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Abstract. Cell division cycle 20 (CDC20) encodes a regulatory 
protein interacting with the anaphase-promoting complex/cyclo-
some (APC/C) in the cell cycle and plays important roles in 
tumorigenesis and progression of multiple tumors. The present 
study aimed to investigate the clinical significance of CDC20 
in hepatocellular carcinoma (HCC) and the role of CDC20 in 
the progression of HCC. By bioinformatics analysis, CDC20 
was found to be the major node in HCC molecular interaction 
networks. Quantitative PCR and western blot analyses were 
applied to examine CDC20 expression in 16 paired primary 
HCC tissues. Immunohistochemistry (IHC) was performed to 
examine CDC20 protein expression in 132 matched paraffin-
embedded HCC tissues and to analyze the relationship between 
CDC20 staining and clinical characteristics. Small interfering 
RNA (siRNA) targeting CDC20 was synthesized and trans-
fected into HepG2 cells to investigate the role of CDC20 in cell 
growth and the cell cycle. Results show that CDC20 expres-
sion was upregulated in HCC tissues compared to adjacent 
non-tumor liver tissues. In the 132 matched HCC tissues, high 
expression levels of CDC20 were detected in 68.18% HCC 
samples, and overexpression of CDC20 was positively corre-
lated with gender (P=0.013), tumor differentiation (P=0.000), 
TNM stage (P=0.012), P53 and Ki-67 expression (P=0.023 
and P=0.007, respectively). Cells transfected with CDC20 
siRNA showed a decrease in cell proliferation and increase in 
the number of cells in G2/M-phase. In conclusion, increased 
expression of CDC20 was demonstrated to be associated with 
the development and progression of HCC, and may be regarded 
as a promising therapeutic target for HCC.

Introduction

Hepatocellular carcinoma (HCC) which represents the major 
histological subtype of primary liver cancers, is the fifth most 
frequent cancer worldwide and the third leading cause of cancer 
mortality (1,2). The highest liver cancer rates are found in devel-
oping countries especially in East/South-East Asia and Middle/
Western Africa, whereas rates are low in South-Central, Western 
Asia, Northern and Eastern Europe (3). Genetic alteration and 
epigenetic high-risk factors such as chronic infection with HBV 
or HCV, hepatic cirrhosis, alcoholic liver disease and aflatoxins 
account for the high morbidity of HCC (4-6). However, the 
molecular mechanism accompanied by hepatocarcinogenesis 
and progression is still largely unclear. Thus, it is critical for 
us to clarify the etiology and investigate the vitally molecular 
alteration underlying hepatocellular carcinoma initiation and 
progression, and ultimately improve our current concepts for 
diagnosing, screening and treatment of this disease.

During the process of hepatocarcinogenesis, the abrogation 
of cell-cycle checkpoints is an important hallmark that may 
promote cancer formation (2). As one of the regulators of the 
cell cycle checkpoint, cell division cycle 20 (CDC20) appears 
to act as a regulatory protein interacting with the anaphase-
promoting complex/cyclosome (APC/C) in the cell cycle, which 
is required for anaphase initiation and late mitosis exit (7,8). Two 
regulatory factors, CDC20 and CDH1 directly bind to APC and 
activate its cyclin ubiquitination activity during mitosis and G1 
phase (9,10). It has been reported that the receptor-associated 
protein 80 (RAP80), which recruits BRCA1 to DNA damage 
sites in the ubiquitin signaling pathway induced by DNA 
damage, can be degraded by the anaphase-promoting complex 
(APC/C-Cdc20) or (APC/C-Cdh1) through polyubiquitination 
during mitosis to the G1 phase (11). The depletion of RAP80 
showed a defective control of G2-M phase checkpoint and 
promoted mitotic cell cycle progression.

CDC20 expression can be remarkably suppressed by 
p53 protein which inhibits malignant transformation through 
regulation of the cell cycle, cellular senescence and apoptosis 
related genes (12). High expression of CDC20 has been 
reported in various malignant tumors including pancreatic 
ductal adenocarcinoma (13), oral squamous cell carcinoma, 
gastric cancer (14), cervical cancer (15) and various cancer 
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cells (14,16). However, the expression pattern of CDC20 and 
its clinical significance in human hepatocellular carcinoma 
have not been clarified.

