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Abstract: Many studies have shown that miRNAs can silent the genes involved in the 

growth and invasion of cancer cells. However, the exact effect of miRNAs on the expression of 

Snail-1 CXCR4 and miRNA-143 genes is not entirely clear in breast cancer cells. Therefore, the 

present study investigated the effects of siRNA on Snail-1, CXCR4 and miRNA-143 in breast 

cancer cells in vitro. In this experimental-laboratory study, MDA-MB-468 breast cancer cells 

were transfected by the specific siRNA of the Snail-1 gene. The expression levels of Snail-1 

CXCR4 and miR-143 genes were evaluated by qRT-PCR. Cell proliferation was assessed by 

trypan blue test. Data were analyzed using student’s t-test. Transfecting the MDA-MB-468 

breast cancer cells by specific siRNA significantly decreased the expression level of Snail-1 gene 

CXCR4 and significantly increased the expression of miR-143 (p < 0.05). The results of this study 

showed that knocking down of diagnostic markers of breast cancer cells by specific siRNA can 

successfully reduce the proliferation and invasion of breast cancer cells. 
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1 Introduction 
 

Breast cancer is the most common cancer among women with a significant mortality rate 

(Aletaha et al., 2017). This cancer is mainly caused by a combination of heredity and 

environment factors and its physical symptoms include bulging and deformed breasts. Breast 
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cancer has a high metastatic power and if not treated, it can metastasize to other tissues of the 

body and leave irreversible complications (Gumienny and Zavolan, 2015; Hattori et al., 2017). 

Small interfering RNA (siRNA) is a method used to study the function of genes and to treat 

diseases. In the treatment of cancer, the siRNA method is more effective, more specific, more 

efficient and less expensive, as well as more specific than other methods of cancer therapies 

including surgery and chemotherapy (Salguero-Aranda et al., 2019; Gumienny and Zavolan, 

2015). Laboratory studies have shown that siRNA has significant inhibitory effects on Snail-1 . 

By transfecting siRNA, they were able to suppress the expression of the Snail-1  gene, and 

treatment with snRNA1 stops the cancer cell cycle. In addition, siRNA translocation affects 

breast adenocarcinoma cells and prevents migration, proliferation and induction of apoptosis. 

Snail-1  can be considered as a strong adjunct in the treatment of breast cancer (Aletaha et al., 

2017). Laboratory studies have shown that siRNA has important effects on the transcription 

factor. It also suppresses tumor growth. From these findings, PLK1 and HSF1 may be 

considered for antitumor therapy purposes (Hattori et al., 2017). The results indicate that there 

is a significant relationship between siRNA and microRNA (miRNA). Currently, RNA 

interference (RNAi) - treated approaches to cancer screening have been scrutinized. In 

particular, siRNA and miRNAs are able to kill carcinogenic genes by targeting mRNA 

expression, which is the unique context of this therapeutic approach. In addition, it has been 

supported that co-administration of siRNA / miRNA with chemical drugs enhances their ability 

to overcome cancer resistance (Gandhi et al., 2014). Combination therapies consisting of several 

short-acting RNAs, such as siRNA and miRNA, have great potential in the treatment of cancer 

because they can precisely turn off a specific set of oncogenes and target multiple pathways of 

related disease. It has also been shown that siRNA can increase miR-143 expression. Laboratory 

studies have shown that miR-143 levels are negatively correlated with ERK5 (extracellular 

signal-regulated kinase 5) mRNA levels and with MAP3K7 levels. In addition, miR-143 

upregulates the expression of ERK5, p-MAP3K7, MAP3K7 (mitogen-activated protein 3 kinase 

7) and cyclin D1, as well as cell viability in MCF- cells. It has been reported that both ERK5 and 

MAP3K7 may be miR-143 target genes. Increased expression of miR-143 can inhibit cell growth, 

which may be associated with the expression of ERK5 and MAP3K7 in breast cancer cells (Zhou 

et al., 2017). Research shows that siRNAs can affect CXCR4 gene expression level (Liang et al., 

2005). Studies show that use of antitumor drugs with siRNAs results in reduced CXCR4 gene 

expression which can be effective in the treatment of ovarian cancer (Yin and Qian, 2021). It has 

also been shown that the use of suppressors to reduce CXCR4 gene expression can be useful in 

predicting liver metastasis in colon cancer (Abedini et al., 2011). Inhibition of CXCR4 gene by 

siRNAs can be effective in the successful treatment of lung and breast cancer (Li et al., 2019; 

