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Abstract  
 Both rheumatoid arthritis (RA) and periodontitis (PD) are complex chronic inflammatory diseases who 

share a multitude of susceptibility factors (especially genetic and environmental risk factors). A important difference 

between these pathologies is that periodontal disease results from the inflammation that develops in response to the 

subgingival microbiota, while the inflammation in rheumatoid arthritis stems from an exaggerated specific adaptive 

autoimmune response. This proinflammatory status is perpetuated by the continued bacterial challenge in 

periodontitis and the autoimmune response triggered in RA, culminating in the progressive destruction of tissues 

that eventually lead to the signs and symptoms of the disease. 

Despite the differences in mechanisms of etiological initiation, the idea of polymorphisms of genes that 

encode certain cytokines which results in connective tissue damage and bone metabolism alterations in the two 

pathologies mentioned is a bridge which links these diseases. Additionally, there is evidence that both periodontitis 

and RA are manifested as persistent levels of proinflammatory cytokines and associated molecules. In addition, 

therapeutic strategies based on blocking proinflammatory cytokines in RA have been shown to have an impact on 

the overall periodontal status.  

This review analyses the main molecules which have an impact in the development of both diseases and 

evaluates possible clinical implications and bidirectional relationships which influence the overall status of the 

patient. 
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Introduction 

 

Periodontal disease is defined as an 

inflammatory disease of teeth supporting tissues 

caused by specific microorganisms or groups of 

specific microorganisms resulting in progressive 

destruction of the periodontal ligament and 

alveolar bone with the formation of periodontal 

pockets, gingival recession or both. The clinical 

feature that distinguishes gingivitis from 

periodontitis is the presence of a clinically 

detectable loss of attachment. This loss is often 

accompanied by the formation of periodontal 

pockets and changes in the density and height of 

the underlying alveolar bone.[1] In some cases, 

the recession of the marginal gingiva can lead to 

the loss of attachment, thus concealing the 

continued progression of the disease if only 

periodontal scalling is performed as treatment, 

without checking the clinical attachment.[2,3] 

Clinical signs of inflammation - such as color 

changes, contours and consistency, and bleeding 
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on probing - may not always be positive 

indicators of the ongoing, progressive 

attachment loss.[4] More modern methods of 

quantifying the disease progression are 

inflammation and bone loss biomarkers and also 

PCR for identifying key 

periodontopathogens.[5,6]  

Recent findings place a more 

important role in the etiology and developement 

of periodontal disease on viruses.[7] Besides 

bacteria, herpesviruses that originate in the 

periodontal tissues can disseminate through the 

blood stream to other organs and may represent 

an important link in the periodontitis – systemic 

diseases binome.[8] In this context treatment of 

periodontal disease that concentrates mainly on 

microbial biofilm eradication will require a 

revision in order to grant sustainable clinical 

improvement and possibly reduce the risk of 

systemic diseases.[9]  

Treatment of this disease is often 

misconducted leading to the subsequent loss of 

teeth. If dental implantation is performed 

without thoroughly disinfecting the implantation 

situs chances of success are greatly 

diminished.[10]  

Rheumatoid arthritis is a common 

inflammatory systemic disease characterized by 

the presence of a destructive polyarthritis with a 

tendency to affect small joints of the hands, legs 

and joints (although they may affect any 

synovial joint).[11] Diagnosis is based on 

cumulative clinical observations and paraclinical 

examinations.[12] Rheumatoid arthritis involves 

a complex interaction between genotype, 

environmental trigger and chance. It involves a 

complex interplay among genotype, 

environmental triggers, and chance. Twin 

studies implicate genetic factors in rheumatoid 

arthritis, also genomewide analyses make it clear 

that regulatory factors of the immune system 

underlie the disease. The long-established 

association with the human leukocyte antigen 

(HLA)–DRB1 locus has been confirmed in 

patients who are positive for rheumatoid factor 

or ACPA.[13]  

Researchers suggest that some 

predisposing T-cell selection mechanisms, 

antigen presentation, or modifications in peptide 

affinity playes a part in promoting a hyperactive 

adaptive immune response which is driven 

towards self-tissues.[14-16] Other possible 

explanations for the link between rheumatoid 

arthritis and the shared epitope include 

molecular mimicry of the shared epitope by 

microbial proteins, increased T-cell senescence 

induced by shared epitope–containing HLA 

molecules, and a potential proinflammatory 

signaling function that is unrelated to the role of 

the shared epitope in antigen recognition.[17,18]  

