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Abstract. The present study screened, potential prognostic
biomarkers for oral carcinogenesis. The GSE85195 dataset,
which consisted of oral leukoplakia (OL) and early and
late-stage oral squamous cell carcinoma (OSCC) samples,
was used. The differentially expressed genes (DEGs) in early
OSCC vs. OL, late OSCC vs. OL and late OSCC vs. early
OSCC groups were screened using the limma package in R.
The Short Time-series Expression Miner software package
was used to cluster DEGs with similar expression patterns in
the course of disease progression (from OL to early and then
late-stage OSCC). Moreover, the Database for Annotation,
Visualization and Integrated Discovery online analysis tool
was used to perform Gene Ontology functional annotation and
Kyoto Encyclopedia of Genes and Genomes pathway enrich-
ment analysis. A protein-protein interaction (PPI) network
was also constructed using the Search Tool for the Retrieval
of Interacting Genes/Proteins database. Reverse transcrip-
tion-quantitative PCR was performed to assess the mRNA
expression levels of hub node genes in clinical samples, and
receiver operating characteristic curve analysis was performed
to assess the prognostic value of the hub genes. A total of
4,595, 6,042 and 2,738 DEGs were screened in the early OSCC
vs. OL, late OSCC vs. OL and late OSCC vs. early OSCC
groups, respectively. A total of 665 overlapping genes were
identified when the screened DEGs were compared. Cluster 1
and cluster 7 were identified as the significant clusters, which
contained 496 and 341 DEGs, respectively. A PPI network was
constructed with 440 interaction pairs. There were five differ-
entially expressed hub nodes identified in different stages from
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OL to OSCC. The results of the present study indicated that
fibronectin 1, signal transducer and activator of transcription
1, collagen type II al chain, collagen type X al chain and
collagen type IV a6 chain might serve as independent diag-
nostic factors for OL and OSCC, and as prognostic biomarkers
for OL carcinogenesis.

Introduction

Oral leukoplakia (OL) is a common oral mucosal disease char-
acterized by white plaques or patches (1). As reported by the
World Health Organization (WHO), OL is a manifestation of
precancerous lesions; in other words, leukoplakia is likely to
progress into cancer (2). According to the statistics reported in
previous studies, the cancerous rate of leukoplakia is 3-5% (3).
Oral squamous cell carcinoma (OSCC) is a frequently diag-
nosed head and neck cancer, accounting for >90% of oral
and maxillofacial cancer cases (4). OSCC demonstrates a
high incidence, strong invasiveness and a poor prognosis (5).
Currently, the treatment of OSCC is mainly performed using
surgical resection, supplemented by radiotherapy and chemo-
therapy (6). Therefore, it is important to prevent, treat and
predict the prognosis of OSCC at the early stage and more
studies have focused on the early prognosis of OSCC.
Previous studies have reported that biomarkers, such
as keratin 8 whose high levels independently predict a poor
prognosis for patients with lung adenocarcinoma, serve
critical roles in the prognosis of numerous cancer types, (7).
The autophagy-related gene, P4HB, has been reported as a
novel prognostic biomarker for renal clear cell carcinoma (8).
Rivera et al (9) reported that radiotherapy was normally used
in OSCC treatment but that it was mostly applied without
stratification by molecular diagnostics, and that it was urgent
to provide clinically useful biomarkers for oral cancer.
Biomarkers are expected to become the key to OSCC prognosis
prediction in the future (10) and could also be used to guide
the selection of appropriate treatment options. Notably, 35% of
Asian patients with oral cancer present with H-ras mutations
and patients who have the habit of chewing tobacco exhibit
a significantly higher frequency of H-ras mutations (11). As
reported by Sathyan et al (12), H-ras mutation reduced the
expression of cyclin D1 and cyclin-dependent kinase 4, and
upregulated that of RB transcriptional corepressor 1 and
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cyclin-dependent kinase inhibitor 2A, which might be used
as favorable prognostic criterion. Moreover, the upregulation
of human telomerase reverse transcriptase (WTRT) protein is
an early event in oral cancer (13). Quantitative detection of
hTRT expression in the cytoplasm and nucleus is of use in
the assessment of the progression, recurrence and prognosis
of OSCC (14). Patients with oral cancer with high expression
of epidermal growth factor receptor (EGFR) are often more
sensitive to gene therapy; therefore, antibodies targeting
EGFR may be an effective tool to treat OSCC and precan-
cerous lesions (15). Moreover, patients with higher expression
of tumor protein P53 (TP53) and lower expression of Ki-67
are more likely to develop disease relapse after initial treat-
ment (16). Therefore, these patients should be given more
active combination therapy.