In this study, by analyzing the microarray dataset (acces-
sion no. GSE14520) from Gene Expression Omnibus (GEO) 
database (http://www.ncbi.nlm.nih.gov/geo/), we found  that 
CDC20 was the major node in HCC molecular interaction 
networks. We examined the expression level of CDC20 in 
primary HCC and adjacent non-tumor tissues, and evalu-
ated its clinicopathologic significance in 132 archived HCC 
samples. The effect of the knockdown of CDC20 by siRNA on 
the growth and cell cycle of liver cancer cells was also investi-
gated. Our findings suggest that CDC20 may play a significant 
role in the development of HCC.

Materials and methods

Bioinformatics analysis. Microarray dataset GSE14520 (17) 
was downloaded from GEO. A total of 183 HCC and 
179 corresponding para-carcinoma tissues that were assayed 
with Affymetrix U133A GeneChips from cohort 2 Chinese 
patients were used in this study. Gene expression profiling data 
was re-summarized using the RMA method (18) and Entrez 
gene-centric CDF files (19) (instead of original Affymetrix CDF 
files), which filtered non-specific probes on the GeneChips and 
merged multiple probe sets representing the same Entrez gene into 
one probe set. Significance analysis of microarray (SAM) (20) 
was performed to identify differently expressed genes between 
HCC and corresponding para-carcinoma tissues. Delta was set 
to 2.25, and the threshold of FDR was set to 0.001. Genes over-
expressed in HCC that were expressed in more than 50 HCC 
tissues but less than 10 corresponding para-carcinoma tissues 
were studied. The genes were further analyzed with GenCLiP 
software (21) (http://ci.smu.edu.cn) to annotate gene functions 
and construct molecular interaction networks.

Ethics statement. The clinical samples were used for 
research purposes only. Approval was obtained from the 
ethics committee of Chinese PLA General Hospital (LREC 
2012/40). All samples were collected under the condition of a 
prior written informed consent from the patients.

Patients and tissue samples. Sixteen pairs of fresh HCC and 
adjacent non-tumor tissues used for real-time PCR and western 
blot analyses were collected during surgery from the Chinese 
PLA General Hospital (Beijing, China) from November, 2012 
to February, 2013. Tissues were snap-frozen in liquid nitrogen 
until use. Paraffin-embedded, archived HCC and adjacent 
non-tumor tissues used for immunohistochemistry (IHC) 
were obtained from 132 HCC patients who underwent partial 
liver resection at the same hospital between January, 2006 and 
December, 2007. The median age of the patients was 52 years 
(range 24-80 years).

Cell culture. One normal liver cell line (LO2) and three HCC 
cell lines (HepG2, SMMC7721, Huh7) were purchased from 
the American Type Culture Collection (ATCC, Manassas, VA) 
or Chinese Academy of Science Cell Bank and were main-
tained in the Institute of Biotechnology, Academy of Military 
Medical Sciences. All cells were maintained in Dulbecco's 

modified Eagle's medium (DMEM, Invitrogen, CA) supple-
mented with 10% fetal bovine serum (FBS, Gibco, Carlsbad, 
CA) and 2 mM L-glutamine, 100 U/ml penicillin, 100 µg/ml 
streptomycin at 37˚C with 5% CO2.

RNA extraction, cDNA synthesis and real-time PCR analysis. 
Total RNA was extracted from cell lines and tissue samples 
using TRIzol reagent (Invitrogen) according to the manufac-
turer's instructions. A total of 2 µg RNA was reverse transcribed 
using the TransScript and cDNA Synthesis Kit from TransGen 
Biotech (Beijing, China). Real-time PCR was performed to 
examine CDC20 mRNA level in cell lines and tissue samples by 
using a Bio-Rad iQ5 Multicolor Real-Time PCR Detection 
System (Bio-Rad, Hercules, CA). β-actin was used as an internal 
control for normalization. PCR primers were designed using the 
Primer Premier 5 software and the sequences were: CDC20 
forward, 5'-TCGCATCTGGAATGTGTGCT-3'; and reverse, 
5'-CCCGGGATGTGTGACCTTTG-3'; β-actin forward, 
5'-TGACGTGGACATCCGCAAAG-3'; and reverse, 5'-CTGG 
AAGGTGGACAGCGAGG-3'. Expression data were normal-
ized to the geometric mean of the housekeeping gene β-actin 
and calculated with the ∆∆Ct (22) and results were expressed 
with 2-∆∆Ct.

