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SUMMARY — Human saliva is rich in proteins of variable functions (e.g., enzymes, im-
munoglobulins, cytokines) and origin (blood plasma, salivary glands, or oral microflora).
Circadian dynamics, volume and composition (electrolytes, pH, protein, etc.) of secreted
saliva vary with local and systemic physiological and pathophysiological conditions. There-
fore, the composition of saliva, protein in particular, has been intensively investigated to
identify the potential markers and/or mechanisms of systemic and local diseases. Proteomic
techniques used for the analysis of biological fluids have enabled great advances in salivary
protein stabilization (as the main precondition for their analysis) and detection of those
found in saliva in very low concentrations, including small proteins and peptides. This review
brings the main characteristics of current proteomic techniques such as liquid chromatogra-
phy-mass spectrometry, two-dimensional electrophoresis-mass spectrometry, and surface-
enhanced laser desorption ionization/time of flight/mass spectrometry. These techniques
enable simultaneous identification of hundreds and thousands of protein molecules, as well
as identifying those of a potential biological value in particular states. This literature review
is focused on the state-of-the-art and possibilities offered by proteomic techniques in ana-
lyzing the effects of orthodontic appliances on salivary protein composition and searching
tor potential markers of therapeutic success/failure or for the molecules by which therapeu-
tic effects are achieved.
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Oral cavity is the initial segment of the digestive
system, which includes a number of structural ele-
ments relevant for correct body functioning. Saliva is a
biological fluid found in oral cavity; it is clear, slightly

480

Research, Department of Proteomics, School of Medicine, Univer-
sity of Zagreb, Salata 11, HR-10000 Zagreb Croatia

E-mail: lgrgurev@mef.hr

Received January 23,2019, accepted April 20,2019

Acta Clin Croat, Vol. 59, No. 3, 2020


http://doi.org/10.20471/acc.2020.59.03.12
https://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:lgrgurev@mef.hr

Vojka Zgombi¢ Popovié ez al.

New technologies in defining salivary proteome after orthodontic treatment

acidic fluid (pH 6.0-7.0) composed of a mixture of
salivary gland secretions (parotid, submandibular and
sublingual glands), secretions of numerous small oral
mucosa glands, and gingival fluid. Saliva closely re-
sembles blood by composition; as a complex fluid, it
contains a large number of enzymes, hormones, anti-
bodies, cytokines and antimicrobial substances'. Saliva
is blood plasma ultrafiltrate because numerous mole-
cules pass from blood to saliva via gingival sulcus and
salivary glands, crossing the cells or paracellularly via
extracellular ultrafiltration®. Saliva exerts high antimi-
crobial effect with the well-known salivary electrolytes
and enzymes playing the bactericidal role. Mention
should be made of immunoglobulin A (IgA), the main
function of which is preventing microorganism adher-
ence to mucosal surface receptors. In case of reduced
salivation, the mechanisms of oral cavity defense are
impaired due to modified composition of antimicro-
bial factors®*.

Alterations in the physiologic state of the body in-
cluding emotional, endocrine, nutritional and meta-
bolic changes can also be observed in saliva. That is
why saliva is considered a potential source of data for
assessment of health state, not only of oral cavity but
also of the whole body. Saliva is a very useful diagnos-
tic sample because it is easy to obtain noninvasively, is
very similar to blood, and salivary sample is less com-
plex®; however, saliva is subject to many influences that
should be defined prior to any analysis. Many mole-
cules currently considered as biomarkers are known to
be liable to changes in their qualitative and quantita-
tive composition throughout the day (circadian
rhythm); they can depend on sex, age and numerous
physiological processes such as pregnancy, exercise and
physical activity, cigarette smoking, and stress®’. Simi-
lar variations in the occurrence and concentration of
particular enzymes have also been observed in saliva as
a biological fluid®’, calling for caution on interpreting
results on the expression of the potential biomarkers of
pathophysiological states.

