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ABSTRACT

Introduction and aim. The association between periodontitis (PD) and rheumatoid arthritis (RA) has been analyzed and de-
scribed in literature. Periodontal pathogens, such as Porphyromonas gingivalis and Aggregatibacter actinomycetemcomitans are
pointed as the common factors for both diseases. In this work we demonstrate that treatment of dental and oral diseases is an
unconditional requirement for patients with RA.

Material and methods. PubMed was searched with the keyword “rheumatoid arthritis” and “periodontitis” from May 1999 to
January 2022, showed 181 articles. Ultimately 72 articles were included in the review.

Analysis of the literature. The above mentioned pathogens exhibit multiple mechanisms that disturb immune and inflamma-
tory responses of the human organism. Those mechanisms lead to the periodontal disease (PD) that may activate the system-
atic reactions which in turn lead to intensification of systematic diseases such as rheumatoid arthritis (RA). P. gingivalis has the
ability to expresses PAD enzyme (peptidylarginine deiminase) and activates the citrullization process. Moreover, the bacterium
produces gingipain cysteine proteinases, which degrade the mechanisms of immunological system. The latter pathogen, A.
actinomycetemcomitans, expresses hypercitrullization in neutrophils.

Conclusion. Both pathogens influence inflammatory response of the organism, through the common pro-inflammatory medi-
ators for periodontitis and rheumatoid arthritis, intensify the clinical manifestations of both diseases.
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Introduction

The association between periodontitis (PD) and rheu-
matoid arthritis (RA) has been analyzed and described
in literature."* Periodontal pathogens, such as Porphy-
romonas gingivalis and Aggregatibacter actinomycetem-
comitans are pointed as the common factors for both
diseases. The above mentioned pathogens exhibit multi-
ple mechanisms that disturb immune and inflammatory
responses of the human organism. Those mechanisms
lead to the periodontal disease (PD) that may activate
the systematic reactions which in turn lead to intensi-

fication of systematic diseases such as rheumatoid ar-
thritis (RA).** P. gingivalis has the ability to expresses
PAD enzyme (peptidylarginine deiminase) and acti-
vates the citrullization process. Moreover, the bacterium
produces gingipain cysteine proteinases, which degrade
the mechanisms of immunological system.® The latter
pathogen, A. actinomycetemcomitans, expresses hyper-
citrullization in neutrophils.” Both pathogens influence
inflammatory response of the organism, through the
common pro-inflammatory mediators for periodontitis
and rheumatoid arthritis, intensify the clinical manifes-
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tations of both diseases.’ In this work we demonstrate
that treatment of dental and oral diseases is an uncondi-
tional requirement for patients with RA.?

Rheumatoid arthritis (RA) is a chronic, systemat-
ic disease with an inflammatory and autoimmunologi-
cal background of unclear etiology. The pathogenesis of
RA consists of not only genetic, but also environmental
factors such as smoking. The disease can cause symmet-
rical cartilage and bone damage mainly in hands and
feet. The clinical manifestations include pain, swollen
and inflammatory exudate in joints and periarticular
tissues. Additionally, patients complain about morning
stiffness and limited range of motion. The course of ill-
ness is variable with remission and exacerbation peri-
ods. RA appears more frequently in females than males,
especially in the elderly. It can lead to systematic ex-
tra-articular changes, disability, premature death and
socioeconomic burdens.*!

Periodontitis (PD) is a chronic, inflammatory dis-
ease which is associated with dysbiosis of the oral mi-
crobiota (dental plaque). It relates to the supporting
structures of the teeth - the gingiva, bone and periodon-
tal ligament. The potential results include tooth loss and
systemic inflammation. To the risk factors, which pro-
mote the development of the disease are: inappropri-
ate oral hygiene, interaction with the immune defense
of the host, dysbiosis of oral microbiota, environmen-
tal risk factors (smoking) and genetic susceptibility.''*

Many authors who in their studies indicate a pos-
sibility of simultaneous occurrence of RA and PD em-
phasize the existence of the association between these
diseases.!” They indicate common features such as:
pathogenesis, inflammatory mediators profile, environ-
mental factors (smoking, low socioeconomic status),
genetic factors (HLA-DRBI allele of the MHC class II
molecules), clinical manifestations (Figure 1).

