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Abstract

Traumatic brain injury (TBI) is a common cause of disability and mortality worldwide. TBI is an acquired brain injury that mg
be open (penetrating) or closed (norpenetrating) and isbe categorized as mild, moderate, or severe, depending on the clinical
presentation. Accurate diagnosis at the earliest stages can significantly affect patient discomfort, prognosis, therapeu
intervention, survival rates and recurrence. Whereas traditinal CT and MRI techniques for diagnosis are dominant in clinical
situations, a promising direction for clinical diagnosis is the use of fluid biomarkers like blood, CSF, urine, and saliva.ldd
biomarkers that may track these injuries and inflammatory prcesses have been explored for their potential to provide objective
measures in TBI assessment. At present, there are limited clinical guidelines available regarding the use of fluid biomarkigrs
TBI.

In recent years, saliva has received significanattention as a biomarker for TBI in clinical practice due to the noninvasive
accessibility, costeffective collection, and consistent relationship with serum. This review examines the utility of saliva
biomarkers such as S100B, noncoding RNAs (ncRNAs), gacellular vesicles (EVs), miRNAs levels, microtubukassociated
protein tau, alpha-amylase, cortisol, and oxidative stress in TBI.

The study highlights the current state of salivary diagnostics, future aspirations, and their potential as the preferredte of TBI
detection. The newly developed techniques for salivary analysis of these molecules may help to improve outcomes for TE
through rapid detection current unavailable with serum samples. Future studies via salivary biomarkers will help establist
consistent strategies for early diagnosis of TBI and improve treatment outcomes of TBI patients
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Introduction

Globally, traumatic brain injury (TBI), is the greatest
single contributor to disability and death of all trauma-
related injuries. The accurate identification and diagnosis
of TBI is the first step toward providing appropriate
clinical care. However, accurate clinical identification of
patients with TBI is complicated by variations in the
criteria used for diagnosis.! There are no conclusive
biologic tools to detect TBI or to track brain recovery,
diagnosis and management largely consist of patient-

reported symptoms and subjective clinical assessment.

There is increasing interest in employing saliva samples as
a source of biomarkers for TBI in clinical practice due to
the non-invasive accessibility, cost-effective collection,
and consistent relationship with serum.? New methods for
saliva handling, analysis, and biomarker discovery offer
strong promise for the components of saliva as
biomarkers for TBI. These methodological advances have
identified new candidate biomarkers of TBI, and present
the feasibility of their use for diagnostics and prognostics
of TBL? If successfully validated, saliva biomarkers of TBI

will break new ground by improving clinical management

Copyright© 2022. This opeaccess article is published under the terms of the Creative Commons Attridati@ommercial 4.0 International License which
permits Share (copy amddistribute the material in any medium or format) and Adapt (remix, transform, and build upon the material) under whierAttrib
NonCommercial terms. Downloaded frohitps://www.nclinmed.com/


https://dx.doi.org/10.22034/ncm.2022.327121.1009
mailto:hosseiniara89@gmail.com

Rostamiet al

of TBI and advancing TBI treatments.

Traumatic brain injury

Damage to the brain after trauma is referred to as
traumatic brain injury (TBI). TBI may be blunt, non-
penetrating, penetrating, or the result of a blast. The
resulting neuropathology consists of a primary injury that
is a direct consequence of the traumatic insult and a
secondary injury that results from a cascade of molecular
and cellular events triggered by the primary injury and
that leads to cell death, axonal injury, and inflammation.
The annual incidence of TBI has been estimated to be 27
to 69 million, worldwide. Many survivors live with
significant disabilities, resulting in a major socioeconomic
burden. The symptoms of a TBI can be mild, moderate, or
severe, depending on the extent of damage to the brain.
Mild trauma may induce brief changes in mental state or
consciousness. Severe trauma may induce prolonged
periods of unconsciousness, coma, or even death.**

A computed tomography scan (CT scan) is the gold
standard for the radiological assessment of a TBI patient.
A CT scan is easy to perform and an excellent test for
detecting the presence of blood and fractures, critical
markers in medical trauma cases. Plain x-rays of the skull
are recommended by some as a way to evaluate patients
with only mild neurological dysfunction. Magnetic
resonance imaging (MRI) is not commonly used for acute
head injury since it takes longer to perform an MRI than
a CT. Because it is difficult to transport an acutely injured
patient from the emergency room to an MRI scanner, the
use of MRI is impractical. Besides these accurate tools, the
assessment of biomarkers in biofluids like blood, CSF,
urine, and saliva have received attention and present some
valid results.®

Despite progress in preventive and therapeutic
strategies, delay in TBI diagnosis remains one of the major
causes of high morbidity and mortality. The prevalence of
TBI is rising and leads to an increase in the burden of the
socio-economic and health system, so rapid and accurate

diagnosis of TBI is necessary.

