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CHAPTER 2

Abstract

Purpose of review 

This article reviews the link between periodontitis and rheumatoid arthritis (RA) with 
regard to similarities in genetics risk factors and immunopathogenesis. Emphasis is 
paid to the potential role of the periodontal pathogen Porphyromonas gingivalis in 
the etiopathogenesis of both periodontitis and RA, in particular by post-translational 
modification of arginine into citrulline.

Recent findings

P. gingivalis, a major periodontal pathogen, is presently known as the only bacterium 
in the oral flora which contains a peptidyl arginine deiminase enzyme (PAD). 
This enzyme is necessary for citrullination. As a result citrullinated proteins and 
P. gingivalis PAD, PAD2 and PAD4 (expressed by infiltrating neutrophils) are found 
in periodontal tissues. Autoantibodies directed to citrullinated proteins, so called anti-
citrullinated protein antibodies (ACPAs), are found to be present in gingival crevicular 
fluid originating from inflamed gingival tissue. Furthermore, treatment studies have 
revealed that non-surgical periodontal treatment, i.e. removal of sub-gingival calculus 
and biofilm deposits, is accompanied by a reduction in the severity of RA.

Summary

In this paper the similarities in immune response and tissue degradation between 
RA and periodontitis are reviewed. It is shown that the two diseases share the same 
environmental and genetics risk factors as well as that there is a link between both 
diseases via citrullination of proteins by human PAD and P. gingivalis PAD.
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Introduction

Periodontitis is an infective process which ultimately leads to the destruction of 
the soft and hard tissue that supports the teeth (the periodontium). Periodontitis 
has been associated with a number of chronic and inflammatory diseases such as 
diabetes mellitus (1), atherosclerosis, cardiovascular disease (2), Crohn’s disease 
and ulcerative colitis (3). In the last decade the interest in the epidemiological and 
pathological relationships between periodontitis and rheumatoid arthritis (RA) is 
raising (4). This is not surprising as RA and periodontitis share the same genetic risk 
and environmental factors and also both diseases are age associated and characterized 
by chronic self-sustaining inflammation. Therefore, the aim of this paper is to provide 
a review of the etiopathogenesis of periodontitis, focusing on aspects that may be of 
relevance for RA.

Periodontitis

The periodontium is composed of specialized tissues, viz. the gingiva, periodontal 
ligament, cementum and alveolar bone. Chronic inflammation of these tissues, 
initiated by bacteria, gradually results in bleeding gums, deepened periodontal pockets 
and ultimately in loss of alveolar bone, and mobility and loss of teeth (Figure  1). 
The prevalence of periodontitis in an adult population is 10-15%, independent of 
ethnicity and geographic location (5). Periodontitis can be classified as chronic (slowly 
progressive) and aggressive (highly destructive) periodontitis. Periodontitis can also 
be classified on the extent (localized/generalized) and severity (mild/moderate/severe) 
of the disease (6).

Genetic and lifestyle factors determine the susceptibility of a person to periodontitis. 
A significant genetic factor for severe periodontitis is a variation in the major 
histocompatibility complex, class II, DR beta 1, (HLA-DRB1) SE (7). Furthermore, 
several single nucleotide polymorphisms, especially in interleukins (IL)-1, IL-6 and 
IL-10, vitamin D receptor, and CD14 genes have been associated to severity and 
presence of destructive periodontal disease. In addition, smoking has been considered 
an important lifestyle factor contributing to the susceptibility of periodontitis (8). The 
contributory effect of smoking is thought to be the effect of nicotine on the induction 
of pro-inflammatory cytokines (9) and activation of matrix metalloproteinase-3 
(MMP-3) (10).

Immune response in periodontitis

The innate immune response in periodontitis is involved in the elimination of microbial 
challenges, but also may result in damage to the periodontium. The host has certain 
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mechanisms to maintain a non-irritating environment for the bacterial flora, like the 
washing effect of saliva and gingival crevicular fluid (GCF), and the phagocytic action 
of neutrophils that migrate continuously through the junctional epithelium into the 
pocket. When pathogenic bacteria overcome these protecting barriers and start to 
populate the periodontal area, the release of bacterial toxins and metabolites by these 
bacteria will activate the innate immune system. Upon this bacterial driven challenge, 
epithelial cells will respond and start to secrete pro-inflammatory cytokines such as 
IL-1β, tumor necrosis factor (TNF-α), IL-6 and IL-8 (11). When the inflammation 
persists, tissue destruction will occur, e.g., by matrix metalloproteinases (MMPs). 
These MMPs are responsible for the destruction of the collagenous extracellular matrix. 

