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Introduction 

Breast cancer is the second cause of death in women all 
around the world. It is estimated that more than 1.38 

million women are diagnosed yearly with breast cancer.1 

Conventional therapeutic methods such as surgery, 

chemotherapy, radiotherapy and hormone therapy are 

considered as non-efficient approaches for metastatic and 

invasive breast cancer; therefore, new specific methods 

are required to conquer this disease. Immunotherapy 

based on immune-stimulating compounds such as 

immunotoxins, dendritic cells plused with cancerous 

antigens and bacterial superantigenes have been used in 

several studies as advanced therapeutic strategies.2 
Accordingly, mentioned compounds induce antitumor 

response of a patient`s immune system. Cancer 

formation and invasion to other tissues are multi-step 

genetic and epigenetic alterations.3 Thus, it is essential to 

explore the influence of novel therapeutic strategies on 

the expression of key genes.1 On the other hand, in spite 

of the knowledge limitation on the cellular and molecular 

factors involved in breast cancer progression, today few 

gene profiles have been recognized which increases the 

rate of progression events via regulatory networks.  

MicroRNAs, highly conserved 18-25 nucleotide 
transcripts expressed in the animal and plants, are as 

robust regulators of processes involved in tumorigenesis 

and metastasis4 via suppressing mRNA translation and 

degradation.5 Also, the profile of microRNAs in 

cancerous conditions differs from normal states. As a 

result, lack of microRNAs suppressing tumor 

progression and metastasis could trigger the cancer. 

Several microRNAs have been recognized in breast 

cancer progression4 such as mir-10b3 and mir-3356 as a 

master inducer and suppressor of metastasis in breast 

cancer, respectively, which affect the cell migration and 
invasion. Evidently, mir-10b is downregulated in patients 

with primary breast cancer7 but it is expressed at high 

levels in approximately 50% of metastatic breast cancer.3 

Also, it represses HOXD10 gene expression leading to 

activate the RHOC gene as a potent pro-metastatic factor. 

Hence, upregulation of mir-10b results in inducing 

invasion and metastasis of tumor cells.3 Mir-335, an anti-

metastatic microRNA, suppresses cell migration and 

invasion through inactivating of SOX4 and Tenacin C 

which are critical agents to promote metastasis.6  

Research Article 

Article History: 

Received: 7 April 2014 

Revised: 14 September 2014 

Accepted: 17 September 2014 

ePublished: 1 June 2015 

 
Keywords: 

 Breast Cancer 

 Metastasis 

 Mir-335 

 Mir-10b 

 Staphylococcal Enterotoxin B 

Abstract 
Purpose: One of the advanced cancer therapy strategies is immune-stimulating compound 
based immunotherapy Staphylococcal enterotoxin B (SEB) is one of the potent 
superantigens, which can efficiently activate antitumor immune response to eradicate tumor 

growth and inhibit metastasis. Herein, we evaluated the effect of SEB on the expression of 
two master microRNAs, mir-335 and mir-10b, involved in metastasis.  
Methods: A metastatic breast cancer cell line MDA-MB231was treated with four different 
concentrations of SEB, including 10, 102, 103 and 104 ng/ml, for 24 and 48 hours. To 
identify the cytotoxic effect of SEB, treated cells were examined by MTT assay. The stem 
loop RT-PCR (TaqMan) was used to analyze the mir-335 and mir-10b expression.  
Results: Results showed that SEB significantly increased the expression of mir-335 both 
after 24 and 48 hours (pv < 0.001 and pv < 0.05, respectively). No significant differences 
were found in the mir-10b expression.  

Conclusion: Moreover, our findings demonstrated no cytotoxic effect of SEB on the treated 
cells. Our results suggest that SEB probably induces its anti-metastatic effect via the 
expression regulation of the main genes which contributes to metastasis.  
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Since rising the metastatic phenotype of cancer cause 

most deaths, designing novel therapeutic methods can be 

useful to improve human beings’ life. Some advanced 

agents based on biological compounds are developed, 

which influence the expression of tumorigenesis and 

metastasis related genes involved in activation of 

antitumor immune responses. SEB as a classic 
superantigen is one of the most potent T-cell mitogens.8,9 

In contrast to common antigens, SEB activate a broad 

spectrum of T-cells unspecifically. Over 25% of both 

CD4+ and CD8+ T-cells proliferate after SEB 

exposure.10 Recently, Hosseini et al reported that SEB 

anchored on Exosomes was able to augment apoptotic 

genes in the MDA-MB231and Miapaca-2 and induce 

apoptosis.11,12 Although the antitumor properties of this 

superantigen were reported in previous studies, but its 

effect on the regulation of genes which involved in the 

cancer progression and metastasis has not been 
completely revealed. In the following study, we aimed to 

investigate the effect of SEB on the expression of two 

microRNAs, mir-335 and mir-10b, which regulate 

metastasis pathway in breast cancer. 

