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The paper concentrates on the role of saliva in the early diagnosis of salivary gland tumor. Due to the still not fully
understood etiology of head and neck cancer, the fundamental objective of this study is to find tumor markers of
salivary gland tumor progression. This work demonstrates the feasibility of Attenuated Total Reflection Fourier
Transform Infrared spectroscopy (ATR-FTIR) to track spectral variations between saliva samples derived from
healthy volunteers and from salivary gland tumor (tumor mixus, TM) patients. Furthermore, a Real-Time Poly-
merase Chain Reaction (RT-PCR) has been used to detect a selected genes expression associated with neoplasm
changes.
The obtained results imply that spectral signals attributed to the amide I/II (secondary structure of protein), car-
bohydrates and inorganic phosphates oscillations are the most sensitive to alterations associated with the sali-
vary gland cancer progression. Several spectroscopic biomarkers have been indicated as potential predictors of
salivary gland tumor development. Additionally, the RT-PCR results reveal the increased level of Bcl-2 factor in
salivary gland tumor patients' sampleswhichmay be related to inhibition of apoptosis process and increasing un-
controlled cell proliferation. Such combination of physico-chemicalmethods is a unique approach towards better
understanding the tumor's etiology and early diagnosis problem. Based on the promising findings presented in
this article, it could be concluded that saliva fluid has a great potential to be used as a first-line diagnostic tool
in patients with suspicion of salivary gland tumor.

© 2020 Elsevier B.V. All rights reserved.
1. Introduction

Neoplasm is still themost common disease of civilization and repre-
sents one of themain causes of themorbidity andmortality worldwide.
The effective treatment of neoplasm is associated with the proper
choice of therapy, but it also depends on the early diagnosis. One of
the most difficult type of tumor, especially due to the problematic loca-
tion is a head and neck neoplasm [1].

The biomolecular achievements of the neoplastic process have
helped in understanding of this tumor mechanism and an early detec-
tion greatly increases the chances for successful treatment [2]. A
searching for new biomarkers can contribute to early detection of this
disease [3]. In our study, we put a special attention on the salivary
glands disorders. Salivary gland tumors comprise approximately 3 to
10% of all head and neck neoplasms and the global incidence is esti-
mated on 0.4 to 13.5 per 100,000 persons annually [4]. Most of these
neoplasms are mixed tumors and are localized in parotid glands [5,6].
Multiple authors [7–9] emphasize a significant diagnostic role of ul-
trasonographic investigations (USG) in patients with parotid tumors.
The procedure allows for precise evaluation of lesions in the parotid su-
perficial lobewhile assessment of the deep lobe appearsmuchmore dif-
ficult. The USG allows for tumor localization within the gland,
evaluation of it size and preliminary histology. The literature often as-
sumes such procedure as a diagnostic standard [10].

Histological evaluation of a tumor is possible due to the fine needle
aspiration (FNA) biopsy, which is commonly carried out on every pa-
tient with a parotid tumor for the further diagnosis. The risk of the
tumor spread in tissues passed through by the needle is low, however
FNA is associated with the risk of multiple false negative results [2].
For instance, in the case of small tumors some of the morphological
changes can be diagnosis as benign lesions, where there is a malignant
lesion or alterations may be completely invisible [11].

Moreover, FNA can lead to some other defects. Firstly, it provides a
lot of stress and patients discomfort. Secondly, there are often incom-
patibilities between pre- and postoperative histological examinations,
which depend only on the pathologist's experience [12]. Finally, biopsy
involves a high-cost and time-consuming procedure, therefore we
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postulate to find a better solution for analysis, which can be used for
non-invasive monitoring of tumors development. A good direction
seems to be using biochemical substances contained in body fluids
such as saliva. The early diagnosis is the basis for effective treatment
of head and neck tumor and what is more, a proper cure may facilitate
the patient's return to social activity and reduce the chance of the recur-
rence. One of the non-invasive and rapid method related with salivary
gland disorders is a detection of salivary contents. In the recent several
years, there has been a growing interest in application of saliva to bio-
medical research [13]. This body fluid plays an important role as a factor
responses for maintaining homeostasis in the oral cavity. Except diges-
tive and protective functions, the salivary fluid contains a lot of signifi-
cant factors which may help to predict many of diseases progression.
The main components of saliva is a water, but otherwise, it contains
also numerous of proteins, lipids, carbohydrates, ions and vitamins
[14]. The most useful biomarkers contained in saliva for biomedical di-
agnosis are mucins, enzymes, immunoglobulins, hormones and other
factors such as EGF - an epidermal growth factor which plays an impor-
tant role in the process of carcinogenesis [15,16].

