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Background: Centromere protein U (CENP-U) is a component of the kinetochore and can regulate
the cell cycle as a receptor of polo-like kinase 1 (PLKI). Recent studies have partially identified the role of
CENP-U in tumor progression, but the underlying mechanisms of CENP-U in tumor immunity remain
obscure.

Methods: We performed pan-cancer analysis to evaluate the role of CENP-U in immunity and proliferation
with data from The Cancer Genome Atlas (TCGA), Cancer Cell Line Encyclopedia (CCLE) datasets, and
Genotype-Tissue Expression (GTEx) project. Results of CENP-U expression and related clinicopathological
data were obtained to show the expression levels, prognosis, tumor progression, immune neoantigens, and
immune checkpoints of CENP-U in 33 tumors. The Tumor Immune Estimation Resource (TIMER) dataset
was used to analyze immune infiltration scores.

Results: Results of the pan-cancer analysis demonstrated that CENP-U is differentially expressed in
normal tissues and common tumor tissues. Moreover, differentially expressed CENP-U was also identified
between matched normal and tumor tissues, and the high expression level of CENP-U was associated with
poor prognosis for 33 kinds of tumor except for that of thymoma (THYM) and lymphoid neoplasm diffuse
large B-cell lymphoma (DLBC). Furthermore, the correlation between CENP-U expression and immune
checkpoints and immune neoantigens was determined. In addition, CENP-U expression was correlated with
tumor-infiltrating immune cells especially in THYM but not in lung squamous cell carcinoma (LUSC),
esophageal carcinoma (ESCA), or lung adenocarcinoma (LUAD). Finally, gene set enrichment analysis
(GSEA) indicated that CENP-U is critically involved in tumor proliferation, immunity, and metabolism.
Conclusions: CENP-U, a mitosis-related kinase, was found to be differentially expressed across different
cancer types and to play an important role in tumor progression and immunity. CENP-U holds the potential

to be a prognostic marker, whose targeting may provide therapeutic benefit.
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Introduction

Cancer is a serious public problem and is the leading cause
of death worldwide (1). Recently, with the emergence of
multimodal therapies, patients with tumor have benefited
greatly from chemotherapy, radiotherapy, and particularly
immunotherapy, (2,3), but the prognosis of a majority of
patients remains poor (4). Therefore, there is a pressing
need for more effective therapies to be developed for cancer
therapy. Cancer cells are characterized by a loss of mitotic
regulation, which may further result in unlimited replicative
potential and aberrant proliferation (5,6) In the process of
mitosis, both the centromere and kinetochore play important
roles in accurately distributing replicated genome (7).

Equal distribution of DNA in mitosis requires the
centromere, a region of chromosome, and a large amount
of proteins assembled onto the centromeric DNA, which
is called the kinetochore. In most instances, centromere
specification is dependent on the presence of centromere
protein A (CENP-A), a variant of histone H3 (core submit
of nucleosomes). Moreover, 16 proteins that constitute the
centromere-associated network (CCAN) are assembled
onto centromeric CENP-A: CENP-O/CENP-P/CENP-Q/
CENP-R/CENP-U (CENP-50), CENP-C, CENP-H/
CENP-I/CENP-K, CENP-L/CENP-M/CENP-N, CENP-S/
CENP-X, and CENP-T/CENP-W. These proteins form the
inner kinetochore and can further recruit components of
the outer kinetochore (8). As an essential component of the
CCAN, CENP-U was recently reported to act as a tumor
promoter (9).

