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An emphasis of T-cell subsets as regulators of periodontal health and 
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ABSTRACT

Background: The pathogenesis of complex diseases like periodontitis is moderated by the balance in 
immune inflammatory responses. T-lymphocytes are immune cells that descend from the bone marrow. 
Furthermore, they develop in the thymus playing an indispensable role in adaptive immune responses. 
The periodontal microenvironment allows differentiation of various groups of T-lymphocytes such 
as CD4+ (Th1/Th2/Th17/Treg/Tfh/Th9/T22), CD8+ cells, gamma-delta (γδ) T cells, or memory 
cells based on the current regional cytokine milieu to secrete distinct cytokines and other molecules 
required for resolution of inflammation or result in progression of the disease based on interactions 
among various cells.
Aim: The dynamism of T-lymphocytes in the immunopathogenesis of periodontal diseases resulting in 
tissue destruction is established but the mechanisms of immunoregulation that underpins periodontal 
disease progression are cumbersome. This review aims to understand the distinct types of T cells and 
their effector functions with their portrayal in periodontal disease.
Relevance for Patients: This review gives valuable insights on the possibility of predicting 
periodontal disease progression, on the management and its prognosis by evaluating specific cytokines 
of destructive T-cell phenotype, and on the future perspectives of therapeutic modalities including 
ways of modulating host immune and inflammatory responses to establish periodontal homeostasis 
and areas of research.

1. Introduction

Periodontitis is a multifarious chronic inflammatory disease involving a convoluted 
interaction between periodontal pathogens and the host immunity with the environmental 
and genetic factors having an impact on it. The regulation of immune inflammatory 
mechanisms determines the level of offset in the intricate balance between tissue homeostasis 
and disease progression [1]. Therefore, mastering of how the inflammatory reactions and 
the host immune mechanisms are modulated is significant to appreciate the pathogenesis of 
complicated diseases, namely, periodontitis.

The diverse range of antigen-specific T lymphocytes that mature in the thymus enables 
the host to respond to the evolving bacterial challenge [2]. This comprehensive antigen 
diversity of the T cells is engineered through the structural amendments in “T-cell receptors 
(TCRs)” created during the DN2 and DN3 stages of development of T cells through somatic 
recombination of selected gene-encoded segments [3]. Specific signals which include 
interaction of T-cell receptor (TCR) with antigenic peptide on major histocompatibility 
complex (MHC) molecule (signal 1) followed by costimulation (signal 2) and clonal 
expansion by cytokines activity (signal 3) are imperative in the activation and differentiation 
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of T cells into any of their subtypes such as, helper T (Th) cells, 
cytotoxic (CD8+) T cells, gamma-delta (γδ) T cells, regulatory T 
cells (Tregs), and memory T cells.

A healthy periodontium involves a network of polymorphonuclear 
leukocytes (PMNs), macrophages, and dendritic cells (DC) 
apart from γδ T cells in immune surveillance, Tregs maintaining 
homeostasis, and a balanced Th1-Th2 action. The inflammatory 
response to the microbial biofilm at the tooth-gingival interface 
is initially encountered by the PMNs and macrophages. When 
there is failure in attaining complete resolution of inflammation, 
the bacterial products further trigger the antigen-presenting cells 
(APCs) to engage with the undifferentiated T cells, prompting the 
activation and differentiation of distinct T-cell subsets. Initially, 
the pronounced Th1 response attempts to clear the infection by 
potentiating phagocytosis. In the case of a weak Th1 immune 
response, the inflammation persists and there is a shift toward a 
Th2 response favoring B-cell activation with subsequent antibody 
production and Th17 activity. While the chronic B-cell activity is 
known to promote pro-inflammatory cytokines, Th17 cells also 
intensify the inflammation. Concurrently, the presence of Treg 
cells inhibits the Th1, Th2, and Th17 responses as an attempt to 
restore periodontal homeostasis. However, when the inflammatory 
environment prevails, it endorses a marked increase in Th17, Th1, 
and Th2 activity that surpasses the protective responses and paves 
way to tissue destruction resulting in periodontal disease [2].

In essence, the functionally diversified T cells eradicate 
infected cells by producing cytotoxic molecules and stimulating 
macrophages, B-lymphocytes, and additional T cells through their 
effector cytokines. Following antigen clearance, nearly, all of the 
effector cells are subjected to apoptosis and the ones that sustain 
become memory T cells [2].

The crucial involvement of T cells in regulating the host defense 
responses has been for a long time observed that the early stage 
of periodontal disease as delineated by Gemmell et al. is similar 
to the delayed-type hypersensitivity reaction, while the stable 
form of disease activity is a T-cell-mediated response with the 
progressive established lesion predominated by B cells [4]. This 
review pinnacles the main play of different T cells in periodontal 
health and disease pathogenesis, further presenting valuable 
insights on the future perspectives and areas of research.

2. TCR Signaling Pathways and Activation of T-Cell

In the lymph nodes, T cells bind with the DCs expressing 
antigen that is compatible to their specific TCR. A stable contact 
is established by exhibiting adhesion element ICAM-1, mature 
DCs, and highly antigenic ligands [5]. The CD4 and CD8 T cells 
identify antigens presented by MHC Class II and I molecules, 
respectively, while the γδ T cells are not confined to MHC and 
recognize a wide variety of antigens. Following the capture of 
antigen by TCR, several “TCR microclusters” are formed to 
assist the rearrangement and induction of signaling molecules 
around the contact zone with DC forming the “immunological 
synapse,” which induces a nexus of signaling pathways on the 
inner aspect of the membrane and cytoplasm, culminating in the 

stimulation of the main transcription factors, such as nuclear 
factor kappa B, nuclear factor of activated T-cells, and activator 
protein 1 (Figure 1). To license the T-cell response toward an 
antigen and to complete the process of its activation, the second 
signal for costimulation is required. The costimulatory receptors 
and molecules, such as CD28, CD27, herpesvirus entry mediator, 
signaling lymphocyte activation molecule, and inducible T-cell 
costimulator (ICOS) potentiate synthesis of interleukin (IL) 2, 
which serves as an autocrine and paracrine growth factor. Further 
interactions induce antiapoptotic signals to prolong the life span 
of T-lymphocyte, stimulate activity of adhesion compounds, 
and increase production of cytokines and growth factors that 
promote T-cell proliferation and differentiation. The enhanced 
IL-2 levels stimulate clonal expansion of the corresponding T 
cells. A barricade to prevent T-cell overactivation is its expression 