It seems interesting to measure a number of proteins, lipids or en-
zymes contained in salivary fluid as biomarkers of tumors. Moreover,
the genetic material such as DNA can be detected in saliva as well
[17]. Therefore, the analysis of proteins structure and gene expression
may be a good way to predict the early neoplasm changes on the prote-
omic and genetic level. Due to the rich content, saliva is functionally
equivalent to blood, but what is important, it is a non-infectious fluid
in contrast to blood. Moreover, saliva has even more advantages such
as long durability, high bioavailability and cost-effectiveness [18]. The
abovementioned biomarkers contained in salivamay provide an impor-
tant information about many diseases including tumors, thus saliva
seems to be very useful in reflecting the physiological state of the
body. Collecting of saliva is a non-invasive technique with easy storage,
simple procedures of preparation, and most importantly, comfortable
for the patients.

The etiology of head and neck tumors remains still not fully under-
stood. Thus, the main target of this research was to find tumor markers
of salivary gland tumor based on the analysis of conformational changes
of proteins, lipids andDNA by FTIR spectroscopy, which has a number of
medical applications [19–30]. FTIR spectroscopy has the potential to
provide information about changes occurring during cancer develop-
ment but also brings new challenges connected with implementation
of this method in the clinical environment [21]. Nonetheless, applica-
tion and development of this method for medical purposes may be cru-
cial for prevention and treatment processes.

In this work, we discuss spectral alterations between saliva samples
derived from healthy volunteers and from salivary gland tumor pa-
tients. Additionally, we used a real - time polymerase chain reaction
(RT-PCR), a biomolecular technique to detect a selected genes expres-
sion associated with neoplasm changes. Tumor cells may be dependent
on Bcl-2 gene, which is an antiapoptotic factor, in order to survive. In re-
sponse to stress signals, malignant cells may express pro-apoptotic acti-
vators, but usually cancer cells overexpress Bcl-2, which can decreases
this pro-apoptotic response. Therefore, themeasurement of this impor-
tant factor seems to be important in the analysis of early diagnosis of
neoplastic changes.

The combination of proposed physico-chemical methods allowed to
get an interdisciplinary viewon the tumor's etiology and early diagnosis
problem.

2. Material and methods

2.1. Saliva samples preparation

The investigated group included five healthy volunteers (control
group) and five patients diagnosed with salivary gland tumor (tumor
mixus, TM). All of salivary samples were freshly obtained in the
morning. The patients and volunteers were required not to consume
any meals or drinks 8 h prior to saliva collection and rinse their mouth
only by water. Then, about 15 ml of whole saliva and internal cheeks
swab from the oral cavity were collected into the sterile tubes. Subse-
quently, all materials were frozen at−20 °C until analysis time. Shortly
before measurement, salivary samples were thawed and centrifuged to
obtain the sediment for Real-time PCR analysis or liquid supernatant for
spectroscopic measurement. In ATR-FTIR method, the salivary samples
were additionally dried on optical slides.

2.2. ATR-FTIR measurements

ATR-FTIR spectra of saliva samples were recorded using the Nicolet
iS5 spectrometer with a iD5 ZnSe ATR accessory (Thermo Scientific).
The deuterated triglycine sulfate (DTGS) detector was applied to regis-
ter spectral signal in the range from 4000 cm−1 to 700 cm−1. An appro-
priate measurement procedure was established before a series of
measurement. Namely, 20 μl of fresh saliva fluid was deposited onto
the ATR crystal and allowed to dry at room temperature. The number
of scans was 64, and the spectral resolution was 4 cm−1. The spectra
were recorded three times for each freshly prepared sample and were
averaged to yield a single spectrum per patient. The spectra were nor-
malized to the amide I band (~1647 cm−1). No smoothing procedure
was used to improve visual quality of any spectra presented.

