
Am J Cancer Res 2023;13(5):1826-1844
www.ajcr.us /ISSN:2156-6976/ajcr0149492

Original Article
Screening of four signature genes for clinical testing 
through bioinformatics and in vitro methods in  
head and neck squamous cell carcinoma

Muhammad Javed1, Rimsha Sadia Bukhari2, Rubab Rasool3, Majid Alhomrani4,5, Saleh A Alghamdi6, 
Hamza Habeeballah7, Faiqah Ramzan8, Bandar K Baothman9, Muhammad Kashif10, Sarah Almaghrabi11,12, 
Abdullah M Izmirly13,14, Syed Yousaf Khalid15

1Primary and Secondary Health Care Department, Lahore, Pakistan; 2Fatima Jinnah Medical University, Lahore, 
Pakistan; 3Health Bridge Hospital, Lahore, Pakistan; 4Department of Clinical Laboratories Sciences, The Faculty 
of Applied Medical Sciences, Taif University, Taif, Saudi Arabia; 5Centre of Biomedical Sciences Research (CBSR), 
Deanship of Scientific Research, Taif University, Taif, Saudi Arabia; 6Department of Clinical Laboratory Since, 
Medical Genetics, College of Applied Medical Sciences, Taif University, Taif, Saudi Arabia; 7Faculty of Applied 
Medical Sciences in Rabigh, King Abdulaziz University, Jeddah 21589, Saudi Arabia; 8Department of Animal and 
Poultry Production, Faculty of Veterinary and Animal Sciences, Gomal University, Dera Ismail Khan, Pakistan; 
9Department of Medical Laboratory Technology, Faculty of Applied Medical Sciences in Rabigh, King Abdulaziz 
University, Jeddah 21589, Saudi Arabia; 10Department of Clinical Sciences, Sub Campus Jhang, University of 
Veterinary and Animal Sciences, Lahore, Pakistan; 11Department of Medical Laboratory Sciences, Faculty of 
Applied Medical Sciences, King Abdulaziz University, Jeddah 21589, Saudi Arabia; 12Center of Innovations in 
Personalized Medicine (CIPM), King Abdulaziz University, Jeddah 21589, Saudi Arabia; 13Department of Medical 
Laboratory Sciences, Faculty of Applied Medical Sciences, King Abdulaziz University, P.O. Box 80216, Jeddah 
21589, Saudi Arabia; 14Special Infectious Agents Unit-BSL3, King Fahd Medical Research Center, King Abdulaziz 
University, Jeddah 21589, Saudi Arabia; 15Department of General Surgery, Letterkenny University Hospital, 
Ireland

Received February 3, 2023; Accepted March 23, 2023; Epub May 15, 2023; Published May 30, 2023

Abstract: Head and neck squamous cell carcinoma (HNSC) is the 6th most common cancer around the globe; its 
underlying molecular mechanisms and accurate molecular markers are still lacking. In this study, we explored hub 
genes and their potential signaling pathways through which these genes participate in the development of HNSC. 
The GSE23036 gene microarray dataset was attained from the GEO (Gene Expression Omnibus) database. Hub 
genes were identified via the Cytohubba plug-in application of the Cytoscape. The Cancer Genome Atlas (TCGA) 
datasets and cell lines (HOK and FuDu) were used to evaluate expression variations in the hub genes. Moreover, pro-
moter methylation, genetic alteration, gene enrichment, miRNA network, and immunocyte infiltration analysis were 
also performed to confirm the oncogenic role and biomarker potential of the hub genes in HNSC patients. Based on 
the hub gene analysis results, four hub genes, including KNTC1 (Kinetochore Associated 1), CEP55 (Centrosomal 
protein of 55 kDa), AURKA (Aurora A Kinase), and ECT2 (Epithelial Cell Transforming 2), with the highest degree 
scores were denoted as hub genes. All these four genes were significantly up-regulated in HNSC clinical samples 
and cell lines relative to their counterparts. Overexpression of KNTC1, CEP55, AURKA, and ECT2 was also associ-
ated with poor survival and various clinical parameters of the HNSC patients. Methylation analysis through tar-
geted bisulfite sequencing of HOK and FuDu cell lines revealed that the overexpression of KNTC1, CEP55, AURKA, 
and ECT2 hub genes was due to their promoter hypomethylation. Moreover, higher expressions of KNTC1, CEP55, 
AURKA, and ECT2 were positively correlated with the abundance of the CD4+ T cells and macrophage while with 
the reduction of CD8+ T cells in HNSC samples. Finally, gene enrichment analysis showed that all hub genes are 
involved in “nucleoplasm, centrosome, mitotic spindle, and cytosol” pathways. In conclusion, the KNTC1, CEP55, 
AURKA, and ECT2 genes could be potential biomarkers for HNSC patients and provide a novel insight into the diag-
nosis and treatment of the disease.
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Introduction

Head and neck squamous cell carcinoma 
(HNSC) ranked 6th as the most prevalent cancer 
around the globe [1]. Every year, around 
300000 people die due to HNSC, and these 
numbers are expected to increase in the com-
ing years [1]. Although the success ratio of 
HNSC treatment has obviously improved over 
the last few decades, the 5-year survival rate of 
HNSC patients is still below 40% worldwide [2]. 
The poor survival of HNSC patients is because 
of failure in the early detection of this disease. 
The improvement of survival rates in HNSC 
patients largely depends on the early diagnosis 
of this disease. Therefore, accurate diagnosis 
is very critical for successfully treating HNSC 
patients.

During the last few years, using gene microar-
ray and next-generation sequencing (NGS) 
technologies, a huge variety of novel diagnos-
tic, prognostic biomarkers or potential treat-
ment targets have been reported in HNSC 
patients [3, 4]. However, in previous indepen-
dent research, the utilization of small sample 
sizes, different screening platforms, and bio-
marker selection criteria have all contributed 
significantly to the biasness of the results. To 
solve this problem, integrative multi-omics 
research has been preferred to obtain more 
stable, sensitive, and accurate molecular bio-
markers. Previously, HNSC biomarkers includ-
ed P16INK4A, CK4, CDK6, HRAS, TP53, BRCA1, 
and PTEN [5-7]. However, the performance of 
these biomarkers is not up to mark. 

In the current study, a single HNSC GSE23036 
[8] gene microarray dataset was initially used 
to determine the differentially expressed genes 
(DEGs) and hub genes. Then, we used multiple 
HNSC TCGA datasets from various platforms 
(UALCAN, GEPIA, OncoDB, and GENT2) and 
HNSC cell lines (HOK and FuDu) to validate the 
expression profiles of the hub genes. In addi-
tion to this, the identified hub genes were also 
further investigate via a series of bioinformat-
ics analyses to investigate their diagnostic  
and prognostic performances in the HNSC 
patients. Ultimately, the outcomes of the pres-
ent study shed light on the novel diagnostic and 
prognostic roles of four novel genes in HNSC, 
including KNTC1 (Kinetochore Associated 1), 
CEP55 (Centrosomal protein of 55 kDa), AURKA 

(Aurora A Kinase), and ECT2 (Epithelial Cell 
Transforming 2).

