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ABSTRACT

Neck lymph node metastasis (LN+) is one of the most significant prognostic factors
affecting 1-in-2 patients diagnosed with oral squamous cell carcinoma (OSCC). The
different LN outcomes between clinico-pathologically similar primary tumors suggest
underlying molecular signatures that could be associated with the risk of nodal disease
development. MicroRNAs (miRNAs)are short non-coding molecules that regulate
the expression of their target genes to maintain the balance of cellular processes. A
plethora of evidence has indicated that aberrantly expressed miRNAs are involved in
cancers with either an antitumor or oncogenic role. In this study, we characterized
miRNA expression among OSCC fresh-frozen tumors with known outcomes of nodal
disease (82 LN+, 76 LNO). We identified 49 differentially expressed miRNAs in tumors
of the LN+ group. Using penalized lasso Cox regression, we identified a group of 10
miRNAs of which expression levels were highly associated with nodal-disease free
survival. We further reported a 4-miRNA panel (miR-21-5p, miR-107, miR-1247-3p,
and miR-181b-3p) with high accuracy in discriminating LN status, suggesting their
potential application as prognostic biomarkers for nodal disease.

INTRODUCTION

dissection to remove the nodes at the time of surgical
treatment. For some clinicians, this has started to become a

Worldwide, oral squamous cell carcinoma (OSCC)
accounts for 274,000 new cases and 145,000 cancer-
related deaths each year [1, 2]. Despite advances in
treatment, the improvement of five-year survival rates
(30-60%) is diminutive, mainly due to the proclivity
of cancer cells to spread through the lymphatics system
to neck lymph nodes, which reduces survival by half
[3, 4]. Therefore, neck management has been part of the
treatment planning for clinically node negative necks
(LNO). Based on the premise that occult metastasis will
inevitably progress into clinically manifest disease, a
commonly practiced preventative strategy is elective neck

part of the standard management plan for early-stage large
size tumors (T3/4N0) or small tumors (T1/T2N0) with
the depth of invasion (DOI) greater than 4 millimeters
(mm). The association of DOI with biological behavior
and tumor aggressiveness has been acknowledged in the
latest edition of Cancer Staging Manual to incorporate
DOI (cut-off of 5 mm) as the new additional staging
criteria for OSCC [5]. Yet, this pathology is not definitive
and the limited sensitivity and specificity have often been
reported with the reminder that, not all large tumors will
metastasize while a significant portion of small tumors
does [6-8]. From our population-based retrospective
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study [9] and the pan-Canadian surgical trial, [10] 1-in-4
patients with clinically negative cervical nodal disease at
the time of diagnosis (cLNO) develops LN+, inferring that
only 25% of early-stage patients would benefit from END
while others would receive unnecessary ND. Over-treating
75% of the patients incurs otherwise avoidable healthcare
costs, potential complications, prolonged hospital stays,
and morbidities. From a clinical management perspective,
the decision whether to treat cLNO patients is still
controversial; therefore, searching for more sensitive
and specific biomarkers that can stratify the risk of the
nodal disease will offer more objective tool in nodal
management, and consequently, better survival outcome.

The functions of microRNA (miRNAs) in biological
processes, including cell growth, proliferation, and
apoptosis, have led to reports of the integral parts in cancer
progression through post-transcriptional modification of
gene expression and/or translational repression [11, 12].
Alteration of miRNA expression can have a crucial role
in cancer, and a growing body of evidence has shown that
dysregulated miRNAs may be clinically meaningful with
prognostic value [13]. MiRNAs with either oncogenic or
tumor suppressor functions have also been highlighted in
OSCC, with apparent differences between normal, pre-
neoplastic lesions, and tumor tissues or cancer cell lines.
The association of these markers with OSCC has been
studied not only in primary tumors, but also biopsies,
serum, and saliva, making them potential candidates for
screening and diagnosis [14, 15]. To this end, however,
only a few studies have focused on the prognostic value of
miRNA in nodal disease [16—18]. In this study, we profiled
the miRNA expression in primary OSCC tumors and
generated a miRNA-based panel that could differentiate
between LN-status groups.

RESULTS

Patient demographics and baseline tumor
characteristics

The study population is summarized by Discovery
and Validation cohorts in Table 1. Comparing between
Discovery and Validation cohorts, there was no difference
between LN+ and LNO in age, sex, smoking history,
primary tumor site, clinical T-stage prior to surgery, or
tumor morphology except that LN+ had more tumors with
greater depth of invasion (DOI) (P < 0.01).

miRNA expression clustering

A total of 2075 miRNAs were annotated, of which
301 expressed at least 10 RPM in at least 10% of samples
and were used for subsequent analysis. To determine
the heterogeneity in miRNA expression, we performed
unsupervised hierarchical clustering on the Discovery
cohort (n = 91) with 2-group clustering (k = 2) based on

our focus of comparing profiles between LNO and LN+
status (Figure 1). The clustered groups (Group 1, n = 53;
Group 2, n = 38) was significantly different in LN status
(P =0.0036, ¥*), but not with other clinical-pathological
variables, including 5-mm cut-off of DOI which is used to
justify prophylactic neck dissection [19].

Differentially expressed miRNAs between LN+
and LNO tumors

In order to focus on differences in miRNA
expression between LN+ and LNO, we performed DE
analysis on the Discovery cohort using the Wilcoxon
ranked-sum test for each miRNA. This revealed 49 (21
down- and 28 up-regulated) differentially expressed
miRNAs as demonstrated by the fold change of LN+
against LNO group after correction for multiple testing
(Figure 2). As expected, several miRNAs that were
significantly differentially expressed in LN+ were also
among the miRNAs that contributed the most to the cluster
separation, including most up-regulated miR-107 and
down-regulated miR-375 (Table 2).

MiRNAs associated with nodal-disease free
survival

To investigate the association of these 301 miRNAs
with time to nodal disease, we performed Cox proportional
hazards (PH) analysis with patients categorized into low
or high expression groups for each miRNA by determining
the cut-point at which the P value of log-rank test is
minimum (FDR threshold of 0.05). In the Discovery
cohort (n = 91) (Supplementary Table 1), eight miRNAs
showed significant difference in NFS between low and
high groups (FDR < 0.05, hazard ratio (HR), 0.12 to
0.29/5 to 3.7e8). Subsequent multivariate analysis showed
that these eight miRNAs were associated with NFS (P <
0.05; HR, 0.11 to 0.24/4.1 to 8.8e8), independently of cT
stage (HR, 2.7 to 4.9), tumor grade (HR, 2.4 to 3.7), and
DOI (HR, 1.0 to 1.1).

miRNA-based prognostic models

The individual miRNAs identified by DE and Cox
PH regression analyses suggest that multiple miRNAs
had contributed to LN+. We explored this idea further
using a penalized regression to generate a miRNA-based
model as prognostic tool for NFS. For this penalized
regression analysis, the Discovery cohort was randomly
partitioned into a training set (n = 68; LN+, 37; LNO, 31)
to generate the model, and a test set (n = 23; LN+, 14,
LNO, 9) with no difference in the clinical-pathological
characteristic (Supplementary Table 2). The Validation
cohort was used as a second test set (n = 67; LN+, 25;
LNO, 42). We used penalized lasso Cox PH regression on
the Discovery (training) set to determine the regression
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Table 1: Patient demographics and baseline clinical-pathological characteristics

