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ABSTRACT

Background. This study aimed to develop multi-RNA-based models using a competing
endogenous RNA (ceRNA) regulatory network to provide survival risk prediction in
head and neck squamous cell carcinoma (HNSCC).

Methods. All long non-coding RNA (IncRNA), microRNA (miRNA), and mRNA
expression data and clinicopathological features related to HNSCC were derived from
The Cancer Genome Atlas. Differentially expressed RNAs were calculated using R.
Prognostic factors were identified using univariate Cox regression analysis. Functional
analysis was performed using GO, KEGG pathways, and PPI network. Based on the
results, we derived a risk signature and compared high- and low-risk subgroups using
LASSO regression analysis. Survival analysis and the relationship between risk signature
and clinicopathological features were performed using log-rank tests and Cox regression
analysis. A ceRNA regulatory network was constructed, and prognostic IncRNAs and
miRNA expression levels were validated in vitro and in vivo.

Results. A list of 207 IncRNAs, 18 miRNAs and 362 mRNAs related to overall
survival was established. Five IncRNAs (HOTTIP, LINC00460, RMST, SFTA1P, and
TM4SF19-AS1), one miRNA (hsa-miR-206), and one mRNA (STC2) were used to
construct the ceRNA network. Three prognostic models contained 13 IncRNAs, eight
miRNAs, and 17 mRNAs, which correlated with the patient status, disease-free survival
(DES), stage, grade, T stage, N stage, TP53 mutation status, angiolymphatic invasion,
HPV status, and extracapsular spread. KEGG pathway analysis revealed significant
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enrichment of “Transcriptional misregulation in cancer” and “Neuroactive ligand-
receptor interaction.” In addition, HOTTIP, LINC00460, miR-206 and STC2 were
validated in GTEx data, GEO microarrays and six HNSCC cell lines.

Conclusions. Our findings clarify the interaction of ceRNA regulatory networks and
crucial clinicopathological features. These results show that prognostic biomarkers can
be identified by constructing multi-RNA-based prognostic models, which can be used
for survival risk prediction in patients with HNSCC.

Subjects Bioinformatics, Oncology

Keywords Competing endogenous RNA/ceRNA, Head and neck squamous cell carcinoma/HN-
SCC, LncRNA, TCGA, Prognosis

INTRODUCTION

Head and neck squamous cell carcinoma (HNSCC) has the ninth highest global incidence
of all malignancies, and accounted for approximately 53,260 new cases and approximately
10,750 deaths in 2019 in the United States of America (Ward et al., 2019; Siegel, Miller ¢
Jemal, 2020 Thrift & Gudenkauf, 2019). Despite advances in surgical procedures, chemo-
radiotherapy, and targeted therapy, clinical outcomes have remained unchanged for
decades, with the five-year survival rate ranging from 40% to 50% over the past three
decades (Braakhuis, Leemans ¢ Visser, 2014). HNSCC is characterized by a remarkably
aggressive biological behavior with a high incidence of lymph node and distant metastasis
that leads to poor prognosis (Ding et al., 2019; Sun et al., 2017). The 8th edition of American
Joint Commission Cancer (AJCC) introduced depth of invasion and extranodal extension
as criteria for T and N stages, respectively (Amin et al., 2017). TNM staging are useful for
determination of prognosis and development of strategic treatment plans based on the
anatomical situation (Asare et al., 2015). However, even patients with the same TNM stage
require different therapeutic approaches. Therefore, identification of additional molecular
biomarkers is required to improve prognosis by accounting for the biological heterogeneity
of HNSCC.

Differential expression of long non-coding RNAs (IncRNAs) might affect the
corresponding function and play an important role in cancer pathogenesis. LncRNAs
and microRNAs (miRNAs) are important subclasses of competing endogenous RNAs
(ceRNAs), which regulate the protein levels of target genes, thus, participating in all
aspects of various cellular biological processes (Lin ¢ Gregory, 2015; Schmitt ¢ Chang,
2016). Accumulating evidence suggests that the ceRNA network could be beneficial
for prognosis prediction in patients with HNSCC (Xu et al., 2019; Yin et al., 2019; Pan
et al., 2019; Fang et al., 2018; Zhao et al., 2018). Zhao et al. (2018) established a ceRNA
regulation network related to HNSCC that included eight differently expressed mRNAs
(DEmRNAs), 53 differentially expressed IncRNAs (DEIncRNAs), and 16 differentially
expressed miRNAs (DEmiRNAs). However, that study and others did not construct a
prognostic model for HNSCC that assessed the relationship between ceRNA network
RNAs and overall survival (OS). In addition, several important characteristics are closely
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related to the clinicopathological features of HNSCC, such as TP53 mutation status,
angiolymphatic invasion (ALI), human papillomavirus (HPV) status, perineural invasion
(PNI), and extracapsular spread (ECS). However, no previous studies have, to the best of
our knowledge, assessed the relationship between ceRNA network RNAs and the above
clinicopathological characteristics.

In the present study, we comprehensively evaluated the prognostic value of differentially
expressed RNAs and developed multi-RNA-based models that predicted OS via the risk
signature of HNSCC. In addition, we systematically investigated the relationship between
prognostic RNAs and HNSCC clinicopathological features.

MATERIALS & METHODS

Study population

The RNA sequence data of HNSCC were obtained from The Cancer Genome Atlas (TCGA)
database using the Data Transfer Tool, and the corresponding clinical information of
patients with HNSCC was downloaded. Sequenced information was provided by the
[lumina HiSeq miRNAseq and Illumina HiSeq RNA-seq platforms. This study conforms
to the publication guidelines of TCGA.

Differentially expressed RNAs related to HNSCC

The design and analytical approach of the present study are shown in the flow chart (Figs. 1A
and 1B). IncRNA-seq and mRNA-seq data were obtained from 546 samples consisting of
502 HNSCC and 44 adjacent normal tissues. MiRNA-seq information was obtained from
569 samples consisting of 525 HNSCC and 44 adjacent normal tissue samples. According
to the cutoff criteria of |log2 (fold-change [FC]) | > 2 and adjusted p < 0.05, DEmRNAs
and DEmiRNAs in the HNSCC and normal tissues were identified using the “edgeR”
package in R. Next, DEIncRNAs were screened out using the same method above in R
with the thresholds of [log,FC| > 2.0 and adjusted p-value < 0.05. Then, the DEIncRNAs
were annotated and defined using the Encyclopedia of DNA Elements (ENCODE). The
statistical significance of multiple comparisons was corrected using FDR (false discovery
rate) and FDR < 0.05 was considered statistically significant.

Survival analysis
Patients with HNSCC with an OS greater than 100 days were included in the survival
analysis. Univariate Cox regression analysis was conducted to screen for the prognostic
DEIncRNAs, DEmRNAs, and DEmiRNAs for OS. Last absolute shrinkage and selection
operator (LASSO) regression analysis was conducted with DEIncRNAs and DEmRNAs with
p <0.001, and DEmiRNAs with p < 0.05 for establishment of risk signatures in univariate
Cox regression analysis. The risk score (RS) was evaluated using the following formula:
RS = Y7 Coef(i)R(i)
Where n stands for the number of RNAs, Coef (i) represents the coefficient, and R(3)
represents the relative gene expression of z-score-transformed estimated by LASSO
regression analysis. If the RS of a sample was greater than the mean value of the RS, the
sample was assigned to the high-risk group; otherwise, it was assigned to the low-risk
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Figure 1 The flow chart of the study design and analysis. (A) The flow chart of the establishment of
Multi-RNAs-based models. (B) The flow chart of valifation. TCGA, The Cancer Genome Atlas; HNSCC,
Head and neck squamous cell carcinoma; IncRNA, long noncoding RNA; mRNA, messenger RNA;
miRNA, microRNA; OS, overall survival.