 

The importance of the immune 

system in the two pathologies 

 

Unlike the specific immune responses 

that take days to mobilize after exposure to 

antigens, innate immunity consists in protection 

against infections that are ready for immediate 

action when a host is attacked by a pathogen 

(viruses, bacteria, fungi or parasites).[19]  

The innate immune system includes 

anatomical barriers to infection - both physical 

and chemical responses, as well as cellular 

responses. Immune cellular responses inherited 

from an infective agent's invasion that exceeds 

the initial epithelial barriers are fast, usually 

starting a few minutes after the invasion. These 

responses are triggered by cellular or 

intracellular surface receptors that recognize the 

conserved molecular components of 

pathogens.[20] Some types of white blood cells 

(macrophages and neutrophils) are activated to 

swallow rapidly and destroy extracellular 

microbes through the phagocytosis process. 

Other receptors induce protein production and 

other substances that have a variety of beneficial 

effects, including direct antimicrobial activity 

and recruitment of fluid cells, cells and 

molecules at infection sites. This influx causes 

swelling and other physiological changes 

collectively called inflammation. Such innate 

and inflammatory local responses are usually 

beneficial for eliminating pathogens and dead or 

damaged cells and promoting healing.[21] For 

example, increased levels of antimicrobial and 

phagocytic cells help eliminate pathogens and 

dendritic cells acquire pathogens for 

presentation to lymphocytes by activating 

adaptive immune responses. Natural killer cells 

recruited on the site can recognize and kill cells 
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infected with virus, altered or stressed. [22] 

However, in some situations, these innate and 

inflammatory responses can be detrimental, 

resulting in local or systemic consequences that 

can cause tissue damage and sometimes death. 

In order to prevent these potentially harmful 

reactions, regulatory mechanisms have evolved, 

mechanisms which usually limit such adverse 

effects. [23]  

The molecules that communicate 

between the cells of the immune system are 

called cytokines. Generally, cytokines are 

soluble molecules, although some also exist in 

membrane-bound forms. In an early attempt to 

classify cytokines, immunologists began to 

number them in order of their discovery and call 

them interleukins. This name reflects the fact 

that interleukins communicate between white 

blood cells (leukocytes).[24] Examples include 

macrophage secreted interleukin 1 (IL-1) and 

interleukin 2 (IL-2) secreted by activated T cells. 

However, numerous cytokines previously 

named, before this nomenclature rationalization 

attempt do not fit into the desired pattern, and 

thus cytokines such as tumor necrosis factor or 

interferons, which are also "interleukins", may 

be encountered although the name does not 

suggest it.  

Cytokines regulate the intensity and 

duration of immune response by stimulating or 

inhibiting the activation, proliferation and / or 

differentiation of different cells by regulating the 

secretion of other cytokines or antibodies or, in 

some cases, by effectively inducing the death of 

the programmed cells in the target cell. In 

addition, cytokines can modulate the expression 

of different cell surface receptors for 

chemokines, other cytokines or for themselves. 

Thus, cytokines secreted by a small number of 

antigen-activated lymphocytes can influence the 

activity of many different types of cells involved 

in the immune response.[25] Cytokines exhibit 

pleiotropy, redundancy, synergism, antagonism, 

and cascade induction attributes that enable 

them to regulate cellular activity in a 

coordinated manner. A cytokine that induces 

differentiated biological effects depending on 

the nature of the target cells is considered to 

have pleiotropic action, while two or more 

cytokines mediating similar functions are 

considered to be redundant.[26] Synergy of 

cytokines occurs when the combined effect of 

two cytokines on cellular activity is greater than 

the effects of individual cytokines. In some 

cases, the effects of a cytokine inhibit or 

antagonize the effects of another. Cascade 

induction occurs when the action of a cytokine 

on a target cell induces that cell to produce one 

or more additional cytokines.[27]  

 

Cytokines in periodontal disease 

 

