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Background: Centromere proteins (CENPs) form a large protein family. Sixteen proteins in this family 
are positioned at the centromere throughout the cell cycle. The overexpression of CENPs is common in 
many cancers and predicts a poor prognosis. However, a comprehensive analysis of CENPs expression has 
not been conducted, and their clinical significance in lung adenocarcinoma (LUAD) is unclear.
Methods: We investigated the expression differences of the CENP family in LUAD using The Cancer 
Genome Atlas (TCGA) and the Genotype-Tissue Expression (GTEx) cohorts. Kaplan-Meier curve survival 
analysis was performed to assess their independent prognostic values. We then tested 5 clinical LUAD 
specimens by quantitative real time polymerase chain reaction (qRT-PCR). The risk model was constructed 
with least absolute shrinkage and selection operator (LASSO). Cox regression analyses were carried out to 
determine independent prognostic indicators. Weighted gene coexpression network analysis (WGCNA) was 
employed to define the coexpression networks. 
Results: The messenger RNA (mRNA) expression of 15 differential CENP proteins was higher in LUAD 
than in normal lung tissues. Among them, 10 CENP proteins had significant prognostic value. The risk 
model comprising CENPF, CENPU, CENPM, CENPH, and CENPW showed a significant correlation [hazard 
ratio (HR) 1.75, 95% confidence interval (CI): 1.3–2.35; P=2e−04]. However, the prognostic accuracy was 
not strong [1-year survival: area under curve (AUC) 0.63; 3-year survival: AUC 0.62; 5-year survival: AUC 
0.6]. The qRT-PCR results showed that the 5 CENPs were upregulated in LUAD tissues compared to in 
normal lung tissues. A total of 441 hub genes coexpressed with the 5 CENPs were identified. 
Conclusions: CENPF, CENPU, CENPM, CENPH, and CENPW have prognostic values and may be 
potential targets for LUAD treatment.
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Introduction 

Lung cancer remains the leading cause of cancer-related 
death worldwide, with significant morbidity and mortality 
rates (1). Lung adenocarcinoma (LUAD) is the most 

common lung cancer subtype, with an average 5-year 
survival rate of 15% (2,3), and most patients are diagnosed 
at an advanced stage (4,5). Thus, the discovery of reliable 
biomarkers is critical for determining the prognosis of 
LUAD. Chromosomal instability (CIN) is a marker of 

https://crossmark.crossref.org/dialog/?doi=10.21037/tcr-22-2166


Wang et al. Prognostic value of centromeric proteins in LUAD274

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2023;12(2):273-286 | https://dx.doi.org/10.21037/tcr-22-2166

cancer in almost 90% of human tumors (6-8), and abnormal 
expression of the centromere protein (CENP) family is 
closely related to CIN (9-11).

CENP is a large protein family with more than 20 
members, which are mainly involved in the constitutive 
centromere-associated network (CCAN) (12-14), a group 
of 16 CENP family proteins positioned at the centromere 
throughout the cell cycle (14). CCAN forms the centromere 
base connecting the centromere and microtubule. In the 
CCAN, CENP family proteins are divided into several 
functional groups: CENPC, CENP-H/I/K, CENP-L/M/N, 
CENP-O/P/Q/R/U, and CENP-T/W/S/X (15). For instance, 
CENPA, also known as histone H3-like centromeric protein 
A, which is replicated during the S-phase, is involved in the 
formation of the centromeric nucleosome structure and 
is essential for the localization of all known kinetochore 
components (14). CENPA interacts with CENP-C/N and 
participates in mitotic progression and chromosome 
segregation (12). Accumulating at the G2 phase of the cell 
cycle, CENPE acts as kinesin to link kinetochores to the 
releasing microtubule plus-end and interacts with mitogen-
activated protein (MAP) kinases and extracellular signal-

regulated kinases 1 and 2 (ERK1 and ERK2) (16,17). It has 
been found that the expression of CENP family proteins is 
upregulated in several cancers and is related to the advanced 
cancer characteristics of patients, including clinical stage, 
grade, and metastasis (11,16-19).

