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Background: Centromeric protein A (CENP-A), an essential protein involved in

chromosomal segregation during cell division, is associated with several cancer

types. However, its role in gliomas remains unclear. This study examined the

clinical and prognostic significance of CENP-A in gliomas.

Methods: Data of patients with glioma were collected from the Cancer

Genome Atlas. Logistic regression, the Kruskal–Wallis test, and the Wilcoxon

signed-rank test were performed to assess the relationship between CENP-A

expression and clinicopathological parameters. The Cox regression model and

Kaplan–Meier curvewere used to analyze the association betweenCENP-A and

survival outcomes. A prognostic nomogram was constructed based on Cox

multivariate analysis. Gene set enrichment analysis (GSEA) was conducted to

identify key CENP-A-related pathways and biological processes.

Results: CENP-A was upregulated in glioma samples. Increased CENP-A levels

were significantly associated with the world health organization (WHO) grade

[Odds ratio (OR) = 49.88 (23.52–129.06) for grade 4 vs. grades 2 and 3], primary

therapy outcome [OR = 2.44 (1.64–3.68) for progressive disease (PD) and stable

disease (SD) vs. partial response (PR) and complete response (CR)], isocitrate

dehydrogenase (IDH) status [OR = 13.76 (9.25–20.96) for wild-type vs. mutant],

1p/19q co-deletion [OR = 5.91 (3.95–9.06) for no codeletion vs. co-deletion],

and age [OR = 4.02 (2.68–6.18) for > 60 vs. ≤ 60]. Elevated CENP-A expression

was correlated with shorter overall survival in both univariate [hazard ratio (HR):

5.422; 95% confidence interval (CI): 4.044–7.271; p < 0.001] and multivariate

analyses (HR: 1.967; 95%CI: 1.280–3.025; p < 0.002). GSEA showed enrichment

of numerous cell cycle-and tumor-related pathways in the CENP-A high

expression phenotype. The calibration plot and C-index indicated the

favorable performance of our nomogram for prognostic prediction in

patients with glioma.

Conclusion: We propose a role for CENP-A in glioma progression and its

potential as a biomarker for glioma diagnosis and prognosis.
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Introduction

Gliomas are among the most lethal cancers and are

characterized by invasive growth within the central nervous

system. The intratumoral heterogeneity of gliomas and the

intrinsic structure of contribute to tumor progression and

treatment resistance (Jackson et al., 2019). Despite current

multimodal therapies, including surgical resection and

postoperative chemoradiotherapy, the prognosis of gliomas,

especially high-grade gliomas, remains low with a median

overall survival (OS) of 15 months (Weller et al., 2015).

Owing to advances in the molecular genetics of gliomas in the

past decade, the diagnostic classification, treatment development,

and prognosis monitoring of gliomas have improved

(Reifenberger et al., 2017). The novel glioma classification

system integrates molecular biomarkers with classic

histological features to define glioma entities (Wesseling and

Capper, 2018). Additionally, preclinical and clinical studies have

explored emerging pharmacological and immunotherapeutic

strategies. Predictive molecular profiling has been proposed to

guide individualized therapy in patients with glioma (Bi et al.,

2020). However, further studies are required to investigate

glioma biomarkers and therapeutic targets.

Centromeric factors are increasingly shown to be involved in

tumor pathogenesis and have been proposed as potential

therapeutic targets or prognostic markers (Filipescu et al.,

2017). Centromeric protein A (CENP-A) is a histone H3-like

protein that is enriched at active centromeres and serves as an

epigenetic mark of centromere identity (Hoffmann et al., 2020).

CENP-A regulates centromere integrity and chromosome

segregation during cell division, and its overexpression leads

to ectopic CENP-A deposition causing consequent defects in

chromosome segregation (Lacoste et al., 2014). Accordingly,

mislocalization of CENP-A resulting from its overexpression

contributes to chromosomal instability and aneuploidy

(Shrestha et al., 2021), which have long been recognized as

hallmarks of tumor growth, malignant progression, and

treatment resistance (Zhang et al., 2016; Sansregret et al.,

2018). Recent studies have indicated that CENP-A

overexpression induces chromosomal instability in cancer cells

(Amato et al., 2009; Quevedo et al., 2020). Additionally, increased

CENP-A expression is implicated in malignant progression (Sun

et al., 2016) and correlates with poor prognosis in cancers (Zhang

et al., 2020a; Saha et al., 2020; Xu et al., 2020), including breast

(Rajput et al., 2011), lung (Wu et al., 2012; Liu et al., 2018), and

hepatic carcinoma (Zhang et al., 2020b). CENP-A

downregulation induces cell cycle arrest and cell death in

hepatoma and lung carcinoma (Li et al., 2011; Wu et al.,

2014). In patients with high-grade glioblastoma (GBM),

increased CENP-A expression is associated with short

OS(Stangeland et al., 2015; Chen et al., 2020). However,

although CENP-A overexpression was proposed as a common

feature of numerous cancer types (Li et al., 2019; Qi et al., 2019),

its role in gliomas is unclear. The prognostic value of CENP-A in

gliomas including GBM and low-grade gliomas remains to be

investigated. In particular, the association between CENP-A

expression and clinicopathological features of patients with

glioma, as well as the detailed molecular mechanism of

CENP-A in gliomas, have not been reported yet.

