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Background: Cervical cancer belongs to one of the most common female cancers; yet, the exact 
underlying mechanisms are still elusive. Recently, microarray and sequencing technologies have 
been widely used for screening biomarkers and molecular mechanism discovery in cancer studies. 
In this study, we aimed to analyse the microarray datasets using comprehensive bioinformatics 
tools and identified novel biomarkers associated with the prognosis of patients with cervical cancer.
Methods: The differentially expressed genes (DEGs) from Gene Expression Omnibus 
(GEO) datasets including GSE138080, GSE113942 and GSE63514 were analysed using 
GEO2R tool. The functional enrichment analysis was performed using g:Profiler tool. The 
protein–protein interaction (PPI) network construction and hub genes identification were 
performed using the STRING database and Cytoscape software, respectively. The hub genes 
were subjected to expression and survival analysis in the cervical cancer. The EdU incor-
poration and Cell Counting Kit-8 assays were performed to evaluate the effects of hub gene 
knockdown on the proliferation of cervical cancer cells.
Results: A total of 89 overlapping DEGs (63 up-regulated and 26 down-regulated genes) 
were identified in the microarray datasets. The functional enrichment analysis indicated that 
the overlapping DEGs were mainly associated with “DNA replication” and “cell cycle”. 
Furthermore, the PPI network analysis revealed that the network contains 87 nodes and 309 
edges. Sub-module analysis using the Molecular Complex Detection tool identified 21 hub 
genes from the PPI network. The expression levels of the 21 hub genes were all up-regulated 
in the cervical cancer tissues when compared to normal cervical tissues as analysed by 
GEPIA tool. The survival analysis showed that the low expression of cell division cycle 45 
(CDC45), GINS complex subunit 2 (GINS2), minichromosome maintenance complex com-
ponent 2 (MCM2) and proliferating cell nuclear antigen (PCNA) was significantly correlated 
with the shorter overall survival of patients with cervical cancer. Moreover, the protein 
expression levels of GINS2, MCM2 and PCNA, but not CDC45, were significantly up- 
regulated in the cervical cancer tissues when compared to normal cervical tissues. Finally, 
knockdown of MCM2 significantly suppressed the proliferation of HeLa and SiHa cells.
Conclusion: In conclusion, we screened a total of 89 overlapping DEGs from the GEO datasets, 
and further analysis identified four hub genes (CDC45, GINS2, MCM2 and PCNA) that were likely 
associated with the prognosis of patients with cervical cancer. MCM2 knockdown repressed the 
cervical cancer cell proliferation. The current findings may provide novel insights into under-
standing the pathophysiology of cervical cancer and develop therapeutic targets for patients with 
cervical cancer.
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Introduction
Cervical cancer belongs to one of the most common female 
cancers, and persistent infection of high-risk human papil-
lomavirus is one of the major causal factors for the devel-
opment of cervical cancer.1 In 2019, there were more than 
500,000 new cases and 300,000 deaths globally, with about 
90% of cases occurring in low-income areas.2 Though 
vaccination and routine physical examination have been 
effective in preventing the development of cervical cancer, 
the mortality of cervical cancer is still high particularly in 
low-income areas.2 The high mortality of cervical cancer is 
mainly due to the lack of early diagnosis, as the patients 
with advanced cervical cancer miss the opportunity for 
surgeries and are often resistant to radio/chemotherapy.3–5 

Great efforts have been invested to uncover the pathophy-
siology of cervical cancer, however, the exact underlying 
mechanisms are still elusive, which requires further 
exploration.