Although parodontitis pathogenesis 

has traditionally focused on the role of bacterial 

infection, over the past two decades the interest 

in host response factors leading to periodontal 

disease (PD) has increased. It is now understood 

that immune and inflammatory responses are 

critical to the pathogenesis of periodontitis and 

are modeled by a number of host-related factors, 

both intrinsic (e.g., genetics) and induced (e.g., 

pollutants).[28,29]  

Certain microbial factors 

(lipopolysaccharides, peptidoglycans, 

lipoteichoic acids, proteases but also toxins) 

provoke the inflammatory response and can be 

localised in the biofilm of tooth surfaces.[30] 

The host response to the microbial challenge 

encompases the action and stimulation of 

various proinflammatory cell types as well as of 

resident cells of the tissue.[31]  

The initial response to bacterial 

infection is a local inflammatory reaction that 

activates the innate immune system. 

Amplification of this initially localized response 

results in the release of a series of cytokines and 

other mediators and the spread of inflammation 

through the gingival tissues.[32] Failure to 

encapsulate this "inflammatory assault" in 

gingival tissue leads to the expansion of the 

response adjacent to the alveolar bone. The 

inflammatory process then leads to the 

destruction of connective tissue and alveolar 

bone, which is the cardinal sign of PD.[33]  

Whether bone loss will occur in 

response to an inflammatory reaction, it is now 

known that it depends on two critical factors. 

First, the concentration of inflammatory 

mediators present in gingival tissue should be 

sufficient to activate the pathways that lead to 
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bone resorption. Secondly, inflammatory 

mediators must penetrate the gingival tissue to 

reach a critical distance from the alveolar 

bone.[34] Achieving critical concentrations of 

inflammatory mediators leading to bone 

resorption depends on the expression of 

proinflammatory cytokines such as, but not 

limited to interleukin (IL) -1, -6, -11 and -17, 

tumor necrosis factor alpha (TNF-α), leukemic 

inhibitory factor and M oncostatin.[35,36]  

Kinins, such as bradykinin, thrombin, 

and various chemokines also have a stimulating 

effect on bone resorption. This is the opposite of 

the expression of anti-inflammatory cytokines 

and other mediators such as IL-4, -10, -12, -13 

and -18, as well as interferon-beta (IFN-b) and 

gamma (IFN-g), that serve to inhibit bone 

resorption.[37] In children with insulin 

dependent diabetes mellitus however, some 

authors found that IL-18 has increased values 

compared to healhy controlls, thus acting as a 

proinflammatory marker.[38]  

When CD4 T helper cells (Th0) 

interact with antigen-presenting cells, they 

differentiate into different possible subsets such 

as Th1, Th2, Th17 and regulatory T cells 

(Tregs), according to the cytokines which they 

generate. Th1 initiate the immune response 

mediated by cells and produce interferon-γ 

(IFN-γ), transforming growth factor-β (TGF-β), 

interleukin-2 (IL-2) and TNFα in the presence of 

IL-12. Th2 advocate the humoral immune 

response and generate IL-4, IL-5, IL-6, L-10, IL-

13 and TGF-β in the presence of IL-4. The 

remaining CD4 T cells, Th17 and Tregs usher a 

critical role in autoimmunity and in the 

perpetuation of immune homoeostasis. The 

TH17 subset secrete IL-17, IL-23, IL-22, IL-6 

and TNFα in the presence of TGF-β, IL-1β and 

IL-6, whereas Tregs emerge in the presence of 

TGF-β and produce IL-10 and TGF-β which are 

immunosuppressive.[39]  

Particularly, IL-17 enhances the 

production of various proinflammatory 

molecules including TNFα, prostaglandin E2 

(PGE2), IL-6 and IL-1β, facilitating bone 

resorption via osteoclast activation. Altered 

regulation of the immune system by Treg cells, 

thought to mediate the resolution of 

inflammation, is partially responsible for the 

pathogenesis of several autoimmune diseases, 

such as rheumatoid arthritis (RA), lupus, colitis 

and multiple sclerosis.[40,41]  

Inflammation and bone loss are 

distinctive signs of periodontal disease (PD). 

The question is how the former determines the 

latter. Accumulated evidence demonstrates that 

PD involves bacterial and antigen-derived 

factors that stimulate a local inflammatory 

response and activation of the non-specific 

immune system. Proinflammatory molecules and 

cytokine networks play an essential role in this 

process. Interleukin-1 and tumor necrosis factor-

alpha appear to be the primary molecules that in 

turn influence the cells in the lesion site. 

