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Abstract

This review considers the considerable similarities between periodontal disease and
rheumatoid arthritis (RA). While the etiology of these two diseases may differ, the
underlying pathogenic mechanisms are remarkably similar and it is possible that
individuals manifesting both periodontitis and RA may suffer from a unifying
underlying systemic dysregulation of the inflammatory response. In light of these
findings, the implications for the use of disease-modifying medications in the
management of these two chronic inflammatory conditions is apparent. Further
longitudinal studies and medication-based intervention studies are required to
determine just how closely these two conditions are allied.
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Rheumatoid arthritis (RA) is a chronic
destructive inflammatory disease char-
acterized by the accumulation and
persistence of an inflammatory infiltrate
in the synovial membrane that leads to
synovitis and the destruction of the joint
architecture. RA occurs worldwide and
affects approximately 1% of the world
population in a female/male ratio of 3:1
and has a peak incidence of onset in
women in the fourth and fifth decades of
life (Arnett et al. 1988, Harris 1997).
Whether or not RA is positively,
negatively, or not associated at all with
the progression of existing inflamma-
tory conditions elsewhere in the body,
such as periodontitis, is still controver-
sial. Although several studies have
reported contradicting results regarding
a relationship between RA and period-
ontitis, recent studies have reported a
significant association between RA and
periodontal disease (Kasser et al. 1997,
Gleissner et al. 1998, Albandar 1990,
Mercado et al. 2000, Mercado et al.

2001). One report indicates that the
incidence of RA in patients suffering
from periodontitis is 3.95% compared to
1% prevalence in the general population
(Mercado et al. 2000). Despite these
reports, the literature is still lacking
studies correlating the severity of
RA and the severity of periodontitis.
It seems that carefully controlled,
longitudinal population-based, labora-
tory and clinical (molecular epidemiol-
ogy) studies are needed to verify the
immunological and biological associa-
tions between RA and periodontal
disease.

The aim of this review is to discuss
the remarkable similarities between two
of the most common chronic inflamma-
tory diseases affecting humans. The
similar pattern of natural history of RA
and periodontitis provides useful in-
sights into these diseases. For both
diseases the host response, dictated by
immunogenetics, determines to a large
extent the inflammatory responses.

Furthermore, the cells, enzymes and
cytokines which determine the degree
of tissue damage all share a common
pathologic process in both RA and
periodontitis. Finally, because of com-
mon shared pathologic processes, man-
agement strategies aimed at modulating
these responses are similar.

Natural History of RA And
Periodontitis
Rheumatoid arthritis

The traditional view of RA has been
that in the majority of patients, disease
progression can be controlled satisfac-
torily with well-accepted conservative
regimens (McCarty 1985), with sugges-
tions that RA may be ‘‘controlled’’ in
70-80% of the patients using aspirin
and first-line non-steroidal anti-inflam-
matory drugs (NSAIDs) and in 95% of
patients using second-line drugs such as
gold, penicillamine or anti-malarials
(Kelley et al. 1993).
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In contrast to these traditional views,
clinical studies indicate that RA is a
progressive disease over 5 years or
longer. The majority of patients show
radiographic damage within the first few
years (Fuchs et al. 1989), further radio-
graphic progression over the next 5-10
years (Fuchs et al. 1989), with severe
functional decline (Scott et al. 1987)
and increased mortality rates (Mitchell
et al. 1986). Almost 50% of the patients
have evidence of radiographic joint
space narrowing and/or erosion within
the first year of disease (Fuchs et al.
1989) and functional status declines are
seen in most patients with RA over
periods longer than a decade (Rasker &
Cosh, 1984, Scott et al. 1987).

However, despite the differences
noted between the epidemiological and
clinical studies of the natural history of
RA, at least three types of disease
manifestation can be observed in RA
populations (Table 1). These have been
termed self-limiting, easily controlled
and progressive. Based on epidemiolo-
gical studies of individuals originally
presenting for RA, more than 75% of
cases are self-limiting. Around 27% of
the individuals originally diagnosed
with RA may belong to the easily
controlled category (O’Sullivan & Cath-
art 1972), although this group has been
identified in some populations as high as
85% (Pincus et al. 1992a). In rheuma-
tology clinics, most patients appear to
have progressive disease, generally
requiring second-line drugs, which still
do not fully control the disease (Pincus
et al. 1992b). In general, these patients
have a number of poor prognostic
indicators such as the presence of
rheumatoid factor, rheumatoid nodules,
HLA-DR4 haplotype and numbers of
affected joints in the early form of the
disease (Sherrer et al. 1986; Roberts et
al. 1988; Callin et al. 1989; Van Zeben
et al. 1991).

Periodontitis

As for RA, longitudinal studies on the
natural history of untreated periodontal
disease in humans have indicated the
presence of three distinct subpopula-
tions experiencing rapid progression
(10-15%), moderate progression (80%)
and little or no progression of period-
ontal disease (5-10%) (Hirschfeld &
Wasserman 1978, McFall 1982, Loe et
al. 1986). These distributions seem to be
independent of access to dental care or
relative proportions of plaque deposits.

