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Identification of the key genes implicated in the
transformation of OLP to OSCC using RNA-sequencing
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Abstract. Oral lichen planus (OLP) is a chronic inflammatory
disease that may transform to oral squamous cell carcinoma
(OSCC), while its carcinogenesis mechanisms are not entirely
clear. This study was designed to identify the important genes
involved in the malignant transformation of OLP to OSCC.
After RNA-sequencing, the differently expressed genes
(DEGsS) in OLP vs. normal and OSCC vs. normal groups,
respectively, were identified by limma package in R language,
and then clustering analysis were conducted by Pheatmap
package in R language. Weighed gene co-expression network
analysis (WGCNA) was performed for the DEGs to screen
disease-associated modules. Using Cytoscape software,
co-expression networks were constructed for the genes
involved in the modules. Enrichment analysis was conducted
for the genes involved in the co-expression networks using
GOstat package in R language. Finally, quantitative real-time
PCR (qRT-PCR) experiments were conducted to validate
the key genes. There were, respectively, 223 and 548 DEGs
in OLP vs. normal and OSCC vs. normal groups. WGCNA
identified the blue modules for the DEGs in the two groups
as disease-associated modules. Moreover, 19 common DEGs
(including upregulated BCL9L, PER2 and TSPAN33, and
downregulated GMPS and HESI) associated with both OLP
and OSCC were identified. In the co-expression networks,
BCL9L, HESI, PER2 and TSPAN33 might function in OLP
via interactions (such as BCLIL-TSPAN33 and HESI-PER?2).
gRT-PCR analysis showed that BCLIL, PER2 and TSPAN33
were significantly upregulated, and GMP and HESI were
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downregulated. These findings indicated that BCL9L, GMPS,
HESI, PER2 and TSPAN33 affected the transformation of
OLP to OSCC.

Introduction

Oral lichen planus (OLP) is a common chronic inflammatory
disease of the oral mucosa, which is classified into oral potential
malignant disorders (OPMDs) by World Health Organization
(WHO) (1). OPMD is the general name of diseases occurring
in oral mucosa and with cancerous potential (2). The incidence
of OLP is 0.1-4% (3), and its canceration rate is close to 1% (4).
The carcinogenesis mechanisms of OLP have been explored
by many studies, but it is still not clear. Oral squamous cell
carcinoma (OSCC) occurs in the mucosa of the oropharynx
and oral cavity (5). In the United States, OSCC ranks 14th
among cancers in women and 8th among cancers in men (6).
OSCC is reported to take up >90% of all oral cancers (7), and
its incidence is increasing especially among white women (8).
Previous studies report that OLP may transform to OSCC,
though the incidence is low and the carcinogenesis mechanisms
are not known (9,10). Thus, investigating the mechanisms of
malignant transformation of OLP to OSCC is important for
further decreasing the incidence.

In recent years, malignant transformation of OLP has been
widely studied. The matrix metalloproteinase-tissue inhibitor
of matrix metalloproteinase (MMP-TIMP) imbalance may
affect cancerization of OLP, additionally, MMP-9, MMP-2,
and membrane-type 1 MMP (MTI-MMP) may serve as
promising prognostic markers for malignant transformation of
OLP (11,12). The expression levels of ATP-binding cassette, G2
subfamily (ABCG2) and podoplanin are significantly related
to malignant potential of OLP, suggesting that ABCG2 and
podoplanin may be used for assessing the risk of malignant
transformation in OLP patients (13). Rhodus ez al demon-
strated that the abnormal expression levels of nuclear factor kB
(NF-«xB)-dependent cytokines (such as interleukin-la, IL-1a;
and tumor necrosis factor-a, TNF-a) in general, unstimulated
saliva may reflect the malignant potential of OLP (14,15).
Overexpression of cyclin-dependent kinase 4 (cdk4) and p16
indicate the cell arrest and hyperproliferative state of epithelial
cells in OLP, and offer evidence for the malignant transforma-
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tion risk of OLP (16). However, the malignant transformation
of OLP has not been comprehensively investigated.