In the past two decades, a number of concepts de-
fining saliva as a diagnostic material in the follow up of
oral diseases such as periodontal diseases and an in-
creased risk of caries development have been devel-
oped'®*2. A great number of medically valuable sali-
vary parameters have been used as potential biomark-
ers in the assessment of numerous pathologic condi-
tions such as tumor diseases'3, cardiovascular diseases'*,
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1516 and autoimmune

bacterial and viral infections
disorders'. The advent of new technologies has also
modified saliva definition as a prognostic and diagnos-
tic biological material. Previous technologies could
only identify common molecules, whereas less com-
mon ones that previously could not be detected fre-
quently are much more relevant for assessment of a
particular (patho)physiological state’®. Recent studies
of human saliva proteome determination show that
besides the main plasma proteins including alpha am-
ylase, saliva also contains hundreds of small molecules
or peptides that define the basis for development of
the potential health and disease biomarkers'. For ex-
ample, salivary proteome that includes protein classifi-
cation according to the salivary gland producing them
has been detected by use of proteomic methods, i.e.
high-sensitive mass spectrometry in combination with
various separation methods* . Human plasma pro-
teome is one of the most extensively investigated
groups of human proteins, through collaboration of
many laboratories employing mass spectrometry in-
cluding the Human Plasma Proteome Project (Hu-
man Proteome Organization, HUPO). Comparison of
salivary protein composition with plasma proteins re-
vealed 27% of total salivary proteins to be found in
plasma as well®. Although at seemingly a relatively
low percentage, analysis of gene ontology such as mo-
lecular function, cellular compartment and biologic
activity showed high overlap of functional protein
groups between these two specimens?’. 'This article
provides a review of studies investigating the impact of
orthodontic appliances on salivary protein composi-
tion to define the unknowns, while expecting addi-
tional research to bring novel concepts on the effect of
these appliances on protein expression, along with de-
veloping new guidelines for their utilization.

The Impact of Orthodontic Appliances
on Salivary Composition

'The teeth undergo physiologic movements on their
adjustment in dental alveolus during growth and de-
velopment of head bones (including maxilla and man-
dible) and other related anatomic structures. Irregular
bite results in disproportionate size of the teeth and
jaws. Teeth become packed, occasionally requiring
placement of an orthodontic appliance to move the
teeth by mechanical force (orthodontic movements).
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'The impact of orthodontic treatment on microbiologi-
cal salivary composition at particular time intervals has
been confirmed in many studies®. The quality of saliva
including protein composition, viscosity, pH value,
buffer capacity, and specific salivation within a time
interval play a key role in the tooth enamel demineral-
ization to remineralization ratio in a cariogenic milieu.
Any orthodontic procedure may influence the men-
tioned components; therefore, the aim of some pro-
spective studies was to demonstrate the effect of fixed
orthodontic appliances on salivary pH, buffer capacity
and salivation rate at defined time points. These stud-
ies did not find a statistically significant difference in
those parameters between baseline values and those
recorded at one year’”. However, other studies
showed significant increase in stimulated salivation (in
response to foreign body placement in oral cavity),
salivary pH and buffer capacity”®?!. In addition, the
number of bacteria of the genus Lactobacillus was
found to have increased. The increase in these param-
eters was recorded shortly after placement of the ap-
pliance, as a response to mechanical irritation, suggest-
ing that their modification might have protective ac-
tion against caries development. Long-standing use of
orthodontic appliances may influence the occurrence
of caries; therefore, attention should be focused on oral
cavity hygiene and dietary habits.

The saliva of patients undergoing orthodontic
treatment with fixed appliances may be less efficient in
recovering pH value following acidic drink intake as
compared with subjects without such appliances, i.e.
patients with fixed orthodontic appliances are at a
higher risk of dental lesions®. The more so, pH value
was found to have decreased following placement of
orthodontic appliance®, leading to greater dental
plaque deposits and higher bacterial colonization of
tooth surface, manifested by white spots on tooth

13* and demineralization®. Results of studies in-

ename
vestigating the effect of orthodontic appliances on the
composition of oral microbiological flora are quite
controversial. An in vivo study including twenty chil-
dren aged 6-15 years showed a significant increase of
Streptococcus mutans and Lactobacillus sp. bacteria, as
well as Candida albicans fungus at various intervals fol-
lowing placement of the appliances®®, whereas a
study in 32 patients with various types of orthodontic
appliances recorded no increase in Streptococcus mutans
and Streptococcus sobrinus colonies as compared with
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control group®. A study that included 54 adult pa-
tients with fixed appliances reported increase in the
Aggregatibacter actinomycetemcomitans and Fusobacteri-
um nucleatum bacteria following appliance removal,
pointing to the risk of developing periodontal disease,
as well as to the need of better oral hygiene during and
after appliance utilization*. Ahn ez a/. compared sali-
vary amino acid composition before and after placing
orthodontic brackets made of various materials and
found major changes in the salivary amino acid com-
position that reflected on the salivary qualitative pro-
tein composition. Upon placement of plastic brackets,
the concentration of proteins containing the amino
acid proline increased, which is a factor favoring the
Streptococcus gordonii bacterium colonization of the
brackets and tooth enamel**. Low molecular mass pro-
teins rich in proline, alpha amylase and mucine favor
Streptococcus gordonii adhesion and caries development.
Depending on their amino acid composition, selective
protein binding to orthodontic brackets creates a mi-
lieu favoring bacterial growth, differentiating the
brackets from other materials such as those used for
fillings and tooth enamel®.