Figure 1. Signaling pathways in T-lymphocyte activation. LAT, linker 
of activated T cells; DAG, diacylglycerol; IP3, inositol triphosphate; 
PLC-γ, phosphoinositide phospholipase C; SLP-76, lymphocyte 
cytosolic protein; PKCθ, protein kinase C; RAS, family of GTP-binding 
proteins; LCK, lymphocyte-specific protein tyrosine kinase; FYN, 
member of Src tyrosine kinase; ZAP-70, ζ chain-associated protein 
kinase of 70 kDa.
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of cytotoxic T-lymphocyte antigen 4 which overshadows CD28 
for engaging with B7 proteins [6]. Markers of activation include 
CD69, CD71, CD25, and HLA-DR.

3. T-Cell Subsets

T-lymphocytes are categorized as helper cells (Th)/CD4+ cells, 
cytotoxic cells (Tc)/CD8+ cells, Tregs, and memory cells on the 
basis of functional differences [2]. The differentiation into any of 
these cell phenotypes is determined by the type of APC, activation 
state, nature and concentration of antigen, cytokine milieu, and 
presence of costimulatory molecules in the microenvironment.

3.1. Th cells

If the T-cell expresses CD4 surface molecule and is activated 
following antigen presentation by MHC Class II molecule, it 
differentiates into CD4+ T helper cell. Initially, Parish and Liew 
reported the existence of only two Th cell types, namely, Th1 
and Th2 [7]. The individual cytokine characterizations of each 
Th cells were later outlined by Mossmann and Coffman  [8]. 
Since then, Th1/Th2 paradigm was used in annotating the 
immunopathogenesis behind various chronic inflammatory 
disorders, including periodontitis. Later, it was known that 
T helper cells are more diversified and Th17 [9], Tregs [10], 
Th9 [11,12], and Th22 [13] were a new addition to the Th cell 
lineage. In addition, the property of plasticity in Th cells which 
enable transformation among subsets was demonstrated earlier.

3.1.1. Th1/Th2 reciprocity

The Th1 differentiation is prompted by the cytokines IL-12, 
IFN-γ/interferon alpha (IFN-α), and IL-18 released from the 
activated DC or natural killer (NK) cells following the trigger 
by intracellular pathogens or lipid antigens [14]. These cytokines 
activate signal transducer and activator of transcription (STAT) 
1 in the undifferentiated T cells which further stimulate the 
transcription factor T-box expressed in T-cell (T-bet), resulting in 
the induction of receptor IL-12Rβ2, thereby enabling these cells to 
be more amenable to IL-12. Furthermore, it activates STAT-4 which 
enhances IFN-γ secretion, the effector cytokine of Th1 cells. It also 
produces IL-2 and expresses CXC chemokine receptor (CXCR) 3 
and CD161. During the later stages of evolution, expression of 
the receptor IL-18Rα is increased, thereby permitting them to 
be sensitive to IL-18. The IL-12 activity is further potentiated 
by IL-18, resulting in a strong cell-mediated immune reaction 
against intracellular pathogens and the development of delayed 
hypersensitivity reaction [15,16].

In the diseased gingival tissues, Th1 cells are predominant 
and the resulting IFN-γ stimulates osteoclastogenesis, resulting 
in bone destruction through T-cell activation or recruitment of 
receptor activator of nuclear factor kappa-Β ligand (RANKL) 
cells [2,17].

The cytokines IL-4, IL-33, and IL-11, in addition to IL-25, 
induce the differentiation of Th2 cells [18]. The transcription factor 
GATA-binding protein 3 (GATA-3; through activated STAT-6 and 
STAT-5) [19,20] is involved in the expression of effector cytokines 

and chemokines, including IL-4, IL-10, IL-13, IL-5, IL-9, IL-
25, ICOS, and CC chemokine receptor (CCR) 4 [21,22]. These 
signaling molecules account for the anti-inflammatory action 
of Th2 cells and suppression of Th1 response, and are effective 
against extracellular pathogens. Some of the Th2 cytokines such as 
IL-4, IL-5, and IL-13 partake in immunoglobulin class switching 
in B cells [23]. With regard to periodontitis, Th2 cells hamper 
the secretion of matrix metalloproteinases (MMPs) and RANKL, 
thereby attenuating soft and hard tissue destruction. Periodontitis 
patients are noted to have reduced levels of IL-4.

An inhibitory effect is applied on the Th1 and Th2 cells 
through various processes. Their signature cytokines, IFN-γ and 
IL-4, suppress one another. Similar responses can also be seen 
in intracellular signals such as suppression of STAT-4 by GATA-
3 and the resulting Th1 responses, whereas STAT-5 decreases 
expression of T-bet. GATA-3 expression can also be negatively 
regulated by T-bet itself [24,25].