Currently, gene detection for OSCC is limited due to its
low sensitivity. Consequently, the combined detection of
multiple tumor markers is required to evaluate and predict
tumor prognosis. The present study performed transcriptome
analysis in different stages from OL to OSCC. Based on the
protein-protein interaction (PPI) network constructed, the top
10 hub differentially expressed genes (DEGs) were screened
and evaluated using reverse transcription-quantitative PCR
(RT-gqPCR).

Materials and methods

Data sources. The GSE85195 dataset (17) was downloaded
from the NCBI Gene Expression Omnibus (GEO) database
(https://www.ncbi.nlm.nih.gov/). The dataset included 15
OL, 24 early (stage 1-2) OSCC and 10 late (stage 3-4) OSCC
samples; these samples were later divided into OL, early and
late groups, respectively. The dataset was generated using the
Agilent-014850 Whole Human Genome Microarray 4x44K
G4112F platform (Agilent Technologies, Inc.).

Screening of DEGs between two groups. Samples
from the three groups were compared in pairs. DEGs
between two groups were screened using the R (version,
3.4.1) limma package (http://bioconductor.org/pack-
ages/release/bioc/html/limma.html) (version, 3.32.5) (18)
for Bioconductor using thresholds of false discovery rate
(FDR)<0.05 and log, fold-change (FC)>1. The R (version,
3.4.1) pheatmap package (version, 1.0.8) (https://cran.rproject.
org/web/packages/pheatmap/index.html) was used to generate
two-way hierarchical clustering of the screened DEGs (19).
The DEG sets among the three groups were then compared
(early OSCC vs. OL, late OSCC vs. OL and late OSCC vs.
early OSCC) and the overlapping DEG set was selected and
retained as the object set for subsequent experiments.

Short Time-series Expression Miner (STEM) and enrichment
analysis. DEGs that demonstrated similar expression patterns
during the OL-early-late OSCC development process were
clustered using STEM (version, 1.3.11; http:/www.cs.cmu.
edu/~jernst/stem/), using a similarity threshold of 0.8 and a
significance threshold of FDR<0.05 (20). The Database for
Annotation, Visualization and Integrated Discovery (DAVID)
online analysis tool (version, 6.8; https:/david.ncifcrf.gov/) was
used to perform Gene Ontology (GO; http:/geneontology.org/)

functional annotation and Kyoto Encyclopedia of Genes and
Genomes (KEGG; https:/www.kegg.jp/) pathway enrichment
analysis on the DEGs in each cluster (21). Based on the GO
and KEGG results, the Fisher's exact test of hypergeometric
distribution was used to calculate the significance level of each
function and pathway. The significance level was set at P<0.05.

Construction of the PPI network and analysis of topological
structure. The Search Tool for the Retrieval of Interacting
Genes/Proteins (STRING; version: 10.0; http://string-db.org/)
database was used to evaluate the interaction relationships
between DEGs in the clusters, and an interaction network of
these proteins was then constructed (22). Cytoscape (version,
3.6.1; http://www.cytoscape.org/) was used for the visual
display of the network. The DAVID 6.8 online analysis tool
(http://david.abce.nciferf.gov/) (23) was used for GO biological
process and KEGG pathway enrichment analyses of hub genes
in the network using the P<0.05 threshold.

The majority of biological networks obeyed the properties
of scale-free networks; typically, nodes with the most connec-
tions in the network were identified as the hub nodes (24). The
topological structure of the constructed interaction network
was analyzed and the four important network topological
parameters [degree, betweenness centrality (BC), closeness
centrality (CC) and path length] were calculated. The degree
distribution represented the probability distribution function
P(k) of the degree of a node. The BC algorithm reflected the
degree of the pivotal position of a node in the topological
structure of the interaction network. The BC values of hub
nodes were calculated as follows: Cp(V)=X . vcuev (04(V)/0).
Where o, was the number of the shortest paths from s to t and
0,(v) was the number of nodes (v) in the shortest path from s
to t. The BC value was 0-1 and a value closer to 1 indicated a
higher degree for the central hub. The CC algorithm assessed
the connection between hub nodes and other nodes in the
interactive network topology. The CC value of significantly
related genes was calculated as follows: C=1/(ZtEV/tds(v,b),
where V represented the node set, t represented a node in the
node set and dg(v,t) indicated the sum of the path distances
from node t to the rest nodes. The CC value ranged from O to
1 and a value closer to 1 indicated stronger node centrality.
Furthermore, the average path length described the degree of
separation between nodes in the network.

