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Abstract: Objectives: Cervical Squamous Cell Carcinoma (CESC) is one of the most fatal female malignancies, and 
the underlying molecular mechanisms governing this disease have not been fully explored. In this research, we 
planned to conduct the analysis of Gene Expression Omnibus (GEO) cervical squamous cell carcinoma microarray 
datasets by a detailed in silico approach and to explore some novel biomarkers of CESC. Methods: The top common-
ly differentially expressed genes (DEGs) from the GSE138080 and GSE113942 datasets were analyzed by Limma 
package-based GEO2R tool. The protein-protein interaction (PPI) network of the DEGs was drawn through Search 
Tool for the Retrieval of Interacting Genes (STRING), and top 6 hub genes were obtained from Cytoscape. Expression 
analysis and validation of hub genes expression in CESC samples and cell lines were done using UALCAN, OncoDB, 
GENT2, and HPA. Additionally, cBioPortal, Gene set enrichment analysis (GSEA) tool, Kaplan-Meier (KM) plotter, 
ShinyGO, and DGIdb databases were also used to check some important values of hub genes in CESC. Results: Out 
of 79 DEGs, the minichromosome maintenance complex component 4 (MCM4), nucleolar and spindle-associated 
protein 1 (NUSAP1), cell division cycle associated 5 (CDCA5), cell division cycle 45 (CDC45), denticleless E3 ubiqui-
tin protein ligase homolog (DTL), and chromatin licensing and DNA replication factor 1 (CDT1) genes were regarded 
as hub genes in CESC. Further analysis revealed that the expressions of all these hub genes were significantly 
elevated in CESC cell lines and samples of diverse clinical attributes. In this study, we also documented some 
important correlations between hub genes and some other diverse measures, including DNA methylation, genetic 
alterations, and Overall Survival (OS). Last, we also identify hub genes associated ceRNA network and 31 important 
chemotherapeutic drugs. Conclusion: Through detailed in silico methodology, we identified 6 hub genes, including 
MCM4, NUSAP1, CDCA5, CDC45, DTL, and CDT1, which are likely to be associated with CESC development and 
diagnosis.
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Introduction

Cervical cancer is the 4th most common female 
malignancy around the globe [1, 2]. The early 
diagnosis and prognosis of cervical cancer can 
enable a 5-year survival rate of 90%. However, 
the 5-year survival rate of patients with ad- 
vanced cervical cancer, especially those with 
metastasis, has notably decreased [3, 4]. In 
addition, traditional treatment methods for cer-
vical cancer continue to have many drawbacks. 
For instance, surgical treatment of cervical 
cancer is possible only if the patient is diag-

nosed early, and postoperative radiotherapy for 
cervical cancer can cause irreversible damage 
to the healthy cells of the ovaries and uterus [5, 
6]. Therefore, emerging therapeutic options for 
cervical cancer such as targeted and immuno-
therapy are getting attention in cervical cancer 
treatment research [3]. Moreover, sensitive and 
reliable molecular biomarkers and therapeutic 
targets for cervical cancer have yet to be 
discovered.

The exploration of tumor-associated genes is a 
key step for studying tumor pathogenesis and 

http://www.ajtr.org


Cervical cancer biomarkers

8844 Am J Transl Res 2022;14(12):8843-8861

designing appropriate treatment strategies [7]. 
Exploring cervical cancer at the molecular level 
can thus help to show its etiology and identify 
possible sensitive and reliable molecular bio-
markers for its diagnosis and treatment [8]. 
Currently, high throughput technology is the 
most reliable method for studying human 
genomics, and in this regard, recently, RNA-
sequencing (RNA-seq) and microarray technol-
ogies have been widely utilized worldwide for 
discovering molecular biomarkers and underly-
ing mechanisms in cancer studies [9, 10]. Open 
access to microarray and RNA-sequencing-
based cancer expression data stored in the 
Gene Expression Omnibus (GEO) and The 
Cancer Genome Atlas (TCGA) databases allows 
researchers to easily compare cancer patients’ 
expression profiles with those of normal con-
trols to discover novel molecular biomarkers 
and therapeutic targets [11, 12]. 