From etiological and pathogenesis
viewpoints, the similar prevalence of
severe forms of periodontitis in untreated
and treated populations suggests that the
amount of plaque does not determine the
severity of the disease. Rather, the host
response to the varying degrees of plaque
challenge may determine the end point
of periodontal disease. Increased risk of
progressive periodontal disease has been
associated with a multitude of factors
including microbial parameters, smok-
ing, familial or genetic background,
diabetes mellitus, HLA-DR complex
and IL-1f polymorphism (Michalowicz
1991a, b, Alley et al. 1993, Bergstrom &
Preber 1994, Hart et al. 1994, Kornman
et al. 1997)

Clinical features of RA and

Periodontitis
Clinical features of RA

The clinical characteristics of RA vary
not only from one patient to another but
also within the same patient over the
course of the disease. Pain, swelling and
deformity of joints are the prominent
features of RA. The most common
joints affected include the joints of the
hands, wrist and feet. Other organ
systems can also be affected as a result
of microvessel vasculitis leading to the
formation of nodules, pleural effusions,

Table 1. Patterns of disease progression in RA and periodontitis

pulmonary fibrosis, cardiac disease and
ocular disease (Lee & Manolios 1999).

As a response to inflammation, mus-
cles and tendons around an inflamed
joint may shorten and undergo spasms.
Ligaments that stabilize the joints can
be weakened or severed by the erosive
properties of inflamed synovium or
pannus. Damaged ligaments destabilize
the joint, altering the lines of force and
the axis of rotation. In the severe stages
of the disease, synovitis and pannus
denude the surface of cartilage and
erode juxta-articular bone, creating in-
compatible articular surfaces. With the
complete disappearance of cartilage, the
opposing bone surfaces may fuse when
immobilized (Goronzy & Weyand
1997).

Clinical features of periodontitis

The periodontal tissues in health, exist
in a steady-state equilibrium of tissue
degradation and repair. With constant
mechanical and chemical assaults, the
periodontium for the most part manages
to maintain its structural and functional
integrity. However, if the balance be-
tween host response and bacterial viru-
lence is disturbed, disease and
consequent tissue destruction will occur
(Bartold 1995). With developing in-
flammation, there is a marked acumula-
tion of lymphocytes and monocytes
within the connective tissue resulting
in tissue swelling and matrix degrada-
tion. In contrast to RA, the development
of periodontitis is not associated with
pain.

The clinical consequences of period-
ontal tissue destruction are gingival
bleeding on probing, increased pocket
probing depth due to apical migration of
the junctional epithelium, periodontal
bone loss and increased tooth mobility
and ultimately, tooth loss if, disease
activity continues.

Rheumatoid arthtitis

Periodontitis

Self-limited RA

Disease commences, but does not progress to cause significant damage

Easily controlled RA

Disease becomes established, but can be controlled with ‘‘first-line”’

medications

Progressive RA

Disease becomes established and continues to progress. Use of second-
line medications may be of little help in arresting disease progression

Well-maintained periodontitis

Disease commences, but with simple treatment it can be controlled such

that little or no further progresssion occurs

Downhill periodontitis
Disease becomes established and with a mixture of simple and complex

therapies it can be largely controlled, although some slight ongoing
destruction over time may be noted

Extreme downhill periodontitis

Disease becomes established and despite simple and complex therapies
continues to progress and cause further tissue damage and tooth loss




Laboratory Tests in Common

There is no single test that can assess and
predict the status of RA and periodontal
disease. However, it seems that the
combination of clinical and laboratory
markers give more meaningful measures
of disease activity and severity than a
single test (van Zeben & Breedveld
1996). Laboratory markers such as levels
of rheumatoid factors, prostaglandins,
collagen degradation products and C-
reactive protein are altered in inflamma-
tory conditions such as periodontitis and
RA. Accordingly, a multitude of factors
including clinical parameters, immuno-
pathology and microbiology should be
considered in order to reach an accep-
table diagnosis and predictive ability for
both RA and periodontal disease.

Rheumatoid factors

Rheumatoid factors (RFs) are autoanti-
bodies that react to multiple epitopes on
the Fc portion of IgG. RFs are found in
more than two-thirds of adult patients
with RA, but they are not specific to RA
as they are found in patients with a
number of other chronic inflammatory
conditions (Geraci & Wilson 1982,
Hirsch et al. 1989). Studies indicate
that RF titers and MHC class II HLA-
DRB1%0401 allele tend to correlate with
severe and unremitting disease, nodules
and extra-articular lesions (Weyand et
al. 1992). However, in the individual
patient, RF titer is of little prognostic
value (Weyand et al. 1992).

Numerous studies have reported the
detection of RF in patients with period-
ontitis (Gargiulo et al. 1982, Hirsch et
al. 1989, DeNardin et al. 1991, The &
Ebersole 1991, Davidson et al. 1994).
Compared to the RF seronegative per-
iodontitis patients, the RF seropositive
patients show significantly elevated
serum IgG and IgM antibody levels to
oral microorganisms (The & Ebersole
1996). Increases in IgM-RF noted in
periodontitis could result from chronic
antigenic stimulation by the bacterial
plaque or by specific members of the
microbiota with cross-reactive epitopes
as has been suggested with streptococ-
cal antigen (Schroder et al. 1987, Moore
et al. 1989). The definite role of period-
ontitis-induced RF on the severity and
progression of RA is still unknown.

