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Abstract. Chronic pancreatitis (CP), a  fibroinflammatory disease, is a  potential risk factor 
for pancreatic cancer. This study attempted to identify and analyze the key genes involved in 
CP development and their association with pancreatic cancer. The GSE41418 dataset was ob-
tained from the Gene Expression Omnibus database. Gene ontology and Kyoto Encyclopedia 
of Genes and Genomes pathway analyses were performed on common differentially expressed 
genes. A protein-protein interaction network was constructed by using the STRING database. 
The expression and prognostic value of hub genes in pancreatic cancer were analyzed by Gene 
Expression Profiling Interactive Analysis (GEPIA) and UALCAN databases. The results showed 
that the upregulated genes primarily focused on the cell cycle, DNA replication, and phago-
some activity. The PPI network was composed of 184 nodes and 925 edges. The 10 hub genes 
were screened by CytoHubba, of which CCNB2, CDC6, CDK1 and CKS2 were observed to 
be differentially expressed in pancreatic cancer with CP, and all of them were detrimental to 
overall survival and recurrence-free survival of pancreatic cancer. In this study, we employed 
bioinformatic analysis to determine that CCNB2, CDC6, CDK1 and CKS2 may be key genes in 
the development of CP and pancreatic cancer.
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Introduction

Chronic pancreatitis (CP) is a  progressive in�ammatory 
disease that causes destruction of pancreatic parenchyma and 
its replacement by �brous tissue (Lew et al. 2017; Georg et al. 
2020). �e continuous in�ammatory state of CP promotes 
the acceleration of tissue repair and may lead to the forma-
tion of pancreatic cancer (Takahashi et al. 2020). Pancreatic 
cancer is one of the most serious malignant tumors in the 
world, and the 5-year survival rate of pancreatic cancer is still 
below 5%. Pancreatic ductal adenocarcinoma (PDAC) is the 
most important and aggressive type of pancreatic cancer, and 
its clinical manifestations are higFighly similar to those of 
CP (McGuire 2016; Narkhede et al. 2019). Related research 
has shown that the risk of pancreatic cancer has a nearly 

eight-fold increase within 5 years a�er the diagnosis of CP 
(Kirkegard et al. 2017). �erefore, elucidating the molecular 
mechanism governing CP and identifying its relationship 
with pancreatic cancer may facilitate the treatment of CP and 
the early prevention of tumor formation and progression.

Gene mutation or abnormal expression is also closely 
related to the pathogenesis of CP. For example, mutations 
in CFTR (cystic fibrosis trans-membrane conductance 
regulator) and SPINK1 (Kazal type 1) are risk factors for 
lowering the threshold of pancreatitis, and CFTR mutations 
also increase the risk of pancreatic cancer (Schneider et al. 
2011; Jalaly et al. 2017; Cazacu et al. 2018). Studies found 
that mutations in the CFTR were involved in the process of 
cancer. First, mutations in the CFTR gene lead to CP, and 
the long-term in�ammation increases the risk of tumor 

Figure 1. Flow chart of data preparation, processing, analysis, and validation. Dashed lines indicate the basic information of the method 
or so�ware used. GEO, Gene Expression Omnibus; GO, Gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; DEGs, dif-
ferentially expressed genes; PPI, protein-protein interaction; GEPIA, Gene Expression Pro�ling Interactive Analysis; OS, overall survival; 
RFS, recurrence-free survival; MCODE, Molecular Complex Detection.
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transformation (Cazacu et al. 2018). Second, the association 
of CFTR F508del carriers with a variety of cancers may have 
potential biological and clinical signi�cance (Shi et al. 2021). 
�ird, CFTR has a low trend of potentially pathogenic vari-
ant of uncertain signi�cance in 35% of PDAC cases (Earl et 
al. 2020). In addition, patients with CFTR mutations and 
subsequent pancreatic exocrine insu�ciency may su�er from 
de�ciencies of selenium and vitamin E. �ese two substances 
are antioxidants and are thought to provide cancer protec-
tion (Neglia et al. 1995). In addition to gene mutations, it is 
unknown whether the di�erentially expressed genes in CP 
are also involved in the process of cancer. Genes speci�cally 
expressed in other diseases also exhibit potential as diagnos-
tic biomarkers and therapeutic targets. In addition, with the 
rapid development of genetic technology, gene chips and 
high-throughput sequencing make it possible to study the 
pathogenesis of various diseases at the molecular level and 
to use bioinformatic analysis to screen disease-related genes. 
For example, in cancer research, applying these methods can 
help us to identify tumor suppressor genes and oncogenes 
related to tumorigenesis and development and to establish 
a foundation for further cancer-related research (Xiao et al. 
2018; Ni et al. 2019). However, compared with cancer, there 
are few studies on CP and the association between CP and 
pancreatic cancer.

