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Purpose: Oral squamous cell carcinoma (OSCC) is one of the most common malignant diseases
worldwide, yet its molecular mechanisms are largely unknown. We aimed to construct gene
co-expression networks to identify key modules and hub genes involved in the pathogenesis
of OSCC.

Patients and methods: We used dataset GSE30784 to construct co-expression networks by
weighted gene co-expression network analysis (WGCNA). Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment analyses were performed by Database
for Annotation, Visualization and Integrated Discovery (DAVID). Hub genes were screened
and validated by other datasets.

Results: Turquoise and brown modules were found to be the most significantly related to tum-
origenesis. Functional enrichment analysis showed that the turquoise module was associated with
cell—cell adhesion, extracellular matrix and collagen catabolic process. A total of 10 hub genes
(MMP1, TNFRSF12A4, PLAU, FSCN1, PDPN, KRT78, EVPL, GGT6, SMIMS and CYSRTI)
were identified and validated at transcriptional and translational levels. Their genetic alteration
and survival analysis were also revealed.

Conclusion: We identified two modules and 10 hub genes, which were associated with the
tumorigenesis of OSCC. The two modules provided references that will advance the under-
standing of mechanisms of tumorigenesis in OSCC. Moreover, the hub genes may serve as
biomarkers and therapeutic targets for precise diagnosis and treatment of OSCC in the future.
Keywords: oral squamous cell carcinoma, co-expression, WGCNA, hub gene

Introduction

Head and neck cancer is a type of upper gastrointestinal cancer based on anatomical
structure. Head and neck squamous cell carcinoma (HNSC) is a common malignancy
in the world, which accounts for 90% of head and neck cancers, and oral squamous
cell carcinoma (OSCC) is the main subtype of HNSC. OSCC is characterized by high
incidence of masses in the oral cavity, which leads to high mortality.' The incidence
of OSCC is associated with smoking, drinking and diet. In addition, viral infections,
especially human papillomavirus (HPV), and the lack of vitamins and trace elements
such as folic acid; vitamins A, C and E; zinc and selenium are also important etiological
factors that can contribute to the incidence of OSCC.>* Accumulation of genetic altera-
tions in oral epithelial cells is also considered to trigger the initiation and progression of
OSCC.? Considering recent developments in molecular biological research, it has been
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discovered that the occurrence and development of OSCC are
related to the activation of oncogenes such as Bcl-2, c-Myc
and EGFR®" and the inactivation of p53, Rb, p16 and p21
tumor suppressor genes.*’ However, the occurrence of tumors
is a complex and progressive process that is multifactorial,
multistage and multistep. The molecular pathogenesis of
OSCC remains unclear, and therefore, it is difficult to prevent
the pathogenesis of OSCC and improve the survival rate of
OSCC patients. In order to diagnose OSCC at its early stage
and improve its treatment effect, better understanding of the
pathomechanism of OSCC development is needed.

With the discovery and development of high-throughput
research methods, systematic description, high-throughput
data analysis and screening of important information are the
basis for subsequent research. Previous research has been
largely focused on studying individual molecules with little
focus on functional networks. However, the development of
cancer is a systematic biological process (BP) that traverses
different functional networks. Weighted gene co-expression
network analysis (WGCNA)! is a new tool that is used to
analyze the potential gene modules that function in the gene
expression data. It has been reported that WGCNA can be
used to analyze many BPs, such as genetics, multiple cancers
and brain imaging data analysis,'' and hence can be useful to
identify candidate biomarkers or therapeutic targets. Besides,
it can be applied in comparing differentially expressed
genes and help investigating the interactions among genes
in different modules.'”> WGCNA has been successfully
applied in various types of cancer, such as breast cancer,"
glioblastoma!4 and prostate cancer, in which WGCNA is
used to investigate the relationship between tissue microarray
data and clinical traits to identify rules for predicting survival
outcome of patients.

In this study, WGCNA was constructed on the basis of
data from GSE30784, which included 167 OSCC samples,
17 dysplasia samples and 45 normal samples. Key gene
modules associated with tumorigenesis of OSCC were identi-
fied, and the biological functions and pathways of genes in
the two modules were detected and analyzed. Hub genes in
turquoise and brown modules were also revealed and were
validated by other datasets of GSE74530 and TCGA. Infor-
mation on their genetic alterations and clinical features were
also revealed. We postulated that these genes and modules
might be potential biomarkers for the diagnosis and treatment
of OSCC and might contribute to our understanding of the

molecular mechanisms of its tumorigenesis.

Patients and methods

Data information

The OSCC datasets of GSE30784 and GSE74530 were
obtained from NCBI Gene Expression Omnibus (GEO)
(https://www.ncbi.nlm.nih.gov/geo/). GSE30784 consists
of 167 OSCC samples, 17 dysplasia samples and 45 normal
samples, and the platform is [HG-U133_Plus_2] Affymetrix
Human Genome U133 Plus 2.0 Array. As for the GSE74530,
it contains six OSCC samples and six normal samples, and
its platform is also [HG-U133_Plus_2] Affymetrix Human
Genome U133 Plus 2.0 Array. The R packages affy and
annotate were used to process the raw data, make expression

matrix and match the probe to their gene symbol.

