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Expression characteristics of CDC20 in gastric cancer 
and its correlation with poor prognosis
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Abstract: The cell division cycle 20 homolog (CDC20) expression is increased in diverse human cancers and plays 
a vital role in tumorigenesis and progression. However, the clinical significance of CDC20 expression in gastric 
cancer (GC) remains largely unknown. The aim of this study was to investigate the clinicopathologic features and 
prognostic significance of CDC20 in GC. The CDC20 mRNA expression was measured by quantitative real-time 
reverse transcriptase-polymerase chain reaction (qRT-PCR). Immunohistochemistry (IHC) was used to detect the 
expression of CDC20 protein in 131 clinicopathologically characterized GC cases. The relationship between CDC20 
expression and clinicopathological features was analyzed by appropriate statistics. Kaplan-Meier analysis and Cox 
proportional hazards regression models were used to investigate the correlation between CDC20 expression and 
prognosis of GC patients. The relative mRNA expression of CDC20 were significantly higher in GC tumor tissues than 
in the corresponding noncancerous tissues (P<0.001). Simultaneously, CDC20 protein expression was positively 
correlated with tumor size (P=0.02), histological grade (P=0.037), lymph node involvement (P=0.009), and TNM 
stage (P=0.015). Furthermore, Kaplan-Meier analysis indicated that patients with high CDC20 expression had poor 
overall survival (P<0.001). Multivariate analysis showed that high CDC20 expression was an independent predictor 
of overall survival. In conclusion, our data indicated that CDC20 upregulation was associated with aggressive pro-
gression and poor prognosis in GC. CDC20 was identified for the first time as an independent marker for predicting 
the clinical outcome of GC patients.
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Introduction

Gastric cancer (GC) is the fourth most prevalent 
forms of human cancers and the second lead-
ing cause of cancer-related death in the world, 
especially in East Asian countries. Its incidence 
rate is 20 per 100,000 annually [1]. Nowadays, 
gastrectomy remains the mainstay treatment 
for GC, but the prognosis for advanced stage 
patients is still very poor. The median survival 
time for patients with GC is only 6-9 months [2]. 
In China, the 5-year overall survival rate of 
patients with GC is only about 40%, although 
recent advances in chemotherapy and surgical 
techniques [3]. This is primarily attributed to 
the following reasons: lack of diagnostic mark-
ers for early detection, weak prognostic value 
of histological indicators, limited efficiency of 
current treatment for advanced disease and 

lack of molecular markers utilized for targeted 
therapy [4-6]. Therefore, it is of great signifi-
cance to make a better understanding of gas-
tric carcinogenesis and to identify novel molec-
ular markers for the improvement of clinical 
management of patients with GC.

The cell division cycle 20 homolog (CDC20) is a 
regulatory protein that is a target molecule in 
the cell-cycle checkpoint [7]. CDC20 [7] is a 
component of the mammalian cell cycle mecha-
nism that activates the anaphase-promoting 
complex (APC). Its expression is essential for 
cell division, and its protein activity may be con-
trolled by a balance between ubiquitination and 
de-ubiquitination. APC activation is required for 
anaphase initiation and mitosis exit. An abnor-
mal level or dysfunction of CDC20 may there-
fore abolish mitotic arrest and thus promote 
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premature anaphase by deregulating APC acti-
vation, resulting in aneuploidy in the daughter 
cells [8]. Interestingly, some researchers have 
shown that CDC20 might also play a role in 
human carcinogenesis [9-13]. Overexpression 
of CDC20 protein has now been strongly linked 
to poor prognosis in cancer, such as colorectal 
cancer [9], pancreatic cancer [10] and non-
small cell lung cancer [11]. However, no infor-
mation is available regarding CDC20 expres-
sion in human GC. To explore the vital role of 
CDC20 in the tumorigenesis and progression of 
GC, we examined expression patterns of CDC20 
in GC tissues, analyzed the relationship 
between CDC20 expression and clinicopatho-
logical factors of GC.

