
Am J Transl Res 2024;16(2):432-445
www.ajtr.org /ISSN:1943-8141/AJTR0153814

https://doi.org/10.62347/WSEF7878

Original Article
CDCA8, a mitosis-related gene, as a  
prospective pan-cancer biomarker: implications  
for survival prognosis and oncogenic immunology

Hanjie Hu1, Muhammad Umair2, Sikandar Ali Khan3, Aliya Irshad Sani4, Sahar Iqbal5, Fatima Khalid6, 
Rizwana Sultan7, Mostafa A Abdel-Maksoud8, Ayman Mubarak8, Turki M Dawoud8, Abdul Malik9, Ibrahim A 
Saleh10, Abdul Aziz Al Amri11, Norah Khaled Algarzae12, Ahmad S Kodous13,14, Yasir Hameed15

1Department of Thoracic Surgery, National Cancer Center/National Clinical Research Center for Cancer/
Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100021, 
China; 2Department of Physiology, Gomal Medical College, MTI, Dera Ismail Khan, Pakistan; 3Department of 
Biochemistry Khyber Girls Medical College, Peshawar, Pakistan; 4Department of Biochemistry, Ziauddin Medical 
College, Karachi 74700, Pakistan; 5Department of Pathology, Azra Naheed Medical College, Lahore 54000, 
Pakistan; 6Department of Pathology, Al Aleem Medical College, Lahore, Pakistan; 7Department of Pathology, 
Faculty of Veterinary and Animal Sciences, Cholistan University of Veterinary and Animal Sciences, Bahawalpur, 
Pakistan; 8Department of Botany and Microbiology, College of Science, King Saud University, P.O. Box 2455, 
Riyadh 11451, Saudi Arabia; 9Department of Pharmaceutics, College of Pharmacy, King Saud University, Saudi 
Arabia; 10Faculty of Science, Zarqa University, Zarqa 13110, Jordan; 11Biochemistry Department, College of 
Science, King Saud University, P.O. Box 2455, Riyadh 11451, Saudi Arabia; 12Department of Physiology, College 
of Medicine, King Saud University, Riyadh 11149, Saudi Arabia; 13Radiation Biology Department, National Center 
for Radiation Research & Technology (NCRRT), Egyptian Atomic-Energy Authority (EAEA), Egypt; 14Department of 
Molecular Oncology, Cancer Institute (WIA), 38, Sardar Patel Road, Chennai, P.O. Box 600036, Tamilnadu, India; 
15Department of Biotechnology, Institute of Biochemistry Biotechnology and Bioinformatics, The Islamia University 
of Bahawalpur, Bahawalpur 63100, Pakistan

Received October 7, 2023; Accepted January 24, 2024; Epub February 15, 2024; Published February 28, 2024

Abstract: Background: Human cell division cycle-associated protein 8 (CDCA8), a critical regulator of mitosis, has 
been identified as a prospective prognostic biomarker in several cancer types, including breast, colon, and lung 
cancers. This study analyzed the diagnostic/prognostic potential and clinical implications of CDCA8 across di-
verse cancers. Methods: Bioinformatics and molecular experiments. Results: Analyzing TCGA data via TIMER2 and 
GEPIA2 databases revealed significant up-regulation of CDCA8 in 23 cancer types compared to normal tissues. 
Prognostically, elevated CDCA8 expression correlated with poorer overall survival in KIRC, LUAD, and SKCM, em-
phasizing its potential as a prognostic marker. UALCAN analysis demonstrated CDCA8 up-regulation based on clini-
cal variables, such as cancer stage, race, and gender, in these cancers. Epigenetic exploration indicated reduced 
CDCA8 promoter methylation levels in Kidney Renal Clear Cell Carcinoma (KIRC), Lung Adenocarcinoma (LUAD), 
and Skin Cutaneous Melanoma (SKCM) tissues compared to normal controls. Promoter methylation and mutational 
analyses showcased a hypomethylation and low mutation rate for CDCA8 in these cancers. Correlation analysis re-
vealed positive associations between CDCA8 expression and infiltrating immune cells, particularly CD8+ and CD4+ 
T cells. Protein-protein interaction (PPI) network analysis unveiled key interacting proteins, while gene enrichment 
analysis highlighted their involvement in crucial cellular processes and pathways. Additionally, exploration of CDCA8-
associated drugs through DrugBank presented potential therapeutic options for KIRC, LUAD, and SKCM. In vitro 
validation using reverse transcription-quantitative polymerase chain reaction (RT-qPCR) confirmed elevated CDCA8 
expression in LUAD cell lines (A549 and H1299) compared to control cell lines (Beas-2B and NL-20). Conclusion: 
This study provides concise insights into CDCA8’s multifaceted role in KIRC, LUAD, and SKCM, covering expression 
patterns, diagnostic and prognostic relevance, epigenetic regulation, mutational landscape, immune infiltration, 
and therapeutic implications.
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Introduction

