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Abstract

Hypothesis and Objectives: Periodontitis is one of the most common inflammatory
diseases in the world, affecting more than 50% of the population. Its inflammatory
capacity has been shown to increase the risk of coronary heart disease, thus linking
both diseases. Metalloproteinases (MMPs) are zinc-dependent enzymes involved in
the breakdown of the extracellular matrix in both periodontitis and atherosclerotic
plaque in coronary heart disease. This literature review aims to analyze the diagnostic
potential of MMPs (MMP-8, MMP-9) and the tissue inhibitor of matrix metalloproteinase
(TIMP-1) in saliva and serum for the detection of periodontal and/or coronary artery

disease.

Methodology: Research was conducted through PubMed and Wiley Online Library
platforms. A total of 36 articles were read and analyzed, and eight were analyzed in

depth to describe the results of this project.

Results: MMP-8, MMP-9 in saliva show an elevated expression in patients with
periodontal diseases while TIMP-1 is reduced in periodontal patients. MMP-8 is also
found in high levels in other fluids such as gingival crevicular fluid (GCF). On the other
hand, serum MMP-8 and MMP-9 show a high expression in patients with coronary
heart disease. However, the level of TIMP-1 in blood is shown to be of no significance

for the diagnosis of coronary heart disease.

Conclusion: MMP-8, MMP-9 are potential biomarkers for the diagnosis of periodontal

disease and coronary heart disease. However, sampling of biological fluids is essential



for diagnostic value. Thus, MMP-8 and MMP-9 in the serum are considered less
relevant for the diagnosis of periodontal disease. Likewise, the use of saliva
biomarkers is not considered useful for the diagnosis of coronary heart disease. TIMP-
1 levels in saliva and serum does not show conclusive results and therefore more

research should be carried out.

Resumen

Objetivos: La periodontitis es una de las enfermedades inflamatorias mas comunes
en el mundo, que afecta a mas del 50% de la poblacion. Se ha demostrado que su
capacidad inflamatoria aumenta el riesgo de sufrir una cardiopatia coronaria, lo que
relaciona ambas enfermedades. Las metaloproteinasas (MMP) son enzimas
dependientes del zinc que participan en la descomposicién de la matriz extracelular
tanto en la periodontitis como en la placa ateroscleroética de la enfermedad coronaria.
Esta revision bibliografica tiene como objetivo analizar el potencial diagndstico de las
MMP (MMP-8, MMP-9) y del inhibidor tisular de la metaloproteinasa de la matriz
(TIMP-1) en saliva y suero para la deteccion de la enfermedad periodontal y/o

coronaria.

Metodologia: La investigacion se realizo a través de las plataformas Pubmed y Wiley
Online Library. Se consultaron y se analizaron un total de 36 articulos, ocho de estos

estudios se analizaron para describir los resultados.

Resultados: Las MMP-8, MMP-9 en saliva muestran un resultado elevado para las

enfermedades periodontales mientras que el TIMP-1 esta reducido en los pacientes



periodontales. La MMP-8 también se refleja elevada en otros fluidos como el liquido
crevicular gingival (GCF). Por otro lado, la expresion de MMP-8, MMP-9 en suero es
elevada en paciente con enfermedad coronaria. Sin embargo, el nivel de TIMP-1 en

sangre se muestra sin importancia para el diagnostico de la cardiopatia coronaria.

Conclusién: Las MMP-8, MMP-9 son potenciales biomarcadores para el diagnostico
de la enfermedad periodontal y la enfermedad coronaria. Sin embargo, la toma de
muestras de fluidos biologicos es esencial para el valor diagnostico. Los
biomarcadores MMP-8 and MMP-9 en suero son considerados menos relevantes para
el diagnostico de la enfermedad periodontal. Asimismo, el uso de biomarcadores de
saliva no se considera util para el diagnostico de la enfermedad coronaria. EI TIMP-1
no muestra resultados concluyentes, de modo que hace falta una mayor investigacion

de este biomarcador.
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1. Introduction

The increase in non-communicable diseases (NCD) worldwide causes the

death of about 70% of global mortality or 41 million deaths of individuals per year. The

greatest NCD worldwide is cardiovascular disease, which in Europe alone causes the

death of more than 3.9 million patients." Every year cardiovascular diseases, which

include stroke, rheumatic heart disease, cardiomyopathy, myocardiopathy and

coronary heart disease, represent the leading cause of death worldwide.? Coronary

heart disease is the leading cause of cardiovascular mortality, claiming more than 4.5

million lives annually worldwide.® On the other hand, periodontitis is also considered a

highly prevalent non-communicable disease. Around 40-50% of the world' s population

suffers from periodontitis,
and up to 11.2% of them
experience severe
periodontitis (Fig 1)." And
although it does not cause
deaths, in 2016 it was
considered one of the
diseases that caused YLD
(years of disability) of
those of 3.5 million people

around the world.*

' No Periodontal Disease

Perlodontal Disease

. Severe Periodontal Disease

Fig 1. World population suffering periodontitis. Reference: Sanz M, Marco del Castillo
A, Jepsen S, Gonzalez-Juanatey JR, D’Aiuto F, Bouchard P. Own elaboration

Several studies have shown a correlation between periodontal disease and

cardiovascular disease (e.g. stroke, myocardial infarction, vascular disease, coronary



artery disease (CAD))." 5 It is crucial that dentists understand and identify the
association between periodontal disease and cardiovascular disease. Important
elements to take into account for a correct treatment of periodontitis and help to
promote a healthy periodontium are crucial to reduce the overall inflammation in the
organism and the prevention of cardiovascular disease. In addition, an early diagnosis
of periodontitis is a key element in terms of the success of the treatment; thus, the
progression of the inflammation could cause an irreversible loss of periodontal

structures and potentially could facilitate the development of cardiovascular disease.

1.1 Periodontal Disease

Periodontitis, or periodontal disease, is a multifactorial inflammatory disease
related to dental plaque and where its main victim is the destruction of the supporting
tissues of the tooth.® There is evidence that there are different elements that influence
periodontal diseases. Studies have suggested that there is a relationship between
social income and periodontal diseases. It has been reported that people with a low
socioeconomic index had 1.8 times more severe periodontitis than those with a high
socioeconomic index.* Though, periodontal disease is produced by certain bacteria
like, Actinobacillus actinomycetemcomitans, Porphyro-monas gingivalis, Prevotella
intermedia and Tannerella forsythensis, which are essential for disease onset, the
existence of predisposing factors will influence the pathogenesis of the disease. ’
Periodontitis can be chronic, also called continuous or aggressive, where bone loss
and insertion is rapidly occurring. The periodontal disease is subdivided into localized,
where less than 30% of the pieces are affected, or generalized, where more than 30%

have pockets larger than 4mm. Periodontitis can be categorized as mild (1-2mm),



moderate (3-4mm) and severe with pockets deeper than 5mm. 7 The basic signs of

periodontitis are the presence of periodontal pockets, gingival bleeding and bone loss

from the alveolar bone.® The traditional methods for periodontal diagnosis are based

on the patients' clinical history including intraoral and extra oral examination, presence

or absence of BOP, periodontal pocket and radiographic images (Fig. 2):2

Presence or absence of inflammation such as BOP (bleeding on probing). This
indicator is used to monitor the inflammation present in gingival tissue. BOP is
measured by inserting a probe into the sulcus with slight pressure. The
presence of bleeding is often associated with the degree of bacteria present in
the dental plaque, causing inflammation and therefore bleeding. ® Absence of

bleeding is a reliable indicator of periodontal health.'®

Probing depth: For the evaluation of probing depth, it is important to choose the
correct periodontal probe, the most recommended, the CP12 probe. The probe
is inserted at the base of the junctional tissue of 6 sites of each tooth (mid-
buccal, mid-buccal, buccal, disto-buccal, mid-palatal, mid-palatal and disto-
palatal. If probing depth, along with BOP persist over time, this can be

considered a risk for progression of periodontal disease.°

X-rays radiographic diagnosis is important for the diagnosis of periodontitis. A
healthy periodontium would not exhibit changes in the lamina dura or shows no

evidence of bone loss.® However, radiographs in periodontal patients show



bone loss and its pattern.’® These radiographs cannot be used as the only

diagnostic method, but as a complementary one to the rest of the tests.®

e Recession and clinical attachment loss: this method is considered as an
additional method to radiographic tests, probing and BOP. Probing depth in mm

added to recession equals the loss of attachment.™®

e Dental mobility: the loss of attachment plus the loss of alveolar bone cause
dental mobility. The degrees of mobility are classified as grade | if the horizontal
mobility is less than 1 mm, grade Il if it is greater than 1 mm in the horizontal

direction and grade lll if the mobility is both horizontal and vertical.'®

e Occasionally the use of supplementary diagnostic tests such as GCF evaluation
can be used for the detection of periodontal disease; however, they are not
commonly used. These approach detects the presence of associated
substances, pathogens, enzyme detection, tissue breakdown and inflammatory

biomarkers, present in periodontal patients.®

The diagnostic possibilities of periodontitis are based on knowledge of their
etiology and pathogenesis. As mentioned above, current diagnosis methods to date
have focused primarily on the clinical examination of the oral cavity, oral radiographs
an occasionally supplementary test. Advances in research into the diagnosis of oral
and periodontal diseases are moving towards techniques to help identify and quantify

periodontal risk using molecular biology. These techniques allow to analyze and



quantify biomarker in different biological fluids of interest in dentistry, as saliva and
crevicular fluids. As mentioned, these approaches are used on an occasional basis
and only as a supplementary method to traditional diagnostic methods for the detection

of periodontal disease.

Radiographs

New diagnostic pe_indont.a|
methods: Diagnostic
biomarkers Methods

Dental Mobility

Fig 2. Periodontal Diagnostic Methods. Reference: Own elaboration.

1.2 Periodontitis is an Inflammatory Disease

Periodontitis causes inflammation of the immune system, both local and
systemic, through a rise of white blood cells, C-reactive protein, fibrinogen, proi-
nflammatory cytokines and cell adhesion molecules. *The inflammatory response of
periodontitis to the immune system at a systemic level enhances the risk of
cardiovascular disease. Alternatively, there is the potential for various pathogens
present in the mouth to infiltrate the blood stream and be incorporated into

atherosclerotic plaques, promoting inflammation of these plaques. °



Although there is a strong pathophysiological relationship between the two
diseases, it is possible that the association between periodontitis and cardiovascular
disease is not a causal one. In many observational studies, the association of both
diseases is explained by risk factors. Smoking, diabetes mellitus, increasing age and
low socioeconomic status are shown to be risk conditions for periodontal diseases as
well as for cardiovascular diseases (Fig. 3). These common risk factors between both
diseases are relevant to the understanding of the relationship between them.

Controlling them leads to a reduction in both diseases.®

Periodontal Disease Coronary Heart Disease
* Poor oral hygiene » Hypertension
* Pregnancy » Sedentarism
¢ Certain * Smoking
medications ¢ Diabetes mellitus
* Age

* Socioeconomic status
e Family history

e Poor nutrition

* Obesity

e Stress

Fig 3. Risk factors for Periodontal Disease and Coronary Heart Disease. Reference: Stewart R, West M.
Own elaboration

In 2012, the European Federation of Periodontology (EFP) together with the
American Academy of Periodontology concluded that there is high evidence that
indicates that periodontitis imposes an increased risk for future arteriosclerosis or

cardiovascular disease. 'The American Heart Association, also in 2012, stated that



there is no clear evidence that periodontal disease causes cardiovascular disease.
Many studies show a strong evidence of an association between the two diseases, but
this does not prove a causative relationship between periodontitis and coronary artery

disease, ® ' but deservers further research as is shown in this work.

1.3 Coronary Artery Disease

Coronary artery disease is a cardiovascular disease that affects the arteries of
the heart, causing a deficiency of oxygenated blood pumping to the heart. This disease
is mainly caused by a buildup of plaque in the arteries or what is known as
arteriosclerosis.’?> These plaques cause a blockage of the coronary arteries on the
surface of the heart, decreasing the oxygen reaching the heart and causing myocardial
ischemia. Coronary artery disease, including acute myocardial infarction (AMI), is

responsible for 50% of deaths from cardiovascular disease.’?

As mentioned above, most cardiovascular diseases, including coronary heart
disease, are the result of an accumulation of risk factors such as age, environment,

genetics, lifestyle, medical conditions, race and gender.'?

The majority of patients with coronary heart disease suffer from severe
symptoms.’® However there is a percentage that is referred to as "silent' coronary
disease, that don't show any symptoms or signs.'? Angina pectoris is the most obvious
symptom of coronary heart disease (CHD), where a pressure in the chest that may

radiate to the shoulder causes pain for a few minutes.'3



For the diagnosis of coronary heart disease, blood tests along with electrocardiograms
are of great importance. However, there are other diagnostic tests such as coronary
calcium scan, stress test, magnetic resonance imaging (MRI) for the detection of

damaged tissue, coronary angiography, etc.'?

Even though that both periodontitis and coronary artery disease have each an
individual diagnostic method, there are some biochemical tests that can be used for
the diagnosis of both diseases. These techniques are promising techniques for the
future that are under development, which could include saving time and saving costs
for the diagnosis of both periodontitis and coronary artery disease. Nonetheless, there
are different types of saliva biomarkers and serum biomarkers involved in the immune

system's response that demonstrate the early diagnosis of these diseases.

1.4 Molecular Biomarkers for the diagnosis of Periodontitis and early
detection or risk of Coronary Artery Disease

According to the International Program on Chemical Safety, led by WHO (World
Health Organization) and in cooperation with the United Nations (UN), the definition of
a biomarkers is stated as "any substance, structure, or process that can be measured
in the body or its products and influence or predict the incidence of outcome or
disease"." A more extensive definition, takes into account not only the occurrence and
outcome of a particular disease but also the effects of interventions and treatments.
WHO cites that the real concept of a biomarker includes “almost any measurement
reflecting and interaction between a biological system and a potential hazard, which

may be chemical, physical or biological”. The measured response may be functional



and physiological, biochemical at the cellular level, or molecular interaction”.'* By
definition biomarkers are quantifiable objectives, which are features of any biological
process. Biomarkers may be considered of great value in the diagnosis of diseases,

as well as in their treatment and follow-up.'

The detection of biomarkers in biological fluids, such as saliva and blood, can
be considered an important medical tool for the early diagnosis of periodontal diseases
as well as cardiovascular diseases, and of special interest in dentistry. Early diagnosis
of different diseases favor a greater probability of recovery and success. This is why
the detection of biomarkers in body fluids, is of great significance in cardiovascular

diseases and other pathologies, as periodontitis.'®

Both disease have different biomarkers that can show a sign of the presence of
these diseases. In periodontal diseases, when examining the destruction of periodontal
structures such as alveolar bone, different biochemical markers, such as
metalloproteases (MMPs), bone collagen fragments, and osteocalcin, can predict
periodontal loss. '® The cytokine IL1B together with tumor necrosis factor (TNFa) and
prostaglandin E2 (PGEZ2) are responsible for neutrophil migration and alveolar bone
resorption in periodontitis. A high concentration of these cytokines can be used as
diagnostic indicators of the presence and progression of a periodontal disease.
However, these biomarkers correspond only to the detection of periodontitis, not
coronary artery disease, therefore they are not going to be discussed in this work. 'In
the case of cardiovascular diseases, there are several circulating markers that are

associated with atherosclerosis such as cyclooxygenase-2 (COX-2), hepatocyte



growth factor (HGF), interleukin (IL), MMPs, etc.'® Despite of the presence of several
biomarkers, metalloproteinases (MMPs) are powerful biomarkers for the diagnosis of
both periodontal and cardiovascular diseases, in saliva and in serum, and therefore

this literature review will be based on them.