Centromere protein U (CENP-U), also known as CENP-
50, polo-box-interacting protein 1 (PBIPI), Kaposi’s
sarcoma-associated herpes virus latent nuclear antigen-
interacting protein 1 (KLIPI), or myeloid leukemia factor
l-interacting protein (MLFI1IP), belongs to the CENP-O
complex of CCAN, which includes CENP-O, CENP-P,
CENP-Q, CENP-R, and CENP-U. For one, CENP-U is
a part of the kinetochore, and its deficiency was reported
to lead to embryonic lethality in mice and Holstein cattle.
Additionally, disrupted CENP-U expression of mouse ES
cells was found to result in the disappearance of all CENP-O
class proteins and ultimately mitotic defects (10,11), further
demonstrating the importance of CENP-U in mitosis.
Moreover, PBIP] (CENP-U) is essential for recruiting
polo-like kinase 1 (PLKI) to the kinetochore and may be
the sole receptor of PLKI in core kinetochore, which is
crucial for promoting centrosome maturation and spindle
assembly (12,13). That is, centromere proteins are not only
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indispensable components of kinetochore but also act as a
vital role in protecting kinetochore-microtubule interface,
which ensures the accurate distribution of chromosome.
Intriguingly, CENP-U plus CENP-A, CENP-N, and CENP-T
was reported to be rapidly recruited to where double-strand
breaks are present in DNA, which indicates that CENP-U
may play a role in DNA damage repair (DDR) (14).
For another, CENP-I was recently reported to promote the
proliferation and migration of gastric cancer (GC) and a
series of CENP proteins including CENP-U were reported
to be upregulated in GC (15). As an important regulator of
mitosis, CENP-U was found to be elevated in breast cancer
(BRCA) (16,17), glioblastoma multiforme (GBM) (18),
prostate adenocarcinoma (PRAD) (19), osteosarcoma (20),
liver hepatocellular carcinoma (LIHC) (21), bladder
urothelial carcinoma (BLCA) (22), lung adenocarcinoma
(LUAD) (23), and ovarian cancer (OV) (24); further, highly
expressed CENP-U has been correlated with poor prognosis
(16,17,21-23). However, the underlying mechanisms of
CENP-U in tumor immunity, metabolism, and proliferation
are not fully understood, and thus further analysis is needed.

In this study, the expression of CENP-U and its potential
pan-cancer prognostic value was analyzed with The Cancer
Genome Atlas (TCGA), Genotype-Tissue Expression
(GTEx), and Cancer Cell Line Encyclopedia (CCLE)
datasets. To date, immune checkpoint inhibitors (ICIs)
have become important weapons in fighting cancer, which
could eliminate the immune suppressive effect of innate and
adaptive immune cells (25). At the same time, biomarkers
that could predict efficacy of ICIs, such as tumor mutational
burden (TMB) and microsatellite instability (MSI), are also
needed for non-responsiveness of ICIs in some cases (26,27).
Thus, correlation analysis between CENP-U expression
level and immune checkpoints, tumor-infiltrating immune
cells, TMB, and MSI was performed. Finally, we performed
gene set enrichment analysis (GSEA) analysis to identify the
signaling pathways linked to CENP-U. Taken together, our
pan-cancer analyses provide insights into the therapeutic
and prognostic role of CENP-U in common cancers.

We present the following article in accordance with the
REMARK reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-6516).

Methods
Sample source

First, CENP-U expression data of tumor cell lines were
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downloaded from the CCLE database (https://portals.
broadinstitute.org/ccle) (28). Moreover, we collected data
from RNA sequencing in normal and tumor tissues from
the GTEx dataset (https://commonfund.nih.gov/GTEx/)
and TCGA database (https://portal.gdc.cancer.gov),
respectively. Data of CENP-U expression were obtained
from the two datasets, and the related clinicopathological
data were also acquired. Additionally, cancer immune
infiltration scores were analyzed with data from the Tumor
Immune Estimation Resource (TIMER) dataset (29). The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

Expression analysis of CENP-U

We analyzed the expression of CENP-U in normal tissues
and cancer cell lines. In addition, the Kruskal-Wallis test
was used to analyze the differential expression between
normal and tumor tissues with data solely from TCGA
database. Following this, CENP-U expression data in
normal tissues from the GTEx dataset were compared with
the tumor data from TCGA database.

Correlation analysis of CENP-U expression level and
prognosis in pan-cancer

To confirm the pan-cancer prognostic role of CENP-U,
survival analysis and univariate Cox proportional hazards
regression analysis were used. Prognostic indicators in this
study consisted of overall survival (OS) rate, disease-free
interval (DFI), progression-free interval (PFI), and disease-
specific survival (DSS). Survival curves and forest plots were
obtained.

Correlation analysis of CENP-U expression level and
immumnity

Immune checkpoints, immune neoantigens, and the
tumor microenvironment (TME) were analyzed. First,
Spearman’s rank correlation coefficient was performed to
analyze the association between CENP-U expression and
immune checkpoints, which include chemokine receptor
proteins, chemokine, immune activation proteins, and
immunosuppressive proteins. Similar analyses were applied
to evaluate the correlation of CENP-U expression and
immune neoantigens and tumor-infiltrating immune cells,
including B cells, CD4" T cells, CD8" T cells, neutrophils,
macrophages, and dendritic cells (DC). Furthermore,
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immune core, stromal score, and ESTIMATE score were
obtained with the Estimation of Stromal and Immune Cells
in Malignant Tumors Using Expression data (ESTIMATE)
algorithm (30).

