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ABSTRACT

Periodontal disease is an infectious disease characterized by
the connective tissue destruction and consequent alveolar bone
loss in response to plaque accumulation on the tooth surface.
The clinical diagnosis of periodontal disease is based both on
clinical examination involving the evaluation of probing depth
and radiographic examination of alveolar bone loss but these
examinations are not enough to determine the activity of the
disease process. For that reason, it has been proposed to
seek predictive disease markers in an attempt to assess the
disease activity and so, evaluate the efficacy of the periodontal
disease treatment. The aim of this review is to present recent
advances in the development of proteomic, genomics and
microbial biomarkers and potential clinical applications. It was
concluded that periodontal treatment based on assessing the
levels of salivary biomarkers emerges as a promising method
in near future and will become an integral part of the evaluation
of periodontal health.
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INTRODUCTION

Periodontal disease is a chronic bacterial infection
characterized by the destruction of connective tissue
and consequent alveolar bone loss in response to biofilm
accumulation on the tooth surface.!> The process can be
restricted to the gingival tissues and are called gingivitis,
or may affect the supporting tissues of the teeth, being
called periodontitis. In cases of gingivitis that progress to
periodontitis, local tissue destruction by the defense cells
of the host immune response causes periodontal tissues
loss such as periodontal ligament, connective tissue and
alveolar bone.’

The clinical diagnosis of periodontal disease is
traditionally based on clinically examination of the
detectable parameters such as probing depth, attachment
level, plaque index, bleeding on probing and radiographic
assessment of alveolar bone loss. These are informative
to assess the severity of the disease, but not yet fully
determinants for evaluation of their activity. The presence of
bleeding on probing is still the best available parameter for

evaluation of disease activity. On the other hand, bleeding on
probing is not specific enough and may reveal false positive
results.* Thus, it has been proposed to seek predictive
markers of disease (predictive testing) as the assessment of
disease activity and treatment efficacy (diagnostic tests) for
periodontal disease.>’

The identification of sites or individuals susceptible to
periodontal disease and the diagnosis of its active phase is
still a challenge for clinicians and researchers, often with
results that are difficult to be compared from one study to
another. Thus, the possibility has been demonstrated that
a simple and accurate diagnostic tool, the use of salivary
biomarkers could provide more accurate and allow more
reliable evaluation periodontal disease state.®

LITERATURE REVIEW

Saliva as a Diagnostic Tool

Saliva is a biological fluid critical for maintaining the health
of the oral cavity. Their physicochemical and biochemical
properties, with its complex composition, make this
fluid a compound with multiple functions, including the
antibacterial, antiviral and antifungal properties, buffering
capacity, activity during chewing through the activation
of enzymes (amylase, protease and nuclease), presence
of mineralizing agents for protection and repair of hard
tissues, lubricating properties, reparative and protective to
the gingival tissues.

Saliva is a hypotonic fluid, comprising 95.5% water
and 0.5% of ions such as calcium, potassium, sodium, and
organic molecules such as histatins, cystatins, defensins,
lysozymes, aminoperoxidase, lactoferrin, secretory
immunoglobulins, mucin, lipids and others.

The collection of saliva samples for analysis can be
done easily with the use of stimulating agents or with
no stimulation. The unstimulated saliva has been most
frequently used in diagnostics, as the stimulated has a
reduced concentration of biomarkers, which may hinder
their detection.’ Salivary secretion into the buccal cavity
occurs from the salivary glands into the oral cavity at a
flow between 1.5 and 2.0 ml/min, 50% of which are from
the parotid gland, 35% of the submandibular gland, 7 to
8% of sublingual gland and other 7 to 8% smaller glands.
For possible diagnosis of systemic diseases, the total saliva
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are used, which is a mixture of secretions from the salivary
glands with an increase of substances derived from the
gingival crevicular fluid, epithelial cells, bronchial or nasal
secretions, microorganisms and its metabolic products, or
food scraps.’