2.2.1. Data reduction and treatment schemes
Graphical interpretation, data reduction of the recorded spectra

were performed using OMNIC 9.0 software product. The curve-fitting
analysis (a Gaussian band shape) and the second derivatives
(Savitzky-Golay, 7 points) were carried out using the OMNIC 9.0
software.

2.3. Real-time PCR study

The level of Bcl-2 gene expression, an antiapoptotic factor which is
strongly relatedwith proliferation process wasmeasured in saliva sam-
ples of patients with salivary gland tumor (tumor mixus) and control
volunteers. The analyses were performed in stages as follow.

2.3.1. RNA isolation
The total RNAwas extracted from fresh salivary samples in spin col-

umns with lysis buffers by RNeasy Mini Kit (Qiagen, Netherlands) ac-
cording to the manufacturer's instructions. The quantity (ng/μl) and
quality of RNA (1.8–2.0) was determined by Spark 10 M spectropho-
tometer (Tecan, Switzerland) at 260 and 280 wavelength.

2.3.2. Reverse transcription
Next step was applied with Precision nanoScript kit (PrimerDesign,

UK) in 0.2 ml PCR tubes with 50 ng of RNA template and other reagents.
Each sample was submitted to the annealing step in 65 °C for 5 min in
thermocycler (Bio-rad, USA) and then incubated 20 min in 42 °C and
10 min in 75 °C for extension stage.

2.3.3. Real-time PCR
The final step was performed by Precision PLUS qPCR protocol

(PrimerDesign, UK) using Master MIX SYBR Green (10 μl), forward
and reverse primers (per 0.25 μM), cDNA template (25 ng) and
RNAse/DNAse free water (up to 20 μl). The temperature-time condi-
tions of the reaction were determined as follows: 2 min in 95 °C for en-
zyme activation, then denaturation in 95 °C for 10 s and 1 min in 60 °C
for primers annealing.

2.3.4. Analysis
The relative expression of Bcl-2 gene was quantified using the com-

parative threshold cycle (ΔΔCT) after normalizing to reference gene
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(GAPDH) by 2-ΔΔCT Livak's method. All experiments were performed in
triplicates.

3. Results and discussion

3.1. ATR-FTIR study

Fig. 1 shows theATR-FTIR spectra of saliva sample: (a) control (spec-
trum averaged from five healthy volunteers samples), and salivary
gland tumor (tumor mixus, TM) patients: (b) M70TM1, (c) K39TM2,
(d) K45TM3, (e) K48TM4, and (f) M40TM5 (M – man, W – woman).
As is evident from the spectra, there are significant changes in bands po-
sitions and relative intensities, whichmay be associatedwith the devel-
opment of a tumor. Nevertheless, there are a lot of overlapping bands in
thefingerprint region, especially in the 900–1200 cm−1 and amide I and
II spectral regions. Therefore, the curve-fitting analysis of these areas is
necessary formore conclusive band assignments (please see Fig. 2a – d).
Furthermore, for a better comparison of the spectral alterations be-
tween control group and patients diagnosed with cancer, the average
spectra were imposed on each other (Fig. 2e). Table 1 lists the most
characteristic ATR-FTIR bands together with suggested band assign-
ments for averaged spectra of control (healthy volunteers) and salivary
gland tumor patients. The vibrational analysis was based on the latest
literature reports and databases on the application of FTIR spectroscopy
in biological studies with particular emphasis on saliva analysis [31–48].