Correlation analysis of CENP-U expression level and TMB
and MSI

Pearson correlation coefficient was employed to explore
the association of CENP-U expression and TMB and MSI.
Bubble charts were obtained.

GSEA

Enriched signaling pathways in CENP-U higher and lower
expression were analyzed using GSEA. The Hallmark gene
set and the Kyoto Encyclopedia of Genes and Genomes
database (KEGG; https://www.kegg.jp.) were applied. A
normalized enrichment score (NES) >1.5, a P value <0.05,
and a false discovery rate (FDR) <0.25 were considered
significant.

Statistical analysis

R software (version 4.0.2; https://www.R-project.org; The
R Foundation for Statistical Computing, Vienna, Austria)
was used in this study to manage data, and the plots were
obtained using R packages. A P value <0.05 was considered
to be statistically significant.

Results
Differential expression of CENP-U

Data from the CCLE database, GTEx dataset, and TCGA
database were analyzed to evaluate the relative CENP-U
expression in normal and tumor tissues. Data from the
GTEx dataset showed CENP-U to be commonly expressed
in 31 normal tissues, with the highest expression levels
present in bone marrow and the testes, and the lowest
expression levels in muscle and the heart (Figure 14).
The CCLE data revealed that CENP-U had an average
expression in tumor cell lines (Figure 1B). By analyzing
the expression data of CENP-U in 26 matched normal and
tumor tissues solely from TCGA database, we found that
the expression of CENP-U was elevated in all 26 matched
different tumor tissues (Figure 1C). Additionally, CENP-U
expression data of matched normal and tumor tissues from
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Figure 1 Expression analysis of CENP-U. (A) CENP-U expression level in 31 kinds of normal tissues with data from the GTEx database.
(B) CENP-U expression level in tumor cell lines of 21 kinds of tumors with data from the CCLE dataset. (C) CENP-U expression level
in 26 types of matched tumor and normal tissues with data from TCGA database. (D) CENP-U expression level in 34 types of matched
tumor tissues from TCGA database and normal tissues from the GTEx database. *P<0.05; **P<0.01; ***P<0.001; ***P<0.0001. CENP-U,
centromere protein U; GTEx, Genotype-Tissue Expression; CCLE, Cancer Cell Line Encyclopedia; TCGA, The Cancer, Genome Atlas.

both the GTEx dataset and TCGA database demonstrated
that CENP-U expression was elevated in GBM, glioma
(GBMLGG), brain lower grade glioma (LGG), uterine
corpus endometrial carcinoma (UCEC), breast invasive
carcinoma (BRCA), cervical squamous cell carcinoma and
endocervical adenocarcinoma (CESC), LUAD, esophageal
carcinoma (ESCA), stomach and esophageal carcinoma
(STES), kidney renal papillary cell carcinoma (KIRP), pan-
kidney cohort (KIPAN), colon adenocarcinoma (COAD),
head and neck squamous cell carcinoma (HNSC), colon
adenocarcinoma/rectum adenocarcinoma (COADREAD),
PRAD, stomach adenocarcinoma (STAD), kidney

© Annals of Translational Medicine. All rights reserved.

renal clear cell carcinoma (KIRC), lung squamous cell
carcinoma (LUSC), LIHC, Wilms tumor (WT), skin
cutaneous melanoma (SKCM), BLCA, thyroid cancer
(THCA), rectum adenocarcinoma (READ), OV, pancreatic
adenocarcinoma (PAAD), uterine carcinoma (UCS), acute
myeloid leukemia (LAML), acute lymphoblastic leukemia
(ALL), pheochromocytoma and paraganglioma (PCPG),
adrenocortical carcinoma (ACC), kidney chromophobe
(KICH), and cholangiocarcinoma (CHOL) (Figure 1D).
However, CENP-U expression was not elevated in testicular
germ cell tumors (TGCT). These results confirmed
CENP-U expression in tumor tissues to be elevated
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compared to normal tissues among almost all examined

cancer types, except for TGCT.