Saliva as a source of biomarkers
Human saliva is a clear and slightly acidic heterogeneous

biofluid (pH 6.0 to 7.0) composed of water (99%), proteins

(0.3%), and minerals (0.2%). On average, individual saliva
secretion can vary from 0.3 to 0.7 ml of saliva per minute,
producing a range of 1 to 1.5 liters per day. Saliva assists
as in a variety of functions including tasting, swallowing,
and digestion of food. Saliva also plays a role in fat
deposition and serves as a protective barrier against
pathogens.”

Saliva is produced in the salivary glands by acinous cells,
and released into the oral cavity through a series of ducts.
The parotid, submandibular, and sublingual (Figure-1),
create more than 90% of total saliva, with the smaller
glands, (lip, buccal, lingual, and palate) providing the
rest.”?

Saliva is collected and analyzed as unstimulated whole
saliva, unstimulated saliva from specific glandular pairs
(e.g. parotid or submandibular and sublingual pairs), or
stimulated saliva from specific pairs of glands. Whole
saliva that is present in the oral cavity for 24-hour periods
is characterized as “unstimulated whole saliva” and is
normally associated with precise clinical conditions when
compared to stimulated saliva, because the substances
used to prime the flow may affect saliva composition.
Unstimulated saliva is collected from an individual’s
mouth by passively allowing it to flow into a container, or
saliva is held in the mouth for a specific period and spit
into a container. This method of collecting is the "gold
standard" for obtaining many saliva components.’

Saliva contains several growth factors including EGF,
FGF, NGF, and TGF-a, that are essential for the
regeneration of the oral and esophageal mucosa. Some
antibacterial and antifungal components are also found in
saliva, such as lysozyme, immunoglobulins, and
lactoferrin, that prevent the progression of bacterial
infection and tooth decay. An important proteolytic
enzyme, a-amylase, is secreted by saliva. Some of these
components may serve as diagnostic biomarkers, that can
be accurately analyzed using specific and sensitive
immunological and biochemical techniques such as RIA,
ELISA, and chromatography.°

Recent technological advances in the processing and
evaluation of salivary components have yielded reliable
results increasing the characterization of this biological

resource as a relatively safer, cheaper, and less invasive
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measure than traditional samples such as blood.
Collecting blood carries potential risks to individuals,
including transient discomfort, bruising, infection at the
site of the vessel, and anemia (if large volumes or
vulnerable individuals are required). Saliva samples can
have several advantages over blood for routine TBI
testing, including their safe and easy collection.!

According to the National Institutes of Health (NIH), a
biomarker is an objective indicator of the measurement
and evaluation of natural biological processes, pathogenic
processes, or drug responses to therapeutic interventions
whose concentration, structure, function, or inactivity are
correlated with the onset, progression, or even regression
of a particular disorder or as a result of the body's response
to it. Thus, biomarkers act as valuable and attractive tools
in the diagnosis, risk assessment, diagnosis, prognosis,
and monitoring of the disease.!?

The use of salivary biomarkers as new tools for the
diagnosis of TBI are emerging. Recent studies that have
examined the use of biomarkers in the saliva, including
S100B, noncoding RNAs (ncRNAs), extracellular vesicles
(EVs), miRNAs levels, microtubule-associated protein
tau, alpha-amylase, cortisol, and oxidative stress are

described below.

Parotid salivary gland

Parotid duct

Sublingual
ducts

Sublingual salivary gland

Submandibular salivary gland
Submandibular duct
Figure-1. Salivary Glands.

