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by regulating cell cycle and P53/Rb signaling pathway
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Abstract: Objective: Cell division cycle associated 8 (CDCA8) is over-expressed in a variety of tumors and associ-
ated with tumor progression. Nevertheless, the role of CDCA8 in endometrial cancer (EC) is unclear. Therefore, this 
study aimed to assess the role and mechanism of CDCA8 in EC. Methods: Immunohistochemical staining was used 
to evaluate CDCA8 expression in EC, and its relationship with clinicopathology was analyzed. CDCA8 was knocked 
down or over-expressed to study its effects on cell biological behaviors. Furthermore, the feasible mechanisms of 
CDCA8 were examined by Western blot. Results: CDCA8 was significantly upregulated in EC tissue (P<0.05) and 
related to worse tumor grade, Figo stage, tumor (T) stage, and deep myometrial invasion (P<0.05). CDCA8 knock-
down inhibited EC cell activities, promoted apoptosis and induced cell cycle arrest (P<0.05), which were reversed 
by CDCA8 over-expression (P<0.05). Besides, CDCA8 knockdown inhibited the growth of xenograft tumors in nude 
mice (P<0.05). Furthermore, CDCA8 may affect cell cycle and P53/Rb signaling pathway in EC cells. Conclusion: 
CDCA8 plays a role in the pathogenesis of EC and may be a target for EC treatment.

Keywords: Cell division cycle associated 8, endometrial cancer, cell proliferation, apoptosis, cell cycle, therapeutic 
target

Introduction

Endometrial cancer (EC) is a malignance in 
female genital system [1]. In recent years, the 
morbidity and mortality of EC have been on the 
rise worldwide, and the patients tend to be 
younger, posing a severe threat to women’s 
health [1, 2]. It is estimated that new EC cases 
per year in the United States will double to 
122,000 by 2030 [3]. The 5-year survival rate 
is 18% in metastatic patients and 17% in 
patients with relapsed or locally advanced EC 
[4, 5]. With the development of modern medi-
cine, early diagnosis, surgery, chemotherapy 
and radiotherapy can significantly improve the 
treatment outcomes, but there is still a lack of 
efficient program for EC patients with early fer-
tility preservation and late relapse [6, 7]. Tumor 
stage, grade, histological subtype, deep mus-
cular invasion and lymph-vascular space inva-
sion are indicators for EC prognosis [8]. In 
recent years, The Cancer Genome Atlas (TCGA) 

molecular classification of EC has shown a high 
prognostic value [9]. At present, there is no reli-
able early diagnosis and therapeutic target for 
EC. So, it is urgent to search for new biomarker 
for the early diagnosis of EC and identify poten-
tial therapeutic targets.

Cell division is essential for development, and 
its abnormality is involved in various diseases 
[10]. Cell division cycle associated 8 (CDCA8) 
modulates mitosis and cell division through cor-
rection of kinetochore binding error and stabili-
zation of bipolar spindle [11-13]. It is highly 
expressed in tumors and lowly in normal cells 
[14]. In breast cancer cells, CDCA8 knockdown 
could inhibit cell growth, which was accompa-
nied by an increase in apoptosis-related mole-
cules [15]. CDCA8 is also involved in tumor pro-
gression in bladder cancer and breast cancer 
[16, 17]. It has been reported that CDCA8 is 
over-expressed in colorectal cancer and cuta-
neous melanoma, and CDCA8 is associated 
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with the tumor growth, progression and poor 
prognosis in both tumors [18, 19]. However, its 
function and mechanism in EC remain obscure.

To investigate the role of CDCA8 in EC, we ana-
lyzed its expression in EC and correlation with 
clinicopathological features. In addition, CDCA8 
level was manipulated in EC cells through gene 
knockdown and overexpression to assess the 
mechanism.

