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Abstract: Due to its heterogeneous nature, head and neck squamous cell carcinoma (HNSC) had the worst progno-
sis. Hence, there is an urgent need to develop novel diagnostic and prognostic models for effective disease manage-
ment. A multi-layer dry-lab and wet-lab methodologies were adopted in the present study to identify novel diagnostic 
and prognostic biomarkers of HNSC. Initially, the GSE6631 gene microarray HNSC dataset was retrieved from the 
Gene Expression Omnibus (GEO) database. The R language-based “limma” package was employed to identify differ-
entially expressed genes (DEGs) between HNSC and control samples. The Cytohubba plug-in software was used to 
identify the top four hub genes based on the degree score method. The Cancer Genome Atlas (TCGA) datasets, Gene 
Expression Omnibus (GEO) datasets, clinical HNSC tissue samples, HNSC cell line (FaDu), and normal cell line (HOK) 
were used to validate the expressions of hub genes. Moreover, additional bioinformatics analyses were performed 
to further evaluate the mechanisms of hub genes in the development of HNSC. In total, 1372 reliable DEGs were 
screened from the GSE6631 dataset. Out of these DEGs, only based on the four up-regulated hub genes, including 
UBE2C (Ubiquitin-conjugating enzyme E2C), BUB1B (BUB1 Mitotic Checkpoint Serine/Threonine Kinase B), MCM4 
(Minichromosome Maintenance Complex Component 4), and KIF23 (Kinesin family member 23), we developed and 
validated a diagnostic and prognostic model for HNSC patients. Moreover, some interesting correlations observed 
between hub gene expression and infiltration level of immune cells may also improve our understanding of HNSC 
immunotherapy. In conclusion, we developed a novel diagnostic and prognostic model consisting of the UBE2C, 
BUB1B, MCM4, and KIF23 genes for HNSC patients. However, the efficiency of this model needs to be verified 
through more experimental studies. 
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Introduction

Head and neck squamous cell carcinoma 
(HNSC) is the 6th most frequent cause of can-
cer-associated mortalities around the globe [1, 
2]. HNSC denotes tumors that originate from 
the neck region, mouth, larynx, and nasophar-
ynx [3]. HNSC is one of the most prevalent can-
cers and accounts for nearly 600,000 new 
cases and approximately 350,000 mortalities 
worldwide each year [4]. Due to significant 
advances over the past decade in the treat-
ment methods of HNSC, which include surgery, 
radiation, and chemotherapy, treatment of this 
disease achieved good results [5, 6]. However, 

the survival rate of HNSC patients with ad- 
vanced cancer stages is less than 34% [7, 8]. 
Therefore, the urgent discovery of some poten-
tial HNSC diagnostic and prognostic biomark-
ers is critical conducting effective diagnosis, 
treatment, improving prognosis, and reducing 
HNSC-associated mortality rate.

As it is well acknowledged by previous studies, 
the immune system is a crucial contributing  
factor to the development and progression of 
cancer [9-13]. The immunotherapy treatment 
method, which is primarily recognized by the 
programmed cell death 1 (PD-1) pathway, has 
highlighted a major breakthrough in the treat-
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ment of many types of cancers [14-17]. There- 
fore, it is also critical to evaluate the associa-
tions of novel HNSC biomarkers with the infil-
tration levels of the immune cells to develop 
additional treatment options for HNSC patients.

Recent reports utilizing whole-genome se- 
quencing (WES) technology have indicated an 
increasing volume of evidence supporting the 
ability of gene markers to detect the incidence 
and prognosis of HNSC patients. For instance, 
Shen et al. in their study have revealed a 7- 
gene-based diagnostic and prognostic system 
of potential biomarkers for the early detection 
and predicting the prognosis of HNSC patients 
[18]. Liu et al. identified 5 potential lncRNAs  
to construct a prognosis-predictive model for 
HNSC patients [19]. Similarly, She et al. intro-
duced a new immune-associated genes-based 
prognosis predictive model for HNSC patients 
[20]. However, the limited sample sizes of HNSC 
cohorts in those studies and the utilization of 
different sequencing platforms may have led to 
doubtful results. The use of a multi-omics inte-
grated strategy can greatly assist in avoiding 
these issues. This approach allows the use  
of multiple expression datasets consisting of 
large sample sizes for the exploration and vali-
dation of cancer signatures. While there have 
been numerous studies focused on developing 
single gene-based signatures for HNSC, there 
has been limited research on the development 
of robust multi-gene-based signatures using 
combined in silico, in vivo, and in vitro approach-
es. We believe that the creation of multi-gene-
based signatures could be particularly effective 
in accurately predicting HNSC diagnosis and 
monitoring patient prognosis.

In this work, we aimed to identify differentially 
expressed genes (DEGs) and determine a few 
important hub genes between HNSC and nor-
mal tissue samples via a multi-layer dry-lab and 
wet-lab experimental approach.