Full-size Gal DOI: 10.7717/peerj.9701/fig-1

group. The differences between high- and low-risk patients and OS were evaluated using
Kaplan—Meier survival plots and log-rank tests. Moreover, the sensitivity and specificity
for survival prediction were estimated by receiver operating characteristic (ROC) curves
and areas under the ROC curves (AUC).

Construction of the ceRNA network

A co-expression network related to prognostic differentially expressed RNAs screened
out in univariate Cox regression analysis was established and visualized using Cytoscape
software v 3.5.1. The interactions between differentially expressed RNAs were considered
as ceRNA triples, which were obtained using the following steps: To obtain the significant
co-expressed pairs, DEIncRNA and DEmiRNA interaction pairs were retrieved from
miRcode (http://www.mircode.org/). Next, DEmiRNA and DEmRNA interaction

pairs were predicted based on miRDB (http://www.mirdb.org/), miRTarBase (http:
//mirtarbase.mbc.nctu.edu.tw/), and TargetScan (http://www.targetscan.org/vert_71/).

Functional analysis and PPl network

Functional enrichment analyses, including KEGG and GO enrichment analyses, were
conducted using the “clusterProfiler” package. The Search Tool for the Retrieval of
Interacting Genes (STRING, http://string.embl.de/) was used to build the PPI network
according to a combined score greater than 0.4 as the threshold to evaluate the interactive
relationships of prognostic DEmRNAs. The nodes with substantially more connections
(>5) were considered hub proteins.

Validation and prognostic values
To test the reliability of the results, the expression levels and prognostic values of
the prognostic IncRNAs and mRNAs in the ceRNA network were verified using Gene
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Expression Profiling Interactive Analysis (GEPIA, http://gepia.cancer-pku.cn/index.html),
which was used to analyze the RNA sequencing data from TCGA and Genotype-Tissue
Expression (GTEx) dataset projects. The threshold |Log,FC| for prognostic factors was
determined through boxplot analysis using log,|TPM+1|.

The DEmiRNA of miR-206 in the ceRNA network was validated with a microarray
from the Gene Expression Omnibus (GEO) database (https://www.ncbi.nlm.nih.gov/geo/)
between tumor and normal tissues samples (in vivo), while was validated in cell lines
by qRT-PCR (in vitro). Then, the DEmRNA of STC2 in the ceRNA network between
tumor and normal tissues samples was validated with six gene expression datasets obtained
from ONCOMINE™ (https://www.oncomine.org/resource/login.html) and the Gene
Expression Omnibus (GEO) database (https://www.ncbi.nlm.nih.gov/geo/).

Human HNSCC cell lines (HN30, HN4, Cal27, and HN6) obtained from Shanghai Key
Laboratory of Stomatology and Shanghai Research Institute of Stomatology were cultured
in Dulbecco’s modified Eagle medium (DMEM) (Gibco, Carlsbad, CA, USA), and HNSCC
cell lines (SCC25 and SCC9) were cultured in DMEM/F12 (Gibco, Carlsbad, CA, USA)
supplemented with 10% heat-inactivated fetal bovine serum (FBS; Gibco, Carlsbad, CA,
USA) at 37 °C in a humidified 5% CO, atmosphere. TRIzol Reagent (Invitrogen, Carlsbad,
CA, USA) was used to extract total RNA from freshly harvested cells. A PrimeScript
RT-PCR Kit (TakaraBio, Otsu, Japan) was used for the reverse transcription of RNA.
An ABI 7500 real-time PCR system (Applied Biosystems, Irvine, CA, USA) and SYBR
Select MasterMix (Applied Biosystems, Irvine, CA, USA) were used for qRT-PCR.

The primer sequences were as follows: forward 5-CCTAAAGCCACGCTTCTTTG-

3’ and reverse 5-TGCAGGCTGGAGATCCTACT-3" for HOXA distal transcript
antisense RNA (HOTTIP); forward 5-AGAAAGACTGAGCGTGGGA-3’ and reverse
5'-GTCATTTTGGAGGCTGGAA-3’ for LINC00460; forward 5'-CGGGCTTGTGGAAT
GGTAAGC-3" and reverse 5'-GCTTCGGCAGCACATATACTAAAAT-3' for hsa-
miR-206; forward 5-AGGTCGGTGTGAACGGATTTG-3" and ’and reverse 5'-
TGTAGACCATGTAGTTGAGGTCA-3' for GAPDH. The relative expression levels were

2—AACT

estimated using the equation.

Statistical analysis

The expression of each RNA correlating with clinical characteristics was estimated using
the Mann—Whitney rank sum test. Survival curves were plotted using the Kaplan—Meier
method. Prognostic RNAs were screened using univariate and LASSO regression analyses.
R software (version 3.6.0), Cytoscape software (version 3.5.1), and GraphPad Prism 7 were
used to plot figures. Statistical significance was set at p < 0.05.

RESULTS
Identification of DEIncRNAs, DEmRNAs and DEmiRNAs

Each sample from patients with HNSCC was analyzed to obtain the expression profiles
of IncRNA, mRNA, and miRNA for comprehensive integrated analysis. A total of 1052
DEIncRNAs, 82 DEmiRNAs, and 2001 DEmRNAs were differentially expressed between
HNSCC and normal tissue samples. Of these, 766 IncRNAs (72.81%) were upregulated
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Figure 2 Screening of prognostic factors associated with OS. Volcano maps of (A) DEIncRNA, (B)
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and 286 (27.19%) were downregulated; 873 mRNAs (43.63%) were upregulated and 1128
(56.37%) downregulated; and 44 miRNAs (53.66%) were upregulated and 38 (46.34%)
were downregulated. The “gplots” package was used to plot the volcanos and heat maps of
differentially expressed RNAs (Figs. 2A-2C, Figs. STA-S1C).

Screening of prognostic factors associated with OS

We assessed 474 HNSCC samples selected from TCGA against the following criteria: (1) has
clinical characteristics data, (2) has whole RNA-seq data, and (3) OS of more than 100 days.
DEIncRNAs, DEmiRNAs, and DEmRNAs related to OS were screened using univariate
Cox regression analysis. In total, 207 IncRNAs, 18 miRNAs, and 362 mRNAs identified by
univariate Cox regression analysis (p < 0.05). Forthermore, 19 IncRNAs, 18 miRNAs, and
25 mRNAs were selected for the LASSO regression analysis to establish the risk signatures
(DEIncRNAs and DEmRNAs with p < 0.001, and DEmiRNAs with p < 0.05) (Table S1).

Functional analysis
GO enrichment analysis showed that on the BP, the differential expression genes were
associated with “keratinization”, “anterior/posterior pattern specification”, etc. For MF,

>«

the genes were related to “receptor ligand activity”, “receptor regulator activity”, etc. CC
were closely correlated with “intermediate filament”, “intermediate filament cytoskeleton”,
etc (Fig. 3A). KEGG enrichment analysis revealed that mRNAs were dramatically enriched
in pathways related to “transcriptional misregulation in cancer” and “neuroactive ligand—
receptor interaction”, which are significantly correlated with carcinogenesis and metastasis
(Fig. 3B). Further, correlations of the top 185 most significant mRNAs (p < 0.05) were

analyzed by constructing PPI networks (Fig. 3C). The results showed that these mRNAs

play key roles during the initiation and progression of HNSCC.