Methodology

The HNSC gene microarray dataset collection

The HNSC gene microarray dataset (accession 
# GSE23036) was collected from the GEO data-
base [9]. The GSE23036 [8] dataset contained 
mRNA expression profiles of total 68 samples, 
including 63 HNSC and 5 normal controls. 

Data processing for DEGs analysis

Prior to the DEGs analysis, a matrix consisting 
of gene expression values in GSE23036 was 
converted with the help of R-language based 
log2 function [10], and the values were obtained 
as log2 transformed expression values. The 
quality of expression data for outlier values was 
checked through principal component analysis 
(PCa) [11]. To ensure the quality of the data only 
those genes whose expression was detected in 
at least 3 samples were considered for the fur-
ther analyses. DEGs were determined with the 
help of R-language based “Limma” package 
[12]. Only genes having “|Log2FC| > 1.0, false 
discovery rate (FDR) < 0.05 and P < 0.05” were 
denoted as DEGs between HNSC and normal 
samples.

Construction of the protein-protein interaction 
(PPI) network and the selection of hub genes

The analysis of interactions and creation of the 
PPI between DEGs were carried out by STRING 
[13] using the DEGs acquired from the 
GSE23036. The created PPI network type was 
a full STRING network. After creating networks, 
the PPIs were visualized through the Cytoscape 
3.7.1 software for module and hub gene identi-
fication [14]. The critical module was identified 
using the MCODE plug-in application of the 
Cytoscape, and the top four genes having the 
highest degree scores than other genes in the 
significant module were selected by Cytohubba 
plug-in application as potential hub genes [15].

UALCAN analysis

The expression testing of identified hub genes 
at the mRNA and protein levels across the TCGA 
HNSC dataset was performed using the 
UALCAN database [16]. The clinical parameter-
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based expression analysis feature of this data-
base also facilitated us to investigate clinical 
parameter-based expression profiles of the hub 
gene.

Validation and prognostic analyses

The GEPIA [17], OncoDb [18], and GENT2 [19] 
are online TCGA databases. In this study, these 
three databases were tested to validate the 
mRNA expressions of the hub gene across 
HNSC samples relative to controls. In addition, 
the “Survival Analysis” feature of the GEPIA 
database also facilitated us in checking the 
prognostic performance of the hub genes.

Methylation, genetic alterations, and co-ex-
press gene analysis

The MEXPRESS [20] and OncoDB [18] databas-
es were tested in this study for exploring meth-
ylation statuses, while the cBioPortal [21] data-
base was tested for gaining insight into the 
genetic alterations among hub genes and iden-
tifying their highly co-expressed genes in HNSC 
patients. The TCGA HNSC datasets were cho-
sen for the mentioned analyses.

Gene enrichment and sub-cellular localization 
analyses

The gene ontology annotation of the hub genes 
for CC, BP, MF, and KEGG was done using the 
DAVID tool [22]. In addition to this, for studying 
the sub-cellular localization of the proteins 
encoded by the hub genes, the HPA database 
[23] was tested in this study.

Immune cells infiltration analysis

The TIMER database [24] was tested in this 
work in order to investigate correlations among 
infiltration levels of the immune cells (CD8+ T 
cells, CD4+ T cells, and macrophages) and 
expression levels of the identified hub genes in 
HNSC patients.

miRNA network and drug prediction analyses

For gaining insight into the miRNA network of 
the hub genes, we utilized ENCORI database  
to construct the miRNA network of the hub 
genes [25]. In order to use hub genes as the 
potential therapeutic targets, possible interac-
tions of the possible drugs with hub genes were 

explored with the help of DrugBank database 
[26].

RNA-seq and targeted bisulfite-seq analysis 
based in vitro validation of the hub genes ex-
pression and methylation status

A total of one HNSC cell line, including FaDu, 
and one normal human oral keratinocyte (HOK) 
cell line were purchased from the ATCC 
(American Type Culture Collection). The pur-
chased cell lines were cultured in DMEM 
(HyClone), supplemented with 10% fetal bovine 
serum (FBS; TBD), 1% glutamine, and 1% peni-
cillin-streptomycin in 5% CO2 at 37°C. Total RNA 
extraction from all these three cells lines was 
done using TRIzol® reagent method [27], while 
total DNA was extracted via organic method 
[28]. Finally, RNA and DNA samples were sent 
to Beijing Genomics Institute (BGI) company for 
RNA-seq bisulfite-seq analysis.

After RNA-seq analysis, the gene expression 
values of the hub genes were normalized using 
reads per kilo base million reads (RPKM) and 
fragments per kilo base million reads (FPKM). 
While, methylation values were normalized as 
beta values. The obtained FPKM, and beta val-
ues against hub genes in HNSC and normal oral 
keratinocyte (HOK) cell line were compared to 
identify differences in the expression and 
methylation levels.

Statistics details for in silico analyses 

DEGs were identified using a t-test [29]. While 
for GO and KEGG enrichment analysis, we used 
Fisher’s Exact test for computing statistical dif-
ference [30]. Correlational analyses were car-
ried out using Pearson method. For compari-
sons, a student t-test was adopted in the cur-
rent study. All the analyses were carried out in 
R version 3.6.3 software.

Results

The HNSC gene microarray dataset process-
ing, DEGs determination, and hub gene analy-
sis 

Outlying microarray samples can cause huge 
biasness in the analysis results [31]. Therefore, 
the removal of such samples is critical prior to 
further analysis. In order to check the outlier 
sample, we firstly performed PCa analysis. 
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Accordingly, none of the samples was detected 
as an outlier in the GSE23036 HNSC dataset 
(Supplementary Figure 1A). The boxplot-wise 
and heatmap-wise expression profiles of the 
samples included in the GSE23036 is given the 
Supplementary Figure 1A, 1B. Utilizing the 
“limma” package, in total, 2487 DEGs were 
determined between HNSC and normal tissue 
samples (Supplementary Figure 1C). The dis-
persion of DEGs was shown with the help of a 
volcano plot (Supplementary Figure 1D). Such 
gene expression profiles of the DEGs highlight-
ed that HNSC and normal samples in the ana-
lyzed dataset significantly differ from each 
other in terms of dysregulated genes.