In the present study, we explored The Cancer Genome Atlas

(TCGA) database to obtain glioma RNA-sequencing data and

performed a series of bioinformatic analyses to comprehensively

investigate CENP-A expression patterns and its prognostic

significance in gliomas. We compared CENP-A expression

among patients with glioma and healthy individuals, and

analyzed the association of CENP-A mRNA expression with

parameters in clinical data. To determine the effects of CENP-

A on glioma prognosis, we performed survival analyses using

CENP-A expression and clinicopathological features in the Cox

regression model and developed a nomogram to predict glioma

prognosis. We also verified the expression pattern and role of

CENP-A at the mRNA level in The Chinese Glioma Genome

Atlas (CGGA) cohort. To highlight the genes and functional

pathways closely correlated with CENP-A expression,

enrichment analysis was performed, including gene ontology

(GO), Kyoto Encyclopedia of Genes and Genomes (KEGG), and

gene set enrichment analysis (GSEA). Our study investigated the

role of CENP-A in gliomas and discussed the possible CENP-A-

related immune mechanisms involved in the pathogenesis of

glioma.

Materials and methods

Data sources and pre-processing

We obtained publicly available RNA-seq and

clinicopathological data of 696 glioma patient samples from

TCGA and data of normal brain samples from the GTEx

database. For subsequent analyses, all gene expression profiles

were processed using Toil software (Vivian et al., 2017) and

normalized as values in transcripts per million reads (TPM). The

relevant clinical information of patients included age, gender,

world health organization (WHO) grade, histological diagnosis,

status of molecular markers, and follow-up outcomes. Our study

conforms to the publication requirements of TCGA. For further

validation, glioma data from the Chinese cohorts were obtained

from CGGA datasets.

Differentially expressed genes analysis

CENP-A expression in patients across TCGA was statistically

ranked by median value and defined as high and low expression

groups. Differentially expressed genes (DEGs) between the high-

and low-CENP-A expression groups were identified via entry of
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expression profiles (HTseq-Counts) into the DESeq2 R package

(Love et al., 2014). Genes with | log2 fold change (FC) | > 2.0 and

an adjusted p < 0.01 were included to obtain statistically

significant differences.

Metascape enrichment analysis

Metascape is a well-maintained online portal for

comprehensive gene list analyses and interpretations. Herein,

enrichment analysis of pathways and biological processes was

performed for CENP-A-specific DEGs using Metascape (Zhou

et al., 2019). Only conditions with an enrichment factor > 1.5,

minimum count of 3, and p < 0.01 were considered significant. To

further explore DEGs, protein-protein interaction (PPI) networks

were modeled by importing the data from three databases, BioGrid,

OminiPath, and InWeb_IM, into Metascape along with the

Molecular Complex Detection (MCODE) algorithm, in which

the tightly connected PPI network components were identified.

Gene set enrichment analysis

To explore the underlying functional or pathway differences

between high- and low-CENP-A groups, GSEA was conducted

using the R package clusterProfiler (3.14.3) (Yu et al., 2012). For

each analysis, gene cluster random permutations were performed

1,000 times. The terms with |NES| > 1, adjusted p < 0.05, and

FDR q value < 0.25 were interpreted as statistically significant

differences between the groups.

Analysis of immune infiltration and its
correlation with centromeric protein A
expression

By adopting the single-sample GSEA (ssGSEA) approach in the

R package GSVA, we analyzed immune infiltration in glioma and

the correlation between infiltration level andCENP-A expression. To

analyze the relative invasion levels of 24 immune cell types, the

enrichment of published immunocyte signature genes (Bindea et al.,

2013) was qualified using the expression profiling of each tumor

sample. The Wilcoxon rank-sum test was employed to investigate

the enrichment differences in immune cells between the CENP-A

high and low expression groups. The association between CENP-A

and immune cell infiltration was determined using Spearman’s

correlation coefficient.

