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Abstract: Oral squamous cell carcinoma (OSCC) remains to be a challenging public health problem worldwide. How-
ever, the underlying molecular mechanism regulating the carcinogenesis of OSCC is poorly known. Gene expression 
profiles of GSE13601, GSE30784, GSE37991 and The Cancer Genome Atlas (TCGA) head and neck cancer were 
downloaded from gene expression omnibus (GEO) and TCGA database respectively. R software and bioconductor 
packages were used to compare and identify the differentially expressed genes (DEGs) between OSCC tissues and 
normal controls. The common DEGs were then subjected to gene ontology (GO) enrichment analysis, ingenuity 
pathway analysis (IPA), protein-protein interaction (PPI) network analysis as well as survival analysis. A total of 76 
up- and 102 down-regulated DEGs were identified. Functional analysis revealed that these DEGs were associates 
with increased oncostatin M signaling, cell diapedesis and extravasation as well as reduced calcium signaling and 
loss of adherens junctions and tight junctions. A set of robust prognostic signatures including PLAU, CLDN8 and 
CDKN2A were identified from DEGs and could predict overall survival in OSCC patients from TCGA cohort. This three-
gene signature was further successfully validated as a prognostic marker for overall survival prediction in another 
independent cohort GSE41613. In conclusion, our study has identified a registry of novel genes and pathways that 
play important roles in regulating the initiation and development of OSCC. A set of robust molecular signature is 
identified for prognostic prediction, which will provide useful guidance for therapeutic applications. 

Keywords: Gene ontology, ingenuity pathway analysis, oral squamous cell carcinoma, protein-protein interactions 
network, survival analysis

Introduction

Oral squamous cell carcinoma (OSCC) repre-
sents up to 90% of all malignancies of oral  
cavity [1, 2]. The initiation and development of 
OSCC is caused by a combination of genetic 
alterations, environmental risk factors and vi- 
ral infection. Despite the magnificent achieve-
ments in surgery, radiation therapy and chemo-
therapy in the past few decades, the 5-year 
overall survival rate for OSCC remains little 
changed at approximately 50% [3]. Most pa- 
tients with OSCC have poor prognosis due to 
advanced clinical stage at the time of diagno-
sis. This highlights the importance of studying 
the underlying molecular events accounting  
for the carcinogenesis of OSCC. Also, accuracy 
of predicting survival of OSCC is critical for  
good decision making by clinicians. However, 
currently it remains to be a challenging task, 

and thus identification of novel biomarkers for 
predicting OSCC prognosis is extremely urgent. 

The Gene Expression Omnibus (GEO, http://
www.ncbi.nlm.nih.gov/geo/) is an international 
public repository that archives and freely dis-
tributes microarray, next-generation sequenc-
ing, and other forms of high-throughput func-
tional genomic data sets [4, 5]. The Cancer 
Genome Atlas (TCGA) is a large-scale cancer 
genome project which provides researchers 
with multi-dimensional maps of the key geno- 
mic changes and clinicopathological informa-
tion in 33 types of cancer (http://cancerge-
nome.nih.gov/) [6]. Both GEO and TCGA have 
significantly increased our understanding of 
cancer. One obvious advantage of GEO and 
TCGA is that the data from different indepen-
dent studies can be integrated to obtain a 
greater number of clinical samples for achiev-
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Figure 1. Volcano plots of genes that are significantly different between 
OSCC tissues and normal controls. X-axis indicates the p values (log-
scaled), whereas the Y-axis shows the fold change (logscaled). Each symbol 
represents a different gene, and the red/green color of the symbols catego-
rize the upregulated/downregulated genes falling under different criteria (p 
value and fold change threshold). p value <0.05 is considered as statisti-
cally significant, whereas fold change = 2 is set as the threshold (A). The 
common differentially expressed genes among GSE13601, GSE30784, 
GSE37991 and TCGA (B, C).

ing a more robust analysis. However, the data 
from independent microarray studies are often 
inconsistent due to sample heterogeneity or 
different microarray platforms. Fortunately, effi-
cient integrated bioinformatic methods have 
been developed for large-scale analysis of 
cross-platform high-throughput data.