Antigen-stimulated lymphocytes (B and T cells) 

also appear to be important.  

Eventually, a cascade of events leads 

to osteoclastogenesis and subsequent bone loss 

through the RANKL-receptor-ligand receptor 

(RANKL) - osteoprotegerin (OPG) –RANK.[42] 

This axis and its regulation are not unique to PD, 

but rather critical for pathological lesions that 

involve chronic inflammation.  

Multiple evidence in PD models 

clearly indicate that increases in RANKL 

mRNA expression and protein production 

increase the RANKL/OPG ratio and stimulate 

the differentiation of macrophage precursor cells 

into osteoclasts. They also stimulate the 

maturation and survival of osteoclasts, leading to 

bone loss.[43]  

The fact that proinflammatory 

cytokines are integrated in the propagation of the 

inflammatory response to bone proximal regions 

has been demonstrated in a study of 

experimental periodontitis on Macaca 

fascicularis primate model. In this animal model, 

silk ligatures imbedded with Porphyromonas 

gingivalis (Pg) were applied to the mandibular 

posterior teeth to induce experimental 

periodontitis. Primates received local injections 

for 6 weeks with TNF-α and IL-1 antagonists 

(soluble TNF-α and IL-1 receptors). Analysis of 

gingival connective tissue sections in the 

immediate vicinity of the bone demonstrated 

significant recruitment of inflammatory cells and 

formation of osteoclasts surrounding the bone in 

control primates.[44]  
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During an inflammatory response, 

cytokines, chemokines and other mediators 

stimulate periostal osteoblasts by altering the 

expression levels of a protein called factor-

kappa B (RANKL) receptor activator on the 

osteoblast surface. RANKL is expressed by 

osteoblasts in the protein membrane bound or 

split into a soluble form. [43] In addition to 

osteoblasts, RANKL is expressed by a number 

of other cell types, including fibroblasts and T 

and B lymphocytes. RANKL is expressed at low 

levels in fibroblasts; however, its expression is 

induced as a response to the cytotoxic substance 

of Aggregatibacter actinomycetemcomitans.[45]  

 

Cytokines in rheumatoid arthritis 

 

One of the hallmarks of RA is the 

persistent synovitis resulting from the immune 

cell influx into the joints. This pathology is more 

and more recognized to amount to a more 

expansive syndrome that contains hightend 

cardiovascular morbidity, psychological 

impairment, risk of cancer and osteoporosis.[46] 

The past decade has seen the advent of novel 

therapeutics in the form of both biologic agents 

and small-molecules. At least as important as 

these unparalleled advances in drug 

development has been the introduction of 

strategic management approaches that have 

made remission or low disease activity the target 

of treatment.[47,48]  

Infiltration of the synovial membrane 

and fluid with leukocytes is defined primarily by 

cells of the innate immune system. Thus, 

macrophages, mast cells, natural killer (NK) 

cells and neutrophils have been described as 

crucial components of the synovial infiltrate and 

their effector functions clearly link to disease 

manifestations. More recently, innate lymphoid 

cell lineages have been characterized that further 

extend the contribution of innate effector 

components to tissue destruction. Synovitis is 

characterized by wide cellular expression of 

damage-associated molecular patterns and 

pathogen-associated molecular patterns that 

facilitate dysregulated activation of these various 

cell lineages, in the presence of chronic damage 

but without recourse to specific antigen. 

Critically, the kinetics of immune function in 

RA tissues are unlikely to be ‘synchronized’ by 

an initiating event and, as such, the normal 

sequential regulatory homeostasis that is integral 

to classical innate immune responses in relation 

to antigen-triggered responses is unlikely to 

operate in the rheumatoid joint. From the 

pathological perspective, the net effect of this 

cellular profile is the generation of tissue-

destructive enzymes, reactive oxygen and 

nitrogen intermediates, prostaglandins and 

leukotrienes, and a broad range of effector 

cytokines, outside their normal homeostatic ‘on–

off ’ regulatory cycle.[49]  

