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Abstract: Background: Liquid biopsy is a rapidly growing field, for it may provide a minimally inva-
sive way to acquire pathological data for personalized medicine. This study developed a systemic
strategy to discover an effective salivary biomarker for early detection of patients with head-neck
squamous carcinoma (HNSC) and oral precancer lesion (OPC). Methods: A total of 10 miRNAs
were examined in parallel with multiple independent cohorts. These included a training set of
salivary samples from HNSC patients, the TCGA-HNSC and GSE31277 cohorts to differentiate
miRNAs between tumor and normal tissues, and groups of salivary samples from healthy indi-
viduals, patients with HNSC and OPC. Results: The combined results from the salivary training
set and the TCGA-HNSC cohort showed that four miRNAs (miR-148b, miR-155, miR-196b, and
miR-31) consistently increased in HNSC patients. Further integration with the GSE31277 cohort, two
miRNAs (miR-31 and miR-196b) maintained at high significances. Further assessment showed that
salivary miR-196b was a prominent diagnostic biomarker, as it remarkably discriminated between
healthy individuals and patients with HNSC (p < 0.0001, AUC = 0.767, OR = 5.64) or OPC (p < 0.0001,
AUC =0.979, OR = 459). Conclusion: Salivary miR-196b could be an excellent biomarker for diag-
nosing OPC and early detection of HNSC. This molecule may be used for early screening high-risk
groups of HNSC.
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1. Introduction

Head-neck squamous cell carcinoma (HNSC) is one of the 10 leading cancers world-
wide and is particularly prevalent in southeastern Asia [1-3]. The disease is more prevalent
among males than females [1-3]. When HNSC occurs in the oral cavity region, it affects the
patients’ life quality, especially in chewing, swallowing, and speech. Epidemiologic studies
have shown a strong association between HNSC and environmental carcinogens, as habit-
ual alcohol consumption, betel quid chewing, cigarette smoking, and HPV infection [3-5].
Upon carcinogen stimulation, HNSC may gradually develop through a multistep process in
which genetic events disrupt the normal regulatory pathways. Oral premalignant lesions,
including oral submucous fibrosis, dysplasia, and leukoplakia, have shown a high risk
towards malignant transformation [3-5]. The survival rate of patients with early-stage
HNSC is roughly 80%, but it is remarkably decreased by over 2-fold in the advanced-stage
disease [3,6]. A clinically useful biomarker is required for early detection of HNSC to
improve therapeutic efficacy.

At present, the histopathological examination or molecular analyses of the biopsies or
resected tissues is the gold method for diagnosing HNSC. However, the biopsy procedure
is very invasive and may not reflect the overall tumor heterogeneity [7]. Liquid biopsy has
emerged as a minimally invasive and valuable tool to provide biomarker information for
cancer management [8—11]. The scientific basis of liquid biopsy is that the diseased cells,
such as a tumor, may release specific biomolecules into body fluids, these specific molecules
thus represent a certain pathological status. For over a decade, the circulating nucleic acids
have been considered valuable molecules of liquid biopsy, for they may be highly elevated
in cancer patients [12,13]. Recently, microRNAs (miRNAs) have been found in various
body fluids, including in plasma, saliva, and urine [14-19], providing a promising strategy
to develop miRNAs as minimally invasive biomarkers.

MiRNAs are small (~17-22 nucleotides in length) non-coding RNAs that modulate
gene expression by targeting mRNAs to induce translational repression [20,21]. Since
miRNAs participate in many biological processes, including cell differentiation, prolifera-
tion, migration, and apoptosis, the dysregulation of these family molecules is associated
with disease development [20,21]. Increasing studies have shown an association between
the unique expression profile of miRNA and a specific type of cancer, including head-
neck cancer [22-30]. Several miRNAs were commonly found in multiple lines of studies,
including miR-21, miR-31, and miR-196b, indicating that these molecules possess high
potential as useful cancer markers for clinical applications. Furthermore, cell-free miRNAs
may be emergent candidates of circulating biomarkers for cancer diagnosis or prognosis.
These molecules may be enclosed by secretory macrovesicle (such as exosomes) or complex
with the Ago2 protein to escape endogenous ribonuclease degradation [31]. With the
characteristics of miRNA in disease relevance and stable state in body fluid, miRNA is
considered a novel class of clinically useful biomarkers.