Figure 1. Sequential stages in the development of periodontitis (a-d) and arthritis (e-h).
(a) The periodontium is composed of specialized tissues, viz. the gingiva, periodontal ligament, cementum and 
alveolar bone. Healthy gingiva is characterized by a continuous sparse migration of neutrophils into the coronal 
part of the epithelium.  
(b) Gingivitis will develop when the microbial colonization has evolved to such a level that microbial products 
evoke a more substantive inflammatory response. This response is characterized by an increased infiltration and 
migration of neutrophils, lymphocytes and monocytes and macrophages. Very few plasma cells are noted within 
the expanding lesion. Degeneration of fibroblasts and collagen breakdown occurs.   
(c) Continuation of the exposure of the periodontal tissues to microbial biofilm, which moves apically, results in a 
further enhancement of the inflammatory response of the gingival tissue. The inflammatory cell infiltrate extends 
further apically and is now dominated by plasma cells. Collagen loss continues. The epithelium has become more 
permeable and may be ulcerated.
(d) The biofilm continues its apical downgrowth. The inflammatory cell infiltrate extends in to the periodontal 
attachment. Plasma cells comprise about 50% of the cells, B cells represent about 18% of the cells and T cells 
represent a smaller proportion than B cells. The immunopathological tissue damage by matrix metalloproteinases 
results in loss of alveolar bone, mobility of teeth, and finally in tooth loss.
(e) The normal joint is composed of cartilage, bone and a synovial membrane containing an outer layer or 
subintima (fibrous, fatty or loosely areolar) and an inner lining layer. This inner layer consists of two cell types; 
Type A derived from blood monocytes, and Type B which is dominated by fibroblasts producing synovial fluid. 
Synovial fluid is made of hyaluronic acid and lubricin, proteinases, and collagenases. 
(f) Activation of the innate immune system by an environmental trigger, probably infection related, is thought 
to start the inflammatory loop in RA. Processing of an unspecified not necessarily rheumatoid autoantigen by 
dendritic cells and presentation to T-cells with a co-stimulatory signal can further activate T-cells. The pre-
sentation of the antigen probably takes place in the central lymph nodes. T-cells subsequently become clonally 
expanded and migrate to the (synovial) tissue where they interact with synoviocytes, B-cells and macrophages 
and thus promote inflammation (15) as part of the adaptive immune response. In addition, as a person ages, the 
water content of the cartilage decreases as a result of a reduced proteoglycan content, thus causing the cartilage to 
be less resilient. Without the protective effects of the proteoglycans, the collagen fibers of the cartilage can become 
susceptible to degradation and thus exacerbate the degeneration. Breakdown products from the cartilage are 
released into the synovial space, and the cells lining the joint attempt to remove them resulting in inflammation. 
(g) At a later stage in the adaptive arm of the immune response the synovial tissue of RA patients is characterized 
by infiltration and activation of mononuclear cells (including T and B lymphocytes, plasma cells, dendritic cells 
and macrophages) (18). B cells present antigens to T-cells and produce pro-inflammatory cytokines and autoanti-
bodies which stimulate the production of pro-inflammatory cytokines by the formation of immune complexes and 
activation of macrophages. Both T- and B-cell activation results in increased production of cytokines, chemokines 
and MMPs, which activates a positive feedback loop perpetuating the autoimmune inflammatory response (19).
(h) Longstanding destructive RA is characterized by synovitis, joint space narrowing, fibrous deposition and 
damage of the cartilage, erosions of the subchondrial bone and periosteal soft tissue inflammation.
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Inflammation in periodontitis is characterized by a large influx of leukocytes in 
the periodontal lesions. The innate immune response is characterized by activation 
of resident cells (dendritic cells, epithelial cells and endothelial cells) and migration 
of neutrophils, monocytes and macrophages. The adaptive immune response includes 
the influx of T- and B-cells in the lesions. Plasma cells comprise about 50% of the cells, 
B cells represent about 18% of the cells and T cells represent a smaller proportion 
than B cells (12). The proportion of B cells compared to T cells increases further when 
taken from sites with severe periodontitis (12). In addition, a high proportion of the 
CD19 B cell population in the peripheral blood (40-50%) in periodontal susceptible 
patients was shown to bear features of the B-1a subtype (CD5CD19 double positive) 
compared to 15% in healthy controls. These B-1a B cells are known to be associated 
with the production of (auto-)antibodies (12). 

Rheumatoid arthritis

RA is a chronic auto-inflammatory polyarthritis with a prevalence of 0.5%-1.0% 
in the adult population. RA is more frequent among women than man (3:1) and its 
prevalence, like periodontitis, rises with age (13). RA is known to develop in genetic 
susceptible individuals under certain environmental conditions. Years before start of 
the synovial inflammation in RA, autoantibodies as rheumatoid factor (RF) and anti-
citrullinated protein antibodies (ACPAs) are found to be present in conjunction with 
elevated cytokines in non-symptomatic so called arthritis risk patients (14).