Methodology

Data source and DEGs determination

The GEO database was thoroughly searched 
using the keyword “Head and Neck Cancer”. 
The selection criteria employed to identify a 
suitable HNSC dataset for hub gene selection 
were as follows: (i) studies involving any type of 
pharmacological manipulation were excluded; 

(ii) studies employing interfering molecules 
such as miRNAs, siRNAs, or any form of gene 
therapies were excluded; (iii) datasets en- 
compassing knockdown cultures or artificially 
induced mutations were omitted; (iv) studies 
with a minimum of fifteen control and fifteen 
experimental samples were chosen; (v) studies 
exclusively conducted in Homo sapiens were 
preferred; and (vi) studies employing xenograft 
techniques were eliminated. In the end, all 
studies up until the conclusion of 2022 under-
went individual examination and meticulous 
curation. A total of four microarray datasets, 
including both single- and dual-channel experi-
ments, met the inclusion criteria. Based on 
enough sample size, the GSE6631 [21] datas-
et, containing 22 normal samples and 22 HNSC 
patient samples, was chosen as the experi-
mental dataset. The standardized matrix data 
was obtained straight away from the GEO, and 
probes in this data were matched to the gene 
symbols based on the manufacturer’s annota-
tion file that was provided with the data. If a 
single gene symbol was matched to multiple 
probes, the median value of the sequence was 
considered.

DEGs determination among HNSC and control 
tissue samples in the GSE6631 gene microar-
ray dataset was carried out using the R lan-
guage-based “limma” package [22, 23]. All the 
genes having “|LogFC| > 1.0, false discovery 
rate (FDR) < 0.05 and P < 0.05” were deter-
mined as the DEGs.

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

Based on the DEGs obtained from the 
GSE6631, the analysis of interactions and con-
struction of the PPI between DEGs was done by 
STRING [24], and the network type was a full 
STRING network, and the minimum required 
interaction score: medium confidence (0.400), 
and the max number of interactions to show: 1st 
shell was none/query proteins only, and 2nd 
shell was none. STRING database revealed pro-
tein interaction information and nodes notes, 
and then PPI networks were visualized using 
the Cytoscape 3.7.1 software for module and 
hub gene identification [25]. Firstly, the signifi-
cant module was identified in the PPI network 
using the MCODE application of the Cytoscape, 
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then, based on the degree scores, the top four 
genes from the significant module were select-
ed by Cytohubba application as potential hub 
genes for further validation and analysis [26].

UALCAN

Boxplots depicting the expression of hub genes 
across the HNSC TCGA dataset were plotted 
using expression values from the UALCAN data-
base [27]. Furthermore, the UALCAN tool was 
employed to evaluate the expression of hub 
genes in the form of boxplots, across a range  
of clinical parameters associated with HNSC 
patients affected.

Verification of hub gene expression and sur-
vival analysis

To carry out hub genes expression validation 
analysis on additional HNSC GEO and TCGA 
cohorts, we assessed the expression values of 
the hub genes in HNSC and control samples via 
the GEO datasets (GSE65858 and GSE58911), 
GEPIA [28], OncoDb [29], and GENT2 [30] data-
bases. Moreover, the GEPIA was also utilized to 
assess the survival outcomes of the hub genes 
in HNSC patients.

Development of hub genes-based prognostic 
model

To develop the prediction model, we utilized the 
least absolute shrinkage and selection opera-
tor (Lasso) and multivariate Cox proportional 
hazard regression analysis with the “survival” 
package in the R language [31]. The EMTAB-
8588 dataset was used as the training dataset, 
while the GSE75538 dataset was used as the 
validation dataset. The prognostic model for-
mula for HNSC patients’ prognosis was calcu-
lated using the sum of the multivariate Cox 
regression coefficient variation of each mRNA.

Sub-cellular localization, methylation, muta-
tional, and co-express gene analyses

To explore the sub-cellular localization of hub 
genes in HNSC cells, the Human Protein Atlas 
(HPA) database was utilized, while for methyla-
tion analysis, the MEXPRESS [32] and OncoDB 
[29] databases were used. Moreover, for con-
ducting mutational and co-express gene analy-
sis, the cBioPortal database [33] was consid-
ered in the present study.

Enrichment and immune cell infiltration analy-
ses

To explore HNSC-related pathobiological mech-
anisms in more detail, the GSEA analysis [34] 
was performed to reveal hub gene-enriched GO 
and KEGG terms. Moreover, in this study, the 
abundance of three immune cells, including 
CD8+ T cells, CD4+ T cells, and macrophages, 
with respect to hub gene expression across the 
HNSC sample was calculated via the CIBER- 
SORT database [35]. Additionally, GSE65858 
and GSE58911 datasets consisted of 285 
HNSC and 15 control samples were used to 
validate the expression levels of genes (CD4, 
CD8A, and CSF1R) encoding different immune 
cells, including CD8+ T cells, CD4+ T cells, and 
macrophages.

miRNA network and drug prediction analyses

In the current study, the miRNA network of  
the hub genes was constructed with the help  
of the ENCORI database [36]. We used the 
DrugBank database [37] to uncover a variety of 
drugs associated with the identified hub genes 
because we believe that the identified hub 
genes could be promising therapeutic targets. 

