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ABSTRACT

The use of stem cell therapy to treat previously deemed incurable diseases has become more prevalent as technology
continues to advance. It provides a level of treatment that focuses on regenerating damaged structures to support the
longevity of a patient’s health, rather than just treating symptoms, as other common treatments do. In the dental
field, a new treatment for periodontitis has been the emphasis of stem cell research, as the prevalence of the disease
is only increasing, while current prognosis offers only palliative treatments. Both mesenchymal stem cells and dental
tissue—derived stem cells are currently being investigated for their ability to regenerate dental structures damaged
because of periodontitis. This review aims to examine the regenerative potential of various stem cell types that can
be used in tissue engineering to develop a more suitable treatment for periodontitis.
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INTRODUCTION

Regenerative dentistry is an advanced branch of bioengineering aimed at replacing lost or injured tissues in the
mouth using stem cells and other biomaterials. Current dental restoration treatments focus on repairing damaged
tissues, while regenerative dentistry aims to biologically restore the function of teeth and their components for long—
term sustainability. For regenerative dentistry to become more widely integrated into practices, there needs to be
further developments in stem cell technology, biomaterial optimization, and individualized treatment methods.*

Tissue engineering combines stem cells, scaffolds, and signaling molecules to produce functional tissues that
restore, maintain, and improve damaged tissues or organs.? Scaffolds provide the structural support for cell
attachment and tissue development. They are designed out of polymeric biomaterials to mimic the functions of the
native extracellular matrix in tissues, as cells in human tissues are anchorage dependent.® Scaffolds are rich in
growth—factor signaling molecules that promote chemotaxis, proliferation, differentiation, neovascularization, and
protein and extracellular matrix synthesis.* Cell sheet engineering is a scaffold—free tissue engineering technology
that maximizes the function of stem cells while reducing rejection frequency and toxic side effects of traditional
scaffolds. The main component of cell sheets is the extracellular matrix, as it is a dynamic reservoir of signaling
biological molecules and has a variety of biological functions.®

The periodontium is a highly hierarchically organized organ made up of the gingiva, alveolar bone, periodontal
ligament, and root cementum.® Its main functions are support of the tooth and protection of the tooth, nerve, and
blood vessels from injury.? Periodontitis leads to the destruction of hard and soft tissues, which causes degradation
in the teeth’s supporting apparatus, tooth loss, and systemic complications.® It is caused by the buildup of plaque
bacteria in biofilms within the subgingival. The clinical signs of periodontitis are the result of the immune-
inflammatory response in the gingival and periodontal tissues due to the presence of plaque bacteria, causing the
destruction of structural components of the periodontium.” An individual’s ability to form a specific antibody
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response to periodontopathogenic organisms indicates their susceptibility to disease as well as their likelihood of
responding to treatment. Factors such as smoking, medical conditions, genetics, plague control, and local factors
may influence the host immune response and thus an individual’s predisposition to periodontitis. Susceptibility to
periodontitis may be correlated with plasma cells predominating the tissues or site because of dental plague. The
ability of an individual or site to form an extensive plasma cell infiltrate has been linked to indicating an inadequate
defense against periodontal bacteria, leading to an increased risk of periodontitis.® Severe periodontitis affects about
10-15% of the population, while most people have mild periodontitis.” Severity of periodontitis is correlated with
the appearance of oral squamous cell carcinoma, which suggests that people with periodontal disease have an
increased risk of developing oral cancer.® Furthermore, data from the National Health and Nutrition Examination
Survey 2009/20012 and 2011/2012 cycles indicated that 62.3% of adults 65 years of age or older exhibited some
degree of periodontitis; by the year 2040 it is expected that this number will have increased by about 50%.°
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Figure 1: Visual representation of the hallmark symptoms of periodontitis in comparison to a non—diseased tooth.*

Current treatment for periodontitis focuses on preventing further disease progression to reduce the risk of tooth loss,
minimize symptoms, and educate on maintaining a healthy periodontium. This includes individually tailored oral
hygiene instructions, dietary changes, subgingival instrumentation to remove plaque and calculus, local and
systemic pharmacotherapy, and various types of surgery. No treatment option has proven to be better than another,
and all types appear to work best with adjunctive antimicrobial chemotherapy.'? The big issue with these treatments
is that they are only palliative, so they have limitations in achieving comprehensive periodontal tissue regeneration.
Consequently, the goal of periodontitis treatment needs to be restoration of the disrupted periodontium to its original
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shape and function.? The way to achieve this is using stem cells. Stem cell therapy can revolutionize periodontal
regeneration by offering more effective, patient-tailored treatments while addressing the systemic health
implications of periodontitis. The regenerative potential of stem cells can aid in the reconstruction of periodontal
structures, allowing for the possibility of addressing the root cause of periodontitis.*®