Materials and methods

Patients and specimens

For qRT-PCR analysis, we collected 27 paired 
fresh GC tumor tissue samples and correspond-
ing noncancerous tissue samples from patients 
who underwent surgery between October 2011 
and April 2012. In addition, a cohort of 131 
formalin-fixed, paraffin-embedded tissues of 

copathological characteristics of these 131 
patients are summarized in Table 1. The 
patients’ consent was obtained for the use of 
the tissue samples and records, and the study 
protocol was approved and permission for use 
of the clinical data was given by the Institutional 
Research Ethics Committee of The Second 
Affiliated Hospital of Soochow University.

Quantitative real-time reverse transcription 
polymerase chain reaction (qRT-PCR) analysis

Total RNA was isolated from the 27 pairs of GC 
tumor tissue samples and corresponding non-
cancerous tissue samples using TRIZOL 
reagent (Invitrogen, Carlsbad, CA). RNA was 
reverse-transcribed using SuperScript First 
Strand cDNA System (Invitrogen, Carlsbad, CA) 
according to the manufacturer’s instructions. 

The CDC20 sense primer was 5’-GGCACCAGTG-
ATCGACACATTCGCAT-3’, and the antisense 
primer was 5’-GCCATAGCCTCAGGGTCTCATCTG-
CT-3’. For the β-actin gene, the sense primer 
was 5’-ATAGCACAGCCTGGATAGCAACGTAC-3’, 
and the antisense primer was 5’-CACCTTCTAC-
AATGAGCTGCGTGTG-3’. qRT-PCR was done 

Table 1. Correlation between CDC20 expression and clinicopathological 
characteristics of GC patients
Characteristics Total cases 

(n=131)
CDC20 protein expression P value
High (n=68) Low (n=63)

Age (years)
    <60 47 26 21 0.559
    ≥60 84 42 42
Gender
    Male 77 41 36 0.714
    Female 54 27 27
Tumor size (cm)
    ≤5 59 24 35 0.02
    >5 72 44 28
Histological grade
    Well differentiated (G1) 12 2 10 0.037
    Moderately differentiated (G2) 67 37 30
    Poorly differentiated (G3) 52 29 23
Lymph node involvement
    0 8 0 8 0.009
    1 31 16 15
    >1 92 52 40
TNM stage
    I+II 35 12 23  0.015
    III+IV 96 56 40

GC diagnosed between 
2002 and 2007 at the 
Department of General 
Surgery, The Second 
Affiliated Hospital of 
Soochow University 
was retrieved. The cas-
es selected were bas-
ed on distinctive patho-
logic diagnosis of GC, 
undergoing curative re-
section for tumor with-
out preoperative che-
motherapy and radio- 
therapy, and availabili-
ty of resection tissue 
and follow-up data. The 
histopathological type 
and the stage of GC 
were determined acco-
rding to the criteria of 
the World Health Orga-
nization classification. 
The 131 patients in-
cluded 77 males and 
54 females aged from 
32 to 85 years (medi-
an, 75 years). The clini-
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using SYBR Green PCR master mix (Applied 
Biosystems) in a total volume of 20 µl on the 
7900HT fast Real-time PCR system (Applied 
Biosystems) as follows: 50°C for 2 min, 95°C 
for 10 min, 40 cycles of 95°C for 15 s, and 
60°C for 60 s. A dissociation procedure was 
performed to generate a melting curve for con-
firmation of amplification specificity. β-actin 
was used as the reference gene. The relative 
levels of gene expression were represented as 
∆Ct=Ctgene-Ctreference, and the fold change 
of gene expression was calculated by the 
2-∆∆Ct Method. Experiments were repeated in 
triplicate.

Immunohistochemistry (IHC)

All specimens were fixed with 4% formaldehyde, 
dewaxed, embedded and cut into 4 μm serial 
sections. Briefly, antigen retrieval was carried 
out in 10 mmol/l citrate buffer (pH 6.0) for 15 
minutes at 100°C in a microwave oven. 
Endogenous peroxidase activity was blocked 
with 3% hydrogen peroxide for 10 minutes at 
room temperature. The sections were then 
incubated overnight at 4°C with anti-CDC20 
antibody (Santa Cruz Biotechnology). After 
washing with PBS, sections were incubated 
with secondary antibodies for 30 minutes at 
37°C. The sections were then washed three 
times with PBS and treated with 3, 3’-diamino-

benzedine (DAB) for approximately 5 minutes. 
Finally, the sections were counterstained with 
hematoxylin, dehydrated, mounted and exam-
ined by light microscopy. Negative controls 
were probed with PBS under the same experi-
mental conditions. 

