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ABSTRACT
Background. Oral tongue squamous cell carcinoma (OTSCC) is the most common
subtype of oral cancer. A predictive gene signature is necessary for prognosis of OTSCC.
Methods. Five microarray data sets of OTSCC from the Gene Expression Omnibus
(GEO) and one data set from The Cancer Genome Atlas (TCGA) were obtained.
Differentially expressed genes (DEGs) of GEO data sets were identified by integrated
analysis. The DEGs associated with prognosis were screened in the TCGA data set by
univariate survival analysis to obtain a gene signature. A risk score was calculated
as the summation of weighted expression levels with coefficients by Cox analysis.
The signature was used to distinguish carcinoma, estimated by receiver operator
characteristic curves and the area under the curve (AUC). All were validated in the
GEO and TCGA data sets.
Results. Integrated analysis of GEO data sets revealed 300 DEGs. A 16-gene signature
and a risk score were developed after survival analysis. The risk score was effective to
stratify patients into high-risk and low-risk groups in the TCGA data set (P < 0.001).
The 16-gene signature was valid to distinguish the carcinoma from normal samples
(AUC 0.872, P < 0.001).
Discussion. We identified a useful 16-gene signature for prognosis of OTSCC patients,
which could be applied to clinical practice. Further studies were needed to prove the
findings.

Subjects Bioinformatics, Computational Biology, Genetics, Genomics, Oncology
Keywords OTSCC, Oral tongue squamous cell carcinoma, Prognosis, Gene signature, Risk score

INTRODUCTION
Based on GLOBOCAN estimates, cancers of the lip and oral cavity affected about 300,373
new cases and killed about 145,353 people all over the world in 2012 (Torre et al., 2015).
Oral tongue squamous cell carcinoma (OTSCC) is a tongue-derived oral cavity squamous
cell carcinoma (OCSCC). According to the tumor node metastases (TNM) staging system
of the American Joint Committee on Cancer (AJCC), OTSCC can be classified into stage
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I–IV (Edge, 2010). Either primary surgery or definitive radiation therapy is optional for
stage I and II early OTSCC patients (Fujita et al., 1996; Hicks Jr et al., 1998). As for stage
III and IV advanced OTSCC patients, surgery plus postoperative radiation therapy or
chemoradiotherapy is recommended (Fein et al., 1994; Sessions et al., 2002). The five-year
survival rate was 67% for the AJCC stage I, and 51% for the AJCC stage II. The five-year
disease-specific survival rate was 39% for stage III, and 27% for stage IV (Rusthoven et al.,
2008; Sessions et al., 2003). However, even among patients with the same TNM staging,
the prognosis may be different from each other. Therefore, in order to predict prognosis
of patients with OTSCC precisely, there is an urgent need to discover potential molecular
prognostic biomarkers.

Recently researchers have indicated that some biomarkers served asmolecular prognostic
markers of OTSCC. For example, MTUS1 (microtubule associated scaffold protein 1) was
found to play major roles in the progression of OTSCC, and down-regulation of MTUS1
was associated with reduced overall survival (Ding et al., 2012). Overexpression of PARVB
(parvin beta) increased cell migration capability and forecasted poor metastasis-free
survival inOTSCC (Eslami et al., 2015). Overexpression of long non-codingRNA (lncRNA)
LINC00673 promoted invasion and metastasis, and presented poor prognosis in OTSCC
(Yu et al., 2017). MicroRNA miR-26a and lncRNA MEG3 (maternally expressed 3) was
reported to have an antitumor effect, and reduced miR-26a and MEG3 was also associated
with poor prognostic outcomes (Jia et al., 2014). Meanwhile, gene signatures have been
widely used for prognosis of cancers (Shi & He, 2016; Wang et al., 2016; Zhan et al., 2015).
When it comes to OTSCC, Krishnan identified a 38-gene minimal signature by machine-
learning method, which could predict tumor recurrence (Krishnan et al., 2015). Another
DNAmethylation signature was established usinggenome-widemethylation analysis, and it
was involved with risk habits, clinical, and epidemiologic outcomes (Krishnan et al., 2016).
However, researches about gene signatures focusing on the overall survival of OTSCC are
limited and it needs further study.

In this study, we obtained five mRNA expression profiling microarray data sets from
the Gene Expression Omnibus (GEO, http://www.ncbi.nlm.nih.gov/geo/) and another
mRNA sequencing (mRNA-seq) data set from The Cancer Genome Atlas (TCGA,
https://cancergenome.nih.gov/). Then, we built a gene signature for prognosis of OTSCC
patients by significance analysis of gene expression profiles and Cox regression survival
analysis. The gene signature may be meaningful and credible to illuminate the pathogenic
mechanism of OTSCC, which could be applied to clinical practice.

MATERIALS & METHODS
The GEO data sets and integrated analysis
We downloaded five gene expression data sets from GEO database, including GSE2280,
GSE3524, GSE6631, GSE9844 and GSE31056. The online tool NetworkAnalyst (http:
//www.networkanalyst.ca/) was adopted for analysis of annotation from probesets to genes,
quantile normalization, gene expression profiling and differentially expressed gene (DEG)
identification (Xia, Gill & Hancock, 2015). Additionally, integrated analysis of DEGs across
the five GEO data sets was performed by Fisher’s method, which combined the adjusted
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P value. DEGs were selected significantly with the criterion of combined adjusted P < 0.05
(Tang & Zhang, 2016). All the default parameters were chosen. The batch effect across
different data sets were checked and adjusted online by NetworkAnalyst.