Employing the STRING database, a PPI of the 
top 250 DEGs with the lowest p-values was 
constructed and subjected to module and hub 
gene identification analysis (Figure 1A). The top 
identified module was comprised of 13 DEGs 
(Figure 1B, 1C), and out of which KNTC1 (Kine- 
tochore Associated 1), CEP55 (Centrosomal 
protein of 55 kDa), AURKA (Aurora A Kinase), 
and ECT2 (Epithelial Cell Transforming 2) genes 
with the highest degree scores were denoted 
as hub genes for further analysis (Figure 1D).

TCGA expression analysis of hub genes

In order to check the worthiness of hub genes 
as a novel diagnostic tool, we undertook the 
expression analysis of these genes in the TCGA 
dataset via the UALCAN. The expression analy-
sis was carried at the both mRNA and protein 
levels across HNSC patients with different clini-
cal variables and their corresponding control 
samples. As shown in Figures 2-4, the hub 
gene (KNTC1, CEP55, AURKA, and ECT2) 
expressions were notably (P < 0.05) higher in 
HNSC samples of different clinical parameters 
at the mRNA (Figure 3) as well as protein 
(Figure 4) levels relative to the controls.

Hub gene expressions verification and prog-
nostic performance

A single TCGA dataset may not be sufficient to 
determine the worthiness of the KNTC1, 
CEP55, AURKA, and ECT2 as diagnostic tool. 
Thus, we utilized 3 more TCGA datasets from 3 
different online sources, including GEPIA, 
OncoDB, and GENT2, for mRNA expression veri-
fication purposes. Analysis outcomes from 
these databases were consistent with the 

UALCAN results, i.e., the significant (P < 0.05) 
up-regulation of KNTC1, CEP55, AURKA, and 
ECT2 genes in HNSC samples compared to con-
trols were also observed via the GEPIA, OncoDB, 
and GENT2 databases (Figure 5A-C). Moreover, 
to evaluate the prognostic significance of the 
KNTC1, CEP55, AURKA, and ECT2 genes, the 
“survival” module of the GEPIA was used, and 
results revealed that overexpression of the 
KNTC1, CEP55, AURKA, and ECT2 genes was 
associated with the poor prognosis in HNSC 
patients (Figure 5D). In other words, HNSC 
patients having the overexpression of the 
KNTC1, CEP55, AURKA, and ECT2 hub genes 
have shorter survival durations than those 
HNSC patients who has low expressions of the 
KNTC1, CEP55, AURKA, and ECT2 hub genes.

Methylation, genetic alterations, and co-ex-
press gene analysis

Promoter methylation patterns of the KNTC1, 
CEP55, AURKA, and ECT2 genes were obtained 
via MEXPRESS and OncoDB. Significant nega-
tive correlations were observed when promoter 
methylation patterns of the KNTC1, CEP55, 
AURKA, and ECT2 were compared between 
HNSC and controls (Figure 6). Methylation anal-
ysis findings revealed that higher expressions 
of KNTC1, CEP55, AURKA, and ECT2 across 
HNSC may be due to decreased methylation 
levels in their promoter regions.

The cBioPortal was utilized to assess KNTC1, 
CEP55, AURKA, and ECT2 genes’ genetic alter-
ations across the TCGA cohort of 530 HNSC 
samples. All these four hub genes were geneti-
cally altered in HNSC samples with varying fre-
quencies ranging for the 0.4% (in case of 
AURKA) to 20% (in case of ECT2) (Figure 7A). 
The two most kinds of alterations in those 
genes were amplification and missense muta-
tions (Figure 7A). Therefore, amplification may 
also be the reason behind the overexpression 
of KNTC1, CEP55, AURKA, and ECT2 in HNSC 
samples. Moreover, we further analyzed that 
the HNSC patient group harboring KNTC1, 
CEP55, AURKA, and ECT2 genetic alterations 
had poorer OS and DFs than unaltered HNSC 
patients (Figure 7B). Finally, the co-expressed 
gene analysis from the cBioPortal showed that 
along expressed genes in HNSC samples 
include TMPO, KIF11, UBE2C, and SMC4, 
respectively (Figure 7C).
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Figure 1. A PPI of the obtained 250 DEGs, a module, and a PPI of the denoted hub genes in GSE23036. (A) A PPI network of the top 250 DEGs in GSE23036 micro-
array dataset, (B, C) A PPI network of the most significant module, and (D) A PPI network of identified four hub genes. P < 0.05 = significant.
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Gene enrichment and sub-cellular localization 
analyses

As reported by the DAVID tool, the KNTC1, 
CEP55, AURKA, and ECT2 along with their co-
expressed genes were involved in the “germinal 
vesicle, centralspindlin complex, RZZ complex, 
female germ cell complex, chromosome pas-
senger complex, and kinetochore microtubule” 
CC (Supplementary Figure 2A), “histone serine 
kinase activity, plus-end directed microtubule 
motor activity, lamin binding, and ubiquitin-like 
protein ligase binding” MF (Supplementary 
Figure 2B), “mitotic centrosome separation, 
centrosome separation, cytokinesis, mitotic 
sister chromatid segregation, mitotic spindle 
organization, and mitotic nuclear division” BPs 
(Supplementary Figure 2C), and “progesterone-
mediated oocyte maturation, oocyte meiosis, 
and ubiquitin mediated proteolysis” KEGG 
terms (Supplementary Figure 2D). 

As for the sub-cellular localization of the pro-
teins encoded by the KNTC1, CEP55, AURKA, 
and ECT2 hub genes across HNSC cells, the 
KNTC1 was detected in “cytosol and plasma 
membrane” (Supplementary Figure 2E), CEP55 
was seen in “plasma membrane, centriolar  
satellite, and midbody” (Supplementary Figure 
2E), AURKA was found in “nucleoplasm, centro-
some, mitotic spindle, and cytosol” (Supple- 
mentary Figure 2E), while ECT2 was detected  
in “nucleoplasm and cytosol” (Supplementary 
Figure 2E). 

Immune cells infiltration analysis

Across the HNSC TCGA cohort, the TIMER data-
base was used to evaluate correlations among 
CD8+ T cells, CD4+ T cells, and macrophage 
infiltration level and expression and expres-
sions of the KNTC1, CEP55, AURKA, and ECT2 
hub genes. As reported by the TIMER analysis, 
higher expressions of KNTC1, CEP55, AURKA, 
and ECT2 were positively correlated with the 
abundance of the CD4+ T cells and macro-
phages while with the reduction of CD8+ T cells 
across HNSC samples (Supplementary Figure 
3).

miRNA network of the hub genes

Via ENCORI and Cytoscape, we constructed the 
lncRNA-miRNA-mRNA co-regulatory networks 
of the KNTC1, CEP55, AURKA, and ECT2. In the 
constructed networks, the total counts of miR-
NAs, and mRNAs were 182 and 4, respectively 
(Supplementary Figure 4). Based on the con-
structed networks, we have identified one 
miRNA (has-mir-16-5p), that targets all hub 
genes simultaneously. Therefore, we speculate 
that the identified miRNA (has-mir-16-5p), and 
hub genes (KNTC1, CEP55, AURKA, and ECT2) 
(Supplementary Figure 4) as an axis, might also 
be the potential inducers of the HNSC.