Cancer, a complex group of diseases character-
ized by uncontrolled cell growth, poses a signifi-
cant global health challenge [1-3]. It can affect 
any part of the body, often leading to the forma-
tion of tumors [4, 5]. Understanding its molecu-
lar basis, early detection, and targeted treat-
ments are crucial in the ongoing battle against 
this multifaceted and often devastating condi-
tion [6].

The process of tumorigenesis is intricately com-
plex, with genetic alterations playing a pivotal 
role [7]. In recent years, the elucidation of 
tumor molecular mechanisms has been signifi-
cantly advanced through whole-genome se- 
quencing analysis, thereby fostering genome-
driven oncology care [8, 9]. Common mecha-
nisms underlying the onset and progression of 
diverse tumors may exist, making it valuable to 
conduct a pan-cancer expression analysis of 
various genes and explore their correlation with 
clinical characteristics and potential molecular 
mechanisms. The Cancer Genome Atlas (TCGA) 
database, housing comprehensive DNA, RNA, 
protein, and epigenetic datasets, facilitates 
extensive pan-cancer analyses [10].

The Human cell division cycle associated 8 
(CDCA8) gene is responsible for producing the 
Borealin/Dasra B protein, which is a crucial ele-
ment of the chromosome passenger complex 
(CPC) [11]. This complex, composed of INCENP, 
Survivin, Aurora B, and Borealin/Dasra B, is a 
dynamic structure essential during cell division 
[12]. CDCA8 plays a vital role in guiding the CPC 
to the centromere, rectifying errors in kineto-
chore binding, and stabilizing bipolar spindles 
[13, 14]. Earlier research has indicated that the 
elevated expression of CDCA8 is linked to 
increased growth of tumor cells, including in 
colorectal and lung cancers [15, 16]. Further- 
more, heightened CDCA8 levels have been 
associated with an unfavorable prognosis in 
gastric cancer [17]. Despite these findings, 
there remains a gap in our understanding of the 
precise roles CDCA8 plays in the development 
of other tumors. Therefore, conducting a pan-
cancer analysis of CDCA8 holds practical sig-
nificance, as it allows for the exploration of its 
potential mechanisms in tumor development 
and assesses the feasibility of considering it as 
a novel therapeutic target.

In this investigation, we performed a pan-can-
cer analysis of CDCA8 utilizing data from the 
TCGA database along with molecular experi-
ments. The analysis incorporated gene expres-
sion, survival status, promoter methylation 
analysis, mutational analysis, gene enrichment 
analysis, immune infiltration, and other factors 
to delve into the potential molecular mecha-
nisms of CDCA8 across various types of 
cancers.

Methodology

Gene expression analysis

In the current study, we utilized the TIMER2 
website (http://timer.cistrome.org/) [18] to 
examine the expression differences of CDCA8 
in various tumors and their corresponding  
adjacent normal tissues from the TCGA data-
base. For certain tumors lacking normal adja-
cent tissues in TIMER2, such as adrenocorti- 
cal carcinoma (ACC), lymphoid neoplasm dif-
fuse large B-cell lymphoma (DLBC), and testi- 
cular germ cell tumors (TGCT), we employed  
the GEPIA2 website (http://gepia2.cancer-pku.
cn/#analysis) [19]. This allowed us to compare 
the expression of CDCA8 in tumor tissues ver-
sus adjacent normal tissues and generate box 
plots.

Survival prognosis analysis

GEPIA2, a powerful online tool (http://gepia2.
cancer-pku.cn/) [19], facilitates survival analy-
sis in cancer research. Leveraging data from 
TCGA and GTEx databases, GEPIA2 allows 
users to assess the impact of specific genes on 
patient survival across diverse cancer types. In 
the present study, we used GEPIA2 for the sur-
vival prognosis analysis of CDCA8 across 
patients with different cancers.

