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Abstract
Background: Laryngeal squamous cell carcinoma (LSCC) is one of the leading malignant cancers of the
head and neck. Patients with LSCC in�ltration and metastasis have a poor prognosis. There is an urgent
need to identify more potential targets for drugs and biomarkers for early diagnosis.

Methods: RNA sequence data from LSCC and patient clinic traits were obtained from the Gene Expression
Omnibus (GEO) (GSE142083) and The Cancer Genome Atlas (TCGA) database. Differentially expressed
genes (DEGs) analysis and weighted gene co-expression network analysis (WGCNA) were performed to
identify the hub genes. Gene ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis,
prognostic values analysis and the tumor-in�ltrating immune cell (TIC) abundance pro�les estimation
were performed.

Results: In present study, a total of 432 DEGs, including 199 up-regulated genes and 233 down-regulated
genes were screened in GSE142083 dataset. After intersecting with DEGs in TCGA, 211 common DEGs
were screened. Using WGCNA, �ve modules were identi�ed to be closely related to LSCC. After compared
with common DEGs and performed with univariate Cox regression analysis, only eight genes, including
CEACAM6, FSCN1, INHBA, MYO1B, PLAU, SERPINH1, TJP3 and TNFRSF12A, were screened out to be
signi�cantly related to the prognosis of patients diagnosed with LSCC.

Conclusions: The results in present study shows that CEACAM6, FSCN1, INHBA, MYO1B, PLAU,
SERPINH1, TJP3 and TNFRSF12A have the potential to become new therapeutic targets and biomarkers
for LSCC.

1 Introduction
Laryngeal squamous cell carcinoma (LSCC) is a common kind of head and neck squamous cell
carcinomas (HNSCC) accounting for approximately 20% of all cancer patients and 2.4% of new
malignancies worldwide each year [1–3]. Patients with LSCC in�ltration and metastasis have a poor
prognosis, and their 5-year survival rate is about 60% [4]. In recent years, despite the latest advances in
comprehensive surgical, chemotherapy and radiotherapy treatment strategies, the global mortality rate
associated with LSCC has not decreased [5]. There are almost no typical symptoms in the early stages of
LSCC which is always being ignored by patients [6]. Therefore, identi�cation of abnormally expressed
genes in LSCC and early intervention are important strategies to prolong the survival time of LSCC
patients.

In recent years, with the development of gene chip technology, cancer diagnosis methods have become
more e�cient and much simpler, which allow researchers to grasp cancer diagnosis information in a
relatively short period of time and �nd the correct treatment measures [7–9]. It is also because of these
advantages that the research of molecular markers of cancer has been a hot spot in recent years [10–12].
Weighted gene co-expression network analysis (WGCNA) is a powerful approach in identifying gene co-
expression modules, exploring the correlation of the modules and phenotypes and discovering hub genes
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that regulate critical biological processes [13–15]. However, there are few reports in the literature
describing the hub genes and biomarkers in LSCC patients revealed by WGCNA.

In this study, a transcriptomes dataset of LSCC and adjacent normal tissue of patients from the Gene
Expression Omnibus (GEO) was downloaded to identify the patterns and differences of expression
pro�les between LSCC groups and control groups using WGCNA and differentially expressed gene (DEG)
screening, with the aim to understand the LSCC pathogenesis, pinpoint the molecular mechanism and
provide insights into novel therapeutic targets for drugs.

2 Methods
2.1 Data collection

The work�ow for the current study is presented in (Figure 1). The gene expression matrix of 106 LSCC
samples (53 LSCC tissues and 53 paired adjacent normal mucosa tissues) was downloaded from the
GSE142083 dataset which was obtained from the GEO database [16]. The GEO expression matrix was
annotated with gene symbols using the information form the GPL20301 Illumina HiSeq 4000 platform
�le and TPM and log2 transformed in R (version 4.0.4) if necessary. Principal component analysis (PCA)
was performed and the outliers were excluded (GSM4219698 and GSM4219730) (Figure S1), only 52
LSCC tissues and 52 paired normal tissues data were enrolled for later analysis.