In cervical cancer research, the expression pro-
files of cervical cancer patients and healthy 
individuals from the GEO database have been 
previously explored using bioinformatic app- 
roaches to identify molecular biomarkers and 
underlying signaling pathways of cervical can-
cer pathophysiology [13, 14]. However, avail-
able literature is limited. Therefore, further in-
depth analysis of the GEO cervical cancer 
expression data may help explore sensitive and 
novel biomarkers of tumor development and 
progression.

In this study, two microarray datasets (GSE- 
138080 and GSE113942) were integrated 
from the GEO database and further screened 
by in silico methodology to identify crucial hub 
genes as molecular biomarkers, which may pro-
vide new insights into cervical cancer patho-
physiology and treatment.

Materials and methods

Microarray datasets

By searching the GEO database with the “cervi-
cal cancer” keyword, two microarray expres-
sion datasets (GSE138080 and GSE113942) 
were acquired for analysis in the current 
research. The GSE138080 dataset consisted 
of 10 normal cervical tissue samples and 10 
cervical cancer tissue samples, whereas the 
GSE113942 dataset included 24 normal cervi-

cal tissue samples and 28 cervical cancer tis-
sue samples.

Identification of DEGs

Using the GEO2R tool (https://www.ncbi.nlm.
nih.gov/geo/geo2r/?acc=GSE40435) [15], the 
gene expression profiles of normal cervical tis-
sues and cancer tissues were compared. The 
false discovery rate was determined using the 
Benjamini-Hochberg method and the DEGs 
selection criteria were adjusted based on 
P-value (< 0.05) and |log fold change (FC)| ≥ 
1.5. 

A PPI network of DEGs was determined

The PPI network of the selected DEGs was 
drawn with the help of the STRING databa- 
se (http://www.bork.embl-heidelberg.de/STR- 
ING/) [16]. This database is a powerful comput-
erized resource for determining interactions 
among proteins of interest. During STRING 
analysis, a combined interaction score (≥ 0.7) 
was marked as a cut-off criteria. Then, the 
drawn PPI of DEGs was imported to Cytoscape 
(version 3.6.0) [17] for further processing.

Hub gene identification

A Molecular Complex Detection (MCODE) appli-
cation [18] of Cytoscape was utilized to select 
the most significant module in the obtained PPI 
network of the DEGs, using cutoff = 2, node 
score cutoff = 0.2, k-core = 2, and maximum 
depth = 100 as the selection criteria. Based on 
the degree method, the top six hub genes were 
identified from the selected module using the 
Cytohubba application in the PPI network.

Expression analysis of hub genes 

For expression analysis of the hub genes, 
UALCAN was performed [19]. UALCAN is a re- 
cently developed web-based tool for custom-
ized and integrated multi-omics analyses of the 
gene(s) of interest across various The Cancer 
Genome Atlas (TCGA) datasets. In our study, 
the selected Cervical Squamous Cell Carcino- 
ma (CESC) dataset for hub genes’ expression 
analysis consisted of 308 cervical tissue sam-
ples (305 cancer samples and 3 normal tissue 
samples). Moreover, we also used this data-
base to evaluate the clinical variable-wise 
expression of hub genes. For defining the dif-



Cervical cancer biomarkers

8845 Am J Transl Res 2022;14(12):8843-8861

ferential expression of the hub genes, a P < 
0.05 value was used as the cutoff.

Verification of hub gene expressions 

Next, we also verified hub gene expression in 
CESC cell lines and tissues relative to normal 
tissues using OncoDB, GEPIA, Human Protein 
Atlas (HPA), and GENT2 online databases [20-
22]. These databases are newly developed for 
customized and integrated multi-omics analy-
ses of the gene(s) of interest across cancer 
datasets. For defining a differential expression 
of the hub genes, a P < 0.05 value was used as 
a cutoff.

DNA methylation analysis

OncoDB is a user friendly database that is avail-
able online to carry out gene expression and 
methylation analysis across thousands of can-
cer patients suffering from 33 major types of 
cancer [20]. This resource was used to analyze 
the DNA methylation of hub genes across CESC 
patients.

cBioPortal data analysis

cBioPortal (https://www.cbioportal.org/) pro-
vides easy access to cancer genomic data for 
multidimensional in silico analysis [23]. We 
used this database to evaluate the genomic 
mutations of hub genes in CESC.