Patient samples. Between June 2019 and January 2020,
patients with OL and OSCC were enrolled from the
Department of Stomatology in The First Affiliated Hospital
of Zhengzhou University (Zhengzhou, China). All the enrolled
samples were graded according to the WHO standards (25),
with pathological diagnosis by two pathologists. There were 35
normal oral mucosal samples (including those from 21 males
and 14 females), 41 OL samples (including those from
23 males and 18 females) and 37 OSCC samples (including
those from 22 males and 15 females; 13 early OSCC and 24
late OSCC). The collected tissue samples were immediately
frozen in liquid nitrogen for subsequent total RNA extraction.
Differences in the age, sex ratio and underlying diseases of
patients among the three groups were not statistically signifi-
cant. All patients had not received radiotherapy, chemotherapy
or other intervention before biopsy and they provided written
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Table I. Sequences of primers used for reverse transcrip-
tion-quantitative PCR.

Gene Sequence (5'-3")
FNI F: CCAGCAGAGGCATAAGGT

R: GTAGGGGTCAAAGCACGA
APP F: GATTCCCTACCGCTGCTT

R: CACTGCATGTCTCTTTGGC
STATI F: TGCTCCCTCTCTGGAATG

R: CTCCTTGCTGATGAAGCC
SDC4 F: GAAGGGGATGGTGGGAT

R: CAGGAACAGGGCAAGAGA
COL2A1 F: TCCCACCCTCTCACAGTTC

R: TGCCCAGTTCAGGTCTCTT
COLI0AI F: GGATCAGGCTTCAGGGAGTG

R: GGCCATTTGACTCGGCATTG
COL4A6 F: GGATTGCCAGCATTATCAGGT

R: GTCTCAAATTCTGGACTAGGTGG
[-actin F: CAAAGACCTGTACGCCAACAC

R: CATACTCCTGCTTGCTGATCC

FN1, fibronectin 1; STATI, signal transducer and activator of tran-
scription 1; COL2A1, collagen type II al chain; COLIOAI, collagen
type X al chain; COL4A6, collagen type IV a6 chain; SDC4,
syndecan 4; APP, amyloid 3 precursor protein.

informed consent for use of their tissues in this study. The
study protocol was approved by the Ethics Committee of The
First Affiliated Hospital of Zhengzhou University (approval
number: 2018KJ06).

RT-qPCR for DEG verification in clinical samples. The
mRNA sequence of hub genes was searched using Genebank
(https://www.ncbi.nlm.nih.gov/genbank/),andRT-PCR primers
were designed using Primer 5 software (https:/www.biopro-
cessonline.com/doc/primer-premier-5-design-program-0001).
Primer sequences (Table I) were synthesized by Sangon
Bioengineering (Shangahi) Co., Ltd. The aforementioned
patient tissue samples were weighed and total RNA was
extracted from 100 mg by RNA extraction kit (cat. no. 9767)
according to the manufacturer's protocol (Takara Bio, Inc.).
Afterwards, complementary DNA was synthesized from the
extracted RNA using a RevertAid RT Reverse Transcription
kit (Thermo Fisher Scientific, Inc.) according to the manu-
facturer's instructions and used as the template for gPCR
amplification on the Rotor Gene 3000 (GE Healthcare). For
qPCR, SYBR Premix Ex Taq II (cat. no. RR420A; Takara
Bio, Inc.) was used. The PCR conditions were as follows:
95°C for 30 sec, followed by 40 cycles of 95°C for 5 sec and
60°C for 45 sec. f-actin was used as the internal reference.
The expression levels of DEGs were calculated using the 2-44¢4
method (26) and compared with that of [3-actin.

