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A B S T R A C T

Cervical squamous cell carcinoma (CESC) is a common cancer in women. Despite advancements
in early diagnosis through high-risk human papillomavirus (HPV) screening, challenges remain in
predicting and treating the disease. Hence, the identification of novel biomarkers for prognosis
and therapeutic targets is crucial.
CENPE, a microtubule-end directed motor protein that accumulates during the G2 phase, is

recognized for its involvement in promoting cancer growth and progression. However, its specific
role in CESC remains unclear. This research investigated the expression of CENPE in CESC utilizing
data from The Cancer Genome Atlas (TCGA), which was further validated through gene expression
profiles, the Human Protein Atlas (HPA), and clinical data. The study utilized Gene Ontology (GO),
Kyoto Encyclopedia of Genes and Genomes (KEGG), Gene Set Enrichment Analysis (GSEA), and
immune infiltration analysis to elucidate the role of CENPE in CESC. Additionally, Protein-protein
interaction (PPI) networks and competing endogenous RNA (CeRNA) networks involving CENPE
and its differentially expressed genes were established. Furthermore, Kaplan-Meier survival analysis
was conducted to evaluate the impact of CENPE on patient prognosis.
Our study revealed an upregulation of CENPE expression in cervical cancer tissues, which

promotes the progression of CESC through IL-6-mediated PI3K-Akt and MAPK signaling path-
ways. The significant associations with ACNG3, LY6H, and SLC6A7 suggest that CENPE may play
a role in tumor growth and metastasis, potentially involving the nervous system. Moreover, the
correlations with ARIH1, KDM1A, KDM5B, and NSD3 indicate that CENPE could be a promising
target for drug development. Our analysis of the ROC curve demonstrated a high diagnostic ac-
curacy of CENPE in CESC (AUC: 0.997, CI: 0.990–1.000). Subgroup analysis highlighted sub-
stantial effects in patients under 50 years old, those with a height under 160 cm, individuals in
peri- and post-menopausal stages, and patients in clinical stages 1 and 4. Additionally, COX
regression analysis indicated that older age, lower BMI, and higher CENPE expression are asso-
ciated with decreased 1-year, 3-year, and 5-year survival rates.
In conclusion, CENPE emerges as a crucial factor in the initiation and advancement of cervical

cancer, showing potential as a novel target for therapeutic interventions.
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1. Introduction

CESC is a prevalent malignant tumor globally [1], with over 500,000 new cases and more than 274,000 deaths reported annually
[2]. The survival rates for CESC are inversely related to the International Federation of Gynecology and Obstetrics (FIGO) stage at the
time of diagnosis [3]. While HPV vaccines have shown significant efficacy in reducing cervical cancer incidence [4,5], HPV infection
alone does not explain all cases of CESC [6]. Current prognosis prediction relies heavily on tumor-node-metastasis (TNM) staging,
which may not fully encompass the biological diversity of CESC [7]. This underscores the critical necessity for identifying new bio-
markers that can serve as both therapeutic targets and prognostic indicators.

Abrrevations:

ACC adrenocortical carcinoma
AOD average optical density
AUC Area Under the Curve
AML acute myeloid leukemia
BLCA bladder urothelial carcinoma
BLBC basal-like breast cancer
BRCA breast invasive carcinoma
CENP centromere protein
CENPE Centromeric protein E
CESC Cervical squamous cell carcinoma
CeRNA competing endogenous RNA
CHOL cholangiocarcinoma
CI Confidence Interval
COAD colon cancer
DSS disease-specific survival
ESCA esophageal carcinoma
FIGO Federation of Gynecology and Obstetrics
GBM glioblastoma multiforme
GSEA Gene Set Enrichment Analysis
HNSC head and neck squamous cell carcinoma
HPA Human Protein Atlas
HPV human papillomavirus
KEGG Kyoto Encyclopedia of Genes and Genomes
KICH chromophobe tumor of the kidney
KIRC kidney renal clear cell carcinoma
KIRP kidney renal papillary cell carcinoma
LGG low-grade glioma
LIHC liver hepatocellular carcinoma
LUAD lung adenocarcinoma
LUSC lung squamous cell carcinoma
OS overall survival
OV ovarian cancer
PAAD pancreatic adenocarcinoma
PCPG pheochromocytoma and paraganglioma
PFI progression-free interval
PPI Protein-protein interaction
PRAD prostate adenocarcinoma
READ rectum adenocarcinoma
RTKs receptor tyrosine kinases
SAC spindle assembly checkpoint
SKCM skin cutaneous melanoma
siRNA small interfering RNA
ssGSEA single-sample gene set enrichment analysis
TCGA The Cancer Genome Atlas
THCA thyroid carcinoma
THYM thymoma
UCEC endometrial adenocarcinoma
UCS uterine carcinosarcoma
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Centromeric protein E (CENPE), a member of the centromere protein (CENP) family [8], functions as a microtubule plus-end
directed motor protein that is upregulated during the G2 phase [9,10]. It plays a crucial role in the spindle assembly checkpoint
(SAC), chromosome alignment, and microtubule capture at kinetochores during mitosis [11]. CENPE is responsible for ensuring the
proper attachment of chromosomes to spindle microtubules and regulating spindle checkpoint signaling to prevent chromosome
missegregation, thereby preserving the accuracy and stability of cell division [12,13]. Dysregulation of CENPE can result in chro-
mosomal instability, a significant contributor to the development of various cancers [14,15].