Statistical analyses

All statistical analyses were performed using the R software

(v3.6.2). Wilcoxon signed-rank and Wilcoxon rank-sum tests were

performed to compare CENP-A expression levels in glioma and

normal samples. The receiver operating characteristic (ROC) curve

obtained using the pROC package was used to evaluate the

effectiveness of CENP-A expression in discriminating between

glioma and healthy samples (Robin et al., 2011). We used the

Wilcoxon test, Kruskal–Wallis test, and Spearman’s correlation to

evaluate the association between CENP-A and clinicopathological

characteristics. Fisher’s exact test, Pearson’s χ2 test, and univariate

logistic regression analyses were conducted to evaluate the correlation

between CENP-A expression level and clinicopathological variables.

Significant variables (p< 0.01) based on the univariate Cox regression
analysis were included in the multivariate Cox regression model to

identify independent prognostic parameters. Accordingly, survival

curves were generated using the Kaplan–Meier method and

compared using the log-rank test for each subgroup. Based on the

optimal model determined by the above multivariate analysis, a

nomogram was established using the R package rms to individualize

the prediction of patient survival probability. The hazard ratio (HR)

with a 95% confidence interval (95%CI) was used tomeasure the risk

of individual clinical characteristics. Statistical significance was set at

p < 0.05.

Results

Clinical characteristics of patients

The clinicopathological characteristics of patients with

glioma collected from TCGA included age, WHO grade,

isocitrate dehydrogenase (IDH) status, 1p/19q co-deletion,

primary therapy outcome, gender, and histological type. A

cohort of 298 females and 398 males was studied. Analysis of

clinical data indicated that CENP-A expression was significantly

associated with age (p < 0.001), WHO grade (p < 0.001), IDH

status (p < 0.001), 1p/19q co-deletion (p < 0.001), primary

therapy outcome (p < 0.001), and histological type (p <
0.001). No statistical association was detected between CENP-

A expression and gender (Table 1).

Centromeric protein A expression and
clinical correlation in the cancer genome
atlas and validation in Chinese glioma
genome atlas

To compare CENP-A expression levels in glioma and normal

samples, Wilcoxon signed-rank tests were used. CENP-A

expression was significantly higher in glioma tissues than in

healthy tissues (Figure 1A). As shown in Figure 1B, CENP-A

expression showed excellent ability in distinguishing tumors

from healthy tissues with an area under the ROC curve (AUC)

of 0.960. Pan-cancer analysis consistently showed upregulated

CENP-A expression in numerous tumor types (Figure 1C).
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Moreover, results based on clinical information and expression

data (Figure 2) showed that, the expression level of CENP-A was

associated with age (p < 0.001), WHO grade (p < 0.001), IDH

status (p < 0.001), 1p/19q co-deletion (p < 0.001), and primary

therapy outcome (p < 0.001). The analysis stratified by WHO

grade indicated consistent results in low-grade glioma

(Supplementary Figure S1). In CGGA dataset, results

(Supplementary Figure S2) showed consistent association

between CENP-A expression and WHO grade (p < 0.001),

age (p < 0.001), IDH mutation (p < 0.001), 1p/19q co-

deletion (p < 0.001), as well as IDH mutation & 1p/19q co-

deletion status (p < 0.001).

To determine the correlation between CENP-A expression

levels and clinicopathological variables, univariate logistic

regression was performed. Elevated CENP-A expression was

significantly associated with poor prognostic characteristics,

including age > 60 years [OR = 4.024 (2.678–6.175)

for >60 vs. ≤ 60 years], high WHO grade [OR = 49.884

(23.515–129.060) for G4 vs. G2 and G3], poor primary

therapy outcome [OR = 2.444 (1.641–3.675) for progressive

disease (PD) and stable disease (SD) vs. partial response (PR)

and complete response (CR)], wild-type (WT) IDH [OR = 13.760

(9.247–20.963) for WT vs. mutated], and absence of 1p/19q co-

deletion [OR = 5.910 (3.947–9.061) for no co-deletion vs. co-

deletion], with p < 0.001. These results were validated using Chi-

square analysis (Table 2). Our observations suggest that gliomas

with upregulated CENP-A expression are prone to poor

clinicopathological factors and a high degree of malignancy.

Centromeric protein A was an
independent prognostic factor for glioma
patients

To determine the correlation between CENP-A expression

and survival of patients with gliomas, univariate and multivariate

TABLE 1 Clinical characteristics of patients with glioma from TCGA.