Source: Anatomy & Physiology, Connexions Web
site. http://cnx.org/content/col11496/1.6/, Jun 19, 2013.CC-BY-3.0

Salivary S100B

Protein S100B is a member of the S100 protein family
and comprises the largest subset of Ca?* EF-hand-binding
proteins. S100B is mainly synthesized by astrocytes in the
human brain and secreted from glial cells into the
extracellular space, where it exhibits cytokine-like
functions, and modulates long-term synaptic plasticity.'*

The structure of the S100B protein, provided by the X-
Ray technique, is an octagon of four homodimeric units
arranged as two tetramers in a tight array (Figure-2). In
Escherichia coli, several other recombinant types of
S100B, including tetrameric, hexameric, and octameric,
have been identified. Related studies have shown that the
binding of the S100B tetrameric structure to RAGE
receptors (recipients of advanced glycation end products)
occurs with greater affinity than its dimeric structure. In
this regard, Tetramer S100B activates cell growth more
strongly than dimer S100B and increases cell survival."*

Although the highest amount of S100B has been
measured in glial cells of the central nervous system its
persistence and extracellular function lead to the detection
of this protein in non-CNS cells such as skeletal myofibers,
myoblasts, adipose tissue, and melanocytes, and other
tissues. Due to the presence of this biomarker in the
systemic circulation, it has the ability to be present,
examined, and measured in biological body fluids such as
blood, urine, saliva, and amniotic fluid."

The S100B levels in body fluids, including blood and
saliva increase after TBI, heavy exercise, and neurological
diseases. Therefore, an increase in the level of S100B can
be considered as a sign of nerve cell damage. A study of 15
adult patients with suspected TBI (mean age= 47 years,
range 18-79) and 15 control subjects (mean age= 33 years,
range 23-53) found salivary S100B levels were 3.9 fold
higher than blood S100B, regardless of the presence of
pathology. The salivary level of this protein was as
accurate in differentiating TBI patients from control
subjects as serum levels. These preliminary results suggest
that salivary S100B measurements could be a reliable
alternative to serum S100B in the diagnosis of TBI.
Further studies with a large sample size are needed to

confirm these findings."
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Early detection of blood-brain barrier damage and
intracranial hemorrhage within minutes is critical to
prevent permanent brain disability after TBI.  This
detection requires measurement of the S1I00B protein level
with some 100% validity. To measure serum levels, plasma
samples are separated by centrifugation within 2 hours of
collection, the serum is collected and stored at -70 ° C.
Serum levels of S100B protein are determined using an
ELISA kit. The same kit can be used to directly detect the
protein S100B in saliva (without centrifugation,
separation, or storage), the time saved is an important
benefit of saliva over plasma. Utilizing salivary samples of
this protein in cases of TBI has other potential benefits
including non-invasive sampling and lack of infection

risk.!°

Salivary noncoding RNAs (ncRNAs)

Non-coding RNA (ncRNA), discovered in 1950, is RNA
that is not translated into a protein. Instead, ncRNAs act
as guides directing proteins to specific target sites and play
important roles in differentiation, epigenetic regulation,
transcription  regulation, and  post-transcription
regulation.

ncRNAs are widely distributed in various tissues,

although some ncRNAs have tissue-specific expression.

Figure-2. X-ray diffraction image of the S100B protein.
Source: Emw, CC BY-SA 3.0 <https://creativecommons.org/licenses/by-

sa/3.0>, via Wikimedia Commons

Intracellular localization of ncRNAs can be found in a
wide range of intracellular components such as the
cytoplasm, nucleus, or both. The number of ncRNAs in
the human genome is unknown; however, recent
transcriptomic and bioinformatics studies suggest that

this classification includes thousands of sequences.

ncRNAs are classified by length (Figure-3). These
functionally important types of ncRNAs are including
tRNA, rRNA, microRNAs, siRNAs, piRNAs, snoRNAs,
snRNAs, exRNAs, and scaRNAs. There are several
epigenetic changes, including DNA methylation and
histone modification, and changes in ncRNA levels that
may occur as a result of TBL!7Y?

One of the most important features of ncRNAs is their
high stability, especially when exposed to exosomes and
apoptotic bodies. ncRNA is detectable in body fluids like
blood and saliva suggesting their potential usage as
biomarkers for screening, diagnosis, prognosis, and
response to treatment and evaluation of treatment.?

In the UK Men's Rugby Union, physicians used ncRNAs
as salivary biomarkers for the assessment of head injuries
in athletes.”* A study on the hippocampus of rats showed
that the expression level of circRNA, which is a type of
ncRNA, changed significantly after TBI. These results
suggest that altered circRNA expression patterns in the rat

62 | Novelty in Clinical Medicine . 2022;1(2):59-69