As mentioned above, the increase of the MMPs is also associated with
periodontal disease. Of the most important, MMP-8 (metalloprotease-8), MMP-9
(metalloprotease-9) and TIMP-1 (tissue inhibitor metalloproteinase-1), are described
as major saliva biomarkers for the detection of periodontal disease.!” Alterations in
MMP expression, although they are related to biological processes, they also appear
during pathological processes, such as cardiovascular diseases and periodontal
disease. ' MMPs are created in a latent and non-active form, but can be activated
depending on their molecular structure, either extracellular or intracellular. The main
inhibitors of these enzymes are the TIMPs or tissue inhibitors, which restrict the

decomposition of their extracellular matrix components.?°

1.4.1 MMPs and TIMPs are Molecular Biomarkers for the diagnosis of
Periodontitis and Coronary Artery Disease

MMPs are a group zinc-dependent enzymes responsible for the degradation of
most of the extracellular matrix proteins during the organogenesis, the growth and the
replacement of tissues, and in pathological processes. 2! Around 23 MMPs have been
genetically identified in humans?°. These 23 members of the MMPs family are arranged
as a pro-peptide sequence of more than 80 amino acids (aa), a catalytic

metalloproteinase domain of 170 aa, a linker peptide or hinge region and the
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hemopexin domain of 200aa. Depending on their structural domain organization,
MMPs are classified into collagenases, gelatinases, stromelysins, matrilysins,

membrane type (MT-MMPs) and others. 1

In dentistry, MMPs are biomarkers of interest for diagnosis of periodontitis and
coronary artery disease. Thus, MMP8 also called collagenase 2 or neutrophil
collagenase is main type of interstitial collagenase present in gingival crevicular fluid
and saliva, oral rinse samples and the human gingival tissue affected by periodontitis.
22 MMP-8 in its active form, originating from neutrophils is known to be the main host
cell-derived collagenase that produces periodontal connective tissue destruction as a

result of gingival collagen and periodontal ligament breakdown. 23

MMP9 or also known as gelatinase B, is an enzyme that breaks down type IV
collagen and elastin. 2* They are produced by different cell types, including epithelial
cells, fibroblasts, keratinocytes and osteoblasts. ' An increased concentration of
MMP-9 is widely associated with atherosclerosis and cardiovascular disease. This
enzyme is known to be linked to the rupture of atherosclerotic plaque and to the
destruction of myocardial tissue.?® It has also been reported that serum MMP-9 levels
are significantly elevated in people who have suffered a myocardial infarction,
compared to healthy cardiovascular patients, showing that MMP 9 is a clear marker of

cardiovascular disease.?®

The activity of MMP enzymes is regulated by different inhibitors, where tissue

inhibitors of metalloproteinases (TIMPs) plays the most important role. The balance of

11



MMPs and TIMPs is responsible for the control of extracellular matrix protein
degradation, inflammation and downregulate cell growth and migration that can cause
different diseases. 2’ Each TIMPs or metalloproteinase inhibitor is composed of at least
190 amino acids (aa), organized into two domains, each stabilized by disulfide bonds.
The N-terminus can function independently for the inhibition of MMPs through its
catalytic domain. On the other hand, the function of its second domain, the C-terminus,

is not fully understood, but it binds to the hemopexin domain of latent MMPs. 27

Tissue inhibitor matrix metalloproteinase 1 or TIMP-1, is a secretory protein that
belongs to the 4-member family of TIMPs (TIMp1, TIMP2, TIMP3 and TIMP4).28 2° |ts
interaction with specific metalloproteinases, such as MMP8 and MMP9, determines

the function of the metalloproteinases. 3°

The structure of TIMP1 encodes to 931 base pair mMRNA and a total of 207
amino acids.?® This protein, according to studies, has been shown to have an inhibitory
effect against most MMPs, except MMP14, MMP16, and MMP19. 3" The inhibition
process is through the 1:1 formation of a non-covalent bond with MMPs, which

regulates the balance of matrix remodeling during extracellular degradation.?®

Although the main function of TIMPs is the inhibition of MMPs, they are also part
of their transport and stabilization. Several studies have proposed that an imbalance
of MMPs and their inhibitors results in the activation of periodontal disease. This takes

place because an increment of MMPs and a reduction of TIMPs cause the breakdown

12



of connective tissue collagen and alveolar bone, fundamental pillars for a healthy

periodontium. 2°

1.4.2 Techniques to Quantify MMPs and TIMPs in Biological Fluids

In order to study MMPs and TIMPs it is important to know about reliable methods
to detect and quantify these molecules. The analysis of biomarkers in biological fluids,
such as saliva and blood, can be considered an important medical tool for the early
diagnosis of periodontal diseases as well as cardiovascular diseases, of especial
interest in dentistry. As an example, an early diagnosis of both diseases have a greater
probability of recovery and success. This is why the detection of biomarkers in body
fluids, such as saliva, serum and gingival crevicular fluid (GCF) is of great significance
in these pathologies.'® Studies have shown that there are different techniques for
detecting biomarkers on the market, such as gel electrophoresis, surface plasmon
resonance or electrochemical assay. However, the most used are time-resolved
immunofluorescence assay, also known as immunofluorometric assay (IFMA) and

Enzyme-Linked ImmunoSorbent Assay commonly known as ELISA. 20

ELISA is one of the most widely used biomarker detection methods for clinical
diagnosis of different diseases. ELISA usually works with the use of antibodies raised
in animals, targeted to specific biomarkers. This method is a useful method in the
detection of biomarkers in biological fluids, so its use in studies in both saliva and
serum biomarkers is very commonly used.'®This is why ELISA is the method

implemented in all the studies reviewed for the detection of MMPs.
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On the other hand, IFMA is an immunofluorometric assay, also used in different

studies for the detection of biomarkers (in saliva and serum) in both coronary and

periodontal diseases, specifically active MMPS8. 2° Together with ELISA, they are the

two most commonly used methods for the detection of MMPs.32 IFMA is an analytical

method based on the reaction between an antigen and a specific antibody.3?

As mentioned above, periodontal disease (PD) and coronary artery disease

(CAD) are both common illnesses in people around the world. Although they are

completely independent diseases, it has been scientifically proven that they have a

relationship between them, mainly the inflammatory process of their pathophysiology

(Fig 4). It has also been proven that periodontal diseases potentiate coronary diseases

" The destruction of tissues, both in periodontitis and in coronary diseases, is reflected

in an imbalance of MMPs and TIMPs 33

Biomarkers: ILs, PGE2,
TNF-a, MMPs, TIMP

Fig 4. Schematic representation
showing the relationship between
Periodontal Disease and Coronary
Artery Disease. Reference: (1) The
presence of several pathogens of the
biofilm in the oral cavity could lead to
gingival epithelium inflammation and
the release of biomolecules crucial for
inflammation, immune response, and
tissue destruction into saliva and blood
stream. These molecules are
interleukins (ILs), prostaglandin E2
(PGE2), tumor necrosis factor alpha
(TNF-a). Furthermore, the continued
inflammatory process induces alveolar
bone resorption and degradation of
ligament tissue by metalloproteases
(MMPs). (2) At a chronic stage, oral
pathogenic dissemination into the
bloodstream could lead to the onset of

Given the role of MMPs and TIMPs in the breakdown of proteins in the

extracellular matrix, both in coronary diseases and in periodontitis, it is prudent to study

these molecular enzymes. Therefore, this work aims to find a relationship between
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these biomarkers present in patients with periodontitis, both in saliva and blood, to
assess if could be used also as a diagnostic method of coronary artery diseases in the

dental clinic.

1. Objectives

2.1 General Objective
Review scientific data supporting the use of molecular oral biomarkers, in saliva

and serum, as a diagnostic tool of coronary artery disease in patients with periodontitis.

2.2 Specific Objectives

e Review scientific data that support the value of MMP-8, MMP-9 and TIMP1 as
diagnostic biomarkers in both coronary disease and periodontitis.

¢ Review the utility of MMP-8, MMP-9 and TIMP1 in saliva as a diagnostic marker

of coronary disease in patients with periodontitis.

2. Methodology
PubMed, in advanced search and Wiley Online Library were used as databases
for the compilation of articles for this study. The keywords included on the advanced

search were the following: "biomarkers”, "periodontitis" and "coronary artery disease".

The selected keywords were placed in the search as follows: "saliva and serum

biomarkers" (anywhere), AND "periodontal disease" (anywhere) AND "coronary artery

disease" (anywhere).

15



The advanced search revealed a total of 341 articles exposed in both platforms.
Different inclusion criteria were used, such as the range of years of publication, and
the language of publication. A total of 19 articles were exhibited on the PubMed

platform and a total of 129 articles were exhibited in the Wiley Online Library.

Exclusion and inclusion criteria applied for the studies were the follow:
1. English and Spanish language

2. Last 10 years of publication

The category "Dentistry” was included in the advanced search of the 129 articles
in the Wiley Online Library, in order to exclude all those other documents where there
was no relevance in dentistry. A total of 36 of the 129 articles presented were displayed

after the filter was applied.

The use of information from other sources like Google scholar and Government

websites were used for specific data.

A total of 34 articles, were read and analyzed, to provide data and information
for this study bibliographic research. Additional manually selected articles were
included following the eligibility criteria. The use of information from other sources like
Google scholar and Government websites were used for specific data. However, only

8 studies were examined in the result section of the study.
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4. Results

Since periodontitis and coronary artery disease are related and most frequent
diagnosed at advanced stage, finding biomarkers for early diagnosis of these
pathologies is of tremendous importance to increase the probability of recovery and
success and reduce mortality and improve quality of life of patients affected for both
diseases. Research studies have been developed to identify different types of
biomarkers. In this study, we discuss and describe general characteristics of known
biomarkers, such as MMP-8, MMP-9 and TIMP-1 in periodontal disease and coronary
artery disease, or in patients suffering both diseases; with the idea of discussing the
utility of these biomarkers in the diagnosis of these pathologies. In Table 1, all the
investigated diagnostic biomarkers with brief additional information are presented.

More details about techniques and its detection of biomarkers are provided Table 2.

4.1 Type and number of studies reviewed

Most of the studies used for obtaining the results are of experimental type,
specifically case control and cohort studies. In contrast, 2 studies followed a
bibliographic and systemic review of the different MMPs. In Table 1, the different

studies with specific details are stated.
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Table 1. Global Review of articles reviewed in this work. Reference: Own Elaboration




Few studies describe the levels of MMPs in both periodontal and cardiovascular
disease, for this reason we expand the analysis, including studies that quantify MMPs
in periodontal disease (3 studies) and separately for MMPs in coronary artery disease

(1 study), and both diseases together (4 studies).

Finally, few studies that focused on groups of all categories, patients with and
without periodontal disease and patients with and without cardiovascular disease, were
analyzed. The total number of participants exceeds 550 participants, which results in
a large group of total participants, demonstrating that although the number of studies
is small, the sample of participating individuals is significant. The number of

participants and their characteristics in these studies are shown in Table 1.

Relevant information from each study is shown in Table 1, including population,
stage of the diseases and other information that can be considered important of each

study.

4.2 Biomarkers analyzed
The biomarkers analyzed on this bibliographic study where MMP8, MMP9 and
TIMP-1, specifically. Different studies used different techniques for the detection of

these biomarkers in different body fluids; saliva, serum and GCF (see Table 2).

e MMPS8: stands for metalloproteinase-8. In all studies, the detection technique

used was IFMA for the capture of this MMPs in both serum and saliva. However,
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for the detection in GCF, some studies preferred the used of ELISA. The
detection limit was between 0.05-0.08ng/ml

¢ MMP9: stands for metalloproteinase-9. In the studies reviewed, the use of
ELISA was essential for the detection of MMP9 in both blood and saliva. No
studies were analyzed for the detection of MMP9 in GCF. The detection limit
was set to 0.05ng/ml

e TIMP-1: stands for tissue inhibitor metalloproteinase 1. As for MMP9, the
analysis for this biomarker was in charge of ELISA technique, for blood and
saliva. No studies were analyzed for the detection of TIMP-1 in GCF. The

detection limit for both serum and saliva was 0.08ng/ml

Table 2. Biomarkers analyzed in different biological fluids and limit detection for each. Reference: Own elaboration
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4.3 Biomarkers under study: expression levels in periodontitis and
coronary artery disease.

As indicated above, various methods were used to analyze the levels of MMPS8,
MMP9 and TIMP-1 in different body fluids from patients suffering either periodontitis
and/or coronary artery disease, showing that technically it is possible to quantify and
detect the presence of these biomarkers in saliva and serum in patients with

periodontitis and coronary artery disease (Table 3).

However, there are some problems associated with its use the dental clinic.
These mainly is due to the high complexity of these diseases under study and therefore
the interpretation of data is difficult. Furthermore, factors such as age of the patient,
diet, sex, if take medication, drugs, environment and lifestyle might interfere with the
quantity of these biomarkers in biological fluids. In this study, we indicate the levels of
biomarkers under study in different patients and in different pathological conditions to
confirm the value of these biomarkers in the early diagnosis of periodontitis and
coronary artery disease. To arrive at the results, all studies agreed on the same criteria
considering a significant difference in expression levels when the p-value is less than

0.005 (p= <0.005).
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Table 3. Biomarkers results. Reference: Own elaboration
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4.3.1 MMP-8 levels in periodontitis and coronary artery disease.

MMP8 is the metalloproteinase with the highest level in periodontal diseases.
MMP-8 in saliva is higher in patients with PD than in those without (p=<0.001)% . MMP-
8 is also shown in GCF, where the levels are high in the site affected by periodontitis
(p=<0.001)?3. On the other hand, results show that the level of MMP-8 is reduced after
a proper periodontal treatment, such as scaling and root planning (SRP). Tuter and al.,
show that SRP treatment with and without additional SDD therapy as doxycycline,
shows a reduction of MMP-8 (p=<0.003 and p=<0.008 respectively)**. On the other
hand, salivary MMP-8, in Nilminie Rathnayake and al study shows a significant
difference between myocardial infarction (Ml) and AMI patients (p=0.008) (Table 3).
However, in most of the study it is reflected that MMP8 in saliva is not useful for the

diagnosis of coronary heart disease.

MMP8 in blood also shows an elevated level in patients with acute coronary
syndrome (ACS) compared to those without the disease (p=<0.001)?° 26, Nevertheless,

it does not show significant results for the diagnosis of periodontitis.

4.3.2 MMP-9 levels in periodontitis and coronary artery disease.

MMP9, like MMPS8, shows a significant difference in saliva in periodontal
patients compared to non-periodontal patients (p=<0.001)%°. However, for the
diagnosis of coronary artery disease, there was not a significant difference between
AMI and non AMI through saliva?, as stated in Table 3. This is why, MMP9 in saliva is

not useful for the diagnosis of coronary heart disease.

23



The authors when analyzing the biomarker MMP-9 in blood in patients with
periodontitis, the results show no major difference between patients with and without
heart disease. Serum MMP9 is shown to be insignificant for the diagnosis of ACS in
patients with periodontitis. However the association of blood MMP-9 with ACS is
considered significant (p=0.033). 25 Lahdentausta L et al, reflected results that show a
significant difference between patients with non ACS and ACS, both, acute myocardial
infarction (AMI) and unstable angina pectoris (UAP)(p=<0.001 and p=<0.001
respectively).>® Buduneli et al, came to the same finding, noting that MMP9 in serum

is significantly higher in patients with AMI compared to the non-AMI group.?® (Table 3)

4.3.3 TIMP-1 levels in periodontitis and coronary artery disease

TIMP-1 is the only biomarker that is not able to differentiate in saliva between
patients with periodontitis and patients without periodontal disease and patients
without coronary heart disease. However, TIMP-1 shows a negative correlation with
the inflammatory signs of periodontitis.3®> Even though, saliva TIMP-1 is higher in
patients with AMI with periodontitis than in non-AMI with periodontitis, it does not reach
a significant difference (p=0.30).26 On the other hand, TIMP-1 in blood also does not

distinguish patients with ACS from those with non-ACS?5. (Table 3).

5. Discussion.

After an advanced search of different articles, for the purpose of this
bibliographic research, different results were shown in a variety scientific. A number of
studies have been conducted with the aim of finding a relationship between periodontal

and cardiovascular diseases through saliva and serum biomarkers. Although there are
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few studies that correlate both diseases, individual research of MMP8 and MM9 are

found.

