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Abstract: Mammary cancer remains the most frequent worldwide type of cancer in females. From a health point of 
view, it is a huge challenge. As a definition, we can say that a group of biologically and molecularly heterogeneous 
diseases is represented by mammary cancer. An important causal factor for this disease is genetic predisposition, 
especially mutations in the BRCA1 or BRCA2 gene. The mammary gland is stimulated by hormones both morpholog-
ically and physiologically. The most significant of these are estrogens. 
Estrogen is the main female hormone, but it is present in both females and males. Elevated levels of this hormone may 
increase the risk of developing mammary cancer. In post-climacteric excessive adipose tissue, estrogens biosynthesis 
is catalyzed by aromatase, converting adrenal androgens into estrogen. Risk factors for developing mammary cancer, 
such as excessive adipose tissue, age at menarche and the use of exogenous hormones may increase the risk of devel-
oping it. 
The aim of this paper is to show the link between cholesterol, excessive adipose tissue and the increased risk of devel-
oping mammary cancer. 
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Introduction 
Obesity is a risk factor for both mammary cancer as well as a strong prognosis, which 
predicts side effects of the disease. Clinical evidence shows that obese patients with mam-
mary cancer who are being treated with chemotherapy or aromatase inhibitors are more 
likely to have a recurrence of the disease compare to females with normal body mass in-
dex [1]. Information about adipose tissue has increased significantly in recent years. Alt-
hough adipose tissue has always been described for lipid storage, it is now identified as a 
true organ that possesses both metabolic and endocrine functions. It releases a variety of 
substances into the bloodstream to communicate with other organs and tissues [2]. 
Adipokines, adipose tissue-specific substances, are essential in determining a group of 
physiological responses, namely glucose and lipid metabolism, homeostasis, angiogene-
sis, inflammation and satiety [3]. On one hand, disorder of the hormonal role and uncon-
trolled expression of adipokines in adipose tissue, causes overweight or obese, eventually 
connecting obesity with mammary cancer risk [4]. On the other hand, there are studies 
that show that increased adiposity induces the growth and advancement of mammary 
cancer in post-climacteric females through the secretion of estrogen [4]. 
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           2. The role and effects of estrogens 
The main roles of estrogen are to induce cell proliferation and the development of genitals and other 

tissues involved in reproduction [5]. Estrogens help with: 
  1. Development of the stromal tissue of the breasts; 
  2. Formation of a well-represented pipeline system; 
  3. Deposition of adipose tissue in the breasts.  
The mammary lobes and alveoli develop only to a small extent under the influence of estrogen. Progesterone 
and prolactin are the hormones that have a decisive effect on the growth and functioning of these structures 
[6]. 

          2.1 Effects of estrogen on metabolism and adipose tissue deposition - estrogen synthesis in obese adipose 
tissue. 

Estrogen biosynthesis occurs primarily in the adipose tissue in post-climacteric females, through the 
conversion of adrenal androgens to estrogen by aromatase [7]. Several cellular and molecular changes in 
obese adipose tissue alter the biosynthesis and metabolism of estrogen. 

Activation of the NF-κB pathway leads to an increase in aromatase expression in breast adipocytes and, 
therefore, to a higher estrogen synthesis (Figure 1) (Simpson et al., 2013). Similarly, several cytokines that 
are regulated in obese adipose tissue, such as TNF-α and IL-6, stimulate aromatase activity [8]. Excess breast 
fat, microscopic outbreaks of adipocytes surrounded by macrophages, present increased aromatase activity 
[9]. 

Moreover, in post-climacteric females, BMI is directly proportional to serial concentrations of estrone 
and estradiol and inversely proportional to hormone-binding globulin levels, leading to an increase in total 
bioavailable estrogen [7]. Compared to females with a BMI <22.5 kg / m2, obese females have an 86% increase 
in circulating estradiol, a 60% increase in estrone, and a 20% increase in testosterone [10]. 

            3. Mammary cancer and excessive adipose tissue-mechanism 
Chronic activation of NF-κB in adipose tissue not only causes obesity-mediated inflammation, but also 

stimulates anti-apoptotic genes and the proliferation of mammary cancer, invasion, angiogenesis and me-
tastasis [11]. 