Correlation of CENP-U expression and prognosis

Univariate Cox proportional hazards regression analysis
was performed to assess the pan-cancer prognostic role
of CENP-U. Results showed that CENP-U expression
was markedly correlated with OS of patients with LUAD
(P<0.01), GBMLGG (P<0.01), LGG (P<0.01), KIPAN
(P<0.01), ACC (P<0.01), KIRP (P<0.01), PAAD (P<0.01),
LAML (P<0.01), KICH (P<0.01), LIHC (P<0.01),
mesothelioma (MESO) (P<0.01), lymphoid neoplasm
diffuse large B-cell lymphoma (DLBC) (P<0.01), CHOL
(P=0.04), TGCT (P=0.03), and thymoma (THYM) (P=0.04)
(Figure 24). In addition, results of DSS revealed that
CENP-U expression correlated to the DSS of patients with
GBMLGG (P<0.01), KIPAN (P<0.01), LGG (P<0.01),
KIRP (P<0.01), ACC (P<0.01), KICH (P<0.01), LUAD
(P<0.01), PAAD (P<0.01), MESO (P<0.01), PRAD (P<0.01),
SKCM (P<0.01), LTHC (P=0.01), KIRC (P=0.03), and
OV (P=0.03) (Figure 2B). Moreover, the expression level
of CENP-U was associated with the PFI of patients with
GBMLGG (P<0.01), LGG (P<0.01), KIRP (P<0.01),
ACC (P<0.01), KIPAN (P<0.01), LIHC (P<0.01), PRAD
(P<0.01), KICH (P<0.01), PAAD (P<0.01), uveal melanoma
(UVM) (P<0.01), LUAD (P<0.01), MESO (P<0.01), SKCM
(P=0.02), and BLCA (P=0.04) (Figure 2C). We further found
that the expression CENP-U to be significantly linked to
the DFI of patients with KIRP (P<0.01), LIHC (P<0.01),
THCA (P<0.01), sarcoma (SARC) (P=0.02), MESO
(P=0.02), and PAAD (P=0.04) (Figure 2D).

Prognostic role of CENP-U in pan-cancer

CENP-U was grouped into a high expression and low
expression group, with the subsequent survival analysis
indicating high CENP-U expression to be associated with
shorter OS in patients with ACC, KICH, KIRC, KIRP,
LGG, LIHC, LUAD, MESO, PAAD, PCPG, PRAD, and
UVM,; and high CENP-U expression to be associated with
longer OS in patients THYM and DLBC (Figure 3). Results
of DSS indicated high CENP-U expression to be correlated
with a poor prognosis in patients with ACC, BLCA, KICH,
KIRC, KIRP, LGG, LIHC, LUAD, MESO, PAAD, PCPG,
PRAD, and UVM (Figure 4). Moreover, higher CENP-U
expression was associated with shorter PFI in patients with
ACC, BLCA, KICH, KIRC, KIRP, LGG, LIHC, LUAD,
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MESO, PAAD, PCPG, PRAD, SARC, THCA, and UVM
(Figure 5). Similarly, higher CENP-U expression was found
to be linked to poor DFI in patients with KIRP, LIHC,
MESO, SARC, and THCA (Figure 6).

Correlation of CENP-U expression and immunity

To explore the role of CENP-U in tumor immunity; data
of immune checkpoints; neoantigens, tumor-infiltrating
immune cells; and immune score, stromal score, and
ESTIMATE score were analyzed. We first performed
correlation analysis of CENP-U expression and immune
checkpoints, which included 24 immune inhibitors and
36 immune stimulators. Among the data of immune
inhibitors in 40 common tumors, we found that CENP-U
expression was positively linked to vascular endothelial
growth factor A (VEGFA) in 21 tumors, to CD276 in 25
tumors, to lymphocyte activating 3 (LAG3) in 21 tumors,
and to programmed death ligand 1 (PD-L1) in 21 tumors.
Additionally, among the data of immune stimulators,
CENP-U expression was found to be positively associated
with high mobility group box 2 (HMGB?2) in all 40 tumors,
C-X-C motif chemokine ligand 10 (CXCL10) in 22 tumors,
C-X-C motif chemokine ligand 9 (CXCL9) in 21 tumors
(positively), and tumor necrosis factor superfamily member
4 (I'NFSF4) in 20 tumors; conversely, CENP-U expression
was found to be negatively associated with selectin P (SELP)
in 20 tumors. Moreover, CENP-U expression was positively
associated with 17 of 24 immune inhibitors and with 24 of
36 immune stimulators in UVM, 22 of 24 inhibitors and
35 of 36 stimulators in OV, 21 of 24 inhibitors and 33 of
36 stimulators in LIHC, 20 of 24 inhibitors and 28 of 36
stimulators in KIPAN, 10 of 24 inhibitors and 23 of 36
stimulators in PAAD, and 0 of 24 inhibitors and 1 of 36
stimulators in UCS (Figure 7A4). Next, results of neoantigen
analysis suggested that CENP-U expression was positively
associated with the number of neoantigens in BRCA,
STAD, PRAD, and LGG (Figure 7B). Moreover, correlation
analysis of CENP-U expression and 6 types of immune
cells of the TME, which consist of B cells, CD4" T cells,
CD8" T cells, neutrophils, macrophages, and DCs, was
performed (31). Results showed that in THYM, significantly
positive correlations were identified between CENP-U
expression and B cells, CD4" T cells, CD8" T cells, and
DCs. In addition, CENP-U expression was positively
associated with neutrophils in KIRC, CD8" T cells in
GBMLGG, and DCs in PAAD, but negatively associated
with CD8" T cells in UVM, DC and neutrophils in TGCT,
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A B
CancerCode pualue Hazard Ratio(95%CI) CancerCode pvalue Hazard Ratio(95%CI)
TCGA-GBMLGG(N=619) 1.7e-37 1.64(1.52,1.77) TCGA-GBMLGG(N=598) 4.5035 1.65(1.52,1.80)
TCGA-LGG(N=474) 84c-11 1.44(1.29,1.60) TCGA-KIPAN(N=840) 2.5¢-10 1.81(1.51,2.18)
TCGA-KIPAN(N-855) 37e7 1.46(1.26,1.69) TCGA-LGG(N=466) 3.9¢-10 1.44(1.28,1.61)
TCGA-ACC(N=77) 38¢-7 2.27(1.65,3.13) TCGA-KIRP(N=272) 3.5¢:9 2.85(2.02,4.04)
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Figure 2 Associations between CENP-U expression and OS, DSS, DFI, and PFI. (A-D) Results of correlation analysis of CENP-U
expression with OS, DSS, PFI, and DFI. Data are shown as forest plots. CENP-U, centromere protein U; OS, overall survival; DSS, disease-

