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Long non-coding RNAs (lncRNAs) are recently emerging as a novel promising
biomarker for cancer diagnosis and prognosis. Despite these previous investigations,
the expression pattern and diagnostic role of lncRNAs in oral squamous cell carcinoma
(OSCC) remain unclear. In this study, we identified six novel lncRNA biomarkers
(LINC01697, LINC02487, LOC105376575, AC005083.1, SLC8A1-AS1, and U62317.1)
from a list of 29 differentially expressed lncRNAs using the least absolute shrinkage and
selection operator (LASSO) method in the discovery dataset of 167 OSCC samples
and 45 normal oral tissues. Using the logistic regression method, we constructed a six
lncRNAs-based diagnostic risk model (6lncRNAScore) which was able to differentiate
between OSCC samples and control samples with high performance with AUC of
0.995 and high diagnostic specificity of 88.9% and sensitivity of 98.2% in the discovery
dataset. The diagnostic performance of the 6lncRNAScore was further validated in
another two independent OSCC dataset with AUC of 0.968 and 1.0. Functional
enrichment analysis for lncRNA biomarkers-related mRNAs suggested that lncRNAs
biomarkers tended to be involved in the lipid metabolic process. Together, our study
highlighted the importance of lncRNAs in OSCC and demonstrated the utility of lncRNA
expression as a promising biomarker for early diagnosis of OSCC.

Keywords: biomarker, diagnosis, long non-coding RNAs, oral squamous cell carcinoma, epigenetic

INTRODUCTION

Oral cavity and pharynx cancer are one of ten leading cancer types with approximately 53,000
estimated new cases and 10,860 estimated deaths in the United States according to cancer statistics,
2019 (Siegel et al., 2019). Oral squamous cell carcinoma (OSCC) is the most common oral
cavity and pharynx cancer accounting for more than 90% of oral cancers (Tandon et al., 2017).
Despite the improvement in therapeutic approaches, surgery followed by postoperative radiation
or chemoradiation is still standard treatment. The prognosis of OSCC patients remains unfavorable
with 5-year survival rates of 40–50% in large part due to diagnosis in advanced stages. Therefore,
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identifying biomarkers for early diagnosis is a crucial way to
improve the survival rate and quality of life of OSCC patients.

Recent advances in high-throughput sequencing theologies
have found that the approximately 2% human genome encodes
only ∼20,000 protein-coding genes and the vast majority of
the human genome were actively transcribed as non-coding
RNAs (ncRNAs) (Wright and Bruford, 2011). Long nc RNAs
(lncRNAs) are a newly discovered class of ncRNAs ranging
in length from 200 nt to ∼100 kilobases (kb) (Ulitsky and
Bartel, 2013). Functional studies in cell lines and animal models
have demonstrated that lncRNAs have emerged as key genomic
regulators in a wide variety of biological pathways including
differentiation and development (Rinn and Chang, 2012; Batista
and Chang, 2013). A large number of dysregulated lncRNAs
have been discovered in multiple tumor types compared with
the corresponding normal tissues, which demonstrated the
important roles of lncRNAs in cancer development, progression,
and treatment (Zhang et al., 2013; Li et al., 2017). Increasing
evidence have suggested that lncRNAs may be promising
biomarkers in cancer diagnosis and prognosis compared with
protein-coding genes because lncRNAs are expressed in a more
highly cell type-, tissue-, and disease type-specific manner than
protein-coding genes and their expression may be a better
indicator of the tumor status (Hauptman and Glavac, 2013; Zhou
et al., 2015, 2017; Salviano-Silva et al., 2018; Bao et al., 2019).

In this study, to evaluate the potential of lncRNAs biomarkers
in the diagnosis of OSCC, we compared differential expression
profiles of lncRNAs between OSCC samples and controls in a
larger OSCC dataset. Then we used multiple statistical methods
to identify novel lncRNA biomarkers and developed an lncRNA-
based diagnostic prediction model, which was validated in several
independent OSCC datasets.

MATERIALS AND METHODS

OSCC Datasets
We retrospectively collected a total of 262 samples from three
publicly available datasets from the Gene Expression Omnibus
(GEO) database,1 including 167 OSCC samples and 45 normal
oral tissues from GSE30784 dataset2 (Chen et al., 2008), 26 OSCC
samples and 12 control samples from GSE9844 dataset3 (Ye et al.,
2008), and six OSCC samples and six adjacent non-involved oral
tissue from GSE74530 dataset4 (Oghumu et al., 2016). The largest
sample dataset GSE30784 was used as a discovery dataset and the
other two datasets were used as independent testing datasets.

