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Abstract: The regeneration of periodontal tissues is considered a promising strategy.Stem cells have remarkable properties, such as 

immunomodulatory potential, proliferation, migration, and multilineage differentiation. Thus, they can be used to repair tissue damage 

andreduce inflammation, potentially leading to periodontal regeneration. Among the stem cells used forperiodontal regeneration, we 

studied dental mesenchymal stem cells (DMSCs), non-dental stem cells,and induced pluripotent stem cells (IPSCs). Although these cells 

have well-documented importantphysiological characteristics, their use in contemporary practice to repair the affected periodontiumis 

still a challenge.Periodontal tissue stem cells, which play a crucial role in maintaining the homeostasis of periodontal tissues,are found 

in the periodontal ligament (PDL). These cells have long been referred to as mesenchymalstem/stromal cells (MSCs), and their clinical 

applications have been extensively studied. 
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1. Introduction 
 

The oral cavity is a gateway to the external world and is 

closely linked to systemic immunity and nutrient sensing, 

and the distinct symbiotic relationship between microbiota 

and oral tissues renders the bacteria influential to oral health. 

For example, periodontal homeostasis is susceptible to 

overwhelmed bacteria–immune responses, which may 

dramatically call for theconstruction of chronic infection. 

Contemporary investigations based on stem cells refer to 

tissue engineering methods aiming to regenerate periodontal 

tissues, which include the regenerative processes that can 

occur at the level of the periodontium and the entire tooth 

(dental pulp, root, dentine, and alveolar bone). [1, 2] 

 

Over the past decades, mesenchymal stromal cells (MSCs) 

have journeyed from discovery to mechanistic studies and 

periodontal regenerative applications. For example, several 

studies reported the excellent capacity of transplanted 

periodontal ligament stem cells (PDLSCs) or adipose-

derived stem cells (ADSCs) for repairing multiple 

periodontal lesions in animal models. Interestingly, PDLSCs 

appear to be better candidates for regenerative periodontal 

therapy than other types of MSCs because of their easy 

accessibility in the oral maxillofacial region. [3] 

Furthermore, PDLSCs exhibited preferable self-renewal 

capacity than bone marrow MSCs and superior 

differentiation potential compared with other orofacial 

MSCs like gingival MSCs under a conditioned medium. 

Inspired by the excellent therapeutic potential of PDLSCs, 

several preclinical and clinical studies applying PDLSCs for 

oral regeneration have been performed. However, the results 

of a recent clinical trial using autologous PDLSCs derived 

from the impacted tooth are not satisfactory, because there is 

no significant advantage to restoring the defective 

periodontium by transplanting PDLSCs, as the control group 

(cell-free group) had comparable tissue reconstruction. 

These observations appear to support the assumption that the 

living environment might be the primary reason affecting 

the regenerative process. Specifically, the endogenous stem 

cells in animal models may shape a healthy stem cell niche 

and possess a periodontal regenerative property but are 

impaired in periodontitis patients, which may explain the 

parallel mandibular defect regeneration in rabbits between 

the autologous bone graft group and the ADSC-containing 

group. Further, the artificial defects in animal models may 

not suffer from some decisive pathogenic factors, such as 

prolonged inflammatory stimuli and influences from 

systemic diseases. Therefore, mitigating host factors and 

recreating a beneficial microenvironment could be a 

promising approach for improving stem cell-based 

periodontal regeneration. Here, we summarize limitations 

from the host and coping strategies that influence resident or 

transplanted stem cell-mediated periodontal regeneration, 

such as the management of local microbial–host responses 

and rejuvenation of endogenous PDLSCs. [4,5] More 

importantly, we recommend that active treatments for 

systemic diseases would also assist in recovering the limited 

stem cell function based on amelioration of the 

inflammatory periodontal microenvironment. 

 

Stem cell populations in periodontal tissue [6] 

They are defined as clonogenic cells, which are capable of 

both self-renewal and multi-lineage differentiation. 

