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ABSTRACT

Background: One of the main reasons for tooth loss and functional incompatibility of dentition is
periodontitis which is a multi-factorial disease. Among the main reasons for periodontitis is inflammation.

Hypothesis: Some keystone bacteria, such as Prophyromonas gingivalis with a notable number of
virulence factors could activate and modify inflammatory pathways in gingiva. A well-established
therapy for this disease is topical antibiotics; however, these treatments have side effects and could
promote antibiotic-resistant infections as well. Such antibiotic-resistant infections are a group of
periodontitis with a severely complicated treatment approach that could fail. Thus, new strategies need
to be developed for treatment-resistant (antibiotic-resistant) periodontitis. In the past decades, many
randomized controlled clinical trials have shown that mesenchymal stromal cells (MSCs) could treat
inflammatory-dependent diseases or disorders. In addition to MSCs, the anti-inflammatory effects of
their extracellular vesicles (EVs) have also been studied in the clinic.

Results: Considering the anti-inflammatory potential of MSCs-derived EVs, it could be hypothesized
that local delivery of these EVs could be an effective method for periodontal treatment due to the
accessible location of the periodontium.

Conclusion: This study suggests further in vivo studies and randomized clinical trials on the potential
effects of MSCs-derived EVs on periodontal disease treatment.
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Introduction

eriodontitis is the sixth most prevalent dis-

ease in humans [1]. Between 2011 and 2020,

periodontitis and severe periodontitis in den-

tate adults were estimated to be around 62%

and 23.6%, respectively [2]. Periodontitis
is the major cause of periodontium and periodontal liga-
ment breakdown around teeth [3]. Poor treatment or no
treatment of this disease often leads to tooth loss [4]. Peri-
odontitis is a multifactorial disease and the host-bacteria
relation/interaction is the main background factor behind
this condition. A normal person with a competent immune
system responds properly to bacterial-induced inflamma-
tion caused by this disease. This inflammation may result
in tissue response and tissue destruction around teeth
and the complete periodontal ligament structure, includ-
ing cementum, alveolar bone, dentin, and fibers could be
affected [4]. On the other hand, antibiotic-resistant bac-
teria are a concerning challenge faced by many medical
doctors and dentists now. Adjunctive local and systemic
antibiotic treatment temporarily increases the antibiotic
resistance of subgingival microorganisms [5]. Without a
proper response to the antibacterial agents, some serious
untreatable diseases could appear. To prevent this situa-
tion, antibiotic consumption should be strictly monitored.
Also, a randomized controlled trial shows limited effect of
systemic antibiotics on most periodontal problems. How-
ever, they also report that the local delivery of some of
these medications showed promising results. On the other
hand, some of these local delivery drugs have serious side
effects and, in some cases, antibiotic allergy. Therefore,
new approaches to periodontal treatment could be crucial
[6]. Accordingly, this study introduces a possible new
treatment strategy for local treatment of periodontitis with
topical mesenchymal stromal cells (MSCs)-derived-extra-
cellular vesicles (EVs) or MSCs-derived EVs.

Hypothesis

Local delivery gels and biodegradable chips contain-
ing MSCs-derived EVs could be useful in the treatment
of periodontitis through the prohibition of overresponse
of inflammatory pathways. Also, they could prevent
antibiotic-resistant infections.

Discussion

MSCs have potent anti-inflammation and immune sys-
tem modulation qualities. Their potent therapeutic prop-
erties have been studied in different clinical trials. Ac-
cording to a recent systematic review and meta-analysis,
it has been shown that MSCs are safe to be used in the
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clinic [7]. One of the cell secretions which recently has at-
tracted much attention is EVs [8]. The MSC-derived EVs
have been used for the treatment of chronic inflammatory
diseases, such as graft-versus-host disease which clini-
cally improved the patient’s condition through reducing
the skin lesions [9]. Also, in an unpublished clinical trial,
these EVs have been used for the treatment of COVID-19
patients in an inflammatory state (under review data for
publication (IRCT Code: RCT20200418047121N2).

Lipopolysaccharide is a major virulence factor in
perio-pathogen bacteria, such as Prophyromonas gin-
givalis which could induce a pro-inflammatory reac-
tion [10]. Human MSCs-derived exosomes exert an
anti-inflammatory effect by targeting the ROCK1/PTEN
pathway which could decrease lipopolysaccharide-
induced inflammation [11]. A recent study showed that
3D-exos (exosomes cultured with a 3D system) exhib-
ited enhanced anti-inflammatory effects in a ligature-
induced model of periodontitis by restoring the reactive
T helper 17 (Th17) cell/Treg balance in inflamed peri-
odontal tissues [12]. A recent animal study showed treat-
ment by exosomes secreted by periodontal stem cells
(PDLSCs) led to an increase in the formation of miner-
alized nodules and the expression of osteogenic genes
and proteins in the inflammatory periodontal ligament
of periodontitis patients. These exosomes suppressed the
over-activation of canonical Wnt signaling to recover the
osteogenic differentiation capacity of I-periodontal stem
cells [13]. MSCs-derived exosomes could decrease dif-
ferent inflammatory markers, such as C-reactive protein
which has an accepted role in the destruction pathway
of periodontal ligament and alveolar bone [14]. Studies
have shown that MSCs-derived EVs could be a useful
treatment option for microbial diseases, such as pneu-
monia, sepsis-associated liver and kidney injuries, and
periodontitis, due to their anti-microbial roles [15].