The objective of many research studies for the detection of biomarkers of
systemic diseases through saliva, are more and more frequent and of great interest in
dentistry. The use of saliva as a diagnostic fluid is of great value in research given that

the saliva collection method is non-invasive and rapid technique. 3¢

Salivary biomarkers MMP8, MMP9 and TIMP-1 change significantly between
patients with periodontal disease and those without. MMP8, MMP9 show increased

levels in patients with periodontitis, unlike TIMP-1, which shows a reduction.?®

A study conducted in Turkey, compared patients with and without periodontal
diseases and patients who had suffered a myocardial infarction. For this purpose, both
saliva and blood samples were recorded from a total of 92 patients. Of the total number
of candidates 47 had suffered an MI (25 = gingivitis and 22 = periodontitis), 28 without
a cardiac history (13 = gingivitis and 15 = periodontitis) and 17 individuals lacking both
cardiac and periodontal diseases. The researchers' results were obtained after the
detection and evaluation of the individual metalloproteinases with distinct laboratory
techniques (ELISA and IFMA). MMP8 was clearly higher in patients without a cardiac
history in all groups (gingivitis and periodontitis). This may demonstrate that salivary

MMP8 is strongly present in periodontal diseases. 2°
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Controversial data have been showed in terms of expression levels of TIMP-1
in saliva. Thus elevated saliva levels have been shown in both patients with periodontal
diseases, with no difference between AMI and non-AMI. 26 These defers from previous
studies, where levels of TIMP-1 decreases in the presence of a periodontal disease,

giving a negative correlation with PD. 20 25

Metalloproteinases 8, 9 and TIMP-1 are also found to be elevated in the serum,
in patients with acute myocardial infarction (AMI) compared to non-AMI, in both
periodontitis and gingivitis. Demonstrating that serum MMP8, MMP9 and TIMP-1 are
associated with AMI independently of the oral condition.?® However some studies refer
that blood MMP8, MMP9 do not differ between patients with and without periodontal
disease. These values are shown to be insignificant for the diagnosis of periodontal
disease through blood, but they do demonstrate a clear relationship with acute

coronary syndrome (ACS), except TIMP-1.2°

On the other hand, there are independent studies that demonstrate the
importance of MMP9 and MMP8 in acute coronary syndrome (ACS). The levels of both
biomarkers are significantly elevated in ACS groups compared to control groups.
However, these levels are shown in patients in the acute phase of the disease. The
levels decrease once the patient enters the recovery phase. Indicating that MMP9 can
be used as an early stage diagnostic measure in blood of atherosclerosis plaque

rupture.®°
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Investigators stated than in previous studies, authors such as Furuholm have
shown that MMP8 levels increase the risk of periodontitis in patients with CHD
compared to those without.?® MMP8 in blood is the metalloproteinase with the

strongest association with ACS. 2°

MMP8 in active form may have a negative impact on oral health, specifically in
the loss of attachment in periodontal disease.?® 3 There are many studies about the
risk of periodontitis for heart disease, but Furuhorm highlights the importance of
investigating whether coronary heart disease is a risk factor for the development of

periodontal disease. %6

In the detection of periodontitis, both MMP8, MMP9 have the same diagnostic
value. ?° Saliva MMP8 and MMP9 have a great diagnostic value in periodontal disease,
due to its specificity and sensitivity. Both, MMP8 and MMP9 have a good sensitivity of
76-90% and 70% respectively and a great specificity of 96 and 82%, respectively.
However, MMP9 is hard to detect in salivary samples of control groups.®” This is
referenced and justified by studies showing that MMP8 values are elevated in other

oral fluids such as GCF.?®

Periodontal diseases can be reflected in oral fluids through biomarkers, mainly
MMP8. Through IFMA and DentoAnalyzer, it has been shown that the detection of

MMP8 at unstable sites with periodontal attachment loss is quite elevated. %2
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This demonstrates that MMP8 is involved in the pathogenesis of PD. This
metalloproteinase is considered to be the most promising biomarker to use as a
complementary diagnostic tool alongside with traditional methods such as BOP,
periodontal pocket, x-rays, etc.??> One important aspect to highlight is the fact that the
concentration of biomarkers analyzed could be impacted by specific treatments. Thus
elevated values of MMP8 decrease after non-surgical treatments such as scaling and
root planning (SRP).%® In a study of 36 individuals with periodontal disease, the efficacy
of a treatment and the reduction of MMP8 levels in saliva were evaluated. The total
participants were divided into two completely randomized groups, both of which
underwent SRP treatment. The first group, however, underwent placebo and the
second group underwent into an SDD treatment. Both groups were evaluated after
therapy, and a reduction of MMP8 was shown in both of the groups, but the individuals

on SDD therapy showed a much better result.3*

Although MMPS8 in saliva shows great value in the diagnosis of periodontal
diseases, this metalloproteinase shows no difference in groups with and without AMI.
This is refuted by several studies and justified by the time between saliva collection
and AMI. There are also several factors, such as the medications that people with AMI
are exposed to, which may also have an effect on MMP8, MMP9, which can be
reflected as a limitation for results.?’ Therefore, the effects of medications should be
considered as a factor that influence the levels of biomarkers under study. Studies
have shown an interaction between angiotensin converting enzyme inhibitor (ACEI)
and statins that can interfere with the expression of MMP8 and MMP9 in saliva.?°

Statins have been shown to decrease both metalloproteinase levels in patients who
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take statins compared to patients who do not.?®> ACE inhibitors, on the other hand,

decrease MMP9 levels in patients with acute or chronic coronary artery disease. °

6. Conclusions
The metalloproteinases, MMP8, MMP9 and the inhibitor TIMP-1 are biomarkers of
great value in diagnostic methods for periodontitis and coronary heart disease
individually. Biological sample selection is crucial, since biomarkers reviewed in this
study and present in saliva can be used to diagnose periodontal diseases, and
these biomarkers in blood are susceptible for the diagnosis of coronary heart

disease.

Different techniques are available and easy to use for the detection of such
biomarkers. However, the most common are ELISA and IFMA, given their high
levels of sensitivity and specificity. Not differences in the limit of detection was

observed for the biomarkers investigated in saliva and serum.

After the analysis of the literature, it can be concluded that periodontal diseases
can be diagnosed by measuring the biomarker MMP-8 in saliva. In relation to the
diagnosis of coronary artery disease, the biomarker of choice would be MMP-9 in
serum. Nevertheless, after analyzing the results of the articles, it cannot be
concluded that TIMP-1 can be used for the diagnosis of both diseases, more
research on this biomarker is required. It is important to note that the levels of these

biomarkers can be blurred by certain treatments and medications. This should be
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taken into consideration when using these biomarkers as a diagnostic method for

periodontal and coronary heart disease.

e The use of biomarkers can assist health professionals, both dentists and
cardiologists in the screening of both diseases. Although it is a topic of interest in
the scientific community, much more research is needed to confirm and validate

the diagnostic power of these biomarkers.

7. Responsibility

Coronary artery disease is a cardiovascular disease that affects the arteries of
the heart, causing a deficiency of oxygenated blood pumping to the heart. Every year
Coronary artery disease, represent the leading cause of cardiovascular mortality
worldwide, claiming more than 4.5 million lives annually worldwide. On the other hand,
periodontitis is also considered a highly prevalent disease, claiming around 40-50% of

the world' s population, and up to 11.2% of them experience severe periodontitis.

This project contributes to the identification of biomarkers that can be used in clinical
dental practice in periodontal patients at high risk of coronary heart disease. With this
strategy we are promoting a personalized preventive medicine that always tries to offer
the best diagnostic alternative, associated with the clinical profile and the patient's own
risk factors. This strategy favours an early detection of coronary heart disease in
patients with periodontitis and reduces the economic cost of treatment by offering an
early diagnosis in many cases, alleviating the patient's suffering and reducing the

number of deaths.
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Annexes

Academy Report

Position Paper

Diagnosis of Periodontal Diseases*

This position paper on the dlagnosis of perlodontal diseases was prepared by the Research, Science and Ther-
apy Committee of the American Academy of Perlodontology. It Is intended for the Information of the dental
profession and other interested parties. The purpose of the paper Is to provide the reader with a general
overview of the important issues related to the diagnosis of periodontal diseases. It is not intended as a com-
prehensive review of the subject. J Periodontol 2003;74:1237-1247.

Infections assoclated with relatively specific

groups of Indigenous oral bacterla.”® Suscepti-
bility to these diseases Is highly variable and depends
on host responses to periodontal pathogens.’!!
Although bacteria cause plaque-induced Inflammatory
periodontal diseases, progression and clinical char-
acteristics of these diseases are Influenced by both
acquired and genetic factors that can modify sus-
ceptibility to Infection.'215

Plaque-lnduced periodontal diseases are mixed

TRADITIONAL APPROACH TO DIAGNOSIS
Despite our Increased understanding of the etiology
and pathogenesis of periodontal infections, the diag-
nosis and classification of these diseases Is still based
almost entirely on traditional clinical assessments. '
To arrive at a periodontal diagnosis, the dentist must
rely upon such factors as: 1) presence or absence of
clinical signs of inflammation (e.g., bleeding upon
probing); 2) probing depths; 3) extent and pattern of
loss of clinical attachment and bone; 4) patient's
medical and dental historles; and 5) presence or
absence of miscellaneous signs and symptoms,
Including pain, ulceration, and amount of observable
plague and calculus. 829

Plaque-induced periodontal diseases have tradi-
tionally been divided Into two general categories based
on whether attachment loss has occurred: gingivitis
and periodontitis. Ginglvitis is the presence of gingl-
val Inflammation without loss of connective tissue
attachment. ' Periodontitis can be defined as the pres-
ence of gingival Inflammation at sites where there
has been a pathological detachment of collagen fibers
from cementum and the junctional epithelium has
migrated apically. In addition, inflammatory events

* This paper was ped under the di of the B s, Science
and Therapy Committee and approved by the Board of Trustees of the
Americen Acaderyy of Pericdastelogy in May 2003,
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assoclated with connective tissue attachment loss also
lead to the resorption of coronal portions of tooth-
supporting alveolar bone.!®

This simple separation of plaque-induced peri-
odontal diseases into two categorles Is not as clear-
cut as It first appears. For example, If sites that have
been successfully treated for perlodontitis develop
some gingival inflammation at a later date, do those
sites have recurrent perlodontitis or ginglvitis super-
Imposed on a reduced but stable perlodontium?
There are currently no data to definitively answer
this question. However, since not all sites with gin-
givitis necessarily develop loss of attachment and
bone,'” It is reasonable to assume that gingivitis can
occur on a reduced periedontium In which ongoing
attachment loss Is not occurring. A similar problem
exists when the term “periodontitis” Is assigned to
sites with attachment loss and periodontal pockets
In which ongoing periodontal destruction Is not
occurring.

Demonstration of the progression of periodontitis
requires documentation of additional attachment loss
occurring between at least two time points. Since this
Is not always possible, especlally when a patlent Is
examined for the first time, most cliniclans assign the
dlagnosis of “periodontitis” to inflamed sites that also
have loss of attachment and bone. This Is a prudent
practice since such sites may be either currently
progressing or are at an increased risk for further
periodontal destruction. Therefore, demonstration of
progressive attachment loss Is not generally consid-
ered to be a requirement for using “periodontitis” as
a diagnostic label.

At the 1999 International Workshop for Classification
of Perlodontal Diseases and Conditions, a reclas-
sification of the different forms of plaque-induced
periodontal diseases was developed.?’ This revised
classification includes seven general types of plaque-
Induced periodontal diseases: 1) gingivitis, 2) chronic
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Background: In Eurcpe cardiovascular disease (CVD) is resporeible for 3.9 million deaths (45%
of deaths), being ischaemic heart disease, stroke, hypertension (leading to heart failure) the
major cause of these CVD related deaths. Pericdontitis is also a chronic noncommunicable
disease (NCD) with a high prevalence, being severe pericdontitis, affecting 11.2% of the world’s
population, the sixth most common human disease.

Material and Methods: There is now a significant body of evidence to support independent
associations between severe periodontitis and several NCDs, in particular CVD. In 2012 a joint
workshop was held between the European Federation of Pericdontology (EFP) and the American
Academy of Periodontology to review the literature relating periodontitis and systemic diseases,
including CVD. In the last five years important new scientific information has emerged providing
important emerging evidence to support these associations.

Results and Conclusions: The present review reports the proceedings of the workshop
Jointly organised by the EFP and the World Heart Federation (WHF), which has updated the
existing epidemiological evidence for significant associations between pericdontitis and CVD,
the mechanistic links and the impact of periodontal therapy on cardiovascular and surrogate
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Cardiovascular Disease in the Developing World

Prevalences, Patterns, and the Potential of Early Disease Detection

David S. Celermajer, MBBS, PuD,*t Clara K. Chow, MBBS, PuD,*#§ Eloi Marijon, MD,}
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Over the past decade or more, the prevalence of traditional risk factors for ath faroti

cases has been Increasing In the major pop

lar dis-

of the

with consaguent increnses in the rates of

g world, & China and India,

y and

avents, Indeed, by 2020, cardiovascular

diseases are predicted to be the major causes of morbidity and mortality in most developing nations around the

workd, Techaiques for the sarly di of il damage have provided impor Insights into ¢ pat-
terns and pathog and the effects of progressive on risk in these
populations. Furthermore, certain other diseases affecting the cardi lar sy in pe and im-
portamt chuses of cardiovascular morbidity and mortality in ping ries, induding the cardiac sffocts of
h atlc heart and the effects of gIng and I of carly

oudar changes in those di: P hive a0 re ly been published by @roups, all & consid-
eration of screening and carly treatment opportunities. In this report, the review the pr and

p of major i lar di in the ping world, as well & p PP Wies provided by
carly disease detection.  (J Am Coll Cardiol 2012:60:1207-16) ® 2012 by the ge of C gy
Foundation

Globally, cardiovascular diseases (CVDs), which indude
coronary heart disease (CHD), strokes, rheumatic heart
disease (RHD), cardiomyopathy, and other heart diseases,
represent the leading cause of death (1). In 2001, it was
estimated that there were 16 million deaths from CVD, but
somewhat surprisingly (given that the vast majority of
studses concerning CVD are carried out in "developed”
regions such as the United States and Western Europe), 13
million of these CVD deaths occurred in low-income and

From *The Unmvenaity of Sydney, Sydney, Asstralog the {Depastreent of Cardulogy,
Royal Prince Aeod Hosperal, Spdoey, Auseraba; $The George Instine foe Global
Health, Sydaey Awstralig $Depurement of Cardology, Westmead Hosparal, Sydecy,

middle-income countries, compared with 3 million in high-
income countries (1). Although CVDs have previously been
characterized as affecting *rich” countries, age-specific rates
of CVD have dechined in these areas, while they are
increasing rapadly in many middle-income and low-income
countries. In low-income and middle-income countries, the
proportion of all deaths due to CVD in 2001 was 28%,
compared with 23% in 1990; the corresponding proportions
in developed countries were 39% and 48% (1,2).
Although most CVDs in the world are due to athero-
sclerosis (CHD and ischemic strokes), other CVDs due to
infection {e.g., RHD, Chagas' heart disease, cardiomyopa-
thy from human immunodeficency virus (HIV) infection,
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c ular complications of malaria) remain common
in many regions of the developing wordd (Fig. 1). Eady
functional and structural changes of the vessels and/or heart
(before the onset of symptoms and/or advanced disease) are
now detectable in some of these diseases (particularly but
not exclusively by ultrasound) (3,4), and recent studies of
early detection using these modalities have been published
and have provided insights into the early stages of these
disease processes.

Particular challenges in addressing the increasing burden
of CVD in developing countries include low budgets for
health (including for screening, prevention, and treatment),
as well as the education and skill mix of the health
workforce.
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Coronary artery disease in the developing world
Karen Okrainec, MSc,” Devi K. Banerjee, MD.” and Mark J. Eisenberg, MD, MPH* Montreal, Quebec, Canada

lcckg'ound Coronary artery disease [CAD) is the leading couse of cardiovascular mortality worldwide, with
=>4.5 million deaths occurring in the developing world. Despite a recent dedline in developed countries, both CAD mortal
ity and the prevalence of CAD risk faclors confinue fo rise rapidly in developing countries. The objectives of the current
article are to review (1) the literature regarding CAD mortality and the prevalence of CAD risk faclors in the developing

world, and (2] prevention and control measures.

Methods We conducted a MEDLINE search of the English language literature for the years 1990 to 2002 to identify
articles perlaining %o the prevalence of CAD in developing countries. The search was performed using the following key

N

lerms: coronary arlery disease, developing countries, i
foctors. We also obtained relevant statistical inf

ic heart di , incid
tion from The World Health Organization’s Internet database.

, preval L pr Kon and risk

Results There it o paucity of data regarding CAD and its prevalence in the developing world. However, it is pro-
jected that CAD morfality rates will double from 1990 to 2020, with approximately 82% of the increase aftributable 1o
the developing world. Existing dala suggest that rapid sociceconomic growth in developing countries is increasing expe-
sure fo risk factors for CAD, such as diabetes, genetic factors, hypercholesterolemia, hyperension, and smoking. There is
a relative lack of prevention and control measures fo decrease exposure to these risk factors in developing countries.

Conclusion Documented informati

on the pre

e of CAD in developing counlries is sparse, but there is suffi-

cient data to suggest an impending epidemic. Prevention and largeted control of risk factors for CAD could potentially
reduce the impact of CAD in the developing world as it has in industrialized nations. (Am Heart ) 2004,148:7-15))

See related Editorial on page 1.

Coronary artery disease (CAD) is among the cardio-
vascular discase (CVD) entitics, which also include
hypertension, stroke, and valvular, muscular, and con-
genital heart discase. In 1996, 29% of worldwide mor-
tality was attributable to CVD, making it the leading
cause of death globally.! CAD was estimated to have
caused almost half of these deaths.” By 2020, it is ex-
pected that CAD will be the largest cause of discase
burden worldwide.” In the developing world, demo-
graphic and lifestyle changes are resulling in an “epi
demiological transition” from perinatal and infectious
diseases 1o noncommunicable diseases such as CAD."
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It is projected that CAD will be the leading cause of
death in developing countries by the year 2020.° "
Identification of risk factors for CAD, namely diabetes,
I3 ics, hyperchol slemia, hypertension, and
smoking, has led to successful preventive efforts in
industrialized nations. In contrast, exposure 1o these
risk factors in developing nations appears to be in-
creasing via a “globalization” of dietary habits,® and
urbanization.” ™ Unfortunately, systematically docu-
mented data on both CAD prevalence and incidence in
developing countries are scarce.' Thus, the first objee-
tive of this paper is o review the data regarding mor-
tality from CAD and the prevalence of risk factors asso-
ciated with CAD in the developing world. The second
objective is 1o discuss prevention and control mea-
sures.