Guo et al., 2014). Inhibition of the CXCR4 gene by interfering RNAs also inhibits the growth of 

breast tumors in vitro (Lapteva et al., 2005). In an in vitro study of breast cancer cells, the role of 

the snail was identified as an invasive agent in breast cancer. It has been shown that snail and 

E-cadherin expression is inversely related. Increased miRNA-143 expression has been reported 

to prevent cancer progression. Research on CXCR4 has also shown that reduced siRNA 

expression in breast, ovarian, and laryngeal cancers can prevent cancer progression. 

Considering the effect of miR-143 and siRNA on breast cancer metastasis (Tokumaru et al., 

2020; Skrzypek and Majka, 2020), the presents study aims to evaluate the expression level of 
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miR-143 and CXCR4 receptor after silencing the Snail-1  gene expression by siRNA in metastatic 

breast cancer cells. 

 

2 Materials and Methods 
 

In this experimental-laboratory study, metastatic breast cancer cell line (MDA-MB-468) was 

purchased from Pasteur Institute of Iran and in all stages, the principles of ethics in the research 

were observed according to international standards. 

 

2. 1. Culture and counting of cancer cells 

RPMI-1640 + 10% FBS medium was used for cell culture. The cells were transferred to a 

falcon tube containing 10 ml of RPMI-1640 medium and centrifuged at 1300 rpm for 5 minutes. 

The cell pellet was transferred to a 25 mm flask containing 7-10 ml of complete culture medium 

(RPMI1640 containing 10% FBS) and placed in an incubator at 37 °C containing 5% carbon 

dioxide. After culture, cell count was performed with Neubauer chamber. 

  

2. 2. Cellular treatment 

The Snail-1 specific siRNA and the negative control (both Santa Cruz Biotechnology, Inc), 

namely scrambled control siRNA, were prepared. MDA-MB-468 cells, at a concentration of 

1×106 cells/well, were cultured in 6-well plates and transfected with different concentrations of 

transfection reagent (4-8 µl) and siRNA (40-80 ρmol) at 70% confluence, according to the 

manuals provided by the company. The cells were harvested for RNA and protein isolation 

after 24, 48, and 72 h of transfecting. 

 

2. 3. Micro RNA isolation and cDNA synthesis 

Total RNA was extracted using miRCURY RNA Isolation Kit (Exiqon, Vedbaek, Denmark). 

Purity of isolated RNA was evaluated by determining the ratio of absorbance readings at 260 

nm and 280 nm (A260/A280). cDNA was synthesized using cDNA synthesis kit. Total RNA was 

diluted and the reaction solution (enzymes and nuclease-free solution) was prepared according 

to the manufacturer’s instructions. Diluted total RNA was added to the reaction solution and 

incubated at 45 °C for 60 minutes and at 95 °C for 5 minutes. Finally, it was cooled down at 4 °C 

quickly. 

 

2. 4. Evaluation of gene expression 

500 ng of cDNA was amplified by Real-time PCR utilizing SYBR Green-1 universal Master 

mix in a LightCycler® 96 system (Roche, Germany). The transcript level of β-actin, as the 

housekeeping gene, was also measured. The relative transcription levels were measured based 

on the comparative CT approach using 2-RΔCT formula. All qRT-PCR tests were done in triplicate 

order. The primers applied in real-time PCR quantification are demonstrated in Table 1. 
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 Table 1. The primers sequences.  

 

Gene FW/RV Sequence 5ʹ 3ʹ Size (bp) 

Snail-1  FW 5’-GGTTCTTCTGCGCTACTGCTG-3’ 161 

RV 5’-GTCGTAGGGCTGCTGGAAGG-3’ 

CXCR4 FW 5’- ATCCGGCAAACTGGATCCCTC-3’ 100 

RV 5’-AACTTCAGTTTGTTGGCTGC-3’ 

β-actin FW 5’-TCCCTGGAGAAGAGCTACG-3’ 127 

RV 5’-GTAGTTTCGTGGATGCCACA-3’ 

* FW and RV represent forward and reverse, respectively. 

 

2. 5. Statistical analysis 

All experiments were assayed at least three times. All statistical analyses were performed 

using GraphPad Prism 7.0 (GraphPad Software, CA, USA). Data are expressed as 

mean ± Standard deviation (SD). Student’s t-test was used to compare two groups (P-value 

< 0.05 was considered statistically significant). 