Total Discovery Cohort Validation Cohort
Variables N=158 (nT':;'U LNO(n=40) LN+(m=51) P (LNOvsLN+) (::‘217) (nLjfz) (nLE;S) P (LNO vs LN+) V’; (‘2;?;';::;)
Age, yrs (mean = SD) 62.6+139 63.7+14.6 62.15+15.5 65+ 14.0 0.31 61.5+12.8 63.1+12.9 58.7+12.4 0.17 0.31
Sex 0.83 1 0.98
Male 98 57 26 31 41 26 15
Female 60 34 14 20 26 16 10
Smoking History 0.57 0.11
Never 68 35 16 20 32 20 12
Ever 90 56 24 31 35 21 13
Primary tumor site 1 1 0.94
Hdpawe 6 9 3 6 7 7 s
Soft Palate/Retromolar
trigone/Soft Palate 4 2 1 1 2 1 1
Complex
Tongue/Floor of Mouth 138 80 36 44 58 36 22
Clinical T Stage 0.69 0.14 0.93
T1/T2 148 85 38 47 63 41 22
T3/T4 10 6 2 4 4 1 3
Clinical N Stage 0.07 <0.001 0.45
NO 138 83 40 43 56 42 13
N+ 20 9 9 11 11
Tumor Grade <0.001 0.12 0.17
1 42 23 15 8 19 15 4
I 78 42 22 20 36 22 14
11 38 26 3 23 12 5 7
Tumor DOI (mean + SD) 7.0 6.0 7.93+6.78 57+6.5 9.7+6.5 <0.01 581+44 <0.01 0.02
Tumor DOI (4 mm) 0.06 <0.002 0.03
<4 mm 4 21 13 27 24 3
>4 mm 110 70 27 43 40 18 22
Tumor DOI (5 mm) 0.21 0.003 0.01
<5mm 62 29 16 24 33 27 15
>5mm 96 62 13 38 34 6 19
Survival status <0.001 0.002 0.04
Alive 105 54 35 18 51 37 14
DOD 40 29 5 3 11 2 9
Death (all causes) 13 8 0 29 5 3 2
Time to death or last
known date alive, y 32+24 35+24 49+2.1 24+2.0 29+24 32+£26 26+22 0.16 0.17

(mean + SD)

Abbreviation(s): DOI, depth of invasion; DOD, death of disease; LNO, lymph node negative; LN+, lymph node positive.

coefficients for each miRNA. The resulting model
included 10 miRNAs (Figure 3A and 3B), of which seven
were overexpressed and three underexpressed in patients
who experienced LN+. Using the coefficients of each of
the 10 miRNAs generated from the model, we determined
the cumulative score for each patient. The patients of each
cohort were then separated into low or high score groups
(Supplementary Table 2). By performing univariate Cox
proportion hazard analysis, the high risk group had inferior
outcomes in the Discovery (training) (HR = 11.3, 95%
CI, 3.5-37.1; 5-year NFS, 20.9%, P < 0.001), Discovery
(test) (HR =2.9; 95% CI, 0.9-9.1.7; 5-year NFS, 20%, P =
0.046), and Validation cohort (HR = 2.4, 95% CI, 1.5-7.6;
S-year NFS, 24.5%, P < 0.001) (Figure 3C).

To identify potential miRNAs that can be used
to indicate binary outcome of LN, we implemented
random forest classification approach on the entire
study population (n = 158). We first performed miRNA
selection based on the variable importance by recursive
eliminating those with the smallest importance. This
yielded 146 miRNAs that were used to generate the
model which correctly separated LN status for 122 out
of 158 samples, showing strong correlation with NFS
(P < 0.001) (Figure 4A). To identify the miRNAs that
could have potential clinical value, we performed a step-
wise approach based on the 146 miRNAs with smallest
out-of-bag error rate. The fitted model consists of four
miRNAs (miR-107, miR-21-5p, miR-1247-3p, miR-
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181b-3p), which were consistent with penalized Cox PH
regression analysis with performance of AUC = 0.88 in
discriminating LN status (Figure 4B).

DISCUSSION

Metastatic lymph node in the neck is the first
indication of tumor spread in OSCC patients and one of
the most significant prognostic factors. For patients with
occult metastasis, clinically applicable biomarkers may be
useful in clinical decision making on the management of
cNO neck and improve survival. MiRNAs are small non-
coding RNA molecules (each containing ~22 nucleotides)
known to be preserved in archival formalin-fixed paraffin-
embedded tissues, making them desirable tools to be
used as potential biomarkers. In the present study, we

identified dysregulated miRNAs of primary OSCC tumors
associated with nodal disease.

Several differentially expressed miRNAs in our
datasets are commonly associated with OSCC progression
and prognosis, namely miR-21, miR-107. Both of these
also contributed to both the Cox-PH prognostic model and
random forest classification model, suggesting that they
can be used as potential biomarkers to identify patients
with a high risk of nodal disease. MiR-21 is commonly
considered as an oncogene in solid tumors, and its up-
regulation has been widely associated with prognostic
value [20]. Its correlation with the presence, progression,
or invasiveness of OSCC has been demonstrated in not
only cell lines and tissue samples, but also blood samples,
encouraging its prognostic and clinical value [21-23]. For
example, using in-situ hybridization on archival surgical
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Figure 1: Expression of miRNA in Discovery cohort. Unsupervised hierarchical clustering of 301 miRNAs expression (scaled
z-score) among the 91 patients, with Pearson correlation and Euclidean as distance measures for clustering the columns and rows, respectively.
Top colored bars annotate the clustered groups derived from k-means clustering (k= 2) and LN status as either LNO (black) or LN+ (red).

www.oncotarget.com

2217

Oncotarget



Table 2: Significantly differentially expressed miRNAs (FDR < 0.05) in LN+ vs. LNO primary
tumors of the Discovery cohort

miRNA name and accession P FDR Log2 FC
Down-regulated

hsa-mir-375. MIMAT0000728 3.05E-03 0.026 —2.06
hsa-mir-203a. MIMAT0000264 3.15E-04 0.008 -1.76
hsa-mir-3065. MIMAT0015378 5.07E-03 0.034 -1.01
hsa-mir-944. MIMAT0004987 2.22E-03 0.025 —0.89
hsa-let-7c. MIMAT0026472 7.66E-03 0.047 -0.73
hsa-mir-125b-2. MIMAT0004603 1.52E-03 0.018 —0.71
hsa-mir-200c. MIMAT0000617 2.97E-04 0.008 -0.70
hsa-mir-200b. MIMAT0000318 3.65E-03 0.030 —0.60
hsa-mir-139. MIMAT0004552 5.77E-04 0.011 —0.59
hsa-mir-23b. MIMAT0000418 9.69E-05 0.005 —0.58
hsa-mir-139. MIMAT0000250 1.22E-03 0.016 —0.58
hsa-mir-200c. MIMAT0004657 6.63E-03 0.042 -0.57
hsa-mir-744. MIMAT0004945 9.18E-04 0.013 —0.51
hsa-mir-378a. MIMAT0000732 2.46E-04 0.008 —0.44
hsa-mir-500a. MIMAT0002871 1.15E-03 0.016 —0.42
hsa-mir-501. MIMAT0004774 2.90E-03 0.026 -0.37
hsa-mir-30d. MIMAT0000245 2.47E-03 0.026 -0.33
hsa-mir-532. MIMAT0002888 7.29E-04 0.012 -0.31
hsa-mir-23a. MIMAT0000078 2.90E-03 0.026 —0.28
hsa-mir-660. MIMAT0003338 4.59E-03 0.032 -0.27
hsa-mir-423. MIMAT0001340 3.75E-03 0.030 -0.15
Up-regulated