Methods
We conducted a review of the MEDLINE database to iden-
tify English language articles for the years 1990 to 2002 per
18 to CAD preval in devel c The

PR

search was perf d using the following key terms: coro-
nary artery disease, developing countries, ischemic heart dis-
case, Incldence, preval pre and risk f; Ref-
erences from selected articles were also reviewed as was the
Internet database of the World Health Organizatton (WHO).
The Intemet was also used to identify information on past
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Periodontal disease is a public health problem and is strongly d with sy x di however, its
worldwide distribution is not fally understood. Objective. To evaluate global data of periodontal disease: (1) among adolescents,
adudts, and older population and (2) i bow-, middie-, and high-Income countries. Methods. This ecological study inchaded data of
periodontal disease from the World Health Organization’s data bank which are based on the Community Periodontal Index of
Treatment Needs (CPITN code: 0 = no disease; | = bleeding on probing; 2 = cakulus 3 = periodontal pocket (PD) 4-5mm; 4 = PD
{6+ mam). Age- and income-related periodontal disease inequalities were evalsated acrass the globe. Results. Compared with 9.3%
of adults and 9.7% of older persons, 21.2% of adolescents had no periodoatal disease (P = 0.005). Nearly 183% of adolescents
compared with 8.9% of adults and 5% of older persons had bleeding on probing (P < 0.001). Similarly, 50.3% of adolescenty, 44.6%
of adults, and 31.9% alder persons demonstrated the occurrence of calculus (P « 0.01). On the other hand, older persons had the
highest prevalence of PD 4.5 mm and PD 6+ mm than adults and adolescents (P <5 0.001). The distribution of periodontitls
{CPITN code 3 +4) in adults differed significantly in low- (28.7%), lower-maddle- (10%), upper-middle- (42.5%), and high-
income countries (43.7%) (P = 0.04). However, no significamt differences in periodontitis (CPITN code 3 +4) were observed in
adolescents and alder persons in Jow- to high-income countries. Conclusions. Within the limitations of data, this study found that
the distribution of periodontal disease increases with age. Pertodontitis was the most comnson in older persons and in popelation
from hagh-income countries.

1. Introduction

Periodontal disease which comprises gingivitis and
periodontitis is a common oral infection that affects the
tissues that surround and support teeth [1]. The condition
often presents as gingivitis which is characterized by

world [4]. It is one of the major causes of tooth loss which
can compromise mastication, esthetics, self-confidence,
and quality of life [5, 6]. Globally, periodontal di

accounted for 3.5 million years lmd with disability (YLD)
in 2016 |3). During the period from 1990 to 2010, there
was 2 57.3% increase in the global burden of periodontal

bleeding, swollen gums, and pain, and if left ur d, it
progresses to periodontitis which involves the loss of
periodontal attachment and supporting bone |[2].

According to the Global Burden of Ducnc Study (2016),

severe periodontal disease was the 11® most prevalent
condition in the world [3]. The prevalence of periodontal
disease was reported to range from 20% to 50% around the

di [7]. In 2010, worldwide loss of productivity due to
severe periodontitis was estimated to be US$54 billion per
year |8). The global prevalence of pericdontal disease is
expected to increase in coming years due to growth in the
aging population and increased retention of natural teeth
due to a significant reduction in tooth loss in the older
population [9).
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Increasing Evidence for an Association Between
Periodontitis and Cardiovascular Disease

Ralph Stewart, MD; Malcolm West, MD

riodontitis is a chronic inflammatory disease caused by
bacterial colomization, which results in destruction of the
tissues between the tooth surface and gingiva, loss of coa-
nective tissue attachment, erosion of alveolar bone, and tooth
loss.' Periodontitis is common and increases with age. In 2
US survey, about half of adults aged >30 years have some
periodoatitis and almost 10% have severe discase.” Evidence
for an association between persodontitis and atherosclerotic
vascular disease, including stroke, myocardial infarction,
peripheral vascular disease, abdominal acetic ancurysm, coro-
nary heart discase, and cardiovascular death, comes from >50
prospective cobort and case control studies undertaken during
the past 25 years.”* More recent analyses from large-cohort
studies suggest new onset, and prevalent periodontitis, as well,
is associated with increased coromary heart disease risk,” and
there is a graded association between tooth Joss and stroke,
cardiovascular death, and all-cause mortality in patients with
stable coromary artery disease.” If causal, these associations
would be of great importance because of the potential that pre-
venting or treating periodontal disease could reduce the risk of
major adverse cardiovascular events.

Article see p 576

Individual studies have Bmatations, which include the use of
imprecise measures of periodontal disease, inadequate account-
ing for potential comfounders, and low statistical power for
clinscally important events. The Periodontal Discase and the
Relation to Myocardial Infarction (PAROKRANK) study,” pub-
lished in this issue of Circulation, strengthens the evidence for
a link between periodontal disease and first myocardial infarc-
tion. This Swedish stady compared pericdontal disease in 805
patients who had presented with a first myocardial infarction
with 805 controls. Panccamic x-ray films were used to

persons with any periodontitis in comparison with no periodon-
titis was 1.49 (95% confidence interval, 1.21-1.83), and, after
multivariable adjustment, it was 1.28 (1.03-1.60).

Several mechanisms have been proposed to explain the
association between pericdontal and cardiovascular discase.
Periodontitis causes both a local and systemic inflammatary
and immune response, with increases in white blood cell
count, C-reactive protein, Sbrinogen, cell adhesion molecules,
and promflammatocy cytokines.” Treatment of periodontal
disease tempocarily increases the blood levels of inflammatory
markers, and worsens endothelial function, probably from the
release of bacteria or inflammatory cytokines into the blood
stream.’' However, after several weeks, inflammatory mark-
ers are lower"" and endothelial dysfunction is better than
before treatment." In the Oral Infections and Vascular Discase
Epidemiology Study (INVEST) study, carotid intimal-medial
thickness was associated with the volume of pathogenic bacte-
ria on pericdontal ination.'’ Small studies have reported
reduction in carotid intimal-medial thickness 6 months after
treatment of severe pericdontal discase.!

The systemic inflammatory or immune response to peri-
odontal infecion may imcrease cardiovascular risk. Also,
pathogens from the mouth can enter atherosclerotic plagues
via the blood stream, and this could promote an inflamma-
tory or immune response within the atherosclerotic plague. A
diverse range of oral bacterial pathogens and bacterial DNA
have been detected in atherosclerotic plaque.”' In animal
models, infection with Porphyromonas gingivalis increases
atherasclerotic plaque volume with the accumulation of
cholesterol esters and inflammatory mediators.” In humans,
serum IgA antibodies to P gimgivalis are higher in patients
with myocardial infarction than in contrals.'*

resorption of alveolar bone adjacent to the tooth root and apex.
This objective measure of periodontal disease was evaluated
blind to clinical information and study group in a care labora-
tory. At keast mild periodontitis was observed in about one-third
of subjects. The odds ratio for first myoccardial infarction for

The opimons expeesiod is tis wticle are nol necessily those of e
editoes o of the Asserican Heart Associalios.

From Geeen Lase Candiovascular Service, Auckland City Hosperal,
Auvckland, New Zealand (RS, x. The University of Queensland. Brishane,
Australia (MW.); and The Prnce Charles Hospital, Brishane, Auswralia
MW

Comespondence to Ralph Swowant, MD, Green Lane Cardiovascular
Service, Avckiusd City Hospitad Privale Bag 92004, Viciceia St Wew,
Auckland 1142, New Zealand. E-muail ssiew s1@ adhb ot nz

(Circadation. 2016;133:549.551.

DOL: 10116/ CIRCULATIONAHALLLS.020869.)
© 2016 Asserican Heart Associatios, Inc.
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Although there is a strong pathophysiological rationale to
suppart the imp e of these mechani it 1s passable the
association between periodontitis and atherosclerotic vascalar
discase is not causal. In almost all cbservational studies, at
least part of the association is explained by adjustment for car-
diovascular risk factors. Smoking, diabetes melkitus, increas-
ing age, and poar sociosconomic conditions are risk factors
for periodontitis, and for cardi ular di as well.” In
the PAROKRANK study® controls were matched to cases for
age, sex, and area of residence, a surrogate indicator of socio-
economic statas. However, there were modest differences in
smoking, diabetes mellitus, hemoglobin Alc, and divorce
or living alone between cases and controls. Adjustment for
these variables about halved the strength of the association. In
most previous cohort and case control studies, adjustment for
known cardiovascular risk factors also only partly explained
associations between periodontal discase and cardiovascu-
lar discase.’” This has been interpreted as evidence that the
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Las enfermedades periodontales como infecciones
bacterianas

BASCONES MARTINEZ A* Bascones Mnnim: A. Figuero Ruiz E, Laz enfermedades perio-

FIGUERO RUIZ E** dontales como infi bacier Av Periodon Implantol,
2008; 17,3: 147-186.

Las infecciones periodontales son un conjunto de enfermedades localizadas en las encias y
estructuras de soporte del diente. Estan producidas por ciertas bacterias provenientes de la
placa bacteriana. Estas bacterias son esenciales para el inicio de la enfermedad, pero existen
factores predisponentes del hospedador y mlcrobhnoc que inﬂunn en la patogénesis de la
enfermedad. La microbiota bacteriana period ia pero no suficiente
para que exista enfermedad, siendo necesaria la p!esencsa de un hospedador susceptible.
Estas enfermedades se han clasificado en gingivitis, limitadas a las encias y periodontitis,
extendidas a tejidos més profundos. La clasificacién de las enfermedades periodontales ha
ido variando a lo largo de los afios y es en el International Workshop for a Clasification of
Periodontal Diseases and Conditions, en 1998, cuando se aprueba la clasificacién que se
expone en este trabajo. En él, se hace una revisién global de los diferentes cuadros de las
enfermedades periodontales. Posteriormente, se propone el empleo de antibioterapia de
utilizacién sistémica como la amoxicilina, amoxicilina-clavulinico y metronidazol como pri-
mera opcidn de tratamiento coadyuvante de estas enfermedades.

PALABRAS CLAVE
Clasificacién, enfermedades periodontales, biofilm

Publicado en Med Oral Patol Oral Cir Bucal 2004; 9 Suppl:582-107
HAceptado para publicacién: Abril 2005

INTRODUCCION nientes de la placa subgingival (Fig.1). Las bacterias
anaeroblas gramnegativas més importantes y preva-
lentes en el drea subgingival son el Actinobacillus acti-

El término infeccidn se emplea para referirse a la pre- nomycetemcomitans (Aa), Porphyro-monas gingivalis

sencia y multiplicacién de microorganismos en el cuer-  (Pg), Prevotella intermedia (Pi) y Tannerella forsythensis

po (1). Las infecciones periodontales son un conjunto  (7Y). Estas bacterias tienen un importante papel en el
de enfermedades que, localizadas en la encia y las comienzo y posterior desarrollo de la periodontitis
estructuras de soporte del diente (ligamento y hueso  participando en la formacién de la bolsa periodontal,
alveolar), estn producidas por ciertas bacterias prove- destruccién del tejido conectivo y reabsorcién del

*  Cavedritico de Medicina Bucal y Period Departamento de Est Jogia ML Pacultad de Odontologia, Universidad
Complutense de Madrid,
PO clada en O gla. Becaria del Pr Nactonal de ¥ &n de Prof An U 1o det de
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Abstract

Objectives: To date there is a pavcity of documentation regarding definitions of peri-
odontal health. This review considers the histological and clinical determinants of
periodontal bealth for both intact and reduced periodontium and seeks to propose
appropriate definitions according to treatment outcomes.

Importance: Defining periodontal bealth is can serve as a vital common reference
point for assessing disease and determining meaningful treatment outcomes.

Findings: The multifactorial nature of periodontitis is accepted, and it is recognized
that restoration of periodontal health will be defined by an individual's response to
treatment, taking into account allestatic conditions.

Conclusions: It is proposed that there are 4 levels of periodontal health, depending
on the state of the periodontium (structurally and clinically sound or reduced) and
the relative treatment outcomes: (1) pristine periodontal bealth, with a structurally
sound and uninflamed periodontium; (2) well-maintained clinical periodontal health,
with a structurally and clinically sound (intact) periodoatium; (3) periodontal disease
stability, with a reduced periodontium, and (4) periodontal disease remission/control,

KEYWORDS
Clinscal health, gingiva. |

with a reduced periodontium.

INTRODUCTION

“Health is a state of complete physical, mental and social well-
being and not merely the absence of disease or infirmity.”’ In
accord with this definition by the World Health Organiza-
tion, periodontal health should be defined as a state free from
inflammatory periodontal disease that allows an individual to
function normally and not suffer any consequences (mental
or physical) as a result of past disease. However, while this
definition is holistic and patient-outcome based, it seems an
impractical and limiting definition for the purposes of clinical
management of periodontal diseases. Therefore, a more prac-
tical definition of periodontal health would be a state free from
inflammatory periodontal disease. This, in turn, means that
absence of inflammation associated with gingivitis or peri-

odontitis, as assessed clinically, is a prerequisite for defining
periodontal health.

It is a matter of debate if altered moephological conditions
resulting from previous exposure to disease processes (eg,
gingival recession, loss of attachment, and bone loss) may be
redefined as novel healthy conditions in the absence of clinical
signs and symptoms of inflammation.

Interestingly, there are almost no studies or reports attempe-
ing to define periodontal health * Defining periodontal health
is very important if we are to have a common reference point
for assessing periodontal disease and determining meaningful
treatment outcomes. Health can be evaluated at both the histo-
logical and clinical levels and should be considered in the con-
text of a preventive starting point and a therapeutic end point.
Thus, periodontal health can exist before disease commences

© 2018 American Acadenry of Py and B Fe of Perlod
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Detection and diagnosis of periodontal
conditions amenable to prevention

Philip M Preshaw

From Prevention in practice - making it happen
Cape Town, South Africa. 29 June 2014

Abstract

Gingvitis and chronic pericdontitis are highly prevalent chronic inflammatory diseases. Gingivitis affects the
majority of people, and advanced pericdontitis is estimated to affect 5-15% of adults. The detection and diagnosis
of these common diseases s a fundamentally important component of oral health care. All patients should
undergo penodontal assessment as part of routine oral examination. Pericdontal screening using methods such as
the Basic Periodontal Examination/Community Periodontal Index or Periodontal Screening Record should be
performed for all new patients, and also on a regular basis as part of ongoing oral health care. If periocdontitis is
identified, full periodontal assessment is required, involving recording of full mouth probing and bleeding data,
together with assessment of other relevant parameters such as plaque levels, furcation involvement, recession and
tooth mobility. Radiographic assessment of alveolar bone levels is driven by the clinical situation, and is required to
assess bone destruction in patients with periodontitis. Risk assessment (such as assessing diabetes status and
smoking} and risk management {such as prometing smoking cessation) should form a central component of
periodontal therapy. This article provides guidance to the oral health care team regarding methods and
frequencies of appropriate clinical and radiographic examinations to assess pericdontal status, to enable
appropriate detection and diagnosis of periodontal conditions.

Introduction

Periodontal diseases are highly prevalent chronic inflam-
matory conditions that affect the supporting tissues of
the teeth. In broad terms, and of most relevance to the
global ¢ ity, these include gingivitis (Le. plaque-
induced gingivitis) and chronic periodontitis. This paper
will review the methods for detection and diagnosis of
gingivitis and chronic periodontitis, these being period-
ontal lesions that are ble to prevention, and will
take the form of a narrative review.

Pathogenesis of periodontal conditions

Gingivitis and chronic periodontitis are highly prevalent,
chronic inflammatory conditions. The last 40-50 years
have wit d a transfe fon in our understanding of
the pathogenesis of these common conditions. The role
of bacterial plaque in initiating gingival inflammation is
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unquestioned, and was first demonstrated in experimen-
tal gingivitis studies in the 1960s [1]. Much of the 1960s
and 1970s were dominated by treatment concepts that
focussed exclusively on removal of calculus and “necro-
tic” root cementum that was believed to be infected by
bacterial toxins such as lipopolysaccharide (LPS). How-
ever, ongoing research in the 1980s and 1990s resulted in
increasing awareness of the importance of the inflamma-
tory host response as an important determinant of risk
for disease [2,3]. As technological advances have been
made in the fields of microbiology, immunology and
inflammation, we now recognise that inflammation is at
the heart of the destructive responses that lead to the
tissue breakdown that we recognise clinically as gingivitis
and periodontitis. Accumulation of plague bacteria in the
subgingival environment results in diffusion of bacterial
products and toxins across the junctional epithelium
into the host tissues. As a result, the host mounts an
i infl, Y resp that is characterised by a
complex network of cellular and molecular interactions
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Abstract

Purpose of Review The role of oml bacteremsa and pericdantal inflammation driving atherosclerosis is still under mvestigation.
This review article highlights the role of periodontal mflammation and oral microorganisms in the development and progression
of ath clerosis and di ular di

Recent Findings Association b pericdontal and cardiovascular discases has been well charnctenized, but causal correlation
is yet to be estabBshed. For instance, untreated gingivitis can progress to perodontitis. Periodontal disease has been associated
with several systemic diseases one of which is atherosclerosis. One possibl i that was d d in literature is that
poar aral hygiene Jeads to bacteremsa, which in tumn can cause bacteral growth over ath leroty y artery plagues and
pessibly worsen y astery di

Summary It i crucial that clinscians understand the assoczation between pericdontal and ¢ ular di A compreh
sive treatment for persodontitis and re-establishment of a healthy periodontium can belp in reduction of overall inflammatson m
the body. Thas may play an important role in prevention of cardiovascular disease, though fisture research is needed to establish
this.