Construction of WGCNA

The raw data of GSE30784 were downloaded from the
GEO database. We used the affy package (under the R envi-
ronment, version 3.4.3) to preprocess and normalize (RMA
normalization) the raw data (.CEL files). The parameters
were set as RMA (for background correction) and impute
(for supplemental missing value). Ranked by SD from large
to small (including normal, dysplasia and OSCC samples),
we chose the top 5,000 genes for WGCNA. R package
WGCNA was conducted, and the power parameter was
pre-calculated by the pickSoftThreshold function. It can
provide the appropriate soft-thresholding power for network
construction by calculating the scale-free topology fit index
for several powers. Turning adjacency into topological
overlap was carried out, which could measure the network
connectivity of a gene defined as the sum of its adjacency
with all other genes for the network generation. Hierarchical
clustering function was used to classify genes with similar
expression profile into modules based on the TOM dissimi-
larity with a minimum size of 50 for the gene dendrogram.
The dissimilarity of module eigengenes was calculated to
choose a cutline to merge some modules. The gene net-
work was visualized with randomly selected 1,000 genes.
Last visualization in gene network of eigengenes was also
carried out.

Identification of clinical significant
modules

We calculated the correlation between MEs and clinical trait
to identify the relevant module. Afterward, gene significance
(GS) was defined as the log , transformation of the P-value
(GS=IgP) in the linear regression between gene expression
and clinical information. In addition, module significance
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(MS) was defined as the average GS for all the genes in a
module. In general, the module with the absolute MS ranked
first among all the selected modules was considered as the
one related with clinical trait.

Function enrichment analysis

To get further insight into the function of genes in key
modules, we performed the Gene Ontology (GO) enrich-
ment analysis for modules by using the online Database
for Annotation, Visualization and Integrated Discovery
(DAVID; https://david.nciferf.gov/summary.jsp).'!” The
gene lists of modules were uploaded, and we got the results
of BP, cellular component (CC), molecular function (MF)
and Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway. P-value <0.05 was regarded as significant.

|dentification of hub genes in key modules
Hub genes that are highly interconnected with nodes in a
module have been considered as functionally significant.
In this study, key modules were selected and were visualized
by Cytoscape and hub genes in networks were screened out
by degree. Hub genes ranked top 30 in module networks
were chosen as the candidates for further analysis and
validation. GEPIA (http://gepia.cancer-pku.cn/)!® is a Web
server for analyzing the RNA sequencing expression data
0f 9,736 tumors and 8,587 normal samples from the TCGA
and the GTEx projects, using a standard processing pipe-

line. Survival analysis of candidate genes was carried out in
GEPIA, and the significant results were picked out (logrank
P<0.05). We chose the top five genes in each module with
significant results of survival analysis and ranked them by
node degree as hub genes in OSCC tumorigenesis.

Validation of hub genes

The “limma” R package was used to screen the differently
expressed genes (DEGs) between OSCC samples and normal
samples in dataset GSE74530 for validation. The cutoff
value was log FC>|2|, adjusted P-value <0.01. Volcano
plot and hierarchical clustering analysis were carried out
by R packages ggplot2 and pheatmap, respectively. Venn
diagram was performed by online tool jvenn (http://jvenn.
toulouse.inra.fr/app/example.html)'® to overlap the gene in
key modules and DEGs. The expression statuses of hub genes
in GSE30784, GSE74530 and TCGA HNSC were revealed
for validation. P-value <0.05 was regarded as significant.
The translational-level validation of hub genes was carried
out using The Human Protein Atlas database (https:/www.

proteinatlas.org/).2

Genetical alteration of hub genes
CBio Cancer Genomics Portal (http://www.cbioportal.org/)*

is an open platform that provides visualization, analysis and
downloads of large-scale cancer genomic datasets of various
cancers. Complex cancer genomic profiles can be easily
obtained by using the query interface of the portal, enabling
researchers to explore and compare genetic alterations across
samples. We used CBioPortal to explore genetic alterations
connected with the 10 hub genes and their correlation with
other famous genes and drugs.

Results
Expression value analysis of microarray

data

To construct the gene co-expression networks, the raw data
of GSE30784 were downloaded from GEO database. Raw
data were preprocessed identically by using R for back-
ground correction and normalization. R package annotation
were conducted to match probes and gene symbols, and the
probes matching several genes were removed, and for the
gene matched by multiple probes, the median was regarded
as the final expression value. At last, we obtained a total
20,027 genes. We calculated SD for each gene and ranked
them from large to small, and then, the top 5,000 genes were
chosen for WGCNA. The 5,000 genes were used for cluster
analysis by fashClust function of the WGCNA package
(Figure 1A). As we can see, 229 samples were divided into
two clusters on the whole.

Construction of weighted co-expression

network and identification of key modules
Selection of the soft-thresholding power is an important
step when constructing a WGCNA. We performed the
analysis of network topology for thresholding powers from
1 to 20 and identified the relatively balanced scale indepen-
dence and mean connectivity of the WGCNA. As shown
in Figure 1B and C, power value 9, which was the lowest
power for the scale-free topology fit index on 0.9, was
selected to produce a hierarchical clustering tree (dendro-
gram) of 5,000 genes. We set the MEDissThres as 0.25 to
merge similar modules (Figure 2A), and 11 modules were
generated (Figure 2B). There were 223 genes in the black
module, 518 genes in the blue module, 954 genes in the
brown module, 139 in genes in the greenyellow module,
172 genes in the magenta module, 302 genes in the pink
module, 143 genes in the purple module, 379 genes in the
red module, 112 genes in the salmon module, 530 genes in
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Figure | Clustering of samples and determination of soft-thresholding power.
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Notes: (A) The clustering was based on the expression data of GSE30784, which contained 167 OSCC, 17 dysplasia and 45 normal samples. The top 5,000 genes with the
highest SD values were used for the analysis by WGCNA. The color intensity was proportional to disease status (normal, dysplasia and OSCC), sex and age. (B) Analysis
of the scale-free fit index for various soft-thresholding powers (). (C) Analysis of the mean connectivity for various soft-thresholding powers. In all, 9 was the most fit

power value.