hsa-mir-28. MIMAT0000085 2.41E-03 0.026 0.33
hsa-mir-21. MIMAT0004494 2.90E-03 0.026 0.41
hsa-mir-26a. MIMAT0000082 6.32E-03 0.040 0.41
hsa-mir-3607. MIMAT0017985 4.25E-03 0.032 0.45
hsa-mir-106b. MIMAT0000680 2.54E-04 0.008 0.45
hsa-mir-339. MIMAT0000764 2.90E-03 0.026 0.47
hsa-mir-155. MIMAT0000646 3.56E-03 0.030 0.51
hsa-mir-181a-2. MIMAT0004558 3.94E-03 0.030 0.52
hsa-mir-330. MIMAT0004693 5.20E-03 0.034 0.52
hsa-mir-181a-1. MIMAT0000270 6.49E-04 0.011 0.53
hsa-mir-3613. MIMAT0017990 1.91E-04 0.007 0.53
hsa-mir-214. MIMAT0004564 5.20E-03 0.034 0.58
hsa-mir-199a. MIMAT0000232 4.47E-03 0.032 0.62
hsa-let-7i. MIMAT0004585 1.26E-04 0.005 0.62
hsa-mir-199b. MIMAT0004563 4.36E-03 0.032 0.62
hsa-mir-16. MIMAT0000069 1.25E-03 0.016 0.64
hsa-mir-29a. MIMAT0000086 3.05E-03 0.026 0.65
hsa-mir-342. MIMAT0004694 4.41E-04 0.009 0.66
hsa-mir-106a. MIMAT0000103 7.73E-04 0.012 0.70
hsa-mir-146b. MIMAT0002809 3.46E-04 0.008 0.70
hsa-mir-22. MIMAT0004495 2.22E-03 0.025 0.75
hsa-mir-342. MIMAT0000753 7.08E-04 0.012 0.77
hsa-mir-21. MIMAT0000076 3.44E-07 0.000 0.78
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hsa-mir-181b-1. MIMAT0022692
hsa-mir-146b. MIMAT0004766
hsa-mir-32. MIMAT0000090
hsa-mir-142. MIMAT0000433
hsa-mir-107. MIMAT0000104

5.12E-05 0.003 0.80
3.15E-05 0.002 0.88
3.20E-06 0.000 1.12
5.77E-04 0.011 1.17
9.70E-07 0.000 2.72

Abbreviation(s): FDR, false discovery rate; FC, fold change.

tissues from OSCC patients, Hedback et al. correlated
miR-21 expression in both tumor stroma and tumor cells
with disease-specific survival in OSCC patients [24]. More
recently, Yu et al. reported association of upregulation of
miR-21 with patient survival independently from clinical-
pathological factors, including tumor size, clinical stage,
and lymphovascular or perineural invasion [25]. A few
mechanisms of this miRNA in oncogenic events have been
proposed, including epithelial-mesenchymal transition
by targeting phosphatase and tensin homolog (PTEN),
angiogenesis and metastasis in liver and lung; [26-28]
or by promoting tumor cell migration through regulating
metalloproteinase inhibitor 3 (TIMP-3) transcription and
promoting migration in cervical cancer [29]. In addition,
increased expression of miR-21 was also associated
with tumors characterized by p53 mutations and distant
metastasis [30].

Another significantly up-regulated miRNA observed
in LN+ tumors is miR-107, a highly conserved miRNA
that contributes to the regulation of normal and tumor
biological processes, including cell division, metabolism,
and angiogenesis [31, 32]. Dysregulation of miR-107
in human tumors has been significantly associated with
disease staging, metastasis, and treatment outcomes; [31,
33] however, the oncogenic or antitumor role of miR-107
has been debated in studies of head and neck cancer. For
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instance, miR-107 was found to be highly expressed in
tongue cancer cell lines, while a later study showed that
it was downregulated in OSCC cell lines and tongue SCC
tissues [34, 35]. In a study involving head and neck cell
lines, including tongue SCC, Datta et al. suggested a
therapeutic role of miR-107 as they observed an inverse
relationship between expression of miR-107 and PRKCE
gene, protein kinase C (PKC) epsilon. This gene is often
reported to be elevated in head and neck cancer involving
signal transduction pathways of proliferation and migration
[36]. Another recent study unraveled the tumor-suppressor
role of miR-107 in esophageal cancer by targeting CDC42
[37]. From what we can gather, the role of miR-107 is
still poorly understood, with few investigations on the
association with lymph node metastasis.

Ideally, a clinically applicable biomarker should
be able to stratify at-risk patients of progression early
enough in the course of treatment to consider elective
neck dissection, namely precision medicine. Here, we
identified a 4-miRNA-based (miR-21-5p, miR-107, miR-
181b-3p, miR-1247-3p) prognostic model that was able
to stratify patients by LN status with high accuracy. Of
these, miR-21-5p and miR-107 were also significantly
correlated with nodal-disease free survival, where the
model-based high-risk patients had inferior survival.
Up-regulation of miR-181 has been reported in OSCC
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Figure 2: Differential expression analysis of Discovery cohort. (A) Volcano plot displaying differentially expressed miRNA
between LN+ and LNO groups. The 41 differentially up-regulated (yellow) and down-regulated (blue) miRNAs in LN+ group with FDR
threshold of 0.05 (dashed line). (B) Top panel describes the distribution of expression for the 41 miRNAs in LN+ (red) and LNO (black)
group. Bottom panel displays the fold change for each of the 41 miRNAs where the yellow and blue indicates significantly up- and down-

regulated in LN+, respectively.
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transformation from leukoplakia, dysplasia to invasive
tumor. In a study surveying expression of miR-181 family
in OSCC tissue samples and blood plasma, Yang et al.
reported the association of miR-181b up-regulation with
lymph node metastasis and vascular invasion, which
was supported by the observed enhanced cell migration
in miR-181 transfected cell lines in the same study [38].
Although the role of miR-181 in metastasis is still not well
understood, the discriminative performance observed in
our study warrants further investigation studies to validate
the clinical significance of the up-regulation of miR-181 in
nodal disease. Although the expression of miR-1247 was
not significantly different between clinical subgroups, it
was retained as one of the predictors powering separation
of our dataset into LNO and LN+ groups. Although there
is little research on the role of miR-1247 in OSCC, Fang et
al. reported that miR-1247 is highly elevated in metastatic
liver cancer cells and cancer-cells-derived exosomes that
act as a mediator in the activation of cancer-associated
fibroblasts, leading to tumor progression and metastasis

[39]. In the same study, the expression of miR-1247 was
also observed with increased pro-inflammatory gene
expression, such as IL6 and IL8. Given that OSCC is often
characterized by heavily infiltrated inflammatory cells,
perhaps future in-depth studies on the association between
miR-1247 and tumor microenvironment may explain the
observed association with nodal disease in this study.

