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Objective: The cell division cycle associated 8 (CDCA8) gene is over-
expressed in several cancers and has been associated with tumor
progression. However, its expression and association with clini-
copathological parameters and survival outcomes in patients with
endometrial carcinoma (EC) remain obscure. Methods: We stud-
ied CDCA8 expression in EC patients utilizing data compiled by The
Cancer Genome Atlas (TCGA) and Gene Expression Omnibus (GEO)
databases. We examined CDCA8 expression concerning clinico-
pathological features and patient overall survival. Gene set enrich-
ment analysis (GSEA) was performed to identify potential biologi-
cal processes and signaling pathways involved. Results: CDCA8 was
over-expressed in EC tumors compared to control tissues and was
positively associated with worse tumor grade, FIGO stage, tumor (T)
stage, nodal spread (N), and metastasis (M). High CDCA8 was asso-
ciated with shorter overall survival but did not remain a significant
independent predictor inmultivariate analysis. Gene set enrichment
analysis revealed important signaling pathways thatmay contribute
to EC pathogenesis. Conclusion: CDCA8 was overexpressed in EC and
positively correlated with poor clinicopathological features. CDCA8
warrants further investigation as a prognostic biomarker and thera-
peutic target in patients with EC.
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1. Introduction
According to the GLOBOCAN worldwide cancer inci-

dence and mortality report, endometrial cancer (EC) is the
most common gynecological malignancy and the sixth most
common cancer type in women in general [1, 2]. Globally,
EC has an increasing incidence in recent years [3]. In the
United States, it has been estimated that by 2030, the num-
ber of new EC diagnoses will be doubled to 122,000 cases per
year [4]. Patient prognosis is dependent on the stage at diag-
nosis, with patients at an early stage having more favorable
outcomes. If diagnosed early, the prognosis is generally good
with a 5-year survival rate of 95% [5, 6]. However, the 5-year
survival rate of the patients with metastatic EC drops to 16%,
according to the Surveillance, Epidemiology, and EndResults
database [6]. Similarly, the prognosis of patients with recur-
rent or locally advancedEC is also poor, with a 5-year survival

rate of approximately 17% [7]. Stage, tumor grade, histologi-
cal subtype, myometrial depth invasion, and lymphovascular
involvement have been identified as major prognostic factors
for EC [9, 10]. Currently, there are no reliable early diagnos-
tic tests and therefore, it is critical to discover new diagnostic
and prognostic markers for this devastating disease.

Cell division is a biological process necessary for normal
tissue growth and development. However, aberrant cell divi-
sion may result in uncontrolled cell proliferation and partic-
ipate in the pathogenesis of diseases such as cancer [11]. Cell
division cycle-associated gene 8 (CDCA8), also known as Bo-
realin/Dasra B, is a member of the chromosomal passenger
complex (CPC) family which is indispensable in gene trans-
mission during cell division [12]. During cytokinesis, the
CPC accumulates at the inner centromeres, promotes spin-
dle midzone organization, regulates central spindle forma-
tion, and specifies the cleavage furrow [13, 14]. In estrogen-
stimulated breast cancer cells, knockdown of CDCA8 inhib-
ited cell growth and promoted cell cycle G1 phase arrest, as
indicated by decreased protein expression of CyclinD1 (CC-
NDA) and B-cell CLL/lymphoma2 (BCL2) [15]. The same
study also suggested increase of apoptosis-related molecules,
such as cyclin-dependent kinase inhibitor 1a (P21) and cyclin-
dependent kinase inhibitor 1b (P27) [15]. Therefore, CDCA8
plays an important role in regulating in vitro cellular pro-
cesses like cell growth, differentiation, tumor progression,
and apoptosis [16, 17]. In human cancers, CDCA8 was up-
regulated [18–21] whereas its expression was very low or
absent in normal tissues [21]. Previous studies have also
demonstrated that the overexpression of CDCA8 was re-
quired for cancer growth, progression and harmed patient
prognosis [22, 23].