Statistical analysis. SPSS software (version 16.0; SPSS,
Inc.) was used for the statistical analysis. One-way ANOVA
followed by Tukey's post hoc test was used to compare
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multiple groups. A difference of P<0.05 was considered to
indicate a statistically significant difference. The receiver
operating characteristic (ROC) curve was plotted to assess the
prognostic value of hub genes and the area under the curve
(AUCQ), specificity and sensitivity were calculated.

Results

Data preprocessing and DEG screening. The GSE85195
dataset contained 15 OL samples, 24 early OSCC samples
and 10 late OSCC samples. Samples at the three stages were
compared in pairs and 4,595, 6,042 and 2,738 DEGs were
detected in early OSCC vs. OL, late OSCC vs. OL and
late OSCC vs. early OSCC groups, respectively. Samples
were clustered based on the expression levels of the identified
DEGs. A total of 665 overlapping genes were identified after
comparing the screened DEGs (Fig. 1A). Trend clustering
was performed on the 665 overlapping DEGs using STEM
software. These results demonstrated two significant clusters
(cluster 1 and cluster 7; Fig. 1B). Cluster 1 included 336 DEGs
with a decreasing expression trend, whereas cluster 7 included
165 DEGs with an increasing expression trend.

Functional annotation and KEGG pathway enrichment
analysis. Genes interact with each other to serve numerous
roles and participate in different signaling pathways and
functions. Consequently, it is critical to investigate related
functions and pathways. Using the DAVID tools, GO func-
tion annotation and KEGG pathway enrichment analyses of
DEGs in clusters 1 and 7 were performed. DEGs in cluster
1 were mainly enriched in 30 GO functions and 5 pathways,
including ‘epithelial cell differentiation’ (n=10; P=5.07x10%),
‘fatty acid metabolic process’ (n=12; P=6.01x10*), ‘epidermis
development’ (n=11; P=0.001), ‘arachidonic acid metabo-
lism’ (n=6; P=0.00017) and ‘linoleic acid metabolism’ (n=4;
P=0.0093) (Fig. 2A and C). However, DEGs in cluster 7 were
mainly enriched in 22 GO functions and 5 pathways, including
‘phosphorus metabolic process’ (n=16; P=0.036), ‘phosphate
metabolic process’ (n=16; P=0.036), ‘cell adhesion’ (n=15;
P=0.005), ‘pathways in cancer’ (n=12; P=0.0015) and ‘focal
adhesion’ (n=11; P=1.15x10"%) (Fig. 2B and D).

PPI network construction and topological structural analysis.
The roles of genes are intricate, with a number working
together through interaction. The influence of different genes
is different and the number of genes involved in a given process
may also be different. Through the PPI network, genes with
the highest degree of interaction were screened out. The inter-
action relationships between DEGs in cluster 1 and cluster 7
were searched against the STRING database, using a threshold
of an interaction score >0.6, and a total of 440 interaction pairs
were identified. All the relationships in the constructed interac-
tion network (Fig. 3) are presented in Table SI. GO functional
annotation and KEGG pathway enrichment analyses using the
DAVID database were performed on the genes in the network
(Fig. 4A and B). These genes were mainly enriched into 49
functions and 8 pathways, including ‘extracellular matrix
organization’ (n=15; P=1.75x10°), ‘collagen catabolic process’
(n=8; P=4.97x107), ‘peptide cross-linking’ (n=7; P=1.03x10"*),
‘ECM-receptor interaction’ (n=10; P=8.12x10") and ‘protein
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Figure 1. Screening and clustering of the significant DEGs. (A) Venn diagram presenting the set comparisons of DEGs in the three comparison groups.
(B) Cluster diagrams of STEM expression profile analysis. The small squares represent the different clustered gene sets identified using STEM. The black line
indicates the expression trend of all genes in the gene set. The numbers in the upper left corner, lower left corner and lower right corner represent the number of
the cluster, the P-value and the number of included DEGs, respectively. DEGs, differentially expressed genes; OL, oral leukoplakia; STEM, Short Time-series
Expression Miner.
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Figure 2. GO functional annotation and KEGG pathway enrichment of identified DEGs. GO function distributions of DEGs in (A) cluster 1 and (B) cluster
7. The horizontal axis, vertical axis, dot size and color represent the number of genes, item name, number of genes and significance, respectively. Pie chart of
the KEGG signaling pathways enriched by DEGs in (C) cluster 1 and (D) cluster 7. The number indicates the number of genes involved in the pathway and the
color from red to blue indicates the significance from high to low. DEGs, differentially expressed genes; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of

