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Preface

The health care profession is a dynamic and constantly evolving field periodically
encountering new diseases and challenges. The ever-changing facets of human
diseases have posed numerous complexities to clinicians and researchers alike.
The quest to constantly upgrade the knowledge in dealing with these challenges
has resulted in discovery of newer technologies for use in disease diagnosis and
treatment.

For decades, the use of blood was widely accepted and depended on for disease
diagnosis and treatment formulation. With advancing technologies and
understanding of the nature of other body fluids, saliva is rapidly gaining wide
importance in diagnosis of not only oral and maxillofacial pathologies but also
various systemic diseases. Saliva is a complex fluid containing both organic and
inorganic constituents. The multifarious components within saliva not only protect
the integrity of oral tissues, but also provide clues to various local and systemic
conditions and diseases.

The easy and non-invasive method of saliva collection coupled with the
identification of many new salivary components has led researchers from many
fields, including dentistry, to believe that saliva could be considered as an attractive
diagnostic tool.

Salivary diagnostics has wide applications in the fields of oncology, microbiology,
and autoimmunity as well as in various systemic disorders. The anatomical
proximity of saliva to various oral lesions makes it an ideal tool for screening and
diagnosis of these lesions. Additionally, since saliva is an ultrafiltrate of plasma,
it can serve as a diagnostic tool for identifying biomarkers pertaining to various
systemic diseases.

The purpose of this project is to understand the physiology of saliva, the methods of
saliva collection, and the various analytical methods available as well as emphasize
saliva’s utility as a dependable body fluid for detection and quantification of disease-
specific biomarkers.

Dr. Gokul Sridharan MDS, PhD, PGD (Medical Law and Ethics)
Associate Professor,

Department of Oral Pathology and Microbiology,

YMT Dental College and Hospital,

Kharghar, Navi Mumbai, India






Chapter1

Introductory Chapter: Saliva - The
Future of Disease Diagnostics

Gokul Sridhavan

1. Introduction

Saliva is a multi-constituent oral fluid and is considered a mirror of the body’s
health. The science of saliva has advanced exponentially in the past decade. Saliva
and its constituents are being increasingly used for surveillance in various human
diseases. The ability to assess the role of salivary components as potential biomark-
ers is a recent development with increased interest in its use as a diagnostic and
prognostic tool [1]. The availability of newer and sensitive technologies has enabled
the identification of potential biomarkers even when present in small quantities,
thereby signifying the use of saliva as an important assessment media [2].

Salivary diagnostics is an important and significant development in disease diag-
nosis and treatment delivery. The need for diagnosis of oral and systemic disease and
monitoring health regularly is the need of the hour, and saliva owing to its nonin-
vasive and ease of collection along with the ability to detect a myriad of biomarkers
is a promising tool. Salivary analytes have been evaluated for their role as potential
biomarker in dental caries, periodontal diseases, oral microbial infections such as
HIV, autoimmune disorders such as Sjogren’s syndrome, drug and hormone moni-
toring, as well as in diagnosis of systemic diseases. Additionally, salivary diagnostics
is emerging as an important investigation in the identification of tumor-specific
biomarkers for early detection, diagnosis, prognosis, and therapeutic interventions
of oral and oropharyngeal cancers as well as in cancer of distant sites like breast,
prostate, cervical, and ovarian cancer. Research is being increasingly undertaken
to identify saliva-based biomarkers which either singly or as a panel could be of
significant use. Once these biomarkers are quantified and validated, they can be of
use in point-of-care diagnostics for chairside detection of various human diseases.

A thorough knowledge of the functions and properties of saliva, its role in
health and disease, and the diagnostic technologies available for the identification
of saliva biomarkers is of paramount importance to further the knowledge on their
usefulness in clinical research and patient management. This formed the basis
of the current book on saliva which could serve as an important guide for future
research involving salivary diagnostics.

The scientific literature on using saliva as a diagnostic tool begin to emerge since
the 1960s. Earlier attempts on the use of salivary diagnostics were confusing owing
to the lack of uniformity in the methodology of salivary analysis and the use of
available instrumentation. Over a period, the ability to determine salivary compo-
nents has achieved a sense of uniformity and precision which could be attributed to
the understanding of methods of handling saliva samples in various investigating
laboratories. The chapters of this book attempt to highlight the advancements of
salivary diagnostics over the years, the identification of various salivary-based
biomarkers in oral and systemic diseases as evident in the literature, and the future
considerations in employing saliva as a diagnostic tool.
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Saliva and Salivary Diagnostics

The book intends to provide an overview of salivary constituents; the functions
of saliva; the role of salivary diagnostics in various oral diseases, oral cancer, and
breast cancer; and the determination of salivary DNA for forensic analysis.

2. Saliva in health

Saliva is a complex fluid composed of 99.5% water and 0.5% solid material
which is inclusive of organic and inorganic constituents. Whole saliva is composed
of secretions from the major and minor salivary glands, gingival crevicular fluid,
oral mucosal transudate, nasal and pharyngeal secretions, and desquamated
epithelial cells. The functions of saliva include but not limited to lubrication,
digestion, antimicrobial activity, buffering, and remineralization of tooth enamel.
These functions are performed by the different components of saliva [3]. Numerous
organic compounds such as proteins, antimicrobials, immunoglobulins, and blood
group substances and various inorganic components are present in varying quanti-
ties in saliva [4]. The components of saliva are either an inherent component of
saliva itself or are derived from blood. The component of plasma may enter into
saliva through various processes like ultrafiltration through gap junctions, between
cells of secretory units, transudation of plasma compounds into oral cavity through
crevicular fluid, and by passive diffusion of lipophilic molecules [2]. The source
of information in saliva is largely derived from the variety of DNA, RNA, and
proteins present in saliva. Salivary DNA represents the genetic information of the
hosting human body, the oral microbiota, and infecting DNA viruses. Salivary
RNA provides information on transcription rates of the host genes as well as oral
microbiota. Salivary proteins represent genetic information and help understand
the translational regulation of the host body [5]. Cell-free saliva has been found to
contain over 1000 proteins involved in a wide range of biological functions, mRNA
and microRNA transcripts, and metabolites [6].

Specimen collection is an integral part of clinical research for identification and
characterization of tumor-related biomarkers. Saliva can be collected under both
resting and stimulated conditions. The duration of collecting period is important
because flow rates vary with time. It is hence important to follow a standardized
collection procedure during the whole sampling period to keep the secretion rate as
constant as possible [7]. Further to collection of saliva, it is necessary for appropri-
ate storage of the sample before analysis. The collected saliva should be kept on
ice, aliquoted, and frozen as soon as possible to maintain the sample integrity [8].
Certain approaches to store saliva to prevent degradation of salivary compounds
include immediate storage without any processing; if analysis is to be done within
30-90 min, saliva can be stored at room temperature; for analysis after 3-6 h after
collection, storage is to be done at +4°C; and if analysis is done after days to months
after collection, storage is to be done at —20°C or still better at —80°C [2].

The diagnostic techniques employed in the analysis of the processed saliva have
made exponential progress over time. Previous techniques for analysis included
calorimetric analysis, spectrophotometry, and few optical techniques. These meth-
ods have proven efficacy in serum/plasma analysis but did not find similar success
in saliva. This could be attributed to the decreased concentration of the various
analytes in saliva which demanded a more sensitive and specific technique to enable
their identification. The application of liquid chromatography, gas chromatography,
flow cytometry, and ELISA was successful in this regard. More recently several
techniques such as nuclear magnetic spectroscopy and liquid chromatography
coupled with mass spectrometry have been highly successful. Nuclear magnetic
resonance spectroscopy enables the identification and simultaneous quantification
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of awide range of organic compounds in micromolar range [9]. The advantages

of NMR spectroscopy are its high resolution, minimal sample preparation, and
time-saving procedure [10]. Mass spectrometry is a method used to analyze samples
either directly or following chromatographic or electrophoretic separation [11]. The
coupling of liquid chromatography with spectrometry has enabled the identifica-
tion of low-abundance salivary metabolites with very high sensitivity [12].

3. Saliva as a diagnostic tool

The complex nature of saliva consisting of mixture of components has posed
difficulties in identification of specific constituents. However, recent inroads made
in the discovery of highly sensitive technologies have enabled the identification of
salivary biomarkers with high precision even when present in minute quantities.
The role of saliva as a diagnostic tool was evaluated in HIV, oral cancer, as well as in
cancer of other sites to name a few.

The need for chairside diagnosis and personalized medicine has led to an
increase in the use of fluid-based biomarkers in disease diagnosis and treatment
planning. Research involved in identification of disease-specific biomarkers in
the blood, urine, and other body fluids was not forthcoming. The lack of absolute
success of serum biomarkers along with the improvement in saliva collection and
testing presents a unique opportunity for salivary diagnostics.

Molecular alterations are usually attributed to the inherent biological properties
of human cell which may contribute to the disease progression. Identification of
these alterations can assist in early detection and prediction of prognosis of vari-
ous diseases including cancer. A comprehensive approach is based on a detection
of panel of molecular alteration which can serve as an ideal biomarker for specific
diseases. The rapid advancements in the identification of these molecular targets
have something to do with the evolution of “omics” group of diagnostic aids [13].
Omics are scientific disciplines constituting the study of related sets of biological
molecules. These include genomics, epigenomics, proteomics, transcriptomics,
and metabolomics. The term “salivaomics” was coined in 2008 to reflect the rapid
development of knowledge about the various omics constituents of saliva [14]. The
substantiation of salivaomics technology has led to the discovery, validation, and
application of salivary biomarkers in early diagnosis, treatment planning, and pre-
diction of prognosis. Additionally, the development of bioinformatics and statisti-
cal tools aids in determining the discriminatory biomarkers in saliva for various oral
and systemic diseases [14].

4, Salivaomics

Salivary diagnostics are being extensively reviewed to identify potential bio-
markers using these omics technologies [6]. Ever since its discovery, metabolomic
investigations can generate quantitative data for metabolites which offers a promis-
ing clinical strategy to characterize the association between salivary analytes and a
disease [1].

Genomics defines the genetic message and the resulting protein sequences
[15]. Genomic analysis in saliva includes the identification of disease-specific
characteristics such as somatic mutations in tumor suppressor genes or oncogenes,
microsatellite alterations, abnormal protein methylation, and mitochondrial DNA
alteration [16]. The proteome represents the complete set of proteins encoded by
the genome. Proteomics is the study of proteome that identifies the cellular levels
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of all the isoforms and posttranslational modifications of the various proteins
that are encoded by the genome of the cell under a given set of circumstances [5].
Salivary transcriptomics is defined as the study of the expressed mRNA transcript
complement of a cell under different conditions. The large panel of human mRNA
is determined using microarray technology followed by validation [17].

Metabolomics is one of the core disciplines of systems biology focusing on the
study of low molecular weight organic and inorganic chemicals in biological system
[18]. Metabolomics describes the full repertoire of small molecules present in cells,
tissues, organs, and biological fluids [6]. The metabolomic profiles can be altered by
various pathological processes, and global changes in these profiles may indicate the
presence of a disease.

These form the diagnostic alphabets of saliva, and their discovery and quantifi-
cation have resulted in the application of salivary diagnostics in clinical practice, in
point-of-care diagnostics, as well as in personalized medicine.

5. Conclusion

Salivary biomarkers represent an accurate, noninvasive approach for detection
of oral and systemic diseases and an attractive area of research. The development of
robust and sensitive techniques for detection of salivary biomarkers, its quantifica-
tion, and validation further maturing to clinical use is the need of the hour. There
has been an upsurge in the laboratory-based tests for detection of salivary biomark-
ers which are ready for definitive validation through the use of various prospective
clinical study designs. Researchers can now attempt to develop salivary biomarkers
for early detection of diseases employing the omics constituents, saliva-based
bioinformatics, and statistical tools. It is worth noting that the technology available
enables one to detect promising and new salivary biomarkers as stand-alone tools
without relying on their initial identification in the blood and other bodily fluids.
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Chapter2

Functions of Saliva

Narendra Maddu

Abstract

Saliva is produced and secreted by salivary glands. The basic secretary units of
salivary glands are clusters of acini cells. It is fluid that contains water, electrolytes,
mucus, and enzymes, all of which flow out of the acinus into collecting ducts,
certainly one of the most important components and an integral component to oral
health. The protective role and benefits including buffering, remineralization in the
healthy oral mucosa, immune defense, digestion, lubrication, diagnostic purpose,
and proteome analysis are fulfilled by saliva. It aids in maintaining mucosal integrity
and indigestion through salivary enzymes. The functions of saliva in maintaining
oral health and the main factors that cause alterations in salivary secretion and the
importance of saliva in caries development and bacterial plaque formation are dis-
cussed, and also its role and functions and organic and inorganic constituents in saliva
are discussed. This is of great importance in ruminants, which have non-secretory
forestomachs. Diseases of the salivary glands and ducts are not uncommon in animals
and man, and excessive salivation is a symptom of almost any lesions in the oral cavity.

Keywords: functions of saliva, role of lubrication, antimicrobial functions of saliva

1. Introduction

The secretions of the major and minor salivary glands, together with the gingi-
val crevicular fluid, constitute whole saliva which provides the chemical milieu of
the teeth and oral soft tissues [1]. Saliva formation can be evoked by sympathetic
and parasympathetic stimulations [2]. The critical function of saliva is required for
the preservation and maintenance of oral tissue [3]. Saliva is a complex secretion.
About 93% by volume is secreted by the major salivary glands and the remaining
7% by the minor glands. About 99% of saliva is water and the other 1% is composed
of organic and inorganic molecules [4]. Saliva consists of both full-length and
partially degraded forms of mRNA, and its association with macromolecules may
protect salivary RNA from degradation [5]. The proteome of the whole saliva will be
relevant to oral health and be crucial for the identification of meaningful biomark-
ers for oral disease [6]. Sialometry and sialochemistry are used to diagnose systemic
illnesses, monitoring general health, and as an indicator of risk for diseases creating
a close relation between oral and systemic health [7]. Saliva acts as a mirror of the
body’s health and could constitute the first line of defense against oxidative stress
by controlling and/or modulating oxidative damages in the oral cavity [8].

The analysis of salivary transcriptome may be beneficial effects in the detection of
oral cancer and salivary diagnostics [9]. Cationic peptides and other defense proteins
like lysozyme, bactericidal—/permeability-increasing protein (BPI), BPI-like proteins,
PLUNC (palate lung and nasal epithelial clone) proteins, salivary amylase, cystatins,
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proline-rich proteins, mucins, peroxidases, and statherin are primarily responsible for
innate immunity [10]. The protein and ion components make a solution that is 99%
water into a viscoelastic solution capable of many roles, such as acting as a lubricant and
an antimicrobial, preventing the dissolution of teeth, aiding digestion, and facilitating
taste [11]. With the rapid advancement in salivaomics, saliva, as a noninvasive and

safe source, could be a substitute for blood in the diagnosis and prognosis of diseases
[12]. Saliva has important functions in maintaining mucosal integrity and indigestion
through salivary enzymes, buffering, remineralization, and lubrication [13].

Saliva is an aqueous fluid found in the oral cavity playing a fundamental role in
the preservation and maintenance of oral health [14]. Saliva acts in relation to taste,
mastication, bolus formation, enzymatic digestion, and swallowing. The protective
functions of saliva including maintenance of dental and mucosal integrity indi-
rectly influence the digestive process [15]. The review aimed to discuss the different
functions that are performed by the saliva.