To assess the possible combinatorial effect of the four
miRNAs, the Kyto Encyclopedia of Genes and Genomes
(KEGG) pathway analysis was performed by using mirPath
tool (v3.40) [40]. Significantly enriched pathways (Fisher’s
exact test P values < 0.05) in the LN+ group involving the
four miRNAs include the Hippo signaling pathway and
signaling pathways regulating the pluripotency of stem
cells. Given the metastatic nature of these cells, it is not
surprising the inhibition of these pathways in order to
maintain the initiation and maintenance of tumorigenicity
[41]. In addition, these miRNAs are known to be involved
in tumor growth and progression in many cancer types,
[13] which is reflected with colorectal cancer and pathways
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Figure 3: miRNA-based nodal-disease free (NFS) survival prognostic model. (A) Cox regression coefficients of the 10
miRNAs was generated from Discovery (training) cohort. (B) Heatmap of scaled expression of the 10 miRNAs in the Discovery (training)
set which is annotated by the LN-status and other clinical-pathological attributes (C). Kaplan-Meier plots displaying NFS differences
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based on the 10-miRNA coefficients (A) carried over from the Discovery (training).
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in cancer among the most regulated pathways. The most
regulated pathway is fatty acid (FA) biosynthesis and
metabolism involving miR-107 targeting fatty acid synthase
(FASN). Hyperproliferating cancer cells require FA for
energy metabolism and storage, membrane building block
synthesis, and singling molecules synthesis. Therefore,
disrupting FA metabolism neglects the high metabolic
demands of cancer cells which could suppress tumor growth
and metastatic dissemination. On the contrary, we observed
an overexpression of miR-107 in the LN+ group which
suggested that nodal metastasis may be promoted with
decreased activity of lipogenesis. We speculate that with
high metabolic demands and under hypoxic environment,
aggressively metastatic cancer cells excessively upregulate
their FA synthesis and uptake that can lead to FA
accumulation and lipotoxicity, and ultimately, cell death
[42]. miR-181b is involved in a few cellular processes
together with miR-107. One of them is lysine degradation.
Given that amino acid metabolism is a major source of
energy and carbon for tumor cell growth and survival, the
dysregulation of lysine degradation pathway may result
from changes in the energy metabolism of tumor cells.

We observed several miRNAs that are significantly
differentially expressed between the LN status groups,
yet they do not effectively contribute to the Cox-PH or
RF classification models. This leads to speculation that
there are other clinical-pathological factors or the tumor
microenvironment driving the differences. One of these is
miR-375 which was the most down-regulated miRNA in
LN+ tumors in this study. The down-regulation of miR-
375 has been reported elsewhere in OSCC comparing
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tumor to adjacent normal tissues, and in metastatic cancer
cell lines [43—45].

This study has limitations. First, validation of
miRNA biomarkers on RT-PCR was not performed.
This study, as the first step, was to explore and identify
significantly dysregulated miRNAs in LN+ for which we
used an independent set of samples to verify the observed
miRNA expression in the Discovery cohort. Second, as
this is not a biological or functional study, nRNA-miRNA
interaction and target gene analyses were not performed.
However, this study indicates future directions, including
validation of the observed expression and prognostic
power on RT-PCR, NanoString, or RNAScope in situ
hybridization. Target gene analysis and investigation on
the biological functions of these miRNAs may help us
to understand the underlying mechanism of lymph node
metastasis. The goal is the clinical applications of these
biomarkers on small biopsied FFPE samples to decide
the need for neck treatment before surgery. Hence,
the prognostic power will need to be verified on FFPE
surgical samples and small biopsy samples for pre-surgery
planning. Alternatively, a fresh-frozen re-biopsy at tertiary
center prior of surgery can also be considered.

OSCC is a heterogeneous disease, and metastasis is
most likely to be attributed to many factors. In this study, we
performed miRNA profiling on tumor samples and identified
dysregulated miRNAs, among of which four miRNAs
were observed with high performance to discriminate
LN status. These biomarkers may provide additional
information and may be able to identify patients with a
low chance of nodal disease. However, sequencing miRNA
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Figure 4: miRNA-based random forest (RF) classification of nodal disease status. (A) Kaplan-Meier plot illustrating the
NFS of 158 patients in RF predicted groups of LNO (black) or LN+ (red). (B) Receiver Operator Characteristic (ROC) curve generated
by plotting the 4-miRNA classifier true positive rate (sensitivity) as function of the false positive rate (1-specificity). The RF prediction
probabilities were used for the generation of ROC prediction objects. The area under the curve (AUC) is reported as a performance measure.
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expression from surgically removed tumors may limit
these miRNAS’ clinical relevancy as studying bulk tumors
neglects the reality that diagnostic biopsy examination is
used for treatment planning. This concern warrants future
investigations to verify the observed prognostic power in
not only matched archival FFPE surgery samples but also in
diagnostic biopsy material on clinically adaptable platforms
to support their clinical relevance in neck management for
early-stage OSCC.

MATERIALS AND METHODS

Patient and tissue collection

Patients diagnosed with OSCC who received
primary surgical excision between 2005 and 2016 were
identified through a longitudinal surgical trial. Of the
487 patients enrolled, we were able to retrieve 158
primary tumors collected at time of surgery that were
embedded in OCT compound and frozen immediately
after excision in —80°C until use. Table 1 summarizes
baseline demographics and clinical-pathological data.
Outcome data included binary status of LNO or LN+, and
nodal-disease free survival (NFS), which was measured
from date of surgery to date of metastatic OSCC in the
cervical lymph nodes. Patients who were last known to
be alive and nodal-disease free were censored at the date
of last contact. Samples were randomly submitted into
two batches for sequencing as Discovery and Validation
cohorts. HPV status was determined on 89 samples with
enough DNA material by using multiplex PCR with high-
risk HPV-16 and HPV-18 primers. Of these, only one
patient was positive for HPV-16; therefore, we did not
perform comparative analysis between groups on HPV.

The study was conducted in accordance with the
recommendation of University of British Columbia
Clinical Research Ethics and the BC Cancer Research
Ethics General Guidance Notes, BC Cancer Research
Ethics Board. This study utilized the clinical information
and samples collected from existing studies approved by
the BC Cancer Research and Ethics Board (REB# H09-
03090 and REB#17-02031).

