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Abstract 

Background and Aim: Studies have shown that carotenoids affect on breast cancer cells; 

however, the cellular and molecular mechanism of carotenoids effects on the proliferation of 

breast cancer cells is unclear in many cases. The aim of this study was to investigate the effects 

of cytotoxic dose of deinoxanthin on BAX and BCL2 genes expression level in breast cancer 

cells [MCF7]. 

Methods: In this laboratory-experimental study, MCF7 cells were purchased from Pasture 

institute and divided into control group and groups exposed to different concentrations of 

deinoxanthin. MTT assay was used to measure cytotoxic effects of deinoxanthin after 24, 48 

and 72 hours of exposure. Real-time PCR was used to evaluate BAX and BCL2 genes 

expression levels. The data were statistically analyzed between groups using ANOVA. 

Results: Significant decrease in expression level of anti-apoptotic BCL2 and increase in 

expression level of apoptotic BAX gene were observed in MCF7 cells exposed to IC50 

concentration of deinoxanthin. 

Conclusion: The results of this study indicated that deinoxanthin can induce apoptosis in breast 

cancer cells by decreasing of anti-apoptotic BCL2 gene expression level and also increasing of 

BAX gene expression levels. Therefore, consideration might be given to deinoxanthin in 

treatment of breast cancer. 
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Introduction 
Breast cancer is the most commonly diagnosed malignancy and the second leading cause of 

cancer mortality among women all over the world. Main risk factors for developing breast 

cancer are obesity, drinking alcohol, ionizing radiation, hormone replacement therapy, prior 

history of breast cancer, and family history. About 5–10% of cases are due to genes inherited 

from a person's parents. Signs of breast cancer may include a lump in the breast, a change in 

breast shape, dimpling of the skin, fluid coming from the nipple, a newly-inverted nipple, or a 

red or scaly patch of skin [1]. Many of the risk factors for breast cancer mentioned, are related 

to different molecular pathways which also support apoptosis involvement in breast cancer [2]. 

BAX and Bcl2 have been identified specifically as important proteins in the apoptosis, whose  

unbalanced expression, along with the presence of angiogenic agents, will exacerbate the  

decrement of homeostasis in the body. Several in vivo and also in vitro studies have deciphered  
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that deinoxanthin, a carotenoid extract, isolated from deinococcus radiodurans exerts cancer 

preventing influence via Bcl2 proteins and several other molecules that are involved in either 

cell cycle arrest, apoptosis, or metastasis [3], [4]. Previous studies have showed that treatment 

of PC3 cell line with some carotenoids reduces Bcl2 protein levels [5]. Carotenoids exhibit 

apoptotic potential in the cancer cell lines, as evidenced by cleavage of DNA, LDH release, 

and decrease in cell count [6]. The results of studies showed that deinoxanthin has decreased 

the level of activity promoting enzyme Caspase 3 along with the expression of Bcl2 causing 

apoptosis. Other studies showed that deinoxanthin treatment in HepG2 cells caused ROS to be 

generated, suggesting that deinoxanthin plays a role as a pro-oxidant and induces apoptosis. In 

addition to decreasing the frequency of occurrence and growth of tumors, by different 

carotenoids, some of them have showed a cytotoxic effect on cancer cells and also the 

capability to target cancer cells only, leaving normal physiological cells less affected [7], [8]. 

On the other side, among the extracted carotenoids, deinoxanthin has been shown to have a 

very strong protective and restorative effect on DNA, preventing cell death. The structure of 

this chemical has several conjugated dual bonds and also a hydroxyl group at position 1c. The 

superior antioxidant effect of deinoxanthin can be correlated with the unique chemical structure 

mentioned [7], [9]. 

Given the widespread prevalence of breast cancer in the world and the significant clinical, 

social, and therapeutic consequences of it [1], as well as the limited and inconsistent results of 

previous studies on the effect of deinoxanthin cytotoxicity on human breast cancer cells, the 

aim of this study was to investigate the effects of deinoxanthin on survival of breast cancer 

cells in vitro.   

 

Materials and Methods 
MTT assay kit, PBS and EDTA-Trypsin were obtained from Biosera (France). FBS, DMSO, 

DMEM and RPMI1640 were obtained from Bio-Idea (Tehran, Iran). DEPC Treated Water and 

Rnx-Plus were acquired from Cinnagen (Tehran, Iran).  

Deinoxanthin from D. radiodurans was extracted as follows. Exponential-phase cells were 

harvested by centrifugation at 5000 ×g for 10 min. The average pellet weight was 2.5 g/l 

culture. After three washes with sterilized water, the cell pellet was extracted three times with 

cold methanol in the dark. The methanolic extracts were combined and concentrated under 

rotary vacuum (Eyela, Tokyo, Japan). The residue was dissolved in 100 ml of ethyl acetate and 

shaken with deionized water to remove salts. The organic layer was dried over magnesium 

sulfate and concentrated under reduced pressure. Deinoxanthin in the extracts was analyzed by 

spectrophotometry technique and the presence of deinoxanthin was confirmed. Accordingly, 

the peak observed in the absorption spectrum of 220nm proved the presence of deinoxanthin. 

MCF7 cell line was obtained from the Iranian Biological Resource Center. Cells were 

maintained in RPMI-1640 medium supplemented with 10% fetal bovine serum, 50 units/ml 

penicillin, and 50 mg/ml streptomycin at 37˚C in a 5% CO2 incubator. 

