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Saliva as a non-invasive material for early diagnosis
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The proper diagnosis is a critical factor to reduce further
disturbances at the early stage of the disease and plays
an important role in increasing the success rate of the
therapy. The traditional diagnostic tools such as biopsy
or blood collection are always associated with patient’s
discomfort, the possibility of infections and time-con-
suming procedures. This article describes the non-inva-
sive and easily accessible saliva as a source of numer-
ous molecular biomarkers. The salivary fluid can provide
information about the pathological changes not only in
the oral area but also in other parts of the body, there-
fore salivary tests may be promising tools for risk predic-
tion and treatment monitoring of many disorders.
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INTRODUCTION

Biofluids such as blood, urine, sweat, bile or cerebro-
spinal fluid may illustrate the condition of our body.
These biological materials contain a number of rel-
evant biomarkers such as proteins, lipids, carbohydrates
or DNA fragments and provide important information
about the physiological status of the organism, there-
fore they are widely used in medical diagnostics. In the
recent several years, saliva, one of the bio liquids, has
been highly appreciated as a useful tool in biomedical
research. Saliva is one of the most important liquid fac-
tors responsible for maintaining homeostasis in the oral
cavity. It is secreted by salivary glands and takes part in
moistutizing of oral tissue, forming billets and digesting.
Moreover, saliva allows to feel the flavour, protects the
surface of the mucous membrane against the chemical
agents and helps in the articulation of speech sounds.
Some of the research demonstrated that the determi-
nation of salivary compounds may allow predicting the
progression of many diseases (Pfaffe ez al, 2011). Ini-
tially, saliva became an interesting biological material for
medical research, because of many dental studies which
indicated the usefulness of this body fluid in oral dis-
eases such as bacterial caries, dental tartar or fungal in-
fections (Gao ¢ al., 2016).

Nowadays, the saliva-based tests may become equally
valuable tools in the diagnosis of many serious diseas-
es as the blood tests. The increasing popularity of the
salivary tests is related to the several advantages of this
biological material, such as availability, facility, low cost
of collection, non-invasive and painless method of col-
lection. Moreover, the compounds present in the saliva
are characterized by high stability (Kaufman & Lamster,
2002). The composition of saliva depends on the cur-
rent physiological state of the body, hence it may pro-
vide many relevant information about the cause of the
disease. many diagnostic opportunities to discover the
cause of diseases (Cyprysiak & Tadeusiak, 2008). What
is more, a medical treatment very often requires multi-
ple sample collections, but the patients are exposed to
discomfort related to invasive and stressful blood or tis-
sue collection and resign from the further monitoring of
treatment. That is why, the non-invasive salivary fluid
collection seems to be a good alternative to the tradi-
tional methods of diagnosis (Segal & Wong, 2008). The
main goal of the current molecular biology research is
to identify a set of proteins present in saliva to deter-
mine the salivary biomarkers of diseases. Then the sali-
vary testing may be an alternative to more expensive and
invasive diagnostic procedures.

SECRETION

The production of saliva is controlled by the auto-
nomic nervous system and the main secretion occurs in
the parotid, submandibular and sublingual salivary glands
(Fig. 1). Additionally, the smaller part of saliva is also se-
creted by small salivary glands located in the palate and
tongue. The 75% of the total secretion comes from the
submandibular gland and it is stimulated by both sympa-
thetic and parasympathetic nervous systems. Usually, the
saliva production starts with unconditional reflex through
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Figure 1. Scheme of the saliva secretion controlled by sympa-
thetic and parasympathetic nervous systems
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irritation of the taste receptors after getting food, but it
may also be affected by visual, olfactory and psychologi-
cal stimuli and the hormonal system (Paszynska, 2005).
The sympathetic nervous system is responsible for re-
leasing norepinephrine which binds to a-adrenergic re-
ceptors and as a result, it increases the intracellular cal-
cium level. The abovementioned process is responsible
for the formation of the thick saliva fraction. Due to
the presence of non-enzymatic proteins — mucins — sa-
liva becomes thicker. The general role of thick saliva is
moistutizing the mucous membranes and preventing the
dehydration. And in this way, the saliva produced by the
sympathetic system supports the respiratory functions. In
contrast, the parasympathetic nervous system releases the
acetylcholine which binds to muscarinic receptors and
causes an increased intracellular calcium level. It results
in a higher content of inorganic components in the sali-
va. For this reason, the parasympathetic secretion of sali-
va plays an important role in its digestive functions. The
average production of saliva is between 0.5 to 1.5 litre
per day (Pfaffe ef al., 2011) and depends on the variation
between individuals, however, it always decreases during
sleep down to 2-10% of the daily amount (Cyprysiak &
Tadeusiak, 2008).