DISCUSSION

Stem cells are any unspecialized cells that are capable of long—term self-renewal through cell division and can be
induced to differentiate into specialized, functional cells.** When a stem cell divides, the resulting two daughter cells
can be both stem cells, a stem cell and a more differentiated cell, or both more differentiated cells.*> Stem cells are
generally classified into two groups: embryonic stem cells and adult stem cells.’* Embryonic stem cells are
pluripotent, so they can differentiate into almost any cell type in the human body. However, they are derived from
the inner cell mass of early-stage embryos, making them both an ethical and practical concern for clinical use.*®
Adult stem cells can be harvested from many differentiated tissues in the body, like bone marrow, bone, fat, and
muscle. They are multipotent, meaning they can differentiate into some but not all tissue types. Mesenchymal stem
cells are a category of adult stem cells typically used in stem cell therapy.** Their multipotency is crucial for
periodontal regeneration because it allows for the creation of cell types essential for repairing damaged structures
within the periodontium.*® Additionally, stem cells are present in most tissues in the craniofacial complex, sparking
interest in dental applications. Every oral tissue except enamel, dentin, and cementum contains self—renewal stem
cells that have the capacity to replace terminally differentiated cells or facilitate wound healing.'® Dental pulp stem
cells, stem cells isolated from human pulp of exfoliated deciduous teeth, periodontal ligament stem cells, stem cells
from apical papilla, and dental follicle cells are some of the numerous types of stem cells that have been isolated
from dental tissue with the potential to regenerate the tissue of teeth.!” Dental tissue-derived stem cells have the
potential to generate precise dental cell lineages, which can be used for tissue healing and regeneration. Also, dental
stem cells have immunomodulatory properties that have been demonstrated to have therapeutic effects on several
systemic inflammatory diseases.'® As a result, stem cell banks now offer cryopreservation services for dental stem
cells.*®
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Figure 2: Illustration showing the locations of the different dental tissue—derived stem cells within the various types
of teeth in which they are found. Dental follicle stem cells (DFSCs) are harvested from the developing tooth germ
and isolated from the connective tissue around the tooth. Gingival mesenchymal stem cells (GMSCs) are derived
from the gingiva around the tooth. Stem cells from human exfoliated deciduous teeth (SHEDs) come from the dental
pulp of exfoliated deciduous teeth. Stem cells from apical papilla (SCAPSs) are harvested from the apical papilla of
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an incompletely developed tooth. Dental pulp stem cells (DPSCs) and periodontal ligament stem cells (PDLSCs) are
present in permanent teeth and can be isolated from dental pulp and the periodontal ligament.*®

Stem cell therapy uses the multidirectional differentiation characteristics of stem cells to repair diseased cells or
restore the normal function of cells and tissues. It has become increasingly investigated for tissue and organ
regeneration. The approach has the potential to significantly impact clinical practices as well as improve the overall
well-being of individuals.?°

Mesenchymal Stem Cells (MSCs)

MSCs are adult connective tissue cells that originate from the mesoderm. They have immunosuppressive and
immunotolerant properties, high proliferation rates and the regenerative potential for tissue repair.?! MSCs can
create a more favorable environment for periodontal tissue repair and regeneration by suppressing the inflammatory
response characterized by periodontitis. They secrete a diverse range of bioactive molecules, such as growth factors
and cytokines, that have trophic and paracrine effects on neighboring cells and tissues, promoting tissue repair and
regeneration. Another beneficial characteristic of MSCs is that they can differentiate into osteoblasts. Given that
these cells are responsible for bone formation, this ability allows MSCs to aid in the regeneration of alveolar bone.™

The therapeutic potential of induced pluripotent stem cell-derived MSCs (iMSCs) has been explored in their
capacity to treat periodontitis. It was found that, in vivo, iMSCs inhibit M1 macrophage polarization and the number
of M1 macrophages by suppressing the NF-kB signaling pathway in periodontal tissues, supporting their anti—
inflammatory and immunomodulatory effects. Additionally, they improved the inflammatory microenvironment by
reducing the production of pro-inflammatory cytokines (IL-1B, IL-17) and reactive oxygen species, while
enhancing the secretion of anti—inflammatory cytokines (IL-10) and growth factors. In this mouse study, under the
inflammatory conditions of periodontitis, iMSCs preserved the osteogenic potential of periodontal ligament stem
cells and alleviated alveolar bone loss.??