3.1.2. Th17/Treg axis

The Th1/Th2 paradigm ruled over the pathogenesis of various 
inflammatory and autoimmune disorders for several decades 
until a new subpopulation of Th cell called the Th17 cell was 
identified. Their differentiation is induced by the combined 
effect of IL-6 and/or IL-1 with transforming growth factor beta 
(TGF-β). IL-21 and IL-23 signals are essential for expanding 
and balancing the steady state of Th17 cells [26,27]. Although 
the Th17 signaling pathway is not well established, retinoic acid-
related orphan receptors (RORγt) are presumed to be its master 
switch. The Th17 cells are known to primarily produce IL-17 (IL-
17A and IL-17F), IL-21, and IL-22 [28]. IL-17A enhances C-X-C 
motif chemokine ligand 8 (CXCL8) expression and is essential 
for neutrophil recruitment. Th17 cells are known to defend the 
extracellular pathogens [28] and have pro-inflammatory as well 
as anti-inflammatory roles [29]. IL-17 stimulates epithelial cells, 
endothelial cells, and fibroblasts to release IL-6, prostaglandin 
E2 (PGE2) and IL-8, and promotes osteoblasts to produce 
RANKL; therefore, IL-17 is a prime influencer of periodontal 
bone resorption [30,31]. Gershon and Kondo found the functional 
phenotypic diversity of Tregs, which were named “suppressor 
cells” as they can suppress the activation and multiplication 
of T cells, thereby regulating inflammation [32]. Tregs were 
delineated as one of the functional Th cells by Sakaguchi et al. 
in 1995 [10] as they are forming 5–10% of Th cells in healthy 
individuals. Tregs require TGF-β and IL-2 for differentiation as 
well as cytokines such as IL-1 and IL-6 for inhibition, while the 
absence of IL-2 renders them anergic. The transcription factor 
Forkhead box protein P3 (FoxP3) is activated by TGF-β, thereby 
enabling the Tregs effector function in synthesizing TGF-β, IL-35, 
and IL-10. Based on origin and action, two Treg cell types have 
been observed, namely, natural cells (nTreg, CD4+, CD25+, and 
FoxP3+) of thymic origin and adaptive or induced regulatory cells 
(Tr1, Th3 CD4+, CD25-, and FoxP3-), which differentiate in the 
periphery, expose to IL-10 and TGF-β, and interact with immature 
DC [33,34]. Lately, a new subpopulation of induced Tregs called 
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iTr35 cells, which mediates immunosuppression mainly by the 
production of IL-35, was described. In general, Tregs are known 
to suppress the pro-inflammatory environment of periodontal 
disease by promoting resolution of inflammation through IL-
10 and TGF-β. It also prevents autoimmunity by tolerogenic 
responses (especially Tr1) [35].

Similar to the Th1/Th2 profile plasticity, counteracting 
processes in the local microenvironment promote the Th17/Treg 
cell responses. The main requisite for the evolution of Th17 as 
well as Treg cells is TGF-β. Activated Th cells express both the 
RORγt and FoxP3, but FoxP3 antagonizes the function of RORγt. 
The RORγt is downregulated by TGF-β, along with enhanced 
levels of IL-1 and IL-6 (e.g., in progressive periodontal lesions), 
whereas FoxP3 expression is upregulated. Conversely, in the 
absence of pro-inflammatory cytokines together with enhanced 
TGF-β expression, FoxP3 expression is advocated resulting in the 
development of Tregs (e.g., in stable periodontal lesion). During 
inflammation, the levels of retinoic acid is decreased, resulting in 
the outcome of reduced Treg cell differentiation as its transcription 
factor is related to retinoic acid, and this intervenes the balance 
shift towards a Th17 response [36]. Experimental evidence for 
this fact is currently not available.

3.1.3. T follicular helper (Tfh) cells

The Tfh cells are known to assist the B cells in secreting 
antibodies. The development depends on the IL-6, IL-21, and IL-
12. The persistent appearance of CXCR-5 together with mislaying 
of CCR-7 typifies Tfh cells which let them shift toward B-cell 
follicles manifesting CXCL13, where they initiate formation of 
germinal center, plasma cells, synthesis of memory type B cells, 
and secretion of various isotopic antibodies through their effector 
cytokines IL-10, IL-4, and IL-21 whose synthesis is induced by 
the transcription factor B-cell lymphoma 6 protein [37].

3.1.4. Th9 cells

Despite the contradictory findings on the existence of these 
cells, IL-4 and TGF-β have been reported for their involvement in 
inducing cell differentiation. The Th9 cells secrete IL-9 and IL-10 
while their actions are inhibited by IFN-γ. Further, the transcription 
factor PU.1 and JAK-STAT pathway was found to be involved 
in Th9 signaling responses. IL-9 is known to promote mast cell 
evolution and synthesis of IL-1β, IL-13, IL-6, and TGF-β [11,12]. 
Despite the contradicting protective and destructive roles assigned 
to Th9 cells in periapical and pre-malignant lesions, their activities 
in periodontal disease have not yet been identified.

3.1.5. Th22 cells

The differentiation of Th22 cells is induced by IL-6, tumor 
necrosis factor alpha (TNF-α), and aryl hydrocarbon receptor. 
RAR-related orphan receptor C is known to initiate the Th22 cell 
signaling to produce IL-22 and induce lower levels of IL-17 and 
IFN-γ [13]. Their exact roles in periodontal disease are yet to be 
completely elucidated. However, these cells produce defensins 
in the epithelium, suggesting a role in the defense mechanism of 

gingival epithelium. On the other hand, increased level of IL-22 
from Th22 cells has also been associated with osteoclastic activity 
and periodontal disease severity [38].

3.2. CD8+ T cells

If T cells express CD8 surface molecule and are activated 
following antigen presentation through MHC Class I molecule, T 
cells evolve into cytotoxic CD8+ T cells. Based on their function, 
activated T cells are grouped as cytotoxic T lymphocytes (Tc) 
and CD8+ regulatory T lymphocytes (CD8+ Tregs). The Tc cells 
activated through cytokines TNF-α and IFN-γ can attack and 
destroy virus-infected or tumor cells directly [39]. It stimulates 
cell death in focused cells through cytolytic granules or expression 
of Fas ligands [40]. The pore-forming protein (e.g., perforins), 
proteases (e.g., granzyme), fragmentin, and granulolysin in the 
cytolytic granules take part in the degradation of membrane lipids 
of target cells and favor DNA fragmentation [41]. The fact that 
CD8+ T cells can subdue other immune cells was reported by 
Gershon and Kondo in 1970 [32]. Within the CD8+ Treg cells, 
various subpopulations have been identified and found to produce 
regulatory mechanisms through several modes of actions, such as 
secretion of cytokines TGF-β and IL-10, direct binding of target 
cells, and induction of anergy in APCs [42].

3.3. Memory T cells

Memory T cells are long-lived cells, expressing quick mounting 
ability and strong immune response against their cognate antigen 
upon reexposure. CD4+ or CD8+ cell types are two possible 
forms of memory T cells, expressing CD45RO and lacking 
CD45RA [43]. There are various types of memory T cells, among 
which gingival-resident and circulating memory cells have been 
well documented in periodontal diseases [44,45].