We could say, that PD is a risk factor for RA.** The
risk is especially pronounced within patients with a se-
vere and seropositive RA where a stronger clinical
course of PD has been observed. Coexistence of RA and
PD can lead to intensification of either or both of the
diseases. Active periodontal disease is associated with
higher RA disease symptoms. Consequently, the treat-
ment of one disease may have influence on the other.'s

Aim

The aim of the study was to analysis of the currently
available literature related to periodontitis and rheuma-
toid arthritis. In this work, we focus on the periodontal
pathogens such as Porphyromonas gingivalis and Aggre-
gatibacter actimomycetemcomitans which are pointed
out as the comman factors for both diseases.

Material and methods

In this work we analyzed literature, related to the con-
nection between periodontitis and rheumatoid arthritis.
We focused on the latest available literature by searching
electronic database - PubMed (NCBI). 181 articles were
found from the period of May 1999 until January 2022.
Finally, 72 titles were considered for analysis. We select-
ed the articles on periodontitis and rheumatoid arthri-
tis in which two periodontal pathogens (P, gingivalis, A.
actinomycetemcomitans) were described together with
their influence on rheumatoid arthritis.

Analysis of the literature
Porphyromonas gingivalis
As described in the literature, P. gingivalis - a gram-neg-
ative, anaerobic bacterium involved in periodontal
disease, could be also predisposing factor for RA de-
velopment or exacerbation. The bacterium disturbs the
immune and inflammatory responses of the human or-
ganism and causes inflammation in the dental pockets.
This inflammation in turn could affect systematic re-
actions which intensify the systematic diseases such as
RA'4,14,17-19

Citrullination is a physiological process in healthy
tissues that regulates apoptosis and inflammatory pro-
cesses through the human enzyme PAD (peptidylargi-
nine deiminase (PAD)."” P. gingivalis is a pathogen,
which has the ability to express its own PAD enzyme
and causes citrullization process.**® Liao et al. formu-
late a hypothesis that P. gingivalis, the major pathogen
in PD and only pathogen which expresses PAD enzyme,
could be involved in the pathogenesis of RA through
citrullination of RA autoantigen (i.e. fibrin in synovi-
um).*' Additionally, it has the ability to change free argi-
nine in the way independent on calcium. Citrullination,
that is stimulated by P. gingivalis PAD enzyme, increas-
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enviromental factors . 5
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Fig. 1. Common features of rheumatoid arthritis and periodontitis
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es the adaptation and ability for survival of the patho-
gen in humans.”? The immune system recognizes the
generated citrullinated peptides as foreign antigens. As
a result, it stimulates the production of anti-citrullinat-
ed protein antibodies which could initiate inflammatory
process in RA patients.”>* Citrullinated proteins gener-
ate the epitopes which break immunological tolerance
in genetically predisposed patients. Several authors, in-
cluding Makrygiannakis et al., have demonstrated the
presence of some anti-citrullinated protein antibodies in
synovial fluid in RA patients as compared to the healthy
ones.” The antibodies are a highly specific diagnostic
tool towards RA. Many studies show that a higher lev-
el of positive anti-cyclic citrullinated peptide antibodies
(anti-CCP) is associated with a more aggressive course
of RA and the bone destruction. The increasing level of
anti-CCP appears also in an aggressive PD. Wagner et
al. have observed similar relations. They suggest a “two-
hit” model of RA. Citrullinated peptides provided by P
gingivalis in inflamed gingival tissues spread epitopes to
the citrullinated proteins in the inflamed synovial joint.
This could lead to an aggressive and chronic reaction,
characteristic for RA.?*°Smit et al. showed an increased
activity of RA within the patients with severe periodon-
titis which corresponded to a higher level of antibodies
against P, gingivalis as compared to severe periodontitis
patients without RA.*!

P. gingivalis produces virulent factors, i.e. gingi-
pain cysteine proteinases, specific for arginine or lysine.
Some factors, such as cytokines, chemokines, immuno-
globulins, complement proteins and host cell receptors,
involve the destruction of host proteins. They also de-
grade periodontal tissues (collagen and proteins of base-
ment membrane). Stathopoulou et al. demonstrated
that the lack of secondary cytokine response is caused
by P. gingivalis protease degradation process. The au-
thors conclude that P. gingivalis could change protective
immune response to pathogenic one, because of chang-
ing cytokine profile to unfavorable by lysine gingipains
associated degradation of cytokines.”