Keywords Pericdontitis - Inflammation - Atheroscleross

Introduction

Penodontal disease (PD) and cardiovascular disease (CVD)
are both highly prevalent globally with a high bealthcare ber-
den worldwide [1]. Multiple epidemiologic and observational
studses have consistently demonstrated that PD & indepen-
dently associated subclinical and clmical CVD across diverse
populations [1]. Both conditions are multifactonial and share
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many risk factors—with inflammation playing an important
role in their pathogenesis (Fig. 1). Recent evidence from large
cohort studses have shown that periodontitis is associated with
increased coronary artery disease (CAD) and all-cawse moe-
tality risk; moreover, this association akso extended to subclin.
ical CVD as well as stable CAD [2+]. In addition, genetic
stadies have also suggested a shared susceptibility gene that
is involved in the pathogenesass of both PD and CVD [3].
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Coronary Heart Disease

Also known as Coronary Artery Disease, Coronary Microvascular Disease, Coronary Syndrome
X, Ischemic Heart Disease, Nonobstructive Coronary Artery Disease, Obstructive Coronary
Artery Disease

Leer en espafiol

Heart disease is a catch-all phrase for a variety of conditions that affect the heart's
structure and function. Coronary heart disease is a type of heart disease that develops
when the arteries of the heart cannot deliver enough oxygen-rich blood to the heart. It is
the leading cause of death in the United States.

Coronary heart disease is often caused by the buildup of plaque, a waxy substance,
inside the lining of larger coronary arteries. This buildup can partially or totally block
blood flow in the large arteries of the heart. Some types of this condition may be caused
by disease or injury affecting how the arteries work in the heart. Coronary microvascular
disease is another type of coronary heart disease. It occurs when the heart's tiny blood
vessels do not work normally.

Symptoms of coronary heart disease may be different from person to person even if
they have the same type of coronary heart disease. However, because many people
have no symptoms, they do not know they have coronary heart disease until they have
chest pain, a heart attack, or sudden cardiac arrest.

If you have coronary heart disease, your doctor will recommend heart-healthy lifestyle
changes, medicines, surgery, or a combination of these approaches to treat your

condition and prevent complications.

Explore this Health Topic to learn more about coronary heart disease, our role in
research and clinical trials to improve health, and where to find more information.

Causes
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SYMPOSIUM ON CARDIOVASCULAR DISEASES

Chronic Coronary Artery Disease: Diagnosis and Management

ANDREW Cassar, MD, MRCP; Davio R. Horsmes Jr, MD; Crarannt S. Riar, MD;
AND BErNARD J. GersH, MBCHB, DPuiL, FRCP

On completion of this article, you should be able to: (1) integrate the informarion obtained from a history, physical examina-
tion, and a stress 1est to diagnose and stratify the risk of patients with chronic coronary artery disease; (2) apply evidence-
based management strategies to improve survival in patients with chronic coronary artery disease; and (3) determine when
revascularization is indicated in a patlent with chronic coronary artery disease, and, if indicated, choose the preferred

method for each patient.
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hronic coronary artery discase (CAD) is estimated to

affect 16.8 million people in the United States; of these,
9.8 million have angina pectoris, and nearly 8 million have
had a myocardial infarction (MI).! In 2005, CAD was the
single most frequent cause of death in American men and
women, causing 607,000 deaths (about 1 in every 5 deaths).
In 2006, 1.76 million patients were discharged from US
hospitals with a diagnosis of CAD. The estimated direct
and indirect economic cost of CAD in the United States for
2009 is $165.4 billion.! Worldwide, cardiovascular discase
is becoming pandemic as developing countries experience
the epidemiologic transition described by Omran from pes-
tilence and famine to receding pandemics and degencrative
discases.? In 2002, out of 57 million deaths worldwide, ap-

proximately 16.7 million were due to cardiovascular dis-
case (as compared with approximately 5 million due to
tuberculosis, human immunodeficiency virus, and malaria
combined), and 80% of these cardiovascular deaths were
in the developing world.* Coronary artery discase (includ-
ing acute MI) is responsible for about half of these cardio-
vascular deaths.* Mortality from cardiovascular discase is
predicted to reach 23.4 million in 2030. Morcover, in the
developing world, cardiovascular discase tends to affect
people at a younger age and thus could negatively affect
the workforce and economic productivity.’ The morbidity,
mortality, and socioeconomic importance of CAD make its
diagnosis and management fundamental for all practicing
physicians.

The article provides a state-of-the-art review of the liter-
ature on chronic CAD for interested physicians; appropriate
articles were identified by searching the PubMed database
for the following terms: chronic coronary artery disease
or stable angina. This article highlights key points in diag-
nosis and risk stratification and delincates evidence-based
management strategies for patients with chronic CAD, with
particular emphasis on the indications for revascularization
and the preferred method for each patient.

DIAGNOSIS OF CHRONIC CAD

Chronic stable angina, the initial manifestation of CAD in
approximately 50% of all patients,” is usually caused by the
obstruction of at least 1 large epicardial coronary artery by
atheromatous plague. Angina is duc to the mismatch be-
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Determinants of incomplete penetrance and variable
expressivity in heritable cardiac arrhythmia syndromes
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Abstract
Mutations in genes encoding ion channel pore-forming a-subunits and accessory B-subunits as
well as intracellular calcium-handling proteins that collectively maintain the electromechanical

function of the human heart serve as the underlying pathogenic substrate for a spectrum of sudden
cardiac death (SCD)-predisposing heritable cardiac arrhythmia syndromes, including long QT
syndrome (LQTS), short QT syndrome (SQTS), Brugada syndrome (BrS), and catecholaminergic
polymorphic ventricular tachycardia (CPVT). Similar to many Mendelian disorders, the cardiac
“channelopathies” exhibit incomplete p ¢, variable expressivity, and phenotypic overlap,
whereby genotype-positive individuals within the same genetic lineage assume vastly different
clinical courses as objectively assessed by phenotypic features such electrocardiographic
abnormalities and number/type of cardiac events. In this Review, we summarize the current
understanding of the global architecture of complex electrocardiographic traits such as the QT
interval, focusing on the role of common genetic variants in the modulation of ECG parameters in
health and the envi ] and genetic determinants of incomplete penetrance and variable
expressivity in the heritable cardiac arrhythmia syndromes most likely to be encountered in
clinical practice.

INTRODUCTION

Over the past decade, the discovery that mutations in genes encoding cardiac ion channel a-
and B-subunits serve as the primary genetic substrate for a spectrum of sudden cardiac death
(SCD)-predisposing inherited cardiac “ch lopathies"[1, 2], including long QT sydrome
(LQTS), short QT syndrome (SQTS), Brugada syndrome (BrS), and catecholaminergic
polymorphic ventricular tachycardia (CPVT), has impacted profoundly how these genetic
disorders are diagnosed, risk stratified, and managed clinically. While the availability of
genetic testing provides an important opportunity to identify and deliver prophylactic
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Biomarker detection technologies and
future directions

Satish Balasaheb Nimse,* Mukesh Digambar Sonawane," Keum-Soo Song® and
Talsun Kim**

Biomarkers play & vitsl role in dessse detection and trestment foliow-up. It & smportart to note thst
diseases in the early stage are typically trested with the greatest probability of success. However, due to
varous technical dificulties in current technologies for the detection of biomarkers, the poterttial of bio-
markers Is not explored completely. Therefore, the developments of technologies, which can enable the
accurdte detection of prostate cancer & an early stage with smple, experimental protocels are highly
Inevitable. This critical review evaluates the current methods and technologes used In the detection of
blomarkers. The aim of this article & to provide a compeehensive review coverng the advantages and dis-
sdvartages of the bomarker detection methods. Future directions for the development of techrologies
to achieve highly selective and sensitive detection of biomarkers for port-of-care applications are sso
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1. Introduction

Blomarkers play a vital role in disease detection and treatment
follow-up. The detection of the biomarkers in body Auids such
as blood and urine is a powerful medical ol for early diagno-

sis and t of di Ty , due to various techni-
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cal difficulties in current technologies for the detection of
biomarkers, the p 1al of bi kers is not explored com-
pletely.® The biomarkers are often present at very low concen-
trations mixed with various other proteins which makes it
more difficult to identify them. In many cases detection of bio-
markers at a very low concentration is difficult and time-
consuming. It is important to note that the diseases in the early
stage are typically treated with the greatest probability of
success. Therefore, the early detection of biomarkers is very
Important in the case of cancer, cardiovascular disorders, and
other pathological conditions,™*
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Diagnostic Biomarkers for Oral and Periodontal Diseases
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DDS, DMSc2.b.C.
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M, Box 422, Ann Arbor, MI 48106, USA
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Periodontitis is a group of inflammatory diseases that affect the tive tissue attach

and supporting bone around the teeth. It is widely sccepted that the initiation and the
progression of periodontitis are dependent on the p of virulent microorganisms capable
of causing disease. Although the bacteria are initiating agents in periodontitis, the host response
to the pathogenic infection is critical to disease progression [1-3]. After its initiation, the
disease progresses with the loss of collagen fibers and attachment 1o the cemental surface,
apical migration of the junctional epithelium, formation of deepened periodontal pockets, and
resorption of alveolar bone [4]. If left d, the di i with progressive bone
destruction, leading to tooth mobility and subsequent tooth loss. Periodontal disease afflicts
over 50% of the adult population in the United States, with approximately 10% displaying
severe disease concomitant with early tooth loss [5).

A goal of periodontal diagnostic procedures is to provide useful information to the clinics
regarding the p periodontal di type, and severity. These findings serve as
a basis for treatment planning and provide essential data during periodontal maintenance and
disease-monitoring phases of treatment.

Traditional periodontal di 1 ters used clini mchlde ptobmg depths, bleeding
on probing, clxmal attachment leveh, laque index, and “ Lrap ¢ alveolar bone
level [6]. The strengths of these traditional tools are their ease of use, their coal-eﬂ‘ocu\em
and that they are relatively noninvasive. Traditional di i proced, are inh ly
limited, in that only disease history, not current disease s status, can be assessed. Clinical
attachment loss readings by the periodontal probe and radiographic evaluations of alveolar
bone loss measure damage from past episodes of destruction and require a 2- 1o 3-mm threshold
change before a site can be ndmuﬂad as hwmg expenmcud a stgmﬂcanl anatomic event [7].
Advances in oral and period h are moving toward methods
whereby periodontal mt can be identified and quannﬁed by objective measures such as

biomarkers (Table 1).

There are several key questions regarding current clinical decis ing: How can clinici
assess risk for periodontal disease? What are the useful laboratory and u.luuual methods for
periodontal risk "’nndWhalcanhndncvedby lling periodontal di
usmga risk peofile?[8-11]. Risk factors are id lifiers of di activity. In
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Abstract: Saliva is a highly versatile biological fluid that is easy to gather in a non-invasive
manner—and the results of its analysis complement clinical and histopathological findings in the
diagnosis of multiple diseases, The objective of this review was to offer an update on the contribution of
salivary biomarkers to the diagnasis and prognosss of diseases of the oral cavaty, including oral lichen
planus, pericdontitis, Spygren’s syndrome, oral leukoplakia, peri-dmplantitss, and medication-related
osteanecrosis of the jaw. Salivary biomarkers such as interleuking, growth factors, enzymes, and
other biomolecules have proven useful in the diagnosis and follow-up of these diseases, facilitating
the carly evaluation of maligrazation risk and the monitoring of disease progression and response to
treatment. However, further studies are required to identify new biomarkers and verify their reported
role in the diagnosis and/or prognosis of oral diseases.

Keywords: salivary biomarker; cytokines; oral pathology; diagnaosis

1. Introduction

The gold standard for the identification and diagnosis of oral mucosal diseases is the dinical
examination by dental health professtonals, followed by histopathological examination of suspicious
areas [1,2]. Many diseases of the oral cavity can undergo malignant transformation. Oral squamous
cell carcinoma (OSCC) is one of the most frequent aral cancers and still has a five-year survival rate of
only 50-65% despite diagnostic and therapeutic advances, in part attributable to diagnostic delay [3].
In most cases of OSCC, the diagnosts is based on the histopathological study of a biopsy. The analysis
of saliva, which does not require an invasive procedure, is an attractive alternative option for the
diagnosis and prognosss of this oral disease [4,.5]. Samples can be readily obtained in a pain-free manner,
their processing is relatively simple, their composition is less complex, and they are more stable in
comparisan to other sources [6,7] Saliva also offers real-time results, being produced by exccrine
glands, and therefore, yielding information on patients at the time the sample is taken [£]. Besides the
components secreted by these glands, saliva contains other molecules that can potentially be associated
with the disease phenotype and facilitate diagnosis and prognosis, including metabolites, proteins,

It |. Ml. Sci 2020, 21, 5175, dot 10 S9N ma2 1145178 d o Ly
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Biomarkers in Cardiovascular Medicine
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Cardiovascular disease Is the principal cause of death
in developed countries. The underlying pathological
process is arterial wall thickening due to the formation of
atherosclerotic plaque, which is frequently complicated
by thwombus, thereby giving rise to the possibllity of
acute coronary syndrome or stroke. One of the major
challenges in cardiovascular medicine Is to find a way of
predicting the risk that an individual will suffer an acute
thrombotic event.

During the last few decades, there has been
considerable Interest in finding diagnostic and prognostic
blomarkers that can be detected in blood. Of these,
C-reactive protein s the best known. Others, such
as the soluble CD40 ligand, can be used to predict
cardiovascular events. However, to date, no blomarker
has been generally accepted for use In clinical practice.
At present, there are a number of high-performance
techniques, such as proteomics, that have the abillity to
detect multiple potential blomarkers. In the near future,
these approaches may lead to the discovery of new
blomarkers that, when used with imaging techniques,
could help improve our ability to predict the occurrence
of acute vascular events.

Key words: Biomarkers. Atherothrombosis. Proteomics.

Biomarcadores en la medicina cardiovascular

Las enfermedades cardiovasculares son la primera
causa de muerte en el mundo occldental. El proceso pa-
tolégico que subyace a ellas es un engrosamiento de la
pared arterial debido a la formacién de placas ateroscle-
réticas, las cuales se complican frecuentemente con un
trombo y pueden dar lugar a sindrome coronario agudo
0 accidente cerebrovascular. Uno de los mayores retos
de la medicina cardiovascular es encontrar la manera de
predecir el riesgo de un sujeto de sufrir un evento trom-
bético agudo.

En las dltimas décadas, hay un gran interés en la bds-
queda de blomarcadores diagnésticos y prondsticos que
puedan ser Identificados en sangre. Entre ellos, |a protel-
na C reactiva es la més conocida. Otros, como el ligando
de CD40 soluble, pueden predecir eventos cardiovascu-
lares. En camblo, hasta &l momento no hay un blomarca-
dor aceptado en la practica clinica. Actualmente, existen
diversas técnicas de alto rendimiento como la proteémi-
ca, que permite la deteccién de mdltiples biomarcadores
potenclales. Estas aproximaciones pueden Identificar en
un futuro préximo nueves blomarcadores que, junto con
las técnicas de Imagen, pueden ayudar a mej la pre-
dicclén de eventos vasculares agudos.