2.2 DEGs identi�cation

After removing the outliers, R language was utilized for standardization of all expression data. The limma
software package (http://www.bioconductor.org/packages/release/bioc/html/limma.html) was used to
complete the DEG analysis between LSSC and adjacent normal control from the GSE142083 dataset.
Genes with an expression adjusted-p < 0.05 and log2 (FC) >1.5 were regarded as DEGs. The volcano and
heatmap plots were generated by R packages. The DEGs of Head and Neck squamous cell carcinoma
(HNSC) database from The Cancer Genome Atlas (TCGA) (https://portal.gdc.cancer.gov/) were obtained
via GEPIA (Gene Expression Pro�ling Interactive Analysis) (http://gepia.cancer-pku.cn/) [17]. Extracellular
matrix-associated genes were annotated with Matrisome Project (http://matrisomeproject.mit.edu) [18].

2.3 Gene Ontology (GO) enrichment and Kyoto Encyclopedia of Genes and
Genomes (KEGG) analysis of DEGs

GO and KEGG enrichment analyses of DEG and hub modules were executed using clusterPro�ler R
package (http://www.bioconductor.org/packages/release/bioc/html/clusterPro�ler.html) [19]. Three main
processes in GO analysis as follows: biological processes (BP), molecular functions (MF), and cellular
components (CC). The p-value was conventionally set at 0.05. Plots were generated by R packages.

2.4 Weighted gene co-expression network construction

https://portal.gdc.cancer.gov/
http://gepia.cancer-pku.cn/
http://matrisomeproject.mit.edu/
http://www.bioconductor.org/packages/release/bioc/html/clusterProfiler.html
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The WGCNA package of R [13] was used to construct the co-expression networks of LSCC and adjacent
normal samples. Genes with mean FPKM over 0.5 were chosen. The adjacency matrices which stored the
information of the whole co-expression network were created based on Pearson’s correlation matrices. A
topological overlap measure (TOM) matrix was created from the adjacency matrix to estimate the
network’s connectivity property. Average linkage hierarchical clustering was used to construct a clustering
dendrogram of the TOM matrix with a minimum module size of 30. Finally, similar gene modules were
merged, with a threshold of 0.25.

2.5 Validation of hub genes

The hub genes were identi�ed as intersecting between the Midnightblue, darkgrey, Blue, Salmon and
Greenyellow modules from the WGCNA and common DEGs. Then, these genes were validated for
prognostic signature. R package ‘survival’ was utilized to conduct overall survival analysis. The Univariate
Cox regression analysis was performed to investigate the correlation between gene expression and
overall survival. GSVA package was performed to analyze the tumor-in�ltrating immune cell (TIC)
abundance pro�les.

3 Results
3.1 DEG screening

We analyzed the DEG of GSE142083 by using the limma package with the threshold of |log2(fold-
change)| > 1.5 and adjust p < 0.05. A total of 432 DEGs, including 199 up-regulated genes and 233 down-
regulated genes were screened in LSCC samples and adjacent normal samples. The heatmap and the
volcano plot showed the expression pattern of those DEGs (Figure 2A-B).

The clusterpro�ler package was then applied to uncover the role of DEGs in the pathogenesis of LSCC
with a cutoff criterion of p < 0.05. For biological process group, epidermis development, corni�cation, skin
development, keratinization and keratinocyte differentiation were signi�cantly enriched. The genes in the
cellular component group were signi�cantly enriched in corni�ed envelope, collagen-containing
extracellular matrix (ECM) and ECM component. In the molecular function group, the DEGs were mainly
enriched in ECM structural constituent, chemokine and cytokine activity. For KEGG analysis, IL-17
signaling pathway, salivary secretion, amoebiasis, cytokine-cytokine receptor interaction and ECM-
receptor interaction were signi�cantly enriched (Figure 2C). Interestingly, except for immune-related genes,
we also noticed that ECM-associated genes were enriched in the DEGs and most of them were high-
expressed in LSCC samples (Figure S2). Moreover, hsa04970:Salivary secretion is one of few terms which
have decreasing Z-scores. That may indicate a signi�cantly decrease of function of salivary secretion in
LSCC patients.