After the first stage (activation of the innate response) and the second stage (activation 
of the adaptive response) the third stage of the disease is known as the destructive 
phase. Longstanding destructive RA is characterized by synovitis, fibrous deposition 
and damage of the cartilage, erosions of the subchondrial bone and periosteal soft 
tissue inflammation (Figure 1). Immune responses with several inflammatory cascades 
lead towards this final common pathway characterized by a persistent inflammatory 
infiltrate in the synovial membrane of the joints (15). Presently a large effort is made to 
diagnose RA as early as possible (16). Early aggressive treatment in the so called window 
of opportunity leads to less damage and sometimes even to remission of RA (17).  

Immune response in rheumatoid arthritis 

Presently activation of the innate immune system by an environmental trigger, 
probably infection related, is thought to start the inflammatory loop in RA. Processing 
of an unspecified not necessarily rheumatoid autoantigen by dendritic cells and 
presentation to T-cells with a co-stimulatory signal can further activate T-cells. 
The presentation of the antigen probably takes place in the central lymph nodes. 
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T-cells subsequently become clonally expanded and migrate to the (synovial) tissue 
where they interact with synoviocytes, B-cells and macrophages and thus promote 
inflammation. Loss of tolerance in the inflammatory environment can induce an 
auto-immune response (15). At a later stage the synovial tissue of RA patients is 
characterized by infiltration and activation of mononuclear cells (including T and 
B lymphocytes, plasma cells, dendritic cells and macrophages) (18). B cells present 
antigens to T-cells and produce pro-inflammatory cytokines and autoantibodies 
which stimulate the production of pro-inflammatory cytokines by the formation of 
immune complexes and activation of macrophages. Both T- and B-cell activation 
results in increased production of cytokines, chemokines and MMPs, which activates 
a positive feedback loop perpetuating the autoimmune response (19).

The synovial fluid in RA patients is rich in pro-inflammatory cytokines such as 
IL-1, IL-6, IL-8, IL-15, and IL- 17. The same pro-inflammatory cytokines are found 
to be upregulated in periodontitis lesions (20). In addition, tissue destruction in RA 
takes place via, e.g., MMPs which is similar to the breakdown of periodontal tissue 
in periodontitis patients. Furthermore, RA is linked to the same genetic variations 
in the major histocompatibility complex (HLA-DRB1) as observed in periodontitis. 
Likewise, smoking is considered as a lifestyle risk factor in RA and periodontitis 
(21). In contrary to periodontitis where smoking is found to directly affect the 
periodontium, in RA it is thought that the induction of citrullinated proteins by 
smoking can contribute to the autoimmune response (22).

Citrullinated proteins

The majority of individuals (50-80%) with RA is found to be seropositive for autoantibodies 
(23). Rheumatoid factor (RF), antibodies which bind to the constant domain of IgG 
molecule, and anti-citrullinated protein antibodies (ACPAs), antibodies against 
citrullinated proteins, are the most common autoantibodies in RA (24). Autoantibodies 
against citrullinated proteins include anti-citrullinated vimentin, anti-citrullinated 
filaggrin, anticitrullinated fibrin(ogen) and anti-citrullinated α-enolase antibodies (25). 
Seropositivity to these autoantibodies often precedes the clinical onset of the disease (26). 
ACPAs have a higher diagnostic sensitivity and specificity for RA than RF (23), since a 
number of rheumatic and non-rheumatic diseases are associated with a positive RF (24). 
Presence of ACPAs seems to be associated with a poorer disease outcome (27). 

Autoimmunity to citrullinated proteins is rather specific for RA since ACPAs 
are found in 1-2% of the normal population and are rare in other inflammatory 
conditions (28). Remarkably, two studies reported that the incidence of ACPAs is 
higher in patients with severe periodontitis (~8%) (29, 30). ACPAs are also present in 
GCF of periodontitis patients (31).
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Citrullination is a process that occurs during inflammation in a wide range of 
tissues by an enzyme known as peptidylarginine deiminase (PAD). This enzyme can 
generate post-translational modifications by exchanging protein-bound arginine 
for citrulline, a nonstandard amino acid, thereby changing the charge of the target 
protein and therefore altering its structure and function. In humans, five isotypes of 
PAD have been described. Human PAD enzymes are calcium-dependent, therefore 
they are likely to be active in the extra-cellular fluid. PAD2 and PAD4 have been found 
in inflamed synovial tissue of RA patients (32) and are therefore likely involved in the 
citrullination of synovial proteins in RA. 