In this study, we employ a systemic strategy to determine the potential use of sali-
vary miRNAs in diagnosing HNSC. Five phases of studies were proceeded, such as the
selection of 10 miRNA candidates; analyzing miRNAs in a training set of salivary samples
from HNSC patients; examination of the differential miRNAs between tumor and normal
tissues using the TCGA-HNSC cohort; verification of this panel miRNAs in pairs of cancer
and normal tissues using an independent cohort (HNSC-GSE31277); and evaluation of
salivary miRNA for the diagnosing efficacy in patients with HNSC and oral precancer
lesions. We found that miR-196b was a prominent salivary biomarker for it can distinguish
healthy individuals from patients with cancer or precancer lesions with high sensitivity
and specificity.
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2. Materials and Methods
2.1. Patients and the Saliva Sample Collection

This study was approved by the Institutional Review Board of Chang Gung Memorial
Hospital, Taiwan. All of the patients and healthy individuals provided written informed
consent indicating the willingness to donate their mouthwash for clinical research. The
saliva samples were collected by oral swabbing from 86 patients with head-neck cancer
and 30 patients with oral precancer lesions before the disease treatment. In addition, the
saliva samples from 52 healthy individuals were also obtained for comparison. All of the
oral swabbing samples were soaked in 1 mL of normal saline for over 30 min to release the
miRNA molecules.

2.2. MicroRNA Extraction and Analysis

The miRNAs were enriched and purified from 200 uL saliva specimen and using the
miRNeasy Mini Kit (Qiagen, Valencia, CA, USA), following the manufacturer’s protocol,
and then eluted in 20 puL of nuclease-free water. The miRNA levels were determined by
the miRCURY LNA™ Universal RT microRNA PCR system (Exiqon, Woburn, MA, USA).
The reverse transcription reaction was performed by the addition of 12 uL of purified
miRNA, 8 pL Universal cDNA synthesis reagent (Exiqon, Woburn, MA, USA) in a total
reaction volume of 20 uL, followed by incubation at 42 °C for 60 min. A 1:50 dilution of RT
product was used as the template for quantitative PCR. Quantitative PCR was performed
in a similar manner, as previously described [32]. Briefly, the Bio-Rad CFX96 detection
system (Bio-rad, Hercules, CA, USA) was carried out with a reaction mixture of 8 puL of
the diluted reverse transcription reaction product, 2 pL. of miRNA-specific PCR primer
mix, and 10 pL of PCR master mix. The PCR results, recorded as quantitation cycle (Cq)
values, were presented as relative fold expression. PCR reactions for quantifying miR-10b,
miR-148b, miR-155, miR-184, miR-196b, miR-21, miR-31, miR-548b, miR-622, and miR-638
were performed in duplicate with SYBR®® Green.

2.3. Bioinformatic Assessment of the Specific miRNAs in the Diagnostic Potential for HNSC

We performed the Oncomir Cancer Database (OMCD) online tool (https://www.
oncomir.umn.edu/omed/; accessed on 20 May 2021) to assess the diagnostic potential of
the miRNAs in HNSC patients. This tool allows decoding an overall visualization of a
miRNA profile from the TCGA-HNSC dataset and statistically analyzing the differentially
expressed miRNAs between tumors and normal samples. The TCGA-HNSC dataset
contains a miRNA profile from 532 miRseq data, including 488 tumor tissues with head-
neck squamous cell carcinoma and 44 normal tissues. Additionally, an independent
miRNA expression dataset GSE31277 was analyzed using GEO2R from the Gene Expression
Omnibus (GEO) database of the NCBI. This dataset contains the data of I[llumina miRNA
microarrays from 15 pairs of tumor tissues and the normal tissues within cancer-free
surgical margins from patients with oral squamous cell carcinoma. The significance of
the differential expression level between tumor and normal tissues was examined by the
p-value determined using the Student’s -test.