Predictive model for OS
In total, 19 IncRNAs, 18 miRNAs, and 25 mRNAs identified in univariate Cox regression
analysis were selected for the LASSO regression analysis. Of these, 13 IncRNAs (LINC00460,
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AL136987.1, MYOSLID, MIR9-3HG, AC073130.1, AC079160.1, LINC01305, AP002478.1,
LINCO02434, HOTTIP, ATP6V1B1-AS1, AC023310.4, and AL158209.1), eight miRNAs
(hsa-miR-411, hsa-miR-4510, hsa-miR-410, hsa-miR-99a, hsa-miR-499a, hsa-miR-4652,
hsa-miR-206 and hsa-miR-520¢), and 17 mRNAs (CELSR3, STC2, ADGRD2, ZNF541,
GRB14, NOSTRIN, TIMP4, HOXB9, ADPRHL1, SPINK1, PTX3, FRZB, ODF4, PLAU,
OLRI1, GNG7, and DTHD1) were independent prognostic factors related to OS in
patients with HNSCC. Associations between each of the above-mentioned RNAs and
clinicopathological features and molecular characteristics were assessed (Tables 52—-54).
Based on the powerful prognostic RNAs, three risk signatures were constructed (Figs. 4A—
4F). LASSO regression analysis of the 13 IncRNAs, eight miRNAs, and 17 mRNAs was
conducted, and the RS was calculated according to the coefficients shown in Table 1. To
evaluate the prognostic performance of the risk signature, patients with HNSCC were
divided into low- and high-risk groups based on the median RS. The results suggested
that patients in the high-risk group had worse prognoses than those in the low-risk group
(Figs. 4G—41). In addition, specificity and sensitivity were assessed using a time-dependent
ROC curve, and the AUC values were 0.62, 0.619, and 0.688, respectively, suggesting better
prediction performance (Figs. 4]—41).

The expression levels of differentially expressed RNAs related to clinicopathological
characteristics, including the three risk signatures, are shown in the heat map (Figs. 5A—
5C). Classification into the high-risk group was closely related to patient died status, TP53
mutation status, a high T stage, HPV negative, PNI, and disease recurrence/progression
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Table 1 The coefficients estimated by LASSO regression analysis.

DEIncRNA Coef DEmiRNA Coef DEmRNA Coef
LINC00460 2.1735E—04 has-miR-411 2.0123E—04 CELSR3 —8.2570E—05
AL136987.1 2.3890E—03 has-miR-4510 —3.0047E—02 STC2 3.8044E—05
MYOSLID 1.6926E—04 has-miR-410 1.9585E—04 ADGRD2 —6.0742E—04
MIR9-3HG —2.8041E—05 has-miR-99a —6.1385E—05 ZNF541 —1.2459E—04
AC073130.1 4.1471E—04 has-miR-499a 1.7026E—03 GRB14 2.7241E—04
AC079160.1 1.9663E—03 has-miR-4652 2.6325E—03 NOSTRIN —3.0643E—03
LINCO01305 —7.1734E—07 has-miR-206 1.8113E—06 TIMP4 1.6223E—03
AP002478.1 2.1455E—03 has-miR-520e 1.1725E—-02 HOXB9 9.9531E—05
LINC02434 1.6812E—03 ADPRHL1 3.1718E—04
HOTTIP 4.2863E—04 SPINK1 3.3189E—-04
ATP6V1B1-AS1 1.1889E—03 PTX3 1.1693E—04
AC023310.4 6.1627E—04 FRZB —3.4147E—-05
AL158209.1 2.8547E—02 ODF4 —1.9280E—02
PLAU 5.3363E—06
OLR1 1.1427E—05
GNG7 —3.3920E—04
DTHD1 —1.2034E—03
Notes.

DEIncRNA, differentially expressed long noncoding RNA; DEmRNA, differentially expressed messenger RNA; DEmiRNA, differentially expressed microRNA; Coef, coeffi-

cient.

in the IncRNA-based model; to patient died status, TP53 mutation status, high M
stage, and HPV negative in the miRNA-based model; and to patient died status, TP53
mutation status, high clinical stage, a high M stage, HPV negative, PNI, ECS, and disease
recurrence/progression in the mRNA-based model (Figs. 5A-5C, Table 2). Thus, age,
stage, T stage, N stage and the risk score were strongly related to OS in univariate analysis
(Figs. 6A—6C); risk score and age, in the IncRNA and mRNA models; and risk score, age,
and N stage, in the miRNA model (multivariate analysis) (Figs. 6D—6F) (p < 0.05). These
results showed that the risk score could be regarded as an independent prognostic factor
in HNSCC.

Construction of the survival-related ceRNA network

A ceRNA network comprising DEIncRNAs, DEmiRNAs, and DEmRNAs linked to HNSCC
was established and visualized using Cytoscape. The results showed that five IncRNAs
(HOTTIP, LINC00460, RMST, SFTA1P, and TM4SF19-AS1), one miRNA (hsa-miR-206),
and one mRNA (STC2) were eligible for the ceRNA regulatory network (Fig. 7A). Moreover,
the results showed that patients with HNSCC and high HOTTIP, LINC00460, miRNA-206,
and STC2 expression had a poor prognosis (Figs. 7B, 7C, 7G and 7H).

Verification of the prognostic values of ceRNA

The verified results of GEPIA showed that HOTTIP, LINC00460, and STC2 were
significantly associated with OS, strengthening the reliability of our findings (Figs. 8A—8P).
Notably, the expression of hsa-miR-206 (GSE45238) and STC2 (GSE2379, GSE13601,
GSE25099, GSE12452 and GSE9844) in six microarrays was significantly differential
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expression in HNSCC tissues than in normal tissues (Figs. 8Q—-8V). Furthermore, qRT-
PCR results showed that HOTTIP and LINC00460 were upregulated (Figs. 8W and 8X),
hsa-miR-206 was downregulated (Fig. 8Y) to varying degrees in many HNSCC cell lines
(HN4, HN6, Cal27, HN30, SCC9, and SCC25).

DISCUSSION

Determining the potential molecular mechanisms of the onset and development of HNSCC
and new prognostic targets will help improve the survival rate of patients. To date, few
studies have reported single or multiple biomarkers for HNSCC due to its multiple genetic
alternations and mutations and their complicated interactions. Therefore, identification of
specific and sensitive IncRNA biomarkers and prognostic targets for HNSCC is urgently
needed (Guglas et al., 2017). ceRNA regulatory networks are composed of IncRNAs,
miRNAs, and mRNAs and have attracted great interest in recent years with respect to
their contribution to the molecular mechanisms underlying tumor development and
subsequent malignant progression (Deng et al., 2015). The present study explored how the
HNSCC-specific IncRNAs function as ceRNAs to regulate their target genes and constructed
RNA-based prognostic models for HNSCC.

Many studies have implicated the ceRNA regulatory network comprising IncRNAs,
miRNAs, and mRNAs in the development of HNSCC (Xu et al., 2019; Yin et al., 2019; Pan

Zhang et al. (2020), PeerdJ, DOI 10.7717/peerj.9701 10/21


https://peerj.com
https://doi.org/10.7717/peerj.9701/fig-5
http://dx.doi.org/10.7717/peerj.9701

Loz6'lhead/21L22701 10Q ‘r19ad (0202) “|e 10 Bueyz

Le/LL

Table 2 Clinicopathological features are different between high-risk and low-risk in DEIncRNA, DEmiRNA and DEmRNA.