Materials and methods

Immunohistochemical staining (IHC)

Retrospectively, 28 normal non-cancerous en- 
dometrial tissue samples and 54 EC tissue 
samples (from 2017 to 2020) were collected 
from Qilu Hospital of Shandong University. The 
inclusion criterion was tissue from patients 
with EC undergoing primary surgery, and the 
exclusion criterion was tissue from patients 
with recurrence or undergoing chemoradiother-
apy. All sample collections were approved by 
the Experimental Ethics Committee of Qilu 
Hospital, Shandong University (approval No. 
KYLL-202011-052). The tissue blocks were 
fixed in 4% paraformaldehyde for 24 h to pre-
pare paraffin sections. Paraffin-embedded tis-
sue sections with a thickness of 4 μm were 
dewaxed using xylene and dehydrated with 
graded ethanol. Retrieval of antigen was pur-
sued upon incubation with TE buffer at 95°C  
for 15 min. After interdicting the endogenous 
peroxidase activity with 0.3% H2O2, goat ser- 
um (Reagent A, Zhongshan Jinqiao SP-9000 
general SP kit, Beijing, China) was added to 
block non-specific antigens for 20 min. There- 
after, sections were incubated with a rabbit 
polyclonal antibody against human CDCA8 (pro-
teintech, 12465-1-AP, 1:200) at 4°C overnight. 
After hatching with biotin-labeled goat anti- 
rabbit IgG polymer (Reagent B, Zhongshan 
Jinqiao SP-9000 general SP kit, Beijing, China) 
and horseradish-labeled streptomycin (Rea- 
gent C, Zhongshan Jinqiao SP-9000 general SP 
kit, Beijing, China) at 37°C for 30 min, DAB 
reagent (Zhongshan Jinqiao, Beijing, China) 
was used for positive staining of respective 
slides. A counterstain with hematoxylin (So- 
larbio, Beijing, China) was also performed. 
CDCA8 levels, detected in the different sec-
tions, were quantified by Image-Pro Plus soft-
ware 6.0, according to the ratio of integrated 
optical density (IOD) and area, also known as 

mean optical density (IOD/area). Each sample 
was tested 3 times.

Cell lines and culture

For EC cell lines, Ishikawa cells were main-
tained in RPMI 1640 medium (Gibco, Waltham, 
MA USA), while KLE cells in DMEM/F12 medi-
um (Gibco).

SiRNAs and plasmid transfection

CDCA8 small interfering (si)-RNAs si-CDCA8- 
82, si-CDCA8-269 and si-CDCA8-623 (Gene- 
Pharma, Shanghai, China) were applied to 
knockdown CDCA8. A non-targeting siRNA  
(si-NC) (GenePharma, Shanghai, China) was 
used as control. The CDCA8 siRNAs sequenc-
es: si-CDCA8-82, 5’-CGACCGUGAAGUGGAAA- 
UATT-3’; si-CDCA8-269, 5’-CUGGAUAUCACCG- 
AAAUAATT-3’; si-CDCA8-623, 5’-GAGCGGAUU- 
UACAACAUCUTT-3’ and negative control (si-NC) 
5’-UUCUCCGAACGUGUCACGUTT-3’. The CDCA8 
over-expressed plasmid (pCMV-CDCA8) and 
empty vector plasmid CON468 (pCMV-NC) we- 
re from Jikai Company (Shanghai, China). 
CDCA8 siRNAs and plasmid were transfected 
into Ishikawa and KLE cells using Lipo8000 
(Beyotime, Beijing, China) according to the 
manufacture’s protocol at room temperature. 
During siRNA transfection, 100 pmol siRNA and 
4 μL Lipo8000 were seeded in each well of a 
six-well plate. During plasmid transfection, 2.5 
μg plasmid and 4 μL Lipo8000 were seeded in 
each well of a six-well plate. Cells were collect-
ed 48 h after transfection, and the cell trans-
fection efficiency was assessed by RT-qPCR 
and Western blotting.

Reverse transcription quantitative PCR (RT-
qPCR)

RNA was extracted and transcribed into cDNA, 
followed by PCR at 37°C for 60 min, then  
85°C for 10 min, and finally kept at 4°C. The 
primers were CDCA8 (F: 5’-CGGAGAGAGCCT- 
GCGATTAT-3’, R: 5’-AGATTTGGGCGAGACGGT- 
TG-3’) and GAPDH (F: 5’-GCACCGTCAAGGCTG- 
AGAAC-3’, R: 5’-TGGTGAAGACGCCAGTGGA-3’; 
BioSune, Shanghai, China). The cycle condi-
tions were set at 95°C for 30 sec, followed by 
40 cycles of 95°C for 5 sec, 62°C for 30 sec 
and 72°C for 40 sec. The last step was 95°C  
for 15 sec and 60°C for 1 min. 2-ΔΔCT method 
was applied to assess the relative level of 
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CDCA8 [20]. Each experiment was repeated in 
triplicate.