The purpose of this study was to systematically investi-
gate the CDCA8 expression and its clinical relevance in EC
patients globally using The Cancer Genome Atlas (TCGA)
and Gene Expression Omnibus (GEO) databases. Besides,
we aimed to explore the downstream biological processes and
signaling pathways related to CDCA8 that may contribute to
EC pathogenesis.
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Fig. 1. CDCA8 is highly expressed in endometrial carcinoma (EC) tissues. (a) CDCA8 expression of endometrial carcinoma (EC) and normal tissues
from The Cancer Genome Atlas (TCGA) database (normal = 35, tumor = 552). (b) CDCA8 expression of matched EC and adjacent normal tissue from TCGA
database (normal = 35, tumor = 35). (c) CDCA8 expression of EC and normal tissues from Gene Expression Omnibus (GEO) database (normal = 12, tumor =
91). (d) CDCA8 expression between EC and normal tissues from Clinical Proteomic Tumor Analysis Consortium (CPTAC) database (normal = 31, tumor =
100). CDCA8, cell division cycle associated 8. Wilcoxon signed-rank test used for all statistical comparisons.

2. Material andmethods
2.1 Dataset collection of EC

The gene expression profiles (587 cases, including 35 nor-
mal samples, Workflow Type: HTSeq-FPKM) and clinical
information including survival time for 548 EC patients were
downloaded from the TCGA Genomic Data Commons data
portal (https://portal.gdc.cancer.gov/repository). We used
box plots to visualize differences in the expression for discrete
variables. RNA-Seq gene expression HTSeq-FPKM data of
552 patients were used for further analysis.

2.2 Validation of the Gene Expression Omnibus (GEO) and
Clinical Proteomic Tumor Analysis Consortium (CPTAC)
database

To ensure the accuracy and integrity of the results from
the TCGA cohort, GSE17025 from the GEO database (http:
//www.ncbi.nlm.nih.gov/geo) was used to validate CDCA8
expression levels. This dataset included 91 stage I EC
patients and 12 age-matched normal endometrial samples.
CPTAC integrated genomic and proteomic data to iden-
tify and describe all proteins in tumors and normal tis-
sues. UALCA is a comprehensive, user-friendly, and in-
teractive web resource for analyzing cancer OMICS data

[24]. We compared the protein expression of CDCA8 in
EC tissues and normal tissues using UALCAN (http://ualcan
.path.uab.edu/analysis-prot.html) from the CPTAC database
(https://proteomics.cancer.gov/programs/cptac).

2.3 Gene set enrichment analysis (GSEA)

EC samples obtained from TCGA were separated
into CDCA8 high expression group (≥ median) and
CDCA8 low expression group. The associations be-
tween the expression of CDCA8 and biological processes
or signaling pathways were analyzed using GSEA v3.0
(http://www.broad.mit.edu/gsea/). Gene set permutations
were conducted 1000 times for each analysis. Gene sets with
a normal P-value < 0.05 and false discovery rate (FDR) <
0.25 were considered enriched.

2.4 Statistical analysis

All statistical analyses were carried out with R software
(V.3.6.2). All samples from TCGA were categorized into 2
groups based on the expression levels of CDCA8, namely
the high expression group (≥ median) and low expression
group(<median value). Comparisons between groups were
conducted using Wilcoxon signed-rank test, Kruskal-Wallis
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Fig. 2. Association of CDCA8 expression and clinicopathological features from The Cancer Genome Atlas (TCGA) endometrial carcinoma pa-
tients. (a) Tumor grade. (b) Figo stage. (c) T stage. (d) N stage = lymph node metastasis. (e) M stage = distant metastasis. (f) Histology subtype. (g)
Menopause status; peri = 6–12 months since last menstrual period, post = previous bilateral oophorectomy or> 12 months since last menstrual period with
no prior hysterectomy; pre = < 6 months since last menstrual period and no prior bilateral oophorectomy and not on estrogen replacement. CDCA8, cell
division cycle associated 8. Kruskall-Wallis test used for all statistical comparisons.

test and logistic regression. Kaplan Meier curves were com-
paredwith the log-rank test. Univariate andmultivariateCox
Proportional-Hazard regression analysis were used to iden-
tify novel predictive factors of overall survival.

