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Abstract
The recapitulation of primary tumour heterogenity and the existence of a minor sub-population of cancer cells, capable of initiating tumour growth in xenografts on serial passages, led to the hypothesis that cancer stem cells (CSCs) exist. CSCs are present in many tumours, among which is breast cancer. Breast CSCs (BCSCs) are likely to sustain the growth of the primary tumour mass, as well as to be responsible for disease relapse and metastatic spreading. Consequently, BCSCs represent the most significant target for new drugs in breast cancer therapy. Both the hypoxic condition in BCSCs biology and pro-inflammatory cytokine network has gained increasing importance in the recent past. Breast stromal cells are crucial components of the tumours milieu and are a major source of inflammatory mediators. Recently, the anti-inflammatory role of some nuclear receptors ligands has emerged in several diseases, including breast cancer. Therefore, the use of nuclear receptors ligands may be a valid strategy to inhibit BCSCs viability and consequently breast cancer growth and disease relapse.
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Core tip: This review examines the roles of breast cancer stem cells (BCSC) in the eliminate breast cancer disease. BCSCs represent the most significant target for new drugs in breast cancer therapy. The use of nuclear receptors ligands may be a valid strategy to inhibit BCSCs viability and consequently breast cancer growth and disease relapse.

INTRODUCTION
The new hypothesis: Cancer stem cells 

Several studies in the past years have shown that particular stem cells can have a significant role in cancer formation. These cells were identified in the hematopoietic system, central nervous system and mammary glands. These cells are a rare cell population of “tumour initiators”, with particular biological characteristics[1-4]. These stem cells have the ability to self-renew and to develop into all the cells that form the tumour mass and are called cancer stem cells (CSCs)[5]. In the CSCs hypothesis, cancer derives from normal stem cells that are transformed into tumour cells[6]. Adult stem cells are characterized as long-living with a low proliferative rate and are exposed for prolonged periods to agents that can induce damage and can accumulate mutations that result in neoplastic transformation[7]. Therefore, this condition implies the adoption of a new model to explain the carcinogenesis. Contrary to the “stochastic” model of tumorigenesis, for which the neoplastic transformation would result from random mutations incurred by a healthy cell that, consequently, undergoes clonal expansion. The CSCs hypothesis argues that the tumour begins from a stem cell, probably due to a dysregulation of the pathways involved in self-renewal[6]. However, these mechanisms are not exclusive and we can consider that other mechanisms can participate in the genesis and tumour progression, contributing to the heterogeneity of the tumour. 

Breast cancer stem cells

The existence of CSCs in tumours of the mammary gland has been widely demonstrated by several studies, based mainly on transplants. The hypothesis of the origin of the breast cancer stem cells (BCSCs) was confirmed by the finding that only a minority of human breast cancer cells have the ability to induce new tumours when transplanted into immunocompromised mice (NOD/SCID)[8,9]. The presence of BCSCs indicates the onset of a breast tumour and they are distinguishable from other cancer cells by expression of specific membrane markers such as CD44 and an Epithelial Specific Antigen and by the absence or low expression of CD24 protein (CD44 and CD24 are adhesion molecules). Therefore, BCSCs are isolated from the tumour mass as CD44+/CD24- by FACS analysis. Approximately 200 cells characterized by this phenotype induced tumour growth in NOD/SCID mice while 20000 cells with a different phenotype did not have this capability. CD44+/CD24- breast cancer cells can generate cells of the same phenotype and cells phenotypically different, so that the tumour from which they develop in mice repeats the entire heterogeneity of its initial cancer[4]. The mammary gland epithelial components are thought to arise from stem cells that undergo both self-renewal and differentiation. Self-renewal has been shown to be regulated by the Hedgehog, Notch, and Wnt pathways. Deregulation of the self-renewal in stem cells/progenitors might be a key event in mammary carcinogenesis[10]. Different combinations of cell surface markers such as CD44, CD49f, CD24, and CD29 as well as the activity of certain enzymes such as aldehyde dehydrogenase isoform 1 (ALDH1) have been used to identify BCSCs[11]. 