Recently, PAD2 and PAD4 expression (31) and the presence of citrullinated proteins 
(31), (33) have been found in inflamed periodontal tissue. Thus, citrullination of proteins 
in periodontal tissue is associated with inflammation, which in accordance with other 
sites of the human body (34). The study by Nesse et al. (33) showed that citrullination 
of proteins was not solely observed in inflamed tissue from periodontitis patients 
but also in inflamed tissue of non-periodontitis origin (e.g., pericoronitis tissue). The 
citrullination in periodontitis resulted in additional types of citrullinated proteins 
that were not observed in non-inflamed periodontal tissue (33). These additional 
types of citrullinated proteins showed a striking similarity with citrullinated proteins 
found in the synovium of RA patients indicating that the same proteins might get 
citrullinated in periodontitis and RA-affected synovial tissue (33).

Porphyromonas gingivalis

One of the best known periodontal pathogens in the bacterial biofilm, that covers 
the subgingival area and is causing the inflammatory response, is the prokaryote 
Porphyromonas gingivalis (P. gingivalis), an anaerobic Gram negative bacterium. The 
prevalence of P. gingivalis in severe periodontitis is 70%. P. gingivalis is infrequently 
isolated from subjects without periodontitis (35). This bacterium is of particular 
importance as it is the only known bacterium that has its own PAD enzyme. Although 
P. gingivalis PAD has a sequence dissimilar from that of human PAD, P. gingivalis 
PAD is able to citrullinate its endogenous proteins (36). In contrast to human PAD, 
P. gingivalis PAD is not calcium-dependent (37). In addition, the enzyme is able to 
citrullinate human fibrinogen and α-enolase (38). Thus, it is possible that P. gingivalis 
PAD citrullinates proteins from its host, thereby creating systemic immunogens that 
contain epitopes against which ACPAs could be raised (39). An important observation 
in this respect was the presence of oral bacterial DNAs in the synovial fluid of RA 
patients, amongst which P. gingivalis (40), while P. gingivalis DNA was not found 
in synovial fluid of healthy controls. This observation supports the potential role of 
P. gingivalis PAD in citrullination of synovial proteins.
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Recently, the relation between P. gingivalis and RA has been assessed in a number 
of studies. Patients with RA showed significantly higher levels anti-P. gingivalis 
antibodies in serum than healthy controls (41, 42). The same holds true for individuals 
at risk for RA (43) as well as that anti P. gingivalis levels were found to be higher in 
ACPA-positive patients than in ACPA-negative patients (42). These observations need 
further study as Scher et al. (44) recently showed that P. gingivalis colonization in the 
subgingival area for new-onset RA patients was comparable to chronic RA patients 
and controls with a comparable level of periodontitis. The latter study also showed 
that the presence of P. gingivalis did not correlate with ACPA titers. Their findings are 
supported by the observations of De Smit et al. (45) who reported that occurrence of 
P. gingivalis in the subgingival area was not different between RA patients and non 
RA controls. 

Epidemiological studies indicating an association 
between RA and periodontitis

In recent years, a number of studies reported a higher prevalence of periodontitis in 
patients with RA compared to non-RA controls (46-49) and a higher prevalence of RA in 
patients with periodontitis compared to non-periodontitis controls (48). Pischon et al. 
(46) examined 57 subjects with RA and 52 healthy controls and assessed these subjects 
on plaque index, gingival index, pocket probing depth, and clinical attachment loss. 
Subjects with RA turned out to have a significantly increased periodontal attachment 
loss compared to controls. Dissick et al. (49) found a higher prevalence of periodontitis 
in a cohort of RA-patients (69 patients) compared to a cohort of osteoarthritis patients 
(35 patients). The historical cohort study by Torkzaban et al. (50) evaluated 53 subjects 
with RA and 53 subjects without RA and found a significant correlation between RA 
and bleeding on probing, and between RA and clinical attachment loss. However, 
no significant correlation between RA and plaque index could be found. Recently, 
Chen et al. (47) investigated the association between the risk of RA and the history of 
periodontitis in a nation-wide, population based control study. This study was based 
on administrative data and estimated the odds ratio for RA development on the basis 
of periodontitis history. An association was found (odds ratio 1.16), albeit a weak 
association. Nesse et al. (48) found an increased prevalence of RA in patients with 
periodontitis that attended a dental or periodontal clinic. The increased incidence of 
RA in patients with periodontitis could not be explained by confounding factors. Other 
studies, however, did not report such association (51, 52). These conflicting data may 
be due to selection or recall bias and, differences in RA and periodontitis classification 
criteria, patients’ race, and study design (53).
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Treatment studies indicating an association 
between RA and periodontitis