Immunohistochemical staining was assessed 
by two independent experienced pathologists 
who were blinded to all clinicopathological fea-
tures. Five high power fields in each specimen 
were randomly selected. A modified immunore-
activity score method to evaluate the immunos-
taining results was performed by multiplying 
stain intensity by stain area (staining index [SI]). 
Stain intensity is as follows: no staining (score 
0), weak staining (score 1), moderate staining 
(score 2), or strong staining (score 3). Staining 
area is as follows: less than 25% (score 1), 25% 
to 50% (score 2), 50% to 75% (score 3), or more 
than 75% (score 4) of tumor cells. The expres-
sion levels of CDC20 were determined by the 
SI, which scores as 0, 1, 2, 3, 4, 6, 8, 9, and 12. 
An optimal cutoff value was identified as fol-
lows: the SI score of 4 or greater was used to 
define tumors as high CDC20 expression and 
the SI score of 3 or less as low CDC20 
expression.

Statistical analysis

The data are expressed as the mean ± SD. The 
Student’s t test and one-way analysis of vari-
ance test were used to compare data between 
the different groups. The χ2 test was used to 
assess the correlations between CDC20 pro-
tein expression and clinicopathologic factors. 
Survival curves were calculated by the Kaplan-
Meier method, and the significance of inter-
group differences in survival was determined 
by log-rank test. Multivariate survival analysis 
based on the Cox proportional hazard model 
was carried out to identify the significant inde-
pendent prognostic factors. A P value <0.05 
was considered statistically significant.

Results

Expression of CDC20 mRNA by qRT-PCR in GC 
tissues

Our qRT-PCR results showed that CDC20 mRNA 
expression was upregulated in 21 of the 27 GC 
samples compared with the paired noncancer-
ous tissues. The mean expression value of 

Figure 1. Upregulation of CDC20 mRNA expression in 
GC tissues. qRT-PCR showed that the mean expres-
sion value of CDC20 mRNA in cancer tissues was sig-
nificantly higher than the value in the corresponding 
noncancerous tissues (2.63 ± 0.84 vs 0.98 ± 0.28, 
P<0.001).
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CDC20 mRNA in cancer tissues was significant-
ly higher than the value in relevant normal tis-
sues (2.63 ± 0.84 vs 0.98 ± 0.28, P<0.001, 
Figure 1).

Correlation of CDC20 expression with clinico-
pathologic factors

Immunohistochemistry was performed in 131 
archived paraffin-embedded GC samples and 
60 adjacent noncancerous samples. Overall, 
51.9% (68/131) of the GC tissues showed high 
CDC20 expression, and only 18.3% (11/60) of 
the adjacent noncancerous tissues showed 
high CDC20 expression. The difference in 
CDC20 staining between the GC and adjacent 
normal tissues was statistically significant 

(P<0.05). Figure 2 shows representative cases 
with different expression levels of CDC20 pro-
tein. Moreover, as shown in Table 1, CDC20 
protein expression was positively correlated 
with tumor size (P=0.02), histological grade 
(P=0.037), lymph node involvement (P=0.009), 
and TNM stage (P=0.015); however, no signifi-
cant associations were detected for CDC20 
expression with patient sex and age (all 
P>0.05).

Prognostic significance of CDC20 expression 
in GC

To investigate the prognostic value of CDC20 
for GC, we assessed the association between 
CDC20 expression and survival duration using 
a Kaplan-Meier analysis with a log-rank test. 
Kaplan-Meier analysis indicated that CDC20 
expression was significantly associated to the 
survival of GC patients. The overall 5-year sur-
vival rate of patients with high CDC20 expres-
sion was significantly shorter than those with 
low CDC20 expression (P<0.001; Figure 3). 
Thus, the expression of CDC20 protein could 
affect the prognosis of GC patients. To evaluate 
the possibility of CDC20 used as an indepen-
dent risk factor for poor prognosis, convention-
al clinicopathological factors and CDC20 pro-
tein levels were assessed by Cox’s univariate 
and multivariate hazard regression model 
(Table 2). Univariate analysis indicated that 
tumor size, histological grade, lymph node 
involvement, TNM stage and CDC20 protein 
expression were significantly associated with 

Figure 2. Immunohistochemical staining of CDC20 in GC specimens. A: High CDC20 expression. B: Low CDC20 
expression. 