Analysis of oxidative stress markers and antioxida-
tive response in healthy individuals with fixed orth-
odontic appliances revealed modifications in their bal-
ance, associated with nickel release from the orth-
odontic appliance to the saliva****# The release of
nickel and other metals induces inflammatory reac-
tion, and even systemic allergic reactions in individuals
with hypersentivity**. An intriguing study investi-
gated mobile phone usage, nickel release and salivary
pH in 42 healthy subjects wearing orthodontic appli-
ances. Mobile phone electromagnetic radiation causes
significant increase in oxidative stress and salivation,
which can have corrosive eftect on the appliance metal
component. Study results revealed higher nickel re-
lease and lower salivary pH in mobile phone users as
compared with those that did not use mobile phones*’.
In addition, the amount of nickel released from fixed
orthodontic appliances was found to significantly in-
fluence salivary pH*. Experiments in animals and hu-
mans confirmed that mobile phone radiation caused
increase in salivary oxidative stress and total protein
and albumin pulmonary flow, and decrease in amylase
activity®. Adverse eftects of mobile phone usage gen-
erally are induced by emission of radiofrequency elec-
tromagnetic radiation®’. As mobile phone is held adja-
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cently to oral cavity while talking, the patients under-
going fixed orthodontic procedure may be at a high
risk of their metal appliance exposure to mobile phone
radiation, which leads to the release of toxic corrosive
products in saliva.

The placement of orthodontic appliance provokes
inflammatory reaction known as sterile inflammation,
which in turn may result in gingivitis and other patho-
logic conditions in oral cavity’™*% In some studies,
changes in inflammatory parameters such as C-reac-
tive protein, as well as concentrations of albumin and
other plasma proteins known to rise in inflammation
were observed, however, their increase in saliva upon
placement of orthodontic appliance could not be con-
firmed with certainty. Orthodontic treatment is also
associated with dental root resorption; it is very low in
most patients but may be moderate to severe in some
patients. Analysis of inflammatory cytokine expression
in the groups with moderate and severe absorption re-
vealed their salivary concentrations of interleukin
(IL)-7, IL-10, IL-12p70 and interferon-y to be sig-
nificantly increased, along with IL-4 decrease as com-
pared to control group®. In this scenario, patient saliva
proved to be a readily available and valuable analytical
sample, which showed correlation of the cytokine val-
ues measured in comparison to blood sample. Saliva as
a biological fluid was also used in studies assessing the
effect of fixed and removable appliances on the amy-
lase and lysozyme enzyme activities in the saliva of
children aged 7-18 years. At six months of wearing
orthodontic appliances, a decrease in amylase activity
was recorded in both groups (fixed and removable ap-
pliances), whereas lysozyme activity was lower in the
group with fixed appliances®. These changes point to
the effect of these enzymes and the level of their ex-
pression on the development of complications such as
caries, gingivitis and periodontitis.

The placement of orthodontic appliances results in
tooth movements including all elements of bone rear-
rangement, i.e. bone formation and degradation, which
overlap in the second week of appliance placement.
On applying orthodontic force upon the tooth, the
surrounding tissue responds to mechanical stress with
inflammatory reaction and cell necrosis, which in turn
leads to the release of many enzymes such as lactate
dehydrogenase and aspartate aminotransferase (AST)
into saliva and gingival cervical fluid®'. AST levels rise
in the first week, reflecting the process of bone forma-
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tion, followed by the process of bone resorption ac-
companied by increased activity of tartrate-resistant
acid phosphatase in the second week of appliance
placement. The activity of alkaline phosphatase, a
marker of increased bone mineralization, also is on an
increase from week 1 to week 5 of appliance place-
ment. The values of these enzymes in saliva can serve
for follow up of orthodontic tooth movement in dental
alveolus™?¢. The enzyme myeloperoxidase (MPO),
found in polymorphonuclear granulocytes, can serve
as an indirect indicator of inflammatory reaction in
periodontal tissue. MPO concentration measured in
the saliva and cervical fluid of patients undergoing
orthodontic treatment did not indicate significant cor-
relation between mechanical force exerted upon the
brackets and enzyme activity®.