Enrichment analysis and protein-protein interactions
Gene Ontology (GO, http://geneontology.org) offers a biological model classifying
gene functions into the biological process, molecular function and cellular component
(Ashburner et al., 2000). The Kyoto Encyclopedia of Genes and Genomes (KEGG, http:
//www.genome/ad.jp/kegg/) is a database about genomes, biological pathways, diseases,
drugs, and chemical substances (Ogata et al., 1999). In this study, GO annotation analysis
and KEGG pathway enrichment analysis of DEGs were performed using the Database for
Annotation Visualization and Integrated Discovery (DAVID, https://david.ncifcrf.gov/)
(Dennis Jr et al., 2003). The P < 0.05 and gene counts >2 were considered significant. The
Search Tool for the Retrieval of Interaction Genes/Proteins (String, http://string-db.org/)
database provides a critical assessment and integration of protein-protein interaction (PPI)
based on the DEGs (Szklarczyk et al., 2017). After that, the PPI network was re-constructed
with Cytoscape (http://www.cytoscape.org/) software. Since nodes with high connectivity
degree contributemore to the stability of the network, we calculated the connectivity degree
of each protein node in the PPI network and identified the top five as the hub nodes using
the Cytoscape plugin NetworkAnalyzer. Then, the whole significant genes were clustered
into several groups to dig out the important cluster using the Cytoscape plugin MCODE.

The TCGA data set and screening process
By using the R package TCGA-Assembler Version 2.0 (Zhu, Qiu & Ji, 2014), we obtained
whole genome mRNA-seq expression data of head and neck squamous cell carcinoma
(HNSCC) from the TCGA database (Zhu, Qiu & Ji, 2014). Clinical data were also
downloaded throughTCGA-Assembler. PatientswithOTSCCwere extractedwith ICD-O-3
(International Classification of Diseases for Oncology, Third Edition) code of C01.9, C02.0,
C02.1, C02.2, C02.3, C02.4, C02.5, C02.6, C02.7, C02.8, C02.9. Moreover, histological types
were limited to squamous cell carcinoma (code 8050, 8051, 8052, 8070, 8071, 8072, 8073,
8074, 8075, 8076, 8081, 8082, 8083 and 8084). Genes with the expression of zero across
all the patients were omitted. Patients with missing survival data were excluded. Quantile
normalization and expression calculation of the mRNA-seq data was performed by the R
package DESeq (Anders &Huber, 2010).

During the screening process, for one certain gene, each patient was classified into
the high or low expression group by the cutoff of the gene expression median value.
Taking the overall survival outcome and survival time into account, we used the univariate
Kaplan–Meier analysis to find the association between the certain gene and the survival
outcome. Applying it to all the DEGs, the whole survival related genes were constructed
(An et al., 2015; Kanth et al., 2016; Xu et al., 2017).

The gene expression signature and risk score
The gene expression signature was made up of genes associated with clinical survivals.
For each patient, the risk score was calculated by the summation of the mRNA expression
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intensities weighted by corresponding coefficients, which were derived from univariate
Cox regression analysis associated with survival outcomes as follows: Risk score = βgene1
× expression-valuegene1+ βgene2× expression-valuegene2+ ··· + βgeneN× expression-
valuegeneN.

The larger the score, the higher the risk of death outcomes. Consequently, the patients
were divided into high-risk and low-risk groups by the median of risk scores. In addition,
we utilized the gene expression signature to distinguish carcinoma and normal samples
by multivariate logistic regression analysis. Receiver operator characteristic (ROC) curves
were employed to detect the classification performance of 16-gene signature by assessing
accuracies and specificities. Logistic regression analysis was calculated using R package stats
(R Core Team, 2016). ROC and area under the curve (AUC) were estimated using the R
packages pROC (Robin et al., 2011) and Epi (Carstensen et al., 2017).

In order to prevent overfitting problems, cross-validation was also performed for
validation in TCGA and GEO data sets. For the TCGA data set with survival information,
visual calibration curves and concordance indices (C-index) were created to evaluate the
performance and predicting ability of the risk score by R packages of rms. Bootstrap with
1,000 resamples and 2-fold cross-validation was set. As for the GEO data sets, 10-fold
cross-validation was chosen to assess the classification performance of the gene signature
with the R package caret (Kuhn, 2008).

Statistical analysis
All the data analysis in this study was conducted with R version 3.3 (R Core Team, 2016)
along with an open source software for bioinformatics called Bioconductor version 3.3
(http://bioconductor.org/). We described continuous variables as means and standard de-
viations and described categorical variables as frequencies and percentages. For categorical
variables, we chose the Pearson’s chi-squared test and Fisher’s exact tests to detect the
statistical difference. For continuous variables, we chose independent Student’s t -test and
Analysis of Variance. When homogeneity of variance did not correspond, nonparametric
test of Kruskal–Wallis test was adopted. We selected Kaplan–Meier analysis, univariate
and multivariate Cox regression models to distinguish risk factors for overall survival
(OS) with R packages KMsurv (Klein &Moeschberger, 1997) and Survival (Therneau, 2015).
For OS analysis, any cause of deaths was defined as events and survivors were defined
as censored events. All P values were two-sided and P < 0.05 was considered significant.

RESULTS
Overview of workflow
Figure 1 illustrated the overviewof 16-gene signature development and validationworkflow.
Five GEO gene expression data sets of OTSCC were annotated, normalized and integrated.
Gene expression profiles were compared between tongue carcinoma and normal samples
for recognition of DEGs. Next we screened these DEGs in the TCGA data set along with
survival information, and found a 16-gene signature associated with survival. Based on
the TCGA data set and the 16-gene signature, we developed a risk score, which stratified
patients into high-risk and low-risk groups. The risk score for prognosis was verified to be
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Figure 1 The 16-gene signature development and validation workflow.
Full-size DOI: 10.7717/peerj.4062/fig-1

effective in the TCGA data set by univariate andmultivariate survival analysis. Additionally,
we even exhibited the effectiveness of 16-gene signature to classify the carcinoma samples
in the five GEO data sets, which was evaluated based on the ROC curve and AUC.