Prostaglandins

Prostaglandins, which are derivatives of
arachidonic acid metabolism, are among
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the most important mediators of inflam-
mation. Pro-inflammatory cytokines are
capable of stimulating resident and
migrating cells to produce copious
amounts of prostaglandins, particularly
prostaglandin E, (PGE,). These are
potent vasodilators and inducers of
cytokine production by various cells
and may be responsible for some of the
bone resorption and cartilage destruc-
tion seen in RA (Dayer et al. 1986).

The ability of PGE, to act on
fibroblasts and osteoclasts to induce the
synthesis of matrix metalloproteinases
(MMPs), IL-1f and other cytokines has
been considered crucial to tissue turn-
over and degradation in periodontitis. It
has been demonstrated that PGE, levels
increase from health to gingivitis, and
reach very high concentrations during
periods of periodontal disease progres-
sion (Offenbacher et al. 1993).

Type | carboxy terminal peptide (ICTP)
levels

As a consequence of excessive carti-
lage-collagen (Type II) and bone-col-
lagen (Type I) breakdown in RA,
elevated bone and collagen-specific
breakdown products become apparent
in serum and/or urine (Hakala et al.
1995). Several studies have examined
ICTP levels in RA (Hakala et al. 1995,
Lems et al. 1993, Paimela et al. 1994).
Serum ICTP is elevated in RA patients
and this correlates well with clinical
indices, radiologic damage scores and
disease severity (Hakala et al. 1993,
Kotaniemi et al. 1994).

ICTP levels may be up to 100-fold
higher in gingival crevicular fluid and 3-
4 times higher in serum of patients with
periodontitis than in control subjects
(Talonpoika & Hamalainen 1994). ICTP
levels have also been shown to reduce in
the GCF after treatment (Talonpoika &
Hamalainen 1994, Giannobile et al. 1995,
Palys et al. 1998). Increases in the GCF-
ICTP levels have also been associated
with periodontal disease progression and
decreases in the GCF-ICTP levels with
disease remission.

C-reactive protein

C-reactive protein (CRP) is an acute-
phase reactant secreted by the liver in
response to various inflammatory con-
ditions such as trauma, hypoxia and
infection (Pepys & Baltz 1983). Opso-
nization enhancement, phagocytosis fa-
ciliation, classical complement pathway
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activation, growth factor inhibition and
modulation of PMN function are some
of the suggested functions of CRP
(Szalai et al. 1997). CRP is known to
have a protective role during an acute-
phase inflammatory response by recog-
nizing foreign pathogens and initiating
their elimination, most probably by
activating the classical complement
pathway (Szalai et al. 1997).

Studies concerning the relationship
between CRP and radiographic changes
have shown that progressive bone ero-
sions occur when serum CRP is persis-
tently elevated regardless of the
presence or absence of rheumatoid
factors (Amos et al. 1977). Suppression
of elevated CRP in patients with active
RA is associated with improvement in
functional score and persistent CRP
elevation is associated with functional
deterioration (Devlin et al. 1997).

Acute-phase proteins have also been
implicated in the pathogenesis of peri-
odontitis (Sibraa et al. 1991, Slade et al.
2000). The severity of periodontal bone
loss may correlate with CRP levels in
gingival crevicular fluid (Ebersole et al.
1997, Gleissner et al. 1998). Measure-
ment of serum acute-phase proteins may
help to identify a subset of patients who
are at higher risk for destructive disease
(Johnson et al. 1988). The findings from
these studies support the concept that
localized inflammation and/or infection
may have systemic manifestations with-
in the affected host.

Etiological Considerations
Etiology of RA

The cause of RA is unknown, with
many different arthritogenic stimuli
being capable of activating the immune
and inflammatory response. Conse-
quently, research has focused on exo-
genous infectious candidates as the
causative agent or agents, as well as
endogenous substances, such as con-
nective-tissue proteins (e.g. collagen
and proteoglycans) and altered immu-
noglobulins.

The concept that RA is an infectious
disease has been around for over 70
years. The possibility that RA patients
acquire an infection that elicits an
immune response in the synovial mem-
brane would account for some of the
clinical features as well as the accumu-
lation of immunocompetent T and B
cells in the lesions. The early pathologic
findings of endothelial swelling and
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synovial hyperplasia are non-specific,
but have been viewed as evidence for
blood-borne pathogens (Stransky et al.
1993). Numerous agents such as human
T-cell lymphotropic virus Type I, Ep-
stein—-Barr virus, Parvovirus, Rubella,
herpesvirus, mycobacteria and Gram-
negative bacteria have been proposed as
etiologic agents of RA (Izui et al. 1979,
Phillips 1988, Venables 1989, Nishioka
et al. 1996).

A study by van Den Broek et al.
(1988) provided direct evidence that
bacterial stimuli can result in an anti-
cartilage response. It was demonstrated
that priming in vivo with cell wall
fragments of Streptococcus pyogenes
or Eschrichia coli could induce a
cellular and humoral anti-cartilage re-
sponse in Balb/c mice in vitro. T cells
isolated from these mice can be stimu-
lated in vitro by small bacterial compo-
nents and diverse antigens of
cartilagenous origin (van Den Broek et
al. 1988). A cross-reactive response
occurred in vivo in certain circum-
stances, manifested as a delayed-type
hypersensitivity reaction that could be
elicited in cell-wall-primed mice by
challenge with cartilage extract (van
Den Broek et al. 1988). The character-
istics and requirements for microorgan-
isms to stimulate the development of
RA are as tabulated in Table 2.