Gene set enrichment analysis (GSEA)

We carried out GSEA of the hub genes using 
normalized RNA-seq data from TCGA projects 
in the ShinyGo database [24]. This analysis 
helped us to understand the biologic functions 
and pathways of the hub genes. A P value < 
0.05 and FDR < 0.05 were considered signi- 
ficant.

ceRNA network construction

The ENCORI database (https://starbase.sysu.
edu.cn/) [25] was used in this study to predict 
the hub genes’ targeted microRNAs (miRNAs), 
long non-coding RNAs (lncRNAs), and propose 
a ceRNA network.

Survival analysis

The overall survival (OS) analysis of hub genes 
across CESC patients was carried out with the 
help of oncoDB and GEPIA tools [20]. These 

tools obtained survival-associated vital infor-
mation from the TCGA project. During the analy-
sis, log-rank P < 0.05 was considered signi- 
ficant.

Hub gene associated drugs

The identified hub genes may be promising 
therapeutic targets, thus we conducted Drug-
Gene Interaction Database (DGIdb) analysis to 
identify hub gene-associated drugs. This data-
base provides details on drugs targeting hub 
genes from various reliable databases and 
medical literature [26].

Results

Overlapping DEG screening, hub gene identifi-
cation, and expression analysis 

Initially, we used two datasets (GSE138080 
and GSE113942) to screen overlapping DEGs 
with the filtering criteria mentioned in the 
Methods section. As shown in the drawn PPI 
network using STRING in Figure 1A, containing 
79 nodes, 318 edge nodes, and an average 
node degree score of 7.1, a total of 79 overlap-
ping DEGs were identified between these two 
datasets. Next, MCODE analysis revealed a 31 
gene-based most significant sub-module in the 
PPI of the DEGs (Figure 1B). Later, based on the 
degree method, the identified sub-module was 
further analyzed by Cytohubba analysis to iden-
tify the top 6 hub genes. Results revealed that 
MCM4 (mini-chromosome maintenance pro-
teins), NUSAP1 (Nucleolar and Spindle Asso- 
ciated Protein 1), CDCA5 (Cell Division Cycle 
Associated 5), CDC45 (Cell Division Cycle 45), 
DTL (Denticleless), and CDT1 (Chromatin Li- 
censing and DNA Replication Factor 1) were  
the top 6 hub genes in the identified sub-mod-
ule of the DEGs (Figure 1C). Ultimately, the hub 
genes’ expression in the normal cervical and 
CESC tissues was explored through UALCAN. A 
total of 3 normal and 305 CESC tissues were 
used for this purpose in UALCAN. As highlighted 
in Figure 1D and 1E, all 6 hub genes (MCM4, 
NUSAP1, CDCA5, CDC45, DTL, and CDT1) were 
up-regulated in CESC samples relative to nor-
mal cervical samples (Figure 6).

Hub gene expression is correlated with clinical 
variables in CESC patients 

Next, we evaluated correlations between hub 
gene expression and different diverse clinical 
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Figure 1. Screening of overlapping differentially expressed genes (DEGs), sub-module identification, hub genes identification, and expression analysis in cervical 
squamous cell carcinoma (CESC) samples. (A) A PPI network of identified 61 overlapping DEGs between GSE138080 and GSE113942 datasets, (B) A PPI of the 
identified sub-module via Molecular Complex Detection (MCODE) analysis, (C) Top 6 identified hub gens in the sub-module based on degree method, and (D and E) 
Expression analysis of hub genes across CESC and normal cervical samples via UALCAN.
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variables of Cervical Squamous Cell Carcino- 
ma (CESC) patients through the UALCAN data-
base. The correlation analysis showed that  
hub genes expression was notably corrected 
with different analyzed clinical values, including 
cancer stage (Figure 2A), race (Figure 2B), 
body weight (Figure 2C), age (Figure 2D), and 
nodal metastasis status (Figure 2E). These 
results suggest that higher expression of the 
identified hub genes (MCM4, NUSAP1, CDCA5, 
CDC45, DTL, and CDT1) is not restricted to any 
specific cancer stage, race, body weight, age, 
or nodal metastasis status, but they are more 
likely to be involved in advanced cancer stage 
and nodal metastasis status in CESC patients.