 

Materials and Methods 

Cell culture 

A metastatic human breast cancer cell line MDA-MB231 

was obtained from the Pasteur Institute (Tehran, Iran). 

This cell line was cultured in RPMI-1640 medium 

supplemented with 10% FBS, 100 U/ml penicillin and 

100 μg/ml streptomycin and incubated at 37°C under 5% 
CO2 atmosphere. All the cell culture reagents were 

purchased from PAA company, Holland.  

 

Staphylococcal enterotoxin B treatment 

To assess the effect of SEB (Sigma–Aldrich, Germany) 

on the gene expression of breast cancer cells, we cultured 

105 MDA-MB231cells in each well of the 24 well plates. 

After 24 hours, the old medium of wells was replaced 

with the fresh one. Then, four different concentrations of 

SEB, including 10,102,103 and 104 ng/ml, were added to 

separate wells. After 24 and 48 hours, cells of each plate 
were detached by trypsin/EDTA and applied for 

extracting microRNAs. All tests were carried out in 

triplet. PBS (phosphate buffer saline) was used as a 

negative control. 

 

Proliferation assay 

The effect of SEB on the proliferation of MDA MB-

231cells was investigated by MTT assay after 24 and 48 

hours. Briefly, 104 cells were seeded on each well of a 96 
well plate and incubated at the culture condition. After 

24 hours, the cells were treated with four different 

concentrations of the SEB described before. The cells 

treated with PBS was considered as a negative control. 

20 μl MTT reagent (5mg/ml) (Sigma-Aldrich, Germany) 

was added to each well and incubated for 4 hours at 

37°C. The supernatants were replaced with 100 μL 

dimethyl sulphoxide (Sigma–Aldrich, Germany) and 

finally, the optical density of each well was measured by 

micro plate reader (Tecan, Switzerland) at 570 nm. All 

the tests were carried out in triplicate.  
 

RNA extraction  

In order to isolate microRNAs, RNX-Plus kit (Cinnagen, 

Iran) was utilized to extract total microRNAs according 

to the manufacturers’ instruction. The microRNAs were 

precipitated in isopropanol solution and finally 

resuspended in 50 µl DEPC water. Gel electrophoresis 

on 1.5% agarose stained by ethidium bromide was used 

to evaluate the quality of extracted microRNAs. In 

addition, the concentration of extracted microRNAs was 

measured by a NanoDrop spectrophotometer (Thermos, 

USA).  

 

Probe and primer design 

To improve the efficiency and specificity of the 

microRNA quantification, the stem loop RT-PCR 

(TaqMan) was applied and all the primer and probes 

were designed according to Chen et al. protocol. The 

sequences of the mir-10b, mir-335 and the U6 gene, as 

the internal control, were obtained from the miRBase 

database (NCBI) and specific primers and probes was 

designed using AlleleID 7 Software (Palo Alto, CA). 

Then, the specificity of each probe and primer was 
evaluated by aligning through BLAST (NCBI). All the 

primers and probes were synthesized by Metabion Co, 

Germany, as outlined in Table 1. 
 

Table 1. The sequence of designed primers and probes 

- MicroRNA-10b MicroRNA- 335 U6 

Stem loop RT- 
primer 

5’-

GTCGTATGCAGAGCAGGGTCCGAGGTATTC
GCACTGCATACGACCACA-3’ 

5’- 

GTCGTATGCAGAGCAGGGTCCGAGG
TATTCGCACTGCATACGACACAT-3’ 

- 

Forward primer 5’ GCGTACCCTGTAGAACCGA 3’ 5’- CGGATCAAGAGCAATAACG -3’ 5’- GCTTCGGCAGCACATATAC-3’ 

Reverse primer 5’- GAGCAGGGTCCGAGGT -3’ 5’- GAGCAGGGTCCGAGGT-3’ 5’- AATTTGCGTGTCATCCTTG-3’ 

Probe 
(FAM) 5’-TTTGTGGTCGTATGCAGTGCG-3’ 

(BHQ-1) 

(FAM) 5’-
AAAATGTGTCGTATGCAGTGCG-3’ 
(BHQ-1) 

(FAM) 5’- 
CCATGCTAATCTTTCTCTGTATCGTTC
C-3’ (BHQ-1) 
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cDNA synthesis and real-time PCR 

Following RNA extraction, cDNAs were synthesized 

using Revert Aid Reverse transcriptase kit (Fermentas, 

Germany). One μg of total microRNAs was amplified 

using stem-loop RT primer for mir-10b and mir-335 and 

reverse primer for U6 as an internal control.  