High throughput technology has been a powerful tool to 
study the human genomics. Recently, microarray and 
sequencing technologies have been widely used for screen-
ing biomarkers and molecular mechanism discovery in can-
cer studies.6,7 The analysis of multi-omics databases like the 
Gene Expression Omnibus (GEO) as well as The Cancer 
Genome Atlas (TCGA) makes it possible to access micro-
array data and compare cancer profiles to normal profiles.8,9 

In the cervical cancer studies, the bioinformatics analysis has 
been employed to identify the biomarkers and signalling 
pathways associated with the pathophysiology of cervical 
cancer. Dai et al, performed the integrated bioinformatics 
analysis from GEO datasets and identified that the lower 
expression of Krüppel-like factor 4 and estrogen receptor 1 
was closely correlated with the poor prognosis of patients 
with cervical cancer.10 Liang et al, showed that three 
microRNA's (miR-145, miR-200c and miR-281-1) 
signatures predicted survival in cervical cancer using bioin-
formatics analysis.11 Lin et al, performed genome-wide ana-
lysis of aberrant gene expression and methylation profiles 
and indicated that endothelin-3 and endothelin receptor 
B might play important roles in the progression of cervical 
cancer, and LIM homeobox 2, acyl-coenzyme A oxidase 3, 
cytochrome P450 family 39 subfamily A member 1 and 
dihydropyrimidinase might be susceptible genes and poten-
tial risk markers in cervical cancer.12 To date, the public 
microarray datasets regarding cervical cancer are still not 
fully explored, and further analysis of these microarray 

datasets may be helpful for us to identify novel biomarkers 
associated with cervical cancer progression.

In this study, we integrated three microarray datasets 
including GSE138080, GSE113942 and GSE63514 from 
the GEO database and screened the differentially 
expressed genes (DEGs) from these datasets. The func-
tional enrichment analysis was performed to annotate 
these DEGs. Protein-protein interaction (PPI) network 
analysis of the DEGs was performed to identify the hub 
genes. Moreover, the expression and survival analysis of 
the hub genes were further analysed using the online 
databases, which may provide novel insights into under-
standing the prognostic role of the identified hub genes in 
cervical cancer. Finally, the biological role of the hub gene 
(MCM2) in the cervical cancer cells was validated by 
in vitro functional assays.

Materials and Methods
Microarray Data Collection
By searching the GEO database using “cervical cancer” as 
the keywords, three microarray datasets including 
GSE138080, GSE113942 and GSE63514 were down-
loaded for analysis in this study. The platform for 
GSE138080 is GPL4133, Agilent-014850 Whole Human 
Genome Microarray 4x44K G4112F (Feature Number ver-
sion), which contains 10 normal cervical samples and 10 
cervical cancer specimens; the platform for GSE9750 is 
GPL96, [HG-U133A] Affymetrix Human Genome U133A 
Array, which contains 22 normal cervical samples and 33 
cervical cancer tissues; the platform for GSE63514 is the 
GPL570 [HG-U133_Plus_2] Affymetrix Human Genome 
U133 Plus 2.0 Array, which contains 24 normal cervical 
epithelial tissues and 28 cervical cancer tissues.

Identification of DEGs from GEO 
Datasets
GEO2R (https://www.ncbi.nlm.nih.gov/geo/geo2r/?acc= 
GSE40435) was used to compare gene expression profiles 
between normal cervical tissues and cervical cancer tis-
sues. The Benjamini-Hochberg method was used to deter-
mine the false discovery rate and the adjusted P-value was 
used to reduce the likelihood of false positive errors. The 
selection criteria for the DEGs was based on an adjusted 
P-value of < 0.05 and |log fold change (FC)|≥1.5. Finally, 
the overlapping DEGs among the three datasets was iden-
tified by a Venn diagram tool.13
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Functional Enrichment Analysis
Gene ontology (GO) analyses focuses on three domains: 
biological processes, cellular components, and molecular 
functions, and such analyses are used to understand the 
biological functions, pathways, or localization of DEGs. 
The Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway analysis database serves as a valuable resource 
for assessing how particular DEGs may be involved in or 
influenced by specific signalling pathways and disease 
states. The g: Profiler tool was utilized for functional 
enrichment analyses, with a P < 0.05 cut-off for 
significance.14

