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Abstract
HPV contributes to the pathogenesis of H&NC. H&NC patients are diagnosed at an advanced stage and
are more disposed to lymph node metastasis. There is con�icting evidence with regard to distant
metastasis in H&NC. Identi�cation of potential candidate genes which can be used as predictors of
prognosis in HPV positive/negative H&NCs are needed. We initiated the study using publicly available
microarray gene expression datasets from the GEO. Functional enrichment analysis of signi�cant genes
was done using the DAVID. The PPI network was constructed in the STRING and visualized using
Cytoscape. The CytoHubb plugin was utilized to identify the key genes in this complicated network. The
MCODE plugin was applied to screen out signi�cant gene modules. Hub genes identi�ed were analysed
for overall survival (OS) in GEPIA. Analysis of the miRNA and transcription factors targeting the hub gene
with signi�cance was done using miRNet. GEO datasets GSE39366, GSE40774, GSE117973 were used in
this study. We identi�ed 67 overlapping DEGs which were signi�cant. Gene Ontology identi�ed key terms
as ‘cellular component’, ‘biological process’, and ‘molecular function’ respectively. Cytoscape and MCODE
revealed two signi�cant modules. The common hub genes identi�ed using cytohubb plugin. CAV1 has
been reported to be signi�cantly associated with OS in H&NC patients. 3 targeting miRNA and 54
transcription factors were identi�ed using miRNet. In-silico survival and expression analyses revealed
CAV1 as a candidate gene that may be used to predict the course of disease progression in HPV positive
and HPV negative H&NC patients. Further invitro studies validating CAV1 and its three target miRNAs as
predictors of prognosis in H&NC are highly warranted. 

1. Introduction:
Head and neck cancers are the sixth leading cancer worldwide with approximately 550,000 new cases
and about 300,000 deaths every year (HeadNeck.Pdf, n.d.). Head and neck cancers arise in the epithelial
lining of the nasopharynx, larynx, oropharynx, oral cavity. The major etiological factors of H&NCs are
human papillomavirus (HPV), tobacco products and alcohol consumption. HPV 16 and HPV 18 are major
subtypes that cause infection. HPV infection is most commonly present in the oropharynx and oral cavity
(McKaig et al., 1998). H&NC can be categorized into two categories based on HPV status. HPV positive
H&NC occur due to HPV infection while the association of alcohol, tobacco and alcohol and tobacco both
in HPV negative H&NC is more pronounced (Auguste et al., 2020). Although, there are several treatment
modalities H&NC are mostly diagnosed at an advanced stage with lower 5-year survival rates. It has been
earlier established that HPV positive H&NC have a better prognosis compared to HPV negative. HPV
positive patients show a better response to radiotherapy and chemotherapy (Elrefaey et al., 2014).

Several studies have used microarray-based analysis to identify the differentially expressed genes (DEGs)
in H&NC (Kuriakose et al., 2004). Thus, there is a need to identify potential candidate genes which can be
used to track the disease progression in HPV positive/negative H&NCs. Therefore, in the present study, we
aimed to identify the DEGs between HPV positive and HPV negative H&NC, through publicly available
microarray gene expression datasets from the Gene Expression Omnibus (GEO). Using an in-silico
approach, Kaplan-Meier survival analysis of hub genes was performed to identify the hub genes involved
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in the prognosis of H&NC. Further, mi-RNA and transcription factors speci�c to hub genes which were
signi�cantly associated with poor prognosis of H&NC were also identi�ed.

2. Materials And Methods:
2.1 Microarray datasets: The microarray data were acquired from the gene expression omnibus (GEO)
database (https://www.ncbi.nlm.nih.gov/geo/). Three gene expression datasets (GSE39366, GSE40774,
GSE117973) of H&NC were included in this study. The detailed information of each dataset microarray
was summarized in Table 1.

2.2 Identi�cation of differentially expressed genes (DEGs): The interactive web tool GEO2R
(https://www.ncbi.nlm.nih.gov/geo/geo2r/) was used to screen DEGs between HPV positive samples and
HPV negative samples in H&NC. P-value < 0.05 and |logFC| ≥1.0 were set as the threshold for DEGs.
Overlapping DEGs were identi�ed using the Venn bioinformatics tool
(http://bioinformatics.psb.ugent.be/webtools/Venn/) (Draw Venn Diagram, n.d.).