The high frequency range is dominated by bands assigned to protein
and lipid constituents [31,32]. Briefly, peaks observed at the spectral in-
terval between 3600 and 3000 cm−1 originate from C–H, O–H and N–H
Wavenumb
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Fig. 1. ATR-FTIR spectra of saliva samples: (a) control (spectrum averaged from five healthy v
(c) K39TM2, (d) K45TM3, (e) K48TM4, and (f) M40TM5. M – man, W – woman.
stretchingmodes of proteins, while strong band at ~3286 cm−1 is attrib-
uted to amide AN–H stretching [33]. Another spectral feature appearing
at ~3073 cm−1 is due to amide Bν(NH)/ν(CH) vibrations in proteins (α-
amylase, albumin, cystains,mucins, proline-rich proteins, sIgA) [33–35].
On the other hand, the spectral region 3000–2800 cm−1 is rich in bands
ascribed to symmetric and asymmetric CH2 and CH3 stretching oscilla-
tions of lipids [33,36–38].

It has to be noted that the most evident alterations occur in the re-
gion between ~900 and 1300 cm−1. Nonetheless, some of bands in the
fingerprint region may overlap. This spectral interval is regarded as a
highly diagnostic region in studying various cancer types
[33,35–44,49–57]. Band arising at ~1078 cm−1 is related to the asym-
metric and symmetric PO2

− stretching from symmetric PO2
− stretching

from inorganic phosphates [58] and phosphate group of phospholipids
[48]. It was proved that this spectral feature is associated with the role
of phosphates during diseases [50]. Thus, remarkable increase in
~1074 cm−1 band intensity in the spectrum of TM in relation to the
spectrum of control group may be correlated with the disease develop-
ment (Fig. 2e) [50,54,55]. This band is especially pronounced in the case
of TM spectra.Moreover, a noticeable displacement of the band position
(from 1078 cm−1 in control group to 1074 cm−1 for patients with sali-
vary gland tumor) confirms the participation of phosphates upon the
investigated disease development [50]. Apart from the aforementioned
bands, vibration come from phosphate group is manifested in the spec-
tra at ~1159, 1239 and 985, and 936 cm−1 [58]. Heise andMarbarch [48]
have thoroughly studied human oral mucosa tissue from several pa-
tients under changing blood glucose concentrations by ATR-FTIR spec-
troscopy. Interestingly, the obtained FTIR spectra of saliva dry film and
er/cm-1
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olunteers samples), and salivary gland tumor (tumor mixus, TM) patients: (b) M70TM1,
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Fig. 2. Curve-fitting analysis of the 900–1200 cm−1 spectral interval (a – control group, b – TM patients) and amide I/II with second derivative spectra (c – control group, d – TM patients)
profiles together with (e) averaged ATR-FTIR spectra of saliva samples (black line – control group, red line – TM patients). Spectra were averaged from five healthy volunteers and five
salivary gland tumor patients spectra, respectively.
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saliva difference spectrum received after subtraction of a scaled phos-
phate buffer spectrum revealed significant contribution of inorganic
phosphate features on the spectral patterns [48].

Furthermore, peaks observedwithin the 1000 to 1200 cm−1 interval
may also be attributed to the C–O stretching vibrations from carbohy-
drates. Consequently, bands at ~1021, 1040 and 1078 cm−1 originate
from sugar moieties [41,44,48]. Nevertheless, due to the fact that most
of the salivary proteins are glycosylated, these peaks can be attributed
to glycosylated α-amylase, mucins or other sugar residues vibrations
[44,48,59–61]. It is also worth pointing out that ~1119 cm−1 spectral
signal due to the ν(C–O) and ν(C–O–C) of carbohydrates vibrations in
TM spectrum exhibits significant enhancement in comparison to the
non-cancerous spectrum [28,33]. The discussed oscillations are
regarded as spectral biomarkers to distinguish between normal from
cancer states [62], while the 1119 cm−1 peak is considered as a spectro-
scopicmarker of salivary gland tumor [53].Most of thesemotions reveal
noticeable strengthened upon disease development (Figs. 1 and 2e).
These results are consistent with other studies which have shown that
FTIR spectroscopy can be successfully employed to distinguish normal
from cancer states, especially considering the spectral interval between
800 and 1300 cm−1 [53,57,62,63].