Verification of hub gene expression

To verify hub gene expression in CESC pa- 
tients from another cohort, OncoDB, GEPIA, 
and GENT2 enabled detection of hub gene 
expression levels across CESC patients and 
cell lines, adjacent to normal cervical tissues 
and cell lines. Results of the analysis showed 
that all hub genes (MCM4, NUSAP1, CDCA5, 
CDC45, DTL, and CDT1) were significantly up-
regulated in CESC samples and cell lines rela-
tive to controls (Figure 3). These results are 
consistent with the UALCAN analysis results.

Protein levels of hub genes

Furthermore, the proteomic expression of 
MCM4, NUSAP1, CDCA5, CDC45, DTL, and 
CDT1 in CESC and normal tissues was mea-
sured through immunohistochemistry (IHC) by 
utilizing the Human Protein Atlas (HPA) data-
base. As highlighted in Figure 4, across CESC 
tissues, the proteomic expressions of MCM4 
(Staining: High), NUSAP1 (Staining: High), 
CDCA5 (Staining: High), CDC45 (Staining: High), 
DTL (Staining: High), and CDT1 (Staining: High) 
were higher than those in the control tissues, 
i.e. MCM4 (Staining: Medium), NUSAP1 (Stain- 
ing: Low), CDCA5 (Staining: Low), CDC45 (Sta- 
ining: Medium), DTL (Staining: Low), and CDT1 
(Staining: Low). Moreover, we also documented 
variations in the proteomic expression of differ-
ent hub gene-associated isoforms across CESC 
samples in the GEPIA database. As shown in 
Figure 5, proteomic expression of different hub 
gene isoforms varied from isoform to isoform. 
Therefore, it was concluded that hub gene over-
expression in CESC samples also varied from 
isoform to isoform.

DNA methylation analysis

We queried whether the identified highly ex- 
pressed 6 hub genes (MCM4, NUSAP1, CDCA5, 
CDC45, DTL, and CDT1) had any association 
with DNA promoter methylation across CESC 
samples relative to controls. To observe this, 
hub gene methylation levels in CESC patients 
and normal controls were detected through  
the oncoDB database. Results showed that the 
promoter regions of MCM4, NUSAP1, CDCA5, 
CDC45, DTL, and CDT1 hub genes had lower 
methylation levels (P < 0.05) in CESC samples 
relative to controls (Figure 6).

Genomics changes in the hub genes

As the result of cBioPortal analysis, around 
4.1% (NUSAP1, CDCA5, and CDT1), 1.7% (MC- 
M4), and 1.5% (CDC45 and DTL) CESC samples 
stored in cBioPortal had genomic changes 
(Figure 7A). Mutations were the major genomic 
alterations in MCM4 and CDCA5 hub genes, 
while deep amplification and deletion were the 
major genomic changes in CDC45, DTL, NU- 
SAP1 and CDT1 hub genes across CESC pa- 
tients (Figure 7A). Moreover, cBioPortal analy-
sis showed that mutations across hub genes 
can change amino acids in different domains of 
the encoded proteins (Figure 7B). Thus, hub 
genes were genetically altered in a small pro-
portion of the CESC patients.

GO functions and KEGG pathways of hub 
genes

GO functions of the identified hub genes are 
classified into biological processes (BP), cell 
component (CC), and molecular function (MF). 
Concerning BP, the identified hub genes are sig-
nificantly involved in DNA replication preintia-
tion complex assembly, Double-strand break 
repair via break-induced replication, and Mito- 
tic DNA replication among others (Figure 8). 
Concerning CC, the identified hub genes were 
significantly correlated with Cul4b-RING E3 
ubiquitin ligase complex, DNA replication prein-
tiation complex, CMG complex, and MCM com-
plex, and others (Figure 8). The MF results 
showed that hub genes were enriched in DNA 
replication origin binding, DNA polymerase 
binding, single stranded DNA binding, and chro-
matin binding, and others (Figure 8). Ultimately, 
Kyoto Encyclopedia of Genes and Genomes 
(KEGG) analysis revealed that hub genes are 
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Figure 2. Hub genes expression evaluation across diverse clinical variables of CESC patients. (A) Hub genes expression across different cancer stages, (B) Hub 
genes expression across different races, (C) Hub genes expression across different body weights, (D) Hub genes expression across different ages, and (E) Hub genes 
expression across different nodal metastasis status.
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Figure 3. Results of the expression level of hub genes across CESC samples and cell lines. (A) GENT2-based expression of hub genes across CESC patients, (B) 
GEPIA-based expression of hub genes across CESC patients, and (C) GENT2-based expression of hub genes across CESC cell lines.
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involved in diverse pathways, including DNA 
replication, Cell cycle, and MicroRNAs in cancer 
(Figure 8).