PPI Network of DEGs
The PPI network of the overlapping DEGs was analysed 
using the STRING database (http://www.bork.embl- 
heidelberg.de/STRING/),15 which is a computerized and 
powerful global resource for studying the interactions 
between the predicted and experimental interactions of 
proteins. A combined score of ≥ 0.7 was used as the cut- 
off value. A Molecular Complex Detection (MCODE) 
plug-in in Cytoscape (version 3.6.1) was used to select 
the PPI network modules, with a cutoff = 2, node score 
cutoff = 0.2, k-core = 2 and maximum depth = 100 as the 
selection criteria. The hub genes were then extracted from 
the PPI network modules.

Expression Analysis of Hub Genes in 
Cervical Cancer
The expression analysis of hub genes in cervical cancer 
was performed using the Gene Expression Profiling 
Interactive Analysis (GEPIA) tool,16 which is a new web- 
based tool that uses standardized, integrated processing to 
analyse tumor and normal gene expression from The 
Cancer Genome Atlas (TCGA) and genotype tissue 
expression (GTEx) and contains 319 cervical tissue sam-
ples (306 tumor samples and 13 normal tissue samples) 
from the TCGA database, and the differential expression 
of the hub genes was defined when P < 0.01. The protein 
expression of hub genes in the cervical tissue was obtained 
from the online database (Human Protein Atlas database, 
https://www.proteinatlas.org/).

Survival Analysis of Hub Genes in 
Cervical Cancer
The overall survival analysis of the hub genes in cervical 
cancer was analysed by the GEPIA tool, Human Protein 

Atlas database (https://www.proteinatlas.org/) and KM 
plotter (https://kmplot.com/analysis/index.php?p= 
background),17 respectively. The GEPIA database con-
tains survival data of 292 patients with cervical cancer. 
The Human Protein Atlas database includes survival data 
of 291 patients with cervical cancer. The KM plotter 
database contains survival data of 304 patients with cer-
vical cancer. Log rank P < 0.05 was considered to be 
statistically significant.

Cell Culture
Two human cervical cancer cell lines (HeLa and SiHa) 
were obtained from ATCC (ATCC, USA). HeLa and SiHa 
cells were cultured in DMEM medium supplemented with 
10% fetal bovine serum (FBS, Thermo Fisher Scientific, 
USA) in a humidified atmosphere with 5% CO2 at 37 °C.

Quantitative Real-Time PCR (qRT-PCR)
Cervical cancer cells were collected at 24 h after siRNA 
transfection for RNA extraction. Total RNA was reverse 
transcribed to cDNA using a First Strand cDNA kit 
(TaKaRa, Japan). qRT-PCR was performed by using 
SYBR Green PCR Master Mix (Applied Biosystems, 
USA). GAPDH was used as the endogenous control for 
mRNA expression. Relative gene expression levels were 
determined by the Ct method. The primers were as follow: 
MCM2, forward: 5ʹ-TGCCACTGTCATCCTAGCCA-3ʹ 
and reverse: 5ʹ-GATGGAAGGAGCAATGCTGG-3ʹ; 
GADPH, forward: 5ʹ-5ʹ-GCAAATTCCATGGCACCGT-3ʹ 
and reverse: 5ʹ-TCGCCCCACTTGATTTTGG-3ʹ.

Small Interfering RNA (siRNA) and Cell 
Transfection
HeLa and SiHa cells were transfected with siRNAs against 
MCM2 (siMCM2) or scrambled siRNA (siNC) by using 
Lipofectamine 3000 (Thermo Fisher Scientific), when 
HeLa and SiHa cells were up to ~80% confluence. The 
MCM2 siRNA sequence was 5ʹ- 
GGAGCUCAUUGGAGAUGGCAUGGAA-3ʹ.

