
imbalanced bone remodeling characterized by elevated osteocyte 
apoptosis and osteoclast activation. Since osteocytes are the 
commander of bone remodeling, attenuating increased osteocyte 
apoptosis may improve age-related bone loss. Exosomes, derived from 
mesenchymal stem cells, hold promising potential for cell-free therapy 
due to multiple abilities, such as promoting proliferation and 
suppressing apoptosis. We aimed to explore the effect of exosomes 
derived from adipose mesenchymal stem cell (ADSCs-exo) on osteocyte 
apoptosis and osteocyte-mediated osteoclastogenesis in vitro. The 
osteocyte-like cell line MLO-Y4 was used as a model, and apoptosis was 
induced by hypoxia and serum deprivation (H/SD). Our results showed 
that ADSCs-exo noticeably reduced H/SD-induced apoptosis in MLO-Y4 
cells via upregulating the radio of Bcl-2/Bax, diminishing the 
production of reactive oxygen species and cytochrome c, and subsequent 
activation of caspase-9 and caspase-3. Additionally, ADSCs-exo lowered 
the expression of RANKL both at the mRNA and protein levels, as well 
as the ratio of RANKL/OPG at the gene level. As determined by 
tartrate-resistant acid phosphatase staining, reduced 
osteoclastogenesis was further validated in bone marrow monocytes 
cultured under conditioned medium from exosome-treated MLO-Y4. 
Together, ADSCs-exo could antagonize H/SD induced osteocyte apoptosis 
and osteocyte-mediated osteoclastogenesis, indicating the therapeutic 
potential of ADSCs-exo in age-related bone disease.

Sun, H., et al. (2019). "Expression of exosomal microRNAs during 
chondrogenic differentiation of human bone mesenchymal stem cells." J 
Cell Biochem 120(1): 171-181.

The aim of the current study was to compare the expression of 
microRNAs (miRNAs) in exosomes derived from human bone mesenchymal 



stem cells (hBMSCs) with and without chondrogenic induction. Exosomes 
derived from hBMSCs were isolated and identified. Microarray analysis 
was performed to compare miRNA expression between exosomes derived 
from hBMSCs with and without chondrogenic induction, and quantitative 
real-time polymerase chain reaction (qRT-PCR) was used to verify the 
differentially expressed miRNAs. hBMSCs were transfected with miRNA 
mimic to extract miRNA-overexpressed exosomes. The results showed that 
most exosomes exhibited a cup-shaped or round-shaped morphology with a 
diameter of approximately 50-200 nm and expressed CD9 and CD63. We 
detected 141 miRNAs that were differentially expressed with and 
without chondrogenic induction by over a twofold change, including 35 
upregulated miRNAs, such as miR-1246, miR-1290, miR-193a-5p, miR-320c, 
and miR-92a, and 106 downregulated miRNAs, such as miR-377-3p and 
miR-6891-5p. qRT-PCR analysis validated these results. Exosomes 
derived from hBMSCs overexpressing miR-320c were more efficient than 
normal exosomes derived from control hBMSCs at promoting 
osteoarthritis chondrocyte proliferation, down-regulated matrix 
metallopeptidase 13 and up-regulated (sex determining region Y)-box 9 
expression during hBMSC chondrogenic differentiation. In conclusion, 
we identified a group of upregulated miRNAs in exosomes derived from 
hBMSCs with chondrogenic induction that may play an important role in 
mesenchymal stem cell-derived exosomes in cartilage regeneration and, 
ultimately, the treatment of arthritis. We demonstrated the potential 
of these modified exosomes in the development of novel therapeutic 
strategies.