2.4. Statistical Analyses

Mann-Whitney U analyses of variance were used to determine statistical differences
of miRNA levels between unpaired groups (HNSC patients versus healthy individuals
or tumor versus normal tissues). A p-value less than 0.05 was considered statistically
significant. To evaluate the diagnostic efficacy of the salivary miR-196b, we analyzed the
receiver operating characteristic (ROC) to differentiate two groups of samples (healthy
individuals versus patients). We measured the area under the curve (AUC) to evaluate
the discriminative power of salivary miR-196b. The clinical sensitivity and specificity for
miR-196b were determined using Youden’s index analysis (sensitivity + specificity — 1 is
maximal) to obtain an optimal cutoff threshold for maximum diagnostic effectiveness.
Odds ratios were used to quantify how strong the salivary miR-196b may predict the risk
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Phase 1

Candidate Selection

with cancer or precancer. We performed the logistic regression analysis using SPSS 22
(IBM Corp., Armonk, NY, USA) or GraphPad Prism 9 (GraphPad Software Inc, San Diego,
CA, USA).

3. Results
3.1. Analysis of 10 miRNAs from Saliva Specimen between Healthy Individuals and
HNSC Patients

We developed a systemic strategy to discover an effective salivary miRNA biomarker
for the detection of HNSC. Figure 1 showed the research design of this systemic study.
Five phases of studies were employed such as the miRNA candidate selection; miRNA
analysis; examination; verification; and evaluation. At the candidate selection phase, a
total of 10 miRNAs were chosen for they were screened from our in-house findings or
previously identified by several investigators [23-30]. These molecules were miR-10b,
miR-148b, miR-155, miR-184, miR-196b, miR-21, miR-31, miR-548b, miR-622, and miR-638.

S5

Phase 2 Phase 3 Phase 4

Analysis in Training Set Cohort: TCGA-HNSC Cohort: GSE31277

miRNA Selection miRNA Analysis miRNA Examination miRNA Verification
Selection of 10 miRNA candidates that Method establishment and analysis of Examination on the differential levels Verification of the differential levels
were reported overexpression in HNSC salivary miRNAs in the training set between tumors and normal tissues between tumors and normal tissues
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Evaluation on the diagnostic efficacy for the
patients with HNSC or pre-cancer lesions

Figure 1. Flow diagram representing the systemic strategy and research design to discover an effective salivary biomarker

for early detection of patients with head-neck cancer.

First, we established a miRNA detection protocol from saliva specimens and tested
on a training set of samples. Oral swabbing was applied to obtain miRNA from the
saliva. After extraction, the miRNAs were analyzed using a universal reverse transcription
(RT)-miRNA PCR system (Exiqon). This RT protocol was used to determine multiple
miRNAs with the same cDNA solution to minimize the potential variations caused by indi-
vidual RT. Figure 2 showed the differential expression levels between 10 healthy individuals
and 12 HNSC patients for each miRNA. As shown, all these miRNAs were overexpressed
in HNSC patients on average. Except for miR-21, all these molecules exhibited statistical
significance of overexpression (p < 0.05). These results suggested that our protocol of
saliva miRNA detection was successfully established, and these miRNAs possessed high
potential as saliva biomarkers to differentiate HNSC patients from healthy persons.