Palabras clave: Blomarcadores. Aterotrombosis. Proted-
mica.
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INTRODUCTION

Cardiovascular discase is the leading cause of
death 1n the western world.! Among these diseases,
atherosclerosis 1s the main cause of the enormous
rates of morbidity and mortality. The pathological
process that underlies this discase 1s arterial wall
thickening due to the formation of atherosclerotic
plaques.* Although these normally evolve gradually,
atherosclerotic plaques may become complicated due
to a thrombus and lead to a sudden obstruction of
the vascular lumen. Depending on its location, this
obstruction may lead to acute coronary syndrome
(ACS) or stroke, and can cause sudden death or
severe sequelac among the patients who develop
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Biochemical and Biological Attributes of Matrix
Metalloproteinases

Ning Cul, Min Hu, and Raout A. Khalil
Vascular Surgery Research Laboratorles, Division of Vascular and Endovascular Surgery,
Brigham and Women'’s Hospital, and Harvard Medical School, Boston, MA

Abstract

Matrix metalloproteinases (MMPs) are a family of zinc-dependent endopeptidases that are
involved in the degradation of various proteins in the extracellular matrix (ECM). Typically,
MMPs have a propeptide sequence, a catalytic metalloproteinase domain with catalytic zinc, a
hinge region or linker peptide, and a hemopexin domain. MMPs are commonly classified on the
basis of their substrates and the organization of their structural domains into collagenases,
gelatinases, stromelysins, matrilysins, membrane-type (MT)-MMPs, and other MMPs. MMPs are
secreted by many cells including fibroblasts, vascular smooth muscle (VSM) and leukocytes.
MMPs are regulated at the level of mRNA expression and by activation of their latent zymogen
form. MMPs are often secreted as inactive proMMP form which is cleaved to the active form by
various proteinases including other MMPs. MMPs cause degradation of ECM proteins such as
collagen and elastin, but could influence endothelial cell function as well as VSM cell migration,
proliferation, Ca?* signaling and contraction. MMPs play a role in tissue remodeling during
various physiological processes such as angiogenesis, embryogenesis, morphogenesis and wound
repair, as well as in pathological conditions such as myocardial infarction, fibrotic disorders,
osteoarthritis, and cancer. Increases in specific MMPs could play a role in arterial remodeling,
ancurysm formation, venous dilation and lower extremity venous disorders. MMPs also play a
major role in leukocyte infiltration and tissue inflammation. MMPs have been detected in cancer,
and clevated MMP levels have been associated with tumor progression and invasiveness. MMPs
can be regulated by endogenous tissue inhibitors of metalloproteinases (TIMPs), and the MMP/
TIMP ratio often determines the extent of ECM protein degradation and tissue remodeling. MMPs
have been proposed as biomarkers for numerous pathological conditions and are being examined
as potential therapeutic targets in various cardiovascular and musculoskeletal disorders as well as
cancer.
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Abstract

Background and Objective

Matrix metalloproteinase (MMP) -8, -9 and myeloperoxidase (MPO) are inflammatory medi-
ators. The potential associations between MMP-8, -8, MPO and their abilities to reflect car-
diovascular risk remains to be evaluated in saliva. The objective of this study was to
investigate the levels and associations of salivary MMP-8, -8, MPO and tissue inhibitors of
metalioproteinase (TIMP)-1 in myocardial infarction (M) patients and controls with or with-
out periodontitis.

Materials and Methods

200 patients with a first Ml admitted to coronary care units in Sweden from May 2010 to
December 2011 and 200 controls matched for age, gender, residential area and without
previous MI were included. Dental examination and sakva sample collection was performed
6-10 weeks after the Ml in patients and at baseline in controls. The biomarkers MMP -8, -9,
MPO and TIMP-1 were analyzed by time-resolved immunofluorescence assay (IFMA),
Westem blot and Enzyme-Linked ImmunoSorbent Assay (ELISA).

PLOS ONE | DOE10.1371/joumal pone 0128370  July 1, 2015
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Matrix metalloproteinases (MMPs) in oral diseases
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Matrix metalloproteinases (MMPs) are a group of
Y thatin t are responsible for the degradation
of most extracellular matrix proteins during organog
esis, growth and normal tissue turnover. The expression
and activity of MMPs in adult tissues is normally quite
low, but increases significantly in various pathological
conditions that may lead into unwanted tissue destruc-
tion, such as infl y di > growth and
metastasis. MMPs have a marked role also in tissue
destructive oral diseases. The role of collagenases, espe-
cially MMP-8, in periodontitis and peri-implantitis is the
best-h ple of the d tissue destruction
related to increased presence and activity of MMPs at the
site of disease, but evidence has been brought forward to
indicate that MMPs may be involved also in other oral
diseases, such as dental caries and oral cancer. This brief
review describes some of the history, the current status
and the future aspects of the work mainly of our research
groups looking at the presence and activity of various
MMPs in different oral diseases, as well as some of the
MMP.related aspects that may facilitate the development

of new of diagnosis and tr of oral di
Oraf Diseases (2004) 10, 311-318
Keywords: matrix llop i oral; period

cancer; caries

Introduction

Since the microbial nature of many oral discases has
been recognized long ago, for decades rescarch has
aimed to fight the microbes behind the discases. More
recently it has been realized that the host-related factors
may be the keys to the fundamental understanding of
the discase processes in many oral discases. One of these
host factors is a family of enzymes called matrix

Correspondence: Timo  Sorsa, Institute o Dentistry, 2nd  floor
Beomsedscum, University of Helsinki, PO Box 63 (Hsartmanmkatu
8), 00014 Helsinki, Fmnland, Tel: + 358 9191 25439, Fax: + 358 9191
25371, E-mail: timo.sorsaidhelsinki.

Received 12 January 2004; revised 22 March 2004; accepted 8 April
2004

metalloproteinases (MMPs). Our research groups have
for years been working to evaluate the presence, activity,
function and regulation of MMPs in healthy and
discased oral tissucs. In collaboration with other groups
around the world, the work has resulted into the
development of pharmacological agents for MMP
inhibition in the treatment of oral discases, as well as
utilizing MMP measurements as diagnostic tools.

MMPs are a family of structurally related but genetic-
ally distinct enzymes that degrade extracellular matrix
(ECM) and basement membrane (BM) components. This
group of 23 human enzymes is classified into collagenases,
gelatinases, stromelysins, membrane-type MMPs and
other MMPs, mainly based on the substrate specificity
and molecular structure. MMPs are involved in physio-
logical processes such as tissue development, remodelling
and wound healing (Uitto e al, 2003), and play important
roles in the regulation of cellular communication,
molecular shedding and immune functions by processing
bioactive molecules including cell surface receptors,
cytokines, hormones, defensins, adhesion molecules and
growth factors. MMP activity is controlled by changes in
the delicate balance between the expression and synthesis
of MMPs and their major endogenous inhibitors, tissue
inhibitors of matrix metalloproteinases (TIMPs). The
catalytic competence of MMPs is controlled through
the activation of proenzymes, and the inhibition of the
activation or activity by TIMPs (Uitto ez al, 2003).

As the roles of MMPs in tissue degenerative discases
have became evident, attempts to control their activitics
by pharmacological means have gained much attention.
Although the exact roles of individual MMPs in various
discases are not fully understood, it is clear that MMPs
are often up-regulated in groups forming activation
cascades both in the inflammatory and malignant
discases (Uitto er al, 2003).

MMP activation and inhibition

MMPs are mostly produced in latent, non-active form,
and activation through a so-called cysteine switch is
required for the cnzyme function. In most cases,
activation involves removal of the prodomain, resulting
into lower molecular weight active forms (reviewed by
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Analisis de MMPs en fluidos orales en el diagnéstico
complementario de las enfermedades periodontales

Oral-fluid MMP analysis in the complementary diagnosis of
periodontal diseases

Heméandez P', Manlyla P?, Tervahartiala T°, Sorsa T, Heméndez M*
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Full-mouth profile of active
MMP-8 in periodontitis
patients

Krafi-Neumdarker M, Lorenz K, Kook R, Hoffmann T. Mdamiyld P, Sorsa T,
Netsehil L. Full-mowrk profile of active MM P-§ in periodoniitis parienss.
J Periodows Res 2002 47: 121-128, © X011 John Wiley & Soms A/S

Backgrownd and Objective: MMP-8 in gingival crevicular flud is considered as a
protease with high destructive potential because of its ability to degrade collagen
in pericdontitis-affected p The aim of this study was to investigate whether
there was a relationship between clinical dingnostic parameters and the concen-
tration of active MMP-8 (aMMP-8) in gingival crevicular Buid in a site-devel full-
mouth analysis. Based on these data, the prognostic value of aMMP-8 levels in
relation to pocket depth may be evaluated.

Marerial and Methods: Clinical measurements of pocket depth, bleeding on
probing (BOP), plaque index (PlI) and gingival index (GI), as well as samples of
wingival crevicular fluid, were obtained from four sites of each tooth of nine
bealthy female paticnts with chronic generalized periodontitis, The aMMP-8
concentration in gingival crevicular fluid was quantificd by ELISA using specific
monoclonal antibodics. Multipk lincar regression models for the singke measures
of aMMP-8 and pocket depth were cakulated with Gl and BOP as additional
variables,

Reswlrs: Between 92 and 112 recordings were obtained for cach parameter in cach
patient, Mean values of between 31.5 and 88.8% were calculated for pocket depths
of 2 4 mm. Mecan pocket depths ranged from 3.11 10 473 mm, the mean BOP
values ranged from 34.0 to 96.7% and the mean full-mouth gingival crevicular
fAuid aMMP-S concentration ranged from 3.2 to 21.7 ng/mL.

Comelusion: In this sample of female periodontitis patients, & broad range of intra-
individual and interindividual aMMP-8 values was found. Although the explained
variance was rather weak, a statistically significant relationship between aMMP-8
and pocket depth was proven,

© 2001 Johs Wiky & Sons A'S
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Periodontitss is a general inflammatory
condition that has a systemic influence
on bealth. It has been estimated that
the arca of inflamed persodontitis tis-
suc represents a dimension of 20-
T0 cm (1,2). Without being the sole
causative factor, the periodontitis-
imposed inflammatory burden appar-

ently plays a major role in interactions
with vanous systemic discases. There-

parameters and indices that reflect a
history of periodontal discases but

fore, periodontitis can be regarded asa
risk factor for diabetes and metabolic
discase, rheumatosd arthritss, and car-
diovascular discase and stroke (2-6).
The diagnosss of periodontal discase
is traditionally based oa chinical
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predict future d activity.
These conventional chinical appro-
aches are ofien amended by microbial
analysis. Early diagnosis of ongoing
tissue destruction in progressive peri-
odoatitis is particularly important in




Matrix metalloproteinase interactions

with collagen and elastin ®-

Steven R. Van Doren

Department of Biochemistry, Un MO 65211, USA

Ty of Mis: 17 Hak. C
to Steven R. Van Doren: vandarens @ missour.edy

hampuidx dod.org1 0.1016/].matbie. 2015,01.005

Edited by W.C. Parks and S. Apte

Abstract

Most abundant In the extracellular matrix are collagens, joined by elastin that confers elastic recoll to the lung,
aona, and skin. These fibrls are highly resistant to proteolysis but can succumb 1o a minority of the matrix
metalloproteinases (MMPs). Considerable inroads to understanding how such MMPs move to the susceptible
sites In collagen and then unwind the triple helx of colagen monomers have been gained. The essential role

In unw'\dln? of the
gelatinases Is highlighted.

xin-like domain of Intersttial collagenases or the collagen binding domain of
lastolysis Is also faclitated by the collagen binding domain in the cases of MMP-2

and MMP-3, and remote exosites of the catalytic domain In the case of MMP-12.
© 2015 Published by Elsevier B.V. This Is an open access article under the CC BY-NC-ND icense

(httpoifcreativecommons.orglicensasby-ne-nd'd.Ov).

Introduction

Collagens and elastin comprise highly abundant
fibrils that are each repetitive In sequence, ennched
In potypreline |l conformation, cross-inked, insoluble
when assembled, and resistant to most proteolytic
enzymes. The “monomer” unit of type | collagen
comprises two extended al chains and one o2 chain
twisted together into a triple helx. The detalled
structural features of collagen, the many types of
collagen, and the supramolecular assembly of the
fibrils have been reviewed [1). Elastin provides the
extraordinary, endurng elasticity of the aorta and
lung and Is integrated with other proteins from the
extracellular matrix in elastic fibrls [2-5). The
tropoedastin monomer s boot-shaped and contains
the elasticity in the elongated N-terminal coll region
[5.6). The foot-like C-temninal end can bind cells and
was proposed to grasp the next monomer in a
head-to-tal manner in the extended polymer [5).
Proteolytic fragments of elastin are highly chemo-
tactic and stimulating of inflammation, proliferation,
and anglogenesis (7).

Collageml&ts and elastolysis by matrix metalio-
proteinases (MMPs) occur in development, wound

healing, and major inflammatory diseases [7,8). The
MMPs proposad to be elastolytic have been MMP-2,

(hitp
up v !

MMP-7, MMP-3, MMP-12, and MT1-MMP, but with
MMP-3 and MMP-10 in doubt [4). Expenments using
highly elastol human monocyte-derived macro-
phages (M ) assered MMP-7 1o be the principal
elastolytic MMP under the very elastolytic conditions
when activated by a urokinase-type plasminogen
activator pathway [98]. Parallel expedments using the
MDMs the unikelincod of direct elasto-
lysis by MMP-9, and rather that MMP-12 deposited
on elastin fibrils is the MMP reguired for digesting
elastin In the absence of plasminogen. The authors
proposed that MMP-12 might Influence elastolysis
Indiractly by digesting chemokines and other extra-
cellular proteins [3). (Chemokines and numerous
non-matnx proteins have been identified as physio-
logical substrates of MMP-12 [10-12]). Degradation
of interstitial collagen fibrils, e.g., types | and Ill, to
generate the classic 3/4 and 1/4 fragments is
catalyzed by MMP-1, MMP-8, MMP-13, MT1-MMP,
MT3-MMP, and presumably MT2-MMP (8). MMP-2
digests sofubilzed monomers of collagens |, II, and
I [13-15]. MMP-8 digests solubillized colagen | and
Il monomers [16). Machanistic insights into MMP
binding and hydrolysis of fibrillar collagens and
elastin are surveyed below. The specific questions
considered regard how do MMPs (i) move across
collagens to sites for attack, (i) Interact with and

0022-26390 2015 Published by Elseyvier B V. This is an open sccess aricie under the OC BY-NC-ND losrse
oy nondd. 0).
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Saliva and serum biomarkers in periodontitis and coronary
artery disease
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:_‘::"": University of Helsinkl, Helsinki, Alm: Matrix metalloproteinase (MMP)-8, MMP-9, tissue inhibitor of matrix metallo-
an

Tasitute of Dentlstry, Usiversityof Exstam proteinase (TIMP)-1 and myeloperoxidase (MPO) participate in extracellular matrix

Finland, Kuopio, Finland breakdown both in periodontium and atherosclerotic plagues. We investigated the

*Department of Oral and Maxillofacial diagnostic value of serum and saliva blomarkers in periodontitis and acute coronary

Diseases, Kuopio University Hospital,

Kuoplo, Finland syndrome (ACS).
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:‘3:“‘ "s"“'*i"!-""“"““" Institute, of patients with an indication for coronary angiography. All patients underwent a
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f1aboratory, HUSLAR, Helsiok! Uriversity clinical and radiographic oral examination. Groups consisting of periodontitis versus

Hospital, Helsinki. Finland non-periodontitis, and ACS versus non-ACS patients were compared.

“HUCH Heart and Lung Center, Helsinki Results: Saliva MMP-8, MMP-9 and MPO provided significant area-under-curve

Unversity Central Hosgital, HelsinkL Fintand | {AUC) values for periodontitis, 0.69 (<0.001). 0.66 (<0.001) and 0.68 (<0.001), re-

Coerespondence spectively. Serum MMP-8, MMP-9 and MPO levels distinguished ACS from non-ACS
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Orsland Maxofacial Dieases, Helsinld patients with AUCs of 0.73 {<0.001), 0.58 (0.03) and 0.68 (<0.001), respectively.

University Central Hospital, University Periodontitis confounded the use of serum MMP-9 in diagnostics of ACS. Cardiac

of Helsinki, Biomedicum Helsinki 1,

Haartmarinkatu & PO, Box 63, FI-00014 status complicated the use of saliva TIMP-1 in periodontal diagnostics. Saliva bio-
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Acute Myocardial Infarction is Reflected

in Salivary

Activation Level

Eralp Buduneli,* Paivi Mantyla, ' Gilnur Emingil,* Taina Tervahartiala,'! Pirkko Pussinen,'!
Nezihi Bansg,* Azem Akilli,' Gal Atilla,* and Timo Sorsa'*

Background: The alm of this study Is to compare salivary
and serum biomarker levels and degrees of matrix metallopro-
telnase (MMP) activation between patients with acute myo-
cardlal Infarction (AMI) and systemically healthy patients
(non-AMI) with similar perlodontal conditions.

Methods: A total of 92 patlents (47 AMI and 28 non-AMI
patients with gingivitis or periodontitis; and 17 systemically
and periodontally healthy patlents as a control group) were
recrulted. Clinical perlodontal measurements were recorded;
stimulated whole saliva and serum samples were collected.
AMI patients were clinically examined within 3 to 4 days after
admission to the coronary care unit. Saliva samples were an-
alyzed for levels of MMP-8, MMP-7, and tissue inhibitor of
matrix metalloproteinase (TIMP)-1. Serums were tested
for MMP-8, MMP-9_ TIMP-1, and TIMP-2 levels by immuno-
fluorometric assay and enzyme-linked immunosorbent as-
say. Molecular forms and degree of activation of salivary
MMP-8, MMP-9, and MMP-13 were analyzed by computer-
scanned immunoblots.