We then obtained 848 DEGs using a cohort of Head and Neck squamous cell carcinoma (HNSC) from
TCGA using GEPIA with a same threshold. After compared with DEGs in GSE142083, 211 common DEGs
were identi�ed both in DEGs of TCGA-HNSC and GSE142083 (Figure 2D).



Page 5/17

3.2 Weighted co‐expression network construction and analysis

In order to detect the functional module in LSCC, we applied WGCNA package based on the GSE142083
dataset to establish the gene co-expression networks. In order to ensure the network was scale-free,
empirical analysis was run to choose an optimal parameter β. Both the scale-free topology model �t
index (R2) and mean connectivity reach steady status when β is equal to 9 (Figure 3A-B).

A total of 28 modules were identi�ed via average linkage hierarchical clustering and each module is
represented in different color (Figure 3C). Among the modules, module midnightblue, module darkgrey,
module blue, module salmon and module greenyellow have high correlation with cancer traits (Figure
3D). Accordingly, they were selected as the clinically signi�cant modules for further analysis. A set of 400
selected genes were identi�ed for the network heatmap (Figure S3).

GO and KEGG analysis were used to assess the biological function, molecular function, cellular
component and KEGG pathways of genes for modules. The midnightblue module was mainly related to
glycosylation events and glycosphingolipid biosynthesis, while the blue module was mainly associated
with separation of sister chromatids and cell cycle pathway. The darkgrey module is associated with
thermogenesis. The salmon module was mainly associated with extrinsic apoptotic signaling and ECM-
receptor interaction. The greenyellow module was for biogenesis of ribosomes and mitochondrial gene
expression (Figure 4, Table S1).

3.3 Identi�cation of hub genes

Candidate genes were screened using the cut-off criteria: the absolute value of module membership (MM)
score > 0.8 (|MM| > 0.8) and the absolute value of gene signi�cance (GS) score > 0.2 (|GS| > 0.2). Based
on this cut-off criteria, we subsequently sorted the genes according to their connectivity to select
candidate genes (Figure 3E-I). 41 genes in midnightblue module, 14 genes in darkgrey module, 120 genes
in blue module, 31 genes in salmon module and 99 genes in greenyellow module were screened out.

In order to identify the “real” key genes, we then compared those hub genes with the 211 common DEGs.
A total of 41 “real” key genes from midnightblue module, blue module, salmon module and common
DEGs were screened out (Figure 5).

3.4 Validation of key genes

In order to validate and explore the prognostic values of these “real” key genes in LSCC, we conducted
univariate Cox regression analysis of overall survival using the TCGA-HNSC database. Only six genes
with high expression, including FSCN1, INHBA, MYO1B, PLAU, SERPINH1 and TNFRSF12A, were found to
be signi�cantly associated with shorter overall survival time among patients with cancer, while two genes
(CEACAM6, TJP3) with lower expression were detected to be signi�cantly associated with shorter overall
survival time (Figure 6A). Furthermore, we also observed that higher expression of FSCN1, INHBA,
MYO1B, PLAU, SERPINH1 and TNFRSF12A, as well as lower expression of CEACAM6 and TJP3, were
signi�cantly correlated with worse disease speci�c survival among HNSC patients (Figure 6B). The
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scatter plot showed the same expression pattern of those eight key genes in TCGA-HNSC and
GSE142083 databases (Figure 6C).

The distribution of TICs is an important indicator of patients’ lymph node status and prognosis. In order
to explore the relationship of the eight key genes expressed differently expression with the tumor immune
microenvironment, we analyzed the correlation of genes and tumor-in�ltrating immune subsets in TCGA-
HNSC database based on GSVA package. The results showed that 24 types of TIC in tumor samples are
illustrated (Figure 7). For the expression of FSCN1, INHBA, MYO1B, PLAU, SERPINH1 and TNFRSF12A,
most of them have a high correlation with in�ltration degree of T helper cells 1 (Th1), T gamma delta
cells (Tgd), neutrophils, natural killer (NK) cells and a high negatively correlation with NK CD56bright cells,
B cells, Th17 cells. While most of these TICs were inversed with the expression of CEACAM6 and TJP3.

