4

Journal of Biosciences and Medicines, 2025, 13(10), 76-95

““ Scientific https://www.scirp.org/journal/jbm

0 " Research :
94% Publishing ISSN Online: 2327-509X
* ISSN Print: 2327-5081

Comprehensive Analysis of Prognostic and
Diagnostic Value, Immune Infiltration, and
Co-Regulation Networks of Centromere
Protein Family Members in Pancreatic
Ductal Adenocarcinoma

Guohao Yin!, Tao Liuz*, Wei Qin2"

'Clinical Medical College (Affiliated Hospital), Jining Medical University, Jining, China
“Hepatobiliary Surgery Department, Jining Medical University Affiliated Hospital, Jining, China
Email: *liutaogdwk@163.com, *qinw0218@163.com

How to cite this paper: Yin, G.H,, Liu, T. and
Qin, W. (2025) Comprehensive Analysis of
Prognostic and Diagnostic Value, Immune
Infiltration, and Co-Regulation Networks of
Centromere Protein Family Members in Pan-
creatic Ductal Adenocarcinoma. Journal of
Biosciences and Medicines, 13, 76-95.
https://doi.org/10.4236/jbm.2025.1310007

Received: August 20, 2025
Accepted: October 10, 2025
Published: October 13, 2025

Copyright © 2025 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

[Omom

Abstract

Aim: The centromere protein family members (CENPs) are a mitosis-associ-
ated protein family. Accumulative evidence indicates that CENPs are abnormally
expressed and affect the occurrence and development of a variety of tumors, but
their functions in pancreatic ductal adenocarcinoma (PDAC) remain unclear.
In this study, we systematically analyzed CENPs in PDAC. Methods: Gene Ex-
pression Profiling Interactive Analysis (GEPIA), Kaplan-Meier plotter, cBioPor-
tal, Oncomine, TIMER, Metascape, and NetworkAnalyst were used to analyze
differential expression, prognostic and diagnostic value, genetic alteration, im-
mune cell infiltration, functional enrichment, and co-regulation networks of
CENPs in PDAC patients. The higher expression levels and prognostic values
of CENPs in PDAC were determined by GEPIA and Kaplan-Meier Plotter. Re-
sults: The 7 hub CENPs (CENPA, CENPE, CENPF, CENPK, CENPL, CENPM,
and CENPN) that predict worse prognosis caused by genetic alteration were iden-
tified by cBioPortal. Overexpression of these genes in PDAC was further con-
firmed by the Oncomine and GEO databases. The diagnostic values of CENPs
were evaluated by ROC curves. The expression of CENPs was also significantly
correlated with the infiltration of diverse immune cells in PDAC. Finally, we
constructed interaction and co-regulation networks of CENPs and analyzed their
functions. Conclusion: Taken together, these results indicated that 7 hub CENPs
(CENPA, CENPE, CENPF, CENPK, CENPL, CENPM, and CENPN) could be
prognostic and diagnostic biomarkers as well as possible synergistic targets of
immunotherapy for PDAC patients.
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1. Introduction

Pancreatic ductal adenocarcinoma (PDAC), which accounts for approximately
90% of all pancreatic cancers, is a leading cause of cancer-related deaths world-
wide. [1] [2] Although the treatment of pancreatic cancer has made great progress
in recent years, the therapeutic effects of PDAC are still unsatisfactory due to a lack
of effective early diagnostic markers, a high post-surgical recurrence rate, chemo-
resistance, and immunotherapy resistance. [3] [4] Therefore, we extended the re-
search field to PDAC based on a variety of databases, with the purpose of deter-
mining the potential prognostic indicators and therapeutic targets.