3. Results
3.1 CDCA8 is upregulated in endometrial carcinoma patients

The expression levels of CDCA8 in EC and control biopsy
samples were evaluated using EC gene expression quantifica-
tion profiles obtained from TCGA (Tumor = 552, Normal =
35). As shown in Fig. 1a, the expression of CDCA8 was sig-
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Fig. 3. Clinical impact of CDCA8 expression in survival. (a) Kaplan-Meier curves from The Cancer Genome Atlas (TCGA) endometrial carcinoma
patients. High expression defined as≥median and low expression as<median. Log rank test used for statistical comparison. (b) Forest plot graphic repre-
sentation of prognostic factors in endometrial carcinoma patients. multivariate Cox Proportional-Hazard regression analysis used for statistical comparisons.
CDCA8, cell division cycle associated 8.

nificantly increased in EC tissues compared to normal tissues
(P = 1.158e-21). Significant upregulation was also present in
the tumor epithelium compared to surrounding normal tis-
sue as presented in Fig. 1b (P = 2.429e-13). The high ex-
pression levels of CDCA8 were also confirmed in EC tissues
obtained from GEODataSets GSE17025, as presented in Fig.
1c (P = 5.81e-6). To further investigate the protein expres-
sion of CDCA8, we retrieved data using UALCAN from the
CPTAC (http://ualcan.path.uab.edu/cgi-bin/CPTAC-Resul
t.plgenenam=CDCA8&ctype=UCEC). In normal endome-
trial tissues, the CDCA8 protein expression was lower than
EC tissues as shown in Fig. 1d (P = 5.328e-4), consistent with
our mRNA results.

3.2 High CDCA8 expression is associated with worse
clinicopathological characteristics in endometrial carcinoma
patients

To investigate associations between CDCA8 expression
and clinical characteristics of EC patients, clinical data of 548
patients from TCGA were collected. These included Figo
stage, Tumor (T) stage, Node (N) stage, Metastasis (M) stage,
tumor grade, histological subtype and menopause status and
peritoneal cytology (positive vs negative). High CDCA8
expression was positively associated with advancing tumor
grade (Fig. 2a, P = 3.865e-25), Figo stage (Fig. 2b, P = 8.919e-
05), T stage (Fig. 2c, P = 8.919e-05), N stage (Fig. 2, P =
9.553e-06), M stage (Fig. 2e, P = 0.009). There was no asso-
ciation between histological subtypes and menopause status,
shown in Fig. 2f–g. Furthermore, univariate logistic regres-
sion analysis revealed that high CDCA8 expression was pre-
dictive of adverse clinicopathological variables in EC patients
(Table 1). High expression of CDCA8 was associated with

more advanced Figo stage (P < 0.001 for stage III vs I, P =
0.010 for stage vs I), T stage (P< 0.001 forT3 vsT1, P = 0.010
for T4 vs T1), M stage (P = 0.017 forM1 vsM0), N stage (P =
0.002 for N1 vs N0; P = 0.001 for N2 vs N0) and tumor grade
(P = 0.004 for G2 vs G1, P < 0.001 for G3 vs G1, P < 0.001
for G3 vs G2). The presence of positive peritoneal cytology
and menopause status were not associated with CDCA8 ex-
pression (all P> 0.05). These findings suggested that patients
with high CDCA8 expression were associated with more ad-
vanced disease and EC aggressive features.

3.3 High CDCA8 expression is not independently associated with
worse overall survival in endometrial carcinoma patients

EC tumors with high expression of CDCA8 (≥ median)
had significantly shorter overall survival compared to low ex-
pressing EC tumors (P = 0.033), shown in Fig. 3a. Using
univariate Cox analysis we confirmed that high CDCA8 ex-
pression was associated with poor overall survival rate (HR
= 1.31, 1.04–1.656 95% CI, P = 0.02, Table 2). However,
CDCA8 expression was not a significant independent prog-
nostic factor in the multivariate Cox Proportional-Hazard
analyses (HR = 0.99, 0.97–1.02 95%CI, P = 0.633, Table 2 and
Fig. 3b). Other well established prognostic factors were in-
dependently significant including age (HR= 1.03, 1–1.05 95%
CI, P = 0.027), Figo stage (HR = 1.79, 1.3–2.47 95% CI , P <

0.001), T stage (HR = 1.79, 1.3–2.47 95% CI, P < 0.001) and
tumor grade (HR = 1.93, 1.2–3.11 95% CI, P = 0.007) (Table
2 and Fig. 3b).

