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Abstract 

Oleic acid is the main monounsaturated fatty acid found in olive oil. Several studies have 

shown the effect of oleic acid on breast cancer, for this reason the Mediterranean diet is 

based on the olive oil and specifically on oleic acid. The effect of oleic acid on the risk of 

cancer differs from one study to another. Several Studies has been shown the beneficial 

effect of oleic acid against human breast cancer, it acts in different proteins activity that are in 

relation with breast cancer such as the AMPK protein, it can also acts on the receptors of 

human epidermal growth factors which is HER2. On the other hand, other investigators have 

shown that oleic acid promotes the proliferation and survival of metastatic breast cancer cells 

by the activation of the protein Kinase C. Thus, we sought to elucidate whether this 

compound has a cytotoxic activity or not. A line of highly invasive breast cancer cells MDA-

MB-231 was used to determine the effects of oleic acid. The results showed that OA does 

not possess cytotoxic activity on this breast cancer cell line.  
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 I.  Cancer  

1.  General  

The cancer was in accordance with the World Health Organization (WHO) one of the most 

causes of death who attacks human live (more than 200 diseases). Inspite the technical and 

scientific research on cancer, the effectiveness of diagnosis and treatment was low by 

comparing the percentage of deaths yearly (Henriksen et al., 2014). How is cancer 

development process? In normal cells, division and development have been organized in a 

programmed way during disturbances or cell damage. This process is the secret for the   

development and functioning of a healthy cell. In the absence of this alternative, some cells 

become unable to respond to received intracellular signals and messengers and lose their 

ability to maintain this regulatory system (Almeida et al., 2011). This causes an anarchic 

multiplication and differentiation and uncontrolled abnormal cells that invade not only 

adjacent tissues, but also distant organs of the primary tumor (Stratton, Campbell and 

Futreal, 2009). This type of dysfunction may have appeared in any body tissue and may 

induce several types of cancer (Almeida and Barry, 2011). 

 

2.  Breast cancer and tumoral development: 

 

Breast cancer is the first cancer of women in the world that cause a large health problem 

(Curado et al., 2011).Presently, breast cancer is the most spreading disease among women 

in the world around 2 million new cases in 2018 (World cancer research fund). Incidence 

rates are more important (80 per 100,000) in developed countries around the world and low 

(less than 40 per 100,000) in most developing countries (Ferlay et al., 2010). 

 

3.   Epidemiology: current situation 

 

Breast cancer is the leading cause of death among women with a higher annual percentage. 

Incidence and mortality differed between African and European countries. Incidence and 

mortality rates vary geographically. In African countries, the incidence was lower than that of 

European countries (37.9 per 100,000) but higher than that of European countries (74.4 per 

100,000). Compared to the breast cancer mortality rate, we find that the percentage was 

higher in African countries (17.2 per 100,000). 
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Data source: GLOBOCAN 2018 

Fig1.Estimated age-standardized incidence and mortality rates (world) in 2008, female 

 

4.   Incidence, mortality and evolution 

 

 

Fig2. Top cancer per country, estimated age-standardized incidence rates (World) in 2018, females. 

Data source: GLOBOCAN 2018 
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5.   Risk factors 

 

Breast cancer is a major disease in the world, characterized by multiple factors and important 

stages. It was characterized by an uncontrolled proliferation of breast cells (Belkacem, 2011). 

This type of disease has more than one cause to develop in the human body. Several risk 

factors contribute to the development of breast cancer. The fact that the cancer appears only 

several years after the exposure may increase the difficulties of establishing the causal link 

between the agent and the cancer (Cochaud et al., 2004). According to the predictions 

required for risk factors, it was difficult to confirm the development of one specific cancer, 

depending on the risks to which it is exposed. However, knowledge of these risk factors 

allows the search of appropriate cancer prevention measures. 

 

     - Age: 

One of the most common risk factors of the BC was the age. Incidence of this type of cancer 

was higher according to the age; the disease is more or less low in women who are less than 

30 years old and increases among 45 and 70 years, then progressively decreases (Nam et 

al., 2008). 

