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ABSTRACT

The bacteria associated with periodontal infection as well the
by-products of host-bacterial interactions can have potential
systemic effects. The field of periodontal medicine has emerged
on the basis of the above and explores the interaction between
periodontitis and various systemic conditions, such as cardio-
vascular disease (CVD), diabetes and pregnancy-related
complications. Atherosclerosis constitutes the most important
risk factor for serious cardiovascular incidents like myocardial
infarction. The links between periodontitis and CVD might
be explained by the possible contribution of periodontitis to
the formation of atherosclerotic lesions. This review focuses
on the mechanism of association between periodontal diseases
(PD) and atherosclerosis.

Keywords: Periodontitis, Systemic inflammation, Atheroscle-
rosis.

How to cite this article: Ambooken M, Ajithkumar PK, Mathew
JJ, Kuriakose A. Periodontal Infections and Atherosclerosis:
Mechanisms of Association. Oral Maxillofac Pathol J 2015;6(2):
615-620.

Source of support: Nil

Conflict of interest: None

INTRODUCTION

Periodontitis is an inflammatory condition of the sup-
porting tissues of the teeth with a predominant bacte-
rial etiology. The currently accepted paradigm on the
pathogenesis of periodontal disease (PD) is based on
the notion that bacterial colonization elicits an immune
response by the host that, under additional conditions,
may result in the manifestation of clinical disease. It has
been well-established that multiple cytokines and infla-
mmatory markers, including IL-1, IL-6, IL-8 and TNF
are abundantly produced locally in pathological peri-
odontal tissues. It has been postulated that these locally
produced inflammatory mediators are introduced into
the bloodstream. Parallel to the induction of short-lived
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bacteremias, chronic periodontal infection has been
shown to contribute to a state of systemic inflammation
characterized by plasma elevation of acute-phase proteins,
such as CRP inflammatory cytokines, such as IL-6 and
coagulation factors, such as fibrinogen.

Atherosclerosis has been defined as a progressive
disease process that involves the large, to medium-sized
muscular and the large elastic arteries. Atherosclerosis
can lead to coronary heart disease, as well as myocardial
and cerebral infarctions. It is now, widely accepted that a
major component of pathology in atherosclerosis involves
multiple components of the innate and adaptive immune
systems leading to an inflammatory response within the
atheromatous lesion.! Links between periodontitis and
atherosclerosis would be predicted based on inflammatory
mechanisms initiated by bacteria associated with perio-
dontal lesions, locally or systemically, that then influence
the initiation or propagation of the atherosclerotic lesion.

OVERVIEW OF ATHEROSCLEROSIS
PATHOGENESIS

Optimal cardiovascular function requires proper func-
tioning of endothelial cells through the production of para-
crine factors that modulate vasodilation, inflammation,
thrombosis and cellular proliferation in the blood vessel.
Disruption of endothelial function is one of the earliest
indicators of cardiovascular disease (CVD), which can
be initiated by a number of factors including infection.?
Following injury, endothelial cells initiate a series of pro-
inflammatory signals, such as the release of chemokines,
increased expression of cell adhesion molecules that
promote attachment and transmigration of leukocytes
into the vascular intima activation of smooth muscle cells
and endothelial cell death programs.>*

Damaged endothelia also trigger platelet aggrega-
tion and initiate thrombus formation at the site of injury,
which can result in vessel occlusion.” Activated leuko-
cytes that have migrated into the subendothelial space
continue the inflammatory cycle through production of
additional proinflammatory cytokines, reactive oxygen
species (ROS) and the release of tissue proteinases that
degrade the surrounding extracellular matrix. Smooth
muscle cells present within the intima and media
layer of the vessel also contribute to vascular pathology
by secreting matrix metalloproteinases (MMPs) and
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undergoing proliferation.® Macrophages take up low-
density lipoprotein by a process of oxidation (producing
oxidized low-density lipoprotein), and are transformed
into foam cells in the lamina intima.”