RNA-sequencing is a powerful tool for expression profiling,
genome annotation, and transcript discovery, which has been
widely utilized in biology fields involving development, gene
regulation and disease (17). In this study, the high-throughput
sequencing data of OLP, OSCC and normal oral mucosa were
obtained by RNA-sequencing technique. Followed by the differ-
ently expressed genes (DEGs) in OLP vs. normal and OSCC
vs. normal comparison groups were identified. Subsequently,
weighted gene co-expression network analysis (WGCNA) was
conducted for the DEGs to screen disease-associated modules.
Moreover, co-expression networks were constructed for the
genes involved in the disease-associated modules. In addition,
functional enrichment analysis was conducted for the genes
involved in the co-expression networks. Finally, the identified
key genes were further confirmed.

Materials and methods

Sample source. A total of 3 OLP samples, 3 OSCC samples,
and 3 normal samples were isolated from buccal mucosa of
patients from Huashan Hospital. The isolated samples were
washed by phosphate buffer and then stored at -80°C for
following experiments. The patients had not received immune
stimulants (including corticosteroids) within 3 months, and
were without systemic diseases such as diabetes and immu-
nodeficiency. Based on the diagnostic criteria of World Trade
Organization (WTO), the patients were diagnosed by tissue
biopsy. All patients gave their informed consent, and this study
was approved by the ethics review committee of Huashan
Hospital of Fudan University.

RNA extraction and library construction. Total RNA of the
samples were extracted by the TRIzol total RNA extraction kit
(Invitrogen, Shanghai, China) according to the manufacturer's
manual. Subsequently, the integrity and purity of RNA were
detected by 2% Agarose Gel Electrophoresis and spectropho-
tometer (Merinton, Beijing, China), respectively. The cDNA
library was prepared using NEBNext® Ultra™ RNA Library
Prep kit for Illumina® (New England Biolabs, Ipswich, MA,
USA). Firstly, the isolated mRNAs were fractured into short
fragments (~200 nt) through heating. Secondly, the first- and
second-strand of cDNA were synthesized and then modi-
fied. Followed by PCR amplification. The cDNA library was
sequenced on Illumina Hiseq 2500 v4 100PE (Illumina Inc.,
San Diego, CA, USA) to obtained the raw data.

Sequence alignment and DEG screening. Reads with adaptor
sequences, and with >50% low quality bases and/or with >10%
unknown nucleotides were defined as low quality sequences.
Using NGSQC Toolkit (http://www.nipgr.res.in/ngsqctoolkit.
html) (18), the raw data were pre-processed by filtering out the
low quality sequences. Afterwards, the high quality sequences
were aligned to human genome (version hgl9) using tophat2
software (http://ccb.jhu.edu/software/tophat/index.shtml) (19),
with default parameters. Furthermore, the DEGs in OLP vs.
normal and OSCC vs. normal comparison groups, respectively,
were screened by the limma package (http:/www.biocon-
ductor.org/packages/release/bioc/html/limma.html) (20,21) in
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Table I. The primers used for quantitative real-time PCR
(qRT-PCR) experiments.

Primer name Primer sequence (5'-3")

BCLO9L F: CACAATGCCATCAAGACCATC

R: AGTTCAGGTGCATCTGGCTG
GMPS F: CATAGACCGAAGAGTGAGGGAAC

R: GAACAGGCTTGCCAATAGTGAATA
HES1 F: CAGCGAGTGCATGAACGAGGTGA

R: AGGTGCCGCTGTTGCTGGTGTAGA
PER2 F: TCCAGATACCTTTAGCCTGATGA

R: TTTGTGTGTGTCCACTTTCGA
TSPAN33 F: GGCAAGCCTCATAAACGAAC

R: CCTTCTGCCCATCTGGAGTT
GAPDH F: TGACAACTTTGGTATCGTGGAAGG

R: AGGCAGGGATGATGTTCTGGAGAG

R language. The thresholds for screening DEGs were llog,fold
change (FC)| >0.5 and P-value <0.05.

Euclidean distance, which can be calculated by the
Pythagorean formula, refers to the true distance between two
points (22). The expression values of the DEGs in each sample
were extracted. By the Pheatmap package (http://cran.r-project.
org/web/packages/pheatmap/index.html) (23) in R language,
bidirectional hierarchical clustering analysis (24,25) were
performed to cluster gene expression values and samples based
on the Euclidean distance (22). After that, genes with close
expression were clustered together, and genes with sample
specificity can be identified.

