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that truly contribute to metastasis of colorectal cancer 
still remain incompletely understood. Growing evidences 
indicate that chemokines and their receptors are involved 
in the complex processes of cancer metastasis [7]. In 
this study, our investigations showed that the chemokine 
receptor CCR4 was significantly associated with poor 
prognosis of CRC patients. A remarkable correlation 
between expression of CCR4 and tumor size, invasion 
depth, or lympthatic metastasis was found, indicating 
that cancer cells with high level of CCR4 have more 
invasive phenotype. Although CCR4 did not represent 
an independent risk factor for patients with colorectal 
cancer, these results still showed a critical role of CCR4 
in colorectal cancer. 

  It has been reported that CCR4 overexpresion 
can enhance metastatic potential in breast cancer and 
lung cancer [13, 26]. Olkhanud et al. found that breast 

cancer lung metastasis required CCR4 expression and 
regulatory T cells [26]. Moreover, primary tumors can 
induce the production of CCR4 ligands in the lungs of 
mice, which enable CCR4 positive tumor cells to migrate 
more easily [26]. The data we presented herein revealed 
that overexpression of CCR4 significantly facilitated 
invasion of CRC cells in vitro and enhanced distant liver 
metastasis in vivo. In contrast, silencing of CCR4 reduced 
the invasive capacity of CRC cells in vitro and in vivo. Our 
above findings suggest the chemokine receptor CCR4 may 
play a crucial role in CRC cells metastasis. 

  To investigate the potential molecular mechanism 
involving CCR4-induced cells invasiveness, we profiled 
differentially expressed metastasis-related genes with 
a Tumor Metastasis PCR array.and identified MMP13 
as a candidate target. MMP13 could be produced by 
various types of cancer cells and serves as a critical 
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p-p65, CCR4 or MMP13 expression is examined by western blot. (B) Representative images of IHC staining of TNF-α in tissue microarray. 
(C) Prognostic values of CCR4 combined with TNF-α. (D) DNA fragments pulled down with NF-κB antibody from SW1116 cells treated 
with TNF-α (50 ng/ml) or PBS were amplified by PCR. (E) The promoter activity was evaluated by transfection with different CCR4 
luciferase expression vectors. Cells were treated with TNF-α (50 ng/ml) or PBS for 12 h. 
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regulator of metastatic process in human malignancies 
[18, 19]. It has been reported that MMP13 is related to 
cancer aggressiveness in hepatocellular carcinoma [27]. 
Stromal MMP13 mediates tumor microenvironment and 
promotes lung metastasis of breast cancer [28]. In the 
present study, expression level of MMP13 was found 
to be decreased under condition of CCR4 knockdown, 
while overexpression of CCR4 increased the level 
of MMP13 in tumor cells. Depletion or inactivation 
of MMP13 significantly suppressed CCR4-mediated 
invasion of CRC cells. These data provide new clues on 
the underlying mechanism that CCR4 might promote 
colorectal cancer cell invasion by up-regulation of 
MMP13. Next, the potential signal pathways implicated 
in the regulation of MMP13 expression were explored and 
the results showed that both ERK and PI3K-Akt pathways 
possibly participated in this process. When treated 
with small chemical inhibitors against key factors of 
pathways (U0126 and LY294002), we found that MMP13 
expression was inhibited by the blockaded of ERK 
signaling in tumor cells. Recently, ERK/MMP pathway 
was shown to facilitate epithelial-to-mesenchymal 
transition in colorectal cancer [29]. The study by Liang 
et al. [30] indicated that interleukin-1-induced MMP9 
expression required the activation of ERK signaling. Our 
data herein found that ERK might play an important role 
in the expression of MMP13 and invasiveness of human 
CRC cells. 

Growing evidences show that many growth factors 
stimulate the expression of MMP genes via signal 
transductions that converge to activate transcription 
factors. To date, multiple transcription factor consensus 
binding motifs have been observed in the MMP13 
promoter, including NF-κB, β-catenin and Runx2 [19–21]. 
In the present study, we demonstrated that NF-κB but 
not β-catenin or Runx2, modulated the CCR4-mediated 
MMP13 activity in colorectal cancer cells, suggesting a 
crucial function of NF-κB in regulating invasiveness of 
tumor cells.   

  It is generally recognized that the cytokine 
TNF-α, produced by immune cells such as macrophages, 
T and B cells, exhibits both proinflammatory and 
immunoregulatory activity. Up-regulation of TNF-α has 
the capacity to increase the chemokine receptor CXCR4 
levels, which promotes the invasiveness of gastric cancer 
cells [31]. In this study, we found a significant positive 
correlation between expression of CCR4 and TNF-α in 
CRC tissues by using IHC analysis. In vitro experiments 
also indicated that TNF-α contributed to the elevation of 
CCR4 expression in CRC cells. Moreover, the chemokine 
receptor CCR4 might be involved in TNF-α-induced 
expression of MMP13 in CRC cells, suggesting the drugs 
targeting CCR4 may provide a clue for antagonizing 
TNF-α-regulated cancer cells metastasis. These findings 
indicate that CCR4 is not constitutively expressed in CRC 
cells but may be up-regulated in tumor microenvironment. 