3.2. Examination of miRNA Biomarker Specific for HNSC Patients Using Two
Independent Cohorts

Next, we applied the Oncomir Cancer Database (OMCD) online software to examine
the distinguishing power of the 10 miRNAs using the TCGA-HNSC miRNA cohort. The
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TCGA-HNSC dataset contains a miRNA profile from 488 tumors and 44 normal tissues
from HNSC patients. Figure 3A showed the overview of differential expression levels for
these miRNAs between tumors and normal groups. Figure 3B showed the expression levels
between tumors and normal groups of each miRNA. In this cohort, all miRNAs, except for
miR-10b, exhibited consistent trends of overexpression in the cancer group in general. Note
that the expression levels of miR-622 and miR-638 are much lower than the other miRNAs.
These results may lead to a decrease in detection sensitivity and reduce the discrimination
power. In these molecules, only five miRNAs exhibited statistical significance of over-
expression in the cancer group. They were miR-148b (p < 0.0001), miR-155 (p = 0.0083),
miR-196b (p < 0.0001), miR-21 (p < 0.0001), and miR-31 (p < 0.0001). These results provide
an excellent panel of miRNA that may serve as diagnostic biomarkers to distinguish HNSC
patients from healthy individuals.

To further identify the specific miRNAs that may participate in endogenous cancer
progression, an independent cohort, GSE31277, which used tumors and the adjacent normal
tissues from the same patients, was analyzed. This GSE31277 dataset comprised 15 pairs of
the tumor and the surgical removed marginal normal tissues from HNSC patients. The
Gene Expression Omnibus (GEO) online software was used to assess miRNA expressions.
Figure 4A showed relative expressions of each miRNA between these two groups of
tissues. In this cohort, most miRNAs showed no statistical significance (miR-148b, miR-155,
miR-184, miR-21, miR-622, miR-638) or reduced expression (miR-10b and miR-548b) in the
tumor tissues. These results indicated they played a less consequential function during
oncogenic transformation. However, three miRNAs appeared at a significant level of
upregulation in the tumor tissues (p < 0.0001 for miR-196b, p = 0.0412 for miR-31, and
p = 0.0437 for miR-21), suggesting these molecules were critical in malignant formation.
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Figure 2. Analysis of the 10 miRNAs from saliva specimen between healthy individuals and HNSC patients. For each
sample, the salivary miRNA was extracted and analyzed using a PCR-based method. The differential levels of the
10 miRNAs (miR-10b, miR-148b, miR-155, miR-184, miR-196b, miR-21, miR-31, miR-548b, miR-622, and miR-638) from
healthy individuals and patients with HNSC were shown. The dot at the center of the box plot represents the mean
expression for each miRNA.



Diagnostics 2021, 11, 1411 60f 13

(A)
miR-10b |
miR-148b
miR-155 Normal Head-Neck Squamous Cancer (HNSC)
miR-184 -l . mEm 1 1 mI®I}  2®WmE 1 B I N EE ME! B 1@ @ LIUEN | ER 1 5 ESEII] W NI R 1WA
miR-196b
mir-21 | NN
miR-31 Absolute data view IS SN —
miR-548b A N ®©® W » v N v
miR-622 Moo e P R B Y
- ® B O 0 w ™
N sy — N
[o4} o ~N
N (<))
[+
miR-10b |
miR-148b
miR-155 Normal Head-Neck Squamous Cancer (HNSC)
miR-184
miR-196b
miR-21
miR-31 Relative data view s s mem " ——— — —
miR-548b T TN K
miR-622 © b N U o N ! ' 3]
. = N WU ' ' ' >
miR-638 N wn ' o - N
= . ‘o 8 [="J N
N
v
(B) miR-10b miR-148b miR-155 miR-184 miR-196b
P <0.0001 P <0.0001 P=0.0083 P=0.6193 P <0.0001
T 1o T o T 1od T o T o
a a a Q . a .
= . = = setiare LS £ il ol
c p . c . P 10 - 10
O 105 o O 103 eeaee o ]
a & a a ST, 2 102 2 104
g % 8 102 : g g - g
3 - 3 e 3 g 10! g 10 5
o 10% K ] 343 .:'. o 1024 v 7 O ...'.. o ., :.- e
g | G Y Y T2 e EE g
® ® ® ® : ®
- 1t 3 It 3 1t—- g 10" - a 10 - .
o o o [ o
Normal Tumor Normal Tumor Normal Tumor Normal Tumor Normal Tumor
miR-21 miR-31 miR-548b miR-622 miR-638
P <0.0001 P <0.0001 P=0.1417 P=0.1158 P =0.5656
E 108 E 100 E 104 E 1o E 100
= = . = . g = "
c c 104 Weres - P = B
$ $ . % S ol 3 $ .
g g : g i g ..
g 10 g H H S W —
x x x x x
v (] o 10% D 10— ()
Q [ Q Q Q
> . > > > >
® : ® = ® ®
2 1044 2 9 10 r 2 102 - v 2 102 - T
Normal Tumor Normal Tumor Normal Tumor Normal Tumor Normal Tumor

