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Abstract 

Because it is well known that T cells are a heterogeneous population, and a balance between functionally of different 

T cell subsets is crucial in immune regulation, a series of studies have attempted to associate an impaired balance 

between each T cell subset and periodontal disease progression. This review aims is to give a perspective on the 

importance of Th1/Th2  and Th17/Treg balance in the pathogenesis of periodontal disease, considering that the 

activity of this disease is determined by a complex interaction between the immune system and periodontal 

pathogens. Because Treg cells modulate both innate and adaptive immunity, it may be helpful to use therapeutic 

strategies which apply the immunosuppressive abilities of Treg cells in periodontal disease. The re-examination of 

existing periodontal literature and further studies in the light of these new discoveries may help explain how the 

inflammatory response results in damage to the periodontium while generally failing to control the pathogens. This 

knowledge would be essential in order to develop interventional strategies to protect and minimize the destructive 

aspects of the periodontal host response. 
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Introduction 

Despite the fact that periodontal 

disease is known to result from the 

interaction between bacterial microflora and 

different host responses, the onset and 

progression of the disease still depends on 

the presence of other factors [1,2]. Even if 

bacteria are the triggers of this disease, the 

host's response to infection is essential in the 

progression of the disease, including the 

adaptive response of T cells [3,4,5]. 
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In addition to the presence of various 

periodontopathogens such as 

Porphyromonas gingivalis, Aggregatibacter 

actinomycetemcomitans and Tannerella 

forsythia, it is known and accepted now that 

genetics and environmental factors play an 

important role in the susceptibility of the 

individual to develop this severe 

inflammatory disease [6] (Fig 1). Plaque-

induced gingivitis is an inflammation of the 

gingiva resulting from bacterial infection, 

and it is one of the most common oral 

diseases. The most important objective in 

planning dental care is establishing a healthy 

oral environment free of inflammation and 

infection [7]. 

In attempt to understand how the body 

manages the external aggression (infectious 

agents), there have been demonstrating two 

possibilities of the immune response: the 

removal of pathogens by preformed 

components (the non-specific resource of 

immune response) or the production of 

cellular and molecular components that 

adapt to the pathogen (specific resource) 

[8,9].

 

 

 

Fig. 1. Factors involved in the severity of periodontitis. 
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Innate immune response in periodontal 

disease 

Periodontal disease, tooth decay, 

orofacial pain and oral cancer are the main 

globally oral conditions. Diagnosing and 

monitoring the progression of oral diseases 

through the non-invasive technologies 

would improve therapeutic outcomes and 

patients' quality of life [10]. Periodontal 

medicine as a direction of investigation 

focuses on the multiple data based on 

scientific evidence, which establishes a 

significant relationship between periodontal 

disease and systemic health. A good 

education and information of the patients 

and the up-to-date medical information can 

help providing a good oral treatment, in safe 

conditions for both patients and dentists 

[11]. The type of immune response 

developed by the host tissues when 

confronted with the periodontal pathogen 

has crucial importance, conditioning their 

resistance or sensitivity in the onset and 

development of the clinical symptoms of 

periodontal disease. A significant increase in 

proinflammatory cytokines occurs in 

conditions such as periodontitis [12]. Other 

several inflammatory mediators such as 

prostaglandins or matrix metalloproteinases 

are required to orchestrate immuno-

inflammatory events that condition the 

pathogenesis of periodontal disease 

[13,14,15,16]. The expression of these 

mediators is significantly regulated by 

different cell populations, from neutrophils 

(considered the first line of defense in case 

of aggressions from periodontal alterations) 

to mononuclear cells and T lymphocytes 

[17,18]. Whose expression involves an 

interaction between the microbial biofilm 

and the immune-inflammatory response of 

the host, ultimately responsible for 

modulating the homeostasis of periodontal 

tissue [19]. 

Nowadays, the biological functions of 

T cells are better known and it has been 

concluded that they play an important role in 

the homeostasis of periodontal tissues, 

modulate inflammatory / immune responses 

and mediate bone loss observed in 

periodontal disease [20,21]. 

