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Abstract: Aims: In this investigation, we explored the expression of CCND1 and the correlation between nuclear 
expression of CCND1 and clinicopathologic features including survival prognosis in colon adenocarcinoma (CRC). 
Further, we investigated CCND1 as a target of miR-340 participating in miR-340-induced inhibition of chemotherapy 
resistance for 5-Fu in colon adenocarcinoma. Methods: The mRNA and protein expression of CCND1 in CRC tis-
sues and colon tissues was examined by real-time PCR, western blot, and immunohistochemisty respectively. The 
relationship between the nuclear expression levels of CCND1 and clinical features including survival prognosis was 
analyzed. Further, siCCND1 or miR-340-induced chemotherapy sensitivity to CRC was investigated. Finally, CCND1 
as a direct target of miR-340 in CRC was examined. Results: The mRNA levels of CCND1 was markedly higher in CRC 
tissues than their pair colon tissues (P=0.0017). Further, elevated CCND1 protein expression was indicated in cell 
nucleus of CRC tissues compared to colon tissues. High levels of CCND1 nuclear protein were positively correlated 
with T stage (P<0.001) of CRC patients. Patients with higher CCND1 nuclear expression had a significantly shorter 
overall survival time than patients with low CCND1 nuclear expression. Multivariate analysis indicated CCND1 nu-
clear expression is an independent prognostic indicator (P=0.004) for patients with CRC. Furthermore, overexpres-
sion of CCND1 or suppression of miR-340 significantly decreased chemotherapy sensitivity of 5-Fu to CRC cells. 
Finally, CCND1 was validated as a direct target of miR-340 in CRC. Conclusion: CCND1 as an unfavorable factor 
mediated miR-340 suppression of chemotherapy resistance for 5-Fu in colon adenocarcinoma.
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Introduction

Cyclin D1 (CCND1) belongs to the highly con-
served cyclin family, whose members are char-
acterized by a dramatic periodicity in protein 
abundance throughout the cell cycle. In the  
previous studies, increased CCND1 express- 
ion has been frequently found in a variety of 
tumors including epithelial liver cancer, ovar- 
ian cancer, nasopharyngeal carcinoma, gastric 
cancer, and lung cancer and may contribute to 
tumorigenesis [1-6].

Colorectal cancer (CRC) (also known as colon 
cancer, rectal cancer or bowel cancer) is the 
development of cancer in the colon or rectum 
(parts of the large intestine). It has become one 

of the most common malignant gastrointest- 
inal carcinomas with a rising morbidity and 
mortality currently. Over one million cases was 
diagnosed and 0.6 million people died (8.1%  
of all cancer deaths) in 2008 [7], and approxi-
mately 3~4% of all CRC [8], and 5-15% of CRC 
diagnosed before age 50 years [9, 10]. Colon 
adenocarcinom as a predominantly histologi- 
cal subgroup in colorectal cancer is one of the 
leading causes of cancer death in developed 
countries. In previous study, CCND1 was obser- 
ved to be co-existed with VEGF indicating poor-
er disease-free survival rates and overall sur-
vival rates in colorectal cancer [11]. Further- 
more, it was also found to be positive corre- 
lation with P-Stat5 expression, which was as- 
sociated with shorter survival in patients with 
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colorectal cancer [12]. However, the expression 
pattern of CCND1 and its correlation with clini-
cal features including prognosis were seldom 
reported in colon carcinoma alone.

miR-340 is a tumor-inhibitory miRNAs that has 
been documents in some tumors. Furthermore, 
it can reverse cisplatin resistance of hepatocel-
lular carcinoma cell lines by targeting Nrf2-
dependent antioxidant pathway [13]. However, 
whether miR-340 induced chemotherapy sen-
sitivity of 5-Fu to tumor cells was never been 
reported [14, 15].

In this study, we investigated the expression 
pattern of CCND1 in colon cancer tissues at 
mRNA and protein levels and evaluated the cor-
relation of its nuclear expression with clinico-
pathologic features and patient survival. Our 
results hint CCND1 as an unfavorable prognos-
tic factor promoting the pathogenesis of colon 
cancer patients.