Research has shown that rapidly dividing cells often display increased levels of CENPE expression, which is upregulated in various
solid tumors [16,17]. Examples of such tumors include esophageal adenocarcinoma [18], clear cell renal cell carcinoma [19], colo-
rectal cancer [20], and lung adenocarcinoma [8]. Moreover, heightened CENPE expression has been linked to unfavorable outcomes in
breast cancer [21] and has the potential to facilitate the advancement of ovarian cancer [22]. Studies on prostate cancer have
demonstrated that the genetic removal or pharmacological inhibition of CENPE can lead to a significant reduction in tumor growth
[23]. Furthermore, the suppression of CENPE in human neuroblastoma cell lines through the use of small interfering RNA (siRNA) has
been found to impede cell proliferation [24]. These observations suggest that CENPE may have a role in the development and pro-
gression of cancer.

Despite the existing insights, the precise function of CENPE in CESC has not been thoroughly investigated. This study seeks to fill
this gap by investigating the role of CENPE in CESC using bioinformatics methods and evaluating its influence on patient survival
outcomes. The objective is to construct a prognostic model that overcomes the current challenges in the diagnosis, treatment, and
prognosis prediction of CESC.

2. Materials and methods

2.1. Design of the study

CENPE is linked to various tumor progression, but its role in CESC is unreported. This study examines CENPE’s influence on CESC.
Firstiy, this study demonstrates that CENPE expression is significantly elevated in tumors, particularly in CESC: 1) Pan-cancer

paired and unpaired analyses reveal a notable increase in CENPE across multiple tumor types, including CESC. 2) Further valida-
tion from various sources, including the GEO database, the HPA database, and collected clinical samples, confirms the elevation of
CENPE in CESC.

Secondly, a more in-depth exploration of the biological functions and pathways influenced by CENPE: 1) We conduct single-gene
analyses to identify molecular sets significantly associated with CENPE variation in CESC (differential gene sets). 2) The differential
gene sets undergo GO, KEGG, and GSEA analyses to determine the biological functions and pathways affected by CENPE that are
related to tumor occurrence and development.

Thirdly, identify key molecules in the differential gene sets: 1) Use PPI networks to find core and strongly correlated molecules
affecting CENPE function in CESC and their relevance to tumor processes. 2) Build the CeRNA regulatory network of these molecules to
confirm their regulatory interactions.

Fourthly, evaluate CENPE’s impact on the tumor immune microenvironment: 1) Perform correlation and stratification analyses
based on CENPE expression, followed by ssGSEA, to show its significant influence. 2) Analyze correlations with common immune
targets to validate its effect on tumor immune processes.

Fifthly, confirm that CENPE significantly impacts CESC patients and can be targeted for diagnosis and treatment: 1) Analyze CENPE
expression across disease stages to establish its harmful overexpression in CESC patients. 2) Illustrate these effects through survival
curve analyses. 3) Identify patient subgroups most affected by CENPE and those with better treatment outcomes. 4) Use TCGA and GEO
databases for validation, showing CENPE’s high sensitivity and specificity as a diagnostic marker.

Sixiy, Perform univariate and multivariate regression analyses to identify factors influencing CESC patients: 1) Assess independent
effects and CENPE’s influence on these factors. 2) Verify if CENPE jointly affects outcomes and validate further.

Seventhly, Create a clinical prediction model based on regression results: 1) Develop a survival prediction model by integrating
various factors. 2) Assess its accuracy.

2.2. Differential expression analysis of CENPE

The RNA-seq differential expression data of CENPE in pan-cancer were acquired from UCSC XENA (https://xenabrowser.net/
datapages/) and processed uniformly in TPM (Transcripts per Million Reads) format [25]. For the TCGA UCEC project, both paired
and unpaired RNA sequencing data for CENPE were initially provided in Level 3 HTSeq-FPKM (Fragments per Kilobase per Million
Reads) format, which were subsequently converted to TPM format through log2 transformation. Validation datasets GSE7410 and
GSE9705 were retrieved using the GEOquery package (version 2.68.0) [26]. Data normalization was carried out utilizing the limma
package (version 3.56.2), with only the probe exhibiting the highest signal value retained in cases where multiple probes corresponded
to the same molecule. All statistical analyses and visualizations were executed using R (version 4.3.3).