EdU Incorporation Assay
The EdU incorporation assay was performed using an EdU 
DNA Cell Proliferation Kit (RiboBio, Guangzhou, China) 
to detect cell proliferation by following the manufacturer’s 
protocol. The number of EdU-positive cells was counted 
in 6 randomly selected fields.
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Cell Counting Kit-8 (CCK-8) Assay
Cell proliferation was evaluated by CCK-8 assay 
(Dojindo, Tokyo, Japan). Briefly, the transfected HeLa 
and SiHa cells were seeded into 96-well plates. At indi-
cated time points, 10 μL of CCK-8 solution was added to 
each well followed by incubation at 37 °C for another 2 
h. The cell proliferative index was measured by detecting 
the absorbance at 450 nm using an automatic 
spectrophotometer.

Statistical Analysis
All analyses were performed using GraphPad Prism ver-
sion 6.0 (GraphPad Software, USA). Data are expressed as 
the mean ± standard deviation, and differences between 
groups were analysed by one-way ANOVA followed by 
Bonferroni’s multiple comparison tests. Statistical signifi-
cance was set at P < 0.05.

Results
Screening of DEGs from GEO Datasets 
Including GSE138080, GSE113942 and 
GSE63514
The workflow of our bioinformatics analysis and experi-
mental validation is shown in Figure 1. We screened the 
DEGs from three datasets including GSE138080, 
GSE113942 and GSE63514, and presented the DEGs in 
each dataset using the volcano plots (Figure 2A–C). Pink 
and blue dots represented the up-regulated and down- 
regulated genes, respectively. In the GSE138080, a total 
of 813 DEGs with 308 up-regulated and 505 down- 
regulated genes were identified; in the GSE113942, 
a total of 3370 DEGs with 2079 up-regulated and 1291 
down-regulated genes were identified; in the GSE63514, 
a total of 3023 DEGs with 1897 up-regulated and 1126 
down-regulated genes were identified. The overlapping 
DEGs were identified in the up-regulated and down- 
regulated genes. As illustrated by the Venn diagrams, 
a total of 89 overlapping DEGs with 63 up-regulated and 
26 down-regulated genes were identified among these 
datasets (Figure 2D; Supplemental Table 1).

Functional Enrichment Analysis of 
Overlapping DEGs
The 89 overlapping DEGs were firstly subjected to the GO 
enrichment analysis. The top 10 enriched GO terms from 
biological process, cellular component and molecular 

function are shown in Figure 3A–C. In the biological 
process, the DEGs were significantly enriched in the 
terms including “DNA-dependent DNA replication”, 
“mitotic cell cycle process”, “cell cycle”, “mitotic cell 
cycle” and so on (Figure 3A). In the cellular component, 
the DEGs were enriched in the terms including “chromo-
some”, “chromosomal region”, “replication fork protection 
complex”, “replication fork” and so on (Figure 3B). In the 
molecular function, the DEGs were mainly classified into 
terms, including “3ʹ-5ʹ DNA helicase activity”, “catalytic 
activity, acting on DNA”, “DNA-dependent ATPase activ-
ity”, “DNA helicase activity” and so on (Figure 3C). For 
the KEGG analysis, the DEGs were significantly enriched 
in the pathways including “cell cycle, mitotic”, “cell 
cycle”, “DNA strand elongation”, “Unwinding of DNA” 
and so on (Figure 3D).

PPI Network Construction and 
Identification of Hub Genes
Firstly, the PPI network of the overlapping DEGs was 
constructed using the STRING database. As shown in 
Figure 4, the constructed PPI network contains 87 nodes 
and 309 edges with an average node degree of 7.1. 
Furthermore, the PPI network was constructed using the 
Cytoscape software (Figure 5A), and the sub-modules of 
the PPI network was further analysed using the MCODE 
tool. Based on the MCODE analysis, one sub-module with 
a score of 16.5 was identified. The sub-module network 
contains 21 genes with 21 nodes and 165 edges, and the 
constructed PPI network was shown in Figure 5B. The 
genes identified in the sub-module network were defined 
as hub genes for further analysis.