There are also significant alterations in secondary structure of pro-
teins (Fig. 1) between ATR-FTIR spectrum of control and salivary
gland tumor patients. It must be noted that the α-helix maximum
peak frequency decreased for the TM spectrum (1634–1640 cm−1;
Fig. 1b-f) in comparison to the spectrum of control group (1644 cm−1;
Fig. 1a). Simultaneously, the β-sheet maximum band frequency
(1543 cm−1; Fig. 1a) increased for the salivary gland tumor patients
(Fig. 1b-d), except in the case of M40TM5 (Fig. 1f) [33–39,44]. It is con-
sistent with literature and may results from variations in the extent of
intermolecular hydrogen bond in α-helical and β-sheet structures
[64]. Furthermore, the most intense band appearing at 1648 cm−1 at-
tributed to ν(C=O), (CN) and δ(NH) vibrations from α-helix upon
deconvolution split into two additional bands at 1664 and 1641 cm−1

due to the disordered structure-solvated [νs(C=O)] and unordered
structure [ν(C=O)], respectively (Fig. 2c and d). Another observation
concerns the content of α-helical conformation, which decreased no-
ticeably for TM patients (Fig. 2c and d; Table 1). This may be related to
the formation of β-sheet structure [65]. It is also worth noting that the
relative intensity of 1631 cm−1 band due to the β-sheet structure
[ν(C=O)/ν(C=C)] significantly decrease upon cancer development.
Conversely, the composition of 1615 cm−1 spectral signal ascribed to
the β-sheet formation [ν(C=C)] increased considerably for TM spectral
data [33–39,44]. It has also be noted that peaks arising at ~1403 [νs

(COO−), ρb(CH3)] and 1450 cm−1 [ρb(CH3)/δ(CH2/CH3)] exhibit higher
intensity for the TM patients. Another prominent spectral features
assigned to proteins can be observed at 1543 [ρb(NH), ν(CN), amide
II], 1515 [trosine ring, α-amylase, albumin, cystains, mucins, proline-
rich proteins, sIgA] and 1315 cm−1 [ν(CN), ρb(NH), amide III (α-amy-
lase, albumin, cystains, mucins, proline-rich proteins, sIgA)]. Additional
FTIR signal, which is absent in the case of the control group spectrum,
appears at 1527 cm−1 [ρb(NH), ν(C=N), ν(C=C), amide II]. The above
observations clearly indicates that the secondary structure of proteins
in healthy volunteers samples differ significantly from that in TM pa-
tients samples.

3.2. Real-time PCR study

To determinate the anti-apoptotic gene (Bcl-2) expression, a total
RNA extraction and then cDNA strand from all of salivary samples



Table 1
Wavenumber and suggested band assignments for averaged ATR-FTIR spectra of control (healthy volunteers) and salivary gland tumor (tumor mixus, TM) patients.a

FTIR bands [cm−1] Band assignment Component identification Reference number

Control TM

3286 3282 νas(NH) Amide A [31–38]
3073 3074 ν(NH)/ν(CH) Amide B/ring (α-amylase, albumin, cystains, mucins, proline-rich proteins, sIgA) [31–38]
2962 2961 νas(CH3) Lipids, protein side chains [31–38]
2936 2935 νas(CH2) Lipids [31–38]
2873 2874 νs(CH3) Lipids, protein side chains [31–38]
2850 2851 νs(CH2) Lipids (cholesterol and mono/diglycerides of fatty acids) [31–38]
1692 1690 ν(C=O), ν(CN), ρb(NH) Amide I: anti-parallel β-sheet [33–39,44]
1680 1677 ν(C=O) Amide I: unordered random coils and turns [33–39,44]

1664 νs(C=O) Amide I: disordered structure-solvated [33–39,44]
1648 1653 ν(C=O), δ(CN), δ(NH) Amide I: α-helix [33–39,44]

1641 ν(C=O) Amide I: unordered structure [33–39,44]
1631 1631 ν(C=O)/ν(C=C) Amide I: β-sheet structure [33–39,44]
1615 1619 ν(C=C) Amide I: β-sheet structure [33–39,44]
1543 1546 ρb(NH), ν(CN) Amide II [33–39,44]

1527 ρb(NH), ν(C=N), ν(C=C) Amide II [33–39,44]
1515 1513 tyrosine ring Proteins (α-amylase, albumin, cystains, mucins, proline-rich proteins, sIgA) [33–39,44]
1451 1450 ρb(CH3)/δ(CH2/CH3) Proteins/lipids [33,36,38]
1407 1403 νs(COO−) Fatty acids [33,35,38,40]

