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Abstract. Background/aim: The current study aimed to
identify biomarkers for differentiating between patients with
oral cancer (OC) and healthy controls (HCs) on the basis of
the comprehensive proteomic analyses of saliva samples by
using liquid chromatography-mass spectrometry (LC-
MS/MS). Patients and Methods: Unstimulated saliva samples
were collected from 39 patients with OC and from 31 HCs.
Proteins in the saliva were comprehensively analyzed using
LC-MS/MS. To differentiate between patients with OC and
HCs, a multiple logistic regression model was developed for
evaluating the discriminatory ability of a combination of
multiple markers. Results: A total of 23 proteins were
significantly differentially expressed between the patients
with OC and the HCs. Six out of the 23 proteins, namely a-
2-macroglobulin-like protein 1, cornulin, hemoglobin subunit
B, Ig k chain V-II region VkI67, kininogen-1 and
transmembrane protease serine 11D, were selected using the
forward-selection method and applied to the multiple logistic
regression model. The area under the curve for
discriminating between patients with OC and HCs was 0.957
when the combination of the six metabolites was used (95%
confidence interval=0.915-0.998; p<0.001). Furthermore,
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these candidate proteins did not show a stage-specific
difference. Conclusion: The results of the current study
showed that six salivary proteins are potential non-invasive
biomarkers for OC screening.

Oral cancer (OC) is among the 15 most common types of
cancer worldwide, with an incidence of 500,550 in 2018 (1);
in addition, the incidence of OC has been steadily increasing
during recent decades (2). The curability of OC is high if it
is detected at an early stage; the S-year survival rate of
patients with OC detected at an early stage generally exceeds
80% (3). However, the curability of advanced OC is not high,
and the 5-year survival rate of patients with OC at the late
stage is generally below 50% (2-5). In addition to the lower
survival rate, a reduced quality of life after surgery for OC is
problematic. The oral cavity is an important organ for the
functions of speech, swallowing, and chewing (6). Moreover,
the oral cavity is a part of the face. Highly invasive surgery
that is usually performed for advanced-stage OC can lead to
oral dysfunction and cosmetic disfiguration (6). Therefore, it
is important to detect OC at an earlier stage to the maximum
extent possible. As the oral cavity is a commonly examined
area, many physicians assume that OC is easy to detect.
However, several lesions mimic OC, such as intractable
stomatitis, bite wounds, and periodontitis, because of which
accurate detection of OC is still difficult (7-9), leading to a
delay in the detection of OC in early stages (10)

A conventional visual and tactile examination (CVTE) is
the most common method for the screening of OC (11, 12);
however, physicians need sufficient experience to ensure that
the results of the CVTE are highly accurate (13). Therefore,
the CVTE is not a suitable high-precision method for OC
screening for clinicians who are not specialists in oral
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surgery. Consequently, several light-based detection systems
based on the optical properties of biological tissues, which
have enhanced oral mucosal examinations and facilitated the
detection of OC, have become commonly used as adjunctive
screening aids for OC screening in recent years (4); however,
there is limited evidence regarding the effectiveness of OC
screening with such light-based detections systems (4, 11).
Therefore, a CVTE followed by open biopsy of suspicious
lesions remains the gold standard for OC detection (11).
Thus, the development of novel screening methods for OC
is urgently needed.

Saliva has recently been evaluated as a notable biofluid for
the detection of diseases (14, 15). Saliva is a biological fluid
comprising >99% water and <1% proteins, electrolytes, and
other low-molecular-weight components (15, 16), and saliva
reflects systemic physiological conditions (17). Furthermore,
several diseases can be detected using saliva specimens, such
as cancer, cardiovascular disease, neurological disease, and
metabolic disease (7, 9, 18-21). Saliva is an excellent source
of biomarkers, as obtaining saliva is non-invasive, convenient,
and safe. Compared to blood, saliva can be collected without
any pain and risk of needle-stick injury. Therefore, the number
of studies regarding the use of saliva for disease detection has
been increasing.

