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Screening and verifying biomarker mini-chromosome maintenance protein 2 for cervical cancer based on
bioinformatics
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Department of Obstetrics and Gynaecology, Changhai Hospital, Naval Medical University (Second Military Medical University),
Shanghai 200433, China

[ Abstract ]  Objective To analyze and screen key genes affecting the prognosis of cervical cancer based on
bioinformatics, and to explore their functions. Methods The microarray datasets of cervical cancer (GSE6791, GSE39001,
GSE55940 and GSE63678) were downloaded from Gene Expression Omnibus (GEO) database, and the differentially
expressed genes (DEGs) were screened after merging and batch normalization. The DEGs were analyzed by gene ontology
(GO) and Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment analyses and protein-protein interaction
(PPI) network, and survival analysis was performed based on The Cancer Genome Atras (TCGA) database to identify key
genes. The functions of key genes were analyzed by gene set enrichment analysis (GSEA), and the pan-cancer data based on

TCGA database were used for in-depth research on functions, including gene correlation analysis, univariate Cox regression,
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immune subtype, tumor microenvironment and tumor stemness. Results A total of 336 DEGs were screened out, of which
153 were down-regulated and 183 were up-regulated. Mini-chromosome maintenance protein 2 (MCM2) was selected as a
potential biomarker for cervical cancer by PPI network and survival analysis. The results of GSEA suggested that MCM2
was associated with autophagy and mitogen-activated protein kinase signaling pathway. The research in pan-cancer showed
that the expression of MCM2 was positively correlated with the 5-year overall survival rates of 4 cancers (cervical cancer,
lymphoid neoplasm diffuse large B-cell lymphoma, rectum adenocarcinoma, and uveal melanoma) and negatively correlated
with 7 cancers (adrenocortical carcinoma, kidney chromophobe, acute myeloid carcinoma, brain lower grade glioma, liver
hepatocellular carcinoma, mesothelioma and sarcoma). The research on functions in pan-cancer data suggested that MCM2-10
were invoved in the immune subtypes of cancers; tumor tissues with high expression levels of MCM2-10 had low proportions
of matrix cells and immune cells and a high proportion of cancer cells; and the expression level of MCM2 was positively
correlated with the tumor stemness in many cancers. Conclusion MCM2 is highly expressed in cervical cancer and related

to the prognosis of patients, making it a potential biomarker for prognosis of cervical cancer. Furthermore, MCM2 is involved

in various biological processes of many cancers, and it serves as a new target for cancer therapeutic intervention.

[ Key words] uterine cervical neoplasms; mini-chromosome maintenance protein 2; bioinformatics; pan-cancer; tumor

microenvironment; neoplastic stem cells
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Fig1 Volcano chart of integrated data of gene sequencing
in cervical cancer and normal cervical tissues
Red dots: Up-regulated genes; Green dots: Down-regulated
genes; Black dots: Genes without significant difference in

expression level. FC: Fold change; FDP: False discovery rate.
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Fig2 Enrichment analyses of differentially expressed genes by GO and KEGG

A: Top 10 GO terms of differentially expressed genes; B: KEGG pathways of differentially expressed genes. GO: Gene ontology;

KEGG: Kyoto encyclopedia of genes and genomes; FDR: False discovery rate.
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Fig 3 PPI analysis of differentially expressed genes

PPI network of differentially expressed genes by STRING. Circles: Genes; Lines: Protein interaction between genes; Results within

the circle: Structure of proteins; Line color: Evidence of the interaction between the proteins. PPI: Protein-protein interaction.
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Fig4 MCODE analysis of PPI core integration network using Cytoscape plug-in

A: PPI network of top 30 genes with the highest degree; B: MCODE result of cluster 1 network (green to red: MCODE score increased from
low to high); C: MCODE result of cluster 2 network; D: MCODE result of cluster 3 network. PPIL: Protein-protein interaction; MCODE:

Molecular complex detection.
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Fig S Kaplan-Meier survival analysis of cervical cancer
patients with different MCM2 expression levels
The median expression level was set as the cutoff value for the
Kaplan-Meier curves. MCM2: Mini-chromosome maintenance

protein 2.
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Fig 6 Expression and location of MCM2 in cervical cancer cells
A: RNA expression of MCM2 analyzed by GEPIA2 based on the databases of TCGA and GTEx; B: Protein expression analysis of
MCM2 in normal tissue and cervical cancer tissue by HPA-based immunohistochemistry database; C: Localization of MCM2 in cells
(400X). Green: MCM2 antibody; Red: Microtubules. MCM2: Mini-chromosome maintenance protein 2; GEPIA2: Gene Expression
Profiling Interactive Analysis; TCGA: The Cancer Genome Atlas; GTEx: Genotype-Tissue Expression.
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Fig7 KEGG gene set enrichment analysis results of MCM2 in cervical cancer