According to their origin and differentiation potential, stem 

cells are classified as:  

 Embryonic stem cells  

 Adult stem cells  

 Induced pluripotent stem cells 
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Dental Stem Cells (Figure 1) [7] 

 Dental pulp stem cells (DPSC) 

 Periodontal ligament stem cells (PDLSC)  

 Dental follicle stem cells (DFSC)  

 Stem cells from apical papilla (SCAP)  

 Stem cells from exfoliated deciduous teeth (SHED)  

 Gingival mesenchymal stem cells (GMSC)  

 Epithelial cell rests of Malassez (ECRM)  

 

 
Figure 1: Schematic representation showing the location of dental mesenchymal stem cells [7] 

 

Dental pulp stem cells (DPSCs): In an investigation, 

Gronthos, et al. [8] isolated from adult human dental pulp a 

clonogenic, rapidly proliferative population of cells which 

were found to be similar to BMSCs. In vitro characterization 

reveals mesenchymal stem cell markers such as STRO-1, 

CD31 and CD146 and also embryonic stem cell markers. 

They also express a mesenchymal marker vimentin. Human-

derived DPSCs along with hydroxyapatite or beta tricalcium 

phosphate have been reported to be capable of forming bone 

and cementum. However, some authors are sceptical about 

the role of these cells in periodontal regeneration. Carinci 

and coworkers isolated a subpopulation within the DPSC 

with osteogenic potential. The osteoblasts obtained from 

these DPSC were compared with normal osteoblasts and 

numerous variations were found which might be responsible 

for the difference in bony tissue produced by these cells. 

Also, the effect of these stem cells on periodontal 

regeneration has been inconsistent based on numerous 

studies done in beagle dogs to date. [9] 

 

Periodontal Ligament stem cell (PDLSC): The 

periodontal ligament is a specialized connective tissue that 

connects the cementum and alveolar bone, to maintain and 

hence support the teeth in sight and also preserve tissue 

homeostasis. Multipotent stem cells from human periodontal 

ligament were isolated for the first time by Seo, et al. [10]. 

He reported that PDLSCs exhibited some characteristic 

features similar to BMMSCs [56]. The peculiar features 

were multipotency, clonogenic ability, high proliferation and 

expression of putative stem cell markers such as STRO-1 

and perivascular cell marker CD 146. Like the BMMSCs, 

they also express CD44, CD90, CD105, CD166. Scleraxis 

which is a transcription factor specific to the tendon was 

found to be highly expressed by PDLSCs as compared to 

BMMSCs and DPSCs. Hence it was concluded that 

periodontal ligament-derived MSCs are one of the most 

effective sources for periodontal regeneration. [11] 

 

Dental Follicle Stem Cells (DFSC): A dental follicle is an 

ectomesenchyme-derived loose connective tissue sac 

surrounding the developing tooth bud from which arises the 

alveolar bone, cementum and periodontal ligament. DFSCs 

are relatively easy to harvest as can be procured from the 

follicles of unerupted third molars. [13] In vitro 

characterization reveals stem cell markers Nestin, Notch-1 

and STRO-1. They express vimentin (mesenchymal marker) 

and cementoblast markers (Cementum protein-23, 

Cementum attachment protein). Guo, et al. [12] have 

reported that DFSCs have the potential to regenerate the 

entire root of the teeth. 

 

Stem cells from apical papilla (SCAP): The apical papilla 

is the soft tissue present at the apices of developing roots of 

permanent teeth. It is responsible for the formation of the 

radicular pulp hence SCAP resemble DPSCs however, they 

are comparatively more immature and hence superior for 

tissue regeneration. They are isolated from tips of 

developing roots and hence can be harvested easily during 

extraction of impacted third molars. [14] In vitro, 

characterization reveals MSC markers STRO-1, CD146 and 

CD24 which seem to be a unique feature of these cells. They 

have been incorporated along with periodontal ligament 

stem cells in extraction sockets of miniature pigs, resulting 

in the successful formation of root and supporting 

periodontal structures. They have been considered crucial in 

root formation which might be partly because SCAP are the 

source of primary odontoblasts responsible for the formation 

of root dentin. [15] 
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Stem cells from Human Exfoliated Deciduous teeth 

(SHED): 
Fu et al. [16] investigated the role of allogeneic SHED in the 

swine periodontitis model and found that they resulted in 

predictable periodontal regeneration similar to PDLSCs. 