Characteristic Low CENP-A expression High CENP-A expression p-value

Number of cases 348 348

WHO grade, n (%) <0.001
G2 188 (29.6%) 36 (5.7%)

G3 115 (18.1%) 128 (20.2%)

G4 6 (0.9%) 162 (25.5%)

IDH status, n (%) <0.001
WT 36 (5.2%) 210 (30.6%)

Mut 309 (45%) 131 (19.1%)

1p/19q co-deletion, n (%) <0.001
Co-deletion 137 (19.9%) 34 (4.9%)

No co-deletion 210 (30.5%) 308 (44.7%)

Primary therapy outcome, n (%) <0.001
PD 52 (11.3%) 60 (13%)

SD 92 (19.9%) 55 (11.9%)

PR 51 (11%) 13 (2.8%)

CR 102 (22.1%) 37 (8%)

Gender, n (%) 0.592

Female 153 (22%) 145 (20.8%)

Male 195 (28%) 203 (29.2%)

Age, n (%) <0.001
≤60 313 (45%) 240 (34.5%)

>60 35 (5%) 108 (15.5%)

Histological type, n (%) <0.001
Astrocytoma 112 (16.1%) 83 (11.9%)

Glioblastoma 6 (0.9%) 162 (23.3%)

Oligoastrocytoma 90 (12.9%) 44 (6.3%)

Oligodendroglioma 140 (20.1%) 59 (8.5%)

Age, median (IQR) 39 (32, 51) 53 (39, 63) <0.001

WHO, world health organization; IDH, isocitrate dehydrogenase; WT, wild-type; MUT, mutated; PD, progressive disease; SD, stable disease; PR, partial response; CR, complete response.
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analyses were performed. As shown in Figures 3A–C,

Kaplan–Meier survival analysis indicated that glioma cases

with elevated CENP-A expression had a worse prognosis than

those with low CENP-A levels (p < 0.001). Univariate assessment

revealed that high CENP-A expression was markedly correlated

with shorter OS (HR: 5.42; 95% CI: 4.04–7.27; p < 0.001), poor

disease-specific survival (HR: 5.81; 95% CI: 4.25–7.95; p < 0.001),

and poor progression-free interval (HR: 3.34; 95% CI: 2.66–4.19;

p < 0.001). Additionally, multivariate analysis supported an

independent correlation between CENP-A and OS (HR: 1.967;

95% CI: 1.280–3.025; p < 0.002) as well as between OS and age,

WHO grade, primary therapy outcome, and IDH status

(Table 3). Therefore, elevated CENP-A expression was of

prognostic significance in glioma.

Development and validation of a
centromeric protein A based prognostic
prediction nomogram

To predict the survival of glioma individuals using a

visualized approach, a nomogram was created by integrating

CENP-A expression and other independent prognostic factors

including age, WHO grade, primary therapy outcome, IDH

status, and 1p/19q co-deletion (Figure 3D), which were

determined by the above multivariate Cox analysis. A lower

survival probability was represented by a higher value of total

points accumulated from the points of all variables on the

nomogram. A calibration plot for survival probabilities

showed that nomogram prediction well agrees with observed

fraction (Figure 3E). Our prognostic nomogram achieved

promising predicting efficacy for the 1-, 3-, and 5-years

survival probabilities. Moreover, Harrell’s concordance index

(C-index) for the nomogram was 0.859, with 1,000 bootstrap

resamples. These findings indicate that the nomogram performs

better than clinical prognostic factors in predicting the survival

probability of patients with glioma.

Effect of centromeric protein A expression
on glioma prognosis in patient subgroups

To better assess the prognostic ability of CENP-A, the

relationship between CENP-A expression and patient survival

FIGURE 1
High CENP-A expression in tumor tissues. (A) CENP-A expression levels in glioma tissues compared with normal tissues (control). (B) ROC
analysis of CENP-A expression showing its excellent ability in distinguishing tumors from normal tissues. (C) Pan-cancer analysis of CENP-A
expression across different cancers based on TCGA data. ns, no significance, p > 0.05; *p < 0.05; **p < 0.01; ***p < 0.001.
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in subgroups stratified by clinicopathological characteristics was

investigated using univariate Cox analysis (Figure 4). High

CENP-A expression was associated with shorter OS among

patients with different 1p/19q co-deletion statuses and age

(Figures 4B–E). Additionally, elevated CENP-A expression was

specifically associated with decreased OS in patients with

mutated IDH [HR = 2.41 (1.55–3.76), p < 0.001] and in

patients with WHO grades G2 and G3 [HR = 3.25

(2.14–4.92), p < 0.001], but not in other subgroups (Figures

4F–I). Glioma patients in CGGA showed similar results,

especially within WHO grade G2 and G3 cohort (p < 0.05,

Supplementary Figure S3). The results confirmed that CENP-A

retained its ability to predict survival among subgroups with

various clinicopathological factors.

FIGURE 2
Clinical correlation analysis of CENP-A expression with clinicopathologic features. (A) WHO grade, (B) Primary therapy outcome, (C) Age, (D)
IDH status, and (E) 1p/19q co-deletion. WHO, World health organization; IDH, isocitrate dehydrogenase; WT, wild type; MUT, mutated.