3.4. NK T cells

They are distinctive type of T lymphocytes with the expression 
of uniform TCR α chain Vα24-JαQ capable of recognizing 
glycolipid antigens exhibited by MHC-like CD1d molecules. 
NKT cells are suggested to demonstrate a modulatory function 
in periodontitis. Autoimmunity has also been propounded for 
its involvement in periodontal diseases. In addition, cross-
reactivity of heat shock protein 60 (HSP60) and P.g GroEL has 
been reported in periodontitis. NKT cells can play key roles in 
combating such autoimmune responses through rapid secretion of 
IL-4 and IFN-γ [46].

3.5. γδ T cells

γδ T cells form a small subpopulation of T lymphocytes (2-
5%) in blood and are mostly present in the gut mucosa. They 
contain γδ TCR which allow them to recognize whole antigens 
and respond to phosphoantigens instantly. Except producing 
IL-17 in the periodontium, these cells play role in the barrier 
surveillance where they produce amphiregulin to maintain tissue 
homeostasis [47].
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4. T Cells in Periodontal Health

The defense system patrols the periodontium proactively 
to maintain homeostasis. Healthy gingiva comprises a rich 
inflammatory infiltrate dominated by T cells along with a 
network of DC and macrophages acting as APCs which organize 
local immunity while the B lymphocytes and plasma cells are 
scarcely found. PMNs that can interact with adaptive immune 
cells are present in healthy periodontium but in reduced levels 
compared to gingivitis and periodontitis lesions. Among the 
T-lymphocytes, CD4+ T helper cells are predominantly seen 
in healthy gingiva accompanied by Tc cells besides a minor 
proportion of γδ T cells [48]. Gingival CD8+ T cells (CD8+ Tregs) 
possess regulatory actions essential for maintaining integrity 
of the tissue by repressing inflammation. They release TGF-β 
and IL-10, thereby promoting resolution and preventing bone 
destruction in periodontal diseases through the inhibition of 
osteoclastogenesis [49]. In the epithelial tissues, resident γδ T 
cells form the majority of T-lymphocyte proportion and carry out 
immune surveillance at the barrier and help in maintaining tissue 
homeostasis through IL-17 secretion and epithelial repair to some 
extent by amphiregulin synthesis [47]. Wilharm et al. demonstrated 
the upregulation of gingival inflammation and prevalence of 
dysbiotic environment on the elimination of γδ T cells [50]. The 
Th1 cells known to be effective against intracellular pathogens 
produce IFN-γ which would elicit a robust innate immune reaction 
and contain the infection by potentiating the phagocytic capacity 
of PMNs and macrophages [4]. Contrarily, bone resorption as a 
result of IFN-γ-induced osteoclastogenesis has also been noted, 
although few studies report the contradictory findings [2,17]. The 
Th2 cells known to be effective against extracellular pathogens 
mainly produce IL-4. Despite the protective role of Th2 cytokines 
in hampering periodontal destruction by diminishing MMP and 
RANKL secretion, they are also associated with B cells and found 
in progressive periodontal lesions [51]. The Th1/Th2 paradigm 
had several controversies where Th1 cytokines were suggested 
to be involved in gingivitis (stable lesion) and Th2 response 
in periodontitis (progressive lesion) by Seymour et al. [52]. 
Nonetheless, Ebersole and Taubman in 1994 proposed an opposite 
model. A Th1/Th2 framework proposed by Shapira et al. deciphers 
the spasmodic fashion of periodontal tissue destruction under 
a protective antibody response, according to which periodontal 
destruction relies on the homeostasis among type 1 and 2 responses 
in the local micro-environment and any switch in this homeostasis 
amongst the protective T helper type 2-dominant response and 
destructive T helper type 1-dominant response might act as a risk 
factor for disease initiation and progression [53,54]. The Th1/Th2 
paradigm has been contradictory since its establishment in the 
late 1980s as it is based solely on a subcategory of clinical and 
empirical data. The differentiation of T cells that promotes tissue 
destruction not only occurs when there is a microbial insult but also 
in clinically healthy gingival conditions. According to the findings 
of an animal study, as a result of masticatory forces, the epithelial 
cells enhanced IL-6 expression to catalyze the differentiation 
of Th17 cells which supports the barrier protective role of 

Th17 cells in addition to their bone destructive property [55]. 
Tregs form up to 15% of Th cells and are vital for periodontal 
homeostasis. Even during the presence of local inflammation, 
they are associated with homeostasis in the osteoimmunology 
compartment which might be correlated to the stable lesion of 
gingivitis in few individuals. Further, Tregs inhibit Th1, Th2, and 
Th17 immune responses through regulatory cytokines IL-10 and 
TGF-β [34,56]. They do not secrete IL-2 but exhibit more CD25 
and create a challenge for other effector T cells which require IL-2 
leading to disruption of proliferative signals and a state of famine 
of other effector cells [57]. It also instigates apoptosis of other 
triggered effector T cells, thereby conferring tissue homeostasis 
by preventing tissue damage induced by the overactivated T 
cells [58,59]. According to Dutzan et al., tissue-resident effector 
memory T cells (CCR7- CD69+), which form the largest portion 
of T cells at the gingival barrier, endorses the function of memory 
cells at barrier sites in eliciting a rapid defense mechanism on the 
reexposure to cognate antigens, thereby preventing the ingress of 
bacterial toxins into the underlying connective tissue [48].

The failure of complete resolution of inflammation by a 
weak Th1 response stimulates the mast cells to secrete IL-4, 
culminating in a Th2 response accompanied by B-cell activation 
with subsequent antibody production. The secretion of ineffective 
antibodies like IgG2 results in persistent inflammation, where 
chronic B-cell activity enhances IL-1 production eventually paving 
way to tissue destruction [52,60,61]. The presence of TGF-β 
coupled with IL-1/IL-6 due to the prevailing inflammatory state 
shifts the Tregs toward a Th17 response. Therefore, the periodontal 
microenvironment and costimulatory signals determine the 
plasticity of Th1/Th2 and Th17/Treg cells. Ultimately, the balance 
amongst the Th1/Th2/Th17/Treg cells is decisive in orchestrating 
a tissue-protective or tissue-destructive immuno-inflammatory 
response in the periodontium. These protective and destructive 
immune responses with the types of T cells involved in periodontal 
health and disease are depicted in Figure 2.