Western blot analysis. Western blot analysis was performed 
under the standard protocol. SDS-polyacrylamide gel electro-
phoresis (10%) was used to separate the protein which was then 
electrotransferred from the gel to a polyvinylidene fluoride 
(PVDF) membrane. After blocking with 5% dried skim milk 
for 1 h, the membrane was incubated with rabbit anti-human 
CDC20 polyclonal antibody (1:1,000, Bioworld Technology, 
St. Louis Park, MN) for 1 h at room temperature. The 
mouse anti-human α-tubulin monoclonal antibody (1:5,000; 
Santa Cruz Biotechnology, Santa Cruz, CA) was used as an 
internal control. After washing with Tris-buffered saline with 
Tween-20 (TBST) three times, the membrane was incubated 
with secondary horseradish peroxidase-conjugated antibody 
against rabbit or mouse (dilution 1:5,000). Chemiluminescent 
detection was performed with the Immobilon Western 
Chemiluminescent HRP Substrate kit (Millipore Corporation, 
Billerica, MA).

Immunohistochemistry (IHC) and scoring. Immuno-
histochemistry for CDC20 expression in HCC and adjacent 
non-tumor samples was performed using standard methods. 
Briefly, tissue sections were incubated with rabbit anti-CDC20 
diluted 1:200 (Bioworld Technology) overnight at 4˚C. Bovine 
serum albumin (1%; BSA) without primary antibody was 
used as the negative control. The secondary poly-horseradish 
peroxidase (HRP) anti-rabbit IgG antibody (ZSGB-Bio, 
Beijing, China) was incubated in room temperature for 20 min.

All of the immunostained sections were reviewed and 
scored independently by two pathologists in a blinded manner 
without knowledge of the clinicopathological information, 
based on the H-score method, which considers the staining 
intensity together with the percentage of cells staining posi-
tively (23,24). For H-score method, 10 fields were chosen 
randomly at x400 magnification. The staining intensity in the 
cells was scored as 0, 1, 2 and 3 corresponding to the nega-
tive, weak, intermediate and strong staining, respectively. 
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In each field the total number of cells and cells stained at 
each intensity were counted. The H-score was calculated 
following the formula: (% of cells stained at intensity category 
1x1) + (% of cells stained at intensity category 2x2) + (% of cells 
stained at intensity category 3x3). H-scores varied from 0 to 
300 where 300 represented 100% of cells strongly stained (3+) 
(24). High CDC20 expression was defined as staining H-scores 
of cells ≥200.

Suppression of CDC20 by small interfering RNA (siRNA). 
Double-stranded, small interfering RNA (siRNA) was 
synthesized and purified by GenePharma (Shanghai, China). 
The subsequences corresponding to the coding region of 
human CDC20 were: sense, 5'-GGAGCUCAUCUCAGGCCA 
UUU-3'; antisense, 5'-AUGGCCUGAGAUGAGCUCCUU-3'. 
A scrambled non-targeting siRNA was used for the negative 
control. These siRNAs were dissolved in diethyl pyrocarbonate 
(DEPC) water to reach a concentration of 20 µM. Liver cancer 
HepG2 cells were treated with CDC20 siRNA or negative 
control siRNA in 20 nM by using the INTERFERin in vitro 
siRNA transfection reagent (Polyplus Transfection, New 
York, NY).

Quantitative real-time PCR and western blot analyses were 
used for detecting the interference effect of siCDC20. Cells 
that were untreated or treated with negative control siRNA 
oligonucleotides were the control groups.