The new BCSCs hypothesis has important therapeutic implications. BCSCs have many similar characteristics to normal stem cells, such as apoptosis resistance, the capacity to repair DNA damage and multidrug-resistance (MDR). MDR is important to explain the capacity of breast cancer to overcome chemotherapy. BCSCs are characterized by expression of genes encoding ATP-binding cassette (ABC) proteins, which are transmembrane transporters involved in the extrusion of drugs from cancer cells, as ABCC1, ABCG2 and ABCB1. The principal MDR proteins that are expressed in BCSCs are the P-glycoprotein, the multidrug-resistance protein 1 (MDR1) and the cluster differentiation 243 (CD243). Chemotherapy drugs with anti-proliferative effects are less effective on CSCs population, because these cells divide less frequently than cancer cells[6,7]. For these reasons chemotherapy destroy many neoplastic cells but does not affect the minority component of tumour such as BCSCs. Accordingly, BCSCs induce tumour relapse and metastases[8,9]. So a change in chemotherapy strategy is necessary to kill also BCSCs.

The stem cell niche and CSC

Stem cells are localized in a niche that is a local tissue microenvironment. The niche has a limited area where the cells can maintain their peculiarity. Significant progress has been made by the studies on the interactions between the stem cells and the microenvironment in Caenorhabditis elegans and mammals[12,13]. Comparing the stem cell niches in these systems, various common features and functions have emerged. The niche is formed by a group of cells (fibroblasts of the stroma) which have a support function for stem cells, serving as the anchor point for the stem cells and physical adhesion molecules mediate the interactions between the support cells and stem cells (as well as those between the stem cells and the extracellular matrix). The niche generates factors that control number, proliferation and differentiation of stem cells. Normally, it maintains the stem cells in a quiescent state, providing them with the signals that inhibit the growth and proliferation. Only after implementing a stimulus transient activator, stem cells are able to divide in order to participate in tissue regeneration. This suggests that control stem cell dependent signaling mechanisms, resulting from dynamic niche and maintaining the balance between the proliferative and anti-proliferative signals, are the key to the homeostatic regulation of the stem cells[12,13]. When there is a change in the niche and growth and proliferation signals prevail, the stem cell population is exposed to an uncontrolled expansion which can lead to spread CSCs[13].