The centromere is the junction of two sister chromatids of metaphase chromo-
somes that specifies the mitotic behavior of chromosomes. Centromere protein
family members (CENPs) are a family of genes encoding centromeric proteins,
which are involved in multiple biological functions. [5]-[7] Several CENPs were
reported to play an important role in a variety of tumors, such as CENPA in lung
cancer and liver cancer, CENPF and laryngeal carcinoma, CENPU and ovarian
cancer, etc. [8]-[12] There are only a few articles that have preliminarily explored
the relationship between some CENPs and PDAC. For example, some articles
point out that the compound UA62784 is a novel fluorenone with inhibitory ac-
tivity against the centromere protein E (CENP-E) kinesin-like protein, and its ac-
tivity suggests a potential role for antimitotic drugs in treating pancreatic carci-
nomas. Some studies have also indicated that CENP-F and CENP-M are associ-
ated with PADC. [13]-[16] The relationship between them remains to be further
systematically elucidated so as to elaborate the value of CENPs in the prognosis
evaluation and treatment of PDAC.

With the development of high-throughput sequencing technology, the specific
mechanisms of tumorigenesis and the development of various tumors have been
systematically elucidated by integrated bioinformatics analysis. [17]-[19] In this
study, we extended the knowledge of the role of CENPs in PDAC based on various
large databases for conducting a comprehensive analysis of the pathogenesis and

progression of PDAC.
2. Methods

2.1. Gene Expression Profiling Interactive Analysis (GEPIA)

GEPIA is an interactive web server that compares mRNA expression data based
on thousands of tumor and normal tissue samples from the Cancer Genome Atlas
(TCGA) and Genotype-Tissue Expression (GTX) dataset. [20] More than 35 mem-
bers of the CENPs family are currently known. In this study, a differential expres-
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sion analysis was conducted on 22 major centriole proteins in 179 pancreatic can-

cer tissues and 171 normal pancreatic tissues. [21]

2.2. Kaplan-Meier Plotter

Kaplan-Meier plotter is a commonly used web-based tool for assessing the effect
of genes on survival based on the TCGA database. [22] The effects of the differ-
entially expressed genes on overall survival (OS) and relapse-free survival (RFS)
were determined by Kaplan-Meier survival analysis. The log-rank P value and

hazard ratio (HR) with 95% confidence intervals are shown on the plot.

2.3. cBioPortal

cBioPortal is a comprehensive web resource that provides us with visual and mul-
tidimensional cancer genomics data based on the TCGA database. In our study,
genetic alterations of CENPs and their effects on mRNA expression, protein ex-

pression, and prognosis were obtained from cBioPortal.

2.4. Oncomine

The mRNA levels of differentially expressed CENPs in PDAC were further deter-
mined through the Oncomine database, which is a publicly accessible online da-
tabase providing powerful, genome-wide expression analysis with cancer gene ex-

pression information. [23]

2.5. GEO Dataset

The GEO dataset (GDS) is the expression data that NCBI staff organized accord-
ing to the data uploaded by users. There are only two GEO datasets comparing
the differentially expressed mRNA between pancreatic cancer and normal pan-
creas, GDS4102 and GDS4336, [24] [25] which were enrolled in this study.

2.6. ROC Curve

The ROC curve is a common method to evaluate diagnostic value. In this study,
the clinical data of 167 patients (normal pancreas) in the GTX database and 179
patients (PDAC) in the TCGA database were used to draw ROC curves.

2.7. TIMER2.0

TIMER2.0 is a comprehensive resource for systematic analysis of immune infil-
trates across diverse cancer types. [26] Associations between immune infiltrates
and CENPs were identified via the “Gene” module, and associations between im-

mune infiltrates and clinical outcome were identified via the “Outcome” module.

2.8. Metascape

Metascape is a user-friendly gene analysis tool for gene annotation and analysis. [27]
In this study, Metascape was used to conduct enrichment analysis and network con-

struction. Specifically, for each given gene list, pathway, and process enrichment
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analysis has been carried out with the following ontology sources: KEGG Pathway,
GO Biological Processes, Reactome Gene Sets, Canonical Pathways, CORUM,
TRRUST, DisGeNET, PaGenBase, Transcription Factor Targets, and COVID. All
genes in the genome have been used as the enrichment background. Terms with a
p-value < 0.01, a minimum count of 3, and an enrichment factor > 1.5 are collected
and grouped into clusters. Kappa scores are used as the similarity metric when per-
forming hierarchical clustering on the enriched terms, and sub-trees with a similar-
ity of >0.3 are considered a cluster. The most statistically significant term within a
cluster is chosen to represent the cluster. PPI enrichment analysis was performed
using the following databases: BioGrid, InWeb-IM, and OmniPath. Further, the
MCODE algorithm was applied to identify densely connected network components.