Figure 3. Kaplan-Meier survival curves of overall sur-
vival in GC patients based on CDC20 expression. Pa-
tients with high CDC20 expression had poorer overall 
survival rate as compared to those with low CDC20 
expression.
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overall survival of GC patients. By multivariate 
analysis, we showed that CDC20 protein 
expression, together with tumor size, histologi-
cal grade, lymph node involvement, and TNM 
stage was an independent prognostic factor for 
overall survival of GC patients.

Discussion

Surgical resection is the most effective treat-
ment for GC patients with curative potential, yet 
the clinical outcomes of these patients are gen-
erally poor, largely due to a high ratio of postop-
erative metastasis or recurrence [14]. In China, 
the overall 5-year survival rate of GC patients is 
only about 40% [15]. Multi-modal and individu-
alized treatments are often based on the TNM 
staging status. However, the treatment res-
ponse and prognosis vary in GC patients of the 
same stage using the same therapeutic strate-
gy. Therefore, finding a suitable marker to pred-
icate the prognosis of GC is necessary. Aberrant 
expression of CDC20 has been detected in sev-
eral types of human malignant tumors and 
closely associated with oncogenic transforma-
tion and tumor progression [9-13]. However, 
the expression of CDC20 in the development 
and progression of GC are not clear.

Our findings confirmed the remarkable up-regu-
lation of CDC20 in GC tissues and indicated 
significant associations for CDC20 expression 
with prognosis-related features, including that 
tumor size, histological grade, lymph node 
involvement, and TNM stage. Thus, it is likely 
that CDC20 plays important roles in GC pro-
gression. Consistent with our results, previous 
study showed that overexpression of CDC20 is 
strongly associated with progression in diverse 
human cancers, such as colorectal cancer [9], 
pancreatic cancer [10] and non-small cell lung 

cancer [11]. Predicting the clinical outcomes of 
patients with malignant tumors may provide 
valuable information for better treatment strati-
fication and personalized therapeutic regi-
mens. However, no clinical data has indicated 
the potential benefit of CDC20 as a biomarker 
for predicting prognosis of GC patients. In the 
current study, multivariate survival analysis 
based on the Cox proportional hazard model 
revealed that, among all the factors analyzed, 
CDC20 expression was a significant indepen-
dent prognostic factor for overall survival of GC 
patients following curative resection. These 
findings clearly demonstrate that aberrant 
expression of CDC20 may be closely associat-
ed with GC progression in our patient cohort, 
and suggest its potential as a prognostic bio-
marker of GC outcome.

In conclusion, our results indicate that high 
CDC20 expression in GC may be important for 
tumor progression and thus serves as an inde-
pendent biomarker for poor survival. Therefore, 
high CDC20 expression identifies high-risk 
patients and is a potential novel therapeutic 
target for GC.
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Table 2. Univariate analysis and multivariate analysis identifies factors influencing the overall survival 
rate of GC patients
Variables Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value
CDC20 expression 1.473 0.785-2.213 <0.001 1.508 0.673-2.302 <0.001
Age 1.395 0.698-2.163 0.591 1.406 0.711-2.223 0.634
Gender 1.506 0.803-2.376 0.615 1.386 0.527-2.061 0.586
Tumor size 1.442 0.705-2.114  0.032 1.335 0.503-2.116 0.028
Histologic grade 1.394 0.604-2.252 0.011 1.422 0.703-2.012 0.017
Lymph node involvement 1.364 0.756-2.253 0.007 1.198 0.687-2.068 0.008
Tumor stage 1.477 0.824-2.382 0.012 1.386 0.705-2.213 0.009
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