1.1 Composition of saliva

Saliva is composed of a variety of electrolytes, including sodium, potassium,
calcium, magnesium, bicarbonate, and phosphates. Also found in saliva are immu-
noglobulins, proteins, enzymes, mucins, and nitrogenous products, such as urea and
ammonia. These components interact in related functions in the following general
area: (1) bicarbonates, phosphates, and urea act to modulate pH and the buffering
capacity of saliva; (2) macromolecule proteins and mucins serve to cleanse, aggregate,
and/or attach oral microorganisms and contribute to dental plaque metabolism;

(3) calcium, phosphate, and proteins work together as an antisolubility factor and
modulate demineralization and remineralization; and (4) immunoglobulins, proteins,
and enzymes provide antibacterial action. The components listed above generally occur
in small amounts, varying with changes in flow; however they continually provide an
array of important functions. It is important to stress that saliva, as a unique biologic
fluid, must be considered as a whole that is greater than the sum of its parts [3, 16].

Saliva is a very dilute fluid, composed of more than 99% water. Saliva is not
considered an ultrafiltrate of plasma [16, 17]; initially, saliva is isotonic; it is formed
in the acini, but it becomes hypotonic when it travels through the duct network.
The hypotonicity of unstimulated saliva allows the taste buds to perceive different
tastes without being masked by normal plasma sodium levels. Hypotonicity, espe-
cially during low-flow periods, also allows for expansion and hydration of mucin
glycoproteins, which protectively blanket tissues of the mouth [18]; lower levels
of glucose, bicarbonate, and urea in unstimulated saliva augment the hypotonic
environment to enhance taste.

1.2 Organic and inorganic constituents of saliva

The organic and inorganic compositions of saliva can supply information about
alterations in enzymatic activity in response to periodontal inflammation [19].
Alkaline phosphatase (ALP) is a calcium-phosphate binding protein and a phos-
phor-hydrolytic enzyme. ALP is considered to be an important indicator of bone
formation and is a phenotypic marker for osteoblast cells [20]. ALP was detected in
the parotid, submandibular, and minor salivary glands, as well as in desquamated
epithelial cells, leucocytes, and bacteria from dental plaque. The presence of the
ALP in the saliva and in the gingival crevicular fluid is usually indicative of inflam-
mation and/or destruction of the periodontal tissues. Among the several salivary
components, urea is an organic compound that represents the final product of the
human catabolism of proteins.
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The hydrolysis of urea by bacterial urease enzymes generatesammonia and CO, and
is considered a major pathway for alkali production in the oral cavity. In addition, ammo-
nia is potentially cytotoxic for the periodontal tissues [21]. Ammonia can increase the
permeability of the sulcular epithelium to other antigenic and toxic substances, thereby
playing a fundamental role in the initiation of gingivitis [22]. The volume of saliva in the
oral cavity depends on several factors, such as stimulation, circadian rhythm, diet, age,
drugs, and the hydrogen (H+) ion concentration. Meanwhile, these factors can also be
altered due to pathological conditions, such as periodontal disease [23] (Table1).

Salivary component Function
Amylase Digestive
Bicarbonate Buffering
Calcium Remineralization
Salivary antibodies Antimicrobial
Lactoferrin Antimicrobial
Lysozyme Hydrolysis of cell membrane
Mucins Digestion, lubrication, and pellicle formation
Protease Digestion
Water Mucosal integrity
Table 1.

Components and functions of saliva.

2. Saliva functions
2.1 Immune functions

The components like lysozyme, lactoferrin, salivary peroxidase, myeloper-
oxidase, and thiocyanate concentrations act as a defense mechanism in the whole
saliva [24]. The natural defense properties of salivary secretions through clinical
modalities such as the development of (1) diagnostic reagents and tests for local and
systemic disease, (2) artificial salivas for the treatment of salivary dysfunction, and
(3) topical vaccines to combat against oral diseases [25]. Salivary mucins are well
recognized as an important factor in the preservation of the health of the oral cavity
and are of significance to the processes occurring within the epithelial perimeter of
mucosal defense [26]. Human saliva contains a number of physical, physicochemi-
cal, and chemical agents that protect oral tissues against noxious compounds. It
effectively removes exogenous and endogenous microorganisms and their products
into the gut and continuous presence of both nonimmune and immune factors in
the mouth [27]. Salivary mucosal pellicle forms the structural basis of the local
innate immune defense mechanism of the oral mucosa [28].

2.2 Saliva proteome analysis

The salivary flow rate influences to a high degree the rate of oral and salivary
clearance of bacterial substrates included in foods and snacks [29]. Salivary IgA
and lysozyme were inversely correlated with self-perceived work-related stress. As
these salivary biomarkers are reflective of the mucosal immunity, results support
the inverse relation between stress and mucosal immunity [30]. There was an
inverse relationship between the presence of hyaluronidase and the presence of
hyaluronidase inhibitors particularly in relation to intraoral wound healing and
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periodontal disease [31]. Human salivary a-amylase (HSA) is a major secretory
protein component of saliva and has important biological functions, including

the initial digestion of starch [32]. The collagen-cleaving enzyme matrix metal-
loproteinase-8 (MMP-8) is present in saliva and acts as measurable indicator of
periodontal disease [33].

Amylase present in human saliva was one of the first enzymes to be recognized
and molecular mechanisms involved in amylolysis of starch and even of the physi-
ological role of the salivary amylase itself [34]. Lactoferrin in saliva represents
an important defense factor against bacterial injuries including those related to
Streptococcus mutans and periodontopathic bacteria through its ability to decrease
bacterial growth, biofilm development, iron overload, reactive oxygen formation,
and inflammatory processes [35]. Some defense proteins, like salivary immune
globulins and salivary chaperokine HSP70/HSPAs, are involved in both innate and
acquired immunities [10]. Lactoferrin is a major component of biologically impor-
tant mucosal fluids and is essential for mucosal-mediated immunity [36].

The antimicrobial in vitro effects of the salivary proteins lactoferrin and
lysozyme on microorganisms is involved in the carious process, obtaining their
minimum inhibitory concentration and minimum bactericidal concentration [37].
Salivary alpha-amylase has been proposed as a sensitive noninvasive biomarker
for stress-induced changes in the body that reflect the activity of the sympathetic
nervous system [38]. Salivary a-amylase levels may therefore serve as an effec-
tive indicator in the noninvasive assessment of physical stress [39]. Lactoferrin
is a multifunctional mammalian immunity protein that limits microbial growth
through sequestration of nutrient iron [40]. Lysozyme in saliva is found to have the
antibacterial activity against the pathogen, and there is potential for it to serve an
antimicrobial role in the specific application of medical industry [41].

Lactoferrin may be a useful agent to prevent irradiation effects in salivary glands
[42]. LTF is examined as a first-line mediator in immune defense and response to
pathogenic and nonpathogenic injuries as well as a molecule critical for control of
oxidative cell function [43]. Salivary and pancreatic amylases hydrolyze starch and
involvement of amylase in adiposity and starch metabolism [44]. Lactoferrin is a
secretory protein with various physiological functions, and oral lactoferrin may
mitigate psychological stress in humans [45].

2.3 Role of lubrication

The complex mix of salivary constituents provides an effective set of systems
for lubricating and protecting the soft and hard tissues [46]. The lubricating and
antimicrobial functions of saliva are maintained mainly by resting; saliva results in
a flushing effect and the clearance of oral debris and noxious agents [47]. Salivaisa
complex fluid, which influences oral health through specific and nonspecific physi-
cal and chemical properties [48]. Saliva contains numerous antimicrobial proteins
that help protect the oral ecosystem from infectious agent [49]. Proteins can move
from blood circulation into salivary glands through active transportation, passive
diffusion, or ultrafiltration; some of which are then released into saliva and hence
can potentially serve as biomarkers for diseases [50]. Saliva covers the oral hard and
soft tissues with a conditioning film which governs the initial attachment of micro-
organisms, a crucial step in the setup of the oral microflora [51].

2.4 Role of digestion

A high quality of saliva is an essential factor to protect the dental elements against
attrition and promote the digestion process [52]. Saliva is the principal fluid component
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of the external environment of the taste receptor cells which is involved in the trans-
port of taste substances and protection of the taste receptor [53]. The role of human
saliva and its compositional elements in relation to the GI functions of taste, mastica-
tion, bolus formation, enzymatic digestion, and swallowing [54]. Salivary nonesteri-
fied fatty acids (NEFA) are proposed to play a role in oral health and oral fat detection,
and they may hold diagnostic and prognostic potential [55].

Lingual lipase generates nonesterified fatty acids (NEFA) from dietary fats
during oral processing by lipolysis. Lingual lipase in rodents has strong lipolytic
activity and plays a critical role in oral detection of fats [56]. Physiological role of
salivary lipolytic activity in the regulation of the basal FFA concentration could be
involved in fat taste sensitivity [57]. During chewing, saliva helps in preparing the
food bolus by agglomerating the formed particles, and it initiates enzymatic food
breakdown [58]. Saliva plays a key role in the eating process and on the perception
of flavor. Flavor corresponds to the combined effect of taste sensations, aromatics,
and chemical feeling factors evoked by food in the oral cavity [59].

2.5Role of diagnostic properties

Analysis of saliva may be useful for the diagnosis of hereditary disorders,
autoimmune diseases, malignant and infectious diseases, and endocrine disorders,
as well as in the assessment of therapeutic levels of drugs and the monitoring of
illicit drug use [61]. Fluid addition facilitated chewing of dry foods and feeding
disorders caused by hyposalivation [62]. Saliva has been demonstrated to be a
promising bodily fluid for early detection of diseases, and salivary diagnostics have
exhibited tremendous potential in clinical applications [63]. Saliva has the potential
to become a first-line diagnostic sample of choice owing to the advancements in
detection technologies coupled with combinations of biomolecules with clinical rel-
evance [64]. Saliva is a useful diagnostic fluid for oral-related diseases. Monitoring
salivary biomarkers for oral and systemic diseases could become an important
complement to clinical examinations in epidemiological surveys [65] (Figure1).

Functions of Saliva
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Figure 1.
Different functions of the saliva [60].
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The high rate of changes in the composition of saliva can be used for the moni-
toring of various biorhythms in order to study the physiological characteristics of
the human body [66]. The significant influences of the oral environment observed
in this study increase the current understanding of the salivary microbiome in car-
ies. These results will be useful for expanding research directions and for improving
disease diagnosis, prognosis, and therapy [67].

2.6 Role of maintenance of health teeth

The role of saliva, the prevalence of oral dryness and the consequent importance
of salivary flow as well as the relationship between xerostomia and salivary gland
hypofunction amongst the causes of oral dryness [68]. Saliva is the medium that
bathes the taste receptors in the oral cavity and in which aroma and taste com-
pounds are released when food is eaten. Moreover saliva contains enzymes and
molecules that can interact with food [69]. Saliva is an important fluid in the oral
cavity as it bathes the teeth and the soft tissues. The salivary pH, buffer capacity
and mineral content of calcium (Ca), phosphate (P), sodium (Na), and potassium
(K) are important in the tooth de—/remineralization process and calculus formation
[70]. Significant change in the pH depends on the severity of the periodontal condi-
tion. The salivary pH shows significant changes and thus relevance to the severity
of periodontal disease. Salivary pH may thus be used as a quick chairside diagnostic
biomarker [71]. Taste perception elicited by food constituents and facilitated by
sensory cells in the oral cavity is important for the survival of organisms. In addi-
tion to the five basic taste modalities, sweet, umami, bitter, sour, and salty, orosen-
sory perception of stimuli such as fat constituents is intensely investigated [72].

Teeth are exposed to food, drinks, and the microbiota of the mouth and have a
high resistance to localized demineralization that is unmatched by bone [73]. The
pH of saliva and plaque will result in white spot lesions on the tooth surface which
are considered initialization of caries because of demineralization [74]. Saliva is
an important biological fluid that aids in mechanically removing food debris and
bacteria from the oral cavity and teeth; reduced salivary flow causes ill effects to the
oral tissues [13].

2.7 Antimicrobial, antiviral, and antifungal functions

A group of salivary proteins like lysozyme, lactoferrin, and lactoperoxidase
working in conjunction with other components of saliva can have an immediate
effect on oral bacteria, interfering with their ability to multiply or killing them
directly. Lysozyme can cause lysis of bacterial cells, especially Streptococcus mutans,
by interacting with anions of low charge density chaotropic ions (thiocyanate,
perchlorate, iodide, bromide, nitrate, chloride, and fluoride) and with bicarbonate.
It has recently been shown that another cationic peptide in saliva the histidine-rich
peptide of parotid saliva has growth-inhibitory and bactericidal effects on oral bac-
teria. The histidine-rich peptides appear to be an effective antifungal agent as well,
able to inhibit growth and kill Candida albicans at a very low concentration [75].

Lactoferrin, the exocrine gland equivalent of transferrin, is effective against
bacteria that require iron for their metabolic processes. It can compete with the bac-
terial iron-chelating molecules and deprive the bacteria of this essential element.
Lactoferrin is also capable of a bactericidal effect that is distinct from simple iron
deprivation. Salivary peroxidase is part of an antibacterial system which involves
the oxidation of salivary thiocyanate by hydrogen peroxide (generated by oral
bacteria) to hypothiocyanite and hypothiocyanous acids. These products, in turn,
affect bacterial metabolism (especially acid production) by oxidizing the sulthydryl
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groups of the enzymes involved in glycolysis and sugar transport. The antimicrobial
effect of salivary peroxidase against S. mutans is significantly enhanced by interac-
tion with secretory IgA.

The protective potential of all the antibacterial proteins can be extended by
interaction with mucin which can serve to concentrate this defense force at the
interface of the mucosa and the inhospitable external environment. When teeth are
present, especially if some gingivitis exists, the oral fluids will be augmented by a
contribution from the gingival crevice area, the gingival crevicular fluid. This fluid
can contribute to the oral defense system by providing (a) serum antibodies against
oral bacteria, especially IgG antibodies, (b) phagocytic cells (PMNs), and (c)
antibacterial products liberated from the phagocytic cells, e.g., lysozyme, lactofer-
rin, and myeloperoxidase [27].

The large number of antibacterial and antiviral proteins is present in human saliva.
Of interest, most of these antibacterial proteins display antiviral activity, typically
against specific viral pathogens. The review focuses on one protein that interacts with
both bacteria and viruses, gp340, originally referred to as salivary agglutinin. In the
oral cavity, soluble gp340 binds to and aggregates a variety of bacteria, and this is
thought to increase bacterial clearance from the mouth. However, when bound to the
tooth surface, gp340 promotes bacterial adherence. In the oral cavity, most gp340 pro-
teins are found soluble in saliva and can function as a specific inhibitor of infectivity
of HIV-1 and influenza A. In contrast, in the female reproductive track, most gp340
proteins are bound to the cell surface, where it can promote HIV-1 infection [76].

The saliva anti-fungal activity against Candida albicans and Cryptococcus neofor-
mans. Therefore, the importance of the search for new, broad-spectrum anti-fungals
with little or no toxicity cannot be overemphasized. The following properties make
histatins promising antifungal therapeutic agents: (1) they have little or no toxic-
ity, (2) they possess high cidal activities against azole-resistant fungal species and
most of the fungal species tested, and (3) their candidacidal activity is similar to
that of azole-based antifungals. Current research efforts focus on the development
of improved histatins with enhanced cidal activity and stability and of suitable and
effective histatin delivery systems. These and other approaches may help to outpace
the growing list of drug-resistant and opportunistic fungi causing life-threatening,
disseminating diseases. The histatins with improved protective properties may also
be used as components of artificial saliva for patients with salivary dysfunction [77].