Figure 3. Examination of the 10 miRNA levels in the tumor and normal tissues from the TCGA-HNSC dataset. The Oncomir
Cancer Database (OMCD) online software was used to examine the relative levels of the 10 miRNAs (miR-10b, miR-148b,
miR-155, miR-184, miR-196b, miR-21, miR-31, miR-548b, miR-622, and miR-638) from the TCGA-HNSC miRNA cohort.
This TCGA-HNSC dataset contains a miRNA profile from 488 tumors and 44 normal tissues from HNSC patients. (A) The
overview of differential expression levels for these miRNAs between tumors and normal groups. Upper panel: The absolute
levels across all miRNA molecules. Lower panel: The relative level in each miRNA molecule. (B) The expression levels
between tumors and normal groups of each miRNA. The relative expression level with (rpm) was presented, derived from
the read per million miRNA mapped (rpm) of the miRNAseq analysis used in the TCGA cohort.
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Figure 4. Examination of the 10 miRNA levels in the tumor and normal tissues from the GSE31277 dataset. The Gene
Expression Omnibus (GEO) online software was used to determine the relative levels of the 10 miRNAs (miR-10b, miR-148b,
miR-155, miR-184, miR-196b, miR-21, miR-31, miR-548b, miR-622, and miR-638) from the GSE31277 miRNA cohort. This
GSE31277 dataset comprised 15 tumors and the surgical removed marginal normal tissues from HNSC patients. The relative
expression level with (fold) was presented, after comparison with the signaling intensity of each data point in the Illumina
miR array used in the GSE31277 cohort. (A) The expression levels between tumors and normal groups of each miRNA.
(B) The overall results of the 10 miRNAs were assessed by three independent cohorts. The p-values presented the efficacy of
each miRNA distinguishing between normal versus cancer groups.

Figure 4B showed the overall results of the 10 miRNA candidates assessed by three
independent cohorts. The p-values presented the efficacy of each miRNA distinguish-
ing between normal versus cancer groups. As shown, miR-196b and miR-31 consis-
tently exhibited superior levels of overexpression in multiple study cohorts. Thus, these
two miRNAs may be used for molecular signatures for further development of salivary
diagnostic biomarkers.
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3.3. Evaluation of Salivary miR-196b as a Diagnostic Biomarker for Detection of HNSC
and PreMalignancy

In our defined panel candidates, miR-196b showed a domineering place of overex-
pression in three independent cohorts, this molecule was selected for further evaluation
for diagnostic efficacy on HNSC and premalignancy. A total of 168 saliva samples from
52 normal individuals, 30 patients with oral precancer lesions (OPC), and 86 HNSC pa-
tients were obtained. The clinical characteristics of these participants were summarized in
Table 1. The HNSC patients included 75 (87%) males and 11 (13%) females, with a mean
age of 51 years. These OPC patients had similar gender and age characteristics with HNSC
patients, including 26 (87%) males, 4 (13%) females, with a mean age of 50 years. Healthy
individuals consisted of 36 (69%) males and 16 (31%) females, with a mean age of 45 years.

Table 1. Clinical characteristics of the individuals that participated in this study.