Survival analysis of the hub genes

Hub genes (MCM4, NUSAP1, CDCA5, CDC45, 
DTL, and CDT1) prognostic information was 
obtained by the Kaplan-Meier (KM) Plotter and 
GEPIA tools. Results of both tools showed that 
CESC patients having a higher expression of 
the identified hub genes (MCM4, NUSAP1, 
CDCA5, CDC45, DTL, and CDT1) did not have 
any negative impact on their OS duration 
(Figure 9).

Screening of ceRNA network involving hub 
genes

Next, we screened the ceRNA network involving 
hub genes by the different online databases. 
For this purpose, we obtained 288 miRNAs  
targeting hub genes in the ENCORI database 

(Figure 10A). Then, from these 288 miRNAs, 
we identified a single miRNA (has-mir-34a-5p) 
that was targeting all 6 identified hub genes 
(Figure 10B). Therefore, this miRNA is con- 
sidered the most useful one. After this, we  
also identified 56 has-mir-34a-5p regulatory 
lncRNAs by Starbase (Figure 10C). Unfortuna- 
tely, our results of ceRNA network screening 
involving identified hub genes that were based 
on a small sample size, which might limit the 
reliability of the ceRNA network.

Drug analysis of the hub genes

Considering hub genes as therapeutic targets, 
information on several chemotherapeutic drugs 
was retrieved from the DGIdb database in  
this study. Results of the analysis revealed a 
total of 27 candidate chemotherapeutic drugs 
capable of inhibiting hub gene expression in- 
cluding Aflatoxin B1, Afuresertib, Azathioprine, 
Dasatinib, Calcitriol, Decamethrin, Azathioprine, 
Pravastatin, and Geraniol (Table 1). However, 

Figure 4. IHC-based proteomic expression of hub genes in CESC patients and normal individual samples in the Hu-
man Protein Atlas (HPA).
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Figure 5. Isoform-wise proteomic expression of hub genes in CESC patients and normal individual samples in GEPIA.



Cervical cancer biomarkers

8852 Am J Transl Res 2022;14(12):8843-8861

Figure 6. Visualization of DNA promoter methylation levels of MCM4, NUSAP1, CDCA5, CDC45, DTL, and CDT1 hub genes across CESC samples and normal controls.
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Figure 7. Genomic change analysis of identified hub genes across CESC samples based on cBioPortal. (A) Percentages of genetically altered CESC samples for hub 
genes and the types of genomic alterations, (B) Amino acid changes due to genomic mutations in the proteins encoded by hub genes.
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Figure 8. Gene Ontology (GO) functions and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways of hub genes through ShinyGO. (A) Dotplots of GO func-
tions and KEGG pathways of hub genes and (B) Tree representation of GO functions and KEGG pathways of hub genes.

Figure 9. Overall survival (OS) analysis of hub genes. (A) OS analysis via KM plotter and (B) OS analysis via GEPIA.
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Figure 10. Screening of ceRNA net-
work involving hub genes. (A) Hub 
genes targeting microRNAs (miR-
NAs), (B) Hub genes targeting most 
valuable miRNA (has-mir-34a-5p), 
and (C) Has-mir-34a-5p targeting 
long non-coding RNA (lncRNA).
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further experimental validation of the drug 
analysis results is necessary in CESC samples.

Discussion

Cervical Squamous Cell Carcinoma (CESC) is 
one of the most prevalent female cancers. 
Recent significant improvements in cancer re- 
search have made it possible to prevent and 
treat it [27]. However, the exact nature of the 
molecular mechanisms governing CESC devel-
opment and progression is notfully understood. 
The advancement in high throughput technolo-
gies has helped researchers and clinicians to 
explore novel molecular biomarkers for cancer 
development and progression by analyzing 
microarray datasets. 