In this study, we first identified the common  
differentially expressed genes (DEGs) from mu- 
ltiple microarrays and TCGA HNSC RNA-seq 
data. Gene ontology (GO) function and path- 
way enrichment analysis as well as protein- 
protein interactions (PPI) network analysis of 
DEGs were performed. Then a set of prognostic 
gene signature selected from DEGs was iden- 

ridge, buccal mucosa, floor of mouth, tongue, 
lip, oral cavity and hard palate) were selected, 
while samples from other anatomic sites such 
as hypopharynx, larynx, oropharynx and tonsil we- 
re excluded. A total of 329 OSCC patients with 
detailed follow-up time were included for sub-
sequent analysis.

Data pre-processing and differential expres-
sion analysis

Robust multi-array average (RMA) approach 
was performed for background correction and 
normalization. The original GEO data were then 
converted into expression measures using affy 
R package. Limma R package was subsequ- 

tified based on TCGA HNSC 
RNA-seq data and demonstrat-
ed good performance for pre-
dicting 5-year overall survival. 
This robust prognostic signa-
ture was successfully validated 
in another independent cohort 
of patients.

Materials and methods

Data source

The original datasets compar-
ing the gene expression pro-
files between OSCC and nor-
mal controls were downloaded 
from NCBI GEO databases. The 
accession number was GSE1- 
3601, GSE30784 and GSE- 
37991 respectively. The micro-
array data of GSE13601 and 
GSE30784 were based on 
GPL8300 (Affymetrix Human 
Genome U95 Version 2 Array, 
Affymetrix Inc., Santa Clara, 
CA, USA) and GPL570 (Affy- 
metrix Human Genome U133 
Plus 2.0 Array) respectively. 
The microarray data of GSE- 
37991 was based on GPL6883 
(Illumina HumanRef-8 v3.0 ex- 
pression beadchip, Illumina 
Inc, San Diego, CA, USA).

The preprocessed level 3 RNA-
seq data and corresponding 
clinical information of HNSC 
were downloaded from TCGA 
data portal. The clinical sam-
ples from oral cavity (alveolar 
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Table 2. The common DEGs identified among GSE13601, GSE30784, GSE37991 and TCGA
Gene names (upregulated DEGs)
ABCA8, ACADSB, ACOX2, ACTA1, ACTN2, ADH1B, ADIPOQ, ALDH1A1, ALOX12, AMPD1, ANG, APOD, ATP1A2, 
ATP2A1, AZGP1, CA3, CFD, CHRDL1, CILP, CKM, CKMT2, CLDN8, CLDN10, COBL, COX6A2, COX7A1, CRISP2, 
CRISP3, CRYAB, CSRP3, CYP3A5, DMBT1, DPT, EEF1A2, ENO3, EPHX2, EYA2, FMO2, FUT6, FXYD1, GAS7, 
GPD1L, GULP1, HBB, HLF, HSPB2, KRT4, LIFR, LTF, MAL, MB, MEOX2, MFAP4, MYBPC1, MYH2, MYH6, MYH7, 
MYL1, MYL2, MYLPF, MYOC, MYOM1, MYRIP, NEB, NR3C2, PBX1, PEG3, PIP, PKIA, PLA2G2A, PLN, PLP1, PPARG, 
PPP1R1A, PPP1R3C, PRELP, PROM1, PYGM, RNASE4, RRAGD, SCNN1B, SELENBP1, SLITRK5, SLN, STATH, SYN-
GR1, TCAP, TF, TFF1, TFF3, TGFBR3, TJP3, TLE2, TLR5, TMOD1, TMPRSS2, TNNC1, TNNC2, TSPAN8, TTN, WIF1

ently employed for identifying differentially ex- 
pressed genes (DEGs). For TCGA data, edgeR 
package was used for DEG screening. P<0.05 
and absolute log2FC>1 were chosen as the  
cut-off criteria based on Benjamini & Hoch- 
berg (BH) procedure. Intersect function in R 
was used for identifying the common DEGs 
among GSE13601, GSE30784, GSE37991 and 
TCGA. The Venn diagram was generated by Ve- 
nnDiagram R package.