Proteomic Methods in Saliva Analysis

Saliva is a biological fluid with a great basic and
clinical potential; in proteomics, saliva is generally
used to differentiate physiological and pathophysio-
logical conditions (Fig. 1). Analysis of salivary pro-
teome in many pathophysiological conditions has re-
cently suggested a number of biomarkers that need to
be validated in clinical practice. The expected indica-
tions for which salivary proteins have been investigat-
ed as biomarkers include inflammatory diseases of the
digestive system, such as periodontitis™, gingivitis®®
and inflammatory bowel disease®. Salivary proteome
analysis has an ever greater and relevant role in early
identification of many cancer types such as oral can-
cer®®®!, gastric cancer® and lung cancer®. In addition,
these investigations are of utmost importance for at-
tempts to identify biomarkers of autoimmune disor-
ders such as Sjogren’s syndrome® and systemic lupus
erythematosus®. Finally, owing to noninvasive and
easy collection of salivary samples, identifying disease
biomarkers in saliva is of utmost importance for pa-
tients with neurological, psychiatric and neuroendo-
crine disorders such as autism®, schizophrenia and
bipolar disorder®’, and Parkinson’s disease®.

Besides its high diagnostic and prognostic poten-
tial, noninvasive and easy sampling and minimal cost
make saliva an ideal substitution for blood, serum and
plasma. Verification of the hypothesis that human sa-
liva reflects the entire body condition would be of great
value, in which crucial is defining appropriate proce-
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Fig. 1. Quantitative saliva proteomics workflow: (A) saliva samples are collected and proteins
denatured and separated by gel electrophoresis; (B) proteins of interest are extracted from the gel
and digested using a peptidase (usually trypsin); the peptides obtained are further purified and
concentrated using a C18 chromatographic column; (C) after separation by liquid chromatography,
peptides are sequenced by mass spectrometry and bioinformatics tools are applied to extract

biologically relevant information.

dures of correct sample preparation for analysis and
employing current technologies in detection and
quantification of the main salivary components. With
the use of modern instruments and development of
analytical technologies, proteomics has imposed as a
potent approach in detecting biomarkers in saliva.
Currently there is no proteomic protocol for analysis
of the whole saliva proteome; however, two different
experimental approaches have appeared. The top-
down approach analyzes native proteins or peptides in
saliva, whereas in the bottom-up approach proteins are
enzymatically broken down to peptides prior to analy-
sis (identification). The key component of proteomic
analysis is achieving salivary proteome stability by cor-
rect sample manipulation, preparation and storage un-
til analysis. Salivary proteome is subject to fast degra-
dation by endogenous peptidases from saliva, which
can compromise and prevent its use in clinical diagno-
sis. The activity of proteolytic enzymes results in fast
protein degradation, which is prevented by use of pro-
tease inhibitors on salivary sample preparation for
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analysis. Unfortunately, these inhibitor cocktails can-
not completely prevent protein degradation; therefore,
efforts are made to upgrade the proteome stabilization
technology by use of glycerol and ethanol. By using
ethanol, sample stabilization at room temperature for
up to two weeks can be achieved®.

