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Abstract

Mesenchymal stem cells (MSCs) play pivotal roles for bone regeneration by virtue of their oste-
ogenic differentiation ability and immunomodulatory capacity. Recently, secretion of exo-
somes/extracellular vesicles (EVs) has been suggested as a new mechanism of MSC-based ther-
apy. MSC-derived EVs/exosomes have shown promising effects in tissue regeneration and im-
munomodulation, which are attributed to their regulatory effects in various processes. The overall
objective of this thesis was to explore the cell-to-cell communication and cell-to-material surface
interaction mediated by MSC-derived EVs/exosomes. The emphasis was placed on their functions
in the regeneration capacity of MSCs and the determination of the microRNA and protein contents
of these EVs/exosomes in order to obtain an insight into the underlying mechanisms of the EV-
/exosome-mediated biological effects.

The results demonstrated that exosomes secreted from MSCs in the mid and late stage of osteo-
genic differentiation induced osteogenic lineage commitment, but only exosomes from the late
differentiation induced the mineralisation of the extracellular matrix. MSC-derived exosomes
were internalised by a subpopulation of homotypic cells. The differentially expressed microRNAs
were osteogenesis related and predicted to enrich pathways involved in the regulation of osteo-
genic differentiation and general mechanisms by which exosomes exert their functions. In vitro
ageing increased the secretion of EVs and in some contexts altered the protein profiles of EVs.
The top abundant proteins in high passage (HP, “aged”) and low passage (LP, “young”) EVs
shared similar but not identical functional features with an overlap of the enriched pathways re-
lated to endocytosis and regulation of cell proliferation and survival. The differentially expressed
proteins in HP EVs were predicted to enrich GO biological process related to transport and secre-
tion. Both HP and LP EVs promoted MSC proliferation in autocrine and paracrine manners and
in a dose-dependent fashion. In contrast to MSC-derived exosomes in suspension, exosomes
which were immobilised on titanium (Ti) surfaces accelerated and increased MSC adhesion, in-
fluenced the early morphology and promoted the growth of MSCs on titanium. Proteomic analysis
of the exosomal protein revealed identified proteins with predicted GO molecular function related
to adhesion, structure and morphology, and growth factor and growth factor receptor activity.

In conclusion, MSC-derived EVs/exosomes possess regenerative effects, in terms of the stimula-
tion of the proliferation and osteogenic differentiation of MSCs, and influence the behaviour of
MSCs on titanium surfaces. The expression of exosomal cargoes is altered during osteogenic dif-
ferentiation and in vitro ageing and their predicted functions partially correspond to the observed
effects. It is suggested that the MSC-derived EV-/exosome-mediated effects on the regeneration
capacity of MSCs are at least partially attributed to the transfer of functional exosomal cargoes.
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