Inflammation and breast cancer stroma

The idea that inflammation could play a role in carcino​genesis was born in 1863, when Rudolf Virchow noted the presence of leukocytes in neoplastic tissues. After this observation, more and more data have demonstrated that malignancy may begin at sites of infection or chronic inflammation and approximately 25% of all cancers are associated with such conditions. In fact, although the inflammation represents a defensive response adaptive to infection or injury and is, under normal conditions, a self-limiting process which culminates in the repair of damaged tissues, an inadequate resolution induces chronic diseases or cancer[14]. Chronic inflammation is involved in all stages of carcinogenesis (initiation, promotion and progression). Inflammation induces an excessive production of reactive oxygen species that could cause genomic instability and mutation and consequently a tumour[14]. Stromal cells as fibroblasts, that are around the tumour, and inflammatory cells, as macrophage, that are infiltrated in the tumour, help to create an environment favoring the increase of inflammation[15]. Fibroblasts are among the most abundant cell types in solid tumours and are especially important in breast, pancreas, colon and prostate cancer[16]. In physiological conditions, fibroblasts have a low proliferative rate and have a constant production of extracellular matrix (ECM). ECM has anchoring function for the epithelial cells maintaining the integrity of structural epithelium. In the carcinoma in situ, the stroma is not compromised because it remains separated from the tumour cells through the basement membrane integrity. With the acquisition of infiltrating characteristics, some tumour cells manage to cross the basal lamina whose breaking mimics a traumatic insult to the tissue, causing changes in non-epithelial cell types. Fibroblasts are activated and become tumour associated fibroblasts (TAF) thus contributing to the growth and expansion of tumour in several ways: they produce proteins such as matrix metalloproteinases (MMPs) that have proteolytic activity on the components of the extracellular matrix[17]; release high levels of stromal-derived factor-1 (SDF-1) which attracts endothelial progenitor cells in the tumour mass (thus promoting angiogenesis); directly promote the growth of cancer cells through interaction with their receptor CXCR4[18]; release some growth factors such as epidermal growth factor (EGF) and transforming growth factor  (TGF) and release a wide range of inflammatory cytokines[16,19]. Macrophages resident in the stroma and monocytes that act together with tumour chemotactic factors, undergo changes that lead them to favor tumour growth. Thus, tumour associated macrophages (TAM) support tumour angiogenesis through the secretion of pro-angiogenic factors as the vascular endothelial growth factor (VEGF), the interleukin-1 (IL1) and the angiogenin (Ang). TAM facilitate the migration of cancer cells through the release of tumor necrosis factor- (TNF), MMPs (such as the MMP9) and other proteases such as tissue plasminogen activator[20,21]. Moreover, TAM produce factors, such as EGF, that directly promote the growth of cancer cells[22] and have a role in facilitating the invasion of neoplastic cells[23]. Finally, TAF can activate macrophages that produce cytokines to maintain an inflamed microenvironment[24,25]. Inflammatory cytokines, including SDF-1, interleukin-1 (IL-1), IL-6 and IL-8, may affect tumour growth by regulating of CSCs population[26]. In particular, it has been demonstrated that IL-6 can induce the acquisition of malignant characteristics in multicellular spheroids called mammosphere (MS), formed from stem cells and progenitors of the mammary gland; such aggregates were obtained in vitro in conditions of non-adherence from MCF-7 breast cancer cell line (MCF-MS) or obtained from breast surgical specimens (normal and tumour, N-MS and T-MS respectively)[27]. High levels of IL-6 mRNA were detected in T-MS, however IL-6 can stimulate the growth and self-renewal in both T-MS and N-MS. In particular, IL-6 induce overexpression of Notch-3 and of its ligand Jagged1, both implicated in the maintenance of stem cells in an undifferentiated state. It has been demonstrated that the pathway IL-6/Notch-3 increases the expression of the protein carbonic anhydrase IX (CAIX), from which depends the survival of MCF7-MS in hypoxic environment, as well as an increase of their invasive potential. IL-6 acting through different signal transduction pathways involving protein kinases such as mitogen activated protein kinase (MAPK) or the phosphatidylinositol-triphosphate kinase (PI3K) and having the ability to directly activate STAT transcription factors (such as STAT3) via the kinase JAK2 which is associated its receptor, leads to a number of responses that favor the proliferation, inhibits apoptosis and increases the invasive capacity of tumour cells[28,29]. IL-6 induces the activation of the transcription factor NF- that can code for several cytokines[27]. Other studies show that the TNF, the major inducer of NF-, involves an increase in the formation of MCF-7-MS cells through up-regulation of the Slug gene, a regulator of stem mammary tumour phenotype[30]. TNF induces, after 10 d of treatment, the acquisition of typical characteristics of BCSCs (CD44+/CD24-) in not transformed mammary epithelial cell line MCF-10A; this effect is accompanied by the reduction of the E-cadherin expression and an increase of mesenchymal markers expression such as vimentin and smooth-muscle actin- (SMA)[31,32]. These considerations lead to the hypothesis that the survival of the BCSCs is dependent on the activation of NF-, in turn resulting from the stimulation exerted, for example, by pro-inflammatory cytokines, as confirmed by the effect of inhibition of the proliferation of MCF7-MS due to the use of selective inhibitors of the NF-, as parthenolide[33]. 