CDCA8 expression landscape across different 
clinical variables

UALCAN (http://ualcan.path.uab.edu/) [20] is 
an invaluable resource for expression analysis 
across various clinical variables. Drawing from 
TCGA data, it enables researchers to explore 
gene expression patterns in relation to patient 
demographics, tumor stage, and other clinical 
parameters. In our study, we used UALCAN 
resource for the expression analysis of CDCA8 
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across different clinical variables of the speci-
fied cancer types.

Promoter methylation analysis of CDCA8

OncoDB (http://oncodb.org/) [21] is a valuable 
tool for promoter methylation analysis in can-
cer research. It provides interactive visualiza-
tions, allowing users to explore DNA methyla-
tion patterns in specific genes across diverse 
cancer types. In this investigation, we utilized 
OncoDB platform to analyze the promoter 
methylation level of CDCA8 across specified 
cancer types.

cBioportal database

cBioPortal (https://www.cbioportal.org/) [22] is 
an essential platform for mutational analysis in 
cancer. Leveraging large-scale genomics data, 
it enables researchers to explore and interpret 
genomic alterations, including mutations, copy 
number variations, and mRNA expression 
changes. The user-friendly interface facilitates 
in-depth investigation of these alterations 
across various cancer types, contributing to a 
better understanding of the molecular land-
scape and potential therapeutic targets. In the 
current research, we used cBioPortal for muta-
tional analysis of the CDCA8 gene across speci-
fied cancers.

Immune cell infiltration analysis

TIMER2 (http://timer.cistrome.org/) [18] is a 
crucial tool for immune cell infiltration analysis 
in cancer research. Utilizing TCGA data, it allows 
researchers to explore the abundance of 
immune cell subtypes within tumor tissues. In 
this investigation, we used TIMER2 platform to 
explore the correlation between CDCA8 and 
CD+ T immune cell infiltration across specified 
cancers.

Protein-protein interaction and pathway analy-
sis of CDCA8

STRING (https://string-db.org/) stands as a 
crucial asset for researchers investigating 
molecular interactions [23]. It aggregates and 
predicts protein-protein interactions, facilitat-
ing a comprehensive grasp of intricate biologi-
cal processes and networks. In this study, we 
employed the STRING database to build the 
protein-protein interaction (PPI) network for the 
genes enriched with CDCA8.

DAVID (https://david.ncifcrf.gov/) is a funda-
mental tool for gene enrichment analysis. 
Utilizing functional annotation, it identifies bio-
logical themes within gene lists, shedding light 
on their roles and interactions [24]. DAVID’s 
versatility allows researchers to uncover signifi-
cant biological pathways, aiding in the interpre-
tation of large-scale genomic data and enhanc-
ing our understanding of gene functions and 
their implications in various biological process-
es. In the current study, we used DAVID to 
explore CDCA8-associated pathways.

Drug prediction analysis

DrugBank, a comprehensive pharmaceutical 
database (https://go.drugbank.com/), serves 
as an essential resource for researchers and 
clinicians [25]. It provides a wealth of informa-
tion on drug compounds, including their chemi-
cal structures, mechanisms of action, pharma-
cokinetics, and therapeutic indications. With a 
vast collection of data on both approved and 
investigational drugs, DrugBank supports drug 
discovery, development, and clinical decision-
making, fostering advancements in healthcare. 
In this study, we used DrugBank database for 
the drug prediction analysis of CDCA8 gene.

In vitro validation of CDCA8 expression

The normal control cell lines derived from 
human bronchial epithelial cells, such as Beas-
2B and NL-20, were cultured in high-glucose 
DMEM medium (cat. no. 23-10-013-CV; Cor- 
ning, Inc.). The LUAD cell line A549 was cul-
tured in high-glucose F12K medium (cat. no. 
21127022; Thermo Fisher Scientific, Inc.), 
while the LUAD cell line H1299 was cultured in 
high-glucose RPMI-1640 medium (cat. no. 
10-040-CV; Corning, Inc.). All media included 
10% FBS (cat. no. 10091148; Gibco; Thermo 
Fisher Scientific, Inc.), 100 U/ml penicillin, and 
100 µg/ml streptomycin. Cells were routinely 
incubated in a cell incubator with 5% CO2 at 
37°C.