The association between RA and periodontitis suggests that periodontal treatment may 
be beneficial in RA. Initial therapy for periodontitis is composed of mechanical removal 
of dental plaque and calculus (54). A recent study by Erciyas et al. (55) showed that 
non-surgical periodontal treatment comprising of supragingival scaling, root planing 
and oral hygiene instructions reduced systemic inflammatory levels (ESR, CRP, TNF-α 
levels in serum) and DAS28 scores as assessed in periodontitis patients with low or 
moderate to highly active RA three months after non-surgical periodontal treatment. 
This observation is in line with the results from other studies (56-58) showing that 
the severity of RA was reduced when RA patients with moderate/severe chronic 
periodontitis were treated with non-surgical periodontal treatment. Furthermore, 
treatment of RA with disease modifying anti-rheumatic drugs (DMARDS) was 
presumed to reduce the progression of periodontitis (58). Therefore, the effect of 
anti-TNF-α therapy on the periodontal status of RA patients has been studied (58). 
The results of this study showed no beneficial effect of anti-TNF-α therapy on the 
periodontal status of RA patients (58). 

Conclusion

The etiology of periodontitis is multifactoral and shares similarities with RA. The 
main etiological factor in periodontitis is the biofilm containing a number of bacteria 
affecting the periodontium by the release of pathogenic factors. Host factors such as 
immune response, smoking and poor hygiene are contributory factors, which also 
play a role in the etiopathogenesis of RA. P. gingivalis, the major periodontal pathogen 
may form a link between periodontitis and RA. P. gingivalis is the only known 
bacterium that has its own PAD enzyme and P. gingivalis PAD is able to citrullinate 
its endogenous proteins as well as human fibrinogen and α-enolase. Thus, P. gingivalis 
PAD can citrullinate proteins from its host, thereby creating systemic immunogens 
that contain epitopes against which ACPAs could be raised (39). Present studies are 
ongoing to elucidate the connection between both diseases.

Acknowledgements

We thank Prof. dr. A.J. van Winkelhoff, Center for Dentistry and Oral Hygiene 
and Department of Medical Microbiology, University Medical Center Groningen, 
University of Groningen, for helpful discussions regarding P. gingivalis and its antibody 
response.

28



LESSONS TO BE LEARNED FROM PERIODONTITIS

2

References

1. Mealey BL, Oates TW, American Academy 
of Periodontology. Diabetes mellitus 
and periodontal diseases. J Periodontol 
2006;77:1289-303.

2. Scannapieco FA, Bush RB, Paju S. 
Associations between periodontal disease 
and risk for atherosclerosis, cardiovascular 
disease, and stroke. A systematic review. 
Ann Periodontol 2003;8:38-53.

3. Brito F, de Barros FC, Zaltman C, 
Carvalho AT, Carneiro AJ, Fischer RG, et 
al. Prevalence of periodontitis and DMFT 
index in patients with Crohn’s disease 
and ulcerative colitis. J Clin Periodontol 
2008;35:555-60.

4. Routsias JG, Gou les JD, Gou les 
A, Chara lampa k is G, Pikazis D. 
Au t o p a t h o g e n i c  c o r r e l a t i o n  o f 
periodontitis and rheumatoid arthritis. 
Rheumatology (Oxford) 2011;50:1189-93.

5. Jansson H. Studies on periodontitis 
and analyses of individuals at risk for 
periodontal diseases. Swed Dent J Suppl 
2006;(180):5-49.

6. Armitage GC, Research, Science and 
Therapy Committee of the American 
Academy of Periodontology. Diagnosis 
of periodontal diseases. J Periodontol 
2003;74:1237-47.

7. Bonfil JJ, Dillier FL, Mercier P, Reviron D, 
Foti B, Sambuc R, et al. A “case control” 
study on the role of HLA DR4 in severe 
periodontitis and rapidly progressive 
periodontitis. Identification of types and 
subtypes using molecular biology (PCR.
SSO). J Clin Periodontol 1999;26:77-84.

8. Albandar JM, Streckfus CF, Adesanya 
MR, Winn DM. Cigar, pipe, and cigarette 
smoking as risk factors for periodontal 
disease and tooth loss. J Periodontol 
2000;71:1874-81.

9. de Heens GL, Kikkert R, Aarden LA, van 
der Velden U, Loos BG. Effects of smoking 
on the ex vivo cytokine production 

in periodontitis. J Periodontal Res 
2009;44:28-34.

