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Extracellular vesicles (EVs) are lipid bound particles derived from their original cells, which play critical roles in
intercellular communication through their cargoes, including protein, lipids, and nucleic acids. Status of EVs in
pulp/periodontal tissue regeneration and the potential mechanisms are discussed.

Keywords: extracellular vesicle ; pulp regeneration ; periodontal regeneration

| 1. Introduction

Extracellular vesicles (EVs) are encapsulated particles secreted by all types of parent cells. In addition, EVs can be found
in various biological fluids, such as blood, urine, and saliva 22l They were firstly observed in plasma 50 years ago &, but
were regarded as cellular waste and thought insignificant for a long time. However, research in the past decade has
markedly increased our knowledge about EVs in terms of their classification, characteristics, and functions. With respect
to the guidelines proposed by the International Society of Extracellular Vesicles (ISEV) in 2018, EVs can be characterized
by their size, origin, protein composition, and functions &l EVs are all enclosed by a lipid bilayer and carry complex
contents such as proteins, lipids, and nucleic acids 28, They participate in both physiological and pathological processes
and exert similar functions to their origin cells through intercellular communication and material transmission Bl The
application of EVs as disease biomarkers, therapeutic targets, novel drug agents, and acellular therapeutics has attracted
considerable attention (8,

Dental pulp is a vital, highly vascularized, and innervated tissue that provides several functions for teeth, such as
response to bacterial insult and injury. The presence or absence of dental pulp can greatly affect the prognosis of a
treated tooth 8. However, dental pulp is susceptible to trauma and infection caused by dental caries, periodontitis,
retrograde infection, or iatrogenic causes, which eventually leads to irreversible pulp injury or necrosis . Endodontic
therapy has been considered the primary choice for clinical treatment; however, this approach increases the fracture rate
of treated teeth and the failure rate of endodontic therapy ranges from 19.1% to 25.3% 9. Therefore, dental pulp
regeneration has marked advantages in maintaining the function of teeth after pulp disease. Although cell-based therapies
have been reported to be able to regenerate three-dimensional pulp tissue with blood vessels and sensory nerves L4, the
application of cell-based therapies has been limited because of concerns regarding immune rejection, safety, or medical
ethics 22, Thus, there is an urgent need for alternative cell-free approaches.

Periodontitis is a highly prevalent, multifactorial, chronic inflammatory disease of the periodontium characterized by the
irreversible destruction of tooth-supporting structures, including the gingiva, periodontal ligament (PDL), cementum, and
alveolar bone 3. Over 30% of adults worldwide are subjected to periodontitis, which is the main cause of adult tooth loss.
However, regular treatment strategies have limited efficacy in regenerating damaged periodontal tissues 4], Stopping
disease progression and maintaining therapeutic achievements are the major goals of conventional periodontal
treatments; however, complete and functional periodontal regeneration remains a clinical challenge 121,

| 2. EVs in Pulp Regeneration

EVs play a critical role in multiple tissue regeneration, including that of dental pulp 28l Regenerative endodontics
comprises several aspects, including pulp revascularization, pulpal tissue regeneration, dentin formation, and neurological
recovery, which involves the migration, proliferation, and differentiation of vascular endothelial cells and dental stem cells,
such as dental pulp stem cells (DPSCs), periodontal ligament stem cells (PDLSCs), gingival mesenchymal stem cells
(GMSCs), dental follicle stem cells (DFSCs), stem cells from human exfoliated deciduous teeth (SHED), and stem cells
from apical papilla (SCAP). The potential functions of EVs, mostly derived from dental stem cells, in endodontic
regeneration will be discussed below and summarized in Table 1 and Figure 1.
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Figure 1. Therapeutic mechanisms of EVs in pulp and periodontal regeneration. EV-based therapies are promising
therapeutic approaches for pulp and periodontal regeneration and have the potential to regulate the immune
microenvironment, boost angiogenesis, facilitate neural regeneration, and promote MSC proliferation and differentiation.