Recent researches showed that P. gingivalis could
change the adaptive immune response through the in-
teraction with dendritic cells. This response in turn pro-
motes a cytokine release, that stimulates development of
T helper 17 cells (Th17) with simultaneous downregu-
lation of Th1 cells. Moreover, P. gingivalis stops gingival
epithelial cells production of Thl stimulating chemo-
kines. As a result the pathogen influences balance be-
tween Thl and Th17 lymphocytes, supporting the line
Th17 responsible for inflammation.***’

Many authors emphasize the effect of P. gingivalis
on the complement. The bacterium provides both ac-
tivating as well as inhibiting influence. This pathogen
generates gingipains, which degrade complement com-
ponents such as the C3, C4 and C5, what leads to the

inhibition of the complement activation (regardless of
the pathway of its activation) and compromises the im-
mune response of the organism. It is suggested that P
gingivalis has the ability to inactivate the complement
in order to protect the other periodontal bacteria. On
the other hand, the capacity of activation of the comple-
ment, provided by P. gingivalis, cause the local inflam-
matory response ensuring necessary nutrients for the
whole microbiome. Consequently, periodontal bacteria
create own mechanism managing the inflammation to
reach crucial benefits. Periodontitis is the disorder be-
tween homeostasis of the organism and microbiome
which strongly affects etiology and modulation of other
systematic diseases, such as RA.***!

According to many studies, complement and toll-like
receptors (TLR) form an important link between the in-
fection and the local or systematic inflammatory/auto-
immunological reactions such as RA or PD.* Literature
has described, that P, gingivalis is able to avoid recogni-
tion by the TLRs particularly TRL2.% P. gingivalis with
complement C5 convertase-like activity, increases cyclic
adenosine monophosphate (cAMP) concentrations, re-
sulting in suppression of macrophage function and en-
hanced pathogen survival. This synergy is orchestrated by
TLR2 signaling, a pertussis toxin — and thapsigargin-sen-
sitive C5a receptor pathway, with protein kinase A and
glycogen synthase kinase-3b as downstream effectors.
The blockade of the C5a receptor could have therapeutic
implications for periodontitis and atherosclerosis.”’

Abe et al. in their original studies performed with
the use of mouse model demonstrated that P. gingiva-
lis abolishes C5a receptor inactivating the immune sys-
tem. In the process it releases an inflammatory response
which depends on the immune complement system.
The response leads to the destruction of the alveolar
bone.* Curtis et al. presented the results of investiga-
tion showing that increased temperature at the site of
inflammation in the periodontium may alter the mod-
ification of P. gingivalis lipid A and its interaction with
TLR4, which influences the interaction of this pathogen
with the innate host defense (Figure 2).%

Studies indicate that RA and PD express a similar
profile of inflammatory mediators. RA is represents the
inflammation of the synovial membrane and the de-
struction of bones and cartilage. In PD we can observe
the destruction of the periodontal ligament and the al-
veolar bone. P. gingivalis deregulate the inflammation
reactions leading to the above-mentioned processes.

Notably, P. gingivalis induces increased level of IL-17
in serum of periodontitis patients. A chronic activation
of the IL-17R could potentially switch the acute in-
flammatory process into a chronic one, associated with
RA 332 In the same studies, IL-17 is demonstrated to
be a significant mediator regulating immune response,
produced by subset of T cells and has a strong impli-
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Fig. 2. Possible causes of rheumatoid arthritis and periodontitis

cation in autoimmunity and inflammation.” Increasing
expression of the IL-17 is observed in autoimmune dis-
eases, such as RA. Moreover, in case of periodontitis, its
growth induces inflammation of gingival tissue and al-
veolar bone loss.>**°

TNF-a plays a key role in inflammatory reactions in
RA and PD. This cytokine is locally produced by neutro-
phils as a result of innate immune response.**”” Kato et
al. presented that, TNF-« increases the activity of P. gin-
givalis in human gingival epithelial cells. This situation
causes a persistent infection of P. ginigvalis and a con-
tinuation of immune responses in periodontal tissues.™
In other studies Palm et al. showed that P, gingivalis in-
duces apoptosis of fibroblasts, that is a characteristic fea-
ture of periodontitis and periodontitis is associated with
a decreased number of fibroblasts. A variety of fibro-
blast-derived inflammatory mediators including TNF- a
are inactivated by P. gingivalis due to proteolytic activ-
ities of gingipains. Because of this, bacteria can create
a more favorable microenvironment where it can evade
the host immune response and promote its own growth
and establishment.”