Materials and methods

Sample collection

20 fresh paired colon adenocarcinoma and 
colon tissues were collected from the People’s 
Hospital of Zhongshan City, China, at the time 
of diagnosis before therapy. All fresh samples 
were preserved immediately in liquid nitrogen. 
A tissue array including 90 paired paraffin-
embedded colon cancer samples and colon 
samples was were purchased from the National 
Engineering Center for BioChips in Shanghai, 
China. Furthermore, we also collected 41 paraf-
fin-embedded colon adenocarcinoma samples 
from the People’s Hospital of Zhongshan City. 

For the use of these clinical materials for re- 
search purposes, prior consent from the pa- 
tients and approval from the Ethics Commi- 
ttees of this hospital was obtained. All speci-
mens had confirmed pathological diagnosis 
and were staged according to the 2010 colo- 
rectal cancer staging system of the AJCC/UICC.

Real-time polymerase chain reaction (PCR)

Differential mRNA expression of CCND1 was 
measured using Real-time PCR in 20 paired 
colon cancer tissues and colon tissues using  
a Mx3000P real-time PCR system (Stratagene, 
La Jolla, CA, USA) and SYBR Premix Ex Taq 
(Takara, Shiga, Japan), as described previous- 
ly [16]. The sense primer was 5’-GCAGCAGAA- 
GCGAGAGC-3’, and the anti-sense primer was 
5’-ACTTCTGTTCCTCGCAGAC-3’. The ACTB gene 
was amplified as an internal control using the 
sense primer 5’-TAAGGAGAAGCTGTGCTACG-3’ 
and anti-sense primer 5’-GACTCGTCATACTCCT- 
GCTT-3’.

Protein extraction 

For four paired colon adenocarcinoma samples 
and colon samples were frozen using liquid 
nitrogen and then respectively ground by hand 
to a fine powder with mortar and pestle. Sub- 
sequently, nuclear protein was extracted from 
these tissue powders according to the instru- 
ction of nuclear protein extraction kit (Gaiji  
Inc, Nanjing, China). Cell protein extraction had 
been described in our previous report [5].

Western blot 

Protein lysates were resolved on 10% SDS  
polyacrylamide gel, electro transferred to poly-
vinylidene fluoride membranes (Invitrogen, Inc. 
Carlsbad, CA, USA), and blocked in 5% non- 
fat dry milk in Tris-buffered saline, pH 7.5 (100 
mM NaCl, 50 mM Tris and 0.1% Tween-20). 
Membranes were immunoblotted overnight at 
4°C with an CCND1 antibody at a dilution of 
1:400 (Abcam, USA) and a histone3 antibody  
or GAPDH at a dilution of 1:1000 (Cell Signal- 
ing Technology Inc, USA), followed by their re- 
spective horseradish peroxidase (HRP)-conju- 
gated secondary antibodies. Signals were de- 
tected by enhanced chemiluminescence (Pier- 
ce, Rockford, IL, USA).

Immunohistochemistry 

Immumohistochemistry was done as described 
[17] previously with a rabbit anti-human CCND1 

Figure 1. Downexpression of CCND1 m RNA was 
shown in colon tissues compared to CRC tissues.
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polyclonal antibody at concentration of 1:100 
(Santa Cruz Biotechnology, USA) (Santa Cruz 
Biotechnology, USA). Sections were visualized 
with DAB and counterstained with hematoxy- 
lin, mounted in neutral gum, and analyzed us- 

Figure 2. Elevated nuclear expression of CCND1 promoted the progression 
and poor prognosis in CRC. A. Increased CCND1 protein was predominantly 
expressed in CRC tissues compared to colon tissues by western blot assays. 
B. CCND1 protein was examined between CRC and colon tissues by immuno-
histochemistry assay. Case 1: Negative of nuclear CCND1 protein in CRC and 
colon tissues; Case 2 and 3: Positive expression of nuclear CCND1 protein in 
CRC, but negative expression in colon tissues. C. Positive nuclear expression 
of CCND1 protein was negatively correlated with the overall survival time for 
CRC patients. D. Nuclear CCND1 expression in clinical stage III+IV, but not 
clinical stageI+II , was shown to promote the poor prognosis and lead to the 
shorter overall survival time for CRC patients by strata analysis. 

ing a bright field microscope. 
The stained tissue sections 
were reviewed separately by 
two pathologists blinded to 
the clinical parameters and 
evaluated for the presence of 
nuclear staining. Tumor cells 
with nuclear staining more 
than or equal to 10% were 
considered as positive nucle-
ar expression. Less than 10% 
staining was regarded as neg-
ative nuclear expression.