Abbreviations: OSCC, oral squamous cell carcinoma; WGCNA, weighted gene co-expression network analysis.

the turquoise module and 471 genes in the yellow module.
The genes that could not be included in any modules were put
into the gray module, which was removed in the subsequent
analysis. Module preservation analyses for the process of
normal to dysplasia and dysplasia to neoplasm are shown
in Figure S1A and B.

Correlation between modules and

identification of key modules

Interaction relationships of the 11 modules were analyzed,
and the network heatmap was plotted (Figure 3A). The
results revealed that each module was an independent
validation to each other, which demonstrated a high level

of independence among the modules and relative indepen-
dence of genes expression in each module. Besides, we
calculated eigengenes and clustered them according to their
correlation in order to explore co-expression similarity of all
modules (Figure 3C). We found that the 11 modules were
mainly divided into two clusters. Similar results were dem-
onstrated by the heatmap plotted according to adjacencies
(Figure 3D). Furthermore, the ME of the turquoise module
and brown module revealed a high correlation with disease
status (normal, dysplasia and OSCC) compared with other
modules (Figure 3B). The turquoise module was positively
correlated with the disease status, while the brown module
was negatively correlated with the disease status, indicating
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Figure 2 Construction of co-expression modules by WGCNA package in R.

Notes: (A) The cluster dendrogram of module eigengenes. (B) The cluster dendrogram of genes in GSE39784. Each branch in the figure represents one gene, and every

color below represents one co-expression module.
Abbreviation: WGCNA, weighted gene co-expression network analysis.

that the turquoise module may play an important role in
tumorigenesis of OSCC and the brown module may func-
tion as an antitumor. We identified the turquoise module and
brown module as the modules most relevant to the disease
status of OSCC. Figure 4A and B illustrates the correlation
between module membership and GS in turquoise and brown
modules, respectively.

Identification of hub genes in the
turquoise module and brown module

We visualized the turquoise module and the brown module as
networks in Cytoscape and screened out 30 genes by sorting

node degree candidate gene for further analysis. Figure 4C
and D shows the top 30 hub genes in the turquoise module
and brown module. We used GEPIA to perform survival
analysis; P<<0.05 was regarded as statistically significant.
The genes with a significant result of survival analysis were
selected and ranked by node degree. The top five genes in
each module were considered as hub genes. Figure 5 shows
the survival analysis of hub genes (A-E were hub genes in
the turquoise module and F—J were hub genes in the brown
module). They were MMP1, TNFRSF12A4, PLAU, FSCN1
and PDPN in the turquoise module and KRT78, EVPL, GGT6,
SMIM5 and CYSRTI in the brown module. The survival

OncoTargets and Therapy 2018:1 |
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Figure 3 (A) Interaction relationship analysis of co-expression genes. Different colors of horizontal axis and vertical axis represent different modules. The brightness of
yellow in the middle represents the degree of connectivity of different modules. There was no significant difference in interactions among different modules, indicating a
high-scale independence degree among these modules. (B) Heatmap of the correlation between module eigengenes and the disease status of OSCC. The turquoise module
was the most positively correlated with status, and the brown module was the most negatively correlated with status. (C) Hierarchical clustering of module hub genes that
summarize the modules yielded in the clustering analysis. (D) Heatmap plot of the adjacencies in the hub gene network.

Abbreviation: OSCC, oral squamous cell carcinoma.

analysis of the 10 hub genes were validated in another GEO
dataset, GSE41613 (Figure S3).

Function enrichment analysis

in two key modules
We performed enrichment analysis to explore the BP and
pathway in which the two key modules were involved.

GO enrichment of BP was conducted by DAVID, and the
detailed information is given in Table 1. As the results
show, the brown module was mainly enriched in regulation
of epidermis such as epidermis development, epithelial cell
differentiation and keratinocyte differentiation, which were
negatively correlated with tumorigenesis. In the turquoise
module, the results of enrichment analysis were mainly
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turquoise module. (D) The top 30 hub genes in the brown module. Nodes represent genes, and node size is correlated with connectivity of the gene by degree.

concerned with tumorigenesis of malignancy such as posi-
tive regulation of cell migration, angiogenesis, cell adhesion,
cell-matrix adhesion and extracellular matrix (ECM) orga-
nization, which played an important role in tumorigenesis,
invasion, migration and metastasis of OSCC.

As for the pathways in which these two modules were
involved, we performed KEGG pathway analysis, and the
details of the results are shown in Table 2. As we can see,
the brown module enriched in pathways of metabolism of

biological compounds such as steroid biosynthesis, leucine
and isoleucine degradation, biosynthesis of antibiotics and
glycerolipid metabolism. In the turquoise module, pathways
concerning with regulation of cell adhesion were signifi-
cantly enriched such as focal adhesion, PI3K—Akt signaling
pathway and ECM-receptor interaction, which were closely
related with malignancy.

A direct comparison of the network constructed from
tumor vs normal samples of GSE30784 for providing solid
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Figure 5 Survival analysis of hub genes.