In this study, we used microarray data sets in the Gene 
Expression Omnibus (GEO) database for bioinformatic 
analysis. By comparing the gene expression in chronic pan-
creatitis tissue and normal pancreas tissue in two commonly 
used animal models of CP, we screened out di�erentially 
expressed genes (DEGs) and employed the intersection of the 
two groups of DEGs to select common DEGs. �e microarray 
data was published in 2013 by Neuschwander-Tetri’s team 
(Ulmasov et al. 2013). �ey found that the genes identi�ed 
by this analysis were involved mainly in eight cellular path-
ways: cell cycle, DNA replication and repair, focal adhesion, 
�brosis, ubiquitin-mediated proteolysis, cancer, apoptosis, 
and immune response. �e team focused on the descrip-
tion of DEGs related to �brosis included Mmp7, Pcolce2, 
Itih4, Wdfy1, and Vtn (Ulmasov et al. 2013). In contrast, 
we focused on the description of DEGs related to cell cycle, 
DNA replication and repair, and cancer, and then analyzed 
the relationship between CP and pancreatic cancer. �en, we 
performed gene ontology (GO) and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway enrichment analysis 
of DEGs, constructed a protein-protein interaction network 
and discovered hub genes. Later, to explore the connection 
between CP and pancreatic cancer at the molecular level, we 
used UALCAN and Gene Expression Pro�ling Interactive 
Analysis (GEPIA) online analysis tools for expression and 
prognosis analysis (see Fig. 1). �e results of this study can 
provide a reference for the diagnosis, treatment, and prog-
nostic evaluation of CP and pancreatic cancer.

Materials and Methods

Gene expression pro�le data

Gene Expression Omnibus (GEO) (https://www.ncbi.nlm.
nih.gov/geo) (Barrett et al. 2007) is a public genomic database 
of gene chips and microarrays. �e gene expression dataset 
GSE41418 (Ulmasov et al. 2013) was downloaded from the 
GEO database. GSE41418 is a mouse CP dataset that includes 
two di�erent mouse strains commonly used to reproduce CP 
and human diseases: Harlan mice and Jackson mice. In this 
dataset, CP was induced in 8-week-old B6J and B6N female 
mice (18–20  g body weight) by repeated intraperitoneal 
injections of cerulein (50 mg/kg hourly). Injections were 
administered every 6 h every other day, and a total of three 
treatments were administered. Sex- and age-matched control 
mice received similar saline injections, and to resolve the 
acute changes, mice were euthanized by CO2 asphyxiation 
3 days a�er their �nal cerulein treatment. Pancreatic tissues 
were used for expression pro�le chip detection, and saline-
injected mice were used as controls. �e dataset contained 
CP Harlan mice (CP-Harlan group, n = 6), CP Jackson mice 
(CP-Jackson group, n = 6) and control mice (Control group, 
n = 6) injected with saline.

Identi�cation of DEGs

Network Analyst (http://www.networkanalyst.ca) (Xia et al. 
2013; Zhou et al. 2019a), an online tool based on R language, 
was used to normalize the above datasets and analyze DEGs 
between normal pancreatic tissues and CP tissues. To identify 
genes with statistically signi�cant di�erential expression, 
the false discovery rate (FDR)-corrected p-value (adjusted 
p-value) < 0.05, and |log2 fold-change (FC)| ≥ 2 were selected 
as the screening thresholds. DEGs and their adjusted p-values 
were calculated by the R“limma”package. Next, the intersec-
tion of the two datasets was determined using an online tool 
for drawing Venn diagrams https://bioinfogp.cnb.csic.es/
tools/venny/index.html).