Since the first report of using saliva as a diagnostic tool for
OC detection was published in 2000 by Liao et al. (17, 22),
salivary genomics, transcriptomics, proteomics, metabolomics,
and microbiomics have been investigated for biomarkers for
OC detection (7, 9, 17, 23). Salivary proteomics for
biomarkers of OC detection is among the most popular fields,
and various candidate proteomic biomarkers, such as
interleukin (IL)-1, IL6, IL8, tumor necrosis factor o, and
catalase have been reported (17, 24-26). Furthermore, owing
to recent innovative advancements in quantitative mass
spectrometry (MS) technologies, comprehensive proteomic
approaches can be performed (18, 27). Therefore, we
performed a comprehensive proteomic approach using liquid
chromatography (LC)-MS/MS for salivary biomarkers for OC
screening. To the best of our knowledge, only a few studies
have performed comprehensive proteomic approaches for
salivary biomarkers for OC screening. The current study
aimed to identify salivary proteomic biomarkers for
differentiating between patients with OC and healthy controls
(HCs) on the basis of the comprehensive proteomic analyses
of saliva samples using LC-MS/MS.

Patients and Methods

All procedures performed in the studies involving human
participants were conducted in accordance with the ethical standards
of the institutional and/or national research committee and 1964
Helsinki declaration and its later amendments or comparable ethical
standards. The study protocol was approved by the Ethics
Committee of Yamagata University (2015-288,2017-18,2017-180,
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Table 1. Characteristics of study participants.

Patients with Healthy controls

oral cancer (N=39) (N=31)

Age, years

Median (range) 72 (49-84) 69 (36-91)
Gender, n

Male 20 16

Female 19 15
Pathological finding, n

Squamous cell carcinoma 34

Verrucous carcinoma 2

Adenocarcinoma 2

Carcinoma in situ 1
Stage, n*

0 1

1 10

11 6

11T 8

v 14

*Eighth edition of the Union for International Cancer Control TNM
classification (39).

2017-182,2018-106, and 2018-455). Written informed consent was
obtained from all participants prior to sample collection. Patients
with OC were recruited from the Department of Dentistry, Oral and
Maxillofacial surgery, Yamagata University Hospital between April
2016 and March 2019. Only patients who had not received prior
adjuvant therapy, such as chemotherapy or radiotherapy, were
enrolled. The pathological diagnosis was obtained for all patients
with OC via incisional open biopsy. HCs included individuals who
underwent comprehensive medical examinations at Yamagata
University Hospital between December 2017 and February 2019
and who had no health issues considering the results of these
examinations. We collected saliva from patients with OC and from
HCs after obtaining informed consent.

Saliva collection and sample preparation. A dentist or dental
hygienist confirmed the oral hygiene of all the subjects before saliva
collection. Dental plaque and calculus deposits, if remarkable, were
removed by using a toothbrush without dentifrice and ultrasonic
scaling at least 3 hours before saliva collection. All the participants
were asked to refrain from eating and drinking for at least 1.5 h prior
to saliva collection. Participants rinsed their mouths with water
immediately before sample collection and were instructed to spit their
saliva into 50-cc Falcon tubes (Corning, Inc., Corning, NY, USA) in
a paper cup filled with crushed ice. Approximately 3 ml unstimulated
whole saliva was collected over 5-10 min. The collected samples
were centrifuged at 2,600 x g for 15 min at 4°C. The supernatants
were immediately treated with a protease inhibitor mixture. The
samples were aliquoted into smaller volumes and stored at —80°C.

Proteomic analysis of saliva. The preparation of clean peptide
mixtures from saliva for MS analysis was performed following the
protocol of the preparation kit (Pierce™ Mass Spec Sample Prep
Kit for Cultured Cells; ThermoFisher Scientific, Waltham, MA,
USA) of LC-MS/MS analysis. For sample lysis, lysis buffer was
added to 20 pl of saliva, and the lysate was incubated for 5 min at
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Table 1. Salivary proteins significantly differentially expressed between patients with oral cancer (OC) and healthy controls (HC) and the area

under the curve (AUC) values for differentiating between them.

