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ABSTRACT

Systemic infection and/or inflammation has been related with an increased risk of brain abscesses,
cerebrovascular disease, cognitive impairment and other pathological states of the brain. Therefore, it
is plausible, that a chronic infection and inflammation disease, such as periodontitis, may affect the
central nervous system (CNS). Chronic periodontal disease is a condition that causes breakdown of the
supporting tissues of the teeth, alveolar bone and soft tissues. Chronic periodontitis is a multifactorial
disease caused by dental plague composed of pathogenic bacteria that triggers the immune response
in susceptible hosts. Oral pathogenic bacteria is a source of chronic infection that can induce local
and peripheral production of pro-inflammatory cytokines such as IL-18, IL-6 and TNF-o, inflammatory
mediators, as well as bacterial products such as lipopolysaccaride endotoxin. Viruses, such as herpes
and Epstein-Barr, can also be found in periodontal pockets. It is well established that oral pathogenic
microorganisms may cause systemic infection by transient or persistent bacteremia, disseminating within
the body, and infiltrate distal sites and organs. It has been proposed that in vulnerable populations and
under certain circumstances, bacterial and viral infections may enter the brain from the bloodstream.
Once in the brain, infectious pathogens and inflammatory products may compromise vascular integrity.
Thus, the potential role of the pathogenesis of chronic periodontitis in the development and progression
of cerebral infection and inflammation can have a link. There is no direct evidence that determines
whether oral diseases have a causal association with CNS pathologies, nonetheless there are several
reports that have found oral periodontal pathogens lodged in the brain. Both inflammatory states may
just share a casual connection with common risk factors and complex multifactorial etiologies. However,
the possibility that pathogenic oral microorganisms disseminate to the bloodstream and reach the
brain, initiating or exacerbating existing cerebral lesions, cannot be disregarded. In addition, not only
periodontal pathogens may be involved in invading the brain, but also, the pro-inflammatory factors
induced systemically by periodontitis, may play a role in CNS pathologies. This oral systemic link will be
discussed in this paper.
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RESUMEN

La infeccion y/o inflamacion sistémica se ha asociado con un mayor riesgo de abscesos cerebrales,
enfermedad cerebrovascular, discapacidad cognitiva, y otras patologias del sistema nervioso central
(SNC). Por lo tanto, es posible que una infeccion cronica y enfermedad inflamatoria, como lo es la
periodontitis, pueda afectar al SNC. La enfermedad periodontal cronica es una condicion que causa la
destruccion de los tejidos de soporte del diente, hueso y tejidos blandos. La misma, es una enfermedad
multifactorial, cuya etiologia es la placa dental, la cual estd compuesta por bacterias que estimulan
una respuesta inmune en el huésped. Los patdgenos orales son una fuente de infeccion cronica que
inducen la produccion local y periférica de citocinas proinflamatorias, tales como IL-18, IL-6 and TNF-q,
mediadores inflamatorios, y productos bacterianos, como la endotoxina lipopolisacarida. Asi mismo
se pueden encontrar en bolsas periodontales virus, como el herpes y Epstein-Barr. Esta establecido
que patogenos orales pueden ser la causa de infecciones sistémicas por bacteremias transientes o
persistentes, las cuales se diseminan en el cuerpo, teniendo la posibilidad de infiltrar sitios distales y
organos. También se ha propuesto, que en poblaciones vulnerables y bajo ciertas circunstancias, las
infecciones bacterianas y virales pueden entrar del torrente sanguineo al SNC. Una vez en el cerebro,
los patogenos infecciosos y productos inflamatorios pueden comprometer la integridad vascular. No
hay evidencia directa que determine si las enfermedades orales pueden tener asociacion causal con las
patologias del SNC, sin embargo, hay algunos reportes que han encontrado patdgenos periodontales
en tejido cerebral. Ambos estados inflamatorios pueden solamente compartir una conexion casual con
factores de riesgo en comun y etiologias multifactoriales complejas. Sin embargo, no se puede descartar
la posibilidad que los patogenos orales se diseminen al torrente sanguineo y que lleguen al cerebro,
iniciando o exacerbando lesiones cerebrales existentes. No solamente los patogenos periodontales
pueden estar involucrados en la invasion del SNC, también hay que considerar los factores inflamatorios
inducidos sistémicamente por la periodontitis. Esta relacion oral sistémica va a ser discutida en este articulo.
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INTRODUCTION