Screening disease-associated module using WGCNA.
WGCNA is a typical systems biology method for constructing
gene co-expression network, which is based on high-
throughput gene expression data (26,27). Firstly, the Pearson's
correlation matrices were calculated for each gene pair,
and the correlation coefficient S, Icor(m,n)l was defined
for m and n gene pairs. Secondly, the Pearson's correlation
matrices were converted into adjacent matrices by an adjacent
function a,,, power (S,,,, B)- Then, the weighting coefficient 3
was determined based on the principle of scale-free network.
The weighting coefficient f, which was the correlation coef-
ficient between log, k and log, p(k) (k represented the number
of connected nodes, and p stood for appearing probability of
nodes) should be no less than 0.9. Subsequently, the adjacent
matrices were transformed into topology matrices using Q =
Wi = e + ) / (min{k,,, k, } + 1 -a,,). The 1, represented
the total area of correlation coefficients of the nodes linked
with both gene m and gene n. The k,, indicated the sum of
correlation coefficients of the nodes linked with gene m. W,
was equal to 0, when gene m did not connect with gene n, and
no genes linked with both gene m and gene n. The dissimi-
larity degree of a node, which was the basis for constructing
the network, was defined as d,, = 1 - W_,,. WGCNA for
the DEGs was conducted as described previously (26,27),
and gene modules were identified by hybrid dynamic shear
tree (28,29). Besides, T-test was applied to calculate the
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Table II. The quality control results and the comparison results of the raw RNA-sequencing data.
A, Quality control results
Average Trim reads Trim bases
Sample Raw reads Raw bases Trim reads Trim bases length (%) (%)
OLP 87356096 8822965696 77746400 7331570314 94.30109065 0.889993985 0.830964391
0OSCC 79835924 8063428324 66754732 6087961474 91.19895012 0.83614905 0.755009064
Normal 100217370 10121954370 81959072 7494718324 91.44464598 0.81781304 0.740441821
B, Comparison results
Mapped Reads Reads Reads
Total Total ratio Multiple Unique mapping to mapping to proper
Sample reads mapped (%) mapped mapped positive-sense  antisense strand pair
OLP 77746400 63674055 81.90 2979371 60694684 30207215 30487469 52761594
OSCC 66754732 48292145 72.30 3068746 45223399 22535431 22687968 38605610
Normal 81959072 53529855 65.30 3492342 50037513 24873837 25163676 42128686

OLP, oral lichen planus; OSCC, oral squamous cell carcinoma.

significant P-value of each gene between different groups,
and the mediated P-value (IgP) was defined as the gene
significance (GS) of each gene. The module significance
(MS) was considered as the mean GS of the genes included
in the module. Among the identified modules, the one with
the highest MS value was selected as disease-associated
module.

Construction of co-expression network for genes involved
in the disease-associated module. The correlation coeffi-
cients of genes involved in the OLP-associated module and
OSCC-associated module separately were extracted from the
modules. Then, the co-expression networks were visualized
by Cytoscape software (http://www.cytoscape.org/) (30).
Besides, the genes associated with both OLP and OSCC were
identified by comparing the genes involved in OLP-associated
module and OSCC-associated module. Moreover, the genes
associated with both OLP and OSCC were mapped to the
co-expression networks.

Functional enrichment analysis. GOstats (available at: http:/
bioconductor.org) is usually utilized to perform functional
enrichment analysis and test gene ontology (GO) terms for
genes in a specific gene list (31). GO can be used to analyze the
biological process, molecular function and cellular component
involved gene products (32). Using the GOstat package (31)
in R language, GO enrichment analysis was conducted for
the disease-associated genes involved in the co-expression
network. The terms with P-value <0.05 were taken as statisti-
cally significant.

qRT-PCR analysis. After the primer sequences for qRT-PCR
amplification were designed using Primer Premier 6.0 soft-
ware (Premier Software Inc., Cherry Hill, NJ, USA) (Table I),
they were synthesized by Sangon Biotech Co., Ltd (Shanghai,

China). The expression of critical genes in OLP, OSCC and
normal samples were measured by SYBR Green master mix
kit (Applied Biosystems, Foster City, CA), respectively. The
20 ul reaction system was composed of the following reagents:
10 11 SYBR Premix Ex Taq (2X), 1 ul forward primer (10 xM),
and 1 ul reverse primer (10 yM), and 8 ul cDNA template
(being diluted by ddH,O to keep a certain concentration).
Then, the mixture reacted under the following conditions:
50°C for 3 min; 95°C for 3 min; 95°C for 10 sec and 60°C for
30 sec for 40 cycles; melt curve 60-95°C: increment 0.5°C for
10 sec plate read. All samples had three repeats, with GAPDH
as the reference gene.

