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Abstract:

Periodontal disease (PDD) and rheumatoid arthritis (RMA) share comparative pathophysiological pathways like ongoing
aggravation with resorption of the proximal bone in immunologically delicate hosts; However, PDD has a notable bacte-
riological etiology, and the cause of RMA remains unknown. According to some reports, an infectious agent in a vulnera-
ble host may be the cause of RMA and dental microorganisms, in particular, periodontal bacteria, may be the causative
agent of RMA infectious agents (mainly Porphyromonas gingivalis). PDD has been demonstrated to be more normal and
extreme in patients with RMA showing a connection between the two illnesses. Antibodies against periodontal microbes
have been found, and different examinations have discovered bacterial DNA in the serum and synovial liquid of patients
with RMA and researched conceivable transmission courses, the presence of periodontal bacterial DNA. Overall, there is
no question that RMA and PDD share comparative neurotic components, and there is generous proof for a connection
between the two diseases, however more examination, including exploratory models, is expected to show the co-
pathogenicity of oral microscopic organisms.
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Introduction

One of the most well-known constant irresistible illnesses in people is periodontal disease (PDD), the occurrence rate of
which goes from 10 to 60% in adults as per analytic measures (1). It incorporates inflammation of periodontal tissues
around the teeth.In reaction to bacterial biofilms in plaque, PDD patients mobilise their guard cells (neutrophils) and
produce cytokines such as interleukin 1, tumour necrosis factor, and interleukin 6. Enzymes that break down collagen

(2).

Rheumatoid arthritis (RMA) is an autoimmune illness, and while hereditary factors play a part in its development, not
all susceptible persons get RMA (3, 4). Synovitis is a clear indication of RMA and results in the invasion of synovial tissue
into the surrounding cartilage matrix, degradation of articular cartilage, and bone loss. Environmental factors have also
been proven to have a role in the genesis of RMA, which affects roughly 1% of the adult population (5). It has been pro-
posed that microbial components, such as bacterial DNA, CpG matrices, heat shock proteins, and lipopolysaccharides (6-
9), induce inflammation of the synovial membrane and adjacent soft tissues. Regarding the disease's origin, the notion
that RMA is caused by an undiscovered infectious agent has been around for a long time. Infectious infections that cause
arthritis are recognised to play a role in persistent RMA. Bacteria present in the gastrointestinal and urogenital tracts,
such as Yersinia, Salmonella, Campylobacter, Shigella, and Chlamydia, have been linked to RMA (10-15).

The pathophysiology of cartilage and bone degradation in RMA is unclear; however, it is known that activation of MMP,
cathepsin, and osteoclasts increases bone resorption (16, 17). TNF, IL1, and macrophage colony-stimulating factor
(MCSF) are cytokines that are linked (18). There have recently been papers indicating a connection between RMA and
Parkinson's disease (19, 20). For more over 70 years, people have thought that RMA is contagious (21). It is thought that
RMA patients are directly exposed to bacteria and their virulence factors, which cause an immunological response in the
synovial membrane, increasing immunocompetent T and B cells. This reaction involves neutrophils, monocytes, and
lymphocytes (both T and B), which results in the production of proteinases, cytokines, and prostaglandins, which en-
hance osteoclast activity and bone digestion (22).
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While some research shows that an infectious agent in a susceptible host is a possible cause of RMA, others do not. Oth-
ers believe it is a mix of variables (23), and because the majority of the participants were researched center personnel or
RMA dental clinic patients, the findings of these studies should be interpreted with care.

Those with RMA have bigger periodontal pockets (OR = 2.47) and more severe periodontitis (OR = 2.27) than patients
without RMA (24). A recent case-control study of 57 RMA patients and 52 healthy people found a positive association
(OR =8.05) between RMA and PDD (25).

PDD and RMA share a similar pathophysiology.

Because RMA and PDD have comparable pathophysiological processes, such as chronic inflammation with nearby bone
resorption, several writers have proposed that RMA and PDD are distinct manifestations of the same illness. immunolog-
ically susceptible hosts (19); nevertheless, PDD has a well-known bacterial etiology, whereas the origin of RMA is un-
clear. Exogenous viral agents (26) and endogenous compounds such as connective tissue proteins (collagens and proteo-
glycans) and altered immunoglobulins that cause autoimmune reactions have all been identified as joint stimulants (22).

Periodontal bacteria can cause immunological responses through a variety of methods, one of which is the capacity of
Porphyromonas gingivalis to generate the enzyme peptidyl arginine deaminase (PAD), which results in the enzyme pep-
tidyl arginine deaminase (PAD) (PAD). Host proteins and the potential generation of autoantigens (20). At the same time,
antibodies against the heat shock proteins Prevotella nigrescens and Prevotella intermedia (HSP 70), which can elicit an
immunological response to RMA (27, 28), were identified in the synovial fluid of RMA patients. Human leukocyte antigen
(HLA) has been linked to RMA and Parkinson's disease.