Figure 1 Workflow of the bioinformatics analysis and experimental validation.
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Expression Analysis of Hub Genes
The expression of the hub genes in the normal cervical 
tissues and cervical cancer tissues was analysed by the 
GEPIA. In the GEPIA datasets, 13 normal cervical tissues 
and 306 cervical cancer tissues were included in the ana-
lysis. As shown in Figure 5, all the 21 hub genes were 
significantly up-regulated in the cervical cancer tissues 
when compared to the normal cervical tissues (Figure 6).

Overall Survival Analysis of Hub Genes in 
Patients with Cervical Cancer
The correlation between hub genes and the overall survival 
of patients with cervical cancer was analysed by the 
GEPIA. In the analysed datasets, a total of 292 patients 
with cervical cancer were included in the analysis. Based on 
the median values of hub gene expression, the patients were 
classified into low expression and high expression groups. 
As shown in Figure 7, the low expressions of cell division 

cycle 45 (CDC45), GINS complex subunit 2 (GINS2), mini-
chromosome maintenance complex component 2 (MCM2) 
and proliferating cell nuclear antigen (PCNA) were signifi-
cantly correlated with the shorter survival of patients with 
cervical cancer (Figure 7A–D); whereas the other hub genes 
were not associated with the overall survival of the patients 
with cervical cancer (Supplemental Figure S1). Further 
validation studies using Human Protein Atlas database and 
KM plotter showed that low expression of CDC45, GINS2, 
MCM2 and PCNA predicted worse prognosis of patients 
with cervical cancer (Figures 8 and 9). Furthermore, the 
protein expression of CDC45, GINS2, MCM2 and PCNA in 
the cervical cancer tissues and normal cervical tissues was 
evaluated by immunohistochemistry using the Human 
Protein Atlas database; as shown in Figure 9, the protein 
expression levels of GINS2, MCM2 and PCNA, but not 
CDC45 were significantly higher in the cervical cancer 
tissues than that in the normal cervical tissues (Figure 10).

Figure 2 Screening of the overlapping DEGs among GSE138080, GSE113942 and GSE63514 datasets. The volcano plots of DEGs in (A) GSE138080, (B) GSE113942 and 
(C) GSE63514; blue dots and pink dots represent the significantly down-regulated and up-regulated DEGs respectively. (D) The up-regulated and down-regulated 
overlapping DEGs were illustrated in the Venn diagram.
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Effects of MCM2 Knockdown on the Cell 
Proliferation of HeLa and SiHa Cells
Among these hub genes, MCM2 belongs to the MCM 
family, and emerging evidence implied that the MCM 
family members were key mediators in the cancer 
biology.18,19 Among the MCM members, the role of 
MCM2 in cervical cancer development and progression 
remains unclear, thus, we performed validation studies on 
MCM2. The effects of MCM2 knockdown on the cervical 
cancer cell proliferation were determined by CCK-8 and 
EdU incorporation assays, respectively. As shown in 
Figure 11A, the transfection of MCM2 siRNA (siMCM2) 
significantly down-regulated the MCM2 mRNA expres-
sion in both HeLa and SiHa cells. CCK-8 assay showed 
that MCM2 knockdown suppressed the HeLa and SiHa 
cell proliferation (Figure 11B and C). The EdU incorpora-
tion assay consistently showed that MCM2 siRNA trans-
fection significantly reduced the EdU-positive HeLa and 
SiHa cells as compared to the siNC group (Figure 11D).