Another important piece of evidence
supporting the role of exogenous bac-
terial antigens in RA is the ability of one
bacterial species to cross-react with the
immune response initially elicited by
another bacterial species (van Den
Broek et al. 1988). This observation
has important implications with regard
to the maintenance and persistence of
arthritis. Once an anti-bacterial response
and an anti-cartilage response have been

triggered in a susceptible individual,
other bacterial species or their degrada-
tion products (e.g. LPS) may reactivate
not only the anti-bacterial but also the
anti-cartilage response (van Den Broek
et al. 1988). A possible source of
bacteria and bacterial by-products is
the oral cavity, especially when infected
with periodontitis, where the primary
pathogens are Gram-negative anae-
robes.

Etiology of periodontitis

Gingivitis and periodontitis are classic
examples of chronic inflammatory dis-
eases. These diseases are the result of an
induction of host inflammatory re-
sponses to the accumulation of bacteria
on tooth surfaces adjacent to the supra-
and sub-gingival tissues.

Gingivitis is a generalized acute
inflammatory response to the bacterial
colonization of tooth surfaces adjacent
to the gingiva. With continuing plaque
accrual, gingivitis becomes well estab-
lished, but still confined to the super-
ficial gingival connective tissues. The
processes resulting in the progression of
gingivitis to periodontitis are unclear. In
some cases, gingivitis may represent the
early stage in the evolution of period-
ontitis. However, in some individuals,
gingivitis may exist as an independent
clinical condition without progressing
into periodontitis (Page et al. 1997).

Periodontitis presents in several dif-
ferent forms which differ in their
etiology, rate and pattern of progression,
natural history and response to therapy.
This variability can be attributed to
differences in composition of the sub-
gingival microbial flora, together with
the factors that modify the host response
to microbial assault. While the host

response and environmental factors that
impact on this response are important
for disease manifestation, periodontitis
cannot commence without the presence
of bacteria. Nonetheless, it must be
noted that, although bacteria are neces-
sary for disease initiation, they are not
sufficient to cause disease progression
unless there is an associated inflamma-
tory response (Page et al. 1997).

For gingivitis to develop, the types of
bacteria present appear to be inconse-
quential since gingivitis is a non-speci-
fic inflammatory response to dental
plaque. However, for periodontitis to
develop approximately 20 microbes,
which inhabit the subgingival environ-
ment, are considered to be significantly
pathogenic and associated with various
forms of periodontitis. The most sig-
nificant of these associated with period-
ontitis are Actinobacillus actinomyce-
temcomitans, Porphyromonas gingivalis
and Bacteroides forsythus. It is impor-
tant to note that the sub-gingival micro-
flora behaves as a ‘‘biofilm’ that
permits the occupants to survive as a
community and resist common host
defense mechanisms as well antibiotic
exposure during therapy.

Could periodontal pathogens be involved
in the development of RA?

Interestingly, many of the characteris-
tics that microorganisms exhibit in
order to induce RA in a genetically
susceptible host may also be observed in
microorganisms that are associated with
periodontitis (Table 2).

Periodontal pathogens are organized
in a biofilm with the other groups of
bacteria and may be able to incite a
chronic continuous infection (Require-
ment 1, Table 2). The suspected period-

Table 2. Requirements for microorganisms to stimulate RA and how dental plaque biofilm and periodontal pathogens measure up to these

requirements

Requirements for microorganisms to initiate RA

Do periodontal pathogens
have these requirements?

(YES/NO)
(1) Pathogens must be able to produce a continuous low-grade infection without significantly harming the host YES
(2) Pathogens should be common and have universal distribution YES
(3) Pathogens must express proteins that share sequence identities with the third hypervariable region of YES (?)
HLA-DRB10401 and HLA-DRB10101, the part of the molecule that carries susceptibility to RA (e.g.
EBV, E. coli, Mycobacteria)
(4) Pathogens must be able to persist in the host to produce a chronic continuous LPS exposure and be able to YES

form complexes with antibodies

(5) Pathogens must be able to cross-react with cartilage and be able to produce an anti-cartilage response.

Not been demonstrated

Also, the pathogens must be able to continuously reactivate this cross-reactivity through the constant release of

components (e.g. release of LPS)




ontal pathogens have been shown re-
peatedly to be present in most indivi-
duals suffering from various forms of
periodontal disease (Requirement 2,
Table 2). The biofilm in periodontitis
serves as an abundant supply of LPS,
thereby easily fulfilling the fourth re-
quirement of chronic LPS exposure.
Furthermore, the local production of
IgA and IgM RF in periodontal disease
has been demonstrated (Hirsch et al.
1989, The & Ebersole 1991). Although
the ability of the LPS from the period-
ontal biofilm to cross-react with the
cartilage to cause an anti-cartilage
response has not been demonstrated, it
is logically possible.

However, all these considerations
remain purely speculative unless the
causative agent can be unequivocally
identified. Despite close investigation
by, and intense efforts of, many inves-
tigators, no infectious agents have been
identified as the cause of RA. Data
collected from electron microscopy,
molecular biology or molecular analysis
of tissue infiltrating T cells do not
support the concept that a single antigen
is driving the synovial inflammation. It
is possible that there is no single
primary cause of RA and that several
different mechanisms may lead to the
initial tissue injury and precipitate
synovial inflammation.

