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1  |  INTRODUC TION

Bacteria are the main cause of periodontal disease. The microbial 
population in the mouth cavity of a human being is enormous and 
is constantly evolving. The disease's intensity is determined by the 
host's ecological interactions with bacteria. Periodontal disorders, 
notwithstanding numerous other infectious illnesses, seem to be 
infections mediated by the proliferation of commensal organisms 
instead of acquiring a foreign pathogen (Cekici et al., 2014).

The inflammatory response to bacteria in the dental biofilm has a 
role in the etiology of periodontitis (PD). Pathological alveolar bone 
resorption in PD is the result of innate and adaptive immunological 
reactions. The initial phase in the immunological reaction to patho-
bionts, which are any potentially pathogenic organisms living as 
non-harming symbionts, is the mobilization of innate immune cells, 
including neutrophils and monocytes, to the infected area. Adaptive 
immunological cells are more easily recruited when cytokines and 
pro-inflammatory mediators are released by the gingival epithelium. 
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Abstract
Objectives: Periodontitis (PD) is one of the most common dental disorders. This 
chronic oral inflammation is caused by complicated interrelations between bacterial 
infections, dysregulated immune reactions, and environmental risk factors. A dysreg-
ulated immune response can lead to inflammatory bone resorption by allowing the 
recruitment of pro-inflammatory immune cells to the periodontal tissues.
Subjects: The recruitment of innate and adaptive immune cells in PD initiates the 
acute and following chronic inflammatory processes. The inflamed tissues, on the 
other hand, can be restored if the anti-inflammatory lineages are predominantly es-
tablished in the periodontal tissues. Therefore, we aimed to review the published lit-
erature to provide an overview of the existing knowledge about the role of immune 
cells in PD, as well as their possible therapeutic applications.
Results: Experimental studies showed that drugs/systems that negatively regulate 
inflammatory cells in the body, as well as interventions aimed at increasing the num-
ber of anti-inflammatory cells such as Tregs and Bregs, can both help in the healing 
process of PD.
Conclusion: Targeting immune cells or their positive/negative manipulations has been 
demonstrated to be an effective therapeutic method. However, to use this sort of 
immunotherapy in humans, further pre-clinical investigations, as well as randomized 
clinical trials, are required.
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Primary adaptive immune cells involved in host defense against PD 
are CD4+ T helper cells (Campbell et al., 2016). T helper (Th) 1, T 
helper (Th) 2, T helper (Th) 17, and T follicular helper cells (Tfh) are all 
subgroups of CD4+ T helper cells that are distinguished by the cyto-
kine secretion and effector function (Kim & Sadegh-Nasseri, 2015). 
Because of their one-of-a-kind participation in bone resorption and 
inflammatory responses, Th17 cells, which are a major source of the 
cytokine interleukin (IL)-17A, have an essential part in the evolution 
of the PD (Cheng et al., 2014). By enhancing the expression of pro-
inflammatory cytokines, Th17 cells were demonstrated to increase 
the degradation of periodontal tissue (Mitani et al., 2015).

Regulatory T cells, also known as Tregs, are a specialized subset 
of CD4+ T cells that by sustaining homeostasis and self-tolerance 
via the expression of immunosuppressive cytokines and contact-
dependent regulation modulate the immunological reaction (Vignali 
et al., 2008; Zafari et al., 2018; Iranshahi et al., 2019). Additionally, 
Tregs inhibit the function of B cells, which successfully controls the 
host's humoral immunological reactions (Lukas et al., 2017; Samimi 
et al., 2019). Tregs are present in both normal and inflamed gingiva. 
On the other hand, it has been demonstrated that the frequency of 
these cells is higher in PD (Glowacki et al., 2013a). Anti-inflammatory 
cytokines produced by Tregs during PD have been shown to play an 
important role in the periodontal inflammatory process and skeletal 
homeostasis (Karthikeyan et al., 2015). In addition, a new subset of 
B cells has been revealed that may play an important role in the reg-
ulation of Treg/Th17 cells. An important anti-inflammatory cytokine 
secreted by this regulatory B-cell subgroup (Breg) is IL-10, which has 
substantial immunomodulatory effects (Lykken et al., 2015).

Complex disorders, such as PD, require a comprehension of how 
immunological processes and inflammatory reactions are controlled. 
It is more likely that tissue degeneration and bone resorption will 
occur if the pro-inflammatory subtype of cells persists for an ex-
tended period. This means that inflammation can be addressed, and 
tissues can be restored or regenerated if the anti-inflammatory and 
pro-regeneration lineages are predominantly established. Several 
different therapy strategies have been attempted in an effort to reg-
ulate the homeostasis of immune cells in PD patients in recent years. 
As a result, the purpose of this research was to conduct a literature 
review on previously reported works in this area to give an in-depth 
analysis of what is already known regarding the function of immune 
cells and the therapeutic roles of these cells in PD.