Infection and inflammation within the central
nervous system (CNS) occur as consequence of
systemic diseases. The only exception where a
CNS infection is not acquired systemically is
when Dbacteria are introduced to the brain by
direct inoculation by neurosurgical intervention or
penetrating traumas (Mueller et. al. 2009; Pachner,
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2012). Among the infections that precede CNS
pathologies are: peripheral sepsis, pneumonias,
urinary tract infections, sinusitis, ofitis, and oral
infections. Bacterial and viral pathogens gain access
to the brain from sites of local infection by the
bloodstream and lymphatics, and cause disruption
of neurological homeostasis by compromising the
integrity of the blood brain barrier (BBB) and blood-
cerebrospinal fluid barrier (Kang and McGavern, 2010).
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PATHOGENESIS OF PERIODONTITIS

According to the Centers for Disease Control
and Prevention, the prevalence of periodontal
disease in the U.S. is 45% for adults aged 45-64
years and 58% in adults aged 65-74 years (Eke et
al. 2012). Periodontitis is a multifactorial disease
that causes breakage of the supporting tissues of
the tooth. If left untreated, the outcome is tooth
loss. Periodontitis is caused by the accumulation of
dental plaque on the tooth’s surface next to supra-
and subgingival tissues. One periodontal pocket
can contain more than 700 microorganisms. Oral
pathogens are necessary to initiate periodontitis,
but they are not sufficient to induce progression
of disease, unless it parallels an inflammatory
response, in a susceptible host. Periodontitis
manifests clinically as a classical inflammatory state
with infiltration of immune cells such as neutrophils,
monocytes, and antibody producing plasma cells.
Chronic periodontitis infection repetitively attracts
leukocytes to fibrotic and granulation tissues,
maintaining immune cells activated.

Two main features of periodontal disease
are bone and soft tissue destruction. Release
of interleukin-18 (IL-1B) by macrophages and
resident fibroblasts, accompanied with increased
production of prostaglandin E2 (PGE2), induce
0sseous resorption by osteoclasts. IL-1 and
tumor necrosis factor-a (TNF-a) increase the
production of PGE2 by epithelial cells, monocytes
and fibroblasts. These products can subsequently
trigger degradative pathways such as matrix
metalloproteinases (MMPS), plasminogen-
dependent, and phagocytic polymorphonuclear
serine proteinase pathways. For example, MMPS
are highly expressed in gingival crevicular fluid
(Armitage, 2004; Offenbacher et. al, 2010).
MMPS are released in an attempt to kill bacteria;
nonetheless, these enzymes end up destroying
collagen fibers of the periodontal ligament and
gingiva, leading to an apical migration of the

junctional epithelium. Hence, pocket formation
results, as the coronal portion of the gingiva
separates from the root surface due to these
inflammatory events.

FROM THE PERIODONTAL MILIEU INTO THE BRAIN

Subjacent to the dentogingival junction,
microbial biofilms are in close proximity to a highly
vascularized microenvironment. The gingival
epithelium provides physical, chemical, and
immunological barriers that prevent the entry of
microorganisms into the circulation. If this natural
barrier, which is approximately ten-cell layer thick,
is breached by periodontitis, bacteremia proliferates.
As periodontal vasculature permeability increases,
ulcerations in the pocket lining are generated due to
buildup of sub- and supragingival plaque. Thereafter,
periodontal bacteria propagate to distal systems
or organs, via the bloodstream or the lymphatic
system, and result in inflammation of distant sites.
It is worth mentioning that immunocompromised
patients and elderly are more vulnerable to systemic
dissemination of oral pathogens.

Invasive periodontal procedures such
as root scaling and planning beyond the root
apex, subgingival irrigation, dental extractions,
periodontal surgery and even periodontal probing
of deep pockets, elicit hematogenous seeding.
Moreover, transient bacteremia is frequent during
mastication and less invasive oral care procedures
like tooth brushing and flossing. Using sequence
analysis of 1T6SRNA genes, 98 different bacterial
species were identified in the bloodstream of 151
bacterimic patients, following tooth brushing and
exodontias (Bahrani-Mougeot et al., 2008). It has
been reported that patients with severe periodontal
disease can have multiple bacteremic episodes
per day (Geerts et al. 2002; Forner et al. 2006).
Oppositely, the number of oral pathogens reaching
systemic circulation is low in patients with good
oral hygiene.
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Periodontal pathogens and their products
can also induce a systemic inflammatory burden.
Pro-inflammatory  cytokines including IL-1B,
interleukin-6 (IL-6) and, TNF-a are released by
lymphocytes and macrophages. Cytokines are
degraded locally, but eventually, in repeated and
high bacterial loads, cytokine receptors may
become insufficient as they become saturated.
Consequently, these  products  disseminate
into systemic circulation. Elevated levels of
C-reactive protein (CRP) in the blood of patients
with periodontal disease have been found when
compared to healthy controls (Ebersole et al, 1997;
Noack et al. 2001; Pitiphat et al., 2008). Increased
levels of CRP are correlated with infection of
Porphyromonas Gingivalis (P. Gingivalis) and
Prevetolla Intermedia, two subgingival periodontal
pathogens (Noack et al., 2001).