Acquisition and Analysis of lncRNA
Expression Profiles
The raw microarray data files (.CEL files) of three OSCC
sample datasets on Affymetrix Human Genome U133 Plus 2.0
(Affymetrix HG-U133 Plus 2.0) were downloaded directly from

1https://www.ncbi.nlm.nih.gov/geo/
2https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE30784
3https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE9844
4https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE74530

the GEO database and were processed and normalized using
robust multichip average method by R “affy” package. LncRNA
expression data of all samples in three datasets were retrieved by
repurposing the probes based on the NetAffx annotation files of
the probe sets and the annotation files of RefSeq and GENCODE
according to previous studies (Zhou et al., 2018, 2019). Finally,
expression data of 2466 lncRNAs of three OSCC datasets were
obtained for further analysis.

Differential expression analysis of lncRNAs between OSCC
samples and control samples was performed using the R package
“limma” (version 3.42.0), those lncRNAs with | log2(fold change)|
> 1 and false discovery rate (FDR) adjusted p-value < 0.05 was
considered as differentially expressed lncRNAs.

Construction of lncRNA-Based
Diagnostic Risk Model for Early
Detection of OSCC
The least absolute shrinkage and selection operator (LASSO)
method was used to select the most useful predictive features
from the list of differentially expressed lncRNAs as diagnostic
lncRNA biomarkers in the discovery dataset. Then all diagnostic
lncRNA biomarkers were fitted a logistic regression model as
the covariates, and an lncRNA-based diagnostic risk model was
constructed by using the sum of expression value of lncRNA
biomarkers weighted by the unbiased coefficients estimates from
the logistic regression model (Hao et al., 2017) as follows:

Diagnostic risk score =
ew

T
∗x+b

1+ ewT∗x+b

Where x is expression levels of each lncRNA biomarker, w is the
coefficients estimates from the logistic regression model, and b is
18.35146902. The risk score range from 0 to 1, and >0.5 was used
as the cutoff for the diagnosis of OSCC.

The diagnostic performance of the lncRNA-based diagnostic
risk model was evaluated by a receiver operating characteristic
(ROC) curve and the area under the ROC (AUC).

Functional Enrichment Analysis
Functional enrichment analysis of GO and Kyoto encyclopedia
of genes and genomes (KEGG) pathway was performed to
identify significantly enriched GO terms and KEGG pathways of
mRNAs correlated with diagnostic lncRNA biomarkers using the
R package “clusterprofiler” (Yu et al., 2012).

RESULTS

Analysis of Altered lncRNA Expression
Pattern in OSCC
To explore the altered lncRNA expression pattern in OSCC,
we compared lncRNA expression profiles between 167 OSCC
samples and 45 control samples in the discovery dataset
and identified 29 differentially expressed lncRNAs [| log2(fold
change)| > 1 and FDR-adjusted p-value < 0.05] (Supplementary
Table S1). Of them, 18 lncRNAs are downregulated and 11
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lncRNAs are upregulated in OSCC compared with control
samples (Figure 1A). Results of unsupervised hierarchical
clustering analysis showed that all samples in the discovery
dataset can could be grouped into two clusters based on the
expression pattern of these 29 differentially expressed lncRNAs.
159 of 167 OSCC samples and one control were classified into
Cluster 2, and 44 of 45 control samples and eight OSCC samples
were classified into Cluster 1. Statistical analysis indicated
a significant association between clusters and disease status
(p < 0.001, chi-squared test) (Figure 1B).

Development and Validation of the
lncRNA-Based Diagnostic Risk Model for
Early Detection of OSCC in the Discovery
Dataset
To identify diagnostic lncRNA biomarkers, 29 differentially
expressed lncRNAs were analyzed using the LASSO with 10-fold
cross-validation and the turning parameter λ of 0.055. As
shown in Figure 2A, we obtained six lncRNAs (LINC01697,
LINC02487, LOC105376575, AC005083.1, SLC8A1-AS1, and
U62317.1) from the list of differentially expressed lncRNAs
as optimal diagnostic biomarkers considering a balance
between classification accuracy and the number of lncRNAs
(Table 1). Of six lncRNA biomarkers, five lncRNAs biomarkers
(LINC01697, LINC02487, LOC105376575, AC005083.1, and
SLC8A1-AS1) seem to be tumor suppressors and downregulated
in OSCC, while lncRNA U62317.1 tended to be an oncogene
and up-regulated in OSCC (Figure 2B). Using a logistic
regression method, a six-lncRNAs-based diagnostic risk
model was generated (named 6lncRNAScore). When the
6lncRNAScore was applied to samples of the discovery dataset,