These are significant risk factors for both illnesses, implying a tight connection. The highly polymorphic region
HLADRBL1 is the primary HLA marker for both disorders (29, 30). Another probable biological relationship is that IL1
cytokines are important mediators of the immune response, inflammation, and tissue death in both illnesses. Patients
with RMA and Parkinson's disease showed increased levels of IL1 in synovial and gingival macrophages (31).

Tissue destruction mechanisms in rheumatoid arthritis (RMA) and periodontal disease (PDD)

The processes of alveolar deterioration in Parkinson's disease and the articular surface in RMA are comparable. Over-
production of different cytokines and MMPs appears to be prevalent in both illnesses (22). Both Parkinson's disease and
rheumatoid arthritis (RMA) have chronically high levels of inflammatory cytokines such as IL1 and tumour necrosis fac-
tor-alpha (TNF-alpha) and low levels of immunosuppressants) (32). These cytokines, coupled with low levels of metallo-
proteinase inhibitor (TIMP) and high levels of MMP and prostaglandin E2 (PGE2), are linked to active disease (22).

Periodontal disease (PDD) and rheumatoid arthritis (RMA) are associated with oral bacteria.

The majority of clinical studies investigating viral triggers unique to RMA have employed serological techniques to de-
termine past exposure to germs or viruses. These investigations discovered antibodies against a specific microbe or ge-
netic material in blood or synovial fluid (33-37). Studies on the connection of cyclic pathogens with RMA have mostly
focused on the identification of antibodies against different bacteria that cause periodontitis in both synovial fluid and
serum, as illustrated in Figure 1. In a case-control study, serum Antibodies against periodontal pathogens were detected
in patients with frequent RMA and periodontitis but not in control participants (38, 39).

FIGURE 01 - CLINICAL STUDIES HAVE LINKED ORAL BACTERIA TO RHEUMATOID ARTHRITIS PATIENTS.

STUDY DESIGN ASSAY USED SAMPLING SITE ASSOCIATED BACTERIA REFERENCE
Case-control  Nephelometry and ELISA Antibodies in serum Porphyromonas gingivalis Hitchon et al. (49)
Cross-sectional PCR Bacterial DNA in Prevotella intermedia, Porphyromonas Martinez-Martinez et

subgingival plaque, serum gingivalis, Prevotella nigrescens al. (41)
and synovial fluid
Case-control ELISA Antibodies in serum Porphyromonas gingivalis Mikuls et al. (40)
Case-control ELISA and Antibodies in serum Citrullinated alpha-enolase peptide and cross  Lundberg et al. (50)
Immunoblotting reactivity to Porphyromonas gingivalis
Case-control Checkerboard DNA-  Bacterial DNA in serum and Porphyromonas gingivalis, Tanerella Moen et al. (39)
DNA-hybridization synovial fluid forsythensis, Prevotella Intermedia
Case-control ELISA Antibodies in serum Porphyromonas gingivalis, Prevotella Ogrendik et al. (38)

intermedia, Prevotella melaninogenica,
bacteroides, Actinobacillus
actinomycetemcomitans

Case-control Agar plates Bacterial growth Staphylococcus aureus Bassetti et al. (70)
Cross-sectional ELISA Antibodies in serum and Bacteroides forsythus and Prevotella Moen et al. (45)
synovial fluid intermedia
Case-control ELISA Antibodies in serum Actinobacillus actinomycetemcomitans Yoshida et al. (28)
Case-control Agar plates Bacterial growth Staphylococcus aureus Jacobson et al. (56)
Case-control ELISA Antibodies in serum Porphyromonas gingivalis Yusof et al. (34)
Case-control ELISA Antibodies in serum B. gingivalis and Aubacterium saburreum  Tolo and Jorkjend (33)
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Anti-gingivalis antibodies were more prevalent in RMA individuals compared to controls, and RMA-associated autoanti-
body titers and reactive protein levels were also greater in P. gingivalis-infected subjects, showing that this organism
plays a role in RMA risk and disease development (40). On the other hand, it has been suggested that detecting bacterial
DNA in the synovial fluid of patients with RMA is more important than detecting antibodies because this suggests that
bacterial DNA is transported from the site of infection to the joints of patients with AR. focused on detecting bacterial
DNA in RMA-affected joints by DNA-DNA hybridization in a checkerboard or PCR (39,41)

P. gingivalis, Tannerella forsythia, and P. intermedia were detected in synovial fluid samples from RMA and psoriatic ar-
thritis patients using a staggered DNA-DNA hybrid technique (39). A recent crossover study included 19 patients with
periodontitis and refractory RMA (these patients were actively treated) after treatment with disease-modifying antidiar-
rheal drugs (DMARD: methotrexate), sulfasalazine, leflunomide, and chloroquine). P. intermedia (89.4 percent), P. gingi-
valis (57.8 percent), and P. nigrescens (21.0 percent) were usually detected by PCR (41).

