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Abstract
Background Of all human oral carcinomas, 41% are localized
to the tongue. Despite considerable improvements in both
diagnosis and treatment, tongue squamous cell carcinoma
(TSCC) has remained one of the most lethal types of cancer.
Here, we aimed at identifying a salivary microRNA (miRNA)
expression signature specific for TSCC patients.
Methods To identify putative diagnostic biomarkers, we com-
pared the miRNA expression profiles of saliva samples from
three TSCC patients and four healthy control individuals
using an Agilent miRNA microarray platform (V19). Three
of the differentially expressed miRNAs identified were select-
ed for further validation using quantitative reverse-

transcription PCR (qRT-PCR) in saliva samples from 25
TSCC patients and 25 healthy control individuals.
Results Through microarray-based expression profiling, we
found that 419 miRNAs were deregulated in the saliva sam-
ples from the TSCC patients compared to those from the
healthy control individuals tested. Subsequent qRT-PCR anal-
ysis revealed that the expression level of miR-139-5p was
significantly reduced in the TSCC validation samples com-
pared to the controls. Further analysis of post-operative saliva
samples derived from TSCC patients revealed that the miR-
139-5p expression levels had turned back to normal again. In
addition, we found that miR-139-5p exhibited enough power
to discriminate pre-operative TSCC patients from both normal
individuals (AUC: 0.805) and post-operative TSCC patients
(AUC: 0.713), thereby underscoring its diagnostic potential.
Conclusions From our results we conclude that saliva can be
used as a feasible source for routine TSCC diagnostics and
that miR-139-5p may serve as a potential biomarker for early
TSCC detection.
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1 Introduction

Oral squamous cell carcinomas rank among the most
common human malignancies, with an increasing inci-
dence, especially among younger individuals. The 5-
year survival rate has not changed significantly during
the past 50 years [1–3]. Of all oral carcinomas, 41 %
are localized to the tongue. These latter carcinomas are
aggressive, have a tendency to invade locally and are
associated with a high recurrence risk [4]. Furthermore,
the incidence of tongue squamous cell carcinoma
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(TSCC) has been reported to increase, especially in in-
dividuals under the age of 40 years [5, 6]. Despite im-
provements in its diagnosis and treatment, TSCC is still
associated with a poor outcome and, as such, is one of
the most lethal types of cancer in the head and neck
region [7].

It has amply been shown that mutations and expres-
sion alterations in tumor tissues can be detected in body
fluids, which are perfused by the affected organ, before
the cancer becomes manifest [8, 9]. As yet, however,
the number of effective biomarkers for the early detec-
tion of head and neck cancers has remained scarce
[10–12]. Next to blood samples, other body fluids may
be appropriate for noninvasive procedures. Saliva, which
is a biological fluid that contains DNA, RNA, proteins,
hormones, and several metabolites, has direct contact
with oral lesions and tumors and can easily be collected
noninvasively and may, thus, be appropriate [13, 14].
Recent reports have indeed shown that saliva can be
used for the diagnosis of local diseases including oral
cavity cancers [15], head and neck cancers [16], Sjögren
syndrome [17] and sleep disorders [18], as well as sys-
temic diseases including diabetes mellitus [19],
Alzheimer disease [20] and breast cancer [21]. These
reports were mostly based on alterations in tran-
scriptome and proteome profiles. It has been hypothe-
sized that the RNA pool in saliva may be derived from
a variety of sources such as blood or cerebrospinal flu-
id, or through direct contact with for example oral cav-
ity cancers [22]. As such, RNA-based saliva biomarkers
may be used for the diagnosis of oral cavity cancers, for
evaluation of their treatment responses, and for estima-
tion of their prognosis. In addition, they may be used
for early stage disease detection and population screen-
ing, due to the relatively low cost and practical sample
collection methods that can be used. Interestingly, saliva
has been reported to contain high microRNA (miRNA)
levels [23]. MiRNAs are non-coding single-stranded
RNAs comprised of ~20 nucleotides, and have emerged
as a novel class of gene (de)regulators that may play a
vital role in cancer development [24, 25]. In addition,
several advantages, such as low complexity, absence of
post-transcriptional modifications, easy detection of ex-
pression changes, tissue- and body fluid-specific expres-
sion profiles, a high conservation between human and
other model organisms, and a high stability, make ma-
ture miRNAs ideal biomarkers for the characterization
of pathophysiological conditions [23, 26–28].

The aim of this study was to identify miRNAs that
may serve as putative diagnostic biomarkers in saliva
samples derived from TSCC patients. Our results sug-
gest that miR-139-5p may serve as a biomarker for the
early detection of TSCC.