In this research, we performed the analysis  
of two microarray datasets (GSE138080 and 

GSE113942) by a detailed in silico methodolo-
gy. First, in total, top 79 common DEGs were 
retrieved from both these datasets using 
GEO2R analysis. Then, the PPI network of the 
retrieved DEGs was constructed and visualized 
by Cytoscape, which consisted of 79 nodes  
and 380 edges. The MCODE analysis of the 
retrieved DEGs identified a top sub-module of 
31 DEGs in the PPI network. Ultimately, based 
on the degree method, the Cytohubba analysis 
revealed MCM4, NUSAP1, CDCA5, CDC45, DTL, 
and CDT1 as hub genes. The expression pro- 
filing of the identified hub genes by UALCAN 
revealed that these hub genes were significant-
ly up-regulated in CESC patients relative to  
normal controls. Furthermore, the OS analysis 
showed that higher expression of MCM4, NU- 
SAP1, CDCA5, CDC45, DTL, and CDT1 hub 
genes did not correlate with the shorter surviv-

Table 1. DGIdb-based hub genes associated drugs
Sr. No Gene Drug Interaction Mechanism Reference count
1 MCM4 Aflatoxin B1 inhibitory decrease MCM4 expression 2
2 MCM4 Afuresertib inhibitory decrease MCM4 expression 6
3 MCM4 Corticosterone inhibitory decrease MCM4 expression 4
4 MCM4 Dibutyl Phthalate inhibitory decrease MCM4 expression 3
5 MCM4 Diethylnitrosamine inhibitory decrease MCM4 expression 6
6 MCM4 Estradiol inhibitory decrease NUSAP1 expression 4
7 NUSAP1 Azathioprine inhibitory decrease NUSAP1 expression 7
8 NUSAP1 Bisphenol A inhibitory decrease NUSAP1 expression 9
9 NUSAP1 Dasatinib inhibitory decrease NUSAP1 expression 5
10 CDCA5 Calcitriol inhibitory decrease CDC5A expression 2
11 CDCA5 Cisplatin inhibitory decrease CDC5A expression 1
12 CDCA5 Decamethrin inhibitory decrease CDC5A expression 1
13 CDCA5 Fipronil inhibitory decrease CDC5A expression 4
14 CDCA5 Ivermectin inhibitory decrease CDC5A expression 3
15 CDC45 Azathioprine inhibitory decrease CDC45 expression 5
16 CDC45 Calcitriol inhibitory decrease CDC45 expression 4
17 CDC45 Deguelin inhibitory decrease CDC45 expression 7
18 CDC45 Etoposide inhibitory decrease CDC45 expression 6
19 DTL Demecolcine inhibitory decrease DTL expression 11
20 DTL Doxorubicin inhibitory decrease DTL expression 4
21 DTL Lucanthone inhibitory decrease DTL expression 5
22 DTL Pravastatin inhibitory decrease DTL expression 7
23 CDT1 Calcitriol inhibitory decrease CDT1 expression 8
24 CDT1 Fenthion inhibitory decrease CDT1 expression 2
25 CDT1 Geraniol inhibitory decrease CDT1 expression 2
26 CDT1 Oxaliplatin inhibitory decrease CDT1 expression 4
27 CDT1 Palbociclib inhibitory decrease CDT1 expression 4
Reference count = count of the studies in medical literature which supported the specific hub gene-drug interaction. 
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al duration of the CESC patients. In view of the 
above results, this suggests MCM4, NUSAP1, 
CDCA5, CDC45, DTL, and CDT1 may be associ-
ated with the diagnosis but not the prognosis of 
CESC patients.