Considering that the immune microenvironment of tumor 
cells is so complex, however, there may be other factors 
could contribute the expression of CCR4. 

Previous studies elucidated that both NF-κB and 
TNF-α played important roles in connecting inflammation 
to tumor progression [32]. As a heterodimeric transcription 
activator, NF-κB consists of the DNA binding subunit p50 
and the transactivation subunit p65 [33]. The activation 
of NF-κB allows itself to translocate into the nucleus and 
transcriptionally activate target genes. In this study, we 
found that TNF-α increased the expression level of CCR4 
in NF-κB-dependent manner. Suppressing the activation 
of NF-κB completely abrogates TNF-α -induced CCR4 
expression. Furthermore, NF-κB binds to promoter region 
of CCR4 and contributes to its expression.

In conclusion, our data unravel a novel mechanism 
that the chemokine receptor CCR4 facilitates metastasis of 
CRC cells by activating ERK/ NF-κB /MMP13 pathway. 
Overexpression of CCR4 is correlated with poor survival 
of CRC patients. Moreover, CCR4 could be induced by the 
cytokine TNF-α in NF-κB-dependent manner and might 
be involved in TNF-α-induced cancer cells invasiveness. 
These findings support that targeting CCR4 may be a 
promising strategy for suppressing metastasis in CRC. 

Materials and methods

Cell culture and reagents

Eight human CRC cell lines were purchased from 
American Type Culture Collection (ATCC, VA, USA) and 
were preserved by Shanghai Digestive Surgery Institute. 
SW480, SW620 and SW1116 are cultured in Leibovitz’s 
L-15medium supplemented with 10% fetal calf serum. 
HCT116, HT29, Caco2, RKO and LoVo were maintained 
in RPMI-1640 medium with the same components. 
All of these cells were incubated at 37℃ and 5% CO2. 
U0126 (MEK inhibitor), LY294002 (PI3K-Akt inhibitor), 
TPCA-1 (IKK inhibitor) and CL82198 (MMP13 activity 
inhibitor) were purchased from Selleckchem (Houston, 
USA) and used in accordance with manufacturer’s 
instructions. TNF-α was purchased from R&D systems.

Generation of gene overexpressing and 
knockdown stable cells

pGLV-GFP-CCR4 lentiviral vector and four shRNA 
plasmids targeting different regions of CCR4 mRNA 
were purchased from Genepharma (Shanghai, China). 
Lentivirus particles were transfected into the CRC cells 
in the presence of polybrene and selected for 2 weeks 
using 5 μg/ml puromycin. CCR4 sequences targeted were 
as follows: shRNA1: 5′-GGT TCT GGA CAC CTT ACA 
ACA-3′; shRNA2: 5′-GCA CCT TTG AAA GAT ACT 
TGG-3′; shRNA3: 5′-GGG AGA AAT TTC GCA AGT 
ACA-3′; shRNA4: 5′-GCA GTC CAC CAT GGA TGG 



Oncotarget47647www.impactjournals.com/oncotarget

ATC ATG A-3′. Plasmids were transfected into cells with 
Lipofectamine 2000 (Invitrogen) and stable transfected 
cells were selected by G418. The plasmid shRNA1 proved 
the strongest efficiency and was used for further research. 

Transient transfection

MMP13 siRNA and control siRNA were purchased 
from Genepharma. The cells were transfected with siRNA 
using Lipofectamine 2000 according to the manufacturer’s 
instructions. After 6 h, the medium was changed to normal 
medium and cells were cultured for further 48 h. 

Patients and immunohistochemical analysis  

The collection of specimens from 116 patients 
was authorized by Ethics Committee of Ruijin Hospital 
used after obtaining informed consent. These specimens 
embedded with paraffin were made into tissue microarray 
(TMA) by Shanghai Outdo Biotech Company, as 
previously described [34]. The staining of TMA was 
conducted according to the manufacturer’s protocol 
(Immunostain SP kit, DakoCytomation, USA). Antibodies 
used for immunohistochemical analysis included antibody 
against CCR4 (ab1669), TNF-α (Sigma) and MMP13 
(Abcam). The results of immunostaining were determined 
by staining intensity and the number of positive cells 
(staining intensity: negative = 0, weak = 1, moderate = 2, 
strong = 3; and the percentage of cells stained:  
0 = 0–1%, 1 = 1–5%, 2 = 6–29%, 3 = 30–59%, 4= 60–100%). 
Immunohistochemical score was independently 
determined by two pathologists who were blinded to 
patient characteristics.