These two investigations indicate that chromosomal DNA from microorganisms linked with Parkinson's disease is found
in the blood and synovial fluid of RMA patients. Although bacterial DNA is implicated in chronic arthritis, it is unclear
whether these microbiological variables are the cause or the consequence of the illness.

Synovitis promotes bacterial DNA uptake in the mouth.

In the early stages of Parkinson's disease, the epithelium ulcerates, exposing the underlying connective tissue and vascu-
lar system by the subscapularis biofilm, which allows the periodontal disease to enter the bloodstream during feeding
and brushing (42, 43). frequent episodes of sepsis. Sepsis occurred on an ultrasound scale of 13b, periodontal examina-
tion at 20b, and brushing at 3b (42). Finally, synovitis in RMA -affected joints has been reported to promote bacterial
DNA attachment in the mouth (39). Therefore, it is unclear whether the presence of oral bacteria in the inflamed joint is
the cause or the result of the inflammation.

Bacterial DNA transport pathways There are three possible pathways for periodontal bacterial DNA transport
from the periodontal site to the synovial membrane:

1. Complete living cells cause joint infection and RMA reactivation despite rheumatic therapy.

2. By intracellular arrest of immune cells, as evidenced by the presence of phagocytic material in the synovial fluid,
such as IgG, IgM, rheumatoid factor, fibrin, antinuclear factors, immune complexes, and DNA particles are examples
of antinuclear factors.

3. Due to the free transport of DNA in the blood (39). Many experiments have been carried out to investigate these po-
tential pathways. One of them is sowing synovial fluid in different cultures under aerobic and anaerobic conditions.
Since no bacterial growth was observed, these results indicate that there were no viable bacterial cells in the tested
samples. Isolated whole blood leukocytes were also tested for bacterial DNA by PCR, and none of the samples tested
positive for any of the periodontal species studied, indicating that DNA did not travel from tooth sites to joints in
immune cells. There are two possible mechanisms by which bacterial DNA appears to be transported as free DNA
(41).

Rheumatoid Arthritis and Porphyromonas gingivalis (RMA)

Patients with quickly progressing periodontitis, periodontitis, chronic periodontitis, and the control group, on the other
hand, were found to have the same amount of IgG antibodies to P. gingivalis in serum (34). They observed no changes
between RMA patients and controls, which might be attributed to the study's limited sample size and methodology. (3.4).
RMA, as previously stated, is an autoimmune illness marked by an immune reaction to citrullinated proteins. Citrullina-
tion, commonly known as deamination, is an arginine side chain enzyme-catalyzed alteration of peptidyl arginine deami-
nase (PAD). The protein's structure, antigenicity, and function can all be altered by this post-translational alteration.

Cyclic citrullinated antibodies to pepsin have been linked to RMA and are utilized in clinical diagnosis. Citrullinated anti-
gens found in the joints include fibrinogen, vimentin, type II collagen, and alpha-enolase. 2. (46) P. gingivalis generates a
microbial enzyme that is comparable to the human PAD enzyme. It has been proposed that antigens of this enzyme pro-
mote the formation of rheumatoid factor and local inflammation of the gums and synovial membranes as a risk factor for
the development of RMA (20).

PAD causes the synovium to produce potential AR autoantigens such as fibrin, which, when combined with MHC mole-
cules and antigen-presenting cells, results in the development of antibodies capable of resisting CCP (47).

It has been proposed that the immunological response to P. gingivalis may decrease immune tolerance to citrullinated
antigens (48, 49). It has also been observed that there is sequence similarity and cross-reactivity with bacterial enolase
(50). Several animal model experiments have been conducted to investigate the connection between P. gingivalis and
RMA. A recent study found that injecting heat-killed P. gingivalis into the backs of DA rats increased the development of
arthritis as assessed by leg edema (51). This work convincingly established that a preexisting chronic inflammatory le-
sion produced by P. gingivalis leads to the development of arthritis in an animal model (51).
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Another study utilized P gingivalis and Aggregatibacter actinomyctemcomitans to produce periodontal disease in rats.
This reaction was linked to increased levels of TNF, IL1, IL17, MMP13, and RANKL in a genetically vulnerable mouse
strain, showing that a shared functional and hyperinflammatory genotype obstructs innate and adaptive immune re-
sponses (31). P. gingivitis impacts the development of the human chondrocyte cell cycle and apoptosis is another pro-
posed method of connection between the two. P. gingivalis has been found to adhere to and infect primary human chon-
drocytes, affecting cell cycle development.

