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A B S T R A C T

Head and neck squamous cell carcinomas (HNSCCs) are human malignancies associated with both genetic and
environmental factors. MicroRNAs (miRNAs) as a group of small non-coding RNAs have prominent roles in the
development of this kind of cancer. Expressions of several miRNAs have been demonstrated to be increased in
HNSCC samples vs. non-malignant tissues. In silico prediction tools and functional analyses have confirmed the
function of some miRNAs in the modulation of cancer-associated targets, thus indicating these miRNAs as onco-
miRs. Moreover, numerous miRNAs have been down-regulated in HNSCC samples. Their targets mostly enhance
cell proliferation or inhibit apoptosis. miRNAs signature has practical implications in the diagnosis, staging, and
management of HNSC. Most notably, numerous miRNAs have been shown to alter response of tumor cells to anti-
cancer drugs such as cisplatin and doxorubicin. Circulating levels of these small transcripts have been suggested as
promising biomarkers for diagnosis of HNSCC. In the present manuscript, we sum up the available literature
regarding the miRNAs signature in HNSCC and their role as diagnostic/prognostic biomarkers.
1. Introduction

Squamous cell carcinoma has been detected in various regions in the
head and neck. These cancers have several risk factors including tobacco
and alcohol usage for tumors of the oral cavity, oropharynx, hypophar-
ynx, and larynx. Moreover, oncogenic viruses are among the most
important risk factors for cancers of the nasopharynx, palatine, and
lingual tonsils. Based on the rapid increase in the frequency of human
papillomavirus (HPV)–associated oropharyngeal cancer, the incidence of
these cancers are expected to exceed the incidence of cervical cancer [1].
The presence of distant metastasis at the time of diagnosis and high
occurrence of inoperable local and regional relapses following the pri-
mary therapeutic modalities are associated with high mortality rate of
HNSCC [2]. Mutations in tumor suppressor genes such as TP53 are
detected in head and neck squamous carcinomas (HNSCCs) triggered by
smoking and alcohol consumption. Yet, the HPV-positive HNSCCs have
their specific expression signature and DNA methylation profiles [3]. In
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addition to the recurrent mutations in the tumor suppressor genes and
differentiation pathways [1], HNSCCs are associated with dysregulation
of several microRNAs (miRNAs) [4]. These transcripts are initially pro-
duced as primary miRNAs which are afterward processed into
pre-miRNA hairpin configurations. Subsequently, these hairpins are
processed into short double strand RNA (dsRNA) structures. Ultimately,
one strand of this dsRNA produces the mature miRNA [5]. This endog-
enous small transcripts control expression of their targets at the post-
–transcriptional level through binding with the 30 UTR of the mRNA [6].
Based on the significance of miRNAs in the modulation of cell prolifer-
ation, differentiation and apoptosis, these small RNAs influence carci-
nogenesis process and therefore are putative biomarkers in this regard
[7]. In the present paper, we summarize the current literature on
signature and function of miRNAs in HNSCC. We investigated the Pub-
Med/Medline and google scholar databases with the key words
“micoRNA” or “miRNA” AND “head and neck squamous cell carcinoma”
to retrieve related articles published until February 2020. We firstly
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Table 1 (continued )

Author/year microRNA Cancer subtype Tissues Clinical samples Cell line Targets/Regulators Signaling Pathways Function Clinical outcome Ref

OC3, FaDu, SCC25,
HSC3, OECM1, SAS,
293T cells

miR-134 enhances OSCC
progression by
decreasing PDCD7 and E-
cad expression.

Qiao et al., 2017b miR-27a-3p OSCC - - SCC-9 and Tca8113 SFRP1 Wnt/β-catenin signaling
pathway

miR-27a-3p stimulates
EMT via the Wnt/
β-catenin signaling
pathway by targeting
SFRP1.