The 3-(4,5-dimethylthiazil-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was 

performed to evaluate deinoxanthin cytotoxicity. Cells were seeded in 96-well plates at a 

density of 3×104 cells/well and treated with deinoxanthin for 24, 48 and 72 hours. After the 

treatment, the medium was removed, and the cells were washed with phosphate buffered saline 

(PBS). Fresh medium was added, and the cells were incubated with 100 ml of 1 mg/ml MTT 

for 3 h. The number of viable cells was directly proportional to the production of formazan, 

which was solubilized in isopropanol and measured spectrophotometrically at 570 nm. Wells 

without deinoxanthin were used as blanks. 
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Following the treatment of MCF7 cells with IC50 concentration measured in 24 hours after 

exposure, Total RNA was extracted using the Transgen Biotech ER101-01 kit and subsequently 

reverse transcribed by the Transgen Biotech AE301-02 kit. RT-PCR was performed using BAX 

and BCL2 oligo primers as well as GAPDH for a control (table1). BAX and BCL2 intensities 

were normalized to GAPDH according to the 2-[ΔΔCt] method of Livak and Schmittgen.  

 
Table 1: Bcl2, Bax and GAPDH primers 

 
 

Finally, for statistical analysis, the normal distribution of data was confirmed using 

Kolmogorov-Smirnov test and then one-way analysis of variance (ANOVA) and Tukey post 

hoc tests were performed using SPSS20 software. Differences between groups were considered 

significant at α<0.05 level. 

 

Results 
The results of this study showed that MCF7 cell viability was significantly decreased in the 

receiving group of 0.5, 1, 5, 10, 20, 30, 40 and 50 mcg/ml deinoxanthin compared to the control 

group. On the other hand, the cytotoxic effect of deinoxanthin on breast cancer cells was 

concentration and time dependent and with increasing exposure time, cell viability was 

significantly decreased. IC50 dose of deinoxanthin was measured by nonlinear regression 

method that was 18 μg/ml (Figure 1). 
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Figure 1. Comparison of the viability of MCF7 cancer cells after exposure to different deinoxanthin doses at 24, 48 and 

72 hr after exposure to the drug. A indicates a significant difference compared to the deinoxanthin group (0μg/ml), B 

indicating a significant difference compared to the deinoxanthin group (5μg/ml), C indicating a significant difference 

compared to the deinoxanthin group (1μg/ml), D showed a significant difference compared to the deinoxanthin group 

(5μg/ml), E indicating a significant difference between the deinoxanthin group (10 μg/ml) and F showed a significant 

difference compared to the deinoxanthin group (20 μg /ml). 

 

Real-time PCR was used to evaluate the effects of deinoxanthin IC50 on breast cancer cells 

(Figure 2,3). Comparison of the relative expression level of BAX gene in MCF7 cell line in the 

treated group showed a significant decrease compared to the control group. 

Comparing the increase in relative expression of Bcl2 with BAX gene, the results showed that 

the apoptotic gene BAX showed a greater increase than the BCl2 gene. In this regard, it can be 

said that the cytotoxic effects of deinoxanthin have been exerted on breast cancer cells by 

increasing the expression of the anti-apoptotic BAX gene. The BAX and BCL2 gene 

expression can be seen in Figures 2 and 3. 

 

 
Figure 2. Comparison of expression of Bcl2 gene in 24 hours after exposure to deinoxanthin extract (18 μg/ml) and 

control group. (A) shows a significant difference (p<0.05). 
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Figure 3. Comparison of expression of BAX gene in 24 hours after exposure to deinoxanthin extract (18 μg/ml) and 

control group. (A) shows a significant difference (p<0.05). 

 

 

Discussion  
The results of this study showed that deinoxanthin could induce cell death in MCF7 cells by 

significantly increasing the anti-apoptotic Bax gene expression. In line with this finding, other 

studies have also shown that some carotenoids induce apoptosis in cancer cells while 

preventing proliferation and cell migration [10]-[12]. In addition, following exposure of human 

leukemia cancer cells to carotenoids, the results showed that alterations in the BCL2 family 

genes resulted in the induction of apoptosis [13]. Also, results indicate that exposure to many 

carotenoids in MCF7 cells by inducing BCL2 and Bax gene expression simultaneously induces 

apoptosis in cancer cells [14]. Numerous clinical (11), and laboratory studies indicate that 

carotenoids inhibit the growth and proliferation of a number of tumors, increase reactive 

oxygen species [4]. Treating cancer cells with deinoxanthin significantly altered the expression 

of the BCL2 family members. BAX and Bcl2 of the mitochondrial death pathway. These results 

indicate that caspase-3-dependent apoptosis is associated with modulation of BCL2/BAX 

protein ratio [15]. 

Studies on the anticancer effects of deinoxanthin are very limited. Many experiments have 

shown that this extract can induce apoptosis in some cancer cells. In this regard, deinoxanthin 

can affect many proteins involved in the regulation of apoptosis, as well as activation of caspase 

enzymes and induction of apoptosis [4]. 

However, in contrast, some studies indicate that carotenoids may have no anticancer effect or 

in some cases induce cancer. The results of the study on Deinococcus radiodorans indicate that 

deinoxanthin, the main carotenoid extract of the bacterium, has potent antioxidant and 

protective effects on cell death [16]. 

 

Conclusion 
The results of this study indicated that deinoxanthin can induce apoptosis in breast cancer cells 

by decreasing of anti-apoptotic BCL2 gene expression level and also increasing of BAX gene 

expression levels. Therefore, consideration might be given to deinoxanthin in treatment of 

breast cancer.  
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