Real time PCR was accomplished by SLAN® Real-Time 
PCR Detection System (Shanghai, China). Three distinct 

PCR reactions were carried out for each test using 

specific oligonucleotide sets. Each PCR reaction 

containing10 μl of premix Ex Taq (Takara, Japan), 0.2 

μM of desired reverse and forward primer, 0.2 μM of a 

specific TaqMan probe, 0.5 μl of ROX reference Dye 

(50X) and 2 μl of synthesized cDNA in a final volume of 

25 μl using the following thermal conditions: 95°C for 

10 min, followed by 50 cycles of 95°C for 5 s and 60°C 

for 31 s. Analysis of gene expression was done using 

REST -2009 software which is designed by Qiagen Co. 
of Germany. 

 

Statistical analysis 

Data obtained from all tests were assessed by the 

nonparametric Mann–Whitney test using SPSS.15 

software (SPSS, Chicago, IL). p value less than 0.05 was 

considered statistically significant.  

 
Results  

Cell proliferation analysis (MTT assay) 
MDA MB-231 cells were treated with different 

concentrations of the SEB for 24 and 48 hours and cell 

proliferation was examined by MTT assay. After 24 

hours, none concentrations of SEB had the inhibitory 

effect on the treated cells compared to negative controls. 

Although, 48-hour exposure to SEB showed a negative 

effect on the cell proliferation, it is not statistically 

significant to the control group (Figure 1).  

 
Figure 1. The cell proliferation rate of MDA MB-231 treated with 

the SEB after 24 and 48 hours. The cells were treated with 10, 
100, 10

3
 and 10

4
 ng/ml of EXO/SEB for 24 and 48 hours. Also 

PBS was examined as a control. No significant different 
proliferation rate was determined in all concentrations of SEB 
after 24 and 48 hours. 

 

Gene expression 

In order to assess the influence of SEB on the expression 
of mir-10b and mir-335, MDA- MB 231 breast cell line 

was treated with four discrepant concentrations of SEB 

for 24 and 48 hours. microRNAs expression was 

evaluated via stem loop RT-PCR method. 

Results showed the positive effect of SEB exposure on 

giving rise the expression of mir-335 compared to 

untreated control. Figure 2 illustrates the alterations of 

the mir-335 amount corresponding to concentration and 

time. In addition, the results have shown that SEB 
exerted its effect dose dependently. The rate of mir-335 

expression at the concentration of 10, 102, 103 and 104 

ng/ml was 56.1, 83.6, 10.1 and 8.8 folds more than 

untreated control after 24 hours, respectively (pv < 

0.001). Moreover, after 48 hours, the expression of mir-

335 was 30.4, 57.4, 75.4 and 0.7 folds higher than 

control under the effect of 10, 102, 103 and 104 ng/ml of 

SEB, respectively. The expression levels under the effect 

of mentioned concentrations were significantly more 

than the expression in untreated control cells (pv < 0.05) 

except to the amount of microRNAs under the effect of 
10

4
 ng/ml SEB, after 48 hours. Also, cells exposed to10

2
 

ng/ml and 103 ng/ml of SEB showed the most increase in 

mir-335 expression at 24 and 48 hours, respectively.  

 
Figure 2. Mir-335 expression in MDA-MB231 cell line after 

treating with staphylococcal enterotoxin B. As shown in the 

graph (a), after 24 hours, all concentrations of SEB were resulted 
in the increase of mir-335 significantly (pv< 0.001). After 48 hours 

(b), except to the concentration of 10
4
 ng/ml, the rest 

concentrations significantly cause to give rise the expression 
(pv< 0.05). 

 

Figure 3 showed the increase of mir-10b expression after 

treating the cells with SEB both after 24 and 48 hours. 

The rate of mir-10b expression at the concentration of 
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10, 102, 103 and 104 ng/ml was 4.3, 0.758, 1.398 and 

2.738 folds more than untreated control after 24 hours, 

respectively. Furthermore, after 48 hours, the expression 

of mir-10b was 0.744, 2.67, 1.39 and 2.74 folds higher 

than control under the effect of 10, 102, 103 and 104 

ng/ml of SEB, respectively. However, these differences 

were not significant (pv> 0.05). 

 
Figure 3. Mir-10b expression in MDA-MB231 cell line after 

treating with staphylococcal enterotoxin B. As shown in the 

figure, after 24 (a) and 48 (b) hours, no significant differences 
were observed after SEB treating compared to control. 