2.9. NetworkAnalyst

NetworkAnalyst is a comprehensive network visual analytics platform for gene
expression analysis. [28] PPI and transcriptional co-regulatory network of CENPs

were constructed using the online NetworkAnalyst database.

2.10. Patient and Public Involvement

None.

3. Results
3.1. Identification of Differentially Expressed CENPs in PDAC

In order to explore the distinct expression profile of the 22 CENPs in PDAC pa-
tients, the GEPIA database was used. Fifteen CENPs were identified as being sig-
nificantly differentially expressed between pancreatic ductal adenocarcinoma and
normal pancreatic tissues, and all of them were highly expressed in cancer (Figure
1). The significantly differentiated members of the CENP family were as follows:
CENPA, CENPB, CENPE, CENPF, CENPH, CENPK, CENPL, CENPM, CENPN,
CENPO, CENPR, CENPU, CENPV, CENPW, and CENPX.

3.2. Prognostic Value of CENPs

To evaluate the value of differentially expressed CENPs in the progression of PDAC,
correlations between CENPs and clinical outcomes were analyzed by Kaplan-Meier
Plotter. Fourteen CENPs were enrolled, except CENPR, which had no prognostic
information in Kaplan-Meier Plotter. As shown in Figure 2, twelve CENPs were
significantly associated with OS, and ten CENPs were significantly associated with
RFS (Figure 3). There are nine genes in their intersection, including CENPA,
CENPB, CENPE, CENPF, CENPK, CENPL, CENPM, CENPN, and CENPW,
which are used for further study.

3.3. Genetic Variations and the Prognostic Values of Differentially
Expressed CENPs

The cBioPortal database was used to determine if the upregulation of CENPs in
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PDAC was caused by genetic alteration. As shown in Figure 4(A), a high mutation
rate of CENPs was observed in PDAC patients, and the specific mutation infor-
mation for each gene is shown in Figure 4(B). Additionally, the relationship be-

tween overall mutation and prognosis of these CENPs was further explored. We
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sion Profiling Interactive Analysis.

Figure 1. Expression levels of CENPs in PDAC (GEPIA). (A) - (O) mRNA expression levels of CENPs in pancreatic cancer and
normal pancreatic tissues.
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Figure 2. Prognostic values (OS) of CENPs in PDAC patients (Kaplan-Meier plotter). (A) - (N) Effect of CENPs mRNA level on OS

rate in PDAC patients.

81 Journal of Biosciences and Medicines

DOI: 10.4236/jbm.2025.1310007


https://doi.org/10.4236/jbm.2025.1310007

G.H.Yinetal.