2.1. Pulp Vascularization

Pulp vascularization is fundamental for functional pulp regeneration because sprouting angiogenesis is the predominant
process during pulp regeneration and therapeutic processes 4. The key point for successful angiogenesis during pulp
regeneration is to provide an adequate blood supply. EVs derived from various stem cells have been reported to promote
angiogenesis by increasing endothelial cell viability, proliferation, migration, tube formation, and ameliorating damaged
endothelial cells (ECs) (18], Interestingly, EVs from dental stem cells exhibited a high potential for pulp vascularization 2.
Xian et al. revealed that dental pulp cell-derived EVs are capable of facilitating human umbilical vein endothelial cell
(HUVEC) proliferation, tube formation, and proangiogenic factor expression, including fibroblast growth factor 2 (FGF-2),
vascular endothelial growth factor A (VEGFA), kinase insert domain receptor (KDR), and matrix metalloproteinase 9
(MMP-9), indicating vital roles in angiogenesis. Moreover, p38 MAPK signaling inhibition enhanced EV-induced tube
formation, suggesting that p38 MAPK signaling participates in EV-mediated angiogenesis 29, Using a tooth fragment
model in immunocompromised mice, Wu et al. showed that SHED aggregate-derived EVs (SA-EVs) effectively improved
pulp tissue regeneration and angiogenesis in vivo via promoting SHED endothelial differentiation and enhancing the
angiogenesis of HUVECs. Mechanistically, SA-EV-transferred-miR-26a improved angiogenesis both in SHED and
HUVECs by regulating the TGFB/SMADZ2/3 pathway, which contributes to pulp regeneration 211,

Apoptosis is an autonomously regulated programmed cell death and used to be considered a passive phenomenon,
whereas recent studies suggest that apoptosis has an important role in modulating tissue homeostasis and regeneration
(22112311241 Cells undergo apoptosis after implantation in an ischemic-hypoxic environment; however, the roles of EVs
released by apoptotic cells are largely unknown. Recently, Li et al. demonstrated that ApoVs released by SHED can be
internalized by endothelial cells to augment their angiogenic capacities, including their proliferation, migration,
differentiation, and secretion. ApoV-shuttled mitochondrial Tu translation elongation factor could modulate the activation of
endogenous ECs through the transcription factor EB-autophagy pathway. In a beagle model, endogenous ECs were
recruited by ApoVs to promote the formation of blood vessel-rich dental-pulp-like tissue 24, The experimental data
revealed the significance of apoptosis in tissue regeneration and demonstrated the potential of using ApoVs to promote
angiogenesis in pulp regeneration.

Notably, EVs derived from cells in an inflammatory state possess higher proangiogenic potential. EVs secreted by DPSCs
isolated from periodontally diseased teeth exerted enhanced potential to promote the angiogenesis of ECs in vitro and
were better able to accelerate cutaneous wound healing and promote vascularization in vivo, compared with those from



periodontally healthy teeth 22, Similarly, the number of EVs derived from PDLSCs was enhanced by inflammation, while
EVs could promote the angiogenesis of HUVECs by mediating VEGFA transfer via miR-17-5p 28, Furthermore, EVs
originating from lipopolysaccharide (LPS)-preconditioned DPSCs had a more significant effect in modulating BMMSC
proliferation, migration, angiogenesis, and differentiation compared with EVs isolated from normal cells. The results
demonstrated that EVs released by DPSCs in a mild inflammatory microenvironment are capable of facilitating the
regeneration of dental pulp through functional healing instead of scar healing, which has potential applications in
regenerative endodontics 24, The above findings confirmed a generally accepted conclusion that submitting cells to
suitable environmental stress factors, such as radiation, oxidative stress, hypoxia, or inflammation, could increase the pro-
angiogenic potential of their EVs. The underlying angiogenesis potential of EVs stimulated by stress factors needs to be
explored for dental pulp regeneration.