 

3 Results and Discussions 
 

To determine the effective time and dose, the amplification and melting curves of beta-actin 

gene and Snaill gene were obtained (Figures 1 and 2). 
 

 
 

Figure 1: Amplification and melting curve of beta-actin gene. A) Amplification curve of beta-actin gene in and 

untreated cells and cells treated with specific siRNA of Snail-1 gene for 24, 48 and 72 hours and concentrations of 

40, 60 and 80 picomoles. B) Melting curve of beta-actin gene in untreated cells and cells treated with specific 

siRNA of Snail-1  gene for 24, 48 and 72 hours and concentrations of 40, 60 and 80 picomoles. 
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Figure 2: Amplification and melting curve of Snail-1 gene. A) The amplification curve of the Snail-1  gene in cells 

untreated cells and cells treated with the specific siRNA of the Snail-1  gene for 24, 48 and 72 hours and 

concentrations of 40, 60 and 80 picomoles. B) Melting curve of Snail-1  gene in untreated cells and cells treated 

with specific snail of Snail-1  gene for 24, 48 and 72 hours and concentrations of 40, 60 and 80 picomoles. 

 

The results of specific siRNA study on Snail-1  gene expression showed that the relative 

level of Snail-1  gene expression in breast adenocarcinoma cells significantly reduced at an 

effective time of 48 hours and an effective dose of 60 picomol (p < 0.05). The relative expression 

of Snail-1 gene at 24, 48 and 72 hours was 92%, 23% and 113%, respectively. Also, the relative 

expression of mRNA in Snail-1 gene at concentrations of 40, 60 and 80 picomol was 85%, 24% 

and 61%, respectively. The expression level of beta-actin gene as internal control was the same 

in all groups (Figures 3 and 4). 

 

                              
 

Figure 3: Expression level of Snail-1 gene in MDA-MB-468 cell line at 24, 48h and 72h after treatment. Data are 

represented as mean ± SD. *** indicates p < 0.0001 compared to the control group. 
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Figure 4: Expression level of Snail-1 gene in MDA-MB-468 cell line in response to 40, 60 and 80 picomoles of 

siRNA. Data are represented as mean ± SD. *** indicates p < 0.0001 compared to the control group. 

 

To determine the effective time and dose, the amplification and melting curves of beta-actin gene and 

CXCR4 gene were obtained (Figure 5). 

 

 

 

Figure 5: Amplification and melting curve of CXCR4 receptor gene in untreated cells and treated cells with 

Snail1 gene specific siRNA. 

 

As shown in Figure 6, a significant decrease in CXCR4 receptor expression was observed 

after deletion of the Snail-1 gene.  
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Figure 6: Expression of CXCR4 in cells treated with Snail-1 siRNA versus untreated cells. 

 

The results of the study of the effect of specific siRNA of Snail-1 gene on the morphology of 

MDA-MB-468 cells showed that the growth rate of cancer cells decreases with knockdown of 

Snail-1 gene (Figure 7). 

 

 
 

Figure 7: Effect of Snail-1 gene siRNA on cell morphology in MDA-MB-468 breast cancer cell line. A) Microscopic 

image of untreated cells (X40). B) Microscopic image of treated cells with specific siRNA of Snail-1  gene (40X). 

 

The results of siRNA knockdown evaluation of Snail-1 gene showed that knockdown of this 

gene in cancer metastatic cells increases the relative expression of miR-143 at effective dose and 
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time compared to untreated cells (Figures 8 and 9). 

 

 
 

Figure 8: MiR-143 amplification and melting curve. A) The melting curve of MiR-143 in untreated cells and cells 

treated with the specific siRNA of the Snail-1 gene. B) The amplification curve of miR-143 in untreated cells and 

cells treated with the specific siRNA of the Snail-1  gene. 

 

 
 

Figure 9: Effect of Snail-1 gene siRNA on miR-143 expression in MDA-MB-468 cells. The relative expression levels 

of miR-143 in cells treated with 60 picomol siRNA were compared with untreated cells and the data were shown 

as mean ± SD. P < 0.0001 compared to the control. 