3. Conclusions

Saliva is secreted by salivary glands and has multiple proteins and enzymes.
The saliva flow rate and pH are very important for maintenance of oral tissues. The
protective role and benefits including buffering, remineralization in the healthy
oral mucosa, immune defense, digestion, lubrication, diagnostic purpose, and
proteome analysis are fulfilled by saliva. Saliva aids in maintaining mucosal integ-
rity and in digestion through salivary enzymes. Saliva is essential information of the
pellicle, which protects the tooth after eruption. Normal salivary composition, flow,
and function are extremely important on a daily basis. It occurs in quantities, large
or small, and recognition should be given to the many contributions it makes to the
preservation and maintenance of health.
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Chapter 3

Salivary Diagnostics

Varsha Pathiyil and Rahul Udayasankar

Abstract

Saliva is one of the most ideal diagnostic tools. It is inexpensive, noninvasive,
and easy to use. Other advantages like ease of collection and minimal patient
discomfort make it more acceptable to the patient as well as the clinician. The
most challenging aspect in salivary diagnostics is to identify the biomarker
that is linked to a disease. Researches are also ongoing to develop a device that
can have reliable and valid clinical applications. This chapter briefly discusses
the background and current scope of salivary diagnostics, technologies for the
discovery of biomarkers along with a summary of salivary sample collection,
and processing methods.
Keywords: saliva, metabolomics, proteomics, biomarkers, genomics, epigenomics,
sampling
1. Introduction

Saliva is a slightly acidic (pH 6-7) [1, 2] secretory, digestive enzyme that is
chiefly produced by the parotid, submandibular, and sublingual glands. These are
all paired glands which are serous, mucous, or mixed in their nature of secretions
[1-3]. These glands along with other minor salivary glands (labial, buccal, lingual,
and palatal) produce approximately 1-1.5 L of saliva per day [1-3].

Functions of saliva [4-6]

* Lubrication of oral tissues and the bolus

* Mechanical cleansing of food and bacteria

* Neutralization of acidic oral constituents

* Antimicrobial activity

* Facilitation of speech, mastication, and swallowing

* Esophageal clearance and gastric buffer

* Digestive functions mediated by enzymes like amylase and lipase

* Healing properties

* Posteruptive maturation of teeth
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According to Bricker, diagnosis is the process of evaluating patient’s health,
as well as the resulting opinions formed by the clinician [7]. Diagnostics can be
defined as the art and practice of diagnosis using a series of tests in adjuvant with
clinical signs and symptoms. The use of saliva and salivary biomarkers in the
diagnosis of various diseases is termed as salivary diagnostics.

Limitations in diagnostics [1, 8]:
* Lack of definitive biomarkers that are specific to diseases
* Lack of an easy and inexpensive sampling method with minimal discomfort

* Lack of easy to use, portable platform to facilitate early disease detection

2. Salivary diagnostics

Saliva has been in use as a diagnostic fluid since the 1960s for conditions
like cystic fibrosis [1, 9, 10]. But it was not until the early 1990s that the dis-
tinct advantages of saliva over serum were identified [10-12]. For the past two
decades, salivary diagnostics have been in use to monitor oral diseases associated
with the periodontium as well as dental caries [9, 13]. In the recent past, a vast
number of salivary analytes and biomarkers have been discovered that represent
various diseases including oral cancer, cardiovascular diseases, various bacterial,
and viral infections as well as certain autoimmune disorders. Saliva contains
most of the components of serum like hormones, antibodies, growth factors,
enzymes, microbes, microbial products, etc. These substances enter saliva
through the blood by passive diffusion [1, 8]. Although they are seen only in
trace amounts, recent advances in technologies have allowed us to overcome this
barrier.

Thus, salivary diagnostics have proven to have a promising future in the diag-
nostic arena and may offer a quite reliable platform for clinicians to make early
clinical diagnosis in the upcoming years.

2.1 Advantages of salivary diagnostics
* Noninvasive, easy to use [8, 9, 14, 15]
* More economical sampling, storage, and shipping compared to serum
* Safer than serum sampling
* Real-time diagnostic value
* Specially trained staff is not necessary
* Any number of samples can be obtained easily
* Collection and screening can be done even outside a clinical setup
* Require less manipulation during diagnostic procedures compared to serum

* Commercial availability of screening assays
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2.2 Disadvantages of salivary diagnostics

* Most of the biomarker levels in saliva are lower than that found in the serum. But
with advancing technology, this need not be seen as a limitation anymore [8, 15].

* The need for a reliable, sensitive, and specific device that can have valid clini-
cal applications [8].

3. Collection, storage, and processing of salivary samples
Salivary sample can be classified as:
1.Based on the source of saliva
a. Whole saliva
b.Specific glandular saliva
2.Based on stimulation for salivation
a.Stimulated saliva
b.Unstimulated saliva/passive saliva

It is very important to standardize the methods of salivary collection as several
factors influence the quality and the quantity of saliva secreted. The saliva secreted
by each gland has characteristics of its own. Variations are observed in the type of
protein content as well as in ionic contents. Cystatin C is a biomarker that is found
as a submandibular salivary gland-selective protein as it is found in all submandibu-
lar fluids but not detected in sublingual gland-specific saliva. MUC5B mucin and
calgranulin B, on the other hand, are sub lingual-selective proteins.

The composition of saliva varies according to whether it is basal or stimulated.
High flow of saliva has been reported following parasympathetic stimulation with
low levels of organic and inorganic compounds.

Low volume of protein-rich and K*-rich saliva is seen following sympathetic stimu-
lation. Salivary composition is also affected by the presence of food in the mouth.
After a meal, total protein and a-amylase in saliva have been seen to increase [16, 17].

3.1 Whole saliva

Whole saliva consists of mainly water and a mix of salivary secretions from all
the glands in varying concentrations along with epithelial cells, microbes, and their
products [1, 18, 19].

A representation of the entire oral environment, whole saliva is the easiest,
feasible, and most convenient mode of salivary sample collection. There is no addi-
tional training of the personnel and can even be collected by the study participant.

Whole saliva can be either unstimulated or stimulated. Unstimulated whole
saliva is collected by passive drooling or spitting, although care has to be taken to
avoid blood and sputum contamination during the spitting method. Studies show
that spitting method of salivary sampling contains 14 times more bacteria than
when collected by passive drooling. This can influence the storage and further
analysis of the sample.
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3.2 Stimulated saliva

It is commonly used in patients who have difficulty producing saliva [1, 18, 19].
This method specifically induces salivary production by manual massaging of the
gland or with masticatory action such as chewing on paraffin wax, gum, or sterile
cotton rolls. Such induction often affects the quantity and pH of the saliva. Use
of citric acid specifically lowers the pH of the sample which may interfere with
the antibody binding, thus altering the results in hormonal immunoassay. It also
interferes with measurement of certain analytes such as testosterone [16].

Chewing on sterile cotton rolls has shown to induce variations in testosterone,
DHEA, estradiol, 17-OH hydroxyprogesterone (seen as exceptionally high levels),
and S-IgA (maybe seen as exceptionally low). Binding of cortisol to cotton wool
fibers is also recorded in literature [16].

There are non-cotton based alternatives such as polystyrene foam swabs, rayon
balls, and polyester Salivette. However, studies show that these bind to and remove
87% of progesterone from saliva.

3.2.1 Processing of various salivary samples

Type of Materials required [18] Procedure [18]
sample
collected
[18]
1. Whole 1. 50 ml sterile tube and paper/styrofoam 1. Inform patient of the intended time of
saliva cups saliva collection. Advice to refrain from
2. Crushed ice and container eating, drinking, or using oral hygiene
3. Distilled water procedures 1 hour prior to the said time.
2. Time preferred is between 8:00 am and
10:00 am to avoid disturbances due to the
circadian rhythm.
3. The subject is asked to rinse well with
distilled water for 1 min.
4. 5 min after rinse, the subject is asked
to spit into the 50 ml collecting tube. The
tube is to be kept in crushed ice between
sample collections.
5. Approximately 5 ml of saliva needs to be
collected.
6. Processing should occur within 1 hour
of collection.
2. Ductal 1. Sterile-modified Carlson-Crittenden/ 1. A modified Carlson-Crittenden tube is
secretion Lashley cup with appropriate PVC tubing positioned near the orifice of the duct
2. Low-affinity conical plastic collecting 2. Unstimulated saliva is collected for
tubes in ice about 15-20 min.
3. 5 ml of sterile 20% w/v aqueous citric 3. Stimulated saliva is collected by
acid solution (store at room temperature) intermittent application of 20% aqueous
4. Cotton tip applicators citric acid solution over the dorsum of the
tongue.
3. Parotid 1. Sterile-modified Carlson-Crittenden/ 1. A modified Carlson-Crittenden tube is
secretions Lashley cup with appropriate PVC tubing positioned near the orifice of the duct.
[18, 20, 21] 2. Low-affinity conical plastic collecting 2. Unstimulated saliva is collected for

tubes in ice

3.5 ml of sterile 20% w/v aqueous citric
acid solution (store at room temperature)
4. Cotton tip applicators

about 15-20 min.

3. Stimulated saliva is collected by
intermittent application of 20% aqueous
citric acid solution over the dorsum of the
tongue.
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Type of Materials required [18] Procedure [18]

sample

collected

[18]

4. Sub 1. Submandibular and sublingual collector Submandibular and sublingual salivary
mandibular (as described by Wolfe et al.) fitted with samples are collected separately using the
and sterile 100 ml pipette and low-affinity collecting tubes described by Wolfe et al.
sublingual conical plastic collecting tube 1. Subject is asked to rinse with distilled
secretions 2. Distilled water water for 1 min following which cotton
[18, 20] 3. Sterile cotton pads pads are place on the floor of the mouth

4. Dental mirror and forceps

5. 5 ml of sterile 20% w/v aqueous citric
acid solution (store at room temperature)
6. Cotton tip applicators

and the buccal mucosa. This is done to
prevent contamination from sublingual
and parotid secretions.

2. Stimulated saliva is collected using citric
acid, by placing the micropipette of the
device at the opening of the Wharton’s duct.
3. Sublingual saliva is collected in a

similar method, except that Wharton’s
and Stenson’s duct orifices are closed with
cotton pads.

4. Processing and storage of samples

4.1 Materials required

Laboratory vortex mixer [18, 21]

—80°C freezer for long-term storage purposes.

Refrigerated centrifuge able to accommodate 50 ml tubes.

Cryotubes able to accommodate —80°C temperatures.

Aprotinin stored at 4°C (from standard commercial stock solution).

400 mM Na3;0V, standard stock: 147.12 mg/2 ml water.

Adjust the pH to 10.0. Let the solution boil for about 10 min till it remains color-

less. Store at room temperature.

* 10 mg/ml phenylmethylsulfonyl fluoride (PMSF) standard: Dissolve 100 mg
PMSEF in 10 ml isopropanol by gentle inversion. Store at room temperature.

e SUPERase Inhibitor (Ambion) stored at —20°C.

4.2 Crucial points to remember during sample collection
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1. No mucous contamination should be allowed in the salivary sample [18, 19, 21].

2.Sample should be processed as soon as possible after collection and preferably
within 1 hour.

3. During stimulated saliva collection, if citric acid is used as stimulant on the
dorsal surface of the tongue, lateral surface of the tongue should be swabbed
every 30 s.
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4.Reduce the number of freeze/thaw cycles to as low as possible to avoid degra-
dation of nucleic acids and proteins.

5. Avoid exposure of sample to air as this may result in oxidation and inactivation
of RNAse inhibitors.

4.3 General considerations for salivary storage

1. Saliva fractions are preferred to be stored immediately without any processing
(18, 19].

* Specimens can be stored at room temperature (when analysis is carried out
immediately or in 30-90 min from collection).

* At +4°C (when analysis is carried out in 3-6 h from collection).

* At —20°C and better at —80°C (when analysis is carried out days to months
after collection) [16].

2.Snap freezing of saliva in liquid nitrogen: mix each salivary fraction with 80%
glycerol in water in 1:1 ratio, and then dip the sample in liquid nitrogen.

This inhibits the bacterial protease activity degrading some salivary protein
compounds, such as s-IgA.

3.Inhibition of the enzyme activity present in saliva: Mix each salivary fraction
with enzyme inhibitors 10:1 (leupeptin, aprotinin, and 4-[2-aminoethyl]
benzene sulfonyl fluoride).

A mixture of protease inhibitors and stabilizing substances like aprotinin,
leupeptin, antipain, pepstatin A, phenyl methyl sulfonyl fluoride, EDTA, and
thimerosal has been documented.

4. Addition of sodium azide (NaN3) to saliva specimens in attempt to retard
bacterial growth.

But sodium azide may interfere with horseradish peroxidase, a common compo-
nent of enzyme immunoassays.

5. Addition of trifluoroacetate at 10% water solution, to denature salivary
enzymes that could degrade several salivary compounds, such as proteins and
steroid hormones.

6. For protein analysis, the following protease inhibitors are added:
i.0.33 pl aprotinin. Invert gently to mix.
ii. 1 pl NazOV; (from standard stock of 400 mM). Invert gently to mix.
iii. 3.3 pl PMSF (standard stock of 10 mg/ml). Invert gently to mix.

For RNA analysis following RNAse inhibitors are added:
* 65 pl of SUPERase Inhibitor (Ambion) stored at —20°C

Samples should be preferably kept on ice, fractioned and frozen as soon as pos-
sible to maintain sample integrity. Refrigeration prevents degradation of some of
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the biomolecules in saliva. Bacterial proteases are seen in saliva which may degrade
several salivary proteins and in turn affect protein analyses.

S-IgA can be degraded at room temperature by bacterial protease, while at —30°C
a decrease of 10% is seen after 8 months of storage. A 9.2% decrease is seen per month
at room temperature which can be avoided by storage at 5°C, for up to 3 months.

4.4 Possible contaminants during saliva sampling
1. Blood: May compromise quantitative estimates of salivary molecules [19, 22].
2.Food products: Steroid antibodies may cross-react with certain food products.

3.Sodium azide: May interfere with procedures like ELISA and EIA.

5. Biomarkers

According to the National Institutes of Health, a biomarker is a characteristic
that is objectively measured and evaluated as an indicator of normal biologic
processes, pathogenic processes, or pharmaceutical responses to a therapeutic
intervention [13, 19].

It is the term given to a change in a biological molecule due to intervention by
reactive oxygen, nitrogen, or halide species [23].

5.1 Benchmarks of a biomarker

* A major product of oxidative modification that may be implicated directly in the
development of disease [13, 23].

* A stable product, not susceptible to artifactual induction or loss during storage.
* Representative of the balance between oxidative damage generation and clear-
ance (i.e., the steady state but also possibly applicable to the measurement of
cumulative oxidative damage).
* Determined by an assay that is specific, sensitive, reproducible, and robust.
* Free of confounding factors from dietary intake.
* Accessible in a target tissue or a valid surrogate tissue such as a leukocyte.
* Measurable within the limits of detection of a reliable analytical procedure.
5.2 Comparison between circulatory and salivary markers
Most of the commonly investigated markers in plasma are seen in a narrow range
and is well documented over the years [19]. Due to the novelty of salivary diagnos-
tics, this is a shortcoming, as the markers are still in the process of discovery and
documentation. Also, the markers vary through a wide range, quantitatively as well
as qualitatively. These variations, physiologically and/or pathologically, make the
standardization of salivary analyses a challenge.