4 Discussion
In present study, 211 common DEGs both in GSE142083 and TCGA-HNSC database were screened.
Weighted co-expression networks were constructed using the WGCNA algorithm based on GSE142083
database. Five modules in the LSCC condition were detected based on the co-expression network. After
intersecting with common DEGs from GSE142083 and TCGA-HNSC database, 41 “real” key genes were
screened out. Analysis of functions and pathways were performed and only eight genes of CEACAM6,
FSCN1, INHBA, MYO1B, PLAU, SERPINH1, TJP3 and TNFRSF12A were found to be signi�cantly related to
the prognosis of patients diagnosed with LSCC.

LSCC is one of the leading malignant cancers of the head and neck. There is an urgent need to identify
more potential targets for drugs and biomarkers for early diagnosis [20–22]. ECM is a fundamental and
important component of all tissue organs and has been found to interact with tumor cells and regulate
tumor growth, proliferation, differentiation, adhesion and metastasis [23–25]. Here, we con�rmed that
most of the Core-ECM genes like Collagens, Proteoglycans and Glycoproteins were high expressed in
LSCC compared with adjacent normal mucosa tissues (Figure S2). Meanwhile, ECM-associated
biological processes were also enriched in DEGs of GSE142083 (Fig. 2C). We also identi�ed CEACAM6,
INHBA, PLAU and SERPINH1 as LSCC signi�cant key genes associated with ECM (Fig. 6). Those results
further con�rmed the importance of ECM accumulation in LSCC. Due to the deposition of ECM, tumors in
this region may be regarded as di�cult to treat [26–28]. Therefore, exploring new methods to reduce the
deposition of ECM may be a strategy for LSCC treatment.

Inhibin subunit beta A (INHBA) encodes a member of the TGF-β superfamily of proteins [29]. TGF-β
signaling is critical with the processes of ECM deposition and pro-invasive oof cancer cells by epithelial-
mesenchymal-transition (EMT) [30, 31]. Wu et al. also evidenced that INHBA as a novel biomarker for
HNSCC based on data mining [32]. But the detailed mechanism of INHBA remains unclear.

Carcinoembryonic antigen-related cell adhesion molecule 6 (CEACAM6) is an important member of
glycosyl phosphatidyl inositol (GPI) anchored cell surface glycoproteins and plays a role in cell adhesion
[33, 34]. A lot of researches have shown that CEACAM6 was highly associated with cancer progression. In
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accordance with our data in GSE142083 and TCGA-HNSC, Bednarek et al. also reported that CEACAM6
was downregulated in a set of 16 LSCC samples and this downregulation was dependent on the gene’s
promoter DNA methylation [35]. Tian et al. silenced the expression of CEACAM6 and found an inhibition
of proliferation, migration and invasion in gallbladder cancer cell lines [36]. However, the role of
CEACAM6 is likely to be multifunctional. Iwabuchi et al. has showed that only co-expression of CEACAM6
and CEACAM8 can lead to cell adhesion [37]. Therefore, the role of CEACAM6 in LSCC still need more
investigation.

In comparion with the other seven key genes, Tight Junction Protein 3 (TJP3) has not been intensively
investigated in malignant cancers of the head and neck. TJP3 is a member of the membrane-associated
guanylate kinase-like (MAGUK) protein family and plays a role in the linkage between the actin
cytoskeleton and tight-junctions [38, 39]. A study has shown that TJP3 was up-regulated in ovarian
cancer and could play an important role in EMT, migratory and invasive potential of ovarian cancer cells
[40]. But the role of TJP3 in LSCC is still not understood.