The main reason given for the use of saliva as a
diagnostic tool is that the majority of biomarkers present
in blood and urine may also be found in saliva samples.
Salivary biomarkers have already been used for the diagnosis
of systemic diseases, such as C-reactive protein (CRP) and
immunoglobulin-A® (IgA), cardiovascular diseases, sodium
nitrate, uric acid, amylase, lactoferrin for kidney diseases,
cancer diseases,” for the detection of oral squamous cell
carcinoma,'® and nitric oxide.!! Some products of oxidative
reactions associated with the presence of diabetes, which are
found in the blood, have also been detected in the saliva, as
well as antibodies that occur for markers may be of some
autoimmune diseases. Infectious diseases can also have their
causative agents such as some viruses, fungi and bacteria
identified in saliva,>®!1%!3

Due to the ease and quickly data collection, through
noninvasive method and easy storage of samples, there has
been great interest in investigating the biomarkers present
in saliva, soluble specific biological markers that could be
associated with the presence and/or activity of periodontal
disease. Among them, are some enzymes (alkaline
phosphatase, collagenase, aminopeptidase, esterase,
elastase) immunoglobulins (IgA, IgG, IgM), some cytokines
and other proteins (fibronectin, cystatins, lactoferrin, growth
factors vascular endothelial and platelet-activating) calcium
jons and hormones, such as cortisol.>” Thus, this review
aims to summarize the recent advances in the identification
of proteomic, genomic and microbial biomarkers and their
possible clinical applications.

Salivary Biomarkers Specific to Periodontal Disease

In periodontal disease, bacterial products trigger the
immune response and, from this, there are the activation
of polymorphonuclear neutrophils, monocytes and
macrophages, with involvement of these cells to the site
and release of cytokines, such as prostaglandin (PGE2),
tumor necrosis factor (TNF), and interleukins (IL-1 and
IL-6), leading to the extent of the inflammatory process.
Consequently, they produced matrix metalloproteinases
(MMPs) that are collagen destructive enzymes. MMP-8
is considered the most destructive of MMPs, causing
extracellular matrix degradation and has been identified as
an important enzyme in periodontal disease destruction.'®

Microbial and Genomic Biomarkers

Previous study'’ had been detected a high level of MMP-8
in saliva of individuals with periodontitis compared to

healthy patients.!” Salivary levels of MMP-1 were similar
in both groups and the high concentration of MMP-8 was
found and assigned to a state of periodontal disease. This
parameter has been used as a possible indicator of the
periodontitis activity.'82° Another think to consider is that
the identification of MMPs in saliva, as an indicative that
MMPs are expressed in periodontal disease, considering
that they would be present only where there was collagen
destruction, a condition found in active periodontal disease.
However, this is not the only event involved in the disease
activity and, even if the MMPs are present, there is no way
to ensure its detection in saliva samples. Thus, the high
concentration of MMPs cannot be considered solely as a
diagnosis of active periodontal disease.

In order to seek an association between the presence
of specific enzymes and cytokines with the activity of
periodontal pathogens, a study?! evaluated the levels of
enzymes present in saliva, such as aspartate aminotransferase
(AST), alanine aminotransferase and lactate dehydrogenase
(LDH) after scaling and root planning (SRP), and also to
clarify the genotype of IL-1 in enzyme levels. The saliva
stimulated by the patient chewed paraffin for 5 minutes
was collected at the initial period and 4 weeks after SRP.
Then, the authors assessed the levels of AST, ALT and
LDH and the DNA extraction was taken, from which was
determined the genotype of IL-1. All enzymes evaluated
reduced significantly after SRP. The allele of IL-1 evaluated,
however, did not influence the reduction of clinical
parameters, although it is suggested that may have influenced
the values of salivary AST and ALT.

A clinical study®? attended subjects divided into a group
of periodontally healthy or with gingivitis and another
group with mild or severe periodontal disease, also sought
to measure the levels of proinflammatory cytokines and
markers of bone resorption and bone turnover, with the
identification of some periodontal pathogens, aiming to
relate them to other markers. The authors used a diagnostic
test to characterize the early stages of periodontal infection
and disease progression. Data from salivary markers were
correlated with clinical, radiographic, and also the levels of
plaque biofilm and evaluated using PCR, in an attempt to
generate models to identify periodontal disease. Confirming
the results already described for gingival crevicular fluid,
biomarkers such as MMP-8 and MMP-9 were found elevated
in subjects with periodontitis.?> Combining the presence of
multiple associations of salivary biomarkers (such as MMP-
8 and 9 and OPG, for example) to anaerobic periodontal
pathogens of the red complex (P. gingivalis and T. denticola),
the authors suggest the usefulness of salivary biomarkers
monitoring during the host response to an oral disease,
especially by means of rapid diagnostic tests.?’
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Evaluation of Proteomic Biomarkers

These analyzes seek to compare the proteomic profile of
patients with periodontitis with the profile of periodontally
healthy subjects, evaluating distinctions between profiles,
from changes of salivary proteins in the presence of
periodontal inflammation, suggesting that this could
contribute to the improvement in the diagnostic of
periodontal diseases.?***

Significant increases in the salivary levels of inflammatory
cytokines such as TNF-a, have been found significantly
elevated in patients with periodontal disease (4.33 pg/ml)
than in periodontally healthy individuals (2.03 pg/ml),
with maximum level reaching 27.96 pg/ml in subjects with
periodontitis. These dates were correlated with clinical
findings, and individuals with TNF-a salivary levels above
5.75 pg/ml had significantly more sites with bleeding on
probing.?