2.3. Analysis of immunohistochemical staining

Immunohistochemical staining images of CENPE in CESC and normal tissue sections were obtained from the Human Protein Atlas
(HPA) database (https://www.proteinatlas.org/). The sections were stained using standardized antibodies and experimental
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protocols.

2.4. Single-gene differential analysis of CENPE in CESC

Single-gene differential analysis was performed on RNA-seq data obtained from the CESC project of TCGA (https://www.cancer.
gov/ccg/research/genome-sequencing/tcga) utilizing the DESeq2 package (version 1.42.1) [27]. Volcano plots were created based on
the results of the single-gene differential analysis using ggplot2 (version 3.5.0), with criteria set at |log2(FC)| > 1 and p.adj <0.05.

2.5. Functional enrichment analysis of CENPE in CESC

Functional enrichment analyses, including GO, KEGG, and GSEA, were performed on the results from single-gene differential
analysis using the clusterProfiler package (version 4.10.1) [28]. Gene ID conversion was handled with the org.Hs.eg.db package
(version 3.17.0). Z scores were calculated using the GOplot package (version 1.0.2) to assess the relevance of CENPE to the enrichment
pathways. GSEA utilized the curated gene set c2.cgp.v7.2.symbols.gmt [29], with significant enrichment defined by criteria of FDR
<0.25 and p.adjust <0.05. Visualization of the analysis results was conducted using ggplot2 (version 3.5.0).

2.6. Correlation analysis of CENPE

Single-gene correlation analysis of expression profile data in TPM format was conducted using the STAT package (version 0.1.0).
Differentially expressed genes were analyzed for PPI using the STRING database [30], with network analysis performed using Cyto-
scape software. HUB genes were identified with the MCODE plugin, and correlation analysis was carried out between these HUB genes
and CENPE. Results were visualized using heatmaps and chord diagrams with ggplot2 (version 3.5.0).

HUB genes that showed significant correlation with CENPE (p < 0.01) were used to construct a lncRNA-miRNA-mRNA network
based on CLIP-seq data from the ENCORI database [31]. Visualization of the network was adjusted using Cytoscape.

2.7. Analysis of immunoinfiltration in CENPE

The relative infiltration levels of 24 immune cell types were evaluated using the GSVA software (version 1.51.17) through single-
sample gene set enrichment analysis (ssGSEA) and Spearman correlation analysis [32]. The markers for the analysis were obtained
from immunoprofiling studies [33]. Subsequently, the samples were categorized into groups based on CENPE down-regulation and
up-regulation. The GSVA software (version 1.51.17) was employed to compute the enrichment percentage of various immune cell
infiltrations within each subgroup. Finally, the association between immune cells that exhibited statistically significant infiltration (p
< 0.001) and CENPE was depicted using chord diagrams and heatmaps.

2.8. Clinical information, survival analysis, and receiver operating characteristic (ROC) curves

Clinical data sourced from the TCGA database was utilized for analysis. Box plots were generated using the boxplot package in R.
Survival analysis of CESC patients was conducted using the survival package (version 3.6.4), and Kaplan-Meier survival curves for
overall survival (OS), disease-specific survival (DSS), and progression-free interval (PFI) were created using the survminer package
(version 0.4.9). The prognostic accuracy of CENPE was evaluated through ROC analysis using the pROC package (version 1.18.5), with
validation carried out in the GSE7410 and GSE9750 databases. Subsequently, subgroup analysis was performed on variables such as
age, height, and clinical stage in CESC patients, and overall survival curves were plotted.

2.9. Regression analysis and survival prediction

Univariate and multivariate Cox regression analyses were performed utilizing the survival package (version 3.6.4) to evaluate
various clinicopathological factors and CENPE expression. The most significant p-value was selected as the threshold for CENPE
expression. Subsequently, a diagnostic model was developed based on the Cox regression analysis results using the rms package
(version 6.8.0) and survival package (version 3.6.4). Calibration plots were then generated to evaluate the accuracy of the diagnostic
model.

2.10. Immunohistochemical staining

Immunohistochemical staining was conducted in triplicate for each group. The samples were fixed in 10 % formalin at room
temperature for 24 h, then sectioned to a thickness of 3 μm and embedded in paraffin. Following deparaffinization, the sections
underwent antigen retrieval using EDTA buffer in a microwave. To prevent nonspecific binding, the sections were treated with 5 %
bovine serum albumin for 20 min at room temperature. The rabbit anti-App antibody (1:200, AF6084, Affinity) was left overnight at
4 ◦C. Subsequently, the secondary antibody, goat anti-rabbit IgG conjugated with horseradish peroxidase (GB23204; 1:200; Serv-
icebio), was applied for 30 min at 37 ◦C. Staining was visualized using 3,3′-diaminobenzidine (Boster Biological Technology, Inc.), and
the sections were counterstained with 0.1 % hematoxylin (Boster Biological Technology, Inc.) for 2 min. Images were captured with a
light microscope at × 200 or × 400 magnification. The quantification of positive cell density was performed using Image-Pro Plus 6.0
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(Media Cybernetics, Inc.), and the results were reported as average optical density (AOD) values.