Notes: (A-E) Five hub genes in the turquoise module with the highest node degree and significant results of survival analysis (P<<0.05 was regarded as significant). They were
MMPI, TNFRSFI2A, PLAU, FSCN| and PDPN, respectively. (F-J) Five hub genes in the brown module with the highest node degree and significant results of survival analysis

(P<<0.05 was regarded as significant). They were KRT78, EVPL, GGT6, SMIM5 and CYSRT|, respectively.
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Table | GO enrichment analysis of turquoise module and brown module

Category Term Count % P-value
Brown module

BP GO:0055| 14~oxidation—reduction process 66 7.03 2.20E-10
BP GO:0008544~epidermis development 19 2.02 7.42E-08
BP GO:0030855~epithelial cell differentiation 14 1.49 2.17E-05
BP GO:0098609~cell—cell adhesion 29 3.09 9.53E-05
BP GO:0006805~xenobiotic metabolic process 13 1.38 2.92E-04
BP GO:0018149~peptide cross-linking 10 1.06 5.07E-04
BP GO:00302 | 6~keratinocyte differentiation 12 1.27 8.76E-04
BP GO:0033539~fatty acid beta-oxidation using acyl-CoA dehydrogenase 6 0.63 1.22E-03
BP GO:0030148~sphingolipid biosynthetic process 9 0.95 1.74E-03
BP GO:0048662~negative regulation of smooth muscle cell proliferation 7 0.74 2.09E-03
CcC GO:0070062~extracellular exosome 240 25.58 7.17E-22
CcC GO:0005789~endoplasmic reticulum membrane 78 831 4.60E-08
CcC GO:0016324~apical plasma membrane 36 3.83 3.62E-07
CcC GO:0030057~desmosome 9 0.95 8.84E-06
CcC GO:0005913~cell—cell adherens junction 34 3.62 2.62E-05
MF GO:0005 1 98~structural molecule activity 31 3.30 2.55E-06
MF GO:001649 | ~oxidoreductase activity 27 2.87 3.38E-06
MF GO:009864 | ~cadherin binding involved in cell—cell adhesion 31 3.30 5.91E-05
MF GO:0005509~calcium ion binding 56 5.97 3.58E-04
MF GO:0003824~catalytic activity 21 2.23 6.79E-04
Turquoise module

BP GO:0050900~leukocyte migration 20 3.82 8.08E-10
BP GO:0031581~hemidesmosome assembly 8 1.52 7.55E-09
BP GO:0045926~negative regulation of growth 8 1.52 4.07E-07
BP GO:0030335~positive regulation of cell migration 19 3.63 3.00E-06
BP GO:0001525~angiogenesis 21 4.0l 3.27E-06
BP GO:0007155~cell adhesion 32 6.11 3.54E-06
BP GO:0007 | 60~cell-matrix adhesion 13 2.48 5.85E-06
BP GO:0030198~extracellular matrix organization 19 3.63 7.27E-06
BP GO:0071294~cellular response to zinc ion 7 1.33 7.99E-06
BP GO:0001666~response to hypoxia 17 3.25 2.00E-05
CcC GO:0005925~focal adhesion 47 8.98 1.97E-17
CcC GO:0001726~ruffle 13 2.48 4.79E-06
CcC GO:0001725~stress fiber 10 1.91 1.18E-05
CcC GO:0008305~integrin complex 7 1.33 6.48E-05
CcC GO:0005938~cell cortex 13 2.48 1.14E-04
MF GO:0005 | 78~integrin binding 14 2.67 4.89E-06
MF GO:005043 | ~TGF-beta binding 6 1.147 4.75E-05
MF GO:0031418~L-ascorbic acid binding 6 I.14 1.98E-04
MF GO:0001968~fibronectin binding 6 I.14 5.73E-04
MF GO:0051015~actin filament binding 12 2.29 8.96E-04

Abbreviations: GO, Gene Ontology; BP, biological process; CC, cellular component; MF, molecular function.

insights (Figure S2A and B). The GO enrichment analysis
and the KEGG pathway analysis were carried out for the
DEGs mentioned earlier (Tables S1 and S2). The enrichment
analysis results between modules from WGCNA and DEGs
were similar, which means that the results were reliable.

Validation of hub genes
We used another dataset GSE74530 from GEO database
to validate the expression status of the 10 hub genes.

We set the cutoffas logFC>|1| and P<<0.05 to screen DEGs.
Figure 6A shows the volcano plot of DEGs, and Figure 6B
shows hierarchical clustering heat map of DEGs. We over-
lapped the DEGs and genes in the turquoise module and
brown module by venn diagram and found that the 10 hub
genes were all present in DEGs and modules. The results
are shown in Figure 6C and D. Figure 7A demonstrates the
expression status of 10 hub genes in normal, dysplasia and
OSCC samples of GSE30784. As shown in the figure, the
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Table 2 KEGG pathway enrichment analysis of turquoise module and brown module

Category Term Count % P-value
Brown module

KEGG hsa01100: metabolic pathways 107 11.41 6.93E-10
KEGG hsa00100: steroid biosynthesis 8 0.85 3.03E-05
KEGG hsa00280: valine, leucine and isoleucine degradation 10 1.07 4.| 1E-04
KEGG hsa01 130: biosynthesis of antibiotics 22 2.35 1.78E-03
KEGG hsa0056|: glycerolipid metabolism 10 1.07 1.99E-03
KEGG hsa03320: PPAR signaling pathway 10 1.07 5.40E-03
KEGG hsa0407 | : sphingolipid signaling pathway 14 1.49 6.16E-03
KEGG hsa00350: tyrosine metabolism 7 0.75 6.75E-03
KEGG hsa04530: tight junction 15 1.60 7.62E-03
KEGG hsa00600: sphingolipid metabolism 8 0.85 7.78E-03
Turquoise module