Several CENP proteins are reported to be associated 
with multiple common cancers, including hepatocellular 
carcinoma, breast cancer, gastric cancer, and lung cancer; 
however, there is currently a lack of research on the CENP 
protein family (11,16,17,20-22). The reduced expression 
of CENPE or overexpression of CENPH contributes to 
tumor progression, and these may be novel prognostic 
biomarkers in human hepatocellular carcinoma (20,22). 
Moreover, the high expression of CENPH is related to poor 
prognosis in patients with gastric cancer (21). In lung cancer, 
CENPA upregulation is associated with poor prognosis 
and may serve as a potential therapeutic target for patients 
with LUAD (23), CENPE regulated by FOXM1 promotes 
LUAD proliferation (17), and CENPH has been reported to 
be a prognostic biomarker for patients with non-small cell 
lung cancer (NSCLC) (24). However, no comprehensive 
screening of the CENP protein family in malignant tumors 
has been conducted thus far. Moreover, the existing research 
is mostly based on small sample sizes and does not consider 
the interaction between CENP family members.

In the present study, bioinformatics analysis based on 
several large online databases was performed to explore 
the relationship between CENPs and clinicopathological 
parameters and their prognostic value in LUAD (Figure 1).  
We present the following article in accordance with the 
TRIPOD reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-22-2166/rc).

Methods

Gene databases

We integrated the RNA-sequencing (RNA-seq) data of 526 
LUAD tissues and 59 normal lung tissues from The Cancer 
Genome Atlas (TCGA) database (http://cancergenome.nih.
gov) and 288 normal lung tissues from the Genotype-Tissue 
Expression (GTEx) (25) database (https://gtexportal.org/). 
These data were used to evaluate the CENP expression 
differences between LUAD and normal lung tissues.

Selection of differential genes

We analyzed most members of the CENP protein family. 

Highlight box

Key findings
•	 In this study, we assessed the prognostic value of the centromere 

proteins (CENP) family proteins and constructed a risk model 
involving CENPF, CENPU, CENPM, CENPH, and CENPW in 
lung adenocarcinoma (LUAD).

What is known and what is new? 
•	 In previous studies, the CENP family proteins were generally 

found to be hyperexpressed in various types of cancers and 
associated with the clinical characteristics and outcomes based on 
their roles in cell mitosis. At present, there is no comprehensive 
screening and systemic evaluation of the CENP protein family in 
malignant tumors, especially LUAD.

•	 In this study, differentially expressed CENPs at the transcriptional 
level were screened, and their prognostic value and correlations 
with clinicopathological parameters, genetic alteration, and the 
coexpression pattern were revealed. Moreover, a risk model 
involving CENPs was constructed using the least absolute 
shrinkage and selection operator (LASSO).

What are the implications, and what should change now? 
•	 This study provided a risk model for prognostic assessment and 

identified potential therapeutic targets in LUAD.
•	 Additional clinical data are needed to validate the model. 

Furthermore, the interaction mechanism between CENPs and 
downstream molecules should be further explored.

https://tcr.amegroups.com/article/view/10.21037/tcr-22-2166/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-22-2166/rc
http://cancergenome.nih.gov
http://cancergenome.nih.gov
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To screen CENPs that are differentially expressed in LUAD 
and normal lung tissues, we used the “limma” package in 
Bioconductor (Bioconductor—Open Source Software for 
Bioinformatics Copyright 2017) and R version 3.2.5 (The R 
Project for Statistical Computing) packages. to analyze the 
expression of CENP family proteins in 526 tumor tissues 
and 347 normal lung tissues. The screening threshold was 
|log fold change (FC)| >1.0 and adjusted P<0.05. A heat 
map and violin plot were used to demonstrate the gene 
expression levels.

Survival analysis of differential CENPs

The Kaplan-Meier method was used to analyze the survival 
of 526 patients with LUAD to explore the prognostic value 
of differentially expressed CENPs in patients with LUAD. 
Moreover, the “corrplot” package in R was used to visualize 
the correlation among CENPs.

Cox proportional hazards models

We obtained the survival time and status of 526 patients 
with LUAD from TCGA database and then constructed 
a risk model of CENPs with differential expression 
using the least absolute shrinkage and selection operator 
(LASSO) Cox regression algorithm. Kaplan-Meier survival 
analysis, receiver operating characteristic (ROC) curve, and 
univariate and multivariate Cox regression analysis were 
performed to evaluate the accuracy of the risk model.