Statistical analysis. Using the 2°**“* method (33), the gene
expression values were calculated. All results are presented
as mean + SEM (standard error of mean). SPSS 22.0 (SPSS
Inc., Chicago, IL, USA) and Graphpad prism 5 (Graphpad
Software, San Diego, CA, USA) software was used also for
statistic analysis and drawing pictures, with the P<0.05 as the
screening criteria for significant difference.

Results

DEG screening and bidirectional hierarchical clustering. The
raw data were preprocessed, and the quality control results
and the comparison results of the raw RNA-sequencing data,
respectively, are shown in Table IIA and Table IIB. Followed
by a total of 223 (including 74 up- and 149 down-regulated
genes) and 548 (including 80 up- and 468 down-regulated
genes) DEGs separately were identified in OLP vs. normal
and OSCC vs. normal comparison groups. Subsequently, the
expression values of the DEGs in each sample were extracted
and bidirectional hierarchical clustering analysis was carried
out. The dendrogram of clustering analysis showed that the
DEGs could separate the OLP or OSCC samples from normal
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Figure 1. The dendrogram of clustering analysis for the differentially expressed genes in OLP vs. normal (A) and OSCC vs. normal (B) comparison groups.
Red and blue indicate higher and lower expression values, respectively.
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Figure 2. Modules identified for the differentially expressed genes in OLP vs. normal (A) and OSCC vs. normal (B) comparison groups. Horizontal ordinate
represents modules in different colors. Vertical ordinate is the height of clustering tree.
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Figure 3. Identification of OLP- (A) and OSCC-associated (B) modules based on the MS values. Horizontal ordinate represents modules in different colors.
Vertical ordinate is the overall correlation coefficient between genes in each module and disease state.

Table III. The common differentially expressed genes (DEGs)
between OLP vs. normal and OSCC vs. normal comparison
groups.

OLP Scc

Gene logFC P-value logFC P-value

BCLY9L 0.866268 0.027103 0.87862 0.011379
C2lorf62 -0.87082  0.034486 -0.87537  0.025741
CHGA -0.87469  0.030446 -0.89057  0.009506
DPYI9L2P4 -0.84725 0.003033 -0.87498 0.006929
FAM228B -0.89934  0.048295 -091674  0.025529
GMPS -0.87338  0.001723 -0.86493  0.008399
HESI -0.88283  0.010514 -0.87028  0.004662
OIP5-AS1 0.880789 0.000374  0.881847 0.000254
PER2 0.882885 0.011876 0.886616 0.004227
SMC6 -0.8837 0.016755 -0.88647 0.048216
SNX29P1 -0.92343  0.019689 -0.94756  0.01687

SPATCIL -0.86816  0.020417 -0.87373  0.015081
TERF2 -0.87686  0.038943 -0.8964 0.012173
TMEMI21  -0.90655 0.045068 -0.87188 0.033126
TSPAN33 0.843168 0.005186  0.835443 0.046788
ZNF347 -0.8933 0.0388 -0.89562  0.023093
ZNF439 -0.9103 0.019051 -0.90591 0.014761
ZNF669 -0.87 0.018227 -0.86737 0.01926

ZNF70 -0.86138  0.007926 -0.8725 0.00475

samples completely, indicating that the expression differences
of the DEGs were significant (Fig. 1).

Screening disease-associated module using WGCNA. Based
on hybrid dynamic shear tree, modules for the DEGs in the two
comparison groups were identified and exhibited by different
colors (Fig. 2). According to the MS value of modules, the
blue modules for the DEGs in OLP vs. normal (MS=0.88)
and in OSCC vs. normal (MS=0.90) comparison groups were

selected as disease-associated modules for they had the highest
MS values (Fig. 3).