SHED have been found to elevate regulatory T cells and 

downregulate T-helper 17 cells, hence have significant 

immunomodulatory capacity. Also, Yamada, et al. used 

SHED obtained from puppies and placed them in 

mandibular osseous defects created in parent canines. At 8 

weeks the defect was filled with mature bone. Hence SHED 

derived from a child can be successfully used as a graft in 

the parent. [17] 

 

Gingival Mesenchymal stem cells (GMSC): Oral MSCs 

derived from human gingiva (GMSCs) also have been 

considered as a promising alternative cell source for 

periodontal regeneration. In addition to the physical 

characteristics of gingival fibroblasts, they exhibit adherence 

to plastic and multi-lineage differentiation potential. In vitro, 

characterization reveals cell surface markers CD44, CD73, 

CD90 and CD105 also stem cell markers such as SSEA-4, 

STRO-1, CD146, CD166, CD271 and vimentin which is a 

mesenchymal marker. In a canine model with class III 

furcation defects, the transplanted GMSCs significantly 

enhanced the regeneration of the damaged periodontal 

tissue, including the alveolar bone, cementum, and 

functional periodontal ligament. [18] 

 

Epithelial Cell Rests of Malassez (ECRM): These are 

remnants of Hertwig’s epithelial root sheath from which 

arise, all the periodontal structures. Since ECRM is normally 

present within the periodontium, studies have been carried 

out to research the stemness of ECRM. They express MSC 

markers CD29, CD44, HSP-90β also embryonic stem cell 

markers Oct-4, Nanog and SSEA-4. Also, Xiong J, et al. 

[19] have reported their capacity to carry out epithelial 

mesenchymal interactions. Following which numerous 

studies by the same authors have revealed that ECRM can 

differentiate into bone, cementum and periodontal ligament. 

 

Non-Dental Stem Cells 

Non-dental stem cells are classified into  

 BMSC,  

 Adipose-derived stem cells (ASCs), and  

 Embryonic stem cells (ESCs). 

 

Bone Marrow-Derived Mesenchymal Stem/Stromal Cells 

(BMSCs): 

The recognition of the properties of marrow stromal cells 

has changed the perception of them, especially from a 

therapeutic perspective. BMSCs can differentiate into 

chondrocytes, osteoblasts, adipocytes, and muscle cells. 

BMSCs are classified according to the surface marker types 

(CD 29, CD 44, CD73, CD90, CD105, CD146, and STRO-

1) and do not express CD14, CD34, or CD45. BMSCs can 

generate alveolar bone, Sharpey’sfibres, and cementum; 

hence, they can regenerate periodontal defects. BMSCs can 

stimulate the expression of odontogenic genes and 

differentiate into osteoblasts and fibroblasts after systemic or 

local transplantation. Another important characteristic of 

BMSCs is represented by their role in anti-inflammatory and 

immunosuppressive functions. BMSCs mediate T cell 

proliferation by regulating immunomodulation. [20] BMSCs 

inhibit inflammatory markers such as IL-1 and TNF, 

indicating that their use in the treatment of periodontitis 

could be feasible. Although remarkable improvements in 

periodontal parameters have been observed, clinical studies 

are needed to determine the role of BMSCs and their 

capacity to modulate inflammation and immunity before 

they become an option in the regenerative medicine/therapy 

of periodontitis. [21] 

 

Adipose-Derived Stem Cells (ASCs) 

ASCs are cells derived from adipose tissues and express 

markers similar to BMSCs, such as CD29, CD44, CD73, 

CD90, CD105, and CD166. However, ASCs do not express 

some markers specific to hematopoietic cells, such as CD31, 

CD34, and CD45. ASCs can improve the cementum and 

periodontal vessel regeneration and differentiate into 

adipocytes,osteocytes, and myogenic and neurogenic cells 

[22]. In comparison with BMSCs, ASCs have superior 

efficiency due to the easy harvesting process and the few 

notable complications at the donor site level. More 

importantly, ASCs, together with cytokines TNF-, IFN-, and 

IL-6, drive the expression of immunosuppressive factors IL-

1RA and GBP4. Previous work has shown that ASCs 

represent a potential candidate for periodontal treatment and 

regeneration. ASCs secrete growth factors such as insulin-

like growth factor binding protein-6, which enable the 

differentiation of ASCs in the periodontium. An animal 

model study in which allogeneic ASCs were transplanted to 

the affected periodontal tissue showed the proliferation of 

novel PDL fibres, cementum, and alveolar bone. [23] 

 

Embryonic stem cells (ESCs) 