TABLE 2 Association of CENP-A expression with the clinicopathological characteristics of patients with glioma (logistic regression).

Characteristics Total (n) Odds ratio (OR) p-value

WHO grade (G4 vs. G2 and G3) 635 49.884 (23.515–129.060) <0.001
Primary therapy outcome (PD and SD vs. PR and CR) 462 2.444 (1.641–3.675) <0.001
IDH status (WT vs. Mut) 686 13.760 (9.247–20.963) <0.001
1p/19q co-deletion (no co-deletion vs. co-deletion) 689 5.910 (3.947–9.061) <0.001
Age (>60 vs. ≤60) 696 4.024 (2.678–6.175) <0.001
Gender (Male vs. Female) 696 1.098 (0.813–1.484) 0.540

WHO, world health organization; IDH, isocitrate dehydrogenase; WT, wild-type; MUT, mutated; PD, progressive disease; SD, stable disease; PR, partial response; CR, complete response.
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Identification of differentially expressed
genes betweenhigh- and -lowcentromeric
protein A in patients with glioma

Based on threshold values (|log2 FC| > 2 and adjusted p <
0.01) (Love et al., 2014), DEGs between high- and -low CENP-A

were identified after an analysis of HTSeq-Counts data from

TCGA using the R package DESeq2. DEGs are presented in a

heatmap and volcano plot (Figure 5). A total of 521 DEGs

(460 upregulated and 61 downregulated) that correlated with

CENP-A are included in the volcano plot (Figure 5A). The top

and bottom five genes in the heatmap showed significantly

positive and negative correlations with CENP-A expression,

respectively (Figure 5B). Among the DEGs, CENP-A was

positively correlated with UBE2C (Spearman’s r = 0.969, p <
0.001), BIRC5 (Spearman’s r = 0.966, p < 0.001), and CCNB2

(Spearman’s r = 0.964, p < 0.001) (Figures 5C–E). UBE2C,

BIRC5, and CCNB2 were reported to be oncogenic and are

associated with several cancers including glioma (Renner et al.,

2016; Dastsooz et al., 2019; Wang et al., 2021b). These results

suggest the involvement of CENP-A in a wide array of pathways

and processes through gene regulation.

Gene ontology and kyoto encyclopedia of
genes and genomes functional
enrichment and protein-protein
interaction network analyses of
differentially expressed genes

For an in-depth understanding of the identified DEGs, we

proceeded to GO and KEGG functional enrichment analyses

using Metascape tools and found that 521 DEGs were involved in

diverse biological processes (BP), cellular components (CC), and

molecular functions. Those associated with CENP-A-related

DEGs included cell cycle, skeletal system development,

FIGURE 3
Survival analyses and prognostic nomogram. (A–C) Impact of CENP-A on the overall, progression-free, and disease-specific survival rates in
glioma according to TCGA. (D,E) Development and verification of a glioma predictive nomogram based on CENP-A expression levels and
independent prognostic factors.
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embryonic morphogenesis, Naba matrisome associated, mitotic

cell cycle phase transition, extracellular matrix organization,

assembly of collagen fibrils and other multimeric structures,

Naba core matrisome, and PID aurora b pathway (Figure 6).

Accordingly, CENP-A-specific DEGs were closely associated with

cell cycle progression. Furthermore, PPI networks were

constructed in Metascape to identify protein interactions

between DEGs and better illuminate the biological significance

(Figure 6D). To derive more biologically interpretable results, the

most significant MCODE sub-networks that are highly

interlinked were extracted from PPI, and each complex was

assigned a unique color (Figure 6E). These pathways or

processes may provide clues for exploring the potential

functions of CENP-A in glioma.

Identification of centromeric protein
A-related signaling pathways

GSEA of high and low CENP-A expression datasets was

conducted to identify the critical signaling pathways or

phenotypes involved in gliomas. There was a significant

differential enrichment of numerous pathways within the

MSigDB collection (c2.cp.v7.2.symbols, h. all.v7.2.symbols, and

c5.all.v7.2.symbols) with a threshold of FDR < 0.25 and adjusted

p < 0.05. As shown in Figure 7, the signaling cascades, including

cell cycle, DNA conformation change, chromosome

condensation, chromosome segregation, G2M checkpoint, IL6-

JAK-STAT3 signaling, apoptosis, nucleosome assembly, and

histone modifications, were enriched in the high-CENP-A

group, thereby highlighting the potential functions of CENP-A

in gliomagenesis.