Clinicopathological features DEIncRNA DEmiRNA DEmRNA
High-risk  Low-risk p High-risk  Low-risk p High-risk  Low-risk p
. _3 —5 -5

HPV pl16 Negative 29 37 91 le 42 22 ‘1‘:67e 35 30 %.‘60e
Positive 4 25 4 24 2 27
Negati 23 30 -3 34 18 -5 27 25 —4

HPV ish egative 8.19¢ 6.87 2.95¢
Positive 1 17 1 16 0 18

Perineural Yes 93 62 . 88 64 103 51 8.34e6

P 0.01 0.17 -
Invasion No 80 95 87 88 73 102
Angiolymphatic Yes 58 51 62 44 65 44
8 : ymp 0.73 0.25 0.12

Invasion No 106 104 107 103 104 105

Extracapsular Gross Extension 20 12 15 16 19 13

spread Microscopic Extension 35 35 0.34 43 26 0.22 47 22 6.12¢73"

pathologic No Extranodal Extension 110 116 114 110 106 120

Lymph nodes counts <18 43 34 e 41 37 ) 46 31 020
>18 161 149 160 145 157 152

Disease Free Status ~ Disease Free 88 138 1.25¢73" 105 121 0.64 73 155 1.20e7%"
Recurred/Progressed 78 59 67 68 86 50

Notes.
DEIncRNA, differentially expressed long noncoding RNA; DEmRNA, differentially expressed messenger RNA; DEmiRNA, differentially expressed microRNA.
*p < 0.05.
“p< 0.0l
™p < 0.001.

rIead



https://peerj.com
http://dx.doi.org/10.7717/peerj.9701

Peer

A IncRNA B miRNA C mRNA

pvalue Hazard ratio pvalue Hazard ratio pvalue Hazard ratio
age 0045 1.019(1.000-1.037) age 0033 1.020(1.002-1.039) age 0045 1.019(1.000-1.037)
gender 0154 0743(0.494-1.118) —=— gender 0130 0.729(0.484-1.088) ——s—— gender 0154 0743(0.494-1.118) —s—
grade 0447 1.119(0.837-1.496) —-— grade 0443 1.120(0.838-1.498) —_— grade 0447 1.119(0.837-1.496) ——
stage <0.001  1.574(1.214-2.042) —-— stage <0.001  1.578(1.214-2.052) —_— stage <0.001  1.574(1214-2.042) -
T 0007 1.312(1.077-1.599) - T 0008 1.310(1.075-1.597) —— T 0007 1312(1.077-1.599) -
M 0126 1.107(0.972-1.260) M 0104 1.115(0.978-1.270) - M 0126 1.107(0.972-1.260)
N <0.001  1527(1245-1873) -- N <0.001  1.538(1.252-1.890) —— N <0.001  1.527(1245-1.873) -
TPS3 0065  1610(0.970-2.671) _— P53 0078 1.578(0.950-2.620) _— TP53 0065  1610(0.970-2.671) _—

¢ ) ) (

riskScore  <0.001  4.321(2.715-6.878) —— riskScore  <0.001  1.100(1.052-1.150; riskScore  <0.001  5.039(3.233-7.854) ——

IncRNA miRNA mRNA
D E F
pvalue Hazard ratio pvalue Hazard ratio pvalue Hazard ratio
age 0011 1.026(1.006-1.046) = age 0017 1.025(1.004-1.045) [ age 0043 1.021(1.001-1.041) ]
gender 0809  0948(0615-1462) ~ —m— gender 0397 0828(0.535-1281) ——=—— gender 0420 0836(0540-1203) —=—
grade 0819 1038(0.753-1.432) —— grade 0830 0.965(0.701-1.330) —a grade 0547  0905(0654-1252) ~ —m—
stage 0216 1.326(0.848-2.075) o stage 0253 1.299(0.829-2.036) _— stage 0454 1.190(0.755-1.874) —_—
T 0962 1.007(0.757-1.340) —-— T 0932 1.013(0.752-1.364) — T 0545 1.099(0.810-1.489) —-—
M 0173 1.099(0.959-1.259) - M 0385 1.063(0.927-1.219) - M 0973 1.002(0.873-1.151) -
N 0056 1.302(0.993-1.706) —-— N 0040 1.329(1.012-1.744) — N 0091 1.257(0.964-1.639) ——
P53 0415 1.240(0.739-2.081) — P53 0076 1.611(0.952-2.726) R — TPs3 0619 1.141(0679-1917)  —=—
(: ) ) (:

riskScore  <0.001  4.370(2.642-7.228) — riskScore  <0.001  1.103(1.053-1.154) = riskScore  <0.001  4.764(2.847-7.972) —_—

Figure 6 Prognostic value of the risk signature in HNSCC patients. Univariate Cox regression analysis
of the associated between clinicopathological features (including riskScore) and overall survival of HN-
SCC patients of (A) IncRNA, (B) miRNA, and (C) mRNA. Multivariate Cox regression analysis of the as-
sociated between clinicopathological features (including riskScore) and overall survival of (D) IncRNA,
(E) miRNA, and (F) mRNA. HR <1 represents RNA was negatively associated with OS, while HR >1 rep-
resents RNA was positively associated with OS. HR, hazard ratio; OS, overall survival.

Full-size & DOI: 10.7717/peerj.9701/fig-6

A B HOTTIP (p=6.215¢-04) C LINC00460 (p=6.004¢-03) * D RMST (p=7.714e-01)  E SFTA1P (p=2.108e-01)

08 10

LINC00460

Overal sunvival

SFTA1P

Oversi survival

00 02 04 06 08 10

00 0z 04 05 08 10
on

hsa-miR-206 o s o 15 o s 1 15 3 5 10 s o 5 10 i
Time (ears) Time ears) Time fyears) Time (ycars)

TMASF19-AS1 (p=4.604-01) O Hsa.miR.206 (p=1.5430-02)* 1 STC2 (p=2.928¢-06) **

Figure 7 Construct ceRNA regulatory network, and the prognostic value of RNAs included in ceRNA
regulatory network. (A) CeRNA network in HNSCC. Ellipse nodes represent IncRNAs; Diamond nodes
represent mRNAs; rectangle nodes represent miRNAs. The red nodes represent increased level of expres-
sion, while the blue nodes represent decreased level of expression. Gray edges indicate IncRNA-miRNA-
mRNA interactions. (B—H) The overall survival curves of the ceRNA-associated RNAs estimated by the
Kaplan Meier plotter. * p < 0.05, ** p < 0.01 and *** p < 0.001.
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et al., 2019; Fang et al., 2018; Zhao et al., 2018). All the above studies are based on data from
the TCGA database for the construction of a ceRNA regulatory network and to obtain
survival-related RNAs of HNSCC. The present study screened HOTTIP, LINC00460,
hsa-miR-206, and STC2 and, similar to the results of previous studies, a comparison with
which indicated that our research methods were credible. However, these studies only
assessed the relationship between signal IncRNA/miRNA/mRNA and survival and did not
construct a prognostic model. Conventional methods are often directly used to screen for
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differentially expressed RNAs while constructing a ceRNA regulatory network. In contrast
to other studies, in this study, we first analyzed differentially expressed RNAs to identify
prognosis-related RNAs using univariate Cox regression analysis, and then selected the
prognosis-related DEIncRNAs, DEmiRNAs, and DEmRNAs for the construction of the
ceRNA network. This approach ensured that all RNAs incorporated into the network were
associated with survival.

Another study by Yin et al. (2019) showed that 71 IncRNAs, eight miRNAs, and 16
mRNAs were established an HNSCC-specific ceRNA network. HOTTIP was proven to be
the most powerful prognostic factor and was markedly associated with clinical stage and

Zhang et al. (2020), PeerdJ, DOI 10.7717/peerj.9701 13/21


https://peerj.com
https://doi.org/10.7717/peerj.9701/fig-8
http://dx.doi.org/10.7717/peerj.9701

Peer

histological grade in three patients with HNSCC. Moreover, our study used univariate Cox
regression analysis and LASSO analysis to establish RNA-based risk signatures. Compared
with multivariate Cox regression analysis, LASSO analysis may be more beneficial in
reducing the occurrence of data model overfitting. However, a previous study identified
only IncRNAs and mRNA prognostic signatures among the ceRNA network and could not
establish a miRNA-based model. Forthermore, we analyzed the relationship between the
prognostic model and different clinicopathological features, and thereby strictly explained
the predictive role of risk signatures. More importantly, our study not only established
three prognostic models consisting of prognostic RNAs, but also assessed the relationship
between these prognostic models and conventional clinicopathological features (including
TNM stage and histological grade) and specific HNSCC clinicopathological features
(including TP53 mutation status, ALI, HPV status, PNI, and ECS).