- [65]

Zheng et al., 2016 miR-21 Tongue SCC paired tumor and normal tissues 44 patients Tca8113, SCC-25 and
CAL-27

CADM1/MYCN - miR-21 increases chemo-
resistance via targeting
CADM1.

Patients with high miR-
21 and MYCN expression
have a poorer overall
survival.

[10]

Zhao et al., 2017 miR-24 Tongue paired tumor and normal tissues 90 patients - PTEN - miR-24 was associated
with tumor progression.

Clinical stage,
differentiation, miR-24
level, and PTEN
expression level were
correlated with
prognosis.

[66]

Chen et al., 2016 miR-211 OSCC paired tumor and normal tissues 50 patients SAS, OECM1, HSC3,
FaDu, OC4, and SCC25;
293T

TCF12 4NQO-miR-211-TCF12-
FAM213A cascade

miR-211 is a regulator of
OSCC by targeting the
TCF12 tumor suppressor.

[67]

AHMAD et al., 2019 miR-15b-5p HNSCC (oropharyngeal,
laryngeal and
hypopharyngeal
carcinomas)

paired tumor and normal tissues 51 patients - - - miR-15b-5p is a
biomarker for radiation
response.

- [68]

Hu et al., 2019 miR-196a Esophageal SCC tumor tissues and adjacent non-
tumor tissues

25 patients with ESCC Het-1A and EC109 ANXA1 - miR-196a promotes the
proliferation, invasion
and migration by
targeting ANXA1.

- [69]

Gonz�alez-Arriagada
et al., 2018

miR-26 and miR-125b HNSCC (oral,
oropharyngeal,
laryngeal)

tumor tissues 16 primary HNSCC with lymph
node metastasis 16 their matched
lymph node, without metastasis

- - - miR-26 and miR-125b
may be related to the
progression and
metastasis.

- [70]

Zhao et al., 2018 miR-196b Laryngeal SCC tumor tissues
and normal laryngeal mucosa
samples

113 tumor tissues from patients
and 34 normal laryngeal mucosa
samples

TU212 and TU177 SOCS2 - miR-196b promotes cells
proliferation and
invasion, and precludes
apoptosis.

miR-196b expression was
an
independent prognostic
factors of overall
survival.

[71]

HNSCC: head and neck squamous cell carcinoma, OSCC: oral squamous cell carcinoma, OPMD: oral potentially malignant disorder.
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Figure 1. Molecular mechanism of participation
of miR-21 in HNSCC. Upregulation of the histone
demethylase RBP2 and long non-coding RNA
CASC2 inhibit miR-21 expression, while MYCN
directly interacts with the promoter of miR-21
and increases miR-21 expression. miR-21 sup-
presses CADM1 expression, consequently in-
creases chemo-resistance in HNSCC.
Downregulation of the tumor suppressor gene
CADM1 by miR-21 results in enhanced BMI1
expression, which in turn enhances tumor pro-
gression, proliferation, metastasis, and reduction
of apoptosis in HNSCC cells [10].

S. Ghafouri-Fard et al. Heliyon 6 (2020) e05436
assessed the abstract to verify the relevance of articles with the topic of
the narrative review. Then, two authors independently went through the
main text and extracted the data regarding assessed samples (numbers
and characteristics), details of in vitro experiments (cell lines, identified
targets and related signaling pathway, functional importance of the
miRNA) and association between the dysregulated miRNAs and clinical
outcome. Subsequently, we summarized the obtained data in Tables.