2.2. Nerve Regeneration and Neural Repair

Neuralization of the damaged tissue is critical for the regeneration of functional dental pulp because nerves perform
sensory functions in the pulp and are responsible for responding to external stimuli 28, The ideal regenerative
endodontics also involve nerve regeneration and neural recovery. Dental stem cells, originating from cranial neural crests,
are suitable for the induction of neural differentiation during pulp regeneration procedures. Previous studies have shown
that transplantation of DPSCs can promote neurite extension and neuron growth during pulp regeneration, but little is
known about the neurogenesis capability of EVs for pulp regeneration 1129 EVs have been reported to improve neural
recovery and induce neurogenesis in some neural diseases BY. Schwann cells (SCs) play a vital role in the support,
maintenance, and regeneration of nerve fibers in dental pulp BY. Recently, Wang et al. revealed that EVs derived from
SCs (SC-EVs) enhanced neurite outgrowth and neuron migration of rat dorsal root ganglia explants after coculture,
suggesting that SC-EVs are able to promote neural regeneration and might facilitate the regeneration of functional nerve
fibers in dental pulp tissue BY. To investigate the role of EVs from the dental pulp tissue (DPT-EVs), Chen et al. built an in
vivo “cell homing” model by filling the root canal of swine teeth with a mixture of treated dental matrix and DPT-EV-laden
scaffolds. After 8 weeks of subcutaneous implantation into immunodeficient nude mice, the results showed that the DPT-
EVs promoted the neurogenetic differentiation of SCAP by expressing neurogenetic markers MBP101 and neurofilament
protein (NF200), indicating the potential of DPT-EVs in nerve regeneration 28],

Recent studies suggested the positive effects of EVs on neurogenesis, indicating that EVs are a potential biomimetic tool
during pulp regeneration. However, the underlying mechanism and role of EVs during pulp nerve regeneration and neural
recovery remains to be clarified.

2.3. Dentin-Pulp Complex Regeneration

An ideal outcome of dental pulp regeneration also requires recruited or implanted MSCs’ multipotency to form the dentin-
pulp complex, which is the frontier of reparative dentin formation and the foundation of ideal pulp regeneration B2. On this
basis, the biological function of dental pulp is subsequently reconstructed. EVs have been proven to improve cell
differentiation and can be used as a powerful tool for pulp regeneration 23],

Endocytosis of dental pulp cell-derived EVs by DPSCs and BMMSCs induced the odontogenic differentiation of both cells
by triggering the increased expression of DSPP (encoding dentin sialophosphoprotein). When tested in vivo, EVs also
triggered the regeneration of dental pulp-like tissue. Interestingly, EVs derived from cells under odontogenic conditions are
more potent in inducing lineage-specific differentiation of DPSCs, suggesting that the source and state of EVs are critical
for their therapeutic potential 34. Hu et al. further investigated the underlying mechanism via microRNA sequencing and
pathway analysis. They found that 28 microRNAs in EVs extracted from DPSCs cultured in odontogenic medium were
significantly changed compared with those in regular medium. In addition, conditioned EV treatment or transfection of
miR-27a-5p, which was upregulated in EVs under odontogenic induction, both enhanced TGFf signaling and promoted
odontogenic differentiation of DPSCs. Further experimental data verified that the EV-encapsulated miR-27a-5p promoted
odontogenic differentiation through the TGFB1/SMADs signaling pathway by downregulating latent TGF-f3-binding protein
1 (LTBP1) 8, Recently, EVs derived from SCAPs were observed to be taken up by BMMSCs and markedly improved
their specific dentinogenesis in root fragments transplanted into nude mice €. A previous study reported that EVs derived
from a Hertwig's epithelial root sheath (HERS) cell line could promote the odontogenic differentiation of DPSCs and
enhance dentin-pulp complex formation B4, All these findings indicated that the use of EVs from dental stem cells could
constitute a potential therapeutic approach for dentine-pulp complex regeneration in regenerative endodontic procedures.