5. T Cells in Periodontal Disease

Subsequent to antigen presentation, the activated T-lymphocytes 
transform into any of the T-cell varieties influenced by the 
cytokine milieu in the local environment. The inflammation-
enhancing cytokines such as IL-1, IL-17, and IL-25, which 
further activate DC, B cells, and neutrophils, are secreted by 
the triggered Th cell types 1, 2, and 17. Subsequent triggering 
of T- and B-lymphocytes due to persistent immune dysregulating 
reactions results in the production of RANKL instigating bone 
destruction around the tooth by disrupting the balance between 
osteoblasts and osteoclasts; the outcome of which is tooth loss. 
Osteoclastogenesis is regulated by wide cytokine network and 
complex inflammatory signals mediated through RANKL, IL-
6, TNF-α, IL-1β, and PGE2 [62]. The enhanced expression 
of inflammation-promoting cytokines, such as TNF-α, IL-17, 
and IFN-γ (Th1, Th2, and Th17 cells), surpasses the protective 
roles of IL-10 and TGF-β produced by Th2 and Tregs favoring 
osteoclastogenesis and bone loss [49]. The Tfh cells that activate 
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B cells lead to clonal expansion as a result of which antibodies 
specific to the antigen are produced. However, it also results in the 
secretion of autoantibodies to host connective tissue proteins such 
as collagen, laminin, and fibronectin, which contribute to the local 
tissue destruction. In diseased conditions, the lack of Tregs or the 
insufficient regulatory actions to suppress the local inflammation 
by them also has a definite part in disease progression [2]. 
Increased gingival expression of Tregs in periodontitis patients 
has been documented by Cardoso et al., where the Tregs could 
be engaged in modulating the local immune responses [63]. The 
cytokine IL-17 is critical in destruction of the alveolar bone around 
the tooth. In a study by Chen et al., elevated tissue levels of Th1 
and Th17 cells were present in periodontitis patients in contrast 
to their healthy controls, which were also correlated with probing 
depth [64]. The mRNA expression of IFN-γ, IL-17, and T-bet also 
manifested a similar enhanced pattern [64]. The IL-17+ cells were 
characterized by Dutzan et al. who found that (i) Th cells are the 
major source, (ii) cells like CD8+ and γδ T cells are the other minor 
sources, and (iii) the presence of IL-17+ cells dictates whether 
the periodontal disease is destructive or not [48,65]. It has been 
observed that periodontal cells in the diseased microenvironment, 
including fibroblasts, synergistically enhance the expression 
of genes related to osteoclastogenesis [66]. Periodontal bone 
loss can also occur in a RANKL-independent mode through a 
unique cytokine of T-cell named secreted osteoclastogenic factor 
of activated T cells. It coopts the osteoblasts and increases the 
osteoclastogenic cytokines which favor osteoclast activity [67]. 
Apart from autoantibodies from B cells, collagenases and other 
MMPs degrade the extracellular matrix and basement membrane 
components, resulting in periodontal tissue breakdown. In 
periodontitis, specific MMPs and their inhibitors are upregulated 
or suppressed by distinct cytokines. MMP-3, -8, and -9 secreted 
from gingival fibroblasts are upregulated by cytokines IL-
1β, TNF-α and IL-6. MMP-1, -3 and -8 genes are suppressed 

by TGF-β, which upregulates MMP-2 and MMP-13 in the 
keratinocytes [68]. It has also been suggested that activated MMPs 
can further activate other MMPs through a mutual activation 
cascade [69]. MMP-8 predominantly released by neutrophils 
is a critical collagen-degrading enzyme in periodontitis which 
degrades interstitial collagens. Thus, an imbalance among the 
functionally diversified T-cell subsets further creates disparity 
in the osteoimmunology and connective tissue compartments, 
thereby disrupting the tissue homeostasis and shifting the balance 
towards periodontal destruction.

6. Therapeutic Approaches

At present, the treatment approaches for periodontal disease 
are mostly aimed at elimination of disease-causing pathogens. 
Considering the complex pathogenesis of periodontal diseases, 
various elements of the immune system involved could be potential 
therapeutic targets. The credible intervention aspects related to 
T-cell phenotype include (i) immunization with P.g which reduces 
bone loss, (ii) anti-IFN-γ therapy to counteract catastrophic 
Th1 cytokine activity, and (iii) administration of Tregs or anti-
inflammatory molecules in polymeric carriers to counteract Th1 
and Th17 actions, and guide tissue homeostasis and local DNA 
delivery of Th2 cytokines, which favors a shift toward Th2 
phenotype resulting in stable periodontium [53]. Similarly, local 
administration of anti-TNF-α, RANKL inhibitors, PGE2 inhibitors, 
and MMP inhibitors that can indirectly hamper destructive T-cell 
actions by aiding in the prevention of bone and tissue destruction 
has also been suggested [70,71]. Therefore, therapeutic strategies 
modulating the immune and inflammatory responses could 
possibly restore the balance within the diseased periodontal 
environment, thereby preventing the detrimental consequence of 
immune response on periodontal tissues. Furthermore, evaluating 
the levels of specific cytokines of the destructive T cells such as 

Figure 2. T cells in periodontal health and disease
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IL-17 might help in monitoring periodontal disease progression 
and/or prognosticating therapeutic effects.

7. Future Perspectives

Overall, animal studies revealed the potential aspects of 
T-lymphocytes in the pathogenesis of periodontitis, whereas 
human studies showed conflicting findings which might be due 
to the variations in experimental approach and time of sampling 
relative to disease activity as periodontal disease is characterized 
by the on-and-off active and inactive periods. Moreover, since 
animal models cannot depict all aspects of periodontitis in humans, 
further studies that explore the complex underlying mechanisms 
of T-cell-mediated periodontal disease pathogenesis are necessary 
for identifying potential therapeutic targets. Based on therapeutic 
interventions, detailed studies on various T-cell types are needed 
to provide sufficient evidence for their application in humans 
health.