2. Onco-miRNAs in HNSCC

We extracted the data of up-regulated miRNAs in HNSCC tumors
compared with non-malignant tissues and constructed a Table. Totally,
we included information of 63 articles showing up-regulation of miRNAs
in this kind of cancer in Table 1. In silico prediction tools and functional
analyses have confirmed the function of some of these miRNAs in the
regulation of cancer-associated targets, thus indicating these miRNAs as
onco-miRs. For instance, Ramdas et al. have measured expression of
miRNAs in HNSCC and their corresponding normal tissues using miRNA
bioarrays. They showed differential expression of 20 miRNAs between
these specimens. Authors have also shown down-regulation of targets of
these miRNAs. Among these targets were adenomatous polyposis coli
(APC), programmed cell death protein 4 (PDCD4) and TGF beta receptor
3 (TGFBR3), thus concluding that over-expression of these miRNAs
might contribute in the down-regulation of mRNAs that control growth
and progression of HNSCC [8]. Kalfert et al. have reported high levels of
miR-21, miR-200c and miR-34a in HNSCC tumors of all assessed sites.
Notably, expression levels of miR-34a in tumors were correlated with
p16 expression [9]. Figure 1 shows underlying mechanism for partici-
pation of miR-21 in this kind of cancer.

Table 1 displays the function and prognostic implication of onco-miRs
in HNSCC.

3. Tumor suppressor miRNAs in HNSCC

Subsequently, we extracted data of 88 articles which demonstrated
down-regulation of miRNAs in tissue/plasma samples of patients with
HNSCC compared with controls. Potential targets of these miRNAs have
been identified through in silico analyses or functional studies in the
original articles. These miRNAs mostly regulate expression of pro-
proliferative or anti-apoptotic genes. Lo et al. have shown down-
regulation of miR-200c in the regional metastatic lymph node of
HNSCC tissues, while BMI1 expression was up-regulated as compared to
parental tumors. Their functional investigations demonstrated direct
interaction between miR-200c and the 30 UTR of BMI1 in HNSCC cells.
They also reported down-regulation of this miRNA in isolated HNSCC-
8

derived ALDH1þ/CD44þ cells which had cancer stem cell (CSC) fea-
tures. Forced over-expression of miR-200c could suppress the malignant
CSC-like features of these cells. Notably, miR-200c over-expression
decreased expressions of ZEB1, Snail and N-cadherin, while increased E-
cadherin expression in ALDH1þ/CD44þ cells. The role of miR-200c up-
regulation in decreasing malignant phenotype was verified in a xeno-
graft model as well [72]. Using next generation sequencing (NGS)
technique, Allen et al. have studied the effect of serum from HNSCC
patients on expression of miRNA in exposed cells in vitro. Their results
showed induction of a specific miRNA expression profile in the exposed
cells following treatment with patients' serum samples. The analysis of
gene ontologies and pathway analysis showed involvement of these
miRNAs in cancer-related pathways such as cell cycle and apoptosis.
Most importantly, P53 and SLC2A1 were direct targets of these miRNAs
[73]. Table 2 displays the list of down-regulated miRNAs in HNSCC
samples and their functions.

4. Association with therapeutic response

A number of studies have assessed associations between expression
amounts of miRNAs and patients' response to chemotherapeutic agents.
For instance, Hebert et al. have shown that transfection of pre-miR-98™
into HNSCC cells during normoxia decreases expression of HMGA2. As
HMGA2 expression promotes selective sensitivity to the topoisomerase II
inhibitor, miR-98 confers resistance to doxorubicin and cisplatin [13].
Ren et al. have shown that transfection of miR-21 inhibitor into the
tongue SCC cells enhances sensitivity to cisplatin. miR-21 inhibitor also
enhances PDCD4 protein level as well. Besides, inhibition of miR-21 or
PDCD4 could remarkably increase or decrease cisplatin-induced
apoptosis, respectively. Thus, miR-21 has been suggested as a critical
factor in modulation of chemosensitivity to cisplatin [35]. Table 3 shows
the list of miRNAs that modulate response to doxorubicin or cisplatin.