In this context, effector T cells, 

together with B cells and other effector cells, 

form a complex network that promotes the 

production of pro-inflammatory cytokines, 

triggering the activation of fibroblast-like 

synoviocytes and contributing to bone and 

cartilage lesions. Innate immune cells such as 

neutrophils and mast cells contribute to the 

development of synovitis, as well as 

macrophages, which function by the release of 

proinflammatory cytokines (such as TNF, IL-1 

and IL-6) and inflammatory mediators such as 

free oxygen radicals, nitrogen intermediates and 

prostanoids.[50]  

For many years, the dominant dogma 

was that the macrophages polarize in the pro-

inflammatory phenotype "M1" in the AR, 

resulting in the production of pro-inflammatory 

mediators and a reduction in control 

mechanisms and anti-inflammatory cytokines 

such as growth factor type TGFβ, IL-4, IL-13 

and IL-10. However, phenotypes from synovial 

macrophages in AR patients are diverse and do 

not follow a strict M1 or M2 phenotype. It is 

debatable which of the cytokines have only anti- 

or pro-inflammatory functions, but it has been 

observed that they function in a complex 

network dependent on the specific pathological 

and tissue context.[51]  

The IL-1 family consists mainly of 

IL-1α, IL-1β, IL-18 and IL-33. IL-1α is either 

expressed on the cell surface or is contained 

within the cell, while IL-1β produces its 

biological activity by acting on other cells. The 

action of IL-1 α And IL-1 β may be blocked by 

an endogenous inhibitor, antagonist of IL-1 
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receptor (IL-1Ra). Patients with RA show an 

imbalance between IL-1Ra and IL-1 levels.[52]  

In many cases a high concentration of 

IL-1β in plasma and synovial fluid (SF) has 

been found, which explains various parameters 

of disease activity, including duration of 

stiffness. 

The cytokine IL-2 is crucial to the 

function, expansion and survival of regulatory T 

cells (Treg) and equilibrium in this way is 

disrupted in Th1 helper cell-mediated 

autoimmune diseases such as type 1 diabetes 

mellitus, RA and erythematous systemic lupus. 

In a study from 2018, patients with RA had 

elevated levels of anti-IL-2, the authors 

assuming that they would affect the 

bioavailability of IL-2 required for Treg 

homeostasis.[53] 

Interleukin-4 is a major cytokine that 

promotes the generation of Th2 cells by 

differentiating naive T cells. Through the 

positive response loop, IL-4 is further generated 

by activated Th2 cells. IL-4Ra is the IL-4 

receptor that exists in various forms in the body. 

Initially, it was reported to be either absent or 

present in very small amounts in the synovial 

fluid of patients with AR, but was detected in 

some RA patients. It is an anti-inflammatory 

cytokine that prevents the formation of 

proinflammatory cytokines such as TNF-α, IL-

1β and IL-6 in synovial tissue and peripheral 

blood mononuclear cells (PBMCs). In vitro 

studies have shown that IL-4 reduces bone 

resorption by having a direct influence on 

osteoclasts and may also inhibit the production 

of MMP.[54] 

TNF and IL-6 are considered key 

points of the synovial system in the RA, which 

stimulates the formation and subsequent 

degradation of bone and cartilage and also 

strongly induce the release of other pro-

inflammatory mediators such as IL-1 and 

stimulatory factor granulocyte-macrophage 

colonies - GM-CSF.  

Targeting TNF and IL-6 with 

neutralizing antibodies or, in the case of IL-6, 

with Janus kinase inhibitors (JAK), is a strategy 

now widely used in the treatment of RA, which 

can effectively suppress synovial inflammation. 

Furthermore, GM-CSF inhibition has been 

effective in the treatment of RA in early-stage 

clinical trials and is currently awaiting approval 

for clinical use.[55]  

The role in pathology of IL-6 has 

been documented in patients with rheumatoid 

arthritis (RA); to them, there was a tendency of 

increase in the level of IL-6 in GCF. Thus, one 

study indicated higher IL-6 serum values in RA 

patients compared to patients without systemic 

disease, but comparable to age-type, gender-, 

smoking-status variables, IL-6 serum levels 

showing a positive correlation with activity RA. 