Genes and Genomes.
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Figure 3. Protein-protein interaction network construction. The size of a node is positively associated with the degree of interaction of the node. DEGs

differentially expressed genes.

digestion and absorption’ (n=8; P=0.0087). The four critical
topological structural parameters of the interaction network

(degree, BC, CC and path length) were calculated to screen hub
genes with higher degrees in network connection. The average
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Figure 4. GO functional annotation and KEGG pathway enrichment of DEGs in the protein-protein interaction network. (A) Distribution map of the GO func-
tions of DEGs in the network. The horizontal axis, vertical axis, dot size and color represent the number of genes, item name, number of genes and significance,
respectively. (B) Pie chart of the KEGG signaling pathways. The number indicated the number of genes involved in the pathway and the color from red to blue
indicated the significance from high to low. DEGs, differentially expressed genes; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.

shortest path length, BC, CC, clusters and degrees of DEGs in
cluster 1 and cluster 7 are presented in Table SII. Hub genes
with higher degrees were selected and the top 10 hub nodes
were selected according to the degree (Table II). The top seven
hub nodes included FNI (degree, 20), amyloid [} precursor
protein (APP; degree, 20), STATI (degree, 13), syndecan 4
(SDC4; degree, 11), COL4AI (degree, 11), COL2A]I (degree,

11) and COL6AS5 (degree, 9). The FDRs of these genes among
three groups were calculated (Table III).

Assessment of the top seven hub genes in clinical samples.
Bioinformatic analysis indicated the important genes through
algorithms based on the GSE85195 dataset. The identified
hub genes were assessed clinically. The mRNA expression
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Table II. Topology parameter information for the top 10 nodes.

Average shortest Betweenness Closeness
Gene path length centrality centrality Cluster Degree
FNI 3.74863388 0.23032173 0.26676385 7 20
APP 3.61748634 0.32970711 0.27643505 7 20
STATI 4.09289617 0.23343102 0.24432577 7 13
SDC4 4.1147541 0.08022745 0.24302789 7 11
COL4Al 4.49180328 0.01521287 0.22262774 7 11
COL2A1 450273224 0.01956135 0.22208738 7 11
COL6AS 4.96174863 0.00248319 0.20154185 1 9
THBSI 4.01639344 0.02817062 0.24897959 7 9
COLI0AI 5.26775956 0.00445108 0.18983402 7 9
COLAA6 496174863 0.00248319 0.20154185 7 9

FNI1, fibronectin 1; STAT, signal transducer and activator of transcription 1; COL2A1, collagen type II al chain; COLI0AI, collagen type X
al chain; COL4AG, collagen type IV a6 chain; SDC4, syndecan 4; APP, amyloid 3 precursor protein; COL4AI, collagen type IV al chain;
COLG6AS, collagen type VI a5 chain; THBS1, thrombospondin 1.

Table III. FDRs of the top seven hub genes among the 3 groups.

FDRs

Gene Early OSCC vs. OL Late OSCC vs. OL Late OSCC vs. early OSCC
FNI 00112 0.000116 0.017

APP 0.000386 0.000155 0.0413

STAT1 0.00000348 0.00000234 0.0239

SDC4 0.00000000226 0.0000204 0.0111

COL2A1 0.0017 0.00000568 0.0104
COLIOAI 0.00329 0.0000145 0.0329

COLA4A6 0.00247 0.000208 0.0481

FDR, false discovery rate; OL, oral leukoplakia; OSCC, oral squamous cell carcinoma; FNI, fibronectin 1; STATI, signal transducer and
activator of transcription 1; COL2AI, collagen type II al chain; COLI0AI, collagen type X al chain; COL4A6, collagen type IV a6 chain;

SDC4, syndecan 4; APP, amyloid  precursor protein.