2.4. Immunomodulatory Properties in Pulp Regeneration

The continuous production of inflammatory cytokines in pulp would maintain inflammatory reactions, eventually resulting
in dental pulp necrosis. Therefore, suitable inflammation conditions are necessary for pulp regeneration. EVs inherit the
function of their parent cells and have lower immunogenicity; therefore, they play important roles in immune regulation
and tissue regeneration 28, For example, EVs derived from human GMSCs (GMSC-EVs) could inhibit the inflammatory
response of PDLSCs by regulating the expression of NF-kB signaling and Wnt5a, which restored the regenerative
potential of PDLSCs and promoted periodontal tissue regeneration in patients with periodontitis 2.,

Macrophages are the most abundant immune cells in pulp, acting as the critical regulators of inflammation-related
diseases, such as pulpitis. They are crucial for inflammatory pulp regeneration because their interactions with pulpal
inflammation can create a regulatory microenvironment for the odontogenesis of stem cells 9. Zheng et al. clarified that
microRNA-enriched EVs derived from DPSCs (DPSC-EVs) possess odonto-immunomodulatory properties by switching
macrophages from the M1 to the M2 phenotype to enhance the odontogenesis of DPSCs. Mechanistically, miR-125a-3p
was significantly upregulated in DPSC-EVs, which was proven to mediate macrophage phenotype switching via inhibition
of NF-kB and Toll like receptor (TLR) signaling. Moreover, DPSC-EVs and the encapsulated miR-125a-3p both enhanced
bone morphogenetic protein 2 (BMP2) release in macrophages, promoting the odontogenesis of DPSCs through BMP2
pathway activation 44, The immune microenvironment is critical during inflammatory dental pulp regeneration, especially
T cell-based immune functions. A previous study showed that SCAP-EVs could enhance Treg conversion and effectively
alleviate inflammation in the dental pulp of rats, indicating that SCAP-EVs can modulate the local immune
microenvironment to support tissue regeneration 2. Recent studies have shown that EVs can alleviate inflammation to
promote pulp regeneration in vitro and in vivo (Table 1); however, the detailed mechanism of how EVs regulate the
immune balance during pulp regeneration requires further investigation.

Table 1. Therapeutic effects of EVs in dental pulp regeneration.

Origin of EVs Tygsli_ of Study Models Key Functions/Potential Molecular Mechanism References
Dental bul In vitro and in vivo (teeth
stem cI:IIsp SEVs root slices implanted Induced lineage-specific differentiation of stem Huang et
(DPSCs) subcutaneously into cells/Triggered the P38 MAPK pathway al., 2016 341
nude mice dorsum)
Dental pulp SEVs In vitro Promoted angiogenesis/Enhanced tubular Xian et al.,
cells morphogenesis via p38 MAPK signaling inhibition 2018 29

In vitro and in vivo Enhanced odontogenesis by switching

L macrophages toward Zheng et al.,
DPSCs SEVs (dental pulp capping in pro-healing M2 cells/Promoted odontogenesis in 2020 [41]

SD rat teeth) DPSCs through BMP2 pathway activation

In vitro and in vivo

(transplantation in renal Triggered regeneration of dental pulp-dentin-like

Hertwig’s

P sEVs- tissue comprised of hard (reparative dentin-like
epithelial root R capsule of rat; teeth root - Zhang et al.,
sheath (HERS) like slices transplanted tissue) and soft (blood vessels and neurons) 2020 371
vesicles p tissue/lEndocytosis of SEVs triggered the activation

cells subcuta_neously into of P38 MAPK pathway
nude mice dorsum)