An anatomical and functional safeguard
protects the brain. Therefore, bacteria and pro-
inflammatory mediators must colonize neural and
humoral pathways in order to gain access to the
CNS. There are no studies in literature describing
how pathogenic oral microorganisms get in the
brain, but there are numerous case reports of brain
abscesses cultures testing positive for periodontal
pathogens. Bacterial cultures from eleven non-
traumatic brain abscesses and their respective oral
infective sources for a bacterial match, revealed six
cases from oral abscesses and three cases from
subgingival flora (Mueller et. al., 2009). A case
report and review of literature associated periodonto-
pathogen, Aggregibacter actinomycetemcomitans
(A.A.) (Rahamat-Langendoen, et al., 2011) as the
cause of a brain abscess in a 42-year old patient,
which had no other underlying systemic conditions.
The patient presented multiple brain lesions, and
initially the doctors thought of a metastatic tumor.
After drainage and histopathological analysis,
examiners could not detect any bacteria present
in the sample. After 16S rDNA polymerase chain
reaction and sequencing, A.A. was found to be
the causative agent of the brain abscess. Dental
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examination revealed the patient had severe
periodontitis. Then, after several sessions of brain
abscess drainage, the patient improved, but as a
result, cognitive impairment remained. This report
exemplifies the value of gene amplification and
sequencing as a diagnostic tool when negative
cultures result in specimens of patients with
chronic brain infection.

P. Gingivalis (lilda et al. 2004), and
Fusobacterium nucleatum (F. nucleatum) (Ewald
et al.,, 2006) have been associated with brain
abscesses as well (Ewald et al., 2006; Uppor et al.
2012) in other case reports. F. nucleatum is a Gram-
negative anaerobe subgingival pathogen, capable
of inducing systemic abscesses. It has gained
attention as a model microorganism to investigate the
association of periodontal disease with pregnancy
complications. This model can also be used to portray
how F. nucleatum may cross the endothelium of the
BBB. The BBB is a specialized interface of capillary
endothelial cells (EC) that protects the brain from
peripheral blood circulation, by controlling transfer
of pyrogenic elements, and at the same time, the
leakage of fluids from the CNS. The BBB is one of
the routes periodonto-pathogens may have to
overcome to get access to the perivascular space
and cause infection and inflammation.

Fusobacterium adhesin A (FadA) is a highly
conserved surface adhesin in oral fusobacteria,
and is not present in non-oral fusobacterium
species (Han et al., 2010). FadA attaches to host’s
endothelial cells via vascular endothelial (VE)-
cadherin, a molecule that is also responsible for
cell-to-cell junctions. VE-cadherin is expressed in
BBB endothelial cells, as part of the tight adherence
junctions that control paracellular traffic, specific
transport, and extravasation of molecules. A study
used affinity column chromatography and co-
precipitation assays to confirm binding between F.
nucleatum’s FadA and VE-cadherin. VE-cadherin
was conjugated to Gluthanione-S-Transferase
(GST) and used as control GST alone. Each was
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then mixed with purified FadA and passed through
gluthanione column. FadA was eluted from the
column only when mixed with the fusion protein
GST-VE-cadherin. Also, FadA and conjugated
cytochrome ¢ (both having similar molecular
weight) were incubated with human umbilical
vein endothelial cells (HUVEC), and then these
were immunolabelled for VE-cadherin. Confocal
microscopy showed binding of FadA to HUVEC,
but not to cytochrome ¢ (control). Additionally, the
pattern distribution of VE-cadherin was disturbed
when FadA was present, suggesting translocation
of VE-cadherin by FadA. F nucleatum’s binding
to VE-cadherin, and consequently invasion, was
evaluated using purified FadA or VE-cadherin
in HUVEC knockdown by small interfering RNA
(siRNA), as well as inhibitory attachment and
invasion assays. A threefold reduction was seen
in the attachment of F. nucleautm in the silencing
of VE-cadherin. This experiment gave evidence
that VE-cadherin is required for this pathogen’s
attachment. Furthermore, FadA was able to
increase permeability of endothelial cells. FAdA
was incubated with monolayers of HUVEC in
transwell inserts, thus, creating a space for other
pathogens to move inside. When Escherichia coli
(E. coli) was incubated with F. nucleatum, it was
able to cross the HUVEC monolayers, but when E.
coli was introduced alone in the transwell assays,
VE-cadherin did not break and the cell layers
appeared intact. (Fardini et al., 2011).