levels, in the clinical samples, of the top seven hub genes
were assessed using RT-qPCR. FNI, STATI, COL2A1 and
COLI0AI demonstrated a significant increase in their mRNA
expression levels in the late OSCC group compared with the
OL group (Fig. 5). However, COL4A6 mRNA expression
levels exhibited a significant decrease in the late OSCC group
compared with the OL group. There was no significant differ-
ence in the mRNA expression levels of APP or SDC4. Both
APP and SDC4 belonged to cluster 7, which had demonstrated
an increasing trend on bioinformatic analysis. There were still
differences between the results obtained using bioinformatic
analysis and the actual expression in patient tissues. Therefore,
FNI, STATI, COL2A1, COLIOAI and COL4A6 might serve
as potential biomarkers for predicting the progression from
OL to OSCC. ROC analysis was used to assess the prognostic
value of these hub genes. FNI (OL AUC=0.7604; OSCC
AUC=0.8977),STATI (OL AUC=0.6950; OSCC AUC=0.7541),
COL2A1 (OL AUC=0.6944; OSCC AUC=0.7803), COLI0A1

(OL AUC=0.6338; OSCC AUC=0.7718) and COL4A6 (OL
AUC=0.5916; OSCC AUC=0.6668) were the candidate inde-
pendent prognostic factors for OL and OSCC (Fig. 6A and B).
Based on the AUC, FNI appeared to be the better prognostic
factor.

Discussion

OL is a well-characterized oral mucosal precancerous
lesion (27). The abnormal genetic changes in OL have been
reported to lay the biological basis for the development of oral
cancer (28). In the present study, DEGs in different develop-
mental stages were screened to assess their ability to predict
OSCC. These DEGs were enriched in numerous different
signaling pathways and functions. Using the PPI network,
genes with the highest degree of interaction were screened.
FNI was identified as the hub node with the highest
degree in the present study. FNI is a high-molecular weight
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Figure 5. mRNA expression levels of the top 7 hub genes. mRNA expression levels of the top 7 hub genes were assessed in clinical samples of OL to late
OSCC using reverse transcription-quantitative PCR. OL, oral leukoplakia; OSCC, stage oral squamous cell carcinoma; FNI, fibronectin 1; STATI, signal
transducer and activator of transcription 1; COL2A1, collagen type II al chain; COLI0AI, collagen type X al chain; COL4A6, collagen type IV a6 chain;

SDC4, syndecan 4; APP, amyloid B precursor protein.
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Figure 6. ROC curve analyses for hub genes. Analysis of ROC curve for hub
genes in (A) OL and (B) OSCC patient samples. ROC, receiver operating
characteristic; AUC, area under the curve; OL, oral leukoplakia; OSCC, oral
squamous cell carcinoma; FNI, fibronectin 1; STATI, signal transducer and
activator of transcription 1; COL2A1, collagen type II al chain; COLI0OAI,
collagen type X al chain; COL4A6, collagen type IV a6 chain; SDC4,
syndecan 4; APP, amyloid  precursor protein.

glycoprotein, which is widely distributed in blood, body
fluids and numerous tissues (29). FNI possesses a variety of
biological activities and is extensively involved in numerous
cell processes, such as cell migration, adhesion, proliferation,
hemostasis and tissue repair (30). In a previous study, the
inhibition of FNI expression was suggested as a promising
treatment strategy for OSCC (31). Furthermore, FNI has
been reported as a biomarker for OSCC, with sensitivity
and specificity of 80 and 84%, respectively (32). Moreover,
Suresh et al (33) performed high-throughput analysis of oral

tongue cancer and reported FN/ as a molecular biomarker
for drug resistance. Importantly, FNI expression is markedly
different between patients with early and late OSCC (34). In
the present study, FNI was indicated to have participated in
extracellular matrix (ECM) organization and ECM-receptor
interaction during tissue reconstruction. The ECM is key to
triggering cell migration and fixation (35), and ECM compo-
nents facilitate the attachment, proliferation and cytoskeletal
organization of human oral epithelial cells (36). Therefore, it
can be hypothesized that FN/ was involved in the carcinogen-
esis of OL by participating in the ECM function and pathways.

STAT]I belongs to the STAT protein family. In response to
cytokines and growth factors, the STAT members are phos-
phorylated by receptor-related kinases to form homodimers or
heterodimers (37). This protein can be activated by a variety of
ligands, such as interferon-a., interferon-vy, epidermal growth
factor, PDGF and IL6 (38). A previous study reported that
STATI expression was positively associated with the occur-
rence of oral precancerous lesions (39). Furthermore, the
activation of STATI has been reported to predict the risk of
OSCC and is also associated with lymph node status (40).
STAT1/ATF4/S100P is a critical signaling pathway associ-
ated with the development of oral cancer (41), and the results
of the present study were consistent with this. In the present
study, STAT] expression increased from OL to OSCC status
and it was also indicated to participate in drug response, the
type I interferon signaling pathway. Previous studies reported
that type I interferon induced the expression of MDA-5,
which improved the immune response of oral disease (42).
Furthermore, the type I interferon signaling pathway is
an important process linked with the defense mechanism
against oral viral infections (43). Based on the aforementioned
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evidence, it was hypothesized that STATI not only served a
critical role in the carcinogenesis of OL, but also participated
in drug response and immune defense.