RNA extraction and miRNA library preparation

Total RNA was harvested from the fresh-frozen
samples, which were collected in the operating room
at the time of surgery, by either taking tissue cores or
microdissection from areas containing at least 70%
tumor content after being reviewed by an oral pathologist
(CFP). Nucleic acid extraction was performed using
AllPrep DNA/ RNA/miRNA Universal kits (QIAGEN,
CA, USA) as per the manufacturer’s protocol. The RNA
concentration was determined by NanoDrop (Thermo
Scientific, CA, USA). The RNA submitted for sequencing
had a concentration of 100 ng/uL and RNA integrity

number (RIN) >8 as determined by the Bioanalyzer 2100
RNA 6000 Nano Kit (Agilent Technologies, CA, USA).
Small RNAs 20-30 nucleotides in length, including
microRNAs (miRNAs), were captured from total RNA or
total nucleic acids extracted from tissues using a protocol
implemented at Canada’s Michael Smith Genome Sciences
Centre on Microlab NIMBUS (Hamilton) liquid handlers.
Briefly, 500 ng of total RNA in 8 uL diethyl pyrocarbonate
(DEPC)-treated water was first ligated to 2 pLL of a 2.5 uM
3’ DNA adapter in a 96-well microtitre plate followed by
incubation (70°C for 2 min), snap chilled, and transferred
to 10 pL ligation brew containing truncated T4 RNA
ligase 2 (200 U/uL, New England Biolabs). Excess
adapter was removed by incubation (1 hour at 22°C)
and purification twice using RNA MagClean DX beads
(Aline Biosciences). The 3” adapter-ligated RNAs were
next ligated to heat denatured 5 miRNA adapter using T4
RNA ligase (5 U/uL, Ambion) followed by incubation (1
hour at 37°C) and reverse transcription with Maxima H
minus reverse transcriptase (RT) primer (200 U/uL) by
incubation (10 minutes at 65°C) and snap chilled on ice.
First strand cDNA was purified using an upper and lower
bead clean-up (PCRClean DX beads, Aline Biosciences) to
remove excess RT primer and reduce non-target products
prior to PCR enrichment. PCR (15 cycles) was performed
using a paired-end primer and miRNA indexed primers
in a 50 pL reaction volume incorporating Phusion Hot
Start high fidelity DNA polymerase (NEB). The amplified
library was loaded onto a 12% PAGE gel and the region
containing the miRNA library (~150 bp) was manually
excised from the gel (size-selected). The size-selected
library was ethanol precipitated and purified. Quality
control of the final library was performed using Qubit and
Agilent DNA 1000 Series II assays prior to sequencing
on an Illumina NextSeq500 instrument generating single-
end 75 base reads. The sequenced miRNA data from
158 samples were aligned to NCBI GRCh37/hg19 and
annotated based on mirBase (version 20) Sp or 3p mature
strands, a repository of previously annotated miRNAs.

Statistical analysis

Patient baseline demographics and clinical-
pathological characteristics were described as continuous
variable (mean + SD) or categorical variables in frequency
(n) and proportion (%). Chi-square test was used for
proportion comparison while Student’s ¢-test for difference
in distribution. All statistical tests at P < 0.05 were
considered significant. Statistical analysis was performed
using the software R (3.4.4) packages.

Analysis of expression profiles was performed
on annotated miRNAs with largest variances (top 90%,
n =301) across the Discovery cohort after normalization
and removal of miRNAs with low number of reads
(<10 reads-per-million (RPM) in less than 10% of the
samples). To identify subtypes within the cohort we used
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hierarchical clustering with input of logl0 transformed
data matrix. We used ward. D2 for the clustering method
with Pearson correlation and Euclidean as the distance
measures for the clustering of the columns and rows,
respectively. Evaluation of the differential expression
(DE) miRNA between subgroups was performed using the
Wilcoxon ranked-sum test for each miRNA. Significantly
differentially expressed miRNA had Benjamini-Hchoberg
(BH) multiple test corrected P values (FDR) < 0.05.
Association between miRNA expression and nodal-
disease free survival (NFS) was first investigated on the
Discovery cohort by using Cox proportional hazards (PH)
regression analysis. We first determined the cut-point for each
miRNA (logl0 RPM) at which could separate the patients
into low/high groups with minimum P value of log-rank test.
miRNAs that were significant after correction for multiple
testing (FDR < 0.05 at determining cut-point and across all
miRNAs) were subjected to univariate and multivariate Cox-
PH analysis with clinical T stage, tumor grade, and tumor DOL
To generate miRNA-based prognostic model, we
performed penalized Cox regression (glmnet v2.0-16)
on a randomly partitioned subset of Discovery (training)
cohort. The Cox regression derived regression coefficients
from Discovery (training) were carried over to Discovery
(test) and the Validation cohort to establish a score for
prognosis risk of NFS based on linear combination of
miRNA expression multiplied by the miRNA coefficient.
Based on the risk score, we then determined the cut-point
that stratified patients into low/high risk groups based on
S-year NFS with smallest Kaplan-Meier log-rank P value
(maxstat v0.7-25). Finally, random forest classification
analysis (randomForest v4.6) was performed on the entire
study population to build predictive model (1000 trees,
each using 9 miRNAs as predictors) for LN status with
variable selection based on out-of-bag (OOB) error rate
(VSURF 1.1.0). We further select the number of variables
for prediction by sequentially introducing variables until the
decrease in error rate is negligible. The final miRNA panel
was analyzed with receiver operating curve (ROC) analysis
to test the performance of discriminating LN status [40].

Author contributions

CP and SJ contributed to the conception and
experimental design of the study. KL, SZ, RAM, and AJM
executed experiments and data acquisition. KL, DB, RB, YM,
and SJ contributed to statistical and bioinformatic analysis. KL
wrote the first draft of the manuscript. All authors interpreted
and critically revised the manuscript to its final form. All
authors gave final approval for all aspects of the work.

CONFLICTS OF INTEREST

The authors declare that the study was conducted in
the absence of any commercial or financial relationships
that could be construed as a potential conflicts of interest.

FUNDING

This work was supported by the Terry Fox Research
Institute (Project 2009-24); BC Cancer Foundation (Dr.
Michele Williams Oral Cancer Research & Education).

REFERENCES

1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C,
Rebelo M, Parkin DM, Forman D, Bray F. Cancer incidence
and mortality worldwide: sources, methods and major patterns
in GLOBOCAN 2012. Int J Cancer. 2015; 136:E359-E386.
https://doi.org/10.1002/ijc.29210. [PubMed]

2. Funk GF, Karnell LH, Robinson RA, Zhen WK, Trask
DK, Hoffman HT. Presentation, treatment, and outcome

of oral cavity cancer: a National Cancer Data Base report.
Head Neck. 2002; 24:165-180. https://doi.org/10.1002/
hed.10004. [PubMed]

3. Noguti J, De Moura CF, De Jesus GP, Da Silva VH,
Hossaka TA, Oshima CT, Ribeiro DA. Metastasis from oral
cancer: an overview. Cancer Genomics Proteomics. 2012;
9:329-335. [PubMed]

4. Patel RS, Dirven R, Clark JR, Swinson BD, Gao K,
O'Brien CJ. The prognostic impact of extent of bone

invasion and extent of bone resection in oral carcinoma.
Laryngoscope. 2008; 118:780-785. https://doi.org/10.1097/
MLG.0b013e31816422bb. [PubMed]

5. Lydiatt WM, Patel SG, O'Sullivan B, Brandwein MS, Ridge
JA, Migliacci JC, Loomis AM, Shah JP. Head and Neck
cancers-major changes in the American Joint Committee on
cancer eighth edition cancer staging manual. CA Cancer J
Clin. 2017; 67:122-37. https://doi.org/10.3322/caac.21389.
[PubMed]

6. Goerkem M, Braun J, Stoeckli SJ. Evaluation of Clinical
and Histomorphological Parameters as Potential Predictors
of Occult Metastases in Sentinel Lymph Nodes of Early
Squamous Cell Carcinoma of the Oral Cavity. Ann Surg
Oncol. 2010; 17:527-535. https://doi.org/10.1245/s10434-
009-0755-3. [PubMed]