Protein OC (n=39) HC (n=31) ROC analysis
Mean Mean p-Value AUC p-Value

Aldehyde dehydrogenase, dimeric NADP-preferring 0.338+0.565 0.665+0.658 0.028 0.646 0.037
a-2-Macroglobulin-like protein 1 0.502+0.599 0.955+0.757 0.008 0.680 0.010
Apolipoprotein A-I 7.271+8.583 2.371£5.202 0.047 0.632 0.059
Calmodulin-like protein 5 0.227+0.652 0.534+0.806 0014 0.648 0.034
Carcinoembryonic antigen-related cell adhesion molecule 6 0.081+0.120 0.158+0.150 0.030 0.641 0.044
Cocaine esterase 0.082+0.180 0.173+0.244 0012 0.655 0.027
Cornulin 0.479+0.569 1.129+1.019 0.006 0.686 0.008
Desmocollin-2 0.187+0.204 0.314+0.265 0.030 0.649 0.033
Desmoglein-1 0.162+0.209 0.298+0.223 0.010 0.677 0.011
Extracellular matrix protein 1 0.085+0.164 0.176+0.188 0.019 0.654 0.027
Galectin-3 0.335+0.359 0.598+0.478 0.019 0.659 0.023
Hemoglobin subunit § 0.478+0.485 0.106+0.279 0.000 0.708 0.003
Ig x chain V-II region Vx167 0.226+0.212 0.108+0.187 0.019 0.640 0.045
IgGFc-binding protein 0.056+0.122 0.062+0.091 0.035 0.638 0.048
Immunoglobulin heavy variable 3-72 0.244+0.555 0.554+0.698 0.020 0.645 0.039
Immunoglobulin x variable 1D-33 0.154+0.209 0.288+0.289 0.045 0.622 0.080
Keratin, type II cytoskeletal 1 0.246+0.516 0.800+1.575 0.045 0.623 0.079
Kininogen-1 0.187+0.248 0.050+0.077 0.037 0.635 0.053
Peptidyl-prolyl cis-trans isomerase A 3.421£3.983 1.369+3.291 0.007 0.660 0.022
Prolactin-inducible protein 5.283+4.363 8.068+5.734 0.027 0.648 0.035
Prostasin 0.102+0.152 0.189+0.204 0.040 0.634 0.056
Protein AMBP 0.245+0.314 0.098+0.177 0.021 0.647 0.036
Transmembrane protease serine 11D 0.101+0.216 0.192+0.221 0.032 0.634 0.055

AMBP: Alpha-1-microglobulin/bikunin precursor; ROC: receiver operating characteristics. Significant p-Values are shown in bold.

95°C. After incubation, the lysate was centrifuged at 16,000 x g for
10 min at 4°C. A total of 0.5 pg (0.5% w/w) of the internal control
indicator (Pierce™ Digestion Indicator for Mass Spectrometry;
ThermoFisher Scientific) was added to the supernatant. Samples
were incubated with dithiothreitol for 45 min at 50°C. After the
incubation, samples were further incubated with iodoacetamide for
20 minutes at room temperature, followed by acetone washing.
After washing the samples with acetone, the acetone-precipitated
protein pellet was resuspended with a digestion buffer containing
the Lys-C protease and then the samples were incubated for 2 h at
37°C. After further overnight incubation with trypsin protease at
37°C, the samples were stored at —80°C. On the day of MS analysis,
samples were first cleaned-up using a C18-spin column (Pierce™
C18 Spin Columns; ThermoFisher Scientific) and resolved with
0.1% (v/v) formic acid/water. A nanoLC system (EASY-nLC 1000;
ThermoFisher Scientific) with C18 analytical column (NTCC-
360/75-3-125; Nikkyo Technos, Tokyo, Japan) were used to separate
peptides with a gradient of 100% acetonitrile/0.1% formic acid for
75 min (linear gradient at a flow rate 300 nl/min: 0 to 32.0%
acetonitrile by 60 min, 95.0% by 65 min). The samples were
analyzed using a hybrid quadrupole-Orbitrap MS system (Q-
Exactive; ThermoFisher Scientific). For data analysis, Proteome
Discoverer software (ThermoFisher Scientific) was used to search
for MS/MS spectra against the UniProt human database using the
SEQUEST search engine with a 1% false-discovery rate. To assess
the digestion efficiency, a Digestion Indicator protein sequence was
included in the protein database. The raw data were processed using

the Mascot database search engines (Matrix Science, London, UK).
Furthermore, the estimated absolute protein amount in proteomics
was calculated as the Exponentially Modified Protein Abundance
Index (emPAI) from the protein identification results obtained via
the database search engines of Mascot (28). The emPAI is highly
correlated with the actual protein amount in a complex mixture and
can be routinely used for reporting the approximate absolute protein
abundance in a large-scale analysis (28-30).