2.3 Functional enrichment analysis of DEGs: Gene ontology (GO) describes the genes and gene products
into three categories namely biological processes (BP), molecular functions (MF), and cellular
components (CC) (Gene Ontology Consortium, 2006). Kyoto Encyclopedia of Genes and Genomes
(KEGG) is a database for the analysis and linkage of genes to higher-level systemic functions of a given
cell, organism, or ecosystem (Kanehisa & Goto, 2000). GO and KEGG were analyzed with the Database for
Annotation, Visualization and Integrated Discovery (DAVID) (https://david.ncifcrf.gov/). The cutoff
criterion was set at P < 0.05.

2.4 Protein-protein interaction (PPI) network construction: The PPI network of DEGs was identi�ed using
the search tool for the retrieval of interacting genes (STRING) database (https://string-db.org/)
(Szklarczyk et al., 2017). Subsequently, Cytoscape software v3.8.2 was used to visualize the PPI network
(https://cytoscape.org/) (Shannon et al., 2003).

2.5 Hub gene identi�cation and module analysis from the PPI network: The CytoHubb plugin was utilized
to identify the key genes in this complicated network. The top 10 genes with the highest scores were
determined as hub genes and subjected to further analyses. The Molecular Complex Detection (MCODE)
plugin was applied to screen out signi�cant gene modules. The most signi�cant modules in the PPI
network were identi�ed by the Molecular Complex Detection (MCODE) plugin with MCODE scores ≥ 3,
degree cut-off = 2, node score cut-off = 0.2, Max depth = 100 and k-core = 2.

2.6 Survival analysis of hub genes: Gene Expression Pro�ling Interactive Analysis (http://gepia.cancer-
pku.cn/) is an online tool used to predict patient survival based on gene status. The genes of interest
were entered into the tool. The patients were divided into two groups based on their gene expression
levels, and their survival rates (Kaplan Meier) were analyzed. The 95% con�dence intervals and log-rank
P-values of the hazard ratios were calculated.
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2.7 Identi�cation of potential transcription factors and mi-RNA regulating hub genes: Hub gene targeting
miRNAs were predicted by using miRNet 2.0 database (https://www.mirnet.ca/) a miRNA-centric network
visual analytics platform, and hub gene targeting transcription factors were analysed using miRNet at
four different platforms (ENCODE, JASPAR, REGNETWOTK and TRUST). Further, hub gene-miRNA and
hub gene transcription factor interaction networks were visualized in Cytoscape.

Table 1
Details of the GEO datasets.

Reference GEO Platform HPV-positive HPV-negative

Walter et.al (6) GSE39366 GPL9053 14 82

Keck et.al (7) GSE40774 GPL13497 58 76

Schmitt et.al (8) GSE117973 GPL10558 24 53

3. Results:
3.1 Identi�cation of DEGs: The gene expression datasets GSE39366, GSE117973 and GSE40774 were
acquired from the GEO database. DEGs between HPV-positive and HPV-negative samples were screened
using GEO2R. As a result, 337, 403 and 444 DEGs were identi�ed from the GSE39366, GSE117973 and
GSE40774 datasets, respectively. Volcano plots were generated for all the datasets for the intuitive
representation of the DEGs Fig. 1(a-c). The blue plots represent downregulated DEGs, the red plots
represent upregulated DEGs, and the black plots are not DEGs. Besides, Venn diagrams were also drawn
for comparison of the number of total DEGs, upregulated DEGs, and downregulated DEGs in the three
datasets. As a result, 67 DEGs were identi�ed, comprised of 40 up-regulated and 27 down-regulated DEGs
shown in Fig. 1(d).