 

The results of this study showed that the Snail-1 gene is expressed in the metastatic cell line 

of breast cancer and silencing of this gene with specific siRNA decreases its expression level 

and increases the expression level of miR-143 resulting in reduced proliferation and invasion 

potential of the breast cancer cells. The results of this study show that the effects of microRNA 

function on the treatment of cancer cells, especially breast cancer cells, are of particular 

importance.  

Breast cancer is the second most common cause of cancer death and according to statistics 

from the World Health Organization, one in 8 to 10 women develops breast cancer. Diagnostic 

markers of this cancer can play an important role in diagnosing and preventing it (Malthaner et 

al., 2004; Antoniou and Easton, 2006). Also, local recurrence and metastatic feature of this 



Vol. 5 (3): 538-550, 2022 
 

Journal of Biological Studies 546 

Expression level of miR-143 and CXCR4 receptor in metastatic breast cancer cells    Sattarivand et al., 

  
 

cancer are its most prominent features. Accordingly, in the present study, metastatic cell line 

was used to investigate the effects of microRNA and Snail-1 gene on this aspect of breast cancer. 

In fact, clarifying the role of specific markers of breast cancer is one of the important issues for 

the diagnosis, prevention and treatment of breast cancer. Also these markers play a role in the 

process of cancer metabolism (Ng et al., 2014; Zaffaroni and Daidone, 2002).  

Research has shown that siRNA has important effects on the transcription factor. In 

accordance with the findings of the present study, the research results have shown that siRNA 

in human breast cancer cell line (MDA-MB-231) and cervical cancer cells (HeLa) inhibit PLK1 

and HSF1 mRNA expression, respectively (Hattori et al., 2017). Previous studies have shown 

that Snail-1 plays a key role in the development of various cancers in terms of metastasis, 

inhibition of apoptosis and cell cycle including breast and ovarian carcinoma (Martínez-Estrada 

et al., 2006), melanoma (Vila-Coro et al., 1999), oral squamous cell carcinoma (Müller et al., 

2001).Increased Snail expression is associated with decreased cadmium E expression level (Yagi 

et al., 2011) in stomach, liver, colon, ovary, and breast cancer cells (Liu and Jessell, 1998; 

Peinado et al., 2004). The results of a study show that in breast cancer, excessive Snail 

expression suppresses the expression of Claudin-1, which is a membrane integral protein, and 

thus promotes tumor progression (Martínez-Estrada et al., 2006). It has been reported that 

transfecting cancer cells with siRNA suppresses Snail-1 gene expression and prevent cancer 

metastasis (Aletaha et al., 2017). In a study on the mechanism of action of siRNA on cancer cells, 

four STAT6-specific siRNA-specific sequences were tested in vitro using human colon 

adenocarcinoma cell lines and breast cancer cell lines, and the results showed that STAT6 

silencing by siRNA significantly induces apoptotic events and reduces the number of cancer 

cells in a short time (Salguero-Aranda et al., 2019).  

Studies on microRNAs have shown that MiR-143 inhibits the progression of cancers such as 

gastric and prostate cancer, and the expression level of MiR-143 is low in many tumors, 

indicating the inhibitory role of this microRNA in tumor progression (Gregersen et al., 2012; 

Wu et al., 2013). It appears that ERK5 and MAP3K7 may be the target genes for miR-143 (Zhou 

et al., 2017). Research has shown that siRNA/miRNA compounds with other anticancer agents 

can be used for cancer treatment (Gandhi et al., 2014). Recent studies have also shown that 

siRNAs play an important role in the expression of the CXCR4 gene so that they can inactivate 

it resulting in reduced invasion and metastatic potential of cancer cells (Liang et al., 2005). 

CXCR4 is known as the most important protected gene playing an important role in cancer cells 

metastasis so that reducing its expression can significantly reduce the potential for cancer cell 

metastasis (Bagheri et al., 2020). In line with this research data, our finding also showed that 

siRNA reduced CXCR4 expression in breast cancer cells. SiRNA combination therapies have a 

great potential in the treatment of cancer because they can precisely quench a specific set of 

oncogenes and target multiple pathways of related disease (Wang et al., 2020). 

  

4 Conclusion 
 

Overall, the results of this study showed that transfection of breast cancer cells by specific 

siRNA is associated with reduced relative expression level of Snail-1 gene, leading to reduced 
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expression level of CXCR4 receptor and increased relative expression level of miR-143 which in 

turn can successfully reduce the proliferation and invasion potential of breast cancer cells. 
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