Gene ontology enrichment analysis

Gene Ontology (GO) enrichment analysis was 
performed using the DAVID (the Database for 
Annotation, Visualization and Integration Dis- 
covery). The enriched biological processes 
(BP), cellular component (CC) and molecular 
function (MF) were obtained to analyze the 
common DEGs at the functional level. P<0.05 
was set as the threshold value. 

Ingenuity pathway analysis (IPA)

The common DEGs among GSE13601, GSE- 
30784, GSE37991 and TCGA were first uplo- 
aded into Qiagen’s IPA system for core analys- 
is. The ingenuity knowledge base (genes only) 
was selected as the reference set. IPA was  
performed to identify the canonical pathways 
associated with the common DEGs. P<0.01 
was set as the threshold value. 

PPI network construction

STRING online database (http://string-db.org) 
was used for analyzing the protein-protein in- 

teraction (PPI) of common DEGs and Cytosca- 
pe software (http://www.cytoscape.org/) was 
employed for visualizing PPI network of com-
mon DEGs. Cytoscape MCODE plug-in was us- 
ed for searching clustered sub-networks. The 
default parameters were as follows: degree cut-
off ≥2, node score cutoff ≥0.2, K-core ≥2,  
and max depth = 100.

Prognostic signatures generation and predic-
tion

TCGA and GSE41613 served as training and 
validation cohorts respectively. The strategy of 
data mining and process of GSE41613 is the 
same as that used in GEO data analyzing men-
tioned above. Univariate Cox analysis was per-
formed to assess the association between 
common DEGs and overall survival for TCGA 
data (training cohort) using survival analysis in 
R. A set of prognostic signatures (PLAU, CLD- 
|N8 and CDKN2A) was identified and hazard 
ratios (HRs) from univariate Cox regression 
analysis were used to identify protective (HR 
<1) and risky genes (HR>1). Multivariate Cox 
regression analysis was then applied to the 
three selected genes and the optimal model 
was obtained by akaike information criterion 
(AIC) method. A risk score was calculated bas- 
ed on the expression of gene and coefficient. 
Patients were stratified into a high-risk group 
and a low-risk group based on the cut-off value 
Kaplan-Meier analysis with log-rank test for dif-
ference between the survival curves of high-
risk group and low-risk group was performed in 

Table 1. The common DEGs identified among GSE13601, GSE30784, GSE37991 and TCGA
Gene names (upregulated DEGs)
ABL2, ACP5, ADAM12, AIM2, APOBEC3B, ARPC1B, BNC1, BST2, CDH3, CDKN2A, COL11A1, COL4A1, COL4A2, 
COL4A6, COL7A1, CXCL9, CXCL10, CXCL11, CXCL13, CYP27B1, DKK1, FAP, FN1, FOXM1, FST, FSTL3, GNLY, 
HLA-F, HOMER3, HSD17B6, IFI6, IFIT3, IGFBP3, ISG15, ITGA5, ITGB4, KIF14, KIF23, KIF2C, LAMB3, LAMC2, 
LGALS3BP, LTBP1, MAGEA12, MMP1, MMP3, MMP9, MMP11, MMP12, MMP13, NEFL, NELL2, OASL, PCDH7, 
PDPN, PLA2G7, PLAU, PSMB9, PTHLH, PTK7, PXDN, RBP1, RGS20, RSAD2, SCG5, SERPINE1, SERPINH1, 
SLC7A8, SPP1, THY1, TK1, TPX2, TRIP13, UBE2C, VEGFC
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Figure 2. Heatmaps of the common DEGs 
between OSCC tissues and normal controls 
in GSE13601, GSE30784, GSE37991 and 
TCGA.
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GraphPad Prism (La Jolla, CA, USA). Heatmaps 
were generated in pheatmap R package with 
z-score normalization within each row (gene). 
All statistical tests were two-sided. A P value of 
less than .05 was considered statistically sig-
nificant. Similarly, the above prognostic signa-
tures were then applied to GSE41613 (valida-
tion cohort) to investigate whether they could 
effectively predict the prognosis of OSCC.

