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Abstract 

Background: Metastasis is one the most leading cause of death from 

cancer. The chemokine receptor of CXCR4 has an important role in 

cell migration and cancer metastasis. Additionally, metastasis is 

always associated with the process of epithelial-mesenchyme transition 

(EMT). In this study the correlation between expression of CXCR4 and 

EMT-TFs has been examined. 

Methods: The expression of CXCR4 in knocked out SUM159 cell line 

for EMT-TFs of slug, snail, twist and ZEB1 were examined. 

Results: The results revealed that the expression of CXCR4 decreased 

significantly in twist and ZEB1 knocked out cells, however in other 

groups no change was observed. Decreased expression of CXCR4 

indicated that ZEB1 and twist may be one of regulators of CXCR4 

expression. 

Conclusions: ChIP assay should be performed in future experiments to 

see the definite role of ZEB1 and twist as transcription factors for 

CXCR4. 
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Introduction 

Cancer is the most common cause of death in the world 

with high emotional, economical, and social impacts on a 

patients’ life. In many cases, metastasis is the most common 

cause of mortality.1 Hence, the identification of mechanisms 

governing this process is critical for therapeutic purposes. 

Chemokine receptors play important roles in the process of 

tumor metastasis.2,3 CXCR4 is a chemokine receptor that plays 

a critical role in cell migration and cancer metastasis.4-6 In 

addition, it has been demonstrated that tumor metastasis is 

closely associated with the program termed EMT. During 

passage through an EMT, epithelial cancer cells lose their 

epithelial characteristics including cell–cell adhesion and 

instead acquire the traits of mesenchymal cells that give them 

migratory and invasive characteristics.7  

Considering the close association of EMT with cancer 

metastasis and also the important role of CXCR4 in cancer 

metastasis, the question is whether there is any correlation 

between the expression of CXCR4 and EMT-TFs. Among 

different transcription factors, Slug, Snail, Twist, and Zinc 

finger E-box binding homeobox 1 (ZEB1) are important 

mediators of EMT. These proteins are responsible for 

orchestrating the gene expression programs that activate 

effectors of the EMT phenotype through the repression of 

epithelial genes and the activation of mesenchyme genes.6  

In the present study, we examined for any correlation 

between the expression of EMT-TFs of Slug, Snail, Twist, and 

ZEB1 and the chemokine receptor of CXCR4. It was assumed 

that the results may help us to understand the probable role of 

EMT-TFs in controlling the expression of CXCR4 and also the 

basis and mechanisms involved in metastasis. 

Materials and Methods 

The SUM159 cell line was maintained at 37°C in DMEM, 

supplemented with 10% fetal bovine serum (FBS) and 0.01% 

penicillin/streptomycin, under a humidified atmosphere 

containing 5% CO2.  

Different EMT-TFs of Slug, Snail, Twist, and ZEB1 in 

SUM159 subline were knocked out by using the CRISPR/Cas9 

technique. These were provided by Yun Zhang from Weinberg 

Laboratory. 

RNA preparation and cDNA synthesis were performed 

using a RNeasy Mini Kit (QIAGEN) and a high-capacity 

cDNA Reverse Transcription kit (Applied biosystems), 

respectively, both as per the manufacturer’s protocol. A cDNA 

sample prepared from 1 μg total RNA was used for each PCR. 

The PCR reactions using SYBR Green Mix I (Roche 

Diagnostics), data collection, and data analysis were performed 

on the LightCycler 480 System (Roche diagnostics). The 

thermal cycling parameters for the PCR were as follows: 95°C 

for 5 min, followed by 35 cycles of 95°C for 10 s, 60°C for 7 s, 

and 72°C for 25 s. The relative mRNA quantity was 

normalized against the relative quantity of GUSB mRNA in the 

same sample. The primers used are indicated in Table 1. 

Data are expressed as mean ± SEM and the student’s t-test 

(unpaired) was used for comparison between the two groups; 

P<0.05 being considered statistically significant. 
 

 

Results 

QRT-PCR revealed that the expression of CXCR4 

decreased significantly after the knockout of Twist and ZEB1 

using CRISPR/Cas9 in SUM159. However, the knockout of 

Slug and Snail did not affect the expression of CXCR4 (Figure 1). 

Table 1. Description of the designed primers 

Genes Primer sequences 

CXCR4 
Forward   5’ CTCCAAGCTGTCACACTCCA    3’ 
Reverse     5’ TCGATGCTGATCCCAATGTA      3’ 

GUSB 
Forward   5’ CTCATTTGGAATTTTGCCGATT    3’ 
Reverse  5’ CCGAGTGAAGATCCCCTTTTTA    3’ 
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Figure 1. relative expression of CXCR4 in SUM159 after knockout of EMT-TFs. 
Slug and Snail knockout didn’t affect the expression of CXCR4 however CXCR4 
expression decreased significantly after Twist and ZEB1 knockout. *P<0.05 was 
considered significant as compared to control. 

Discussion  

The chemokine receptor CXCR4 belongs to the large 
superfamily of G protein-coupled receptors and is directly 
involved in numerous biological processes, including cell 
migration and cancer metastasis.4,5 In addition, it was revealed 
that metastasis has a close association with EMT.7 Different 
transcription factors have been identified that control EMT, 
which includes members of the SNAIL, TWIST, and ZEB 
family. Among different EMT-TFs, Twist and ZEB1 have 
fundamental roles in EMT. ZEB1 was sufficient to induce 
EMT and was necessary for maintaining the mesenchyme 
phenotype.8 ZEB1 knockdown could cause mesenchyme 
MDA-MB-231 cells to express epithelial markers.9 ZEB1 
knockdown also reduced the metastasis-forming ability of the 
HCT116 colon colorectal cancer cell line.10 The down 
regulation of tumor suppressing STF cDNA 3 promotes the 
epithelial–mesenchyme transition and tumor metastasis of 
osteosarcoma by the Wnt/GSK-3β/β-catenin/Snail signaling 
pathway.11 MicroRNA-30a increases tight junction protein 
expression to suppress the epithelial–mesenchyme transition 
and metastasis by targeting Slug in breast cancer.12 TGFβ1-
Smad3-Jagged1-Notch1-Slug signaling pathway participates in 
tumor genesis and the progress of tongue squamous cell 
carcinoma.13 

Considering the close association of metastasis with 
CXCR4 expression and also the association of metastasis with 
EMT, we studied the correlation between the expression of 
CXCR4 and EMT-TFs. We wonder if there is any correlation 
between these transcription factors, which are central mediators 
of EMT and the expression of CXCR4. 

The result of our study showed that the expression of 
CXCR4 has decreased following a lowered expression of Twist 
and ZEB1. In conclusion, Twist and ZEB1 may be 
transcription factors controlling the expression of CXCR4. 
Therefore, it was concluded that increased metastasis during 
EMT may be the consequence of the effect of Twist and ZEB1 
as transcription factors on the expression of CXCR4. ZEB1 has 
been predicted as the transcription factor for CXCR4 by 
bioinformatics analysis. These results should be confirmed by 
the chip assay. 
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