While analyzing inflammatory mediators the IL-6
should be mentioned. It is produced mainly by mac-
rophages. However, fibroblasts, monocytes, T lym-
phocytes and endothelial cells also contribute to the
production of IL-6. The main functions of this mediator

Gingipains .
;’ p leukotoxin A
proteinaze

inactivation of:
proteins
cytokines
chemokines
immunoglobulines
complement proteins
receptor cells

hipercittrulization
in neutrophils

activation of
citrullinated
enzymes

include: removing of infection factors and regeneration
of damaged tissues. What is important, IL-1 and TNF-«
stimulate the production of this interleukin.®° An increased
level of IL-6 is found in synovial fluid and serum of RA
patients. It has been proven, that IL-6 is associated with
a risk and pathogenesis of PD. It plays a significant role in
the initiation of the acute phase of PD.**%? According to
some authors, significant increase the IL-6 production
in human gingival fibroblasts is caused by lipopolysac-
charide, produced by P. gingivalis.*>**

Recent studies suggest that neutrophils play an in-
creasingly significant role in chronic inflammatory dis-
eases, such as rheumatoid arthritis or periodontitis.
Accumulation of neutrophils can be found in inflamed
and osteolytic lesions in PD. LPS generated by P. gingi-
valis could have the ability to activate osteoclastogenesis
through the interaction between neutrophils and osteo-
clasts.””

Aggregatibacter actinomycetemcomitans

In addition to P. gingivalis, A. actinomycetemcomitans is
mentioned as a common risk factor for RA and PD. It
is a gram-negative, anaerobic bacterium, involved in the
chronic and aggressive periodontitis.®¢ This pathogen
induces hypercitrullization in neutrophils through toxin
leukotoxin A (LtxA) which could change the morphol-
ogy of neutrophils, mimicking extracellular trap forma-
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tion and this process results in the hypercitrullinated
autoantigen release, triggering autoimmune response in
rheumatoid arthritis patients.” Leukotoxin A disturbs ci-
trullination by human PAD enzymes in host neutrophils.
Hipercitrullinated proteins resemble citrullinated pro-
teins in joints. They are also observed in gingival crevic-
ular fluid (GCF) of patients with periodontal disease.®®
Konig et al. demonstrated that A. actinomycetemcomi-
tans has the ability to deregulate protein citrullization in
host’s immune cells and acts as a potential inducer of cel-
lular hypercitrullination as it expresses a potent induc-
er of cellular hypercitrullination as well as citrullinated
RA autoantigens. In comparison to another periodon-
tal pathogens A. actinomycetemcomitans might stimulate
the release of citrullinated autoantigens without the par-
ticipation of citrullinated enzymes.””*” New insights into
this matter were provided by a recent study showing that
A. actinomycetemcomitans could express a production of
ACPA in individuals genetically predisposed to RA. The
presence of anti-LtxA antibodies was significantly cor-
related with ACPA and RF positivity (Figure 2).”®
Leukotoxin A produced by A. actinomycetemcomi-
tans, activates the secretion of IL-1f3 from human mac-
rophages, which stimulate the bone loss process in the
periodontal disease and RA.%”° IL-1 plays an important
role in the inflammation processes and stimulates the
autoimmune reactions which lead to the destruction of
tissues in RA and PD. Higher level of this cytokine is
observed in synovial and gingival fluid in RA patients.”

Conclusion

Because of many clinical and experimental studies,
which have suggested a connection between periodon-
tal disease (PD) and rheumatoid arthritis (RA), there
is a significant need of cooperation between physicians,
dentists and dental hygienists. Local control of peri-
odontal diseases and inflammation processes, followed
by non-surgical periodontal treatment, decrease the sys-
tematic inflammation and may prove beneficial in re-
ducing the severity of RA .The non-surgical treatment
is the essential therapy in the case of periodontal dis-
ease, which may improve the oral condition in patients
with RA. It consists of dental plaque control, supragingi-
val scaling and root planning. As a result, the systematic
level of inflammatory mediators and periodontal patho-
gens is decreased. This decrease leads to the reduction of
RA activity. A routine oral examination should be con-
ducted in patients diagnosed with RA. Within patients
with active PD the basic periodontal treatment should
be applied. Many studies highlight the need for complex
and adequate dental care for the RA patients aiming to
improve the oral health. The necessity of an interdisci-
plinary collaboration between doctors and dentists is
undeniable, so as to the RA patients have the possibility
of an interdisciplinary treatment.
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