the 6lncRNAScore correctly classified 164 of 167 OSCC samples
and 40 of 45 control samples, achieving an AUC of 0.995
with the sensitivity of 98.2% and the specificity of 88.9%
(Figures 2C,D).

Independent Validation of the
6lncRNAScore in Two Independent
OSCC Datasets
To confirm the robustness of the 6lncRNAScore for early
diagnosis, the 6lncRNAScore was tested in an additional
independent OSCC dataset (GSE9844) of 38 samples. We first
investigated the expression patterns of six lncRNA biomarkers
between OSCC samples and control samples in the GSE9844
dataset. As shown in Figure 3A, five lncRNA biomarkers
(LINC01697, LINC02487, LOC105376575, AC005083.1, and
SLC8A1-AS1) were significantly downregulated and one lncRNA
U62317.1 was significantly upregulated in OSCC samples
compared with control samples, which is consistent with
observed in the discovery dataset. Then each sample of GSE9844
was assigned a risk score according to 6lncRNAScore, and was
classified as OSCC-like or normal-like samples. Finally, the
6lncRNAScore correctly classified all 26 OSCC samples and eight
of 12 control samples, achieving an AUC of 0.968 with the
sensitivity of 100% and the specificity of 66.7% (Figures 3B,C).

Further validation of the diagnostic ability of the
6lncRNAScore was conducted using another completely
independent OSCC dataset (GSE74530) of 12 samples. The
expression pattern of six lncRNA biomarkers between OSCC
samples and control samples in the GSE74530 dataset was
examined. As shown in Figure 4A, five (LINC01697, LINC02487,
LOC105376575, AC005083.1, and U62317.1) of six lncRNA

FIGURE 1 | Analysis of differentially expressed genes in oral squamous cell carcinoma. (A) Volcano plot displaying differential expressed lncRNAs between OSCC
samples and control samples. (B) Unsupervised clustering of all samples based on the expression pattern of 29 differentially expressed lncRNAs in the discovery
dataset.
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FIGURE 2 | Development and performance evaluation of the lncRNA-based diagnostic risk model in the discovery dataset. (A) Feature selection for lncRNA
biomarkers using the least absolute shrinkage and selection operator (LASSO) method. (B) Expression patterns of six lncRNA biomarkers between OSCC samples
and control samples. (C) Receiver operating characteristic (ROC) curves for 6lncRNAScore. (D) Expression heatmap of six lncRNA biomarkers of samples with
increasing 6lncRNAScore. ***p < 0.001.

biomarkers revealed consistent expression patterns as observed
in the discovery dataset and GSE9844 dataset except for SLC8A1-
AS1. When the 6lncRNAScore was tested in the GSE74530
dataset, the 6lncRNAScore correctly classified all six OSCC
samples and three of six control samples, achieving an AUC
of 1.0 with the sensitivity of 100% and the specificity of 50%
(Figures 4B,C).

Functional Implication of Six lncRNA
Biomarkers
To gain insight into the biological function of six newly identified
lncRNA biomarkers, we computed the Pearson correlation
coefficient (PCC) between expression levels of mRNAs and six
lncRNA biomarkers and identified 95 mRNAs correlated with
six lncRNA biomarkers (r > 0.8 and p < 0.05). Then we
performed GO and KEGG enrichment analysis for 95 mRNAs
correlated with six lncRNA biomarkers using the R package

“clusterprofiler.” Results of functional enrichment analysis
showed that mRNAs correlated with six lncRNA biomarkers
might be involved in several lipid metabolic processes, such
as membrane lipid metabolic process, cellular lipid catabolic
process, sphingolipid metabolic process, fatty acid derivative
metabolic process, and so on (Figure 5).