Collection of clinical specimens and total RNA 
isolation

We acquired paired fresh cancer tissue speci-
mens along with control samples from 10 
patients who underwent surgical resection of 
HNSC at the First Hospital of Shanxi Medical 
University, Taiyuan, China between 2022 and 
2023. None of the patients had received any 
chemotherapy or radiation therapy prior to the 
surgery. The collected tissue samples were 
promptly frozen in liquid nitrogen and stored at 
-80°C until DNA and RNA isolation. The study 
received ethical approval in accordance with 
the Helsinki Declaration and informed written 
consent was obtained from all participants.

Total RNA from the collected specimens was 
extracted using the TRIzol method [38]. 
NanoDrop 2000 Spectrophotometer (Thermo 
Fisher Scientific, Waltham, MA, USA) was 
employed to assess the concentration and 
purity of the extracted RNA, ensuring that the 
A260/A280 ratio fell within the range of 1.8 to 
2.0.
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Real time quantitative PCR (RT-qPCR)

The RNA that was isolated underwent conver-
sion into cDNA utilizing the Prime-Script RT 
reagent kit (TaKaRa, Dalian, China). Subsequ- 
ently, RT-qPCR analysis was carried out on an 
ABI 7500 Real-Time PCR System (Applied 
Biosystems, USA) employing the SYBR Premix 
Ex Taq TM II kit (TaKaRa). The expression levels 
were standardized against β-actin (ACTB). Each 
experiment was independently performed in 
triplicate. To evaluate the relative expression  
of each hub gene [39], the 2^(-ΔΔCt) method 
was utilized. The following primer pairs were 
employed for the amplification of both hub and 
control genes.

ACTB-F 5’-CACCATTGGCAATGAGCGGTTC-3’, AC- 
TB-R 5’-AGGTCTTTGCGGATGTCCACGT-3’; UBE- 
2C-F TGATGTAGCGGAGCAGTGGAAG-3’, UBE2C- 
R 5’-GGAGGAAGTCTTGGCAGAACAG-3’; BUB1B- 
F 5’-GTGGAAGAGACTGCACAACAGC-3’, BUB1B- 
R 5’-TCAGACGCTTGCTGATGGCTCT-3’; MCM4-F 
5’-TGTTTTCCAGCCCTCCCCAAATG-3’, MCM4-R 
5’-GAGTGCCGTATGTCAGTGGTGAAC-3’; KIF23-F 
5’-CAGATTTCCAACGGCCAGCA-3’, KIF23-R 5’- 
TCATGGCTTTTTGCGCTTGG-3’.

RNA sequencing-based hub gene expression 
analysis

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 purcha- 
sed cell lines were cultured in DMEM (HyClone), 
supplemented with 10% fetal bovine serum 
(FBS; TBD), 1% glutamine, and 1% penicillin-
streptomycin in 5% CO2 at 37°C. Total RNA 
extraction from these two cells lines was done 
using the TRIzol method [38], and the RNA 
samples were sent to the Beijing Genomics 
Institute (BGI) company for RNA-sequencing 
analysis.

After RNA-seq analysis, the gene expression 
values of the hub genes were normalized using 
fragments per kilo base million reads (FPKM). 
The obtained FPKM values against hub genes 
in HNSC (FaDu) and normal oral keratinocyte 
(HOK) cell line were compared to identify differ-
ences in the expression levels.

Immunohistochemistry (IHC)

Immunohistochemistry (IHC) was conducted 
with slight modifications as previously outlined 

[40]. In brief, sections of paraffin-embedded 
tissues were deparaffinized using xylene and 
subsequently rehydrated via a graded ethanol 
series. Following antigen retrieval, inactivation 
of endogenous peroxidase, and blocking with 
normal goat serum, the sections were subject-
ed to an overnight incubation at 4°C with anti-
UBE2C (CAT#: TA329811), anti-BUB1B (CAT#: 
CF500533), anti-MCM4 (CAT#: TA321984), 
and anti-KIF23 (CAT#: TA334708) antibodies. 
Subsequently, a dextran carrying anti-rabbit 
IgG conjugated to horseradish peroxidase 
(HRP) was added, and positive staining was 
visualized using the Dako REAL EnVision detec-
tion system. Images of the stained sections 
were acquired using an Olympus CX31 digital 
microscope (Olympus, Japan) for the quantifica-
tion of stained cells. IHC staining was evaluated 
by taking into account the intensity of staining.

Statistics details for in silico analyses 

DEGs were identified using a t-test [41]. For  
GO and KEGG enrichment analysis, we used 
Fisher’s Exact test for computing statistical dif-
ference [42]. Correlational analyses were car-
ried out using the Pearson method. For com-
parisons, a student t-test was adopted in the 
current study. All the analyses were carried out 
in R version 3.6.3 software.

Results

DEGs screening 

After a careful evaluation of HNSC and normal 
samples’ expression profiles in the GSE6631 
HNSC gene microarray dataset (Figure 1A) and 
a comprehensive analysis using defined param-
eters (details are given in the method section), 
1372 DEGs were screened out between HNSC 
and normal samples (Figure 1B). 

