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Introduction

Colorectal cancer is one of the major causes of cancer-related 
morbidity and mortality, ranking as the third most common 
malignancy in males and the second in females in the worldwide, 
with an estimated incidence of 1 233 700 new cancer cases and 
608 700 deaths occurring in 2008.1 The development of colorec-
tal cancer is a multistep process characterized by accumulation 
of epigenetic and genetic events, and influenced by lifestyle.2 
Despite a number of molecular events having been discovered, 
the process of tumor initiation and progression is still unclear 
and molecules that play a crucial role in this process remain to 
be identified.

CCNB1, an important member of cyclin family, is a key ini-
tiator and rigorous quality control step of mitosis. It has a piv-
otal role in regulating cyclin-dependent kinase 1 (CDK1) and 
forming complex with it, which phosphorylates their substrates 
to promote the transition of cell cycle from G

2
 phase to mito-

sis.3,4 Increasing evidence demonstrates that CCNB1 is involved 
in checkpoint control, whose dysfunction is an early event in 
tumorigenesis, and that its deregulated expression is observed in a 
number of different human cancers including breast cancer, cer-
vical cancer, lung cancer, esophageal squamous cell carcinoma, 
and melanoma.5-9 In parallel, evidence has showed that inhibition 
of CCNB1 expression renders breast cancer cells more sensitive 
to chemotherapy drug taxol,10 and CCNB1 is an independent 

predictor of HBV-related hepatocellular carcinoma recurrence.11 
Furthermore, it has been revealed that wild-type p53 represses 
the transcription of CCNB1 through Sp1 transcription factor in 
tumor cells,12 and the protein level of CCNB1 is undetectable 
in HCT116 p53+/+ cells, while overexpressed in HCT116 p53−/− 
cells.13 These data highlight the potential pivotal roles of CCNB1 
in the tumor development. However, detailed functional charac-
teristics of CCNB1 are still unknown in colorectal cancer to date.

Here, we validated Chk1 was a right regulator of CCNB1 
and observe the influence of modulating CCNB1 expression on 
biobehaviors of colorectal cancer cells and growth of transplanted 
tumor through different modern molecular biology techniques, 
accordingly elucidate the key role and mechanism of CCNB1 
overexpression in promoting colorectal tumorigenesis.

Results

CCNB1 is overexpressed in human colorectal cancer tissues
To study the expression pattern of CCNB1, we compared 

CCNB1 mRNA expression between colorectal cancer tissues 
and their pair-matched adjacent normal colorectal tissues from 
30 individual patients using qRT-PCR analysis. As shown in 
Figure  1A, CCNB1 was frequently overexpressed in 93.3% 
(28/30) in colorectal cancer tissues compared with the matched 
adjacent nontumorous tissues from the same patient (Tumor/
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The high morbidity and mortality of colorectal cancer pose a significant public health problem worldwide. Here we 
assessed the pro-cancer efficacy and mechanism of action of CCNB1 in different colorectal cancer cells. We provided 
evidence that CCNB1 mRNA and protein level were upregulated in a subset of human colorectal tumors, and positively 
correlated with Chk1 expression. Repression of Chk1 caused a significant decrease in cell proliferation and CCNB1 protein 
expression in colorectal cancer cells. Furthermore, downregulation of CCNB1 impaired colorectal cancer proliferation in 
vitro and tumor growth in vivo. Specifically, suppression of CCNB1 caused a strong G2/M phase arrest in both HCT116 and 
SW480 cells, interfering with the expression of cdc25c and CDK1. Additionally, CCNB1 inhibition induced apoptotic death 
in certain colorectal cancer cells. Together, these results suggest that CCNB1 is activated by Chk1, exerts its oncogenic role 
in colorectal cancer cells, and may play a key role in the development of a novel therapeutic approach against colorectal 
cancer.
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Normal > 2-fold), with up to 100-fold increases in cancer tis-
sues. We simultaneously confirmed the protein level of CCNB1 
expression by western blot in the same cases for CCNB1 mRNA 
dectection. Consistent with the mRNA data, CCNB1 protein 
level was also visibly elevated in colorectal cancer tissues with 
an average value of ~7 compared with the normal tissue as 1.0 
(Fig. 1B).

We then examined the expression of CCNB1 in a panel of 
five human colorectal cancer cell lines (named HCT116, RKO, 
HT29, SW480, and SW620) by western blot (Fig. 1C), and chose 
HCT116 and SW480 cell lines, where CCNB1 was expressed 
respectively lower and higher among the five cell lines, for fur-
ther investigation.