2 Materials and methods

2.1 Collection of saliva samples

A total of 50 saliva samples was collected from 25 TSCC
patients (once prior to and once after surgical treatment) who
were diagnosed and operated at the Istanbul University,
C e r r a h p a s a Me d i c a l S c h o o l , D e p a r tm e n t o f
Otorhinolaryngology. Control saliva samples (25) were ob-
tained from age-and gender-matched healthy individuals
with similar smoking and alcohol habits to the TSCC pa-
tients. Individuals with oral lesions and/or who were positive
for hepatitis or HIV infection were excluded. The saliva
samples were collected in the morning, and participants were
asked to stop eating, drinking and oral hygiene at least 1 hour
before collection [13]. From all TSCC patients, saliva sam-
ples were collected once prior to and once 4–6 weeks after
surgical treatment [29]. After collection, saliva samples were
centrifuged at 2,600 g for 15 min at 4 °C after which the cell-
free supernatants were stored at −80 °C until RNA isolation.

This study was approved by the institutional ethics review
board of the Istanbul University, Cerrahpasa Medical School
(IRB No: 14494), and our research was conducted in full
accordance with the ethical principles of the World Medical
Association Declaration of Helsinki (version 2002). All pa-
tients included in this study provided informed written
consent.

2.2 RNA isolation procedure

Total RNAwas isolated from equal amounts of saliva samples
using a mirVana PARIS kit (Ambion, Darmstadt, Germany)
according to the manufacturer’s protocol. The purities and
RNA concentrations of the samples were determined spectro-
photometrically using a NanoDrop ND-2000c system
(Thermo Fisher Scientific, Inc., Wilmington, DE).

2.3 Microarray-based miRNA expression profiling
and data analysis

MiRNA expression profiling of eight saliva samples (four
from TSCC patients and four from healthy control individ-
uals) was performed using Agilent 8X60K Human V19
miRNA microarrays containing 2006 probes, including con-
trol probes, listed in the Sanger miRBase (Release 19). All
related reagents were purchased from Agilent Inc. From each
sample, 100 ng total RNA was labeled with Cy3 using an
Agilent miRNA Labeling and Hyb Kit according to the man-
ufacturer’s protocol. The labeled RNA samples were heat de-
natured and hybridized to the microarrays and incubated at
55 °C for 20 h. After hybridization, the microarrays were
washed and scanned using an Agilent Microarray Scanner
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equipped with Surescan High Resolution Technology
(Agilent Technologies, Santa Clara, CA, USA).

Next, Feature Extraction v10.7.3.1 (Agilent Technologies)
software was used to extract all features of the scanned im-
ages. Raw data were normalized through quantile normaliza-
tion using Bioconductor software with R version 2.15 and log-
transformed data were used to calculate p-values (using a two-
sided t-test) and fold changes for each feature.MiRNAs with a
p<0.01 and at least a 1.4-fold change were considered as
being differentially expressed and as candidates to be con-
firmed by qRT-PCR. The microarray data have been deposited
into the Gene Expression Omnibus (accession GSE69002).

2.4 Quantitative real-time PCR

Twenty nanograms of total RNA from each sample were re-
verse transcribed using a TaqMan Assay and TaqMan
MicroRNA Reverse Transcription Kit according to the manu-
facturer’s protocol (Applied Biosystems, Foster City, CA,
USA). Hsa-miR-33a-3p, hsa-miR-139-5p, hsa-miR-198 and
RNU6b TaqMan Assays were obtained from Applied

Biosystems. Relative miRNA expression levels were evaluat-
ed by quantitative real-time PCR (qRT-PCR) using a TaqMan
Universal Master Mix (Applied Biosystems) in a
LightCycler480-II real-time thermal cycler (Roche,
Switzerland). The reactions were carried out as follows:
one cycle of 95 °C for 5 min followed by 40 cycles of 95 °C
for 10 s, 60 °C for 20 s, and 72 °C for 25 s. The qRT-PCR
reactions were performed in duplicate for each sample.
RNU6b was used for normalization. Relative quantification
analyses were performed using the delta-delta-Ct method as
described previously [30].