Construction of co-expression network for genes involved
in the disease-associated module. There were 49 and 123
DEGs, respectively, in the blue modules for the DEGs in
OLP vs. normal and in OSCC vs. normal comparison groups.
The correlation coefficients of genes involved in the blue
modules were extracted, and the co-expression networks
were visualized. Through comparing the genes involved in
the blue modules, a total of 19 common DEGs (including
4 upregulated genes and 15 downregulated genes) associated
with both OLP and OSCC were identified and mapped to the
co-expression networks (Table III), including upregulated
B-cell CLL/lymphoma 9-like (BCL9L), period circadian
clock 2 (PER2) and tetraspanin 33 (TSPAN33), as well as
downregulated guanine monphosphate synthase (GMPS)
and Hes family bHLH transcription factor 1 (HESI). The
co-expression network for OLP vs. normal comparison group
had 138 interactions and 41 nodes, and that for OSCC vs.
normal comparison group had 757 interactions and 85 nodes
(Fig.4).Especially, BCLIL, HESI, PER2 and TSPAN33 might
be involved in OLP through interactions in the co-expression
networks for OLP vs. normal (such as BCLIL-TSPAN33) and
OSCC vs. normal comparison groups (such as BCL9L-PER?2,
and HESI-PER?2).

Functional enrichment analysis. GO enrichment analysis was
performed for the DEGs involved in the co-expression networks
for OLP vs. normal and OSCC vs. normal comparison groups,
respectively. In total, 7 and 6 GO terms, respectively, were
enriched for the DEGs involved in the co-expression networks
for OLP vs. normal and OSCC vs. normal comparison groups
(Fig. 5 and Table IV). Importantly, the functions enriched for
the DEGs involved in the two co-expression networks both
included transcription, regulation of transcription, regulation
of transcription, DNA-dependent, and regulation of RNA
metabolic process.

gRT-PCR analysis. Through qRT-PCR experiments, the
expression levels of BCL9L, GMPS, HESI, PER2 and
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Figure 4. The co-expression networks for the differentially expressed genes (DEGs) in the blue modules. (A) The co-expression network for the DEGs in
the blue module for OLP vs. normal comparison group. (B) The co-expression networks for the DEGs in the blue modules for OSCC vs. normal comparison
groups. Red and green nodes represent upregulated and downregulated genes, respectively. Diamond nodes stood for the common DEGs between the OLP vs.
normal and OSCC vs. normal comparison groups. Solid lines and dotted lines indicate positive correlations and negative correlations, respectively.

TSPAN33 in OLP, OSCC and normal samples were detected.
Compared with normal samples, BCLIL (P<0.05, Fig. 6A),
PER?2 (P<0.05, Fig. 6B) and TSPAN33 (P<0.05, Fig. 6C) were
significantly upregulated in both OLP and OSCC samples.
GMPS (P<0.05, Fig. 6D) in both OLP and OSCC samples, and
HES]I (P<0.05, Fig. 6E) in OSCC samples were significantly
downregulated relative to normal samples.

Discussion
In OLP subepithelial infiltrate, cytokine networks and inflam-

matory cells may contribute to squamous tumorigenesis
through affecting cell survival, proliferation, differentiation,

growth and movement (34). Conway et al analyzed the tran-
scriptomes of matched OSCC, oral dysplasia and normal oral
mucosa samples, finding that IL36G and adherens junction
components play potential roles in malignant transformation,
and lincRNA RP11-351J23.1 acts in de-differentiation of
OSCCs (35). Jakhesara et al investigated the aberrant tran-
scriptional events in buccal mucosal cancer (BMC) through
high throughput RNA-Seq analysis, and obtain 588 DEGs
and 747 dysregulated isoforms that may be used for
therapeutic intervention and biomarker evaluation (36).
Tang et al compared the gene expression changes between
a late stage and an early stage of tongue carcinogenesis, and
reveal ALDHI1A3, PTGS2 and KRT]1 transcripts, as well as
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Table IV. The gene ontology (GO) terms enriched for the differentially expressed genes (DEGs) involved in the co-expression
networks for OLP vs. normal and OSCC vs. normal comparison groups.