Immunogenetics of RA and
Periodontitis

Immunogenetic studies in peridontitis
and RA indicate that the genetic code
for the extent and behavior of inflam-
matory cells determines the progression
and severity of chronic inflammatory
diseases.

Immunogenetics of RA

Although the pathogenesis of RA has
not been fully clarified, the recognition
that RA is an autoimmune disease and is
primarily not a disease of tissue degen-
eration has aroused the attention of
geneticists and immunologists. Family
and twin studies have shown that RA
has several features typical of a com-
plex genetic disease, such as genetic
variance, incomplete penetrance and
multiple gene involvement (Winchester
1994). To date, the strongest genetic
association for RA is found within the
HLA complex (Nepom & Nepom
1992). The application of DNA sequen-
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cing and molecular-based typing to
detect HLA-DRBI1 alleles showed that
the actual disease-conferring portion of
the D region is confined to a short
sequence encompassing amino-acid po-
sitions 67—74 of the third hypervariable
region of the HLA-DRBI1 gene (Nepom
& Nepom 1992). The disease-associated
alleles include the HLA-DRB1 0401,
0404 and 0408 in the white population,
HLA-DRBI1 0405 in the Asian popula-
tion and HLA-DRB1 1402 in the Greek
population (Nepom & Nepom 1992).

Despite the above, some studies have
found no or only a weak correlation of
this complex with RA (De Jongh et al.
1984, Thomson et al. 1993). Consider-
able debate is still focused on whether
these genes are associated with suscept-
ibility to the development of RA, or
with a poorer prognosis among suf-
ferers. To date, the results from most
studies point towards a complex genetic
model, and that the disease-associated
HLA-DRBI1 alleles are important in
disease progression, rather than in
initiating disease, and act in cooperation
with other HLA genes as well as
background genes (Weyand et al
1992, 1995).

Immunogenetics in periodontitis

As for RA, immunogenetics has been
the subject of considerable interest in
periodontics. Greater than 50% of the
variance seen in adult periodontitis may
be explained by genetic factors (Micha-
lowicz et al. 1991a, b, Hassell & Harris
1995).

In an infectious disease such as
periodontal disease, the association
between the HLA antigens and various
forms of the disease has been of interest
with several studies reporting the in-
cidence of various class I and I HLA
antigens in patients with early-onset
periodontal disease. In particular, the
HLA antigens A9, A28, BW15 and DR4
have been found to be associated with
early-onset forms of periodontitis (Re-
inholdt et al. 1977, Katz et al. 1987a, b,
Shapira et al. 1994). Of interest is the
observation that the HLA-A9 and HLA-
BWI15 antigens have been associated
with the generalized, but not localized,
forms of juvenile periodontitis, imply-
ing differing genetic factors may be
responsible for these two conditions
(Takashiba et al. 1994). Furthermore,
unique intronic gene variations have
been noted in the gene for HLA-DQf in
patients (and some other normal family

765

members) manifesting with early-onset
periodontitis (Takashiba et al. 1994).
However, other studies have indicated
that there are no HLA associations with
manifestations of various types of
periodontal disease (Cullinan et al.
1980, Saxen & Koskimies 1984). Thus,
it is unclear whether there is an
association between HLA antigens and
periodontal disease due to either an
inherited periodontal disease suscept-
ibility factor that is close to the gene for
HLA, or segregation of HLA antigens in
families that have a high risk for
developing early-onset forms of period-
ontitis.

Immunogenetic features in common

In humans, many of the genes that
regulate monocytic cytokine responses
have been mapped to the HLA-DR
region of chromosome 5 in the area of
the TNF-f genes (Bendtzen et al. 1988,
Pociot et al. 1993). Both RA and
progressive periodontitis are associated
witth this HLA complex (Ollier &
Thomson 1992, Garrison & Nichols
1989), which suggests a genetic basis
for the observed monocyte trait, linking
RA, progressive periodontitis and other
systemic diseases. It is reasonable to
suggest that the inter-individual differ-
ences in the severity of RA and period-
ontal disease are partly due to intrinsic
differences in the monocyte/T cell
response traits. In both diseases, anti-
genic challenge (e.g. LPS) to the
monocytic/lymphocytic axis would re-
sult in the secretion of catabolic cyto-
kines and inflammatory mediators, of
which PGE,, IL-1, TNF-¢ and IL-6
would appear to dominate (Fig. 1).