MCM4 (Mini-chromosome maintenance com-
plex component 4) is an important subunit of 
the CMG replicative helicase, which is a crucial 
factor for maintaining different diverse pro-
cesses, including DNA recombination, replica-
tion, and repair [28]. Overexpression of MCM4 
was earlier reported in gastric cancer (GC) met-
astatic tumor samples relative to normal con-
trols [28]. MCM4 dysregulation is also known to 
contribute to the development and progression 
of colorectal cancer (CRC). In CRC, MCM4 up-
regulation is linked with metastasis, prolifera-
tive capacity, vascular invasion, and tumors’ 
histological grade [29]. Contrary to this, MCM4 
knockdown in HCT116 CRC cell lines resulted 
in cell cycle arrest, a decrease in cell growth, 
and an increase in apoptosis [30]. Moreover, 
the MCM4 expression in CRC patients’ stool 
samples was found up-regulated compared  
to healthy individuals, suggesting that MCM4 
expression may be used as a non-invasive diag-
nostic biomarker across CRC patients [31]. In 
the current study, our results showed a signifi-
cant higher expression of MCM4 across CESC 
patients, suggesting it as a possible novel 
molecular biomarker. However, MCM4 dysre- 
gulation must be investigated in a larger CESC 
cohort to confirm its role in CESC development 
and progression.

Nucleolar and spindle-associated protein 1 
(NUSAP1) is a key gene and its activity is cru- 
cial for different cellular events in mitosis, such 
as in spindle assembly and cytokinesis [32]. 
Mitosis dysregulation is a very common event 
in cancer cells. Earlier studies reported that 
NUSAP1 down-regulation leads to various ab- 
normal events in cells, such as growth 2 (G2)/
mitotic (M) cell cycle phase arrest, abnormal 
chromosomal segregation, abnormalities in in- 
terphase nuclei, chromosomal misalignment, 
and aberrant spindle assembly, etc. [32]. Al- 
though dysregulation of the NUSAP1 gene is 
earlier reported in breast cancer [33], pancre-
atic cancer [34], oral cancer [35], and hepato-
cellular carcinoma [36]. However, to our knowl-
edge, there is a lack of studies documenting 
expression variation of the NUSAP1 gene in 

CESC patients. In the current study, through 
detailed in silico analysis we revealed that  
the higher expression of NUSAP1 is associated 
with CESC. However, detailed studies based on 
large CESC cohorts are still required for verifi-
cation of our findings.

The cell division cycle-associated 5 (CDCA5) 
gene is involved in regulating sister chromatid 
segregation and cohesion [37]. This activity is 
carried out by CDCA5 through the stabilization 
of a cohesive complex to assure correct chro-
mosome separation during mitosis and meiosis 
processes. In addition to this, CDCA5 is involved 
in the DNA repair process [38] and regulates 
the expression of various cell cycle-linked pro-
teins, thereby being associated with promoting 
cell proliferation and inducing apoptosis in can-
cer cells [39]. According to previous studies, 
the up-regulation of CDCA5 is closely associat-
ed with the development and progression of 
different cancers, including liver [40, 41], blad-
der [42], colorectal [43], and lung [44]. More- 
over, through bioinformatic analysis, CDCA5 
overexpression proved to be significantly invo- 
lved in the development of prostate cancer 
(PCa) [45, 46]. However, the underlying mole- 
cular mechanisms and pathways of CDCA5 in 
the development of PCa are not clear. Although 
our bioinformatic analysis indicated a higher 
expression of CDCA5 in CESC patients, future 
studies based on large CESC cohorts are war-
ranted to validate the diagnostic and prognos-
tic value of CDCA5 in CESC.

A protein encoded by the Cell Division Cycle  
45 (CDC45) gene acts as the initiation factor 
for DNA replication [47]. The dysregulation of 
CDC45 was earlier reported to be involved in 
the initiation and progression of several human 
cancers and thus is used as a reliable thera-
peutic target. For example, Huang et al. showed 
that the down-regulation of CDC45 is responsi-
ble for suppressing uncontrolled proliferation 
of the cells in non-small cell lung cancer 
(NSCLC), ultimately resulting in G2/M phase 
cell cycle arrest [48]. The results of this study 
favored a carcinogenic effect of CDC45. Fur- 
thermore, Sun et al. revealed an up-regulation 
of CDC45 expression in papillary thyroid cancer 
(PTC), which was ultimately linked to promoting 
proliferation of cancer cells [49]. In this study, 
we showed that CDC45 was significantly up-
regulated across CESC samples, indicating that 
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CDC45 may play an oncogenic role in CESC ini-
tiation and progression and may be a reliable 
therapeutic target. 