8. Conclusion

T-cell subsets are delineated by functional cytokine profiles 
rather than their phenotype. The main play of various classes of 
T-lymphocytes in the immunopathogenesis of periodontal disease 
at various levels is evident. Being a sovereign member, T cells 
are dynamic in nature, which is similar to that of periodontal 
disease. Ultimately, the balance amongst the Th1/Th2/Th17/Treg 
cells is decisive in orchestrating a tissue-protective or tissue-
destructive immuno-inflammatory response in the periodontium. 
A sagacious understanding on the T-cell regulation of the intricate 
balance between the destructive and protective immune responses 
underscores the emergence of novel treatment approaches 
for periodontal diseases in the future. The currently available 
literature evidence, which is largely based on experimental 
periodontitis studies, requires cautious interpretation. Therefore, 
detailed studies are desired to provide commensurate evidence.

Acknowledgments

We would like to acknowledge Dr. Devapriya Appukuttan 
from the Department of Periodontics, SRM Dental College, 
Ramapuram, Chennai, for her valuable support of proofreading 
the article.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] Seymour GJ. Importance of the Host Response in the 
Periodontium. J Clin Periodontol 1991;18:421-6.

[2] Campbell L, Millhouse E, Malcolm J, Culshaw S. T Cells, 
Teeth and Tissue Destruction-what do T Cells do in 
Periodontal Disease? Mol Oral Microbiol 2016;31:445-56.

[3] Turner SJ, Doherty PC, McCluskey J, Rossjohn J. Structural 
Determinants of T-cell Receptor Bias in Immunity. Nat 
Rev Immunol 2006;6:883.

[4] Gemmell E, Yamazaki K, Seymour GJ. The Role of T Cells 
in Periodontal Disease: Homeostasis and Autoimmunity. 
J Periodontol 2000 2007;43:14-40.

[5] Bousso P. T-cell Activation by Dendritic Cells in the 
Lymph Node: Lessons from the Movies. Nat Rev Immunol 
2008;8:675-84.

[6] Maverakis E, Kim K, Shimoda M, Gershwin ME, Patel F, 
Wilken R, et al. Glycans in the Immune System and the 
Altered Glycan Theory of Autoimmunity: A Critical 
Review. J Autoimmun 2015;57:1-3.

[7] Parish CR, Liew FY. Immune Response to Chemically 
Modified Flagellin: III. Enhanced Cell-mediated Immunity 
during High and Low Zone Antibody Tolerance to 
Flagellin. Exp Med 1972;135:298-311.

[8] Mosmann TR, Coffman RL. TH1 and TH2 Cells: Different 
Patterns of Lymphokine Secretion Lead to Different 
Functional Properties. Annu Rev Immunol 1989;7:145-73.

[9] Harrington LE, Hatton RD, Mangan PR, Turner H, 
Murphy TL, Murphy KM, et al. Interleukin 17-Producing 
CD4+ Effector T Cells Develop Via a Lineage Distinct 
from the T Helper Type 1 and 2 Lineages. Nat Immunol 
2005;6:1123-32.

[10] Sakaguchi S, Sakaguchi N, Asano M, Itoh M, Toda M. 
Immunologic Self-tolerance Maintained by Activated T 
Cells Expressing IL-2 Receptor Alpha-chains (CD25). 
Breakdown of a Single Mechanism of Self-tolerance 
Causes Various Autoimmune Diseases. J Immunol Res 
1995;155:1151-64.

[11] Dardalhon V, Awasthi A, Kwon H, Galileos G, Gao W, 
Sobel RA, et al. IL-4 Inhibits TGF-β-Induced Foxp3+ T 
Cells and, Together with TGF-β, Generates IL-9+ IL-10+ 
Foxp3− Effector T Cells. Nat Immunol 2008;9:1347-55.

[12] Veldhoen M, Uyttenhove C, Van Snick J, Helmby H, 
Westendorf A, Buer J, et al. Transforming Growth Factor-
β’reprograms’ the Differentiation of T Helper 2 Cells and 
Promotes an Interleukin 9-producing Subset. Nat Immunol 
2008;9:1341-6.

[13] Yssel H, Pène J. Interleukin-22-Producing T Cells: 
A Specialized Population Involved in Skin Inflammation? 
Immunol Cell Biol 2009;87:574.

[14] Manetti R, Annunziato F, Tomasevic L, Giannò V, 
Parronchi P, Romagnani S, et al. Polyinosinic Acid: 
Polycytidylic Acid Promotes T Helper Type 1‐Specific 
Immune Responses by Stimulating Macrophage Production 
of Interferon‐α and Interleukin‐12. Eur J Immunol 
1995;25:2656-60.

[15] Szabo SJ, Dighe AS, Gubler U, Murphy KM. Regulation 
of the Interleukin (IL)-12R β2 Subunit Expression in 
Developing T Helper 1 (Th1) and Th2 Cells. Exp Med 
1997;185:817-24.

[16] Smeltz RB, Chen J, Ehrhardt R, Shevach EM. Role of 
IFN-γ in Th1 Differentiation: IFN-γ Regulates IL-18Rα 
Expression by Preventing the Negative Effects of IL-4 and 



 Balaji et al. | Journal of Clinical and Translational Research 2021; 7(5): 648-656 655

 DOI: http://dx.doi.org/10.18053/jctres.07.202105.002

by Inducing/Maintaining IL-12 Receptor β2 Expression. 
J Immunol Res 2002;168:6165-72.

[17] Silva N, Abusleme L, Bravo D, Dutzan N, Garcia-Sesnich J, 
Vernal R, et al. Host Response Mechanisms in Periodontal 
Diseases. J Appl Oral Sci 2015;23:329-55.

[18] Steinsvoll S, Helgeland K, Schenck K. Mast Cells a Role in 
Periodontal Diseases? J Clin Periodontol 2004;31:413-9.

