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Introduction 
 
Cancer is one the most common causes of mor-
bidity and mortality in the world (1). Up regula-
tion of oncogenes involved in bypassing cell cycle 
checkpoints leads to the uncontrolled cell division, 
transformation of cells towards cancer cells and 
finally tumor formation (2). Despite intensive re-
search to apply novel therapeutic approaches, sur-

vival of rare cases with advanced cancers has been 
reported (1). One important factor that is in-
volved in the progression of cancers is metastasis 
(3). Metastasis is the process in which cancer cells 
spread from the site of the original tumor to dif-
ferent parts of the body (4). More than 90% of 
cancers sufferings and deaths are associated with 

Abstract 
Background: Chemokine receptors have been shown to play an important role in the development and metastatic 
spread of various malignancies. In this study, the gene expression profile of some key chemokine receptors involved in 
metastasis has been investigated in esophageal and breast cancer cell lines. 
Methods: In a descriptive study, gene expression profile of CCR1, CCR6, CCR7, CCR9, CXCR1, and CXCR4 in hu-
man esophageal cancer cell line (KYSE-30) and human breast cancer cell line (MCF7) were analyzed using real-time 
PCR and their results were compared accordingly. 
Results: We demonstrated for the first time the expression of CCR1, CCR6, CCR7, CCR9, CXCR1, and CXCR4 at 
transcriptional level in human esophageal cancer cell line. The expression of CCR1, CCR7 and CXCR4 were lower in 
esophageal compared with breast cancer cells, although without significant difference. CCR9 was highly expressed in 
esophageal cancer cells as compared to the breast cancer cells (P < 0.05). Similarly, the expression of CCR6 and 
CXCR1 were higher, although without significant difference. 
Conclusion: Esophageal cancer cells like breast cancer express some key chemokine receptors involved in metastasis. 
Targeting of proposed receptors in esophageal cancer may be a novel strategy for prevention of cancer metastasis.  
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metastasis; making it most significant challenge in 
the management of disease. Application of pro-
posed metastatic inhibitory agents against cancer 
metastasis is one of the significant therapeutic 
strategies. Studies have revealed that chemokines 
and chemokine receptors are key elements in the 
process of cancer metastasis (5, 6). Chemokines 
and their receptors are divided into four groups 
according to the position of cysteine residues: CC, 
CXC, CX3C and XC, where C represents the cys-
teine and X represents non-cysteine amino acids. 
Approximately 20 chemokine receptors and 50 
chemokines have been characterized to date in 
humans. CC receptors (CCR1- 11) bind CC 
chemokines, CXC receptors (CXCR1- 7) bind 
CXC chemokines, CX3C (CX3CR1) receptor 
binds CX3C chemokine and the XC (XCR1) re-
ceptor binds the C chemokine (7, 8). Following 
activation of chemokine receptors, a wide range of 
intracellular signaling cascades initiate and typical-
ly lead to cell polarization, and directed cell motili-
ty (9).  
Metastatic cancer cells bearing chemokine recep-
tors migrate toward chemokine gradient. In addi-
tion to affecting metastasis, chemokines and 
chemokine receptors also seem to regulate tumor 
cell proliferation, angiogenesis, cell senescence 
and cell survival. Thus, chemokines and chemo-
kine receptors have been considered valuable tar-
gets for cancer therapies (10). To achieve this goal 
a better understanding of chemokine receptors 
expressed by metastatic cancer cells, is urgently 
needed. In this study, we examined the expression 
levels of some important chemokine receptors in 
esophageal cancer cells compared with breast can-
cer. This pattern is well studied in breast cancer 
cells however; to date no inclusive analysis on ex-
pression of chemokine receptors in esophageal 
cancer has been reported. Esophageal cancer is 
one of the least studied and deadliest cancers 
worldwide.  
Considering high incidence and low survival rate 
of esophageal cancer (11, 12) and lack of con-
vinced information about chemokine receptors 
expression in these cells, we have evaluated the 
gene expression pattern of some chemokine re-

ceptors proved to have key role in cancer metasta-
sis.  
 

Materials and Methods 
 
Cell lines 
Esophageal cancer cell line (Kyse-30) was cultured 
in RPMI+Ham's F12 media supplemented with 
10% fetal bovine serum and 0.01% penicil-
lin/streptomycine in 5% CO2 environment at 
37°C whereas DMEM-LG, supplemented with 
10% FBS and 0.01% penicillin/streptomycine was 
used as culture medium for breast cancer cell line 
(MCF7).  
 