Functional and pathway enrichment analysis of DEGs

To understand the function of these DEGs, Metascape 
(https://metascape.org/), a free gene annotation and analysis 
resource, was used to perform GO enrichment and gene 
enrichment and KEGG pathway enrichment analysis (Zhou 
et al. 2019b). p <  0.01 was considered to be a  signi�cant 
enrichment of DEGs.

PPI network and module analysis

�e STRING (https://string-db.org/) (version 11.0, Szklarc-
zyk et al. 2019) is a database of known and predicted protein-

https://www.ncbi.nlm.nih.gov/geo
https://www.ncbi.nlm.nih.gov/geo
http://www.networkanalyst.ca
https://string-db.org/
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protein interactions (PPI). �e interactions include direct 
(physical) and indirect (functional) associations. �erefore, 
the database was used to build a PPI network and it was visu-
alized using Cytoscape so�ware (version 3.7.2, Shannon et 
al. 2003). �e number of interactions between proteins was 
screened using the con�dence level. When the number of in-
teractions reached 530’027’879, the interaction with medium 
or higher con�dence was predicted (the comprehensive score 
≥ 0.4). �us, the cut-o� criterion was set to a comprehensive 
score of ≥ 0.4. In addition, CytoHubba of Cytoscape (Chin 
et al. 2014) was used to calculate the top 10 hub genes using 
the MCC algorithm. �e hub gene plays a vital role in bio-
logical processes. An interaction network can be constructed 
through co-expression or protein interactions, and the key 
gene can then be screened according to the network topology. 
Molecular Complex Detection (MCODE) (Bader and Hogue 
2003) is a plug-in in Cytoscape for clustering and building 

functional modules in large protein interaction networks. 
�e so�ware calculated the MCODE score and selected the 
signi�cant modules of key genes using the screening criteria 
of Degree Cuto� = 2, Haircut on, Node Score Cut-o� = 0.2, 
k-core = 2, and Max depth = 100. Detailed procedures for 
the MCODE algorithm are described in reference (Bader 
and Hogue 2003).

Clinical analyses of hub genes

UALCAN (https://ualcan.path.uab.edu/index.html) (Chan-
drashekar et al. 2017) is an online portal for facilitating tumor 
subgroup gene expression based on �e Cancer Genome 
Atlas (TCGA) data. We used the database to analyze the ex-
pression of screened hub genes in normal pancreatic tissues, 
pancreatic adenocarcinoma (PAAD) with CP, and PAAD 
without CP, and identi�ed four candidate genes. Detailed 

Figure 2. Identi�cation of di�erentially expressed genes: GSE41418-C57BL/6NHsd (Harlan; A) and GSE41418-C57BL/6J (Jackson; B). 
Red color indicates uDEGs (up di�erentially expressed genes; UP), blue color represents dDEGs (down di�erentially expressed genes; 
DOWN), and gray color represents genes that are not signi�cantly di�erent in expression (NS). �e criterion: |Foldchange| > 2, adjusted 
p < 0.05 was determined as the cuto� value. Venn diagram shows DEGs shared by GSE41418-C57BL/6NHsd (Harlan) and GSE41418-
C57BL/6J (Jackson) uDEGs (C) and dDEGs (D). A total of 196 uDEGs and 11 dDEGs were identi�ed in the intersections. logFC, log2 
fold-change; Adj.p.val, adjusted p-value.

A

C
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D
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procedures for UALCAN are described in reference (Chan-
drashekar et al. 2017). Here, we provide a brief introduction: 
enter the gene symbols of the target genes a�er entering the 
website and select the corresponding disease dataset; click 
explore, select the expression option, and select correspond-
ing options according to the research purpose.

GEPIA (http://gepia.cancer-pku.cn website/) (Tang et 
al. 2017) is a dataset based on TCGA and Genotype Tissue 
Expression (GTEx), which can provide a fast and customiz-
able network tool. Hence, we utilized the database to analyze 
the expression of four candidate genes in pan-cancer and 
selected the default parameters. Detailed procedures for 
GEPIA are described in reference (Tang et al. 2017). Here, 
we give a brief introduction: enter the gene symbols of the 
target genes a�er entering the website and select “Expression 
DIY”; a�er adding all tumor databases, click on the plot to 
perform pan-cancer expression analysis of the target genes.