DISCUSSION

Although smoking and alcohol use were well-known chief
risk factors for OSCC, complex genetic, transcriptional, and
epigenetic alteration and their interaction between them have
also been reported to indeed contribute to OSCC tumorigenesis
(Choi and Myers, 2008; Perez-Sayans et al., 2009). Traditional
diagnosis methods, such as the biopsy, endoscopy, and chest
X-ray and CT, were inadequate for early diagnosis, and there is
the lack of specific and sensitive biomarkers for earlier detection
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TABLE 1 | Detailed information of six diagnostic lncRNA biomarkers identified in the discovery dataset.

Ensemble id Gene name Genomic location Coefficienta FDR p-valueb

ENSG00000232079 LINC01697 Chr 21: 28,048,404-28,137,611 (+) −0.0953 <0.001

ENSG00000203688 LINC02487 Chr 6: 167,679,626-167,696,290 (−) −0.4317 <0.001

105376575 LOC105376575 NC_000011.10 (17332042.17349973) −1.8052 <0.001

ENSG00000233834 AC005083.1 Chr 7: 20,217,577-20,221,700 (+) −0.8215 <0.001

ENSG00000227028 SLC8A1-AS1 Chr 2: 39,786,453-40,255,209 (+) −0.4150 <0.001

ENSG00000272666 U62317.1 Chr 22: 50,542,305-50,542,906 (−) 0.8571 <0.001

aDerived from the logistic regression model. bDerived from differential expression analysis.

FIGURE 3 | Independent validation of the 6lncRNAScore in 38 samples of GSE9844. (A) Expression patterns of six lncRNA biomarkers between OSCC samples
and control samples. (B) Receiver operating characteristic (ROC) curves for 6lncRNAScore. (C) Expression heatmap of six lncRNA biomarkers of samples with
increasing 6lncRNAScore. *p < 0.05, **p < 0.01, ***p < 0.001.

of OSCC. Alteration in molecular profiles have been observed
in various human cancers compared to corresponding normal
tissues, and have been used as novel markers for cancer diagnosis
and prognosis (Mehta et al., 2010; Jurgensmeier et al., 2014; Chen
et al., 2018, 2019; Sun et al., 2020). lncRNAs are recently emerging
as a novel promising biomarker for cancer diagnosis and
prognosis (Shi et al., 2016; Bolha et al., 2017). Increasing efforts

have been made to focus on the discovery and characterization
of lncRNA biomarkers in various human cancers. Recent studies
also observed many lncRNAs dysregulation which served an
oncogenic or tumor suppression part in OSCC (Lu et al., 2017;
Kong et al., 2018; Zhang et al., 2019). Despite these previous
investigations, the expression pattern and diagnostic role of
lncRNA in OSCC remain unclear.
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FIGURE 4 | Further confirmation of the 6lncRNAScore in another GSE74530 dataset. (A) Expression patterns of six lncRNA biomarkers between OSCC samples
and control samples. (B) Receiver operating characteristic (ROC) curves for 6lncRNAScore. (C) Expression heatmap of six lncRNA biomarkers of samples with
increasing 6lncRNAScore. **p < 0.01.

In this study, we first obtained lncRNA expression files of
a large number of OSCC samples and corresponding control
samples by repurposing publicly available microarray data, and
compared the expression pattern of lncRNAs between OSCC and
control samples as the first step toward identifying diagnostic
lncRNA biomarkers. A total of 29 lncRNAs were determined as
differentially expressed lncRNAs whose dysregulated expressions
are closely associated with OSCC. To identify diagnostic lncRNA
biomarkers from the list of differentially expressed lncRNAs,
we performed a feature selection procedure to reduce the
number of lncRNAs using the lasso binary logistic regression
model which is the powerful and versatile regression method
for high-dimensional data. Considering a balance between
classification accuracy and the number of lncRNAs, six lncRNAs
were identified as diagnostic biomarkers including five tumor
suppressor lncRNAs (LINC01697, LINC02487, LOC105376575,
AC005083.1, and SLC8A1-AS1) and one oncogenic lncRNAs
(U62317.1). Although the huge number of lncRNAs have been
identified using high-throughput experimental technologies,
only a very small fraction of lncRNAs were well functionally
characterized. After the literature search, we found that several
lncRNA biomarkers identified in our study have been reported
to be involved in human diseases. LINC02487 has been reported
as a tumor suppressor to inhibit migration and invasion
of oral cancer cells through directly binding protein USP17