Bone Marrow-Derived MSCs (BMSCs)

There is a strong demand for applying BMCs in regenerative medicine because they are readily isolated from bone
marrow. They provide an alternative source of mesenchymal stem cells for tissue engineering as they can undergo
multilineage differentiation, including blood cells, cardiac cells, osteogenic cells, and other somatic and germ cells
in vitro as well as in vivo. BMSCs can be expanded in culture to produce enough cells for craniofacial and dental
tissue engineering purposes. A study showed progress in the regeneration and healing of alveolar bone defects upon
linking recombinant human bone morphogenetic protein with silica—coated calcium hydroxyapatite rabbit bone
marrow stem cells.?® Another study in 2019 with dogs with class Il periodontitis showed drastic increases in the
formation of new bone, cementum, and the periodontal ligament in teeth treated with canine bone marrow
mesenchymal stem cells.?*

Adipose-Derived Stem Cells (ASCs)

The use of ASCs is considered advantageous compared to other sources of stem cells due to the large number of
cells that can be easily and quickly isolated from adipose tissue. They secrete growth factors that promote the
regeneration of periodontal tissue as well as encourage the neovascularization of damaged tissues, making them an
excellent candidate for treating periodontitis.?® Rat models with periodontitis were injected with ASCs in a clinical
trial in 2022. The findings suggested that ASCs can alleviate ligature—induced periodontitis, as evidenced by
reduced alveolar bone loss, a significant decrease in the ratio of iINOS+/CD206+ macrophages, and stimulation of
M2 macrophage polarization via the indoleamine 2,3-dioxygenase—dependent kynurenine—aryl hydrocarbon
receptor—nuclear factor (erythroid—derived 2)-like 2 pathways.?® A separate study in 2025 tested local vs systemic
administration of ASCs in rat models of periodontitis. The results showed that local ASC administration provided
superior therapeutic benefits compared to systemic delivery. Locally administered ASCs significantly enhanced
bone regeneration, reduced inflammation, improved periodontal tissue architecture, and mitigated cardiac
dysfunction, whereas systemic injection was less effective at restoring periodontal integrity.?” Lastly, an experiment
with Wistar rats suggested that ASCs can promote periodontal tissue regeneration in vivo, as injection of ASCs into
test rats with periodontitis resulted in a periodontal ligament—like structure and alveolar bone regeneration.?

Umbilical Cord MSCs (UCMSCs)
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Human UCMSCs (hUCMSCs) have been evaluated as cell sources for periodontal regeneration as they can be
harvested inexpensively and inexhaustibly. Since they are primitive to MSCs, hUCMSCs exhibit high plasticity and
developmental flexibility. hUCMSCs possess osteogenic potential, minimal in vivo immunorejection, high
extracellular matrix secretion, anti—inflammatory abilities, and the capacity to contribute to the regeneration of both
soft and hard periodontal tissues under inflammatory periodontitis conditions.?® In 2023, a clinical trial with female
mice with periodontitis found that hUCMSCs and their extracellular vesicles have the potential to reduce the
inflammatory response associated with the disease by downregulating pro—inflammatory cytokines and upregulating
anti—-inflammatory ones.* Similarly, results from a 2024 clinical trial showed that hUCMSCs can promote bone
tissue regeneration upon injection of human umbilical cord mesenchymal stem cell-derived extracellular vesicles
(HUC-MSCs-EVs) in rat models of periapical periodontitis. HUC-MSCs-EVs facilitated the expression of
osteogenic genes and proteins, including runt—related transcription factor 2, alkaline phosphatase, and osteopontin.
This allowed for fewer inflammatory cells, decreased osteoclast formation, increased number of blood vessels, and
regeneration of periodontal tissues, and therefore, jawbone regeneration in periapical periodontitis.®!