DPSCs EVs In vitro Promoted angiogenesis in an injectable hydrogel in  Zhang et al.,

vitro 2020 421
Stem ce_zlls In vitro and in V.Wo (teeth Endocytosed by bone marrow-derived
from apical root fragments implanted Zhuang et
i sEVs . mesenchymal stem cells (BMMSCs) and [26]
papilla subcutaneously into significantly improved their specific dentinogenesis al, 2020
(SCAPs) nude mice dorsum) 9 y1mp P 9
Dental pulp SEVs In vitro Induced the recruitment and proliferation of human lvica et al.,
cells mesenchymal stem cells 2020 24
Stem cells In vitro and in vivo (teeth
fr:;?Q:}::ZZn SEVs ro?r;fr::]nTeednts Shuttled miR-26a to promote angiogenesis via TGF- Wu et al.,
. plante . BISMAD2/3 signaling 2021 [21]
deciduous subcutaneously into mice
teeth (SHED) dorsum)
Lipopolysaccharide (LPS)-stimulated seVs
. displayed a better ability on regulating SCs Lietal.,
DPSCs SEVs In vitro migration and odontogenic differentiation than 2021 1451

normal sEVs



Types of

Origin of EVs EVs

Study Models Key Functions/Potential Molecular Mechanism References

LPS stimulated sEVs (LPS-sEVs) showed better
proangiogenic potential of HUVECs compared with
control sEVs/The expression of miR-146a-5p, miR-

DPSCs sEVs In vitro 92b-5p, miR-218-5p, miR-23b-5p, miR-2110, miR-
27a-5p, and miR-200b-3p was increased in the LPS-
sEVsIThe expression of miR-223-3p, miR-1246, and

miR-494-3p was decreased in the LPS-sEVs

Huang et
al., 2021 148

In vitro and in vivo

Dental pulp SEVs (dental pulp capping in sEVs-treated dentin matrix promoted the formation Wen et al.,
cells - p 'p Pping of continuous reparative dentin 2021 1471
minipig teeth)
In vitro and in vivo (swine
Dental pulp . . .
. teeth implanted Recruited SCAPs to regenerate connective tissue Chen etal,,
tissue and sEVs - . . 28]
cells subcutaneously into mice similar to natural dental pulp 2022
dorsum)
Platelet SEVs In vitro 5% thrombin-activated platelet-derived sEVs had a Bagio et al.,
high potential to induce dental pulp regeneration 2022 1481
In vitro and in vivo Regulated cellular NFIC level in SCAPs to promote
Dental pulp EVs (subcutaneous the proliferation, migration of SCAPs, and Yang et al,
cells transplantation in nude p - 9 . ! 2022 [49]
. dentinogenesis
mice)
In vitro and in vivo (teeth Recruited endogenous endothelial cells (ECs) and
fragments implanted facilitated the formation of dental-pulp-like tissue
SHED AboVs subcutaneously into rich in blood vessels/ApoVs-carried mitochondrial Lietal.,
p nude mice dorsum; Tu translation elongation factor modulated the 2022 [241
orthotopic model of angiogenic activation of ECs through the
beagle dog) transcription factor EB-autophagy pathway

| 3. EVs in Periodontal Regeneration

The American Academy of Periodontology defined periodontal regeneration as the formation of a new cementum, alveolar
bone, and a functional periodontal ligament over a previously diseased root surface 9. Tissue engineering and cell-
based therapies have been considered novel alternatives to overcome the limitations of existing therapies, because of the
reported functions of stem cells in promoting and regulating tissue regeneration RSB MSCs participate in the
regeneration of defective or damaged periodontal tissues because of their high proliferation, multipotency, paracrine
effects, and immune regulation 2. As an important part of the stem cell secretome, EVs have been demonstrated to
participate in periodontal tissue repair and regeneration.