They are derived from the inner cell mass of the blastocyst 

stage of embryonic development, before implantation in the 

uterine wall. They are pluripotent stem cells, which implies 

that they are capable of giving rise to cells of all three germ 

layers. They are responsible for the formation of an 

individual from anembryo and they disappear by the time 

adulthood is attained. Hence embryonic stem cells are the 

best source of cells for periodontal regeneration due to their 

high pluripotency. A bioengineered tooth was developed by 

Nakao, et al. using murine embryonic stem cells derived 

from epithelium and mesenchyme, which was able to erupt 

from the oral cavity of the mouse and develop into a fully 

functional tooth. Embryonic stem cells are ideal for 

periodontal regeneration. However, their use in clinical 

therapy has been hampered by ethical concerns. Another 

important disadvantage is that their implantation in the 

human body has been associated with the occurrence of rare 

cancers. [24] 

 

Interaction between Stem Cells and the Periodontal 

Inflammatory Environment 

Understanding the interaction mechanisms between stem 

cells and inflammation in periodontal disease is crucial for 

their subsequent use in periodontal regeneration. For 

example, interactions between stem cells and immune cells 

are different in inflamed tissue during the regeneration 

process compared with healthy tissue. Thus, it is important 

to recognize that stem cells have important 

immunomodulatory properties in inflamed periodontal 
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tissues and that these properties are derived from inflamed 

tissue. [25] 

 

Stem Cells in the Inflammatory Environment 

Among stem cells, DMSCs derived from inflamed tissue 

possess certain advantages, namely, that they are more 

easily accessible and, from an ethical point of view, there 

are fewer complications. Although PDLSCs are currently 

considered an ideal cell source for periodontal tissue 

regeneration compared with other DMSCs, obtaining these 

cells from healthy donors poses some challenges. PDLSCs 

derived from inflamed periodontal tissues are considered 

iPDLSCs. Compared with PDLSCs, iPDLSCs have higher 

migratory and proliferative capacities. However, iPDLSCs 

are responsible for modifying the signalling pathways 

related to osteogenesis; for this reason, they show a lower 

osteogenic differentiation capacity. These cells also have a 

decreased immunosuppressive potential and a reduced 

inhibitory capacity on T cell reproduction, PBMC 

proliferation, and Th17 differentiation compared with 

healthy tissue cells. iPDLSCs secrete more TNF, IFN, IL-2, 

and IDO, and less IL-10. When collagen sponges were 

combined with iPDLSCs isolated from inflamed human 

periodontal tissue in immunodeficient rats, this resulted in 

the formation of new collagen fibres, bone, and PDL-like 

tissue. Although the regeneration was not complete, 

important repair of the periodontal defects was still 

observed. Compared with normal DPSCs, infected tissue-

derived DPSCs (iDPSCs) show similar surface marker 

expression, proliferative properties, and multilineage 

differentiation potential. [26] The use of DPSCs derived 

from infected human tissue as a graft at the level of root 

furcation revealed novel alveolar bone formation. These 

results may have important applications in periodontal 

regeneration with DMSCs obtained from inflammatory 

tissues. To obtain optimal results in terms of periodontal 

regeneration, the implantation of DMSCs obtained from 

infected tissue should be carried out, avoiding the onset of 

periodontal pathological processes on healthy tissues as 

much as possible. 

 

Nevertheless, future studies are needed before applying this 

procedure as a standard protocol in a clinical setting. For 

example, the quality and quantity of stem cells depend on 

the source of the inflamed stem cells, the inflammatory state, 

and the experimental design. In addition, inclusion and 

exclusion criteria, as well as the procedure for the isolation 

and grafting of inflamed stem cells, must be established and 

standardized. This way, the effects of inflamed stem cells in 

the periodontium can be monitored and evaluated in the long 

term through in vivo and in vitro experiments. [27] 

 