KEGG hsa04510: focal adhesion 27 5.16 3.64E-10
KEGG hsa04151: PI3K—Akt signaling pathway 30 5.74 3.84E-07
KEGG hsa04512: ECM—receptor interaction 14 2.68 1.64E-06
KEGG hsa05200: pathways in cancer 30 5.74 5.52E-06
KEGG hsa05205: proteoglycans in cancer 20 3.82 7.96E-06
KEGG hsa05222: small-cell lung cancer 12 2.29 4.27E-05
KEGG hsa04978: mineral absorption 9 1.72 5.74E-05
KEGG hsa04810: regulation of actin cytoskeleton 15 2.87 0.004426
KEGG hsa05202: transcriptional misregulation in cancer 13 2.49 0.004612
KEGG hsa05412: ARVC 8 1.53 0.005263

Abbreviations: KEGG, Kyoto Encyclopedia of Genes and Genomes; ECM, extracellular matrix; ARVC, arrhythmogenic right ventricular cardiomyopathy.

expression status was in accordance with the disease status in
which expression of five hub genes of the turquoise module
was positively correlated with disease status and expres-
sion of five hub genes of the brown module was negatively
correlated with disease status. Figure 7B illustrates the
validation of 10 hub genes in GSE74530, which presents
a similar conclusion with GSE30784, that the hub genes
in the turquoise module were highly expressed in tumor
samples, while hub genes in the brown module were highly
expressed in normal samples. We further analyzed TCGA
data of HNSCs to validate the results and found similar
results as described earlier (Figure 7C). Moreover, immu-
nohistochemistry (IHC) staining obtained from The Human
Protein Atlas database also demonstrated the expression
status of hub genes and the patient data as shown in Figure §.
Figure 8A-D shows hub genes in the turquoise module,
whose results were in accordance with the transcriptional
level, but there were no related IHC samples of MMP1 in
the database. Figure 8E-I shows hub genes in the brown
module, and results were in accordance with transcriptional
level before. These results confirmed the validity of the hub
genes that we found as reliable.

Genetical alteration of hub genes
OncoPrint of CBioPortal was used to show the 10 hub genes’
alteration statuses in TCGA HNSC patients. The 10 hub

genes altered in 222 (44%) of 510 patients (Figure 9B), and
the frequency of alteration of each hub gene is shown in
Figure 9A. FSCNI and MMP] altered most (15% and 9%,
respectively), amplification, and mRNA upregulation was the
main type. Figure 9C demonstrates the relationship of the
10 genes and the other 50 most frequently altered neighbor
genes (only MMP1, PLAU, FSCNI and EVPL had connection
with these 50 genes). PIK3CA and TP63 were significantly
important in the network. The correlation of antitumor
drugs and hub genes was exhibited; we found MMPI and
TNFRSF 124 were the target of cancer drugs, as for the other
hub genes, there was no drug targeting to them, which might
be the promising target of new cancer drugs.

Discussion

OSCC is a common malignancy caused by abnormal
squamous cells, which mainly occurs in older adults. Clinical
symptoms are not often present in the early stages of the
disease but are observed in the late stages of the disease.
Its 5-year survival rate is 50%.2 In patients with high metasta-
sized cancer, the 5-year survival rate drops to ~20%,%* which
can seriously harm human health and life. Although the new
and advanced medical methods have greatly improved the
quality of life for patients with OSCC, the 5-year survival rate
has not yet improved significantly. Therefore, it is of great
help for the prevention and treatment of OSCC to study the

submit your manuscript

6010

Dove

OncoTargets and Therapy 2018:1 |


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove Application of WGCNA in OSCC
A Volcano plot
12
Threshold
Down
@ Normal
® Up
9 4
[
=2
©
>
a 6
=)
o
1
3 4
O .
5
C DEGs Turquoise DEGs Brown
2,073 258 272 1,885 508
MMP1 KRT78
TNFRSF12A EVPL
PLAU GGT6
FSCN1 SMIM5
PDPN CYRST1

Figure 6 Validation of hub genes in GSE31056.

Notes: (A) Volcano plot visualizing DEGs in GSE31056 (23 normal samples and 21 OSCC). The vertical lines demarcate the fold change values. The right vertical line
corresponds to more than or equal to twofold up changes and the left vertical line more than or equal to twofold down changes, while the horizontal line marks a —log |
adjusted P-value of 0.01. (B) Heat map hierarchical clustering reveals DEGs in OSCC groups compared with those in control groups. (C) Identification of common genes
between DEGs and the turquoise module by overlapping them. The five hub genes in the turquoise module were also DEGs in GSE31056. (D) Identification of common genes
between DEGs and the brown module by overlapping them. The five hub genes in the brown module were also DEGs in GSE31056.

Abbreviations: DEGs, differently expressed genes; OSCC, oral squamous cell carcinoma.

development of OSCC at the molecular level and develop
effective measures to prevent and suppress metastasis of
OSCC. In the present study, we applied WGCNA to identify
the key modules and hub genes in tumorigenesis of OSCC
by R and identified two modules that were most significantly
associated with the OSCC disease status (the turquoise
module was positively correlated with OSCC status, and the

brown module was negatively correlated with the disease
status). Functional enrichment analysis of the two modules
was performed by DAVID. A total of 10 hub genes with sig-
nificant correlation with survival analysis in the two modules
were identified and were further validated in another dataset
and TCGA to confirm the reliability of the results. CBioPortal
was used to show the correlation between hub genes and
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genetic alteration. The results provide novel insights that will
help to explain the pathogenesis of OSCC at the molecular
level, and the hub genes might serve as biomarkers as well
as therapeutic targets for precise diagnosis and treatment of
OSCC in the future.