Moreover, miRNA profiles can also predict response of patients to
radiotherapy. Chen et al. have retrieved expression profile of 56 differ-
entially expressed miRNAs between HNSCC tumors and adjacent normal
specimens from the Cancer Genome Atlas (TCGA). Then, they compared
expression of miRNAs in HNSCC patients getting adjuvant radiotherapy
in relation with clinical outcomes. Based on the expression profile of five
miRNAs namely miR-99a, miR-31, miR-410, miR-424, and miR-495,
authors recognized that only low-risk group would profit from radio-
therapy [146]. MiRNAs might also modulate response to targeted ther-
apies such as monoclonal antibodies. Bozec et al. have shown that
over-expression of miR-223 in SCC cells not only makes these cells more
resistant to cisplatin, docetaxel, and 5-fluorouracil but also aggravates
their response to the anti-EGFR monoclonal antibody cetuximab. This
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Table 2 (continued )

Author/year microRNA Cancer subtype Tissues Numbers of clinical samples Assessed cell line Targets/Regulators Signaling Pathways Function Patient's prognosis Ref

paired tumor and normal
tissues

c-Myc, TRL4, TLR6, TLR8 and
TLR9

miR-1294 inhibited cell
growth and cell migration.

Weng et al., 2016 miR-494-3p OSCC paired tumor and normal
tissues

45 patients SAS cells Bmi1 - miR-494-3p induces cellular
senescence and enhance
radiosensitivity.

- [131]

Chang et al., 2015 miR-494 HNSCC pairs of tumor and adjacent
noncancerous matched tissues

45 patients S-G human gingival epithelial
cell line, SAS

Bmi1 and ADAM10 - miR-494 inhibits tumor
aggressiveness.

- [132]

Xu et al., 2016b miR-340 OSCC paired tumor and normal
tissues

3 patients SAS and HEK293 T cells Glut1 miR-340 inhibits growth,
induces a metabolic shift

[133]

Zeng et al., 2016 miR-27a-3p OSCC paired tumor and normal
tissues

50 patients Tca8113, CAL-27, SCC-4, SCC-
9, SCC-25, HN-6 and hNOK

YAP1 YAP1-OCT4-Sox2
signal axis

miR-27a-3p downregulates the
EMT-related molecules
effectively and suppress EMT
process, invasion and
metastasis.

- [134]

Li et al., 2018b miR-218-5p OSCC - - UM-SCC6 CD44 CD44-ROCK
pathway

miR-218-5p suppresses cell
invasion.

- [135]

Gao et al., 2019 miR-145-5p Laryngeal SCC paired tumor and normal
tissues

40 patients human 293T and LSCC cell
line Hep-2, TU177

FSCN1 EMT pathway miR-145-5p inhibites
migration, invasion, and
growth by suppressing EMT.

Low miR-145-5p/high
FSCN1 levels predict poor
prognosis.

[136]

Chou et al., 2019 miR-486-3p OSCC paired tumor and normal
tissues

46 patients OKF4/hTERT, OEC-M1 and
TW2.6 OSCC

DDR1/ANK1 - miR-486-3p inhibits
proliferation and activates
apoptosis.

- [137]

Jakob et al., 2019 mir-100-5p OSCC tumor tissue and healthy oral
mucosal tissue

36 tumor tissue and 17 healthy
oral mucosal tissue

- - - prognostic impact - [56]

Ding et al., 2019 miR-145 OSCC tumor tissues and adjacent
normal tissues.

48 patients SCC-9 HOXA1 ERK/MAPK
signaling pathway

miR-145 inhibits cell viability,
invasion, and migration.

- [138]

Cao et al., 2017 MiR-375 OSCC - - Tca8113, UM2, UM1 and CAL-
27

PDGF-A - miR-375 suppresses the
migration and invasion of
OSCC.

- [139]

Du et al., 2015 miR-98 OSCC paired tumor and normal
tissues

19 patients SCC-25 and Tca-8113 IGF1R - miR-98 inhibits tumor cell
growth and metastasis by
targeting IGF1R.