These observations suggest that systemically and 

locally produced IL-6 may play a role in 

regulating periodontal inflammation in RA 

patients.[56]  

Interleukin-17 is of particular interest 

for the pathogenesis of periodontitis due to its 

involvement in both inflammation and 

antimicrobial immunity, some research 

confirming that IL-17 mediates protection 

against extracellular pathogens and, together 

with IL-22 (a cytokine produced also by Th17 

and by other IL-17 expressing cells) production 

of antimicrobial peptides (AMP), which is 

believed to be protective in periodontitis.[57,58]  

In principle, IL-17 is a two-edged 

paradigm sword for a disease such as 

periodontitis that is initiated by bacteria, 

although tissue damage is caused by the host's 

response (de Aquino et al., 2017). Therefore, the 

biological properties of IL-17 make it difficult to 

estimate its role in inflammatory diseases with a 

polymicrobial etiology. It is possible that IL-17 

exerts both protective and destructive effects as 

suggested in distinct mouse models, although 

signaling of the IL-17 receptor may turn an 

acute protective inflammatory response into 

chronic immunopathological events.[59]  

Although it is not known exactly how 

periodontal bacteria can regulate IL-17 

production, there is evidence that P. gingivalis 

promotes an IL-17 medium apparently to exploit 

the resulting inflammatory response in order to 

obtain nutrients in the form of decomposition 

products of tissues and hem molecules.[60]  

In this regard, P. gingivalis 

stimulation of PBMC in healthy volunteers led 

to an increase in IL-17 production in CD3 + 

cells and an increase in IL-23 production in 
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macrophages. Furthermore, the isolated 

lipopolysaccharide from P. gingivalis has been 

shown to induce IL-17 and IL-23 production 

from human periodontal ligation cells, while 

external membrane proteins can stimulate 

mRNA expression for IL-17 in PBMC isolated 

from patients with gingivitis or periodontal 

disease.[61]  

In part, the suppression of Th1 cell-

mediated immunity by P. gingivalis could be 

attributed to its ability to inhibit the production 

of chemokine in the gingival epithelial cells 

responsible for Th1 recruitment. Generally, P. 

gingivalis has an arsenal of virulence factors by 

which it can manipulate specific and non-

specific immune cells to initiate an IL-17 

orchestrated rich inflammatory response.[62]  

Importantly, the presence of P. 

gingivalis in subgingival biofilm was associated 

with increased IL-17 levels in crevular fluid in 

periodontitis.[63]  

Continuing advancement in scientific 

methodology, including high throughput 

analysis techniques, is enabling studies on 

genomic variations and gene expression patterns 

in periodontal disease and rheumatoid arthritis. 

Whole-genome microarrays and RNA 

sequencing will be valuable tools for identifying 

genetic and biological markers of increased 

susceptibility to both pathologies shedding light 

into the possible implications and 

interdependencies. In recent years, both 

transcriptome studies and a genome-wide 

association study have been performed on 

periodontitis cohorts.[64,65] The massive 

amounts of data generated by such studies 

require painstaking analyses to yield biologically 

significant results, but the capacity for 

identification of novel mediators involved in the 

pathogenesis of both diseases is promising.[66]  

However, upcoming breakthroughs in 

the understanding and treatment of these 

pathologies need not be derived only from 

periodontitis or arthritis focused research. Much 

is to be gained from research progress in other 

chronic inflammatory conditions. Studies are 

ongoing to evaluate the role of other 

proinflammatory cytokines in the 

pathophysiology of similar conditions, such as 

lupus, Crohn’s disease, Alzheimer’s and irritable 

bowel disease, and to develop antibodies which 

specifically target these cytokines for novel 

future treatment strategies. 

 

Conclusion 

 

As discussed throughout this review, 

research into the molecular pathogenesis of 

periodontitis and rheumatoid arthritis is 

continuously producing novel and significant 

results. Despite extensive research, however, the 

detailed mechanisms of pathogenesis are still not 

elucidated. Nevertheless, the field is moving 

forward, utilising technological advances and 

synergy effects from findings in closely related 

diseases. Periodontitis is currently being 

connected to the pathogenesis of various 

systemic diseases and conditions, further 

emphasising the importance of a deeper 

understanding of this common condition. 

Progress in the understanding of periodontal 

disease may enable adjunctive treatments 

focused on modulating the host response. 

Successful novel treatment strategies have the 

potential to improve both the oral and the 

systemic health of patients afflicted with 

periodontitis. 
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