Correlation of centromeric protein A with
immune infiltration

Brain tumor immunity has gained increased attention for

its vital role in affecting therapeutic response and prognosis

(Sampson et al., 2020). We further explored the correlation

between CENP-A expression and immunocyte enrichment

levels quantified by ssGSEA in the glioma tumor

microenvironment via Spearman correlation. The results

showed that Th2 cells had a remarkable positive

correlation with CENP-A expression (Spearman’s r = 0.85,

p < 0.001; Figure 8). Moreover, as illustrated by the Wilcoxon

rank-sum test, the enrichment score of Th2 cells was

significantly higher in high-CENP-A samples than in low-

CENP-A samples. The relative abundance of other immune

cell populations, including plasmacytoid dendritic cells

TABLE 3 The correlation of CENP-A and clinicopathologic characteristics with overall survival in patients with glioma in TCGA, and the multivariate
survival model based on univariate selection (Cox regression).

Characteristics Total (n) Univariate analysis Multivariate analysis

Hazard
ratio (95% CI)

p-value Hazard
ratio (95% CI)

p-value

WHO grade 634

G2 and G3 466 Reference

G4 168 9.496 (7.212–12.503) <0.001 4.106 (1.429–11.794) 0.009

IDH status 685

Mut 439 Reference

WT 246 8.551 (6.558–11.150) <0.001 2.708 (1.712–4.282) <0.001
1p/19q co-deletion 688

No co-deletion 518 Reference

Co-deletion 170 0.226 (0.147–0.347) <0.001 0.736 (0.422–1.285) 0.281

Primary therapy outcome 461

PD&SD 259 Reference

PR&CR 202 0.209 (0.120–0.366) <0.001 0.302 (0.164–0.559) <0.001
Age 695

≤60 552 Reference

>60 143 4.668 (3.598–6.056) <0.001 4.116 (2.548–6.647) <0.001
CENP-A 695

Low 348 Reference

High 347 5.422 (4.044–7.271) <0.001 1.967 (1.280–3.025) 0.002

WHO, world health organization; IDH, isocitrate dehydrogenase; WT, wild-type; MUT, mutated; PD, progressive disease; SD, stable disease; PR, partial response; CR, complete response.
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(pDCs), macrophages, eosinophils, and activated dendritic

cells (aDCs), was moderately correlated with CENP-A

expression. Glioma data from CGGA showed similar

correlation trend between CENP-A expression and

infiltration of Th2 cells and pDCs (Supplementary

Figure S4).

FIGURE 4
The correlation of CENP-A expression with glioma prognosis among patients with various clinicopathological characteristics. (A) Forest plots
showing the subgroup analysis of overall survival. (B–I) Kaplan–Meier survival curves of each patient subgroup.
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Discussion

At present, the study of gene expression profiles in glioma has

been widely applied to explore glioma pathogenesis and

management. Identifying molecular markers is a promising

way to guide decision-making and improve prognosis for

clinical glioma. CENP-A regulates centromere protein

assembly and is essential for progression through

chromosome segregation, mitosis, and cell division.

Experiments have demonstrated that excess CENP-A

accumulates ectopically in the human cancer genome (Athwal

et al., 2015). Accumulating evidences have verified that the

overexpression of CENP-A becomes a common result in a

growing body of research on cancers (Renaud-Pageot et al.,

2022). CENP-A overexpression plays a pivotal role in

chromosomal instability and pathogenesis of malignancies

through chromosome segregation defects (Shrestha et al.,

2017), a mechanism involved CENP-A in cancers (Sun et al.,

2016; Sharma et al., 2019). In addition, elevated CENP-A levels

promote the proliferation of cancer cells in hepatoma (Li et al.,

2011), prostate (Saha et al., 2020) and renal cell carcinoma

(Wang et al., 2021a). The observations support an association

of CENP-A function with cell proliferation. Besides a role in cell

proliferation following malignant transformation, in the cellular

context of defective p53 (Filipescu et al., 2017; Jeffery et al., 2021),

CENP-A overexpression stimulates epithelial-mesenchymal

transition, a major contributing factor in the metastasis of

cancer cells (Jeffery et al., 2021). CENP-A expression was

FIGURE 5
Differentially expressed genes (DEGs) between high and low CENP-A expression glioma groups in TCGA dataset. (A) Heatmap of the top five
upregulated and downregulated DEGs. (B) Volcano plot of DEGs expression profiles. (C–E) Scatter plot showing the correlation between CENP-A
expression and UBE2C (C), BIRC5 (D), and CCNB2 (E) expression.
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FIGURE 6
Functional enrichment and protein-protein interaction (PPI) enrichment analyses of CENP-A-related DEGs. (A) Heatmap showing Gene
Ontology (GO) functional enrichment analysis. (B,C) Visualized network of top 20 GO enriched terms. (D,E) PPI networks and the most significant
Molecular Complex Detection (MCODE) sub-networks.
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positively associated with cancer metastasis in gastric (Xu et al.,