2.5 Statistical analyses

Statistical analyses of the qRT-PCR data were performed
using a two-sided Student t-test, and the data were plotted as
mean±standard error of the mean. Smoking and alcohol con-
sumption habits of the TSCC patients and control individuals
were compared using χ2 analysis. A two-sided p-value<0.05
was considered statistically significant. Receiver operating
characteristic (ROC) curves were plotted using SPSS 15.0 to

Table 1 Details of tongue
squamous cell carcinoma
patients, including tumor
localization and histopathological
features, treatment options and
demographic properties

Tumor
localization

Tumor
grade

Surgical
treatment

Post-operative
treatments

Age,
gender

Smoking Alcohol

1 Tongue G2 PG RT 46, M + +

2 Tongue G2 PG RT 45, M + +

3 Tongue G2 LHG RT and CT 48, F - -

4 Tongue G2 LHG RT and CT 56, M + +

5 Tongue G2 PG RT 51, M - -

6 Tongue G2 PG RT and CT 64, M + -

7 Tongue G3 PG - 70, M + -

8 Tongue G2 PG NA 58, M + +

9 Tongue G2 NA NA 80, M + -

10 Tongue NA NA NA 35, F NA NA

11 Tongue G2 PG NA 76, M - -

12 Tongue NA PG NA 59, M + -

13 Tongue G2 LHG RT and CT 58, F - -

14 Tongue G2 LHG RT and CT 60, M - -

15 Tongue G2 RHG RT and CT 49, M + -

16 Tongue G2 LHG RT and CT 47, M - -

17 Tongue G3 PG RT 44, F - -

18 Tongue G2 PG RT 44, F - -

19 Tongue G2 PG RT 55, M - -

20 Tongue G3 PG RT 27, M - +

21 Tongue G1 PG NA 52, F + -

22 Tongue NA NA NA 58, M NA NA

23 Tongue G3 TG NA 51, M NA NA

24 Tongue G1 PG RT 58, M + -

25 Tongue G2 PG RT 61, M - -

NA not available, PG partial glossectomy, LHG left hemiglossectomy, RHG right hemiglossectomy, TG total
glossectomy, RT radiotherapy, CT chemotherapy, M male, F female
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evaluate the power ofmiR-139-5p to distinguish pre-operative
TSCC patients from control individuals and from post-
operative patients. To this end, logistic regressions were con-
ducted and the predicted probabilities were calculated. The
area under the curve (AUC) was calculated using a 95 %
confidence interval (CI). The area under the concentration-
time curve value was considered significantly different from
0.5 when the two-sided p-value was indicative of a logistic
regression classifying the groups as significantly better than
by chance.

3 Results and discussion

In total of 50 saliva samples from TSCC patients and 25 saliva
samples from healthy individuals were obtained from the
Istanbul University Cerrahpasa Medical School Department
of Otorhinolaryngology. Post-operative tumor specimens
were evaluated histopathologically and the TSCC diagnoses
were confirmed at the Department of Pathology, Cerrahpasa
Medical School, Istanbul University. The tumor localizations,
histopathological features, treatment options, and demograph-
ic properties of the TSCC patients are listed in Table 1. The
mean age of the TSCC patients was 54.08±2.38 years, while
the mean age of the control individuals was 46.88±3.63 years.
The TSCC group consisted of 19 men and six women, where-
as the control group consisted of 21 men and four women.
There were no statistically significant differences between the
two groups in terms of age (p=0.085), smoking (p=1) and
alcohol consumption (p=0.714) habits.

To compare the miRNA expression profiles of the saliva
samples from the TSCC patients and the healthy control indi-
viduals, we performedmiRNAmicroarray analyses using four
samples from each group. Quality control revealed that four
control and three TSCC samples met all quality criteria, which
were pre-defined by the manufacturer. Subsequent microarray
data analysis revealed that 419 miRNAs were differentially
expressed (p<0.01, fold change >1.4) in the TSCC saliva
samples compared to the controls. Specifically, we found that

Fig. 2 Mean relative expression levels of a miR-139-5p (p=0.006), b miR-33a-3p, and c miR-198 in 25 pre-operative TSCC saliva samples, 25 post-
operative TSCC saliva samples, and 25 control saliva samples

Fig. 1 Heat map representation of 418 miRNA-representing microarray
probes deregulated in the saliva samples of three TSCC patients
compared to those of four control individuals (p<0.01, t-test, fold
change>1.4). Each miRNA is centered on the average of the control
group and sorted by fold change
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183 miRNAs were significantly upregulated and that 236
miRNAs were significantly downregulated in the TSCC sam-
ples compared to the controls. A heat-map representation of
the differentially expressed miRNAs is shown in Fig. 1 (the
entire set of 419 miRNAs is provided as supplemental data
file).