Results

The DEGs among GSE13601, GSE30784, 
GSE37991 and TCGA

Volcano plots were generated to visualize the 
distribution of expressed genes between can-
cer and normal controls from different studies. 
Red or green dots in the plots represented sig-
nificantly upregulated or downregulated genes 
respectively (Figure 1A). Figure 1B showed the 
common DEGs among GSE13601, GSE30784, 
GSE37991 and TCGA. In total, 1270 (743 
upregulated and 527 downregulated), 1583 
(764 upregulated and 819 downregulated), 
1850 (779 upregulated and 1071 downregu-
lated) and 3273 (1309 upregulated and 1964 
downregulated) significantly changed genes 
were identified from GSE13601, GSE30784, 
GSE37991 and TCGA respectively. The detailed 
information of the changed genes were sum-

marized in Supplementary Materials. A total of 
76 and 102 genes were significantly upregulat-
ed and downregulated in all four independent 
cohorts. The common up-regulated (log2FC>1, 
P<0.05) and downregulated (log2FC<-1, P< 
0.05) genes are listed in Tables 1 and 2 
respectively.

As shown in Figure 2, heat maps were gener-
ated with R based on the expression levels of 
common DEGs in GSE13601, GSE30784, GS- 
E37991 and TCGA. Each column represented a 
biological sample and each row in the heat  
map represents a gene. The color indicated  
the expression levels of genes between cancer 
tissues and normal controls.

Gene ontology and pathway enrichment analy-
sis

Gene Ontology and pathway enrichment analy-
sis of the common DEGs were performed using 
the DAVID and IPA respectively. For the “biolo- 
gical processes (BP)”, collagen catabolic pro-
cess, extracellular matrix disassembly, cell ad- 
hesion, extracellular matrix organization and 
platelet degranulation were the commonly en- 
riched categories. For the “cellular component 
(CC)” ontology, enriched categories among co- 
mmon DEGs were correlated with extracellu- 
lar region, extracellular space, proteinaceous 
extracellular matrix, extracellular matrix and 

Figure 3. Gene ontology analyses of the common DEGs according to their biological process, cellular component 
and molecular function (A). Ingenuity pathway analysis of the common DEGs to identify the canonical pathways 
involving in carcinogenesis of OSCC (B).

http://www.ajcr.us/files/ajcr0072476supplmaterials.pdf
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extracellular exosome. With regards to the “mo- 
lecular function (MF)”, the common DEGs ma- 
inly showed enrichment in CXCR3 chemokine 
receptor binding, metalloendopeptidase activi-
ty, serine-type endopeptidase activity, actin 
binding and heparin binding (Figure 3A). IPA 
showed that the top canonical pathways asso-
ciated with common DEGs were agranulocyte 
adhesion and diapedesis, granulocyte adhe-
sion and diapedesis, inhibition of matrix metal-
loprotease, leukocyte extravasation signaling 
and bladder cancer signaling (Figure 3B).

Key candidate genes identification with DEGs 
PPI network

The PPI network of DEGs was constructed by 
using the STRING online database and Cy- 
toscape (Figure 4A). Then the central node 
genes (more than 10 connections/interacti- 
ons) were identified (Supplementary Figure 1) 
and the top ten highly connected genes were 
ACTN2, ACTA1, FN1, MMP9, TTN, TNNC2, 
MYH6, MYL1, TNNC1, MYL2.

MCODE plugin was used for module analysis  
of the PPI network and the most significant  
two modules were chosen for further pathway 
analyses based on the degree of importance. 
Module 1 and module 2 consisted of 16 no- 
des and 15 nodes respectively (Figure 4B, 4C). 

Pathway enrichment analyses revealed the 
genes in module 1 were mainly correlated with 
reduced calcium ion signaling and loss of ad- 
herens junctions and tight junctions (Figure 
4D). The genes in module 2 were mainly asso- 
ciated with increased oncostatin M signaling, 
cell diapedesis and extravasation as well as 
other cancer promoting pathways (Figure 4E).

Identification of prognostic signature

Univariate Cox regression was performed to 
analyze each common DEG as potential pre- 
dictor of OS in 329 OSCC patients from TCGA 
cohort. This procedure identified a prognostic 
signature containing three genes: PLAU, CLDN8 
and CDKN2A. The risk score for each patient 
was calculated as follows: risk score = (0.002) 
* PLAU + (0.048) * CLDN8 + (-0.012) * CDK- 
N2A. According to the area under the receiver 
operating characteristic curve (AUC) value, the 
specificity and sensitivity were both highest 
when the risk score was 0.974 (Figure 5). The 
TGCA patients were divided into high risk group 
(risk score ≥0.974, n = 182) and low risk group 
(risk score <0.974, n = 147). The OSCC patients 
in high-risk group had statistically significantly 
worse overall survival (35.4%; 95% CI = 27.3%-
45.8%) than those in low risk group (52.9%; 
95% CI = 41.9%-67.5%) in TCGA cohort (P =   
5.031e-6) (Figure 6). 

