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Abstract

An overview of the literature on the role of periodontopathogenic microorganisms and chronic
periodontitis in the emergence and development of rheumatoid arthritis is presented. The paper
discusses the microbiological and genetic factors, environmental factors and the pathogenesis of
the two diseases and presents evidence for the relationship between them. Porphyromonas
gingivalis, associated with the severity of chronic periodontitis is the only microorganism
documented to produce peptidylarginine deiminase (PAD), involved in the process of citrullination.
P. gingivalis infection may generate citrullinated peptides, which trigger anti-cyclic citrullinated
peptide (anti-CCP) antibodies against synovial lining of the joints. Citrullination by human PADs is
important in normal physiology and inflammation. Porphyromonas gingivalis has not been detected
in all investigated patients with rheumatoid arthritis and hasn‘t been associated with the titer of
rheumatoid factor / anti-cyclic citrullinated peptide (anti-CCP) antibodies. Probably in the process of
citrullination another microorganism that will be shown in future studies takes an active role. The
emphasis is placed on Anaeroglobus geminatus, which is associated with the titer of rheumatoid
factor / anti-CCP antibodies and detected in all patients studied. The presence of Leptotrichia and
Prevotella spp. only in patients with new-onset rheumatoid arthritis is highlighted.

Keywords: rheumatoid arthritis, chronic periodontitis, citrullination, peptidylarginine
deiminase, anti-CCP antibodies
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Background

Rheumatoid arthritis (RA) is a systemic inflammatory autoimmune disease, which is characterised by
chronic inflammation of the synovial membrane that lines the cavities of joints as well as progressive
destruction of the articular cartilage and the underlying bone.

The pathogenesis of RA is associated with genetic and environmental factors, sustainable activity of the
innate and adaptive immunity, and broken immune tolerance (1).

The heterogeneity of pathogenetic mechanisms of RA is associated with the cellular, molecular and
genetic levels; they are responsible for the variety of clinical and immunologic manifestations.

The link between chronic periodontitis (CP), oral microorganisms and the immunologic reactions that
occur and are responsible for the predisposition to developing RA hasn’t been completely clarified (2).
Remodelled immune defence against oral microorganisms, altered subgingival environment and a more
severe clinical course of existing CP appear in patients with RA (3,4). RA and CP are both chronic
inflammatory diseases. CP occurs due to an opportunistic infection (5). Infectious agents are thought to
have a role in RA development. Microorganisms are required, of course, but they alone are not sufficient
to cause a disease (6).

Porphyromonas species with certain virulence (i.e. invasiveness with high activity of the enzyme
Peptidylarginine deiminase (PAD)) can be considered triggering factors for the development of RA in
susceptible individuals. It is Porphyromonas gingivalis (P. gingivalis) that is one of the microorganisms in
the red complex periodontopathogens and is related to the severity of CP and may be one of the RA
causes.

There is a distinct evidence-based similarity that is found in the pathogenesis of both diseases — animal
models of RA which develop periodontitis (7). IL-1, TNF-a, and PG E2 take part in their pathogenesis. The
immune regulation and the balance between Thl and Th2 are disturbed in RA and CP, including
environmental factors. Certain interleukins (ILs) (i.e. IL-1, IL-6, IL-8, IL-15 n IL-17), as well as NF-kappaB
ligand (RANKL), take part in the development of RA. The same proinflammatory cytokines participate in
the inflammation in CP (8).

Patients with RA show prevalence of CP 8 times higher (9, 10). It has been estimated that moderate and
severe forms of CP predominate in more than 75% of the patients with RA in comparison to the control

group (6).

From a historical point of view, the link between RA and periodontal disease (PD) dates back to the
beginning of the 19th century, when Benjamin Rush found out that total extraction of teeth is a cure for
“Rheuma” (11). The treatment by extracting teeth is a method that was used at the beginning of the 20th
century. It continued to exist as a procedure in many countries until Cecil et al. came to the conclusion in
1930 that tooth extraction is not a radical solution to the problem concerning successful RA treatment (12).