2020) and renal (Wang et al., 2021a) cancers. Taking the evidence

together, we believe that CENP-A overexpression is related to

malignant transformation, tumor invasiveness and metastasis in

specific cancer contexts. In reports with patient data, elevated

CENP-A levels prognosticate poor patient survival for cancers

(Zhang et al., 2016; Saha et al., 2020) and patient outcome after

chemotherapy (Zhang et al., 2016). However, the clinical

significance of CENP-A in glioma, especially its expression

pattern and prognostic role, has not yet been systematically

explored. In our study, bioinformatic analyses of TCGA RNA-

sequencing data combining GBM and low-grade glioma

FIGURE 7
Gene set enrichment analysis (GSEA) enrichment plots including (A) cell cycle, (B) DNA conformation change, (C) chromosome condensation,
(D) chromosome segregation, (E) G2M checkpoint, (F) IL6-JAK-STAT3 signaling, (G) apoptosis, (H) nucleosome assembly and (I) histone
modifications.
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FIGURE 8
The role of CENP-A in tumor immune responses. (A) A forest plot showing the association betweenCENP-A expression and immune infiltration
level. (B,C) The abundances of Th2 cells and pDC cells among low- and high-CENP-A expression groups. (D,E) The correlation between CENP-A
expression levels and the relative enrichment levels of Th2 and pDC cells.
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confirmed increased CENP-A expression which was associated

with malignant clinicopathological status (high WHO grade,

primary therapy outcome of PD&SD, age > 60, WT IDH

status, and absence of 1p/19q co-deletion), short survival time,

and poor prognosis. The results were further validated in CGGA

dataset. Furthermore, GSEA revealed that the high-CENP-A

phenotype showed differential enrichment of pathways

including cell cycle, DNA conformation change, chromosome

condensation, chromosome segregation, G2M checkpoint, IL6-

JAK-STAT3 signaling, apoptosis, nucleosome assembly, and

histone modifications. Immune filtration analysis suggested

that the expression of CENP-A correlated with immune

infiltration status. Our results support CENP-A as a potential

prognostic biomarker for gliomas.

In subgroup analysis, CENP-A expression remained correlated

with poor prognosis in subsets grouped by WHO grade, IDH, 1p/

19q co-deletion, and age statuses, which strongly suggests that

CENP-A is a glioma grading biomarker within these subsets. We

found a marked association between expression levels of CENP-A

and OS in all 1p/19q co-deletion and age subgroups. Notably, there

was a significant association between CENP-A expression levels and

OS in grades 2 and 3 andmutated IDH status, but not in grade 4 and

wild-type IDH status. The results from CGGA dataset validated this

association in glioma, as well as grade 2 and 3 subgroups. These

findings indicate that the association between CENP-A expression

levels and survival varies by WHO grade and IDH status, and high

CENP-A expression is more likely to negatively impact the survival

of patients with low-grade gliomas.

The Cox model showed that CENP-A was an independent

prognostic predictor of glioma. Subsequently, a nomogram was

developed for the accurate prediction of prognosis with a

personalized score for individual patients, and the model

combined CENP-A with other predictors, including WHO

grade, primary therapy outcome, age, IDH status, and 1p/19q

co-deletion. Glioma with high WHO grade, IDH-wild-type, 1p/

19q-non-codeleted and primary therapy outcome of PD are

inclined to adverse survival (Eckel-Passow et al., 2015; Weller

et al., 2015). IDH and 1p/19q co-deletion statuses were determined

as classifying factors in the 2016 WHO diagnostic criteria for

gliomas. IDH-mutant and 1p/19q-codeleted have been regarded as

clinically relevant biomarkers in lower-grade gliomas with a

favorable prognosis (Brat et al., 2015). 1p/19q co-deletion status

is especially associated with patient outcomes in response to

adjuvant chemotherapy (van den Bent et al., 2013). Age at

diagnosis affects incidence rates of glioma remarkably. Older

Age is associated with worse glioma survival and the effect on

survival differs in glioma subtypes (Ostrom et al., 2019). The

C-index and calibration plot confirmed that the nomogram

performed well in predicting the 1-, 3-, and 5-year survival of

patients with glioma. Therefore, our nomogram is a valuable

clinical prognostic model.