10. Zhang W, Song F, Windsor LJ. Cigarette 
smoke condensate affects the collagen-
degrading ability of human gingival 
fibroblasts. J Periodontal Res 2009;44:704-13.

11. Madianos PN, Bobetsis YA, Kinane DF. 
Generation of inflammatory stimuli: how 
bacteria set up inflammatory responses 
in the gingiva. J Clin Periodontol 2005;32 
Suppl 6:57-71.

12. Berglundh T, Donati M. Aspects of 
adaptive host response in periodontitis. J 
Clin Periodontol 2005;32 Suppl 6:87-107.

13. Tobon GJ, Youinou P, Saraux A. The 
environment, geo-epidemiology, and 
autoimmune disease: R heumatoid 
arthritis. J Autoimmun 2010;35:10-4.

14. Gerlag DM, Raza K, van Baarsen LG, 
Brouwer E, Buckley CD, Burmester GR, 
et al. EULAR recommendations for 
terminology and research in individuals 
at risk of rheumatoid arthritis: report 
from the Study Group for Risk Factors for 
Rheumatoid Arthritis. Ann Rheum Dis 
2012;71:638-41.

15. Firestein GS. Immunologic mechanisms in 
the pathogenesis of rheumatoid arthritis. J 
Clin Rheumatol 2005;11:S39-44.

16. Aletaha D, Neogi T, Silman AJ, Funovits 
J, Felson DT, Bingham CO,3rd, et al. 
2010 Rheumatoid arthritis classification 
cr iter ia : an American Col lege of 
Rheumatology/European League Against 
Rheumatism collaborative initiative. 
Arthritis Rheum 2010;62:2569-81.

17. Quinn MA, Conaghan PG, Emery P. The 
therapeutic approach of early intervention 
for rheumatoid arthritis: what is the 
evidence?. R heumatology (Oxford) 
2001;40:1211-20.

18. Choy E. Understanding the dynamics: 
pathways involved in the pathogenesis 
of rheumatoid arthritis. Rheumatology 
(Oxford) 2012;51 Suppl 5:v3-11.

29



CHAPTER 2

19. Panayi GS. B cells: a fundamental role in 
the pathogenesis of rheumatoid arthritis?. 
Rheumatology (Oxford) 2005;44 Suppl 
2:ii3-7.

20. Rutger Persson G. Rheumatoid arthritis 
and periodontitis - inf lammatory and 
infectious connections. Review of the 
literature. J Oral Microbiol 2012;4:10.3402/
jom.v4i0.11829. Epub 2012 Feb 13.

21. Ka l lberg H, Ding B, Padyukov L , 
Bengtsson C, Ronnelid J, Klareskog L, 
et al. Smoking is a major preventable 
risk factor for rheumatoid arthritis: 
est imat ions of r isks a f ter various 
exposures to cigarette smoke. Ann 
Rheum Dis 2011;70:508-11.

22. Klareskog L, Malmstrom V, Lundberg 
K, Padyukov L, Alfredsson L. Smoking, 
citrullination and genetic variability in 
the immunopathogenesis of rheumatoid 
arthritis. Semin Immunol 2011;23:92-8.

23. Schellekens GA, Visser H, de Jong BA, 
van den Hoogen FH, Hazes JM, Breedveld 
FC, et al. The diagnostic properties 
of rheumatoid arthrit is antibodies 
recognizing a cyclic citrullinated peptide. 
Arthritis Rheum 2000;43:155-63.

24. Besada E, Nikolaissen C, Nossent H. 
Should rheumatoid factor in rheumatoid 
arthritis be sent to Davy Jones’s Locker?. 
Scand J Rheumatol 2012;41:85-8.

25. Wegner N, Lundberg K, Kinloch A, Fisher 
B, Malmstrom V, Feldmann M, et al. 
Autoimmunity to specific citrullinated 
proteins gives the first clues to the etiology 
of rheumatoid arthritis. Immunol Rev 
2010;233:34-54.

26. Nielen MM, van Schaardenburg D, 
Reesink HW, van de Stadt RJ, van der 
Horst-Bruinsma IE, de Koning MH, et 
al. Specific autoantibodies precede the 
symptoms of rheumatoid arthritis: a study 
of serial measurements in blood donors. 
Arthritis Rheum 2004;50:380-6.

27. van der Helm-van Mil AH, Verpoort 
KN, Breedveld FC, Toes RE, Huizinga 
TW. Antibodies to citrullinated proteins 
and differences in clinical progression of 

rheumatoid arthritis. Arthritis Res Ther 
2005;7:R949-58.

28. Steiner G, Smolen J. Autoantibodies in 
rheumatoid arthritis and their clinical 
significance. Arthritis Res 2002;4 Suppl 
2:S1-5.