Concentrations of IL-6 in peritumoral fat are higher than in all other regions and grow with increasing 
tumor size and lymph node involvement. Some studies have shown that the interaction between cancer cells 
and adipocytes induces both cell types to increase the secretion of cytokines IL-6, IL-8, CCL2 and CCL5. In 
addition, this phenomenon promotes tumor invasion and metastasis [11, 12]. 

Adipose tissue normally helps stimulate up to 35% of circulating IL-6. It is also responsible for the in-
crease in serum IL-6 after climacterium. In this way it can help increase the risk of mammary cancer and the 
progression of the tumor. IL-8 resulting from cancer cells, surrounding adipocytes, endothelial cells, infil-
trating neutrophils, and tumor-associated macrophages (TAM) develops angiogenesis, tumor growth, me-
tastasis, and resistance to chemotherapy [13]. 

             4. The link between overweight and tumorigenesis 
Along with obesity, the secreted cytokines go from an anti-inflammatory profile to a pro-inflammatory 

and proangiogenic profile. The secretion of pro-inflammatory and proangiogenic cytokines also increases in 
adipocytes, and ultimately results in the multiplication of cancer cells. In this way, the stimulation of angio-
genesis, the expansion of cancer stem cells, invasion and metastasis takes place [14]. 
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Excessive adipose tissue accumulates mediators of antitumor immunity, such as CD8-positive (CD8 +) 
T cells, natural killer (NK) cells, and dendritic cells, myeloid-derived suppressor cells (MDSC), and tumor-
associated macrophages (TAM) which suppresses antitumor immunity (fig.1). In addition, stimulation of 
adipocyte aromatase results in higher estrogen synthesis and thus potentiates the development of estrogen 
receptor-positive (ER +) mammary cancer [13]. 

Adipocyte hypertrophy induces the secretion of inflammatory cytokines, chemokines, and leptin as a 
result of an increase in the number and size of adipocytes. These adipokines then induce macrophage re-
cruitment and polarization. Macrophages secrete inflammatory cytokines, which can act directly to stimu-
late mammary cancer. In the end, all this leads to an increase in the production of aromatase and estrogen. 
In addition, they induce the expression of pro-angiogenic factors [13]. 

Inflammation of adipose tissue also promotes the development of insulin resistance, leading to the re-
lease of insulin and insulin-like growth factor (IGF). Insulin resistance and IGF can directly promote mam-
mary cancer. Similarly, adipocyte leptin acts directly on cancer cells. Moreover, the decrease in adiponectin 
caused by excess adipose tissue has the same effect [13]. 
     5. Cholesterol and the risk of mammary cancer 

A number of measures have been implemented to detect and treat elevated cholesterol, largely through 
the use of statins (Figure 2) and more recently by PCSK-9 inhibitors [15]. PCSK9 inhibitors are monoclonal 
antibodies that inhibit proprotein convertase subtilisin/kexin type 9 (PCSK9). PCSK9 is a protein that binds to 
LDL receptors for degradation and thus reduces the liver's ability to remove LDL-cholesterol from the blood, 
also called "bad" cholesterol [16].  

The PCSK9 inhibitor is synthesized to bind to PCSK9 and prevent PCSK9 from binding to LDL (low 
density lipoprotein) receptors on the surface of liver cells. In the absence of PCSK9, there will be more LDL 
receptors on the surface of liver cells to remove LDL-cholesterol from the blood, resulting in a lower concen-
tration of LDL cholesterol in the blood. In the last decade, there have been more and more results associating 
cholesterol with other modifiable risk factors, such as obesity and diabetes [17, 18]. Unfortunately, the com-
bined action of these factors is reflected in a number of cancers, including mammary cancer [19]. 

High blood cholesterol is often associated with obesity [20]. Its impact as a risk factor in the occurrence 
of mammary cancer is not very clear and it has not been established which of the 3 parameters: total choles-
terol, LDL or HDL contributes to the appearance of the disease [21]. The systematic analysis and meta-anal-
ysis of prospective studies that investigated the association between total cholesterol (CT), HDL-C, LDL-C, 
ApoA1 and ApoB and the risk of mammary cancer suggested an inversely proportional, statistically signif-
icant link [22]. 