RNA extraction and real-time polymerase 
chain reaction (real-time PCR)  
Total RNAs was isolated from cells using TriPure 
isolation reagent (Roche, Germany) according to 
the manufacturer’s instructions. Extracted RNA 
was treated with DNase I enzyme. One mi-
crogram of each RNA was used for cDNA syn-
thesis by reverse transcriptase. The RNA sample 
was incubated at 65˚C for 5 min with 1 μl Oligo 
dT (0.5 μg/μl) in a final volume of 12 μl, and then 
chilled on the ice, mixed with 4 μl 5X buffer, 2 μl 
dNTPs (10 mM), 0.5 μl Ribolock, 1 μl M-MLV-
RTase. After incubation at 42˚C for 60 min, and at 
70˚C for 10 min, the mixture was reversely tran-
scribed into cDNA. 2 ul cDNA of each sample 
were used for real-time PCR in a 20ul reaction mix-
ture with 10ul of 2× SYBR Green PCR Mastermix 
(Parstous, Iran) and 1 μl of specific primer pair. 
The housekeeping gene β-actin was used to nor-
malize target gene expression. The primer se-
quences used in this study are presented in Table 1. 
Each plate was run at 95°C for 10 min, then 40 
cycles of 95°C for 15 sec, 60°C for 30 sec, and 
72°C for 30 sec. All real-time RT-PCRs were per-
formed in duplicate, and Relative mRNA of each 
target gene was determined by using the formula 
2-ΔCT (CT, cycle threshold) where ΔCT=CT(target 
gene)−CT(β-actin). The comparative expression 
level of each target gene between different sam-
ples was 2-ΔΔCT. In addition, melting curves were 
used to evaluate non-specific amplification.  
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Table 1: Description of the designed primers 
 

Gene  Primer sequence Product size 

B-actin Sense 5ˊ-GCTCAGGAGGAGCAAT-3ˊ 187 
 Antisense 5ˊ-GGCATCCACGAAACTAC-3ˊ  
CCR1 Sense 5ˊ-CACGGACAAAGTCCCTTGG-3ˊ 134 

 Antisense 5ˊ-CAAAGGCCCTCTCGTTCAC-3ˊ  
CCR6 Sense 5ˊ-GCTAGTGTTTCCTCTCATTTCC-3ˊ 132 
 Antisense 5ˊ-ACCTGTTCTGCCATTGTCC-3ˊ  
CCR7 Sense 5ˊ-AACCAATGAAAAGCGTGCTG-3ˊ 120 
 Antisense 5ˊ-CGAACAAAGTGTAGTCCACTG-3ˊ  

CCR9 Sense 5ˊ-TGATTGGCTCTTGACTGTGATG-3ˊ 108 
 Antisense 5ˊ-GAGGCAGCGGCATTGATG-3ˊ  
CXCR1 Sense 5ˊ-CATCAGTGTGGACCGTTACC-3ˊ 120 
 Antisense 5ˊ-GGCAGGGACAGATTCATAGAC-3ˊ  
CXCR4 Sense 5ˊ-ATCCCTGCCCTCCTGCTGACTATTC-3ˊ 232 

 Antisense 5ˊ-GAGGGCCTTGCGCTTCTGGTG-3ˊ  
 

Statistical analysis 
In this descriptive study, the statistical differences 
were determined by student two-tailed test, and P 
< 0.05 was considered statistically significant. Re-
sults are presented as means ± SEM. Graph pad 
prism statistical software version 5.0 was used for 
all analysis. 
 

Results 
 

We performed real-time PCR to compare the ex-
pression profile of some regulator genes in metas-
tasis between esophageal and breast cancer cells as 
control. These genes included CCR1, CCR6, 
CCR7, CCR9, CXCR1, and CXCR4. The house-
keeping gene of β-actin was used as an internal 
control in the experiment. The expression pat-
tern revealed that CCR1, CCR6, CCR7, CXCR1, 
and CXCR4 were expressed in both esophageal 
and breast cancer cells with no significant differ-
ence (P>0.05) (Fig. 1). Comparing to breast can-
cer cells, the expression level of CCR1, CCR7, and 
CXCR4 were lower. However, the CCR6 and 
CXCR1 in esophageal cells showed slightly higher 
expression level. As shown in Figure 1, CCR9 
mRNA showed a significant ~3.5-fold upregula-
tion as compared to the breast cancer cells (P< 
0.05) (Fig. 1). It is an interesting observation that 
the expression level of chemokine receptors in 
esophageal cancer cells is similar to a highly meta-
static cancer type, breast cancer. 
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Fig.1: Comparative relative mRNA expression profile 
of chemokine receptors in MCF7 (breast cancer cell 
line) and KYSE-30 (esophageal cancer cell line). All 
results are shown as mean ± standard deviation (SD), 
with significance indicated by *P < 0.05 vs. respective 
control group 

 