(Feng et al., 2019). lncRNA AC005083.1 was also differentially
expressed in lung adenocarcinoma (Peng et al., 2017). The
latest study by Guo et al. found that LncRNA SLC8A1-AS1
protects against myocardial damage through activation of the
cGMP-PKG signaling pathway. Previous studies have suggested
that lncRNA function can be inferred by using co-expression
with the coding genes approach (Ma et al., 2012; Cheng et al.,
2016). Therefore, to further explore the potential function of
other lncRNA biomarkers, we performed functional enrichment
analysis for lncRNA biomarkers-related mRNAs derived from co-
expression analysis and found that mRNAs co-correlated with
lncRNA biomarkers tended to be involved in lipid metabolic
process. The modulation in lipid metabolism has been implicated
in increased invasiveness of OSCC cells, and some lipid
metabolism-related genes were used to predict poor outcome of
OSCC (Beloribi-Djefaflia et al., 2016; Sant’Anna-Silva et al., 2018;
Hu et al., 2019).

To accelerate clinical application, we constructed a diagnostic
prediction model with these six lncRNA biomarkers using a
logistic regression method. The 6lncRNAScore achieved an
AUC value of 0.995 for distinguishing OSCC samples and
healthy controls in the discovery dataset. To confirm the
robustness of the 6lncRNAScore for early diagnosis, we also
tested the performance of the 6lncRNAScore in the other two
independent OSCC datasets. Validation results showed that
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FIGURE 5 | In silico functional analysis. (A) Enriched GO terms. (B) Enriched KEGG pathways.

Frontiers in Bioengineering and Biotechnology | www.frontiersin.org 7 April 2020 | Volume 8 | Article 256

https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/bioengineering-and-biotechnology#articles


fbioe-08-00256 April 13, 2020 Time: 18:44 # 8

Li et al. lncRNA Biomarkers in OSCC

the 6lncRNAScore also had well predictive performance in
effectively discriminating OSCC patients from controls in the
other two independent datasets comparable with the discovery
dataset. These results demonstrated the reproducible and robust
predictive power and general applicability of the 6lncRNAScore
in early diagnosis of OSCC.

CONCLUSION

In summary, we evaluated the utility of lncRNA expression in
early diagnosis of OSCC and constructed a diagnostic prediction
model composing of six lncRNA biomarkers which showed
high and robust diagnostic performance in discriminating OSCC
patients from controls. However, further experimental studies
or independent validations are warranted to fully explore the
molecular mechanism and clinical applications of lncRNAs in the
diagnosis of OSCC.

DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. These
data can be found here: Three publicly available OSCC datasets
were obtained from the Gene Expression Omnibus (GEO)

database (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=
GSE30784, https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?
acc=GSE9844, and https://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE74530).

AUTHOR CONTRIBUTIONS

YL conceived and designed the experiments. YL, XC, and HL
performed the experiments and analyzed the data. YL wrote the
manuscript. All authors read and approved the final manuscript.

FUNDING

This study was supported by the Young and Middle-Aged
Innovative Scientific Research Fund of The Second Affiliated
Hospital of Harbin Medical University (KYCX2019-18).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fbioe.
2020.00256/full#supplementary-material

REFERENCES
Bao, S., Zhao, H., Yuan, J., Fan, D., Zhang, Z., Su, J., et al. (2019). Computational

identification of mutator-derived lncRNA signatures of genome instability for
improving the clinical outcome of cancers: a case study in breast cancer. Brief
Bioinform. doi: 10.1093/bib/bbz118

Batista, P. J., and Chang, H. Y. (2013). Long noncoding RNAs: cellular address
codes in development and disease. Cell 152, 1298–1307. doi: 10.1016/j.cell.2013.
02.012

Beloribi-Djefaflia, S., Vasseur, S., and Guillaumond, F. (2016). Lipid metabolic
reprogramming in cancer cells.Oncogenesis 5:e189. doi: 10.1038/oncsis.2015.49

Bolha, L., Ravnik-Glavaè, M., and Glavaè, D. J. (2017). Long noncoding RNAs as
biomarkers in cancer. Dis. Markers 2017:7243968.

Chen, C., Mendez, E., Houck, J., Fan, W., Lohavanichbutr, P., Doody, D., et al.
(2008). Gene expression profiling identifies genes predictive of oral squamous
cell carcinoma. Cancer Epidemiol. Biomarkers Prev. 17, 2152–2162. doi: 10.
1158/1055-9965.EPI-07-2893

Chen, X., Wang, L., Qu, J., Guan, N.-N., and Li, J.-Q. J. B. (2018).
Predicting miRNA–disease association based on inductive matrix completion.
Bioinformatics 34, 4256–4265.