MTT cytotoxicity assay

Colon cells (HCT116 and SW- 
480) were respectively seed-
ed in 96-well plates in 100  
μl 1640 medium supplement-
ed with 10% FBS at 5×103 
cells/well. Once the cells at- 
tached, they were respective-
ly treated by siCCND1 or miR-
340 with 5-Fu in 5, 10, 20, 
40, 60 or 80 µM (250 mg/ 
ml) and incubated at 37°C  
in 5% CO2 for 48 h. Subse- 
quently, 10 µl of MTT (5 mg/
ml) (Sigma, StLouis, MO, USA) 
was added to each well, and 
the plates were incubated  
at 37°C for 4 h. Further, the 
supernatants were removed 
and 100 µl of DMSO (Sig- 
ma) was added to each well. 
The absorbance value (OD)  
of each well was measured  
at 490 nm and half maxi- 
mal inhibitory concentration 
(IC50) was calculated. Experi- 
ments were performed three 
times.

Transient transfection with 
miR-340 mimics and its in-
hibitor

miR-340 mimic and its inhibi-
tor were designed and synthe-
sized by Guangzhou RiboBio 

Table 1. The expression of CCND1 in colon cancer (CRC) and colon 
tissue

N
CCND1 expression P  

valueHigh Low
Colon adenocarcinoma 131 71 60 0.000
Colon tissue 90 14 76

(RiboBio Inc, China). Twenty-four hours prior to 
transfection, colon cancer cells were plated 
onto a 6-well plate or a 96-well plate (Nest, 
Biotech, China) at 30-50% confluence. They 
were then transfected into cells using Turbo- 
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FectTM siRNA Transfection Reagent (Ferment- 
as, Vilnius, Lithuania) according to the manu-
facturer’s protocol. Cells were collected after 
48 hr for further experiments.

miRNA target validation

CCND1 were predicted to be directly regu- 
lated targets of miR-340 miRwalk softwares 
(University of Heidelberg, Mannheim, Germany). 
A 312 fragment of CCND1 3’UTR amplified  
by PCR primers was cloned into psiCHECK-2 
vectors (named wt). Site-directed mutagenesis 
of the miR-340 binding site in CCND1 3’UTR 
was performed using GeneTailor Site-Directed 
Mutagenesis System (Invitrogen; named mt). 
For reporter assays, wt or mt vector and the 
control vector psiCHECK-2 vector were cotrans-
fected into SW480 cells with miR-340 mimics 
or inhibitor. Luciferase activity was measured 
at 48 h after transfection using the Dual-Lu- 
ciferase Reporter Assay System (Promega Cor- 
poration, Madison, WI, USA).

Statistical analyses

All statistical analyses were carried out using 
the spss software program (version 13.5; 
SPSS, Inc., Chicago, IL, USA). The test was used 
to analyze the differential expression of CCND1 
mRNA between tumor tissues and normal tis-
sues. The χ2 test was utilized to analyze the 
relationship between CCND1 nuclear expres-

moted clinical progression and poor prognosis 
in colon cancer 

In order to further evaluate the action of 
CCND1, we examined the differential nuclear 
expression of CCND1 protein in 4 paired CA- 
RC and colon tissues by western blot analysis. 
The result indicated that CCND1 expression 
was significantly increased in cell nucleus of 
CARC tissues compared to those colon tis- 
sues (Figure 2A). Further, we examined the ex- 
pression levels CCND1 protein in 131 CARC 
and 90 colon tissues using immunohistoche- 
mical staining (Figure 2B). We found that spe-
cific CCND1 protein was predominantly stain- 
ed in the nuclei of tumor cells. Furthermore,  
we observed that 54.2% (71/131) (Table 1) 
cases showed positive nuclear expression of 
CCND1. However, in colon tissues, only 8.89% 
(8/90) cases indicated positive nuclear CC- 
ND1 staining (P<0.001). Furthermore, the cor-
relation between CCND1 nuclear expression 
and clinical characteristics was also analyz- 
ed. As shown in Table 2, a significant correla-
tion between CCND1 nuclear expression with 
patient’s age, gender, N classification, distant 
metastasis (M classification), and clinical stage 
(I-II vs. III-IV) in 131 colon cancer cases was  
not observed, but the nuclear expression of 
CCND1 was significantly positively correlated 
with T classification (T1-T2 vs. T3-T4) (P<0.001)  
in CARC patients. Finally, we assessed the po- 