Discussion 
 
Metastatic cancer can be characterized by the met-
abolic disordering at genetic or protein level in-
volving multiple and complex pathways i.e. ERK, 
Rac signaling, etc. (13). A significant association 
exists between the chemokine-chemokine recep-
tor system and the metastasis of cancer cells (14). 
Considering the important potential role of 
chemokine receptors in this process, their expres-
sion in two common forms of metastatic cancers 
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has been evaluated in this work. The present study 
for the first time has been demonstrated that 
esophageal cancer cells like breast cancer express 
some key chemokine receptors involved in metas-
tasis. 
It was demonstrated that increased expression 
of CCR1 significantly promotes invasion of pros-
tate cancer cells by increasing secretion of MMPs 
2 and 9 and by activating ERK and Rac signaling 
(13). Expression of CCR1 has been observed 
higher in liver metastases than the pri-
mary colorectal cancer as its expression, CCR1 has 
also been reported in breast cancer tissues (15, 16). 
In this study, expression of CCR1 was confirmed 
in breast cancer stem cells and additionally its ex-
pression was reported for the first time in esopha-
geal cancer stem cells. Additionally our results indi-
cated that expression of CCR1 was higher in breast 
cancer cells compared to esophageal cell line, alt-
hough without significant difference. 
The CCR6 plays a significant role in colorec-
tal cancer metastasis. Its upregulated expression 
predicts poor survival in colorectal cancer patients 
and selective targeting of CCR6 has been applied to 
inhibit the growth of colorectal cancer in mice (17). 
Chemokines CCL19, CCL20 and CCL21 and their 
receptors CCR6 and CCR7, have been investi-
gated as potential biomarkers of metastatic propa-
gation in primary breast cancer (18). In our study, 
expression of CCR6 and CCR7 were examined in 
esophageal cancer cells compared with breast can-
cer. Quantitative RT-PCR revealed that CCR7 was 
expressed in both breast and esophageal cancer 
cells with significant difference although it was 
lower in esophageal cancer cells. Chemokine re-
ceptors have also been investigated as key recep-
tors in the development of organ-specific metasta-
ses pattern. Involvement of CCR6 in the devel-
opment of pleura metastases and CCR7 in the de-
velopment of skin metastases has been reported 
recently in patients with positive primary breast 
cancer (19). In this study the expression of CCR6 
and CCR7 were reported for the first time, how-
ever, their potential role in esophageal cancer in-
vasion and also their potential metastatic site need 
to be investigated.  

A comparative analysis of CCR9 expression in 
aggressive breast cancer cell line (MDA-MD-231) 
and less aggressive MCF-7 cell line has been per-
formed. Functional interactions between CCR9 and 
its only known ligand, CCL25 in breast cancer cell 
lines (MDA-MB-231 and MCF-7) have been as-
sessed by migration assay. Neutralizing CCR9-
CCL25 interactions resulted in impaired cellular 
migration and invasion of breast cancer cells (20). 
It is for the first time that expression of CCR9 has 
been reported in esophageal cancer cells, which is 
significantly higher than breast cancer cells. 
Among the genes overexpressed in the breast can-
cer stem cell (CSCs) population, CXCR1, a recep-
tor that binds the proinflammatory chemokines of 
IL-8/CXCL8 and CXCL6, appeared to have an 
important role in growth and metastasis of breast 
CSCs (21-23). CXCR1 blockade induced apopto-
sis, retardation and reduction in systemic metasta-
sis of breast cancer and tumor growth in 
NOD/SCID mice (24). Inhibition of metastases 
in human colon cancer was observed by small 
molecule antagonists for CXCR1 (25). In our 
study, expression of CXCR1 was detected in 
esophageal cancer cell line like breast cancer with-
out significant difference.  
The chemokine receptor of CXCR4 and its sole 
ligand CXCL12 plays important role in the malig-
nancy of cancer (26). Actin polymerization in 
breast cancer triggered when CXCR4-CXCL12 
receptor-ligand start interactions allowing tumor 
cells to invade surrounded tissues (27). Anti-
CXCR4 or CXCL12 antibodies inhibit the 
CXCL12-CXCR4 interactions and impairment of 
these migratory responses has been observed as 
63-76% and 60-62%, respectively (28). 
Taking all together it seems that the expression of 
chemokine receptors is similar in breast cancer 
cells compared to esophageal ones. It may explain 
high invasive character of esophageal cancer cells. 
To our best of knowledge, this study is reporting 
key chemokine receptors in esophageal cancer 
cells compared with breast cancer for the first 
time. Understanding the distinct molecular and 
cellular characters of cancer cells may therefore 
lead to new therapeutic opportunities, and im-
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prove the quality of life and overall survival of 
patients. 
 

Conclusion  
 
To our knowledge, this is the first report on gene 
expression profile of chemokine receptors in 
esophageal cancer cells. Neutralization of chemo-
kine receptors in vivo by antibodies, inhibitory 
peptide, or siRNA may attenuate the progress of 
cancer.  
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