Discussion
Cervical cancer is one of the most common female malig-
nancies, and great improvements have been made in the 
prevention and treatment of cervical cancer.1 However, the 
molecular mechanisms underlying cervical cancer progres-
sion are not clear. With the advancement of the high 
throughput technologies, the novel biomarkers for cancer 
progression have been identified via analysing the micro-
array datasets. In the present study, we analysed 3 GEO 
datasets including GSE138080, GSE113942 and 
GSE63514; and a total of 89 overlapping DEGs (63 up- 
regulated and 26 down-regulated genes) were identified 
among the datasets. The functional enrichment analysis 
indicated that the overlapping DEGs were mainly asso-
ciated with “DNA replication” and “cell cycle”. 
Furthermore, the PPI network analysis revealed 
a network with 87 nodes and 309 edges. Sub-module 
analysis using MCODE identified 21 hub genes from the 
PPI network. The expressions of the 21 hub genes were all 

Figure 3 Functional enrichment analysis of the overlapping DEGs. The GO enrichment analysis of DEGs in the categories of (A) biological process, (B) cellular component 
and (C) molecular functions. The top 10 enriched GO terms in each category were shown. (D) The KEGG pathway enrichment analysis of the overlapping DEGs. The top 
10 enriched KEGG pathways were shown.
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Figure 4 PPI network construction of the overlapping DEGs using STRING database.

Figure 5 PPI network construction and hub genes identification using Cytoscape. (A) The PPI network of the overlapping DEGs were constructed in Cytoscape software. 
(B) The sub-module of the PPI network was illustrated using the MCODE tool.
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up-regulated in the cervical cancer tissues when compared 
to normal cervical tissues as analysed by the GEPIA tool. 
The survival analysis showed that the low expression of 
CDC45, GINS2, MCM2 and PCNA was significantly cor-
related with the shorter survival of patients with cervical 

cancer. Moreover, the protein expression levels of GINS2, 
MCM2 and PCNA, but not CDC45 were also significantly 
up-regulated in the cervical cancer tissues when compared 
to normal cervical tissues. Based on the above results, our 
analysis revealed four hub genes including CDC45, 

Figure 6 Expression analysis of hub genes in the cervical tissues. The expression levels of ANLN, CCNB2, CDC45, CDCA5, CENPF, CENPN, DTL, GINS2, KIF2C, KIF23, 
MCM2, MCM4, MCM5, MCM7, NEK2, NUSAP1, PCNA, PRC1, SPAG5, TPX2 and ZWINT in the normal cervical tissues and cervical cancer tissues were analysed using the 
GEPIA tool.
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GINS2, MCM2 and PCNA may be associated with the 
prognosis of patients with cervical cancer.

In our study, we found that CDC45 was up-regulated in 
the cervical cancer tissues and predicted a better prognosis 
of patients with cervical cancer. In the KEGG pathway 
enrichment analysis, CDC45 was classified into cell cycle 
pathway. CDC45 has a critical role in the initiation and 
elongation steps of DNA replication to ensure that chro-
mosomal DNA is replicated only once per cell cycle.20 In 
the esophageal squamous cell carcinoma, CDC45 can be 
suppressed ring finger protein 1 and Yin Yang 1-binding 

protein, which exerted the tumor-suppressive effects on 
this malignancy.21 CDC45 could promote papillary thyroid 
cancer progression via regulating cell cycle.22 Studies 
from Huang et al, indicated that CDC45 functioned as an 
oncogenes in non-small cell lung cancer.23 KNK437 could 
destabilize CDC45, which lead to the suppression of color-
ectal cancer growth and metastasis.24 In the bioinformatics 
analysis, CDC45 was found to be up-regulated in color-
ectal cancer,25 hepatocellular carcinoma,26 and breast can-
cer tissues.27 In colorectal cancer, low expression of 
CDC45 predicts poor prognosis of patients with colorectal 

Figure 7 Overall survival analysis of hub genes using the GEPIA tool. The association between the expression levels of CDC45 (A), GINS2 (B), MCM2 (C) and PCNA (D) and 
overall survival of the patients with cervical cancer was analysed by using the GEPIA tool.
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cancer, which can be explained as CDC45 being down- 
regulated in colorectal cancer tissues with advanced 
stage.25 The bioinformatics studies showed that CDC45 
was up-regulated in the cervical cancer tissues and a high 
expression of CDC45 was correlated with longer overall 
survival of patients with cervical cancer.28,29 Our findings 
were consistent with the previous studies, suggesting the 
robust bioinformatics analysis in this study. However, the 
expression of CDC45 may be investigated in the cervical 

cancer tissues with different clinical stages, which can 
further reveal the prognostic role of CDC45 in the cervical 
cancer.