Gene coexpression network analysis

The coexpression network of differentially expressed 
CENPs was constructed by weighted gene correlation 
network analysis (WGCNA) in R (The R Foundation of 
Statistical Computing), and the corresponding hierarchical 
clustering and gene modules were generated to screen 
out gene modules that were closely related to the clinical 
features and differential expression of the CENP protein 
family with the prognostic value for LUAD.

RNA extraction and quantitative real time polymerase 
chain reaction (qRT-PCR)

We used the RNAprep FastPure Tissue & Cell Kit 
(Tsingke Biotechnology, Beijing, China) and ABScript 
III Reverse Transcriptase (ABclonal, Wuhan, China) to 
extract messenger RNA (mRNA) from LUAD and normal 
tissue and performed reverse transcription according to the 
manufacturer’s protocol. Finally, qRT-PCR experiments 
were carried out using ABScript II One-Step SYBR Green 
RT-qPCR Kit (ABclonal). The primer sequences were as 
follows: CENPW: 5'-GAT GGA ACT GGC TGA GAC 
ACT AAC C-3' (forward) and 5'-AAG ACT CTT GCT 
TGA TGC TGA GGT G-3' (reverse); CENPM: 5'-ACA 
GCA AAT ACA GTC TCC AGA A-3' (forward) and 
5'-GAA ACA CAC CTT CCC CAA GAA-3' (reverse); 
CENPU: 5'-GAA AAG AAA AGG CAG CGT ATG A-3' 

Expression characteristics and prognostic value of CENPs in lung 
adenocarcinoma

The Cancer Genome Atlas Lung Adenocarcinoma (TCGA-LUAD) 
& Genotype-Tissue Expression Lung Tissue (GTEx-Lung)

Screening and validation of differentially expressed CENPs
(13 up-regulated vs. 2 down-regulated CENPs)

Survival analysis
(10 up-regulated CENPs with significant prognostic value)

Establishment of risk score model
(5 CENPs with prognostic value were included in the model)

WGCNA for CENPs in risk score model
[Turquoise module (983 genes) is the most correlated module]

qRT-PCR assays
(The 5 CENPs mRNA was highly expressed in lung adenocarcinoma)

The higher 5 CENPs, the higher risk and the worse prognosis in 
LUAD

(CENPF/CENPU/CENPM/CENPH/CENPW)

Figure 1 Flowchart of the identification of differentially expressed 
proteins in CENP family members and their prognostic value in 
LUAD. CENP, centromere protein; LUAD, lung adenocarcinoma; 
TCGA, The Cancer Genome Atlas; GTEx-Lung, Genotype-
Tissue Expression Lung Tissue; qRT-PCR, quantitative real time 
polymerase chain reaction; WGCNA, weighted gene coexpression 
network analysis.
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(forward) and 5'-AAT ATG CTG CAT TCC TAA GGG 
A-3' (reverse); CENPF: 5'-TAC AAC GAG AGA GTA 
AGA ACG C-3' (forward) and 5'-CTA CCT CCA CTG 
ACT TAC TGT C-3' (reverse); CENPH: 5'-TTC CAG 
AAC CTT ATT TTG GGG A-3' (forward) and 5'-CTT 
CTC AAG CTG CAG AAC AAT T-3' (reverse).

Patients and tissue samples

A total of 5 patients LUAD underwent surgical resection 
at the Tongji Hospital of Huazhong University of Science 
and Technology, Tongji Medical College (Wuhan, China). 
Snap-frozen tissues from these patients were collected at 
Tongji Hospital in 2018. The 5 patients were histologically 
diagnosed with primary LUAD. The study was conducted 
in accordance with the Declaration of Helsinki (as revised in 
2013). It was approved by the Research Ethics Committee, 
Tongji Medical College, Huazhong University of Science 
and Technology (No. 20180403). Informed consent was 
waived due to the retrospective nature of this study.