Gingival illness may contribute to the tissue damage seen in RMA in this situation (52). P. gingivalis has also been found
to promote apoptosis and the breakdown of the extracellular matrix into macromolecule fragments.

Fibronectin fragments are linked with illness severity in both RMA and Parkinson's disease, although the mechanism is
unclear, as illustrated in Figure 2. (53). Interleukin 17 (IL17), a pro-inflammatory cytokine released by the CD4 (+) Th17
subpopulation, has been shown to accelerate bone degradation in RMA and also plays a crucial role in the host's innate
immune response against infections such as P. gingivalis (54).

FIGURE 02 - IN VITRO STUDIES SHOW A LINK BETWEEN PORPHYROMONAS GINGIVALIS AND ARTHRITIS.

FOCUS ASSAY ASSOCIATED BACTERIA SAMPLE REFERENCE

Protein citrullination by P. :
v Immunoblotting Mass

ingivalis and breakin, Porphyromonas gingivalis Cell culture Wegner et al. (46)
’ gtoleran':te in RA ¢ SDECTLOMERY . s ¢ e
P gingivalis infection and Scanning electron
its effects on cell cycle microscopy Double
progression and apoptosis immunofluorescence Porphyromonas gingivalis Cell culture Pischon et al. (52)
of human articular Cytometry TUNEL Western
chondrocytes blot analysis
Exacerbation of action of a Western blot analysis Porphyromonas
proapoptotic fibronectin Immunoflucrescence. gingivalisStreptococcus Cell culture Ghosh et al., 2008. (53)
on nitric oxide by bacteria ELISA mutans
Hyperinflammatory
genotype and functional Porphyromonas
interferences in innate and ELISA gingivalisAggregatibacter Mice Trombone et al. (31)
adaptive immune actinomycetemcomitans

responses

Although recent evidence suggests that Th17 cells are more osteoblastic than other T helper subsets such as Th1 or Th2
and that inhibiting IL17 signaling before P. gingivalis infection increases susceptibility to periodontal bone loss (55), in
mice, an increase in periodontal bone tissue is observed with IL17RA deficiency. destruction, suggesting an osteoprotec-
tive role for IL17 (54). Finally, IgG antibodies to Aggregatibacter actinomycetemcomitans' 40 kDa heat shock protein
were substantially greater in RMA sera than in healthy control sera (28).

Periodontal infection control reduces the incidence of active rheumatoid arthritis (RMA)

Recent research indicates that decreasing blood TNF levels can help fight infection and periodontitis by removing calcu-
lus, straightening roots, and practicing good hygiene (58). Furthermore, recent clinical trials have indicated that Parkin-
son's disease therapy might have a significant influence on the severity of RMA (58-60).

Dual-use biologics

Tetracyclines, nonsteroidal anti-inflammatory medications (NSAIDs), and bisphosphonates (61) are used to treat both
RMA and Parkinson's disease.

Tetracycline is effective against both gram-negative and gram-positive bacteria and has been found to decrease the ac-
tion of MMP collagenase (20). Both of these illnesses are caused by enzymes that destroy the bone. MMPs have been
demonstrated to enhance the activity of synovial fluid in RMA patients (62).

As a result, tetracyclines may be helpful in individuals with RMA and Parkinson's disease because they are effective
against bacteria linked to periodontitis and perhaps RMA, and they also decrease bone degradation by blocking MMP
(63, 64).

NSAIDs work by blocking cyclooxygenase, an enzyme responsible for prostaglandin production. Prostaglandins, which
are key mediators of bone resorption in periodontitis, are abundant in periodontal tissues (65). NSAIDs are often used in
the treatment of RMA to decrease pain and inflammation. NSAIDs can directly inhibit neutrophil activity and function
(66), as well as the production of TNF from monocytes and natural killer cells (67). These cyclooxygenase-independent
actions may contribute to the efficacy of NSAIDs in the treatment of RMA.

Conclusion

There is no question that PDD and RMA share many pathological characteristics. Over the last few decades, periodontal
investigations have found significant evidence of a link between elevated blood antibodies to periodontal microorgan-
isms and disease severity (34, 45, 68, 69).
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Simultaneously, several studies have used molecular biology techniques to identify cyclic pathogens in serum and syno-
vial fluid samples from RMA patients (39, 41); however, the current presence of microorganisms (viable replicators) or
bacterial DNA, despite new data, suggests a strong association between disease severity and Parkinson's disease severity
in RMA patients, but this association is not conclusive. As a result, experimental models, particularly animal models,

must be developed.
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