MECHANISMS OF ASSOCIATION BETWEEN
PERIODONTAL DISEASE AND
ATHEROSCLEROSIS

Periodontitis and atherosclerosis appear to have a number
of characteristics in common as they are more likely to
occur in persons who are older, male, of lower educational
status, have fewer financial resources, who smoke, are
stressed, and are socially isolated. These commonalties
hint that PD and heart disease may share a similar causa-
tive pathway. Significantly, periodontal bacteria can affect
all of these processes either by directly interacting with/
invading endothelial cells, smooth muscle cells, leukocytes
and platelets, or indirectly by stimulating the release of
paracrine factors that modulate the function of these cells.

DEVELOPMENT OF ENDOTHELIAL DYSFUNC-
TION AND FORMATION OF ATHEROMATOUS
PLAQUE BY PERIODONTAL PATHOGENS
AND THEIR PRODUCTS

Entry of oral bacteria and/or bacterial products into the
bloodstream is thought to be one of the key initiators of
biological events that link oral infections to atheroscle-
rosis. Bacterial DNA from several periodontal pathogens
has been detected in human endarterectomy specimens.®
Viable Porphyromonas gingivalis and Aggregatibacter actino-
mycetemcomitans were recovered and cultured from human
atheromatous plaques originating from a patient with PD.?

In addition to whole bacteria-endothelial cell inter-
actions, studies have examined the effects of specific
bacterial products, such as microbial proteases, lipopoly-
saccharide (LPS) and outer membrane vesicles (OMVs).
Arginine-specific gingipain, a P. gingivalis-specific pro-
tease increased the responsiveness of endothelial cells
to live P. gingivalis and P. gingivalis LPS, by inducing
Weibel-Palade body exocytosis through activation of pro-
tease-activated receptors (PARs). Weibel-Palade bodies
are vesicles in endothelial cells that store vasoactive
substances, such as angiopoietin-2, which may enhance
IL-8 production by LPS-stimulated cells.’

Outer membrane vesicles are vesicles ‘budding off’
from growing bacterial cells and comprising a protein
fraction and LPS. Porphyromonas gingivalis OMVs were
found to impair growth and tube formation endothelial
cells, an effect mediated by the protein fraction of OMVs.!!
In addition, a free-soluble surface material, released by
A. actinomycetemcomitans grown either in a biofilm or
in a planktonic form, was found to induce production

of several proinflammatory cytokines in human whole
blood. Since both OMVs and free soluble surface material
are abundantly produced locally in the plaque biofilm,
their potential entry into the circulation may constitute
a significant source of inflammatory stimulants along
with the planktonic bacteria in the bloodstream.

Activation of Vascular Endothelium

Upon entering the bloodstream, bacteria are rapidly
cleared by host immune cells. To survive and elicit effects
at distant sites, they have evolved several host-evasion
strategies like invasion of vascular endothelial cells by
these microorganisms. Within the endothelial cell, the
survival of P. gingivalis depends on the concurrent activa-
tion of autophagy and suppression of apoptosis, which
provides an intracellular niche where the pathogen can
replicate unobstructed by host immune responses.
Porphyromonas gingivalis invasion of endothelial cells
is dependent on fimbriae and a specific hemagglutinin.
Fimbriae appear to be critical for both the invasive and
proatherogenic properties of P. gingivalis. Induction of
IL-6 in vascular endothelial cells has also been shown
to be a process dependent on fimbriae, nuclear factor-
kappa B (NF-«kB), and meiosis-specific kinase 1, which is
regulated by the autocrine IL-6 signal transducer gp130.'?
Expression of the chemokine monocyte chemoattractant
protein-1 (MCP-1), an important regulator of monocyte
migration from the vessel lumen to the subendothelial
space, was strongly induced by P. gingivalis infection.