ρb(CH3) Proteins [33,36,40]
1341 1343 ρw(CH2) Phospholipids, fatty acid, triglyceride, amino acid side chains [33]
1315 1315 ν(CN), ρb(NH) Amide III (α-amylase, albumin, cystains, mucins, proline-rich proteins, sIgA) [33,35,38,40]
1239 1243 νas(PO2

−) Phosphate group of phospholipids [33,36,38,48]
νas(PO2

−) Inorganic phosphates [28,33,36]
1163 1159 νas(PO2

−) Inorganic phosphates [58]
ν(CO), ν(C–O–H) Serine, threonine, tyrosine of proteins [33,35,40]

1120 1119 ν(C–O), ν(C–O–C) Carbohydrates [28,33]
1078 1074 νs(PO2

−) Inorganic phosphates [33,48,58]
νs(PO2

−), νas(PO2
−) Phosphate group of phospholipids [33,35–44,48]

ν(CO), ρb(C–O–H) Glycosylated α-amylase, mucins or other sugar residues [41,44,48]
1040 1038 ν(CO), ρb(C–O–H) Glycosylated α-amylase, mucins or other sugar residues [41,44,48]
1021 ν(CO), δ(C–O–H) Glycosylated α-amylase, mucins or other sugar residues [41,44,48]
975 985 ν(PO2

−) Inorganic phosphates [58]
924 936 ν(PO2

−) Inorganic phosphates [58]
δ(COH), δ(COC) Carbohydrates [33,40]
νas(CH3–N) Phospholipids [33,40]

a Abbreviations: ν, stretching; δ, deformation; ρb, bending; as, asymmetric; s, symmetric.
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were used as a template for Real-time PCR detection. Our research,
based on comparative ΔΔCt analysis, indicates increased level of Bcl-2
expression in saliva of patients with salivary gland tumor (tumor
mixus). Fig. 3 shows several times higher relative expression (RQ) of
Bcl-2 factor in all of 5 patients samples in compare to the averaged re-
sults from 5 healthy volunteers samples (control). The most significant
changes were noticed in M70TM1 and K39TM2 cases (6-folds higher
expression than control samples), where in all of other samples
(K45TM3, K48TM4, and M40TM5) the Bcl-2 gene level was increased
approximately 3 times. The presented results illustrate changes
control

W48TM4

M40TM5

M70TM1

W39TM2

W45TM3

Bcl-2 expression

RQ
[2

^-
de

lta
 d

el
ta

 C
t]

Fig. 3. Relative expression of antiapoptotic factor Bcl-2 in saliva of patients with salivary
gland tumor vs control volunteers. One-way ANOVA analysis followed by the Newman-
Keuls post hoc test. Statistical significance was assessed using GraphPad Prism 5.0
software and P value b0.005 was considered statistically significant.
characteristic for tumors development by inhibiting of programmed
cells death (apoptosis).

4. Conclusions

From the research that has been carried out it possible to conclude
that saliva can be regarded as a first-line diagnostic tool in patients
with suspicion of salivary gland tumor. ATR-FTIR spectroscopy can be
successfully applied for distinguishing between control group and sali-
vary gland tumor patients. It has been demonstrated that there are sig-
nificant changes in secondary structure of proteins upon cancer
development. We highlighted spectroscopic biomarkers associated
with salivary gland tumor development, in particular bands attributed
to proteins, carbohydrates and inorganic phosphates.

Moreover, our biomolecular studies indicated the differences in anti-
apoptotic gene expression between patients with salivary gland tumor
(tumor mixus) and control volunteers. Increased level of Bcl-2 factor in
patients' samples may be related to inhibition of apoptosis process
and increasing uncontrolled cell proliferation, which is strongly related
to neoplastic development. Therefore, we confirmed that salivary fluid
can be very useful and significant tool for early diagnosis based on bio-
markers contained in saliva. To summarize, our research may be a first
step for searching modern solutions for early detection of oral tumors
based on salivary samples.
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