Table 2. The correlation of Nuclear expression of 
CCND1 with clinical features in colon adenocarcinoma

Clinical 
parameter n

The expression of CCND1
P 

valueHigh  
expression (n)

Low  
expression (n)

Gender
    Male 67 34 33 0.484
    Female 64 37 27 
Age (year)
    >65 76 42 34 0.774
    ≤65 55 29 26
T stage
    T1-T2 24 5 19 0.000
    T3-T4 107 66 41 
N stage
    N0 85 42 43 0.135
    N1-N2 46 29 17 
Clinical stage
    I-II 74 42 32 0.503
    III-IV 57 29 28 

sion and clinicopathologic characteristics. 
Survival curves were plotted using the 
Kaplan-Meier method and compared using 
the log-rank test. The significances of vari-
ous variables in survival were analyzed 
using multivariate Cox proportional haz-
ards model. A P value of less than 0.05 
was considered statistically significant.  

Results

CCND1 mRNA was elevated in colon can-
cer 

In order to understand the role of CCND1 
in colon cancer, real-time PCR was used to 
measure the expression of CCND1 mRNA 
transcripts in 20 freshly collected paired 
colon cancer and colon tissues. Compared 
with their control normal tissues, CCND1 
mRNA level was significantly elevated in 
CARC tissues (P=0.0017) (Figure 1).

Nuclear protein expression of CCND1 pro-
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ssible prognostic value of CCND1 expression 
for CARC patients. Kaplan-Meier analysis with 
the log-rank test was used to analyze the asso-
ciation between the levels of CCND1 expres-
sion and patient survival. We observed that the 
level of CCND1 nuclear protein expression was 
negatively correlated with the overall survival 
time of CARC patients. Patients with nuclear 
expression had worse prognosis than those 

creased the chemotherapy resistance of 5-Fu 
to CARC

To the effect of CCND1 on 5-Fu chemotherapy 
resistance to CARC, we firstly constructed 
siCCND1 colon cell model. The results indicat-
ed that siCCND1-2 showed the best interfering 
efficiency among 3 siCCND1s based on real-
time PCR (Figure 3A) and western blot (Figure 

Table 3. Summary of univariate and multivariate Cox regression analysis 
of overall survival duration

Parameter
Univariate analysis Multivariate analysis
P HR 95% CI P HR 95% CI

Age
    >65 years vs. ≤65 0.002 0. 484 0.305-0.769 0.001 0.410 0.245-0.685
Gender
    Male vs. Female 0.723 0.922 0.589-1.444
Clinical stage
    I-II vs. II-III+III 0.132 1.411 0.902-2.209
T classification
    T1-T2 vs. T3-T4 0.262 1.423 0.768-2.236
N classification
    N0 vs. N1+N2 0.002 2.053 1.303-3.233 0.049 1.615 1.003-2.568
CCND1 expression
    Low vs. High 0.002 0.484 0.305-0.769 0.004 0.499 0.311-0.798

with negative nuclear 
expression of CCND1 
(Figure 2C) (P=0.019). 
Interestingly, we further 
observed that nuclear 
CCND1 expression in 
clinical stage III+IV, but 
not clinical stage I+II, 
was shown to be worse 
prognosis and lead to 
the shorter overall sur-
vival time for CARC pa- 
tients (Figure 2D) (P= 
0.001) by strata ana- 
lysis.

Nuclear expression of 
CCND1 acted as an 
independent prognosis 

factor for CARC patients

To investigate the potential  
of CCND1 nuclear express- 
ion as independent progno- 
sis marker, we used multi- 
variate Cox proportional haz-
ards model to analyze the  
significances of various vari-
ables in survival. Univariate 
analyses indicated that age,  
N classification, and CCND1 
nuclear expression level were 
significantly associated with 
patient survival (P=0.002, P= 
0.002, and P=0.002 respe- 
ctively). Further, multivariate 
analysis of CCND1 nuclear 
protein expression levels ad- 
justing for age and N classifi-
cation of CARC patients sh- 
owed CCND1 nuclear expres-
sion as an independent pro- 
gnostic marker for CARC pa- 
tients (P=0.004) (Table 3).