Determination of the hub genes

The top 250 DEGs with the lowest p-values 
were used in the present study for hub gene 
selection. To do so, initially, the PPI network of 
the selected DEGs was constructed using the 
STRING database. After removing disconnect-
ed nodes, the constructed PPI had 249 nodes 
and 776 edges (Figure 1C). Then, the construc- 
ted PPI was analyzed via the MCODE applica-
tion for identifying the significant module. The 
identified module was enriched in 24 DEGs 
(Figure 1D and 1E). Finally, the identified mod-
ule was undertaken the Cytohubba analysis for 
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Figure 1. A comparison between expression profiles of samples, and volcano graph of DEGs, a PPI network of the top 250 DEGs, a significant module in the con-
structed PPI network, and a PPI network of the identified hub genes in GSE6631 microarray dataset. (A) A comparison between expression profiles of samples in 
GSE6631 microarray dataset, (B) A volcano graph of the DEGs observed in GSE6631 microarray dataset, (C) A PPI network of the top 250 DEGs in GSE6631 micro-
array dataset, (D, E) A PPI network of the most significant module, and (F) A PPI network of identified four hub genes.
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hub genes selection. The top 4 genes with the 
highest degree scores were selected as hub 
genes (Figure 1F). The hub genes included up-
regulated UBE2C (Ubiquitin-conjugating enzy- 
me E2C), BUB1B (BUB1 Mitotic Checkpoint 
Serine/Threonine Kinase B), MCM4 (Minichro- 
mosome Maintenance Complex Component 4), 
and KIF23 (Kinesin family member 23) (Figure 
1F).

Expression analysis of hub genes in The Can-
cer Genome Atlas

To perform expression analysis of hub genes in 
TCGA, the mRNA and protein expression data 
of the hub genes across HNSC and control 
samples were obtained from the ULACAN data-
base (Figure 2). Based on the obtained data, it 
was observed that expressions of the UBE2C, 
BUB1B, MCM4, and KIF23 genes at both mRNA 
and protein levels were significantly up-regulat-
ed in terms of p-value in HNSC samples com-
pared to the controls (Figure 2A-C). By looking 
at the significant overexpression of the hub 
genes, we further analyzed UBE2C, BUB1B, 
MCM4, and KIF23 in HNSC patients with 
diverse clinical parameters to confirm the 
expression status of those genes. All selected 
hub genes were also overexpressed in HNSC 
patients with different clinical variables relative 
to controls (Figure 2D-G).

Validation and survival analysis results

Expression validation analysis of the hub genes 
on additional GEO and TCGA HNSC datasets 
was carried out using the GEO, GEPIA, OncoDB, 
and GENT2 databases for more reliable analyt-
ic outcomes. Collective results from the ana-
lyzed GEO and TCGA HNSC datasets showed 
that the expressions of UBE2C, BUB1B, MCM4, 
and KIF23 were notably higher across HNSC 
tissues compared to normal tissues (Figure 
3A-D). Moreover, via the GEPIA database, we 
also revealed that the higher expressions of the 
UBE2C, BUB1B, MCM4, and KIF23 were asso-
ciated with the negative prognosis in HNSC 
patients, with UBE2C and KIF23 hub genes 
having the greater prognostic values (Figure 
3E). 

Development of hub genes-based prognostic 
model

To analyze the prognostic model that is based 
on UBE2C, BUB1B, MCM4, and KIF23 genes, 

we used the EMTAB-8588 dataset as our train-
ing dataset and the GSE75538 dataset as our 
validation dataset. Our prognostic model was 
constructed using a stepwise Cox regression 
model that incorporated the parameters of the 
hazard ratio, c-index, and risk score. Through 
evaluating our predictive prognostic model 
using the c-index, we determined that it effec-
tively and accurately assessed the prognosis  
of HNSC patients, which is demonstrated in 
Supplementary Figure 1.

Sub-cellular localization, methylation, muta-
tional, and co-express gene analysis results

The HPA database was used in the present 
study to evaluate the sub-cellular localization 
of UBE2C, BUB1B, MCM4, and KIF23 in HNSC 
cells. The protein encoded by the UBE2C gene 
was localized in the plasma membrane and 
cytosol (Supplementary Figure 2A). The local-
ization of the protein encoded by the BUB1B 
gene was seen in the cytosol (Supplementary 
Figure 2B). For a protein encoded by MCM4,  
the localization was found in the nucleoplasm 
(Supplementary Figure 2C) and for a protein 
coded by the KIF23 gene, the localization was 
in the nucleoplasm, midbody ring, and the mito-
sis spindle (Supplementary Figure 2D).

Hub genes’ promoter methylation level was 
explored next using the MEXPRESS and Onco- 
DB databases. As shown in Supplementary 
Figure 3A and 3B, relative to the normal tissue 
samples, the promoter methylation levels of 
UBE2C, BUB1B, MCM4, and KIF23 were nota-
bly lowered in the HNSC samples. Therefore, 
we speculate that the expressions of UBE2C, 
BUB1B, MCM4, and KIF23 hub genes were 
negatively correlated with their promoter meth-
ylation levels in HNSC tissue samples.