At the end of the twentieth century, some epidemiological research (small sample size) studied the im-
pact of serum cholesterol on the incidence of malignancy, but the results were inconclusive [23]. Others have 
suggested that red and processed meat, which contain a higher amount of LDL cholesterol, are risk factors 
for colorectal, mammary and endometrial cancer [24]. A larger study published in Science shows the role of 
cholesterol in the development of mammary cancer in mice. Moreover, the authors also showed that knock-
out mice in which cholesterol levels increased and were treated with statins had a lower predisposition to 
developing mammary cancer [25]. 
At the cellular level, it has been shown that there are many physiological mechanisms. Low serum choles-
terol can increase the fluidity of the cell membrane which may result in the spread of cancer cells [26]. Con-
versely, the loss of membrane cholesterol can decrease the antigenicity of tumor cells, which results in the 
avoidance of the action of the immune system [27]. 
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              5.1 Cholesterol, HFD (high-fat diet), 27HC and cancer biology 
Cholesterol represents a major factor mammary cancer risk. Unfortunately, the mechanism by which it 

takes place is not fully known. Most likely the increase in cholesterol content in cell membranes and after 
the affecting of the membrane fluidity caused by dyslipidemia may represent a possible explanation. Also, 
there are researches that show the functionality of the metabolite, 27-hydroxycholesterol (27HC) as an es-
trogen [21, 28]. The intensive proliferation of estrogen receptor (ER)-positive mammary cancer cells is a 
result of its action. In this way, the treatments used in mammary cancer in order to lower the concentration 
of cholesterol are justified [21]. 

In animals, the specific contribution of cholesterol, a comorbidity of obesity, in the pathogenesis of can-
cer was underestimated. This may be due to the fact that no increase in cholesterol was observed after a 
hyperlipidemic diet (HFD high-fat diet). To address this, a high-fat diet was used in humanized APOE3 
mice. Circulating cholesterol levels were subsequently determined [25]. 

The observed increase in circulating cholesterol in HFD-fed mice is the result of intensified of novo 
synthesis. However, the effect of HFD on tumor growth was attenuated by statin treatment or inhibition of 
CYP27A1 [25]. These findings confirm the importance of cholesterol and dyslipidemia in mammary cancer 
and highlight the importance of 27HC and ER as mediators of these effects. 

On the other hand, there are studies showing that the effect of statins in mammary cancer is not benefi-
cial [29]. 

6. Conclusions 
The effects of excessive adipose tissue on the risk of mammary cancer differ depending on the status of 

the ER. Obesity is associated with a significantly higher risk of ER-positive mammary cancer. The effect is 
insignificant for ER-negative mammary cancer after climacterium [30].  

High concentrations of cytokines and leptins secreted by adipose tissue increase the number of preadi-
pocytes, that release free fatty acids (FFA) and activate the NF-κB pathway. This pathway controls DNA 
transcription, cytokine production, and apoptosis in both adipocytes and immune cells in order to produce 
chronic inflammation [31]. The high number of preadipocytes causes high concentrations of IL-6, IL-8, CCL2, 
CCL5 and VEGF with a positive effect on the production of NF-κB and cytokines [32]. In addition, contact 
between adipocytes and invasive cancer cells synergistically regulates cytokine secretion. 9 TNF-α also 
called tumor necrosis factor alpha and IL-6 affects insulin receptor activation [33]. Finally, there is insulin 
resistance that has a positive impact on the development and growth of mammary cancer. 

The NF-κB, TNF-α and IL-6 pathway also stimulates the expression of aromatase in stromal and adipo-
cyte fibroblasts [8] breast. The effect is an increased estrogen production in both cancer and stromal cells. In 
addition to increasing insulin resistance, IGFs, adipokines, and local estrogen production, there is clear evi-
dence to support the independent role of cholesterol as a mediator of the effects of dyslipidemia and/or 
obesity on the pathogenesis of mammary cancer [21]. 

A major mechanism by which cholesterol triggers mammary cancer includes its metabolite, 27HC, a 
molecule with SERM activity (which is a selective modulator of estrogen receptors). Studies highlight the 
immediate therapeutic potential for modulating cholesterol levels, either through diet or medication, such 
as statins, PCSK9 inhibitors, or niacin [34]. 
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