The correlation between others specifics biomarkers to
periodontal disease and their clinical characteristics has been
evaluated by means of three key aspects of its pathogenic
processes: inflammation, collagen degradation and bone
resorption. In a case-control study, there was a link between
periodontal disease and levels of salivary IL-13, MMP-8 and
osteoprotegerin (OPQG). Levels of IL-13 and MMP-8 found
in the saliva of periodontitis patients were significantly
higher than in the control group, and suggested that these
could actually be used as biomarkers of periodontitis, and
the qualitative changes in the composition of salivary
biomarkers could be significant in relation to the diagnosis
and treatment of periodontal diseases.'’

Faced with the proposition that levels of salivary
biomarkers could be used to distinguish periodontally
healthy individuals from periodontitis patient, Teles et al*®
sought to determine possible differences between the levels
of 10 different cytokines present in the saliva samples of a
group of periodontally healthy subjects and another group
with chronic periodontitis, correlating the concentrations
of these cytokines to clinical parameters of periodontal
disease. Levels were assessed: colony stimulating factor
and granulocyte-macrophage colony-stimulating factor
(GM-CSF), IL-1B, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10,
interferon-c (INF-c) and TNF-a, measured by enzyme linked
immunosorbent assay multiplex. There were no statistically
significant differences between groups for any cytokine
measured. Found only weak positive association between
salivary levels of IL-8 and pocket depth and bleeding on
probing, and little negative correlation between the levels
ofsalivary IL-10, attachment level and bleeding on probing.
It is concluded, therefore, that the mean salivary cytokine
levels could not directly diagnose periodontal disease.

In order to observe changes in markers of periodontal
disease activity in response to treatment, Sexton et al*’ made
a longitudinal follow-up for 6 months, in a case-control study
of patients with chronic periodontitis who received only oral
hygiene instruction (OHI) and others who received SRP,
combined with IHO. Saliva samples collected at 0, 16 and
28 weeks were analyzed for IL-1p, IL-8, MIP-10, MMP-§,
OPG and TNF. Clinical measures of periodontal disease were
recorded in each patient return. OPG and TNF-a significantly
decreased in both follow-up visits, regardless of treatment
group. IL-1P and MMP-8§ levels had decreased significantly
since the beginning, but only in the group that received SRP.
OPG, MMP-8 and MIP-1a were significantly reduced in
patients who responded to treatment, compared with those
who did not respond. It is suggested that salivary levels of
IL-1b, MMP-8, OPG and MIP-1a reflect the severity of
the disease, and subsequently, the response to periodontal
treatment and may be useful for monitoring the status of
longitudinal periodontal disease.

Aiming eliminate the varieties among the samples due
to the differences between saliva samples from different
individuals, one study also sought to compare these profiles
of patients before and after periodontal treatment. Haigh et
al®® carried out a quantitative proteomic analysis of saliva
samples in order to identify changes in salivary proteome
in the presence or absence of severe periodontitis, through
two-dimensional electrophoresis. Nine male patients were
enrolled, in which initial saliva sample was collected prior
to treatment initiation and the second saliva sample was
collected at the end of the treatment. The authors identified
15 proteins with altered response in the presence of
periodontal disease, being the majority isotopes of
S100:S100A8/A9/A6. Haptoglobin, prolactin secretory and
proteins of the parotid proteins were also changed. When
comparing the samples before and after the treatment,
15 proteins were identified with changes, and only SI00AS,
S100A9 and PSP were identified as altered in saliva only
during periodontitis. Some proteins that have been associated
with periodontal disease condition such as, some cytokines
and MMPs cannot be quantified using this technique. This
suggests that none of these proteins per se consists of a
marker with sufficient power to determine disease activity.
However, it is suggested by the authors that the identification
of these markers may be used only to improve the disease
diagnosis.