Inhibition of CCNB1 suppresses the proliferation of colorec-
tal cancer cells in vitro and tumorigenicity in vivo

To examine whether repression of CCNB1 has the effects on 
cellular proliferation, the two colorectal cancer cell lines HCT116 
and SW480 were transfected with specific CCNB1 siRNA. The 
transfection efficiency of siRNA in both cells was viewed by 
microscopy at 24 h after transfection of a cyc3-labled siRNA 
negative control (Fig. 2A), the expression of CCNB1 mRNA was 
determined at 24, 48, 72, and 96 h postransfection (Fig. 2B), 
and the expression of CCNB1 protein was determined at 72 h 
postransfection (Fig. 2C). MTT assay revealed that the inhibi-
tion of CCNB1 significantly decreased the growth rate of both 

colorectal cancer cell lines, compared with the cells tranfected 
with siRNA negative control (Fig. 2D).

To confirm the in vitro phenotype of CCNB1 expression, we 
further tested the effect of CCNB1 suppression on the growth of 
colorectal cancer tumors in vivo. First, we engineered HCT116 
and SW480-based cells, which were stably expressing short hair-
pin RNA (shRNA) for CCNB1 by lentiviral transduction. The 
shRNA plasmid pL/shRNA/F contained a green fluorescent pro-
tein gene GFP which indicated the successful lentivirus trans-
fection. The highest infection efficiency was obtained at mul-
tiplicities of infection of 10 for HCT116 and 100 for SW480 
cells (Fig. 2E). To know the knockdown efficiency, endogenous 
expression of CCNB1 protein was examined by western blot. 
The HCT116 cells transduced with shCCNB1 vector (HCT116-
shCCNB1) showed an at least 75% reduction in the expression 
of CCNB1 protein compared with the cells transduced with 
shControl vector (HCT116-shCtrl), and the SW480-shCCNB1 
cell showed an 60% reduction compared with the SW480-shCtrl 
cells (Fig.  2F). These results indicated that the two stable cell 
lines were efficient and specific in downregulating CCNB1 
expression, thus confirming the validity of following assay.

The HCT116-shCCNB1, HCT116-shCtrl, SW480-
shCCNB1, and SW480-shCtrl cells were subcutaneously inocu-
lated into BALB/c nude mice. As shown in Figure 3A, the tumors 
with HCT116-shCCNB1 grew more slowly than the tumors 

Figure 1. CCNB1 is overexpressed in colorectal cancer. (A) qRT-PCR analysis of CCNB1 mRNA expression in 30 paired human colorectal cancer tissues 
and the matched adjacent normal tissues. GAPDH was used as internal control and for normalization of the data. The data shown were average fold 
changes of CCNB1 expression (2−ΔCT) in colorectal cancer tissues relative to the matched adjacent normal tissues. (B) Western blot validation of CCNB1 
protein in the 30 paired human colorectal cancer tissues and the matched adjacent normal tissues. CCNB1 protein expression was normalized to GAPDH 
and expressed relative to the matched adjacent normal tissues. (C) Expression of CCNB1 protein by western blot in five colon cancer cell lines. Data were 
presented as mean ± SD.
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with HCT116-shCtrl (P < 0.001). Similar results were obtained 
using SW480 cells (P < 0.001; Fig. 3B). IHC staining confirmed 
that the tumors with CCNB1-repressing displayed much lower 
CCNB1 level than that of controls (Fig. 3C and D). Collectively, 
our data suggest that CCNB1 exerts a growth-promoting func-
tion in human colorectal cancer.

Elevated CCNB1 expression in colorectal cancer is depen-
dent on Chk1 expression

In mammalian cells, a large proportion of human cancers are 
thought to be highly reliant on the checkpoint kinase 1 (Chk1) 
expression,14,15 and CCNB1 was previously suggested to serve as 
a biomarker predictive of the efficacy of Chk1 inhibitors.16 To 
verify whether Chk1 could functionally regulate CCNB1 expres-
sion in colorectal cancer, we detected Chk1 expression in the 30 
paired clinical colorectal cancer samples and matched adjacent 
normal tissues and revealed that Chk1 was overexpressed in both 
mRNA and protein levels in the cancer tissues (Fig. 4A and B) 
and correlated positively with CCNB1 protein expression (R = 