29. Havemose-Poulsen A, Westergaard 
J, Stoltze K, Skjodt H, Danneskiold-
Samsoe B, Locht H, et al. Periodontal and 
hematological characteristics associated 
with aggressive periodontitis, juvenile 
idiopathic arthritis, and rheumatoid 
arthritis. J Periodontol 2006;77:280-8.

30. Hendler A, Mulli TK, Hughes FJ, Perrett 
D, Bombardieri M, Houri-Haddad Y, et 
al. Involvement of autoimmunity in the 
pathogenesis of aggressive periodontitis. J 
Dent Res 2010;89:1389-94.

31. Harvey GP, Fitzsimmons TR, Dhamarpatni 
AA, Marchant C, Haynes DR, Bartold 
PM. Expression of peptidylarginine 
deiminase-2 and -4, citrullinated proteins 
and anti-citrullinated protein antibodies 
in human gingiva. J Periodontal Res 
2013;48:252-261.

32. Foulquier C, Sebbag M, Clavel C, Chapuy-
Regaud S, Al Badine R, Mechin MC, et al. 
Peptidyl arginine deiminase type 2 (PAD-
2) and PAD-4 but not PAD-1, PAD-3, 
and PAD-6 are expressed in rheumatoid 
arthritis synovium in close association 
with tissue inf lammation. Arthritis 
Rheum 2007;56:3541-53.

33. Nesse W, Westra J, van der Wal JE, Abbas 
F, Nicholas AP, Vissink A, et al. The 
periodontium of periodontitis patients 
contains citrullinated proteins which may 
play a role in ACPA (anti-citrullinated 
protein antibody) formation. J Clin 
Periodontol 2012;39:599-607.

34. Makrygiannakis D, af Klint E, Lundberg 
IE, Lofberg R, Ulfgren AK, Klareskog L, 
et al. Citrullination is an inflammation-
dependent process. Ann Rheum Dis 
2006;65:1219-22.

35. van Winkelhoff AJ, Loos BG, van 
der Reijden WA, van der Velden U. 
Porphyromonas gingivalis, Bacteroides 

30



LESSONS TO BE LEARNED FROM PERIODONTITIS

2

forsythus and other putative periodontal 
pathogens in subjects with and without 
periodontal destruction. J Clin Periodontol 
2002;29:1023-8.

36. McGraw WT, Potempa J, Farley D, Travis 
J. Purification, characterization, and 
sequence analysis of a potential virulence 
factor from Porphyromonas gingivalis, 
peptidylarginine deiminase. Infect 
Immun 1999;67:3248-56.

37. Shirai H, Blundell TL, Mizuguchi K. A 
novel superfamily of enzymes that catalyze 
the modification of guanidino groups. 
Trends Biochem Sci 2001;26:465-8.

38. Wegner N, Wait R, Sroka A, Eick S, Nguyen 
KA, Lundberg K, et al. Peptidylarginine 
deiminase from Porphyromonas gingivalis 
citrullinates human fibrinogen and alpha-
enolase: implications for autoimmunity 
in rheumatoid arthritis. Arthritis Rheum 
2010;62:2662-72.

39. Rosenstein ED, Greenwald RA, Kushner 
LJ, Weissmann G. Hypothesis: the 
humoral immune response to oral bacteria 
provides a stimulus for the development 
of rheumatoid arthritis. Inf lammation 
2004;28:311-8.

40. Moen K, Brun JG, Valen M, Skartveit 
L, Eribe EK, Olsen I, et al. Synovial 
inf lammation in active rheumatoid 
arthritis and psoriatic arthritis facilitates 
trapping of a variety of oral bacterial 
DNAs. Clin Exp Rheumatol 2006;24:656-
63.

41. Okada M, Kobayashi T, Ito S, Yokoyama 
T, Komatsu Y, Abe A, et al. Antibody 
responses to periodontopathic bacteria in 
relation to rheumatoid arthritis in Japanese 
adults. J Periodontol 2011;82:1433-41.

42. Hitchon CA, Chandad F, Ferucci ED, 
Willemze A, Ioan-Facsinay A, van 
der Woude D, et al. Antibodies to 
porphyromonas gingivalis are associated 
with anticitrullinated protein antibodies in 
patients with rheumatoid arthritis and their 
relatives. J Rheumatol 2010;37:1105-12.

43. Mikuls TR, Thiele GM, Deane KD, Payne 
JB, O’Dell JR, Yu F, et al. Porphyromonas 

g i n g i v a l i s  a n d  d i s e a s e - r e l a t e d 
autoantibodies in individuals at increased 
risk for future rheumatoid arthritis. 
Arthritis Rheum 2012;64:3522-30.