3.2 Functional enrichment of DEGs: KEGG pathway and GO terms for DEGs were analyzed using David
shown in Fig. 2(a-d). The top biological process in which identi�ed DEGs were enriched includes
epidermis development, cytoskeleton organization, keratinocyte differentiation, positive regulation of
positive chemotaxis, positive regulation of cell migration, G1/S transition of the mitotic cell cycle, cell
adhesion. The cellular components were enriched in extracellular exosome, intermediate �lament
whereas molecular functions were enriched in the structural constituent of cytoskeleton, protein kinase
binding. The KEGG pathways were enriched in cell cycle and arachidonic acid metabolism.

3.3 Construction of the PPI network and module analysis: To further explore the interaction between 67
common DEGs, a PPI network was constructed shown in Fig. 3(a). The PPI network contained 41 nodes
and 57 edges. 2 signi�cant modules were obtained from the PPI network using the MCODE plugin. The
�rst module consisted of KRT6B, KRT15, KRT16, KRT19 and KRT75 and the second module had STAG3,
YBX2 a ZCWPW1 shown in Fig. 3(b) and 3(c). The hub genes were identi�ed using MCC, DMNC, EPC, and
Degree algorithms in the Cytohubba plugin. The common hub genes (SPRR1B, CAV1, KRT16, KRT6B,
KRT15, KRT19 & KRT75) were identi�ed by the Venn diagram highlighted in Fig. 3(a) with red colour.
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3.4 Survival analysis of Hub genes: Association between hub genes and overall survival (OS) of head and
neck cancer patients were analyzed. Only CAV1 (p = 0.0016, HR = 1.5) showed a signi�cant association
with OS shown in Fig. 4(a-b).

3.5 Transcription factors and mi-RNA regulating hub genes: Hub gene targeting miRNA were predicted
using miRNet, based on the correlation analysis between the hub gene and miRNAs. The network
consisted of one gene, 54 transcription factors and 3 mi-RNAs shown in Fig. 4(c).

4. Discussion:
Head and neck cancer (H&NC) are among the most common cancers with a poor prognosis. The human
papillomavirus is known as an oncogenic driver in H&NC. HPV has many subtypes but the most common
subtypes responsible for the infection are HPV 16 and HPV 18. HPV mostly infects the oral cavity and
oropharyngeal regions. The pathogenesis of human papillomavirus (HPV)-positive and HPV-negative
HNSCCs differs. H&NC subtypes based on HPV status show different clinicopathological features. HPV
positive patients show early lymph node metastasis with disease progression (Jensen et al., 2014).
However, Dok et.al propose that the rate of distant metastasis is equal in both HPV positive and HPV
negative H&NC(Dok et al., 2017). There is con�icting evidence regarding distant metastasis in HPV
positive and HPV negative H&NC. Only a handful of studies have considered the HPV status when
identifying biomarkers to predict the course of H&NC. Thus, the identi�cation of genes-speci�c to HPV-
positive and HPV-negative H&NC is urgently needed which can be used as potential biomarkers to track
disease progression.

Caveolins are major structural proteins found in caveolae (a special type of lipid rafts, small
invaginations of plasma membrane present in endothelial cells, adipocytes), consist of CAV1, CAV2 &
CAV3. These proteins are highly expressed in terminally differentiated cells- adipocytes, endothelial cells,
�broblasts. CAV1 is a 22 kDa protein that is the principal substrate of src kinase (Glenney & Zokas, 1989)
and appears as a �lament-like structure at the plasma membrane (Rothberg et al., 1992). CAV1 acts as
double-edged sword. It functions both as tumor suppressor gene as well as an oncogene (Chanvorachote
& Chunhacha, 2013; Huang et al., 2012, p. 1). Tumor suppressive role of CAV1 is observed in early stages
of cancer where its downregulation is associated with tumour progression however, at the advanced
stages its overexpression correlates with metastasis, lymph node involvement (Arpaia et al., 2012; Nestl
et al., 2001; Tse et al., 2012). The oncogenic role of CAV1 has been identi�ed in many cancer types
including breast, prostate, oesophagal. It has been associated with carcinogenesis including cellular
transformation, tumour growth, cell migration and metastasis, epithelial to mesenchymal transition, cell
death and survival, multidrug resistance (MDR) and angiogenesis.