COMPOSITION

The main component of the saliva is water (94-99%),
but it also contains many important substances including
organic and inorganic compounds. The concentration of
specific compounds is responsible for the chemical and
physical properties of the salivary fluid. The pH of fresh
saliva is about 0.5 (Szydlarska es a/, 2008). The saliva
contains the inorganic part of cations such as Na*, K<,
Mg?*, Ca?* and anions Cl-, F-, I- (Zhang ez al., 2016). The
abovementioned ions take part in the transport of active
compounds through the cellular membranes in or out
the cell, the formation of dental structures and activa-
tion of some enzymes, such as hydrolases, phosphatases,
dehydrogenases or peroxidases. Moreover, fluorine plays
an important role in the remineralization of enamel and
protection against oral bacteria. The organic part of sa-
liva includes 0.5 to 3 mg/mL proteins, carbohydrates, Li-
pids, urea and hormones (Tibor e¢# al, 2007). The most
significant salivary proteins are mucins. These glycopro-
teins which constitute 20-30% of total proteins in sa-
liva of total proteins are responsible for the viscosity and
density of saliva. The main function of glycoproteins is
ensuring lubricity and playing a role in the teeth miner-
alization process. What is more, glycoproteins contained
in the body fluids may reflect the changes in the health
condition. For example, blood as the main body fluid
includes many agents such as the clotting factor which
influences the blood coagulation process. Similarly, many
factors present in saliva may play important functions
in the organism as well, but with the difference that the
salivary material collection is much faster and more con-
venient. What is more, some research already confirmed
the usefulness of salivary material for exoglycosidases de-
termination, such as HEX (N-acetyl-3-D-hexosaminidase)
or GLU (B-glucuronidase), which may be the basis for
clinical diagnosis (Chojnowska ez al., 2014). Furthermore,
the mentioned glycoproteins take part in immune sys-
tem protection by binding to the pathogens. The latest
research indicates that overexpression of mucins in the
oral cavity is associated with many types of cancer (Hu e#
al., 2008; Kaczor-Urbanowicz ¢ al., 2017). The remaining
proteins found in saliva are cystatins and immunoglobu-
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Figure 2. Selected major functions of saliva

lins which actively participate in inflammatory processes
and bacteria elimination whereas lysozyme and a-amylase
are involved in digestion. In addition to proteins, saliva
contains also lipid components (10-100 pg/mlL) which
may play an important role in the dental plaque and car-
ies formation (Larsson e al, 1996). Finally, molecules
such as DNA or RNA present in the blood and tissues
can also be found in the saliva (Wang e a/., 2017).

FUNCTIONS

The main role of the saliva is a protective and di-
gestive function. With its pH close to neutral, it plays
a role as a buffer which moistens the nourishment and
supports swallowing to the further parts of the digestive
system (Pink e al, 2009). In addition, saliva removes
harmful metabolism products from the teeth surface
and protects them from bacteria. The clearance action
is performed through the following saliva components:
phosphate, bicarbonate, urea and enzymes (Humphrey
& Williamson, 2001). The cystatins present in the saliva
alleviate the inflammation process, while mucins protect
the mucous membrane against toxins from the food.
Although the structure of the saliva oligosaccharides is
well-known, there is no data, which show the relation-
ship between structure and biological function of salivary
mucins (Zalewska ef al, 2000). Moreover, the moistur-
izing function prevents dehydration and premature cell
death. The presence of magnesium and calcium ions
facilitates wound healing and inhibits demineralization.
The salivary fluid uses two mechanisms of protection
against infections. One of them is based on non-specific
antibacterial and antifungal factors such as salivary per-
oxidase, histatin or lysozyme. On the other hand, saliva
uses specific immune factors, means immunoglobulins
such as IgA, IgM, IgG which are responsible for phago-
cytosis. Beside, saliva contains a number of antioxidants
that delay cellular oxidation. Due to the rich composi-
tion, saliva is functionally equivalent to blood in reflect-
ing the physiological state of the body, thus it may in-
form about hormonal, nutritional and immune functions
of the organism (Lee & Wong, 2009). All of the men-
tioned functions are summarized in Fig. 2.