2.11. Statistical analysis

Data were reported as mean± standard deviation (SD). Statistical analyses were performed utilizing SPSS 26.0 and R version 4.3.3.
Student’s t-test was employed to evaluate variances in CENPE expression between CESC tumor tissues and adjacent tissues. One-way
ANOVA was utilized for comparisons across multiple groups. The correlation between CENPE expression and clinical data of CESC
patients was examined using the Mann-Whitney U test. Statistical significance was defined as a p-value of <0.05.

3. Results

3.1. Expression of CENPE in Pan-Cancer and Cervical Cancer

Using the XENA database for pan-cancer non-paired analysis, it was observed that CENPE exhibits overexpression in various cancer
types when compared to normal tissues. These cancer types include adrenocortical carcinoma (ACC), bladder urothelial carcinoma
(BLCA), CESC, endometrial adenocarcinoma (UCEC), breast invasive carcinoma (BRCA), cholangiocarcinoma (CHOL), colon cancer
(COAD), basal-like breast cancer (BLBC), esophageal carcinoma (ESCA), glioblastomamultiforme (GBM), head and neck squamous cell
carcinoma (HNSC), chromophobe tumor of the kidney (KICH), kidney renal clear cell carcinoma (KIRC), kidney renal papillary cell
carcinoma (KIRP), acute myeloid leukemia (AML), low-grade glioma (LGG), liver hepatocellular carcinoma (LIHC), lung adenocar-
cinoma (LUAD), lung squamous cell carcinoma (LUSC), ovarian cancer (OV), pancreatic adenocarcinoma (PAAD), pheochromocytoma
and paraganglioma (PCPG), prostate adenocarcinoma (PRAD), rectum adenocarcinoma (READ), skin cutaneous melanoma (SKCM),
thyroid carcinoma (THCA), thymoma (THYM), and uterine carcinosarcoma (UCS) (Fig. 1A).

In paired samples, elevated levels of CENPE were detected in the following types of cancer in comparison to adjacent tissues: BLCA,
BRCA, CHOL, COAD, ESCA, HNSC, KICH, KIRC, KIRP, LIHC, LUAD, LUSC, PRAD, READ, STAD, and UCEC (Fig. 1B).

In unpaired samples, the expression of CENPE was consistently elevated in tumor tissues in comparison to normal tissues (Fig. 1C).
The validation datasets GSE9750 and GSE9701 also supported the increased levels of CENPE in tumor tissues (Fig. 1D and E).
Additionally, CENPE exhibited high expression in tumor tissues irrespective of the lymph node metastasis status (Fig. 1E).

Analysis of the HPA database indicated that the CENPE protein was not detectable in normal tissues but exhibited high expression
in tumor tissues (Fig. 1F). Immunohistochemical staining showed a slight elevation in CENPE levels in precancerous lesions, with a
notable upregulation in both high-grade and low-grade CESC (Fig. 1G and H).

3.2. Single-gene differential analysis and functional enrichment analysis of CENPE

Through a single-gene differential analysis of CENPE, it was determined that 612 genes satisfied the threshold criteria of |log2(FC)|
> 1 and p.adj<0.05. Within this set, 519 genes exhibited high expression levels, while 93 genes showed low expression levels (refer to
Fig. 2A). Following this analysis, further investigations were carried out through GO, KEGG, and GSEA on these identified genes.

The GO analysis unveiled that the differentially expressed genes are implicated in various biological processes. These processes
include the immune system (specifically the humoral immune response), tumor invasion andmetastasis, tumormicroenvironment, cell
polarity and morphology (such as extracellular structure organization, apical part of the cell, and apical plasma membrane), tumor
metabolism, degradation, growth, and organic acid transport (including negative regulation of hydrolase activity, response to nutrient
levels, and organic acid transport), tumor signaling transduction (involving response to tumor necrosis factor and receptor ligand
activity), enzyme activity (comprising endopeptidase activity, enzyme inhibitor activity, serine-type endopeptidase activity, and
serine-type endopeptidase inhibitor activity), cytokines (such as cytokine activity and growth factor activity), electrophysiology,
matrix components, and hormones (including voltage-gated ion channel activity, collagen-containing extracellular matrix, and hor-
mone activity) as illustrated in Fig. 2B.