2  |  OVERVIE W OF PD

Around 11% of the worldwide population may experience severe 
PD, impacting 743 million people (Richards, 2014). People with PD 
are two to three times more likely to have life-threatening disorders 
such as heart attack, stroke, or other serious heart problems (Zhang 
et al., 2022; Cai et al., 2022). The periodontal ligament, cementum, 
and alveolar bone, supporting tissues protecting the teeth, can be 
damaged by PD (Nazir, 2017). Dysbiosis, or an imbalance of bacte-
ria in the dental plaque, characterizes this polymicrobial condition 

(Darveau,  2010). It appears that PD is caused by low-prevalence 
bacteria that have the potential to change the nutritional state of the 
community by triggering the inflammatory response. The dynamic 
connection shift between human immunological reactions and 
subgingival bacteria has also been linked to PD (Slots, 2013). It has 
proven difficult to identify the genuine ‘pathogens’ in PD. The pro-
gression of the disease is linked to the presence of particular bacte-
ria. The existence of these bacteria in individuals with no indication 
of disease development, on the other hand, shows that the disease 
is the result of the immunological reaction and inflammation rather 
than the existence of the bacteria alone. Gram-negative and Gram-
positive bacteria, including Porphyromonas gingivalis (P.gingivalis), 
F.nucleatum, Tannerella forsythia, Treponema denticola, Prevotella in-
termedia, Eubacterium timidu, Campylobacter rectus, Aggregatibacter 
actinomycetemcomitans, and Parvimonas micra, are part of 800 vari-
ous species of bacteria that have been found and classified in human 
dental plaque (Lourenço et al., 2014; Shaddox et al., 2012).

3  |  IMMUNOPATHOGENESIS OF PD

PD is characterized by gingival inflammation, clinical attachment loss 
(CAL), radiographic signs of alveolar bone loss, pathologic bleeding, 
and deep pockets in gums. The gingival bleeding and erythema are 
prevalent and suggest a poor prognosis. The clinical transition of the 
gingival sulcus, a space between a tooth and the surrounding gingival 
tissue, to a periodontal pocket causes an increase in probing depth. 
In severe PD, the teeth become mobile, and tooth loss occurs. Both 
horizontal and vertical bone loss around the teeth is possible (Kwon 
et al., 2021). In addition to these clinical symptoms, intra-oral radiog-
raphy is often employed in PD evaluation and disease management 
to identify and monitor alveolar bone loss. PD can be detected by a 
dental X-ray (OPG); however, there may be no radiographic signals 
in the early phases since a certain amount of demineralization must 
occur before radiologic evidence appears. Early crestal bone loss is 
the first radiographic alteration in PD (Corbet et al., 2009).

PD was traditionally assumed to proceed continuously until 
treated or tooth loss occurred, but it is now considered to pro-
ceed through recurring acute episodes, based on evidence from 
human and experimental studies. Most PD patients experience a 
cycle of progressive bone loss over tiny periods, followed by ex-
tended times of remission throughout their lives. PD patients with 
the fast-growing disease have an annual incidence of CAL between 
0.1–1 mm, whereas those with slowly progressive PD have a loss 
of 0.05–0.5 mm, and those with little to no advancement had an 
annual attachment loss of 0.05–0.09 mm (Löe et al., 1986; Tonetti 
et al., 2018).

As mentioned earlier, PD is caused by complicated interrela-
tions between particular bacterial infections and dysregulated 
immune reactions. Although bacterial plaque is the most com-
mon cause of PD, various additional factors might put a person 
at risk. The most significant environmental risk factor is smok-
ing. Smokers had a considerably greater incidence of periodontal 
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bacteria in their subgingival biofilm than non-smokers (Camelo-
Castillo et al.,  2015). Patients with diabetes are also more likely 
to develop PD than healthy or well-controlled diabetic controls 
(Emrich et al., 1991).

Instead of a pathological response, the early periodontal in-
flammation should be viewed as a physiological defense mecha-
nism against the microbe onslaught. Supragingival and subgingival 
plaque development, calculus production, and gingival inflammatory 
processes are common clinical symptoms at this phase of the dis-
ease (Cekici et al., 2014). A restoration to homeostasis occurs when 
plaque is eliminated, but if the lesion continues, it is recognized as 
pathology.

The reaction of indigenous leukocytes and endothelial cells to 
the bacterial biofilm is the first pathological condition. There are 
no clinical manifestations of inflammatory response at this point; 
however, histological alterations can be detected in the organs. 
Topical blood arteries are dilated due to the effects of bacterial 
metabolic products, including lipopolysaccharides (LPS), encour-
aging junctional epithelial cells to release cytokines and neuron 
cells to induce neuropeptide synthesis (Jin, Zhang, et al.,  2014; 
Neely et al., 2005; Lotfi et al., 2021; Zafari et al., 2020; Iranshahi 
et al.,  2016). Chemokines cause neutrophils to abandon the ar-
tery and move to the point of the inflammatory process. Immune 
cells are recruited to the gingival epithelium by the secretion of 
cytokines and pro-inflammatory mediators (Zadeh et al.,  1999; 
Hasturk & Kantarci, 2015). In order for phagocytes to recognize 
bacteria, they use the pattern recognition receptors, including the 
Toll-like receptor (TLR). As these phagocytes fight against these 
pathogens, the complement system is also activated (Hasturk & 
Kantarci, 2015). Followed by a proliferation of neutrophils in the 
connective tissue and the emergence of macrophages, lympho-
cytes, plasma cells, and mast cells is the initial infection. Clinical 
indications of gingival inflammation, including hemorrhage, can be 
evident as the epithelium proliferates to generate rete pegs. In this 
condition, the flow of fluid via the gingival crevices is enhanced 
(Sudhakara et al., 2018).