0.82, P = 1.9 × 10−18; Fig. 4C). To further confirm the poten-
tial effect of Chk1 on CCNB1 expression, we transfected spe-
cific siRNA targeting Chk1 to HCT116 and SW480 cells. The 
result showed that downregulation of Chk1 suppressed CCNB1 
protein expression in both two cell lines, compared with siRNA 
negative control (Fig. 4D). Moreover, MTT assay revealed that 
inhibition of Chk1 significantly decreased the growth rate of 
both colorectal cancer cell lines, compared with the negative 
control-transfected cells (Fig. 4E), implying Chk1 might be the 
right regulator of CCNB1 in colorectal cancer.

Knockdown of CCNB1 blocks cell cycle progression and 
regulates cell cycle factors cdc25c/CDK1 in both two colorec-
tal cancer cells

We then determined the cell cycle distribution of HCT116 
and SW480 cells by PI staining, to further explore the possible 
mechanisms by which CCNB1 regulates colorectal cancer cell 
growth. Suppression of CCNB1 increased in the percentage of 
cells in the G

2
/M phase from 13% to 24% and decreased in the 

Figure 2. Transfection efficiency and expression level of CCNB1 inhibition both under transient and steady-state conditions. Inhibition of CCNB1 sup-
presses the proliferation of colon cancer cells, HCT116 and SW480. (A) HCT116 and SW480 cells were transfected with cyc3-labled siRNA negative control 
at 24 h after plating, and then viewed at 24 h posttransfection by light microscopy (control) and fluorescence microscopy (cyc3-labled). (B and C) HCT116 
and SW480 cells were transfected with CCNB1 siRNA or siRNA negative control (50 nM), and then the relative expression of CCNB1 mRNA was deter-
mered by qPCR at 24, 48, 72, and 96 h posttransfection. The relative expression of CCNB1 protein was determered at 72 h posttransfection. Data were 
presented as mean ± SD (n = 3). (D) At 24, 48, 72, and 96 h after transfection, cell proliferation was determined by the MTT assay. Data were presented 
as mean ± SD from three independent experiments. (E and F) Infection efficiency of HCT116 and SW480 cells stably expressing shRNA for CCNB1 by 
lentiviral transduction were viewed by a green fluorescent protein gene, GFP, and further determined by western blot. Data shown were representative 
of three individual western blot analyses.



©
20

14
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te
.

www.landesbioscience.com	 Cancer Biology & Therapy	 1271

percentage of cells in the G
1
 phase from 80% to 65% in HCT116 

cells (Fig. 5A). Notably, repression of CCNB1 could also trig-
gered an accumulation of cells at G

2
/M phase, and decreased the 

number of cells at G
1
 phase in SW480 cells (Fig. 5B). Further-

more, we detected the expression levels of critical mitosis regula-
tors, cdc25c and CDK1. As expected, cdc25c and CDK1 protein 
leves were downregulated in both HCT116 and SW480 cells 
transfected with CCNB1 siRNA (Fig. 5C and E). In addition, 
the levels of cdc25c and CDK1 were also strongly repressed in 
the tumor xenografts generated from HCT116-shCCNB1 and 
SW480-shCCNB1 cells, compared with the respective vector 
control tumor xenografts (Fig.  5D and F). Thus, we hypoth-
esized that the deregulation of CCNB1 might activate cell cycle 
progression through cdc25c and CDK1 in colorectal cancer 
cells.

CCNB1 silencing induces apoptosis and regulates apoptosis-
related factors p53/Bax in p53-wild HCT116 cells, but not in 
p53-mutant SW480 cells

To determine whether apoptosis also contributed to the growth 
inhibition of CCNB1 siRNA, we performed flow-cytometry-
based analysis of HCT116 and SW480 cells after transfection 
of CCNB1 siRNA or control siRNA. As shown in Figure 6A, 
an increase in the early apoptosis population upon the repression 
of CCNB1 was found in HCT116 cells. However, the Annexin 
V-FITC data showed that knockdown of CCNB1 did not sig-
nificantly alter the fraction of apoptotic cells in SW480 cell line 
(Fig. 6B).