Statistical analysis

Following a normality check, the Student’s t-test was used 
to evaluate normally distributed data, and Mann-Whitney 
tests were used to analyze nonnormally distributed data. 
The correlation between CENPs was examined using the 
Pearson test, while the correlation between these DEGs 
and clinicopathologic characteristics was examined with 
Kendall rank correlation coefficient testing. The prognostic 
significance of CENPs was assessed using Kaplan-Meier 
survival analysis and Cox multivariate regression analysis. 
Differences were considered to be statistically significant at 
P<0.05.

Results

Differential expression analyses of CENP family members 
in LUAD

A total of 15 differentially expressed CENP family members 
were screened out (Table 1), and 13 CENP family members 
were upregulated compared with the normal tissues: 
CENPF, CENPA, CENPU, CENPM, CENPE, CENPI, 
CENPK, CENPH, CENPL, CENPW, CENPN, CENPQ, and 
INCENP (Figure 2A). Two CENP family members were 
downregulated, namely CENPUP2 (logFC –1.028; P<0.001) 
and CENPT (logFC –1.514; P<0.001) (Figure 2A). The 

violin plots showed that CENPF (logFC 3.720; P<0.001) 
were significantly upregulated and that CENPUP2 (logFC 
–1.02; P<0.001) were significantly downregulated in tumor 
tissues (Figure 2B).

Prognostic values of CENP family members in patients 
with LUAD 

For differentially expressed CENP family members, 
we performed survival analysis using the “survival” and 
“survcomp” R packages. Prognostic information was 
obtained from 513 patients with LUAD in TCGA database. 
Among the 15 differentially expressed CENP family 
members, 10 proteins had a significant prognostic value, 
including CENPF, CENPA, CENPU, CENPM, CENPE, 
CENPK, CENPH, CENPW, CENPN ,  and INCENP . 
High expression of these proteins predicted a shorter 
overall survival (OS) (Figure 3A-3F). We then assessed 
the connection between the mRNA levels of 15 CENP 
family members and found that CENPF, CENPA, CENPU, 
CENPM, CENPE, CENPK, CENPH, CENPW, CENPN, and 
INCENP were well correlated with each other as prognostic 
factors (Figure 3G).

Construction of the risk model and its relationship with 
clinicopathological features and prognosis

To evaluate the relationship between CENP family 
members and clinical outcomes, we established a risk 
assessment model for 10 genes in TCGA LUAD data set 
using the LASSO Cox regression algorithm (Figure 4A,4B). 
The LASSO algorithm screened genes that were closely 
related to prognosis, including CENPF, CENPU, CENPM, 
CENPH, and CENPW, and then constructed the risk 
prediction model. We divided TCGA LUAD data set into 
high-risk (n=248) and low-risk (n=265) groups according to 
the median risk score to evaluate the correlation between 
the risk model and clinical characteristics (Table 2). The 
results showed that the risk model was related to the T 
stage (P<0.001) and M stage (P<0.05) (Figure 4C). The 
Kaplan-Meier curve showed that the prognosis of the 
high-risk group was poor [hazard ratio (HR): 1.75, 95% 
confidence interval (CI): 1.30–2.35; P=2e−04]. At the same 
time, the area under the ROC curve (AUC) values for the 1-, 
3-, and 5-year survival were 0.63, 0.62, and 0.6, respectively, 
indicating that the diagnostic value of risk model was not 
strong (Figure 4D,4E). 

We then performed Cox regression to analyze the 
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LUAD data of TCGA by univariate and multivariate 
analysis. Univariate Cox regression analysis found that 
stage (HR: 1.667, 95% CI: 1.455–1.909; P=1.54e−13), T 
stage (HR: 1.488, 95% CI: 1.237–1.79; P=2.56e−05), N 
stage (HR: 1.655, 95% CI: 1.402–1.955; P=2.95e−09), M 
stage (HR: 1.401, 95% CI: 1.101–1.784; P=0.00619), and 
risk score (HR: 1.869, 95% CI: 1.389–2.517; P=3.72e−05) 
were correlated with prognosis. Multivariate Cox regression 
analysis showed that stage (HR: 1.5163, 95% CI: 1.2049–
1.908; P=0.000386) and risk score (HR: 1.678, 95% CI: 
1.2197–2.309; P=0.001473) were correlated with prognosis 
(Figure 4F,4G).