3.4 Biological processes and signaling pathways associated with
CDCA8 expression

To identify CDCA8 related biological processes and path-
ways that may be involved in EC pathogenesis and progres-
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Table 1. Association between CDCA8 expression and clinical pathological characteristics of endometrial carcinoma patients.
Clinicopathological characteristics Total (N) Odds ratio 95% CI P-value

Figo stage
(II vs I) 390 1.469 0.814–2.666 0.2013356
(III vs I) 462 2.186 1.437–3.357 0.0002965751
(IV vs I) 368 2.902 1.320–6.876 0.01043777
Tstage
(T2 vs T1) 390 1.469 0.814–2.666 0.2013356
(T3 vs T1) 462 2.186 1.437–3.357 0.0002965751
(T4 vs T1) 368 2.902 1.320–6.876 0.01043777
Grade
(G2 vs G1) 218 2.664 1.388–5.335 0.004125103
(G3 vs G1) 422 11.222 6.347–21.085 1.979527e-15
(G3 vs G2) 444 4.123 2.615–6.642 2.330927e-09
M stage
(M1 vs M0) 542 2.762 1.246–6.741 0.01678394
N stage
(N1 vs N0) 495 2.916 1.524–5.893 0.001767654
(N2 vs N0) 489 3.435 1.688–7.570 0.001120904
Histology
(serous vs endometroid) 538 1.315 0.892–1.943 0.1674979
Menopause status
(post vs peri) 458 0.926 0.342–2.465 0.8764854
(pre vs peri) 52 0.464 0.139–1.505 0.2021497
(pre vs post) 476 0.496 0.234–1.005 0.05740144
Peritoneal cytology
(Positive vs negative ) 411 1.332 0.760–2.358 0.3183563

Note: CDCA8, cell division cycle associated 8; CI, confidence interval, Post = prior bilateral oophorectomyor
> 12 months since last menstrual period with no prior hysterectomy, Pre = < 6 months since last menstrual
period and no prior bilateral oophorectomy and not on estrogen replacement, Peri = 6–12 months since last
menstrual period. Univariate logistic regression used for all statistical comparisons with Bonferoni correction
for multiple testing when appropriate. P‑values in bold print indicate statistically significant differences.

sion, we carried out GSEA analysis, “c2.all.v7.0.symbols.gmt”
was used as a reference. Gene sets with nominal P-value <
0.05 and FDR q-value< 0.25 were considered enriched. The
most significantly enriched processes and pathways are pre-
sented in Table 3 and Fig. 4. CDC8 downregulation was as-
sociated with important biological processes, such as ‘oocyte
meiosis’, ‘cell cycle’, ‘RNA polymerase’, ‘homologous recom-
bination’, ‘DNA replication’, ‘mismatch repair’. Important
signaling pathways identified were ‘insulin signaling path-
way’, ‘ERBB signaling pathway’, ‘pathway in cancer’, ‘P53 sig-
naling pathway’, ‘WNT signaling pathway’, ‘VEGF signal-
ing pathway’, ‘NOTCH signaling pathway’, ‘MAPK signaling
pathway’ and ‘MTOR-signaling pathway’. CDCA8 was also
enriched in a variety of tumors, such as ‘small cell lung can-
cer’,‘pancreatic cancer’, ‘nasopharyngeal carcinoma’.