This is followed by the development of a well-established 
lesion. The innate immunological response gives way to the ac-
quired immunological response during this phase, which can be 
thought of as the transition period. Most immune cells are com-
posed of macrophages, plasma cells, T lymphocytes, and B lym-
phocytes, including IgG1 and IgG3 subclasses of B lymphocytes. 
Collagenolytic activity rises as a result of reduced blood supply. 
Fibroblasts are also producing more collagen. A moderate to se-
vere gingivitis with gingival hemorrhage and color and contour 
alterations are observed clinically at this phase. The transition to 
PD is the ultimate stage, and it occurs when the lesion has pro-
gressed significantly. Histologically and clinically, irreversible de-
terioration of adhesion and bone is documented. Alveolar bone is 
affected by the deep extension of the inflammatory lesion (Cekici 
et al., 2014; Hajishengallis, 2014).

The interruption of the equilibrium between osteoblast and 
osteoclast operations by endotoxins and inflammatory cytokines 

is nowadays widely regarded as one of the primary fundamental 
mechanisms of inflammation-induced osteoporosis (Liu et al., 2010; 
Jiang et al.,  2022). Once introduced to osteoclast precursor cul-
tures, including osteoblasts and/or stromal cells, LPS induces bone 
resorption immediately (Iino & Hopps,  1984). Commencement of 
osteoporosis is associated with a TLR- and inflammation-induced os-
teoclastogenesis mechanism (Pihlstrom et al., 2005). There has been 
a lot of research conducted on how inflammation can cause oste-
oporosis during a reaction to periodontal infection. RANKL, tumor 
necrosis factor α (TNF-α), IL-1, IL-6, and prostaglandin (PG)-E2 are 
the mediators of the complex inflammatory pathways and cytokine 
networks that control osteoclastogenesis (Henderson et al., 2003).

Bone remodeling is regulated by RANKL and osteoprotegerin, 
which are directly engaged in the differentiation, stimulation, and 
persistence of osteoclasts and pre-osteocytes, respectively (Yasuda 
et al.,  1998). Osteoblasts, stromal cells, chondrocytes, and other 
mesenchymal cells all express RANKL. RANKL can also be expressed 
by stimulated T and B cells (Kawai et al., 2006). Osteoclast progeni-
tor cells, adult osteoclasts, chondrocytes, monocytes, and dendritic 
cells all express the RANK regulator. Periodontal tissue cells, such as 
fibroblasts and periodontal ligament cells, have been found to ex-
press the decoy receptor osteoprotegerin (Hsu et al., 1999).

Periodontal tissue degradation has been linked to the pres-
ence of collagenases and other matrix metalloproteinases (MMPs). 
At first, it was believed that only neutrophils were capable of pro-
ducing MMPs and releasing them in a pathological context (Uitto 
et al.,  2003). Gingival epithelial cells, fibroblasts, endothelial cells, 
monocytes/macrophages, and plasma cells are examples of the var-
ious cell types found in a healthy or damaged human periodontium. 
However, it is currently evident that these different cell types ex-
press different MMPs (Wahlgren et al.,  2002; Sorsa et al.,  2006). 
MMP-8, a collagen-degrading enzyme mostly secreted by neutro-
phils, is the most prevalent in PD. Gingival crevice fluid and saliva 
contain this enzyme, which is indicative of damaged periodontal 
tissue. Matrix metalloproteinase-8 is primarily responsible for the 
breakdown of interstitial collagens (Sorsa et al., 2006).

4  |  IMMUNE CELL S AND THEIR 
THER APEUTIC APPLIC ATIONS IN PD

Pathological alveolar bone resorption occurs in PD as a result of a 
cascade of innate and adaptive immunological reactions, as previ-
ously described (Figure 1). The mobilization of innate and adaptive 
immune cells, as well as their penetration into periodontal tissues, 
signals a switch to the resolution phase, or chronic inflammatory 
processes, once acute inflammation has been developed. Various ef-
fector cell lineages may dominate the existence in the tissue, which 
affects the therapeutic manifestation of the disease as a result of a 
sequence of environmental conditions and the interconnections of 
cellular and molecular components unique to the host. Innate and 
adaptive immune cells will be the emphasis of this section, as well as 
the possibility of using these cells to treat PD (Table 1).
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4.1  |  Innate immune cells

4.1.1  |  Neutrophils

Neutrophil homeostasis is essential for periodontal health because 
it is the host's first line of defensive system against pathogenic bac-
teria (Sima et al., 2019). Because of the chemotaxis of plaque, the 
periodontal lesion begins as an acute inflammation with enhanced 
neutrophil migration into the gingival crevice via the junctional epi-
thelium (Zhang et al., 2020). They are stimulated by chemoattract-
ants such as macrophage inflammatory protein-1α, C-X-C motif 
ligand 8, and constitutive increased reactive oxygen species (ROS) 
and commence phagocytosis using antibodies and complement, 
resulting in tissue destruction and elevated secretion of harmful 
chemicals, which can be utilized to differentiate normal and inflamed 
periodontal (Rijkschroeff et al., 2018). In the initial phase of PD, there 
is an elevation in neutrophil mobilization, migration, and infiltration. 
On the other hand, a substantial decrease in the phagocyte opera-
tions of neutrophils was identified among persons experiencing PD. 
Pro-inflammatory cytokines (for example, TNF-α, and IL-8), neutro-
phil enzymes, eosinophil cationic protein, histidine decarboxylase, 

histamine, and neutrophil elastase affect all of these alterations 
(Magán-Fernández et al., 2019; Zhang et al., 2020).