Drug prediction analysis of the hub genes

Through the DrugBank database, we selected a 
total of seven drugs (Table 1) which can poten-
tially reduce hub gene expressions (KNTC1, 
CEP55, AURKA, and ECT2), including the two 
most common drugs, namely cyclosporine and 
dasatinib (Table 1). The identified drugs in this 
work may be utilize in the treatment of HNSC 
patients. 

Experimental in vitro validation of the hub 
genes expression and methylation status

In the current study, by performing RNA-seq 
and targeted bisulfite-seq analyses of one 
HNSC (FaDu) and one normal human oral kera-
tinocyte (HOK) cell lines, the expression and 
methylation levels of identified four hub genes 
were validated. The expression levels of these 
genes were validated using FPKM, while meth-
ylation level was validated using beta values. 
Both FPKM and beta are quantitative values 
with widespread use in the RNA-seq analysis. 
As shown in Figure 8A, it was noticed that 
KNTC1, CEP55, AURKA, and ECT2 hub genes 
were expressed in both cell lines and RPKM val-
ues of KNTC1, CEP55, AURKA, and ECT2 were 
notably higher in HNSC cell lines (FaDu) as 
compared to normal cell line (HOK) (Figure 8A). 
Similarly, the beta values of KNTC1, CEP55, 
AURKA, and ECT2 were higher in normal (HOK) 
cell line while lower in HNSC cell line (FuDu) 
(Figure 8B).

Figure 2. mRNA and protein expression analysis of KNTC1, CEP55, AURKA, and ECT2 using UALCAN. (A) A heatmap 
of KNTC1, CEP55, AURKA, and ECT2 in HNSC normal samples group, (B) Box plot presentation of KNTC1, CEP55, 
AURKA, and ECT2 hub genes mRNA expression, and (C) Box plot presentation of KNTC1, CEP55, AURKA, and ECT2 
hub genes protein expression. P < 0.05 = significant.
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Figure 3. mRNA expression profiling of KNTC1, CEP55, AURKA, and ECT2 in HNSC samples of different clinical variables relative to controls using UALCAN. (A) mRNA 
expression of KNTC1, (B) mRNA expression of CEP55, (C) mRNA expression of AURKA, and (D) mRNA expression profiling of ECT2. P < 0.05 = significant.
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Figure 4. Protein expression profiling of KNTC1, CEP55, AURKA, and ECT2 in HNSC samples of different clinical variables relative to controls using UALCAN. (A) Pro-
tein expression of KNTC1, (B) Protein expression of CEP55, (C) Protein expression of AURKA in, and (D) Protein expression of ECT2. P < 0.05 = significant.
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Figure 5. Expression validation and survival analysis of KNTC1, CEP55, AURKA, and ECT2. (A) Expression validation of KNTC1, CEP55, AURKA, and ECT2 in HNSC 
and normal samples via GEPIA database, (B) Expression validation of KNTC1, CEP55, AURKA, and ECT2 in HNSC and normal samples via OncoDB database, (C) 
Expression validation of KNTC1, CEP55, AURKA, and ECT2 via GENT2 database, and (D) Survival analysis of KNTC1, CEP55, AURKA, and ECT2 in HNSC and normal 
samples via GEPIA database. P < 0.05 = significant.

Figure 6. Methylation status exploration of KNTC1, CEP55, AURKA, and ECT2 via MEXPRESS and OncoDB in HNSC and normal samples. (A) Methylation status 
exploration via MEXPRESS, and (B) Methylation status exploration via OncoDB. P < 0.05 = significant.
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Figure 7. Exploration of genetic alteration frequencies, effect of the genetic mutations on the survival, and co-expressed gene analysis via cBioPortal. (A) Types, fre-
quencies, and location of the genetic alterations in KNTC1, CEP55, AURKA, and ECT2, (B) Effect of the genetic mutations on the OS and DFs of the HNSC patients, 
and (C) Identification of co-expressed genes with KNTC1, CEP55, AURKA, and ECT2. P < 0.05 = significant.
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Discussion

The identification of novel potential molecular 
biomarkers to achieve accurate HNSC diagno-
sis at the early stages and discovering appropri-
ate chemotherapeutic drugs and drug targets 
for treating HNSC patients is highly demanded 
at present. This current study initially concen-
trated on the GSE23036 HNSC gene expres-
sion microarray dataset for exploring possible 
biomarkers and therapeutic targets in HNSC 
patients. After identifying potential signature 
genes (hub genes), we attempted to integrate 
various multi-omics TCGA datasets and utilized 
HNSC cell lines to achieve the possible best 
quality in terms of validating hub gene expres-
sions and investigating their tumor-causing 
roles. After a detailed analysis of the GSE23036 
HNSC gene expression microarray dataset, we 
obtained the KNTC1, CEP55, AURKA, and ECT2 
genes as potential biomarkers in HNSC. After 
expression analysis using TCGA HNSC cohorts 
and cell lines (HOK and FuDu), it was apparent 
that the KNTC1, CEP55, AURKA, and ECT2 hub 
genes were up-regulated in HNSC relative to 
the control samples. Moreover, mutational and 
methylation analysis revealed that amplifica-
tion and promoter hypomethylation in these 
genes notably contribute to the overexpression 
of these genes in HNSC patients relative to 
their normal counterparts.

The KNTC1, an evolutionary conserved gene, is 
one of the major mitotic checkpoint compo-
nents, that promote proper chromosomal seg-

regation during the cell division process [32, 
33]. It is earlier shown by various studies that 
most of the genes involving the mitosis process 
are overexpressed in different human malig-
nancies, including cancer, and some of these 
genes are oncogenes [34, 35]. In this view, the 
higher expression of KNTC1 was noticed by 
prior studies in a wide variety of human can-
cers, including colorectal, breast cancer, 
esophageal cancer, hepatocellular carcinoma, 
gastric cancer, and neuroblastoma [36-40]. 
However, to the best of our knowledge, the 
KNTC1 role in the pathogenesis of HNSC has 
not been reported earlier in the medical 
literature. 