T cells are classified according to their 

role in: helper T cells (Th), cytotoxic T cells 

(Tc) and regulatory T cells (Treg). In this 

article we review what is currently known 

about the effector functions of Th cells, 

including recently identified subsets and 

their potential role in periodontal disease 

[22,23]. 

 

Th1/ Th2 balance 

Th1 and Th2 are classical subsets of 

helper T cells, characterized by T-bet and 

respectively GATA-3 transcription factors. 

Th1 differentiation is accelerated by 

interleukin IL -12, while exposure to IL-4 

leads to Th2 differentiation. Th1 cells 

produce IL-2 and interferon (IFN) -γ, which 

stimulates immune system cells by 

activating macrophages, CD8 + T cells, and 

NK cells [24]. The Th1 response is essential 

in the immune defense against bacteria, 

viruses and intracellular tumors and may be 

involved in stimulating autoimmune 

diseases. However, the Th2 response 

produces cytokines such as IL-4, IL-5, IL-6, 

IL-10, and IL-13, which mediate humoral 
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immunity by stimulating B cell proliferation, 

differentiation, and antibody production. 

The Th2 response is involved in parasite 

immunity and allergic inflammatory 

responses, including airway hyper-reactivity 

[25]. 

Until the discovery of Th17, 

researchers focused on Th1 / Th2 and tried 

to identify the subset responsible for the 

progression of periodontal disease. 

Numerous human studies have supported the 

hypothesis that Th1 cells are associated with 

stable periodontal lesions and Th2 cells are 

associated with progressive lesions. In 

contrast, several studies have shown that 

increased Th1 response and decreased the 

response of Th2  are associated with 

periodontal tissue destruction (Fig.2) 

[26,27,28]. 

 

Figure 2. Innate immune response in periodontal disease [28].  

Several studies have discussed the role 

of Th1 and Th2 cells and their cytokine 

profiles in periodontal disease. It has been 

observed that stable periodontal lesions 

resemble a delayed type hypersensitivity 

lesion while progressive lesions involve a 

large number of B cells, these lesions can be 

mediated by Th1 and Th2 cells, respectively. 

A strong innate response has been shown to 

lead to a Th1 response through the secretion 

of IL-12, IL-2 and IFN-γ cytokines, while a 

weak innate response leads to a Th2 

response with IL-4 cytokine secretion. 

Continuous activation of B cells can lead to 

the secretion of a large amount of IL-1 and 

therefore to the destruction of tissues 

[29,30]. 

In a stable lesion, the secretion of IFN-

γ increases, the phagocytic activity of both 

neutrophils and macrophages is improved, 

which demonstrates the presence of 

infection [31]. In the case of a weak innate 

immune response and minimal Il-12 

production, a weak Th1 response is usually 

associated with a lack of bacterial infection. 

The production of IL-4 by stimulation of 

mast cells would lead to a response from 

Th2 cells and thus the activation of B cells 

and the production of antibodies. 

Th 17 cells in periodontal disease 
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Another subset of Th cells that 

complements the understanding of the 

periodontal immune response triggered by 

Th1 / Th2 has been termed ―Th17 cells‖. 

Although IL-17 is have been known 

for a long time, it was thought to be 

produced primarily by Th1 / Th0 cells. 

Recently, Th-17 cells have been identified 

as a separate phenotype, and the reference 

cytokine of these cells is IL-17A considered 

to be important for neutrophil activation. In 

addition to IL-17 A, it is also known to 

produce IL-21 and IL-22. Thus, Th17 cells 

are thought to primarily provide 

inflammatory protection against 

extracellular pathogens, and also play an 

important role in inflammatory bone 

diseases, such as rheumatoid arthritis [32-

35]. 