Many of the components from plasma reach the saliva mainly through passive
diffusion. To compare and reach a successful clinical conclusion, it is important that
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the concentration of the analyte in the plasma and that in the saliva be highly cor-
related. Studies have shown that the concentrations of proteins and certain ions are
comparable to their level in plasma in a stimulated salivary sample than the sample
collected passively.

A number of molecules are produced directly by the salivary glands, which include
secretory IgA and lysozyme, the presence of which may be sparse or nil in the respective
serum sample. On the other hand, concentration of transferrin, iron, bilirubin, choles-
terol, lipoproteins, IgG, and IgM is seen to be 4-15 times more than that seen in saliva.

Certain compounds like blood urea nitrogen, C4, and total bilirubin have high
correlation between salivary and serum concentration. This suggests a passive dif-
fusion of these compounds from plasma.

Steroid hormones such as cortisol, cortisone, and testosterone are seen in saliva
in their free and unbound state, making salivary analysis a much more preferred
method over serum analysis. Although they are also found in their free state in the
urine, the sampling of urine is often done and measured over 24 h which is more
tedious than salivary sampling.

Nonsteroidal hormones such as melatonin and thyroid hormones can also be
analyzed through a salivary sample. However, polypeptide hormones are not as
easily detected in saliva due to their large size which hinders in passive diffusion.
Plasma leakage through lesions or other modes such as active or facilitated transport
may also contribute to detections of polypeptide hormones in saliva.

6. Technologies for discovery of salivary biomarkers
6.1 Proteomic technology

Proteome is the protein component ofa genome [1, 8, 24, 25]. Proteomes are found
in bodily fluids and are potential sources of disease biomarkers. Proteomics refers to
the analysis of the portion of the genome that is expressed. Proteome analysis helps in
the identification of any signs of morbidity during early stages of a disease as well as
to monitor the progression of the disease. Few analyses used in proteomics are:

* Polyacrylamide gel electrophoresis (PAGE)

* Mass spectrometry (MS)

* Electro spray ionization (ESI)

* Matrix-assisted laser desorption ionization (MALDI)

* Mass analyzers like time-of-flight (TOF), quadrupole TOF, Fourier-transform
ion cyclotron resonance (FT-ICR), etc.

Disadvantages: functional changes of the protein may occur due to posttransla-
tional modifications which may affect the reflection of the physiologic or pathologic
conditions. To evaluate such posttranslational modifications of proteins as biomark-
ers, comprehensively analytical methodologies like dendrimer-associated MS/MS,
MALDI-MS, and targeted HPLC-ESI-MS/MS are used.

6.2 Transcriptomic technology

Salivary transcriptomes were discovered in 2004 which are basically RNA
molecules (mostly mRNA) that are exceptionally stable in saliva [1, 8, 26, 27].
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Salivary transcriptome is an emerging concept, and various studies are being
conducted all over the world in extraction, purification, amplification, and
microarray screening.

Although salivary transcriptomes are still under research, a comparative study
done at UCLA regarding accuracy of salivary RNA and serum RNA proved that
salivary transcriptomes have a slight upper hand compared to that of serum in
certain cases like oral cancer.

As a biomarker, transcriptomes are highly robust and reliable.

6.3 Point-of-care technologies for salivary diagnostics

It includes the application of microfluid and micro/nanoelectromechanical
system (MEMS/NEMS) [1, 8, 28]. This is an integrated system that allows the
analysis of multiple markers in a drop of the salivary sample, simultaneously
with the help of ultrasensitive biosensors. Recently, the UCLA Collaborative
Oral Fluid Diagnostic Research Center along with UCLA School of Engineering
has developed a MEMS-based electrochemical detection platform that has been
named oral fluid nanosensor test (OFNASET) [2, 3]. It is highly specific and
sensitive and allows simultaneous detection of multiple salivary analytes and
RNA markers [2, 3].

6.4 Metabolomics

Metabolomics has been defined as a global holistic overview of the metabolic
status [29]. It facilitates the measurement of comprehensively small metabolites
and endogenous markers in bodily fluids and aids in biomarker discovery. Salivary
metabolomics has been used successfully in physiology, diagnostics, functional
genomics, pharmacology, toxicology, and nutrition.

y-Aminobutyric acid, phenylalanine, valine, n-eicosanoic acid, and lactic acid
have been used in the metabolic profiling of oral squamous cell carcinoma, oral
lichen planus, and oral leukoplakia.

GC/MS profiling has proven excellent reproducibility with salivary compounds,
such as alcohols, aldehydes, ketones, carboxylic acids, esters, amines, amides, lac-
tones, and hydrocarbons. Reproducibility is an extremely important characteristic
in diagnostics that shows way for use of this method to analyze larger sample sizes.

6.5 Salivary microbiome

The microbial population that exists within the oral cavity is collectively referred
to as the microbiome [30]. The salivary microbiome provides a unique doorway
to analyze the symbiotic and/or pathologic existence between the individual and
colonizing microbes. This emerging research field is providing new insights into the
functioning of the human immune system and defense mechanisms.

6.6 Salivary genomics

The isolation of high-quality and high-molecular-weight DNA from saliva and
its analysis in various clinical purposes can be termed as salivary genomics [30, 31].
Technology has led to the development of various DNA collection kits, stabilizing
reagents and purification procedures. These in turn have improved the quantity as well
as the quality of DNA comparable to that obtained from blood. The ease of sampling
and reliability of the assays have made salivary genomics widely accepted and is open-
ing doors to discovery as well as application of salivary epigenomes in diagnostics.
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6.7 Salivary epigenomics

The environmental regulation of the genome and its structural and chemical
adaptation without altering the DNA base pair sequence are highlighted by the epig-
enome [30]. The epigenetic changes such as the length of the telomere, microRNAs,
etc. are measurable in saliva. DNA in the blood is derived from a variety of cells
including the immune cells, which vary significantly over time. However, contra-
dictory to the DNA obtained in blood, the cellular components as well as the DNA
in saliva are representatives of PMNLSs and shed epithelial cells of the oral cavity,
which are much more homogenous in nature.

Two main epigenetic mechanisms that regulate gene patterns through various
tissues are methylation and demethylation of genes. The blood DNA methylation
patterns have been noted as highly similar to those that are seen in salivary DNA
methylation patterns. The methylation changes have been correlated to a number of
systemic diseases including diabetes mellitus, muscular dystrophy, and even early
life adversities. It is important in diagnostics, as it shows a map of changes in the
human body over a period of time.

7. Salivary biomarkers in various diseases
7.1 Oral squamous cell carcinoma

OSCC has seen an increase in occurrence since the past two decades [13, 17,
32-36]. There has been 5.3 times increase for men and 2 times the increase for
women [10]. Several studies have been done to discover and analyze the potential
salivary biomarkers for oral cancer [10].

Various salivary biomarkers for OSCC:

* CEA, carcinogenic embryonic carcinogen

CA19-9, carcino-antigen

 TPS, tissue polypeptide specific antigen

* IGF, growth factor

* MMP-2, MMP-11, metalloproteinase

» HA3, cell proliferation regulator

e CA125, serum tumor marker

* Cyfra21-1, intermediate filament protein

* IL8, IL 1B DUSP1, chemokine-mediator of inflammatory response
* OAZ1, oncogene

* S100P, polyamine synthesis regulator

* SAT, calcium binding protein, cell cycle, and differentiation regulator polyamine
metabolism
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* IAP, apoptosis inhibitor

» SCC, squamous cell carcinoma-associated antigen

* RNS, reactive nitrogen species

* 8-OHdG, DNA damage marker

* IgG, immunoglobulin

* SecIgA, mucosal immunoglobulin

* LOH, loss of heterozygosity loss of specific chromosomal regions

* DNA, hypermethylation gene inactivation

An increase is seen in the following biomarkers in patients with OSCC: car-
bonyls, lactate dehydrogenase, metalloproteinase-9 (MMP9), Ki67, cyclin D1
(CycD1) [10].
7.1.1 Periodontal diseases

Periodontitis is a group of inflammatory diseases that is characterized by loss
of connective tissue [13, 32, 37] attachment and bone around the teeth in conjunc-
tion with the formation of periodontal pockets due to the apical migration of the
junctional epithelium [32].

Inflammation of the gingiva and periodontal tissues is the first sign of a peri-
odontal disease, usually in response to plaque accumulation [10, 12].

The biomarkers in periodontal diseases can be broadly divided into [32, 37, 38]:

* Inflammatory markers

* Markers of connective tissue destruction

* Markers of bone remodeling

a.Inflammatory markers

* p-glucuronidase—Elevated

CRP—Elevated

IL-1p—Elevated

IL-16—Elevated

MIP-1o—Elevated in aggressive periodontitis

TNFa—Elevated
b.Markers of connective tissue destruction

* o2 Macroglobulin—Decreased
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¢ MMP 8—Elevated

MMP 9—Elevated

AST—Elevated
* ALT—Elevated
* TIMPs—Decreased
c. Markers for bone remodeling
¢ Alkaline phosphatase—Elevated
* B C-terminal type 1 collagen telopeptide—Intermediate
* C telopeptide pyridinoline crosslinks of type 1 collagen—Intermediate
* Osteoprotegrin—Elevated
* Osteocalcin—Reduced

¢ Osteonectin—Reduced

RANKL—Intermediate
¢ HGF—Elevated
Some other biomarkers of periodontal disease include [13, 32, 33, 37]:
Fibronectin, elastase, albumin, C-reactive protein, hyaluronic acid, CD44,
aspartate aminotransferase, C3 complement
7.2 Biomarkers for breast cancer in saliva
e C-erbB-2 [13, 39]
e VEGF
* EGF
* CEA
7.3 Biomarkers of Sjogren’s syndrome
* a-Amylase [13, 40, 41]
* Carbonic anhydrase VI

* Proline-rich proteins (PRPs)

* Prolactin-inducible protein precursor (PIP)
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* Lactoferrin b-2- microglobulin
* Ig klight chain
* Polymeric Ig receptor
7.4 Biomarkers of cardiac diseases
* Cardiac enzymes like CK-MB, MYO and Tnl [32]
* Inflammatory markers like CRP TNFoo MMP-9 and myeloperoxidase

* Adhesion markers like soluble CD40 ligand and sICAM-1

7.5 Biomarkers for HIV
* HIV antibody

* Anti-HIV immunoglobulin [16]

7.6 Biomarkers (transcriptomic) of pancreatic cancer
» KRAS [42, 43]
* MBD3L2
* ACRV1

* CDKL3

7.7 Biomarkers (transcriptomic) of ovarian cancer

» H3F3A [44]

SRGN

* B2M

BASP1

AGPATI

* [LIB

IER3
7.8 Biomarkers of infectious disease
* Dental caries: presence of Lactobacillus sp. and Streptococcus mutans

* Candidiasis: presence of Candida sp.
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* Hepatitis: presence of HBV DNA levels

* Peptic ulcers, gastritis, and cancrum: presence of H. pylori [16]
7.9 Pharmaceutical and illicit drugs

e Lithium

* Carbamazepine

* Barbiturates

* Benzodiazepines

* Phenytoin

* Cyclosporine

* Alcohol

» Tobacco

* Marijuana

* Cocaine

* Amphetamines [16]
7.10 Hormones

* Steroidal hormones: cortisol, testosterone, estrogen

* Nonteroidal: melatonin, thyroid hormones [16]

8. Conclusions

Saliva is rightly termed “the mirror of the human body.” Saliva is already being
used in various scenarios such as investigations for monitoring pharmaceutical as
well as illicit drug usage, various malignant neoplasia, hormonal analysis, and even
as forensic aids.

The use of saliva as an adjunct to clinical and laboratory investigations in diag-
nostics is no more a distant dream. The development of more reliable and affordable
tests is paving way to a promising future in salivary diagnostics. With increas-
ing awareness towards disease prevention and early diagnosis and intervention,
salivary diagnostics could, in the future, be included as a part of routine clinical
investigations.
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Chapter 4

Salivary Diagnostics in Oral
Diseases

Manohar Bhat and Devikripa Bhat

Abstract

Common oral diseases like dental caries, periodontal diseases and oral cancer
have major impact on quality of life. For prevention, treatment and prognosis, it is
essential to measure the disease objectively and accurately in a quantitative manner.
Quantification of biochemical or molecular specific products of cancers in serum or
localized body juices can be one of the current methods of measuring oral diseases
objectively. Salivary diagnostics has influenced several researchers and has been veri-
fied as an important tool in the diagnosis of many systemic conditions and prognosis
of the disease. Developments in the field of molecular biology, salivary genomics and
proteomics have directed to the detection of novel molecular markers for oral disease
diagnosis, therapeutics and prognosis.

Keywords: oral malignant disorders, dental caries, periodontal disease

1. Introduction

Early diagnosis of the disease, quantification of the disease and prognosis of
the treatment are the vital steps in controlling and preventing the diseases that
would damage the person’s quality of life. Diagnosing these diseased conditions
has become challenging and thus necessitates complementing clinical evaluation
with laboratory testing [1]. It is essential to have a thorough knowledge in order to
control or prevent a disease. When we know the particular clinical, radiological,
and histological and laboratory characteristics of the disease, it is easy to prevent
the disease condition.

Chronic non-communicable diseases are the major public health problems faced
by many of the developed and developing countries in the world. Unlike most of the
communicable diseases, chronic non-communicable diseases are initiated by mul-
tiple risk-factors. Identifying such risk factors is vital to control the disease burden.
Identifying unique compound in the diseased body, which is sensitive and specific
to that particular disease can help in identifying and measuring the disease status.

2. Why saliva is used for diagnosis?

Saliva was used as a screening tool for cystic fibrosis in the early 1960s [2, 3]. Saliva
is the exudate of serum; hence saliva also contains all the biological compounds like
hormones, growth factors, antibodies, enzymes, microbes and their products [2, 4, 5].
Salivary diagnostics has become popular these days as collecting saliva is non-invasive,
inexpensive, less technique sensitive and easy to perform as compared to serum.
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3. Oral diseases
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3.1 Dental caries and saliva

Dental caries is a multifactorial oral disease resulting in demineralization of
mineralised tissues and denaturation of organic tissues of the teeth initiated by acid
production by cariogenic bacteria. These are the major reasons for the loss of teeth
among the population. Saliva has protective action in maintaining oral health by its
buffering action, antibacterial action and cleansing effect. The awareness of func-
tional properties of saliva as well as those of its distinct components may permit a
better valuation of dental caries susceptibility [6].

4. Caries susceptible tests

It refers to intrinsic propensity of the host tissue, the tooth, to be affected by the
carious process. It uses saliva as a diagnostic tool in detection and progression of
dental caries. Saliva used for caries susceptibility measurement can be explained in
four parts:

1. Bacterial count measurement (salivary microbiomics)

2. Colorimetric methods

3. Enzymatic biomarkers

4. Physical property of saliva

5. Bacterial count measurement
5.1 Sampling oral microbial community through saliva (salivary microbiomics)

When considering the hard tissue diseases in oral cavity (dental caries), sam-
pling from the acquired pellicle (AP) provides more sensitive and precise protein
profile compared to that of saliva [7-10]. Here saliva plays like carrier of the disease
biomarkers.

Only few fractions of known proteins found in human saliva (130/2290 pro-
teins), which are originated from acquired pellicle on dental enamel. The exact
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biological functions of 51% of known proteins are unknown [8]. This lack of
knowledge will provide a new vista to further research.

The particular species of microbial community grow on the AP which is
specific to individual oral disease. The quality and quantification of these species
can provide a clearer picture on diagnosis and find out the severity of the oral
disease.