To verify the expression levels of CENPM, CENPW, 

CENPU, CENPF, and CENPH in LUAD tissues, we 
collected tumor specimens from 5 patients with LUAD 
and paired normal tissues for qRT-PCR. We observed 
that the mRNA expression levels of the above 5 genes in 
tumor tissues were higher than those in corresponding 
normal tissues. The mRNA expression level of CENPM was 
significantly overexpressed in tumor tissue (Figure 5).

WGCNA construction and analysis of the correlation 
between the module and clinical characteristics

In TCGA LUAD data set (526 tumor tissues and 59 normal 
tissues), the median absolute value deviation (MAD) of hub 

Table 1 The differential expression of 24 CENPs in lung adenocarcinoma

CENPs LogFC AveExpr t P Adj.P β Change

CENPA 3.247537077 6.117932933 34.22669389 2.33e−163 9.47e−162 362.8805908 Up

CENPF 3.720029395 9.063292383 41.98118255 1.89e−211 2.29e−209 473.5150655 Up

CENPE 2.458642295 7.557335664 31.86512482 2.60e−148 8.00e−147 328.2642046 Up

CENPB 0.174938294 11.7181103 4.425952599 1.08e−05 1.90e−05 1.304591913 Stable

INCENP 1.370221774 9.160947297 27.47616633 3.51e−120 6.43e−119 263.5573823 Up

CENPC −0.04437037 9.519976219 −1.36183773 0.1736013 0.2034584 −7.46063137 Stable

CENPJ 0.09992807 8.58660911 2.284476046 0.0225834 0.0307698 −5.78425074 Stable

CENPH 1.982387332 7.431167486 34.49783924 4.46e−165 1.87e−163 366.8351839 Up

CENPU 2.547406909 7.965051181 36.17931184 1.10e−175 5.75e−174 391.243498 Up

CENPW 1.796088492 7.014250978 22.57557371 3.32e−89 3.50e−88 192.3280442 Up

CENPM 2.518778578 7.036015964 28.81203931 9.67e−129 2.05e−127 283.2474704 Up

CENPO 0.325312428 8.74232919 7.0502545 3.64e−12 8.42e−12 15.79720682 Stable

CENPT −1.51423458 10.37256876 −26.5606414 2.50e−114 4.11e−113 250.0991236 Down

CENPI 2.382413306 6.427262231 31.03463241 5.39e−143 1.49e−141 316.0347634 Up

CENPN 1.540384156 7.87364105 25.98125103 1.23e−110 1.90e−109 241.6059193 Up

CENPK 2.132952807 6.968600679 31.57624334 1.84e−146 5.44e−145 324.0126868 Up

CENPV 0.135675099 8.289197752 2.122279385 0.034096 0.0444279 −6.13987356 Stable

CENPP −0.29374296 7.494897026 −6.92150784 8.66e−12 1.98e−11 14.9450106 Stable

CENPQ 1.434607439 7.449989654 25.70371121 7.18e−109 1.07e−107 237.545656 Up

CENPL 1.826436692 7.650182282 37.11307898 1.55e−181 9.36e−180 404.7019582 Up

CENPCP1 0.408609084 1.445567364 5.519305999 4.49e−08 8.91e−08 6.592921301 Stable

CENPUP2 −1.02813774 1.176967002 −13.6614034 1.22e−38 5.34e−38 76.21181011 Down

CENPIP1 0.085278812 0.058108903 2.886643811 0.00399 0.0058634 −4.23834699 Stable

CENPUP1 0.006482708 0.021025974 0.659995781 0.5094311 0.5467224 −8.16965633 Stable