Chen, X., Xie, D., Zhao, Q., and You, Z.-H. J. (2019). MicroRNAs and complex
diseases: from experimental results to computational models. Brief Bioinform.
20, 515–539. doi: 10.1093/bib/bbx130

Cheng, L., Shi, H., Wang, Z., Hu, Y., Yang, H., Zhou, C., et al. (2016). IntNetLncSim:
an integrative network analysis method to infer human lncRNA functional
similarity. Oncotarget 7:47864.

Choi, S., and Myers, J. N. (2008). Molecular pathogenesis of oral squamous cell
carcinoma: implications for therapy. J. Dent. Res. 87, 14–32. doi: 10.1177/
154405910808700104

Feng, L., Qiu, F., Zhang, J., Sun, M., Chen, W., and Qiu, W. (2019). Tumor
Suppressor LINC02487 Inhibits Oral Cancer Cell Migration And Invasion
Through Directly Binding Protein USP17. Philadelphia: AACR.

Hao, X., Luo, H., Krawczyk, M., Wei, W., Wang, W., Wang, J., et al. (2017).
DNA methylation markers for diagnosis and prognosis of common cancers.
Proc. Natl. Acad. Sci. U.S.A. 114, 7414–7419. doi: 10.1073/pnas.170357
7114

Hauptman, N., and Glavac, D. (2013). Long non-coding RNA in cancer. Int. J. Mol.
Sci. 14, 4655–4669. doi: 10.3390/ijms14034655

Hu, Q., Peng, J., Chen, X., Li, H., Song, M., Cheng, B., et al. (2019). Obesity and
genes related to lipid metabolism predict poor survival in oral squamous cell
carcinoma. Oral Oncol. 89, 14–22. doi: 10.1016/j.oraloncology.2018.12.006

Jurgensmeier, J. M., Eder, J. P., and Herbst, R. S. (2014). New strategies in
personalized medicine for solid tumors: molecular markers and clinical trial
designs. Clin. Cancer Res. 20, 4425–4435. doi: 10.1158/1078-0432.ccr-13-0753

Kong, J., Sun, W., Zhu, W., Liu, C., Zhang, H., and Wang, H. (2018). Long
noncoding RNA LINC01133 inhibits oral squamous cell carcinoma metastasis
through a feedback regulation loop with GDF15. J. Surg. Oncol. 118, 1326–1334.
doi: 10.1002/jso.25278

Li, S., Li, B., Zheng, Y., Li, M., Shi, L., and Pu, X. (2017). Exploring functions of
long noncoding RNAs across multiple cancers through co-expression network.
Sci. Rep. 7:754.

Lu, M. Y., Liao, Y. W., Chen, P. Y., Hsieh, P. L., Fang, C. Y., Wu, C. Y., et al. (2017).
Targeting LncRNA HOTAIR suppresses cancer stemness and metastasis in oral
carcinomas stem cells through modulation of EMT. Oncotarget 8, 98542–98552.
doi: 10.18632/oncotarget.21614

Ma, H., Hao, Y., Dong, X., Gong, Q., Chen, J., Zhang, J., et al. (2012). Molecular
mechanisms and function prediction of long noncoding RNA. Sci. World J.
2012:541786. doi: 10.1100/2012/541786

Mehta, S., Shelling, A., Muthukaruppan, A., Lasham, A., Blenkiron, C., Laking, G.,
et al. (2010). Predictive and prognostic molecular markers for cancer medicine.
Ther. Adv. Med. Oncol. 2, 125–148. doi: 10.1177/1758834009360519

Oghumu, S., Knobloch, T. J., Terrazas, C., Varikuti, S., Ahn-Jarvis, J., Bollinger,
C. E., et al. (2016). Deletion of macrophage migration inhibitory factor inhibits
murine oral carcinogenesis: potential role for chronic pro-inflammatory
immune mediators. Int. J. Cancer 139, 1379–1390. doi: 10.1002/ijc.30177

Peng, F., Wang, R., Zhang, Y., Zhao, Z., Zhou, W., Chang, Z., et al. (2017).
Differential expression analysis at the individual level reveals a lncRNA
prognostic signature for lung adenocarcinoma. Mol. Cancer 16:98.