As mentioned, a systemic review and meta-analysis
showed that intravenous MSC injection appears to be
safe in humans [7]; therefore, using MSC exosomes in
colloid in gels or on local delivery chips could also be
safe and applicable. Although a recent systematic re-
view and meta-analysis concluded that MSC therapy is
safe [7], some concerns are still existing as well. Thus,
EVs originating from the already-used-in-clinic MSCs
could have similar and even better clinical responses in
comparison to MSCs. They could be less immunogenic,
have faster tissue penetration, and be the soul of cell-free
therapies based on MSCs [16].
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Conclusion

Inflammation and infections of bacterial origins are the
major causes of periodontal structure breakdown and
the keystones of periodontitis. MSCs-derived EVs show
promising results in inflammation resolution and have
a potent anti-inflammatory effect. Also, studies suggest
that these agents have antimicrobial potential as well.
Moreover, these exosomes are safe and also could be
used in local delivery ways; however, further in vivo and
human studies are required.

Ethical Considerations
Compliance with ethical guidelines

There were no ethical considerations to be considered
in this research.

Funding

This research did not receive any grant from funding
agencies in the public, commercial, or non-profit sectors.

Authors' contributions

Conceptualization and supervision: Maryam Noroozn-
zhad; Investigation: Koosha Farshadianpour, Kiarash
Kiani, and Mona Salighe Rad; Writing the original draft:
Koosha Farshadianpour, Kiarash Kiani, and Mona Sa-
lighe Rad; Review, editing and final approval: All au-
thors.

Conlflict of interest

The authors declared no conflict of interest.

Winter & Spring 2024. Vol 6. No. 2

References

[1] Kassebaum NJ, Smith AGC, Bernabé E, Fleming TD,
Reynolds AE, Vos T, et al. Global, regional, and national
prevalence, incidence, and disability-adjusted life years
for oral conditions for 195 countries, 1990-2015: A system-
atic analysis for the global burden of diseases, injuries, and
risk factors. Journal of Dental Research. 2017; 96(4):380-7.
[DOI:10.1177/0022034517693566] [PMID]

[2] Trindade D, Carvalho R, Machado V, Chambrone L, Mendes
J], Botelho J. Prevalence of periodontitis in dentate people
between 2011 and 2020: A systematic review and meta-anal-
ysis of epidemiological studies. Journal of Clinical Periodon-
tology. 2023; 50(5):604-26 [DOI:10.1111/jcpe.13769] [PMID]

[3] Heitz-Mayfield L], Lang NP. Surgical and nonsurgical perio-
dontal therapy. Learned and unlearned concepts. Periodon-
tol. 2013; 62(1):218-31. [DOI:10.1111/prd.12008] [PMID]

[4] Van Dyke TE, Bartold PM, Reynolds EC. The nexus between
periodontal inflammation and dysbiosis. Frontiers in Im-
munology. 2020; 11:511. [DOI:10.3389/ fimmu.2020.00511]
[PMID]

[5] Ardila CM, Bedoya-Garcia JA, Arrubla-Escobar DE. Antibi-
otic resistance in periodontitis patients: A systematic scop-
ing review of randomized clinical trials. Oral Diseases. 2023;
29(7):2501-11. [DOI:10.1111/ 0di.14288] [PMID]

[6] Haque MM, Yerex K, Kelekis-Cholakis A, Duan K. Advances
in novel therapeutic approaches for periodontal diseases.
BMC Oral Health. 2022; 22(1):492. [DOI:10.1186/s12903-022-
02530-6] [PMID]

[7] Thompson M, Mei SHJ, Wolfe D, Champagne J, Fergus-
son D, Stewart DJ, et al. Cell therapy with intravascular
administration of mesenchymal stromal cells continues to
appear safe: An updated systematic review and meta-anal-
ysis. EClinicalMedicine. 2020; 19:100249. [DOI:10.1016/].
eclinm.2019.100249] [PMID]

[8] Harrell CR, Jovicic N, Djonov V, Arsenijevic N, Volarevic
V. Mesenchymal stem cell-derived exosomes and other
extracellular vesicles as new remedies in the therapy of in-
flammatory diseases. Cells. 2019; 8(12):1605. [DOI:10.3390/
cells8121605] [PMID]