A: Tumor and immunity; B: Cell proliferation, death, and motility; C: Scavenging and degradation; D: Synthesis and metabolism.
MCM2: Mini-chromosome maintenance protein 2; KEGG: Kyoto encyclopedia of genes and genomes.
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Fig 8 Kaplan-Meier survival analysis of pan-cancer patients with different MCM2 expression levels

A: Adrenocortical carcinoma; B: Diffuse large B-cell lymphoma; C: Kidney chromophobe; D: Acute myeloid leukemia; E: Brain lower

grade glioma; F: Liver hepatocellular carcinoma; G: Mesothelioma; H: Rectum adenocarcinoma; I: Sarcoma; J: Uveal melanoma. The

median expression level was set as the cutoff value for the Kaplan-Meier curves. MCM2: Mini-chromosome maintenance protein 2.
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Differential expression and co-expression of MCMs in pan-cancer

A: Heatmap of MCMs in pan-caner; B: Correlation analysis of MCMs transcript in pan-cancer. MCM: Mini-chromosome maintenance

protein; CESC: Cervical squamous cell carcinoma and endocervical adenocarcinoma; LUSC: Lung squamous cell carcinoma; CHOL:

Cholangiocarcinoma; ESCA: Esophageal carcinoma; GBM: Glioblastoma multiforme; LIHC: Liver hepatocellular carcinoma; BRCA: Breast

invasive carcinoma; LUAD: Lung adenocarcinoma; UCEC: Uterine corpus endometrial carcinoma; COAD: Colon adenocarcinoma; READ:

Rectum adenocarcinoma; STAD: Stomach adenocarcinoma; BLCA: Bladder urothelial carcinoma; HNSC: Head and neck squamous cell

carcinoma; KICH: Kidney chromophobe; KIRC: Kidney renal clear cell carcinoma; KIRP: Kidney renal papillary cell carcinoma; PCPG:

Pheochromocytoma and paraganglioma; THCA: Thyroid carcinoma; PAAD: Pancreatic adenocarcinoma; PRAD: Prostate adenocarcinoma.
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Fig 10 Univariate Cox regression analysis of MCMs influencing prognosis of pan-cancer patients

MCM: Mini-chromosome maintenance protein; ACC: Adrenocortical carcinoma; BLCA: Bladder urothelial carcinoma; BRCA: Breast
invasive carcinoma; CESC: Cervical squamous cell carcinoma and endocervical adenocarcinoma; CHOL: Cholangiocarcinoma;
COAD: Colon adenocarcinoma; DLBC: Lymphoid neoplasm diffuse large B-cell lymphoma; ESCA: Esophageal carcinoma; GBM:
Glioblastoma multiforme; HNSC: Head and neck squamous cell carcinoma; KICH: Kidney chromophobe; KIRC: Kidney renal clear
cell carcinoma; KIRP: Kidney renal papillary cell carcinoma; LAML: Acute myeloid leukemia; LGG: Brain lower grade glioma;
LIHC: Liver hepatocellular carcinoma; LUAD: Lung adenocarcinoma; LUSC: Lung squamous cell carcinoma; MESO: Mesothelioma;
OV: Ovarian serous cystadenocarcinoma; PAAD: Pancreatic adenocarcinoma; PCPG: Pheochromocytoma and paraganglioma; PRAD:
Prostate adenocarcinoma; READ: Rectum adenocarcinoma; SARC: Sarcoma; SKCM: Skin cutaneous melanoma; STAD: Stomach
adenocarcinoma; TGCT: Testicular germ cell tumor; THCA: Thyroid carcinoma; THYM: Thymoma; UCEC: Uterine corpus

endometrial carcinoma; UCS: Uterine carcinosarcoma; UVM: Uveal melanoma.
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Fig 11 Expression of MCMs in pan-cancer tissues with different immune types
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Fig 12 Correlation analysis between MCMs and tumor immune microenvironment and tumor stemness
A: Stromal score; B: Immune score; C: Tumor purity; D: Stemness score. MCM: Mini-chromosome maintenance protein; ACC:
Adrenocortical carcinoma; BLCA: Bladder urothelial carcinoma; BRCA: Breast invasive carcinoma; CESC: Cervical squamous
cell carcinoma and endocervical adenocarcinoma; CHOL: Cholangiocarcinoma; COAD: Colon adenocarcinoma; DLBC: Lymphoid
neoplasm diffuse large B-cell lymphoma; ESCA: Esophageal carcinoma; GBM: Glioblastoma multiforme; HNSC: Head and neck
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carcinosarcoma; UVM: Uveal melanoma.
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