 

    - Familial and genetic factors: 

In addition of the age, familiar and genetic factor are also an important risk for the increase of 

BC. Different factors can identify an important cause of breast cancer. On the one hand, 

there is family history, which is defined by the existence of a specific breast cancer in the 

same family or the appearance of spontaneous cancer in one family (Hopper, 2001). On the 

other hand, we find gene mutations that are able to increase the risk of breast cancer. Three 

important genes are involved in the appearance of this type of cancer which are BRCA1, 

BRCA2 and TP53 (Olopade., 2001) 

 

- Overweight and lifestyle: 

In the other side, we find other risk factors associated to environmental conditions. The most 

important risk was the exposure to estrogen hormone that may be in two different way 

endogenous or exogenous. 
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* Obesity: Obesity is an important factor in the development of breast carcinoma. It is 

associated with the hormonal profile that promotes the risk of breast cancer. Obesity 

increases the risk of developing breast cancer by approximately 50% (Key., 2001). Excess 

adipose tissue leads to increased production and exposure to steroid hormones. As the 

majority of breast cancer types appear mostly in postmenopausal women, obesity becomes 

a remarkable factor. 

* Diabetes: is the major universal problem of public health. According to Wolf et al., Diabetes 

can increase the relative risk of developing breast cancer. This may be due in particular to an 

overproduction of the insulin receptor caused by a higher insulin concentration. The complex 

formed by insulin and receptor can induce with different reactions an increase in cell 

proliferation and a decrease in apoptosis (Zhu et al., 2008). 

* Alcohol: is a nutritional determinant of the risk of breast cancer. Several studies have 

shown that high consumption alcohol may increase the risk of developing breast carcinoma 

(Chen et al 2008). 

* Smoking: smoking has been identified as a major component containing carcinogens. It 

causes several types of diseases (Numasak et al., 2003). However, smoking is not 

considered a significant risk factor in breast cancer, but may have an effect on 

postmenopausal women (Kropp., 2002). 

 II. Breast cancer development: 

1.  Architecture and breast development: 

The breast is a glandular tissue consisting of an areola and a nipple (Figure 1). The 

mammary gland formed by two cellular compartments: the mesenchymal compartment, 

perfused by the blood vessels and nerves, and the epithelial compartment articulated around 

a network of galactophore ducts and lobules surrounding the alveoli. These two 

compartments are divided by a basal membrane of collagen, laminin and 

glycosaminoglycans, but there is strong collaboration between them during the development 

of mammary gland (Bear et al., 2003). 

The architecture of the mammary gland develops over time, and depends on several factors 

such as age and stage of reproductive life (Wolmark et al., 2001) (Figure 2) and formed 

under the influence of ovarian sex hormones (estrogen and progesterone) and ordinary 

growth (Wolmark et al., 2001). 
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From: Breast Cancer Treatment During Pregnancy (PDQ®) 

Fig. 3.  Schematic representation of a breast in section 

 

 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/books/NBK65716/
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  2.  Evolution of the architecture of the mammary gland: 

The mammary glands develop in several stages which begin at birth. This gland evolves 

following different stages. The mammary galleon remains at the repot from birth until puberty 

(A). At the stage of puberty, this gland begins to develop by budding which are multilayer 

thanks to the puberty hormone (B). Then, at the virginity stage, the mammary gland 

branches out and forms a two-layer epithelial structure (C). The mammary gland have an 

hormonal changes in the stage of the pregnancy and lactation, at this level there is a 

secretion of milk by the alveolar cells that is formed (D). Finally, we find the stages of 

involution at which a cell death occurs and the mammary gland gets in period of relaxation 

(E). 

 

 

 

Fig.4. Evolution of the architecture of the mammary gland (Jamie et al 2015). 
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3.  Carcinogenesis process: 

The mammary gland as it was mentioned before is an organ in frequent evolution under the 

influence of hormones and growth factors (McNally et al., 2011). This makes it a specific 

organ from the point of view of the number of cells in growth and differentiation, and thus 

makes it suitable for cancerous transformations. 

Cancer can be discovered in clinical term when it encompasses more than 109 cells 

(Cotterchio et al., 2014). All the cancer cells come from a single cell that has become 

cancerous or transformed (mother cell), during cell division control mechanisms, these cells 

become detached and escape and therefore an anarchic multiplication is formed by clonal 

expansion (Weinberg et al., 1996). 

The carcinogenesis process is composed of four phases: initiation, promotion, progression 

and invasion (Fig 3). 

 

 

Fig.5. Carcinogenesis process (Paula et al., 2007)  
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Carcinogenesis is based on four successive phases. Initiation is the fastest phase in which 

the cell is affected by important mutations in the genome and will be transmitted to the child 

cells. The promotion is characterized by a strong proliferation of mutated cells during the first 

phase, which induces the formation of a clone of tumor cells. Conversion is the most 

sensitive step that corresponds to the transformation of a normal cell into a malignant cell 

and finally to the phase of progression during which the malignant cell will enter the tissues 

to form a metastasis (Mlika et al., 2014). 