specific survival; DFI, disease-free interval; PFI, progression-free interval.
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Figure 3 KM analysis between CENP-U expression and OS in ACC, KICH, KIRC, KIRP, LGG, LIHC, LUAD, MESO, PAAD, PCPG,
PRAD, UVM, THYM and DLBC. Data are shown with KM curves. KM, Kaplan-Meier; CENP-U, centromere protein U; OS, overall
survival; ACC, adrenocortical carcinoma; KICH, kidney chromophobe; KIRC, kidney renal clear cell carcinoma; KIRP, kidney renal
papillary cell carcinoma; LGG, brain lower grade glioma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; MESO,
mesothelioma; PAAD, pancreatic adenocarcinoma; PCPG, pheochromocytoma and paraganglioma; PRAD, prostate adenocarcinoma;

UVM, uveal melanoma; THYM, thymoma; DLBC, lymphoid neoplasm diffuse large B-cell lymphoma.
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Figure 4 KM analysis between CENP-U expression and DSS in ACC, BLCA, KICH, KIRC, KIRP, LGG, LIHC, LUAD, MESO, PAAD,
PCPG, PRAD, and UVM. Data are shown with KM curves. KM, Kaplan-Meier; CENP-U, centromere protein U; DSS, disease-specific
survival; ACC, adrenocortical carcinoma; BLCA, bladder urothelial carcinoma; KICH, kidney chromophobe; KIRC, kidney renal clear cell

carcinoma; KIRP, kidney renal papillary cell carcinoma; LGG, brain lower grade glioma; LIHC, liver hepatocellular carcinoma; LUAD,

lung adenocarcinoma; MESO, mesothelioma; PAAD, pancreatic adenocarcinoma; PCPG, pheochromocytoma and paraganglioma; PRAD,

prostate adenocarcinoma; UVM, uveal melanoma.

CD4" T cells in DLBC, and DCs in UVM (Figure 84).
Finally, data of ESTIMATE analysis revealed that CENP-U
expression was negatively correlated with stromal score in

BRCA, STES and STAD (Figure §B).

Correlation of CENP-U expression and TMB and MSI

Cancer is a kind of genome disease, which could be
caused by accumulations of point mutations and structural
alterations. TMB and MSI may be comprehensive indicators
to reflect the level of genomic instability (32). In this study,
we found that CENP-U expression was positively correlated
to TMB in PCPG, ACC, COADREAD, STAD, COAD
and LUAD (Figure 94). Similarly, CENP-U expression was
found to be associated with MSI in GBMLGG (negatively),
DLBC (negatively), STAD (positively), COADREAD

© Annals of Translational Medicine. All rights reserved.

(positively), READ (positively) and COAD (positively)
(Figure 9B).