The cell lines underwent total RNA extraction 
using isopycnic centrifugation, following a pre-
viously described method [22]. Subsequently, 
the extracted RNA underwent a DNA digestion 
step through incubation with RNase-free DNase 
I (Roche, Germany) at 37°C for 15 minutes. The 
quality of the obtained RNA was assessed 
using a 2100 Bioanalyzer (Agilent Technologies, 
Germany).
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Reverse transcription-quantitative polymerase 
chain reaction (RT-qPCR) analysis

The specific procedures were as follows: Ini- 
tially, the PrimeScript™ RT reagent kit (Takara, 
Japan) facilitated the reverse transcription of 
extracted RNA from cell lines into complemen-
tary DNA (cDNA). Subsequently, RT-qPCR was 
conducted on an ABI ViiA 7 Real Time PCR 
System (Thermo Fisher, USA) using SuperReal 
SYBR Green Premix Plus (Tiangen Biotech, 
China) as a fluorescent dye. GAPDH served as 
the internal reference in this study. All experi-
ments were independently triplicated. The 
primer sequences for CDCA8 and GAPDH are 
provided below. The 2-ΔΔCt method was 
employed to assess the relative expression of 
each hub gene [26].

GAPDH-F 5’-ACCCACTCCTCCACCTTTGAC-3’, GA- 
PDH-R 5’-CTGTTGCTGTAGCCAAATTCG-3’; CDC- 

A8-F 5’-CAGTGACTTGCAGAGGCACAGT-3’, CD- 
CA8-R 5’-CTCATTTGTGGGTCCGTATGCTG-3’.

Statistical analysis

All other analyses were performed with the use 
of R software (version 3.6.3). A p-value below 
0.05 was considered statistical significance. 
Correlation analysis between two variables was 
conducted using the Spearman test.

Results

CDCA8 was overexpressed in various cancers

Figure 1 illustrates the expression disparities 
of CDCA8 between tumor and adjacent normal 
tissues across various cancers in the TCGA 
database. According to findings from the 
TIMER2 and GEPIA2 databases, the CDCA8 
gene exhibited significant up-regulation (p-val-
ue < 0.05) in 23 cancer types compared to 

Figure 1. This figure displays a comprehensive pan-cancer expression analysis of CDCA8 across 33 tumor types, 
utilizing the TIMER2 and GEPIA2 databases. (A) Illustrates the pan-cancer expression analysis through the TIMER2 
database, while (B) presents the analysis via the GEPIA database. Significance was determined at a p-value < 0.05. 
CDCA8 = Human cell division cycle-associated protein 8.
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their respective normal tissues. These cancers 
included adrenocortical carcinoma (ACC), blad-
der urothelial carcinoma (BLCA), breast inva-
sive carcinoma (BRCA), cervical squamous cell 
carcinoma (CESC), cholangiocarcinoma (CHOL), 
colon adenocarcinoma (COAD), lymphoid neo-
plasm diffuse large B-cell lymphoma (DLBC), 
esophageal carcinoma (ESCA), glioblastoma 
multiforme (GBM), head and neck squamous 
cell carcinoma (HNSC), kidney renal clear cell 
carcinoma (KIRC), kidney renal papillary cell 
carcinoma (KIRP), liver hepatocellular carcino-
ma (LIHC), lung adenocarcinoma (LUAD), lung 
squamous cell carcinoma (LUSC), ovarian 
serous cystadenocarcinoma (OV), prostate 
adenocarcinoma (PRAD), rectum adenocarci-
noma (READ), skin cutaneous melanoma 
(SKCM), stomach adenocarcinoma (STAD), thy-
moma (THYM), uterine corpus endometrial car-
cinoma (UCEC), and uterine carcinosarcoma 
(UCS).

The prognostic significance of CDCA8

To assess CDCA8’s prognostic significance 
across various cancers, Kaplan-Meier (KM) 
curves were generated to analyze the correla-
tion between CDCA8 expression and overall 
survival (OS) in cancer patients. Results showed 
that in 3 tumor types; CDCA8 expression was 
associated with poorer Overall survival (OS), 

including KIRC, LUAD, and SKCM (Figure 2). 
While in other types of 20 tumors, including 
ACC, BLCA, BRCA, CESC, CHOL, COAD, DLBC, 
ESCA, GBM, HNSC, KIRP, LIHC, LUSC, OV, PRAD, 
READ, STAD, THYM, UCEC, and UCS, overex-
pressed CDCA8 was not found to be associated 
with poor OS (Figure 2). Overall, these results 
suggest that elevated expression of CDCA8 
may be associated with poorer clinical progno-
sis in three tumor types.