Cellular proliferation assay. Two 25-cm2 plastic flasks were 
each inoculated with 2x105 liver cancer cells (HepG2), which 
were then transfected with 20 nM negative control siRNA 
and CDC20 siRNA, respectively, for 48-h incubation. Then, 
cells were digested and seeded into 6-well plates containing 
2 ml medium per well. Afterwards, the cells from a well 
were digested and counted by the automated cell counter 
(Invitrogen) every 24 h until day five.

Fluorescence-activated cell sorting (FACS) test of the 
cell cycle. siRNA for CDC20 and negative control siRNA 
oligonucleotides were transfected into HepG2 cells with the 
INTERFERin in vitro siRNA transfection reagent for 48 h. 
After treatment with 2 µg/ml thymidine (Sigma-Aldrich, 
St. Louis, MO) for 24 h, cells were harvested at 0, 3, 6, 9, 
12-h after removing thymidine from the medium and fixed 
with 70% alcohol. Prior to analyses, cells were washed with 
PBS, treated with 1 mg/ml RNase A at 37˚C for 30 min and 
then stained with propidium iodide (PI). Analyses were 
performed by BD FACSCalibur (Becton-Dickinson, Franklin 
Lakes, NJ) and results were analyzed by WinMDI Version 
2.9 software.

Statistical analyses. All statistical analyses were made using 
the IBM SPSS 20.0 statistical software package. One-way 
analysis of variance (ANOVA) was used to compare the 
expression of CDC20 mRNA normalized to β-actin in cell 
lines. The same method was also performed in comparing 
the histological differentiation in tumor tissues normalized to 
normal liver samples. Data comparisons in two groups were 
performed by Student's t-test. The χ2 test was used to analyze 
the relationship between CDC20 expression and clinicopatho-
logical features. Bivariate correlations between variables were 

calculated by Spearman's correlation coefficients. The level of 
statistic significance was set at P<0.05 for all tests.

Results

CDC20 is the major node in HCC molecular interaction 
networks. SAM analysis identified 4,358 genes overexpressed 
in HCC, in which 137 genes were expressed in more than 
50 HCC tissues, but in less than 10 para-carcinoma tissues. 
GenCLiP analysis showed that among the 137 genes, 72 genes 
were related to the cell cycle (P=1.238e-15, by χ2 test), 
19 genes were related to spindle assembly (P=2.172e-55, by 
χ2 test), and 26 genes were related to chromosome segrega-
tion (P=5.472e-55, by χ2 test). Among the molecular networks 
constructed with the 137 genes, CDC20 was the major node 
that has not been previously reported to be related with HCC. 
Nine genes (NEK2, E2F1, BUB1, BUB1B, AURKB, CCNB1, 
CCNB2, UBE2C and CDKN2A) are known to interact 
with CDC20, in which 7 genes were related with spindle 
assembly checkpoint (SAC) (Fig. 1). The target of the SAC is 
CDC20 (25). Thus, we inferred that in HCC, overexpression 
of CDC20 leads to absence of SAC, and cells rapidly become 
aneuploid.

CDC20 is overexpressed in HCC. Quantitative real-time PCR 
was used to examine transcript level of CDC20 in three HCC 
cell lines (HepG2, SMMC-7721 and Huh7), and one normal 
liver cell line (LO2). CDC20 mRNA level was higher in all the 
three HCC cell lines than that in the normal cell line (Fig. 2).

In order to determine whether the upregulation of 
CDC20 in HCC cell lines is similar in HCC patients, we 
performed quantitative real-time PCR on 16 pairs of 
matched HCC and adjacent normal liver tissues. As shown 
in Fig. 3A, CDC20 was found to be differentially overex-
pressed in 14 of all examined human primary HCC samples 
compared with non-cancerous samples from the same 
patients. Additionally, the tumor/non-tumor (T/NT) ratio of 
CDC20 mRNA expression was at least >2-fold in all these 
14 upregulated samples, and the highest ratio was even up to 
about 40-fold. The protein level of CDC20 was confirmed 
in all the 16 paired tissue samples by western blot analysis. 
Image J 1.47v software was used to quantize the grey level 
of each band and calculate the CDC20 T/NT ratio of each 
patient normalizing with α-tubulin. Results revealed that all 
examined HCC samples showed a higher expression level of 
CDC20 protein except sample 1 and sample 4, which was 
consistent with the mRNA level (Fig. 3B). These findings 
indicated that CDC20 was commonly upregulated in either 
HCC tissues or cell lines.