KEGG analysis reveals that the pathways primarily impact signaling and regulation (such as Neuroactive ligand-receptor inter-
action, Cytokine-cytokine receptor interaction, Cholinergic synapse), host defense mechanisms and immune regulation (including
Complement and coagulation cascades, Viral protein interaction with cytokine and cytokine receptor, Staphylococcus aureus infection,
Primary immunodeficiency), as well as metabolism and secretion (specifically Bile secretion) (Fig. 2C and D).

GSEA analysis reveals that the identified genes are predominantly associated with various pathways including the PI3K-Akt
signaling pathway, MAPK signaling pathway, cancer pathways, growth factors, second messenger signaling transduction, and re-
ceptor tyrosine kinase signaling (Fig. 2E and F).

3.3. Correlation analysis of CENPE

A PPI network was constructed for 612 differentially expressed genes (Fig. 3A). Genes located closer to the center of the interaction
network graph exhibit a higher number of connections with other genes. Subsequently, utilizing the MCODE plugin, 9 hub genes were
identified: MT3, FAIM2, TCEAL6, SLC6A7, SYNPR, VSTM2B, CALY, LY6H, and CACNG3 (Fig. 3B). A co-expression heatmap was then
generated for these genes along with CENPE, revealing significant correlations among CACNG3, LY6H, and SLC6A7 (Fig. 3C).

Subsequently, the three genes were utilized to establish a lncRNA-miRNA-mRNA network involving CENPE, utilizing CLIP-seq data
sourced from the ENCORI database. LY6H was omitted from the analysis due to the absence of CLIP-seq data (Fig. 3D).
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3.4. Immunoinfiltration analysis of CENPE

Based on the levels of CENPE expression, the data on expression profiles were categorized into high and low expression groups.
Subsequently, an assessment was conducted to determine the variations in levels of immune cell infiltration between these groups
(refer to Fig. 4A). In the high CENPE expression group, Tcm, T-helper cells, and Th2 cells exhibited elevated levels of immune
infiltration. Conversely, in the low expression group, B cells, cytotoxic cells, dendritic cells (DC), eosinophils, immature DC (iDC), mast
cells, NK CD56 bright cells, neutrophils, plasmacytoid DC (pDC), T cells, TFH, and Th17 cells demonstrated heightened levels of
immune infiltration. Following this, ssGSEA was employed for immune infiltration analysis to investigate the influence of CENPE on
the tumor microenvironment. Spearman correlation analysis indicated a positive correlation between CENPE and T-helper cells, Th2
cells, Tcm, and Tgd, while a negative correlation was observed with macrophages, T cells, neutrophils, eosinophils, Th17 cells, iDC,
mast cells, TFH, cytotoxic cells, DC, NK CD56 bright cells, B cells, and pDC (refer to Fig. 4B), consistent with the findings in Fig. 4A.
Subsequently, the correlation between CENPE and the 11 significantly associated immune cells was visually represented using
heatmaps and chord diagrams (refer to Fig. 4C and D).

Finally, an examination of the correlation between CENPE and various prevalent immune therapy targets indicated notable con-
nections with ARIH1, KDM1A, KDM5B, and NSD3 (Fig. 4E–H).

3.5. Clinical information, survival and ROC curves

Upon examining the correlation between CENPE expression and clinical data, it was observed that CENPE expression is only
marginally affected bymenopausal status and obesity (Fig. 5A and B). However, it is significantly linked to clinical staging, histological
grading, tumor size, distant metastasis, lymph node involvement, and high expression in outcomes for CESC (Fig. 5C–H).

ROC curve analysis indicated that the expression of CENPE exhibits a high level of diagnostic accuracy for CESC, with an Area
Under the Curve (AUC) of 0.957 and a Confidence Interval (CI) of 0.900–1.000 (Fig. 5I). This finding was further supported by similar
results observed in the validation datasets GSE9740 (Fig. 5G–AUC= 0.891, CI= 0.811–0.972) and GSE7401 (Fig. 5K–AUC= 0.970, CI
= 0.924–1.000).

Samples were stratified into high and low expression groups according to the CENPE expression profile data. Subsequently, an
analysis of OS, DSS, and PFI was conducted across various patient groups with CESC. The findings indicated reduced survival durations
for patients belonging to the high CENPE expression group (Fig. 5L–N).

Subgroup analysis, based on clinical information, indicated shorter survival times in patients aged 50 years or younger (Fig. 5O),
those in early and perimenopausal status (Fig. 5P), individuals with a height of 160 cm or less (Fig. 5Q), patients in clinical stages I and
IV (Fig. 5R), and those in pathological stages T1 and T4 (Fig. 5S) exhibiting high CENPE expression.