Induction of Apoptosis in Endothelium by
Periodontal Pathogens

Induction of apoptosis in vascular endothelial cells, a
hallmark of developing endothelial dysfunction is another
bacterial strategy of critical importance in atherogenesis.
Porphyromonas gingivalis gingipains were shown to induce
celladhesion molecule cleavage, detachment, and apoptotic
cell death in bovine coronary artery endothelial cells.”®
Both gingipains and whole P. gingivalis were also able to
induce caspase-independent programed cell death.!*1°

Contributions of Periodontal Pathogens to
the Formation of Fatty Streaks and
Atherosclerotic Plaques

Cell-free products of Porphyromonas gingivalis were shown
to induce proliferation of aortic smooth-muscle cells in
vitro after preincubation with human plasma.'® Porphy-
romonas gingivalis-mediated proliferation in human endo-
thelial cells, including tube formation, and angiogenesis
in matrigel plugs was found to be dependent on activation
of the mitogen-activated extracellular signal-regulated
kinase-1 and-2 (ERK1/2).”
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Dyslipidemic Effect by Periodontal Pathogens

It has been postulated that cholesterol biosynthesis and
transport are influenced by infectious processes. Perti-
nent to periodontitis, the presence of LPS in plasma and
acute-phase responses to systemic dissemination of bac-
teria could promote elevated biosynthesis of cholesterol
in the liver, which in turn is transported as serum lipids
capable of binding to bacterial LPS. In this manner, a
pathway can be envisioned in which periodontal infection
both promotes dyslipidemia and interacts with serum
lipids so as to enhance their atherogenicity.'®

Interactions with Monocytes/Tissue Macrophages
and Enhanced LDL-uptake and
Foam Cell Formation

There is an increased adhesion of monocytes to human
aortic endothelial cells infected with invasive P. gingivalis
which is mediated by elevated expression of adhesion
molecules and chemotactic cytokines in the endothelial
cells."” Infection of monocytes with invasive strains of P.
gingivalis enhanced migration and elicited the expression
of the proinflammatory cytokines TNF-alpha and IL-6.%

Monocyte infection with invasive P. gingivalis strains
also promote enhanced LDL-uptake and foam cell forma-
tion.?! The presence of whole bacterial cells is not neces-
sary for these effects. Indeed, LPS-challenged monocytes
derived macrophages showed enhanced secretion of
TNF-alpha and interleukin-1 beta and induction of foam
cell formation and accumulation of LDL. Lipopolysaccha-
ride stimulation also decreased mRNA levels of scaven-
ger receptor B, and ATP-binding cassette transporter-1,
i.e. of two receptors that mediate the efflux of cholesterol

from macrophages.?>?

Role of Periodontal Pathogens in
Enhanced Prothrombotic State

The pathogens or their products can activate the plate-
lets directly or indirectly via the vascular endothelium.
Platelet aggregation in plasma was shown to depend
on the adhesion molecule Hgp44 and the P. gingivalis
protease Lys-gingipain (Kgp).** Porphyromonas gingivalis
had a sensitizing effect on human platelets, enhancing
epinephrine-induced aggregation. This effect was attrib-
uted to a limited activation of PARs on the platelet surface
by gingipains, with subsequent mobilization of Ca®*,
leading to a marked coagulant response to epinephrine
binding to the alpha-2 adrenergic receptor.”
Porphyromonas gingivalis gingipains induce hydro-
lysis of platelet endothelial cell adhesion molecule-1
(PECAM-1/CD31), which enhance the vascular perme-
ability.” Infection of endothelial cells with invasive

P. gingivalis strains resulted in enhanced tissue factor
expression and activity, suppressed levels of tissue
factor inhibitor, decreased levels and activity of tissue
plasminogen activator, and increased plasminogen
activator inhibitor-1 antigen levels.”” Porphyromonas gin-
givalis arginine- and lysine-specific gingipains induce
degradation of vascular endothelial cell thrombomo-
dulin.! Elevated levels of platelet-activating factor (PAF)
and P-selectin, a marker of platelet activation, were
documented in the plasma of patients with periodon-
titis and atherosclerosis.”’ Furthermore, platelets from
periodontitis patients showed an increased binding of
the glycoprotein IIb-IIla complex, a direct measure of
platelet activation, which correlated positively with the
extent and severity of periodontitis of the donor. A higher
platelet expression of P-selectin, and increased formation
of platelet-monocyte complexes in periodontitis patients
were also demonstrated.”® The platelet/monocyte com-
plexes displayed a better ability to bind and phagocytose
periodontal pathogens suggesting that increased athero-
thrombosis was paralleled by enhanced bacterial clearance.