44. Scher JU, Ubeda C, Equinda M, Khanin 
R, Buischi Y, Viale A, et al. Periodontal 
disease and the oral microbiota in new-
onset rheumatoid arthritis. Arthritis 
Rheum 2012;64:3083-94.

45. Ziebolz D, Pabel SO, Lange K, Krohn-
Grimberghe B, Hornecker E, Mausberg 
RF. Clinical periodontal and microbiologic 
parameters in patients with rheumatoid 
arthritis. J Periodontol 2011;82:1424-32.

46. Pischon N, Pischon T, Kroger J, Gulmez 
E, Kleber BM, Bernimoulin JP, et al. 
Association among rheumatoid arthritis, 
ora l hygiene, and periodontit is. J 
Periodontol 2008;79:979-86.

47. Chen HH, Huang N, Chen YM, Chen TJ, 
Chou P, Lee YL, et al. Association between 
a history of periodontitis and the risk 
of rheumatoid arthritis: a nationwide, 
population-based, case-control study. 
Ann Rheum Dis 2013;72:1206-1211.

48. Nesse W, Dijkstra PU, Abbas F, Spijkervet 
FK, Stijger A, Tromp JA, et al. Increased 
preva lence of cardiovascu lar and 
autoimmune diseases in periodontitis 
patients: a cross-sectional study. J 
Periodontol 2010;81:1622-8.

49. Dissick A, Redman RS, Jones M, Rangan BV, 
Reimold A, Griffiths GR, et al. Association 
of periodontitis with rheumatoid arthritis: 
a pilot study. J Periodontol 2010;81:223-30.

50. Torkzaban P, Hjiabadi T, Basiri Z, 
Poorolajal J. Effect of rheumatoid arthritis 
on periodontitis: a historical cohort study. 
J Periodontal Implant Sci 2012;42:67-72.

51. Arkema EV, Karlson EW, Costenbader 
KH. A prospective study of periodontal 
disease and risk of rheumatoid arthritis. J 
Rheumatol 2010;37:1800-4.

52. Demmer RT, Molitor JA, Jacobs DR,Jr, 
Michalowicz BS. Periodontal disease, 
tooth loss and incident rheumatoid 
arthritis: results from the First National 
Health and Nutrition Examination Survey 

31



CHAPTER 2

and its epidemiological follow-up study. J 
Clin Periodontol 2011;38:998-1006.

53. Susanto H, Nesse W, Kertia N, Soeroso 
J, Huijser van Reenen Y. Prevalence and 
severity of periodontitis in Indonesian 
rheu matoid a r t hr it i s  pat ients .  J 
Periodontal 2013;84:1067-74.

54. Leszczynska A, Buczko P, Buczko 
W,  P i e t r u s k a  M .  Pe r i o d o nt a l 
pharmacotherapy - an updated review. 
Adv Med Sci 2011;56:123-31.

55. Erciyas K, Sezer U, Ustun K, Pehlivan 
Y, Kisacik B, Senyurt S, et al. Effects of 
periodontal therapy on disease activity 
and systemic inflammation in rheumatoid 
arthritis patients. Oral Dis 2013;19(4):394-
400.

56. Ribeiro J, Leao A, Novaes AB. Periodontal 
infection as a possible severity factor for 
rheumatoid arthritis. J Clin Periodontol 
2005;32:412-6.

57. Al-Katma MK, Bissada NF, Bordeaux JM, 
Sue J, Askari AD. Control of periodontal 
infection reduces the severity of active 
rheumatoid arthritis. J Clin Rheumatol 
2007;13:134-7.

58. Ortiz P, Bissada NF, Palomo L, Han YW, 
Al-Zahrani MS, Panneerselvam A, et al. 
Periodontal therapy reduces the severity 
of active rheumatoid arthritis in patients 
treated with or without tumor necrosis factor 
inhibitors. J Periodontol 2009;80:535-40.

32





1Department of Oral and Maxillofacial Surgery, University of Groningen and University Medical 
Center Groningen, the Netherlands 
2Center for Dentistry and Oral Hygiene, University of Groningen and University Medical Center 
Groningen, the Netherlands 
3Department of Rheumatology and Clinical Immunology, University of Groningen and University 
Medical Center Groningen, the Netherlands 
4Department of Pulmonology, University of Groningen and University Medical Center Groningen, 
the Netherlands 
5Department of Pulmonary Diseases, Medical Center Alkmaar, the Netherlands
6Department of Rheumatology, Leiden University Medical Center, the Netherlands
7Department of Medical Microbiology, University of Groningen and University Medical Center 
Groningen, the Netherlands