The integrated analysis of five GEO data sets
The characteristics of GEO data sets in the integrated analysis were presented in Table 1.
We totally included 60 carcinoma samples and 31 control samples from five GEO data sets.
With the criterion of combined P < 0.05, we identified 300 DEGs when comparing
carcinoma with normal samples. As Table S1 showed, the top five significant GO
biological process terms of DEGs were SRP-dependent cotranslational protein targeting
to membrane, viral transcription, translational initiation, nuclear-transcribed mRNA
catabolic process, nonsense-mediated decay and rRNA processing. Table S2 showed that
the top five significant KEGG pathways of DEGs enriched in ribosome, viral myocarditis,
protein export, lysosome and natural killer cell mediated cytotoxicity. With the medium
confidence of 0.400, 297 nodes (protein) and 1,223 edges (interaction) were included in the
PPI network based on String database, as shown in Fig. S1. Topological analysis by plugin
NetworkAnalyzer identified several ribosomal proteins (RP) as hub nodes in the whole
network, including RPL12, RPS11, RPL24, RPS12 and RPS6. As Table S3 demonstrated,
three modules were recognized with a score >4 by plugin MCODE as significant clusters
in the PPI network.
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Table 1 Characteristics of five GEO datasets in the integrated analysis.

Dataset Series Number of Samples Platform

Carcinoma Control

GSE2280 14 2 Affymetrix Human Genome U133A Array
GSE3524 6 2 Affymetrix Human Genome U133A Array
GSE6631 3 3 Affymetrix Human Genome U95 Version 2 Array
GSE9844 26 12 Affymetrix Human Genome U133 Plus 2.0 Array
GSE31056 11 12 Affymetrix GeneChip Human Genome HG-U133 Plus

2 Array

Notes.
GEO, Gene Expression Omnibus.

Characteristics of the TCGA data set
The TCGA mRNA-seq expression data set comprised 20,531 genes from 555 patients
diagnosed with HNSCC. After excluding 401 genes with zero expression level across all
the patients, as well as including 101 OTSCC patients with clinical survival data, we finally
got a normalized expression matrix of 20,130 genes from 101 OTSCC patients, including
69 males and 32 females. There were 88 white people and 13 others. Fifty patients were
older than 60 years old while 51 patients were less than 60. Among them, 76 patients were
diagnosed with G1/2, while 20 with G3/4. There were 28 patients with stage I/II and 69
patients with stage III/IV respectively. The median follow-up period was 701 days (ranging
from 64 to 5,480 days).

The 16-gene signature and risk score development
We aimed at the 300 DEGs from the above-mentioned GEO integrated analysis, and we
screened the relationship between the expression levels of those genes and clinical OS in
the TCGA data set. It was revealed that the 16 genes were independent prognostic risk
factors for OS significantly (P < 0.05) after the screening process. They consisted of CD69
(CD69 molecule), CDS2 (CDP-diacylglycerol synthase 2), CPE (carboxypeptidase E),
EVI2A (ecotropic viral integration site 2A), FAM69A (family with sequence similarity 69
member A), GUSB (glucuronidase beta), HNF1B (HNF1 homeobox B), ITM2A (integral
membrane protein 2A), MBD4 (methyl-CpG binding domain 4), NPY (neuropeptide
Y), RGS5 (regulator of G protein signaling 5), SEL1L3 (SEL1L family member 3), SELL
(selectin L), SMG1 (nonsense mediated mRNA decay associated PI3K related kinase),
SNX4 (sorting nexin 4) and ZC3H3 (zinc finger CCCH-type containing 3), which built
up the 16-gene signature. Among them, HNF1B, NPY, SMG1, ZC3H3 were shown to
be protective factors, while the others were risk factors. The 16-gene signature was of
significance for prognosis for OTSCC. Based on the expression levels of these 16 genes as
well as the OS data, we set up the risk score for each patient, which was the weighted sum of
the 16-gene expression quantity. The coefficients for the 16-gene signature were displayed
as Table 2. The higher risk score represented worse clinical prognosis. Consequently, the
risk score stratified the whole patients into two groups by the cut-off of median.
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Table 2 Coefficients of the 16-gene signature for the risk score.

Gene Symbol Entrez ID Coefficient HR 95%CI P Value

CD69 969 0.984 2.674 1.168–6.122 0.020
CDS2 8760 1.369 3.930 1.626–9.500 0.002
CPE 1363 0.793 2.211 0.997–4.900 0.051
EVI2A 2123 0.831 2.295 1.018–5.174 0.045
FAM69A 388650 0.844 2.325 1.033–5.235 0.041
GUSB 2990 0.987 2.682 1.179–6.102 0.019
HNF1B 6928 −0.917 0.400 0.184–0.868 0.020
ITM2A 9452 0.812 2.252 1.009–5.026 0.047
MBD4 8930 0.915 2.497 1.126–5.537 0.024
NPY 4852 −0.897 0.408 0.190–0.876 0.021
RGS5 8490 0.952 2.591 1.138–5.898 0.023
SEL1L3 23231 0.859 2.360 1.063–5.238 0.035
SELL 6402 0.946 2.574 1.124–5.896 0.025
SMG1 23049 −0.974 0.378 0.163–0.875 0.023
SNX4 8723 1.226 3.408 1.445–8.039 0.005
ZC3H3 23144 −0.962 0.382 0.172–0.848 0.018

Notes.
HR, hazard ratio; CI, confidence interval.