Some researchers employed two-dimensional gel
electrophoresis (2-DE) for separating salivary protein
molecules; after protein digestion from the gel, sam-
ples were analyzed by mass spectrometry (2D-MS).
Using this approach, 19 proteins specific for saliva and
18 serum proteins were identified’®”!. Although 2D-
MS has great potential, problem arises on identifying
low molecular mass proteins, high-acidic or alkaline
proteins, hydrophilic proteins, or those found in very
small amounts. Alternative to it is liquid chromatogra-
phy as a separation step prior to mass spectrometry
(LC-MS). Employing this technology, 102 salivary
proteins and 67 serum proteins were identified; how-
ever, using this technology little information is ob-
tained on protein representation in saliva. A combina-
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tion of LC-MS and 2D-MS technologies yielded
highest increase in the number of proteins identified,
309 in total. Employing the latest preparative chromo-
graphic separation techniques coupled with modern
mass spectrometers has recently resulted in identifica-
tion of more than 5500 proteins in human saliva, many
of them originating from oral microflora that consists
of more than 50 bacterial genera’. The surface-en-
hanced laser desorption/ionization/time-of-flight/
mass spectrometry (SELDI-TOF-MS) technology is
also used in saliva analysis to analyze whole saliva pro-
teomic composition. This technology requires small
sample volume while offering fast analysis of various
chromatographic spectra, thus enabling subsequent
optimal purification of the proteins of interest”. This
technology was employed in analyzing salivary pro-
teome profile in patients with orthodontic treatment
at baseline and at three months of appliance place-
ment. Study results showed difference in proteome
profile between two measurements, with overt differ-
ence in protein expression at three months of wearing
orthodontic appliances’™. As protein analysis enables
simultaneous searching for/identification of hundreds
or even thousands of various protein molecules, pro-
teome methods can be used to study particular cellular
process in ‘opposite directiony, i.e. instead of targeted
searching for the molecule of interest, proteomics en-
ables designing a proteomic profile of a particular sam-
ple and identification of potential biologically relevant
molecules.

Conclusion

The effect of orthodontic appliances on the protein
composition of saliva has not yet been fully elucidated,
although there are interesting results in the field indi-
cating that determination of specific protein molecules
in saliva may play a major role in differentiating healthy
from pathologic state in oral cavity. These results might
stimulate designing additional research to test the ef-
tects of new drugs or diagnostic procedures by analyz-
ing salivary protein composition, not only in diagnosis
and follow up of pathologic lesions in oral cavity but
also systemically. Determination of salivary proteomic
profile before, during and after therapeutic procedure
can provide valuable information on the effect of a
drug or therapeutic procedure. Additional studies and

Acta Clin Croat, Vol. 59, No. 3, 2020

upgrading the methods of saliva analysis as a biological
fluid pose a great challenge indeed.
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Sazetak

ULOGA NOVIH TEHNOLOGIJA U ODREDIVANJU PROTEOMA SLINE
NAKON POSTAVLJANJA FIKSNOG ORTODONTSKOG APARATA
- RAZVO] NOVIH DIJAGNOSTICKIH I TERAPEUTSKIH PRISTUPA

V. Zgombic Popovic, L. Grgurevic, V. Trkulja, R. Novak i D. Negovetic-Vranic

Ljudska slina obiluje proteinima raznolikih funkcija (enzimi, imunoglobulini, citokini) i podrijetla (krvna plazma, Zlijez-
de slinovnice, mikroflora usne Supljine). Dinamika i volumen izludene sline kao i njezin sastav (elektroliti, pH, proteini)
promjenjivi su tijekom dana, u razli¢itim fizioloskim i patofizioloskim stanjima, lokalnim ali i sustavnim. Stoga se sastav
sline, osobito proteinski, intenzivno istrazuje u smislu identifikacije potencijalnih biljega i/ili mehanizama sustavnih i lokal-
nih bolesti. Nove tehnike analize proteina (tzv. proteomske tehnike) u bioloskim teku¢inama omogudile su velik napredak u
stabilizaciji proteina sline (temeljni uvjet za njihovu analizu) te otkrivanje i onih koji se u slini nalaze u vrlo malim koncen-
tracijama, uklju¢ujuéi i male proteine i peptide. U ovom ¢lanku prikazana su temeljna svojstva suvremenih proteomskih
tehnika poput teku¢inske kromatografije povezane s masenom spektrometrijom (LC-MS), dvodimenzionalne elektroforeze-
masene spektrometrije (2-DE-MS) ili surface-enhaced laser desorption/ionization/time of flight/mass spectrometry (SELDI-
TOF-MS). One omoguéuju simultano trazenje/identifikaciju stotina i tisu¢a proteinskih molekula i pruzaju moguénost
identifikacije onih od potencijalne bioloske vaznosti u pojedinim stanjima. Ovaj pregled literature usredotocen je na dosadas-
nje znanje i moguénosti koje proteomske tehnike pruzaju u analizi u¢inaka ortodontskih aparata na proteinski sastav sline i
potragu za potencijalnim biljezima (ne)uspjesnosti lijeCenja ili izvr¥nim molekulama putem kojih ovaj terapijski postupak
ostvaruje uinke.
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