[19] Zhu J, Guo L, Watson CJ, Hu-Li J, Paul WE. Stat6 
is Necessary and Sufficient for IL-4’s Role in Th2 
Differentiation and Cell Expansion. J Immunol Res 
2001;166:7276-81.

[20] Zhu J, Yamane H, Cote-Sierra J, Guo L, Paul WE. GATA-
3 Promotes Th2 Responses through Three Different 
Mechanisms: Induction of Th2 Cytokine Production, 
Selective Growth of Th2 Cells and Inhibition of Th1 Cell-
specific Factors. Cell Res 2006;16:3-10.

[21] Paul WE, Zhu J. How are T H 2-type Immune Responses 
Initiated and Amplified? Nat Rev Immunol 2010;10:225-35.

[22] Ho IC, Tai TS, Pai SY. GATA3 and the T-cell Lineage: 
Essential Functions Before and after T-Helper-2-Cell 
Differentiation. Nat Rev Immunol 2009;9:125-35.

[23] Baker PJ, Boutaugh NR, Tiffany M, Roopenian DC. B cell 
IgD Deletion Prevents Alveolar Bone Loss Following 
Murine Oral Infection. Interdiscip Perspect Infect Dis 
2009;2009:864359.

[24] Usui T, Nishikomori R, Kitani A, Strober W. GATA-
3 Suppresses Th1 Development by Downregulation of 
Stat4 and not through Effects on IL-12Rβ2 Chain or T-bet. 
Immunity 2003;18:415-28.

[25] Zhu J, Cote-Sierra J, Guo L, Paul WE. Stat5 Activation 
Plays a Critical Role in Th2 Differentiation. Immunity 
2003;19:739-48.

[26] Weaver CT, Hatton RD, Mangan PR, Harrington LE. IL-17 
Family Cytokines and the Expanding Diversity of Effector 
T Cell Lineages. Annu Rev Immunol 2007;25:821-52.

[27] Ghilardi N, Ouyang W. Targeting the Development 
and Effector Functions of TH17 Cells. Semin Immunol 
2007;19:383-93.

[28] Cua DJ, Sherlock J, Chen YI, Murphy CA, Joyce B, 
Seymour B, et al. Interleukin-23 Rather than Interleukin-12 
is the Critical Cytokine for Autoimmune Inflammation of 
the Brain. Nature 2003;421:744-8.

[29] Romagnani S. Human Th17 Cells. Arthritis Res Ther 
2008;10:1-8.

[30] Takahashi K, Azuma T, Motohira H, Kinane DF, 
Kitetsu S. The Potential Role of Interleukin‐17 in 
the Immunopathology of Periodontal Disease. J Clin 
Periodontol 2005;32:369-74.

[31] Cardoso CR, Garlet GP, Crippa GE, Rosa AL, Junior WM, 
Rossi MA, et al. Evidence of the Presence of T Helper 
Type 17 Cells in Chronic Lesions of Human Periodontal 
Disease. Oral Microbiol Immunol 2009;24:1-6.

[32] Gershon RK, Kondo K. Cell Interactions in the Induction of 
Tolerance: The Role of Thymic Lymphocytes. Immunology 
1970;18:723.

[33] Sakaguchi S, Miyara M, Costantino CM, Hafler DA. 
FOXP3+ Regulatory T Cells in the Human Immune System. 
Nat Rev Immunol 2010;10:490-500.

[34] Anaya JM, Shoenfeld Y, Rojas-Villarraga A, Levy RA, 
Cervera R. Autoimmunity: From Bench to Bedside. 
Bogota: El Rosario University Press; 2013.

[35] Tang Q, Bluestone JA. The Foxp3+ Regulatory T Cell: 
A Jack of All Trades, Master of Regulation. Nat Immunol 
2008;9:239-44.

[36] Zhou L, Littman DR. Transcriptional Regulatory Networks 
in Th17 Cell Differentiation. Curr Opin Immunol 
2009;21:146-52.

[37] King C. New Insights into the Differentiation and Function of 
T Follicular Helper Cells. Nat Rev Immunol 2009;9:757-66.

[38] Díaz‐Zúñiga J, Melgar‐Rodríguez S, Rojas L, Alvarez C, 
Monasterio G, Carvajal P, et al. Increased Levels of the 
T‐helper 22‐associated Cytokine (Interleukin‐22) and 
Transcription Factor (Aryl Hydrocarbon Receptor) in 
Patients with Periodontitis are Associated with Osteoclast 
Resorptive Activity and Severity of the Disease. 
J Periodontal Res 2017;52:893-902.

[39] Cox MA, Kahan SM, Zajac AJ. Anti-viral CD8 T Cells and 
the Cytokines that they Love. Virology 2013;435:157-69.

[40] Lieberman J. The ABCs of Granule-mediated Cytotoxicity: 
New Weapons in the Arsenal. Nat Rev Immunol 
2003;3:361-70.

[41] Zhou F. Perforin: More than Just a Pore-forming Protein. 
Int Rev Immunol 2010;29:56-76.

[42] Dinesh RK, Skaggs BJ, La Cava A, Hahn BH, Singh RP. 
CD8+ Tregs in Lupus, Autoimmunity, and Beyond. 
Autoimmun Rev 2010;9:560-8.

[43] Akbar AN, Terry L, Timms A, Beverley PC, Janossy G. 
Loss of CD45R and Gain of UCHL1 Reactivity is a Feature 
of Primed T Cells. J Immunol 1988;140:2171-8.

[44] Willinger T, Freeman T, Hasegawa H, McMichael AJ, 
Callan MF. Molecular Signatures Distinguish Human 
Central Memory from Effector Memory CD8 T Cell 
Subsets. J Immunol 2005;175:5895-903.

[45] Shin H, Iwasaki A. Tissue‐resident Memory T Cells. 
Immunol Rev 2013;255:165-81.

[46] Nair S, Faizuddin M, Dharmapalan J. Role of Autoimmune 
Responses in Periodontal Disease. Autoimmune Dis 
2014;2014:596824.

[47] Nielsen MM, Witherden DA, Havran WL. γδ T Cells 
in Homeostasis and Host Defence of Epithelial Barrier 
Tissues. Nat Rev Immunol 2017;17:733-45.