Perez-Sayans, M., Somoza-Martin, J. M., Barros-Angueira, F., Reboiras-Lopez,
M. D., Gandara Rey, J. M., and Garcia-Garcia, A. (2009). Genetic and molecular
alterations associated with oral squamous cell cancer (Review). Oncol. Rep. 22,
1277–1282. doi: 10.3892/or_00000565

Frontiers in Bioengineering and Biotechnology | www.frontiersin.org 8 April 2020 | Volume 8 | Article 256

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE30784
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE30784
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE9844
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE9844
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE74530
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE74530
https://www.frontiersin.org/articles/10.3389/fbioe.2020.00256/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fbioe.2020.00256/full#supplementary-material
https://doi.org/10.1093/bib/bbz118
https://doi.org/10.1016/j.cell.2013.02.012
https://doi.org/10.1016/j.cell.2013.02.012
https://doi.org/10.1038/oncsis.2015.49
https://doi.org/10.1158/1055-9965.EPI-07-2893
https://doi.org/10.1158/1055-9965.EPI-07-2893
https://doi.org/10.1093/bib/bbx130
https://doi.org/10.1177/154405910808700104
https://doi.org/10.1177/154405910808700104
https://doi.org/10.1073/pnas.1703577114
https://doi.org/10.1073/pnas.1703577114
https://doi.org/10.3390/ijms14034655
https://doi.org/10.1016/j.oraloncology.2018.12.006
https://doi.org/10.1158/1078-0432.ccr-13-0753
https://doi.org/10.1002/jso.25278
https://doi.org/10.18632/oncotarget.21614
https://doi.org/10.1100/2012/541786
https://doi.org/10.1177/1758834009360519
https://doi.org/10.1002/ijc.30177
https://doi.org/10.3892/or_00000565
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/bioengineering-and-biotechnology#articles


fbioe-08-00256 April 13, 2020 Time: 18:44 # 9

Li et al. lncRNA Biomarkers in OSCC

Rinn, J. L., and Chang, H. Y. (2012). Genome regulation by long noncoding RNAs.
Annu. Rev. Biochem. 81, 145–166. doi: 10.1146/annurev-biochem-051410-
092902

Salviano-Silva, A., Lobo-Alves, S. C., Almeida, R. C., Malheiros, D., and Petzl-
Erler, M. L. (2018). Besides pathology: long non-coding RNA in cell and tissue
homeostasis. Noncoding RNA 4. doi: 10.3390/ncrna4010003

Sant’Anna-Silva, A. C. B., Santos, G. C., Campos, S. P. C., Oliveira Gomes, A. M.,
Perez-Valencia, J. A., and Rumjanek, F. D. (2018). Metabolic profile of oral
squamous carcinoma cell lines relies on a higher demand of lipid metabolism in
metastatic cells. Front. Oncol. 8:13. doi: 10.3389/fonc.2018.00013

Shi, T., Gao, G., and Cao, Y. J. (2016). Long noncoding RNAs as novel biomarkers
have a promising future in cancer diagnostics. Dis. Markers 2016:9085195.

Siegel, R. L., Miller, K. D., and Jemal, A. (2019). Cancer statistics, 2019. CA Cancer
J. Clin. 69, 7–34. doi: 10.3322/caac.21551

Sun, J., Zhang, Z., Bao, S., Yan, C., Hou, P., Wu, N., et al. (2020). Identification
of tumor immune infiltration-associated lncRNAs for improving prognosis
and immunotherapy response of patients with non-small cell lung cancer.
J. Immunother. Cancer 8:e000110. doi: 10.1136/jitc-2019-000110

Tandon, P., Dadhich, A., Saluja, H., Bawane, S., and Sachdeva, S. (2017). The
prevalence of squamous cell carcinoma in different sites of oral cavity at our
Rural Health Care Centre in Loni, Maharashtra - a retrospective 10-year study.
Contemp. Oncol. 21, 178–183. doi: 10.5114/wo.2017.68628

Ulitsky, I., and Bartel, D. P. (2013). lincRNAs: genomics, evolution, and
mechanisms. Cell 154, 26–46. doi: 10.1016/j.cell.2013.06.020

Wright, M. W., and Bruford, E. A. J. H. (2011). Naming’junk’: human non-protein
coding RNA (ncRNA) gene nomenclature. Hum. Genomics 5:90. doi: 10.1186/
1479-7364-5-2-90