This inability to identify a single marker for periodontal
disease, suggests the possibility of a clinical trial involving a
combination of biomarkers, to identify novel molecules that
can recognize the disease. These markers have been selected
based on their role in the inflammatory process. An alternative
currently being evaluated is proteomics and the changes in
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the proteomic profile in the presence of the disease.® The
clinical value of salivary proteomic biomarkers in the
diagnosis of periodontal disease is still under experimental
development, and is based on the molecular profile changes
involved in inflammation, collagen degradation and bone
loss resulting from periodontal disease activity.®?*

Assessment of salivary biomarkers for the diagnosis of
gingivitis has already been proposed by analysis of proteomic
profiles, comparing the profiles of patients with gingivitis to
the profiles of healthy patients. It was found in one study the
association of gingival inflammation with increased salivary
levels of some immunoglobulins and keratins, and other
peptides involved in the inflammatory process, as well as
blood proteins, possibly due to spontaneous bleeding due to
gingivitis. Some proteins are commonly detected in salivary
proteomic analysis such as, mucin and histatin and may
not, therefore, be associated with specific changes caused
by gingivitis. Due to the ease and simplicity of clinical
diagnosis of gingivitis this analyzes could be dispensable.
However, their results can be useful for validating other
methods that involve the specific diagnosis of periodontal
disease activity.?

DISCUSSION

Many limitations are found for the use of salivary diagnostic.
In order to be used the salivary biomarkers; there must be a
relationship between levels of a given marker to be assessed
for its presence in saliva and blood plasma. In addition, any
amount of blood present in saliva due to gingival bleeding,
for example, the salivary diagnosis could be compromised.’

Although in a previous study,? the correlation with
periodontal pathogens has been positive, it is stressed the
need to assess to the longitudinally disease to obtain one
or more markers that indicate the presence and activity of
periodontal disease. Standardizing the saliva collection could
also be useful for the comparative analysis of biomarkers.
Especially considering the proposal of a rapid diagnostic
test, the standardized schedule of collections, for example,
could avoid possible biases due to metabolic changes of
the individuals.

Although there are studies that compare the profile of
the same patient before and after treatment, there is no
comparison with the condition of absence of any treatment,
as it is considered the OHI a fundamental part of basic
periodontal treatment. The fact that the patient consciously
participate in a survey, contribute to the improvement
of clinical parameters of the disease. Possibly, the major
differences between the groups and also a more defined
relationship with some biomarkers would be found if the
patients had been assessed longitudinally in comparison
with untreated patients.>’

Furthermore, Teles et al®® stated that the amount of
cytokines present in the tested samples could not represent
the true, due to the influence of several factors, or that the
representative amount may be very low and cannot be
detected by the means used, suggesting that new approaches
could be used in an attempt to establish this association.
However, the quantities of inflammatory cytokines that can
be detected in the saliva, although different between healthy
individuals from periodontitis patients, are always very
low, suggests that such detection may not be sufficient for
determining periodontal disease. There are still differences
between the sites that are diagnosed with periodontal disease
as the activity and severity of disease.

Other difficulties in dealing with biological tests aimed
possible clinical applications include the need to maintain
the integrity and stability of the molecules to be evaluated
from the saliva collected. DNA and RNA as well as proteins,
are unstable molecules with short half-life. Protocols have
been studied in order to develop techniques to preserve the
stability of DNA, RNA and proteins from saliva, without
significant changes in the identification and quantification of
these molecules in the samples.?*** Such protocols, however,
still require different preparation for use, besides the high
cost of specific reagents.

The proteomic analysis has been presented as
advantageous over other techniques for protein identification
by the possibility to identify different profiles of many
different protein targets. However, the identification of
isoforms of proteins and specific cytokines can also be
made by enzyme immunoassays such as ELISA or Western
blot, since use is made of primary antibody that recognizes
specific epitopes of these isoforms. A disadvantage regarding
the use of proteomics is that proteins present in saliva may
be partially degraded to peptide fragments, which cannot be
identified and/or related to any particular protein or cytokine.
In addition, high complexity and high cost make impossible
to use these methods today.

As for biomarkers, was not found until now a single
marker that could clearly identify the presence and activity
of periodontitis.”! Studies have been expected to be prone
to develop a rapid and effective test, based not on a single
biomarker, but a number of these, in order to accurately
identify changes caused by the complex course of periodontal
disease. In addition, saliva is subject to numerous changes in
its composition due to local factors and systemic changes,
and could not yet be considered a sufficient diagnostic tool
to determine the activity of periodontal diseases.

CONCLUSION

The scientific literature has limitations in its methodology,
and these interfere and hinder standardization among groups,
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casting doubt on the credibility of the results. Therefore,

until the present time, saliva could not be considered as
a means of diagnosis sufficient for periodontal disease
activity, as is subject to numerous changes in its composition

due to local factors such as systemic disorders. However,
periodontal treatment based on assessing the levels of
salivary biomarkers, emerging as a promising method in near

future and will become an integral part of the evaluation of
periodontal health.
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