In 2019, Chew et al. investigated the therapeutic effects of MSC-EV-loaded collagen sponges to regenerate surgically
created periodontal intrabony defects in an immunocompetent rat model. The data showed that EV-treated rats repaired
the defects more efficiently with the regeneration of periodontal tissues, including newly-formed bone and PDL, possibly
via increasing PDLSCs migration and proliferation 231, PDLSCs, residing in the perivascular space of the periodontium
possess MSC potentials and are a therapeutic target for periodontal regeneration 24, A later study reported that EVs
secreted from healthy PDLSCs (h-PDLSC-EVs) promoted the osteogenic differentiation of PDLSCs derived from
periodontitis tissue. h-PDLSC-EV treatment accelerated bone formation in the defect of alveolar bone in rat models of
periodontitis. Mechanistically, h-PDLSC-EVs inhibited the over-activation of canonical Wnt signaling to recover the
osteogenesis of inflammatory PDLSCs B3l Recently, EVs isolated from DFSCs (DFSC-EVs) have also been
demonstrated to improve periodontal tissue regeneration by promoting the proliferation, migration, and osteogenic
differentiation of PDLSCs. The effect of DFSC-EVs might be partially induced by the activation of the p38 MAPK signaling
pathway 28, BMMSCs are crucial for desired bone regeneration. EVs derived from SHED (SHED-EVs) have been
reported to directly promote osteogenesis of BMMSCs and suppress adipogenesis, thereby enhancing bone formation in
a mouse model of periodontitis 2. SHED-EVs also present a potential to mobilize naive BMMSCs, suggesting their
relevance in assisting bone regeneration 28l Local administration of EVs to treat periodontitis has limitations, such as the
short half-lives of EVs and their rapid diffusion away from the delivery site. To overcome these drawbacks, “dual delivery”
microparticles have been designed, which not only facilitate the microenvironment-sensitive release of EVs by
metalloproteinases at the affected site but also are loaded with antibiotics to suppress bacterial biofilm growth. The results
showed that the one-time administration of immunomodulatory GMSC-EV-decorated microparticles led to a significant
improvement in the regeneration of the damaged periodontal tissues <.



Periodontitis is mainly caused by a host immune-inflammatory response to bacterial insult; therefore, it is critical to
suppress the inflammatory immune microenvironments that mediate periodontal tissue damage for high-quality healing
(141 Vs derived from dental stem cells can modulate the local immune microenvironment to support pulp regeneration,
which also exhibit their immunoregulation effects in periodontal regeneration. Zarubova et al. have shown that GMSC-EVs
can reduce the secretion of pro-inflammatory cytokines by immune cells, inhibit T-cell activation, and induce the formation
of Tregs in vitro. In a rat model of periodontal disease, GMSC-EVs led to a significant improvement in the regeneration of
the damaged periodontal tissue B2, DPSC-EVs can alleviate periodontitis-induced epithelial lesions and reduce alveolar
bone loss in experimental mice by converting macrophages from a pro-inflammatory phenotype (M1) to an anti-
inflammatory phenotype (M2). It was further clarified that miR-1246 within DPSC-EVs accounted for the therapeutic effect
(60 Research suggested that macrophages are also critically involved in the periodontal regeneration mediated by EVs,
similar to their roles in pulp regeneration. Other research demonstrated that BMMSC-EVs suppressed the development of
periodontitis and immune damage of periodontal tissue, partly attributed to the regulation of macrophage polarization,
TGF-B1 expression, and osteoclast function L. In accordance with the response to an inflammatory environment in pulp
regeneration, studies also reported that preconditioned EVs possess enhanced therapeutic potential in periodontal bone
defects. GMSCs under TNF-a stimulation not only secreted increased amounts of EVs but also regulated inflammation by
inducing M2 macrophage polarization. Moreover, EVs derived from TNF-a-preconditioned GMSCs greatly enhanced their
therapeutic efficiency in reducing periodontal bone resorption and the number of osteoclasts in a mouse model of
periodontitis, which was mediated by the upregulated miR-1260b within EVs targeting the Wnt5a-mediated receptor
activator of nuclear factor kappa B ligand (RANKL) pathway and inhibiting its osteoclastogenic activity €2, Similarly, Kang
et al. reported that the TNF-a-preconditioned MSC-EVs possess enhanced immunomodulatory properties by suppressing
M1 macrophages and increasing M2 macrophages in vitro, and reducing inflammation in vivo in a rat calvarial defect
model. An analysis of EV miRNA composition revealed significant changes in anti-inflammatory miRNAs in the
preconditioned MSC-EVs €3], Taken together, these studies indicated the specific function of TNF-a-preconditioned EV
miRNAs in the immunomodulatory control of periodontal and bone regeneration. Paradoxically, LPS-preconditioned EVs
were beneficial to repair lost alveolar bone in the early stage of treatment and to maintaining the level of alveolar bone in
the late stage of treatment in experimental periodontitis rats; however, the therapeutic potential was similar to the
unstimulated EVs B4, Further investigations are required to explain the discrepancy.