GSEA

Protein-protein interaction (PPI) network analysis was
employed to clarify the functional network of CENP-U
in order to fully understand the relevant mechanisms.
Results demonstrated that CENP-U was linked to CENP-O,
CENP-P, CENP-Q, CENP-R, CENP-I, CENP-H, CENP-M,
CENP-N, CENP-T, and PLKI, all of which are mitosis-
related proteins (Figure 104). According to the median
expression level of CENP-U, high expression and low
expression groups were formed and then analyzed by
GSEA. The resulting data indicated CENP-U to be highly
enriched in Hallmark DNA repair (Figure 10B), Hallmark

Ann Transl Med 2021;9(23):1744 | https://dx.doi.org/10.21037/atm-21-6516
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Figure 5 KM analysis between CENP-U expression and PFI in ACC, BLCA, KICH, KIRC, KIRP, LGG, LIHC, LUAD, MESO, PAAD,
PCPG, PRAD, SARC, THCA, and UVM. Data are shown with KM curves. KM, Kaplan-Meier; CENP-U, centromere protein U; PFI,
progression-free interval; ACC, adrenocortical carcinoma; BLCA, bladder urothelial carcinoma; KICH, kidney chromophobe; KIRC,

kidney renal clear cell carcinoma; KIRP, kidney renal papillary cell carcinoma; LGG, brain lower grade glioma; LIHC, liver hepatocellular

carcinoma; LUAD, lung adenocarcinoma; MESO, mesothelioma; PAAD, pancreatic adenocarcinoma; PCPG, pheochromocytoma and
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Figure 7 Correlations between CENP-U expression and immune checkpoints and neoantigens. (A) Pan-cancer correlations between
CENP-U expression and 24 immune inhibitors and 36 immune stimulators in. (B) Correlations between CENP-U expression and number of

neoantigens. *P<0.05. CENP-U, centromere protein U.
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Figure 8 Correlations between CENP-U expression and tumor-infiltrating immune cells and TME. (A) Pan-cancer correlation analysis

across between CENP-U expression and B cells, CD4" T cells, CD8" T cells, neutrophils, macrophages, and DCs. (B) Representative

results of correlation analysis between CENP-U expression and immune score, stromal score, and ESTIMATE score. *P<0.05; **P<0.01;
***P<0.001; ****P<0.0001. CENP-U, centromere protein U; TME, tumor microenvironment; DC, dendritic cells; ESTIMATE, the

Estimation of Stromal and Immune Cells in Malignant Tumors Using Expression data.

myc targets v.1 (Figure 10C), KEGG DNA replication
(Figure 10D) and KEGG base excision repair (Figure 10E).

Discussion

Considerable progress has been achieved in the application
of immunotherapy in cancer (2). However, due to the
heterogeneity of patients with tumors, the prognosis of
a majority of patients still remains poor (4), and thus the
development of accurate targeted therapy or multimodal
therapy regimens are urgently required. Mitosis-targeted
therapy has been successfully used to treat a series of
cancers, and recently, the combination of microtubule-
targeting agent (MTA) and ICI-based therapy has drawn
our attention (6,33).

As a crucial component of kinetochore, CENP-U
belongs to the CENP-O complex, which in turn belongs to
CCAN (9) and plays an important role in mitosis.
Eliminating of CENP-U was found to have an influence on
both tissue culture cells and mouse development, which
suggests the vital role of CENP-U in mitosis progression
(10,34). Additionally, CENP-U plus Bubl was found to
recruit PLKI to kinetochore, which is crucial for stabilizing
the proper kinetochore-microtubule attachments and in the
accurate distribution of DNA (13,35). Recently, elevated
CENP-U expression was identified in a number of cancers
(16-24) and high CENP-U expression was correlated to

© Annals of Translational Medicine. All rights reserved.

poor prognosis in BRCA, LIHC, BLCA, and LUAD
(16,17,21-23). However, the underlying mechanisms remain
unclear. Consequently, we conducted a pan-cancer analysis
of CENP-U to evaluate its role in prognosis, immunity,
metabolism, and therapeutic potential.

We first performed an analysis of the expression level
in normal tissues and a comparison of CENP-U expression
between tumor tissues and matched normal tissues. With
normal tissues, we identified the highest-level CENP-U
expression in hematopoietic organs and the testes and
the lowest-level CENP-U expression in muscle and the
heart. Taking the mitosis-related role of CENP-U and
the proliferative demand of the testes, bone marrow,
muscle, and heart into account (36,37), we can assume
that the differential expression of CENP-U in normal
tissues confirms the importance of CENP-U in cell cycle
progression. High-level expression of CENP-U in the
testes may also account for previous results that CENP-U
expression was elevated in all tumors compared with
matched normal tissues except for TGCT. Our results were
also consistent with previous findings that showed CENP-U
expression to be increased in BRCA (16,17), GBM (18),
PRAD (19), osteosarcoma (20), LIHC (21), BLCA (22),
LUAD (23), and OV (24). The differential expression of
CENP-U in other tumors warrants further research. We
also analyzed the pan-cancer prognostic role of CENP-U
with clinicopathological and CENP-U expression data.