7. Almangush A, Bello 10, Keski-Santti H, Mdkinen LK,
Kauppila JH, Pukkila M, Hagstrém J, Laranne J, Tommola

S, Nieminen O, Soini Y, Kosma VM, Koivunen P, et al.
Depth of invasion, tumor budding, and worst pattern
of invasion: prognostic indicators in early-stage oral
tongue cancer. Head Neck. 2014; 36:811-18. https://doi.
org/10.1002/hed.23380. [PubMed]

8. Jung J, Cho NH, Kim J, Choi EC, Lee SY, Byeon HK,
Park YM, Yang WS, Kim SH. Significant invasion depth
of early oral tongue cancer originated from the lateral

border to predict regional metastases and prognosis. Int
J Oral Maxillofac Surg. 2009; 38:653—660. https://doi.
org/10.1016/1.ijom.2009.01.004. [PubMed]

9. Liu KY, Durham JS, Wu J, Anderson DW, Prisman E, Poh
CF. Nodal Disease Burden for Early-Stage Oral Cancer.
JAMA Otolaryngol Head Neck Surg. 2016; 142:1111-1119.
https://doi.org/10.1001/jamaot0.2016.2241. [PubMed]

www.oncotarget.com

2223

Oncotarget


https://doi.org/10.1002/ijc.29210
https://www.ncbi.nlm.nih.gov/pubmed/25220842
https://doi.org/10.1002/hed.10004
https://doi.org/10.1002/hed.10004
https://www.ncbi.nlm.nih.gov/pubmed/11891947
https://www.ncbi.nlm.nih.gov/pubmed/22990112
https://doi.org/10.1097/MLG.0b013e31816422bb
https://doi.org/10.1097/MLG.0b013e31816422bb
https://www.ncbi.nlm.nih.gov/pubmed/18300706
https://doi.org/10.3322/caac.21389
https://www.ncbi.nlm.nih.gov/pubmed/28128848
https://doi.org/10.1245/s10434-009-0755-3
https://doi.org/10.1245/s10434-009-0755-3
https://www.ncbi.nlm.nih.gov/pubmed/19834764
https://doi.org/10.1002/hed.23380
https://doi.org/10.1002/hed.23380
https://www.ncbi.nlm.nih.gov/pubmed/23696499
https://doi.org/10.1016/j.ijom.2009.01.004
https://doi.org/10.1016/j.ijom.2009.01.004
https://www.ncbi.nlm.nih.gov/pubmed/19231137
https://doi.org/10.1001/jamaoto.2016.2241
https://www.ncbi.nlm.nih.gov/pubmed/27560665

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Poh CF, Durham JS, Brasher PM, Anderson DW, Berean
KW, MacAulay CE, Lee JJ, Rosin MP. Canadian Optically-
guided approach for Oral Lesions Surgical (COOLS) trial:
study protocol for a randomized controlled trial. BMC
Cancer. 2011; 11:462. https://doi.org/10.1186/1471-2407-
11-462. [PubMed]

Friedman RC, Farh KKH, Burge CB, Bartel DP. Most
mammalian mRNAs are conserved targets of microRNAs.
Genome Res. 2009; 19:92—-105. https://doi.org/10.1101/
2r.082701.108. [PubMed]

Behm-Ansmant I, Rehwinkel J, [zaurralde E. MicroRNAs
silence gene expression by repressing protein expression

and/or by promoting mRNA decay. Cold Spring Harb Symp
Quant Biol. 2006; 71:523-530. https://doi.org/10.1101/
$qb.2006.71.013. [PubMed]

Chu A, Robertson G, Brooks D, Mungall AJ, Birol I, Coope
R, Ma Y, Jones S, Marra MA. Large-scale profiling of
microRNAs for The Cancer Genome Atlas. Nucleic Acids Res.
2016; 44:¢3. https://doi.org/10.1093/nar/gkv808. [PubMed]

Troiano G, Boldrup L, Ardito F, Gu X, Lo Muzio L,
Nylander K. Circulating miRNAs from blood, plasma or
serum as promising clinical biomarkers in oral squamous
cell carcinoma: A systematic review of current findings.
Oral Oncol. 2016; 63:30-37. https://doi.org/10.1016/].
oraloncology.2016.11.001. [PubMed]

Guo X, Lv XH, Lv X, Ma YY, Chen L, Chen Y. Circulating
miR-21 serves as a serum biomarker for hepatocellular

carcinoma and correlated with distant metastasis.
Oncotarget. 2017; 8:44050-44058. https://doi.org/10.18632/
oncotarget.17211. [PubMed]

Zhang B, Li Y, Hou D, Shi Q, Yang S, Li Q. MicroRNA-375
Inhibits Growth and Enhances Radiosensitivity in Oral

Squamous Cell Carcinoma by Targeting Insulin Like Growth
Factor 1 Receptor. Cell Physiol Biochem. 2017; 42:2105—
2117. https://doi.org/10.1159/000479913. [PubMed]

Weng JQ, Zhang H, Wang C, Liang JF, Chen GH, Li
WQ, Tang HK, Hou JS. miR-373-3p Targets DKK1 to
Promote EMT-Induced Metastasis via the Wnt/beta-
Catenin Pathway in Tongue Squamous Cell Carcinoma.
Biomed Res Int. 2017; 2017:6010926. https://doi.
org/10.1155/2017/6010926. [PubMed]

Baba O, Hasegawa S, Nagai H, Uchida F, Yamatoji M,
Kanno NI, Yamagata K, Sakai S, Yanagawa T, Bukawa H.

MicroRNA-155-5p is associated with oral squamous cell
carcinoma metastasis and poor prognosis. J Oral Pathol
Med. 2016; 45:248-255. https://doi.org/10.1111/jop.12351.
[PubMed]

Amin MB, Edge S, Greene F, Byrd DR, Brookland RK,
Washington MK, Gershenwald JE, Comptom CC, Hess
KR, Sullivan DC, Jessup JM, Brierley JD, Gaspar LE, et
al. AJCC Cancer Staging Manual (8th edition): Springer

International Publishing: American Joint Commission on
Cancer). 2017.

Volinia S, Calin GA, Liu CG, Ambs S, Cimmino A,
Petrocca F, Visone R, Iorio M, Roldo C, Ferracin M, Prueitt

21.

22.

23.

24.

25.

26.

27.

28.

29.