Ye, H., Yu, T., Temam, S., Ziober, B. L., Wang, J., Schwartz, J. L., et al. (2008).
Transcriptomic dissection of tongue squamous cell carcinoma. BMC Genomics
9:69. doi: 10.1186/1471-2164-9-69

Yu, G., Wang, L. G., Han, Y., and He, Q. Y. (2012). clusterProfiler: an R package
for comparing biological themes among gene clusters. OMICS 16, 284–287.
doi: 10.1089/omi.2011.0118

Zhang, C., Bao, C., Zhang, X., Lin, X., Pan, D., and Chen, Y. (2019). Knockdown of
lncRNA LEF1-AS1 inhibited the progression of oral squamous cell carcinoma
(OSCC) via Hippo signaling pathway. Cancer Biol. Ther. 20, 1213–1222. doi:
10.1080/15384047.2019.1599671

Zhang, H., Chen, Z., Wang, X., Huang, Z., He, Z., and Chen, Y. (2013). Long non-
coding RNA: a new player in cancer. J. Hematol. Oncol. 6:37. doi: 10.1186/1756-
8722-6-37

Zhou, M., Hu, L., Zhang, Z., Wu, N., Sun, J., and Su, J. (2018). Recurrence-
associated long non-coding RNA signature for determining the risk of
recurrence in patients with colon cancer. Mol. Ther. Nucleic Acids 12, 518–529.
doi: 10.1016/j.omtn.2018.06.007

Zhou, M., Zhao, H., Wang, X., Sun, J., and Su, J. (2019). Analysis of long noncoding
RNAs highlights region-specific altered expression patterns and diagnostic roles
in Alzheimer’s disease. Brief Bioinform. 20, 598–608. doi: 10.1093/bib/bby021

Zhou, M., Zhao, H., Wang, Z., Cheng, L., Yang, L., Shi, H., et al. (2015).
Identification and validation of potential prognostic lncRNA biomarkers for
predicting survival in patients with multiple myeloma. J. Exp. Clin. Cancer Res.
34:102.

Zhou, M., Zhao, H., Xu, W., Bao, S., Cheng, L., and Sun, J. (2017). Discovery and
validation of immune-associated long non-coding RNA biomarkers associated
with clinically molecular subtype and prognosis in diffuse large B cell
lymphoma. Mol. Cancer 16:16. doi: 10.1186/s12943-017-0580-4

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Li, Cao and Li. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and
the copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Bioengineering and Biotechnology | www.frontiersin.org 9 April 2020 | Volume 8 | Article 256

https://doi.org/10.1146/annurev-biochem-051410-092902
https://doi.org/10.1146/annurev-biochem-051410-092902
https://doi.org/10.3390/ncrna4010003
https://doi.org/10.3389/fonc.2018.00013
https://doi.org/10.3322/caac.21551
https://doi.org/10.1136/jitc-2019-000110
https://doi.org/10.5114/wo.2017.68628
https://doi.org/10.1016/j.cell.2013.06.020
https://doi.org/10.1186/1479-7364-5-2-90
https://doi.org/10.1186/1479-7364-5-2-90
https://doi.org/10.1186/1471-2164-9-69
https://doi.org/10.1089/omi.2011.0118
https://doi.org/10.1080/15384047.2019.1599671
https://doi.org/10.1080/15384047.2019.1599671
https://doi.org/10.1186/1756-8722-6-37
https://doi.org/10.1186/1756-8722-6-37
https://doi.org/10.1016/j.omtn.2018.06.007
https://doi.org/10.1093/bib/bby021
https://doi.org/10.1186/s12943-017-0580-4
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/bioengineering-and-biotechnology#articles

	Identification and Validation of Novel Long Non-coding RNA Biomarkers for Early Diagnosis of Oral Squamous Cell Carcinoma
	Introduction
	Materials and Methods
	OSCC Datasets
	Acquisition and Analysis of lncRNA Expression Profiles
	Construction of lncRNA-Based Diagnostic Risk Model for Early Detection of OSCC
	Functional Enrichment Analysis

	Results
	Analysis of Altered lncRNA Expression Pattern in OSCC
	Development and Validation of the lncRNA-Based Diagnostic Risk Model for Early Detection of OSCC in the Discovery Dataset
	Independent Validation of the 6lncRNAScore in Two Independent OSCC Datasets
	Functional Implication of Six lncRNA Biomarkers

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References