Mechanisms of Tissue Destruction in
RA and Periodontal Disease

There is no doubt about the importance
of cytokines in the pathogenesis of
both RA and periodontitis. Cytokines
can be classified into functional
groups based on the cells of origin.
For example, interleukin-2 (IL-2), inter-
leukin-3 (IL-3), interleukin-4 (IL-4) and
interferon-gamma are the products
of T cells, and most of their recog-
nized functions are related to the
activation and amplification of cellular
and humoral immune responses. Inter-
leukin-1 (IL-1), IL-6, colony-stimulat-
ing factor-1 and tumor necrosis factor-o
(TNF-a) are produced primarily by
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Pathogenesis of Rheumatoid Arthritis
Chronic inflammatory disease
Bacteria/peptide as adjuvant antigen in autoantibody production
Role of macrophage and dendritic cells
Interleukin-1, Tumor necrosis factor-a, prostaglandin-E2
Immunoregulatory imbalance
Th1=Th2
Role of Nitric Oxide
Genetic and environmental influences

Persistence of antigen/peptide

Pathogenesis of Periodontitis

Chronic inflammatory disease
Bacteria as aetiological agent
Role of macrophage and dendritic cells
Interleukin-1, Tumor necrosis factor-a, prostaglandin-E2
Immunoregulatory imbalance
JTh1,1Th2

Role of Nitric Oxide
Genetic and environmental influences

Persistence of antigen/peptide

Fig. 1. Pathogenic features in common between RA and periodontitis.

macrophages and fibroblasts. Although
involved in the initiation of immune
responses, these cytokines have broad
effects on many cells, leading to cell
proliferation, increased prostaglandin
and matrix-degrading protease activity
and bone resorption.

In RA, lymphocyte-associated cyto-
kines are present in low concentrations
in the rheumatoid synovial membrane
(Firestein et al. 1988), whereas the
levels of macrophage and fibroblast-
associated products are high (Miyasaka
et al. 1988). Moreover, pro-inflamma-
tory cytokines including TNF-o, IL-1,
IL-6, GM-CSF and chemokines such as
IL-18 are abundant in RA patients
regardless of therapy (Feldmann et al.
1996).

Tissue destruction in RA is made
more effective not only by cytokines but
also by the constant and prolonged

secretion of other effector molecules
by resident and migrating cells. These
effector molecules are able to enhance
matrix degradation either through direct
or indirect means. In RA, a significant
means of matrix degradation is effected
through the action of matrix metallo-
proteinases (MMPs). The major MMP-
producing cells are synovial fibroblasts
and monocytic phagocytes in the syno-
vial lining layer. Both IL-1 and TNF-«
may induce the production of MMPs by
synovial fibroblasts and chondrocytes
located in the adjacent articular carti-
lage (Lotz et al. 1995). Chondrocytes
respond to these cytokines with a
decrease in collagen and proteoglycan
synthesis and the synthesis of collage-
nase and stromelysin leading to further
tissue destruction (Lotz et al. 1995).
Periodontitis has remarkably similar
cytokine profiles to RA (Snyderman &

McCarty 1982, Greenwald & Kirkwood
1999). As for RA, disease progression
seen in periodontitis consists of the
continuing presence of high levels of
pro-inflammatory cytokines including
IL-15 and TNF-o and low levels of
IL-10 and transforming growth factor f3,
cytokines that suppress the immunoin-
flammatory response. Furthermore, low
levels of tissue inhibitors of metallopro-
teinases (TIMPs) and high levels of
MMPs and PGE, secreted by macro-
phages, fibroblasts and other resident
and inflammatory cells describe the
active stages of both RA and period-
ontitis.

In both RA and periodontitis, tissue
destruction is not unidirectional, but an
iterative process that is constantly being
adjusted by the host response to inciting
agents. The destruction of extracellular
matrix in both diseases is determined by
the balance of MMPs and their inhibi-
tors. Bone destruction in periodontitis
and RA is a result of the uncoupling of
the normally coupled processes of bone
resorption and bone formation, with
PGE,, IL-1, TNF-«, IL-6 as mediators
of bone destruction. It is evident in both
diseases that the host’s immune re-
sponse is controlled by genes that
regulate differences in the monocyte/T
cell response traits to different antigens
that determine both the nature of the
protective antibody response and the
magnitude of tissue-destructive inflam-
matory response (Fig. 2).

Treatment Implications for RA and
Periodontitis Based on common
pathogenesis

The currently available antirheumatic
drugs give limited control over RA.
They rarely induce long-term remission
and seldom affect the progression of
joint destruction (American College of
Rheumatology  1996).  Furthermore,
many of these drugs have serious side-
effects that contraindicate their use for
early-stage RA and interfere with long-
term therapeutic use for more severe
cases (Pincus 1992).

Current therapies

NSAIDs such as aspirin, naproxen,
diclofenac and ibuprofen, are the cur-
rent mainstream °‘‘first-line’” modes of
treatment for RA. Owing to their
inhibitory effects on cyclooxygenase,
which catalyzes the conversion of
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Fig. 2. Possible model of inter-relationship of RA, periodontitis and other chronic
inflammatory diseases with genetic factors, environmental and microbial exposures as the

common link.

arachidonic acid to prostaglandins and
thromboxanes, NSAIDs have both an-
algesic and antipyretic properties.
Although these drugs are capable of
reducing the pain symptoms in RA, they
do not significantly alter the course of
RA (Lipsky 1991).

The use of NSAIDs for the manage-
ment of periodontal disease has been
extensively studied and the results seem
promising: patients taking NSAIDs for
at least 5 years have less alveolar bone
loss than patients not taking NSAIDs
(Feldman et al. 1983, Jeffcoat et al.
1991). In contrast, a retrospective
study showed that patients taking
NSAIDs demonstrated no significant
differences in plaque index, gingival
index, probing depth, attachment loss or
bone loss in the control and rheumatoid
group (Heasman & Seymour 1990).