In this study, we used a global approach to construct
co-expression network of OSCC to predict clusters of genes
involved in the pathogenesis and tumorigenesis of OSCC.
We aimed to find new and critical biomarkers and to under-
stand the molecular mechanism of OSCC, which might
contribute to the diagnosis and treatment of the disease.
In this study, WGCNA was performed by extracting co-
expression networks of group genes from a large expression
data.”® GSE30784 was downloaded from the GEO database,
and 11 co-expression modules were obtained by WGCNA.

A GSE30784/hub genes in turquoise module

Among the 11 modules, we found that the turquoise module
and brown module were most significantly related to the
OSCC status, in which the turquoise module was positively
correlated and the brown module was negatively correlated.
There are many genome-wide gene expressions of OSCC
datasets available, and there are many opportunities for
researchers to use these data to carry out multiple analyses.
However, there are challenges in data analysis. For example,
data from different platforms cannot be compared together,
but WGCNA methods avoid this limitation by focusing on
a group of genes rather than on individual genes. Besides,
the cutoff criterion is not necessary for WGCNA, and
hence, important information that is omitted when using
other methods can be retrieved. Until now, WGCNA has
been applied in many cancers such as pancreatic cancer,*

GSE30784/hub genes in brown module
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Figure 7 Validation of hub genes in the transcriptional level.

Notes: (A) Validation of hub genes in GSE30784. The expression status of five hub genes in the turquoise module was positively correlated with the disease status, indicating
they played an important role in promoting tumorigenesis. This was in accordance with the results of WGCNA. The expression status of five hub genes in the brown module
was negatively correlated with the disease status, indicating they played an important role in suppressing tumorigenesis. This was in accordance with the results of WGCNA.
(B) Validation of hub genes in GSE74530 and the results were the same as earlier. (C) Validation of hub genes by TCGA HNSC data in GEPIA and we obtained similar results
as above. These findings indicated that our results were reliable. *** indicates <0.001, **** indicates <0.0001.

Abbreviations: WGCNA, weighted gene co-expression network analysis; HNSC, head and neck squamous cell carcinoma.

breast cancer”” and osteosarcoma.”® Although there were
some reports on OSCC based on expression profiles,” their
disadvantages were obvious. There were no studies in which
the expression profile of OSCC was analyzed by WGCNA.
In this study, we used WGCNA to analyze OSCC from a
new perspective.

From our research, the turquoise module and brown mod-
ule identified by WGCNA were the most significantly related
modules to OSCC disease status, indicating their importance
in OSCC invasion, metastasis, migration and tumorigen-
esis. It has been reported that the epithelial-mesenchymal
transition and the loss of cell adhesion are significant gene—
molecular changes in the development and progression of
OSCC.* We found that the turquoise module played a role

in the BPs and pathways, mainly in the regulation of ECM
and collagen catabolic process, which play important roles in
malignancy.®! The results were in accordance with previous
reports® that analyzed the DEGs between normal samples
and OSCC in which the function of ECM was stressed and
the MMP family and laminin family play an important role in
tumorigenesis of OSCC.* These findings revealed the func-
tion of the turquoise module in OSCC, and further research
is required to identify the role of the genes in the turquoise
module because they might have diverse functions in OSCC
malignant phenotypes. The KEGG pathway analysis revealed
similar results. These pathways were concerned with cell
adhesion such as focal adhesion, PI3K—Akt signaling
pathway and ECM—receptor interaction. ECM proteolysis
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Notes: (A-D) Validation of five hub genes in turquoise module by The Human Protein Atlas database (IHC). There was no related IHC samples of MMPI in the database.
The translational expression level of the rest four hub genes was positively correlated with disease status as they were upregulated in OSCC samples. (E-1) Validation of
five hub genes in the brown module by The Human Protein Atlas database (IHC). The translational expression level of five hub genes was negatively correlated with disease

status, as they were downregulated in OSCC samples.
Abbreviations: IHC, immunohistochemistry; OSCC, oral squamous cell carcinoma.

confers cancer cells with invasive capability, and it influences
migration in many types of cancers.** It has been reported
that COL11A1 promoted tumor progression in EOC via
ECM-receptor interactions.** FAK is an important mediator
of proliferation, cell survival and cell migration; the develop-
ment of malignancy is often associated with abnormal FAK
activity.’® It has been reported in OSCC that focal adhesion
is related to cell proliferation.’” PI3K—Akt pathway plays an
important role in cancer cell cycle progression, apoptosis and
neoplastic transformation®® and is involved in many of the
mechanisms targeted by newer antitumor drugs.

As for the brown module, GO analysis revealed that it
is involved in the regulation of epidermis development and
epithelial cell differentiation, which oppose OSCC EMT.
The brown module decreased in those BP that promotes the
OSCC EMT, resulting in invasion and metastasis of tumor
cells.* This illustrated an important role of the brown module
as an antitumor.

Owing to the importance of turquoise and brown module
in OSCC tumorigenesis, we screened the hub genes in
the two modules. We found MMP1, TNFRSF12A4, PLAU,
FSCNI and PDPN in the turquoise module and KRT77S,
EVPL, GGT6, SMIMS5 and CYRSTI in the brown module.
They were significantly related to survival analysis results
and were validated by other data at transcriptional and trans-
lational levels. Many studies have reported that some of the