CENPs, centromere proteins; FC, fold change; AveExpr, average expression; Adj., adjusted.
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genes was calculated, and the first 5,000 genes in terms 
of MAD value were selected to construct the WGCNA 
network. On the premise of maintaining appropriate 
network connectivity, the weighting factor β value was 
determined as 4 (Figure 6A,6B), and a total of 16 gene 
modules were established (Figure 6C). We then selected 
the modules related to clinical characteristics (age, gender, 
smoking, and stage), CENPF, CENPU, CENPM, CENPH, 
and CENPW. The turquoise module was positively 
correlated with CENPF (coefficient: 0.84; P=2e−137), 
CENPU (coefficient: 0.83; P=2e−133), CENPM (coefficient: 
0.76; P=2e−99), CENPH (coefficient: 0.8; P=6e−115), and 
CENPW (coefficient: 0.84; P=6e−136) expressions. The 
brown module was negatively correlated with CENPF 
(coefficient: –0.57; P=6e−45), CENPU (coefficient: –0.62; 
P=4e−56), CENPM (coefficient: –0.58; P=7e−48), CENPH 
(coefficient: –0.56; P=9e−44), and CENPW (coefficient: 
–0.5; P=2e−34) expressions (Figure 6D). Genes in 2 modules 
may be regulated by the CENP family members. These 
results suggest that genes in the turquoise and brown 
modules may be regulated by CENPF, CENPU, CENPM, 
CENPH, and CENPW, and play an important role in the 

prognosis of patients with LUAD.

Functional enrichment analysis and identification of hub 
genes

To further explore the hub gene in the turquoise module, 
we selected the tumor tissue and normal tissue in TCGA 
LUAD data set and analyzed the differences between 
the 983 genes in the turquoise module. Finally, 162 
downregulated genes and 279 upregulated genes were 
screened (Figure 7A). Next, we performed Gene Ontology 
(GO) enrichment analysis on 441 differential genes. 
Among them, the molecular function term suggested 
cofactor binding as the main function (gene ratio >0.04; 
P<0.05) (Figure 7B). In terms of biological process, it 
was enriched in mitotic sister chromosomal aggregation, 
DNA replication, sister chromosomal aggregation, nuclear 
chromosome aggregation, mitotic nuclear division, 
nuclear division, chromosome aggregation, and organelle 
fission (gene ratio >0.04; P<1e−13) (Figure 7C). The 
cell component term indicated that it was located in the 
kinetochore, chromosome, central region, microtubule, 
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Figure 2 The differentially expressed CENP family members were screened in TCGA and GTEx databases. (A) Heat map depicting the 
differential expression analysis of 15 CENP family members in the training databases. (B) Violin diagram depicting the 15 CENP family 
members’ expression in the tumor and normal tissues. CENP, centromere protein; TCGA, The Cancer Genome Atlas; GTEx, Genotype-
Tissue Expression.
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Figure 3 The survival analysis of 15 differentially expressed CENP family members. (A-E) Kaplan-Meier curves for overall survival of 
CENPF (HR: 1.47, 95% CI: 1.10–1.96; P=0.0099 <0.05), CENPU (HR: 1.74, 95% CI: 1.29–2.34, P=2e−04 <0.001), CENPH (HR: 1.59, 95% 
CI: 1.18–2.13, P=0.0023 <0.05), CENPM (HR: 1.73, 95% CI: 1.29–2.33, P=3e−04 <0.001), and CENPW (HR: 1.59, 95% CI: 1.18–2.13, 
P=0.0021 <0.05). (F) The multivariate cox proportional hazard analysis of 15 differentially expressed CENP family members. (G) The 
correlation analysis of 15 differentially expressed CENP family members as displayed by circle size and P value. **, P<0.01; ***, P<0.001. 
CENP, centromere protein; HR, hazard ratio; CI, confidence interval.
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Figure 4 Construction of a risk model and its relationship with clinicopathological features and prognosis. (A) Distribution of LASSO 
coefficients for 10 differentially expressed CENP family members. (B) Partial likelihood deviation of the LASSO coefficient distribution. (C) 
Heatmap of the relationship between the risk model and clinicopathological features including age, gender, smoking, stage, T stage, N stage, 
and M stage. (D) Survival analysis of the high- and low-risk groups, which were differentiated by the risk model (HR: 1.75, 95% CI: 1.30–2.35; 
P=2e−04). (E) The receiver operating characteristic (ROC) curve of the prognostic value of the risk model (1-year survival: AUC 0.63; 3-year 
survival: AUC 0.62; 5-year survival: AUC 0.6). (F) The clinicopathological features and risk factors were identified using univariate analysis. 
(G) The clinicopathological features and risk factors were identified using multivariate analysis. *, P<0.05; **, P<0.01; ***, P<0.001. CENP, 
centromere protein; HR, hazard ratio; CI, confidence interval; AUC, area under the curve; LASSO, least absolute shrinkage and selection 
operator.
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Table 2 Clinical characteristics of 513 patients in TCGA-LUAD