Results: Total salivary MMP-8 assessed by immunofluoro-
metric assay method and Immunoblot densitometric units was
higher in non-AMI than in AMI patients’ saliva but a sig-
nificantly higher percentage of AMI patients was activated
polymorphonuclear leukocyte type (PMN) MMP-8 (P<0.001) re-
gardless of perlodontal diagnosis. Serum MMP-8 MMP-9, and
TIMP-1 levels were significantly higher in AMI (for all markers
and all comparisons, P <0.05). Characteristic for AMI was
dominance of active PMN MMP-8 In saliva.

Conclusions: Enhanced MMP-8 activation in the saliva of
AMI patients is evidently, in part, of systemic origin. Conse-
quently, AMI s reflected In serum but also in saliva. J Pen-
odontol 2011,82:716-725.

KEY WORDS

Matrix metalloproteinases; myocardial infarction;
pathogenesis; periodontal disease; saliva; serum.
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Matrix Metalloproteinase-8

oronary artery disease Is one of
the leading causes of death world-
wide, and acute myocardial In-
farction (AMI) is responsible for about
15% of all such deaths.! Several patho-
physlologic mechanisms play an impor-
tant role In the pathogenesis of AMI, such
as Inflammation; prothrombotic and
thrombotic activity; shear stress, endo-
thelial responsiveness to dilatation; and
collagen degradation. 2 Periodontitis results
from the Interaction of perlodontopathic
plaque bacteria and host inflammatory
and Immune responses and Is the most
common persistent bacterial infection
worldwide. The association of periodon-
titis with coronary heart disease has
been investigated in several clinical stud-
ies.*® However, the pathogenic mecha-
nisms and potential links between both
diseases are not completely clarified.
The host-derived matrix metallopro-
teinases (MMPs) are known to be the
main endogenous proteinases of phys-
lologlc tissue remodeling and patho-
logic extracellular matrix degradation
in periodontitis.”® Increased aingival
crevicular fluid (GCF) and salivary
MMP-8 levels are assoclated with pro-
gressive loss of connective tissue at-
tachment in periodontitis.®-9 MMP-9
has been shown to be the major gelati-
nase present in periodontitis-affected
inflamed human gingival tissue, dental
plaque, sallva, and GCF samples.B!!
Matrilysin-1 (MMP-7), the smallest of

dol 10.1502/jop 2010, 100492
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Biological role of matrix metalloproteinases:
a critical balance

S. Loffek*, O. Schilling” and C-W. Franzke*

ABSTRACT: Matrix metalloproteinases (MMPs) are members of the metzincin group of proteases
which share the conserved zinc-binding motif in their catalytic active site. It was originally thought
that thelr main function Is to degrade the varlous components of the extraceliular matrix (ECM),
yeot recont studies have led us to appreciate thelr significance as regulators of extracellular tissue
signalling networks. Due to the broad spectrum of their substrate specificity, MMPs contribute to
the homeostasis of many tissues and participate in several physiological processes, such as bone
remodelling, anglogenaesis, immunity and wound healing. MMP activity |s tightly controlled at the
lovel of ription, pro-peptide activation and Inhibition by tissue Inhibitors of MMPs.
Dysregulated MMP activity leads to pathological conditions such as arthritis, inflammation and
cancer, thus highlighting MMPs as promising therapeutic targets. Analysis of MMP mutant mice
has proved to be an essentlal tool for the identification of novel functions and Interactions of
single MMP members, Advancing our understanding of the MMP contribution to tissue
homeostasis will lead us to identify causal relationships between their dysregulation and the
development of disease pathologles, thus gulding us to successful MMP-directed theraples.

KEYWORDS: Collagen, degradation, extracellular matrix, immunity, substrate, tissue inhibitor of

metalloproteinase

he matrixins or matrix metalloproteinases

(MMPs) are members of the large metzin-

cin superfamily like the astacing, serra-
lysins, reprolysins, and adamalysins or disinte-
grin metalloproteinases (ADAMS3), In the classical
view, MMPs are collectively capable of degrad-
ing all components of the extracellular matrix
{ECM) and basement membrane, restricting their
functions to tissue r delling and e
However recent sub dentification studi

are found in humans, including the two identical
forms for MMP-23, encoded by two distinct
genes, i, MMP23A and MMP238. The diversity
of the current mammalian MMP gene families is
derived particularly from an extersive gene
tandem duplication and exon shuffling during
evolution in the tetrapod lineages. Taking this
into account, some of the actual MMP members
are most likely derivatives from a single gene

Iting in 2 MMP gene cluster, whose organisa-

reveal that MMPs are regulating the release or
activation of chemokines, cytokines, growth
factors, antibiotic peptides, and other bioactive
molecules thus participating in  physiological
processes such as innate and adaptive immunity,
inflammation, angiogenesis, bone remodelling,
and neurite growth,

High sequence similarity to MMP  catalytic
domains is found in almost all kingdoms of life,
At Jeast 25 different vertebrate MMPs have been
characterised up to now and 24 different MMPs

Feor edilorial comments see page 12.

TORY

tion is preserved from amphibians to Is
The cluster in the human genome is located at
chromosome 11 and contains MMP-1, -3, -7,
-8, =10, <12, <13, -20 and -27, In contrast, most of
the other human MMP genes are located on
different chromosomes, resulting in a total of 10
distinet chromosomes for all 24 human MMP
genes [1],

Although the activity of MMPs has been shown to
be essential in cell biclogical processes and many
fundamental physiological events involving tissue
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TIMP1 is a prognostic marker for the
progression and metastasis of colon cancer
through FAK-PI3K/AKT and MAPK pathway

Guohe Song' t Shifeng Xu‘", Hong Zhanga. Yupeng Wang', Chao Xiao', Tao Jimg', Leilei Wu®, Tao Zhang',
Xing Sun’, Lin Zhong', Chongzhi Zhou', Zhaowen Wang'. Zhihai Peng'. Jian Chen"" and Xiaoliang W‘ang'.

Abstract

Background: Tissue inhibitor matrix metalloproteinase 1 (TIMP1) plays a vital rele in carcinogenesis, yet its precise
functional roles and regulation remain unclear. In this study, we aim to investigate its biological function and
dinical significance in human colon cancer.

Methods: We analyzed the expression of TP in both public database (Oncomine and TCGA) and 94 cases of
primary colen cancer and matched nermal colon tissue specimens. The underlying mechanisms of ditered TIMPT
expression on cell tumarigenests, proliferation, and metastasis were explored in wtro and in vivo.

Results: TIMP1 was overexpressed in colon tumorous tissues and lymph node metastasls specimens than in normal
tissues. The aberrant expression of TIMP1 was significantly associated with the regional lymph node metastasis
(p=0.033), distant metastasis (p=0039), vascular invasion (p=0024) and the American Joint Committee on
Cancer (AJCC) stage (p=0026) Cax proportional hazards medel showed that TIMPT was an independent prognostic
indicator of disease-free survival (HR = 2,603, 95 % Ck 1.115-6077, p = 0027) and overall sundval (HR =2907, 95 % C:
1254-6.737, p=0013) for patients with colon cancer. Consistent with this, our findings highlight that suppression of
TP expression decreased proliferation, and metastasis but increased apoptosis by inducing TIMP1 spedific regulated
FAK-PBK/AKT and MAPK pathway.

Conclusion: TIMP1 might play an important role in promoting tumarigenests and metastasis of human colon cancer

Keywords: TIMP1, Colon cancer, Prognosis, Turnarigenesis

and function as a potential prognostic indicater for colon cancer.

Background

Colon cancer represents one of the most common ma-
lignanci cldwide and a cause of morbidity
and mortality [1]. Despite inc d t advances
in the past 20 years, early diagnosis can still improve the
prognosis of this di [2]. Molecular studies have
revealed a large nunﬁer of gcnem: alterations that occur
during colon carcinog r, precise geneti
changes responsible for the and p i
of colon cancer is still poorly undastnod [3 4).
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Therefore, identification of molecular markers remains
crucial for designing novel and efficient treatment
strategy.

Tissue inhibitor matrix metalloproteinase 1 (TIMP1),
located on chromosome Xpl1.3-pl11.23, belongs to the
Tissue Inhibitor of Metalloproteinases family which in-
cuded four identified members (TIMPI, TIMP2,
TIMP3, and TIMP4). TIMP] encodes a 931 base-pair
mRNA and a 207 amino acid protein. Studies have

shown that this protein may inhibit the p lytic activ-
ity of matrix meullnpmmnases (MMP:) by forming
noncovalent 1:1 stoichi compl and regulate
the bal of matrix eling during degradation of

extracellular matrix [5]. In addition to iu inhibitory
effect on most of the known MMPs, which are thought
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Salivary MMP-8, TIMP-1, and
ICTP as markers of advanced
periodontitis

_]oumd of
Penodo%mogl

Ulvi Kahraman Gursoy'*24, Eija
Kononen™* Pradhan-
Palikkhe'?, Taina Torvahartiala'?,
Pirkko J. Pussinen'?,

Litsa Suominen-Taipale** and

Timo Sorsa'?

Institute of Dentistry, University of Halsinks,
Halsinkl, Finland; “Depariment of Oral and
Maxilotacial Surgery, Halsinks Universty
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Gursoy UK, Kondnen E, Pradhan-Palikhe P, Tervahartiala T, Pussinen PJ. S
Tmpak L, Sorya T. Salivary MMP-8. TIMP-1, and ICTP as markers o!admncul
itis. J Clim Periodowtol 2010; 37: 487493, doi: 1011114 1600-051X.2010.
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Abstract
Aim: Salivary matrix metalloproteinase (MMP)-S and -14, tisswe inhibitor of matrix
metalloproseinase (TIMP)- 1, and pyridinoline cross-linked carboxyterminal

lopeptide of type 1 collagen (ICTF) were analysed aiming to detect potential markers
of advanced penodontitis im saliva. In addition, we compared two MMP-8 detection
methods, a time-resolved immunofiuorametric assay (IFMA) and an enxyme-linked
immunoassay (ELISA), o differentiste periodontitis subjects from controls,
Material and Methods: Concentratsons of MMP-8, MMP.14, TIMP-1, aad ICTP
were analysed from salivary specimens of 165 subjects, incloding 84 subjects having a1
Teast 14 teeth with periodontal pocket (pocket depth =4 mm) and $1 subgects withowt
pocket depth as their controls.
Results: Salivary MMP-8 detection by IFMA difl iated periodoniitis subjec
from controls more stroagly than by ELISA. Salivary MMP-8, TIMP-1, and ICTP
comcentrations were higher in periodontits subjects than those in controls, When oaly
smokers were included in the analysis these dfTerences were lost. The MMP-8/TIMP-
1 ratio and the combination of MMP-§ and ICTP differentinted periodontitis and
comtral groups even in smoker subjects.
C.nd-l— Sulnxy MMP-S TIMP-1, ICTP, and especially thear ratios and

bi didates in the & of advanced periodontitis,

Duﬂcmmalmg p-munlouum and control sebjects with salivary MMP-8 detection is
dependent on the selected technigues.
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Sadlof Sl = In periodontal tissue destroction, the

de tion of connective tissue and
D il booe. s mainly induced by
activated host cell enzymes (Tatakis &
Kumar 2005). Among these enzymes,
matrix metalloproteinases (MMPs) form
the mast important group of proteinases
that take part not only in the degradation
of matrix perotens during  perio-
dontitis but also during normal tum-
over in health and wound healing.
The imbalance between MMPs and tis-
sue inhibitors of matrix metalloprotei-
nases (TIMPs) is comsidered to trigger
the degradation of ex Hular matrix,
b ent membeane, and alveolar bone,
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and thus to imtiate pericdantal disease
(Sorsa et al. 2004).

MMP-8 in oral fuids, gingival crevi-
cular fluid (GCF), and saliva associates
with the initiation and progr of
periodontitis and reflects its severity
(Sarsa et al. 1988, Uitto et al. 1990,
Sarsa et al. 2006). Activation of MMP-8
has been suggested to occur in a cascade
of events, where reactive axygen spe-
cies and MMP- 14 play an important role
(Weiss 1989, Holopainen et al. 2003,
Sarsa et al. 2006). TIMPx, on the other
hand, regulate the activities of MMPs.
Although the major function of TIMPs
is the mhibition of MMPs, they can also
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Serum MMP-9 Diagnostics, Prognostics, and Activation
in Acute Coronary Syndrome and Its Recurrence
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Abstract

Matrix metalloproteinase (MMP)-9 is crucial in atherosclerotic plaque rupture and tissue remodeling after a cardiac
event. The balance between MMP-9 and endogenous inhibitor, tissue inhibitors of matrix metalloproteinase 1 (TIMP-1),
is important in acute coronary syndrome (ACS). This is an age- and gender-matched case-control study of ACS (N=
669). Patients (45 T%) were mampled after movety. and all were followed up for 6 years. The molecular forms of
MMP-9 were investigated by gelatin zymography. Diagnostically, MMP-9 and the MMP-9/TIMP-1 molar ratio were
assoctated with ACS (OR 5.81, 95% CI 2. 65—12 76 and 4.96, 2.37-10.38). The MMP-9 rations d d 49%
during recovery (p<0.001). The largest decrease of these biomarkers between acute and recovery phase (AMMP-9)
protected the patients from major adverse cardiac events, especially the non-fatal events. The fatal events were associ-
ated with in vitro activatable MMP-9 levels (p=0.028). Serum MMP-9 and the MMP-9/TIMP-1 molar ratio may be

v

outcome.

luable in ACS diagnosis and prog

Keywords Atherosclerosis - Coronary artery di

- Serum bi

High serum MMP-9 activation potential is associated with poor cardiovascular

rker - Cardiovascular diseases - Plaque rupture -

Inflammation
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Introduction

Atherosclerosis is a chronic inflammatory process of arteries
[1. 2]. Matrix metalloproteinases (MMPs) destabilize athero-
sclerotic plaques by degrading extracellular matrix (ECM),
especially in the shoulder regions. This may lead to plaque
rupture and a fatal acute coronary syndrome (ACS) eveat.
Inflammatory and oxidative mediators increase the amounts
of MMPs [3]. MMPs enable leukocytes and inflammatory
mediators to migrate across tissues [4), accelerating the devel-
opment of pathogenic atherosclerotic plagues.

Matrix metalloproteinase-9 (MMP-9), also known as
gelatinase B, is an enzyme that degrades mainly type IV col-
lagen and elastin [$). MMP-9 is secreted by various cell types,
such as neutrophils, macrophages, endothelial cells, and
smooth muscle cells. lmetacuons with specific tissue inhibi-
tors of matrix metalloproteinases (TIMPs) determine the func-
tion of MMP-9 [6, 7] by binding to MMP at a molar equiva-
lence [8]. Inactive, latent pro-form MMP-9 may be activated
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Tissue inhibitor of matrix metalloproteinase 1 (TIMP1)
controls adipogenesis in obesity in mice and in humans
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Abstract glucose uptake, whereas muscle glucose clearance
Aims/hypothesis Extracellular matrix B i & remained unaffected.

crucial step of adipocyte d:ﬂmuwon and s led ‘onclusions/interpretation TIMP1L i3 & pegative regulator
by the matnx 15 tissue inhibitor of matnx  of adipogenesis. In vivo, TIMPI leads to enlarged
metalloproteinase (TIMP) enzyme system. We therefore  adipocyles in the mle of ovemutriion. This might
sought to define the role of TIMP] i adipogenesis and to contribute to the det | metabolsc ¢ es seen
elucidate whether upregulation of TIMPI in obesity has  m TlMPl-m)ecled mice, such as syslemlc I‘ally acid
direct effects on adipocyte fi overload, b lipad lation and msulin ¢
Methods TIMP] protemn levels and mRNA were measured

in lean and obese mice with a focus on levels in adipose  Keywords Adxpocyu- hypenmphy Adxpogmtsls

tissue. We also analysed the effect of recombi Diet-induced TIMP1L

TIMP1 on adipogenesis, adipocyte size and metabol: Tissue inhibitor of mzhllopmumml

control in vitro and i vivo.