Disease-modifying  anti-rheumatic
drugs (DMARD:s) are second-line drugs
that differ greatly in their chemical
structure and pharmacokinetics, pre-
sumed mode of actions, toxicity profiles

and clinical indications (Cash & Klippel
1994). To be designated as a DMARD,
a drug must change the course of RA for
at least 1 year as evidenced by sustained
improvement in function, decreased
synovitis and prevention of further joint
damage (Paget 1997). Gold (parenteral
gold salts), methotrexate, sulfasalazine,
hydroxychloroquine (antimalarial drug),
penicillamine, azathioprine and lefluno-
mide are examples of drugs that belong
to this category. A number of short-term
randomized controlled trials showed
DMARDSs to be more effective than, if
not equally effective, as placebo with
regard to controlling inflammatory para-
meters associated with RA and func-
tional assessment scales (Conaghan &
Brooks 1995, Ward 1994). The ability
of DMARD:s to prevent long-term bone
destruction is questionable. DMARDs
are associated with considerable toxi-
city. Thus, their use requires frequent
monitoring, as many patients are able to
tolerate the drugs for only 1 or 2 years
before they are forced to discontinue the
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treatment (American College of Rheu-
matology 1996).

The effect of gold salts has been
tested in experimental periodontitis
(Novak et al. 1984). It was concluded
that the administration of systemic gold
salts was associated with significantly
less periodontal destruction. Further
studies are needed to ascertain the role
and benefit of systemic administration
of DMARDs, such as gold salts in the
management of periodontal disease
(Novak et al. 1984).

Emerging treatments for RA and
periodontal disease

The development of new paradigms and
acquisition of new knowledge have
allowed the development of novel drugs
that inhibit different aspects of the
inflammatory  cascade. = Chemically
modified antibiotics and genetically
engineered proteins (monoclonal anti-
bodies and pro-inflammatory cytokines
inhibitors) that can target specific mo-
lecules or enzymes have been devel-
oped to try to correct the imbalance
between the pro-inflammatory and anti-
inflammatory effects of the immune
system involved in the pathogenesis of
RA and periodontitis.

Tenidap (designed as one of the first
COX-2 inhibitors) has been shown to
inhibit cyclooxygenase and PGE, pro-
duction with inhibition of IL-1, IL-6 and
TNF-o production being a secondary
feature of the PGE, inhibition. Its
inhibition of IL-1 reduces in vitro bone
resorption and cartilage degradation as
well as the activation of collagenase and
stromelysin in RA patients (Dingle et al.
1993).

Since MMPs have been implicated as
important mediators of connective tis-
sue breakdown, their inhibition has been
tapped as one of the possible agents that
can inhibit tissue destruction in RA and
other diseases with connective tissue
breakdown.

The discovery that tetracylines can
inhibit MMP activity by a mechanism
that is independent of their antimicro-
bial property (Golub et al. 1983) paved
the way for investigating the effects of
such MMP-inhibition effect on tissue
destruction seen in chronic inflamma-
tion. Chemically modified tetracyclines
(CMT) that retain anti-MMP properties,
but have lost their antibacterial efficacy,
have also been developed (Golub et al.
1987). Several clinical trials have de-
monstrated mild-to-moderate clinical
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improvements in RA patients taking
tetracyclines (Tilley et al. 1995, O’Dell
et al. 1997). The role of MMP inhibitors
in the long-term prognosis of RA is still
unknown, but it appears promising. In
an animal study, it was reported that
the administration of a combination
of CMT-1 plus an NSAID such
as Flurbiprofen or Tenidap, synergisti-
cally inhibited severe bone destruction
in arthritic rats, with the suppression
of MMP activity in the joints
(Greenwald et al. 1992, Leung et al.
1995).

In periodontitis, low-dose regimens
of doxycycline (LDD) can reduce pock-
et depth, improve periodontal attach-
ment levels and inhibit alveolar bone
loss (Goren et al. 1994, Crout et al.
1996). However, the role of LDD in the
prevention of progression and prognos-
tic improvement in periodontal disease
is still unknown.

Two naturally occurring inhibitors of
IL-1 exist: the IL-1 receptor antagonist
(IL-1ra) and the soluble IL-1 receptor
(sIL-R). IL-1ra acts as a specific in-
hibitor of IL-1 by blocking IL-1 binding
to its cell surface receptors without
exerting agonist activity. A multi-center
double-blind study demonstrated signif-
icant differences between placebo and
rhlL-1ra-treated patients for several
standard parameters (Campion et al.
1996, Drevlow et al. 1996). Gene
therapy using IL-1ra aims to increase
the level of anti-inflammatory mole-
cules in the joint. Two animal gene
therapy studies have successfully in-
creased the level of IL-1ra in the joints
(Bandara et al. 1993, Roessler et al.
1993). The preliminary results of the
injection of retroviral ex vivo human
IL-1ra cDNA into the synovium of
patients with RA appear promising
(Evans et al. 1999).

Another useful therapeutic approach
to RA is the inhibition of TNF-o, one of
the cytokines responsible for the acute-
phase response and the production of
destructive proteases in the joint. Recent
studies have shown the therapeutic
efficacy, in RA patients, of multiple
intravenous infusions of anti-TNF-a
monoclonal antibody combined with a
weekly low-dose of methotrexate and
recombinant TNF-a receptor:Fc fusion
protein (Maini et al. 1998, Weinblatt et
al. 1999). Similar studies using anti-
bodies that block either the receptors or
the TNF-o 1 molecules have also
provided clinical benefits (Elliott et al.
1994, Moreland et al. 1996).