The CEP55 protein plays a vital role in the mito-
sis process, specifically by binding with CDK1, 
ERK2, and PLK1 proteins [41]. The overexpres-
sion of CEP55 is earlier documented in differ-
ent human cancers, including the cancers of 
the breast [42], thyroid cancer [43], prostate 
cancer [44], kidney and so on. 

Prior clinical studies revealed that CEP55 over-
expression is a potential molecular biomarker 
for different cancers. Such as, Nina Hauptman 
et al. [45] highlighted through bioinformatics 
analysis that CEP55 up-regulation is a marker 
of diagnosis for colorectal cancer patients. In 
esophageal squamous cell carcinoma (ESCC) 
patients, Yang Jia et al. [46] found that overex-
pression of CEP55 mRNA is correlated with 
poor survival. Moreover, the 5-year survival of 
cancer patients with normal CEP55 expression 

Table 1. DrugBank-based hub genes-associated drugs
Sr. No Hub gene Drug name Effect Reference Group
1 KNTC1 Dasatinib Decrease expression of KNTC1 mRNA A21899 Approved

Cyclosporine A21092
Dronabinol A22083
Troglitazone A24633

2 CEP55 Dasatinib Decrease expression of CEP55 mRNA A21899 Approved
Tretinoin A24453

Palbociclib A23569
Cyclosporine A21092

3 AURKA Cyclosporine Decrease expression of AURKA mRNA A21092 Approved
Calcitriol A22301

Afimoxifene A20479
Dasatinib A21899

4 ECT2 Cyclosporine Decrease expression of ECT2 mRNA A21092 Approved
Dasatinib A21899
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Figure 8. Validating KNTC1, CEP55, AURKA, and ECT2 expressions and methylation status using HOK and FaDu cell lines via RNA-seq and targeted bisulfite-seq 
analyses. (A) FPKM values based expression plots of the KNTC1, CEP55, AURKA, and ECT2, and (B) Beta values based methylation plots of the KNTC1, CEP55, 
AURKA, and ECT2.
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was notably higher than that of those having 
overexpression of CEP55 [47]. Regarding the 
use of CEP55 overexpression as a biomarker in 
LUAD and LUSC, the results of the previous 
studies are conflicting [47]. 

AURKA is an important molecule for cell cycle 
progression [48, 49]. It has been frequently 
found overexpressed or mutated in various 
types of human tumors [39, 40]. For example, 
Tanaka et al. [41] investigated 33 cases of BRIC 
and found overexpression of AURKA in 94% of 
the cases. According to Du et al. AURKA overex-
pression was correlated with the poor survivals 
of colorectal, esophageal, and lung cancer 
patients [50]. Miyoshi et al. observed AURKA 
overexpression in 64% of the BRIC cases using 
reverse transcription-polymerase chain reac-
tion (RT-PCR) in a group of 47 patients [42]. 
However, comparatively, a larger study includ-
ing 112 BRIC patients did not find any associa-
tion between AURKA expression and BRIC 
patients’ survival [43]. However, Nadler et al. 
have observed the elevated expression of 
AURKA in breast tumors and related it with OS 
[44].

The ECT2 gene codes for a guanine nucleotide 
exchange factor whose overexpression is asso-
ciated with the development of cancer [51]. In 
certain cancer subtypes, the overexpression of 
the ECT2 gene was observed in previous stud-
ies, and therefore this gene is denoted as the 
oncogene [52, 53]. The ECT2 mRNA and pro-
tein are reported to be significantly overex-
pressed in ovarian cancer cells relative to nor-
mal cells. The overexpressed ECT2 protein was 
mainly detected in the nucleus of the ovarian 
cancer cells leading to the higher cell prolifera-
tion [54]. Moreover, ECT2 overexpression 
serves as a major contributor to the occurrence 
of breast cancer [55]. However, the molecular 
subtype based cancer driving role of ECT2 in 
breast cancer was unclear. In addition to this, 
the dysregulation of ECT2 was also revealed as 
an oncogenic factor in colorectal [56], esopha-
geal [57], and lung cancers [58].

A huge number of recently conducted research-
es have claimed that the infiltration of immune 
cells could significantly accelerate the develop-
ment of cancer [59]. For example, Hu et al. 
showed that overexpressed OGN gene can 
enhance CD8+ T imunne cells infiltration, and 
thus inhibit blood vessels formation in colon 

cancer [60]. Keeping this vital information in 
view, we investigated the relationships among 
hub genes and a few important immune cell 
infiltrations. Interestingly, higher expressions of 
the KNTC1, CEP55, AURKA, and ECT2 were 
positively correlated with the abundance of the 
CD4+ T cells and macrophages while with the 
reduction of CD8+ T cells across HNSC sam-
ples, indicating that these genes may be 
involved in regulating HNSC at immunological 
level. KEGG analysis results further support 
this hypothesis; KNTC1, CEP55, AURKA, and 
ECT2 hub genes were enriched in the “proges-
terone-mediated oocyte maturation, oocyte 
meiosis, and ubiquitin mediated proteolysis” 
immune-related pathways. However, still there 
is a need to conduct more experiments for vali-
dating hub gene associations with immune infil-
tration in HNSC. We further noticed that KNTC1, 
CEP55, AURKA, and ECT2 hub genes’ expres-
sion were regulated simultaneously by hsa-mir-
16-5p miRNA in HNSC patients. Previously, the 
dysregulation of hsa-mir-16-5p in multiple 
human cancers has been reported in published 
studies, for example in breast cancer, bladder 
cancer, glioblastoma, and lung cancer [61, 62]. 
However, any tumor suppressor or tumor-caus-
ing role of hsa-mir-16-5p in HNSC is not report-
ed anywhere. Therefore, the exploration of the 
hsa-mir-16-5p oncogenic role in HNSC develop-
ment with further biological experiments will be 
highly valuable. 

Conclusion

In conclusion, by utilizing detailed bioinformat-
ics RNA-seq, and targeted bisulfite-seq meth-
odologies, four hub genes (KNTC1, CEP55, 
AURKA, and ECT2) were identified as potential 
markers of the HNSC. All these four hub genes 
were overexpressed in HNSC samples. The 
overexpression of KNTC1, CEP55, AURKA, and 
ECT2 was the outcome of gene amplification 
and promoter hypomethylation. The KNTC1, 
CEP55, AURKA, and ECT2 hub genes were 
involved in immunological regulation across 
HNSC tissue samples, which further needs to 
be verified through biological experiments.

Acknowledgements

Majid alhomrani would like to acknowledge Taif 
University Researchers Supporting project 
number (TURSP 2020/257), Taif University, 
Saudi Arabia.



HNSC biomarkers

1842	 Am J Cancer Res 2023;13(5):1826-1844

Disclosure of conflict of interest

None.