- [140]

Fadhil et al., 2020 miR-let-7a-5p and miR-
3928

HNSCC (glottis, buccal sulcus,
buccal mucosa, tongue, and
floor of the mouth (FOM))

saliva 150 HNSCC patients and 80
healthy controls

- - - Biomarkers for diagnosis and
prognostic indicators

- [141]

Hersi et al., 2018 miR-9 HNSCC - - H357, HN5, HN30, HEK293T,
HSC3 and HSC3M3

CXCR4 - miR-9 expression has a
significant tumor suppressor
role in HNSCC cells,
potentially through inhibition
of cellular proliferation, cell
cycle progression, migration
and colony formation.

- [142]

Gonz�alez-Arriagada
et al., 2018

miR-203 HNSCC (oral, oropharyngeal,
laryngeal)

primary HNSCC with lymph
node metastasis and their
matched lymph node, without
metastasis

16 primary HNSCC with
lymph node metastasis 16
their matched lymph node,
without metastasis

- - - - miR-203 is associated
with good prognosis.

[70]

Wang et al., 2018b miR-200 OSCC - - SCC25 and SCC15 EZH2 STAT3 signaling
pathway

miR-200 mediates antitumor
functions by targeting STAT3
signaling.

- [143]

Kang et al., 2018 miR-300 OSCC specimens of OSCC 120 patients Tca8113, Cal-27 and HaCat - - miR-300 could suppress
metastasis by inhibiting EMT.

- [144]

Dong et al., 2018 miR-876-5p HNSCC (Buccal, Palate,
Gingiva, Oropharynx, Tongue)

tumor tissues 40 patients CAL27, HEK293T, WSU-HN4,
WSU-HN6

vimentin - miR-876-5p inhibits cell
migration and invasion.

- [145]

HNSCC: head and neck squamous cell carcinoma, OSCC: oral squamous cell carcinoma, OPMD: oral potentially malignant disorder, &: These miRNAs are down-regulated in cells treated with serum samples of patients with
HNSCC.
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Table 3. Role of miRNAs in chemoresistance in HNSCC based on up-/down-
regulation of miRNAs.

Response to
chemotherapeutic
drug

miRNA Reference

Doxorubicin resistance miR-98 (up), miR-221 (up) [13,48]

Cisplatin resistance miR-21 (up), miR-203
(down), miR-222 (down),
miR-15b (down), miR-218
(up), miR-98 (up), miR-24
(up), miRNA-654-5p (up)

[10,13,47,50,63,112,114,115]

Table 4. Summary of results of studies which investigated diagnostic/prognostic val

Sample number Area under curve Sensitivity Specificity

Forty samples of OSCC
and 40 matched normal
tissues

0.9 88% 99%

Salivary from 45 patients
with OSCC and 24
controls

0.82 for miR-31 80% 68%

Saliva samples from 108
HNSCC cases and 108
controls

0.73 for miR-122-5p and
0.70 for miR-92a-3p

- -

46 laryngeal SCC tumors
and non- cancerous
tissues

0.753 for miR-223/miR-
375, 0.991 for miR-21/
miR-375 and 0.856 for
miR-142-3p/miR-375

- -

Whole blood of 21
patients with recurrence
of OSCC and 21 patients
without recurrence

0.80 for miR-3651
0.78 for miR-494
0.76 for miR-186

81% for miR-3651,
71.4% for miR-494,
71.4% for miR-186

71.4% for miR-3651
76.2% for miR-494,
81% for miR-186

Whole blood of 50 OSCC
patients and 33 controls

0.82 for miR-3651
0.72 for miR-494

- -

20 saliva samples and 46
tissue samples from
patients with OPMD

0.81 87.51% 73.73%

salivary from 36 healthy
participants and 36
OPMD patients

0.82 69% 66%

Serum samples and tissue
specimens from 218
patients with OSCC and
90 controls

0.920 0.842 0.810

11 paired match tumor
tissues and adjacent
tissues, sera from 82 oral
cancer patients and 53
normal subjects

0.776 for miR-31-5p 76.8% 73.6%

51 Samples of HNSCC
cancer tissue and
adjacent non-cancerous
tissue

0.719 93% 61%

60 fresh-frozen tissue of
tongue carcinomas

0.7 for miR-183 86.2% for miR-183 48.4% for miR-183

salivary samples from
150 HNSCC patients and
80 healthy subjects

0.77 for miR-let-7a-5p,
0.78 for miR-3928

- -
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observation implies that expression of miR-223-3p enhances resistance to
anticancer modalities [147].