Western blotting

Cells were collected and lysed in RIPA  
(radio immunoprecipitation assay) lysis buffer 
(Beyotime, P0013B, Beijing, China) to isolate 
proteins, which were quantified using a BCA 
protein kit (Beyotime, Beijing, China). The  
proteins were then separated using SDS-PAGE 
and subjected to western blot analysis using 
antibodies against CDCA8 (proteintech, 12465-
1-AP, 1:1000 dilution), cyclinA (Santa Cruz, 
sc-271682, 1:200 dilution), cyclinB1 (Santa 
Cruz, sc-245, 1:200 dilution), cyclinD1 (Santa 
Cruz, sc-8396, 1:200 dilution), CDK6 (Santa 
Cruz, sc-7961, 1:200 dilution), CDC2 (Santa 
Cruz, sc-54, 1:200 dilution), Rb (Santa Cruz, 
sc-102, 1:200 dilution), P53 (Santa Cruz, 
sc-126, 1:200 dilution) and HRP-labelled sec-
ondary antibody (Thermo Fisher Scientific, 
31430, 1:5000 dilution).

MTT assay

Ishikawa and KLE cells were inoculated into five 
replicate wells of 96-well plates (2×103 cells/
well), and cultured for 5-8 days. Cell viability 
was detected every 24 h (at 24, 48, 72, 96, 
120, 144, 168, and 192 h). Next, 10 μL of MTT 
solution (5 mg/mL, Thermo Fisher Scientific, 
M6494) was added to each well, followed by 
incubation for 4 h. The MTT solution was then 
discarded, and DMSO was added to each well 
for 10 min. The absorbance of each well was 
measured at 490 nm using a microplate reader 
(Tecan Austria GmbH, 30050303, Austria). 

Colony formation assay

Cell suspensions were seeded into 6-well 
plates and cultured for 10 days. The cell colo-
nies were rinsed 3 times, fixed with methanol 
for 15 min, and dyed with 1% crystal violet 
(Solarbio, Beijing, China) for 30 min at room 
temperature. After washing, cell colonies in 
each group were counted.

Wound healing assay

The Ishikawa and KLE cells in 6-well plates 
(5×105 cells/well) were cultured, and a scraping 
device (pipette) was used to form a scratch fol-
lowed by washing and observation at 0 h and 
24 h under a fluorescent inverted microscope 

(Nikon, Ti-E, JPN). The scratch width was calcu-
lated as the mobility ratio = (0 h scratch width 
- 24 h scratch width)/0 h scratch width. 

Transwell assay

Cells were harvested without FBS and inocu-
lated in the upper chamber of transwell (8 μm 
pore size; Corning Costar, MA, USA) with or 
without Matrigel (BD Biosciences, CA, USA) at a 
density of 1.5×105 cells per well. The medium 
was placed in lower chamber, and cells were 
transferred to lower chamber. After incubation, 
the cells were fixed with methanol for 15 min 
and dyed with crystal violet (Solarbio, Beijing, 
China) for 30 min at room temperature. Five 
distinct optical fields were randomly assess- 
ed with the fluorescent inverted microscope 
(Nikon, Ti-E, JPN) at 100× magnification. All 
tests were performed in triplicate.

Cell cycle assay

Cells were rinsed with PBS, resuspended with 1 
mL of DNA staining solution and 10 μL permea-
bilization solution (Multi Sciences, Hangzhou, 
China) after centrifugation (800 rpm, 5 min,  
at room temperature), and reacted for 30 min 
before detection. The cell cycle was examined 
by FACSCalibur flowcytometry (Beckman Cou- 
lter Inc., A00-1-1102, USA). The results were 
analyzed using the FlowJo X 10.0.7 (BD 
Biosciences).

Cell apoptosis assay

Cells were digested, washed and added with 
100 μL of 1× binding buffer, 5 μL of Annexin 
V-APC and 5 μL of 7-AAD (Becton, Dickinson 
and Company, USA) to measure the apoptosis 
using FACS Calibur flow cytometer (Beckman 
Coulter Inc., A00-1-1102, USA).