10 hub genes were cancer-related genes, which function in
tumorigenesis and malignant phenotypes such as MMP]I,
TNFRSF124 and FSCN. As for PLAU, PDPN, KRT78,
EVPL, GGT6, SMIMS5 and CYSRTI, there were few reports
implicating them in cancers. MMP1 encodes for a member
of the peptidase M10 family of MMPs. It is involved in the
breakdown of ECM in normal physiological processes, such
as embryonic development, reproduction and tissue remod-
eling, as well as in disease processes, such as arthritis and
metastasis. It was shown that MAMPI associated with Ras,
thereby initiating malignant tumor formation and leading
to aberrant regulation of cell survival, proliferation and
mobilization.* TNFRSF 124 encodes receptor for TNFSF12/
TWEAK. It can promote angiogenesis and modulate cellular
adhesion to matrix proteins. Knockdown of TNFRSF124
would lead to inhibition of cell proliferation and migration
in hepatocellular carcinoma,*' but no report has shown that
it is linked to OSCC. PLAU encodes for a secreted serine
protease that converts plasminogen into plasmin. Mutations
in this gene may be associated with Quebec platelet disorder
and late-onset Alzheimer’s disease. Studies on PLAU were
mainly focused on Alzheimer’s disease, but several reports
have shown that PLAU played an important role in breast
cancer cell line aggression and metastasis.*> PL4U mutation
occurs more or less in many cancer types, but there was no
study that reported the effects of PL4U mutation in cancers.
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However, in Quebec platelet disorder, tandem duplication of
a 78 kb region of chromosome 10 containing PLAU (the uPA
gene) would lead to increasing production of normal PLAU
transcripts.* FSCNI encodes for a member of the fascin
family of actin-binding proteins, which plays a critical role
in cell migration, motility, adhesion and cellular interactions.
It has been reported that overexpression of this gene may
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play a role in the metastasis of multiple types of cancer by
increasing cell motility. For instance, in esophageal cancer,
tumor-suppressive miRNAs target FSCNI and directly
control oncogenic FSCNI gene.** FSCN1 gene alteration was
rarely reported, but there was a report showing that alteration
of FSCNI1 increased when using demethylating agent, result-
ing in drug resistance of gastric cancer.* However, there are
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no reports implicating it in OSCC at present. PDPN encodes
for type I integral membrane glycoprotein, which has diverse
distribution in human tissues. The specific function of this
protein has not been determined, but it has been proposed to
be a marker of lung injury. The role of PDPN in cancers has
not been studied at present. Alteration of PDPN was reported
to be associating with keratocystic odontogenic tumors’ neo-
plastic invasion.* EVPL encodes for a member of the plakin
family of proteins that forms a component of desmosomes
and the epidermal cornified envelope. It has been reported
that EVPL was underexpressed in esophageal squamous cell
carcinoma compared to normal tissue, and hence, it may be
used for early detection of ESCC.*” The EVPL gene mutation
was closely linked to the tylosis esophageal cancer locus
in sporadic OSC and could be the target gene responsible
for OSC.*® OSCC was similar to OSC, which means the
EVPL mutation also plays an important role in OSCC. As
for KRT78, GGT6, SMIMS and CYSRT1, they are relatively
new molecules with only few reports regarding their role in
OSCC at present. Nevertheless, they played an important
role in OSCC tumorigenesis and were significantly different
between normal samples and OSCC. Further research is
required to fully explore their roles in OSCC.

We acknowledge there were some limitations and short-
comings in this study. First, this study was mainly focused
on the data mining and data analysis, which were based on
methodology and the results were not validated by experi-
ments. Further experiments are needed to better confirm the
findings of this study. Second, the clinical parameters and
prognosis were not well analyzed in this study because of
the availability of data. Last, the datasets we could obtain
were limited. We could only find one dataset that contained
normal samples, dysplasia samples and OSCC samples.
If there would have been another dataset that contained these
three or more statuses of OSCC, it would be much better.
Besides, we only validated our findings in one GEO dataset
and TCGA data; more datasets should be involved to obtain
a solid result.

Conclusion

We applied WGCNA to construct co-expression network
for exploring the development of OSCC (from normal to
dysplasia and normal to OSCC) for the first time and found
two modules (turquoise module and brown module) and 10
hub genes (MMPI1, TNFRSFI12A, PLAU, FSCNI1, PDPN,
KRT78, EVPL, GGT6, SMIM5 and CYRSTI), which played
an important role in OSCC tumorigenesis. The turquoise
module plays a positive role in OSCC tumorigenesis, which

includes functions of cell migration, cell adhesion and ECM,
and the brown module plays a negative role in tumorigen-
esis, which functions opposite to the turquoise module. The
two modules may provide a better understanding of the
mechanisms of tumorigenesis in OSCC patients. Moreover,
the 10 hub genes we newly found might serve as prognostic
biomarkers and therapeutic targets in the future.
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Figure S| The medianRank and Zsummary statistics of module preservation.

Notes: Module preservation was evaluated by medianRank and Zsummary statistics, which correlated to connectivity and density of networks. If Zsummary >10, there
is a strong evidence that the module is preserved. The module with a lower medianRank tends to exhibit stronger observed preservation than the module with a higher
medianRank if both of them are preserved. (A) Module preservation analysis for the process of normal to dysplasia. (B) Module preservation analysis for the process of
dysplasia to neoplasm. The pink module was found to be highly preserved in both processes of normal to dysplasia and dysplasia to OSCC.

Abbreviation: OSCC, oral squamous cell carcinoma.
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Figure S2 (A) Volcano plot visualizing DEGs in GSE30784 (45 normal samples and 167 OSCC). The vertical lines demark the fold change values. The right vertical line
corresponds to more than or equal to twofold up changes, and the left vertical line corresponds to twofold down changes, while the horizontal line marks a —log, adjusted
P-value of 0.01. (B) Heat map hierarchical clustering reveals DEGs in OSCC groups compared with control groups.