Rheumatoid arthritis
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Definition

RA is the most common immune-mediated inflammatory rheumatic disease that affects up to 1% of the
population. The economic losses for society are incomparable to those with Coronary heart disease
(CHD). At the beginning of the 21th century along with the early diagnosis and treatment of immune
inflammatory rheumatic diseases, the relationship between RA and the role of different types of
microorganisms participating in the pathogenesis of the disease has been a subject of study (13).

Etiology
e Link between rheumatoid arthritis and microorganisms:

The etiological factors causing RA are unknown. The disease occurs in genetically predisposed
individuals due to the influence of environmental factors (1).

The role of various bacteria and viruses has been a subject of debate: T-cell lymphotropic virus type 1, the
Epstein-Barr virus, herpesviruses, Rubella virus, parvoviruses. As for the bacteria, mycoplasmas,
mycobacteria, intestinal bacteria - E.coli, etc. are thought to have a role. It has been proved that inserting
cell wall fragments of Str.pyogenes and E.coli into laboratory mice can cause alteration of their articular
cartilage like rheumatoid inflammation (8).

Bacterial membranes, toxins and other components of microorganisms are able to induce chronic articular
inflammation.

The relationship between infectious agents, genetic makeup and immune response are significant in the
etiology of RA (14).

» Link between rheumatoid arthritis and genetic factors:

Genetic factors play a large role in the development of the disease. The majority of patients with RA are
carriers of the DR1, DR3, and DR4 alleles. As the class Il molecules are linked to the antigen presenting
to the CD4 positive T-cells, DR-polypeptides determine the nature of the immune response (8).

The changes in gene expression, which are different from the ones in the primary DNA sequence, are the
subject of epigenetics (15). Epigenetic changes appear without a direct change in the genetic sequence
and can be reversible. It is thought that they are associated with both RA and CP (16,17).

Superantigenes and heat shock proteins (HSPs) are thermostable, hydrophilic molecules of weight that
ranges from 24 to 30 kDa. Heat shock proteins (HSPs) are a protein family, produced by cells in response
to a stress signal. HSPs take part in the hereditary and the acquired immunity and are related to the
pathogenesis of RA, participating in the citrullination processes (18,19).

High levels of oral bacterial HSPs have been found in the serum of patients with RA (Prevotella
melaninogenica HSP and P. intermedia HSP). The same HSPs have been found in patients with
periodontal diseases. This is another proof of the possible mutual pathogenesis of both diseases (6,20).
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Chronic periodontitis
Definition and prevalence

CP is an inflammatory destructive disease, in which the normal balance between the microbial plaque
(bacterial biofilm) and the host response is disrupted. This disruption may be due to changes in the
composition of the bacterial biofilm, socioeconomic status, psychoemotional stress, systemic diseases,
environmental factors, etc. CP is defined as an infectious disease, which results in inflammation of the
tissues supporting a tooth, progressive periodontal attachment and bone loss. It can be diagnosed
clinically by observing chronic inflammatory changes in the marginal gingiva, bleeding on probing, clinical
attachment loss and formation of a periodontal pocket (5). Although the highest rate of incidence is in
adults, it can occur in children and adolescents in response to the direct specific effects of subgingival
plague formation. It is mainly seen as a slowly progressive disease. In the presence of systemic or
environmental factors that can modify the host response to the accumulated plaque (such as diabetes,
smoking or stress), the progression of the disease can get more aggressive.

Etiology

Chronic gingivitis is a precursor of CP and as it progresses it affects the remaining structures of the
periodontium (5). The progression from gingivitis to periodontitis is still unknown (8).

Gingivitis develops as a result of non-specific bacterial effect, but specific periodontopathogens are also
required; some of them are: Porphyromonas gingivalis, Fusobacterium nucleatum, Tannerella forsythia,
Treponema denticola, Prevotella intermedia (8). The advanced stages of CP are presented mainly by the
genus Porphyromonas, Tannerella and Treponema. They all participate in its pathogenesis.