A  single-factor analysis of variance was conducted to 
identify signi�cant di�erences among the groups. Subse-
quently, the expression levels, overall survival (OS), and 
recurrence-free survival (RFS) of the four candidate genes in 
pancreatic cancer were analyzed using GEPIA. �e speci�c 
operation method is described above.

Results

DEGs between the CP group and control group

When adjusted for p < 0.05 and |logFC| ≥ 2, a total of 290 
DEGs were detected in the CP-Harlan group and the Con-
trol group, including 278 upregulated DEGs and 12 down-
regulated DEGs. A total of 359 DEGs were detected in the 
CP-Jackson group and the Control group, 334 of which were 
upregulated and 25 of which were downregulated. Volcano 
diagrams for the CP-Harlan group and CP-Jackson group vs. 
the Control group are shown in Figure 2A and B, respectively. 
�e intersection of the di�erential genes obtained from the 
two groups revealed that 196 DEGs were upregulated and 
11 DEGs were downregulated in both CP and control mice 
(Fig. 2C and D).

GO enrichment analysis and KEGG pathway analysis of 
DEGs

Metascape for GO enrichment and KEGG pathway en-
richment analysis was used to further study the biological 
functions of each DEG. Analysis of the upregulated DEGs 
biological process (BP) showed that genes were signi�cantly 
enriched in response to wounding, extracellular structure 
organization, cell cycle phase transition, DNA replication 
initiation, negative regulation of immune system process, 
and positive regulation of cytokine production (Fig. 3A). 

Table 1. Top 10 hub genes ranked by MCC algorithm in PPI 
network

Rank Gene
1 CDK1
2 CCNA2
3 MCM7
4 MCM4
5 RFC4
6 MCM5
7 CDC6
8 MAD2L1
9 CKS2

10 CCNB2
PPI, protein-protein interaction. �e score is 1.43×1017.

Regarding molecular function (MF) analysis, genes were 
signi�cantly enriched in DNA helicase activity, extracel-
lular matrix structural constituent, and cyclin-dependent 
protein serine/threonine kinase regulator activity (Fig. 3B). 
Cell composition (CC) analysis showed that the genes were 
primarily enriched in collagen-containing extracellular 
matrix, vacuolar lumen, collagen trimer, cyclin-dependent 
protein kinase holoenzyme complex, and the MCM com-
plex (Fig. 3C). Due to the small number of downregulated 
DEGs, no signi�cant enrichment results were obtained. In 
addition, KEGG pathway analysis showed that upregula-
tion of DEGs was closely related to the cell cycle, DNA 
replication, phagosome, and Staphylococcus aureus infec-
tion (Fig. 3D).

PPI network construction and hub gene recognition

A  total of 207 DEGs were analyzed using the STRING 
so�ware. A�er visualization and analysis using Cytoscape, 
interactions with a  score higher than 0.4, were screened. 
�e PPI network consisted of 184 nodes and 925 edges, 
including 196 upregulated and 11 downregulated genes 
(Fig. 4A). CytoHubba was used with the MCC algorithm to 
calculate the top 10 hub genes, including CDK1, CCNA2, 
RFC4, MCM7, MCM4, CDC6, MCM5, MAD2L1, CKS2, 
and CCNB2 (Fig. 4B, Table 1). Subsequently, MCODE was 
used to cluster and construct functional modules on the 
large gene (protein) network obtained and dig out protein 
complexes or corresponding functional modules. Cluster 1, 
which had the highest score, was obtained from the PPI 
network using MCODE, including 27 nodes and 319 edges 
(Fig. 4C, Table 2). Enrichment analysis of the GO and KEGG 
pathways showed that the genes in this cluster were primarily 
related to the cell cycle and DNA replication (Fig. 5A and B). 
In addition, we found that the top 10 hub genes were also in 
cluster 1 (Fig. 5C and D).
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Figure 3. GO and KEGG pathway 
enrichment analysis of upregulated 
genes. Enrichment of BP (biological 
process; A), MF (molecular func-
tion; B), CC (cell composition; C) 
and KEGG (Kyoto Encyclopedia of 
Genes and Genomes; D). GO, Gene 
ontology.