A recent publication by Kreis et al. suggested that downreg-
ulation of CCNB1 increased p53 expression in human papil-
lomavirus 16/18-infected cancer cells.6 It has been well known 

Figure  3. Downregulation of CCNB1 suppresses tumorigenicity of colorectal cancer cells in vivo. (A and B) Tumor xenograft model. The HCT116-
shCCNB1, HCT116-shCtrl, SW480-shCCNB1 and SW480-shCtrl cells were injected into the left-side axilla of nude mice (n = 6/each group). Data points are 
presented as the mean ± SD tumor volume. (C and D) Histopathology of xenograft tumors. The tumor sections were under H&E staining and IHC stain-
ing using antibody against CCNB1. Data were presented as mean ± SD (n = 6).
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that HCT116 contains wild-type p53, while SW480 exhibits 
dysregulation of p53 function by p53 mutation. We, therefore, 
need to know whether the different effects of CCNB1 on apop-
tosis of HCT116 and SW480 cells were due to the p53 status. 
Thus, we checked the levels of p53 protein and its main cellular 
target, Bax, both in vitro and in vivo. Surprisingly, knocking 
down CCNB1 by specific siRNA in HCT116 cells increased 
both p53 and Bax protein levels (Fig.  6C). Similar effects on 
p53 and Bax levels were observed in the tumor xenografts gener-
ated from HCT116-shCCNB1 cells, compared with those from 
HCT116-shCtrl cells (Fig. 6D). As expected, ectopic downregu-
lation of CCNB1 in the SW480 cells did not alter p53 or Bax 
protein levels either in vitro or in vivo (Fig. 6E and F). These 
data suggested that ectopic inhibition of CCNB1 might induce 
apoptosis enhancement through activating p53 and Bax in p53-
wild HCT116 cells.

Inhibition of CCNB1 expression suppresses cell prolifera-
tion, blocks cell cycle progression, and induces apoptosis in 
p53-null HCT116 cells

To further confirm whether p53 contributed to the apoptosis 
induction of CCNB1 suppression, the effect of CCNB1 in apop-
tosis activity was also assessed in p53 -null HCT116 colon can-
cer cells. Interestingly, inhibition of CCNB1 provoked a robust 
apoptotic response in the p53-null HCT116 cells without any 
change of Bax protein level (Fig. 7A and B). We then evaluated 
cell growth and cell cycle in this cell line and found inhibition 
of CCNB1 suppressed cell proliferation and blocked cell cycle 
in G

2
/M phase by repressing cdc25c and CDK1 protein level 

(Fig.  7C–E), in line with the effects on HCT116 and SW480 
cells. These above data demonstrated that ectopic inhibition of 
CCNB1 could activated p53, but did not require p53 for induc-
ing the anticancer action in colorectal cancer cells.

Figure 4. CCNB1 expression is dependent on Chk1 expression in colorectal cancer. (A and B) mRNA and protein levels of Chk1 in 30 paired human 
colorectal cancer tissues and the matched adjacent normal tissues. The expression of GAPDH was applied for normalization. Bars represented the aver-
age fold changes of Chk1 expression in colorectal cancer tissues relative to the matched adjacent normal tissues. Mean ± SD. (C) Expressin of CCNB1 
protein positively correlated with expression of Chk1 protein in 30 paired human colorectal cancer tissues and the matched adjacent normal tissues. 
(D) Seventy-two hours after transfection with 50 nM of Chk1 siRNA or siRNA control, the endogenous protein levels of Chk1 and CCNB1 in HCT116 and 
SW480 cells were detected by western blot. Bars represented the relative protein levels that were normalized to GAPDH. Data were presented as mean 
± SD (n = 3). (E) At 24, 48, 72, and 96 h after transfection, cell proliferation was determined by the MTT assay. Data were presented as mean ± SD from 
three independent experiments.
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Discussion

As one of the major health problems, colorectal cancer causes 
unbearable morbility and mortality worldwild.1 Aberrant cell 
cycle regulation has been considered as one of the essential char-
acteristics of cancer cells including colorectal cancer cells.17 Tar-
geting the deregulated cell cycle has been suggested as a practical 

strategy to check uncontrolled proliferation in cancer cells. Here 
we report on the actions of a key regulator of G

2
/M checkpoint, 

CCNB1 in promoting colorectal cancer development both in 
vitro and in vivo.