Microorganisms are required, but they alone are not sufficient to cause chronic inflammatory processes.
P. gingivalis is associated with the severity of CP and cannot be isolated from an intact periodontium.
Research shows significant genetic impact on the antibiotic sensitivity in patients with CP (21). Genetic
factors trigger immune reactions as a whole. Therefore, there’s no doubt that susceptibility to periodontal
diseases may be due to genetic mechanisms (22).

Despite this, no unique pathogen has been found yet corresponding to the postulate modified by Henle-
Koch (21). Partly, the criteria have been met due to the fact that it's possible for periodontium to be
infected by P.gingivalis (17) and immunisation against this pathogen prevents the development
experimental periodontitis in the same animal model (17,23). The purified “porphypains” from P.gingivalis
are used as a vaccine providing prevention from periodontitis in animal model (10,4).

Review Results

» Link between rheumatoid arthritis and chronic periodontitis — the role of bacteria

The link between the oral microorganisms, CP and RA has been examined in a number of experiments. It
is assumed that the oral microorganisms can trigger RA based on serologic methods (24,25).
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The hypothesis for the role of oral infection in the pathogenesis of RA is supported by the study of
bacterial DNA of anaerobic organisms and the high titer of antibodies against bacteria in the serum and
synovial fluid in patients with RA (16,26). The P.gingivalis periodontopathogen destroys the epithelium and
invades the human endothelial cells, thus influencing the transcription and protein synthesis (27).
P.gingivalis can also invade primary human chondrocytes, which have been isolated from knee joints and
then induce cell effects. As a consequence of this invasion P.gingivalis leads to apoptosis (28).

Many of the bacterial species in the oral cavity, considered to be potential pathogens, can be found in
other tissues too (29,30).

In 2004, Rosenstein (23) suggests that P.gingivalis is the only microorganism proved to express
peptidylarginine deiminase (PAD) and permits individuals with CP to be exposed to citrullinated antigens.
The citrullinated antibodies that are consequently produced predispose to RA development. Citrullination
or deamination is responsible for the transformation of arginine amino acid into citrulline amino acid under
the enzyme activity of PAD (31). The expression of citrullinated antigens in the synovial fluid proves the
role of citrullination in the pathogenesis of RA (16,32) (Figure 1).
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Figure 1. (By Lundberg et al., “Periodontitis in RA - the citrullinated enolase connection”, 2010)
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Infection with P. gingivalis leads to citrullination in the gingiva and joints of bacterial and/or human proteins
via Peptidylarginine deiminase (PAD). The citrullinated peptides are ingested by the antigen-presenting
cells (APCs) in genetically predisposed individuals and the presence of danger signals such as
lipopolysaccharides (LPS). Activation of T- and B-cells, differentiation of B-cells into plasma cells and
production of specific anti-citrullinated peptide antibodies (ACPA) follow. An antigen-antibody complex is
formed and the complement system is activated. A complex cascade reaction is initiated that results in
inflammation mediators liberation (27).

It has been estimated that the levels of anti-citrullinated peptide antibody (ACPA) are significantly higher in
patients with RA and advanced CP than those in patients with RA without CP. Studies show that the main
parodontopathogens in CP are associated with RA (12). Control over periodontal infections can reduce
the severity of RA (33). The presence of P. gingivalis in patients with RA without CP cannot be explained.
Another microorganism with PAD activity is believed to participate in the citrullination, which will be proved
in some further investigations (5,34).