For example, patients exhibiting dental caries demonstrates dominated acido-
genic and acid-tolerant Gram-positive bacteria (i.e., Streptococcus and
Lactobacilli sp) [11].

Some of the salivary determinant tests are as follows

1. Lactobacillus colony count test: assessment of the number of acidogenic bacte-
ria can be done by calculating the number of colonies appearing on Tomato
peptone agar plates (pH 5.0) after inoculation with a sample of saliva.

2. Streptococcus mutans level in saliva: this measures the number of S. mutans
colony forming units per unit volume of saliva.

3.Saliva/tongue blade method: estimation of the number of S. mutans in Mutans
Salivarius Bacitracin (MSB) agar inoculated by paraffin-stimulated saliva/
Saliva-contaminated wooden spatulas [12].

5.2 Colorimetric methods

1. Snyder’s test [7, 13]: the caries susceptibility is correlated with production
of acid that is assumed to result due to the fermentation of specific amount
of glucose by cariogenic Lactobacillus species by inoculating saliva into agar
containing bromocresol green indicator.

2. Albans test: this is a simpler version of Snyder’s test in which the patient
expectorates directly into tubes that contain the medium. In this test, some-
what softer medium is used that permits the transmission of saliva and acids
without the requirement of melting the medium [7].

3.Swab test: the principle of this test is same as that of Snyder’s test i.e., capacity
of salivary microorganism to form organic acids from a specific carbohydrate
medium. The medium encompasses a colour changing indicator dye, bromo-
cresol, which changes its colour when the environment changes its Ph.

5.3 Enzymatic biomarkers

1.Salivary reductase test: this test quantifies the activity of the reductase enzyme
present in salivary bacteria.

2. Peroxidase: peroxidase is a salivary enzyme which neutralises the toxic com-
pound (hydrogen peroxide) produced by oral microorganisms and reduces
production of acid in the dental plaque. This severely reduces the plaque
accumulation thereby reduces the plaque related diseases like dental caries and
periodontal diseases [14].

3. Collagenase: it represents in extracellular fluids like serum or saliva represents
tissue destruction or cell death. In saliva it indicates destruction of pulp (severe

dental caries) or destruction of periodontal tissue [15].
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6. Physical properties of saliva
1. Salivary buffer capacity test:

a. This test measures the amount of millilitres of acid involved in lowering the Ph
of saliva via an arbitrary Ph interval, such as, from Ph 7.0 to 6.0 or the quantity
of acid or base essential to bring colour indicators to their end point [16].

b.Population level researches salivary flow rate and buffer effect show a
contrary correlation with caries susceptibility [17].

2.Flow rate:

Many researches showed that, higher the flow rate showed quicker is the
salivary clearance [17-19] and greater is the buffer capacity [18] Reduced
salivary flow rate and the associated reduction of oral defence systems may
cause severe caries and mucosal inflammations [16, 17, 20].

7. Salivary ions

Calcium ion is the most extensively researched salivary ion for dental caries and
periodontal disease. Demineralisation of teeth or bone leads to leach out excess of
calcium ion into saliva. Increased levels of salivary calcium ion indicate the presence
and severity of oral diseases. Similarly increased selenium content in saliva and
food is the indicative of dental caries in subjects [21].

8. Periodontal disease and saliva

Diagnosing active phases of periodontal diseases, and identifying those at risk for
active disease has been challenging for both clinicians and investigators. Since saliva
can be easily collected which contains the locally derived and systemically derived
markers of periodontal disease, it can provide specific diagnostic test for periodontitis.

Enzymes present in saliva are contributed by the cells of the salivary glands, oral
microorganisms, PMNs, epithelial cells and GCF entering the oral cavity. Studies
have shown a reliable relationship between enzyme activity and periodontal status
and its response to the periodontal treatment.

Saliva can be categorised in to two types, whole saliva and saliva from specific
glands [22-24]. Differences in the amount of fluid and constituents of each gland
can be determined in gland specific saliva.

Whole saliva which consists of oral fluids, secretions from the major and minor
salivary glands, non-salivary constituents, GCF, bronchial secretions, serum, blood
cells, food debris and microorganisms along with their products can also be used as
a diagnostic tool.

It has been found that, proposed markers for diseases such as proteins of host
origin (i.e., enzymes, Ig), phenotypic markers such as epithelial keratins, host cells,
hormones, microorganisms, volatile compounds and ions are found in saliva [25].

Some of the major salivary biomarkers are discussed below:

1. Salivary proteins:

Salivary proteins are formed from combined Direction of DNA and RNAs. Any
disparity in DNA or RNA stands can lead to altered protein formation which leads
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to disease condition and the altered protein becomes the marker of that disease.
A patient’s salivary protein mapping can provide details on entire body’s health
because saliva is an exudate of blood and contains juices from gingival crevicular
fluid along with major and minor salivary glands, and is much less invasive and more
acceptable to the patients compared to blood sampling [10, 26-28] Salivary proteins
play a major role in adhesion of microbes on tooth surface through AP formation
by stereo-specific mechanism [10, 29]. Salivary proteins can regulate adherence of
microorganism by using the carboxylterminal of histatin and of acidic proline-rich
proteins (PRPs) by promoting or reducing the attachment to the protein [30-32].

Some of the proteins involved are
A.Enzymes:

a.Lysozyme

b.Peroxidase

c.Collagenase

d.Acidic and alkaline phosphatase
B. Glycoproteins and proline rich proteins

a.Dextran

b. Acquired pellicle forming proteins

c.Lactic acid and pyruvic acid

d.Fibronectin
C. Hormones
D. Histatin
E. Matrix metallo proteins
F. Other proteins

a.Cystatin

b.Amino acids

c. Growth factors and vascular endothelial growth factors

A. Salivary enzymes:

a.Lysozyme: lysozyme is an antimicrobial enzyme secreted in human saliva with
the ability to hydrolase the 1,4-beta-linkages between N-acetylmuramic acid
and N-acetyl-D-glucosamine existing in peptidoglycan, which is the major
component of Gram-positive cell wall. Patients with low levels of lysozyme in
saliva are more vulnerable to accumulation of dental plaque, which is con-
sidered a risk factor for oral disease and increased salivary lysozyme activity
indicates recent infection in oral cavity [33].
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b.Peroxidase: it inhibits the hydrogen peroxide formation by microbes and there
by prevents accumulation of plaque formation. This directly stops the plaque
related oral diseases like periodontitis and dental caries. Quantification of this
enzyme directly proportional to the severity of the disease status [14].

c. Collagenase: collagenase is also known to as MMP-13, is collagenolytic MMP
with remarkably extensive substrate specificity. Presence of this in extracel-
lular fluid like serum and saliva indicate tissue destruction or cell death. In
saliva this may indicate destruction of periodontal tissue, pulp tissue, infective
necrosis or carcinogenic destructions [15].

d.Acid and alkaline phosphatase: the enzyme alkaline phosphatase (ALP) and
acid phosphatase (ACP) are the twin counterpart enzymes which occur in
many organisms ranging from bacteria to man, basically functions by cata-
lysing or blocking the hydrolysis of monoesters of phosphoric acid and also
catalyse or block a trans-phosphorylation reaction in the presence of large
concentrations of phosphate acceptors [34]. Some researches conveyed ampli-
fied activity of acid phosphatase and alkaline phosphatase in the acute stage of
periodontal disease, and also observed recovery of enzyme level to the normal
range after periodontal therapy [35, 36].

B. Glycoproteins and proline rich proteins:

a.Dextran: dextran is a complex, branched glucan (polysaccharide made of many
glucose molecules) composed of chains of varying lengths which helps the
plaque to attach to the host tissue. Measuring the level of salivary dextran level
can helps in calculating the plaque attachment status. There by calculating the
plaque related diseases quantitatively [37].

b. Acquired pellicle forming proteins: salivary proteins play a chief role in bonding
of microbes on tooth surface through acquired pellicle formation by stereo-
specific mechanism [29]. These salivary proteins decide the type of microbes
to grow. Hence identifying these proteins which are specific to grow selective
bacteria will provide knowledge about the type of disease.

c.Fibronectin: fibronectin is a glycoprotein that mediates adhesion between cells
and encourages selective adhesion and colonisation of certain favourable
bacterial species. It also involved in inflammation, chemotaxis, and wound
healing and tissue repair [23, 38]. Quantification of fibronectin in saliva
provides a clear picture on periodontal disease status.

C. Hormones:

Cortisol: cortisol is a hormone highly sensitive to emotional changes and is stress
related. It provides anti-inflammatory and immunosuppressive effect. This has
direct effect on oral infection and dental plaque related illness [38, 39]. Even though
lots of researches indicate the relation of cortisol and oral diseases, more specific
and confirmatory researches are needed.

D. Histatin:

Histatin is a salivary protein secreted from parotid and submandibular
glands with definite antimicrobial properties. It interacts with endotoxic
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lipopolysaccharides situated in the membrane of Gram-negative bacteria and
neutralises it. It also has antihistaminic action, hence influences oral inflamma-
tion [38, 40, 41].

E. Matrix metallo proteins:

They are host proteinases accountable for both tissue degradation and remodel-
ling. The presence of these metallo proteins indicates tissue destruction. MMP
8 is the most predominant MMP found in ill periodontal tissue and GCF. Recent
researches reviled that the level of MMP-8 was highly raised in saliva of patients
with periodontal disease [38, 42].

E. Other proteins:

a. Cystatin: this is a proteolytic enzyme produced by pathogenic bacteria, inflam-
matory cells, fibroblasts and osteoclasts which have collagenolytic property. It
helps in spreading of oral disease to different planes also progress the disease
status [23, 38]. Measuring the level in saliva can explain the severity of the oral
diseases like periodontal disease and potentially malignant disease.

b.Amino acids: some of the amino acids like Proline shows increased levels in
saliva of periodontally ill subjects compared to the healthy individuals. This
may be due to degradation of salivary proteins by bacterial activities [38, 43,
44]. Presence of proline in saliva directly proportional to the level of bacteria
in dental plaque. Hence it quantifies the plaque related oral diseases.

c. Growth factors and vascular endothelial growth factors: these are angiogenic
cytokines associated with inflammation and healing tissue. Higher level of
these proteins in saliva observed in the inflammatory conditions (periodontal
diseases) or growth of tumour (Malignant tumours) [23, 38].

G. Human salivary immune system:

a. Immunoglobulins: immunoglobulins are specific first-line defence mechanism
of saliva. The chief immunoglobulin in saliva is secretory IgA (sIgA), which is
produced by the plasma cells in the salivary glands. IgA has 2 subclasses, IgA1
which is predominated in serum and IgA2, which is predominantly present in
secretions like saliva, milk and sweats [38, 45]. Many researches show the posi-
tive correlation between severity of inflammation (Periodontal disease) and
IgA concentration [14, 46].

b.Salivary neutrophil count: neutrophils play a major role in the innate immune
response. Most of the oral diseases are associated with infection and inflam-
mations, which are explained in the form of neutrophil count in saliva. Very
meagre research directed to correlate the neutrophils in plaque, saliva, and
gingival crevicular fluid (GCF) to periodontally healthy and diseased subjects.
These researches reviled that there is positive correlation between oral diseases
with PMN counts [47-49].

H. Salivary ions:

Calcium ion in saliva indicates demineralization of teeth or alveolar bone which
leaches out into saliva indicating severity of dental and periodontal diseases [21].
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I. Oxidative stress assessment:

Redox (reduction and oxidation) reactions are common in all cells. But imbalance
between reduction and oxidation process can lead to oxidative stress within the cell
which destroys the cell. Oxidative stress was involved in the progression of periodontal
diseases [50-52]. In chronic periodontitis, there was lower serum total antioxidant
level when equated to the control individuals [52, 53] Biomarkers of lipid peroxidation
(one of the oxidative stress-mediated pathways) such as 8-isoprostane and malondial-

dehyde (MDA) were elevated in patients with chronic periodontitis [52, 54-56].

J. Salivary Microbiomics:

The particular species of microbial community grow on the AP which is spe-
cific to individual oral disease. The quality and quantification of these species can
provide a clearer picture on diagnosis and find out the severity of the oral disease.
Patients with periodontal disease Express increased percentage of obligately
anaerobic bacteria (i.e., Gram-negative species) [10, 57].

Some of the literatures on salivary biomarkers to detect periodontal diseases are

as follows:
Author (year) Biomarkers Inference
Nakamura and Salivary enzymes Significant difference between diseases and

Slots (1983) [35]

healthy periodontium.
No significant difference between LJP
and AP

Zambon et al.
(1985) [58]

levels of caprylate esterase lipase, leucine,
valine and cysteine aminopeptidases,
trypsin, B-galactosidase, B-glucuronidase
and B-glucosidase, sub gingival black
pigmented bacteroides and motile organisms

A decrease was seen in the levels of all the
biomarkers after the treatment in AP

Gregory et al. Immunoglobulins Igs in LP] patients was higher than healthy
(1992) [59] individuals of same age, race and gender
Gibbons et al. Fibronectin-degrading enzymes in saliva This biomarker was higher in concentration

(1986) [30]

in diseased patients

Nieminem et al.
(1993) [60]

Protease levels

Decrease in the levels of protease
markers after the treatment in advanced
periodontitis

Ingman et al.

Collagenase, elastase like and trypsin like

AP patients’ saliva demonstrated a higher level

1993 [61] activity of protease, collagenase and elastase lie activity
when compared to LJP and healthy patients
Uitto et al. Collagenase Higher in periodontitis patients

(1990) [62]

Orner 1976 [63]

Collagenase, activated matrix

Higher in children with Down’s syndrome

Halinen et al. metalloproteinase who are more prone to periodontal diseases
1996 [64]

Hayakawa TIMP-1 and total collagenase activity TIMP-1 was lower in patients with

et al.1994 [65] periodontal disease and total collagenase

activity was higher in diseased patients

9. Oral cancer and saliva

Oral cancer is 6th most common human malignancies with approximately 50%
mortality rate in 5 years. Oral cancer is a potentially lethal disease and the result of
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the treatment and prognosis largely determined by primary diagnosis. For preven-
tion, treatment and for prognosis, it is essential to measure the disease objectively

and accurately in quantitative manner. Quantification of biochemical or molecular
specific products of cancers in serum or localised body juices can be one of the current
methods of measuring oral cancer objectively. Salivary diagnostics has influenced
several researchers and has been verified as an important tool in the diagnosis of
many systemic conditions and prognosis of the disease. Developments in the ground
of molecular biology, salivary genomics and proteomics have directed to the detection
of novel molecular markers for oral cancer diagnosis, therapeutics and prognosis.

Several research groups have found that salivary levels of specific proteins
are increased in whole saliva of patients with oral squamous cell carcinoma. For
example, CD44 (a cell surface glycoprotein involved in cell-to-cell interaction),

44 Cyfra 21-1 (a fragment of cytokeratin 19), tissue polypeptide antigen (TPS),
and cancer antigen 125 (CA-125) have been suggested as oral cancer bio
markers [2, 66].

Abundant biomarkers have been studied for finding of oral potentially malig-
nant diseases and cancer, until now no further research has been done. Whole
saliva was used to conduct most of the research projects. Whole saliva comprises
of juices from all major and minor salivary glands, as well as liquids from mucosal
and periodontal tissues, which are influenced by oral and systemic environments
and by host immune responses and carry the essence of disease product with them.
Measuring the levels of disease product will provide a specific diagnostic and prog-
nostic value. Additionally, least requirement of money, material and manpower
makes it more economical, less time consumption, and no special training make
this methodology easily accepted.