Knocking down CCND1 de-

Figure 3. Knocking down CCND1 suppresses chemotherapy resistance of 
5-Fu in CRC. A. Real-time PCR examined the interfering efficiency of siCCND1s 
in CRC. B. Western blot confirmed the the interfering efficiency of siCCND1-2 
by western blot assay in colon cancer. C and D. Knocking down CCND1 sup-
presses chemotherapy resistance of 5-Fu in CRC HCT116 and SW480 cells.
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3B) examinations. Further, knocking down 
CCND1 significantly reduced IC50 value and 
increased the sensitivity of 5-Fu to CARC 
HCT116 and SW480 cells (Figure 3C, 3D).

miR-340 increased the chemotherapy sensitiv-
ity of 5-Fu to CARC 

In previous documents, miR-340-induced che-
motherapy sensitivity of 5-Fu to CARC had 
never been reported. In this study, we observed 
that miR-340 mimic could markedly reduce 
IC50 value and increased the sensitivity of 5-Fu 
to CARC cells HCT116 and SW480 (Figure 4A, 
4B).

miR-340 directly targeted CCND1 in CARC

To further study the mechanism of miR-340  
in inducing chemotherapy sensitivity of 5-Fu, 

CCND1 as a key oncogene has been reported 
to be cooperated with CDK4 and CDK6 driving 
cell cycle progression from G1 to S phase 
through the phosphorylation and subsequent 
inactivation of Rb protein and its abnormal 
expression has been indicated in tumors and 
promotes the disease progression and poor 
prognosis in these patients. Nevertheless, the 
expression pattern of CCND1 and its nuclear 
expression correlation with clinical features 
and the prognosis value were rarely reported in 
CRC. 

In this study, we firstly found that CCND1 mRNA 
expression was upregulated in CRC tissues 
compared to colon tissues. This finding was 
similar to Jares and Molenaar et al’s documents 
respectively from mantle cell lymphomas and 
neuroblastoma [18, 19], but was inversed with 

Figure 4. miR-340 mimics induced the chemotherapy sensitivity of 5-Fu in 
CRC. A and B. miR-340 induced the chemotherapy sensitivity of 5-Fu in CRC 
HCT116 and SW480 cells.

we used bioinformatics to  
predict the targeted genes  
of miR-340. Interestingly, CC- 
ND1 was predicted as a di- 
rectly target gene. We obser- 
ved that miR-340 mimics or 
inhibitor could respectively 
inhibit or increase the expre- 
ssion of miR-340 colon can-
cer cells (Figure 5A, 5B). Fur- 
ther, Wild-type (wt) or mutant 
(mt) 3’UTR vector of CCND1 
and miR-340 mimics or in- 
hibitor colon cells were co- 
transfected with colon SW- 
480 cells. The results show- 
ed a significant decrease of 
luciferase activity in wt vector 
transfected with miR-340a 
mimics (Figure 5C, lanes 1; 
P<0.001) or an obvious in- 
crease of luciferase activity  
by using miR-340 inhibitor 
(Figure 5C, lanes 3; P=0.008) 
when compared with miR  
control, whereas the activity 
of mt vector was unaffect- 
ed (Figure 5C, lanes 5 and  
6) by using miR-340 mimics 
or inhibitor. Taken together, 
these results strongly sup-
ported that CCND1 was the 
direct target of miR-340 in 
CRC cells.

Discussion

Figure 5. CCND1 was a direct target of miR-340 in CRC. A. miR-340 mim-
ics suppressed the CCND1 expression in CRC cells. B. miR-340 inhibitor in-
duced the CCND1 expression in CRC cells. C. Luciferase activity indicated 
that miR-340 suppressed 3’UTR of CCND1 in CRC.
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Hu’s investigation in human hepatocellular car-
cinoma [20]. The discrepancy between our data 
and Hu et al’s data would be most likely due to 
the different tumor samples. Our study prelimi-
narily suggested the involvement of CCND1 in 
the pathogenesis of CRC.