Infected Microenvironment and Its Influence on Stem 

Cells 

The result of periodontal regeneration also depends on the 

interaction of stem cellswith the adjacent infected 

environment, and the immunomodulatory activity of these 

cellsis determined by the release of inflammatory cytokines 

into the circulation. Therefore, understandingthe effects that 

inflammatory cytokines exert on stem cells is a very 

importantaspect of optimizing and implementing clinical 

approaches mediated by stem cells.Among the most 

effective inflammatory cytokines during the periodontal 

inflammatoryprocess are TNF- , IL-1, IL-6, and IFN- , 

and they exert their effects by attenuatingthe 

immunosuppressive properties of stem cells. Low levels of 

IFN- , enhance the antigen presentation function of stem 

cells and thus reduce their lysis, whereas high levelshave the 

opposite effect. For example, an infected microenvironment 

produced by Porfiromonasgingivalis LPS led to significant 

improvement in the cell proliferationof DMSCs. In addition, 

the co-culture of PDLSCs with IL-1 / TNF- increased 

theproliferation rate of PDLSCs. This differentiation 

potential of DMSCs is mediated by pro-inflammatory 

cytokines and microbial pathogens. Specifically, 

Porfiromonasgingivalis LPS and Escherichia coli LPS 

inhibit the osteoblastic differentiationof PDLSCs, whereas 

IL-1 / TNF- levels in the microenvironment can determine 

theinhibition of the osteogenesis process. [28] 

 

In addition, other stem cells play an important role by 

exertingimportant effects at the level of the infected 

microenvironment, such as BMSCs that requireIFN- to 

cause immunosuppression on T lymphocyte proliferation. 

The transplantation of BMSCs in a culture medium 

stimulated by LPS inhibited the production of inflammatory 

cytokines reduced the destruction of the inflammatory tissue 

and obtained tissue regeneration. Recent data have shown 

the regenerative potential of stem cells when used in an 

inflammatory environment. This is due to their capacity for 

proliferation, migration, multiple cell differentiation and 

immunosuppressive and anti-inflammatory properties in the 

inflamed microenvironment. Although still debatable, it 

seems that the use of stem cells in periodontal therapy 

provides the best results after controlling the inflammation 

through non-surgical and surgical treatments. [29] 

 

Fate of transplanted MSCs 

Several clinical studies have been conducted to evaluate the 

efficacy and safety of stem/progenitor cell transplantation 

for periodontal tissue regeneration. Transplanted stem cells 

are considered PDL-MSCs because they are expanded in 

vitro before transplantation, and no rigorous in vivo analysis 

has been conducted to prove their stemness and clonality. 

There has been a recent advancement in our understanding 

of the fate of transplanted cells. Initially, it was thought that 

the transplanted cells differentiate into mature cells and 

regenerate the tissue through a cell-autonomous mechanism. 

However, the transplanted cells were often undetectable 

within a few days, regardless of their administration. [30] 

 

It has been reported that transplanted cells do not 

differentiate during their survival, but they secrete various 

cytokines; in particular, the paracrine factor is important. 

For example, Ozasa et al. demonstrated that autologous 

transplantation of adipose tissue-derived multi-lineage 

progenitor cells (ADMPCs) into alveolar bone defects 

enhances periodontal tissue regeneration. Interestingly, 

ADPMCs release trophic factors, including insulin-like 

growth factor binding protein 6, and stimulate the 

differentiation of PDLSCs into osteoblasts and 

cementoblasts. Other secreted factors from MSCs are 

extracellular vesicles, such as exosomes, which are used for 

cell communication, and MSC-derived exosomes have been 

studied extensively. Recently, it has become clear that 

transplanted MSCs undergo apoptosis and are phagocytosed 
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by macrophages, thereby activating anti-inflammatory and 

other pathways and inducing appropriate tissue regeneration. 

Thus, MSCs have been shown to have therapeutic effects 

following transplantation, but their function may be different 

from that of endogenous PDLSCs. In bone tissue, human 

SSCs have recently been classified as PDPN+CD146-CD73 

+CD164 + cells, and their stemness has been proven in 

serial transplantation experiments. SSCs, like hematopoietic 

stem cells, withstand long-term follow-up of donor cells 

after transplantation. These features were not observed in 

MSCs. [31] 

 

2. Future Perspectives & Conclusion 
 

Recent studies have suggested that PDL-MSCs and PDLSCs 

are fundamentally different cell types, although there may be 

some overlap. PDLSCs have not yet been rigorously 

analyzed, and in vivo, analysis using modern techniques is 

required. As in other tissues, genetic lineage tracing, 

identification of label-retaining cells, and single-cell 

transcriptome analysis will be useful, but reliable evidence 

will not be established without the use of PDL-specific mice 

and efficient isolation methods. Combining the results of 

these analyses with the accumulated results of MSC research 

will lead to the identification of a stem cell population that 

sustains periodontal tissue and contributes to its 

regeneration. Elucidating the molecular mechanism of stem 

cell differentiation can lead to the development of new 

periodontal tissue regeneration therapies. 
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