Previous publications have focused in part on ceRNAs in laryngeal squamous cell
carcinoma (LSCC) (Kong et al., 2019; Liu & Ye, 2019; Gao et al., 2019; Zhao et al., 2019;
Sun et al., 2018; Feng et al., 2016), tongue squamous cell carcinoma (TSCC) (Sturgis &
Cinciripini, 2007), and nasopharyngeal carcinoma (NPC) (Fullerton et al., 2020; Agrawal
et al., 2011). These studies have identified differentially expressed RNAs by IncRNA and
mRNA integrated microarrays of cancer tissue or by immunohistochemistry (Gao et al.,
2019; Zhao et al., 2019; Sun et al., 2018; Feng et al., 2016). The different key RNAs screened
may be attributed to the patients included from different databases and the different
tumor types. The evaluation ability was 0.62 for the IncRNA-based model, 0.619 for the
miRNA-based model, and 0.688 for the mRNA-based model.

Importantly, while establishing prognosis-related prediction models, we also analyzed
the relationship between the three prognostic models and clinicopathological features,
including the relationship between the expression of each independent RNA in the model
and clinicopathological features. This has, to the best of our knowledge, never been
explored. Our results showed that the three prognostic models significantly correlated
with clinicopathological features, such as OS, DFS, TP53 mutation status, and HPV status.
Furthermore, the RS of the three risk signatures as an independent predictor of prognosis
plays an important role in prognostic prediction in HNSCC. Notably, HPV is regarded as
a crucial risk factor for the development of oropharyngeal cancer (Sturgis ¢ Cinciripini,
2007). New studies have shown that patients with HPV-positive and HPV-negative
oropharyngeal cancer have dramatically different rates of both head and neck carcinoma
mortality and competing-cause mortality. Compared with HPV-positive patients, HPV-
negative patients have a higher risk of two-year cumulative incidence of all-cause mortality
and a lower risk of both head and neck carcinoma-specific mortality and competing-cause
mortality (p < 0.0001) (Fullerton et al., 2020). Therefore, we believe that the HPV status
is a critical determinant in oropharyngeal cancer. TP53 mutation was observed in 60% to
80% of HPV-negative HNSCC patients and was associated with poor prognosis, increased
resistance to standard therapy (mainly cisplatin and radiation), and the shortest time
to distant metastases (Agrawal et al., 2011; Stransky et al., 2011; Neskey et al., 2015). The
significance of TP53 mutations is in predicting the efficacy of chemotherapy, targeted
therapy, and radiotherapy.

Zhang et al. (2020), PeerJ, DOI 10.7717/peerj.9701 14/21


https://peerj.com
http://dx.doi.org/10.7717/peerj.9701

Peer

In our KEGG pathway analysis, the prognostic mRNAs were significantly enriched in
“Transcriptional misregulation in cancer” and “Neuroactive ligand-receptor interaction”.
The pathways related to “Transcriptional misregulation in cancer” included the P53
signaling pathway, renal cell carcinoma, thyroid cancer, and acute myeloid leukemia. Xu
et al. (2019) reported the same KEGG pathways to be enriched in HNSCC.

We further validated the RNAs in the ceRNA regulatory network using the TCGA
database, both in vivo and in vitro. HOTTIP and LINC00460 were significantly associated
with OS validated by GTEx data and several gene microarrays. They also showed varying
degrees of upregulation in six HNSCC cell lines. HOTTIP is a newly identified IncRNA
encoded by chromosome 7p15.2 located at the 5 ’-end of the HOXA cluster (Wang et al.,
2011). Many studies have reported that higher expression of HOTTIP is associated with
positive lymph node metastasis and unfavorable prognosis in various cancer types (Lian
et al., 2016; Chen et al., 2017). Our previous studies have confirmed that HOTTIP is
also involved in the construction of a ceRNA regulatory network in renal clear-cell
carcinoma (Wang et al., 2018). Zhang et al. (2015) reported that the overexpression of
HOTTIP is an independent poor prognostic factor for patients with TSCC. Xue et al.
(2019) showed that the downregulation of LINC00460 can facilitate cancer cell apoptosis
and autophagy in HNSCC. Our previous studies have confirmed that the IncRNA signature
and tumor grade are independent prognostic factors and that the 3-IncRNA (KTN1-AS1,
LINCO00460, and RP5-894A10.6) signature could be a novel prognostic biomarker for
HNSCC (Cao et al., 2017). Jiang et al. (2019) proposed that LINC00460 could enhance the
proliferation and metastasis of HNSCC cells and promote EMT by accelerating PRDX1
entry into the nucleus. LINC00460 contributes to the progression of NPC by sponging
miR-149-5p to upregulate IL6 (Kong et al., 2018).

In this study, only one prognostic miRNA (hsa-miR-206) involved in ceRNAs network.
In terms of hsa-miR-206, it has been reported to be downregulated and associated with
tumor progression and worse prognosis in several malignancies such as gastric cancer,
osteosarcoma and colorectal carcinoma (Arigami et al., 2013; Bao et al., 2013; Liu et al.,
2017). In HNSCC, it was demonstrated that hsa-miR-206 plays a critical role progression
by targeting HDAC6 via PTEN/AKT/mTOR pathway, which might be a potential target
for diagnostic and therapeutic (Vickers et al., 2012). The target prognostic mRNA of hsa-
miR-206 was STC2 in ceRNAs regulatory network in present study. STC2 (Stanniocalcin
2) is a secreted glycoprotein with important functions in gastric cancer, which could
be a powerful marker of poor prognosis (Yang et al., 2013; Yang et al., 2017). Yang et al.
concluded that STC2 may promote HNSCC metastasis via PI3K/AKT/Snail signaling axis.
Targeted therapy against STC2 may become a novel strategy to effectively treat patients
with metastatic HNSCC (Yokobori et al., 2010).

This study has various advantages and limitations. The advantage of bioinformatics
technology is that it can provide novel insights into the potential molecular mechanisms
involved in the development and progression of HNSCC (Yu et al., 2014). However, a well-
designed and verified classifier model is needed to ensure the reliability of our findings.
The highlights of this study are as follows: First, we established three multi-RNA-based
prognostic models and a prognostic ceRNA regulatory network for HNSCGC, all of which can
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increase the effectiveness of prognosis prediction. Second, we comprehensively analyzed
the relationship between the prognosis model and each RNA included in the prediction
model and conventional clinicopathological features (including TNM stage and histological
grade) and specific HNSCC clinicopathological features (including TP53 mutation status,
ALL HPV status, PNI, and ECS) to further verify the significant correlation with survival
and clinical therapeutic outcomes. IncRNAs can regulate gene expression at several levels
and are involved in the evolution and progression of many cancers. However, the present
study only identified one regulatory mechanism. Therefore, further clinical investigations
and scientific research are required to validate these conclusions.

CONCLUSIONS

In conclusion, the present study analyzed an independent cohort of patients with HNSCC
from the TCGA database, constructed a ceRNA regulatory network, and established three
multi-RNA-based prognostic models with potential prognostic value, and the findings may
provide a basis for further experimental and clinical research.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This work was supported by Research Grants from Science and Technology Commission
of Shanghai Municipality (15411950300), Cancer Research Youth Science Foundation of
Chinese Anti-Cancer Association (CAYC18A49), National Natural Science Foundation
of China (81972589, 81672745, 81702673), Shanghai Health and Family Planning
Commission Foundation of China (201540257), Shanghai Area of Science and Technology
Commission Foundation of China (20151005). The funders had no role in study design,
data collection and analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures

The following grant information was disclosed by the authors:

Science and Technology Commission of Shanghai Municipality: 15411950300.