Elevated fibrinogen is an indicator of systemic inflam-
mation and results in increased blood viscosity. Fibrinogen
and its degradation products can be localized to atheromas
as a structural component of the lesion where it, and its
degradation products, can induce inflammatory cytokine
production as well as promote platelet aggregation.?’
Patients with periodontitis have higher plasma fibrino-
gen levels and white blood cell counts than age matched
controls, and suggested a link to CVD.

In addition to mechanism by platelet activation, pro-
thrombotic effect can also occur by means of pathogen-
mediated apoptosis of vascular endothelial cells.
Activated endothelium by either direct interaction with
periodontal pathogens, or via systemic inflammatory
molecules, is known to express tissue factor (thromboki-
nase), an important mediator of thrombin formation.
However, tissue factor expressed on vascular endothe-
lium is often encrypted, i.e. rendered ineffective by post-
translational modification and, thus, is unable to exert its
procoagulant function. Apoptosis of endothelial cells can
decrypt tissue factor by increasing calcium concentra-
tions and proteolytic cleavage and, thereby can trigger
thrombosis, even when the basement membrane is not
uncovered by endothelial desquamation.®

Role of Periodontal Pathogens in Rupture of
Atheromatous Plaques

Degradation of fibrous caps is mediated by MMPs pro-
duced within the atheromatous plaques by macrophages.
Periodontal pathogens, like P. gingivalis and Prevotella
intermedia have been reported to induce production of

Oral and Maxillofacial Pathology Journal, July-December 2015,6(2):615-620

617



Majo Ambooken et al

several MMPs in different cell types, including macro-
phages and endothelial cells, and reduce the expression
of the MMP antagonist tissue inhibitor of MMPs (TIMPs).
Porphyromonas gingivalis was shown to degrade fibrous
cap material isolated from human autopsy plaque sam-
ples in vitro.3! The proapoptotic effects of periodontal
pathogens can also contribute to plaque erosion. The
reported proinflammatory effects of A. actinomycet-
emcomitans in human mast cells may also be relevant
t.3 Although mast cells are uncommon
in vascular tissues, they do localize in atherosclerotic
plaques and particularly in shoulder regions of rupture
prone plaques.®® Activation of this cell population and
subsequent production of levels of proteases capable
of destabilization of atheromatic plaques correlate with
intraplaque hemorrhage, endothelial cell and macrophage

in this contex

apoptosis and vascular leakage.**

ACTIVATION OF INNATE IMMUNE SIGNALLING
AND AUTOIMMUNE RESPONSES TO
PERIODONTAL PATHOGENS

Toll-like receptors (TLRs) and other pattern recognition
receptors (PRRs) are involved in exerting proathero-
genic effects in vascular endothelial cells. These primary
receptors of the innate immune system recognize highly
conserved pathogen-associated molecular patterns
(PAMPs). Activation of TLRs and their downstream
signaling pathways leads to cellular activation and a
specific response to microbial infection. Expression
of TLRs is strongly induced in endothelial cells and
macrophages in atherosclerotic lesions. Porphyromonas
gingivalis LPS appears to interact with different TLRs in
a cell-type dependent manner.* The activation of human
vascular endothelial cells, monocytes, and macrophages
by P. gingivalis was mediated by TLR2, but not by TLR4.
Hypercholesterolemia may result in accelerated TLR2-
mediated atherosclerosis.*®

Autoimmune Responses to Periodontal
Bacteria-Molecular Mimicry

Periodontitis patients known to have elevated systemic
antibody responses to microorganisms, and several such
organisms are known to be able to induce cross-reactive
and specific antibodies of relevance to atherosclerosis
risk. Measures of such antibodies have both been associ-
ated with increased cardiovascular risk in periodontitis.
Molecular mimicry occur when sequence similarities bet-
ween foreign and self-peptides produce cross-activation
of autoreactive T or B cells that can lead to tissue patho-
logy or autoimmunity.