Xenograft experiments

To establish stable cell lines, the cells were 
infected with lentivirus carrying shRNA target-
ing CDCA8 (sh-CDCA8; Jikai Company, 96461-
1, Shanghai, China) or negative control pre- 
cursor (sh-NC; Jikai Company, LVCON313, 
Shanghai, China). The target sequence of 
CDCA8 (sh-CDCA8) was 5’-GAGCGGATTTACAA- 
CATCT-3’. The negative control (sh-NC) se- 
quence was 5’-TTCTCCGAACGTGTCACGT-3’. The 
amount of lentivirus in the sh-NC group was  
0.8 μL and the lentivirus titre was 2.5×109 TU/
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mL. At 72 h after transfection, the cells were 
treated with purinomycin (Sigma-Aldrich) (0, 1, 
2.5, 5, 7.5, 10 μg/mL), and the minimum effec-
tive concentration of purinomycin was deter-
mined to be 5 μg/mL. So, the cells were cul-
tured with 5 μg/mL purinamycin for seven days 
to obtain stable cell line. 

The animal experiments were performed accor- 
ding to the Animal Experimental Ethics Com- 
mittee guidelines of Qilu Hospital, Shandong 
University (approval No. 21095). A total of 10 
female BALB/c nude mice (4 weeks old, 18-20 
g) were purchased from GemPharmatech 
(Jiangsu, China). Ishikawa cells stably express-
ing sh-NC and sh-CDCA8 were digested, and 
200 μL Ishikawa cell resuspension solution 
was subcutaneously injected into the axilla 
area of the mice at a density of 5×107 cells/
mouse. Tumor volume = 0.5× (width)2 × length. 
All mice were euthanized by cervical dislocation 
32 days after injection.

Statistical methods

GraphPad Prism Version 8.0.1 (GraphPad 
Software, USA) was used for data processing. 
The data were shown as mean ± SD and ana-
lyzed by Student’s t-test or two-way ANOVA, fol-
lowed by Sidak’s multiple comparisons post-
test. P<0.05 refers to a significant difference.

Results

CDCA8 was over-expressed in EC and associ-
ated with worse clinicopathological character-
istics

An increased expression of CDCA8 protein was 
revealed in EC tissue samples (Figure 1B) com-

pared with non-cancerous endometrial sam-
ples (Figure 1A; P<0.05, Figure 1C). According 
to the median value, patients with EC were 
divided into a high CDCA8 group and a low 
CDCA8 group. Then, we analyzed the relation-
ship between CDCA8 protein expression and 
clinicopathological features of EC. As shown in 
Table 1, up-regulated expression of CDCA8  
protein was correlated with advanced Figo 
stage, T stage and tumor grade (P<0.05). 
CDCA8 was significantly upregulated in serous 
carcinoma relative to that in endometrioid car-
cinoma (P<0.05). CDCA8 was higher in pa- 
tients with myometrial invasion greater than 
1/2 than in those with less than 1/2 (P<0.05). 
The age of EC patients and the presence of  
lymphatic metastasis and distant metastasis 
were not associated with CDCA8 expression. 
This may be related to small patients number 
with lymphatic and distant metastasis.

CDCA8 knockdown and over-expression in 
Ishikawa and KLE cells

CDCA8 was knocked down by siRNA transfec-
tion and over-expressed by plasmid transfec-
tion. Significantly reduced CDCA8 was observ- 
ed in Ishikawa and KLE cells after si-RNA-623 
transfection (P<0.05). Follow-up experiments 
were performed with si-CDCA8-623 (si-CDCA8). 
The CDCA8 expression was significantly pro-
moted in Ishikawa and KLE cells after plasmid 
transfection (P<0.05). At a mRNA level, CDCA8 
knockdown efficiency in Ishikawa and KLE cells 
was 68.72% and 97.12%, respectively, and the 
over-expression efficiency of CDCA8 in Ishika- 
wa and KLE cells was over 700% and 500%, 
respectively (Figure 2A). At a protein level, the 

Figure 1. Immunohistochemical examination of CDCA8 expression in normal endometrial tissue and EC tissue. A: 
Representative images of CDCA8 protein expression in normal endometrial tissue (200×); B: Representative images 
of CDCA8 protein expression in EC tissue (200×); C: Differential expression of CDCA8 protein in normal endometrial 
tissue and EC tissue. Compared with the normal group, ***P<0.001. CDCA8: cell division cycle associated 8; EC: 
endometrial cancer. Scale bar: 50 μm.
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Table 1. Association between CDCA8 and clinicopathologi-
cal characteristics of EC
Clinicopathological 
characteristics Total (N)