Further, we observed that CCND1 was a coex-
pressed factor of nuclear and cytoplasm in  
CRC and colon tissues by immunohistoche- 
mistry staining assay. Interestingly, we obser- 
ved that CCND1 expression was predominant- 
ly increased in cell nucleus of CRC, but not cy- 
toplasm, compared to colon tissues. Our data 
was similar to Seiler, Huang, and Dekanić et  
al’s investigations respectively in bladder can-
cer, oral cavity squamous cell carcinoma, and 
colorectal carcinomas [21-23], which suggest-
ed that elevated nuclear CCND1 expression 
might significantly stimulate the pathogene- 
sis of CRC. Finally, the high nuclear expression 
of CCND1 in CRC tissues compared to their 
respectively adjacent colon tissues was con-
firmed by western blot. Further, our date pre-
sented the strong evidence that although nu- 
clear expression of CCND1 was not correla- 
ted with age, gender, N classification, M classi-
fication, and clinical stage, it was significantly 
positively related to T classification. This result 
was similar with CCND1 reports from prostate 
cancer [24], papillary carcinoma in thyroid [25], 
colorectal cancer [26] et al, which indicated  
the key of nuclear CCND1 protein inducing cell 
growth in the pathogenesis of colon cancer. 

Increased nuclear expression of CCND1 had 
been documented as an unfavorable factors in 
these tumors including pancreatic cancer [27], 
gastric adenocarcinoma [28], colorectal cancer 
[29] et al. Similar to these reports, we observed 
that nuclear expression of CCND1 was mark-
edly negatively correlated with the survival time 
of  CARC patients. Patients with nuclear CCND1 
expression had an overall shorter survival time 
than those of patients with negative nuclear 
CCND1 expression. Our data demonstrated the 
significance of nuclear CCND1 expression and 
further supported CCND1 as a key oncogene in 
colon cancer. Interestingly, Mylona found that 
high nuclear expression of CCND1 was found 
as an favorable factor for prolonging survival 
time in breast cancer patient subgroups with 
aggressive phenotypes [30]. This data was 
inconsistent with our report from CRC, which 

may attribute to the suppressive role of CCND1 
in tumor metastasis [31]. However, the effect  
of CCND1 on suppressing breast metastasis 
was still to be determined. In further strata 
analysis against clinical stage of CRC, we inter-
estingly observed that nuclear CCND1 expre- 
ssion nuclear CCND1 expression in clinical 
stage III+IV, but not clinical stage I+II for co- 
lon cancer patients, was indicated to promote 
the worse prognosis and lead to the shor- 
ter overall survival time. This data suggest- 
ed CCND1 as a preferable biomarker for eva- 
luating the prognosis of advanced CRC pa- 
tients. Finally, we observed that nuclear ex- 
pression of CCND1 protein represented an 
independent prognostic marker for overall sur-
vival of CRC patients according to multivari- 
ate analysis. This result demonstrated the sig-
nificance of CCND1 in predicting the progno- 
sis of colon cancer patients. 

5-Fu is a key chemotherapy drug that affects 
pyrimidine synthesis by inhibiting thymidylate 
synthetase thus depleting intracellular dTTP 
pools for colon cancer patients. Further, we 
observed that knocking down CCND1 signifi-
cantly reduced chemotherapy resistance of 
5-Fu to colon cancer cells. This result suggest-
ed the importance of CCND1 in chemotherapy 
resistance in colon cancer.

miR-340 had been demonstrated as a tumor 
suppressor in tumors [29, 30]. However, its role 
in regulating chemotherapy resistance of 5-Fu 
was still undetermined in colon cancer. In this 
study, miR-340 was observed to induce 5-Fu 
chemotherapy sensitivity in colon caner. Yet, its 
detailed mechanism in modulating chemother-
apy sensitivity had been documented in colon. 
Interestingly, we observed that CCND1 was pre-
dicted as a direct target of miR-340 by bioinfor-
matics analysis. Subsequently, we confirmed 
the prediction by western blot and luciferase 
activity assay.  

Taken together, our study demonstrated that 
the mRNA and protein level of CCND1 was 
markedly increased in CRC tissues compared 
to colon tissues. Furthermore, our data sug-
gested that nuclear expression of CCND1 was 
positively correlated with the clinical progres-
sion and acted as a poor prognosis factor for 
CRC patients. Finally, CCND1 was validated as 
a direct target of miR-340 participating in miR-
340-mediated suppression of chemotherapy 
resistance for 5-Fu in colon cancer.
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