0 z s L 6 s o e ubw 0 . ¢ s Lw s o5 ww 0 e voos s o e st uw 0 . e v w e ow
o ' ' s w s o5 m R T vooo8 W s el 0 ' [ vooo e @ w o o ¢ v s 6w 8w
i 30 soquny 50 1 Joquiny ot 10 soquny 6 1 Joquiny
(syyuow) awiy. (sypuow) swip (syjuow) awiy. (sypuow) swi L.
0. 09 05 Or 06 02 0L O 0. 09 05 oOf 06 0Z OL O 0. 09 05 Or 06 02 Ob O 0. 09 05 Or 06 0Z OL O
N 7 h A . N . N 1 h L " L . N 7 h L A | N \ n ! h 7 L 7 " !
o o o
Wy — [ o uby — [ o Wy — [o by ——
Mo —— Mo| —— [ — mo| ——
uoissaidxy | o uoissaidx3y | o uoissaidxy | o uoissaidxgy
ts Fo S
Lo o Lo o Lo H—+
=3 >3 =3 |
& \ & &
& by & &
88 | Fe 2 rs e Ij
!
1
o #«Trv o o
[® ! [® [®
6Z'0 = d uesbo| 110°0 = d Yuesbo| €2°0 = d uesbo| 90°0 = d Mueubo|
(28'L - 12°0) L0 =¥H F2 (8'%L -8Z1) GE =¥H F3 (p¥'L -22°0)95°0 = ¥H F2 (929 - ¥6'0) Zv'Z = ¥H
XdN3D MdN3D AdN3D NdN3D
0 ' v Lo s s uww 0o o [ c Lo o o 0o o z voos 8w w uwu 0 0 0 ' ' e w4 i 0 i e voos o @ ow
oz : s 8 w4 w o ¢ v s @ ez e m o ¢ v s o s 0 6w o ¢ s 8w oz s e wa oz v s o s o s
ot 12 ssamy o112 soquiny ot 12 soarn ol 12 soquiny o1 12 soamy
(sypuow) sy (sypuow) awi). (sypuow) sy (sypuow) awiy. (sypuow) s
0. 09 05 Or 0 02 O O 0. 09 05 Oy 0 0Z O O 0. 09 05 OF 08 02 O O 0. 09 05 Or 08 0 Ob O 0. 09 05 Oy 08 0z 0L 0
N h h L A 7 ) h ! h A 7 n ! n | A . . f ) N ! h 1 A h N ! N A h . L . f 1
o ° o °
by — o by — [ o by — o by — [ o yby —
mo| —— Mo —— Mmo| —— Mo —— mo| —
uoissaudx3 | o - uoissaudx3 | o N uoissaydx3 | o + uoissaudx3 | o uolssaidx3
. . Mo re Mo e
+ 4 ]
(=] o o + o
ey 23 } 23 L 23 23 L
5 g g + g g
g g g <3
L o g ! o2 oz oz 1
| o2 [ 2 A ——— o2 [o =
I v
T
* Lo L Lo Lo 'J Lo
b4 1 & ® ©
6800°0=dHfuesbot 25000 = d yueiboy 1100°0 = d uesbol 89000 = d yueibo) I 120°0 = d jueiboj
(6€'29-22'1) 06 = ¥H F2 (PL'L-98'1) ¥ZE€E=4H F2 (L96-€9'1) L6'€ =¥H F2 (Gre-zeze=uH F2 (85°L-€L1)€6T=¥H
0dN3D NdN3D WdN3D TdN3D MdN3O
0 0 0 z v L € k44 by [ 0 3 z z 4 ok 8l ubly 0 0 € S 6 (<4 Se ubiy 0 € 9 L ok i 14 133 uby [J [ 3 z z v oL 0z
0 € 9 Z o 9 SE Ly Mo o € S L € 6l L3 1S5 mo| 0 € S 9 oL v 9 ve Mo o 0 0 z S 6 2 8¢ mo| I € S A €k 6l 8t 4
et e sy el 10 soquiny ot 12 socuiny et 10 soqun o1 12 soqumy
(syyuow) awiy (syjuow) swn| (syjuows) awi| (syjuow) swi| (syjuow) awi|
0. 09 05 OF 08 0Z O O 0. 09 05 Oy 0 02 O O 0. 09 05 OF 08 0z Ob O 0. 09 05 Oy 0 02 O O 0. 09 05 OF 06 0Z Ob O
f f ! L L " Lo " f h f 7 L Lo N f f L L L f Lo N f 5 L L " L Lo N L f ! f " ! I
ubiy [ o ubiy [o ubiy [o ybiy [ o ubly
Moy — MO —— mo| —— Mo —— MO| ——
uoissaldxgy | o uoissaidxy | o uoissaidx3 | o uoissaldxy | o uoissaidxg
S e S S
"
Lo Lo LoD Lo o
3 >3 I >3 3 5
& & & s
8 g | 8 8
o 2 ] L, ] ]
o2 [o 2 o2 e o &
Lo Le Lo Lo
© ® ® ®
€1°0 = d juesbol f €900°0 = d yueibo) #1000 = d Jueibo) f 9900 = d yuesboy 100°0 = d Yueiboy
(657 - 180261 =¥H v b2 (€Z°L-1E1)GLE=¥H w2 (S0'LL-€9'L) GZ¥ =¥H v |2 (10'L-9L°0) ¥0=4H v b2 (568 -9'1)99°€ =¥H "

HdN3D

4dN3D

3dN3D

8dN30

VdN3D

e
»o

00

iy

80 90 144 20 00

(%

Aunqeqoig

Ayngeqoid

Augedoid

Pancreatic Ductal Adenocarcinoma.