CDCA8 expression (N)
P-value

High Low
Age 54
    >60 14 11 0.413
    ≤60 13 16
Figo stage
    IA 38 8 16 0.023
    IB 10 4
    IA 54 8 16 0.028
    IB-IV 19 11
    I 54 18 20 0.551
    II-IV 9 7
Tstage
    T1a 38 8 16 0.023
    T1b 10 4
    T1a 54 8 16 0.028
    T1b-T4 19 11
    T1 54 18 20 0.551
    T2-T4 99 7
Grade
    G1 37 3 10 0.011
    G3 16 8
    G1 54 3 10 0.038
    G2+G3 23 18
M stage 54
    M0 25 27 0.957
    M1 1 1
N stage 54
    N0 20 26 0.100
    N1+N2 6 2
Histology 54
    endometroid 16 24 0.043
    non-endometroid 10 4
Myometrialinvasion 54
    >1/2 12 5 0.040
    <1/2 15 22
Note: CDCA8: cell division cycle associated gene 8; EC: endometrial 
cancer; N: number.

knockdown efficiency of CDCA8 in Ishikawa 
and KLE cells was 71.39% and 76.93%, respec-
tively, and the over-expression efficiency of 
CDCA8 in Ishikawa and KLE cells was over 90% 
and 150%, respectively (Figure 2B).

CDCA8 promoted EC cells proliferation

As seen in Figure 3A and 3B, CDCA8 knock-
down suppressed the proliferation of Ishikawa 
and KLE cells and reduced the clonogenic abil-

ity (P<0.05). However, CDCA8 over-
expression increased the prolifera- 
tion rate and clonogenic ability of 
Ishikawa and KLE cells (P<0.05, 
Figure 3C and 3D). Furthermore, to 
investigate the effect of CDCA8 on 
tumor growth in vivo, Ishikawa and 
KLE cell lines with stable knockdown 
of CDCA8 were obtained by lentivirus 
transfection (Figure 4A). Transfection 
of sh-CDCA8 significantly restrained 
the expression of CDCA8 in Ishikawa 
and KLE cells, and the CDCA8 knock-
down efficiency was higher in Ishikawa 
cells than in KLE cells (P<0.05, Figure 
4B and 4C). Ishikawa cells with sh-
CDCA8 and the corresponding control 
were subcutaneously injected into 
nude mice, and IHC staining confirm- 
ed that the CDCA8 expression was 
inhibited (P<0.05, Figure 4F). CDCA8 
knockdown significantly inhibited xe- 
nografted tumor growth (Figure 4D) 
and resulted in reduced tumor mass 
and tumor weight (P<0.05, Figure 4E). 
Collectively, our data revealed that 
CDCA8 promoted EC cells prolifera-
tion, and knockdown of CDCA8 inhib-
ited EC cells growth.

CDCA8 knockdown inhibited EC cell 
migration and invasion abilities

As shown in Figure 5A and 5D, si-
CDCA8 significantly inhibited the cell 
migration ability (P<0.05) with lower 
number of migrated and invaded cells 
(P<0.05, Figure 5B, 5C, 5E and 5F). 
While CDCA8 over-expression promot-
ed the cell migration and invasion abil-
ity. Wound healing assay showed that 
cell migration ability in pCMV-CDCA8 
group was significantly higher than 
that in pCMV-NC group (Figure 6A and 
6D). Transwell assay showed that the 

number of migration and invasive cells in 
pCMV-CDCA8 group was higher than that in 
pCMV-NC group (P<0.05, Figure 6B, 6C, 6E and 
6F).

CDCA8 knockdown promoted the apoptosis of 
EC cells while CDCA8 over-expression inhibited 
EC cell apoptosis

As shown in Figure 7A-C, si-CDCA8 increased 
the cell apoptosis (P<0.05), with lower apopto-
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Figure 2. CDCA8 knockdown and over-expression in endometrial cancer Ishikawa and KLE cells. A: Three siRNAs 
transfection inhibited CDCA8 mRNA expression, while plasmid transfection promoted CDCA8 mRNA expression in 
Ishikawa and KLE cells; B: Three siRNAs transfection inhibited CDCA8 protein expression while plasmid transfec-
tion promoted CDCA8 protein expression in Ishikawa and KLE cells. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001. 
CDCA8: cell division cycle associated 8; NC: negative control; si: small interfering (RNA); pCMV: plasmid.

