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BACKGROUND: The stem cell-based therapies for intervertebral 
disc degeneration have been widely studied. However, the mechanisms of 
mesenchymal stem cells interacting with intervertebral disc cells, 
such as nucleus pulposus cells (NPCs), remain unknown. Exosomes as a 
vital paracrine mechanism in cell-cell communication have been highly 
focused on. The purpose of this study was to detect the role of 
exosomes derived from bone marrow mesenchymal stem cells (BM-MSCs) and 
NPCs in their interaction with corresponding cells. METHODS: The 
exosomes secreted by BM-MSCs and NPCs were purified by differential 
centrifugation and identified by transmission electron microscope and 
immunoblot analysis of exosomal marker proteins. Fluorescence confocal 
microscopy was used to examine the uptake of exosomes by recipient 
cells. The effects of NPC exosomes on the migration and 
differentiation of BM-MSCs were determined by transwell migration 
assays and quantitative RT-PCR analysis of NPC phenotypic genes. 
Western blot analysis was performed to examine proteins such as 
aggrecan, sox-9, collagen II and hif-1alpha in the induced BM-MSCs. 
Proliferation and the gene expression profile of NPCs induced by BM-
MSC exosomes were measured by Cell Counting Kit-8 and qRT-PCR 
analysis, respectively. RESULTS: Both the NPCs and BM-MSCs secreted 
exosomes, and these exosomes underwent uptake by the corresponding 
cells. NPC-derived exosomes promoted BM-MSC migration and induced BM-
MSC differentiation to a nucleus pulposus-like phenotype. BM-MSC-
derived exosomes promoted NPC proliferation and healthier 
extracellular matrix production in the degenerate NPCs. CONCLUSION: 
Our study indicates that the exosomes act as an important vehicle in 
information exchange between BM-MSCs and NPCs. Given a variety of 
functions and multiple advantages, exosomes alone or loaded with 
specific genes and drugs would be an appropriate option in a cell-free 
therapy strategy for intervertebral disc degeneration.
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Although mesenchymal stem cells (MSCs) transplantation into 
the IVD (intervertebral disc) may be beneficial in inhibiting 
apoptosis of nucleus pulposus cells (NPCs) and alleviating IVD 
degeneration, the underlying mechanism of this therapeutic process has 
not been fully explained. The purpose of this study was to explore the 
protective effect of MSC-derived exosomes (MSC-exosomes) on NPC 
apoptosis and IVD degeneration and investigate the regulatory effect 
of miRNAs in MSC-exosomes and associated mechanisms for NPC apoptosis. 
MSC-exosomes were isolated from MSC medium, and its anti-apoptotic 
effect was assessed in a cell and rat model. The down-regulated miRNAs 
in apoptotic NPCs were identified, and their contents in MSC-exosomes 
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were detected. The target genes of eligible miRNAs and possible 
downstream pathway were investigated. Purified MSC-exosomes were taken 
up by NPCs and suppressed NPC apoptosis. The levels of miR-21 were 
down-regulated in apoptotic NPCs while MSC-exosomes were enriched in 
miR-21. The exosomal miR-21 could be transferred into NPCs and 
alleviated TNF-alpha induced NPC apoptosis by targeting phosphatase 
and tensin homolog (PTEN) through phosphatidylinositol 3-kinase 
(PI3K)-Akt pathway. Intradiscal injection of MSC-exosomes alleviated 
the NPC apoptosis and IVD degeneration in the rat model. In 
conclusion, MSC-derived exosomes prevent NPCs from apoptotic process 
and alleviate IVD degeneration, at least partly, via miR-21 contained 
in exosomes. Exosomal miR-21 restrains PTEN and thus activates PI3K/
Akt pathway in apoptotic NPCs. Our work confers a promising 
therapeutic strategy for IVD degeneration.