Immunohistochemistry staining of CDC20 protein. 
Immunohistochemistry (IHC) was performed to analyze 
the protein expression and localization of CDC20 in 
132 paraffin-embedded archived HCC tissue samples, 
including 14 cases of well differentiated, 78 cases of 
moderate differentiated and 40 cases of poor differenti-
ated tumors. CDC20 protein was upregulated (H-score 
≥200) in 90 (68.18%) of 132 HCC tissues. As shown in 
Fig. 4A, high levels of CDC20 were present in primary 
HCC lesions and the positive staining mainly localized in 
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cytoplasm and nuclei. In contrast, CDC20 was negatively 
or weakly stained in corresponding non-tumor tissues. By 
quantitatively comparing the scores of CDC20 staining 
between 132 archived HCC and adjacent non-tumor tissues 
(mainly including hepatocirrhosis and hepatitis), the scores 

of CDC20 staining was significantly increased in HCC 
samples compared to peritumoral samples (Fig. 4B). In 
addition, the scores of CDC20 staining was significantly 
increased along with the progression of tumor histological 
differentiation from well to poorly differentiated tissues 
(Fig. 5).

Correlation between increased CDC20 expression and 
clinicopathological parameters of HCC. The relationship 
between CDC20 protein expression and the clinicopathol-
igical features of 132 HCC patients was further analyzed. As 
summarized in Table Ι, CDC20 expression was significantly 
associated with gender (P=0.013), tumor differentiation 
(P=0.000), TNM stage (P=0.012), P53 and Ki-67 expression 
(P=0.023 and P=0.007, respectively). However, no statisti-
cally significant association was found between high CDC20 
expression and other clinicopathological characteristics 
including age, tumor size, HBV infection, serum AFP level, 
hepatic cirrhosis, vascular invasion and intra/extra hepatic 
metastasis. Spearman correlation analysis revealed that 
high expression of CDC20 was closely related with gender 
(R=0.215, P=0.013), poorer tumor differentiation (R=0.421, 
P<0.001), advanced TNM staging (R=0.218, P=0.012), 
higher expression level of p53 (R=0.212, P=0.014) and Ki-67 
(R=0.235, P=0.007) (Table II). Taken together, these results 

Figure 1. Molecular interaction network constructed with the 137 HCC overexpressed genes. The node with black border represents known HCC-related genes; 
the number on each edge indicates number of papers reporting the interaction of the two genes.

Figure 2. Expression analysis of CDC20 in cell lines. Analyzing CDC20 
mRNA expression in normal liver cell line LO2 and HCC cell lines (HepG2, 
SMMC7721, Huh7) by real-time reverse transcription PCR. Expression data 
were normalized by β-actin and analyzed with one-way analysis of variance 
(ANOVA). *P=0.002.
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indicated that CDC20 was highly expressed in HCC tissues 
and its expression closely correlated with the differentiation 
and progression of HCC.

Suppression of CDC20 expression by siRNA. The quan-
titative real-time PCR revealed 90% transcriptional level 
suppression of CDC20 at 48 h after transfection with 

Figure 3. Expression of CDC20 in fresh frozen HCC tissues. Expression of CDC20 mRNA and protein level in 16 pairs of HCC (T) and adjacent non-tumor 
tissues (NT) detected by (A) real-time PCR and (B) western blot analysis.

Figure 4. Immunohistochemistry (IHC) staining of CDC20 in HCC tissues. (A) IHC staining of CDC20 protein in paraffin-embedded HCC and adjacent non-tumor 
tissues (x400). (B) Statistical analysis of the average score of CDC20 staining between HCC tissues and corresponding non-tumor tissues. *P<0.05 (Student's t-test).
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siCDC20, comparing with untreated cells or cells transfected 
with negative control siRNA (Fig. 6A) (P<0.0001). The 
western blot analysis also showed an obvious suppression of 
CDC20 protein level at 48 h after transfection with siCDC20 
(Fig. 6B). The altered expression of cyclin-dependent kinase 
inhibitor 1A (p21) protein was also examined by western blot 
analysis, and the results showed that P21 protein level was 
remarkably upregulated owing to the suppression of CDC20 
(Fig. 6B).