3.6. Regression analysis and survival prediction

Univariate and multivariate Cox regression analyses were performed to ascertain autonomous prognostic determinants for patients
with CESC, taking into account a range of clinical-pathological factors and levels of CENPE expression. The findings indicated that
CENPE expression levels, age, BMI, clinical stage, and primary therapy outcome were notable independent prognostic factors
(Table 1).

Based on these factors, predictive models were formulated to calculate the 1-, 3-, and 5-year survival probabilities for patients with
CESC (Fig. 6A). The calibration plots for these models were constructed, revealing a concordance index (C-index) of 0.78, indicating a
moderate level of accuracy in predictive capacity (Fig. 6B). Furthermore, the calibration plots demonstrated close alignment.

4. Discussion

Cervical cancer ranks as the fourth most prevalent malignancy among women globally. Despite notable progress in screening and
treatment, a considerable risk of mortality persists [34]. Consequently, current research efforts are directed towards enhancing
diagnostic and therapeutic approaches to diminish mortality rates and enhance the quality of life for patients. The utilization of
high-throughput technologies and bioinformatics has facilitated the acquisition of omics data for investigating cancer alterations and
identifying associated biomarkers. This methodology has emerged as a crucial research tool for disease diagnosis and clinical prognosis
assessment by elucidating modifications in the structure or functionality of systems, organs, tissues, cells, and subcellular components.

Utilizing data from the TCGA and GEO databases, the study identified heightened transcriptional expression levels of CENPE in
CESC compared to normal tissues. Additionally, protein expression levels in CESC tissues were found to be elevated based on the HPA
database. These findings align with the research conducted by El-Arabey et al. [35,36], suggesting a correlation between CENPE and
tumorigenesis as well as disease progression.

Fig. 1. The Expression of CENPE in Pan-Cancer and Cervical Cancer. (A) Differential analysis of CENPE expression in 33 tumors based on the data in
the XENA Database. (B) Pan-cancer analysis of paired samples based on TCGA database. (C) Differential analysis of CENPE expression in unpaired
samples. (D) Differential analysis of CENPE expression based on GSE9760 data. (E) Differential analysis of CENPE expression based on GSE7410
data. (F) CENPE protein expression based on the HPA database. (G, H) CENPE immunohistochemical expression and data statistics based on
clinical samples.
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Fig. 2. Single-gene differential analysis and Functional enrichment analysis of CENPE. (A) Volcano plot of single gene differential analysis of
CENPE. (B) Gene Ontology (GO) analysis results. (C) Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis results. (D) KEGG analysis
category names corresponding to KEGG identifiers. (E,F) Gene set enrichment analysis (GSEA) results. When the horizontal coordinate is positive,
CENPE expression correlates positively with this pathway; when negative, it correlates inversely.
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To elucidate the potential molecular mechanisms underlying the promotion of tumor development by CENPE, an initial single-gene
differential analysis was conducted, followed by GO, KEGG, and GSEA on the differentially expressed genes. The GO analysis revealed
that genes related to CENPE are implicated in various biological processes, including the immune system, tumor invasion and
metastasis, tumor microenvironment, cell polarity and morphology, tumor metabolism, degradation, growth, organic acid transport,
tumor signaling transduction, enzyme activity, cytokines, electrophysiology, extracellular matrix, and hormonal regulation.

The close association between CENPE and CESC tumors is supported by additional evidence. Notably, the differential genes of
CENPE are linked to serine-type endopeptidase activity. Serine proteases, a subset of the protease family, predominantly target
proteins containing specific serine residues, thereby modulating cellular signaling and protein degradation [37,38]. This implies that

Fig. 3. Correlation analysis of CENPE. (A) Protein–protein interaction network (PPI) of differentially expressed genes in single gene differential
analysis. (B) PPI network map of the HUB gene. (C) Single gene co-expression heatmap of the HUB gene and CENPE. (D) The lncRNA-miRNA-mRNA
network based on CLIP-seq data for CENPE, CACNG3, and SLC6A7.
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Fig. 4. Immunoinfiltration analysis of CENPE. (A) Immune cell infiltration levels across varying CENPE expression levels. (B) Correlation between
CENPE and infiltration levels of 24 immune cells. (C) Correlation heatmap of CENPE with 11 significantly associated immune cells. (D) Chord
diagram of CENPE with 11 significantly associated immune cells. (E–H) The correlation between CENPE expression and ARIH1, KDM1A, KDM5B,
and NSD3. Significance identifier: ns (no significance), p ≥ 0.05; *p < 0.05; **p < 0.01; ***p < 0.001.
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Fig. 5. Clinical information, survival and ROC curves. (A,B) The expression of CENPE among different age and BMI groups in CESC population.
(C–H) The expression levels of CENPE among populations with different clinical and pathological factors. (I–K) The AUC curve of CENPE for
diagnosing CESC in TCGA dataset, GSE9740, and GSE7401. (L–N) The Kaplan-Meier survival curves illustrating the association between CENPE
expression and overall survival (OS), disease-specific survival (DSS), and progression-free interval (PFI). (O–S) Kaplan-Meier survival curves
showing CENPE expression’s association with OS in subgroups based on clinical and pathological factors.