10. Usage of stimulated or un-stimulated saliva for collection

Unstimulated saliva is considered as an ideal sample because it has no effect on
flow rate and salivary composition of salivary glands. But some researches shows
that stimulated saliva also can provide equally or more precise detection of cancer
biomarkers [67, 68]. Limited researches were performed in these directions on
the effect of stimulated and unstimulated saliva on salivary biomarkers of cancer.
Hence, it needs to be studied to further standardise the salivary biomarkers.

11. Storage and transportation of saliva

Saliva is very sensitive sample, which is influenced by systemic, physiological,
microbial, environmental (food products) and biochemical changes in oral cavity. It
also fluctuates with time of collection, Ph of the surrounding environment, temper-
ature type of saliva collection method, and storage methods [69, 70-73] Some study
reported that storage at —80°C provides less biochemical and microbial changes in
saliva hence gives better results as compared to —20°C [72] . To avoid altered results,
there should be least time gap between sample collection and analysis.

12. Classification of salivary biomarkers for oral cancer

Biomarkers have been classified based on biomolecules and disease states [74, 75].
Based on biological molecules:

1.DNA biomarkers
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2.RNA biomarkers

3.Protein biomarkers
a.Enzymes
b.Hormones
c.Glycoproteins

4.Salivary ions

5.Oxidative stress assessment

i. Based on disease state

1. Diagnostic biomarkers
2. Prognostic biomarkers

More than 100 potential salivary biomarkers have been reported till date, they

can be explained with following headings:
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1. Peptides

2. Proteins
3.DNA
4.Salivary mRNA

1. Peptides: some of the researches explain that polypeptides like defensin which
possess cytotoxic and antimicrobial properties, which exhibits their presence in
azurophil granules of polymorphonuclear leukocytes is one of the potent bio-
marker of oral cancer. OSCC can be distinguished even in their earlier stages by the
raised levels of salivary defensin-1 matched with healthy controls [67, 76].

2. Proteins: major portion of salivary biomarkers are protein in nature. Most of the
proteins share their presence with other diseases or environmental factors (food),
this exhibits higher levels of sensitivity with low specificity. Some of the protein
biomarkers showed significant elevated level in saliva such as interleukins (8, 6,
1b), matrix metalloproteinase (MMP 2, 9), transforming growth factor (TGF-1),
Ki67, cyclic D1, transferrin, amylase, tumour necrosis factor (TNF-a) and catalase
among saliva of oral squamous cell carcinoma by various studies [77]. Protein CD44
showed elevated levels in saliva (oral rinse) of oral squamous cell carcinoma patients
(n = 102) matched to controls (n = 69) [78]. some of the researches confirmed that
IL-8 and IL-6 are informative biomarkers for OSCC, where IL-8 and IL6 showed
elevated levels of concentration in saliva and serum respectively [79].

A. Enzymes:

1. Lysogyme: lysozyme is an antimicrobial enzyme secreted in human saliva with
the capability to hydrolase peptidoglycan, which is the major constituent
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of Gram-positive cell wall. Lysozyme shows antitumor properties by direct
activation of immune cells or it can raise tumour cell immunogenicity. And
also, lysozyme can release elements from bacteria (peptidoglycans and/

or polyribopyrimidinic acids) responsible for immune-potentiation and
therefore antitumor activity [80].

2. Pyruvate kinase M2 isoengymes: cancer cell uses metabolic alteration
(Warberg’s effect) for their survival and growth. They chose anaerobic
respiration for their energy needs even though abundant availability of
oxygen. Pyruvate kinase muscle iso-enzyme M2 (PKM2) is a glycolytic
enzyme and a vital enzyme in tumour cell metabolism and growth.
Increased level in serum and saliva indicate presence of malignancy [81].

3. Collagenase: collagenase is the major intracellular enzyme explains the
destruction of the tissue if found in extracellular fluids like saliva. In saliva
this may indicate destruction of periodontal tissue, pulp tissue, infective
necrosis or carcinogenic destructions [15].

4. Acid and alkaline phosphatase: a study clarifies that the salivary ALP
enzyme displays significantly higher levels in subjects with diabetes mel-
litus, smokers and subjects with potentially malignant disorders without
any periodontitis associated to systemically healthy persons [82]

B. Glycoproteins:

Lactic acid and pyruvic acid: pyruvic acid and lactic acids were produced as the
end product in the physiologic process of glycolysis [83, 84]. This energy crea-
tion cascade carry on by using the end product (pyruvate) of glycolysis as a fuel
to Krebs cycle in mitochondria by oxidative phosphorylation. But this process
gets interrupted in malignant cells where cell undergoes fermentation of sugar
molecule (anaerobic respiration) even though enough presence of oxygen. This
process is known as Warberg’s effect. This leads to accumulation of the excess
PA and LA. Hence quantification can give a clearer picture on the stages of
cancer [83].

. Salivary ions: most of the researches explain excess and deficient levels of

copper or zinc were significant correlation with oral cancer risk [85]

. Oxidative stress assessment: oxidative stress is the product of a discrepancy

between oxidant factors and protective antioxidant systems; it may occur
due to an excess of free radicals, or by the shrinking of the antioxidant
systems.

Oxidative stress was also associated with oral cancer, as amplified lipid
peroxidation and reduced antioxidants was reported in patients suffering
from stage II, III, and IV oral cancer [52, 86].

3.DNA: DNA is highly specific type of biomarker used for detection of cancer.
It requires high end operating machineries and also requires special training
to operate it. This makes it more expensive biomarker to detect. Boyle et al.
observed that OSCC exhibits p53 mutations in 71% of saliva samples by using
plaque hybridization technique [87]. Aberrant methylation of p16, MGMT and
DAP-K in OSCC patients was recognised by Rosas et al.
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4.Salivary mRNAs: oral carcinogenesis can be detected by measuring the elevated
six mRNA molecules such as DUSP1, H3F3A, IL 1B, IL 8, SAT and S100 [88].

a.DUSP1 (dual specificity phosphatase 1): DUSP mRNA involved in protein
modification, oxidative stress, and signal transduction and participates
in MAPK (Mitogen Activated Protein Kinase) pathway. Molecular stud-
ies showed that the carcinogenesis is associated with hypermethylation of
DUSP1 gene [89].

b.H3F3A: these proteins are nuclear proteins, located in chromosome 1,
responsible for the structural integrity of chromosomal nucleosome and acts
as a one of the proliferative marker for oral cancer.

c.IL IB: Interleukin 1 beta is a chemical mediator of cell proliferation, dif-
ferentiation, and apoptosis and also inflammation. Though it represents its
presence in other pathological and physiological aspects, it shows Elevated
serum levels in patients with oral squamous cell carcinoma.

d.IL 8: Interleukin 8 (neutrophil chemotactic factor) is a pro-inflammatory
cytokine which plays a key role in tumour angiogenesis, cell adhesion, and cell
cycle arrest. By observing various studies on salivary biomarkers, it concluded
that IL 8 in saliva is the best biomarker for squamous cell carcinoma [79].

e.SAT: Spermidine/spermine N1-acetyltransferase 1 a protein that partici-
pates in the catabolism of polyamines. Researches show elevated levels of
SAT in the saliva of oral cancer patients compared to the healthy controls.

f. S100 P: it is a calcium binding protein P, which is located in the cytoplasm or
in the nucleus. Its levels in saliva get deviated among oral cancer subjects.

5.Salivary microRNA: MicroRNAs (miRNAs) are short parts of RNA transcripts.
They are associated with most of the cellular functions like cell growth,
apoptosis, differentiation, motility, and immunity. miRNAs are more specific
and potent compared to mRNAs. They exhibit high sensitivity which effec-
tively detect and differentiate poorly differentiated carcinomas. Some of these
include miR-125a, miR-200a and miR-31 [88].

13. Conclusion

Saliva contains numerous substances which are potential biomarker of many
oral diseases. Saliva could be a key cause of biochemical records capable of
identifying some diseases. Hence would be useful for ideal methods to diagnosis,
prognosis, and monitoring and management of patients with oral diseases. Even
though saliva provides some evidence in early detection of oral diseases with
advantages like easy, inexpensive, safe, less time and technique sensitive and non-
invasive approach over serum, it showed resistance in the diagnostic and clinical
usage. Salivary diagnostics faces lots of challenges for the use of saliva-based oral
fluid diagnostics for future application. Salivary diagnostic procedures required
more sensitive technological support and quality researches to generalise and
implement the procedures.
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Chapter 5

Salivary Biomarkers to Assess
Breast Cancer Diagnosis and
Progression: Are We There Yet?

Charles F. Streckfus

Abstract

Technological developments are propelling medical diagnostics forward at
unprecedented rates. Advancements in genomic, proteomics and cellomics are lead-
ing the way for diagnostic tests that will be capable of rapid multi-analyte detection
in both laboratory and non-laboratory settings. Currently, proof-of-principle has
been demonstrated for salivary biomarkers, whose up and down regulation has
been shown to correlate strongly with breast cancer among women. Consequently,
the rationale for this chapter is to review the medical literature and present the
current research focused on the use of saliva as a diagnostic medium for the study of
early breast cancer progression.

Keywords: breast cancer progression, saliva, cancer proteomics, breast cancer,
omics, cancer detection, Her2/neu, mass spectrometry, cancer molecular pathways

1. Introduction

Reducing the overall morbidity and mortality rates for carcinoma of the breast
is the overall goal of the Department of Health and Human Services [1]. As stated
in Healthy People 2020, breast cancer is the second leading cause of death in women
in the United States, with over 45,000 women dying from the disease each year.
Additionally, in the United States, in 2019, it is estimated that 268,600 women and
2670 men will be diagnosed with invasive breast cancer. Additionally, another
62,930 women will be diagnosed with in situ breast cancer [2-7].

Taken together, the chances of a woman being diagnosed with breast cancer dur-
ing her lifetime have increased. In 1975, the rate was 1 in 11; whereupon today the
rate is roughly 1in 8 [2]. Overall, the number of women being diagnosed continues
to increase. This is due in part to the increase in the number of women in age groups
at risk of breast cancer. Currently, the median age at which breast cancer is diag-
nosed is 62 [4-7].

There is also an increase in breast cancer screening which has resulted in a
dramatic increase in the incidence of ductal carcinoma in situ (DCIS). DCIS is an
early stage, pre-invasive form of breast cancer with a cause-specific survival rate
of approximately 100%. The current problem, however, is that it is not possible to
distinguish DCIS that will develop into invasive cancer. Consequently, the over-
diagnosis and overtreatment of DCIS remains a persistent problem [8, 9].
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While breast cancer screening with mammography has been shown in
randomized controlled trials to reduce breast cancer-specific mortality, there
remains ongoing controversy regarding the value of mammography and its
utilization.

Additionally, studies using mathematical modeling suggest that more frequent
mammographic screening would further increase patient survival. Analysis of
these data suggests a 96% survival rate if patients could receive a mammogram
every 3 months. However, due to the costs coupled with the invasiveness of the
procedure, this increase in the frequency of mammography is currently not
feasible [10].

While advances in imaging have increased breast cancer detectability there are
still overarching challenges that need to be addressed. The FY19 BCRP funding
announcement succinctly outlines these challenges [11]: (1) prevent breast cancer,
(2) identify determinants of breast cancer initiation, risk, or susceptibility,

(3) distinguish deadly from non-deadly breast cancers, (4) address the problems of
over-diagnosis and overtreatment, (5) identify what drives breast cancer growth;
and determine how to stop it, (6) identify why some breast cancers become
metastatic, (7) determine why/how breast cancer cells lie dormant for years and
then re-emerge, (8) determine how to prevent lethal recurrence, (9) revolutionize
treatment regimens by replacing them with ones that are more effective, less toxic,
and impact survival, and (10) eliminate the mortality associated with metastatic
cancer [11, 12].

The author would like to add two more items: (1) ascertain methods to
determine the efficacy of treatment and (2) ascertain methods to determine that
the treated patient is not only in clinical remission, but in molecular remission as well
[13, 14]. The latter action items would assure successful treatment.

Taken together, there remains a necessity to identify novel approaches that
improve breast cancer screening and early detection. This, in turn, reduces the
problems of over-diagnosis and over-treatment and can detect cancers at a point
where interventions maybe more effective [1-14].

2. Significant single analyte salivary biomarker studies

There is a paucity of studies in the medical literature concerning the use of saliva
for the detection of breast cancer. These reports deal primarily with the identifica-
tion and quantification of cancer-related proteins, in saliva that were previously
discovered to be present in serum or cancer tissue supernatants of diagnosed cancer
patients. The importance of these studies establishes the basic groundwork and
feasibility of salivary cancer diagnostics and ascertains the basis for continued
biomarker research [15].

2.1 Kallikrein

A study that serves to establish the basis for salivary cancer biomarker research
methodology comes from a report of kallikrein being used as a diagnostic marker.
The investigation reports the use of saliva to detect variations in the concentrations
of kallikrein, a regulatory protease, among healthy individuals and patients with
malignant breast and gastro-intestinal tumors. The outcome of their investigation
revealed elevated concentrations of salivary kallikrein among individuals diagnosed
with malignant tumors in comparison with those individuals diagnosed with benign
tumors and those from a healthy cohort. Kallikrein was measured by chromogenic
tripeptide assay [16].
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2.2 Epidermal growth factor

Epidermal growth factor (EGF) is a regulatory growth factor protein respon-
sible for tissue growth and repair [17]. Since EGF overexpression is implicated in
tumorigenesis, it may therefore be useful as a tumor marker. Based on this thinking,
an additional study [17] demonstrated that EGF concentrations were higher in
the saliva of women with primary or recurrent breast cancer in comparison with
women lacking a malignancy [17]. The highest concentrations of EGF were found
in the local recurrence subgroup, suggesting a potential use for this marker in the
post-operative follow-up of diagnosed cancer patients [18].

2.3 The Her2/neu studies

Salivary Her2/neu (e-erbB-2) is probably the most thoroughly investigated
biomarker [19-21] that is still under current investigation [22-24]. The original
investigators [19-21] selected the salivary protein as the biomarker of choice,
because this protein was previously shown to be immunohistologically present on the
membrane of the ductal epithelium of salivary gland tissues [25, 26]. Additionally,
Her2/neu was found in serum [27] and, therefore, provided the investigators with
a basis for analytical humoral comparison [28]. Collectively, these points provided
the basis for the selection of Her2/neu as a salivary biomarker. CA 15-3 was the gold
standard for comparison in both the saliva and serum specimens [19-21].

The results of these studies demonstrated elevated concentrations of the Her2/neu
and CA 15-3 proteins in the saliva and serum of all three groups of women. The sali-
vary and serological levels of Her2/neu among the cancer patients were significantly
higher (p < 0.001) than the salivary and serum levels of healthy controls and benign
tumor patients. Additionally, the Her2/neu protein was found to be equal to or to
surpass the ability of CA 15-3 to detect cancer patients. The sensitivity and specificity
were 87 and 65%, respectively, with a cut-point of 100 Units/ml. These results were
comparable with the serum levels of Her2/neu [19-21]. Tumor staging and receptor
status were also assessed. Her2/neu increased with staging, but not with Her2/neu
status. The finding was later supported by other researchers [23, 29].