Effect of CDC20 suppression on cell proliferation and the 
cell cycle. Cell proliferation assay revealed that the cell 
growth of CDC20 siRNA transfected cells was remarkably 
inhibited compared to the cells transfected with negative 
control siRNA (Fig. 6C). The inhibition of cell proliferation 

by siCDC20 was expected to be accompanied by the arrest 
at metaphase of the cell cycle. By flow cytometry test, an 
increased number of cells in the G2/M phase was observed 
in siCDC20 transfected cells compared to cells transfected 
with negative control siRNA (Fig. 6D). These data indicated 
that suppression of CDC20 inhibited cell growth by inducing 
G2/M phase arrest.

Discussion

Through bioinformatics analysis of a microarray dataset from 
GEO database, we identified CDC20 which was the major 
node in HCC molecular interaction networks, it was related 
with spindle assembly checkpoint (SAC) in cell cycle. During 
tumorigenesis, defects or disruption in the spindle assembly 

Figure 5. Immunohistochemistry (IHC) staining of CDC20 in poor, moderate and well-differentiated HCC tissues. (A) Representative images from immunohis-
tochemistry analyses of CDC20 expression in normal liver tissue and different histological differentiation of HCC tissues. (B) Statistical analyses of the average 
score of CDC20 staining between normal liver tissues and HCC tissues of different histological differentiation. *P<0.05 (one-way ANOVA).
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checkpoint were thought to be responsible for the increased 
rate of aneuploidization (26). Mondal et al have reported that 
CDC20 is overexpressed in primary head and neck tumors 
and several oral squamous cell carcinoma (OSCC) cell lines. 
High expression level of CDC20 in OSCC cells is associated 
with premature anaphase promotion, leading to mitotic abnor-

malities (27). Studies have also revealed that high CDC20 
expression is detected in oral squamous cell carcinoma and 
colorectal cancer tissues and its overexpression may predict a 
poor prognosis for patients (28,29).

CDC20 is also required for late anaphase cells to exit from 
mitosis (30). Targeting CDC20 results in blocking of mitosis 

Table Ⅰ. Correlations between high CDC20 expression and clinicopathological parameters in HCC patients.

 CDC20 expression
 --------------------------------------------------------------------------
Characteristics n=132 High (≥200) Low (<200) χ2 P-value

Gender    6.115 0.013a

  Male 102 64 38
  Female   30 26   4
Age (years)    3.683 0.162
  <40   22 16   6
  40-60   74 54 20
  >60   36 20 16
Tumor size (cm)    2.500 0.114
  ≤5   56 34 22
  >5   76 56 20
HBV    3.132 0.077
  Positive 116 76 40
  Negative   16 14   2
Serum AFP (µg/l)    2.084 0.149
  <400   76 48 28
  ≥400   56 42 14
Peritumoral tissue    3.067 0.080
  Cirrhosis 106 76 30
  Non-cirrhosis   26 14 12
Vascular invasion    0.076 0.783
  Positive   14 10   4
  Negative 118 80 38
Intra/extra hepatic metastasis    0.629 0.428
  Positive   24 18   6
  Negative 108 72 36
Tumor differentiation    27.605 0.000a

  Well   14 2 12
  Moderate   78 52 26
  Poor   40 36   4
TNM stage    6.286 0.012a

  Ⅰ-II 110 70 40
  III-IV   22 20   2
P53    7.550 0.023a

  -   58 34 24
  ≤50% +   52 36 18
  >50% +   22 20   2
Ki-67    7.266 0.007a

  ≤50% + 100 62 38
  >50% +   32 28   4

HBV, hepatitis B virus; AFP, alpha fetal protein; TNM, tumor/nodes/metastases. aStatistical significance.
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exit, which may be a better cancer therapeutic strategy for 
killing cancer cells more effectively than spindle-perturbing 
drugs (31). Wang et al reported that CDC20, which may function 
as an oncoprotein to promote the progression and develop-
ment of human cancers, represent a promising therapeutic 
target (32). Though the role of CDC20 in tumorigenesis and 
prognosis of several human cancers has been deeply researched 
and confirmed, limited studies have investigated the potential 
function of CDC20 in the initiation and progression of hepato-
cellular carcinoma.