PDAC:

>

Centromere Protein Family Members; RFS: Relapse-Free Survival

CENPs

Figure 3. Prognostic values (RFS) of CENPs in PDAC patients (Kaplan-Meier plotter). (A) - (N) Effect of CENPs mRNA levels on

REFS rate in PDAC patients.

82 Journal of Biosciences and Medicines

DOI: 10.4236/jbm.2025.1310007


https://doi.org/10.4236/jbm.2025.1310007

G.H.Yinetal.

found that there was no significant difference between the overall mutation of
these 9 CENPs and prognosis (data not shown). We selected 7 genes (CENPA,
CENPE, CENPF, CENPK, CENPL, CENPM, and CENPN) that have a significant
correlation with the survival rate of patients in terms of their overall genetic vari-
ations. But it is noteworthy that when combined with 7 genes for analysis, a high
genetic alteration rate of CENPs was associated with shorter OS (Figure 4(C)) and
DFS (Figure 4(D)) of PDAC patients. Therefore, all the patients were divided into
an altered group and a non-altered group according to whether there was a gene
mutation of the 7 hub CENPs, which was used for further analysis. Gene mutation
often causes functional changes by altering the expression levels of RNA and pro-
tein molecules. The changes of RNA and protein expression caused by the seven
CENP gene mutations are shown in Figure 4(E) and Figure 4(F). Next, we ana-
lyzed the enrichment of significantly upregulated RNA and protein molecules by
Metascape (Figure 4(G), Figure 4(H)). The enrichment terms networks were vis-
ualized in Figure 4(I) and Figure 4(J). These results were helpful in further un-
derstanding and exploring the mechanisms of CENP mutation causing poor prog-
nosis in patients with PDAC.

3.4. Validation of the Expression Levels of the 7 Hub CENPs in PDAC

To further validate the mRNA expression levels of the 7 hub CENPs between PDAC
and normal pancreatic tissues, Oncomine and GEO databases were used. As dis-
played in Figure 5, all 7 CENPs were significantly highly expressed in PDAC tis-
sues, consistent with previous results. As shown in Figure 6, 6 CENPs were sig-
nificantly highly expressed in PDAC tissues except for CENPA, which has no ex-
pression data in GDS4336.

3.5. Diagnostic Values of CENPs in PDAC

The clinical data of 167 patients (normal pancreas) in the GTX database and 179
patients (PDAC) in the TCGA database were used to draw ROC curves for evalu-
ating the diagnostic values of CENPs in PDAC. As shown in Figure 7, all seven
CENPs showed good diagnostic value for PDAC.

3.6. Immune Cell Infiltration of CENPs in Patients with PDAC

Tumorigenesis is often accompanied by immune dysfunction, and immunotherapy
has become an increasingly important part of the treatment of a variety of tumors.
[29]-[31] However, the response of patients with different tumor types to immuno-
therapy varies greatly, so it is urgent to explore the immunological characteristics of
different tumors and the corresponding targets of immunotherapy in order to im-
prove their immunotherapeutic response. In this study, we explored the relationship
between CENPs and the main infiltrating immune cells in PDAC using the TIMER
database. As shown in Figure 8(A), the expression of CENPA was significantly
related to the infiltration of CD8" T cells, CD4" T cells, regulatory T cells, monocytes,
and macrophages. CENPE was related to the infiltration of CD8* T cells, B cells, and
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analysis of significantly upregulated RNA/protein molecules. (I), (J) Network of enriched terms of upregulated RNA/protein mole-
cules, colored by term types.
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Figure 6. Validation of CENPs mRNA expression levels in GEO datasets. CENPs expression levels between tumor and nontumor
tissues in PDAC patients in GEO datasets, including GDS4102 (A) - (G) and GDS4336 (H) - (M).