Address correspondence to: Syed Yousaf Khalid, 
Department of General Surgery, Letterkenny 
University Hospital, Ireland. E-mail: syed_yousaf@
yahoo.com; Faiqah Ramzan, Department of Animal 
and Poultry Production, Faculty of Veterinary and 
Animal Sciences, Gomal University, Dera Ismail 
Khan, Pakistan. E-mail: faiqah.ramzan@gmail.com

References

[1]	 Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-
Tieulent J and Jemal A. Global cancer statis-
tics, 2012. CA Cancer J Clin 2015; 65: 87-108.

[2]	 Zhou P, Li B, Liu B, Chen T and Xiao J. Prognostic 
role of serum total cholesterol and high-density 
lipoprotein cholesterol in cancer survivors: a 
systematic review and meta-analysis. Clin 
Chim Acta 2018; 477: 94-104.

[3]	 Leemans CR, Snijders PJF and Brakenhoff RH. 
The molecular landscape of head and neck 
cancer. Nat Rev Cancer 2018; 18: 269-282.

[4]	 Ezhuthachan MM, Joshi M, Raval I, Joshi C, 
Dasgupta A, Majumdar S and A Shah S. 
RNASeq as a tool to understand dysregulation 
of potential biomarkers in HNSC. bioRxiv 
2022; 2022.2009. 2020.508683.

[5]	 Economopoulou P, de Bree R, Kotsantis I and 
Psyrri A. Diagnostic tumor markers in head and 
neck squamous cell carcinoma (HNSCC) in the 
clinical setting. Front Oncol 2019; 9: 827.

[6]	 Hoffmann M, Ihloff AS, Görögh T, Weise JB, 
Fazel A, Krams M, Rittgen W, Schwarz E and 
Kahn T. p16(INK4a) overexpression predicts 
translational active human papillomavirus in-
fection in tonsillar cancer. Int J Cancer 2010; 
127: 1595-1602.

[7]	 Lee JE, Lim MS, Park JH, Park CH and Koh HC. 
PTEN promotes dopaminergic neuronal differ-
entiation through regulation of ERK-dependent 
inhibition of S6K signaling in human neural 
stem cells. Stem Cells Transl Med 2016; 5: 
1319-1329.

[8]	 Pavón MA, Parreño M, Téllez-Gabriel M, 
Sancho FJ, López M, Céspedes MV, Casanova 
I, Lopez-Pousa A, Mangues MA, Quer M, 
Barnadas A, León X and Mangues R. Gene ex-
pression signatures and molecular markers 
associated with clinical outcome in locally ad-
vanced head and neck carcinoma. Carcino- 
genesis 2012; 33: 1707-1716.

[9]	 Clough E and Barrett T. The gene expression 
omnibus database. Methods Mol Biol 2016; 
1418: 93-110.

[10]	 Sangket U, Yodsawat P, Nuanpirom J and 
Sathapondecha P. bestDEG: a web-based ap-

plication automatically combines various tools 
to precisely predict differentially expressed 
genes (DEGs) from RNA-Seq data. PeerJ 2022; 
10: e14344.

[11]	 Jolliffe IT and Cadima J. Principal component 
analysis: a review and recent developments. 
Philos Trans A Math Phys Eng Sci 2016; 374: 
20150202.

[12]	 Ritchie ME, Phipson B, Wu D, Hu Y, Law CW, 
Shi W and Smyth GK. Limma powers differen-
tial expression analyses for RNA-sequencing 
and microarray studies. Nucleic Acids Res 
2015; 43: e47.

[13]	 Szklarczyk D, Gable AL, Nastou KC, Lyon D, 
Kirsch R, Pyysalo S, Doncheva NT, Legeay M, 
Fang T, Bork P, Jensen LJ and von Mering C. 
The STRING database in 2021: customizable 
protein-protein networks, and functional char-
acterization of user-uploaded gene/measure-
ment sets. Nucleic Acids Res 2021; 49: 
D605-D612.

[14]	 Shannon P, Markiel A, Ozier O, Baliga NS, 
Wang JT, Ramage D, Amin N, Schwikowski B 
and Ideker T. Cytoscape: a software environ-
ment for integrated models of biomolecular 
interaction networks. Genome Res 2003; 13: 
2498-2504.

[15]	 Chin CH, Chen SH, Wu HH, Ho CW, Ko MT and 
Lin CY. cytoHubba: identifying hub objects and 
sub-networks from complex interactome. BMC 
Syst Biol 2014; 8 Suppl 4: S11.

[16]	 Chandrashekar DS, Bashel B, Balasubraman-
ya SAH, Creighton CJ, Ponce-Rodriguez I, 
Chakravarthi BVSK and Varambally S. UALCAN: 
a portal for facilitating tumor subgroup gene 
expression and survival analyses. Neoplasia 
2017; 19: 649-658.

[17]	 Tang Z, Li C, Kang B, Gao G, Li C and Zhang Z. 
GEPIA: a web server for cancer and normal 
gene expression profiling and interactive anal-
yses. Nucleic Acids Res 2017; 45: W98-W102.

[18]	 Tang G, Cho M and Wang X. OncoDB: an inter-
active online database for analysis of gene ex-
pression and viral infection in cancer. Nucleic 
Acids Res 2022; 50: D1334-D1339.

[19]	 Park SJ, Yoon BH, Kim SK and Kim SY. GENT2: 
an updated gene expression database for nor-
mal and tumor tissues. BMC Med Genomics 
2019; 12 Suppl 5: 101.

[20]	 Koch A, De Meyer T, Jeschke J and Van 
Criekinge W. MEXPRESS: visualizing expres-
sion, DNA methylation and clinical TCGA data. 
BMC Genomics 2015; 16: 636.

[21]	 Gao J, Aksoy BA, Dogrusoz U, Dresdner G, 
Gross B, Sumer SO, Sun Y, Jacobsen A, Sinha 
R, Larsson E, Cerami E, Sander C and Schultz 
N. Integrative analysis of complex cancer ge-
nomics and clinical profiles using the cBioPor-
tal. Sci Signal 2013; 6: pl1.



HNSC biomarkers

1843	 Am J Cancer Res 2023;13(5):1826-1844

[22]	 Sherman BT, Hao M, Qiu J, Jiao X, Baseler MW, 
Lane HC, Imamichi T and Chang W. DAVID: a 
web server for functional enrichment analysis 
and functional annotation of gene lists (2021 
update). Nucleic Acids Res 2022; 50: W216-
W221.

[23]	 Thul PJ and Lindskog C. The human protein at-
las: a spatial map of the human proteome. 
Protein Sci 2018; 27: 233-244.

[24]	 Li T, Fan J, Wang B, Traugh N, Chen Q, Liu JS, Li 
B and Liu XS. TIMER: a web server for compre-
hensive analysis of tumor-infiltrating immune 
cells. Cancer Res 2017; 77: e108-e110.