A

B

C

D
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Figure 4. PPI (protein-protein interaction) network and cluster analysis. A. PPI network of DEGs generated by STRING (a total of 184 
nodes and 925 edges). Blue color indicates uDEGs, yellow color represents dDEGs. B. �e hub genes calculated with MCC algorithm 
by cytoHubba. C. �e most signi�cant cluster generated from the PPI network (yellow color genes are the same as in B). For abbrevia-
tions, see Fig. 2.

A

B C

Table 2. Top 3 clusters from PPI networks analyzed by MCODE

Cluster Score Gene
1 24.538 HELLS, CDK4, DUT, SPC25, UBE2C, LIG1, MCM7, ECT2, MCM2, MAD2L1CKS1B, CCNB2, MCM4, 

CKS2, PRIM1, RFC4, NCAPG2,CCNA2, CDK1, MCM5, CM6, PBK, CDC6, CDT1, MKI67, BIRC5, RAD51
2 11.76 CTGF, FBN1, TYROBP, C1QC, AIF1, MMP2, MPEG1, POSTN, SPP1, LOXL1FCER1G, FCGR3A, C1QB, 

C1QA, PTPRC, CDH11, LUM, COL3A1, LY86, CD53, COL1A2, COL5A2, CD68, CD74, CTSS, BGN
3 3.778 APOE, GAL, ANXA1, FETUB, AMBP, CD44, GC, LGALS3, ADCY7, ITIH4

PPI, protein-protein interaction; MCODE, molecular complex detection.
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Figure 5. GO and KEGG pathway enrichment analysis of cluster 1 and the top 10 hub genes. Enrichment of BP (A), KEGG pathways 
(B) in cluster 1. Enrichment of BP (C) and KEGG pathways (D) in top 10 hub genes. For abbreviations, see Fig. 3.

A

B

C

D

Association between gene expression and clinical relevance 
and predictive targets in pancreatic adenocarcinoma with CP

We predicted that many of the screened hub genes acted 
as oncogenes in tumors; therefore, we further explored the 
relationship between CP and pancreatic cancer and analyzed 
the expression of the hub genes in pancreatic cancer. We used 
UALCAN, which is based on TCGA database, to analyze the 
expression of CDK1, CCNA2, RFC4, MCM7, MCM4, CDC6, 
MCM5, MAD2L1, CKS2, and CCNB2 genes in healthy 
subjects and pancreatic adenocarcinoma patients with 

and without CP. �e results showed that the expression of 
CCNB2, CDC6, CDK1, and CKS2 was signi�cantly higher in 
pancreatic adenocarcinoma patients with CP than in healthy 
subjects (Fig. 6 and Fig. S1 (see Supplementary material). 
Subsequently, we utilized the GEPIA database to analyze 
the expression levels of the above four genes in 33 cancer 
types. �e full name of the cancer type abbreviations can 
be seen in Supplementary Table S1. Analysis of 9,736 tumor 
samples and 8,587 normal samples from 33 cancers included 
in TCGA and GTEx projects was conducted. �e analysis 
results showed that CCNB2 was signi�cantly di�erentially 
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Figure 6. Expression of hub genes CCNB2 (A), CDC6 (B), CDK1 (C), and CKS2 (D) in healthy subjects (Normal) and in pancreatic 
adenocarcinoma patients with and without pancreatitis. �e Cancer Genome Atlas (TCGA) database was used.

A

C

B

D

expressed in 23 cancer types (Fig. 7A and Fig. S2) and CDC6 
was signi�cantly di�erentially expressed in 22 cancer types, 
including pancreatic cancer (Fig. 7B and Fig. S3). CDK1 
was signi�cantly di�erentially expressed in 22 cancer types, 
including pancreatic cancer (Fig. 7C and Fig. S4), whereas 
CKS2 was signi�cantly di�erentially expressed in 24 cancer 
types, including pancreatic cancer (Fig. 7D and Fig. S5). 
�e expression of these four genes in the 20 cancer types 
was signi�cantly di�erent. Among the cancer types, the e 
expression fold of the genes expression of the genes was only 
signi�cantly downregulated in acute myeloid leukemia, and 
the genes were signi�cantly upregulated in other tumors (Fig. 
7E). Next, we used the GEPIA online database to analyze the 
impact of the above four genes on the prognosis of pancreatic 
cancer and found that high expression levels of CCNB2, 
CDC6, CDK1, and CKS2 genes were adversely associated 
with the OS and RFS of pancreatic cancer patients (Figs. 8 

and 9). �erefore, CCNB2, CDC6, CDK1, and CKS2 may 
be potential targets that a�ect the prognosis of patients with 
pancreatic cancer accompanied by CP. 