Item Cancer Precancer Normal
Sex
Male 75 (87%) 26 (87%) 36 (69%)
Female 11 (13%) 4 (13%) 16 (31%)
Age
Range (year old) 19-82 33-81 22-73
Mean =+ SD (years) 50.8 +12.4 495+ 134 453 £ 11.2
<40 years old 14 (16%) 9 (30%) 12 (23%)
40-49 years old 27 (31%) 7 (23%) 18 (35%)
50-59 years old 24 (28%) 7 (23%) 17 (33%)
>60 years old 21 (24%) 7 (23%) 5 (10%)
Habits
Alcohol drinking 42 (48%) 12 (40%)
Betel quid chewing 40 (47%) 9 (30%)
Cigarette smoking 49 (57%) 20 (67%)
Pathologic T-status
T1-T2 41 (48%)
T3-T4 45 (52%)
Pathologic N-status
pNO 28 (33%)
pN+ 58 (67%)
Pathologic overall stage
I-1I 21 (24%)
I-1v 65 (76%)
Total 86 (100%) 30 (100%) 52 (100%)

Figure 5A showed the relative differential levels of salivary miR-196b between healthy
individuals and HNSC patients. As shown, the level of this molecule was significantly
elevated in the cancer group, with an 11.2-fold increase on average (p < 0.001). The
receiver operating characteristic (ROC) analysis was performed to evaluate the diagnostic
performance of saliva miR-196b in distinguishing HNSC patients from healthy subjects.
As shown, this molecule yielded an area under the curve (AUC) of 0.767. When applying
Youden’s index (sensitivity + specificity — 1 is maximal) to obtain the optimal cutoff for
diagnosis, the clinical sensitivity and specificity were 73% and 67%, respectively. To further
acquire information regarding the risk level related to the elevation of miR-196b in saliva,
the odds ratio analysis was determined, showing a 5.64 higher risk for HNSC (Table 2).
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Figure 5. Evaluation of the diagnostic efficacy of miR-196b in the patients with HNSC or OPC. A total of 168 saliva samples
from 52 normal individuals, 30 OPC patients, and 86 HNSC patients were recruited. (A) Relative expression levels and the
significance of miR-196b in differentiation between healthy individuals and HNSC patients. (B) Relative expression levels
and the significance of miR-196b in differentiation between healthy individuals and OPC patients. The relative expression
level with (fold) was presented, after comparison to the level in OECM1 cancer cell lines (1:1000) by RT-qPCR analysis.
The horizontal line across the center of the box plot represents the median value. Statistically significant differences were
determined using the Mann-Whitney U test. The performance of receiver operating characteristic (ROC) curves and the
area under the curve (AUC) of the ROC were shown.

Table 2. Diagnostic efficacy for saliva miR-196b levels in patients with HNSC and oral precancer.

Saliva miR-196b

. g Sensitivity Specificity Odds Ratio
Disease p-Value AUC (% Range) (% Range) (Range)
73.3% 67.3 % 5.64
HNSC <0.001 0767 (63~83) (53~80) (27~12.0)
Oral 90.0% 98.1% 459
Precancer <0.001 0.979 (74~98) (90~100) (45~4627)

We further assessed the early detection power of salivary miR-196b by examining
relative expression levels between healthy individuals and OPC patients. As shown in
Figure 5B, miR-196b was substantially increased in the precancer group, with a 124-fold of
elevation on average (p < 0.001). Using ROC analysis, this molecule yielded an AUC of 0.979
for the precancer patients. With optimal cutoff values, the sensitivity and specificity were
90% and 98% for diagnosing OPC patients. Additionally, we noted that miR-196b exhibited
a greater diagnostic power in OPC patients compared to HNSC patients (Figure S1). This
superior discrimination suggests that salivary miR-196b may be an excellent diagnostic
biomarker for early detection of premalignancy to predict HNSC transformation.