[9] Norooznezhad AH, Yarani R, Payandeh M, Hoseinkhani Z,
Kiani S, Taghizadeh E, et al. Human placental mesenchymal
stromal cell-derived exosome-enriched extracellular vesi-
cles for chronic cutaneous graft-versus-host disease: A case
report. Journal of Cellular and Molecular Medicine. 2022;
26(2):588-92. [DOI:10.1111/jemm.17114] [PMID]

[10] Xu W, Zhou W, Wang H, Liang S. Roles of Porphyromonas
gingivalis and its virulence factors in periodontitis. Advanc-
es in Protein Chemistry and Structural Biology. 2020; 120:45-
84. [DOI:10.1016/bs.apesb.2019.12.001] [PMID]

[11] Heo JS, Kim S. Human adipose mesenchymal stem cells
modulate inflammation and angiogenesis through ex-
osomes. Scientific Reports. 2022; 12(1):2776. [DOI:10.1038/
$41598-022-06824-1] [PMID]

[12] Zhang Y, Chen ], Fu H, Kuang S, He F, Zhang M, et al.
Exosomes derived from 3D-cultured MSCs improve thera-
peutic effects in periodontitis and experimental colitis and
restore the Th17 cell/Treg balance in inflamed periodon-
tium. International Journal of Oral Science. 2021; 13(1):43.
[DOI:10.1038/541368-021-00150-4] [PMID]

Farshadianpour K, et al. Mesenchymal Stromal Cells Extracellular Vesicles for Periodontitis. Immunoregulation. 2024; 6(2):147-150.



http://immunoreg.shahed.ac.ir/
https://doi.org/10.1177/0022034517693566
https://www.ncbi.nlm.nih.gov/pubmed/28792274
https://doi.org/10.1111/jcpe.13769
https://www.ncbi.nlm.nih.gov/pubmed/36631982
https://doi.org/10.1111/prd.12008
https://www.ncbi.nlm.nih.gov/pubmed/23574468
https://doi.org/10.3389/fimmu.2020.00511
https://www.ncbi.nlm.nih.gov/pubmed/32296429
https://doi.org/10.1111/odi.14288
https://www.ncbi.nlm.nih.gov/pubmed/35735133
https://doi.org/10.1186/s12903-022-02530-6
https://doi.org/10.1186/s12903-022-02530-6
https://www.ncbi.nlm.nih.gov/pubmed/36380339
https://doi.org/10.1016/j.eclinm.2019.100249
https://doi.org/10.1016/j.eclinm.2019.100249
https://www.ncbi.nlm.nih.gov/pubmed/31989101
https://doi.org/10.3390/cells8121605
https://doi.org/10.3390/cells8121605
https://www.ncbi.nlm.nih.gov/pubmed/31835680
https://doi.org/10.1111/jcmm.17114
https://www.ncbi.nlm.nih.gov/pubmed/34873830
https://doi.org/10.1016/bs.apcsb.2019.12.001
https://www.ncbi.nlm.nih.gov/pubmed/32085888
https://doi.org/10.1038/s41598-022-06824-1
https://doi.org/10.1038/s41598-022-06824-1
https://www.ncbi.nlm.nih.gov/pubmed/35177768
https://doi.org/10.1038/s41368-021-00150-4
https://www.ncbi.nlm.nih.gov/pubmed/34907166

IVMUNOREGULATION

[13] Lei F, Li M, Lin T, Zhou H, Wang F, Su X. Treatment of
inflammatory bone loss in periodontitis by stem cell-
derived exosomes. Acta Biomaterialia. 2022; 141:333-43.
[DOI:10.1016/j.actbio.2021.12.035] [PMID]

[14] Paraskevas S, Huizinga JD, Loos BG. A systematic review
and meta-analyses on C-reactive protein about periodon-
titis. Journal of Clinical Periodontology. 2008; 35(4):277-90.
[DOI:10.1111/§.1600-051X.2007.01173.x] [PMID]

[15] Wu X, Jin S, Ding C, Wang Y, He D, Liu Y. Mesenchy-
mal stem cell-derived exosome therapy of microbial dis-
eases: From bench to bed. Frontiers in Microbiology. 2022;
12:804813. [DOI:10.3389/ fmicb.2021.804813] [PMID]

[16] Racchetti G, Meldolesi J. Extracellular vesicles of mes-
enchymal stem cells: Therapeutic properties discovered
with extraordinary success. Biomedicines. 2021; 9(6):667.
[DOI:10.3390/ biomedicines9060667] [PMID]



http://immunoreg.shahed.ac.ir/
https://doi.org/10.1016/j.actbio.2021.12.035
https://www.ncbi.nlm.nih.gov/pubmed/34979326
https://doi.org/10.1111/j.1600-051X.2007.01173.x
https://www.ncbi.nlm.nih.gov/pubmed/18294231
https://doi.org/10.3389/fmicb.2021.804813
https://www.ncbi.nlm.nih.gov/pubmed/35046923
https://doi.org/10.3390/biomedicines9060667
https://www.ncbi.nlm.nih.gov/pubmed/34200818