Validation in TCGA and GEO data sets
The risk score of 16-gene signature was subsequently validated in the TCGA data set. Every
patient was allocated into a high-risk score or low-risk score group, and univariate analysis
discovered the risk score as a prognostic factor associated with OS significantly (P < 0.001)
(Fig. 2). Besides, we included clinicopathological features in the multivariate analysis, and
found the risk score remaining as an independent prognostic predictor for OS (HR [hazard
ratio] 5.782, 95%CI [2.058–16.244], P < 0.001). The calibration curves moved towards the
45-degree straight line passing through the origin, displaying an exceptional performance
of the risk score in predicting the 3-year and 5-year OS probabilities (Fig. S2). The C-index
predicting OS was 0.652 (95% CI [0.549–0.754]) corrected as 0.654.

In order to verify the classification reliability of the 16-gene signature, the multivariate
logistic analysis was used to discriminate tongue carcinoma and normal samples in the
combined GEO data sets. A ROC curve was generated, showing good sensitivity and
specificity with average AUC of 0.872 (95% CI [0.795–0.949], P < 0.001) (Fig. 3). The
signature came up with 86.7% prediction accuracy and 77.4% specificity at the Youden
Index of 0.619. It meant that the 16-gene signature showed a good performance to
classify the tongue carcinoma samples from the normal controls (Fig. 4). Also, 10-fold
cross-validation showed the gene signature accuracy of 0.669 (95% CI [0.561–0.777],
P < 0.001).

DISCUSSION
Cancer of the lip and oral cavity has caused great harm all over the world. In 2012, it brought
300,373 new cases and killed 145,353 people all around the world (Torre et al., 2015). In
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Figure 2 The Kaplan-Meier survival curve: the overall survival in patients with oral tongue squamous
cell carcinoma according to risk score. χ 2

= 14.6,P < 0.001.
Full-size DOI: 10.7717/peerj.4062/fig-2

2017, there were 16,400 estimated new cases and 2,400 estimated deaths in the United
States (Siegel, Miller & Jemal, 2017). The current staging diagnosis, treatment choices and
prognosis prediction of OTSCC are made primarily in line with the AJCC TNM staging
system. However, when we enter the era of precision medicine, genetic analysis plays an
increasingly important role in early molecular diagnosis, individualized treatment and
accurate survival prediction (Ashley, 2015). Gene signatures have been proved to be valid
in many cancers, such as colon cancer, kidney carcinoma and breast cancer (An et al., 2015;
Bedognetti et al., 2015; Kanth et al., 2016; Xu et al., 2017; Zhan et al., 2015). However, there
exist no studies with regard to gene signatures for tongue carcinoma.

In this study, we developed a 16-gene signature for patients with oral tongue squamous
cell carcinoma based on TCGA and GEO data sets. Additionally, we exploited a risk score
to classify OTSCC patients into high-risk and low-risk groups. As a result, the risk score
was demonstrated to be an independent prognostic risk factor in the TCGA data set. The
16-gene signature was also proved to be effective to distinguish the carcinoma from normal
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samples in GEO data sets. The meaning of this study lied in the impact of 16-gene signature
on prognosis for OTSCC patients. The 16-gene signature may be meaningful to illuminate
the pathogenic mechanism of OTSCC. For all we know, it is the first study about gene
signature for OTSCC patients.

All 16 genes from the signature were remarkably associated with the prognosis of
OTSCC in our study. Of the 16 genes, HNF1B, NPY and SMG1 were found to be protective
factors. Transcription factor HNF1B is a master regulator of gene expression, and loss of
HNF1B may enhance cellular survival and exacerbate the development of chromophobe
renal cell carcinomas (Sun et al., 2017). NPY, a neuropeptide abundantly produced by
enteric neurons, is important in the regulation of intestinal inflammation, and the
aberrant methylation of NPY is associated with intestinal tumor (Jeppsson, Srinivasan
& Chandrasekharan, 2017; Roperch et al., 2013). SMG1 is suggested as a novel potential
tumor suppressor gene in many cancers (Du et al., 2014). In regard to other risk factors,
CD69 is expressed in several hemopoietic cells, and it takes part in cancer immunity.
CD69 is correlated with poor clinical outcomes and is confirmed to be an independent
prognosticator for blood system tumors (Del Poeta et al., 2012). CPE is a member of
metallocarboxypeptidases family, and the CPE mRNA expression level can predict tumor
recurrence in early-stage hepatocellular carcinoma, and predict poor prognosis in early-
stage cervical cancer (Huang et al., 2016b; Shen et al., 2016). ITM2A is a poorly prognostic
biomarker through inducing cell cycle arrest for ovarian cancer (Nguyen et al., 2016). RGS5
is highly expressed in malignant tumors, and overexpression of RGS5 promotes tumor
metastasis by inducing epithelial-mesenchymal transition in hepatocellular carcinoma
(Hu et al., 2013). SELL, also known as CD62L, is most expressed on urothelial carcinoma
cells, and it is a potential marker predicting metastasis in patients with bladder cancer
(Choudhary et al., 2015). The 16-gene signature was credible to illuminate the pathogenic
mechanism of OTSCC. In addition, a functional enrichment analysis was conducted,
however, no significant enrichment was detected when default parameters were chosen
on DAVID or STRING. Perhaps it is because the functional study of these genes is not
thorough at present.

Currently, microarrays and sequencing technologies are successful to identify new
candidates in tumor biology (Dyrskjot et al., 2007). A strategy driven by data has been
popular for gene signature search strategy by analyzing gene expression data set (Shi
& He, 2016). A gene signature, which is composed of more than one gene, exhibits
more excellently in prediction than a single biomarker. Therefore, gene signatures have
been widely used in diagnostic analysis and prognostic prediction for plenty of diseases.
For example, a risk score was developed based on the 6-gene signature and performed
well in predicting overall survival for non-small cell lung cancer (Huang et al., 2016a).
Genome-wide analysis of gene expression identified a 76-gene signature for patients with
lymph-node-negative breast cancer, which could predict patients at high risk of distant
recurrence powerfully (Wang et al., 2005). Combining two forms of artificial intelligence,
neurofuzzy modeling and artificial neural networks, a prognostic gene signature was
established, and the signature reflected a variety of carcinogenic pathways, recognizing
tumor progression in non-muscle-invasive bladder cancer (Catto et al., 2010). As for our
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research, we got a prognostic 16-gene signature in OTSCC patients. Additionally, the
signature could classify carcinoma and normal samples successfully.