5. Diagnostic/prognostic value of miRNAs in HNSCC

Recent studies have shown diagnostic value of miRNAs in HNSCC.
They mostly designed receiver operating characteristic (ROC) curves and
measured the area under curve (AUC) values to estimate diagnostic
power of miRNAs. Such assessments have been accomplished in different
biological sources such as saliva, whole blood, serum, and tumor tissue
ue of miRNAs in HNSCC.

Kaplan-Meier analysis Univariate cox
regression

Multivariate cox
regression

Reference

Higher levels of miR-191
suggesting a lower survival
probability.

- - [17]

- - - [21]

- - - [24]

High expression of miR-21/
miR-375 in cancerous tissue
associates with poor
prognosis.

- - [25]

, - - - [27]

- - - [29]

miR-31 over-expression and
epithelial dysplasia
synergistically predict
OPMD progression.

miR-31 and
epithelial dysplasia
were independent
factors for OPMD
progression.

- [28]

- - - [57]

Patients having elevated
serum miR-626 and miR-5100
had significantly decreased
DFS and OS.
The two-miRNA signature
exhibited greater prognostic
performance than one-single-
miRNA.

The expression of
the two risk miRNAs
(miR-626 and miR-
5100) was inversely
related to DFS.
Significant
associations
between DFS and
grade, serum
miRNA signature,
and TNM stage were
detected.

The association
between this two-
miRNA signature
and survival was
independent of
other
clinicopathologic
variables.

[58]

- - - [55]

Patients with increased
expression of miR-15b-5p have
a significantly longer
locoregional relapse-free
survival. The predictive value
of miR-15b-5p was
independent of other
clinicopathological factors,
including the stage or the p16
status.

Forty-one out of
these forty-six
miRNAs were
significantly
associated with
LRC; eleven miRNAs
decreased and thirty
miRNAs increased
the risk of LRC in
HNSCC patients.

miR-15b-5p is
significantly
associated with
LRC.

[68]

Patients with miR-183 up-
regulation had shorter overall
survival. miR-21 over-
expression had a tendency
towards poorer survival.

Patients with high
miR-183 expression
have a 5.6 times
higher overall
mortality rate, and a
tendency towards
recurrence.

The recurrences
were independent
adverse prognostic
factors, while miR-
183 over-expression
lost its significance.

[36]

- - - [141]
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samples. Control samples were obtained from cancer-free individuals
except for the latter in which paired non-tumoral samples from the same
patients were used as controls. Moreover, a number of studies have
assessed power of miRNAs in the differentiation between patients with
recurrence and those without recurrence. Although all assays are prac-
tically useful, serum, blood and saliva provide non-invasive sources for
diagnosis of cancer. Theoretically, miRNAs can be used for early/routine
diagnosis of HNSCC as well as patients' follow-up for observation of re-
lapses. Notably, miRNA signature can even discriminate different stages
of HNSCC tumors [24]. Moreover, higher expression of several oncomiRs
and lower expression of a number of tumor suppressor miRNAs were
correlated with poor patients’ outcome as defined by disease free survival
or overall survival. The predictive values of several miRNAs were also
assessed in relation with clinicopathological factors such as grade, stage
or the p16 status. Table 4 shows the results of studies that investigated
this issue in HNSCC. Prognostic value of miRNAs was estimated through
Kaplan-Meier or Cox regression evaluation.