Presence of pathogens (PCR-based techniques) associated with CP has been found in a study, consisting
of 19 patients who remained after the screening of 500 patients with refractory RA, which is not influenced
by disease-modifying antirehumatic drugs (DMARDSs). The study estimated that such pathogens were
found in 100% of the bacterial samples taken from knee joints (22). Prevotella intermedia, Treponema
denticola and gingivalis are among the most common ones. Aggregatibacter actinomycetemcomitans is
the least common one to be found (31, 32).

e Chronic periodontitis and rheumatoid arthritis — mutual pathogenesis

TNF-a and IL-1 play a key role in the pathogenesis of RA. TNF-a regulates the production of
prostaglandin E2 and matrix metalloproteinases (MMP), which in turn results in stimulating the osteoclasts
with subsequent bone resorption. IL-1 is associated with the erosive processes in the articular cartilage
(8). The same cytokines take part in CP. There’s a link between the increased serum levels of TNF-a and
RA activity (29).

Two studies on anti-TNF-a therapy in RA show that the treatment with them leads to improvement in the
condition of the periodontium. This supports the mutual pathogenesis of RA and CP, and the role of TNF-
a in both diseases (1,11,35). The intake of disease-modifying antirheumatic drugs (DMARDS) improves
the condition of the periodontium in patients with RA (23,36). This is in favour of the role of infections and
the link between RA and CP too.

What is interesting is that 72% of the control group show positive anti-P.gingivalis HtpG antibodies,
compared to 63,3% of the patients with new-onset RA and 50% of chronic RA (6).

The spread of microorganisms in patients with RA and the control group does not show significant
differences (Figure 2). Despite the discovered differences, a single certain bacterial genus, class or family,
which should be different in patients with new-onset, chronic RA and the control groups has not been
found. The differences are seen mostly when the groups are combined according to the severity of the
periodontitis. According to Holt (37,38), the non-pathogenic microflora in the periodontium is dominated by
7 genuses, including Bacteroides (21,3%), Firmicutes (10,9%), Actinobacteria (21,8%), Proteobacteria
(16,9%), Fusobacteria (24%), Spirochaetes (2,5%) and TM7 (1,6%). The transition from moderate to
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severe forms of CP is accompanied by increase of Bacteroides, Spirochaetes and TM7, and decrease of
Actinobacteria and Proteobacteria simultaneously (6).
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Figure 2. (By Scher et al. Periodontal disease and the oral Microbiota in New-onset Rhematoid

Arthritis, 2012)

Figure 2 (A) shows the distribution of microorganisms in patients with new-onset and chronic RA, as well
as in a healthy control group (NORA, CRA, Healthy controls).

(B) shows that all patients have been divided into groups according to whether they have or do not have a
periodontal disease (No PD, PD). (C) analyses the distribution of patients with new-onset RA compared to
those with chronic RA and the control group, compared to graph (D) where grouping is relevant to the
severity of CP. It has been estimated that severe forms predominate in patients with new-onset RA (6).

Microorganisms in chronic periodontitis and their potential link to rheumatoid arthritis

development

e Porphyromonas gingivalis

The Porphyromonas genus and P.gingivalis in particular are associated with the severity of CP and are
not specific to the microflora in RA, nor are they associated with the titer of ACPA. Porhyromonas is
present in almost all examined patients with a change in its levels (Figure 2). P.gingivalis can be found in
55% of patients with new-onset RA and in 47% of patients with chronic RA, whereas the prevalence in
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control groups is 27%. The patients with new-onset RA were divided into 2 subgroups depending on
whether there is or isn't CP. P.gingivalis was proved to predominate (62,5% against 28,5%) in patients
with advanced CP. Put together these data support the statement that the difference can be explained
with greater prevalence of CP in patients with RA, although the colonisation with P.gingivalis is twice as
high in patients with RA compared to the control groups (6).

P.gingivalis is the only microorganism, documented to express PAD (peptidyl arginine deiminase), which
takes part in the citrullination process. The expression of citrullinated autoantigens in the synovial fluid
supports the role of citrullination in the pathogenesis of RA (27). The citrullinated peptides act as antigens
that are ingested by the antigen-presenting cells. They stimulate T-lymphocytes, which secrete cytokines,
lymphokines and stimulate B-lymphocytes to produce anti-citrullinated antibodies.