The above studies showed that EV-based therapies, especially dental EVs, are promising therapeutic approaches and
have the potential to enhance the success of periodontal regeneration, as summarized in Table 2 and Figure 1. However,
the clinical application of EVs is still challenging and further clinical investigations are needed to testify to the effects of
EVs on patients.

Table 2. Therapeutic effects of EVs in periodontal regeneration.

Origin of EVs ::’ESSS Study Models Key Functions/Potential Molecular Mechanism References
. . In vitro and in vivo Induced highly organized structures formation Mohammed
Adipose-derived . R
sEVs (ligature-induced that was comparable to normal healthy et al., 2018
stem cells . L i . [65]
periodontitis in rat) periodontal tissue
Mesenchymal In vitro and in vivo In_crea_sed perlodo_ntal Il_gament (PDL) cell
. . migration and proliferation through CD73- Chew et al.,
stem cells sEVs (periodontal intrabony . . Lo [53]
(MSCs) defect in rat) mediated adenosine receptor activation of pro- 2019
survival AKT and ERK signaling
Dental follicle In vitro and in vivo Inhibited osteoclast formation and promoted Shi et al
cells (DFCs) sEVs (ligature-induced periodontal regeneration via OPG/IRANK/RANKL 2020 (4]
periodontitis in rat) signaling pathway
Modulated macrophages from a pro-
In vitro and in vivo inflammatory phenotype to an anti-inflammatory
. R h . . X . Shen et al.,
DPSCs sEVs (ligature-induced phenotype in the periodontium of mice with 2020 [601
periodontitis in mouse) periodontitis, which could be associated with
miR-1246
In vitro and in vivo
(Ilgatl.lre-lnd.u.ced Directly promoted BMSCs osteogenesis, Wei et al.,
SHED sEVs periodontitis . L . [57]
differentiation, and bone formation 2020

+Porphyromonas gingivalis

inoculation in mouse)



Types

Origin of EVs of EVs

Study Models Key Functions/Potential Molecular Mechanism References

. L Promoted the regeneration of periodontal
In vitro and in vivo

. R tissues/Regulated the inflammatory immune Liu et al.,
BMMSCs SEVs (ligature-induced response via the OPG-RANKL-RANK signaling 2021 (611
periodontitis in rat)
pathway
Gingival In vitro and in vivo Induced the resolution of inflammation and
mesenchymal SEVs (ligature-induced prevented bone loss in the periodontal Nakao et al.,
stem cells erio?iontitis in mouse) tissuellnhibited osteoclastogenesis via the 2021 [€2]
(GMSCs) P Wnt5a-mediated RANKL pathway
In vitro and in vivo Accelerated bone formation in the defect of
. (surgically created alveolar bone in rat models of
Periodontal . . L . .
ligament stem SEVs periodontal defect and periodontitis/IRecovered the osteogenic Lei et al.,
9 ligature-induced differentiation capacity of inflammatory PDLSCs 2022 581
cells (PDLSCs) . L . . - .
periodontitis +LPS via suppressing the over-activation of canonical
inoculation in rat) Whnt signaling

Promoted periodontal tissue

Dental follicle In vitro and in vivo regeneration/Enhanced the proliferation, Ma et al.
stem cells sEVs (surgically created migration, and osteogenic differentiation of 2022 @’
(DFSCs) periodontal defect in rat) PDLSCs through the p38 MAPK signaling
pathway
DECs MVs :2::;22;:;‘1‘;:3;:3 Strengthened alveolar bone regeneration Yi etal.,
through activating PLCIPKCIMAPK pathways 2022 [€8]

periodontal defect in rat)
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