SALIVA IN MEDICAL DIAGNOSIS

The availability of saliva and non-invasive method of
its collection are very important advantages of diagnostic
biological material. Easy storage and long-term stability
are the next benefits of this biofluid. The richness of the
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Table 1. The advantages and disadvantages of salivary fluid
used for medical diagnosis

Advantages Disadvantages

still low standardization

lower level of biomarkers
than in tissue

risk of altering the results
by oral inflammation

long-term stability

high availability

safe (non-infectious)

easy process of analysis

wide range of biomarkers

fast and simple collection

comfortable for patients
(non-invasive)

home testing (no stress,
no pain)

cost-effective (no specialized
equipment)

contained compounds allows performing a wide range of
tests. Moreover, the collection of this biofluid is com-
fortable and painless for the patients and the cost of the
procedure is relatively low, therefore saliva can be one
of the best materials for the medical diagnosis (Szydlar-
ska et al., 2008; Yoshizawa et al., 2013).

Initially, saliva composition played an important
role only in dentistry. It was the source of information
about periodontal diseases, for example caries forma-
tion, scale or inflammation of the oral cavity (Gao ef
al., 2016). Salivary tests allow not only to obtain a full
picture of oral cavity condition but also to determine
the concentration of wvarious important compounds
which reflect the whole body health’s state. A lot of
important factors responsible for genetic diseases are
located in deoxyribonucleic acid. The DNA isolated
from saliva can tolerate storage at room temperature
for up to 5 days, therefore salivary fluid is an ade-
quate biological material for genetic analysis (Nemoda
et al., 2011). Due to the aforementioned advantages,
saliva seems to have a wide application in medicine.
Unfortunately, like every biological material it has
also weaknesses (see below in Table 1). Firstly, saliva
does not contain all the biomarkers which occur in
the other parts of the body such as tissues or blood
and sometimes the poor standardization does not al-
low the proper interpretation of the obtained results.
Secondly, in the case of salivary samples, there is a
risk of biasing the results by oral cavity infections.

GASTROLOGY

The salivary fluid is a very useful tool in digestive dis-
turbances. The acidic pH and decreased concentration of
Na* ions in saliva may increase the risk of occurrence
of gastro-oesophageal reflux (Bouchoucha e al, 1997),
therefore monitoring of saliva pH is an important factor
in controlling the condition of the oesophagus. One of
the causes of digestive system diseases is the presence
of Helicobacter pylori. These small bacteria are responsi-
ble for peptic ulcers and gastritis. The H. pylori infection
correlates with a high level of immunoglobulins such as
IgG which can be measured in the salivary fluid. Fur-
thermore, the DNA of Helicobacter pylori and other gas-
trointestinal bacteria can be detected in saliva using PCR
(Polymerase Chain Reaction) or ELISA (Enzyme-Linked
ImmunoSorbent Assay) with 85% sensitivity (LLoeb e al,
1997).

ENDOCRINOLOGY

Endocrinology is one of the fields which widely use
salivary-based diagnostic tests. The level of hormones

has daily and cyclic fluctuations, thus the methods
which allow multiple and non-invasive collection of
biomaterial are very important. The salivary fluid can
provide the information about the level of major hor-
mones such as cortisol (stress hormone) (Lambert ef
al., 2018), progesterone involved in pregnancy or es-
trogen and testosterone which play a key role in the
development of respectively: female or male reproduc-
tive cells and promote secondary sexual characteris-
tics. The prolonged exposure to cortisol is connected
with several stress-related diseases, for example Cush-
ing’s syndrome manifested by an excessive weight gain
or neurosis. Both disorders are asymptomatic at the
beginning, that is why the monitoring of cortisol lev-
els is very important (Sakihara ez a/, 2010). The level
of steroid hormones such as testosterone is used to
study sexual dysfunctions, libido, puberty, hirsutism
or tendency to aggression. Moreover, in patients with
diabetes a reduced secretion of saliva and increased
level of antioxidants such as dismutase and peroxidase
were observed (Reznick e al, 2006). What is more,
another group of researchers (Knas e al., 2006) found
a reduced concentration of several enzymes (such as
N-acetyl-B-hexosaminidase) in the saliva of patients
with diabetes.