[48] Dutzan N, Konkel JE, Greenwell-Wild T, Moutsopoulos NM. 
Characterization of the Human Immune Cell Network at 
the Gingival Barrier. Mucosal Immunol 2016;9:1163-72.



656 Balaji et al. | Journal of Clinical and Translational Research 2021; 7(5): 648-656

 DOI: http://dx.doi.org/10.18053/jctres.07.202105.002

[49] Cardoso EM, Arosa FA. CD8+ T Cells in Chronic 
Periodontitis: Roles and Rules. Front Immunol 2017;8:145.

[50] Wilharm A, Tabib Y, Nassar M, Reinhardt A, Mizraji G, 
Sandrock I, et al. Mutual Interplay between IL-17-
Producing Gamma Delta T Cells and Microbiota 
Orchestrates Oral Mucosal Homeostasis. Proc Natl Acad 
Sci U S A 2019;116:2652-61.

[51] Gemmell E, Yamazaki K, Seymour GJ. Destructive 
Periodontitis Lesions are Determined by the Nature 
of the Lymphocytic Response. Crit Rev Oral Bio Med 
2002;13:17-34.

[52] Seymour GJ, Gemmell E, Reinhardt RA, Eastcott J, 
Taubman MA. Immunopathogenesis of Chronic 
Inflammatory Periodontal Disease: Cellular and Molecular 
Mechanisms. J Periodontol Res 1993;28:478-86.

[53] Houri‐Haddad Y, Wilensky A, Shapira L.T‐cell Phenotype 
as a Risk Factor for Periodontal Disease. Periodontology 
2000 2007;45:67-75.

[54] Shapira L, Van Dyke TE, Hart TC. A Localized Absence 
of Interleukin-4 Triggers Periodontal Disease Activity: 
A Novel Hypothesis. Med Hypotheses 1992;39:319-22.

[55] Dutzan N, Abusleme L, Bridgeman H, Greenwell-Wild T, 
Zangerle-Murray T, Fife ME, et al. On-going Mechanical 
Damage from Mastication Drives Homeostatic Th17 Cell 
Responses at the Oral Barrier. Immunity 2017;46:133-47.

[56] Nakamura K, Kitani A, Strober W. Cell Contact-Dependent 
Immunosuppression by CD4+ CD25+ Regulatory T Cells 
is Mediated by Cell Surface-Bound Transforming Growth 
Factor β. J Exp Med 2001;194:629-44.

[57] De La Rosa M, Rutz S, Dorninger H, Scheffold A. 
Interleukin‐2 is Essential for CD4+ CD25+ Regulatory T 
Cell Function. Eur J Immunol 2004;34:2480-8.

[58] Gondek DC, Lu LF, Quezada SA, Sakaguchi S, 
Noelle RJ. Cutting Edge: Contact-Mediated Suppression 
by CD4+ CD25+ Regulatory Cells Involves a Granzyme 
B-Dependent, Perforin-independent Mechanism. 
J Immunol 2005;174:1783-6.

[59] Ren X, Ye F, Jiang Z, Chu Y, Xiong S, Wang Y. Involvement 
of Cellular Death in TRAIL/DR5-Dependent Suppression 
Induced by CD4+ CD25+ Regulatory T Cells. Cell Death 
Differ 2007;14:2076-84.

[60] Gemmell E, Seymour GJ. Modulation of Immune 

Responses to Periodontal Bacteria. Curr Opin Periodontol 
1994;94:28-38.

[61] Gemmell E, Marshall RI, Seymour GJ. Cytokines and 
Prostaglandins in Immune Homeostasis and Tissue 
Destruction in Periodontal Disease. Periodontol 
2000 1997;14:112-43.

[62] Henderson B, Nair SP, Ward JM, Wilson M. Molecular 
Pathogenicity of the Oral Opportunistic Pathogen 
Actinobacillus actinomycetemcomitans. Annu Rev 
Microbiol 2003;57:29-55.

[63] Cardoso CR, Garlet GP, Moreira AP, Júnior WM, Rossi MA, 
Silva JS. Characterization of CD4+ CD25+ Natural 
Regulatory T Cells in the Inflammatory Infiltrate of Human 
Chronic Periodontitis. J Leukoc Biol 2008;84:311-8.

[64] Chen XT, Chen LL, Tan JY, Shi DH, Ke T, Lei LH. 
Th17 and Th1 Lymphocytes are Correlated with Chronic 
Periodontitis. Immunol Investig 2016;45:243-54.

[65] Dutzan N, Abusleme L, Konkel JE, Moutsopoulos NM. 
Isolation, Characterization and Functional Examination 
of the Gingival Immune Cell Network. J Vis Exp 
2016;108:53736.

[66] Bloemen V, Schoenmaker T, De Vries TJ, Everts V. Direct 
Cell-cell Contact between Periodontal Ligament Fibroblasts 
and Osteoclast Precursors Synergistically Increases the 
Expression of Genes Related to Osteoclastogenesis. J Cell 
Physiol 2010;222:565-73.

[67] Jarry CR, Duarte PM, Freitas FF, de Macedo CG, 
Clemente-Napimoga JT, Saba-Chujfi E, et al. Secreted 
Osteoclastogenic Factor of Activated T Cells (SOFAT), a 
Novel Osteoclast Activator, in Chronic Periodontitis. Hum 
Immunol 2013;74:861-6.

[68] Birkedal‐Hansen H. Role of Matrix Metalloproteinases in 
Human Periodontal Diseases. J Periodontol 1993;64:474-84.

[69] Visse R, Nagase H. Matrix Metalloproteinases and Tissue 
Inhibitors of Metalloproteinases: Structure, Function, and 
Biochemistry. Circ Res 2003;92:827-839.

[70] Kirkwood KL, Cirelli JA, Rogers JE, Giannobile WV. 
Novel Host Response Therapeutic Approaches to Treat 
Periodontal Diseases. Periodontol 2000 2007;43:294.

[71] Bartold PM, Cantley MD, Haynes DR. Mechanisms 
and Control of Pathologic Bone Loss in Periodontitis. 
Periodontol 2000 2010;53:55-69.