GINS2 belongs to the tetrameric complex family and 
functions as the replicative helicase, unwinding duplex 
DNA ahead of the moving replication fork. The role of 
GINS2 has been deciphered in various types of cancers. 
A high GINS2 transcript level predicts poor prognosis and 
correlates with high histological grade and endocrine 

Figure 8 Overall survival analysis of hub genes using the KM plotter (https://kmplot.com/analysis/index.php?p=background). The association between the expression levels 
of CDC45 (A), GINS2 (B), MCM2 (C) and PCNA (D) and overall survival of the patients with cervical cancer was analysed by using the KM plotter.
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therapy resistance through mammary cancer stem cells in 
breast cancer patients,30 and GINS2 regulates matrix 
metallopeptidase 9 expression and cancer stem cell prop-
erty in human triple negative breast cancer.31 GINS2 pro-
motes cell proliferation and inhibits cell apoptosis in 
thyroid cancer by regulating Cbp/p300-interacting transac-
tivator 2 and lysyl oxidase like 2;32 knockdown of GINS2 
inhibits cell proliferation and tumorigenesis in human 
gliomas;33 GINS2 promotes EMT in pancreatic cancer 
via specifically stimulating extracellular signal-regulated 
kinase 1/2/mitogen-activated protein kinase signaling.34 

In the cervical cancer, Chen et al, found that GINS2 was 
up-regulated in the SiHa cells and cervical cancer 
tissues.35 However, the prognostic role of GINS2 in cervi-
cal cancer remains unknown. Our bioinformatics analysis 
revealed that low expression of GINS2 was associated with 
poor prognosis of patients with cervical cancer; however, 
the detailed mechanisms of GINS2 in cervical cancer pro-
gression still requires further examination.

PCNA plays a key role in the DNA replication of 
mammalian cells and their small DNA tumour viruses. In 
the cervical cancer studies, Up-regulation of PCNA is 
closely associated with high-risk human papillomavirus 

and progression of cervical intraepithelial neoplasia 
(CIN), but does not predict disease outcome in cervical 
cancer.36 Kim et al, demonstrated that PCNA immunos-
taining enhanced diagnostic accuracy for high-grade cer-
vical squamous intraepithelial lesion.37 Madhumati et al, 
found that PCNA labelling index was increased with 
increasing severity of CIN lesions.38 In agreement with 
the above studies, our results consistently identified the 
up-regulation of PCNA in the cervical cancer tissues. 
Although the analysis of the public database from this 
study indicated that low expression of PCNA predicted 
poor prognosis of patients with cervical cancer, the prog-
nostic role of PCNA is still unclear; and future clinical 
studies are warranted to validate the prognostic role of 
PCNA in cervical cancer.

MCM2 belongs to the MCM protein complex which 
consists of six highly conserved proteins (MCM2-7) and 
plays an important role in the initiation of DNA replication 
and DNA unwinding due to its replicative helicase activ-
ity. The prognostic role of MCM2 has been demonstrated 
in various types of cancers including breast cancer,39 colon 
cancer,40 liver cancer26 and so on. In the cervical cancer 
studies, Kuku et al, performed the immunostaining for 