PHARMACOLOGY

Moreover, saliva is an important material in toxicol-
ogy tests, because it may provide information about
the consumed drugs (Drobitch & Svensson, 1992) and
levels of metals such as lithium or cadmium, there-
fore, it is a useful tool in planning and monitoring
of medicines pharmacokinetics. Very often it is used
to check the presence of addictive and psychoactive
chemicals such as alcohol, amphetamine, cocaine,
martijuana or barbiturates. The presence of the men-
tioned substances is detected in saliva for up to 12-24
hours and the concentration of amphetamine in saliva
corresponds to the serum concentration (Pink ez al,
2009).

VIROLOGY/BACTERIOLOGY

The salivary tests play an important role in the vi-
rology. In contrast to blood, saliva is a non-infectious
fluid, therefore it can be a useful material for detec-
tion of RNA/DNA of viruses, for example HIV virus
(Human Immunodeficiency Virus) (Scully ez al, 1997),
HAV/HBV/HCV (Hepatitis A, B or C Vitus) (Mack-
iewicz et al., 2004), measles (Paramyxovirus) or rubella
(Rubivirns). The presence of antibodies against patho-
gens in the saliva can be investigated by molecular bi-
ology methods such as Real-time PCR, Western-blot
or ELISA technique. These methods use a compara-
tive analysis between control and tested samples based
on proteins and genetic material contained in saliva.
The sensitivity and specificity of the abovementioned
methods in saliva tests are around 95-99%, therefore
it seems that saliva is a stable and suitable material
for pathogenic analysis (Mackiewicz ez al., 2004). The
polymerase chain reaction on the salivary fluid is com-
monly used to detect also other diseases of parasit-
ic or bacterial aetiology, such as malaria (Plasmodinm
vivax) (Buppan et al., 2010) or mentioned previously
gastritis and gastric ulcers (caused by Helicobacter pylori)
(Loeb et al., 1997).
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CARDIOLOGY

The salivary fluid is also a very useful tool in diag-
nosing cardiovascular disturbances. CRP (C-Reactive
Protein) plays a significant role in an acute inflammatory
state and it is one of the myocardial infarction factors.
The myeloperoxidase and myoglobin are also used as the
heart diseases markers. These indicators take part in the
initiation of cardiovascular changes and their level in sa-
liva is correlated with similar detection in blood (Gano-
wicz, 2011). The salivary test can eliminate the need of
using an ECG which detects only about 35% of acute
myocardial infractions (Yeh e al, 2010). One of the
modern techniques for analysing biomarkers from liquid
biological material is Nano-Biochip. This technology al-
lows analysing the relevant factors affecting myocardial
dysfunctions such as proteins, antibodies, electrolytes or
toxins (Flotiano e¢# al., 2009; Miller e# al., 2010).

IMMUNOLOGY

Another disease associated with salivary flow disorders
is Sjogren’s syndrome. It is an autoimmune disease con-
nected with salivary gland damage and dryness of mu-
cous membranes. The amount and composition of saliva
are strongly associated with Sjégren’s syndrome symp-
toms. For example, the saliva of patients with the men-
tioned disorder contains a much higher total concentra-
tion of proteins when compared to the control group
(Ganowicz, 2011). Furthermore, the dysregulation of
pro- and anti-apoptotic proteins expression such as Bax
and Bcl-2 was noticed in Sjégren’s patients (Ohlsson ef
al., 2002). Another group of scientists identified more
than 40 saliva proteins involved in Sjégren’s syndrome
using mass spectrometry and expression microarray. Hu
et al. found 16 proteins, such as carbonic anhydrase VI,
lysozyme C or cystatins, which were down-regulated in
patients with Sjogren’s syndrome in comparison to the
healthy controls. In the same study, other 25 proteins,
such as haemoglobin B-chain, salivary a-amylase or cas-
pase 14 were overexpressed in Sjogren’s group and, what
is more, the levels of these proteins reflected oral cav-
ity inflammation and glandular cells damage (Hu e af,
2007).

NEUROLOGY

Interestingly, the diagnostic potential of saliva is also
used in mental disorders. For instance, B-amyloid ac-
cumulated in the brain and responsible for Alzheimer’s
disease symptoms is also found in the saliva solution.
The traditional diagnosis of Alzheimer’s disease is very
difficult and time-consuming because it involves psycho-
logical tests, brain imaging and needs to differentiate the
disease from the other neurodegenerative diseases. For
this reason, the salivary tests seem to be a good and rap-
id method for carly diagnosis of amyloid level changes.
Some researchers indicated that salivary lactoferrin may
also be a putative marker for early diagnosis of Alz-
heimer’s disease (Carro ez al, 2017). Moreover, cortisol
which was mentioned earlier is also a commonly applied
marker in the studies of depression, anxiety and other
stress disorders. This steroid hormone and the salivary
a-amylase are two of the most useful markers in the
stress research. Both are used as the sympathetic nerv-
ous system activity markers and the procedure does not
require a blood collection (Noto ef al., 2005; Granger ef
al., 2007; Nater & Rohleder, 2009). Similarly, the testos-