[25]	 Huang DP, Zeng YH, Yuan WQ, Huang XF, Chen 
SQ, Wang MY, Qiu YJ and Tong GD. Bioinfor-
matics analyses of potential miRNA-mRNA 
regulatory axis in HBV-related hepatocellular 
carcinoma. Int J Med Sci 2021; 18: 335-346.

[26]	 Freshour SL, Kiwala S, Cotto KC, Coffman AC, 
McMichael JF, Song JJ, Griffith M, Griffith OL 
and Wagner AH. Integration of the Drug-Gene 
Interaction Database (DGIdb 4.0) with open 
crowdsource efforts. Nucleic Acids Res 2021; 
49: D1144-D1151.

[27]	 Rio DC, Ares M Jr, Hannon GJ and Nilsen TW. 
Purification of RNA using TRIzol (TRI reagent). 
Cold Spring Harb Protoc 2010; 2010: pdb.
prot5439.

[28]	 Ghatak S, Muthukumaran RB and Nachimuthu 
SK. A simple method of genomic DNA extrac-
tion from human samples for PCR-RFLP analy-
sis. J Biomol Tech 2013; 24: 224-231.

[29]	 Kim TK. T test as a parametric statistic. Korean 
J Anesthesiol 2015; 68: 540-546.

[30]	 Kim HY. Statistical notes for clinical research-
ers: Chi-squared test and Fisher’s exact test. 
Restor Dent Endod 2017; 42: 152-155.

[31]	 Jaksik R, Iwanaszko M, Rzeszowska-Wolny J 
and Kimmel M. Microarray experiments and 
factors which affect their reliability. Biol Direct 
2015; 10: 46.

[32]	 Chan GK, Jablonski SA, Starr DA, Goldberg ML 
and Yen TJ. Human Zw10 and ROD are mitotic 
checkpoint proteins that bind to kinetochores. 
Nat Cell Biol 2000; 2: 944-947.

[33]	 Stumpf CR, Moreno MV, Olshen AB, Taylor BS 
and Ruggero D. The translational landscape of 
the mammalian cell cycle. Mol Cell 2013; 52: 
574-582.

[34]	 Chen Y, Riley DJ, Chen PL and Lee WH. HEC, a 
novel nuclear protein rich in leucine heptad re-
peats specifically involved in mitosis. Mol Cell 
Biol 1997; 17: 6049-6056.

[35]	 Osborne C, Wilson P and Tripathy D. Oncogenes 
and tumor suppressor genes in breast cancer: 
potential diagnostic and therapeutic applica-
tions. Oncologist 2004; 9: 361-377.

[36]	 Wang P, Ma K, Yang L, Zhang G, Ye M, Wang S, 
Wei S, Chen Z, Gu J, Zhang L, Niu J and Tao S. 

Predicting signaling pathways regulating demy-
elination in a rat model of lithium-pilocarpine-
induced acute epilepsy: a proteomics study. Int 
J Biol Macromol 2021; 193: 1457-1470.

[37]	 Li J, Sun L, Xu F, Qi H, Shen C, Jiao W, Xiao J, Li 
Q, Xu B and Shen A. Screening and identifica-
tion of APOC1 as a novel potential biomarker 
for differentiate of mycoplasma pneumoniae 
in children. Front Microbiol 2016; 7: 1961.

[38]	 Devarbhavi P, Telang L, Vastrad B, Tengli A, 
Vastrad C and Kotturshetti I. Identification of 
key pathways and genes in polycystic ovary 
syndrome via integrated bioinformatics analy-
sis and prediction of small therapeutic mole-
cules. Reprod Biol Endocrinol 2021; 19: 31.

[39]	 Zhengxiang Z, Yunxiang T, Zhiping L and Zhimin 
Y. KNTC1 knockdown suppresses cell prolifera-
tion of colon cancer. 3 Biotech 2021; 11: 262.

[40]	 Kim YR, Chung NG, Kang MR, Yoo NJ and Lee 
SH. Novel somatic frameshift mutations of 
genes related to cell cycle and DNA damage 
response in gastric and colorectal cancers 
with microsatellite instability. Tumori 2010; 96: 
1004-1009.

[41]	 Fabbro M, Zhou BB, Takahashi M, Sarcevic B, 
Lal P, Graham ME, Gabrielli BG, Robinson PJ, 
Nigg EA, Ono Y and Khanna KK. Cdk1/Erk2- 
and Plk1-dependent phosphorylation of a cen-
trosome protein, Cep55, is required for its re-
cruitment to midbody and cytokinesis. Dev Cell 
2005; 9: 477-488.

[42]	 Inoda S, Hirohashi Y, Torigoe T, Nakatsugawa 
M, Kiriyama K, Nakazawa E, Harada K, Takasu 
H, Tamura Y, Kamiguchi K, Asanuma H, 
Tsuruma T, Terui T, Ishitani K, Ohmura T, Wang 
Q, Greene MI, Hasegawa T, Hirata K and Sato 
N. Cep55/c10orf3, a tumor antigen derived 
from a centrosome residing protein in breast 
carcinoma. J Immunother 2009; 32: 474-485.

[43]	 Martin KJ, Patrick DR, Bissell MJ and Fournier 
MV. Prognostic breast cancer signature identi-
fied from 3D culture model accurately predicts 
clinical outcome across independent datasets. 
PLoS One 2008; 3: e2994.

[44]	 Shiraishi T, Terada N, Zeng Y, Suyama T, Luo J, 
Trock B, Kulkarni P and Getzenberg RH. 
Cancer/testis antigens as potential predictors 
of biochemical recurrence of prostate cancer 
following radical prostatectomy. J Transl Med 
2011; 9: 153.

[45]	 Hauptman N, Jevšinek Skok D, Spasovska E, 
Boštjančič E and Glavač D. Genes CEP55, 
FOXD3, FOXF2, GNAO1, GRIA4, and KCNA5 as 
potential diagnostic biomarkers in colorectal 
cancer. BMC Med Genomics 2019; 12: 54.

[46]	 Jia Y, Xiao Z, Gongsun X, Xin Z, Shang B, Chen 
G, Wang Z and Jiang W. CEP55 promotes the 
proliferation, migration and invasion of esoph-
ageal squamous cell carcinoma via the PI3K/



HNSC biomarkers

1844	 Am J Cancer Res 2023;13(5):1826-1844

Akt pathway. Onco Targets Ther 2018; 11: 
4221-4232.