Immunisation with cysteine proteases, purified from P. gingivalis against CP, may be important to the
prevention from RA and its treatment (24). P. gingivalis is associated with the citrullination process and
might participate in the loss of self-tolerance after the development of RA. The results indicate that the
citrullinated peptides are present in the gingiva of patients with CP (31).

The antibodies against P.gingivalis are associated with ACPA in patients with RA (39).

That way, P. gingivalis can be directly associated with RA by the citrullination processes. It's also a proof
that the pathogens associated with the severity of CP play a role in RA development and progression (40).

e Porhyromonas, Tannerella and Treponema

The bacteria in the red complex (triad of the most virulent periodontopathogens - Porhyromonas,
Tannerella and Treponema), associated with the severity of CP, predominate in patients with new-onset
RA, compared to those with chronic RA (Figure 3). It is probably due to the intake of disease-modifying
antirheumatic drugs (6,11).
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Figure 3. ( By Scher et al. Periodontal disease and the oral Microbiota in New-onset Rhematoid
Arthritis, 2012)

Figure 3 shows the distribution of periodontopathogens in patients with new-onset rheumatoid arthritis
(NORA) and chronic rheumatoid arthritis (CRA). The microorganisms that are associated with the severity
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of CP — (A) Tannerella forsythia and (B) Treponema medium are significantly more common in patients
with new-onset RA, compared to those with chronic RA. (C) Significant differences in the distribution of
Porhyromonas gingivalis in the separate examined groups are not found (6).

* Anaeroglobus geminates and presence of anti-CCP antibodies and/or rheumatoid factor (RF).

A.geminatus belongs to the Veillonellaceaces family. It is an obligate anaerobe, Gram-negative. The
proposed mechanisms that P.gingivalis might use to participate in RA pathogenesis include the ability to
produce citrullinated peptides using the peptidylarginine deiminase (PAD) enzyme. It has been estimated
that there’s no link between RF and CPP, and the presence of Porhyromonas gingivalis in the oral
microflora (20,41). Indeed P.gingivalis is not present in some patients with anti-CCP and the titer of
antibodies is not positively associated with the bacteria. The presence of Anaeroglobus genus and the
OTU99 genus level, significantly relates to the circulating RF and CCP. Besides, OTU99 is associated
with CP and can be found in 77,5% and 50% of patients with new-onset and chronic RA, but only in 16,7%
of the control groups (6).

» Prevotella and Leptotrichia species — unique specific microorganisms in patients with early
rheumatoid arthritis regardless of the severity of chronic periodontitis.

By applying multivariate statistical analysis (38) it has been estimated that most of the microorganisms
that are seen in patients with new-onset RA are not different from the patients with chronic RA and the
control group. There is evidence that Prevotella spp and Leptotrichia spp are the only specific
microorganisms in patients with new-onset RA regardless of the periodontal status (respectively 32,2% for
Prevotella spp and 25,0% for Leptotrichia spp) and are not found in the control group (38,42).

Conclusion

Although the genus Porphyromonas is present in all patients that were examined, its presence is in a
direct link to the severity of CP regardless of the rheumatoid arthritis condition. P.gingivalis could be a
triggering factor for the development of RA. There are a number of questions that still remain unanswered:
if a certain Porphyromonas is responsible for triggering RA, then what explains the occurrence of the
disease in patients with no P.gingivalis found? Some of the periodontopathogens (Tannerella,Treponema)
are statistically more common in patients with new-onset RA tending to decrease if the disease is well-
controlled (38). Two types of microorganisms Prevotella spp and Leptotrichia spp are found in patients
with new-onset RA only (22). Anaeroglobus geminatus is significantly linked to the titer of RF and CCP.
The latter is associated with CP and has been found in patients with new-onset and chronic RA.
Prevotella, Leptotrichia and A.geminatus need further investigation and are candidates for target
periodontopathogenic bacteria in RA.

The significance of periodontal diseases and the role of periodontopathogenic bacteria in new-onset RA
still raise a number of questions that need to be answered.
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