Table 1
The Cox regression analysis results of CENPE and various clinical pathological factors.

Characteristics Total(N) Univariate analysis Multivariate analysis

Hazard ratio (95 % CI) P value Hazard ratio (95 % CI) P value

Group 306 ​ ​ ​ ​
low 156 Reference ​ Reference ​
High 150 1.790 (1.110–2.887) 0.017 4.752 (1.359–16.625) 0.015
Age 306 1.017 (0.999–1.034) 0.062 1.035 (0.993–1.078) 0.106
BMI 260 0.953 (0.911–0.996) 0.034 0.956 (0.881–1.038) 0.285
Clinical stage 299 ​ ​ ​ ​
Stage I 162 Reference ​ Reference ​
Stage II 71 0.784 (0.398–1.543) 0.481 0.334 (0.061–1.825) 0.206
Stage IV 22 4.376 (2.354–8.136) < 0.001 1.470 (0.135–15.982) 0.752
Stage III 44 1.482 (0.754–2.915) 0.254 1.053 (0.291–3.813) 0.937
Histologic grade 273 ​ ​ ​ ​
G1 19 Reference ​ ​ ​
G2 135 1.284 (0.394–4.186) 0.678 ​ ​
G3 119 1.110 (0.331–3.720) 0.866 ​ ​
Histological type 306 ​ ​ ​ ​
Adenocarcinoma 48 Reference ​ ​ ​
Squamous cell carcinoma 253 1.078 (0.551–2.109) 0.825 ​ ​
Adenosquamous 5 1.858 (0.235–14.704) 0.557 ​ ​
Menopause status 233 ​ ​ ​ ​
Pre 126 Reference ​ ​ ​
Post 82 1.160 (0.668–2.014) 0.597 ​ ​
Peri 25 0.645 (0.225–1.848) 0.414 ​ ​
Primary therapy outcome 161 ​ ​ ​ ​
CR 143 Reference ​ Reference ​
PD 8 16.872 (6.693–42.533) < 0.001 27.296 (6.918–107.699) < 0.001
SD 5 0.000 (0.000 - Inf) 0.997 0.000 (0.000 - Inf) 0.998
PR 5 6.548 (1.447–29.630) 0.015 10.147 (1.766–58.307) 0.009
Treatment type 305 ​ ​ ​ ​
Pharmaceutical 147 Reference ​ ​ ​
Radiation Therapy 158 1.059 (0.666–1.682) 0.809 ​ ​
Abortion 306 ​ ​ ​ ​
No 213 Reference ​ ​ ​
Yes 93 1.148 (0.705–1.869) 0.579 ​ ​

Fig. 6. A survival model for CESC patients using CENPE expression levels. (A) Nomogram model. (B) Calibration graph.

P. Peng et al. Heliyon 10 (2024) e40860 

12 



CENPE might enhance the proliferation of CESC tumors by impeding protein degradation through the inhibition of serine protease
activity. Analysis using the KEGG database indicates that these pathways primarily impact signaling and regulation, host defense
mechanisms, immune regulation, as well as metabolism and secretion processes. Furthermore, the GSEA demonstrates that the
differentially expressed genes are predominantly associated with the PI3K-Akt signaling pathway and the MAPK signaling pathway.
Consistent with these findings, Sui et al. [39] propose a correlation between the progression of CESC and the PI3K-Akt signaling
pathway, while Katopodis et al. [40] suggest an association between female cancers and the MAPK signaling pathway. It is noteworthy
that the GSEA analysis reveals the activation of receptor tyrosine kinases (RTKs). RTKs represent a class of receptor proteins abun-
dantly present on the cell membrane, crucial for cellular signal transduction. Upon ligand binding, typically a growth factor, an RTK
undergoes a conformational change, activating its intrinsic tyrosine kinase activity. Consequently, tyrosine residues are phosphory-
lated, leading to the activation of downstream signaling pathways such as the PI3K-Akt and MAPK signaling pathways [41]. These
signaling cascades govern cell growth, proliferation, differentiation, and survival, thereby facilitating the initiation and progression of
cancer.