Drugs targeting neutrophils
N-acetylcysteine, quercetin, and resveratrol all have the ability to 
lower the neutrophils' ROS generation while also increasing the ex-
pression of type 1 collagen, both of which are important in main-
taining healthy gingival tissues and avoiding PD. When it comes to 
slowing the advancement of PD, resveratrol is the most effective 
antioxidant out of the three compounds mentioned above. The ther-
apeutic application of antioxidants as a supplement to decrease oxi-
dative stress and minimize PD in people requires more investigations 
utilizing in vivo prototypes (Orihuela-Campos et al., 2015).

Vitamins that specifically target neutrophils have shown 
promise as an effective treatment for PD in recent years. Since 
ascorbic acid (vitamin C) could be administered to treat PD by 
reducing neutrophil extracellular oxidants, clinical trials have 
demonstrated that it can mitigate inflammatory responses among 
individuals suffering from PD (Staudte et al.,  2005). Cellular de-
struction is reduced by the suppression of H2O2-induced intracel-
lular ROS and the inhibition of IL-8 generation via the inhibition of 

F I G U R E  1  The immune-inflammatory and immune-regulatory responses in PD. Immune response in PD is complex and involves both 
innate and adaptive immunity. Pathobiont dysregulation can lead to the initiation of the innate immune responses and recruitment of 
immune cells to the inflamed tissue, including neutrophils (neu), M1 macrophages (M1 MQ), and adaptive immune cells. Th1 and Th17 
cells can produce pro-inflammatory cytokines inducing osteoclastogenesis. Besides, these cytokines can activate B cells, leading to the 
production of autoantibodies against autoantigens and promoting tissue destruction. On the contrary, the abundance of Tregs and Bregs has 
the opposite effect by secreting anti-inflammatory cytokines and inhibiting osteoclastogenesis
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TNF-α-induced intracellular ROS by an L-ascorbic acid derivative 
L-ascorbic acid 2-phosphate magnesium salt (APM). This shows 
that APM can be administered locally to assist in avoiding peri-
odontal disease (Tsutsumi et al., 2012). Furthermore, through the 
P38/MAPK axis, 1, 25 dihydroxy vitamin D3 can increase neutro-
phil apoptosis during type 2 diabetic PD, thereby decreasing PD 
(Tang et al., 2018).

4.1.2  |  Monocytes/macrophages

In tissues with PD, the number of monocytes, particularly intermedi-
ate monocytes, an essential cellular defense system against patho-
gens, greatly increases (Nagasawa et al., 2004). Chronic PD patients 
had a larger percentage of intermediate CD14+CD16+ monocytes. 
Additionally, the number of CD45RA+ monocytes was elevated in 
patients with severe PD (Almubarak et al., 2020).

Increased and activated pro-inflammatory macrophages are 
seen in PD (Viniegra et al., 2018). As a result of pathogenic bacteria 
like Fecal coliforms and their byproducts like LtxA, macrophages in 
diseased periodontal tissue are more likely to elicit pro-inflammatory 
responses, phagocytosis, and metabolic functions (Ben Lagha 
et al., 2019). The primary characteristic of macrophages in PD that 
distinguishes them apart from regular organs is polarization (Parisi 

et al.,  2018). Macrophages in people with PD are more likely to 
differentiate to the M1 pathway, whereas M2 differentiation is 
considerably inhibited. Enhanced generation of pro-inflammatory 
mediators and matrix-degrading enzymes by macrophages, as well as 
enhanced osteoclastic function, define PD (Almubarak et al., 2020; 
Viniegra et al., 2018). TNF-α, interferon-γ (IFN-γ), IL-1α, IL-1β, IL-6, 
and IL-12 are among the pro-inflammatory cytokines secreted by 
macrophages. Adhesion factors, including CXCL5 and CXCL1, are 
also secreted by these cells, as well as activation of inflammatory 
complexes like NLRP3 (Yang et al., 2018; Sun et al., 2020).

Drugs targeting monocytes/macrophages
Drugs that target monocytes and macrophages are being studied as 
a treatment for PD. Apical PD can be effectively treated with in-
tracanal metformin. It is capable of minimizing LPS-enhanced CCL-2 
generation via suppressing LPS-induced generation of NO and in-
ducible nitric oxide synthase by monocytes (Wang et al., 2020).

Two of the most active compounds are proanthocyanidins 
(PACN) and cranberry proanthocyanidins. They are a potential op-
tion and complementary therapy for the management of PD disease 
in recent years. IL-8 and PGE2 generated by LPS-induced fibroblasts 
and IL-6 released by leukocytes can be blocked by Pelargonium si-
doides dendritic cell root extract, which is high in PACN. This pre-
vents the production of CD80 and CD86 on macrophage surfaces 

TA B L E  1  Immune cells modulator and their mechanism of action in PD

Drug/system Target cells Mechanism of action

NAC, quercetin, and resveratrol Neutrophils Reduced ROS generation; increased the expression of type 1 collagen.

Ascorbic acid Neutrophils Reduced neutrophil extracellular oxidants.

APM Neutrophils Suppressed the H2O2-induced intracellular ROS; inhibited IL-8 
generation.

PACN and PACs Macrophages, 
Leukocytes

Prevented the production of CD80 and CD86 on macrophages; inhibited 
IL-8 and PGE2 generated by LPS-induced fibroblasts and IL-6 released 
by leukocytes.

CSINCpi-2, metformin, CCL2 MPs, 
PMX205, CSINCpi-2, and 6-Shogaol

Macrophages Regulated the polarization and recruitment of macrophages.

