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Abstract
Exosomes are small extracellular vesicles of endosomal origin and have been receiving much attention in the dental field. Their role was
considered to be only as a waste disposal system, but now they are emerging as a class of signal mediators. Significantly, their biochemical content
includes not only lipids and proteins, but also nucleic acids, mainly miRNAs and mRNAs. They are being considered as attractive vehicles for cargo
delivery to target cells. Exosomes also have regenerative and immunomodulatory properties, characteristics that are encouraging their application
for regenerative dentistry. Considering the potential role of exosomes in tissue regeneration and their advantages over cell-based therapy, their
applications in the dental field will continue to be studied.
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Introduction
Exosomes are a type of extracellular vesicles that are secreted
via exocytosis from late endosome multivesicular bodies [1]
(Figure 1A). Exosomes are nano-vesicles measuring 40 to 150 nm,
first discovered in the supernatant of cultured sheep erythrocytes
in 1983 [2]. Since then, the progress of bioscience and technology
has revealed that their role is not limited to be a waste disposal
system; they are now emerging as a class of signal mediators with
cellular component release [3-5]. They also have regenerative
and immunomodulatory properties, characteristics that are
encouraging their application for therapeutic purposes [4,5].
Although exosomal functions have already been widely explored
in regenerative medicine, the potential for regulating tissue repair
and regeneration in the dental field has not drawn nearly as much
attention [6]. Therefore, the use of exosomes for human cleft lip and
palate reconstruction, periodontal regeneration, osteoinductive
roles in orthodontic treatment, healing in facial bone fracture,
and chondral and muscular regeneration in temporomandibular
disorders will continue to be studied.
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Exosome-Based Therapeutics in Regenerative Dentistry
Exosomes are increasingly gaining the attention of the scientific
community because of their small size and ubiquitous presence in
almost every fluid of the human body, such as saliva, urine, plasma,
synovial fluid, breast milk, amniotic liquid, seminal fluid, ascites,
and cerebrospinal fluid [5]. Exosomes are enveloped by a lipid
bilayer enriched in cholesterol, ceramide, and sphingomyelin. The
membrane of exosomes is also abundant in some tetraspanins
such as CD9, CD63, and CD81, that could be used as markers for
identifying exosomes. The internal contents of exosomes are
enriched in special biomolecules, functional proteins, and nucleic
acids, including microRNAs (miRNAs), messenger RNAs (mRNAs),
and even DNA (Figure 1B) [3,7]. With these components, exosomes
have been identified as another vital mediator of paracrine
communication [8]. Paracrine signaling is of major importance in
maintaining cellular homeostasis, and it also plays a key role in the
onset and development of many diseases [9].
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Figure 1:
A.
Exosome biogenesis. Exosomes are an end-product of the endocytic recycling pathway. First, endocytic vesicles are
formed at the plasma membrane and fuse to form early endosomes. These mature and become late endosomes. After further
processing, exosomes are released through membrane fusion.
B.
An enlarged exosome showing a variety of common exosomal surface markers (e.g., tetraspanins such as CD9, CD63,
and CD81 and lipid raft-associated proteins including flotillin-1), as well as internal markers such as Alix and Tsg101. Each
exosome also contains and transfers small RNAs and other cytoplasmic proteins and cell-specific receptors, which can be
transferred to recipient cells.
Furthermore, their relative stability in circulating body
fluids and their ability to pass biological barriers have prompted
investigations aimed at using them for therapeutic purposes [10].
Finally, a large collection of evidence shows that exosomes are
important regulators of many biological functions, such as tissue
regeneration, immune response, and tissue homeostasis [11]. With
these properties, they would be useful for innovative approaches
in tissue regeneration against bone destruction or defect in the
dental field. We could reasonably visualize a cell-free therapy using
exosomes for tissue regeneration. It is worthy to be mentioned that
mesenchymal stem cell (MSC)-derived exosomes might constitute
a compelling alternative because of their advantages over the
corresponding MSCs: they are less complex and even smaller than
cells, so they are easier to produce and store, and have the potential
to avoid some of the regulatory or legal issues that MSCs face [12].

It also would avoid the risks related with direct stem cell
transplantation, such as hyper-immune reaction or immune
rejection, teratoma formation, and the reduced regenerative
capacity of engrafted cells [13]. Therefore, MSC-derived exosomes
may be an ideal therapeutic tool for regenerative dentistry in near
future.
In addition, MSC-derived exosomes are particularly promising
candidates for developing cell-free therapy in several fundamental
biological processes, such as recruitment of inflammatory cells,
neovascularization, and coagulation [14]. Thus, they have vital
importance in ensuring the appropriate inflammatory reaction

after injury, which would improve tissue repair and regeneration.
Angiogenesis is of vital importance in various physiological
processes including cutaneous wound healing and/or tissue
regeneration. Exosomes released by human adipose-derived MSCs
can significantly promote endothelial cell angiogenesis in vitro and
in vivo [15-17].

Furthermore, exosomes derived from human amniotic
epithelial stem cells have the regenerative potential to heal
full-thickness skin defect in rats [18]. Exosomes derived from
human MSCs have therapeutic effects on osteochondral defect
and eventually lead to cartilage repair [19]. However, the precise
underlying molecular mechanisms of these beneficial effects have
not yet been determined, which may be a highly orchestrated
physiological process consisting of a complex event. Recent
evidence suggests that exosomes secreted by most cell types
can mediate transfer of their cargo. Theoretically, endogenous
exosomes could be reasonable candidates for natural drug delivery
because of their small size, permeability of physiological barriers,
nontoxicity, low immunogenicity, and stability in circulation [20].
Emerging exosomal engineering strategies have laid the foundation
for achieving this goal [21]. In the near future, with assistance of
exosomes engineered with anti-inflammatory drugs or compounds,
clinicians might be able to modulate the inflammatory response
soon after tissue damage occurs.
In addition, modifying the surface of exosomes by adding
proteins with affinity to injured cells and tissues could precisely
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drive exosomes to a target site [22]. Further, with encapsulation
of nucleic acid into exosomes, exosomes could carry a miraculous
therapeutic potential for tissue regeneration through modulating
the microenvironment of their target cells [21]. Despite extensive
evidence, the potential roles of exosomes in tissue repair and
regeneration have not been fully elucidated. The certain contents
and properties of exosomes that are capable of promoting tissue
regeneration are still unclear. It would be also of great significance
in identifying the variations in exosomal amounts following injury,
because excessive exosome recruitment can lead to further tissue
damage by persisting the inflammatory response. Furthermore,
great efforts still needed for developing optimized methods for
exosomal isolation and purification.

Conclusion

Although there is much that remains to be investigated in the
field of exosomal research, the unique properties of exosomes
clearly represent new therapeutic strategies for tissue repair and
regeneration in the dental field. It is reasonable to believe that more
regenerative potential of exosomes will be discovered in the future.
The innovative strategy of using exosomes is obviously suggesting
new options for regenerative medicine, although there are areas
that need further research before clinical application. Using the
exosome-based therapeutic strategies, we might be able to reduce
safety concern and immunogenicity problems in regenerative
dentistry.
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