Cancer Research Youth Science Foundation of Chinese Anti-Cancer Association:
CAYC18A49.

National Natural Science Foundation of China: 81972589, 81672745, 81702673.
Shanghai Health and Family Planning Commission Foundation of China: 201540257.
Shanghai Area of Science and Technology Commission Foundation of China: 20151005.

Competing Interests
The authors declare there are no competing interests.

Author Contributions

e Chengyao Zhang conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, and approved the final draft.

e Wei Cao performed the experiments, authored or reviewed drafts of the paper, and
approved the final draft.

Zhang et al. (2020), PeerJ, DOI 10.7717/peerj.9701 16/21


https://peerj.com
http://dx.doi.org/10.7717/peerj.9701

Peer

e Jiawu Wang and Jiannan Liu conceived and designed the experiments, performed the
experiments, prepared figures and/or tables, and approved the final draft.

e Jialiang Liu and Hao Wu analyzed the data, prepared figures and/or tables, and approved
the final draft.

e Siyi Li and Chenping Zhang conceived and designed the experiments, authored or
reviewed drafts of the paper, and approved the final draft.

Data Availability
The following information was supplied regarding data availability:

Data is available at TCGA, search terms: TCGA, Project: TCGA-HNSC, Diease Type:
squamous cell neoplasms.

https://portal.gdc.cancer.gov/repository?facet Tab=cases&filters={aAccopaAi%
3A”and"%ZC"content”‘Vo3A[{ﬁAoeopﬁAi%3A"in"‘VoZC"content"%SA{éAoeﬁeldéAi%
3A"cases.project.project_id"%2C"value"%3A[4Ace TCGA- HNSC4Ai]}}]}

Data is available at NCBI GEO: GSE45238, GSE2379, GSE13601, GSE25099, GSE9844,
GSE12452.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.9701#supplemental-information.

REFERENCES

Agrawal N, Frederick MJ, Pickering CR, Bettegowda C, Chang K, Li R]J, Fakhry C,

Xie TX, Zhang J, Wang J, Zhang N, El-Naggar AK, Jasser SA, Weinstein JN,
Trevino L, Drummond JA, Muzny DM, Wu Y, Wood LD, Hruban RH, Westra
WH, Koch WM, Califano JA, Gibbs RA, Sidransky D, Vogelstein B, Velculescu VE,
Papadopoulos N, Wheeler DA, Kinzler KW, Myers JN. 2011. Exome sequencing of
head and neck squamous cell carcinoma reveals inactivating mutations in NOTCHI.
Science 333(6046):1154—1157 DOI 10.1126/science.1206923.

Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald JE, Brookland RK, Meyer
L, Gress DM, Byrd DR, Winchester DP. 2017. The eighth edition AJCC Cancer
Staging Manual: continuing to build a bridge from a population-based to a more
personalized approach to cancer staging. CA: A Cancer Journal for Clinicians
67(2):93-99 DOI 10.3322/caac.21388.

Arigami T, Uenosono Y, Ishigami S, Yanagita S, Hagihara T, Haraguchi N, Matsushita
D, Hirahara T, Okumura H, Uchikado Y, Nakajo A, Hokita S, Natsugoe S. 2013.
Clinical significance of stanniocalcin 2 expression as a predictor of tumor progres-
sion in gastric cancer. Oncology Reports 30(6):2838-2844 DOI 10.3892/01.2013.2775.

Asare EA, Washington MK, Gress DM, Gershenwald JE, Greene FL. 2015. Improving
the quality of cancer staging. CA: A Cancer Journal for Clinicians 65(4):261-263
DOI 10.3322/caac.21284.

Zhang et al. (2020), PeerJ, DOI 10.7717/peerj.9701 17/21


https://peerj.com
https://portal.gdc.cancer.gov/repository?facetTab=cases&filters=%7B%22op%22%3A%22and%22%2C%22content%22%3A%5B%7B%22op%22%3A%22in%22%2C%22content%22%3A%7B%22field%22%3A%22cases.project.project_id%22%2C%22value%22%3A%5B%22TCGA-HNSC%22%5D%7D%7D%5D%7D
https://portal.gdc.cancer.gov/repository?facetTab=cases&filters=%7B%22op%22%3A%22and%22%2C%22content%22%3A%5B%7B%22op%22%3A%22in%22%2C%22content%22%3A%7B%22field%22%3A%22cases.project.project_id%22%2C%22value%22%3A%5B%22TCGA-HNSC%22%5D%7D%7D%5D%7D
https://portal.gdc.cancer.gov/repository?facetTab=cases&filters=%7B%22op%22%3A%22and%22%2C%22content%22%3A%5B%7B%22op%22%3A%22in%22%2C%22content%22%3A%7B%22field%22%3A%22cases.project.project_id%22%2C%22value%22%3A%5B%22TCGA-HNSC%22%5D%7D%7D%5D%7D
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE45238
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE2379
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE13601
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE25099
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE9844
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE12452
http://dx.doi.org/10.7717/peerj.9701#supplemental-information
http://dx.doi.org/10.7717/peerj.9701#supplemental-information
http://dx.doi.org/10.1126/science.1206923
http://dx.doi.org/10.3322/caac.21388
http://dx.doi.org/10.3892/or.2013.2775
http://dx.doi.org/10.3322/caac.21284
http://dx.doi.org/10.7717/peerj.9701

Peer

Bao YP, YiY, Peng LL, FangJ, Liu KB, Li WZ, Luo HS. 2013. Roles of microRNA-

206 in osteosarcoma pathogenesis and progression. Asian Pacific Journal of Cancer
Prevention 14(6):3751-3755 DOI 10.7314/APJCP.2013.14.6.3751.

Braakhuis BJ, Leemans CR, Visser O. 2014. Incidence and survival trends of head and
neck squamous cell carcinoma in the Netherlands between 1989 and 2011. Oral
Oncology 50(7):670—675 DOI 10.1016/j.oraloncology.2014.03.008.

Cao W, Liu)N, Liu Z, Wang X, Han ZG, Ji T, Chen WT, Zou X. 2017. A three-IncRNA
signature derived from the Atlas of ncRNA in cancer (TANRIC) database predicts
the survival of patients with head and neck squamous cell carcinoma. Oral Oncol
65:94-101 DOI 10.1016/j.oraloncology.2016.12.017.

Chen Z, He A, Wang D, Liu Y, Huang W. 2017. -Long noncoding RNA HOTTIP
as a novel predictor of lymph node metastasis and survival in human can-
cer: a systematic review and meta-analysis. Oncotarget 8(8):14126—-14132
DOI 10.18632/oncotarget.12981.

Deng L, Yang SB, Xu FF, Zhang JH. 2015. Long noncoding RNA CCAT1 promotes
hepatocellular carcinoma progression by functioning as let-7 sponge. Journal of
Experimental ¢ Clinical Cancer Research 34(1):18 DOI 10.1186/s13046-015-0136-7.

Ding D, Stokes W, Eguchi M, Hararah M, Sumner W, Amini A, Goddard ], Somerset
H, Bradley C, McDermott J, Raben D, Karam SD. 2019. Association between
lymph node ratio and recurrence and survival outcomes in patients with oral
cavity cancer. JAMA OtolaryngologydASHead & Neck Surgery 145(1):53—61
DOI 10.1001/jamaoto.2018.2974.

Fang XN, Yin M, Li H, Liang C, Xu C, Yang GW, Zhang HX. 2018. Comprehensive anal-
ysis of competitive endogenous RNAs network associated with head and neck squa-
mous cell carcinoma. Scientific Reports 8(1):10544 DOI 10.1038/s41598-018-28957-y.