In this study, we set up a 16-gene signature from two different platforms including
GEO and TCGA data sets. Then we carried out a series of methods, including differentially
expression identification as well as univariable and multivariable survival analysis, to
screen target genes and calculate the risk score. Finally, the signature and risk score were
substantiated. There are several limitations in our study. Firstly, we selected 16 genes just
according to pure bioinformatics analysis. Further experiments are needed to validate the
results based on carcinoma samples and clinical data. Secondly, the clinical information
provided by the TCGAdata set is not complete. Staging and grading information aremissing
for some patients, and data of treatment such as surgery, radiation or chemotherapy are
absent. Thirdly, our signature was developed on the basis of only 91 patients from GEO
data sets and 101 patients from the TCGA data set. We plan to better incorporate more
data sets to confirm the results in the future work. To improve these, we plan to collect
tumor samples as well as clinical prognostic information and prove the results through
experiments. Since functional studies of these 16 genes are limited now, more researches
about their functional links and substantial association with patient survival are necessary
and meaningful.

CONCLUSIONS
In conclusion, our results demonstrated that the 16-gene signature might serve as
a predictor for prognosis of OTSCC patients, which could be applied to clinical
practice effectively. Further studies are necessary to confirm the findings in the future.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This work was supported by the National Natural Science Foundation of China (No.
81770619, 81471352). 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:
National Natural Science Foundation of China: 81770619, 81471352.

Competing Interests
The authors declare there are no competing interests.

Author Contributions
• Zeting Qiu conceived and designed the experiments, performed the experiments,
analyzed the data, contributed reagents/materials/analysis tools, wrote the paper,
reviewed drafts of the paper.

Qiu et al. (2017), PeerJ, DOI 10.7717/peerj.4062 11/16

https://peerj.com
http://dx.doi.org/10.7717/peerj.4062


• Wei Sun conceived and designed the experiments, performed the experiments, analyzed
the data, wrote the paper.
• Shaowei Gao performed the experiments, contributed reagents/materials/analysis tools,
prepared figures and/or tables.
• Huaqiang Zhou performed the experiments, prepared figures and/or tables.
• Wulin Tan conceived and designed the experiments, analyzed the data, prepared figures
and/or tables.
• Minghui Cao and Wenqi Huang conceived and designed the experiments, prepared
figures and/or tables, reviewed drafts of the paper.

Data Availability
The following information was supplied regarding data availability:

The raw data and code have been provided in a Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.4062#supplemental-information.

REFERENCES
AnN, Shi X, Zhang Y, Lv N, Feng L, Di X, Han N,Wang G, Cheng S, Zhang K.

2015. Discovery of a novel immune gene signature with profound prognos-
tic value in colorectal cancer: a model of cooperativity disorientation cre-
ated in the process from development to cancer. PLOS ONE 10:e0137171
DOI 10.1371/journal.pone.0137171.

Anders S, HuberW. 2010. Differential expression analysis for sequence count data.
Genome Biology 11:R106 DOI 10.1186/gb-2010-11-10-r106.

Ashburner M, Ball CA, Blake JA, Botstein D, Butler H, Cherry JM, Davis AP, Dolinski
K, Dwight SS, Eppig JT, Harris MA, Hill DP, Issel-Tarver L, Kasarskis A, Lewis
S, Matese JC, Richardson JE, RingwaldM, Rubin GM, Sherlock G. 2000. Gene
ontology: tool for the unification of biology. The gene ontology consortium. Nature
Genetics 25:25–29 DOI 10.1038/75556.

Ashley EA. 2015. The precision medicine initiative: a new national effort. Journal of the
American Medical Association 313:2119–2120 DOI 10.1001/jama.2015.3595.

Bedognetti D, HendrickxW,Marincola FM,Miller LD. 2015. Prognostic and predictive
immune gene signatures in breast cancer. Current Opinion in Oncology 27:433–444
DOI 10.1097/cco.0000000000000234.

Carstensen B, PlummerM, Laara E, Hills M. 2017. Epi: a package for statistical analysis
in epidemiology. R package version 2.19. Available at https://CRAN.R-project.org/
package=Epi.

Catto JW, AbbodMF,Wild PJ, Linkens DA, Pilarsky C, Rehman I, Rosario DJ,
Denzinger S, Burger M, Stoehr R, Knuechel R, Hartmann A, Hamdy FC. 2010.
The application of artificial intelligence to microarray data: identification of a novel

Qiu et al. (2017), PeerJ, DOI 10.7717/peerj.4062 12/16

https://peerj.com
http://dx.doi.org/10.7717/peerj.4062#supplemental-information
http://dx.doi.org/10.7717/peerj.4062#supplemental-information
http://dx.doi.org/10.7717/peerj.4062#supplemental-information
http://dx.doi.org/10.1371/journal.pone.0137171
http://dx.doi.org/10.1186/gb-2010-11-10-r106
http://dx.doi.org/10.1038/75556
http://dx.doi.org/10.1001/jama.2015.3595
http://dx.doi.org/10.1097/cco.0000000000000234
https://CRAN.R-project.org/package=Epi
https://CRAN.R-project.org/package=Epi
http://dx.doi.org/10.7717/peerj.4062


gene signature to identify bladder cancer progression. European Urology 57:398–406
DOI 10.1016/j.eururo.2009.10.029.