AsIV T and B lymphocytes Reduced CD8+ T cells, TNF-α, IL-1β, IL-2, IgA, and IgG generation; 
decreased inflammatory responses.

Curcumin and calcitriol T lymphocytes Increased the percentage of Tregs and reduced the ratio of Th17 cells

Adoptive transfer of Tregs and 
microparticles secreting CCL22

Regulatory T cells Increased osteogenic and anti-inflammatory factors in the periodontium 
and inhibited translocation of pro-inflammatory cells.

ATRA Regulatory T cells Increased the ratio of FOXP3+ Tregs and reduced the prevalence of Th17 
cells.

Tamibarotene (Am80) Regulatory T cells Increased the ratio of FOXP3+ Tregs and reduced the prevalence of Th17 
cells; decreased the transcription of pro-inflammatory cytokines; 
upregulated TGF-β and IL-10.

IL-35 Regulatory T cells Increased the ratio of Tregs, locally/systemically prevented alveolar bone 
resorption; elevated the osteoprotegerin.

NF-SMS Regulatory T cells Upregulated TGF-β; improved Treg mobilization and Treg-mediated 
immunomodulation.

Adoptive transfer of B10 cells Regulatory B cells Elevated IL-10 concentrations; reduced IL-17 and RANKL levels; enhanced 
alveolar bone resorption.

Abbreviations: APM, L-ascorbic acid 2-phosphate magnesium salt; AsIV, Astragaloside IV; ATRA, All-trans retinoic acid; NAC, N-acetylcysteine; NF-
SMS, nanofibrous spongy microspheres; PACN, Proanthocyanidins; PACs, Cranberry proanthocyanidins.
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as well as IL-1 and cyclooxygenase-2 in leukocytes (Jekabsone 
et al., 2019). CSINCpi-2, Metformin, CCL2 MPs, PMX205, CSINCpi-2, 
and 6-Shogaol are other medicines that impact the polarization 
and recruitment of macrophages (Leguizamon et al.,  2019; Zhou 
et al., 2019; Zhuang et al., 2019; Kim et al., 2020).

4.2  |  Adaptive immune cells

4.2.1  |  T and B lymphocyte

Bone resorption in patients with PD is thought to be caused by T 
and B lymphocytes. According to previous studies, a large number 
of T and B cells that are antigen-specific infiltrate the gingival tissue 
(Cardoso & Arosa,  2017; Han et al.,  2013). In addition, significant 
links between T lymphocytes and bone resorption have been estab-
lished (Tsukasaki et al., 2018). The investigation conducted by Yoshie 
et al.  (1987) connected stimulated T lymphocytes to the develop-
ment of periodontal disease, demonstrating that T cells and their 
responses to oral infections like P. gingivalis aid bone remodeling in 
favor of osteoporosis (Baker et al., 2001).

In the periodontal disease scenario, the association of T helper 
1 (Th1) cells with costimulatory compounds B7 (CD80/CD86) ap-
pears to trigger inflammatory bone resorption. This was accom-
plished through adoptive T-cell translocation (Kawai et al.,  1998). 
The immunological reaction plays an active part in periodontal bone 
resorption, as demonstrated by the inhibition of bone resorption 
by a fusion antibody (CTLA-4Ig), which disrupts the CD28 and B7 
link between T lymphocytes and antigen-presenting cells (APC) 
(Najafian & Sayegh, 2000; Gemmell et al., 2001). On the other side, 
Yamashita et al. conducted a research in which they introduced A. 
actinomycetemcomitans-specific Th2-cell clones to healthy rats and 
subsequently exposed the rats to A. actinomycetemcomitans. They 
found that osteoporosis was greatly reduced in the recipients of 
these clones (Yamashita et al., 1991). Th17 cells in the gingiva of pa-
tients with PD were shown to be higher in number, in addition to 
elevated levels of TNF-α, IL-1, and IL-6, which are the factors that 
cause polarization of Th17 cells (Teixeira et al., 2017). Th17 cells iso-
lated from the local tissues of PD individuals generated a significant 
amount of IL-17 and receptor activator for nuclear factor (Nf)-κB 
ligand (RANKL), increasing the alveolar bone resorption and osteo-
clast differentiation (Kim et al., 2015).

Additionally, there is evidence that B lymphocytes have a role in 
the stimulation of bone resorption during PD (Weitzmann, 2017). A 
greater level of inflammatory bone resorption was found in B-cell-
reconstituted SCID mice compared to B and T-cell-deficient SCID 
mice, showing that B cells increased bone resorption in the gingiva 
when numerous doses of LPS were administered in an investigation 
conducted by Kozuka et al.  (2006). It has also been demonstrated 
that antigen-specific B lymphocytes transferred through adoption 
can lead to periodontal bone deterioration (Han et al., 2006; Harada 
et al., 2006). Studying the involvement of stimulated T and B cells 
in the resorption of periodontal bone by stimulating osteoclast 

precursor cells was assisted in vivo by adoptive transplantation of 
antigen-specific T cells and antigen-specific B lymphocytes (Kawai 
et al., 2000).

Drugs targeting T and B lymphocytes
The differentiation of T cells can be regulated by medications that 
target T lymphocytes, lowering inflammatory response and so alle-
viating PD and bone deterioration. In the medicinal plant Astragalus 
membranaceus, Astragaloside IV (AsIV), one of the active com-
pounds, can raise the proportion of CD4+ T cells in peripheral blood 
and the CD4+/CD8+ T-cell ratio, whereas the percentage of CD8+ 
T cells, TNF-α, IL-1β, IL-2, IgA, and IgG can be dramatically lowered. 
Medications targeting CD4+ T cells may reduce antibody responses 
dependent on T cells, which would explain the drop in IgA and IgG 
concentrations. PD can be slowed down by AsIV's ability to decrease 
inflammatory response (Zhang & Deng, 2019).