A cDNA microarray-based study has shown decreased expression of CAV1 in HPV positive H&NC and
cervical cancers compared to HPV negative H&NC (Longworth et al., 2005, p. 2). In HNSCC
overexpression of CAV1 was found to be associated with concurrent abnormal expression of at least one
member of the E-cadherin/α-β catenin complex and multiple ErbB receptors as well as with lymph node
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metastases (Masuelli et al., 2012). CAV1 and CAV2 are also found to be overexpressed in the oesophagal
squamous cell carcinoma patients where it was related with shorter survival and as a prognostic marker
(Ando et al., 2007). In hypopharyngeal squamous cell carcinoma overexpressed levels of CAV1 were
associated with clinical parameters (TNN stage, tumour grade and lymph node metastasis) (Zhao et al.,
2016). CAV1 plays a critical role in metastasis of HNSCC via the EMT process and the formation of stem
cells (Masood et al., 2013). This has been elucidated on prostate cancer patients where elevated
expression of CAV1 was positively correlated to gleason score, lymph node involvement and positive
surgical margin (Yang et al., 1999). Kato et.al have shown that overexpression of CAV1 in oesophageal
SCC was associated with lymph node metastasis and worse progression after surgery (Kato et al., 2002,
p. 1).

Anoikis, a form of programmed cell death induced in cells when they are detached from extracellular
matrix, is a hallmark of cancer progression towards metastasis. Low expression of CAV1 has been shown
in patients with lymph node metastasis as well as in in-vivo mouse models compared to the primary
tumour with or without lymph node involvement. CAV1 disrupts integrin β1-src oncogene interaction to
inhibit tumour formation and metastasis and moves the cell towards the anoikis process (Zhang et al.,
2008). In addition to this, low or complete disappearance of CAV1 in H&NC patients has shown EMT and
prometastatic properties (Jung et al., 2015).

Hypermethylation of CAV1 promoter was associated with lymph node metastasis in breast cancer
patients and it also correlated with decreased disease-free survival (Alevizos et al., 2014). Also, the
treatment of MCF-7 and MDA-MB-231 breast cancer cell lines with 5-aza have increases the expression of
CAV1 mRNA and protein levels (Deb et al., 2014). Similar results were seen in HNSCC metastatic cell line
on treatment with 5-aza-dc. CAV 1 level was restored which is similar to that expressed in parental OSCC
686LN cell (Zhang et al., 2008).

miR-133a is a tumour suppressor miRNA. A bioinformatics based approach has identi�ed CAV1 as one of
its targets in HNSCC (Nohata, Hanazawa, Kikkawa, Mutallip, Fuse, et al., 2011). miR-133a binds at the
CAV1 mRNA sequence. CAV1 expression was decreased on transfection with miR-133a in HSC3 and SAS
HNSCC cell lines (Nohata, Hanazawa, Kikkawa, Mutallip, Fujimura, et al., 2011). In this study, we identi�ed
that CAV1 is regulated by miR-7-5p, miR-145-5p and miR200b-3p. Garrido et.al have also demonstrated
that miR-145-5p regulates the CAV1 expression in epithelial ovarian cancer (Garrido et al., 2020).

Our study identi�ed CAV1 as a potential oncogene-speci�c to HPV status of H&NC. CAV1 has been
identi�ed as a potential gene involved in lymph node metastasis in H&NC. Decrease in CAV1 expression
correlates with progression of disease. CAV1 may be used as a candidate gene to predict prognosis of
HPV positive patients. In early stage patients use of recombinant CAV1 may serve as potential
therapeutic option.
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Figures

Figure 1

(a-c) Volcano plots showing differentially expressed genes (d) Venn diagram representing the commonly
identi�ed DEGs.



Page 11/14

Figure 2

KEGG pathway and GO terms identi�ed for DEGs.
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Figure 3

(a) Protein-protein interaction network with highlighted common hub genes (b) Module1 and (c) Module2.
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Figure 4

(a) Differential expression of Cav1 in Head and neck cancer (b) Survival analysis curve for CAV1 gene (c)
Hub gene targeting mi-RNA and transcription factors.
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Figure 5
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