Characteristics No. of patients (%)

Age (years)

<50 35 (6.82)

≥50 478 (93.18)

Gender

Male 237 (46.20)

Female 276 (53.80)

Smoking

Nonsmoker 72 (14.04)

Current smoker 121 (23.59)

Former smoker 306 (59.65)

Smoking history not documented 14 (2.73)

Pathological tumor (T) statusa

T1 171 (33.33)

T2 275 (53.61)

T3 46 (8.97)

T4 18 (3.51)

TX 3 (0.58)

Pathological node (N) statusa

N0 335 (65.30)

N1 94 (18.32)

N2 69 (13.45)

N3 2 (0.39)

NX 13 (2.53)

Pathological metastasis (M) statusa

M0 342 (66.67)

M1 17 (3.31)

M1a 2 (0.39)

M1b 5 (0.97)

MX 147 (28.65)

Clinical stagea

I 280 (54.58)

II 120 (23.39)

III 80 (15.59)

IV 25 (4.87)

Table 2 (continued)

Table 2 (continued)

Characteristics No. of patients (%)

Risk score

Low 265 (51.66)

High 248 (48.34)
a, pathological tumor (T) status, pathological node (N) status, 
and clinical stage are from the eighth edition of Union for 
International Cancer Control (UICC)/American Joint Committee 
on Cancer (AJCC) lung cancer stage classification [2017]. 
TCGA-LUAD, The Cancer Genome Atlas-lung adenocarcinoma.

spindle, condensed chromosome, and chromosomal region 
(gene ratio >0.04; P<1e−07) (Figure 7D).

Discussion

An abundance of evidence indicates that CENPs not 
only participate in cell viability and mitosis but also are 
related to the progression and prognosis of several tumors 
(13,19,24,26). However, a comprehensive analysis of CENP 
expression and clinical significance in LUAD has not been 
conducted. In this study, we analyzed the transcriptional 
levels and their correlation with clinicopathological 
parameters, genetic alteration and coexpression pattern, 
potential function, and prognostic value of different 
CENP family members in LUAD. Fifteen CENP family 
proteins are differentially expressed in LUAD tissue. We 
used the LASSO algorithm to construct a risk model 
with 5 CENPs: CENPF, CENPU, CENPM, CENPH, and 
CENPW. The differential expression of these 5 CENP 
proteins was validated by qRT-PCR on the mRNA level, 
and WGCNA was performed to screen the genes related 
with these 5 CENP proteins. The molecular function term 
suggests cofactor binding as the main function. Our results 
can facilitate a more accurate individualized prediction for 
patients with LUAD and provide important guidance for 
the prognosis of the disease.

Various studies have indicated that CENPF is involved 
in the progression and metastasis of many cancers. For 
instance, the COUP-TFII-FOXM1-CENPF axis regulated 
by microRNA (miR)-101 and miR-27a contributes to the 
metastasis of prostate cancer (27). The HnRNPR-CCNB1/
CENPF axis leads to the tumor proliferation and metastasis 
of gastric cancer (28). However, the role of CENPF in lung 
cancer remains unclear. Transcriptome analysis research 
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Figure 5 The mRNA expression levels of the 5 CENPs in paired LUAD tissue was verified by qRT-PCR assays (5 pairs). (A) CENPM 
mRNA expression in normal and LUAD tissue. (B) CENPW mRNA expression in normal and LUAD tissue. (C) CENPU mRNA 
expression in normal and LUAD tissue. (D) CENPF mRNA expression in normal and LUAD tissue. (E) CENPH mRNA expression in 
normal and LUAD tissue. CENP, centromere protein; LUAD, lung adenocarcinoma; qRT-PCR, quantitative real time polymerase chain 
reaction; mRNA, messenger RNA; T, tumor; N, normal.

suggests that CENPF acts as an oncogene in lung cancer (29).  
In this study, higher CENPF mRNA expression was observed 
in patients with LUAD, and the clinical characteristics were 
related. A short OS and progression-free survival (PFS) were 
also observed in patients with high CENPF expression.