4. Discussion

Liquid biopsy is a rapidly growing field in biomarker research, for it may provide a
minimally invasive way to acquire physical pathological data for personalized medicine.
Furthermore, early detection of HNSC is an optimal way for cancer prevention and treat-
ment. In this regard, we developed a systemic strategy to discover an effective salivary
biomarker to be developed for clinical practice (Figure 1). A total of 10 miRNAs were
examined in parallel with multiple independent cohorts. As a result, we discovered that
miR-196b was a prominent salivary biomarker for it can distinguish healthy individuals
from patients with high sensitivity and specificity. Nevertheless, other miRNAs showing
discrimination potentials in all cohort of studies may still be valuable, and the effectiveness
to serve as salivary biomarkers is awaited for larger scaled validation.

In our training set of study, all the 10 miRNAs exhibited higher levels in HNSC
patients compared to those from normal subjects (Figure 2). However, only five of them can
be confirmed by the TCGA-HNSC dataset (Figure 3). Several factors can be addressed to
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explain this discrepancy aside from the difference in sample size. In sampling, our analysis
in the training set used saliva specimens, while the TCGA cohort used dissected tissues
or biopsy specimens. The salivary miRNA was thought to be protein-bound or enclosed
by exosome-like vehicles and released into the circulation [31,32], whereas miRNAs from
tissue samples represented the intracellular molecular condition. It is unclear whether
miRNA may play a different pathogenic role in saliva or cells, whether the circulating
miRNAs correlated with intracellular status in general or with a preferred selection to
release a particular type of mRNA. All these questions are awaited to be investigated.

In the methodology, our analysis used a PCR-based method to examine a specific
miRNA each time, while the TCGA acquired all molecular data simultaneously by the
RNA sequencing method. For high-throughput screening, the simultaneous detection of
numerous molecules is an effective approach. However, though this method is suitable
to differentiate most of the molecules in a sample, it may be less sensitive to the very
high-abundant molecules due to the detective saturation and overlook of the low-abundant
molecules. In our study of 10-miRNA panel candidates, although miR-21 showed over-
expression in the tumors from the data of the TCGA cohort, it has no statistical difference
between healthy and cancer patients in our salivary training set of study. From the TCGA
data, miR-21 is the highest abundant molecule, superiorly uppermost by all molecules. It is
observed that although miR-21 was elevated in tumors compared to the normal tissues, the
absolute level of this molecule in normal tissues still exhibited considerably higher than
other oncomirs in tumors (Figure 3A, upper panel). It is assumed that the utmost level of
cellular miR-21 may release a higher basal level of molecules into circulation, thus decreas-
ing the sensitivity to differentiate between patients and healthy individuals. Therefore,
the endogenous high level of miR-21 may account for reducing the discrimination power
when applying salivary examination.

In the panel of 10-miRNA candidates, three molecules, miR-548b, miR-622, and
miR-638, showed significantly higher levels in the HNSC patients of our training set
(Figure 2) but no statistical difference in the tumors from the TCGA cohort (Figure 3).
From TCGA data, it was observed that miR-548b, miR-622, and miR-638 exhibited very
lower absolute levels across all of the samples, including in tumors or normal tissues
(Figure 3A, upper panel). In general, when determining multiple molecules simultane-
ously in a sample, the molecules with low endogenous levels may lose their advantage
as potential biomarkers due to slight detective sensitivity. Nevertheless, applying a sin-
gle molecular assay to examine a specific biomarker may reduce the potential hindrance
caused by abundant molecules. Thus, the discrimination of the relative level between two
groups will appear. This situation may explain the difference of our results in the three
low-abundant miRNAs (miR-548b, miR-622, and miR-638) inconsistent with the TCGA
dataset. Thus, the discrimination potentials of these markers may still be valuable, and the
effectiveness of being used as salivary biomarkers is awaited to be investigated.