 III. Mediterranean diet and olive oil 

1.  Mediterranean diet 

The Mediterranean diet is a type of diet that encompasses several foods that are necessary 

for the health for which it is classified among the diets most advised for its good quality. This 

diet is found specifically in Mediterranean countries (Gardener et al., 2011). In addition, there 

is a link between the Mediterranean diet and the prevention of certain diseases such as brain 

and cardiovascular diseases, as well as certain types of cancer (Cicerale et al., 2009). This 

diet is based on considerable frequent consumption. fruit, vegetables, cereals and fish (high 

in fatty acids) and low consumption of red meats (Mena et al., 2009). The Mediterranean diet 

differs from one region to another and each of these regions has a specific diet but the only 

common element is olive oil which is characterized by a high composition of 

monounsaturated fatty acids (Rietjens et al., 2007 ). Several investigators have conducted 

research on olive oil and have shown the preventive and the beneficial effects on health, 

such as antioxidant and anti-inflammatory effects (Domitrovic et al., 2012). 

 

2.  Virgin olive oil: 

 

Virgin olive oil (VOO) is essentially composed of triglycerides (between 98% and 99%) which 

constitute the saponifiable fraction. The unsaponifiable fraction is represented by the rest of 

the elements of olive oil (between 1% and 2%), which represent about 230 very diverse 

substances (Sanchez, 2015). A process of transformations was carried out to obtain a virgin 

olive oil by physical methods without the addition of any type of additive elements. VOO is 

obtained from olives according to a process of transformation realized by physical methods. 

Olive oil is the only natural juice extracted from the olive that can be consumed. Once refined 

in VOO, the minor components of olive oil will be decreased or disappeared (Sanchez, 

2015). 



Introduction 

10 
 

3.  The beneficial effects of olive oil: 

 

Several studies have shown the benefits of olive oil on human health. It has also been shown 

that olive oil can act as an anti-tumor agent thanks to the phenolic fractions it contains (Jiang 

et al., 2010). The anti-tumor effect has been studied thanks to its capacity to inhibit the 

proliferation of tumor cells and to induce the apoptosis of various metastatic cancer cells. In 

the Mediterranean countries, olive oil is considered as a fundamental constituent of the diet 

and is also known for its protective effect against certain diseases. In Mediterranean 

countries, the consumption of olive oil is the most recommended in the diet, especially to 

reduce the risk of cancer. Monounsaturated oleic acid is the main component of olive oil. 

Indeed, the protective effect of olive oil comes from the effect of oleic acid (Owen et 

al.,2000). Extra virgin olive oil also contains several elements such as phenolic, antioxidants, 

oleuropein, tyrosol and oleic acid, all of which are important components of cancer 

protection. Therefore, high consumption of olive oil reduces the risk of cancer. 

 

 IV. Oleic Acid- The Anti-Breast Cancer Component in Olive Oil 

Oleic acid is known as the main monounsaturated fatty acid in olive oil (Cicerale et al., 2009), 

so it is considered an essential compound that acts against breast cancer. Thanks to this 

compound, the Mediterranean diet is known as a healthy diet and the most recommended 

(Rietjens et al., 2007). Also, other studies showed that the consumption of olive oil which is 

rich in oleic acid at the same time with the anti-cancer drugs makes it possible to increase 

the antitumor effect (Domitrovic et al., 2012), as the case of herceptin which has been 

improved by an association with oleic acid, in order to increase its effect against the 

carcinoma (Rietjens et al., 2007). Indeed, oleic acid acts on the enzymes responsible for 

energy metabolism by stimulating its activities (Yang., 1992). Oleic acid is found in various 

compounds such as mainly in olive oil also in almonds, macadamia, peanuts, sesame oil, 

etc. it is an important compound in terms of prevention and protection against cancer. 
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Fig.6. The chemical structure of oleic acid 
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The scientific evidence published by different authors suggests that certain types of tumors, 

breast cancer among them, are less frequent in those countries where virgin olive oil is 

usually consumed.  

Certain monounsaturated fatty acids such as oleic acid present in virgin olive oils may be 

those which confer, at least partially, a protective role against the appearance of the breast 

cancer tumor in humans. 

According to this hypothesis, the purpose of this work was: 

To determine the cytotoxic effect of oleic acid on human breast cancer cells of a highly 

metastatic cell line (MDA-MB-231) in vitro. 
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In this section we describe the experiments that were used to determine the cytotoxicity 

caused by oleic acid and camptothecin, this last as a positive control of antitumor 

chemotherapy. 