Dental Pulp Stem Cells (DPSCs)

DPSCs can be easily obtained from extracted teeth, and their harvesting process does not involve any invasive
procedures. Their ability to proliferate rapidly and to resist lipopolysaccharide—induced oxidative stress in the
periodontitis environment has made DPSCs effective for inducing periodontal regeneration. Moreover, DPSCs
exhibit low immunogenicity, strong osteogenic differentiation potential, and immunoregulatory capacity. In China, a
clinical study was conducted in 2025 that demonstrated that DPSC injections improved attachment loss, periodontal
probing depth, and bone defect depth in patients with stage Il periodontitis.*> Dental pulp stem cell-derived
exosomes (DPSC-EXO) were used to treat rats with experimental periodontitis, which showed that DPSCs play an
important role in inhibiting periodontitis by promoting tissue regeneration. It was found that the DPSC-EXO
treatment regulated inflammation by inhibiting the IL-6/JAK2/STATS3 signaling pathway during acute inflammatory
stress, polarized macrophages from the M1 to the M2 phenotype, effectively reduced alveolar bone loss, and
promoted periodontal epithelial healing.®

Periodontal Ligament Stem Cells (PDLSCs)

Isolated from periodontal ligament tissue, PDLSCs exhibit self-renewal and multipotent capacities. Their plasticity
to differentiate into osteoblastic cells has made them a promising source of stem cells for treating periodontitis.3
The exosomes secreted by PDLSCs have been investigated for their ability to mediate tissue regeneration. The
results demonstrated that exosomes derived from healthy periodontal ligaments (h—PDLSCs) could rescue the
osteogenesis capacity of endogenous stem cells under an inflammatory environment and promote regeneration of
alveolar bone. Treatment of h—-PDLSC exosomes led to an increase in the formation of mineralized nodules as well
as the expression of osteogenic genes and proteins by mechanistically suppressing the overactivation of canonical
Whnt signaling, thereby restoring the osteogenic differentiation capacity. Also, the rat models with periodontitis
treated with h—-PDLSCs—exosomes exhibited accelerated bone formation in the alveolar bone defect.®®

Dental Follicle Stem Cells (DFSCs)

DFSCs are in the dental follicle tissue of the tooth germ and derived from the neural crest. They are direct precursor
cells of periodontal tissues as they form the periodontal ligament, cementum, and alveolar bone proper in the late
stages of tooth development. DFSCs are being used to treat inflammatory diseases in animal models because they
can undergo osteogenic, adipogenic, chondrogenic, neural, and cardiomyocytic differentiation in a specific induced
environment.*® They can be isolated and grown under defined tissue culture conditions, increasing their potential for
use in tissue engineering applications such as periodontal regeneration and bone regeneration.” The therapeutic
effects of periodontitis treatment using lipopolysaccharide (LPS) pretreated DFSCs—derived exosomes (L-D-Exo)
were tested in two separate studies. The first study found that LPS—preconditioned DFC—small extracellular vesicles
promoted PDLSCs and macrophage proliferation, inhibited intracellular reactive oxygen species (ROS) levels,
reduced the Nuclear factor Kappa—B Ligand receptor activator (RANKL)/osteogenic protective protein) OPG ratio
of PDLSCs by inhibiting ROS/Jun amino—terminal kinases (JNK) signaling under inflammatory conditions, and
promoted macrophages to polarize toward the M2 phenotype via ROS/extracellular signal—related kinases (ERK)
signaling.® The other study concluded that L-D—Exos inhibit miR—184 to facilitate periodontal regeneration while
targeting the Peroxisome proliferator—activated receptor alpha (PPARa)—protein kinase B (Akt)-JNK signaling
pathway to suppress oxidative stress in periodontal tissues.*

Ann Med Res Pub Health (AMRPH) 2026 | Volume 5 | Issue 1



Annals of Medicine Research and Public Health @ saliem Visionary
Research Article (ISSN: 2995-5955)

Gingival Mesenchymal Stem Cells (GMSCs)