To enhance the understanding of CENPE’s involvement in CESC initiation and progression, a PPI network was constructed for the
differentially expressed genes. IL-6 emerged as a common factor linked to multiple genes [42]. Consequently, it is postulated that
CENPE exerts a significant influence on CESC bymodulating IL-6. Furthermore, IL-6 has the ability to stimulate tumor cell proliferation
and invasion by activating signaling pathways like PI3K-Akt and MAPK, thereby promoting cancer advancement. This observation is
consistent with the outcomes of the present study. Subsequently, key genes were identified within this gene set, and a detailed analysis
of CENPE revealed notable connections with CACNG3, LY6H, and SLC6A7. LY6H [43], SLC6A7 [44], and CACNG3 [45] are all
associated with the nervous system. The study’s findings suggest that CENPE might have a critical role in controlling tumor growth,
metastasis, and responses to treatment through interactions with the nervous system. Extensive experimental and clinical data support
the influence of the nervous system on the tumor microenvironment, immune modulation, and behavior of tumor cells [46–49].
Particularly, Marco Arese and colleagues noted that all peripheral cancer types interact with neuronal structures in the late stages,
particularly bladder, prostate, pancreatic, colorectal, lung, head and neck cancers, and cholangiocarcinoma [50]. The nervous system
may influence cancer through direct communication with cancer cells via neural signals, releasing neurotransmitters and neurotrophic
factors that affect growth andmetastasis. It may also indirectly alter immune cell functions in the tumor microenvironment and impact
cell interactions, thereby influencing tumor progression [51]. This approach provides a targeted neuro-related pathway treatment
strategy for CESC and also offers evidence for the direction of non-pharmacological interventions in regulating the nervous system for
therapeutic purposes. Nevertheless, the mechanisms of nervous system function in CESC are not fully understood, necessitating further
research to clarify these findings.

Additionally, common long non-coding RNAs (lncRNAs) were identified among CENPE, SLC6A7, and CACNG3, indicating po-
tential regulatory interactions among them through these lncRNAs. This further underscores the relationship between CENPE and
SLC6A7, as well as CACNG3.

Given the correlation between CENPE and IL-6, we analyzed the association between CENPE expression and 24 immune cell types
in CESC patients to further explore its impact on the tumor microenvironment. CENPE significantly influences various immune cells,
including T helper cells, Th2 cells, Tcm, iDC, mast cells, TFH, cytotoxic cells, DC, B cells, pDC, and NK CD56bright cells, highlighting its
role in shaping the tumor microenvironment.Targeting CENPE may positively influence the tumor microenvironment in CESC and
enhance the outcomes of immunotherapy. Specifically, targeting CENPE could improve immunotherapy response rates by increasing
immune cell infiltration and promoting anti-tumor responses. Furthermore, combining CENPE targeting with immune checkpoint
inhibitors may amplify treatment effects by modulating the tumor microenvironment.

Moreover, CENPE is notably correlated with ARIH1, KDM1A, KDM5B, and NSD3, which are common immunotherapy targets
[52–55]. This suggests that CENPE could be a potential target for drug development due to its association with these key therapeutic
targets.

Our study also explored CENPE’s implications for CESC diagnosis and treatment. Clinical data show high CENPE expression across
different tumor stages, significantly affecting patient survival and demonstrating high sensitivity and specificity as a therapeutic target.
Notably, in the validation dataset GSE7401, which includes early-stage cervical cancer samples, CENPE exhibited excellent diagnostic
performance (AUC: 0.970, CI: 0.924–1.000). This underscores its potential for accurate early-stage diagnosis, enhancing its clinical
value. Although CENPE shows high sensitivity and specificity, it cannot diagnose all cases. A thorough assessment with other mo-
lecular biomarkers is necessary to reduce the risk of false positives or negatives, even if the probability is low. Subgroup analyses
revealed that CENPE significantly influences survival in patients aged <50, with height <160 cm, peri- and post-menopausal status,
and clinical stages I and IV, indicating its sensitivity in these populations. Age, height, gender, and hormonal status may influence
CENPE activity in tumor cells. Patients under 50 often have a higher capacity for cell division, potentially increasing CENPE activity.
Individuals shorter than 160 cm may experience variations in CENPE expression due to genetic, nutritional, or endocrine factors.
Furthermore, hormonal differences in perimenopausal and postmenopausal individuals may also affect CENPE expression.

To evaluate CENPE’s role in predicting patient prognosis, we performed COX regression analysis using clinical data and created
nomogram plots based on the results. Our analysis revealed that patient survival is influenced by factors such as clinical pathological
staging and clinical outcomes. Notably, older age, lower BMI, and higher CENPE expression are associated with decreased survival
rates at 1, 3, and 5 years. Age-related physiological decline may reduce treatment responsiveness and increase complication risks,
while a lower BMI indicates poorer nutrition and diminished disease-fighting capability, raising mortality risk. The calibration plots
demonstrate a strong correlation between actual and predicted OS values at 1, 3, and 5 years, validating the accuracy of our prognostic
predictions.

In conclusion, CENPE is highly expressed in CESC and significantly impacts patient survival. It demonstrates excellent diagnostic
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sensitivity and specificity and serves as a reliable prognostic biomarker with strong predictive efficacy.
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