COL2AI, COLIOAI and COL4A6 all belong to the
collagen family. Collagen fibers are the most important
ECM component in the oral mucosa and are an important
component of the cancer interstitium (44). Any changes in
their morphological distribution or quantity may be related
to OSCC invasion (45). In 2016, Li ef al (46) reported the
use of microarray data analysis to screen oral tongue SCC
(OTSCC)-related biomarkers and reported that numerous
collagen proteins were differentially expressed in OTSCC
samples. Notably, COL2A1, COLI0AI and COL4A6 were
enriched in ECM organization, collagen catabolic process,
proteinaceous ECM and the PI3K-Akt signaling pathway in
the present study. The PI3K-Akt signaling pathway is widely
involved in oral diseases such as periapical pulp disease,
periodontal disease and oral tumors (47). This pathway has
also been reported to demonstrate oncogenic properties and is
related to the proliferation and migration of OSCC cells (48).
Combing these previous studies and the results of the present
study suggested that COL2A1, COLI0OAI and COL4A6 may
serve as prognostic biomarkers for OSCC.

Genes in the PPI network in the present study were
enriched in 49 functions and 8 pathways, such as ‘extracellular
matrix organization’, ‘collagen catabolic process’, ‘peptide
cross-linking’, ‘ECM-receptor interaction’ and ‘protein
digestion and absorption’. These functions and pathways are
critical in the carcinogenesis of OL. Previous studies have
reported certain theoretical foundations for these pathways.
Sutinen et al (49) reported the expression of MMP-I and
MMP-2, and their inhibitors TIMP-1, TIMP-2 and TIMP-3,
in dysplastic epithelium and squamous cell carcinoma, and
demonstrated that the expression of MM P and TIMP increased
significantly from leukoplakia to cancer. Katayama et al (50)
applied immunohistochemistry to detect the expression of
MMPs and TIMPs in 53 early oral cancer biopsy specimens
and reported that the high expression of TIMP-2 was an
independent factor for the poor prognosis of early OSCC.
Furthermore, Arora et al (51) assessed the expression of
type IV collagen in OL and reported that the inhibition of
collagen decomposition delayed OL deterioration and tumor
spread. The aforementioned evidence suggested that these
functions and pathways have specific roles in the progression
from OL to OSCC.

Certain limitations should be noted in the present study.
Firstly, the present study conducted the preliminary verifica-
tion of the identified DEGs, but the underlying mechanisms of
these DEGs were not verified in vitro and the detailed molec-
ular mechanisms were not evaluated. For an in vitro study, cell
functional experiments, including analysis of the effect of FNI,
STATI,COL2A1,COLI0OAI and COL4A6 on cell proliferation,
apoptosis, migration and invasion, as well as elucidation of the
underlying molecular mechanism, should be performed. For
an in vivo study, animal models of oral leukoplakia and oral
squamous cell carcinoma should be constructed to evaluate
the effect of FNI, STATI, COL2A1, COLIOAI and COL4A6
on tumor growth and regulation mechanisms. Secondly, due
to the limitations of the online dataset, the expression levels
were not compared with those in normal samples. Thirdly,
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due to the small sample size and short time period of clinical
sample collection, clinical samples from patients who devel-
oped OSCC from OL were not involved in this study and the
expression changes of DEGs during the progression from OL
to OSCC were not assessed. Therefore, the DEGs among a
greater number of healthy individuals and patients with OL
and OSCC should be evaluated. Moreover, the protein levels
of these mRNAs in the same samples should be assessed to
evaluate the physiological relevance in further studies.

In conclusion, FNI, STATI, COL2A1, COLIOAI and
COL4AG6 were identified as potential biomarkers for the carci-
nogenesis of OL, which may provide a theoretical basis for the
clinical assessment of the prognosis of OSCC. More studies
are required to evaluate the underlying molecular mechanism
of these genes and related pathways.
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