To find the potential roles of genetic alterations 
in the UBE2C, BUB1B, MCM4, and KIF23 dys-
regulations, we further focused on their genetic 
alterations via the cBioPortal database. We 
selected “TCGA, Firehose Legacy (530 cases)” 
datasets for exploring UBE2C, BUB1B, MCM4, 
and KIF23 for analysis. As a result, we observed 
slight frequencies of genetic alterations in 
UBE2C (0.6%), BUB1B (1.2%), MCM4 (7%), and 
KIF23 (1.2%) in the HNSC samples of the uti-
lized TCGA dataset (Figure 4). As shown in 
Figure 4A, deep amplification was the most fre-
quent form of genetic alteration in the UBE2C 
and MCM4 genes, while missense mutation 
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Figure 2. mRNA and protein expression profiling of UBE2C, BUB1B, MCM4, and KIF23 in HNSC and normal samples across TCGA dataset, and expression profil-
ing of UBE2C, BUB1B, MCM4, and KIF23 in HNSC samples of different clinical variables relative to controls via UALCAN. (A) A heatmap of UBE2C, BUB1B, MCM4, 
and KIF23 hub gene mRNA expression in HNSC sample group and normal control group, (B) Box plot presentation of UBE2C, BUB1B, MCM4, and KIF23 hub gene 
mRNA expression in HNSC sample group and normal control group, (C) Box plot presentation of UBE2C, BUB1B, MCM4, and KIF23 hub gene protein expression 
in HNSC sample group and normal control group, (D) mRNA expression profiling of UBE2C in HNSC samples of different clinical variables and normal controls, (E) 
mRNA xpression profiling of BUB1B in HNSC samples of different clinical variables and normal controls, (F) mRNA expression profiling of MCM4 in HNSC samples 
of different clinical variables and normal controls, and (G) mRNA expression profiling of KIF23 in HNSC samples of different clinical variables and normal controls.
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Figure 3. Expression validation and survival analysis of UBE2C, BUB1B, MCM4, and KIF23. (A) Expression validation of UBE2C, BUB1B, MCM4, and KIF23 in HNSC 
and normal samples via GEPIA database, (B) Expression validation of UBE2C, BUB1B, MCM4, and KIF23 in HNSC and normal samples via OncoDB database, (C) 
Expression validation of UBE2C, BUB1B, MCM4, and KIF23 via GENT2 database, (D) Expression validation of UBE2C, BUB1B, MCM4, and KIF23 via GEO database 
using GSE65858 and GSE58911 datasets, and (E) Survival analysis of UBE2C, BUB1B, MCM4, and KIF23 in HNSC and normal samples via GEPIA database.
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Figure 4. Exploration of genetic alteration frequencies, co-expressed genes, and methylatiom analysis of UBE2C, BUB1B, MCM4, and KIF23 in HNSC samples via 
cBioPortal. (A) Types, frequencies, and location of the genetic alterations in UBE2C, BUB1B, MCM4, and KIF23, (B) Identification of co-expressed genes with UBE2C, 
BUB1B, MCM4, and KIF23 in HNSC samples, and (C) Promoter methylation analysis of UBE2C, BUB1B, MCM4, and KIF23 in HNSC samples.
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was the most frequent form of genetic altera-
tion in the BUB1B and KIF23 genes. We also 
noticed that missense mutations were majorly 
concentrated in the Mad3-BuB1 domain of the 
BUB1B, the MCM domain of the MCM4, and the 
Kinesin domain of the KIF23 gene (Figure 4A). 
Further analysis showed that in the HNSC 
patient group with genetically altered hub 
genes, the promoter methylation levels of the 
UBE2C, BUB1B, MCM4, and KIF23 genes were 
lowered as compared to the unaltered group 
(Figure 4B). In addition to this, co-expression 
analysis of the UBE2C, BUB1B, MCM4, and 
KIF23 genes revealed that UBE2C vs. AURKA, 
BUB1B vs. NUSAP1, MCM4 vs. ATAD2, and 
KIF23 vs. BUB1B are the highly co-expressed 
genes along with hub genes in HNSC samples 
(Figure 4C).

Enrichment and immune cell infiltration analy-
sis

GO analysis of UBE2C, BUB1B, MCM4, and 
KIF23 hub genes indicated that those genes 
were involved in the “germinal vesicle, central-
spindlin, female germ cell nucleus, chromo-
some passenger complex” CC terms (Supple- 
mentary Figure 4A), “histone serine kinase 
activity, DNA replication origin binding, ubiqui-
tin conjugating enzyme activity, ubiquitin-like 
protein conjugating enzyme activity” MF terms 
(Supplementary Figure 4B), “anaphase-promot-
ing complex dependent catabolic process, Reg. 
of mitotic nuclear division, mitotic sister chro-
matid segregation, sister chromatid segrega-
tion” BP terms (Supplementary Figure 4C). 
KEGG analysis of UBE2C, BUB1B, MCM4, and 
KIF23 showed that these genes were domi-
nantly involved in the “DNA replication, cell 
cycle, progesterone-mediated oocyte matura-
tion, oocyte meiosis, ubiqutin mediated prote-
olysis, and MicroRNAs in cancer” pathways 
(Supplementary Figure 4D). 