GMSCs are a distinctive homogenous subset of MSCs within the lamina propria of the gingival tissue.***! They
develop from neural ectomesenchyme along with contributions from the perifollicular mesenchyme and the dental
follicle proper.*® GMSCs are very easy to collect clinically as they can be isolated from attached and free gingiva,
inflamed gingival tissues, and hyperplastic gingiva. They have unique immunomodulatory functions, display
positive signals for pluripotency—associated markers, and self-renewal properties, making them an excellent stem
cell source for regenerative dentistry.** A 2022 clinical trial with Wistar rats with periodontitis evaluated the
osteogenic regenerative capacity of GMSCs when combined with melatonin (MEL). The antioxidant properties of
MEL protected GMSCs from cellular damage related to oxidative stress, effectively promoting the production of
osteogenic cells under oxidative stress.*? Additionally, preconditioning GMSCs with tumor necrosis factor—alpha
(TNF-a) is ideal for treating periodontitis. TNF—a stimulation increases exosome secretion from GMSCs and
enhances exosomal CD73 expression, which induces anti-inflammatory M2 macrophage polarization, thereby
regulating inflammation and osteoclastogenesis. This was demonstrated through local injections of GMSC-derived
exosomes preconditioned with TNF-a in ligature-induced periodontitis model mice experiencing reduced
periodontal bone resorption and the number of tartrate—resistant acid phosphate—positive osteoclasts.*

Stem Cells from Apical Papilla (SCAPs)

SCAPs have demonstrated to be crucial for angiogenesis/revascularization, neuronal growth, the regeneration of the
pulp—dentin complex, apexogenesis, and may be applicable in treating systemic disease.** Human stem cells from
the apical papilla (hNSCAPS) have proven to play a crucial role in the restoration of bone lesions as a consequence of
apical periodontitis. Treatment with hSCAPs with miR-199a-5p mimics enhanced cell proliferation and osteogenic
differentiation of hSCAPs while silencing endogenous Interferon Induced Protein with Tetratricopeptide Repeats 2
expression to alleviate the inhibitory effect of miR-199a-5p on the osteogenic differentiation of hSCAPs.
Subcutaneous ectopic bone formation in vivo was also observed, indicating bone lesion repair under periapical
inflammatory conditions.*> A separate study investigating the treatment of apical periodontitis in rats with berberine
(BBR) and SCAPs concluded that BBR promoted SCAP osteogenesis, resulting in the formation of tissue, roots,
root walls, and small apex diameters. The expression of B—catenin was also induced and enhanced upon entering the
nucleus, upregulating more runt—related nuclear factor 2 downstream to increase root repair in immature teeth with
apical periodontitis by activating the canonical Wnt/B—catenin pathway in SCAPs.*®

Stem Cells from Human Exfoliated Deciduous Teeth (SHEDs)

SHEDs not only exhibit the basic characteristics of stem cells, but they also have great potential for inhibiting
inflammation and promoting tissue regeneration. Thus, SHED therapy may provide a new direction for treating
inflammation and corresponding tissue defects, like that observed in periodontitis.*” They display increased
migratory ability and neurogenic potential as well as express extracellular matrix, osteogenic, and odontogenic
proteins. As a result, in vivo, SHEDs treated with dentin matrix have successfully regenerated periodontal tissues,
including periodontal ligament fibers, blood vessels, and alveolar bone.® A study using rat models with
periodontitis in 2018 found that multidose delivery of SHEDs can cause periodontal tissue regeneration. SHEDs
altered the cytokine expression profile in gingival crevicular fluid, reduced gum bleeding, increased new attachment
of periodontal ligament, decreased osteoclast differentiation, and promoted monocyte/macrophage conversion to
CD206+ M2-like phenotype. This resulted in the SHED administration significantly increasing periodontal
regeneration, alveolar bone volume, and decreasing the distance from the cementoenamel junction to the alveolar
bone crest.*

CONCLUSION

Stem cells can revolutionize the treatment of periodontitis. Their capacity to regenerate structures of the
periodontium, such as the alveolar bone, periodontal ligament, and root cementum, can give people the opportunity
to recover from periodontitis rather than learning to live with it. Stem cells have this potential because they can
stimulate M2 macrophage polarization, which effectively reduces inflammation associated with periodontitis while
promoting revascularization and neuronal growth to support tissue regeneration. Another key characteristic of stem
cells is their competence in promoting osteogenesis, allowing for osteoblast differentiation and limiting osteoclasts.
The stem cells reviewed have shown promise in animal models, but continued research with human subjects is
needed to further investigate their regenerative properties as well as their application in treating periodontitis.
Although stem cell therapy remains experimental, mainly costly, technically demanding, and ethically challenging,
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it is a cutting—edge approach that holds the future of true tissue regeneration, like what is needed to treat
periodontitis.*
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