Another therapeutic function for medicines like curcumin and 
calcitriol is to control the differentiation of T cells. Increasing the 
percentage of Tregs and reducing the ratio of Th17 cells can prevent 
alveolar bone deterioration via altering the proportion and activity 
of Th cell subgroups as a result of the administration of the drugs 
mentioned above. As a result of calcitriol treatment, the polarization 
capacity of Th2 is enhanced while this parameter is decreased in the 
Th1 promoter (Bi et al., 2020; Bi et al., 2019).

4.2.2  |  Tregs

Despite the fact that plaque bacteria constitute the first step in the 
progression of PD, the preponderance of tissue destruction is caused 
by the immune response of the host (Seymour et al., 1993). Thus, con-
trolling the immune-inflammatory response among patients with PD 
is a possible medicinal strategy. As a result, the immunological sys-
tem is less likely to respond to infection because of the selective ac-
cumulation of regulatory T cells (Tregs). CD25high FOXP3+CD127−/low 
GITR+CTLA-4+CD45RA+ are a subpopulation of CD4+ cells (Azimi 
et al., 2016). One subset of Tregs is designated FOXP3-induced (iTregs), 
while the other is termed FOXP3+ natural (nTregs). nTregs originate 
from thymocytes in the thymus after agonist choosing. In the availabil-
ity of retinoic acid, transforming growth factor-beta (TGF-β), and IL-10, 
iTregs (Tr1 and Th3) differentiate from peripheral T cells in second-
ary lymphoid organs, particularly mucosa-associated lymphoid tissue, 
a complex comprising lymphoid cell aggregation in the gastrointesti-
nal, respiratory, urinary tracts, skin, eyes, thyroid, tonsils, breasts, and 
salivary glands mucosal layers (Mohr et al., 2018). Peripheral tolerance 
is mostly due to the presence of T regulatory cells (Tregs). Through 
expressing co-inhibitory receptors, including cytotoxic T-lymphocyte-
associated protein 4 (CTLA-4), lymphocyte-activation gene 3, pro-
grammed cell death protein 1, T-cell immunoreceptor-containing Ig 
and ITIM domains, and T-cell immunoglobulin and mucin domain-
containing-3 (Tim-3), secreted anti-inflammatory cytokines such as 
TGF-β, IL-35, IL-10, and IL-4, and IL-2 absorption by CD25, these cells 
modulate the immunological reactions (Mohr et al., 2018).
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Increased Treg cell counts have been observed in chronic PD bi-
opsies at intermediate and progressed stages (Nakajima et al., 2005). 
During the ChunSheng Bi et al. study, gingival crevicular fluid (GCF) 
and gingival tissues were obtained from individuals with a normal 
periodontal region (PH group) and individuals experiencing chronic 
(CP group). GCF and gingival tissues from the CP group had elevated 
levels of IL-17, while IL-10 and IL-4 levels were significantly lower. 
GCF and gingival tissues from the CP group had increased concen-
trations of IL-17, while IL-10 and IL-4 concentrations were signifi-
cantly decreased. Additionally, the PH group had a higher number 
of Th2 and Treg cells, while the CP group had a higher number of 
Th1 and Th17 cells (Bi et al., 2019). Chemokines including CCL17 and 
CCL22 have been reported to be more frequent in tissues that have 
high levels of inflammatory infiltration, which is consistent with the 
CCR4-dependent mobilization of Treg cells, according to the findings 
of further research (Cardoso et al., 2008).

On the other side, it is possible that certain FOXP3+ cells will 
act diversely from conventional Treg cells. A modest number of 
FOXP3+IL-17A+ cells were seen in PD but not in gingivitis, demon-
strating that Treg cells in PD may be capable of transforming into 
Th17 cells (Okui et al., 2012). In addition, the research conducted by 
Alvarez et al. demonstrated that laboratory PD was associated with 
the increasing elevation of Th17 and Treg-associated mediators in 
the gingiva, including IL-17A, IL-17F, IL-6, RANKL, IL-10, TGF-β, and 
GITR, in addition to the multiplication of both Treg and Th17 cells in 
cervical lymph nodes. Tregs derived from the cervical lymph nodes 
had reduced FOXP3 transcription and increased IL-17A transcrip-
tion relative to Tregs derived from the spleen and normal controls 
(Alvarez et al., 2020a).

Several in vivo investigations have connected the progression of 
PD to a decrease in Treg cell activity. In A. actinomycetemcomitans-
induced PD in mice, anti-GITR decreased the function of Treg cells, 
which led to alveolar bone resorption and an increase in inflamma-
tory cytokines, in addition to downregulation of TGF-β, IL-10, and 
CTLA-4 (Garlet et al.,  2010). Similar to the IDO-deficient mouse 
model, Treg cell function is influenced by the activity of Indoleamine 
pyrrole 2,3-dioxygenase (IDO) (Qin et al.,  2017). In an empirical 
PD prototype, the role of Tregs was altered in a similar way. Foxp3 
downregulation and lower suppression of osteoclast formation 
aggravated Th17-driven bone deterioration, which was related to 
the PD-induced hypermethylation of CpG sites in the Foxp3 locus 
(Alvarez et al., 2020b).