[47]	 Fu L, Wang H, Wei D, Wang B, Zhang C, Zhu T, 
Ma Z, Li Z, Wu Y and Yu G. The value of CEP55 
gene as a diagnostic biomarker and indepen-
dent prognostic factor in LUAD and LUSC. PLoS 
One 2020; 15: e0233283.

[48]	 Kahl I, Mense J, Finke C, Boller AL, Lorber C, 
Győrffy B, Greve B, Götte M and Espinoza-
Sánchez NA. The cell cycle-related genes 
RHAMM, AURKA, TPX2, PLK1, and PLK4 are 
associated with the poor prognosis of breast 
cancer patients. J Cell Biochem 2022; 123: 
581-600.

[49]	 Metselaar DS, du Chatinier A, Meel MH, Ter 
Huizen G, Waranecki P, Goulding JR, Bugiani 
M, Koster J, Kaspers GJ and Hulleman E. 
AURKA and PLK1 inhibition selectively and 
synergistically block cell cycle progression in 
diffuse midline glioma. iScience 2022; 25: 
104398.

[50]	 Du R, Huang C, Liu K, Li X and Dong Z. Targeting 
AURKA in cancer: molecular mechanisms and 
opportunities for cancer therapy. Mol Cancer 
2021; 20: 15.

[51]	 Tatsumoto T, Xie X, Blumenthal R, Okamoto I 
and Miki T. Human ECT2 is an exchange factor 
for Rho GTPases, phosphorylated in G2/M 
phases, and involved in cytokinesis. J Cell Biol 
1999; 147: 921-928.

[52]	 Fields AP and Justilien V. The guanine nucleo-
tide exchange factor (GEF) Ect2 is an onco-
gene in human cancer. Adv Enzyme Regul 
2010; 50: 190-200.

[53]	 Justilien V and Fields AP. Ect2 links the 
PKCiota-Par6alpha complex to Rac1 activation 
and cellular transformation. Oncogene 2009; 
28: 3597-3607.

[54]	 Wang H, Wang H, Makki MS, Wen J, Dai Y, Shi 
Q, Liu Q, Zhou X and Wang J. Overexpression of 
β-catenin and cyclinD1 predicts a poor progno-
sis in ovarian serous carcinomas. Int J Clin Exp 
Pathol 2014; 7: 264-71.

[55]	 Mansour M, Haupt S, Chan AL, Godde N, 
Rizzitelli A, Loi S, Caramia F, Deb S, Takano EA, 
Bishton M, Johnstone C, Monahan B, Levav-
Cohen Y, Jiang YH, Yap AS, Fox S, Bernard O, 
Anderson R and Haupt Y. The E3-ligase E6AP 
represses breast cancer metastasis via regula-
tion of ECT2-Rho signaling. Cancer Res 2016; 
76: 4236-4248.

[56]	 Cook DR, Kang M, Martin TD, Galanko JA, 
Loeza GH, Trembath DG, Justilien V, Pickering 
KA, Vincent DF, Jarosch A, Jurmeister P, Waters 
AM, Hibshman PS, Campbell AD, Ford CA, Keku 
TO, Yeh JJ, Lee MS, Cox AD, Fields AP, Sandler 
RS, Sansom OJ, Sers C, Schaefer A and Der CJ. 
Aberrant expression and subcellular localiza-
tion of ECT2 drives colorectal cancer progres-
sion and growth. Cancer Res 2022; 82: 90-
104.

[57]	 Hirata D, Yamabuki T, Miki D, Ito T, Tsuchiya E, 
Fujita M, Hosokawa M, Chayama K, Nakamura 
Y and Daigo Y. Involvement of epithelial cell 
transforming sequence-2 oncoantigen in lung 
and esophageal cancer progression. Clin 
Cancer Res 2009; 15: 256-266.

[58]	 Shi YX, Yin JY, Shen Y, Zhang W, Zhou HH and 
Liu ZQ. Genome-scale analysis identifies 
NEK2, DLGAP5 and ECT2 as promising diag-
nostic and prognostic biomarkers in human 
lung cancer. Sci Rep 2017; 7: 8072.

[59]	 Mantovani A, Allavena P, Sica A and Balkwill F. 
Cancer-related inflammation. Nature 2008; 
454: 436-444.

[60]	 Hu X, Li YQ, Li QG, Ma YL, Peng JJ and Cai SJ. 
Osteoglycin-induced VEGF inhibition enhances 
T lymphocytes infiltrating in colorectal cancer. 
EBioMedicine 2018; 34: 35-45.

[61]	 Wang L, Liu Y, Du L, Li J, Jiang X, Zheng G, Qu 
A, Wang H, Wang L, Zhang X, Liu H, Pan H, Yang 
Y and Wang C. Identification and validation of 
reference genes for the detection of serum mi-
croRNAs by reverse transcription-quantitative 
polymerase chain reaction in patients with 
bladder cancer. Mol Med Rep 2015; 12: 615-
622.

[62]	 Hu H, Chen C, Chen F and Sun N. LINC00152 
knockdown suppresses tumorigenesis in non-
small cell lung cancer via sponging miR-16-5p. 
J Thorac Dis 2022; 14: 614-624.



HNSC biomarkers

1	

Supplementary Figure 1. A comparison between expression profiles of samples, volcano graphs of DEGs, and a total count of DEGs in GSE23036 microarray data-
set. (A, B) A comparison between expression profiles of samples in GSE23036 microarray dataset, (C) A total count of DEGs and non-DEGs in GSE23036 microarray 
dataset, (D) A volcano graph of the DEGs observed in GSE23036 microarray dataset, and (E) Volcano graph of the DEGs, identified in the GSE23036 microarray 
dataset.
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Supplementary Figure 2. Gene enrichment and subcellular localization analysis of KNTC1, CEP55, AURKA, and 
ECT2. (A) KNTC1, CEP55, AURKA, and ECT2 associated CC terms, (B) KNTC1, CEP55, AURKA, and ECT2 associated 
MF terms, (C) KNTC1, CEP55, AURKA, and ECT2 BP terms, (D) KNTC1, CEP55, AURKA, and ECT2 KEGG terms, and 
(E) Subcellular localization of KNTC1, CEP55, AURKA, and ECT2 in HNSC tissues.
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Supplementary Figure 3. Correlation analysis of KNTC1, CEP55, AURKA, and ECT2 hub genes expression with different immune cells (CD8+ T, CD4+ T, and Macro-
phages) infiltration level. (A) KNTC1, (B) CEP55, (C) AURKA, and (D) ECT2.
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Supplementary Figure 4. miRNA-mRNA co-regulatory network of KNTC1, CEP55, AURKA, and ECT2 hub genes. (A) 
A PPI of miRNAs targeting hub genes, and (B) A PPI highlighting most important miRNA (hsa-mir-16-5p) targeting 
all hub genes.