sis in pCMV-CDCA8 group than that in pCMV-
NC group (P<0.05, Figure 7D-F), indicating that 

down-regulation of CDCA8 could promote cell 
apoptosis.
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Figure 3. Effect of CDCA8 on the proliferation of endometrial cancer Ishikawa and KLE cells. A: CDCA8 knockdown 
reduced the proliferative capacity of Ishikawa and KLE cells; B: CDCA8 knockdown reduced the clonogenic ability of 
Ishikawa and KLE cells; C: CDCA8 over-expression promoted the proliferative capacity of Ishikawa and KLE cells; D: 
CDCA8 over-expression promoted the clonogenic ability of Ishikawa and KLE cells. *P<0.05, **P<0.01, ***P<0.001, 
****P<0.0001. CDCA8: cell division cycle associated 8; NC: negative control; si: small interfering (RNA); pCMV: plas-
mid.
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Figure 4. CDCA8 gene stable knockdown inhibits EC cell tumor growth in nude mice xenografts. A: GFP expression 
in Ishikawa and KLE cells under fluorescence microscope after lentivirus transfection (100×); B: Lentivirus trans-
fection inhibited the expression of CDCA8 mRNA in Ishikawa and KLE cells; C: Lentivirus transfection inhibited the 
expression of CDCA8 protein in Ishikawa and KLE cells; D: Xenograft tumor model in nude mice subcutaneously 
injected with Ishikawa cells with stable knockdown of CDCA8 or the control; E: Volume and weight of tumors from 
mice subcutaneously injected with Ishikawa cells with stable knockdown of CDCA8 or the control; F: CDCA8 im-
munohistochemical staining of xenograft tumors (200×) and statistical analysis. *P<0.05, **P<0.01. CDCA8: cell 
division cycle associated 8; NC: negative control; sh: short hairpin (RNA); GFP: green fluorescent protein.

CDCA8 knockdown induced cell cycle arrest of 
EC cells

The proportion of cells in the G0/G1 phase was 
reduced, while the proportion of cells in  
the G2/M phase was increased after CDCA8 
knockdown in Ishikawa and KLE cells (P<0.05, 
Figure 8A and 8B), without difference between 
the CDCA8 over-expression group and the con-
trol group (Figure 8C and 8D). It is indicated 
that CDCA8 knockdown could induce G2/M 
phase arrest in Ishikawa and KLE cells.

Mechanism of CDCA8 in EC cells

After CDCA8 knockdown, the expressions of 
cyclin D1, cyclin A and CDK6 were reduced, and 
the expressions of cyclin B1 and CDC2 were 
increased in Ishikawa and KLE cells (P<0.05, 
Figure 9A and 9B). However, cyclin A was 
increased after CDCA8 over-expression (P< 
0.05, Figure 9C and 9D). This indicates that 
CDCA8 over-expression could promote cell  
DNA synthesis. In addition, the expression lev-
els of signaling pathway molecules P53 and  
Rb were also examined. It was observed that 
their expression were increased in the CDCA8 
knockdown group, and decreased in the CDCA8 
over-expression group (P<0.05, Figure 10), 
indicating that CDCA8 may regulate P53/Rb 
signaling pathway.

Discussion

CDCA8 participates in the modulation of cell 
division [11]. It has been observed that CDCA8 