A, The functions enriched for the DEGs involved in the co-expression network for OLP vs. normal comparison group

Description P-value Gene no. Gene symbol

GO0:0045449~regulation of 1.78E-03 12 ZNF169, ATRX, HES1, ZNF439, ZNF283, CDKNIB,

transcription GTF2F1, PER2, BCL9L, ZNF669, ZNF70, SLC30A9

GO0:0006350~transcription 5.32E-03 10 ZNF169, HESI, ZNF439, ZNF283, GTF2F1, PER?2,
BCLOL, ZNF669, ZNF70, SLC30A9

GO:0006355~regulation of 6.78E-03 9 ZNF169, ATRX, HES1, ZNF439, ZNF283, CDKNIB,

transcription, DNA-dependent PER2, ZNF669, ZNF70

GO:0051252~regulation of RNA 7.76E-03 9 ZNF169, ATRX, HES1, ZNF439, ZNF283, CDKNIB,

metabolic process PER2, ZNF669, ZNF70

G0:0008270~zinc ion binding 1.65E-02 9 ZNF169, ATRX, SMAP2, ZNF439, ZNF283, ZNF669,
MBNL2, ZNF70, SLC30A9

GO0:0003677~DNA binding 1.74E-02 9 ZNF169, ATRX, HES1, ZNF439, ZNF283, GTF2F1,
ZNF669, ZNF70, SLC30A9

G0:0046914~transition metal 4.68E-02 9 ZNF169, ATRX, SMAP2, ZNF439, ZNF283, ZNF669,

ion binding

MBNL2, ZNF70, SLC30A9

B, The functions enriched for the DEGs involved in the co-expression network for OSCC vs. normal comparison group

Description P-value Gene no. Gene symbol
GO0:0006350~transcription 341E-06 23 POU6F1, ZNF430, ZNF264, ZNF818P, SAP1S,
ZNF669, MED13, ZNF221, ZNF347,ZNF175,
ZBTB25, HES1, ZNF439, NOTCHI1, ZNF324, MLX,
PER2, LEOI, BCLYL, SETDS, ZFPM1, NFIC, ZNF70
GO0:0045449~regulation of 9.08E-06 25 POUG6F1, ZNF430, ZNF264, ZNF818P, SAPIS,
transcription ZNF669, MED13, ZNF221, ZNF347, ZNF175,
ZBTB25, HES1, ZNF439, NOTCHI1, RNF 141,
ZNF324, MLX, PER2, LEO1, BCLYL, SETDS,
ZFPM1, NFIC, ZNF70, TERF2
GO0:0006355~regulation of 2.16E-04 18 POUG6F1, ZNF430, ZNF264, SAP18, ZNF669, MED1 3,
transcription, DNA-dependent ZNF221, ZNF347,ZNF175, HES1, NOTCHI, ZNF439,
RNF141, ZNF324, MLX, PER2, NFIC, ZNF70
GO0:0051252~regulation of 2.83E-04 18 POUG6F1, ZNF430, ZNF264, SAP18, ZNF669, MED1 3,
RNA metabolic process ZNF221,ZNF347,ZNF175, HES1, NOTCHI, ZNF439,
RNF141, ZNF324, MLX, PER2, NFIC, ZNF70
GO0:0010605~negative regulation of 2.15E-02 8 HESI, PSMB3, MLX, GMNN, SETDS8, CDC16, NFIC,
macromolecule metabolic process TERF?2
GO:0051172~negative regulation of 4.83E-02 6 HESI, MLX, GMNN, SETDS, NFIC,TERF2

nitrogen compound metabolic process

pathways of ‘degradation of basement membrane and ECM
pathways’ and ‘cell cycle progression’ may function in early
diagnosis and prevention of human tongue squamous cell
carcinomas (37). Somoza-Martin et al analyzed the gene
expression profile of OSCC, and identified 322 upregulated
genes and 104 downregulated genes in tumoral tissue (38).
However, these findings were different from our results. In

this study, total 223 (including 74 up- and 149 down-regulated
genes) and 548 (including 80 up- and 468 down-regulated
genes) DEGs, respectively, were identified in OLP vs. normal
and OSCC vs. normal comparison groups. The dendrogram
of clustering analysis showed that the DEGs completely
separated the OLP or OSCC samples from normal samples.
Besides, the blue modules for the DEGs in OLP vs. normal
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Figure 5. The functional terms enriched for the differentially expressed genes involved in the co-expression networks for OLP vs. normal (A) and OSCC
vs. normal (B) comparison groups. The height of the column indicates the number of genes involved in the term. The color of the column represents the

-lg(P-value) value.

and in OSCC vs. normal comparison groups were disease-
associated modules. Moreover, total 19 common DEGs
(including BCLY9L, GMPS, HESI, PER2 and TSPAN33)
associated with both OLP and OSCC were identified. It was
clear that some novel genes might function in the malignant
transformation of OLP.