Statistical analyses. To determine the discriminatory ability of salivary
proteins between patients with OC and HCs, a multiple logistic
regression (MLR) model was developed. Firstly, proteins detected in
>50% of individuals in at least one group were selected. Secondly,
proteins found at levels with differences of p<0.05 (Mann—Whitney
U-test) between patients with OC and HCs were selected. Thirdly, an
MLR model was developed using the forward feature-selection
method. The predictive performance of the multivariate model was
evaluated using the value of the area under the receiver operating
characteristic curve (AUC). Statistical analyses were performed with
SPSS software, version 20 (IBM, Armonk, NY, USA).

Results
Table I shows the characteristics of the participants with respect

to age and sex for both groups, as well as the pathological
findings and staging for the OC group. Table II shows the
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expression of salivary proteins significantly differentially
expressed between the OC and HC groups, and the AUC value
for differentiating between patients with OC and HCs. Twenty-
three proteins were significantly differentially expressed
between the two groups. Six proteins, namely o-2-
macroglobulin-like protein 1, cornulin, hemoglobin subunit {3,
Ig k chain V-II region Vk167, kininogen-1 and transmembrane
protease serine 11D, were selected using the forward selection
method from among the significantly differentially expressed
metabolites and were used for the MLR model owing to their
discriminatory ability. Figure 1 shows the receiver operating
characteristics curves and AUC value of the MLR model,
respectively, for differentiating between patients with OC and
HCs. The AUC for differentiating between patients with OC
and HCs was 0.957 when this combination of six metabolites
was used (95% confidence interval=0.915-0.998; p<0.001).
Table III shows the comparisons of the emPAI of the proteins
that were selected for the MLR model according to the OC
stage, except stage 0. The candidate proteins did not show any
stage-specific difference for differentiating between patients
with OC and HCs.

Discussion

In the present study, we revealed that 23 salivary proteins
were significantly differentially expressed between patients
with OC and HCs using LC-MS/MS. Furthermore, we
revealed that the combination of a-2-macroglobulin-like
protein 1, cornulin, hemoglobin subunit 3, Ig k chain V-II
region Vk167, kininogen-1 and transmembrane protease
serine 11D has high accuracy for differentiating between
patients with OC and HCs.

Most cases of OC are found by general dental practitioners,
who are not specialists like general oral surgeons. Furthermore,
most cases of OC are definitively diagnosed at a late stage (31).
Moreover, it is not easy to differentiate between patients with
OC and HCs by using a CVTE, especially for physicians who
are not specialists in oral surgery. Accordingly, the salivary
biomarkers identified in the current study appear to be good
candidates for differentiating between patients with OC and
HCs non-invasively and easily. These results have the potential
to help clinicians to detect OC, especially those who are not
specialists in oral surgery.

In the present study, six proteins, namely «a-2-
macroglobulin-like protein 1, cornulin, hemoglobin subunit 3,
Ig x chain V-II region Vk167, kininogen-1 and transmembrane
protease serine 11D, were selected for the MLR model to
differentiate between patients with OC and HCs. Of these,
cornulin is already a potential salivary proteomic biomarker
for differentiating between patients with OC and HCs (32).
Cornulin is expressed during epidermal differentiation and
engaged in different biological processes, such as cell
communication, cell cycle, cellular processes, immune system
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Figure 1. Receiver operating characteristic curve of multiple logistic
regression model using o-2-macroglobulin-like protein 1, cornulin,
hemoglobin subunit 3, Ig k chain V-II region Vkl67, kininogen-1 and
transmembrane protease serine 11D for differentiating between patients
with oral cancer and healthy controls. AUC: Area under the curve; CI:
confidence interval.