is over expressed in several malignant tumors, 
including EC, and is closely associated with 
poor pathological stage, grade, distant, lym-
phatic metastasis and prognosis in patients 
[21]. However, the biological function of CDCA8 
in EC has not been established. Initially, we 
found higher CDCA8 level in EC tissue, which 
was related to worse tumor grade, Figo stage, 
tumor (T) stage, deep myometrial infiltration. 
CDCA8 is involved in cell growth [14]. The 
expression of CDCA8 was up-regulated in hepa-
tocellular carcinoma, and CDCA8 knockdown 
inhibited hepatocellular carcinoma cell growth 
and monoclonal formation, affected cell cycle 
and promoted cell apoptosis. Therefore, CDCA8 
may be an effective therapeutic target for he- 
patocellular carcinoma [22]. CDCA8 was also 
essential for lung cancer cell growth, and over-
expression of CDCA8 could promote lung can-
cer cell growth [23]. In addition, CDCA8 knock-
down could reduce the proliferation of human 
embryonic stem cells [14]. In pancreatic can-
cer, knockdown of KIF23 inhibited pancreatic 
cancer cell growth by affecting CDCA8 levels 
[24]. In ovarian cancer and glioma, knockdown 
of CDCA8 could inhibit tumor cell growth [25, 
26]. Our results exhibited that knockdown of 
CDCA8 significantly inhibited EC cell growth 
and colony formation, which were reversed  
by CDCA8 over-expression. Similarly, animal 
experiments confirmed that knockdown of 
CDCA8 inhibited the growth of xenografts in 
nude mice. These findings indicated that 
CDCA8 may be a target for the treatment of EC.
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Figure 5. CDCA8 knockdown inhibits the migration and invasion of EC cell lines. A, D: Representative micrographs of 
wound healing assays in Ishikawa and KLE cells (100×) and their migration rates; B, E: Representative micrographs 
of Transwell cell migration experiments in Ishikawa and KLE cells (100×) and their quantitative statistical results; 
C, F: Representative micrographs of Transwell cell invasion experiments in Ishikawa and KLE cells (100×) and their 
quantitative statistical results. *P<0.05, ***P<0.001, ****P<0.0001. CDCA8: cell division cycle associated 8; EC: 
endometrial cancer; NC: negative control; si: small interfering (RNA); pCMV: plasmid. Scale bar: 100 μm.

CDCA8 is not only an oncogene that promotes 
tumor genesis and development, but also 
essential for tumor invasion and metastasis 
[27]. In this study, knockdown of CDCA8 signifi-

cantly inhibited EC cell abilities, which was 
reversed by CDCA8 over-expression. CDCA8 
over-expression could promote cell abilities in 
lung cancer [23] and glioma [26]. Previous 
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Figure 6. CDCA8 over-expression promotes the migration and invasion of EC cell lines. A, D: Representative micro-
graphs of wound healing assays in Ishikawa and KLE cells (100×) and their migration rate; B, E: Representative mi-
crographs of Transwell cell migration experiments in Ishikawa and KLE cells (100×) and their quantitative statistical 
results; C, F: Representative micrographs of Transwell cell invasion experiments in Ishikawa and KLE cells (100×) 
and their quantitative statistical results. **P<0.01, ***P<0.001, ****P<0.0001. CDCA8: cell division cycle associated 
8; EC: endometrial cancer; NC: negative control; pCMV: plasmid. Scale bar: 100 μm.

studies have found association of high CDCA8 
expression with lymph node metastasis in cuta-
neous melanoma [19]. Li et al. found an asso-
ciation of high CDCA8 expression with lymphat-
ic and distant metastasis in EC [21]. Liu et al. 
found relation of CDCA8 gene with EC progres-
sion and prognosis [28]. These findings are 

consistent with the findings in our study, sug-
gesting that CDCA8 up-regulation could pro-
mote EC cell migration and invasion and lead to 
poor prognosis.

In bladder cancer, knockdown of CDCA8 could 
inhibit cell growth and induce cell apoptosis 
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Figure 7. Effect of CDCA8 on the apoptosis of endometrial cancer Ishikawa and KLE cells. A: CDCA8 knockdown 
promoted the apoptosis of Ishikawa cells; B: CDCA8 knockdown promoted the apoptosis of KLE cells; C: Apoptosis 
in Ishikawa and KLE cells after CDCA8 knockdown; D: CDCA8 over-expression reduced the apoptosis of Ishikawa 
cells; E: CDCA8 over-expression reduced the apoptosis of IKLE cells; F: Apoptosis in Ishikawa and KLE cells after 
CDCA8 over-expression. **P<0.01, ****P<0.0001. CDCA8: cell division cycle associated 8; NC: negative control; si: 
small interfering (RNA); pCMV: plasmid.

[29]. In osteosarcoma, knockdown of CDCA8 
significantly controlled cell growth by regulating 
cell cycle [30]. CDCA8 is an independent prog-
nostic factor for hepatocellular carcinoma. 
CDCA8 gene silencing significantly inhibited cell 
growth and resulted in G2/M phase arrest [31, 

32]. It was also found that CDCA8 was over-
expressed in ovarian cancer and involved in the 
occurrence, invasion and chemotherapy resis-
tance of ovarian cancer [25]. The over-expres-
sion of CDCA8 was found to promote cell prolif-
eration, while silencing of CDCA8 reversed this 
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Figure 8. Effects of CDCA8 on the cell cycle of EC cell lines. A: Cell cycle in Ishikawa cells with CDCA8 knockdown; 
B: Cell cycle in KLE cells with CDCA8 knockdown; C: Cell cycle in Ishikawa cells with CDCA8 over-expression; D: Cell 
cycle in KLE cells with CDCA8 over-expression. *P<0.05, **P<0.01, ***P<0.001. CDCA8: cell division cycle associated 
8; EC: endometrial cancer; NC: negative control; si: small interfering (RNA); pCMV: plasmid.