In the panel of 10-miRNA candidates, four miRNAs (miR-148b, miR-155, miR-196b,
and miR-31) showed a consistent trend in our training set and the TCGA cohort, as
significant elevations in the HNSC patients (Figure 2) or the tumor tissues (Figure 3). These
four molecules have been shown to overexpress and contribute to cancers by several lines
of studies [23-30], suggesting the strong association of these molecules to HNSC. To assess
the most prominent molecule that may be used as diagnostic biomarkers, we evaluated
with an independent cohort (GSE31277) that consists of 15 pairs of tumor and normal
tissues from the same patients. It is assumed that the elevation of tumor miRNAs in this
cohort reveals a more direct and strong association of the specific molecules with malignant
transformation. We found that only miR-31 and miR-196b increased expression in the
tumors (Figure 4A), suggesting the crucial role of these two molecules in the tumorigenesis
of HNSC. MiR-31 has played essential roles in regulating several malignant phenotypes,
especially in cancer invasion and metastasis [33-35]. The salivary miR-31 was elevated
in oral cancer and precancer patients, which may serve as a prognostic biomarker to
predict cancer progression [36,37]. Similarly, miR-196 has been widely reported to play



Diagnostics 2021, 11, 1411

11 0of 13

critical malignant roles in various cancers, this molecule was considered an emerging
biomarker and therapeutic target [38—40]. In addition, the circulating miR-196b has also
been examined as diagnostic or prognostic biomarkers in several cancers, including oral
cancer [41-43]. These reports support our findings of the great prospective to apply miR-31
or miR-196b as HNSC biomarkers.

Since miR-196b showed a domineering level of overexpression in three independent
cohorts, we evaluated the diagnostic efficacy of this molecule in HNSC. First, we assessed
the differential levels of salivary miR-196b between healthy individuals and HNSC patients.
We found that salivary miR-196b was significantly increased in the HNSC patients com-
pared to healthy individuals (11.2-fold, p < 0.0001) (Figure 5A). The high values of AUC
(0.767) and odds ratio (5.64) (Table 2) represent this molecule possessing a characteristic
to be a useful diagnostic marker, as it effectively discriminates HNSC from the healthy
group and substantially increases the risk of cancer incidence. The early diagnosis of cancer
provides the opportunity to enhance its cure rate and improve the quality of life. In this
regard, we further assessed the differential levels of salivary miR-196b between healthy
individuals and patients with OPC. We found that this molecule even showed a greater
diagnostic power by the remarkable increase in the precancer patients (124-fold, p < 0.0001)
(Figure 5B). The exceedingly high levels of AUC (0.979) and odds ratio (459) (Table 2)
provided clear segregation to distinguish OPC from the healthy group. The extremely
high detection sensitivity and specificity (both >90%) were expected (Table 2). However,
we noted that the diagnostic power of salivary miR-196b in OPC was superior to HNSC.
The multistage theory of carcinogenesis has been developed to explain the transformation
process from a normal cell into a cancer cell, as the initiation, promotion, progression, and
finally malignancy. This micro-evolutionary process in each stage required the accumula-
tion of a wide range of genetic alterations that affect cells to acquire new characteristics
with growth advantage or possess other malignant properties [44—46]. In this study, we
found that miR-196b was remarkably increased in the OPC patients. This result may reflect
the molecular pathology that miR-196b plays a crucial role at the early tumor initiation
stage. More apparently, we observed that most HNSC patients often lack saliva and may
have difficulty obtaining proper swab sampling. This sampling problem may be the pri-
mary reason to explain why the diagnostic power is lower in the HNSC patients than in
OPC. In the future, it may be better to apply mouth rinsing rather than oral swabbing to
acquire saliva samples from HNSC patients. Still, the application of salivary specimens to
determine miR-196b from OPC patients has shown a unique diagnostic approach.

5. Conclusions

This study demonstrated that salivary miR-196b could be an excellent biomarker for
diagnosing OPC and early detection of HNSC. Our data serve as the knowledge foundation
for further investigation by expanding into an extensive prospective study in the future.
Salivary miR-196b may be incorporated into the routine clinical practice for early screening
high-risk groups of HNSC.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/diagnostics11081411/s1. Figure S1: Elevation of miR-196b in the patients with HNSC
and OPC.
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