4. Discussion
In the present study, we aimed to investigate the clini-

cal associations of CDCA8 expression in EC. We performed
a bioinformatic analysis of high throughput RNA sequenc-
ing data from TCGA and the GEO database revealed signif-
icantly increased CDCA8 expression in EC tissues compared

with the normal endometrial tissues and benign tissues sur-
roundingEC.The protein expression ofCDCA8 inEC tissues
was also higher than that in normal endometrial tissues based
on the CPTAC database. Furthermore, we showed that in-
creased expression of CDCA8 was associated with advanced
clinicopathological characteristics, including higher tumor
grade and Figo stage and presence of nodal and distantmetas-
tasis. Kaplan-Meier survival curve showed the overall sur-
vival rate of EC patients with higher-expression of CDCA8
was significantly poorer. Importantly, multivariate Cox anal-
ysis demonstrated CDCA8 was not a significant independent
prognostic predictor of survival. Lastly, we aimed to dissect
the biological pathways of CDCA8 in EC using GSEA.

Our findings are consistent with previous studies that
show overexpression of CDCA8 in other malignant tumors,
including bladder cancer [16], gastric cancer [18], cervical
cancer [19], colorectal cancers [22] and cutaneous melanoma
[23]. A meta-analysis using public microarray data and im-
munohistochemistry revealed that overexpression ofCDCA8
was associated with worse patient survival in breast can-
cer [28]. Similarly, CDCA8 was upregulated in cutaneous
melanoma and its high expression level was associated with
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Table 2. Univariate andmultivariate Cox Proportional-Hazard analyses of endometrial carcinoma patients.
Parameter Univariate analysis Multivariate analysis
(N = 531) HR 95% CI P-value HR 95% CI P-value

Age 1.032 1.009–1.055 0.005367 1.026 1.003–1.050 0.027192
Grade 2.628 1.708–4.045 1.12e-05 1.933 1.200–3.112 0.0067
Figo stage 1.989 1.620–2.443 5.14e-11 1.790 1.298–2.468 0.00038
T stage 1.989 1.620–2.443 5.14e-11 1.790 1.298–2.468 0.00038
M stage 4.379 2.247–8.536 1.44e-05 0.874 0.353–2.167 0.771867
N stage 1.939 1.456–2.583 5.96e-06 1.050 0.719–1.533 0.801555
Histology 2.773 1.773–4.338 7.81e-06 1.215 0.725–2.037 0.459144
subtype
CDCA8 1.314 1.042–1.656 0.020809 0.993 0.967–1.021 0.63332

Note: CDCA8, cell division cycle associated 8; HR, hazard ratio; CI, confidence interval; P‑values
in bold print indicate statistically significant differences.

Table 3. Biological processes and signaling pathways associated with CDCA8.
Gene set ES NES NOM P-value FDR q-value

Oocyte meiosis -0.73641163 -2.6885939 0 0
Cell cycle -0.7988612 -2.5760639 0 0
RNA polymerase -0.82207 -2.36386 0 0
Homologous recombination -0.86085 -2.34345 0 0
Non small cell lung cancer -0.6311883 -2.2579827 0 3.49E-04
Pancreatic cancer -0.6448986 -2.2524703 0 3.12E-04
DNA replication -0.9291314 -2.2335374 0 2.97E-04
Mismatch repair -0.92344147 -2.230465 0 3.28E-04
Insulin signaling pathway -0.5235921 -2.1365337 0 9.98E-04
ERBB signaling pathway -0.56145793 -2.0982227 0 0.001274842
Pathway sin cancer -0.5004142 -2.042575 0 0.002648951
P53 signaling pathway -0.56825703 -2.0410233 0.003883495 0.002614247
Wnt signaling pathway -0.5038822 -1.9378036 0.009746589 0.006424193
VEGF signaling pathway -0.47125742 -1.8263035 0.003992016 0.015946763
Notch signaling pathway -0.52225405 -1.7509568 0.003921569 0.025444027
MAPK signaling pathway -0.41066694 -1.7450706 0.005802708 0.02566053
mTOR signaling pathway -0.46576694 -1.7368854 0.006036217 0.02604345
Nasopharyngeal carcinoma 0.732966 2.172607 0.002040816 0.10696848

Note: CDCA8, cell division cycle associated 8; ES, enrichment score; NES, normalized enrichment score;
NOM P-val, nominal P value; FDR q-val, false discovery rate q value.

lymph node metastasis and poor prognosis [23]. In hu-
man ovarian cancer, the CDCA8 expression level was up-
regulated compared to normal tissue and showed a significant
correlation with the poor progression-free survival in ovar-
ian cancer patients [29]. A previous bioinformatics study on
EC patients highlighted CDCA8 as an important gene associ-
ated with disease progression of endometrial carcinoma [30].
Our results externally validated those findings at a transcrip-
tional as well as proteomic level, and the correlation between
high expression of CDCA8 and clinicopathology was also
explained in detail. Overall, the high expression of CDCA
emerges as a potential biomarker for tumor aggressiveness
and patient outcomes.

