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[Abstract] Mesenchymal stem cell (MSC) is one of the most significant sources of cell - based therapeutics for bone tissue
regeneration. Investigations have demonstrated that MSC-derived exosomes can get beyond the restrictions of stem cell transplantation.
Exosomes have been demonstrated to stimulate osteogenesis and osteogenic differentiation in the bone microenvironment both in vivo
and in vitro. Exosomes play as a crucial role in intercellular communication by directly influencing the transcriptional level of their
target cells. They carry DNA, mRNA, miRNA, protein, and lipids. The miRNAs are major regulators at various stages of cell
differentiation, and modulate physiological and pathological processes through mRNA degradation or translation blockade. MSC -
derived exosomes have advanced significantly in bone regeneration and repair recently. This article addresses the formation of MSC-
derived exosomes, their application, and possible therapeutic procedures in the restoration of bone tissue defects.
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Figure 1 Schematic of the biogenesis of exosomes
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Table 1 The function of stem cell derived exosomes in bone tissue repair
Parent
well Target cell Advantage In vitro Model In vivo Reference
BM-MSC  BM-MSC Reduced oxidative ~ Rescued proliferation inhibition, Radiation- Mitigated radiation - [16]
stress, and prevent- and reduced related aging pro- induced bone induced bone loss
ed bone loss tein expression loss in rats
hMSC hMSC  Osteoinduction Upregulated osteogenic genes Calvarial defect Enhanced osteoge- [33]
in rats nesis
BMSC  Osteoblast Delayed/avoided col- Increased proliferation, and en- Femoral necro- Promotedlocalangio- — [34]
lapse of femoral head hanced osteogenic differentiation  sis in rabbits genesis; and prevent-
ed bone loss
mBMSC  Osteoblast Regenerated defected Enhanced osteogenic differentia- Fracture in mice Promoted  fracture ~ [35]
tissue tion recovery
BMSC BMSC  Recruited stem cells Increased migration, and en- Calvarial defect Promoted angiogene- — [37]
hanced osteogenic differentiation  in rats sis
hASC hBMSC  Promoted angiogene- Increased proliferation, increased Calvarial defect Increased bone for- — [42]
sis and wound heal- migration, and enhanced osteo- in mice mation
ing genic differentiation
hASC hASC  Rich source, ob- Increased proliferation, increased - - [44]
tained easily, ideal migration, and upregulated osteo-
cell source genic protein/gene
hASC U937  High yield, low inva- Inhibited M1 marker expression, Calvarial defect Increased bone for- — [45]
sion rate and upregulated M2 marker inrats mation
expression
huMSC ~ hBMSC  Higher pluripotency Upregulated osteogenic genes Calvarial defect Increased bone for-  [47]
potential of bone in rats mation
tissue engineering
huMSC ~ HUVEC  Obtained easily, ex- Increased migration and prolifer- Femoral fracture Increased angiogen- [25]
cellent proliferation ation, and promoted angiogenesis in rats esis; and accelerated
and  differentiation bone healing
ability
huMSC hBMSC  Rich source of Increased migration and Knee cartilage ~ Promoted cartilage ~ [49]
tissues, and painless proliferation, and enhanced defect in rats regeneration
collection differentiation
huMSC hBMSC  High cell yield Increased migration and Critical-sized Enhanced osteoge- [50]
proliferation calvarial bone nesis
defect in rats
hDPSC hADSC  Secreted multiple Enhanced osteogenic differentia- Mandibular de- Increased bone for- — [51]

growth factors

tion, and increased migration

fect in rats

mation

BM-MSC: bone marrow derived-mesenchymal stem cells; hMSC: human mesenchymal stem cells; BMSC: bone marrow mesenchymal stem cells;
mBMSC: mouse bone marrow mesenchymal stem cells; U937: human monocyte cell line; hASC: human adipose derived stem cells; huMSC: human um-

bilical cord mesenchymal stem cells; HUVEC: human umbilical vein endothelial cells; hDPSC: human dental pulp stem cells.
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Figure 2 The mechanisms of exosomes in bone repair
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