To further highlight the oncogenic roles of the 
UBE2C, BUB1B, MCM4, and KIF23 hub genes 
in HNSC, the CIBERSORT algorithm was utilized 
in our work to investigate immunocytotic infil-
tration. The CIBERSORT algorithm highlighted 
some interesting correlations among UBE2C, 
BUB1B, MCM4, and KIF23 expressions and 
immunocytotic infiltration. The expressions of 
UBE2C, BUB1B, MCM4, and KIF23 hub genes 
were significantly correlated with the abundant 

infiltration of CD8+ T cells, CD4+ T cells, and 
macrophages across HNSC (Supplementary 
Figure 5A-D). To further validate this scenario, 
we conducted an analysis of gene expression 
levels in two GEO datasets, GSE65858 and 
GSE58911; comprising a total of 285 HNSC 
samples and 15 control samples. Specifically, 
we examined the expression of genes (CD4, 
CD8A, and CSF1R), responsible for encoding 
CD8+ T cells, CD4+ T cells, and macrophages, 
respectively. The results from this analysis 
clearly demonstrated a significant up-regula-
tion of CD4, CD8A, and CSF1R genes within the 
HNSC sample group when compared to the 
control group (Supplementary Figure 5E). These 
findings provide robust confirmation that the 
heightened expression of UBE2C, BUB1B, 
MCM4, and KIF23 hub genes in HNSC patients 
is closely associated with the increased expres-
sion of CD4, CD8A, and CSF1R genes, which in 
turn are responsible for higher production of 
CD8+ T cells, CD4+ T cells, and macrophages 
immune cells.

miRNA network of the hub genes

Via ENCORI and Cytoscape, we constructed the 
lncRNA-miRNA-mRNA co-regulatory networks 
of the UBE2C, BUB1B, MCM4, and KIF23. In 
the constructed networks, the total counts of 
lncRNAs, miRNAs, and mRNAs were 78, 151, 
and 4, respectively (Supplementary Figure 6). 
Based on the constructed networks, we have 
identified one miRNA (hsa-mir-16-5p) that tar-
gets all hub genes simultaneously (Supple- 
mentary Figure 6). Therefore, we speculate that 
the identified lncRNAs, has-mir-16-5p, and hub 
genes (UBE2C, BUB1B, MCM4, and KIF23) 
(Supplementary Figure 6) as an axis, might also 
be the potential inducers of the HNSC.

Drug prediction analysis of the hub genes

For patients suffering from HNSC, medical 
treatment is the first option for treatment. 
Therefore, a selection of appropriate candidate 
drugs is required. In the current study, via the 
DrugBank database, we explored some poten-
tial drugs that can reverse the gene expres-
sions of identified hub genes for the treatment 
of HNSC. We noted that cyclosporine along with 
many other drugs are the negative expression 
regulators of UBE2C, BUB1B, MCM4, and KIF23 
mRNA expressions (Table 1).
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Hub gene expression validation via RT-qPCR, 
RNA sequencing, and Immunohistochemistry 
analyses using clinical samples and cell lines 
of HNSC patients

In the present study, we conducted RT-qPCR 
analysis of four hub genes (UBE2C, BUB1B, 
MCM4, and KIF23) utilizing paired samples 
consisting of 10 cases of HNSC and their  
corresponding control tissues. Our findings 
revealed a significant (P < 0.05) up-regulation 
of these genes in the HNSC tissue samples 
compared to their respective controls (Figure 
5A).

Moreover, using expression data obtained from 
RNA-seq analysis of the HNSC cell line (FaDu) 
and one normal human oral keratinocyte (HOK) 
cell line, the expression levels of identified four 
hub genes (BUB1B, MCM4, and KIF23) were 
further analyzed. As depicted in the figure, we 
observed a conspicuous increase in FPKM val-
ues for UBE2C, BUB1B, MCM4, and KIF23 with-
in HNSC cell lines (FaDu) when compared to 
their levels in normal control cell line (HOK). 
This observation strongly indicates an up-regu-
lation of these hub genes in the FaDu cell line in 
contrast to the normal control cell line (HOK) 
(Figure 5B).

Next, we conducted an IHC analysis to examine 
the expression of proteins encoded by the hub 
genes UBE2C, BUB1B, MCM4, and KIF23 in 
one selective HNSC tissue sample paired with 
its respective control. Our assessment of the 
IHC images revealed a significant disparity in 
the staining intensity between the two analyzed 
samples. Specifically, we observed a pronoun- 
ced increase in the levels of UBE2C, BUB1B, 
MCM4, and KIF23 proteins within the HNSC tis-
sue samples compared to the control tissues 

(Figure 5C). These findings strongly indicate an 
up-regulation of these proteins in the context of 
HNSC, highlighting their potential involvement 
in the development or progression of this 
cancer.