Concurrent with the aforementioned investigation, studies to determine the
relationship between Her2/neu protein concentrations and various demographic
and clinical variables we conducted. These variables potentially could confound the
results of any salivary biomarker research. Consequently, the effects of race, age,
weight, BMI, tobacco usage, alcohol consumption systemic illnesses (e.g., diabetes,
hypertension, etc.), the use of prescription medications, hormonal status and estro-
gen usage [30], salivary flow rates, marker contributions from epithelia present in
saliva, and the presence of periodontal disease on salivary Her2/neu concentrations
were assessed. Edentulous patients were also assessed to control for the effects of
periodontal disease. These studies show that these potentially confounding vari-
ables exact no effect on salivary Her2/neu concentrations [19-21].

Two other questions that needed to be answered are as follows: could the pun-
gent chemotherapeutics used in cancer treatment adversely affect Her2/neu salivary
concentrations and secondly could tumor removal and post-chemotherapy events
modulate, in this case lower, salivary Her2/neu concentrations. In response, a study
was conducted to answer the aforementioned questions and to establish the utility
of the salivary Her2/neu in monitoring patients diagnosed with carcinoma of the
breast before and after treatment.

Twenty-five patients with various stages of carcinoma of the breast were followed
through the course of treatment. ELISA assays for Her2/neu and CA 15-3 were per-
formed on their serum and stimulated whole-saliva specimens. These baseline samples
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were collected from all patients prior to the administration of any adjunct therapy or
surgery and were sequentially sampled during therapy and after their treatment. As
noted in Figure 1, the outcome of the study demonstrated the modulation of
Her2/neu concentrations in response to chemotherapeutic treatment. Additionally,

it may be useful to detect post-treatment recurrence. Indeed, salivary Her2/neu may
have the potential to track treatment success and guide therapy. The salivary Her2/neu
determinations also mirrored those for serum Her2/neu and CA 15-3 [31].

Finally, a clinical experiment was conducted to ascertain the reliability and
repeatability of detecting Her2/neu in both 9 healthy men and 10 healthy women
over a 5-day time-period [32]. The individuals were saliva sampled at 9 Am., 4 PM.
and 9 pm. over the 5-day period. The samples were stored at —80°C and later
assayed by ELISA for the Her2/neu protein. The results exhibited no demonstrable
salivary Her2/neu differences regarding gender, day or time of collection. Inter and
intra correlation coefficients did decrease in the 4 pm. and 9 PM. collections sug-
gesting that morning to afternoon collections may be optimal for collecting salivary
Her2/neu specimens [32].

2.3.1 Other supporting experiments

Other technologies were employed to support the aforementioned clinical findings
[32]. Using Her2/neu antibodies, the authors executed several Western blot experi-
ments. The first of these experiments compared saliva and serum concentrations of
Her2/neu in specimens from among seven healthy subjects. The blot demonstrated
protein presence at a range of 170-185 kDa, with denser bands being revealed in the
salivary samples. A second Western blot to ascertain which salivary gland(s) were
producing the salivary Her2/neu. Saliva collected from the parotid and submandibular
glands, and total whole saliva, were sampled from two healthy individuals. The results
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Figure 1.

An example of post-operative monitoring. The upper graph represents salivary and serum c-erbB-2
concentrations across time of treatment. The lower graph represents salivary and serum CA 15-3 concentrations
across time of treatment. As illustrated, the c-erbB-2 concentrations ave in concordance with the commonly used
CA 15-3 cancer biomarker [31].
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suggest that all the major salivary glands were contributors of Her2/neu salivary
secretions regardless if the glands were serous (parotid) or mixed (submandibular)
saliva producers. A third experiment compared Her2/neu salivary secretions between
three individuals diagnosed with carcinoma of the breast and two healthy controls.
The Western blot demonstrated denser 170-185-kDa bands among the cancer subjects
as compared with healthy controls. The conclusions derived from these experiments
suggest that Her2/neu is increased in saliva secondary to carcinoma of the breast [33].

An animal study was also conducted determine if Her2/neu can be detected from
aremote areas of the body [34]. Male rat saliva does not contain salivary Her2/neu.
Consequently, two male Sprague-Dawley rats, each weighing between 300 and 500 g,
were used. One experimental animal received 200 pl, and the other, 500 pl, of encap-
sulated Her2/neu protein. The capsulated Her2/neu proteins were placed in the perito-
neum of each rat. Prior to capsule placement, baseline serum and saliva samples were
taken. Samples were also taken 20, 68, 140, 188, 308 and 356 hours post-placement.
Saliva flow was induced by administration of ophthalmic pilocarpine prior to sampling.
All samples were kept at —20°C. Antibody detection was performed using a modified
double capture ELISA system. The animal receiving the higher antibody concentration
showed a markedly greater salivary level of the antibody than the other (peak 24.158 vs.
18.313 HNU/ml at 308 and 188 hours post-implantation, respectively). Baseline values
were below detection for both animals. These results appear to indicate that Her2/neu
may be detected from remote areas of the body [34].

A different type of platform, surface-enhanced laser desorption/ionization mass
spectrometry (SELDI), was employed to confirm the presence and alteration of
Her2/neu in saliva [35]. The results of the preliminary SELDI assays were encourag-
ing. The weak cation exchange (WCX @ pH 3.5) biochip demonstrated the most
potential for profiling salivary proteins. Interestingly, a protein cluster in the range
of 170 kDa (Figure 2) was more prevalent in cancer patient saliva samples than in
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The 113 and 117 kDa spectral peaks in saliva. Additionally, bar graphs to the right show mean values for the 113
and 117 kDa spectral peaks [35].
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samples from normal subjects [36]. Also of note, one of the donors in the normal
group (XD) is known by ELISA to have quite high Her2/neu levels and stands out
from the other two normal donors in this analysis. These similar results were also
demonstrated by serum and the extract from the SKBR-3 breast cancer cell lines
with SELDI analyses.

In addition, an increase of the proteins in this range from cancer patient saliva,
especially in the range of approximately 113 kDa, can be seen in Figure 2. One
possible cancer-related biomarker is the extracellular domain (ECD) of Her2/neu
receptor, which is approximately 110 kDa (deglycosylated), based on two-dimen-
sional and Western blot gel analyses.

3. Proteomics studies for salivary biomarkers and their findings

Mass spectrometry and liquid chromatography have enabled the researchers to
analyze complex peptide mixtures with the ability to detect proteins differing in
abundance by over eight orders of magnitude. Isotopic labeling coupled with liquid
chromatography tandem mass spectrometry (IL-LC-MS/MS) is often used to char-
acterize the salivary proteome. The approach readily identifies changes in the level
of expression, thus permitting the analysis of putative regulatory pathways provid-
ing information regarding the pathological disturbances in addition to potential
biomarkers of disease.

A PubMed.gov database search yielded a paucity of manuscripts (15) using
LC/MS/MS mass spectrometry. The majority of the manuscripts were composed
by the author of this chapter [37-40]. In these manuscripts, the researchers used
an Applied Biosystems QStar® XL LC/MS/MS mass spectrometer equipped with
an LC Packings high performance liquid chromatography (HPLC) for capillary
chromatography. The HPLC was coupled to the mass spectrometer by a nanospray
ESI head for maximal sensitivity. The advantage of tandem mass spectrometry
combined with LC is enhanced sensitivity and the peptide separations afforded by
chromatography. Thus even in complex protein mixtures MS/MS data can be used
to sequence and identify peptides either by peptide similarity or sequence analysis
with a high degree of confidence [41-44].

The researchers employed iTRAQ reagents [37-39] that are amino reactive
compounds. The real advantage of using iTRAQ is that the tags remain intact
through TOF MS analysis. This in turn enables the tags to be revealed during
collision-induced dissociation by MS/MS analysis. Thus in the MS/MS spectrum for
each peptide, there is a pattern indicating the quantity of that peptide from each of
the different protein pools. Essentially all of the peptides in a mixture are labeled by
the reaction; numerous proteins are identified and can be compared for their rela-
tive concentrations in each mixture. Thus, even in complex mixtures there is a high
degree of confidence in the identification because of the large number of peptides
that can be used for protein identification.

Pooled samples were used in these studies with full knowledge of the advantages
and shortcomings for the technique [45]. Considering that, the exploratory findings
would have to be validated using other laboratory methodologies, the researchers
decided to use the pooled sample technique. Sample size for the pooled specimens
was also calculated [45]. The sample size for each pool was 10 subjects. Additionally,
the authors used a positive control (benign tumors), which is not found in many of the
breast cancer biomarker experiments using saliva as the diagnostic media. To enhance
the study, the same samples were assayed by a blinded outside laboratory [37].

Using the LC-MS/MS platform, the researchers used a three-prong approach to
obtain salivary protein profiles of cancer patients. The first was to determine if the
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technology could detect the smallest ductal carcinoma lesions (Stage 0, Stage I) and
compare their profiles to those of a positive control (fibroadenomas) and healthy
individuals [37]. The second parameter was to determine protein profile differ-
ences between lymph node positive and lymph node negative cancer patients [38].
Third experiment was to ascertain differences between Her2/neu receptor positive
and Her2/neu receptor negative individuals [39]. Taken together, these three major
parameters influence tumor progression.

The initial study compared the protein profiles of four cohorts: healthy, benign
tumor, Stage 0 and Stage I [37]. The PathwayStudio® software, a bioinformatics
software package was used to determine the fold increase/decrease and p-values.
p-Values equal to or less than 0.001 were used to select the best biomarker candi-
dates. The number of proteins for each group is shown in Table 1.

The panel (Table 1) has putative markers that are both up and/or down regu-
lated and have varying cellular functions. These proteins are validated in cell studies
and found altered in the presence of carcinoma of the breast.

The aim of the second study was to compare the salivary protein profiles of pooled
saliva specimens from individuals diagnosed with ductal carcinoma of the breast

Comparison Upregulated Downregulated Total markers

Healthy vs. benign 19 10 29

Healthy vs. Stage 0 15 15 30

Healthy vs. Stage I 9 17 26

Benign vs. cancers 9 6 15
Table 1.

The up- and downregulated proteins for each cohort.
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The differential expression of salivary proteins common and different to both Stage Ila and Stage IIb [38].
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with and without lymph node involvement [38]. Three pooled (n = 10 subjects/
pooled specimen) stimulated whole saliva specimens from women were analyzed.
One pooled specimen was from healthy women, another pooled specimen was from
women diagnosed with Stage Ila (T,NoM,) invasive ductal carcinoma (IDC) without
lymph node involvement and one pooled specimen was from women diagnosed

with Stage IIb (T,N;M,) with lymph node involvement. Experimentally, saliva from
each of the pooled samples was trypsinized and the peptide digests labeled with the
appropriate iTRAQ reagent. The results are shown in Figure 3. The analyses yielded
approximately 174 differentially expressed proteins in the saliva specimens. Fifty-five
proteins were common to both cancer stages while there were there were 20 proteins
unique to Stage Ila and 28 proteins that were unique to Stage IIb. The proteins are
listed in Figure 3. The study suggests that salivary proteomic profiles may be useful in
determining lymph node involvement among cancer patients [38].

The third aspect was to compare the salivary profiles from subjects diagnosed
with breast cancer that were either Her2/neu receptor positive or negative. As previ-
ously mentioned, two pooled saliva specimens underwent proteomic analysis. One
pooled specimen was from women diagnosed with Stage IIa, Her2/neu receptor posi-
tive breast cancer patients (n = 10) and the other was from women diagnosed with
Stage IIb, Her2/neu receptor negative (n = 10). The pooled samples were trypsinized
and the peptides labeled with iTRAQ reagent. Specimens were analyzed using a
LC-MS/MS mass spectrometer. The results yielded approximately 71 differentially
expressed proteins in the saliva specimens. There were 34 up-regulated proteins and
37 down regulated proteins. Figure 4 provides a visualization of the saliva protein
differences between positive and negative Her2/neu receptor status [39].

Validation of the makers resulting from these studies was performed in a num-
ber of studies [46—49]. The results of all these studies plus numerous others were
finally comprised into a manuscript, which presents a catalogue of salivary proteins
that have been altered in the presence of ductal carcinoma of the breast. These
findings are supported by other proteomic analysis of breast cancer cell lines, breast
cancer tissues, tissue microenvironment and serum [40]. Additionally, nearly 29%
of the panel of proteins has been technically validated by either Western blot or by
ELISA. A breakdown of these proteins has also been analyzed according staging and
Her2/neu receptor status. All of the proteins were sorted according to their function.
A pathway analysis was also employed. The investigators have also found that the
protein concentrations can be modulated while undergoing cancer treatment and
respond differently according pathological cell type [40].
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Figure 4.

The protein profiles for HER2/neu receptor positive and HER2/neu receptor negative samples. As shown in the
far right red and green dyed gel comparisons, there are numerous differences between the two profiles [39].
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One major result of these and other studies is the standardization of saliva
collection and preparation for storage [50]. Additionally, standards for proteomic
analysis have been established [51].

4. Salivary transcriptome: mRNA and miRNA

In a number of studies conducted by Wong et al., they discovered the presence
and utility of mRNA in saliva for the detection of breast cancer [52-55]. These find-
ings not only provided researchers with a new source of biomarkers, but also a new
method for cross-validating proteomic findings [55]. Taken together, these studies
helped explain preexisting studies and further served to illustrate the complexity of
salivary composition [52-55].

Concurrent with these studies, were investigations assessing salivary miRNA as
potential biomarkers for breast cancer detection [56, 57]. These studies also dem-
onstrated how gene microarray and quantitative real-time PCR technology, could
detect micro-RNA candidates [56, 57]. It has been demonstrated that, secondary to
breast cancer, salivary micro-RNA profiles are altered [56, 57].

5. Salivary exosomes and microvesicles

One of the major questions regarding salivary biomarker research is how large pro-
teins, mRNA and miRNA enter the saliva proper. Many proteins are too large to pass
through the intercellular spaces of the acinar cells. So how do they enter whole saliva?
Additionally, RNAs are intracellular proteins making the problem even more complex.

In 2012, Lau and Wong demonstrated how these particulates might enter the
saliva via exosome—Ilike microvesicles [58]. The investigators employed an in vitro
breast cancer model that demonstrated that breast cancer derived exosome—Ilike

Figures.
An electron micrograph of extracellular vesicles (courtesy of Maija Puhka, Ph.D. of the EV CORE and Institute
for Molecular Medicine Finland FIMM, University of Helsinki, Finland).
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microvesicles interact with salivary gland cells and produce an altered salivary
profile. Within these exosome—Ilike microvesicles they found proteins and

mRNA. They also found that the exosome—like microvesicles communicated and
activated the transcriptional activity of the salivary glands. The result of this activ-
ity altered the composition of salivary gland exosome—like microvesicles and the
ensuing salivary secretion [58].

Subsequent research has yielded numerous vesicular structures, which can
bind to a suitable receptor on a target cell [59-61]. These bodies include exosomes,
ectosomes, apoptotic bodies and extracellular vesicles (Figure 5). Once thought
to be repositories for cellular waste, these vesicular bodies provide intricate func-
tions in intercellular communication and compound exchange. Current research is
demonstrating that these vesicular bodies mediate disease progression. Subsequent
research has shown this finding to be of great utility in under-standing altered
salivary composition secondary to various disease states [59-61].

It is also worth noting that extracellular vesicles may also explain the findings
reported in Section 2.2 of this chapter as Andre et al. extracted Her2/neu from
exosomal pellets [62]. This may be the underlying mechanism by which biomarker
proteins enter saliva.