Discussion

In this study, we screened DEGs in CP through a series of 
bioinformatic analysis tools and performed functional and 
pathway analyses. �e results showed that the upregulated 
genes primarily focused on the cell cycle, DNA replica-
tion, and phagosome activity. Because there were too few 
downregulated genes, no signi�cant results were obtained. 
Subsequently, we constructed a PPI network and calculated 
the top 10 hub genes via the MCC algorithm, including 
CDK1, CCNA2, RFC4, MCM7, MCM4, CDC6, MCM5, 
MAD2L1, CKS2, and CCNB2. �eir function and pathway 
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Figure 7. �e pan-cancer expression of four genes: CCNB2 (A), 
CDC6 (B), CDK1 (C), CKS2 (D) in cancers in the GEPIA database 
(Dot plot). E. Venn diagram of four genes in cancers. Above the 
horizontal axis represents the types of cancer, red represents that 
the gene is signi�cantly upregulated in tumors, and green represents 
that the gene is signi�cantly downregulated in tumors (p < 0.05). 
Below the horizontal axis represents sample size; the vertical axis 
represents transcript per million. In the �gure, each point repre-
sents a sample, red represents tumor samples, and green represents 
healthy samples. T, tumor; N, normal. �e full name of the cancer 
type abbreviations can be seen in Supplementary Table S1. 

enrichment are also mainly concentrated in the cell cycle 
and DNA replication. Increasingly, we found that the func-
tions and pathways involved in the above genes are closely 
related to tumorigenesis and metastasis. Chuang et al. (2010) 
reported that relatively small quantitative changes in the 
expression, steady state, or subcellular distribution of MCM 
family proteins can a�ect DNA replication, have di�erent and 
serious consequences for tumor development, and increase 
cancer susceptibility. Buccitelli et al. (2017) found that the 
overexpression of cell cycle-related genes is a feature of pro-
liferation and possible tumor evolution through pan-cancer 
analysis. Lundberg et al. (2020) have shown that simple 
measurement of cell cycle activity can yield independent 
prognostic information on pan-cancer levels. 

We validated the expression of these 10 genes in pancre-
atic cancer based on CP using the UALCAN online tool, 
and the expression of CCNB2, CDC6, CDK1 and CKS2 in 
pancreatic adenocarcinoma patients with CP was signi�-
cantly higher than that in healthy subjects (p < 0.05). Next, 
we used the GEPIA database to analyze the expression levels 
and prognostic values of the above four genes in pancreatic 
cancer. �e analysis found that compared with normal pan-
creatic tissue, CCNB2, CDC6, CDK1 and CKS2 genes were 
signi�cantly overexpressed in pancreatic cancer, and the high 
expression levels of these four genes were related to poor OS 
and RFS in patients with pancreatic cancer. 

Cyclin B2 (CCNB2) is a  member of the cyclin family, 
especially the type B cyclin. B type cell cycle proteins B1 and 
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B2 are related to p34cdc2 and play an important role in cell 
cycle regulation. Overexpression of cyclin B alters chromo-
some segregation (Sarafan-Vasseur et al. 2002). Cyclin B2 
also binds to transforming growth factor beta RII. �erefore, 
Cyclin B2 may play a key role in transforming growth factor 
beta-mediated cell cycle control. Current studies have shown 
that pancreatic acinar cells have the ability to reenter the cell 
cycle and proliferate in the event of injury or tissue loss. In this 
process, acinar cells dedi�erentiate and promote acinar-to-
ductal metaplasia (Bombardo et al. 2018; Nadella et al. 2020). 
�erefore, the increased expression of CCNB2 may regulate 
the cell cycle and proliferation of pancreatic acinar cells, which 
may promote the progression from pancreatitis to pancreatic 
cancer. In the study of tumors, the gene plays the role of on-
cogene in acute myeloid leukemia, hepatocellular carcinoma, 
bladder cancer and breast cancer (Lei et al. 2016; Li et al. 
2019a, 2019b; Naorem et al. 2019). �e increased expression 
of CCNB2 RNA and protein can promote the abovementioned 
tumor cell proliferation and cell cycle changes. Our results 
also suggest that the gene may play an important role in the 
diagnosis and treatment of pancreatic cancer.