Ann Transl Med 2021;9(23):1744 | https://dx.doi.org/10.21037/atm-21-6516
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Figure 9 Correlations between CENP-U expression and TMB and MSI. (A) Correlation between CENP-U expression and TMB. (B)
Correlations between CENP-U expression and MSI. Data are shown with bubble charts. CENP-U, centromere protein U; TMB, tumor

mutational burden; MSI, microsatellite instability.
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Similar to previous studies (16,17,21-23), we found that
elevated CENP-U expression was correlated with poor
prognosis, as indicated by measures of OS, DSS, DFI,
and PFI, across a variety of tumor types. Conversely, high
CENP-U expression was correlated to longer OS in THYM
and DLBC, which may be explained by the role of CENP-U
in tumor immunity. In summary, CENP-U was found to be
differentially expressed in all tumors and may thus serve as a
marker for prognosis.

Numerous immune checkpoints have been identified and
studied in the past decade, with anti-PD-1/PD-L1 drugs
appearing to be effective therapeutic regimens. However, the
heterogeneity of tumor patients means that only a limited
number of patients can benefit from this type of therapy (25).
In our study, correlation analysis of CENP-U expression and
immune checkpoints was performed. Within 24 immune
inhibitors, CENP-U expression was positively linked to
PD-LI in 21 tumors, to VEGFEA in 21 tumors, to CD276 in
25 tumors, and to LAG3 in 21 tumors. Meanwhile, among
36 immune stimulators, CENP-U expression was found
to be positively associated with HMGB2 in all 40 tumors,
CXCL10 in 22 tumors, CXCLY9 in 21 tumors, and TNFSF4
in 20 tumors, but negatively associated with SELP in 20
tumors. In the immune stimulators, HVMGB2 was positively
correlated to CENP-U expression in all 40 tumors.
Previous studies have consistently reported CENP-U to
be positively correlated with HMGB2 in OV (24), and it
has been shown that knockdown of CENP-U expression in
bladder cancer can decrease the expression of HMGBI (22).
Among other immune checkpoints, (I) the PD-1 and PD-
L1 axis was shown to act as a mechanism of tumor cell
escape from host immunity (38), (II) LAG3 was reported
to exert a suppressive effect on activated T cells (39), (III)
VEGFA was found to inhibit the trafficking of cytotoxic T
lymphocyte (CTL) and the maturation of DCs (40), (IV)
CD276 was recently identified as a T cell inhibitor (41), and
(V) CXCL9 and CXCLI10 were demonstrated to promote the
differentiation of naive T cells to T helper (Th) cells (42);
however, (VI) the effect of other immune checkpoints
remains relatively controversial. From the abovementioned
results, we can surmise that, compared with immune
stimulators correlated to CENP-U expression, the immune
inhibitors with correlations had a more profound effect on
tumor immunity. Furthermore, from another perspective,
we found that there are differences in number between
correlated immune stimulators and correlated immune
inhibitors in each tumor, which revealed the influence of
CENP-U. Taken together, CENP-U has a significant role
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immune regulation and thus has potential as a therapeutic
target.

As the basis of immunotherapy, immune cells of the
innate immune system, including DCs, macrophages,
neutrophils, mast cells, and monocytes; and adaptive
immune system, including T cells and B cells, infiltrate
the TME and regulate tumor progression (31,43). To
further our understanding of the role of CENP-U in
immunity, correlation analysis of CENP-U expression and
tumor-infiltrating immune cells with ESTIMATE score
was performed. In our study, positive correlations were
identified between CENP-U expression and infiltrated
immune cells in KIRC, GBMLGG, PAAD, UVM, while
negative correlations were identified between CENP-U
expression and infiltrated immune cells in TGCT, DLBC,
and DC. Intriguingly, CENP-U expression was found to be
significantly and positively correlated with B cells, CD4" T
cells, CD8" T cells, and DCs, which may account for that
high CENP-U expression was associated with longer OS
in patients with THYM. In addition, CENP-U expression
was also found to be linked to stromal score in a series
of tumors, which suggests that CENP-U does not only
influence the infiltration of immune cells, but may also play
an important role in stromal cell infiltration, including in
epithelial cells, fibroblasts, and vascular cells, which may
affect the purity of tumor (30). Thus, CENP-U holds the
potential of being a crucial modulator of immunity, and
targeting CENP-U may be a promising therapeutic strategy.