processes, and response to stimulus (32, 33). On proteomic
analysis of OC tissue, dysplastic epithelial tissue, and normal
epithelial tissue, cornulin was the most down-regulated protein
in epithelial dysplasia and OC tissue samples (32, 34).
Furthermore, salivary cornulin was lower in their OC group
than in the HC group, and had a high AUC (of 0.91) for
differentiating between patients with OC and the HCs,
although the sample size was small (32). In the present study,
salivary cornulin was significantly lower in patients with OC
than in HCs, similar to the results of the previous studies.
We compared the emPAI of the proteins that were
selected for the MLR model according to the OC stage,
except stage 0, and we observed that our candidate
biomarkers did not show a stage-specific difference. It is
desirable for OC screening biomarkers to detect OC at an
early stage, such as stage I. OC at an early stage is often
asymptomatic, in contrast, at late stages OC causes evident
symptoms such as pain, bleeding, and malodor. Therefore,
it is not difficult to detect OC at late stages on a CVTE.
Furthermore, the prognosis of OC at late stages is evidently
poor (2-4). Therefore, screening biomarkers for detecting
late-stage OC is not of great significance. Serum
biomarkers such as squamous cell carcinoma antigen (SCC
antigen) for oral squamous cell carcinoma, the most
common pathology of OC, have already been used
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Table III. The Exponentially Modified Protein Abundance Index of salivary proteins according to disease stage selected for multiple logistic

regression model.

Stage*
I (n=10) II (n=6) IIT (n=8) IV (n=14)

Protein Mean Mean Mean Mean

a-2-Macroglobulin-like protein 1 0.359+0.504 0.960+0.625 0.075+0.212 0.596+0.646
Cornulin 0.536+0.535 0.702+0.553 0.054+0.152 0.516+0.641
Hemoglobin subunit § 0.426+0.519 0.788+0.461 0.205+0.380 0.514+0.490
Ig x chain V-II region Vk167 0.210+0.221 0.350+0.171 0.105+0.194 0.240+0.216
Kininogen-1 0.153+0.245 0.188+0.167 0.058+0.137 0.289+0.309
Transmembrane protease serine 11D 0.078+0.211 0.238+0.177 0.000+0.000 0.106+0.277

*Eighth edition of the Union for International Cancer Control TNM classification (39).

clinically. However, the level of SCC antigen is elevated,
especially in later-stage OC (7, 35, 36). Therefore, although
used practically for the diagnosis of OC, SCC antigen is not
useful for the screening for OC (7). The candidate salivary
biomarkers in the current study did not show any clear
differences among the various stages. These findings
indicate that these proteomic biomarkers should be
clinically useful for screening patients with OC.

This study had several limitations. The first limitation was
the small sample size. The second limitation pertains to the
conditions of saliva collection. The collection time after
meals affects the levels of salivary metabolites for OC
screening (37). In that previous study, a longer fasting time
after a meal was better for using salivary metabolites for
differentiating between patients with OC and HCs (37). The
levels of proteins in saliva are also affected by conditions
such as fasting, smoking, the circadian and circannual cycles,
use of medications, emotional state, size of the salivary
glands, body weight, level of exercise, alcohol consumption,
presence of systemic disease, nutritional status, presence of
nausea, age, and sex (38). In the present study, all the
participants were asked to refrain from eating and drinking
for at least 1.5 hours prior to saliva collection; however,
there was no strict fasting time such as fasting more than 1.5
hours. Consequently, in future studies, strict conditions might
be necessary regarding the saliva collection time. The third
limitation is the heterogeneity of the samples, especially
owing to the pathological diagnosis. The OC samples
included not only oral squamous cell carcinoma but also
verrucous carcinoma, adenocarcinoma, and carcinoma in
situ. To the best of our knowledge, no previous studies
compared the differences in salivary proteins between oral
squamous cell carcinoma and other pathological types of
OC. Thus, future studies might need to include patients with
only one type of OC.

In conclusion, we performed a comprehensive proteomic
approach of saliva for identifying biomarkers for the

screening of OC. The results of the study revealed that the
proteomic profile in saliva was evidently different between
patients with OC and HCs. Furthermore, we revealed that a
combination of 6 proteins has a high accuracy for
differentiating between patients with OC and HCs. These
salivary proteins have the potential for non-invasive
screening to differentiate between patients with OC and HCs.
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