effect. So, CDCA8 silencing combined with 
olaparil may lead to some progress in the tar-
geted therapy of ovarian cancer [25]. CDCA8 
could also promote the cell behaviors of esoph-
ageal cancer [33]. This is consistent with the 
findings of flow cytometry in this study, which 
exhibited that CDCA8 over-expression inhibited 
EC cell apoptosis, while CDCA8 knockdown pro-
moted EC cells apoptosis and resulted in G2/M 
phase arrest.

Through GSEA analysis of EC data in TCGA, Li et 
al. found that CDCA8 could play a role by affect-
ing many biological processes related to cell 
activities [21]. The G1/S phase and G2/M 
phase are two key checkpoints in the cell cycle 
that regulate the transition of cells from one 
phase to another [34]. In general, cyclin, cyclin 
dependent kinase (CDK) and CDK inhibitor 
(CDKI) work together to regulate the cell cycle 
[35]. Various causes, such as increased expres-
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Figure 9. Effects of CDCA8 on the cell cycle-related proteins of EC cell lines. A and B: Western blot analysis of cell 
cycle-related protein expression in Ishikawa and KLE cells with CDCA8 knockdown; C and D: Western blot analysis 
of cell cycle-related protein expression in Ishikawa and KLE cells with CDCA8 over-expression. *P<0.05, **P<0.01, 
***P<0.001, ****P<0.0001. CDCA8: cell division cycle associated 8; EC: endometrial cancer; NC: negative control; si: 
small interfering (RNA); pCMV: plasmid.

Figure 10. Effects of CDCA8 on P53/Rb signaling pathway of EC cell lines. A and B: Western blot analysis of p53 
and Rb expression in Ishikawa and KLE cells with CDCA8 knockdown; C and D: Western blot analysis of P53 and Rb 
expression in Ishikawa and KLE cells with CDCA8 over-expression. **P<0.01, ***P<0.001, ****P<0.0001. CDCA8: cell 
division cycle associated 8; EC: endometrial cancer; NC: negative control; si: small interfering (RNA); pCMV: plasmid.
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sion of CDK or cyclin and decreased expression 
of CDKI, can cause cell cycle regulation disor-
der and excessive cell proliferation [36]. 
Activation of cyclin D and cyclin E promotes cell 
cycle from G1 phase to S phase transition. 
Cyclin D mainly binds to CDK4/CDK6 and medi-
ates G1 to S phase transition. Cyclin B can pro-
mote G2 phase to M phase. Cyclin A functions 
in the S phase, and cyclin A acts with CDK or 
CDKI to regulate S phase. CDC2, also known as 
cyclin-dependent kinase 2 (CDK2), promotes 
cell from S phase to G2/M phase transition.  
In this study, CDCA8 knockdown resulted in 
increased expression of cyclin B1 and CDC2 
(CDK2), and decreased expression of cyclin D1, 
CDK6 and cyclin A in EC samples, which are 
consistent with the G2/M phase arrest caused 
by CDCA8 knockdown in EC cells. On the con-
trary, CDCA8 over-expression resulted in in- 
creased expression of cyclin A in EC cells,  
while the expressions of cyclin B1, cyclin D1, 
CDC2 (CDK2) and CDK6 were not significantly 
changed. The expression of cyclin A increased 
after CDCA8 overexpression, but no changes in 
S phase were found after CDCA8 overexpres-
sion. The reason may be that although cyclin  
A functions in phase S, phase S alteration 

requires not only cyclin A, but also co-action 
with CDK and CDKI. These results imply that 
CDCA8 knockdown can lead to cell cycle arrest 
and inhibit DNA synthesis, but CDCA8 over-
expression can promote DNA synthesis and cell 
cycle progression.

In summary, CDCA8 is over-expressed in EC 
and related to clinical characteristics. CDCA8 
plays a role in the cell growth of EC through 
regulating cell cycle and P53/Rb signaling path-
way (Figure 11), indicating that it might be a 
target for the treatment of EC.
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