Real-time quantitative reverse transcription-
PCR (qRT-PCR) 

Total RNA was isolated from cell lines and tissues 
using Trizol (Invitrogen) according to the manufacturers’ 
instructions. cDNA was synthesized by using reverse 
transcription kit (Invitrogen, CA). Quantitative 
polymerase chain reaction (PCR) was performed by using 
SYBR Green PCR Master Mix (Applied Biosystems, UK). 
Primers for CCR4 were as followed: forward 5′-AGA 
AGG CAT CAA GGC ATT TGG-3′ and reverse 5′-ACA 
CAT CAG TCA TGG ACC TGA G-3′. Relative mRNA 
expression was calculated by comparative Ct method and 
GAPDH was used as the control. All experiments were 
done in triplicate. 

Tumor metastasis PCR array analysis

The Human Tumor Metastasis PCR Array 
(SABiosciences, USA), which includes 84 genes 
known to be involved in metastasis, was used to profile 
SW1116/CCR4 and the control group cells according 
to the protocols. Briefly, cDNA constructed from RNA 

using RT2 First Strand Kit (Qiagen) was combined with 
specific RT2 qPCR Master Mix. Then, equal aliquots of 
this mixture were added to each well of the PCR Array 
plate containg genes-pecific primers. The reaction and data 
collection were performed on Applied Biosystems® 7500 
Real-Time PCR Systems.

Immunoblotting

Western blot analysis was performed as previously 
described [35]. 100 ug of protein was separated by 10% 
SDS-PAGE gel and transferred to PVDF membranes. The 
membranes were blocked with 5% non-fat milk for 2 h 
and then were incubated at 4°C overnight with primary 
antibodies. The primary antibodies for CCR4, p-p65, 
p65, β-catenin and MMP13 were purchased from Abcam, 
and antibodies against ERK (4695), p-ERK (4377), JNK 
(9252), p-JNK (4668), p38 (9212), p-p38 (4631), Akt 
(4691), p-Akt (13038), and Runx2 (8486) were purchased 
from Cell Signaling (Danvers, MA). Horseradish 
peroxidase-conjugated secondary antibodies were used 
and the protein bands were visualized by an Odyssey 
scanner (LI-COR Biosciences).

Wound healing assay and matrigel invasion 
assay

Cells were cultured in serum-free medium for 24 h 
and wounded with pipette tips. Fresh medium was then 
replaced. 24  h later, the wound closing procedure was 
observed and photographed. The invasion assays were 
performed as previously reported [36]. Briefly, 200 μL 
serum-free medium containing 2 × 105 cells was added 
into the upper chamber and 600μL medium with 10% 
serum was added into the lower chamber. The chamber 
coated with diluted Matrigel (BD) was cultured in 37°C, 
5% CO2 condition for 24 h and fixed with methanol. 
Cells that invaded to the bottom of the membrane were 
stained with 1% crystal violet and photographed under 
microscope.  Three independent experiments were 
conducted for the same conditions.

Luciferase assay

CCR4 promoter fragments were amplified from 
human genomic DNA, and were inserted into pGL3-Basic 
vector. SW1116 cells were cotransfected with pGL3-
CCR4-promotor constructs and treated with 50 ng/ml 
TNF-α or PBS. 24 hours later, luciferase activity was 
examined using the Dual Luciferase Assay (Promega) 
following the manufacturer’s instructions. 

Chromatin immunoprecipitation (ChIP)

The ChIP assay was performed according to the 
protocol of chromatin immunoprecipitation kit (Millipore). 
Protein and DNA was cross-linked in 1% formaldehyde, 
extracted by SDS lysis buffer, and sheared by sonication. 
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The supernatants were immunoprecipitated with NF-κB 
antibodies (Santa Cruz, sc-166588) or an isotype control 
IgG for 2 hours. After purification of precipitated DNA, 
PCR was conducted. Primers used for PCR were listed in 
Supplementary Table 1.

Mice

CRC cells were injected into the spleens of mice 
under anesthesia (n = 8 for each group). The spleen 
was removed after injection to avoid splenic tumor 
formation, so that metastatic lesions developed only 
in the liver. The animals were sacrificed 30 days later 
and the numbers of tumor colonies in the livers were 
measured. For in situ transplantation model, cells were 
inoculated subcutaneously into the left armpit of nude 
mice (n = 4). Xenograft tumors were then removed 
and transplanted into the left lateral lobe of liver in 
other mice (n = 10 for each group). Four weeks later, 
metastatic tumors on the surface of liver were examined. 
All experimental protocols were performed according to 
the Guide for the Care and Use Laboratory Animals of 
Ruijin Hospital, Shanghai Jiaotong University School 
of Medicine. Four-week-old male BALB/C nude mice 
(Institute of Zoology, China Academy of Sciences) were 
used in experiments. 

Statistics

All tests were performed by SAS. Quantitative 
variables were analyzed by Student t tests. Correlations 
between CCR4 and MMP13, TNF-α expression were 
analyzed by Spearman test. Log-rank test in Kaplan-Meier 
method and Cox regression model was used to assess 
patients’ survival outcome and prognostic factors. P < 0.05 
was considered to be significant. 
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