Therapeutic applications of Tregs
In recent years, a variety of immunotherapy methods based on 
Tregs' immunosuppressive properties have been established (Lotfi 
et al., 2021; Singer et al., 2014). Clinical effectiveness of Treg infu-
sion in autoimmunity, liver transplantation, graft versus host disease 
(GVHD), and type 1 diabetes mellitus (T1DM) have been dem-
onstrated thus far in several clinical studies, particularly those in 
phases I and II (Bluestone et al., 2015; Hartemann et al., 2013; Safinia 
et al., 2015; Rezaiemanesh et al., 2022; Rajabinejad et al., 2022). Ex 
vivo alteration of Tregs for adoptive translocation, like Bregs, is one 

of these techniques. This is where the host or donor's peripheral 
blood or banked umbilical cord blood is used to isolate Tregs (Fan 
et al., 2012). Various particular techniques, such as anti-CD3/CD28, 
donor APCs or artificial APCs, can be used to effectively culture and 
proliferate Tregs. These techniques are all capable of expanding a 
particular Treg population in an effective manner. Eventually, the pa-
tient receives the purified Tregs (Kasahara et al., 2017).

Another form of immunotherapy is the manipulation of the Treg 
population in vivo by employing a range of systemically or topically 
delivered drugs boosting Treg multiplication, half-life, and function 
(Figure  2). One of these approaches involves the employment of 
microparticles secreting CCL22 with the intention of specifically 
recruiting Tregs to a particular inflamed periodontal lesion (Garlet 
et al.,  2014). By upregulating osteogenic and anti-inflammatory 
factors in the periodontium and inhibiting translocation of pro-
inflammatory cells, this method substantially reduced bone re-
sorption in PD murine and canine models (Glowacki et al., 2013b). 
Another strategy employed in a PD model in mice was the oral ad-
ministration of All-trans retinoic acid (ATRA). It has been established 
that this treatment can effectively manage the Th17/Treg equilib-
rium. This is accomplished by increasing the ratio of FOXP3+CD4+ 
Tregs while simultaneously reducing the prevalence of RORt+CD4+ 
Th17 cells (Wang et al., 2014). Likewise, oral administration of a reti-
noic acid receptors (RARs) agonist, tamibarotene (Am80), decreased 
RORt+CD4+ Th17 cell polarization and raised FOXP3+CD4+ Tregs in 
murine PD gingival tissues, cervical lymph nodes, and spleen. While 
decreasing the transcription of pro-inflammatory cytokines, includ-
ing L-17A, RANKL, MCP-1, IL-6, and IL-1, Am80 also upregulated 
TGF-β and IL-10 (Jin et al., 2014). The Th17/Treg balance was altered 
by P. gingivalis vaccination to safeguard mice against inflammatory 
response and alveolar bone resorption. Vaccinated mice had fewer 
overall CD4+ T cells and RORt+CD4+ cells; however, their spleen 
and cervical lymph nodes had higher proportions of Tregs (Wang 
et al., 2015).

Treg cell-positive modulation has also yielded encouraging 
outcomes. PD patients in a clinical study conducted by Rajendran 
et al.  (2019) were randomly assigned to receive either 7 days of 
oral metronidazole/amoxicillin antibiotic therapy or no antibiotic 
intervention. The results demonstrated that antibiotics could be 
employed to alter the advancement of inflamed blood myeloid den-
dritic cells (mDCs) and the transition of Tregs to Th17 cells among 
individuals experiencing PD. Administration of IL-35 either locally 
or systemically prevents alveolar bone resorption in PD mice. This 
is accomplished by changing the equilibrium between Th17 and 
Treg cells, elevating concentrations of osteoprotegerin (OPG), 
and RANKL downregulation (Cafferata et al.,  2020a). Cafferata 
et al. treated mice with PD triggered by ligation by administering 
IL-35 either locally or systemically. IL-35 inhibited alveolar bone 
resorption in PD mice. In addition, while simultaneously elevat-
ing the number of Tregs and the generation of Treg-related me-
diators, treatment with IL-35 decreased the number of Th17 cells 
and the synthesis of Th17-related mediators in PD-affected tissue 
(Cafferata et al., 2020b).
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The release of regulatory miRNA and TGF-β by nanofibrous 
spongy microspheres (NF-SMS) administration improved Treg mo-
bilization and Treg-mediated immunomodulation against osteo-
porosis in a mouse model of PD (Liu et al., 2018). By transporting 
Sirtuin-1 (SIRT1) protein into CD4+ T cells, P. gingivalis-induced PD 
environment exosomes also had a role in the regulation of Treg cell 
location, resulting in enhanced expression of Th17 and decreased 
expression of Treg (Zheng et al., 2019). By regulating the Th17/Treg 
cell equilibrium in inflammatory periodontal tissues and compared to 
mesenchymal stem cell-derived exosomes generated via 2D culture 
(2D-exos), 3D-exos (MSC exosomes produced by 3D culture) showed 
greater anti-inflammatory effects in the ligature-induced prototype 
of PD (Zhang et al., 2021). The proportion of Treg/Th17 cells was in-
creased in laboratory PD by oral therapy using all-trans retinoic acid 
(ATRA), leading to the prevention of PD (Wang et al., 2014).