Binding of F. nucleatum to VE-cadherin
in the BBB could be the first step taken by
this periodontal pathogen, to invade the brain
and have access to the perivascular space for
colonization. F. nucleautum can further reach the
parenchyma and other brain compartments, and
develop a brain abscess. Another feature of F.
nucleautm is that this microorganism is generally
present in subgingival pockets coaggregated with
other species. The increased permeability and
weakening of endothelial junctions induced by
F. nucleatum may enable coaggregated species

to invade the brain causing mixed-species CNS
infections. It would be interesting to characterize
the interactions between FadA and VE-cadherin
using brain endothelial cells to confirm this
mechanism of adhesion, invasion and colonization.

P.gingivalisis able toadhere through fimbriae
to EC. It has been reported that P. gingivalis strain
W83 has cystein proteases (gingipains) that cleave
VE-cadherin (Sheets et al., 2005; Sheets et. al,
2006), suggesting another virulence mechanism
of invasion to EC. Activation of EC may contribute
to the onset of stroke, causing reduction of oxygen
in the brain that lead to other neuropathologies,
such as neuronal death. Periodontopathogens
such as P. gingivalis and Streptococcus Sanguis
disseminate into the circulation and alter platelet
function, leading to atherosclerosis and blood
coagulation (Li et al. 2000). In this manner, the
presence of inflammatory cytokines released into
systemic circulation as a result of periodontitis, may
increase platelet aggregation in blood vessels, and
lead to the occlusion of cerebral arteries and veins,
resulting in atherogenesis and thrombus formation.

One of the most common causes of dementia
in the elderly population is Alzheimer’s disease (AD)
(Wallin et al., 2010). Its prevalence varies among
different populations, but risk factors such as
genetics and the environment, affect susceptibility
to develop AD. Many of the risk factors involved in
the etiology and progression of AD have not been
well established; nonetheless, inflammation within
the CNS has been hypothesized to play a major
role. It is likely that after years of systemic exposure
to pro-inflammatory cytokines and mediators,
these products may intensify cytokine expression
in the Dbrain, promoting neuroinflammatory
signaling, atrophy of the cortex, and possibly
amyloid deposition. In like manner, invasion of oral
Treponemas into the brain, may directly induce an
inflammatory state in the CNS. In a post-mortem
study, Treponema Denticola, was detected in the
cortex of fourteen of sixteen Alzheimer’s brains.

ODOVTOS-Int. J. Dent. Sc. | No.16: 23-31, 2014. ISSN: 1659-1046. 27



ODOVTOS-International Journal of Dental Sciences

Furthermore, a greater number of Treponema
species were found in specimens of AD subjects
than in controls (Riviere et al. 2002). Replication
of this study is needed, since it is the only study
in literature investigating the presence of oral
Treponema species in the brain.

Gram-negative,anaerobicperiodontopathogens,
rich in LPS, induce pro-inflammatory cytokines upon
activation of toll-like receptor-4 (TLR-4). Also, TRL-
4 pathway is capable of activating macrophages
and monocytes in the brain, leading to the secretion
of immune end products such as nitric oxide (NO)
(Cao et al., 1997; Chow et al., 1999; Verma 20006)
and prostaglandins from brain EC or ependymal
cells (Banks, 2010). Moreover, LPS can enhance
monocyte trafficking and lymphocyte adhesion
across the BBB (Persidky et al. 1997; De Vries
et al. 1994). LPS rapidly activates microglia, the
resident immune cells of the brain and one of the
first line of defense to infectious agents in the CNS.
When these cells are activated, they migrate to the
sites of infection and release cytotoxic molecules
to destroy potential pathogens. A study that used
an agonist model of TLR-4 activation, reported
that LPS (from Escherichia coli, 026:B6) induced
injury to BV2 cells (immortalized mouse microglia
cell line) in an analysis of cell morphology and
viability assays. LPS (1 pg/ml) was capable of
stimulating NO production, inducible nitric oxide
synthase (iNOS), reactive oxygen species (ROS)
generation and pro-inflammatory markers such
as cyclooxygenase-2 and TNF-a. On the contrary,
LPS did not increase NO or iNOS production in
brain derived endothelial cells (EC). It is not clear
though, if the LPS dose was not sufficient to induce
the production of other inflammatory products
in the latter cells. Investigators should have
considered using different doses to determine if
the expression of pro-inflammatory mediators is
dose-dependent or not, and draw the conclusion
they make that LPS was not toxic to EC directly.
When EC were co-cultured with BV2 cells, it led
to LPS-induced injury to EC and accumulation of
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NO, and suggested that this effect was dependent
on the interaction of these two cells. When EC
were pretreated with NOS and ROS inhibitors,
cell death was prevented. Minocycline and
indomethacin protected EC from injury when co-
cultured with microglia and decreased production
of NO. Apparently, microglial cytotoxicity induced
by LPS was due to the production of NO and ROS.
The researchers also elucidated that the signaling
pathways involved in cytotoxicity upon TLR-4 were
NF-kB, JAK-STAT, and JNK/SAPK. By inhibiting
these pathways, microglial activation was reduced
and cell death was prevented (Kacimi et al.
2011). Even though E. coli is an unusual specie in
periodontal pockets, it can be found as part of the
subgingival microbiota in untreated periodontitis
(Colombo et al., 2002; da Silva-Boghossian et
al., 2011) Despite the fact that researchers used
LPS from E.coli, this model may exemplify how
LPS from P. gingivalis may activate microglia and
other immune cells in the brain as well, through a
pattern recognition receptor. LPS from P. gingivalis
is able to activate both TLR-4 and TLR-2.