Recent studies have shown that Th17 

cells develops in the presence of 

transforming β-growth factor (TGF-β) in 

synergy with IL-6 and / or IL-1 and IL-21 

and IL-23 signals are needed to stabilize 

their phenotype [36]. IL-23 (a member of 

the IL-12 family) has been identified in 

inflamed tissues as part of early chemokine / 

cytokine infiltration [37]. Chronically 

inflamed gingival tissues are known to 

contain IL-6, IL-1 and TGF-β and this 

appears to create an favorable environment 

to Th17 development. 

Th17 cells have been identified in 

periodontal tissues performing both 

proinflammatory and anti-inflammatory 

functions [38]. Porphyromonas gingivalis 

infection has been shown to induce a 

significant increase in IL-17 production 

resulting in stimulation of epithelial, 

endothelial and fibroblast cells to produce 

IL-6, IL-8 and PGE2 [39]. Although the 

results of the studies are contradictory, 

several authors have identified IL-17 in 

gingival crevicular fluid [40]. 

It has been hypothesized that Th17 

cells may modulate the Th1 cell response 

and increase the production of inflammatory 

mediators by gingival fibroblasts in 

periodontal disease. Studies conducted 

byTakahashi et al. suggest that tissue 

destruction in periodontitis lesion results 

from major secretion of IL-6, induced by IL-

17 which would lead to the suggestion that 

IL-17 may play a pivotal role in the 

initiation or maintenance of an inflammatory 

response [41-43]. 

Regulatory T (Treg) cells versus Th 17 

cells 

CD4 + CD25 + regulatory T cells 

(Treg) were described as a distinct subset of 

anti-inflammatory T cells in maintaining 

tolerance to its own components by 

suppressing cytokines or releasing anti-

inflammatory cytokines such as IL-10 and 

TGF-β. The development of the Treg cell is 

closely related to the generation of Th17 

cells. The relationship between Th17 and 

Treg cells suggests that there is not only a 

functional antagonism, but also the fact that 

the generation differentiation of these cells 

depends on whether they are activated in the 

presence of TGF-β or TGF-β plus IL-6. In 

the absence of pathogens, TGF-β produced 

by the immune system will suppress the 

generation of effector T cells and induce 

regulatory T cells thus maintaining self-

tolerance [44-46]. 
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However, in the presence of infection 

or inflammation, the activation of the 

cytokine IL-6 will suppress the generation of 

TGF-β. Thus, Treg cells will induce a pro-

inflammatory T cell response predominated 

by Th17 cells. So the balance between Th17 

and Treg can be important in the 

development / prevention of inflammatory 

and autoimmune diseases including 

periodontal diseases [47]. 

The exact role played by the Treg cell 

in mediating periodontal disease continues 

to be controversial. Previous studies have 

shown that in chronic periodontal disease 

Treg cell levels have been increased as a 

protective mechanism against autoantigens 

such as collagen-1. Ernst demonstrated that 

Treg cells decreased RANKL expression in 

patients with periodontal disease[48]. 

However, their ability to provide 

immunoregulatory function in periodontal 

disease has been questioned. In conclusion, 

although studies are controversial about the 

protective or non-protective role of Treg 

cells, however, researchers agree that these 

cells exert important influences on the 

overall response of T cells. 

Conclusions 

Changing the balance between Th 

cells and their effector cytokines may be one 

of the most important mechanisms 

governing periodontal disease. Previous 

studies support the concept that Th1 cells 

and their cytokines characterize early / 

stable periodontal lesions, while an 

increased number of Th2 cells are associated 

with disease progression. The discovery of 

the Th17 subset reveals new perspective on 

the host-pathogen interaction in periodontal 

tissue. 

Currently approaches to periodontal 

therapy focus primarily on bacterial 

eradication and less on modulating the host's 

immune response. Understanding the 

extended Th1 / Th2 / Th17 / Treg paradigm 

can elucidate what constitutes the host's 

protective versus destructive response in 

periodontitis. Thus, it may be possible to 

develop therapeutic ways to increase 

protective factors and minimize the 

periodontal responses of T cells. 
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