5 Conclusion
After the differentially expressed genes screening and weighted gene co-expression network analysis of
laryngeal squamous cell carcinoma and normal samples, we �nd CEACAM6, FSCN1, INHBA, MYO1B,
PLAU, SERPINH1, TJP3 and TNFRSF12A can be de�ned as key genes associated with LSCC and may
play a signi�cant role in the prediction of the LSCC prognosis. The above-mentioned key genes have the
potential to become the therapeutic target and biomarkers for LSCC.

6 Abbreviations
LSCC, Laryngeal squamous cell carcinoma; HNSCC, head and neck squamous cell carcinomas; WGCNA,
Weighted gene co-expression network analysis; GEO, Gene Expression Omnibus; DEG, differentially
expressed gene; HNSC, Head and Neck squamous cell carcinoma; TCGA, The Cancer Genome Atlas; GO,
Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; TIC, tumor-in�ltrating immune cell;
ECM, extracellular matrix; EMT, epithelial-esenchymal-ransition.
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The work�ow for the current study.

Figure 2

Differentially expressed genes screening. (A) Volcano map of DEGs between LSCC and normal samples
in GSE142083. The red plots in the volcano represent up-regulation and the blue points represent down-
regulation genes. (B) Heatmap of the all DEGs. The color in heatmaps from blue to yellow shows the
progression from low expression to high expression. (C) GO and KEGG analysis of DEGs. The outer circle
presents the scatter plot of assigned gene log2FC for all terms, the red ones stand for increased
expression, whereas the blue ones represent decreased expression. The inner circle indicates the Z-score
value and the number of genes. Red means the higher z-score value and purple means lower Z-score
value. BP, biological processes; CC, cell components; MF, molecular functions. (D) A Venn diagram was
utilized to screen the common DEGs between the GSE142083_DEGs and the TCGA-HNSC_DEGs.
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Figure 3

WGCNA of the LSCC samples. (A, B) Analysis of the network topology for various soft thresholding
powers. (A) shows the scale-free �t index (y-axis) as a function of the soft-thresholding power (x-axis).
Horizontal red line shows x-axis = 0.85. (B) displays the mean connectivity (degree, y-axis) as a function
of the soft-thresholding power (x-axis). The power was set as 9 for further analysis. (C) Hierarchical
cluster analysis was conducted to detect co-expression clusters with corresponding color assignments.
Each color represents a module in the constructed gene co-expression network by WGCNA. (D) Module–
trait relationships. Each row represents a color module and every column represents a clinical trait. Each
cell contains the corresponding correlation and p-value. (E-I) A scatter plot of gene signi�cance (GS) for
LSCC versus the module membership (MM) in the (E) midnightblue module, (F) darkgrey module, (G) blue
module, (H) salmon module and (I) greenyellow module. Vertical red line shows the |MM| = 0.8, horizontal
red line shows the |GS| = 0.2.
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Figure 4

GO analysis of midnightblue module, darkgrey module, blue module, salmon module and greenyellow
module.
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Figure 5

Real key genes belonging to both the �ve hub modules and the common DEGs.



Page 16/17

Figure 6

Validation of key genes. (A) Univariate Cox regression analysis to predict prognostic factors associated
with patient overall survival. (B) Disease speci�c survival analysis of CEACAM6, FSCN1, INHBA, MYO1B,
PLAU, SERPINH1, TJP3 and TNFRSF12A. (C) Expression scatter diagram of CEACAM6, FSCN1, INHBA,
MYO1B, PLAU, SERPINH1, TJP3 and TNFRSF12A in TCGA-HNSC and GSE142083. Wilcoxon rank sum
test is applied in the signi�cance test. ***, p < 0.001.
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Figure 7

24 kinds of tumor-in�ltrating immune cell correlation analysis based on TCGA-HNSC database.
Spearman coe�cient is applied in the signi�cance test. NK, natural killer; Tgd, T gamma delta; pDC,
plasmacytoid dendritic cell; Th2, T helper cells 2; Tem, T central memory; Treg, regulatory T; iDC,
immature DC; Tcm, T central memory; aDC, activated DC; TFH, T follicular helper.
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