1. Cell culture and treatments  

Cells from the highly invasive MDA-MB-231 human breast cancer cell line (ATCC® number: 

HTB-26 ™) (estrogen receptor and negative progesterone receptor), were obtained from 

American Type Culture Collection (ATCC, Manassas, VA, USA). Cells (MDA-MB-231) were 

cultured as monolayer cultures in MEM supplemented with 10% FBS, 1% Hepes buffer, 1% 

sodium pyruvate and 1% NEAA. Cells were maintained at 37 ° C in a humidified atmosphere 

containing 5% CO2. Cells were regularly under-grown using the TrypLE Express solution. 

These cells were used for all experiments after acquire an exponential growth state. Except 

for the tests specifying the opposite, the cells were treated with 0.1μM, 1μM and 10 μM oleic 

acid (OA) and camptothecin for 4 h. 

 

2. Cytotoxicity Assay 

Cell survival as measured by growth of treated versus untreated control cells. It was 

performed in MDA-MB-231cells using the Cell Titer Blue based assay according to Scudiero 

et al.(1988) with some modifications. Briefly, the cells were inoculated into 96-well culture 

plates in a total volume of 100 μL per well (5 × 10 3 cells). After 24h to allow cell attachment, 

100μL of fresh medium with increased the concentrations from 0.001μM to 100μM of OA and 

CTP (as positive control) was added to samples. After 24h cells were incubated with XTT in 

RPMI medium free of phenol-red for 3 h at 37 °C with 5% CO2 and the absorbance 

measured at a wavelength of 450 nm (620 nm) in a flat reader (TECAN GENIOS Plus). 

Viability was calculated using the formula: 

                            % of viable cells = [(cells treated) / (control A)] x 100 

Where A is the difference in absorbance between optical density units (A = OD 450 - OD 620). 
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All measurements were performed in quintuplicate and each experiment was repeated at 

least three times. As a control vehicle, the cells were treated with Et-OH at the highest 

concentration of OA and CTP used. 

 

 

 

                                          Camptothecin 

                                          Oleic acid 

 

3. Statistical Analysis 

The results are displayed as an average of at least three independent experiments (± SEM). 

The results are expressed as a percentage relative to the untreated control, defined at 100%. 

Statistical analysis was performed using STATGRAPHICS Plus 5.1 statistical software (Stat 

point Technologies, Inc., Warrenton, Va., USA). Values of p<0.05 were considered 

significant. 
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I. Results 

1. Structures of the two components studied  

 

Source : PubChem 

Fig 7 : Oleic acid  

 

 

 

 

 

Source : PubChem 

Fig 8 : Camptothecin 
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 2. Citotoxicity effects: 

      2.1. Oleic Acid: 

The results are expressed as the percentage of cell survival with respect to the untreated 

control, which was set as 100%. Cells from MDA-MB-231cell line treated with OA does not 

show a marked cytotoxic effect with all concentrations assayed. The difference observed 

between averages is not significant (Fig.9). 

 

 

     Fig.9 Cytotoxicity of OA proteins from 0.001 μM to 100 μM in MDA-MB-231 cells. 
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 2.2. Camptothecin: 

The results are expressed as the percentage of cell survival with respect to the untreated 

control, which was set as 100%. Cells from MDA-MB-231 cell line treated with CPT shows a 

marked cytotoxic effect at higher concentrations (Fig.10). The difference observed between 

the averages is significant (p<0.05). At a concentration of 100 μM CPT induced a strong 

cytotoxic effect (58%).  

 

Fig 10: Cytotoxicity proteins from 0.001 μM to 100 μM in MDA-MB-231 cells. 

 

 

 

 

 

 

 

 

 



Results&Discussion 

21 
 

2.3. Opposite Effects of oleic acid and camptothecin on the viability of Cancer Cell 

Line « MDA-MB-231 »  

 

The MDA-MB-231 cells treated with the two different compounds: oleic acid did not show a 

cytotoxic effect of the cells. OA concentrations between 0.01 μM and 100 μM seemed to 

promote cell survival. 

 A chemical treatment was carried out with the camptothecin which induces a strong 

cytotoxic effect at 100μM (cell survival was 58%) (Fig.11).The values represent the mean ± 

SEM of three independent experiments. The statistically significant differences are 

represented by (*) for CPT at p <0.05 compared to the untreated control. 

 

 

 

 Fig11:  Cytotoxicity of OA and CPT proteins from 0.001 μM to 100 μM in MDA-MB-231 

cells.  
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II. Discussion 

Our study is carried out in vitro on a human breast cancer epithelial cell line MDA-MB-231 

which is a highly invasive, triple negative and highly aggressive cancer cell line. The purpose 

of this study is to show the effect of a natural compound, the oleic acid on these types of 

cells.  