DOI: 10.4236/jbm.2025.1310007

85

Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.1310007

G.H.Yinetal.

CENPA CENPE CENPF CENPK
1.0 — — 1.0 — 1.0 /"I = 1.0 —
0.8 0.8 0.8 0.8 J/
x x 3 2
o o o o
= 06 . 0.6 = 06 = 06
= 2 o 2
= = = =
D 04 @ 04 ® 04 D 04
Q [ [0 )
%) %) %) »n
024 CENPA 024 CENPE 021 CENPF 024 CENPK
AUC: 0.978 AUC: 0.979 AUC: 0.976 AUC: 0.972
CI: 0.962-0.994 Cl: 0.965-0.993 Cl: 0.957-0.995 CI: 0.954-0.990
0.0 T T T T 0.0 T T T T 0.0 T T T T 0.0 T T T T
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
1-Specificity (FPR) 1-Specificity (FPR) 1-Specificity (FPR) 1-Specificity (FPR)
CENPL CENPM CENPN
1 10 1.0
0.8 4 0.8 4 0.8 4
x J x x
o o o
£ 06 £ 06 = 061
ol 2 ‘ £
2 04 2 04 2 04
o} @ @
%) %) %)
024 CENPL 024 CENPM 0.2+ CENPN
AUC: 0.982 AUC: 0.975 AUC: 0.982
Cl: 0.967-0.996 CI: 0.955-0.994 CI: 0.970-0.994
0.0 T 0.0 T 0.0 T
.0

T T T
0.2 04 0.6 08

1-Specificity (FPR)

0.0 1.0

T T T
0.2 04 0.6 0.8
1-Specificity (FPR)

T T T
0.2 04 0.6 0.8
1-Specificity (FPR)

0. 1.0 0.0 1.0

Note: CENPs: Centromere Protein Family Members; TCGA: The Cancer Genome Atlas; GTX: Genotype-Tissue Expression.

Figure 7. Diagnostic values of CENPs. TCGA and GTX databases were used to evaluate the diagnostic values of CENPS (A) - (G).

monocytes (Figure 8(B)). CENPF was related to the infiltration of CD8" T cells and
monocytes (Figure 8(C)). CENPK was related to the infiltration of B cells (Figure
8(D)). Additionally, CENPM was related to the infiltration of regulatory T cells
(Figure 8(F)), while CENPL and CENPN were not significantly related to any of
the eight immune cells (Figure 8(E), Figure 8(G)). Notably, except for the expres-
sion of CENPA and monocyte infiltration, CENPK and B cell infiltration, other
CENPs were negatively correlated with immune cell infiltration.

3.7. Analysis of Immune Infiltration and Prognosis

Next, the prognostic value of the combination analysis of the expression levels of
CENPs and the infiltration of immune cells in PDAC was evaluated using the
TIMER database. All positive results of the combined analyses are shown in Fig-
ure 9. Specific information is summarized below: 1) Monocyte infiltration pre-
dicts better prognosis in CENPA and CENPE with lower expression of PDAC
(Figure 9(A), Figure 9(C)). 2) CD4" T cell infiltration predicts better prognosis
in CENPE and CENPF with higher expression of PDAC (Figure 9(B), Figure
9(D)). 3) B cell infiltration predicts better prognosis in CENPL with higher ex-
pression of PDAC (Figure 9(F)), while their infiltration predicts worse prognosis
in CENPK and CENPM with lower expression of PDAC (Figure 9(E), Figure
9(G)). 4) Macrophage infiltration predicts better prognosis in CENPM higher ex-
pression PDAC (Figure 9(H)). 5) NK cells predict worse prognosis in CENPF,
CENPK, CENPL, and CENPN with higher expression of PDAC (Figures 9(I)-
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(L)). The co-expression patterns of these CENPs and immune cells may provide

new co-targets for immunotherapy.