Association of CDCA8 expression with different 
clinical variables in patients with KIRC, LUAD, 
and SKCM 

Utilizing UALCAN, we examined the expressions 
of CDCA8 in cohorts of patients with KIRC, 
LUAD, and SKCM based on various clinical vari-
ables. CDCA8 expression was significantly 
(p-value < 0.05) up-regulated in KIRC, LUAD, 
and SKCM patients with cancer stage 1-4 as 
compared to the levels in the normal group 
(Figure 3). Moreover, we found the significant 
(p-value < 0.05) overexpression of CDCA8 in 
KIRC, LUAD, and SKCM patients of Caucasian, 
African-American, and Asian populations as 
compared to the levels in the corresponding 
normal groups (Figure 3). Based on the gender, 
CDCA8 was significantly (p-value < 0.05) over-
expressed in both men and women with KIRC, 
LUAD, and SKCM as compared to the levels in 

Figure 2. This figure depicts a comprehensive pan-cancer survival analysis of CDCA8 across 33 tumor types, con-
ducted on the GEPIA2 platform. (A) Showcases the survival map of CDCA8, while (B) presents Kaplan-Meier curves 
specifically for KIRC, LUAD, and SKCM patients. Significance was established at a p-value < 0.05. CDCA8 = Human 
cell division cycle-associated protein 8, KIRC = Kidney Renal Clear Cell Carcinoma, LUAD = Lung Adenocarcinoma, 
SKCM = Skin Cutaneous Melanoma.
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Figure 3. This figure illustrates the expression analysis of CDCA8 among KIRC, LUAD, and SKCM patients, categorized by various clinical variables through UALCAN. 
A. Displays CDCA8 expression across KIRC patients, considering different clinical variables such as cancer stage, race, and gender. B. Demonstrates CDCA8 ex-
pression among LUAD patients based on clinical variables such as cancer stage, race, and gender. C. Depicts CDCA8 expression in SKCM patients across different 
clinical variables, including cancer stage, race, and gender. Significance was established at a p-value < 0.05. CDCA8 = Human cell division cycle-associated protein 
8, KIRC = Kidney Renal Clear Cell Carcinoma, LUAD = Lung Adenocarcinoma, SKCM = Skin Cutaneous Melanoma.
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the corresponding normal groups (Figure 3). 
Above all, these findings demonstrate a strong 
association between CCDC6 expression and 
clinical variables in KIRC, LUAD, and SKCM.

Promoter methylation analysis of CDCA8

The widely recognized impact of gene promoter 
methylation on gene expression, combined 
with the observed elevated expression of 
CDCA8 in KIRC, LUAD, and SKCM compared to 
normal controls, prompted us to investigate 
into whether the promoter methylation levels of 
CDCA8 were lower in tissue samples of KIRC, 
LUAD, and SKCM than in their corresponding 
adjacent control tissues. Utilizing TCGA data 
through the OncoDB database, we assessed 
the CDCA8 promoter methylation levels in KIRC, 
LUAD, and SKCM tissues and their adjacent 
controls. As depicted in Figure 4, the CDCA8 
promoter methylation levels in KIRC, LUAD, and 
SKCM tissues were significantly (p-value < 
0.05) reduced compared to normal controls.

Mutational analysis of CDCA8

We assessed the mutational status of CDCA8 
in the TCGA cohorts for KIRC, LUAD, and SKCM. 
Figure 5 illustrates that CDCA8 exhibited the 
highest mutation rate (1.28%) among patients 
with SKCM. Conversely, in patients with KIRC 
and LUAD, the mutation rates were 0% and 
0.53%, respectively (Figure 5). In summary, 
these results indicate that CDCA8 does not 
undergo frequent mutations in patients with 
KIRC, LUAD, and SKCM.

Correlation analysis between CCDC6 expres-
sion and infiltrating immune cells

Tumor infiltrating CD8+ T cells affect the 
patients’ survival in various tumors. In this 
study, we explored the associations between 
CDCA8 expression and two key types of infil-
trating immune cells: CD8+ T cells and CD4+ T 
cells. Notably, both CD8+ T cells and CD4+ T 
cells exhibited a significant positive correlation 

Figure 4. The results of promoter methylation 
analysis for the CDCA8 gene in KIRC, LUAD, 
and SKCM were obtained from the OncoDB 
database. Significance was determined at a p-
value < 0.05. CDCA8 = Human cell division cy-
cle-associated protein 8, KIRC = Kidney Renal 
Clear Cell Carcinoma, LUAD = Lung Adenocar-
cinoma, SKCM = Skin Cutaneous Melanoma.
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with CDCA8 expression levels in patients with 
KIRC, LUAD, and SKCM (Figure 6).