4.2.3 | Bregs

TGF-β, IL-35, and IL-10 production, formation of autoantibodies 
against autoantigens, and activation of Tregs are the primary functions 
of regulatory B cells (Breg), which are also known as inhibitory B-cell 
subgroups (Zou et al., 2018). CD4+ effector T cells may decrease, and 
CD8+ effector T cells may become anergic as a result of LPS-stimulated 
B cell production of TGF-β1 (Tian et al., 2001; Parekh et al., 2003). 
Bregs have heterogeneity of phenotypes (Yoshie et al., 1987); how-
ever, the vast majority are IL-10-competent B cells. These cells were 
initially discovered as CD19+CD1dhigh CD5+IL10+ cells and were given 
the name B10 cells due to the fact that they produce the vast majority 
of IL-10 released by B cells (Yanaba et al., 2008). Numerous different 
varieties of B10 cells have been identified since then, each with its 
own set of transcription factors and cell surface indicators. As a direct 

F I G U R E  2  Schematic illustration of possible therapeutic approaches of Treg and Breg in PD. IL-2 is an important cytokine for Treg 
expansion. IL-2 interaction with IL-2R can induce the expression of FOXP3, resulting in the expression of co-inhibitory receptors such 
as CTLA-4, GITR, and the secretion of anti-inflammatory cytokines. IL-33 and all-trans retinoic acid (ATRA) has also been reported to be 
important for the immunosuppressive functions of Tregs. Bregs can reinforce the activation of Tregs through MHC-TCR immune synapse 
and anti-inflammatory cytokines such as IL-10 and TGF-β. Pathogenic structures like lipopolysaccharide. (LPS) can activate B-cell receptor 
(BCR) and Toll-like receptors (TLRs), resulting in the activation of the downstream pathways in Bregs, such as MyD88, STATs, Blimp1, IP3, 
calcium–calcineurin–nuclear factor of activated T cells (NFAT) signaling pathway. Activation of these transcription factors can increase the 
transcription and secretion of IL-10, IL-35, and TGF-β. Breg surface receptors, such as PD-L1 and FasL, can also inhibit the inflammatory 
responses through the inhibition of effector T cells
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consequence of this, IL-10-producing B cells that also possess IL-10-
dependent regulatory characteristics are now known as B10 cells. In 
addition to IL-10 and CD19, B10 cell markers include CD9 (which is 
expressed in 90% of mice B10 cells) (Sun et al., 2015).

Dysregulation of the Bregs has also been found in PD patients. 
More CD25+ B cells and increased production of TGF-β, IL-35, and 
IL-10 were seen in patients with PD after induction of the disease, 
according to Han et al. TLR agonists enhanced Breg growth and 
function. CD25+ B cells differentiation induced by LPS and CpG 
and the production of TGF-β, IL-35, and IL-10 were enhanced in this 
study. In addition, the adoptive transfer of CD25+ B cells was shown 
to reduce alveolar bone deterioration and concentrations of both 
IFN-γ and IL-17. Adoptive transplantation of CD25+ B cells restores 
the pathogenic variation in the fraction of IL-1 and Th1/Th17 in local 
lesions (Han et al., 2021).

Therapeutic applications of Bregs
Elevated IL-10 concentrations, reduced IL-17 and RANKL levels, en-
hanced alveolar bone resorption, and diminished periodontal osteo-
clastogenesis and Th17 cells in local lesions were observed following 
administration of pathogen-specific B10 cells to mice experiencing 
laboratory PD (Shi et al.,  2020). According to a study conducted 
by Yu et al., periodontal bone resorption and pro-inflammatory cy-
tokines, including TNF-α, IL-1, and RANKL, were reduced among mice 
transplanted with CD5+CD1dhigh B cells, whereas the expression of 
IL-10 gene was increased. This was in comparison to animals trans-
planted with CD5-CD1dlow B cells (Yu et al.,  2017). The frequen-
cies of CD19+ IL-10-producing cells, CD5+CD19+CD1dhigh cells, and 
P.gingivalis-specific CD19+ cells increased in the inflammatory peri-
odontal tissues of mice transplanted with CD5+CD1dhigh B cells (Shi 
et al., 2020), demonstrating that B10 cell mobilization could decrease 
periodontal inflammatory response and bone deterioration in vivo. 
Considering the positive effects of adoptive B10 cell transmission in 
PD, it may be able to reduce alveolar bone degeneration by trigger-
ing a local up-regulation of B10 cells. A significant increase in IL-10 
mRNA expression decreased alveolar bone loss, and alleviation of 
alveolar bone resorption was seen following the gingival injection of 
CpG and CD40L. IL-10+CD45+ cells were also significantly increased 
(Yu et al., 2017; Wang et al., 2017). In B cells, production of IL-10 and 
decreased alveolar resorption might be reported by a mixture of IL-
21, CD40L, and an antibody targeting Tim-1 (Hu et al., 2017).

5  |  CONCLUSION

Pathological alveolar bone resorption occurred in PD is a result of dys-
regulated immune responses. The recruitment of innate and adaptive 
immune cells, including T cells, B cells, DCs, macrophages, and neutro-
phils, signals a switch to the resolution phase or chronic inflammation 
in the inflamed periodontal tissue. Immunoregulatory cells, particularly 
Tregs and Bregs, play a vital role in preventing tooth damage and in-
flammation. These cells become dysregulated or develop plasticity 
in PD, which can contribute to chronic inflammation. As a result, in 

experimental research, the use of these cells or their positive manipu-
lation has been demonstrated to be an effective therapeutic method. 
However, to use this sort of immunotherapy in humans, further pre-
clinical investigations, as well as randomized clinical trials, are required.
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