To assess the roles of IL-1 and TNF
antagonists in experimental periodonti-
tis, studies have been performed in a
Macaca fascicularis primate model of
experimental periodontitis (Assuma et
al. 1998). Injection of soluble receptors
to IL-1 and TNF inhibited the recruit-
ment of inflammatory cells in close
proximity to bone by approximately
80% (Assuma et al. 1998). The forma-
tion of osteoclasts was reduced by 67%
at the experimental sites and the amount
of bone loss was reduced by 60%
(Assuma et al. 1998).

To date, these biologic agents have
provided promising clinical outcomes
for RA and periodontal disease. Future
studies now focus on combination
therapies of these biologic agents to
block multiple pathways in the patho-
genesis. It seems that various sites may
have to be targeted before a significant
and lasting clinical improvement can
occur. As the etiology and pathogenesis
of RA and progressive periodontitis are
better understood, new therapies that
target key substances and mechanisms
in the disease process hold far greater
promise for patients than mere sympto-
matic relief.

It should be kept in mind that since
the bacterial etiology of periodontitis is
well accepted, in addition to modulation
of the host response, controlling the
bacteria that cause periodontal infec-
tions remains a significant focus for
periodontnal treatment and prevention.
Unlike periodontal disease, no specific
bacterial etiology has been identified
for RA.

Conclusions

RA and periodontitis have remarkably
similar pathobiology. Microbiologi-
cally, chronic LPS exposure secreted
from periodontal pathogens in the
biofilm could serve as a source of
super-antigens inciting the inflamma-
tory cascade seen in RA. On the other
hand, due to immune dysregulation in
RA, manifested as increased pro-inflam-
matory cytokines such as IL-1 TNF-a
and IL-6 as a result of hyper-responsive
monocytes (a trait related to the HLA
complex), patients susceptible to RA in
the presence of periodontal pathogens
and proper local environment may be
susceptible to developing periodontitis,
possibly a progressive form.

The data seem compelling to indicate
that a relationship exists between the

extent and severity of periodontal dis-
ease and RA. While this relationship is
unlikely to be causal, it is clear that
individuals suffering from advanced RA
are more likely to experience more
significant periodontal problems com-
pared to their non-RA counterparts. The
possibility that a general and underlying
dysregulation of the host inflammatory
response is present in both conditions
seems very likely.

With the realization that an imbal-
ance between pro-inflammatory and
anti-inflammatory cytokines exists in
the pathogenesis of RA and period-
ontitis, emerging therapies are focusing
on the inhibition of pro-inflammatory
cytokines and destructive proteases. The
development of chemically engineered
bio-active molecules, gene therapy and
MMP inhibitors are being aimed at
restoring the dysregulation in the patho-
genesis of chronic inflammatory dis-
eases. These new therapies hold great
promise for patients in altering the
course of progressive forms of RA and
periodontitis.

Zusammenfassung

Zusammenhdnge zwischen rheumatoider Ar-
thritis und Parodontalerkrankung — Eine Lit-
eraturibersicht

Diese Ubersicht beriicksichtigt die betrichtli-
chen Ahnlichkeiten zwischen einer Parodonta-
lerkrankung und der rheumatoiden Arthritis.
Wiihrend die Atiologie dieser zwei Erkrankun-
gen sich unterscheiden kann, sind die zugrun-
deliegenden Pathogenitidtsmechanismen bemer-
kenswert dhnlich. Und es ist moglich, dass
Personen bei denen sich sowohl eine Parodon-
titis als auch eine rheumatoide Arthritis mani-
festiert hat, an einer verbindenden
zugrundeliegenden systemischen Dysregulation
der Entziindungsreaktion leiden kénnten. Unter
Beriicksichtigung dieser Ergebnisse ist es
offensichtlich, dass, bei der Beherrschung
dieser zwei chronischen entziindlichen Zus-
tinde, die Verwendung von die Erkrankung
modifizierenden Medikamenten, indiziert ist.
Weitere Longitudinalstudien und Interventions-
studien mit Medikamenten sind notwendig, um
zu bestimmen, wie nahe diese zwei Zustinde
verwandt sind.

Résumé

Relations entre arthrite rhumatoide et maladie
parodontale. Une revue

Cette revue considere les similarités considér-
ables qui existent entre la maladie parodontale
et I’arthrite rhumatoide. Tandis que 1’étiologie
de ces deux maladies peut étre différente, les
mécanismes pathogéniques sous-jacents sont
remarquablement semblables et il est possible



que les individus avec arthrite rhumatoide
puissent souffrir d’une dérégularisation systém-
ique sous-jacente unifiée de la réponse inflam-
matoire. A la lumieére de ces découvertes, les
implications de I’utilisation de médicaments
modifiant la maladie dans le traitement de ces
deux conditions inflammatoires chroniques est
apparent. Davantage d’études longitudinales et
d’études ou il y a une intervention médicamen-
teuse sont requises pour déterminer le propor-
tion de proximité de ces deux conditions.
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