Identification of CDCA8-interacting proteins 
and gene enrichment analysis

We used STRING database to assess PPI for 
CDCA8 and other proteins. The main 10 pro-
teins interacting with CDCA8 are shown in 

Figure 7A and include BUB1, CDK1, INCENP, 
CCNB1, AURKB, BIRC5, CDC20, SGO1, ATP51A, 
and KIF20A. The outcomes of our gene en- 
richment analysis suggest that these genes  
are associated with “Mitotic checkpoint com-
plex, chromosome passenger complex, and 
outer kinetochore” etc. cellular components 
(CC) terms (Figure 7B), “Histone kinase ac- 
tivity (H3-S28 specific, ubiquitin ligase ac- 

Figure 5. The results of CDCA8 mutational analysis in KIRC, LUAD, and SKCM using the cBioPortal database. A. 
Mutation analysis results of the CDCA8 in KIRC. B. Mutation analysis results of the CDCA8 in LUAD. C. Mutation 
analysis results of the CDCA8 in SKCM. Different colored bars show different kind of mutations. CDCA8 = Human 
cell division cycle-associated protein 8, KIRC = Kidney Renal Clear Cell Carcinoma, LUAD = Lung Adenocarcinoma, 
SKCM = Skin Cutaneous Melanoma.
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tivator, activity, and patched binding)” etc. 
molecular function (MF) terms (Figure 7C), 
“Mitotic spindle assembly checkpoint sig- 
naling, spindle checkpoint singling, and nega-
tive reg. of mitotic metaphase/anaphase tran-
sition” etc. biological processes (BP) terms 
(Figure 7D), and “Cell cycle, oocyte meiosis, 
progesterone-mediate oocyte maturation, and 
p53 signaling pathway” etc. Kyoto Encyclopedia 
of Genes and Genomes (KEGG) terms (Figure 
7E).

CDCA8-associated drugs

Utilizing the DrugBank database, we investigat-
ed six drugs associated with CDCA8, namely 
Cyclosporine, Cytarabine, Dasatinib, Calcitriol, 
Metamfetamine, and Palbociclib. These drugs 
exhibit the potential to decrease CDCA8 expres-
sion during the treatment of patients with KIRC, 
LUAD, and SKCM.

In vitro validation of CDCA8 expression

In this segment of our investigation, we con-
firmed the expression of the CDCA8 gene in 
LUAD and control cell lines using the RT-qPCR 
technique. Initially, two control cell lines (Beas-

2B and NL-20) and two LUAD cell lines (A549 
and H1299) were procured and cultured in suit-
able media. Subsequently, RNA extraction and 
cDNA synthesis were conducted. The RT-qPCR 
analysis of CDCA8 genes using the synthesized 
cDNA revealed elevated CDCA8 expression in 
LUAD cell lines (A549 and H1299) compared to 
the control cell lines (Beas-2B and NL-20) 
(Figure 8).

Discussion

CDCA8 stands as a pivotal regulatory gene in 
mitosis [27], exerting a crucial influence in vari-
ous cancers by promoting cell proliferation and 
invasion, potentially functioning as an onco-
gene [28, 29]. Earlier research has document-
ed heightened transcriptional activity of CDCA8 
in embryos, embryonic stem cells, and cancer 
cells [30, 31]. However, a thorough pan-cancer 
investigation into the status of CDCA8 has not 
been undertaken until now. Via pan-cancer 
analysis, our study revealed a significant up-
regulation of CDCA8 in 23 types of match- 
ed tumor samples. Furthermore, heightened 
CDCA8 expression was associated with poorer 
overall survival (OS) in patients with KIRC, 
LUAD, and SKCM, indicating that CDCA8 could 