Based on previous studies performed on these microRNAs
and their potential targets and functions, miR-33a-3p (upregu-
la ted) , miR-198 (upregula ted) and miR-139-5p
(downregulated) were selected for further confirmation by
qRT-PCR in 25 pre-operative and 25 healthy control samples.
We found that the expression level of mir-139-5p was signifi-
cantly downregulated in the saliva samples of pre-operative
TSCC patients compared to those of healthy individuals
(Fig. 2a, p=0.006). In order to further explore possible changes
in mir-139-5p expression after surgery, we additionally ana-
lyzed saliva samples from TSCC patients collected 4–6 weeks
after surgical removal of the tumors. By doing so, we found that
the miR-139-5p expression levels had returned to normal levels
(Fig. 3, p=0.02).We did not observe any statistically significant

differences between miR-139-5p expression levels in the post-
operative and control individual samples (Fig. 3, p>0.05).
The observed upregulations of miR-33a-3p (p>0.05) and
miR-198 (p>0.05) in the TSCC saliva samples could, however,
not be validated by qRT-PCR (Figs. 2b and c). Additional anal-
yses of pre-operative and post-operative saliva samples re-
vealed unaltered expression levels of miR-33a-3p (p>0.05)
and miR-198 (p>0.05) (Figs. 2b and c). To test the power of
miR-139-5p in distinguishing pre-operative TSCC patients
from either normal individuals or post-operative patients, we
generated ROC curves and found that miR-139-5p exhibited an
AUC of 0.805 (Fig. 4a), indicating sufficient power to distin-
guish pre-operative TSCC patients from healthy individuals. In
addition, miR-139-5p showed sufficient power to discriminate
pre-operative TSCC patients from post-operative patients
(Fig. 4b, AUC: 0.713).

Sensitive, effective, and preferably non-invasive tools are
urgently needed for the early diagnosis of TSCC. The content
of bio-fluids that drain the affected organ has been reported to
reflect mutation and expression alterations in the primary tu-
mor, long before the cancer phenotype is visible [8]. Several
plasma tumor markers have been proposed for head and neck
squamous cell carcinoma with varying diagnostic and prog-
nostic potentials [10, 12, 31–33]. Studies reporting putative
biomarkers for TSCC are as yet, however, limited. Since the
sensitivity and specificity of plasma markers may be limited
due to contamination via hemolysis [23] and co-purification
of PCR inhibitors [34], saliva may serve as an alternative
biomarker pool for the early diagnosis of TSCC. Saliva con-
tains a wide range of molecules such as proteins, peptides,
DNAs, RNAs, hormones and metabolites [14]. The three ma-
jor saliva glands, the gingival crevice fluid and the desquamat-
ed oral epithelial cells are considered to be the main contrib-
utors to the pool of mRNAs and miRNAs, as well as other
metabolites [35]. The diagnostic potential of saliva has recent-
ly been shown through the characterization of its proteome
and transcriptome [36, 37]. It has also been found that

Fig. 4 Receiver operating
curves (ROC) showing a pre-
operative versus control and b
pre-operative versus post-
operative areas under the
curve (AUC)

Fig. 3 Relative expression levels of miR-139-5p in the pre- and post-
operative saliva samples of the TSCC patients (p=0.02)
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miRNAs maintain their stability in saliva [38] and that the
miRNA amount in body fluids may remain unaltered at room
temperature up to 48 h, and even after repeated freeze and
thaw cycles [34]. These findings underscore the feasibility of
using saliva-derived miRNAs as diagnostic and prognostic
biomarkers. Recently, Salazar et al. [16] developed a panel
of saliva-based diagnostic biomarkers for the detection of
head and neck squamous cell carcinomas. Their study includ-
ed only three TSCC cases. Here, we focused particularly on
the differential expression of miRNAs in saliva of TSCC pa-
tients. We found that the expression of miR-139-5p was re-
duced in TSCC saliva samples compared to control saliva
samples. In addition, we found that in post-operative saliva
samples of TSCC patients the miR-139-5p expression levels
returned to normal, supporting the notion that the reduced mir-
139-5p expression is specific to the tumor. Previously, miR-
139-5p has been reported to be downregulated in various can-
cers, including TSCC [39, 40]. This loss of expression was
found to be significantly associated with the metastatic poten-
tial of the tumors [41], a poor prognosis, venous invasion,
microsatellite formation, absence of tumor encapsulation and
reduced differentiation [42]. As such, miR-139-5p has been
put forward as a promising biomarker for cancer development
and progression [42].

MiRNA-focused research has also made substantial contri-
butions to the putative employment of miRNAs as therapeutic
targets and diagnostic tools, yielding more than 2,000 patents
and several clinical trials [43, 44]. Based on our data, we
suggest that saliva serves as a feasible source for the early
diagnosis of TSCC patients, and that miR-139-5p may serve
as a promising diagnostic marker. Further detailed investiga-
tions are, however, needed to validate the sensitivity and spec-
ificity of miR-139-5p, as well as the role of additional bio-
markers such as miR-424 [45], for TSCC detection.
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