Choudhary D, Hegde P, Voznesensky O, Choudhary S, Kopsiaftis S, Claffey KP,
Pilbeam CC, Taylor 3rd JA. 2015. Increased expression of L-selectin (CD62L) in
high-grade urothelial carcinoma: a potential marker for metastatic disease. Urologic
Oncology 33(387):e317–327 DOI 10.1016/j.urolonc.2014.12.009.

Del Poeta G, Del Principe MI, Zucchetto A, Luciano F, Buccisano F, Rossi FM, Bruno
A, Biagi A, Bulian P, Maurillo L, Neri B, Bomben R, Simotti C, Coletta AM, Dal Bo
M, De Fabritiis P, Venditti A, Gattei V, Amadori S. 2012. CD69 is independently
prognostic in chronic lymphocytic leukemia: a comprehensive clinical and biological
profiling study. Haematologica 97:279–287 DOI 10.3324/haematol.2011.052829.

Dennis Jr G, Sherman BT, Hosack DA, Yang J, GaoW, Lane HC, Lempicki RA. 2003.
DAVID: database for annotation, visualization, and integrated discovery. Genome
Biology 4:Article P3 DOI 10.1186/gb-2003-4-5-p3.

Ding X, Zhang N, Cai Y, Li S, Zheng C, Jin Y, Yu T,Wang A, Zhou X. 2012. Down-
regulation of tumor suppressor MTUS1/ATIP is associated with enhanced pro-
liferation, poor differentiation and poor prognosis in oral tongue squamous cell
carcinoma.Molecular Oncology 6:73–80 DOI 10.1016/j.molonc.2011.11.002.

Du Y, Lu F, Li P, Ye J, Ji M, Ma D, Ji C. 2014. SMG1 acts as a novel potential tumor
suppressor with epigenetic inactivation in acute myeloid leukemia. International
Journal of Molecular Sciences 15:17065–17076 DOI 10.3390/ijms150917065.

Dyrskjot L, Zieger K, Real FX, Malats N, Carrato A, Hurst C, Kotwal S, Knowles
M, Malmstrom PU, De la Torre M,Wester K, Allory Y, Vordos D, Caillault A,
Radvanyi F, Hein AM, Jensen JL, Jensen KM,Marcussen N, Orntoft TF. 2007.
Gene expression signatures predict outcome in non-muscle-invasive bladder
carcinoma: a multicenter validation study. Clinical Cancer Research 13:3545–3551
DOI 10.1158/1078-0432.ccr-06-2940.

Edge S. 2010. AJCC cancer staging handbook. Seventh edition. New York: Springer.
Eslami A, Miyaguchi K, Mogushi K,Watanabe H, Okada N, Shibuya H, Mizushima H,

MiuraM, Tanaka H. 2015. PARVB overexpression increases cell migration capability
and defines high risk for endophytic growth and metastasis in tongue squamous cell
carcinoma. British Journal of Cancer 112:338–344 DOI 10.1038/bjc.2014.590.

Fein DA, Mendenhall WM, Parsons JT, McCarty PJ, Stringer SP, Million RR, Cassisi
NJ. 1994. Carcinoma of the oral tongue: a comparison of results and complications
of treatment with radiotherapy and/or surgery. Head and Neck 16:358–365
DOI 10.1002/hed.2880160410.

Fujita M, Hirokawa Y, Kashiwado K, Akagi Y, Kashimoto K, Kiriu H, Ohtani K,Wada
T. 1996. An analysis of mandibular bone complications in radiotherapy for T1 and
T2 carcinoma of the oral tongue. International Journal of Radiation Oncology, Biology,
Physics 34:333–339 DOI 10.1016/0360-3016(95)02066-7.

Hicks JrWL, North Jr JH, Loree TR, Maamoun S, Mullins A, Orner JB, Bakamjian
VY, Shedd DP. 1998. Surgery as a single modality therapy for squamous cell

Qiu et al. (2017), PeerJ, DOI 10.7717/peerj.4062 13/16

https://peerj.com
http://dx.doi.org/10.1016/j.eururo.2009.10.029
http://dx.doi.org/10.1016/j.urolonc.2014.12.009
http://dx.doi.org/10.3324/haematol.2011.052829
http://dx.doi.org/10.1186/gb-2003-4-5-p3
http://dx.doi.org/10.1016/j.molonc.2011.11.002
http://dx.doi.org/10.3390/ijms150917065
http://dx.doi.org/10.1158/1078-0432.ccr-06-2940
http://dx.doi.org/10.1038/bjc.2014.590
http://dx.doi.org/10.1002/hed.2880160410
http://dx.doi.org/10.1016/0360-3016(95)02066-7
http://dx.doi.org/10.7717/peerj.4062


carcinoma of the oral tongue. American Journal of Otolaryngology 19:24–28
DOI 10.1016/S0196-0709(98)90061-8.

HuM, Chen X, Zhang J, Wang D, Fang X,Wang X,Wang G, Chen G, Jiang X, Xia H,
Wang Y. 2013. Over-expression of regulator of G protein signaling 5 promotes
tumor metastasis by inducing epithelial-mesenchymal transition in hepatocellular
carcinoma cells. Journal of Surgical Oncology 108:192–196 DOI 10.1002/jso.23367.

Huang P, Cheng CL, Chang YH, Liu CH, Hsu YC, Chen JS, Chang GC, Ho BC, Su KY,
Chen HY, Yu SL. 2016a.Molecular gene signature and prognosis of non-small cell
lung cancer. Oncotarget 7:51898–51907 DOI 10.18632/oncotarget.10622.

Huang SF,WuHD, Chen YT, Murthy SR, Chiu YT, Chang Y, Chang IC, Yang X,
Loh YP. 2016b. Carboxypeptidase E is a prediction marker for tumor recur-
rence in early-stage hepatocellular carcinoma. Tumour Biology 37:9745–9753
DOI 10.1007/s13277-016-4814-7.