Feng L, Wang R, Lian M, Ma H, He N, Liu H, Wang H, Fang J. 2016. Integrated analysis
of long noncoding RNA and mRNA expression profile in advanced laryngeal squa-
mous cell carcinoma. PLOS ONE 11(12):e0169232 DOI 10.1371/journal.pone.0169232.

Fullerton ZH, Butler SS, Mahal BA, Muralidhar V, Schoenfeld JD, Tishler RB, Margalit
DN. 2020. Short-term mortality risks among patients with oropharynx cancer by
human papillomavirus status. Cancer 126(7):1424-1433 DOI 10.1002/cncr.32652.

Gao W, Zhang Y, Niu M, Bo Y, Li H, Xue X, Lu Y, Zheng X, Tang Y, CuiJ, He L,
Thorne RF, Wang B, Wu Y. 2019. Identification of miR-145-5p-centered competing
endogenous RNA network in laryngeal squamous cell carcinoma. Proteomics 19(21-
22):€1900020 DOI 10.1002/pmic.201900020.

Guglas K, Bogaczynska M, Kolenda T, Rys M, Teresiak A, Blizniak R, Lasinska I,
Mackiewicz J, Lamperska K. 2017. IncRNA in HNSCC: challenges and potential.
Contemporary Oncology 21(4):259-266 DOI 10.5114/w0.2017.72382.

Jiang Y, Cao W, Wu K, Qin X, Wang X, Li Y, Yu B, Zhang Z, Wang X, Yan M, Xu Q,
ZhangJ, Chen W. 2019. LncRNA LINC00460 promotes EMT in head and neck
squamous cell carcinoma by facilitating peroxiredoxin-1 into the nucleus. ] Exp Clin
Cancer Res 38(1):365 DOI 10.1186/s13046-019-1364-7.

Zhang et al. (2020), PeerJ, DOI 10.7717/peerj.9701 18/21


https://peerj.com
http://dx.doi.org/10.7314/APJCP.2013.14.6.3751
http://dx.doi.org/10.1016/j.oraloncology.2014.03.008
http://dx.doi.org/10.1016/j.oraloncology.2016.12.017
http://dx.doi.org/10.18632/oncotarget.12981
http://dx.doi.org/10.1186/s13046-015-0136-7
http://dx.doi.org/10.1001/jamaoto.2018.2974
http://dx.doi.org/10.1038/s41598-018-28957-y
http://dx.doi.org/10.1371/journal.pone.0169232
http://dx.doi.org/10.1002/cncr.32652
http://dx.doi.org/10.1002/pmic.201900020
http://dx.doi.org/10.5114/wo.2017.72382
http://dx.doi.org/10.1186/s13046-019-1364-z
http://dx.doi.org/10.7717/peerj.9701

Peer

Kong YG, Cui M, Chen SM, Xu Y, Xu 'Y, Tao ZZ. 2018. LncRNA-LINC00460 facilitates
nasopharyngeal carcinoma tumorigenesis through sponging miR-149-5p to up-
regulate IL6. Gene 639:77—-84 DOI 10.1016/j.gene.2017.10.006.

Kong X, QiJ, Yan Y, Chen L, Zhao Y, Fang Z, Fan J, Liu M, Liu Y. 2019. Comprehensive
analysis of differentially expressed profiles of IncRNAs mRNAs and miRNAs in
laryngeal squamous cell carcinoma in order to construct a ceRNA network and
identify potential biomarkers. Journal of Cellular Biochemistry 120(10):17963-17974
DOI 10.1002/jcb.29063.

Lian Y, Cai Z, Gong H, Xue S, Wu D, Wang K. 2016. HOTTIP: a critical oncogenic
long non-coding RNA in human cancers. Molecular BioSystems 12(11):3247-3253
DOI 10.1039/C6MB00475].

Lin S, Gregory RI. 2015. MicroRNA biogenesis pathways in cancer. Nature Reviews
Cancer 15(6):321-333 DOI 10.1038/nrc3932.

LiuY, Ye F. 2019. Construction and integrated analysis of crosstalking ceRNAs networks
in laryngeal squamous cell carcinoma. Peer] 7:¢7380 DOI 10.7717/peerj.7380.

Liu F, Zhao X, Qian Y, Zhang J, Zhang Y, Yin R. 2017. MiR-206 inhibits Head
and neck squamous cell carcinoma cell progression by targeting HDAC6 via
PTEN/AKT/mTOR pathway. Biomedicine and Pharmacotherapy 96:229-237
DOI 10.1016/j.biopha.2017.08.145.

Neskey DM, Osman AA, Ow TJ, Katsonis P, McDonald T, Hicks SC, Hsu TK,
Pickering CR, Ward A, Patel A, Yordy JS, Skinner HD, Giri U, Sano D, Story
MD, Beadle BM, El-Naggar AK, Kies MS, William WN, Caulin C, Frederick
M, Kimmel M, Myers JN, Lichtarge O. 2015. Evolutionary action score of TP53
identifies high-risk mutations associated with decreased survival and increased
distant metastases in head and neck cancer. Cancer Research 75(7):1527—-1536
DOI 10.1158/0008-5472.CAN-14-2735.

Pan Y, Liu G, Wang D, Li Y. 2019. Analysis of IncRNA-Mediated ceRNA crosstalk and
identification of prognostic signature in head and neck squamous cell carcinoma.
Frontiers in Pharmacology 10:00150 DOI 10.3389/fphar.2019.00150.

Schmitt AM, Chang HY. 2016. Long noncoding RNAs in cancer pathways. Cancer Cell
29(4):452-463 DOI 10.1016/j.ccell.2016.03.010.

Siegel RL, Miller KD, Jemal A. 2020. Cancer statistics 2020. CA: A Cancer Journal for
Clinicians 70(1):7-30 DOI 10.3322/caac.21590.

Stransky N, Egloff AM, Tward AD, Kostic AD, Cibulskis K, Sivachenko A, Kryukov GV,
Lawrence MS, Sougnez C, McKenna A, Shefler E, Ramos AH, Stojanov P, Carter
SL, Voet D, Cortes ML, Auclair D, Berger MF, Saksena G, Guiducci C, Onofrio
RC, Parkin M, Romkes M, Weissfeld JL, Seethala RR, Wang L, Rangel-Escareno C,
Fernandez-Lopez JC, Hidalgo-Miranda A, Melendez-Zajgla J, Winckler W, Ardlie
K, Gabriel SB, Meyerson M, Lander ES, Getz G, Golub TR, Garraway LA, Grandis
JR. 2011. The mutational landscape of head and neck squamous cell carcinoma.
Science 333(6046):1157-1160 DOI 10.1126/science.1208130.

Zhang et al. (2020), PeerJ, DOI 10.7717/peerj.9701 19/21


https://peerj.com
http://dx.doi.org/10.1016/j.gene.2017.10.006
http://dx.doi.org/10.1002/jcb.29063
http://dx.doi.org/10.1039/C6MB00475J
http://dx.doi.org/10.1038/nrc3932
http://dx.doi.org/10.7717/peerj.7380
http://dx.doi.org/10.1016/j.biopha.2017.08.145
http://dx.doi.org/10.1158/0008-5472.CAN-14-2735
http://dx.doi.org/10.3389/fphar.2019.00150
http://dx.doi.org/10.1016/j.ccell.2016.03.010
http://dx.doi.org/10.3322/caac.21590
http://dx.doi.org/10.1126/science.1208130
http://dx.doi.org/10.7717/peerj.9701

Peer

Sturgis EM, Cinciripini PM. 2007. Trends in head and neck cancer incidence in relation
to smoking prevalence: an emerging epidemic of human papillomavirus-associated
cancers? Cancer 110(7):1429-1435 DOI 10.1002/cncr.22963.