The CCNB1-CDK1 complex (so-called mitosis promoting 
factor, MPF) is required for orderly G

2
/M transition.18 It has been 

known that the activity of CDK1 is usually increased in cancer 

Figure 5. Inhibition of CCNB1 inhibits cell-cycle progression in HCT116 and SW480 cells in vitro and in vivo. (A and B) 72h after transfection, cells were 
collected, stained with PI, and cell cycle was analyzed with FACS. Results were average from three separate experiments. Data were presented as mean 
± SD of three independent experiments. (C and D) Western blot analysis of cdc25c and CDK1 proteins in CCNB1-repressed HCT116 cells and tumor 
xenografts generated from HCT116-shCCNB1 cells. The data shown were mean ± SD of three individual experiments. (E and F) Western blot analysis of 
cdc25c and CDK1 proteins in CCNB1-repressed SW480 cells and tumor xenografts generated from SW480-shCCNB1 cells. The data shown were mean ± 
SD of three individual experiments.
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cells. Accordingly, pursuits for the inhibitors, targeting the activ-
ity of CDK1, has been the intense area of research for last two 

decades.19 CCNB1, the regulatory subunit of MPF, could spe-
cifically increases the activity of CDK1, further leading to a 

Figure 6. Suppression of CCNB1 induces apoptosis in p53-wt HCT116 cells. (A and B) Seventy-two hours after transfection, apoptosis assay was per-
formed to determine the early apoptotic rate of HCT116 and SW480 cells. Data were presented as mean ± SD of three independent experiments. (C and 
D) Western blot analysis of P53 and Bax proteins in CCNB1-repressed HCT116 cells and tumor xenografts generated from HCT116-shCCNB1 cells. The data 
shown were mean ± SD of three individual experiments. (E and F) Western blot analysis of P53 and Bax proteins in CCNB1-repressed SW480 cells and 
tumor xenografts generated from SW480-shCCNB1 cells. The data shown were mean ± SD of three individual experiments.
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strong proliferation promotion in a variety of cancer cells.10,20 
Studies have also revealed that CCNB1 is highly expressed 
in various primary tumors,5-9 including colorectal cancer.21 
These data highlight the potential pivotal roles of CCNB1 
both in the development and progression of malignancy. 

However, convincing data of the functional characteristics of 
CCNB1 in colorectal cancer are still lacking. Thus, we first 
examined CCNB1 expression in human colorectal cancer 
tumor samples compared with paired normal mucosa and found 
CCNB1 was overexpressed in tumors compared with normal 

Figure 7. Inhibition of CCNB1 suppresses cell proliferation, blocks cell cycle progression, and induces apoptosis in p53-null HCT116 cells. (A and B) 
Seventy-two hours after transfection, apoptosis assay was performed to determine the early apoptotic rate of p53-null HCT116 cells, and western blot 
was to detect Bax protein level. (C) At 24, 48, 72, and 96 h after transfection, cell proliferation was determined by MTT assay. (D and E) Seventy-two hours 
after transfection, cells were collected, stained with PI, and cell cycle was analyzed with FACS. Protein levels of cdc25c and CDK1 were determined by 
western blot. Data were presented as mean ± SD of three independent experiments.
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tissues. Then, we used both transient and stable gene silenc-
ing of CCNB1 approaches in two colorectal cancer cell lines, 
HCT116 and SW480. Consistent with clinical data, knockdown 
of CCNB1 expression remarkably suppressed the proliferation 
and tumorigenesis in colorectal cancer cells tested in vitro and 
in vivo.

Few studies describe the regulation of CCNB1 specifically. A 
recent study suggested that CCNB1 was an efficacy-predicting 
biomarker for Chk1 inhibitors across different types of cancers.16 
Chk1 is an essential kinase in governing cell cycle G

1
/S, S, and 

G
2
/M phase checkpoints and determining cellular responses to 

DNA damage.22-26 In contrast to the well-known utility of Chk1 
inhibitors in sensitizing tumors to chemotherapy agents,23,27,28 
Chk1 overexpression or downexpression also occurs in some 
types of tumors, including breast cancer, ovarian cancer, cervical 
cancer, and neuroblastoma.22,29-33 In our study, we found Chk1 
mRNA and protein levels were upregulated in colorectal cancer 
tissues compared with paired normal tissues, and positively cor-
related with CCNB1 expression. We hypothesized that CCNB1 
might serve as a Chk1-induced oncogene in colorectal cancer. 
Therefore, we assessed the repression of Chk1 by specific siRNA 
on CCNB1 expression and cell proliferation in colorectal can-
cer cells. A significant decrease in CCNB1 protein level and cell 
growth was observed in both HCT116 and SW480 cancer cells. 
Collectively, these results suggested that Chk1 might be a right 
regulator of CCNB1 in colorectal cancer cells.