Jeppsson S, Srinivasan S, Chandrasekharan B. 2017. Neuropeptide Y (NPY) pro-
motes inflammation-induced tumorigenesis by enhancing epithelial cell pro-
liferation. American Journal of Physiology. Gastrointestinal and Liver Physiology
312:G103–G111 DOI 10.1152/ajpgi.00410.2015.

Jia LF, Wei SB, Gan YH, Guo Y, Gong K, Mitchelson K, Cheng J, Yu GY. 2014. Ex-
pression, regulation and roles of miR-26a and MEG3 in tongue squamous cell
carcinoma. International Journal of Cancer 135:2282–2293 DOI 10.1002/ijc.28667.

Kanth P, Bronner MP, Boucher KM, Burt RW, Neklason DW, Hagedorn CH, Delker
DA. 2016. Gene signature in sessile serrated polyps identifies colon cancer subtype.
Cancer Prevention Research 9:456–465 DOI 10.1158/1940-6207.capr-15-0363.

Klein JP, Moeschberger ML. 1997. Survival analysis: techniques for censored and
truncated data. R package version 0.1-5. Available at http:// cran.r-project.org/web/
packages/KMsurv .

Krishnan NM, Dhas K, Nair J, Palve V, Bagwan J, Siddappa G, Suresh A, Kekatpure
VD, Kuriakose MA, Panda B. 2016. A minimal DNA methylation signature in oral
tongue squamous cell carcinoma links altered methylation with tumor attributes.
Molecular Cancer Research 14:805–819 DOI 10.1158/1541-7786.mcr-15-0395.

Krishnan N, Gupta S, Palve V, Varghese L, Pattnaik S, Jain P, Khyriem C, Hari-
haran A, Dhas K, Nair J, PareekM, Prasad V, Siddappa G, Suresh A, Kekat-
pure V, Kuriakose M, Panda B. 2015. Integrated analysis of oral tongue squa-
mous cell carcinoma identifies key variants and pathways linked to risk habits,
HPV, clinical parameters and tumor recurrence. F1000Research 4:Article 1215
DOI 10.12688/f1000research.7302.1.

KuhnM. 2008. Building predictive models in R using the caret package. Journal of
Statistical Software 28(5):1–26 DOI 10.18637/jss.v028.i05.

Nguyen TM, Shin IW, Lee TJ, Park J, Kim JH, ParkMS, Lee EJ. 2016. Loss of ITM2A, a
novel tumor suppressor of ovarian cancer through G2/M cell cycle arrest, is a poor
prognostic factor of epithelial ovarian cancer. Gynecologic Oncology 140:545–553
DOI 10.1016/j.ygyno.2015.12.006.

Qiu et al. (2017), PeerJ, DOI 10.7717/peerj.4062 14/16

https://peerj.com
http://dx.doi.org/10.1016/S0196-0709(98)90061-8
http://dx.doi.org/10.1002/jso.23367
http://dx.doi.org/10.18632/oncotarget.10622
http://dx.doi.org/10.1007/s13277-016-4814-7
http://dx.doi.org/10.1152/ajpgi.00410.2015
http://dx.doi.org/10.1002/ijc.28667
http://dx.doi.org/10.1158/1940-6207.capr-15-0363
http://cran.r-project.org/web/packages/KMsurv
http://cran.r-project.org/web/packages/KMsurv
http://dx.doi.org/10.1158/1541-7786.mcr-15-0395
http://dx.doi.org/10.12688/f1000research.7302.1
http://dx.doi.org/10.18637/jss.v028.i05
http://dx.doi.org/10.1016/j.ygyno.2015.12.006
http://dx.doi.org/10.7717/peerj.4062


Ogata H, Goto S, Sato K, FujibuchiW, Bono H, Kanehisa M. 1999. KEGG: ky-
oto encyclopedia of genes and genomes. Nucleic Acids Research 27:29–34
DOI 10.1093/nar/27.1.29.

R Core Team 2016. R: a language and environment for statistical computing. Version
3.3. Vienna: R Foundation for Statistical Computing. Available at http://www.R-
project.org/ .

Robin X, Turck N, Hainard A, Tiberti N, Lisacek F, Sanchez J-C, Müller M. 2011.
pROC: an open-source package for R and S+ to analyze and compare ROC curves.
BMC Bioinformatics 12:77 DOI 10.1186/1471-2105-12-77.

Roperch JP, Incitti R, Forbin S, Bard F, Mansour H, Mesli F, Baumgaertner I, Brunetti
F, Sobhani I. 2013. Aberrant methylation of NPY, PENK, and WIF1 as a promising
marker for blood-based diagnosis of colorectal cancer. BMC Cancer 13:566
DOI 10.1186/1471-2407-13-566.

Rusthoven K, Ballonoff A, Raben D, Chen C. 2008. Poor prognosis in patients
with stage I and II oral tongue squamous cell carcinoma. Cancer 112:345–351
DOI 10.1002/cncr.23183.

Sessions DG, Lenox J, Spector GJ, Chao C, Chaudry OA. 2003. Analysis of treatment re-
sults for base of tongue cancer. Laryngoscope 113:1252–1261
DOI 10.1097/00005537-200307000-00026.

Sessions DG, Spector GJ, Lenox J, Haughey B, Chao C, Marks J. 2002. Analy-
sis of treatment results for oral tongue cancer. Laryngoscope 112:616–625
DOI 10.1097/00005537-200204000-00005.

Shen HW, Tan JF, Shang JH, HouMZ, Liu J, He L, Yao SZ, He SY. 2016. CPE over-
expression is correlated with pelvic lymph node metastasis and poor prognosis
in patients with early-stage cervical cancer. Archives of Gynecology and Obstetrics
294:333–342 DOI 10.1007/s00404-015-3985-6.