Sun J, Lian M, Ma H, Wang R, Ma Z, Wang H, Zhai ], Meng L, Feng L, Bai Y, Cui X,
FangJ. 2018. Competing endogenous RNA network analysis of CD274 IL10 and
FOXP3 coexpression in laryngeal squamous cell carcinoma. Molecular Medicine
Reports 17(3):3859-3869 DOI 10.3892/mmr.2017.8307.

Sun W, Yang Y, Xu C, Guo J. 2017. Regulatory mechanisms of long noncod-
ing RNAs on gene expression in cancers. Cancer Genetics 216-217:105-110
DOI 10.1016/j.cancergen.2017.06.003.

Thrift AP, Gudenkauf FJ. 2019. Melanoma incidence among non-Hispanic whites in all
50 United States from 2001 through 2015. Journal of the National Cancer Institute
112(5):533-539 DOI 10.1093/jnci/djz153.

Vickers MM, Bar J, Gorn-Hondermann I, Yarom N, Daneshm M, Hanson JE, Addison
CL, Asmis TR, Jonker DJ, Maroun J, Lorimer IA, Goss GD, Dimitroulakos J.

2012. Stage-dependent differential expression of microRNAs in colorectal cancer:
potential role as markers of metastatic disease. Clinical and Experimental Metastasis
29(2):123-132 DOI 10.1007/s10585-011-9435-3.

Wang KC, Yang YW, Liu B, Sanyal A, Corces-Zimmerman R, Chen Y, Lajoie BR,
Protacio A, Flynn RA, Gupta RA, Wysocka J, Lei M, Dekker J, Helms JA, Chang
HY. 2011. A long noncoding RNA maintains active chromatin to coordinate
homeotic gene expression. Nature 472(7341):120-124 DOI 10.1038/nature09819.

Wang J, Zhang C, He W, Gou X. 2018. Construction and comprehensive analysis of
dysregulated long non-coding RNA-associated competing endogenous RNA network
in clear cell renal cell carcinoma. Journal of Cellular Biochemistry 27557 Epub ahead
of print Oct 2 2018 DOI 10.1002/jcb.27557.

Ward EM, Sherman RL, Henley SJ, Jemal A, Siegel DA, Feuer EJ, Firth AU, Kohler BA,
Scott S, Ma J, Anderson RN, Benard V, Cronin KA. 2019. Annual report to the
nation on the status of cancer featuring cancer in men and women age 20—49 years.
Journal of the National Cancer Institute 111(12):1279-1297 DOI 10.1093/jnci/djz106.

Xu Q, Yin H, Ao H, Leng X, Liu M, Liu Y, Ma J, Wang X. 2019. An 11-IncRNA expres-
sion could be potential prognostic biomarkers in head and neck squamous cell carci-
noma. Journal of Cellular Biochemistry 120(10):18094-18103 DOI 10.1002/jcb.29113.

Xue K, LiJ, Nan S, Zhao X, Xu C. 2019. Downregulation of LINC00460 decreases
STC2 and promotes autophagy of head and neck squamous cell carcinoma by up-
regulating microRNA-206. Life Sciences 231:116459 DOI 10.1016/j.1fs.2019.05.015.

Yang S, Ji Q, Chang B, Wang Y, Zhu Y, Li D, Huang C, Wang Y, Sun G, Zhang L,

Guan Q, XiangJ, Wei W, Lu Z, Liao T, Meng J, Wang Z, Ma B, Zhou L, Wang Y,
Yang G. 2017. STC2 promotes head and neck squamous cell carcinoma metastasis
through modulating the PI3K/AKT/Snail signaling. Oncotarget 8(4):5976-5991
DOI 10.18632/oncotarget.13355.

Zhang et al. (2020), PeerJ, DOI 10.7717/peerj.9701 20/21


https://peerj.com
http://dx.doi.org/10.1002/cncr.22963
http://dx.doi.org/10.3892/mmr.2017.8307
http://dx.doi.org/10.1016/j.cancergen.2017.06.003
http://dx.doi.org/10.1093/jnci/djz153
http://dx.doi.org/10.1007/s10585-011-9435-3
http://dx.doi.org/10.1038/nature09819
http://dx.doi.org/10.1002/jcb.27557
http://dx.doi.org/10.1093/jnci/djz106
http://dx.doi.org/10.1002/jcb.29113
http://dx.doi.org/10.1016/j.lfs.2019.05.015
http://dx.doi.org/10.18632/oncotarget.13355
http://dx.doi.org/10.7717/peerj.9701

Peer

Yang Q, Zhang C, Huang B, Li H, Zhang R, Huang Y, Wang J. 2013. Downregu-
lation of microRNA-206 is a potent prognostic marker for patients with gas-
tric cancer. European Journal of Gastroenterology & Hepatology 25(8):953—-957
DOI 10.1097/MEG.0b013e32835ed691.

Yin X, Yang W, Xie J, Wei Z, Tang C, Song C, Wang Y, Cai Y, Xu W, Han W. 2019.
HOTTIP functions as a key candidate biomarker in head and neck squamous cell
carcinoma by integrated bioinformatic analysis. BioMed Research International
2019:5450617 DOI 10.1155/2019/5450617.

Yokobori T, Mimori K, Ishii H, Iwatsuki M, Tanaka F, Kamohara Y, Ieta K, Kita Y,
Doki Y, Kuwano H, Mori M. 2010. Clinical significance of stanniocalcin 2 as a
prognostic marker in gastric cancer. Annals of Surgical Oncology 17(10):2601-2607
DOI 10.1245/510434-010-1086-0.

Yu G, Yao W, Gumireddy K, Li A, Wang J, Xiao W, Chen K, Xiao H, Li H, Tang K, Ye Z,
Huang Q, Xu H. 2014. Pseudogene PTENP1 functions as a competing endogenous
RNA to suppress clear-cell renal cell carcinoma progression. Molecular Cancer
Therapeutics 13(12):3086—3097 DOI 10.1158/1535-7163.MCT-14-0245.

Zhang H, Zhao L, Wang YX, Xi M, Liu SL, Luo LL. 2015. Long non-coding RNA
HOTTIP is correlated with progression and prognosis in tongue squamous cell
carcinoma. Tumour Biology 36(11):8805-8809 DOI 10.1007/s13277-015-3645-2.

Zhao G, FuY, SuZ, WuR. 2018. How long non-coding RNAs and MicroRNAs mediate
the endogenous RNA network of head and neck squamous cell carcinoma: a
comprehensive analysis. Cellular Physiology and Biochemistry 50(1):332—341
DOI 10.1159/000494009.

Zhao R, Li FQ, Tian LL, Shang DS, Guo Y, Zhang JR, Liu M. 2019. Comprehensive
analysis of the whole coding and non-coding RNA transcriptome expression profiles
and construction of the circRNA-IncRNA co-regulated ceRNA network in laryngeal
squamous cell carcinoma. Functional and Integrative Genomics 19(1):109-121
DOI 10.1007/s10142-018-0631-y.

Zhang et al. (2020), PeerJ, DOI 10.7717/peerj.9701 21/21


https://peerj.com
http://dx.doi.org/10.1097/MEG.0b013e32835ed691
http://dx.doi.org/10.1155/2019/5450617
http://dx.doi.org/10.1245/s10434-010-1086-0
http://dx.doi.org/10.1158/1535-7163.MCT-14-0245
http://dx.doi.org/10.1007/s13277-015-3645-2
http://dx.doi.org/10.1159/000494009
http://dx.doi.org/10.1007/s10142-018-0631-y
http://dx.doi.org/10.7717/peerj.9701