Figure 9 Overall survival analysis of hub genes using the Human Protein Atlas database (https://www.proteinatlas.org/). The association between the expression levels of 
CDC45 (A), GINS2 (B), MCM2 (C) and PCNA (D) and overall survival of the patients with cervical cancer was analysed by using the Human Protein Atlas database.
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Figure 10 Protein expression levels of hub genes (CDC45, GINS2, MCM2 and PCNA) in the normal cervical tissues and cervical cancer tissues were analysed using the 
Human Protein Atlas database (https://www.proteinatlas.org/). 
Notes: **P < 0.01.
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MCM2 in cervical cancer tissues and suggested that 
MCM2 does not appear to predict disease grade, stage, or 
outcome of patients with cervical cancer.41 Filho et al, 
showed that HPV-infected cells strongly express MCM2; 
nevertheless, their data suggests that MCM2 is not a good 
biomarker when comparing the different clinical stages of 
cervical cancer.42 Studies also showed that MCM2 was 
over expressed in cervical cancer irrespective of clinico-
pathological parameters,43 which was consistent with our 
findings regarding the MCM2 protein expression in cervi-
cal cancer using the Human Protein Atlas database. 
A recent study suggested that a strong expression of 
MCM2 protein in a high grade squamous intraepithelial 
lesion may aid as a concatenated screening tool in detect-
ing pre-cancerous cervical lesions.44 In our study, the 
bioinformatics result showed that up-regulated MCM2 in 
the cervical cancer tissues may predict longer overall 
survival of patients with cervical cancer. The in vitro 
studies have shown that MCM2 mRNA was enriched in 
HeLa cells to approximately four times the level in WI-38 
cells.45 In other types of cancers such as ovarian and lung 
cancer, MCM2 was found to promote the proliferative 
potential of these cancer cells.46,47 In our in vitro func-
tional studies, we consistently showed that MCM2 knock-
down suppressed the proliferation of HeLa and SiHa cells, 

suggesting that MCM2 may play an oncogenic role in the 
cervical cancer progression. However, the prognostic role 
of MCM2 in cervical cancer is still controversial among 
studies, as a high expression of MCM2 showed better 
prognosis for patients with cervical cancer as shown in 
our bioinformatics analysis. Indeed, studies have found 
a strong correlation between the MCM2-positive cells 
and the presence of HPV DNA detected by in situ hybri-
dization. The database for the cervical patients may not be 
stratified according to the clinical characteristics of the 
patients, and future studies should stratify the patients 
based on clinical characteristics such as HPV-infection, 
tumor stage, etc to further confirm the prognostic role of 
MCM2.

The evidence regarding the prognostic role of MCM2 
was mainly based on the online bioinformatics tools in our 
study, and the exact prognostic role of MCM2 still 
requires detailed examination using clinical data from 
a large cohort of patients with cervical cancer from multi-
ple centres. The present study only analysed three GEO 
datasets, and future studies may screen more DEGs to 
further explore novel targets or confirm the role of 
MCM2 in cervical cancer progression. Unfortunately, our 
experimental studies were limited to the in vitro assays, 
and further in vivo assays should be considered to examine 

Figure 11 Effects of MCM2 knockdown on the cervical cancer cell proliferation. (A) The mRNA expression of MCM2 in HeLa and SiHa without any treatment, with siNC 
or siMCM2 transfections were determined by qRT-PCR. (B) HeLa and (C) SiHa cells after being treated with siNC or siMCM2. (D) The cell proliferation of HeLa and SiHa 
cells in different groups were determined by EdU incorporation assay. CCK-8 assay evaluated the proliferative potential of N = 3, *P < 0.05 and **P < 0.01.
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the role of MCM2 in tumor growth. Finally, the regulatory 
mechanism of MCM2 in cervical cancer is worthy of 
further investigation.

In conclusion, we screened a total of 89 overlapping 
genes from the GEO datasets, and further analysis identi-
fied four hub genes (CDC45, GINS2, MCM2 and PCNA) 
that were likely associated with the prognosis of patients 
with cervical cancer. MCM2 knockdown repressed the 
cervical cancer cell proliferation. The current findings 
may provide novel insights into understanding the patho-
physiology of cervical cancer and develop therapeutic 
targets for patients with cervical cancer. Future validation 
studies are required to confirm the prognostic role and 
mechanistic actions of the hub genes in cervical cancer.
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