Oleic acid (OA) is a monounsaturated fatty acid, the main compound of olive oil. It is well 

known that the Mediterranean diet plays a role in the prevention of cancer, and this olive oil 

is usually found in this diet.  

The present study focuses on the cytotoxicity effect that this natural compound found in olive 

oil, could have on breast cancer cells. 

In our work, we realized the cytotoxicity test of oleic acid on metastatic cells of MDA-MB-231 

breast cancer using camptothecin as a positive control. Contrary to our initial hypothesis, we 

found that oleic acid does not produce a cell death (100% cell survival), so it can be 

concluded from our results that oleic acid does not have a cytotoxic effect on the highly 

invasive cancerous cells. 

Several studies have suggested the antitumor properties of OA, but so far, there is no 

scientific data on their cytotoxic activity against human breast cancer cell.  

Many studies have been realized on the antitumor effect of oleic acid on highly metastatic 

cancer cells such as Shuai et al (2014), he has showed the link between oleic acid and the 

activity of AMPK which is a responsible enzyme in energetic metabolism. AMPK promotes 

the production of ATP which is necessary for cell survival and growth. 

Indeed, Shuai has demonstrated that oleic acid inhibits the activity of the AMPK enzyme 

subsequently decreasing the level of ATP and therefore inhibiting the growth of highly 

metastatic breast cancer cells. 

Other studies done by Mendez et al (2005), showed that oleic acid can act on the gene that 

codes for the human epidermal growth factor receptor that is HER2. And he concluded that 

an over expression of the HER2 protein promotes the proliferation of cancer cells. Therefore, 

oleic acid suppresses this expression in order to decrease the proliferation of these 

cancerous cells. 
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On the other hand, various studies have been carried out concerning the antitumor effect of 

oleic acid and proposed mechanisms for which oleic acid may act on the appearance of 

breast cancer. In fact, oleic acid stimulates protein kinase C (PKC), which is a protein 

involved in different processes such as survival, proliferation and apoptosis of cells (Karam et 

al., 2012). 

Indeed, several studies have shown that the over expression of PKC, which promotes the 

estrogen response for cell proliferation and the independent growth of MDA-MB-231 cells, 

such as the study by Karam et al. (2014) .PKC acts on estrogen receptors and concluded 

that an excess of PKC causes an increase in the expression of these receptors and results in 

an increase in cell proliferation, which is essential for the development of breast cancer. 

According to some studies done by Uchida et al. (1997), The activity of protein kinase C 

(PKC) appears high in human mammary tumors due to the presence of oleic acid. Indeed, 

oleic acid can promote the proliferation of metastatic cancer cells by the activation of another 

protein phosphatidylinositol 3-kinase, that is implicated in the control cell process (Hardy et 

al., 2000).  

Other studies show that in the Mediterranean region, oleic acid has a preventive effect on 

breast cancer, but until now these studies remain contradictory. Oleic acid exists in two types 

of configurations, cis oleic acid which reduces the risk of breast cancer, and trans oleic acid. 

From a chemical point of view, trans and cis  oleic acids differ just in the form of the molecule  

and, from the point of view of health its differ in their effects specially against cancer. 

 Kohmeier et al (1997) showed in his studies that trans oleic acid can increase the risk of 

breast cancer development. In fact, he used different types of trans fatty acids such as oleic 

acid and he concluded that it has an increase in the growth and proliferation of cancer cells 

thanks to these trans fatty acids. When trans fatty acid enters the cell, it promotes the growth 

and proliferation of these cancer cells, therefore, the tumor effect of these cells becomes 

more aggressive (Kohmeier et al., 1997). 

 However, studies that have shown that oleic acid reduces the risk of breast cancer remain 

insufficient and unconvincing to be confirmed. 
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Oleic acid is an abundant monounsaturated fatty acid present in olive oil, the main fat of the 

Mediterranean diet. In the present work we are interested in studying of the cytotoxicity of 

oleic acid in a highly invasive cell line MDA-MB-231. According to our results, we were able 

to conclude that oleic acid (OA) appears not to be an antitumor agent in breast cancer cells 

in vitro. But our results are not sufficient to confirm the effect of oleic acid on the risk of 

breast cancer.  

In perspective, it would be interesting to complete the studies of the effect of oleic acid 

against highly invasive cell line MDA-MB-231 by realizing complementary tests in vitro such 

as the cell proliferation test and the apoptosis test. 
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