Validation of the three genes prognostic signa-
ture by use of an independent cohort

GSE41613 dataset including 97 OSCC patients 
was used for the validation of the prognostic 
three genes signature. Similarly, the individual 
risk score for each patient was calculated. By 
using the risk score = 0.974 as the threshold, 
OSCC patients were stratified into high-risk (n = 
76) and low-risk groups (n = 21). Survival analy-
sis demonstrated that OS of the high-risk 
patients (46.1%; 95% CI = 36.1%-58.7%) was 
significantly lower compared with that of low-
risk patients (70.7%; 95% CI, 53.5%-93.6%) (P 
= 0.039) (Figure 7).

Discussion

The carcinogenesis of OSCC is a multistep pro-
cess during which cells undergo profound met-

Figure 4. PPI network of the common DEGs identified from GSE13601, GSE30784, GSE37991 and TCGA was con-
structed (A). Two sub-networks were identified by Cytoscape MCODE plug-in (B, C). Ingenuity pathway analysis of the 
common DEGs in sub-network 1 to identify the canonical pathways (D). Ingenuity pathway analysis of the common 
DEGs in sub-network 2 to identify the canonical pathways (E).

Figure 5. ROC analysis was performed to find out 
the most optimal cutoff value to divide the OSCC pa-
tients into high risk and low risk group.

http://www.ajcr.us/files/ajcr0072476supplmaterials.pdf
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Figure 6. Three expression and risk score distribution in TCGA cohort by z-
score, with red indicating higher expression and light blue indicating lower 
expression. The risk scores for all patients in TCGA cohort are plotted in 
ascending order and marked as low risk (blue) or high risk (red), as divided 
by the threshold (vertical black line). Survival analysis showed that the pa-
tients in the high risk grouphad statistically significantly worse overall sur-
vival (35.4%; 95% CI = 27.3%-45.8%) than those in low risk group (52.9%; 
95% CI = 41.9%-67.5%) in TCGA cohort (P = 5.031e-6).

abolic and behavioural changes, leading them 
to proliferate in an uncontrolled way. However, 
the underlying molecular mechanisms remain 
unclear. In this study, we have identified com-
mon significant DEGs from four independent 
studies. Functional analyses demonstrated th- 
at these DEGs are mainly associated with loss 
of tumor suppressive signaling and activation 

of cancer promoting pathways. 
More importantly, based on 
TCGA dataset, a set of robust 
prognostic signatures includ-
ing PLAU, CLDN8 and CDKN2A 
were identified from DEGs and 
could predict overall survival. 
This three-gene signature was 
further successfully validated 
as a prognostic marker for OS 
prediction in patients with 
OSCC in another independent 
cohort.

Based on GO and IPA enrich-
ment analyses of the common 
DEGs among different studies, 
“collagen catabolic process” 
has the highest enrichment 
score in the “biological pro-
cess” category. The upregula-
tion of collagen catabolic me- 
tabolism might due to incre- 
ased levels of MMPs [7]. Other 
biological processes such as 
extracellular matrix disassem-
bly and cell adhesion are also 
enriched. For the “cellular co- 
mponent” category, “extracel-
lular region” shows the highest 
enrichment score. Interes- 
tingly, the top 5 cellular com-
ponents are all associated 
with extracellular space or 
matrix, indicating that cell-to-
cell communication is critical 
for cancer progression. Re- 
garding the “molecular func-
tion (MF)” category, the most 
affected molecular function is 
CXCR3 chemokine receptor 
binding. The role for CXCR3 in 
cancer is complicated and 
dependent on various factors 
including cancer type, stage of 