Results TIMP1 levels were increased in the szrum and  Abbreviations

adipose tissue of obese dels. R MMP  Matrix metalloproteinase

murine TIMPL inhsbited adipocyte differentiation in 3T3-  SVF  Stromal-vascular fraction of adipose Lssue

L1 as well as in subcutaneous primary pre-adipocytes.
Coaversely, nevtralising TIMP1 with a specific antibody
enhanced adipocyte differentiation. In vivo, injection of
recombinant TIMP1 in mice challenged with a high-fat diet
led lo mltgtd mhpocyl:s TIMPI-treated mice developed
an profile with s circulating
Nl:l-A levels, hepatic lnacylglyml aocumu.lauun and
accelerated insulin ressstance. Altered glucose clearance in
TIMPI-injected mice was due to changes in adipose lissue

TIMP  Tissue inhibitor of matrix mclallopmlcmnc

Introduction

Obesity is the mam nsk factor for type 2 diabetes and
has become a growing health problem in the last
decades [1-3]. Expansion of adipose tissue results from
an imbal between energy intake and energy expendi-
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ture. Second plt | by obesity partly
depend on how well adipose tissue can adapt to an
extended nutrient supply [4, 5]. One way of buffening
excess nutrients m adipose tissue 13 the generation of fat
cells through de novo differentiation. This hyperplastic
response is preferable to a hypertrophic reaction, where
nutrients are stored m pre-existing adipocytes. Adipocyte
hypertrophy commonly leads to enlarged, insulin-resistant
fat cells with a high lipolytic rate, thus promoting ectopic
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A review of fluoroimmunoassay and

immunofluorometric assay

DS SMITH*, MOHAMMAD H H AL-HAKIEM¢t, AND J LANDON¢

From *Technia Diagnostics Ltd, 263 City Road, London ECI, and the t Department of Chemical Pathology,
St Bartholomew's Hospital, West Smithfield, London ECI

The immediate future of laboratory practice will
continue to lie with immunoassay because of its
specificity, potential sensitivity, practicality and, in
particular, wide applicability. Therc has been
considerable recent interest in the use of fluorescent
molecules as a label for immunoassay purposes. This
review attempts to explain simply the basis of
immunoassay with particular reference to fluoro-
immunoassay (FIA) and immunofluorometric
analysis (IFMA); to compare the advantages and
disadvantages of fluorescent labels as compared
with radioisotopes and other non-isotopic alter-
natives; and to consider the many different analytical
approaches made possible by use of a fluorescent
tracer,

Basis and types of immunoassay

As its name implics, an immunoassay is an analytical
procedure based on the reaction between an antigen
and a specific antibody, which obeys the Law of Mass
Action:

ky
(Free fraction) ' (Bound fraction)

where Ag represents the antigen, Ab the antibody,
and Ag : Ab the bound complex. At cquilibrium,
some of the free reactants will be combining, with a
rate constant k,, to form more of the complex,
while some of the complex will be dissociating, with
4 rate constant k,, to give free antigen and antibody.

Immunoassays arc most commonly employed to
quantitate antigens in biological fluids, and it is
with this role that the present review is primarily
concerned. Nonetheless, it should be noted that
immunoassays are also frequently used to detect the
presence of circulating antibodies or immune
complexes. Indeed, Berson and his collcagues’
pioneer work in radioimmunoassay followed their
use of ¥[labelled insulin to demonstrate the
presence of circulating antibodies in patients treated
with insulin,}

Immunoassays for the detection or quantitation of
an antigen can be categorised into those in which no
labelled reactant is required, those employing
labelled antigen, and others in which specific
antibodies are labelled.

NON-LABELLED IMMUNOASSAYS
Several immunoassay techniques do not require the
use of a labelled reactant.? Some depend on the
precipitation line which forms in a gel support when
a protein antigen comes into contact with its specific
antibedy while other manual and automated
procedures depend, for end-point detection, on the
increase in light scattering produced. Despite their
cxtensive and rapidly increasing use, non-labelled
techniques are limited to the assay of proteins and
other large molecules present at relatively high
concentrations, since only in such circumstances are
the resultant  antigen : antibody  complexes
sufficiently large to form a precipitin line or scatter
light. Additional disadvantages include the need for
relatively Jarge amounts of monospecific antisera;
problems with very turbid or haemolysed samples;
and the possibility of erroncous results in the
presence of antigen excess—due to the prozonc
phenomenon.

IMMUNOASSAYS EMPLOYING LABELLED
ANTIGEN

The use of antigen labelled with a radioisotope, by
Yalow and Berson in a radioimmunoassay (RIA) for
insulin,® proved an important milestone. It made
possible the assay of haptens (such as drugs and the
thyroid and steroid hormones) as well as proteins;
resulted in a million-fold increase in sensitivity;
removed the need for monospecific antisera and
markedly reduced the amounts of antisera required;
avoided the problem of antigen excess; and enabled
the assay of haemolysed and turbid samples. In the
same year, Ekins had recognised the wider implica-
tion of this approach and developed techniques for
both thyroxine (T,)* and vitamin B,,* employing
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Zymographic techniques for the analysis of
matrix metalloproteinases and their inhibitors

Patricia A.M. Snoek-van Beurden and Johannes W. Von den Hoff

BioTeckvwiques 38.:73-83 (Sawwary 2005)

The balance between matnix m‘allopmrrha:a (MMPs) and their inhibi the tissue inhibitors of flop (TIMPs),
is largely ihle for the ling of tissues. Dx lation of this balance is a characteristic of extensive tissue degradation
in certain dfxtummv diseases. To analyze the role of MMPs and TIMPs in tissue remodeling under normal and pathological
ditions, if is imp to have reliable detection methods. This review will focus on zymographical techniques for the analysis of
IJMP: and TIMPs. MMPs can be analyzed with several zymographical technigues, but substrate zymography is the most commonly
wsed. This technigue identifies MMPs by the degradation of their preferential substrate and by their molecwlar weight. Several sub-
strates that can be used for rymography are described. Reverse zymography, which detects TIMPs by their ability to inhibit MMPs,
is also discussed. Finally, in situ zymography is described, which is used 10 localize MMPs in tissue sections. Common problems
encountered dunng sample preparation, zymography itself, and the data analysis are discussed. Hints are given to improve the
sensitivity and accuracy of symographical methods. In conclusion, ymography is a valuable tool for research purposes and for the

P

de of new di ic techmig

s

umor progression.

INTRODUCTION

Matrix metalloproteinases (MMPs)
are a family of calcium-dependent,
zinc-containing endopeptidases that are
structurally and functionally related (1).
They are secreted in an inactive (latent)
form, which is called a zymogen or a
pro-MMP. These latent MMPs require
an activation step before they are able
to cleave extracellular matrix (ECM)
componeats (1). The activity of MMPs
is regulated by several types of inhib-
itors, of which the tissue inhibitors of
metalloproteinases (TIMPs) are the
most important (2). The TIMPs are
also secreted proteins, but they may be
located at the cell surface in association
with membrane-bound MMPs (3). The
balance between MMPs and TIMPs
1s largely responsible for the control
of degradation of ECM proteins (4).
MMPs are involved in the remodeling
of tissues during embryonic devel-
opment, cell migration, wound healing,
and tooth development (5-8). However,
ad lation of the bal between
MMPs and TIMP is a characteristic of
diverse pathological conditions, such as

and therapies for pathological ¢

such as rh

id and osteoarthritis, and

rheumatoid and osteoarthritis, cancer
progression, and acute and chronic
cardiovascular diseases (3,9,10). To
analyze the role of MMPs and TIMPs
in tisswe deling under I and
pathological conditions, it is important
to have reliable detection methods. This
review will briefly describe all known
MMPs, their activation, and their role
in tissue remodeling and pathology. It
will focus on zymographical techniques
for the analysis of MMPs and TIMPs.

THE MMP FAMILY

The family of human MMPs consists
of 23 different forms that are divided
into six groups (11-14). In order to
classify the MMPs, knowledge of their
characteristics is essential. It has been
shown that each MMP consists of a
specific domain sequence with several
domain motifs. This sequence includes
the signal peptide, the propeptide
domain, the catalytic domain, and the
C-terminal hemopexin-like domain,
which are preseat in almost all MMPs
(15). However, several MMPs have

additional domains such as a trans-
membrane or a cytoplasmic domain
(15,16). The organization of the MMP
domains, together with their substrate
specificity and sequence similarity,
define the MMP classification. Six
groups can be distinguished (Table 1;
subgroups 1-6). (1.) The collagenase
group includes MMP-1, MMP-8, and
MMP-13. These are generally able
to cleave the interstitial collagens I,
II, and 1. Collagenases are also able
to digest certain other ECM and non-
ECM proteins (8,12,17). (2.) The
gelatinase group, which consists of
MMP-2 and MMP-9, mainly digests
gelatin, the denatured form of collagen
(8,12). (3.) The stromelysins, MMP-3
and MMP-10, digest ECM components
such as collagen IV and fibronectin.
MMP-11 is also called stromelysin-3,
but its sequence and substrate speci-
ficity are different from that of MMP-3
and MMP-10. Therefore, MMP-11 is
usually placed in the heterogeneous
subgroup (see subgroup 6) (8,12.17).
(4.) The matrilysins, MMP-7 and
MMP-26, which are categorized differ-
ently among the MMP subgroups by
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Effects of scaling and root planing
and sub-antimicrobial dose
doxycycline on oral and systemic
biomarkers of disease in patients
with both chronic periodontitis
and coronary artery disease

Titer G, Kurtis B, Serdar M, Aykan T, Okyay K, Yiicel A, Toyman U, Pwar S, Cemri
M, Cengel A, Walker SG, Golub LM. Effects of scaling and root planing and sub-
antimicrobial dose doxycycline on oral and systemic biomarkers of disease in patients
with both chronic periodontitis and coronary artery disease. J Clin Periodontel 2007;
3d: 673-681. doi: 10.1111/5.1600-051X.2007.01104 x.

Abstract

Objectives: This study evaluated the effects of scaling and root plaming (SRP) +
sub-antimicrobial dose doxycycline (SDD) on gingival crevicular fluid (GCF) levels of
malnx metalloproteinase (MMP) -1, -8, -13 and on serum levels of high-sensitivity
C-reactive protemn (HsCRP) and lipid fractions in patients with both chronse
penodontitss (CP) and coronary artery disease lCAD)
Material and Methods: Thirty-six pat were { o two
groups (Placebo or SDD; 6 weeks) and both recetved two n:pmens of SRP. Al baseline
and 6 weeks, GCF and blood were collected and climcal indices were recorded.
MMPs, HsCRP and lipid fractions were assayed.

Results: There were sl Ly significant improvements for all clinical parameters,
GCF volumes, GCF MMPs and serum levels of HsCRP, apolipoprotein-A (APO-A),
high-density lipoprotemn (HDL) and Lipoprotein-a between pre- and post-lrestment in
both groups. Between groups, there were statistically significant greater impeovements
in pocket depth (PD), gingival idex (GI), APO-A and HDL., favouring the group
recetving SDD adjunctive to SRP (p<0.05).

Conclusion: Greater improvement was detected foe PD and GI, and for serum levels
of APO-A and HDL cholesterol when using SRP+SDD compared with SRP + placebo
1n thas study. An m\uug.uwn with larger numbers of patsents and a longer duration of
drug is d 1o confirm these preliminary findings.
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Abstract

Background and Objective

Matrix metalloprotenase (MMP) -8, -8 and myelcperoxidase (MPO) are inflammalory medi-
ators. The potential assoclations betwasn MMP-3, -9, MPO and their ablines 1o reflect car-
dovascular sk remans 10 be evaluated in salva, The cbjective of tis sudy was to
investigate the levels and associations of salivary MMP-8, -9, MPO and tissue inkibtors of
melalloproteinase (TIMP)-1 in myocardial nfarction (M) patients and contrels with or with-
out pericdonitis.

Materials and Methods

200 patients with a first MI admitted to coronary care units in Sweden from May 2010 %
Dacembar 2011 and 200 controls matchad for age, gender, residental area and without
previous MI were Included. Dental examination and salva sample collaction was parformed
6-10 woeks after the Ml in patients and at baseline in conltrols. The biomarkers MMP -8, -8,
MPO and TIMP-1 were analyzed by lime-resohed immunofl vou assay (IFMA),
Wastem biot and Enzyme-Linked ImmunoSorbent Assay (ELISA),

PLOS ONE | DOL:10.1371cumal.pone 0126370 July 1, 2015
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Cardiovascular diseases (CVDs) are the most common cause of mortality
worldwide. In acute cardiovascular conditions, time is a crucial player in
the outcomes of disease management. Given the ease and noninvasiveness
of obtaining saliva, salivary biomarkers may provide a rapid and efficient
diagnosis of CVD. Here, we reviewed the published data on the value of
salivary molecules for diagnosis of CVD, especially in acute care settings.
In this review, we show that some biomarkers such as salivary creatinine
kinase myocardial band, C-reactive protein, troponin-1, and myoglobin
exhibited promising diagnostic values that were comparable to their serum
counterparts. Other molecules were also investigated and showed contro-
versial results, including myeloperoxidase, brain natriuretic peptide, and
some oxidative stress markers. Based on our review, we concluded that the
clinical use of salivary biomarkers to diagnose CVD is promising; however,
it is still in the early stage of development. Further studies are needed to
validate these findings, determine cutoff values for diagnosis, and compare
them to other established biomarkers currently in clinical use.

Introduction

Cardiovascular diseases (CVDs) are the most common
cause of mortality; both globally and in the United
States. Solely, they were responsible for 20% and 24%
of the total age-matched worldwide liability of discase
in 2016, respectively. Among CVDs, the most common
is ischemic heart disease [174 million disability-ad-
justed life-years [DALYs; crude range 170-180 mil-
lion]), then stroke [116 million DALYs (crude range
111-121 million)] [1]. In the USA, 116.4 million, or
46% of adults, are estimated to have hypertension,
with ~ 2303 deaths owing to CVD daily and 389.4

Abbreviations

daily deaths related to stroke alone. In Europe,
4 475 990 individuals were estimated to die from CVD
in 2017 [2]. By 2030, the excepted direct medical costs
for CVD will reach S818 billion in comparison with
$273 billion in 2010 [3].

Acute myocardial infarction (AMI) is a common
cardiovascular emergency with a high case-fatality
ratio. The comerstone for emergency diagnosis of
AMI is electrocardiography (ECG) in addition to anal-
ysis of the classic cardiac biomarkers, including tro-
ponin I (Tnl), serum creatine kinase myocardial band

80H4G, hydraxydeoxyguancsing, AHSG. alphe-2-HS-gycoprotein; AMI, acute myocardial infarction; ASA, alcohol septal ablation, BNP. 8-
type natriuretic peptide; CAT, catalase; CHD, chronc heart disease; CK-MB, Creatinne kinase myocmdal bam: CPX, Creatine
phasphokingse; CRP, C-reactive protein; CVD, cardiovasculdr disesss. DCFH-DA, 2'7" dichior y G HDL, high-dergity
Ipanrmmn IM&, ischemic modified albumin; LOL, lowdensity lipoprotein; LR, logistic regression; MOA, makondialdehyde; MMP, matro

r i . MPO, rnyalop . MYD, myoghkibing NES, neuron-spedific enolase; TG, trigiyceride, TIMPS, t8sue inhibitors of
metalloproteinases; Tnl, troperin |; VLD, verglow-densey lpoprotein.
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1 | INTRODUCTION

An estimated 743 milion people are affected by pericdontitis,
which is considered to be the sixth mast prevalent disease glob-
ally [Kassebaum et 3., 2014). In periodontics, the disgnosis of

Abstract

Alme To analyse, using a meta-analytical approach, the diagnostic accuracy of sin-
gle molecular biomarkers in saliva for the detection of periodontitis in systemically
healthy subjects.

Materials and Methods: Articles on molecular biomarkers in saliva providing a binary
contingency table (or sensitivity and specificity values and group sample sizes) in
Individuals with clinically diagnosed periodontitis were considered eligible. Searches
for candidate articles were conducted in six electronic databases. The methodologi-
cal quality was assessed through the tool Quality Assessment of Diagnostic Studies.
Meta-analyses were performed using the Hierarchical Summary Recelver Operating
Characteristic model.

Results: Meta-analysis was possible for 5 of the 32 biomarkers studied. The high-
est values of sensitivity for the diagnosis of periodontitis were obtained for IL1beta
{78.7%), followed by MMP8 {72.5%), IL6 and haemoglobin {72.0% for both mole-
cules); the lowest sensitivity value was for MMP9 (70.3%). In terms of specificity
estimates, MMP9 had the best result (81.5%), followed by IL1beta (78.0%) and hae-
moglobin {75.25%) MMP8 had the lowest specificity (70.5%).

Conclusions: MMPE, MMP9, IL1beta, IL6 and Hb were salivary blomarkers with good
capabllity to detect perlodontitis in systemically healthy subjects. MMPS and IL1beta
are the most researched biomarkers in the field, both showing clinically fair effective-
ness for the diagnosis of periodontitis.

KEYWORDS
diagnostic ¥. meta-analysi lecular bi kers, p
prevalence, saliva, sensitivity, specificity, systematic review

iodantitis, predictive values,

periodontitis is a crucial element in the success of treatment, as
the progression of the disease causes an irreversible loss of perio-
dontal structures (Kinane, Stathopoulou, & Papapanou, 2017). The
traditional clinical and radiographic parameters are the best meas-
ures currently available for diagnosing the disease and monitoring
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