3.8. Construction of the PPI and Transcriptional Co-Regulatory
Network

Many proteins perform their functions by interacting with other proteins. [32]
Therefore, the PPI network of the 7 hub CENPs and their possible interacting
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Note: CENPs: Centromere Protein Family Members.

Figure 9. Analysis of immune infiltration and prognosis. Prognostic analysis between (A) CENPA and monocyte infiltration, (B)
CENPE and CD4* T cell infiltration, (C) CENPE and monocyte infiltration, (D) CENPF and CD4* T cell infiltration, (E) CENPK

(F) CENPL and B cell infiltration, (G) CENPM and B cell infiltration, (H) CENPM and macrophage infiltra-

and B cell infiltration,

(L) CENPN and

tion, (I) CENPF and NK cell infiltration, (J) CENPK and NK cell infiltration, (K) CENPL and NK cell infiltration,

NK cell infiltration were conducted by TIMER.
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Figure 10. Construction of the PPI network and transcriptional co-regulatory network based on Metascape. (A) PPI network of the
7 hub CENPs and their possible interacting proteins. (B) Transcription factor and microRNA co-regulatory network of CENPs. (C),
(D) Enrichment analysis of all the genes in the PPI network or transcriptional co-regulatory network. (E), (F) Enrichment term
networks of the PPI network or transcriptional co-regulatory network were visualized by Metascape.

proteins was constructed using the NetworkAnalyst database, as shown in Figure
10(A). Next, we conducted enrichment analysis of all the genes in this interaction
network (Figure 10(C)). Finally, the enrichment term networks were also visual-

ized in Figure 10(E). Besides gene mutation, transcriptional regulation is also an im-
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portant reason for the increase in gene expression. In order to further explore the
reasons for the increased expression of CENPs in PDAC and to find new therapeutic
targets, we constructed the transcription factor and microRNA co-regulatory net-
work of CENPs by NetworkAnalyst (Figure 10(B)). Subsequently, enrichment anal-
ysis and enrichment term networks were conducted as shown in Figure 10(D) and
Figure 10(F). These results were helpful in finding the key molecules of CENPs that
cause poor prognosis and in understanding their transcriptional regulatory mecha-
nisms in PDAC, which will cooperate with CENPs to become a potential therapeutic

target for pancreatic cancer.

4. Discussion

The centromere is a specialized region on the chromosome that directs equal
chromosome segregation. Accumulative evidence indicates that CENPs are aber-
rantly expressed and affect the occurrence and development of a variety of tumors.
[8]-[12] [33] However, the patterns of expression and the exact roles of distinct
CENPs in PDAC remain unclear. In this study, we systematically explored the role
of CENPs in PDAC through integrated bioinformatic analysis.

At first, 15 significantly upregulated CENPs in PDAC were identified using the
GEPIA database. Subsequently, 9 CENPs that predict worse OS and RES in PDAC
were further determined by Kaplan-Meier Plotter. All of the 9 CENPs were mu-
tated, and their mRNA expression was increased, as detected by the cBioPortal
database. In order to further clarify the effect of CENPs as a whole, we studied the
effect of different combinations of them on prognosis. It is noteworthy that when
combined with 7 genes (CENPA, CENPE, CENPF, CENPK, CENPL, CENPM, and
CENPN) for analysis, a high genetic alteration rate of CENPs (the altered group)
was associated with shorter OS and DFS in PDAC. The changes in RNA and pro-
tein expression levels caused by these 7 gene mutations were further explored to
clarify the mechanism of their oncogenic function in PDAC. In the altered group,
the genes with significantly increased mRNA expression were enriched in the cell
cycle, chromosome segregation, M phase, DNA repair, regulation of the cell cycle
process, DNA conformation change, metabolism of RNA, ribonucleoprotein com-
plex biogenesis, translation, and chromosome maintenance. Moreover, the genes
with significantly increased protein expression were enriched in cellular senes-
cence, cellular response to abiotic stimulus, TP53 regulation of transcription of the
cell cycle, response to mechanical stimulus, cellular response to organic cyclic com-
pound, PID MYC ACTIV pathway, peptidyl-serine phosphorylation, regulation of
DNA recombination, positive regulation of DNA metabolic process, and regula-
tion of protein complex assembly. These results, combined with the PPI network
of CENPs, will help to further clarify the oncogenic role of CENPs in PDAC. After
that, the prognostic and diagnostic values of CENPs in PDAC were further vali-
dated by ONCOMINE, GEO databases, and ROC curves. In order to explore the
possibility of CENPs as synergistic targets of immunotherapy, the relationship be-