disease and tumor microenvironment [8]. For 
the ingenuity pathway analysis, the canonical 
pathways associated with common DEGs are 
related to cell diapedesis and extravasation, 
MMPs pathways and tight junction signaling. 
Interestingly, the DEGs are involved in upregula-
tion of known oncogenic pathway such as HIF-
1a pathway and oncostatin M signaling. 
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Figure 7. Three-gene expression and risk score distribution in the GSE41613 
cohort by z-score, with red indicating higher expression and light blue indi-
cating lower expression. The risk scores for all patients in GSE41613 co-
hort are plotted in ascending order and marked as low risk (blue) or high 
risk (red), as divided by the threshold (vertical black line). The OS of the 
high-risk patients (46.1%; 95% CI = 36.1%-58.7%) was significantly lower 
in comparison with that of low-risk patients (70.7%; 95% CI, 53.5%-93.6%) 
(P = 0.039).

PPI network analysis provides detailed inte- 
raction/connection among the common DEGs. 
The top ten highly interacted/connected genes 
were ACTN2, ACTA1, FN1, MMP9, TTN, TNNC2, 
MYH6, MYL1, TNNC1 and MYL2. FN1 encodes 
fibronectin, which is a glycoprotein involving in 
cellular adhesion and migration processes. A 
defining feature of epithelial-mesenchymal tr- 
ansition (EMT) is the gain of fibronectin and its 
upregulation promote the invasive capacity of 
cancer cells [9]. MMP9 is capable of degrading 

type IV collagen of the base-
ment membrane, which is cru-
cial for cancer invasion and 
metastasis [10]. Interestingly, 
other eight dysregulated genes 
are muscle related genes. 
These genes might play a regu-
latory role in control of cellular 
locomotion, cytoplasmic stre- 
aming, and cytokinesis in non-
muscle cells. Further studies 
are warranted to elucidate the 
role of muscle related genes  
in OSCC carcinogenesis. Two 
sub-networks were construct-
ed Cytoscape MCODE plug-in. 
In sub-network 1, the down-
regulated DEGs were mainly 
associated with reduced calci-
um signaling, actin cytoskele-
ton signaling, adherens and 
tight junction signaling and ILK 
signaling. Deregulation of the 
calcium signal is involved in 
tumor initiation, angiogenesis, 
progression and metastasis 
[11]. Loss of cell adhesion and 
tight junction lead to invasion 
and thus metastasis of cancer 
cells [12]. In sub-network 2, 
the upregulated DEGs were 
correlated with oncostatin M 
signaling, MMPs pathways as 
well as cell diapedesis and 
extravasation pathway. The in- 
flammatory cytokine oncost- 
atin-M promotes tumor pro-
gression by enhancing angio-
genesis and metastasis [13]. 
There are some similarities 
between extravasation of tu- 
mor cells and leukocytes [14], 
thus it is reasonable to observe 

that the pathways involving in diapedesis and 
extravasation were upregulated.

The three-gene signature robustly predict the 
overall survival in OSCC patients from different 
cohorts. It provides potential biological and 
therapeutic information as well. uPA (PLAU) has 
been demonstrated to play critical roles in tis-
sue remodelling and migration in the develop-
mental as well as tumorigenesis process [15, 
16]. uPA and its receptor uPAR are important 
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extracapsular spread in patients with OSCC 
[26-28]. Few signatures have been developed 
for predicting the overall survival for OSCC. In 
addition, these survival-associated molecular 
signatures generally have more than 10 genes 
[28, 29], which are not feasible for therapeutic 
applications especially from a clinical point of 
view. Our three -gene molecular signature is not 
only robust and novel for survival prediction of 
OSCC, but also has promising practical value. 
Though the three-gene signature has great 
potential, there are some limitations. The train-
ing set and validation cohorts were retrospec-
tive, and therefore these findings must be vali-
dated prospectively in the future studies.

In conclusion, our study has profiled consistent-
ly changed genes between OSCC and normal 
controls, which are closely with the initiation 
and development of OSCC. These novel bio-
markers might have clinical utility for the diag-
nosis and prognosis prediction in OSCC. With 
these potential biomarkers, it is possible that 
we can diagnose OSCC at the very early sta- 
ge. Moreover, combination of these biomarkers 
might stratify the OSCC patients with low risk 
and high risk for cancer progression and recur-
rence, which will provide useful guidance for 
personalized and precision therapy.
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