To further investigateCENP-A function, GSEAwas performed

which showed that CENP-A was associated with cell cycle

regulation, chromosome segregation, and nucleosome assembly

in glioma. Previous studies have revealed that defects in

chromosome segregation can lead to the phenotypes observed

in tumor cells. Additionally, chromosomal instability induced by

abnormal nucleosome assembly and chromosome segregation in

the cell cycle may contribute to the progression of glioma

(Milinkovic et al., 2012; Ferguson et al., 2015). Our results

revealed an association between CENP-A and apoptosis, which

is consistent with a previous study showing that nucleosome

assembly failure is correlated with radiation-induced GBM cell

death (Serafim et al., 2020). Moreover, HJURP is recognized as a

CENP-A-specific chaperone, and its overexpression often

accompanies the overexpression of CENP-A (Foltz et al., 2009).

HJURP knockdown increases radiation-induced apoptosis in

glioblastoma cells (Serafim et al., 2020). The functional

enrichment analysis with Metascape (Zhou et al., 2019) showed

consistent results that found an enrichment in cell cycle. Therefore,

CENP-Amay play a role in the cell cycle regulation to promote the

survival and proliferation of glioma cells. However, it remains

unclear whether elevated CENP-A levels contribute to glioma

progression by inducing chromosomal instability.

Additionally, we revealed that high CENP-A expression

phenotype was strongly associated with the inflammation-

related IL6-JAK-STAT3 signaling pathway, which is associated

with poor prognosis in patients with glioma (Yao et al., 2016). In

the tumor immune microenvironment, the IL6-JAK-

STAT3 pathway is hyperactivated in a multitude of cancers,

which suppresses the anti-tumor immune response and

promotes tumor progression (Yao et al., 2016). Preclinical and

clinical investigations showed that IL6-JAK-STAT3 pathway

inhibition has therapeutic benefits in cancer and that

STAT3 inhibition inhibits the growth of glioma cells (Shen

et al., 2009; Johnson et al., 2018). Nevertheless, the regulatory

mechanisms underlying these associated functions and pathways

remain poorly characterized and require further research.

Tumor immunosuppressive microenvironment represents

an important factor of cancer progression and poor prognosis

in glioma (Jackson et al., 2019). Since the prognostic role of

infiltrating immune cells have been proposed across many

human cancers (Gentles et al., 2015), we pay attention to the

link between glioma immunity and CENP-A in this research.

Several research models regarding centromeric factor in cancer

proposed the association with immune infiltration (Shi et al.,

2021; Zeng et al., 2021; Zhou et al., 2021). We also showed that

CENP-A expression level was associated with the level of

infiltrating immune cells in gliomas and presented the

strongest correlation with Th2 cells and pDCs. Tumor-specific

Th2 cell responses are associated with tumor immune evasion,

and Th2 cytokines such as IL-4 and IL-13 are implicated in the

suppression of host immune effector responses to tumors

(Gordon and Martinez, 2010; Tosolini et al., 2011).

Th2 cytokines are strongly expressed in glioma cell lines and

GBM samples (Hao et al., 2002). Moreover, a strong Th2-bias
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response was reported in patients with gliomas, especially those

with recurrent GBM(Shimato et al., 2012; Harshyne et al., 2016),

and the Th2 phenotype is associated with a poor prognosis in

patients with glioma (Piperi et al., 2011; Shimato et al., 2012).

This is consistent with our results that found an increased

enrichment of Th2 cell in high CENP-A expression, which

predicted poor prognosis. Additionally, pDCs play a

suppressive role in tumors and impaired pDC activity is

implicated in reduced immune responses in tumors (Reizis,

2019). Diffuse low-grade glioma with a better outcome

showed elevated pDC level (Wu et al., 2020). pDCs induce

anti-tumor therapeutic efficacy in GBM by producing IFN-α
(Candolfi et al., 2012). Therefore, elevated CENP-A expression

may induce Th2 cell infiltration and pDC deficiency in the tumor

microenvironment, which contributes to immunotherapy

resistance and poor treatment response in glioma. Collectively,

our results indicate the potential role of CENP-A in modulating

glioma-related immune responses; however, the underlying

regulatory mechanisms require further investigation.

The present study has several limitations. First, it was based

on open tumor databases and bioinformatics analysis and was

not validated in vitro or in vivo. Second, the analysis was

conducted only on the expression profiles at the mRNA level,

not protein expression levels. Therefore, our results need to be

validated using CENP-A protein expression levels and

subsequent laboratory experiments.

In summary, our findings highlight the prognostic value and

immune relevance of CENP-A in glioma, supporting its

exploration as a potential biomarker for prognosis or a target

for molecular targeted therapy. Furthermore, CENP-A may

contribute to glioma progression through the regulation of

pathways, including the cell cycle, nucleosome assembly, IL6-

JAK-STAT3 signaling, and DNA repair. Further studies are

required to elucidate the clinicopathological and biological

significance of CENP-A expression. This study provides new

insights into the molecular pathogenesis and individualized

treatment of gliomas.
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