To better understand how deregulation of CCNB1 impacts 
colorectal cancer cell growth, we showed that knockdown of 
CCNB1 could induce cell cycles arrest in both HCT116 and 
SW480 cells. CCNB1 silencing mediated G

2
/M arrest was 

associated with a decrease in the protein levels of cdc25c and 
CDK1. Progression through G

2
/M phase involves the associa-

tion of CDK1 with CCNB1.18 During G
2
 phase, the CDK1/

CCNB1 complex is inactive. At the onset of mitosis, the complex 
is actived by the phosphatase cdc25c. CDK1/CCNB1 can then 
phosphorylate cdc25c, further activating it and initiating a posi-
tive feedback loop.34 In our study, we found that suppression of 
CCNB1 reduces the levels of CDK1 as well as cdc25c both in 
cell culture and xenograft tissues, and thereby possibly causes the 
G

2
/M phase arrest. In addition, we also showed that the molecu-

lar mechanism by which repression of CCNB1 retarded colorec-
tal cancer cell growth was due, at least in part, to acceleration 
of apoptosis, upregulation of p53 and its downstream effector, 
Bax, in the p53-wild HCT116 cells silencing of CCNB1. Even in 
HCT116 cells grown as tumor xenograft in nude mice, increased 
levels of p53 and Bax were also observed in tumors from HCT116-
shCCNB1 cells, thereby implying that reduction of apoptosis 
may be a contributing factor in the CCNB1-mediated promoted 
tumor growth. Previous studies revealed that the p53 signaling 
was required for apoptosis progression. In addition, activation of 
p53 directly induces Bax expression, and thereby promoting cell 
apoptosis. Mutation of p53 leads to a loss of normal function of 
the wild-type protein. In our study, despite significant CCNB1 
down-expression, we could not observe any apoptosis induction 
and p53 protein change of p53-mutant SW480 cells tested in 
vitro and in vivo. However, when we further evaluated the effects 

of ectopic suppression of CCNB1 by transfection with CCNB1 
siRNA on cell apoptosis in p53-null HCT116 cells, we found that 
inhibition of CCNB1 also provoked a robust apoptotic response 
without any change of Bax protein level in p53-null HCT116 
cells. The molecular mechanism of CCNB1 in apoptosis path-
way seems much more complicated than we expected, and much 
more studies should be done to explore the possible mechanism in 
the future. In addition, MTT and cell cycle analysis showed that 
inhibition of CCNB1 could suppress cell proliferation, blocked 
cell cycle in G

2
/M phase by repressing cdc25c and CDK1 in the 

p53-null HCT116 cells. Our data suggested that CCNB1 could 
suppress p53, but did not require p53 for inducing the anticancer 
action in colorectal cancer cells.

In summary, our findings suggest an oncogenic role for 
CCNB1 in colorectal cancer. Molecular analyses showed that 
CCNB1 is activated by Chk1 overexpression and inhibition of 
CCNB1 induces cell cycle arrest in different colorectal cancer cell 
lines through modulating the expression of G

2
/M cell cycle regu-

lators. Also, suppression of CCNB1 induces apoptosis in certain 
colorectal cancer cells. Overall, understanding the precise roles 
played by CCNB1 in the development of colorectal cancer will 
help our understanding of the biology of this tumor type, and 
may also allow the development of a novel therapeutic approach 
against colorectal cancer based on inhibition of CCNB1.

Materials and Methods

Tissue collection
Fresh primary colorectal cancer specimens and paired non-

cancerous colorectal tissues from 30 patients during Mar 2012–
Sep 2012 were provided by Tumor Tissue Bank of Sir Run Run 
Shaw Hospital, Zhejiang University School of Medicine. The 
study was approved by the Hospital Ethical Committee and spec-
imens were obtained with informed consent. All tissue samples 
were immediately snap-frozen in liquid nitrogen and stored at 
–80 °C until use.

RNA isolation and quantitative real-time RT-PCR 
(qRT-PCR)

Total RNA was extracted using TRIzol reagent (Invitrogen) 
following the manufacturer’s instructions, and cDNA was syn-
thesized with the PrimeScript RT reagent Kit (TaKaRa Otsu). 
qRT-PCR analyses for mRNA were performed using SYBR 
Premix Ex Taq (TaKaRa) on an ABI 7500HT system (ABI). 
GAPDH was identified as a suitable internal control, and fold 
changes were calculated through relative quatifucation (2−ΔCT). 
The primers used are listed in Table 1.