terone concentration is also used in the studies on the
tendency to aggression and addiction. Another example
of the central nervous system disorder is alcohol addic-
tion. In alcohol-dependent patients, a significant decrease
of salivary flow and lactoferrin level in the saliva was no-
ticed when compared to the control group, which may
be useful as the marker of alcohol addiction (Waszkie-
wicz et al., 2012).

ONCOLOGY

Detection of the majority of cancer changes is mainly
based on invasive tissue biopsy. Despite therapeutic ad-
vances, the overall survival rate remains low, because the
traditional diagnosis such as histopathological examina-
tion usually occurs at advanced stages and that is why
the prognosis for further treatment is very poor. Most
of all, head and neck squamous cell carcinoma (HNSCC)
is difficult to diagnose due to its inconvenient location.
Therefore, the body fluids, such as saliva may be an im-
portant material for monitoring of oral tumours (Zim-
mermann, 2008; Yakob es a4/, 2014; Liu es al, 2016).
Moreover, a biopsy is a quite expensive, unpleasant and
time-consuming method, therefore scientists try to find
an alternative way to analyse the genetic markers of
tumours. One of the novel technology which is called
EFIRM (Electric Field-Induced Release and Measure-
ment) can monitor RNA/DNA and protein biomarkers
in the body fluids and eliminates the biopsy procedure.
The usefulness of biological fluids was confirmed in hu-
man lung cancer studies where the tumour-shed hCD63-
GFP exosomes were detected in blood and saliva (Wei
et al., 2013). The same group of researchers showed in
2014 that another biomarker, EGFR (Epidermal Growth
Factor Receptor) which plays an important role in the
signalling pathway of carcinogenesis, may be directly
detected in salivary fluid and provide the information
about EGFR mutation (Wei ¢ a/., 2014). Recent studies
demonstrated the presence of breast, ovarian and pan-
creatic cancer biomarkers in the saliva as well (Zhang ez
al., 2010; Lau ez al., 2013).

CONCLUDING REMARKS AND FUTURE PERSPECTIVES

The advanced research confirmed that saliva is a sig-
nificant biological material for many diagnostic tests. The
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Figure 3. Examples of selected salivary biomarkers in various of
medicine fields



Vol. 66

Saliva as a non-invasive material for early diagnosis 387

most important advantages of saliva as a diagnostic ma-
terial is the non-invasive, non-expensive and non-time-
consuming method of collection. Despite many impot-
tant advantages, saliva has some drawbacks as every ma-
terial (see Table 1). Unfortunately, not all markers occur
in saliva, and in some cases, such as periodontitis, the
concentration of tested factors can be slightly changed.
However, it does not change the fact that saliva contains
a number of important biomarkers (Fig. 3). Apart from
the exceptional instances, mentioned advantages of va-
riety tests and methods using saliva (such as RT-PCR,
ELISA, Western-blot, EFIRM, Raman spectroscopy) de-
termine that salivary fluid is a flexible and very useful
tool in numerous of biomedical studies. Moreover, ex-
ploring the molecular biomarkers contained in the saliva
is promising for eatly diagnosis, risk prediction and treat-
ment monitoring in many disorders, also in some of still
incurable world’s diseases.

Considering the efficacy and cost-effectiveness of
salivary-based procedures, it seems that saliva may be a
very useful material in biomedical diagnosis as confirmed
by preliminary and some clinical studies. The most im-
portant advantage of salivary fluid is its potential for
screening for multiple diseases. However, due to the in-
adequate procedures for standardization of the results,
much more work needs to be done to implement the
salivary diagnostic tests into daily use. Firstly, the sali-
vary biomarkers should be precisely clarified in order to
connect them with the appropriate disease. Secondly, the
validation and standardization of saliva should be unified
as in the case of the other bio fluids. Furthermore, casy-
to-use home testing devices should be developed to pro-
mote self-examination of patients. Taking into account
all pros and cons, and assuming that some shortcomings
need to be overcome, the salivary-based diagnosis may
be one of the best tools for early prediction of many
diseases in the near future.
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