Figure 6. This figure presents a correlation analysis of CDCA8 with immune cell infiltration using the TIMER2 data-
base. A. Illustrates the correlation analysis of CDCA8 with CD8+ T immune cells across KIRC, LUAD, and SKCM. B. 
Depicts the correlation analysis of CDCA8 with CD4+ T immune cells in the same cancer types. Significance was 
determined at a p-value < 0.05. CDCA8 = Human cell division cycle-associated protein 8, KIRC = Kidney Renal Clear 
Cell Carcinoma, LUAD = Lung Adenocarcinoma, SKCM = Skin Cutaneous Melanoma.
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Figure 7. This figure showcases the protein-protein interaction network and gene enrichment analysis of CDCA8. (A) Presents the protein-protein interaction network 
involving CDCA8 and its binding partners. (B-D) Detail the cellular component (CC), molecular function (MF), and biological process (BP) terms, respectively, of 
CDCA8 and its binding partners. Additionally, (E) outlines the Kyoto Encyclopedia of Genes and Genomes (KEGG) terms associated with CDCA8 and its interacting 
proteins. Significance was determined at a p-value < 0.05. CDCA8 = Human cell division cycle-associated protein 8.



CDCA8 as a pan-cancer biomarker

442 Am J Transl Res 2024;16(2):432-445

potentially function as a viable prognostic fac-
tor in these three specific malignancies (KIRC, 
LUAD, and SKCM).

Epigenetic alterations play a crucial role in the 
carcinogenesis, with DNA methylation repre-
senting a significant facet of epigenetics [32, 
33]. Often characterized as a ‘silencing’ epi- 
genetic mark, DNA methylation contributes to 
reinforcing the repression of transcription [34-
36]. Imbalances in enzyme activity are impli-
cated in alterations to promoter methylation 
and histone acetylation levels, ultimately con-
tributing to the progression of tumors [37]. In 
our study, we observed the hypomethylation of 
CDCA8 gene across the KIRC, LUAD, and SKCM 
patients. The reduction in CDCA8 promoter 
methylation levels resonates with the regulato-
ry role of methylation in CDCA8 expression 
reported in the literature [38, 39]. This conver-
gence emphasizes the importance of epigene-
tic regulation (promoter methylation level) in 
CDCA8 dynamics among KIRC, LUAD, and 
SKCM patients.

The widely acknowledged understanding is that 
cancers are initiated by genetic mutations, 
which confer biological advantages to cancer 
cells over adjacent normal cells [40, 41]. 
Presently, advancements in high-throughput 
technologies and systems biology approaches 
have generated vast datasets illustrating the 

mutation heterogeneity within cancer cells [42-
44]. In this investigation, we employed the cBio-
Portal tool to assess the mutational profile of 
CDCA8 in KIRC, LUAD, and SKCM. Our analysis 
affirms the observation that CDCA8 does not 
undergo frequent mutations in these specific 
cancers.

The tumor microenvironment (TME) of KIRC, 
LUAD, and SKCM is a complex and spatially 
structured mixture of hepatic non-parenchy-
mal, tumor, and immune cells [45]. Exploiting 
the immune cell infiltration within the tumor, 
immune checkpoint blockade aims to revitalize 
an effective antitumoral immune response 
[46]. Guided by this principle, several immuno-
therapy drugs, such as nivolumab and pem- 
brolizumab, have been employed in treating 
KIRC, LUAD, and SKCM. The composition of the 
TME significantly influences the response to 
immune checkpoint blockade. In our findings, 
we observe a positive correlation between high 
CDCA8 expression in KIRC, LUAD, and SKCM 
and increased infiltration of CD8+ T cells and 
CD4+ T cells. Best to our knowledge, we are the 
first to report such kind of correlation between 
CDCA8 and CD8+ T cells and CD4+ T cells 
across KIRC, LUAD, and SKCM.

In the present study, it was noted that, along 
with various binding partners, the CDCA8 gene 
participates in diverse pathways in KIRC, LUAD, 
and SKCM, including “Cell cycle, oocyte meio-
sis, progesterone-mediate oocyte maturation, 
and p53 signaling pathway etc.”. The involve-
ment of these pathways in cancer development 
is already well studied in previous research [47, 
48].

Conclusion

In summary, our study indicates a substantial 
up-regulation of CDCA8 in KIRC, LUAD, and 
SKCM, proposing its potential as a significant 
diagnostic and prognostic biomarker for these 
malignancies. Additionally, we identify potential 
dysregulated mechanisms of CDCA8 in these 
cancers, including a hypomethylated promoter. 
Nonetheless, experimental validation of these 
findings is warranted in future research.
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