Like CENPF, studies on CENPH in lung cancer are 
scarce. A study linking clinicopathologic characteristics with 
the CENPH expression pattern suggests that CENPH may 
be a prognostic biomarker for early NSCLC (24). Similar 
results were found in our study, and the potential function 
and mechanism of CENPH in LUAD were predicted for 

further research.
CENPM has attracted considerable attention due to its 

function in tumor progression (30,31). The upregulation of 
CENPM facilitates tumor metastasis in pancreatic cancer 
and promotes hepatocarcinogenesis. The results of our 
investigation demonstrate that CENPM was upregulated 
in LUAD tissue and related to tumor stage and nodal 
metastasis status. It may also be a predictive biomarker, as 
shorter OS and PFS were observed in patients with high 
CENPM expression.

The CENP-O-P-Q-U-R complex is part of the CCAN 
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Figure 6 Screening of the module genes CENPF, CENPU, CENPM, CENPH, and CENPW in WGCNA and identification of their 
correlation with clinical features. (A,B) In different β values (the soft threshold is shown by the number in the figure), we calculated the 
scale-free index and average connectivity. When the soft threshold power was 4, an approximate scale-free topology was achieved. (C) Based 
on the common topology, there were 16 overlapping colors of the gene clustering tree, with each color representing a group of highly 
related genes. (D) The heat map shows the correlation between different gene modules and age, gender, smoking, TNM stage, CENPF, 
CENPU, CENPM, CENPH, and CENPW. The P value is shown in parenthesis, and correlation coefficient is outside of the parenthesis. 
CENP, centromere protein; WGCNA, weighted gene correlation network analysis; TNM, tumor, node, and metastasis.
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Figure 7 The GO function enrichment of turquoise module genes and the screening of hub genes with prognostic value. (A) The volcano 
map shows 441 differentially expressed genes in the turquoise module (162 upregulated vs. 279 downregulated genes). (B-D) The GO 
functional enrichment of 441 differentially expressed genes, including molecular function, cell component, and molecular function. FC, fold 
change; GO, Gene Ontology. 

and participates in chromosome congression and oscillations 
throughout the cell cycle (14,32). A few studies have linked 
these proteins with tumors. One study indicated that 
CENPU was essential for papilloma development in a skin 
carcinogenesis model (33). In the current study, we found 
that CENPU was significantly upregulated in the tumor 
tissues of patients with LUAD. Individual tumor stage and 
nodal metastasis status were also related. Interestingly, the 
CENP-O/Q/U perform biological functions as a complex, 
since they compose the CENP-O-P-Q-U-R complex, 
which is a part of the CCAN. It thus seems that they share 
a similar biological process and may have a similar effect on 
tumor development. 

CENPW is involved in the formation of the CENP-
T-W-S-X complex, which directly binds to DNA and 
plays a crucial role in cell division during mitosis (14,34). 

We suggest that CENPW may be a potential biomarker 
of LUAD, as we found its expression level was increased 
in tumor tissues and related to clinical characteristics, 
and patients with high CENPW expression have a poor 
prognosis.

Some limitations to this study should be noted. First, a 
validation data set was lacking, so additional clinical data 
are needed to validate the model. Second, the interaction 
mechanism between the CENP proteins and downstream 
molecules needs to be further explored. Finally, future 
research should use a greater number of clinical samples to 
verify our findings.

Conclusions

The results of our study indicated that the mRNA 
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expression levels of 13 CENP family members were 
upregulated in lung cancer tissues compared to those 
in normal tissues. CENPW, CENPM, CENPU, CENPF, 
and CENPH were significantly positively associated with 
prognosis in patients with LUAD. Furthermore, a poor 
OS prognosis was observed in patients with high mRNA 
expression of CENPs. According to the coexpression 
network of the 5 CENPs, 441 hub genes were screened, 
with their main function being cell mitosis. Future research 
will focus on the detailed mechanisms of the CENP family.
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