A family of highly conserved heat-shock proteins
(HSPs) may be expressed on certain bacterial membranes,

when exposed to stress. Bacterial HSPs are considered
major antigenic determinants that elicit antibodies and
specific reactive T-cells that can cross-react with host
cells expressing homologous molecules, resulting in
auto-aggressive destruction. High degree of homology
was found between the P. gingivalis HSP60—termed
GroEL—and mammalian HSP60 family members.*
Porphyromonas gingivalis GroEL was shown to be highly
immunogenic, and was recognized by serum antibodies
isolated from patients suffering from PD.%®

Another family of antibodies namely anticardiolipin
(anti-CL) antibodies, are known to be associated with
vascular thrombosis and early atherosclerosis. It has been
shown that a variety of microbial pathogens are capable
of inducing pathogenic anti-CL because of their similari-
ties to peptide sequences in target antigen site. Patients
with chronic or aggressive periodontitis demonstrate
a higher prevalence of elevated levels of anti-CL than
healthy subjects without periodontitis. An association
between levels of serum anti-CL and serum markers of
vascular inflammation, including sICAM-1, sVCAM-1,
and sE-selectin, were found in periodontitis patients.®
Anti-phosphorylcholine (anti-PC) and antioxidized LDL
(anti-oxLDL) are other antibodies implicated in risk for
CVD. They have been also shown to be inducible by peri-
odontal pathogens.*

INDUCTION OF OXIDATIVE STRESS BY
PERIODONTAL PATHOGENS

Induction of oxidative stress is another potential path-
way through which periodontitis may contribute to
atherogenesis. Oxidation of LDL via ROS is a prerequisite
for cholesterol uptake by macrophages and the forma-
tion of foam cells but also results in several additional
proatherogenic effects.*** Thus, apart from its involve-
ment in the formation of fatty streaks, Ox-LDL also affects
the vascular endothelium both directly and indirectly.
Direct effects include the induction of cellular activation
and apoptosis by interaction with lectin-like oxidized
low-density lipoprotein receptor (LOX-1).** Indirect
effects are exerted through downregulation of the expre-
ssion of endothelial nitric oxide synthase (eNOS), which
results in increased production of ROS, ongoing LDL
oxidation, and endothelial dysfunc’[ion.44 Ox-LDL also
inhibits differentiation and induces apoptosis of endo-
thelial progenitor cells (EPCs), a subpopulation of bone
marrow-derived stem cells that participates in vascular
repair.*’ It has been established that Ox-LDL up-regulates
proatherogenic chemokines and adhesion molecules via
the CD40/CD40L pathway and triggers IL-6, TNF-alpha
and CRP secretion.*®
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CONFOUNDING ROLE OF SHARED
RISK FACTORS

Periodontal disease and atherosclerosis share many risk
factors, such as increasing age, smoking, alcohol abuse,
race/ethnicity, education and socioeconomic status, male
sex, diabetes mellitus, and overweight or obesity. The
impact of these factors may confound the relationship
between two conditions. Smoking is a major risk factor
for both periodontal and CVD. The role of smoking in the
observed association between PD and CVD outcomes is
a critical one because smoking can play a role both as a
confounder and as an effect modifier.

Systemic inflammation, defined by increased circula-
ting TNF-o, is associated with obesity and periodontitis
and has been proposed as a mechanism for the connec-
tion between these conditions.*” Systemic inflammatory
responses also could explain the association between
periodontitis and type 2 diabetes by cytokine induced
insulin resistance.” Increased hsCRP plasma levels in
patients with prehypertension and patients with esta-
blished hypertension, may link two conditions.*® Major
depression, physical inactivity, family histories of CVD
and PD, advancing age, and male gender are other risk
factors for atherosclerotic CVD that are commonly found
in patients with periodontitis and also may serve as
confounders.*’

CONCLUSION

The relationship between PD and atherosclerosis is
potentially of great public health importance because of
their high prevalence. It seems clear that several mecha-
nistic pathways may exist that explain how periodontitis
might be causally linked to atherosclerosis. These bio-
logical explanations most likely occur simultaneously
and could be the direct or indirect consequence of the
pathogenic microbiota in periodontal lesions. However,
a direct causal relationship between periodontitis and
atherosclerosis has not been established. Exploration of
any such mechanism by future studies may ultimately
aid in reducing the morbidity and mortality associated
with CVD by a combined treatment approach by dental
and medical specialists.
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