6. Metabolites

In a study conducted by Sugimoto et al., the investigators assessed the diagnos-
tic utility metabolites in saliva [63]. They conducted a comprehensive metabolite
analysis of saliva samples obtained from 215 individuals. Sixty-nine subjects were
diagnosed with oral cancer, 18 with pancreatic cancer and 30 with carcinoma of
the breast. These cohorts were compared to 11 periodontal disease patients and
87 healthy controls. They used capillary electrophoresis time-of-flight mass spec-
trometry (CE-TOF-MS). Fifty-seven principal metabolites were identified that
accurately predicted the probability of being affected by each individual disease.
Additionally they were found that between the known patient characteristics and
the quantified metabolites, the profiles manifested relatively higher concentra-
tions in most of the metabolites in all three cancers as compared to those in people
with periodontal disease and control subjects. Several metabolites in breast cancer
patients yielded a statistically significant difference between breast cancer and
healthy controls, including taurine and lysine. However, there were no differences
in metabolites between breast cancer and other two cancers. These metabolites are
promising biomarkers for cancer screening [63, 64].

7. Conclusions

Based on the volume of evidence provided in this review, the author believes that
that saliva may have diagnostic potential and the potential to be used to study breast
cancer progression. As described throughout this text, different analytes using
various biochemical platforms have all indicated that the constituents in saliva
are altered secondary to breast cancer. The logistic utility of this media has been
described in numerous manuscripts; however, to date there are no FDA approved
salivary diagnostic devices for the detection of breast on the commercial market
despite the fact that many of these findings have been patented.

Considering the logistical advantages of salivary diagnostic testing and the
deadliness of the disease we are trying to detect, it would be extremely useful
to continue to explore the possibility of using saliva as a medium for treatment
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efficacy and tumor recurrence. Post-treatment monitoring for breast cancer
recurrence is extremely important. The patient may be in clinical remission but not
necessarily in molecular vemission [40, 65]. This could be accomplished using a
microarray containing salivary marker of the varying cancer pathways associated
with carcinoma of the breast [40]. Post-treatment serial sampling would indicate
the efficacy and indicate protein changes, which could lead to tumor recurrence.

Besides commercialization, Karachi et al. (1985) presented a lingering prob-
lem to the salivary research community [65]. While at N.I.H., he conducted
an experiment whereby he removed the submandibular gland of virgin mice
14-22 weeks old. This resulted in a reduced the tumor incidence to 12.8%

(n = 39) at the age of 52 weeks and also increased the latency period of mammary
tumor development as much as 14 weeks when compared to that of normal mice.
Long-term treatment of sialoadenectomized virgin mice with EGF increased

the tumor incidence to 33.3%. Moreover, sialoadenectomy of mammary tumor-
bearing animals caused a rapid and sustained cessation of tumor growth, but
EGF administration quickly restored the rate of tumor growth to a normal level.
These results indicate that submandibular gland EGF plays a crucial role in
mouse mammary tumorigenesis [65].

The aforementioned study suggests an influence of salivary EGF on tumorigen-
esis. Additionally, it is known from other salivary studies that EGF is elevated in
human saliva secondary to breast cancer [17, 18]. Could the same effect mentioned
by Karachi be taking place in humans? [65].

In addition, another study reported an increase in salivary protein rich peptides
levels among breast cancer patients [40, 48]. Using a proline rich peptide segment
(p1978) from the parent SMR3B protein peptide in saliva, the researchers found
that this peptide inhibited the growth of HCC38 triple-negative cancer cells [48].
Perhaps the elevation of in of this peptide is in response to tumor proliferation. It
is known that proline-rich-peptides have a high affinity to the Grb2/SH3 domain,
which in turn inhibits Ras activation by blocking Sos binding to Grb2 receptor.
Taken together both studies suggest feedback systems as illustrated in Figure 6.

Kuerer HM, et al. 2003

Healthy Saliva

Ductal BreastCancer — CC\us efal. 2017

Figure 6.
Feedback systems going from saliva to the tumor [65], from saliva in response to the tumor [48] and from the
tumor to healthy breast tissues [66] and saliva [20, 21].
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In addition, Kuerer [28] found that healthy contralateral breast aspirates exhib-
ited elevated Her2/neu concentrations secondary to carcinoma in the opposite
breast [66]. This supported the findings of Streckfus, where salivary Her2/neu
concentrations secondary to carcinoma of the breast [21]. These findings suggest
inter-exocrine gland communication perhaps by microvesicles and/or exosomes.

Taken together, the author presents sufficient evidence of the interrelationship
of exocrine tissues and the possibility of using saliva not only as a diagnostic media,
also to study or assess breast cancer progression.
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Abstract

Since two and a half decades, in human identification, the short tandem repeat
(STR) markers represent the “gold standard.” Besides them, haploid markers
such as X-STR and Y-STR are also used to complement the autosomal markers.

In human identification, DNA from body fluids, especially saliva, represents an
important tool. The aim of this chapter is to present the importance of analyz-
ing X-STR markers in a relatedness case between a sister and her presumptive
brother, a carbonized victim using body fluids for their DNA identification. Our
laboratory had to establish the relatedness between a woman and her presump-
tive brother (PB), who was the victim of a car accident explosion. In this case, as
reference sample we used saliva collected on swabs from the woman and blood
sample from the deceased victim. For the DNA extraction, DNA IQ Casework
(Promega, USA) was used. DNA quantification was done with PowerQuant
System kit (Promega, USA). Furthermore, the DNA samples were amplified with
Investigator 24plex QS (Qiagen, Germany) for the STR markers and Investigator
Argus 12-X QS kit (Qiagen, Germany) for the X-STR markers. The amplified
DNA products were separated by capillary electrophoresis on a 3500 Genetic
Analyzer. In this case, full genetic profiles were obtained for the woman and her
presumptive brother on both STR and X-STR markers. Thus, we could confirm a
full sibling relationship between them. Since the introduction of DNA in human
identification, it represents a useful tool in establishing sibling relationship from
different biological samples.

Keywords: saliva, deoxyribonucleic acid (DNA), short tandem repeat (STR) markers,
X-STR markers, PCR (polymerase chain reaction), capillary electrophoresis (CE)

1. Introduction

A few years ago, the FBI Laboratory announced the expansion of the common
core of 13 STR markers included in the National DNA Index System (NDIS) since
1997. Starting with 1st of January 2017, FBI required the CODIS (Combined DNA
Index System) laboratories to implement additional STR markers [1]. The new
markers added to the common core of 13 STR markers aid in human identifica-
tion and in kinship analysis of missing persons due to a better power of discrimi-
nation [2]. In order to confirm the identity of a person, it is necessary to perform
a comparative study of DNA profiles belonging to that person and a first-degree
relative (mother/father; brother-sister), in which the respecting of the classical
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laws for transmitting the hereditary characters is followed, so that a maternal
allele and a paternal allele are found on a DNA locus [3, 4]. Within a paternity
investigation, the child’s mother being presumed as being certain, the child’s
DNA profile presents a lot of alleles that are found in the presumptive father
profile besides the maternal alleles; we can speak about a confirmation of pater-
nity that is always expressed in probability terms. In cases where the biological
parents do not exist anymore, a sibling or cousin is recommended to participate
in the DNA identification process [5-7]. In DNA human identification, body
fluids such as saliva, blood, semen, and urine represent important components.
Regarding saliva, it can be obtained easily, by non-invasive techniques through
the buccal swabbing. Herein, we present the importance of salivary DNA and
STR markers and haploid markers in establishing the identity of a carbonized
corpse through DNA sibling analysis.

2. Materials and methods
2.1 DNA extraction from the biological samples

For the reference samples of the victim’s sister, we collected epithelial cells
from the inner cheeks on three buccal swabs (Copan, Italy) [8]. In case of the car-
bonized victim, during the autopsy procedure, we collected blood samples from
the heart chambers in collection tubes with EDTA. In this case of kinship analysis,
the saliva was collected by swabbing from the inner cheeks of the woman. In cases
of carbonized corpses, depending on their grade of carbonization, the biological
samples used for the identification by DNA analysis can be saliva obtained from
the mouth and blood obtained from the heart chambers or different parts of the
internal organs.

The swabs from the victim’s sister were left to dry for 3-4 h in a laminar PCR
flow hood. Following the recommendations of the manufacturer, we proceeded
to the DNA extraction from the saliva and blood. The DNA extraction was per-
formed bg the automated Maxwell® 16 RSC instrument (Promega, USA) using the
Maxwell® RSC Whole Blood DNA kit (Promega, USA) for the blood samples and
the Maxwell RSC Buccal Swab DNA kit (Promega, USA) for the swabs [9].

2.2 Quantification of the extracted DNA samples

For the quantification of the DNA samples from the woman and her presump-
tive brother, PowerQuant System kit (Promega, USA) [10] was used. In this case,
following the manufacturer’s recommendations, we prepared a mix solution for
each sample with a final volume of 18 pL consisting of 10 pL of PowerQuant 2x
Master Mix; 7 pL of amplification grade (water), and 1 uL of Power Quant 20x
Primer Mix. The quantification was made on a 7500 real time PCR (Applied
Biosystems, USA), using the HID Real-Time PCR Analysis Software v 2.0.6. The
concentrations of saliva and blood are presented in Table 1.

Person’s identity Concentrations (ng/pL)
Sister 1.08
Presumptive brother 3.25

Table 1.

DNA concentrations of the woman and her presumptive brother.
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3. Amplification of the DNA samples

The DNA samples from the woman and her alleged brother were amplified for
the STR markers using the Investigator 24plex QS kit (Qiagen, Germany) [11].
Also, in this case, the X-STR markers have been analyzed using the Investigator
Argus 12-X-QS kit (Qiagen, Germany) [12]. All these genetic markers are con-
tained in a single reaction, known as multiplex. For the STR markers, a number
of 23 STR markers were investigated, and for the X-STR markers, a number of
12 markers were analyzed. The analysis was done after the recommendations of the
manufacturers.

3.1 Amplification of the autosomal STR markers

In this step, the DNA sample’s amplification was performed on a ProFlex
PCR System (Applied Biosystems, USA). We used the Investigator 24plex QS Kit
(Qiagen, Germany). Furthermore, the PCR reactions of the salivary DNA samples
were carried out in a total volume of 25 pL. The final volume of the reaction
contained Fast Reaction Mix 2.0: 7.5 pL, Primer Mix: 2.5 pL, nuclease-free water:
12.5 uL, and template DNA: 2.5 pL.

The Investigator 24plex QS Kit (Qiagen, Germany) contains 23 autosomal mark-
ers, as follows: D1S1656, D2S441, D2S1338, D351358, D5S818, D75820, D8S1179,
D10S1248, D125391, D13S317, D16S539, D18S51, D19S433, D21S11, D2251045,
CSF1PO, FGA, THO01, TPOX, Vwa, SE33, DYS391, and amelogenin. All these genetic
markers are contained in a single reaction, known as multiplex. The conditions for
the PCR amplification were as follows:

* 3 PCR cycles: temperature (T) = 98°C for 30 s; T = 64°C for 55 s;
T = 72°C for 5s;

* 27 PCRcycles: T = 96°C for 10 s; T = 61°C for 55s; T = 72°C for 5 s.

After 30 PCR cycles were completed, a final extension (hold) at T = 68°C for
2 min followed by final hold indefinite at T = 10°C.

3.2 Amplification of the X-STR markers

In this case, because we have a brother-sister relationship, we amplified the
X-STR markers using the Investigator Argus 12-X QS kit (Qiagen, Germany).
The kit contains 12 X-STR markers as follows: DXS8378, DXS10135, DXS10148,
DXS7132, DXS10074, DXS10079, XPRTB, DXS10101, DXS10103, DXS7423,
DXS10134, and DXS10146.

The final reaction volume contained: Fast Reaction Mix 2.0: 7.5 pL; Primer Mix:
2.5 pL; nuclease-free water: 12.5 pL, and template DNA: 2.5 pL.

The amplification conditions for X-STRs were as follows in the cycling protocol:

* 3 PCR cycles as follows: T = 98°C for 60 s; T = 61°C for 100 s;
T =72°C for5s.

* 27 PCR cycles as follows: T = 96°C for 10 s; T = 61°C for 100 s
and T = 72°C for 5.

After 30 PCR cycles were completed, a final extension (hold) at T = 68°C for
2 min followed by final hold indefinite at T = 10°C.
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4. Capillary electrophoresis of the amplified DNA samples

For the capillary electrophoresis, the samples were analyzed on a 3500 Genetic
Analyzer, following the manufacturer’s recommendations. For the STR markers, we
used 1 pL of the amplified PCR product (DNA sample) and the allelic ladder (AL).
They were added into the mix containing: 12.5 pL of Hi-Di formamide (Applied
Biosystems, USA) and 0.5 pL DNA size standard BTO (Qiagen, Germany). To
analyze the X-STR markers, we added 1 pL of the amplified PCR product (DNA
sample) and the allelic ladder (AL) into the mix containing: 12.5 pL of Hi-Di
formamide (Qiagen, Germany) and 0.5 pL DNA size standard BTO (Qiagen,
Germany). Gene Mapper ID-X Software version 1.4 (Applied Biosystems, USA) was
used to analyze the obtained data [13].

5. Results

After the DNA separation, we obtained the electropherograms and the geno-
types of the unidentified person and his alleged brothers using the Gene Mapper
ID-X software version 1.4 (Applied Biosystems, USA). GenoProof 3 Software-
Kinship Examination (Qualitype GmbH, Dresden, Germany) [14] was used for the
statistical part. In this case, a full sibling probability of 99.999972% was obtained
between the woman and her presumptive brother. Also, because they had a sibling
relationship as brother-sister, we analyzed the X-STR markers. The genetic profiles
on STR markers between the woman and her presumptive brother are presented in
Figures 1 and 2, respectively. X-STR haplotypes on the woman and her presumptive
brother are presented in Figures 3 and 4, respectively.

Figure 1.
Woman'’s genetic profile on 23 STR markers.
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Genetic profile of the presumptive brother on 23 STR markers.
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Figure 3.
X-STR haplotype of the woman.
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The genetic profiles of the woman and her presumptive brother on X-STR mark-

ers are presented in Table 2.
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Figure 4.
X-STR haplotype of the presumptive brother.

X MARKER Sister Comman Presumptive
genes Brother
DX58378 11 - 10
DX¥510135 20;30 - 231
OX510148 251 25.1 25.1
DX57132 14 14 14
Dx510074 1%;19 16
DX510079 19 19 19
HPRTE 13;14 - 12
DX510101 28.2:32 - 24,292
DX510103 16;19 - 20
DX57423 14;15 - 16
Dx¥510134 36;37 £1] 36
DX¥510145 28 - 29
021511 30;33.2 - 30;33.2

Note: The 4 colors represent the dyes. The markers are divided into 4 linkage groups (3 markers per group).

Table 2.
Common X-STR markers between the woman and her presumptive brother.
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6. Discussions

Saliva as a body fluid is very often used in laboratory tests for diagnosis, preven-
tion, and monitoring of different diseases. Compered to blood tests, saliva tests
present some advantages like easy and non-invasive collection techniques; its
collection does not present any risks for the technician who collects the samples.

In the future, salivary DNA diagnostic tests can eliminate the blood tests, because
the DNA contains the same genetic information from all the biological samples.

Also, in forensic human identification, salivary DNA has improved the labora-
tory workflow because it is easily collected and can be quickly analyzed by direct
PCR method. After collecting saliva on buccal swab or FTA paper, the sample can
be directly amplified by polymerase chain reaction (PCR) in less than an hour,
followed by migration on capillary electrophoresis.

7. Conclusions

In human identification from DNA, establishing the paternity or maternity,
sibling or kinship analysis can be done from body fluids, by non-invasive collection
techniques. In this chapter, we presented the usefulness of both saliva and blood in a
case of sibling relationship.
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