 

Discussion  
Metastasis is a frequent event after classic treatment of 

cancer. It is usually because of inefficient anti-tumor 

activity of the immune system due to the avoidance of 

cancerous cells to present their antigens to T 

lymphocyte.13 Therefore, designing an immunotherapy 

approach which activate the tumor-specific T cells and 

tumor eradication is always seem considerably essential. 
Superantigens (SAgs) such as viral and bacterial proteins 

are potent activators of a vast population of T 

lymphocytes regardless of their antigen specificity.14 In 

addition to inducing the antitumor activity and releasing 

respective cytokins, these kind of compounds can inhibit 

the tumor growth and metastasis. Generation of 

significant antitumor response is one of the critical steps 

in appropriate immunotherapy. In our previous reports, 

SEB, one of the most strongest superantigen, showed an 

antitumoric properties in a dose-dependent manner.15 It 

was demonstrated that 100 ng/ml of SEB causes rising 

the proliferation of CD4+ and CD8+ T-lymphocytes in 

the animal model. Moreover, IV-injection of SEB 

significantly increased levels of IFN-γ and IL-4.15,16 

Beside antitumor immune responses, this superantigen 

has a potential effect on inducing of necrosis and 

decreasing tumor size that could lead to alleviate the rate 

of metastasis.17 
Furthermore, Pulaski et al applied SEB as an adjuvant 

combined with MHC class II and CD80 for treating 

metastatic breast cancer in an animal model. Their result 

showed that SEB can extend the survival time and limit 

the metastasis.8 

Since the antimetastatic effect of superantigenes has been 

reported by previous studies,8,17 further investigation is 

necessary to recognize which mechanism is involved in . 

In the current study, we assessed the role of SEB on the 

expression of two master regulatory microRNAs, mir-

10b and mir-335, involving in the metastasis of breast 
cancers. The expression of mir-335 is highly down-

regulated in primary breast cancer cells which promotes 

metastasis.6  

In the current study, it was observed that SEB can alter 

the expression pattern of microRNAs in a dose and time 

dependent manner. Data from MTT assay showed no 

cytotoxic effect of SEB on the cells. Lack of cytotoxic 

effect along with alterations in gene pattern indicates that 

this toxin is probably able to enter to the cell and induce 

biological changes in the gene expression. In addition, 

lack of cellular death by SEB recognized the same cell 

population in both control and treatment cell. Consistent 
with our previous study,17 100 ng/ml of SEB after 24 

hours incubation was the most efficient condition to 

increase the anti metastatic mir-335 level. Despite the 

highly positive effect of above mentioned concentration 

after 48 hours incubation, 1000 ng/ml of SEB was the 

most efficient concentration to rise mir-335 expression. 

Besides, 104 ng/ml of SEB has a quite inefficient effect 

on microRNA expression. Higher efficient 

concentrations at 48 hours are probably related to 

maintenance of intracellular concentration of SEB. 

During the period of 48 hours, the content of SEB in the 
concentration of 100 ng/ml may reduce whereas the 

intracellular levels of 1000ng/ml become constant. 

Moreover, loss of inducing effect of SEB after 48 hours 

incubation in the concentration of 100 ng/ml may lead to 

promote decay of mir-335. 

In the study by Barmack et al, the decay of mir-335 

transcripts has been reported 3 hours after stopping 

exposure of cerebellar Purkinje cell by horizontal 

optokinetic stimulation.18 Png et al. showed that two 

mechanisms involve in the silencing and downregulation 

of these microRNAs: promoter hypermethylation and 
genetic deletion. They also observed that 5-aza-

deoxycytidine can inhibit the promoter methylation of 

mir-335 in MDA-MB231 and subsequently increases its 

expression.19 Accordingly, we suggest that SEB may 

reduce promoter methylation. However, further studies 

are required to confirm it.  
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Mir-10b is an inducer of metastasis, which is up-

regulated only in metastatic cancer cell lines. The 

increase of this microRNA contributes to triggering cell 

migration and invasion via suppressing the translation of 

HOXD10.3 

Though we observed increasing of mir-10b expression 

after both 24 and 48 hours, it was not a significant 
elevation. This result is benefited because high levels of 

mir-10b promote the metastasis. However, further 

studies are required to verify this finding.  

In order to approve SEB as a therapeutic adjuvant for 

cancer therapy, it is needed to study its effect on 

expression of expanded sets of genes involved in cancer 

progression and metastasis. In addition, the mechanisms 

of SEB effect on gene expression must be completely 

determined. 

 

Conclusion 
Our results suggest that SEB probably induces its anti-

metastatic effect via the expression regulation of the 

main genes which contributes to metastasis. 
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