RL, Yanaihara N, Lanza G, et al. A microRNA expression
signature of human solid tumors defines cancer gene
targets. Proc Natl Acad Sci U S A. 2006; 103:2257-2261.
https://doi.org/10.1073/pnas.0510565103. [PubMed]

Lajer CB, Nielsen FC, Friis-Hansen L, Norrild B, Borup
R, Garnaes E, Rossing M, Specht L, Therkildsen MH,
Nauntofte B, Dabelsteen S, von Buchwald C. Different
miRNA signatures of oral and pharyngeal squamous cell
carcinomas: a prospective translational study. Br J Cancer.
2011; 104:830-840. https://doi.org/10.1038/bjc.2011.29.
[PubMed]

Schneider A, Victoria B, Lopez YN, Suchorska W, Barczak
W, Sobecka A, Golusinski W, Masternak MM, Golusinski
P. Tissue and serum microRNA profile of oral squamous

cell carcinoma patients. Sci Rep. 2018; 8:675. https://doi.
0rg/10.1038/s41598-017-18945-z. [PubMed]

Ren W, Qiang C, Gao L, Li SM, Zhang LM, Wang XL, Dong
JW, Chen C, Liu CY, Zhi KQ. Circulating microRNA-21
(MIR-21) and phosphatase and tensin homolog (PTEN) are
promising novel biomarkers for detection of oral squamous

cell carcinoma. Biomarkers. 2014; 19:590-596. https://doi.
0rg/10.3109/1354750X.2014.955059. [PubMed]

Hedbick N, Jensen DH, Specht L, Fiehn AM, Therkildsen
MH, Friis-Hansen L, Dabelsteen E, von Buchwald C.
MiR-21 expression in the tumor stroma of oral squamous
cell carcinoma: an independent biomarker of disease
free survival. PLoS One. 2014; 9:€95193. https://doi.
org/10.1371/journal.pone.0095193. [PubMed]

Yu EH, Tu HF, Wu CH, Yang CC, Chang KW.
MicroRNA-21 promotes perineural invasion and impacts

survival in patients with oral carcinoma. J Chin Med
Assoc. 2017; 80:383-388. https://doi.org/10.1016/].
jema.2017.01.003. [PubMed]

Bica-Pop C, Cojocneanu-Petric R, Magdo L, Raduly L,
Gulei D, Berindan-Neagoe 1. Overview upon miR-21 in
lung cancer: focus on NSCLC. Cell Mol Life Sci. 2018;
75:3539-3551. https://doi.org/10.1007/s00018-018-2877-x.
[PubMed]

Meng F, Henson R, Wehbe-Janek H, Ghoshal K, Jacob
ST, Patel T. MicroRNA-21 regulates expression of the
PTEN tumor suppressor gene in human hepatocellular
cancer. Gastroenterology. 2007; 133:647—658. https://doi.
org/10.1053/j.gastro.2007.05.022. [PubMed]

Peralta-Zaragoza O, Deas J, Meneses-Acosta A, De la

0-Goémez F, Fernandez-Tilapa G, Gomez-Cerén C, Benitez-
Boijseauncau O, Burguete-Garcia A, Torres-Poveda K,
Bermudez-Morales VH, Madrid-Marina V, Rodriguez-
Dorantes M, Hidalgo-Miranda A, Pérez-Plasencia C.
Relevance of miR-21 in regulation of tumor suppressor
gene PTEN in human cervical cancer cells. BMC Cancer.
2016; 16:215. https://doi.org/10.1186/s12885-016-2231-3.
[PubMed]

Zhang Z, Wang JM, Wang XF, Song WY, Shi Y, Zhang
LL. MicroRNA-21 promotes proliferation, migration,

and invasion of cervical cancer through targeting TIMP3.

www.oncotarget.com

2224

Oncotarget


https://doi.org/10.1186/1471-2407-11-462
https://doi.org/10.1186/1471-2407-11-462
https://www.ncbi.nlm.nih.gov/pubmed/22026481
https://doi.org/10.1101/gr.082701.108
https://doi.org/10.1101/gr.082701.108
https://www.ncbi.nlm.nih.gov/pubmed/18955434
https://doi.org/10.1101/sqb.2006.71.013
https://doi.org/10.1101/sqb.2006.71.013
https://www.ncbi.nlm.nih.gov/pubmed/17381335
https://doi.org/10.1093/nar/gkv808
https://www.ncbi.nlm.nih.gov/pubmed/26271990
https://doi.org/10.1016/j.oraloncology.2016.11.001
https://doi.org/10.1016/j.oraloncology.2016.11.001
https://www.ncbi.nlm.nih.gov/pubmed/27938997
https://doi.org/10.18632/oncotarget.17211
https://doi.org/10.18632/oncotarget.17211
https://www.ncbi.nlm.nih.gov/pubmed/28477010
https://doi.org/10.1159/000479913
https://www.ncbi.nlm.nih.gov/pubmed/28810236
https://doi.org/10.1155/2017/6010926
https://doi.org/10.1155/2017/6010926
https://www.ncbi.nlm.nih.gov/pubmed/28337453
https://doi.org/10.1111/jop.12351
https://www.ncbi.nlm.nih.gov/pubmed/26307116
https://doi.org/10.1073/pnas.0510565103
https://www.ncbi.nlm.nih.gov/pubmed/16461460
https://doi.org/10.1038/bjc.2011.29
https://www.ncbi.nlm.nih.gov/pubmed/21326242
https://doi.org/10.1038/s41598-017-18945-z
https://doi.org/10.1038/s41598-017-18945-z
https://www.ncbi.nlm.nih.gov/pubmed/29330429
https://doi.org/10.3109/1354750X.2014.955059
https://doi.org/10.3109/1354750X.2014.955059
https://www.ncbi.nlm.nih.gov/pubmed/25174622
https://doi.org/10.1371/journal.pone.0095193
https://doi.org/10.1371/journal.pone.0095193
https://www.ncbi.nlm.nih.gov/pubmed/24755828
https://doi.org/10.1016/j.jcma.2017.01.003
https://doi.org/10.1016/j.jcma.2017.01.003
https://www.ncbi.nlm.nih.gov/pubmed/28254348
https://doi.org/10.1007/s00018-018-2877-x
https://www.ncbi.nlm.nih.gov/pubmed/30030592
https://doi.org/10.1053/j.gastro.2007.05.022
https://doi.org/10.1053/j.gastro.2007.05.022
https://www.ncbi.nlm.nih.gov/pubmed/17681183
https://doi.org/10.1186/s12885-016-2231-3
https://www.ncbi.nlm.nih.gov/pubmed/26975392

30.

31.

32.

33.

34.

35.

36.

37.

38.

Arch Gynecol Obstet. 2018; 297:433-442. https://doi.
org/10.1007/s00404-017-4598-z. [PubMed]

Bornachea O, Santos M, Martinez-Cruz AB, Garcia-
Escudero R, Duefias M, Costa C, Segrelles C, Lorz C,
Buitrago A, Saiz-Ladera C, Agirre X, Grande T, Paradela
B, et al. EMT and induction of miR-21 mediate metastasis
development in Trp53-deficient tumours. Sci Rep. 2012;
2:434. https://doi.org/10.1038/srep00434. [PubMed]

He J, Zhang WY, Zhou QQ, Zhao TS, Song YW, Chai L, Li
Y. Low-expression of microRNA-107 inhibits cell apoptosis

in glioma by upregulation of SALL4. Int J Biochem Cell
Biol. 2013; 45:1962—-1973. https://doi.org/10.1016/].
biocel.2013.06.008. [PubMed]

Finnerty JR, Wang WX, Hebert SS, Wilfred BR, Mao G,
Nelson PT. The miR-15/107 group of microRNA genes:
evolutionary biology, cellular functions, and roles in
human diseases. J Mol Biol. 2010; 402:491-509. https://
doi.org/10.1016/j.jmb.2010.07.051. [PubMed]

Ji YC, Wei YJ, Wang JY, Ao Q, Gong K, Zuo HC.
Decreased expression of microRNA-107 predicts poorer
prognosis in glioma. Tumour Biol. 2015; 36:4461-4466.
https://doi.org/10.1007/s13277-015-3086-y. [PubMed]

Tran N, McLean T, Zhang X, Zhao CJ, Thomson JM,
O’Brien C, Rose B. MicroRNA expression profiles in

head and neck cancer cell lines. Biochem Biophys Res
Commun. 2007; 358:12—-17. https://doi.org/10.1016/].
bbrc.2007.03.201. [PubMed]

Kozaki K, Imoto I, Mogi S, Omura K, Inazawa J.