Cell division cycle 6 (CDC6), an important regulator of 
DNA replication, is strongly correlated with pancreatitis 
(Salabat et al. 2008) and has been expressed in esophageal 
squamous-cell carcinoma and breast cancer, and high ex-
pression levels of CDC6 are associated with poor prognosis 
in cancer patients (Liu et al. 2010; Ke et al. 2020). Ectopic 
overexpression of CDC6 leads to apoptosis resistance, cell 
cycle arrest in G0/G1 phase, epithelial to mesenchymal 
transformation (EMT), and cell aging caused by DNA over-
replication, DNA damage and genome instability (Borlado 
and Mendez 2008; Yu et al. 2019). To date, studies have shown 
that inducing apoptosis of pancreatic acinar cells can reduce 
the degree of acute severe pancreatitis. Due to the resist-
ance of CDC6 to apoptosis, its increased expression level 
may lead to the proliferation of pancreatic acinar cells and 
the occurrence of pancreatitis (Bhatia 2004). �erefore, the 
increase in the CDC6 expression level may play a role in the 
abovementioned process. Our prediction results show that 
the CDC6 gene is overexpressed in both chronic pancreatitis 
and pancreatic cancer tissues. Given the function of CDC6, 
this has the potential to participate in pancreatic cancer as 
an oncogene (Lim and Townsend 2020); however, whether 
its overexpression in chronic pancreatitis plays a role in the 
progression of the disease to tumor formation and its mecha-
nism have not been elucidated. �e molecular mechanism by 
which CDC6 induces aging also warrants further research. 

�e protein encoded by the cyclin-dependent kinase 1 
(CDK1) gene is a member of the Ser/�r protein kinase fam-
ily and is essential for the G1/S and G2/M phase transitions 
in the eukaryotic cell cycle. To date, it has been reported that 
CDK1 is overexpressed in various cancers, such as cholangio-
carcinoma, colorectal cancer, and renal cell carcinoma, and it 

a�ects the prognosis of patients (Yang et al. 2018; Yamamura 
et al. 2020; Zhu et al. 2020). �e expression of CDK1 in pan-
creatic cancer has been shown to be elevated and to predict 
poor prognosis, while the mechanisms governing the role of 
CDK1 in pancreatic cancer have not been elucidated (Dong 
et al. 2019; Piao et al. 2019). Our research found that CDK1 is 
enriched in the cell cycle pathway and participates in mitotic 
cell cycle processes, mitotic cell cycle phase transitions, cell 
cycle processes, and DNA replication. �ese processes play 
important roles in the abnormal proliferation of cancer cells 
and the regulation of genetic stability. �erefore, our results 
indicate that CDK1 may play an important role in the devel-
opment of pancreatic cancer. As also mentioned above, due 

Figure 8. Expression of four hub genes: CCNB2 (A), CDC6 (B), 
CDK1 (C), CKS2 (D) in healthy subject (Normal; the number of 
samples 171) and in pancreatic cancer patients (Tumor; the num-
ber of samples 179). * statistically signi�cant di�erences, p < 0.05.
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to the important role played by CDK1 in the cell cycle, we 
speculate that its increased expression in CP may accelerate 
pancreatic �brosis and acinar-to-ductal metaplasia which, in 
turn, leads to the development of pancreatic cancer.