Discussion

Due to its heterogeneous nature, HNSC has the 
worst prognosis, and the prevalence of this dis-
ease is steadily increasing around the globe 
with each passing year [43]. Moreover, the  
five-year survival rate of HNSC patients is less 
than 40% [7]. With advancements in genome-
sequencing technology, expression profiling of 
cancer-causing genes has grabbed huge atten-
tion across the world and has thus been used 
to investigate the potential diagnostic and 
prognostic biomarkers of cancer patients [44-
48]. Taking into account the high prevalence of 
HNSC cases, the investigation of molecular bio-
markers that may be fully associated with 
tumor development and assist clinicians in 
treating HNSC by providing some novel thera-
peutic targets is urgently needed.

In this work, we initially screened out DEGs 
between HNSC and adjacent non-tumor tissue 
samples present in the GSE6631 [21] gene 
microarray dataset. Then, we processed DEGs 
for hub gene determination analysis, and the 
outcomes of this analysis revealed four hub 
genes, including UBE2C, BUB1B, MCM4, and 
KIF23, between HNSC and normal samples. 
Later on, via in silico and in vitro analyses,  
we confirmed the significant up-regulation of 
UBE2C, BUB1B, MCM4, and KIF23 in TCGA and 
cell line (HOK and FaDu) samples of HNSC 
patients compared to controls. Higher expres-
sions of UBE2C, BUB1B, MCM4, and KIF23 
were significantly associated with the poor sur-

Table 1. DrugBank-based hub genes-associated drugs
Sr. No Hub gene Drug name Effect Reference Group
1 UBE2C Amsacrine Decrease expression of UBE2C mRNA A20666 Approved

Cyclosporine A21092
Dronabinol A22083

2 BUB1B Dasatinib Decrease expression of BUB1B mRNA A21899 Approved
Cyclosporine A21092 Approved

3 MCM4 Cyclosporine Decrease expression of MCM4 mRNA A21092 Approved
Calcitriol A22301

4 KIF23 Cyclosporine Decrease expression of KIF23 mRNA A21092 Approved
Estradiol A21424
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vival of HNSC patients and hypomethylation of 
their promoter regions.

UBE2C is a member of the E2 family of proteins 
and performs a variety of roles in mitotic cyclin 
destruction and the progression of the cell 
cycle [49]. The dysregulation of UBE2C was ear-
lier implicated in the development and progres-
sion of a variety of cancers [50, 51]. For exam-
ple, the higher expression of UBE2C genes was 
previously reported as an oncogenic factor in 
colon cancer, ovarian cancer, breast cancer, 
liver cancer, and esophageal cancer [52-57]. 
Moreover, the overexpression of UBE2C was 
declared as a potential biomarker in brain 
tumor patients and found to be associated with 
poor prognosis [58, 59]. In addition to this, ele-
vated UBE2C expression was also noticed in 
high-grade astrocytomas [59].

BUB1B protein belongs to the SAC family of pro-
teins [60, 61]. BUB1B protein is the critical part 
of the mitotic checkpoint complex that consists 
of Cdc20 protein and different other SAC pro-
teins, such as Mad2 and Bub3 [62, 63]. It was 
earlier revealed that low expression of the 
BUB1B gene participates in the development 
and progression of different human cancers, 
including colon and lung cancers [64, 65]. 
However, the latest body of data highlighted 
that the higher expression of the BUB1B gene 
also participates in the development of a vari-
ety of other human cancers, including gastric 
cancer [66], breast cancer [67], bladder cancer 
[68], hepatocellular carcinoma [69], esopha-
geal squamous cell carcinoma [70], and some 
other types of cancer. The relationship between 
dysregulation of the BUB1B gene and the devel-
opment and progression of HNSC has not yet 
been established.

MCM4 protein belongs to the MCM family of 
proteins [71, 72]. The overexpression of the 
MCM4 gene is largely associated with the 
development and progression of esophageal 
cancer [73]. Therefore, this gene may serve as 
a potential biomarker for patients with esopha-
geal cancer [73]. In addition to this, higher 
MCM4 expression is also reported to be an 

oncogenic factor in patients with melanoma 
[74]. Overexpression of MCM4 in lung cancer 
patients was associated with metastasis and 
higher clinical grades, therefore, it may be uti-
lized as a novel molecular biomarker and thera-
peutic target in patients with lung cancer [75]. 
MCM4 gene-based knockout experiments re- 
vealed that MCM4 down-regulation inhibited 
cell growth and invasion in cell lines of lung 
cancer patients [76]. 

KIF23 protein belongs to the family of kinesin 
proteins [77, 78]. A recent body of data sug-
gested that KIF23 dysregulation is an oncogen-
ic factor of various cancers. For example, over-
expression of KIF23 could stimulate cell pro- 
liferation in gastric cancer patients by activat-
ing a few diverse pathways, including the Wnt/
β-catenin signaling pathway [79]. In patients 
with lung cancer, KIF23 overexpression was 
associated with poor prognosis [80, 81]. In 
patients with ovarian cancer, KIF23 overex-
pression was revealed as an independent diag-
nostic signature [82]. The higher expression of 
KIF23 was also correlated with the worst sur-
vival in patients with breast cancer [83]. The 
role of overexpressed KIF23 in the develop-
ment and progression of HNSC is not clear yet.