To improve the effect of immunotherapy, the ability to
predict checkpoint inhibitor (CPI) response is essential (26).
TMB represents the number of mutations in tumor cells
and has recently been identified as an effective predictor
of CPI and an important biomarker for identifying
patients with potential for immunotherapy in a number
of cancers (26,44,45). Furthermore, deficient mismatch
repair (AMMR)/MSI status has been widely studied
and has been found to contribute to the high efficacy of
immunotherapy across a series of tumor types (27,46). In
our study, we performed correlation analysis of CENP-U
expression and TMB and MSI to explore the pan-cancer
prognostic capacity of CENP-U in immunotherapy. The
results revealed CENP-U expression to be positively
correlated to both TMB and MSI in STAD, COADREAD,
and COAD, and other associations were also identified.
Overall, CENP-U expression may be a potential predictor
of immunotherapy, and further clinical trials are warranted.

To clarify of the diverse functions of CENP-U and
glean insights into the role of CENP-U, we performed
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GSEA and obtained the functional network and enriched
signaling pathways of CENP-U. The proteins in the
functional network were all mitosis-related, including
CENP-O, CENP-P, CENP-Q, CENP-R, CENP-I, CENP-H,
CENP-M, CENP-N, CENP-T, and PLKI. As a component
of kinetochore, CENP-U has been consistently reported
to interact with other components of CCAN: (I) CENP-U
belongs to the CENP-OPQUR complex, and CENP-Q
directly binds to CENP-U (47); (II) CENP-CHIKMLN is
required for recruitment of the CENP-OPQUR complex,
and CENP-U interacts with the CENP-H/CENP-I complex
(47,48); (III) being more closely located to the CENP-A
nucleosome, CENP-U, CENP-H, CENP-C, CENP-M,
CENP-N, and CENP-T were identified and named the
CENP-A nucleosome-associated complex (NAC) (49); and
(IV) in addition to CENP-Q complex, CENP-U also binds to
some of the CENP-A NAC components, including CENP-H
and CENP-T (49). This latter finding is in line with our
GSEA result in which KEGG DNA replication was highly
enriched in the CENP-U high expression group. Moreover,
PLKI plays an important role in stabilizing kinetochore-
microtubule attachments, ensuring accurate distribution
of DNA, and promoting cell cycle progression (49).
Studies have reported that PLK]I is recruited to the inner
kinetochore by CENP-U and to the outer kinetochore by
BUBI1, and CENP-U may be the sole receptor of PLKI in
the core kinetochore (13,35,49). It has also been found that
cells lacking either CENP-U or BUBI signaling are more
sensitive to PLKT inhibitor (35). Considering the emergence
of ICI therapy plus MTAs (33), the addition of CENP-U
inhibitor to this regimen may be even more effective, but
more studies are needed to confirm this. Furthermore, our
GSEA results showed that CENP-U was highly expressed
in Hallmark DNA repair and KEGG base excision repair
signaling pathways. Accumulation of DNA damage can
lead to genome instability and ultimately result in the
genetic pathogenesis of cancer. DDR is the underlying
mechanism by which organisms prevent DNA damage
(50,51). Previous studies have indicated that CENP-U
has as an essential role in DDR. For one, as a crucial part
of the kinetochore and CCAN, and the sole receptor
of PLKI1 in the core kinetochore, CENP-U strengthens
the stability of the kinetochore or spindle and further
kinetochore-microtubule attachments by binding to PLK1
(9,13,35). In this way, CENP-U further ensures the equal
distribution of chromosome and prevents the emergence of
aneuploidy (52). For another, as demonstrated by Zeitlin
et al., CENP-U plus CENP-A, CENP-N, and CENP-T is
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rapidly recruited to the location of double-strand breaks in
DNA (14), which confirms the role of CENP-U in DDR.
In summary, as an important component of the kinetochore
and a mitosis-related gene, CENP-U contributes to the
stability of the spindle and the accurate distribution of
DNA, ultimately promoting cell cycle and tumorigenesis.

In conclusion, our study showed that CENP-U was
differentially expressed across common tumors and it may
act as a therapeutic and prognostic biomarker. Limitations
to our work is that only bioinformatical analyses of open
accessible databases were performed with no experimental
data available. Thus, this study provides the foundation for
subsequent studies and further studies are needed to verify
our findings.
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