CDC28 protein kinase regulatory subunit  2 (CKS2) is 
a  member of the CKS protein family, which is a  cyclin-
dependent kinase (CDK) binding protein and an important 
component of cell cycle regulation (Zhang et al. 2019). 
Currently, increased expression of CKS2 has been found 
in hepatocellular carcinoma, breast cancer, esophageal 
squamous-cell carcinoma, and other tumors to promote 
tumor cell proliferation and invasion and predicts a worse 
prognosis (Kita et al. 2014; Li et al. 2018; Huang et al. 2019). 
However, the role of CSK2 in pancreatic cancer has not been 
found because of its role as an oncogene in other tumors, and 
the results of our analysis show that the expression of CSK2 
in pancreatic cancer is also increased compared with the 
low expression of CKS2, which also has a worse prognosis. 
�erefore, CKS2 may be an e�ective diagnosis and treatment 
target for pancreatic cancer. Meanwhile, the high expression 
of CKS2 in CP may a�ect the cell cycle and proliferation of 
acinar cells, thereby inducing acinar-to-ductal metaplasia of 
cells and increasing the risk of pancreatic cancer. Possible 
mechanisms involved in hub genes can be seen in Table 3.

Transdi�erentiation of exocrine pancreatic acinar cells 
into ductal cells is a common pathogenesis of pancreatitis 
and pancreatic cancer (Hakobyan et al. 2020). Johnson and 
colleagues found that the expression of oncogenes in acinar 
cells can induce acinar-ductal metaplasia and pancreatic 
intraepithelial neoplasia. A�er a certain incubation period, 
acinar cells expressing oncogenes begin to form highly dif-
ferentiated and �brotic tumors that metastasize to the lungs 

and liver (Johnson et al. 2019). �erefore, the above results 
suggest that these four genes may play important roles in the 
development of chronic pancreatitis and pancreatic cancer.

Conclusions

In our study, the DEGs in chronic pancreatitis tissue were used 
as the entry point. A�er identifying the hub genes, it was found 
that such genes as CCNB2, CDC6, CDK1 and CKS2 may be 
the key genes in the development of CP and pancreatic cancer. 
TCGA and GTEX databases were used to verify the expres-
sion of these genes and analyze their e�ects on prognosis to 
provide a theoretical basis for the diagnosis, prevention and 
treatment of CP and pancreatic cancer at the molecular level.

Availability of data and materials. �e GSE41418 dataset is avail-
able in the Gene Expression Omnibus (GEO) database at https://
www.ncbi.nlm.nih.gov/geo/, reference number [PMID：23845568].
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Figure S1. Expression of hub genes in (pancreatic cancer) based on pancreatitis status. Expression of CCNA2 (A), RDC4 (B), MCM7 
(C), MCM7 (D), MCM5 (E) and MAD2L1 (F). Red boxes, PC with pancreatitis; blue boxes, normal adjacent tissues; orange boxes, PC 
without pancreatitis. 
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Figure S2. Pan-cancer analysis of CCNB2 expression (bar plot). Red boxes, tumor; gray boxes, normal adjacent tissues. Single-factor 
analysis of variance (ANOVA) was conducted to identify signi�cant di�erences among the groups.
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Figure S3. Pan-cancer analysis of CDC6 expression (bar plot). Red boxes, tumor; gray boxes, normal adjacent tissues. Single-factor 
analysis of variance (ANOVA) was conducted to identify signi�cant di�erences among the groups.
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Figure S4. Pan-cancer analysis of CDK1 expression (bar plot). Red boxes, tumor; gray boxes, normal adjacent tissues. Single-factor 
analysis of variance (ANOVA) was conducted to identify signi�cant di�erences among the groups.
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Figure S5. Pan-cancer analysis of CSK2 expression (bar plot). Red boxes, tumor; gray boxes, normal adjacent tissues. Single-factor analysis 
of variance (ANOVA) was conducted to identify signi�cant di�erences among the groups.

Table S1. Full name of cancer-type abbreviations

Abbreviation Full names
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 Di�use 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
OV Ovarian serous cystadenocarcinoma
PCPG Pheochromocytoma and Paraganglioma
PRAD Prostate adenocarcinoma
READ Rectum adenocarcinoma
SARC Sarcoma
SKCM Skin Cutaneous Melanoma
STAD Stomach adenocarcinoma
TGCT Testicular Germ Cell Tumors
THCA �yroid carcinoma
THYM �ymoma
UCEC Uterine Corpus Endometrial Carcinoma
UCS Uterine Carcinosarcoma
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