BCL6, which mediates B cell differentiation and inflam-
mation, is implicated in malignant transformation via
inhibiting differentiation and promoting proliferation (39).
Previous study declares that BCL2 suppresses the apoptosis
of immune process-associated lymphocytes and the upregu-
lated BCL2-associated X protein (Bax) has correlation with
the apoptosis of epithelial cells in patients with OLP (40). The
expression alterations of BCL2, Bax, proliferating cell nuclear
antigen (PCNA) and p53 proteins are observed in OLP and
epithelial dysplasia, indicating the malignant potential in

both lesions (41,42). As a nuclear Wnt pathway component,
BCL9 is important for tumor progression and may be used for
therapeutic intervention in several Wnt signaling-associated
malignancies (43). These indicated that BCL9L might be asso-
ciated with the malignant potential of OLP.

Cyclic guanosine monophosphate (cGMP) plays a critical
role in cell differentiation, proliferation and apoptosis, and
functions in inflammation, angiogenesis and synaptic
plasticity (44). Through the nitric oxide/cGMP/protein
kinase G/KATP intracellular signaling pathway, inflammatory
hypernociception can be inhibited by the peripheral activation
of Al adenosine receptors (A1Rs) (45). The Notch and Toll-like
receptor (TLR) signaling pathways have been demonstrated to
cooperately activate the expression of Notch target genes (such
as Hairy/E(spl)-related with YRPW motif, HEY; and HESI)
and promote the production of TLR-triggered cytokines
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Figure 6. The expression levels of BCLIL (A), PER2 (B), TSPAN33 (C), GMPS (D) and HES1 (E) in OLP, OSCC and normal samples. “P<0.05; “P<0.01.

(such as IL-6, IL-12 and TNF-a) (46). Several studies have
suggested that the Notch signaling is related to inflammatory
disorders (47,48). HESI may be implicated in OSCC progres-
sion and cancer stem-like cell (CSC) phenotype in vivo, in
addition, the Notch-HESI1 pathway activated by inflammatory
cytokine exposure may promote the phenotype in OSCC (49).
Therefore, GMPS and HESI might be involved in squamous
tumorigenesis in OLP.

The mRNA and protein expression of PERI was signifi-
cantly decreased in OSCC, which may be essential in the
occurrence, development and invasion of OSCC (50). The
tumor suppressor gene PERI acts in the development and
progression of OSCC, and may be used as a molecular target
for the treatment of the disease (51). Previous study reported
that PER2 is important for regulating natural killer (NK)
cell function, which shows the direct link between innate
immune responses and the circadian clock system (52). Using
de novo mouse cancer models, Hemler er al found that select
tetraspanin proteins play important roles in tumor initiation,
metastasis and promotion (53). TSPAN33 shows a restricted
expression pattern in activated B cells, and may serve as a ther-
apeutic target or diagnostic biomarker for B cell lymphomas
or autoimmune diseases (54). The above suggest that PER2
and TSPAN33 might function in the malignant transformation
of OLP to OSCC. In the co-expression networks, BCLIL,
HESI, PER2 and TSPAN33 had interactions (such as BCLIL-
TSPAN33, BCL9L-PER2, and HESI-PER?2), indicating
that PER2 and TSPAN33 might also function in OLP via
interacting with other genes. qRT-PCR analysis showed that
BCL9YL, PER2 and TSPAN33 were significantly upregulated
in both OLP and OSCC samples. Whereas, GMP in both
OLP and OSCC samples, and HES! in OSCC samples were

significantly downregulated. The results of qRT-PCR were
consistent with those of bioinformatics analysis, confirming
the roles of BCL9L, GMPS, HESI, PER2 and TSPAN33 in the
malignant transformation of OLP to OSCC.

In conclusion, 223 and 548 DEGs, respective, were iden-
tified in OLP vs. normal and OSCC vs. normal comparison
groups through bioinformatics analysis. Furthermore, BCLIL,
GMPS, HES1, PER2 and TSPAN33 acted in the malignant
transformation of OLP to OSCC. However, these findings need
to be further confirmed.
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