Other routes of gaining access to the brain
include circumventricular organs and peripheral
nerves. Treponema species have been detected
in trigeminal ganglion cells and the brainstem of
human brains (Riviere et al. 2002). Periodontitis
circumscribes the endings of the fifth cranial nerve
and may explain why Spirochete species of oral
origin were identified in the trigeminal ganglia and
pons (Riviere et. al., 2002). Likewise, because of
anatomical vicinity, periodontal pathogens might
directly ascend from the oral cavity.

Besides bacteria, viruses like Herpes
simplex virus (Das et al., 2012), Epstein Barr
Virus, and Cytomegalovirus have been isolated
from periodontal pockets (Sharma et al. 2012).
Viruses remain latent in neural tissue, and entry of
cytokines into the brain as a response to systemic
inflammation, may reactivate these viruses and
initiate or exacerbate cerebral lesions. Also,
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immunosuppression, stress, or inflammation in the
brain, may trigger reactivation of latent viruses.

CONCLUSIONS AND FUTURE DIRECTIONS

Based on the contribution of periodontitis
to systemic infection and inflammation, it is
plausible that periodontal disease affects the CNS
under certain circumstances. In the case of brain
abscesses the  periodonto-pathogens are likely
responsible for the onset of infection, whereas in
other cerebral pathologies periodontitis might not
be the etiological factor, but likely to exacerbate
the disease. It is possible that each disease affects
the progression of the other.

Periodontal disease may promote the pool
of pro-inflammatory cytokines and bacterial
products in the brain. Inflammatory molecules are
locally generated in the periodontal milieu due to
periodontal infection and are systemically induced.
As a result, periodontal infection may lead to
endotoxemia and harmful pathogenic products
that lead to a systemic inflammatory response.
Chronic systemic infections can deteriorate vascular
integrity since bacterial products are cytotoxic to
the endothelium. Once these products reach the
brain, they increase the BBB permeability directly or
indirectly by inducing the recruitment of leukocytes.
These events may be able to activate MMPs
compromising the glia limitans and also primed glial
cells that can reactivate existing brain pathologies.

Both periodontitis and neuropathologies
share inflammation as a prominent feature. Both
diseases are a result of an amplified inflammatory
response in susceptible hosts. The significance
of the possible link between periodontitis and
neuropathologies, such as brain abscesses, stroke,
and Alzheimer’s disease, among others, resides
in the fact that periodontitis is a preventable and
treatable disease.

As of today, data to establish a bidirectional
association between periodontitis and brain
pathologies is unclear. Future investigations
should address polymicrobial models of host
cells to adequately emulate biofilm-mediated
periodontitis. In vivo pathways must be identified in
order to understand periodontitis-induced cerebral
infections, atherogenesis, and plaque formation.
Also, it has to be determined whether periodontal
treatment has a beneficial role in preventing
cerebral pathogenesis. Finally, with DNA profiling
it is possible to match species serotypes in the
brain with those in periodontal pockets and confirm
if they have identical DNA homology. Genetic
fingerprinting should be documented in order to
establish the spread of periodonto-pathogens to
CNS structures and give more evidence than the
case reports available in literature.
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