Shi M, He J. 2016. ColoFinder: a prognostic 9-gene signature improves prognosis for 871
stage II and III colorectal cancer patients. PeerJ 4:e1804 DOI 10.7717/peerj.1804.

Siegel RL, Miller KD, Jemal A. 2017. Cancer statistics, 2017. CA: A Cancer Journal for
Clinicians 67:7–30 DOI 10.3322/caac.21387.

SunM, Tong P, KongW, Dong B, Huang Y, Park IY, Zhou L, Liu XD, Ding Z, Zhang
X, Bai S, German P, Powell R, Wang Q, Tong X, Tannir NM,Matin SF, Rathmell
WK, Fuller GN, McCutcheon IE,Walker CL,Wang J, Jonasch E. 2017.HNF1B loss
exacerbates the development of chromophobe renal cell carcinomas. Cancer Research
77:5313–5326 DOI 10.1158/0008-5472.can-17-0986.

Szklarczyk D, Morris JH, Cook H, KuhnM,Wyder S, Simonovic M, Santos A,
Doncheva NT, Roth A, Bork P, Jensen LJ, VonMering C. 2017. The STRING
database in 2017: quality-controlled protein-protein association networks, made
broadly accessible. Nucleic Acids Research 45:D362–D368 DOI 10.1093/nar/gkw937.

Tang K, ZhangW. 2016. Transcriptional similarity in couples reveals the impact of
shared environment and lifestyle on gene regulation through modified cytosines.
PeerJ 4:e2123 DOI 10.7717/peerj.2123.

Qiu et al. (2017), PeerJ, DOI 10.7717/peerj.4062 15/16

https://peerj.com
http://dx.doi.org/10.1093/nar/27.1.29
http://www.R-project.org/
http://www.R-project.org/
http://dx.doi.org/10.1186/1471-2105-12-77
http://dx.doi.org/10.1186/1471-2407-13-566
http://dx.doi.org/10.1002/cncr.23183
http://dx.doi.org/10.1097/00005537-200307000-00026
http://dx.doi.org/10.1097/00005537-200204000-00005
http://dx.doi.org/10.1007/s00404-015-3985-6
http://dx.doi.org/10.7717/peerj.1804
http://dx.doi.org/10.3322/caac.21387
http://dx.doi.org/10.1158/0008-5472.can-17-0986
http://dx.doi.org/10.1093/nar/gkw937
http://dx.doi.org/10.7717/peerj.2123
http://dx.doi.org/10.7717/peerj.4062


Therneau T. 2015. A package for survival analysis in S. version 2.38. Available at https:
//CRAN.R-project.org/package=survival .

Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. 2015. Global cancer
statistics, 2012. CA: A Cancer Journal for Clinicians 65:87–108
DOI 10.3322/caac.21262.

Wang Y, Klijn JG, Zhang Y, Sieuwerts AM, LookMP, Yang F, Talantov D, Timmer-
mansM,Meijer-van Gelder ME, Yu J, Jatkoe T, Berns EM, Atkins D, Foekens JA.
2005. Gene-expression profiles to predict distant metastasis of lymph-node-negative
primary breast cancer. Lancet 365:671–679 DOI 10.1016/s0140-6736(05)17947-1.

WangW, Zhang L,Wang Z, Yang F,Wang H, Liang T,Wu F, Lan Q,Wang J, Zhao
J. 2016. A three-gene signature for prognosis in patients with MGMT promoter-
methylated glioblastoma. Oncotarget 7:69991–69999
DOI 10.18632/oncotarget.11726.

Xia J, Gill EE, Hancock RE. 2015. NetworkAnalyst for statistical, visual and network-
based meta-analysis of gene expression data. Nature Protocols 10:823–844
DOI 10.1038/nprot.2015.052.

Xu G, ZhangM, Zhu H, Xu J. 2017. A 15-gene signature for prediction of colon cancer
recurrence and prognosis based on SVM. Gene 604:33–40
DOI 10.1016/j.gene.2016.12.016.

Yu J, Liu Y, Gong Z, Zhang S, Guo C, Li X, Tang Y, Yang L, He Y,Wei F, Wang Y, Liao
Q, ZhangW, Li X, Li Y, Li G, XiongW, Zeng Z. 2017. Overexpression long non-
coding RNA LINC00673 is associated with poor prognosis and promotes invasion
and metastasis in tongue squamous cell carcinoma. Oncotarget 8:16621–16632
DOI 10.18632/oncotarget.14200.

Zhan Y, GuoW, Zhang Y,Wang Q, Xu XJ, Zhu L. 2015. A five-gene signature predicts
prognosis in patients with kidney renal clear cell carcinoma. Computational and
Mathematical Methods in Medicine 2015:842784 DOI 10.1155/2015/842784.

Zhu Y, Qiu P, Ji Y. 2014. TCGA-assembler: open-source software for retrieving and
processing TCGA data. Nature Methods 11:599–600 DOI 10.1038/nmeth.2956.

Qiu et al. (2017), PeerJ, DOI 10.7717/peerj.4062 16/16

https://peerj.com
https://CRAN.R-project.org/package=survival
https://CRAN.R-project.org/package=survival
http://dx.doi.org/10.3322/caac.21262
http://dx.doi.org/10.1016/s0140-6736(05)17947-1
http://dx.doi.org/10.18632/oncotarget.11726
http://dx.doi.org/10.1038/nprot.2015.052
http://dx.doi.org/10.1016/j.gene.2016.12.016
http://dx.doi.org/10.18632/oncotarget.14200
http://dx.doi.org/10.1155/2015/842784
http://dx.doi.org/10.1038/nmeth.2956
http://dx.doi.org/10.7717/peerj.4062