In this study, we assessed the expression level of CDC20 
in 16 paired fresh frozen HCC tissues and corresponding 
non-tumor samples. The results indicated that the mean mRNA 
and protein level of CDC20 in HCC tissues were much higher 
than in matched non-tumor tissues. Immunohistochemistry 
was used for investigating the subcellular location of CDC20 
and its relationship with clinical pathological parameters 
of HCC patients. By using χ2 test, we found that higher 
CDC20 protein expression level was associated with gender, 
tumor differentiation, TNM stage, P53 and Ki-67 expres-
sion. To investigate the potential biological function and 

Table II. Spearman correlation analysis between CDC20 
expression level and clinicopathological factors.

 CDC20 expression
 --------------------------------------------------------------------------
Characteristics Correlation coefficient P-value

Gender 0.215 0.013
Age (years) -0.142 0.104
Tumor size (cm) 0.138 0.116
HBV -0.154 0.078
Serum AFP (µg/l) 0.126 0.151
Para-cancerous tissue 0.152 0.081
Vascular invasion 0.024 0.785
Intra/extra hepatic 0.069 0.432
metastasis
Tumor differentiation 0.421 <0.001
TNM stage 0.218 0.012
P53 0.212 0.014
Ki-67 0.235 0.007

Figure 6. Effect of CDC20 knockdown on the biological characteristics of cells. (A) Examining the suppression of CDC20 mRNA expression level by siRNA in 
HepG2 cells. Analysis was performed by real-time PCR. **P<0.01 (one-way ANOVA). (B) Examining the CDC20 and P21 protein level in HepG2 cells transfected 
with negative control siRNA and CDC20 siRNA compared with untreated cells by western blotting. (C) Effect of CDC20 knockdown on cell proliferation. HepG2 
cells treated with siCDC20 showed a remarkable inhibition in cell growth compared with si-control. *P<0.05 (Student's t-test). (D) Effect of CDC20 knockdown on 
the cell cycle. HepG2 cells transfected with siCDC20 or si-control were treated with 2 µg/ml thymidine for 24 h to synchronize at S phase. Cells were collected at 
each time point after release from cell cycle arrest and analysed by western blot and FACS analysis. **P<0.01 (Student's t-test).
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molecular mechanism of CDC20 in HCC, we designed a 
double-stranded, small interfering RNA (siRNA) targeting 
CDC20 to interfere with its expression level in the HepG2 
cell line. By cellular proliferation assay and FACS test, we 
found that cells transfected with siCDC20 oligonucleotides  
showed decreased growth speed and increased proportion of 
cells in G2/M stage.

The specific knockdown of CDC20 by siRNA showed a 
suppressed effect against liver cancer cell proliferation in vitro, 
which indicated that the overexpression of CDC20 might be 
expected to accelerate cell proliferation and promote tumor 
initiation and progression of HCC. The liver cancer cells with 
suppressed CDC20 expression were induced to accumulate 
in G2/M-phase, which may be responsible for the inhibition 
of cell growth. Cyclin-dependent kinase inhibitor 1A (p21) 
which is known to participate in the G2/M checkpoint (33), 
was proved to be upregulated when the CDC20 expression was 
specifically suppressed in liver cancer cells. P21 can inhibit 
the activity of CDKs leading to the accumulation of unphos-
phorylated Rb tumor suppressor protein, which inhibits the 
transcriptional activation of E2F and subsequently prevents 
entry of the cells into S phase of the cell cycle (34).

In conclusion, this is the first study aimed at examining 
CDC20 expression in HCC tissues and cell lines, providing a 
new focus that CDC20 may be a clinically relevant indicator 
and a promising therapeutic target of HCC. Nevertheless, 
further studies focused on the molecular mechanisms of 
CDC20 in the initiation and progression of HCC and research 
on the prognostic significance of CDC20 are required.
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