Exploration of tumor-suppressive microRNAs silenced by
DNA hypermethylation in oral cancer. Cancer Res. 2008;
68:2094-2105. https://doi.org/10.1158/0008-5472.CAN-07-
5194. [PubMed]

Datta J, Smith A, Lang JC, Islam M, Dutt D, Teknos TN,
Pan Q. microRNA-107 functions as a candidate tumor-
suppressor gene in head and neck squamous cell carcinoma
by downregulation of protein kinase C epsilon. Oncogene.
2012; 31:4045-4053. https://doi.org/10.1038/onc.2011.565.
[PubMed]

Sharma P, Saini N, Sharma R. miR-107 functions as a tumor

suppressor in human esophageal squamous cell carcinoma
and targets Cdc42. Oncol Rep. 2017; 37:3116-3127. https:/
doi.org/10.3892/01r.2017.5546. [PubMed]

Yang CC, Hung PS, Wang PW, Liu CJ, Chu TH, Cheng
HW, Lin SC. miR-181 as a putative biomarker for lymph-

node metastasis of oral squamous cell carcinoma. J Oral
Pathol Med. 2011; 40:397-404. https://doi.org/10.1111/
j.1600-0714.2010.01003.x. [PubMed]

39.

40.

41.

42.

43.

44.

45.

Fang T, Lv H, Lv G, Li T, Wang C, Han Q, Yu L, Su B,
Guo L, Huang S, Cao D, Tang L, Tang S, et al. Tumor-
derived exosomal miR-1247-3p induces cancer-associated
fibroblast activation to foster lung metastasis of liver cancer.
Nat Commun. 2018; 9:191. https://doi.org/10.1038/s41467-
017-02583-0. [PubMed]

Vlachos IS, Zagganas K, Paraskevopoulou MD,
Georgakilas G, Karagkouni D, Vergoulis T, Dalamagas T,
Hatzigeorgiou AG. DIANA-miRPath v3.0: deciphering
microRNA function with experimental support. Nucleic
Acids Res. 2015; 43:W460-6. https://doi.org/10.1093/nar/
gkv403. [PubMed]

Leonardo TR, Schultheisz HL, Loring JF, Laurent
LC. The functions of microRNAs in pluripotency and
reprogramming. Nat Cell Biol. 2012; 14:1114—1121. https:/
doi.org/10.1038/ncb2613. [PubMed]

Ertunc ME, Hotamisligil GS. Lipid signaling and lipotoxicity

in metaflammation: indications for metabolic discase
pathogenesis and treatment. J Lipid Res. 2016; 57:2099—
2114. https://doi.org/10.1194/j1r.R066514. [PubMed]
Hudcova K, Raudenska M, Gumulec J, Binkova H,
Horakova Z, Kostrica R, Babula P, Adam V, Masarik M.
Expression profiles of miR-29c, miR-200b and miR-375
in tumor and tumor-adjacent tissues of head and neck
cancers. Tumour Biol. 2016; 37:12627—-12633. https://doi.
0rg/10.1007/s13277-016-5147-2. [PubMed]

Hu A, Huang JJ, Xu WH, Jin XJ, Li JP, Tang YJ, Huang XF,
Cui HJ, Sun GB, Li RL, Duan JL. MiR-21/miR-375 ratio is
an independent prognostic factor in patients with laryngeal

squamous cell carcinoma. Am J Cancer Res. 2015; 5:1775—
1785. [PubMed]

Fukumoto I, Hanazawa T, Kinoshita T, Kikkawa N,
Koshizuka K, Goto Y, Nishikawa R, Chiyomaru T,
Enokida H, Nakagawa M, Okamoto Y, Seki N. MicroRNA
expression signature of oral squamous cell carcinoma:
functional role of microRNA-26a/b in the modulation of
novel cancer pathways. Br J Cancer. 2015; 112:891-900.
https://doi.org/10.1038/bjc.2015.19. [PubMed]

www.oncotarget.com

2225

Oncotarget


https://doi.org/10.1007/s00404-017-4598-z
https://doi.org/10.1007/s00404-017-4598-z
https://www.ncbi.nlm.nih.gov/pubmed/29177591
https://doi.org/10.1038/srep00434
https://www.ncbi.nlm.nih.gov/pubmed/22666537
https://doi.org/10.1016/j.biocel.2013.06.008
https://doi.org/10.1016/j.biocel.2013.06.008
https://www.ncbi.nlm.nih.gov/pubmed/23811124
https://doi.org/10.1016/j.jmb.2010.07.051
https://doi.org/10.1016/j.jmb.2010.07.051
https://www.ncbi.nlm.nih.gov/pubmed/20678503
https://doi.org/10.1007/s13277-015-3086-y
https://www.ncbi.nlm.nih.gov/pubmed/25596705
https://doi.org/10.1016/j.bbrc.2007.03.201
https://doi.org/10.1016/j.bbrc.2007.03.201
https://www.ncbi.nlm.nih.gov/pubmed/17475218
https://doi.org/10.1158/0008-5472.CAN-07-5194
https://doi.org/10.1158/0008-5472.CAN-07-5194
https://www.ncbi.nlm.nih.gov/pubmed/18381414
https://doi.org/10.1038/onc.2011.565
https://www.ncbi.nlm.nih.gov/pubmed/22158047
https://doi.org/10.3892/or.2017.5546
https://doi.org/10.3892/or.2017.5546
https://www.ncbi.nlm.nih.gov/pubmed/28393193
https://doi.org/10.1111/j.1600-0714.2010.01003.x
https://doi.org/10.1111/j.1600-0714.2010.01003.x
https://www.ncbi.nlm.nih.gov/pubmed/21244495
https://doi.org/10.1038/s41467-017-02583-0
https://doi.org/10.1038/s41467-017-02583-0
https://www.ncbi.nlm.nih.gov/pubmed/29335551
https://doi.org/10.1093/nar/gkv403
https://doi.org/10.1093/nar/gkv403
https://www.ncbi.nlm.nih.gov/pubmed/25977294
https://doi.org/10.1038/ncb2613
https://doi.org/10.1038/ncb2613
https://www.ncbi.nlm.nih.gov/pubmed/23131918
https://doi.org/10.1194/jlr.R066514
https://www.ncbi.nlm.nih.gov/pubmed/27330055
https://doi.org/10.1007/s13277-016-5147-2
https://doi.org/10.1007/s13277-016-5147-2
https://www.ncbi.nlm.nih.gov/pubmed/27440205
https://www.ncbi.nlm.nih.gov/pubmed/26175945
https://doi.org/10.1038/bjc.2015.19
https://www.ncbi.nlm.nih.gov/pubmed/25668004