Cell culture and transfection
Human colorectal cancer cell lines, HCT116 (p53-wild 

HCT116), SW480, RKO, SW620, and HT29 were obtained 
from the American Type Culture Collection (ATCC). p53-null 
HCT116 was obtained from prof. Hongchuan, Jin (Depart-
ment of Surgical Oncology, Sir Run Run Shaw Hospital). Two 
HCT116 cell lines were cultured in McCOY’S 5A and others 
were grown in RPMI 1640, all supplemented with 10% fetal 
bovine serum (FBS) (Gibco) at 37 °C and 5% CO

2
.
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siRNA against Chk1 and scrambled siRNA negative con-
trol were synthesized by Ribobio. siRNA against CCNB1 and 
scrambled siRNA negative control were synthesized by bioneer. 
For transient transfection, siRNAs were transfected at a working 
concentration of 50 nM using lipid-based transfection reagents 
DharmaFECT1 (Dharmacon) according to the manufacturer’s 
guidelines. The transfection efficiency was detected by a cyc3-
labled siRNA Ncontrol for monitoring the delivery into cancer 
cells. The relative expression of CCNB1 at 0, 24, 48, 72, and 
96 h posttransfection was directly determered by qRT-PCR.

Western blot analysis
Total soluble proteins were prepared in RIPA buffer and 

assessed by immunoblot analysis. Cell lysates (20–50 μg) were 
subjected to 10% SDS-PAGE, transferred electrophoretically to 
PVDF membrances, and blotted with specific primary rabbit 
antibodies to CCNB1 (1:2000; Epitomics), Bax (1:2000; Epi-
tomics), CDK1 (1:2000; Epitomics), and cdc25c (1:1000; Epi-
tomics); and mouse antibodies to GAPDH (1:2000; Santa Cruz 
Laboratories), p53 (1:1000; Santa Cruz). The appropriate sec-
ondary antibodies conjugated to horseradish peroxidase (HRP) 
(Dawen Biotec) were then added and antigen-antibody complex 
was detected by enhanced chemiluminescence (ECL) (Biological 
Industries, Kibbutz Beit Haemek) reagent. GAPDH was used as 
a loading control.

MTT assay
Cell viability was identified by 3- (4,5- dimethylthiazol-

2-yl)- 2, 5- diphenyl- tetrazolium bromide (MTT) assay. Twenty 
microliters of 5 mg/mL MTT solution (Sigma-Aldrich) was 
added into each test well 24, 48, 72, and 96 h respectively post-
transfection, and incubated for 4 h. The supernatant was then 
removed, and 150 μL of dimethylsulfoxide (DMSO) (Sigma-
Aldrich) was added to stop the reaction. Optical density (OD) 
was evaluated by measuring the absorbance at a wavelength of 
490 nm on a a microplate spectrophotometer ELx800 (Bio-Tek). 
All experiments were performed in triplicate.

Cell cycle analysis
After incubation for 48 h post-transfection, cells were col-

lected, washed with PBS, fixed with 70% ethanol, and stored 
overnight at 4 °C prior to staining. Cell cycle progression was 

then quantified by PI (20 μg/mL) (Biyotime) staining and sub-
sequently analyzed with flow cytometry FACS EPICS (Beckman 
Coulter; Becton Dickinson), according to the manufacturer’s 
instructions. All experiments were repeated in triplicate.

Apoptosis assay
The apoptosis ratio was identified using the Annexin V-FITC 

Apoptosis Detection Kit (Biouniquer). Cells were harvested 72 h 
post-transfection, washed twice with PBS, and resuspended in 
binding buffer containing Annexin V-FITC and PI following 
the manufacturer’s protocol. The samples were analyzed by flow 
cytometry (Beckman Coulter; Becton Dickinson). The percent-
ages of apoptotic cells from each group were then compared. 
Tests were repeated in triplicate.