DTL (denticleless protein homolog) protein is an 
important regulator of CDT1 protein degrada-
tion after DNA damage [50]. It is reported that 
the CRL4 CDT2 complex, along with Rad6/18 
and monoubiquitinated PCNA is crucial for DTL 
functioning in regulating the DNA replication 
process [51]. Previous studies reported that 
DTL is overexpressed in cutaneous melanoma 
patients and reflects an unfavorable prognosis 
[52]. Moreover, Vanderdys et al. in their latest 
study revealed that DTL is overexpressed in 
head and neck squamous cell carcinoma (HN- 
SCC) patients, and down-regulation of DTL by 
short interfering RNA (siRNA) results in the 
attenuation of HNSCC cell growth [53]. In the 
current study, we noticed a significant overex-
pression of DTL in CESC patients, suggesting it 
as a novel diagnostic biomarker. However, more 
studies based on CESC cell lines are needed to 
confirm that.

Chromatin licensing and DNA replication factor 
1 (CDT1) is a key factor involved in the initiation 
of the DNA replication process [54]. Studies 
suggested that abnormalities in the DNA repli-
cation process are linked with cancer develop-
ment and progression [55]. CDT1 protein helps 
to coordinate the cell cycle with proliferation 
inside the cells by making a pre-RC complex at 
the beginning of the cell cycle, which is further 
responsible for loading the MCMs family of pro-
teins onto chromatin [56]. So far in the medical 
literature, limited studies have reported the 
higher expression of CDT1 across different  
cancers and linked it to cancer development 
and metastasis [57-59]. However, the exact 
molecular pathways involving CDT1 are not  
fully explored in human cancers. In the current 
study, we characterized a higher expression  
of the CDT1 gene in CECS patients using a 
detailed in silico approach and suggested it as 
a novel diagnostic biomarker. However, further 
wet-lab experiments are needed to confirm 
these results.

Promoter methylation and genetic alteration 
analyses of the hub genes showed that pro- 
moter hypomethylation was linked only with  
the overexpression of MCM4, CDCA5, DTL and 
CDT1 hub genes. Since promoter methylation 
can be reversed, targeted treatment therapies 
based on the promoter methylation of these 

hub genes can help control the expression of 
these genes in CESC patients. Moreover, hub 
genes were not found genetically altered in too 
many CESC samples, therefore, we speculate 
that genetic alterations do not participate in 
the dysregulation of hub genes. We further 
showed by OS analysis that identified hub 
genes were not good prognostic biomarkers 
due to their irrelevancy for the survival dura-
tions of CESC patients. In addition to this, in  
the present study, hub gene-related experimen-
tally validated lncRNAs and miRNAs were also 
explored in order to construct a lncRNA-miRNA-
mRNA network of the mRNA, lncRNAs, and miR-
NAs that could help to understand the develop-
ment of CESC at the molecular level in more 
depth.

GSEA analysis of the identified hub genes 
revealed that these hub genes were enriched  
in DNA replication preintiation complex as- 
sembly, Double-strand break repair via break-
induced replication, and Mitotic DNA replica-
tion, BP terms. The identified hub genes were 
significantly correlated with Cul4b-RING E3 ubi- 
quitin ligase complex, DNA replication preintia-
tion complex, CMG complex, and MCM complex 
as CC terms, DNA replication origin binding, 
DNA polymerase binding, single stranded DNA 
binding, and chromatin binding as MF terms, 
and DNA replication, Cell cycle, and MicroRNAs 
as cancer pathway terms. Finally, we identified 
31 chemotherapeutic drugs against hub genes 
through the DGIdb database. Based on that 
finding, the expression of identified hub genes 
can be controlled using a variety of drugs. 
Therefore, looking at the hub gene-drug inter-
action, we speculate that CESC patients could 
be treated with these drugs in the future. 
However, further in vitro and in vivo studies are 
needed.

Conclusion

Through an integrated bioinformatic approach, 
our study has revealed 6 hub genes (MCM4, 
NUSAP1, CDCA5, CDC45, DTL, and CDT1) that 
may play pathogenic roles in CESC develop-
ment and can also be used as molecular bio-
markers for CESC patients. However, more 
studies are needed before clinical application.
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