6. Discussion

HNSCC is among common humanmalignancies and affects more than
600000 individuals yearly [148]. Chemotherapy, radiotherapy and sur-
gical resection are therapeutic modalities that have improved survival of
patients; yet, less than half of all patients are rescued [149]. Thus, there is
an urgent need for identification of cancer at early stages. Mutations in
TP53, proliferation pathways (RAS/PI3K/mTOR pathway, PIK3CA,
HRAS), cell cycle regulating genes, Notch pathway, cell communication
and death pathways have been identified in HNSCC [150]. Notably,
several targets within these pathways are regulated by miRNAs as well.
Thus, aberrant expression of miRNAs is an alternative route for devel-
opment of HNSCC. Expression profiling has revealed dysregulated
expression of several miRNAs in HNSCC in association with clinical de-
terminants of cancer behavior; therefore, miRNAs have prominent roles
in the pathogenesis of HNSCC. Some preliminary studies have reported
correlations between expression profile of miRNAs and site of the HNSCC
tumor [9], which might indicate a site-specific role for these miRNAs.
Moreover, miRNAs profile is important in the recognition of minimal
residual disease in HNSCC [151]. Consistent with this speculation,
altered expression of miRNAs in the tumor-adjacent mucosa has been
correlated with the risk of HNSCC recurrence [11]. Decreased expression
levels of a number of miRNAs such as HNnov-miR-2, HNnov-miR-30, and
HNnov-miR-125 have been associatedwith the presence of HPV infection
[23]. Future studies are required to find a putative panel of miRNAs
which specifically correlate with HPV status. Several panels of miRNAs
have been suggested as diagnostic panels for HNSCC. Yet, diagnostic
power of none of them has been verified in large scales. A recent
meta-analysis have shown consistent results about aberrant expression of
22 miRNAs including miR-9 and miR-483-5p in HNSCC. Notably,
up-regulation of miR-9 and downregulation of miR-483-5p have been
associated with poor survival of patients [152]. Other miRNAs such as
mIR-191, miR-21, miR-375, miR-31, miR-626, miR-5100, miR-183 and
miR-15b-5p are also involved in determination of patients’ prognosis.
Levels of miRNAs in the saliva samples might be used for detection of oral
SCC both at the time of cancer diagnosis and after resection of the pri-
mary tumor [21]. In a retrospective study, Ahmad et al. have shown that
miR-15b-5p is differentially expressed between patients with short and
long time of locoregional control in a way that patients with higher levels
of this miRNA had a remarkably longer locoregional relapse-free survival
[68]. Further prospective studies are needed to verify whether expression
level of this miRNAs might be employed for individualized treatment
decisions. Moreover, plasma levels of a panel of miRNAs including
miR-142-3p, miR-186-5p, miR-195-5p, miR-374b-5p and miR-574-3p
has been regarded as an HPV-independent prognostic panel for HNSCC
patients who were treated with combined radiochemotherapy [16].
miRNAs might also modulate response of cancer cells to chemothera-
peutic agents, radiotherapy or even targeted therapies. Besides,
16
preliminary results from cell line studies indicated that suppression and
forced expression of a number of miRNAs could influence cancer cells
behavior. Thus, miRNAs have been regarded as therapeutic targets. De-
livery of certain pre-miRNAs or siRNAs using nanoparticles has been
promising [153,154]. Future studies should assess the efficacy of these
methods in combination with routine therapeutic options such as
chemotherapy. Taken together, miRNAs signature has practical impli-
cations in the diagnosis, staging, and management of HNSCC [155,156].
The most important usefulness of miRNAs in HNSCC is their application
as diagnostic markers for primary diagnosis of this type of cancer and
patients' follow-up. Altered expression levels of miRNAs might reflect
tumor recurrence after initial response to the therapeutic options. The
stability of miRNAs in the serum samples potentiates these transcripts as
suitable tools in non-invasive methods of cancer diagnosis. The thera-
peutic usefulness of miRNAs have been evaluated in xenograft models of
HNSCC, yet clinicasl studies are missing in this regard. Future studies
should focus on identification of modalities to restore function of tumor
suppressor miRNAs and abolish effects of onco-miRs in animal models as
well as clinical settings.
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