Construction and transduction of lentiviral vectors encod-
ing CCNB1 shRNA

For constant suppression of CCNB1 expression in HCT116 
and SW480 cells, a lentiviral vector encoding CCNB1 shRNA 
(pL/shRNA/F-CCNB1) was constructed for knockdown of 
CCNB1. The sequences of CCNB1 shRNA were shown in 
Table 1. For cell infection, viral supernatants were supplemented 
with 5 μg/mL polybrene and incubated with cells for 12 h. 
HCT116 and SW480 cells were transduced by the lentiviral par-
ticles followed by blasticidine selection (4 μg/mL and 6 μg/mL, 
respectively) for 10 d. The cells stably expressing shRNA were 
confirmed by performing qRT-PCR and western blot analysis.

Animal model experiments
All animal studies were performed in accordance with the 

rules and guidelines concerning the use and care of laboratory 
animals and approved by the Animal Care Committee of Zheji-
ang University. For in vivo tumor growth assay, 4-wk-old BALB/c 
nude mice were purchased from Shanghai Laboratory Animal 
Center (SLAC) and housed in a dedicated SPF facility at Labora-
tory Animal Center of Zhejiang University. Equal numbers of 
cells stably infected with pL/shRNA/F-CCNB1 or pL/shRNA/F 
(5 × 106 cells/injection for HCT116 and SW480, respectively) 
were resuspended in 100 μL PBS, and injected subcutaneously in 
the left-side axilla of each animal, respectively (n = 6/each group). 
The diameters of tumors were measured once a week with pre-
cision calipers. Tumor mass (xenograft) volume was calculated 

Table 1. Sequences of primers siRNA and shRNA

Primers, siRNA and shRNA7 Sequence (5′ - 3′)

GAPDH forward GACAGTCAGC CGCATCTTCT

GAPDH reverse TTAAAAGCAG CCCTGGTGAC

CCNB1 forward CCAAATCAGA CAGATGGAAA T

CCNB1 reverse GCCAAAGTAT GTTGCTCGA

Chk1 forward AAGCGTGCCG TAGACTGT

Chk1 reverse TTATCCCTTT CATCCAAC

CCNB1 siRNA forward GAAUUCUGCA CUAGUUCAA (dTdT)

CCNB1 siRNA reverse UUGAACUAGU GCAGAAUUC (dTdT)

CCNB1 shRNA forward CACCGAATTC TGCACTAGTT CAACGAATTG AACTAGTGCA GAATTC

CCNB1 shRNA reverse AAAAGAATTC TGCACTAGTT CAATTCGTTG AACTAGTGCA GAATTC
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according to the following formula: volume = [(tumor length) × 
(tumor width)2] / 2. About 4 wk after xenograft, mice were sac-
rificed and tumors were removed, weighed, and photographed. 
Tissue samples were fixed overnight in 10% paraformaldehyde, 
embedded in paraffin, and sectioned for histological studies and 
western blot analysis.

Immunohistochemistry analysis
The tumor xenografts embedded in paraffin were sectioned 

of 4 μm and stained with hematoxylin and eosin according to 
standard protocols. Sections were further under IHC stain-
ing using the Envision method. In brief, a unique band was 
obtained when the selected antibody in western blot analysis 
was used, thus the same anti-CCNB1 antibody was used for 
IHC analysis.

Sections were deparaffinized in xylene and rehydrated with 
ethanol. Next, hydrated autoclave pretreatment was performed 
by boiling the samples in 10 mM citrate buffer for 2 min. Endo-
gen peroxidase was quenched with 50 μL of 3% hydrogen per-
oxidase for 10 min at room temperature (RT). Slides were then 
incubated with the primary anti-CCNB1 antibody at a dilution 
of 1:10 000 in Tris-buffered solution at RT for 1 h followed by 
incubation with Dako Envision Peroxidase (Dako Diagnostica) 
for 1 h at RT. The antibody staining was visualized with DAB 
(Dako Diagnostica). The section slides were counterstained with 
Mayer’s hematoxylin, dehydrated and mounted. Controls with-
out incubation with primary antibody were processed. Stained 
sections were evaluated by Image pro-plus 6.0 (Media Cybernet-
ics) and the average score for each slide was used for statistical 
analysis.

Statistical analysis
Statistical calculations were performed using SPSS 19.0 

(WPSS Ltd). Results were presented as mean ± SE/SD. Rela-
tive quantification of mRNA expression was calculated with the 
2−ΔCT method. Differences between colorectal cancer and normal 
colorectal tissues were assessed by the nonparametric Mann–
Whitney U test. For other experiments in vitro and in vivo, dif-
ferences between two groups were evaluated using the Student t 
test. All P values were two-sides and P values < 0.05 were consid-
ered statistically significant.
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