CDCA8 was overexpressed in human Embryonic Stem
Cells (hESCs) and tumor cells. Activating of its transcrip-
tion process contributed to the rapid cell growth [27] and the
knocking down of CDCA8 expression reduced the prolifera-

tion of hESCs and melanoma cells [23, 27]. Also, phospho-
rylation and activation of CDCA8 played a significant role in
human lung carcinogenesis [21]. Inhibition of CDCA8 ex-
pression reduced melanoma cell proliferation and invasion
via the ROCK signaling pathway [23]. In osteosarcoma cells,
the CDCA8 expression was repressed by P53/Rb signaling
[32]. In a bladder cancer bioinformatics study, cell cycle and
P53 signaling pathways were identified as downstream tar-
gets of CDCA8 and overexpression of CDCA8 was signifi-
cantly correlated with mutations of RB1 and P53 gene muta-
tions [33].

To gain insight into the mechanistic aspect of CDCA8
in EC pathogenesis, we conducted GSEA using TCGA pub-
licly available data. Our results suggested that CDCA8 may
participate in regulating the proliferation of tumor cells by
influencing a variety of biological processes associated with
cell division such as oocyte meiosis and cell cycle. More-
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Fig. 4. The biological processes and signaling pathways of CDCA8 as determined by Gene set enrichment analysis (GSEA). CDCA8, cell division
cycle associated 8.

over, our data suggested that CDCA8 is closely related to
multiple signal pathways involved in cell proliferation and
tumorigenesis, including insulin signaling pathway, ERBB
signaling pathway, P53 signaling pathway, WNT signaling
pathway, VEGF signaling pathway, NOTCH signaling path-
way, MAPK signaling pathway and MTOR signaling path-
way. There are mainly two signaling pathways that regu-
late cell cycle: Rb regulation pathway and P53 regulation
pathway. In the Rb regulatory pathway, growth factors bind
the corresponding receptors and promote cyclin expression.
Cyclin binds to the corresponding cyclin-dependent kinase
(CDK) to form complexes that promote phosphorylation of
Rb protein releases nuclear transcription factor E2F and free
E2F enters the nucleus to promote downstream genes tran-
scriptional expression. In the p53 regulatory pathway, p53
plays an important role mainly at the G1 checkpoint. The
most commonmechanism and the pathway are that p53 binds
to the promoter region of P21 as a transcription factor and
activates the transcription of the P21 gene. When the cell
DNA is damaged, the expression level of the P21 gene is in-
creased under the induction of p53, which inhibits CDK ac-
tivity, prevents the cell from entering the S phase from the
G1 phase and stops the cell in the G1 phase. The knocking
down of CDCA8 has also been shown to induce cell cycle ar-
rest in previous studies [15, 33] and CDCA8 expression was

repressed by P53/Rb signaling [32]. WhetherCDCA8plays a
role by affecting the cell cycle through the P53/Rb signaling
pathway in EC requires further experimental confirmation.
Although we have demonstrated that high CDCA8 expres-
sion is a potential biomarker for tumor aggressiveness and
patient outcomes, the major limitations of our study should
be noted. As our results were based on bioinformatic anal-
ysis, further experimental validation needs to be carried out
in the future to verify the biological significance of CDCA8
expression in EC.

In conclusion, the present study applied detailed bioinfor-
matics analysis on global, publicly available data and exam-
ined the role ofCDCA8 inEC.CDCA8was upregulated in EC
patients compared to normal tissue and correlatedwithworse
clinicopathological features and overall survival. GSEA anal-
ysis suggested several interesting biologic pathways that may
be involved in EC pathogenesis. Further studies are war-
ranted to decipher the mechanistic role of CDCA8 in EC.
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