tween CENPs and the main infiltrating immune cells in PDAC was explored by
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the TIMER database. We found that CENPs were significantly associated with the
infiltration of various immune cells, including CD8* T cells, CD4" T cells, regula-
tory T cells, B cells, monocytes, and macrophages in PDAC. Notably, except for
the expression of CENPA and monocyte infiltration, as well as CENPK and B cell
infiltration, other CENPs were negatively correlated with immune cell infiltration.
These results suggest that we may be able to influence the infiltration of different
immune cells in PDAC by interfering with the expression of related CENPs, so as
to enhance the efficacy of immunotherapy.

In addition, we also found some interesting results of prognostic value through
the combination analysis of the expression of CENPs and infiltration of immune
cells in PDAC. Specifically, CD4" T cell, monocyte, and macrophage infiltration
predict a better prognosis in PDAC under different expression of CENPs. How-
ever, the increase of CD8" T cells induced by high expression of CENPA, CENPE,
and CENPF did not significantly improve the prognosis of patients with PDAC.
In addition, B-cell infiltration shows a better or worse prognosis; its diverse role
was consistent with previous reports. [34] It is noteworthy that NK cell infiltration
indicates poor prognosis in PDAC patients with high expression of CENPF, CENPK,
CENPL, and CENPN. In the tumor microenvironment, PDAC cells with high ex-
pression of CENPF, CENPK, CENPL, and CENPN may induce dysfunction of NK
cells or inhibit the anti-tumor effect of NK cells through certain pathways. These
results are not completely consistent with the existing understanding of immuno-
therapy, and it is worth further exploring the specific mechanism of CENPs in
tumor immunity. [35]-[37] At last, we constructed the transcriptional factor and
microRNA co-regulatory network of CENPs. Enrichment analysis was also con-
ducted. The main 10 enrichment items include the PID E2F pathway, HTLV-I in-
fection, cell cycle, ATF6 activates chaperone genes, PID RB pathway, PID AP1
pathway, positive regulation of neuron death, gene silencing by miRNA, PID P38
ALPHA BETA downstream pathway, and regulation of chromosome organiza-
tion. These results were helpful in understanding the transcriptional regulatory
mechanism of CENPs in PDAC so as to better study the role of CENPs in PDAC.

There were some limitations in our study. First, although high mRNA expres-
sions of CENPA, CENPE, CENPF, CENPK, CENPL, CENPM, and CENPN were
independent prognostic and diagnostic factors of PDAC patients, all the data an-
alyzed in our study were retrieved from online databases; further studies consist-
ing of larger sample sizes are required to validate our findings. Second, we did not
explore the potential mechanisms of distinct CENPs in PDAC through in vivo and
in vitro experiments; this will be one of our main research priorities in the future.
Thirdly, the analysis relies on bulk transcriptomic data, which may mask cell-
type-specific expression patterns and interactions within the complex tumor mi-
croenvironment.

In summary, our results showed that all 7 hub CENPs were effective prognostic
and diagnostic markers in PDAC patients. Genetic alteration is an important rea-

son for the increased expression of CENPs in PDAC. The expression of CENPs
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was also significantly correlated with the infiltration of diverse immune cells and
predicted prognosis in PDAC. Finally, PPI and co-regulation networks were con-
structed to explore the specific mechanisms of CENPs in PDAC. Taken together,
these results indicated that the 7 hub CENPs (CENPA, CENPE, CENPF, CENPK,
CENPL, CENPM, and CENPN) could be prognostic and diagnostic biomarkers

and possible synergistic targets for immunotherapy in PDAC patients.
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