Abbreviations: DEG, differently expressed genes; OSCC, oral squamous cell carcinoma.
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Figure S3 Survival analysis of the 10 hub genes using GSE41613 for validation.
Table S1 GO enrichment analysis of DEGs
Category Term Count % P-value
Upregulated genes
BP GO:0030198~ECM organization 60 8.39 6.57E-36
BP GO:0007 155~cell adhesion 78 10.91 9.15E-28
BP G0O:0030574~collagen catabolic process 32 4.48 8.50E-27
BP GO:0006955~immune response 63 8.8l 1.59E-19
BP GO:0006954~inflammatory response 59 8.25 3.88E-19
BP GO:0022617~ECM disassembly 25 3.50 8.43E-16
BP GO:0035987~endodermal cell differentiation 16 2.24 8.80E-15
BP GO:00096 | 5~response to virus 28 3.92 1.36E-14
BP GO:0060337~type | interferon signaling pathway 22 3.08 2.17E-14
BP GO:0030199~collagen fibril organization 18 2.52 2.68E-14
CcC GO:0005576~extracellular region 175 24.48 4.88E-39
CcC GO:0031012~extracellular matrix 63 8.8l 6.30E-29
CcC GO:00056 | 5~extracellular space 140 19.58 1.26E-28
CcC GO:0005578~proteinaceous ECM 58 8.11 5.00E-27
CcC GO:0005581~collagen trimer 30 4.20 2.27E-19
MF GO:0005201~ECM structural constituent 23 3.22 3.95E-15
(Continued)
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Table S| (Continued)

Category Term Count % P-value
MF GO:0005518~collagen binding 21 2.94 5.06E-14
MF GO:0008009~chemokine activity 18 2.52 1.92E-12
MF GO:0005 | 78~integrin binding 23 3.22 8.68E—1 |
MF GO:000820 1 ~heparin binding 28 3.92 1.25E-10
Downregulated genes

BP GO:0030049~muscle filament sliding 12 1.76 3.40E-08
BP GO:0006805~xenobiotic metabolic process 15 2.21 3.32E-07
BP GO:0008544~epidermis development 15 2.21 9.90E-07
BP GO:0006936~muscle contraction 16 2.35 3.36E-06
BP GO:00551 14~oxidation—reduction process 42 6.18 1.37E-05
BP GO:0030855~epithelial cell differentiation 12 1.76 2.27E-05
BP GO:0060048~cardiac muscle contraction 9 1.32 1.22E-04
BP GO:0016338~calcium-independent cell—cell adhesion 6 0.88 5.83E-04

via plasma membrane cell-adhesion molecules

BP GO:000694 | ~striated muscle contraction 5 0.74 7.45E-04
BP GO:0016266~0-glycan processing 9 1.32 9.28E-04
CcC GO:0070062~extracellular exosome 186 27.35 3.12E-20
CcC GO:00056 | 5~extracellular space 89 13.09 2.98E-09
CcC GO:0016324~apical plasma membrane 29 4.26 9.39E-07
CcC GO:0005859~muscle myosin complex 7 1.03 9.48E-06
CcC GO:0030018~Z disc 16 2.35 1.25E-05
MF GO:0003779~actin binding 32 471 8.33E-09
MF GO:0008307~structural constituent of muscle 13 191 1.04E-08
MF GO:0005198~structural molecule activity 24 3.53 1.51E-05
MF GO:001649 | ~oxidoreductase activity 20 2.94 6.25E-05
MF GO:0051371~muscle alpha-actinin binding 5 0.74 1.51E-04

Abbreviations: GO, Gene Ontology; DEG, differently expressed genes; BP, biological process; ECM, extracellular matrix; CC, cellular component; MF, molecular

function.

Table S2 KEGG pathway enrichment analysis of turquoise module and brown module

Category Term Count % P-value
Upregulated genes

KEGG hsa04512: ECM-receptor interaction 33 4.62 6.07E-21
KEGG hsa04510: focal adhesion 46 6.43 9.77E-19
KEGG hsa0415|: PI3K—Akt signaling pathway 50 6.99 2.07E-12
KEGG hsa05323: rheumatoid arthritis 24 3.36 9.34E-12
KEGG hsa05146: amoebiasis 26 3.64 1.35E-11
KEGG hsa04974: protein digestion and absorption 23 3.22 6.97E-1 |
KEGG hsa04060: cytokine—cytokine receptor interaction 35 4.90 2.31E-09
KEGG hsa05200: pathways in cancer 45 6.29 6.30E-08
KEGG hsa05 44: malaria 13 1.82 2.08E-06
KEGG hsa04062: chemokine signaling pathway 26 3.64 2.09E-06
Downregulated genes

KEGG hsa01100: metabolic pathways 68 10.00 1.80E-06
KEGG hsa04530: tight junction 17 2.50 5.91E-06
KEGG hsa04972: pancreatic secretion 13 1.91 3.28E-05
KEGG hsa00982: drug metabolism — cytochrome P450 I 1.62 4.84E-05
KEGG hsa00340: histidine metabolism 6 0.88 6.44E-04
KEGG hsa00590: arachidonic acid metabolism 9 1.32 6.93E-04
KEGG hsa00350: tyrosine metabolism 7 1.03 7.1 1[E-04
KEGG hsa05204: chemical carcinogenesis 10 1.47 8.98E-04
KEGG hsa00980: metabolism of xenobiotics by cytochrome P450 9 1.32 0.002231
KEGG hsa04670: leukocyte transendothelial migration I 1.62 0.004088

Abbreviations: KEGG, Kyoto Encyclopedia of Genes and Genomes; ECM, extracellular matrix.
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