Previous studies reported that the immune sys-
tem plays a vital role in controlling tumor growth 
and metastasis [84]. As a promising anti-can-
cer treatment option, immunotherapy has high-
lighted a huge therapeutic potential across dif-
ferent cancers [85]. In HNSC patients, a higher 
infiltration level of CD8+ T immune cells was 
correlated with a better prognosis [85]. In our 
work, we noticed that expressions of UBE2C, 
BUB1B, MCM4, and KIF23 hub genes were sig-
nificantly correlated with the abundant infiltra-
tion of CD8+ T cells, CD4+ T cells, and macro-
phages across the HNSC samples. This valuable 
information may provide novel ideas for design-
ing immunotherapy treatment for HNSC 
patients.  

KEGG analysis of UBE2C, BUB1B, MCM4, and 
KIF23 showed that these genes were domi-
nantly involved in the “DNA replication, cell 

Figure 5. Validating UBE2C, BUB1B, MCM4, and KIF23 mRNA and protein expression on clinical samples and cell 
lines via RT-qPCR, RNA sequencing, and Immunohistochemistry. (A) RT-qPCR analysis results of UBE2C, BUB1B, 
MCM4, and KIF23 across clinical HNSC samples paired with controls, (B) RNA-seq analysis results of UBE2C, 
BUB1B, MCM4, and KIF23 across HOK and FaDu cell lines, and (C) IHC analysis results of UBE2C, BUB1B, MCM4, 
and KIF23 across HNSC sample paired with control.
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cycle, progesterone-mediated oocyte matura-
tion, oocyte meiosis, ubiquitin mediated prote-
olysis, and MicroRNAs in cancer” pathways. 
The dysregulation of these pathways is already 
implicated in cancer development by previously 
published studies [86-88]. We further noticed 
that UBE2C, BUB1B, MCM4, and KIF23 hub 
genes’ expression were regulated simultane-
ously by hsa-mir-16-5p miRNA in HNSC pati- 
ents. 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 [89, 90]. However, any tumor 
suppressor or tumor-causing role of hsa-mir-
16-5p in HNSC is not reported anywhere.

Conclusion

We established a novel model of the HNSC bio-
markers consisting of UBE2C, BUB1B, MCM4, 
and KIF23. Significant overexpression of these 
genes was closely associated with the develop-
ment and progression of HNSC in the GEO data-
sets, TCGA datasets, clinical tissue samples, 
and cell lines. However, additional functional 
studies are needed to further confirm the bio-
marker roles of these genes in HNSC patients.
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Supplementary Figure 1. Construction of the hub genes (UBE2C, BUB1B, MCM4, and KIF23) based prognostic 
model. (A) Univariate Cox regression analysis, (B) C-index scores, and (C) Risk scores.
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Supplementary Figure 2. Subcellular localization of the UBE2C, BUB1B, MCM4, and KIF23 via HPA database. (A) UBE2C, (B) BUB1B, (C) MCM4, and (D) KIF23.
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Supplementary Figure 3. Methylation status exploration of UBE2C, BUB1B, MCM4, and KIF23 via MEXPRESS and OncoDB in HNSC and normal samples. (A) Meth-
ylation status exploration of UBE2C, BUB1B, MCM4, and KIF23 via MEXPRESS, and (B) Methylation status exploration of UBE2C, BUB1B, MCM4, and KIF23 via 
OncoDB.
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Supplementary Figure 4. Gene enrichment analysis of UBE2C, BUB1B, MCM4, and KIF23. (A) UBE2C, BUB1B, MCM4, and KIF23 associated CC terms, (B) UBE2C, 
BUB1B, MCM4, and KIF23 associated MF terms, (C) UBE2C, BUB1B, MCM4, and KIF23 associated BP terms, and (D) UBE2C, BUB1B, MCM4, and KIF23 associ-
ated KEGG terms.
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Supplementary Figure 5. Correlation analysis of UBE2C, BUB1B, MCM4, and KIF23 hub genes expression with different immune cells (CD8+ T, CD4+ T, and Mac-
rophages) infiltration level and GEO datasets-based expression analysis of CD4, CD8A, and CSF1R genes across HNSC and normal cells. (A) Correlation analysis 
of UBE2C with immune cells in HNSC, (B) Correlation analysis of BUB1B with immune cells in HNSC, (C) Correlation analysis of MCM4 with immune cells in HNSC, 
(D) Correlation analysis of KIF23 with immune cells in HNSC, and (E) GEO datasets-based expression analysis of CD4, CD8A, and CSF1R genes across HNSC and 
normal controls.
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Supplementary Figure 6. lncRNA-miRNA-mRNA co-regulatory network of UBE2C, BUB1B, MCM4, and KIF23 hub genes. (A) A PPI of miRNAs targeting hub genes, (B) 
A PPI highlighting most important miRNA (hsa-mir-16-5p) targeting all hub genes, and (C) A PPI of lncRNAs targeting hsa-mir-16-5p. Grey color nodes: miRNAs, pink 
color nodes: mRNAs, yellow color nodes: significant miRNA, and red color nodes: lncRNAs.