Hypoxia and BCSCs

Hypoxia plays a key role in carcinogenesis. Solid tumours are characterized by poorly vascularized regions and can progress under hypoxic conditions. Hypoxia is a condition that generally is found within the stem cell niche, which requires low concentrations of oxygen in order to minimize the damage that the eventual oxidation of the DNA could generate[34]. Hypoxia is also involved in the maintenance of an undifferentiated cell, thus playing a crucial factor in the stem cells condition and for this reason; could potentially contribute to the generation and or to support the CSCs. In hypoxic condition, there is an induction of the octamer-binding transcription factor 4 (Oct4) and Notch1 expression in CSCs, two proteins that are involved in the self-renewal and differentiation pathways[35,36]. Hypoxia induces Shc gene expression in BCSCs, a gene that coding for p66Shc protein, involved in cellular response to oxidative stress, which induce the up-regulation of Notch-3 and its ligand Jagged-1. Interestingly, there is a correlation of Snail expression with histological grade and lymph node status in breast carcinomas[37]. Snail coding for CAIX protein is a molecule that is overexpressed in hypoxic condition and in BCSCs[38]. Cancer cells in the hypoxic tumour niche overexpressed the hypoxic inducible factor (HIF). HIF is a heterodimeric transcription factor consisting of an -subunit (HIF-1 or HIF-2), and a -subunit (HIF-1), expressed constitutively. HIF-1 affects a variety of malignant features, such as hypoxic cancer cell survival, via the regulation of a large number of genes, including CAIX[27]. The oxygen-dependent HIF activity is mediated by a series of enzymes containing iron (Fe2+), belonging to the superfamily of 2-oxoglutarate-dependent dioxygenase that are oxygen sensitive. Members of this family are the prolyl hydroxylase domain-containing protein (PHD), as PHD1, PHD2, PHD3 and the factor inhibiting HIF. In normoxic conditions, the HIF-1 subunit is characterized by a very short half-life. In hypoxic condition, HIF-1 translocates into the nucleus and leads to gene activation by binding to a specific sequence (59-RCGTG-39) called Hypoxic Responsive Element (HRE), through the recruitment of coactivators CBP/300[39]. HIF-1 causes a metabolic change that allows cancer cells to adapt to poorly oxygenated environments: It results in the use of glycolysis at the expense of oxidative phosphorylation, even in aerobic conditions, with a decrease in mitochondrial respiration and an increased lactate. This phenomenon is called “Warburg effect” and is frequently found in cancer[40]. HIF induces a metabolic “shift” via transcriptional activation of genes involved in glucose turnover, including those coding for glucose transporters, glycolytic enzymes and enzymes involved in the production of lactate and in the metabolism of pyruvate[41,42]. HIF induces the VEGF expression and reduce anti-angiogenic factors, such as thrombospondin[43]. A recent study has shown that, in several cancer cell lines (breast, lung, cervical and ovarian), HIF-1 increases cell invasion[44]. Since HIF-1 induces the transmembrane protein CAIX expression, through various mechanisms CAIX can increase the invasive potential of cancer cells[45]. Moreover HIF controls the expression of LOX (lysyl oxidase) and the cytokine receptor CXCR4 expression that are essential for metastasis induction[46]. Finally, HIF reduces E-cadherin expression and induces the epithelial-mesenchymal transition[47-49].

NUCLEAR RECEPTORS

Nuclear hormone receptors (NRs) include receptors for steroid hormones such as estrogen receptors (ERs) and progesterone receptors (PRs), receptors for the thyroid hormone (TRs), receptors for vitamin D (VDRs), retinoic acid receptors (RARs), retinoid X receptors (RXRs) and a number of receptors that respond to intermediary metabolites, among which there are the peroxisome proliferator-activator receptors (PPARs) activated by fatty acids and prostaglandins[50-52]. The members of this superfamily act as transcription factors activated by ligands and have a conserved structure[53]. NRs are characterized by the presence of two conserved domains: (1) A central DNA-binding domain (DBD) which interacts with the core motif, that have specific DNA sequences called “response elements”(monomeric NR recognize a single core motif, while dimeric NR complexes interact with repeated occurrences of this core motif); and (2) A C-terminal ligand-binding domain, which determines specific NRs properties and is highly variable between the different receptors. NRs are characterized by a flexible linker region between the two previous domains. NRs have a carboxy-terminal E-domain that is responsible for the ligand binding, dimerization, and contain an inducible transactivation function dependent on ligand (AF-2). Finally, the N-terminal terminal A/B-domain of the NR molecule contains a constitutive activation function independent on ligand (AF-1). NR can be activated by specific ligands that can modulate gene transcription and induce differentiation and anti-proliferative effects in cancer cells in several tumours[54].

Retinoic acid receptors and retinoid x receptors

Nuclear receptors retinoic acid receptors (RARs) and retinoid x receptors (RXRs) mediate the effects of reti​noids. Retinoids are a class of compounds that includes natural metabolites of vitamin A (retinol) and its synthetic analogues. The natural retinoids are produced in vivo by oxidation of retinol, a two-step process that leads to the formation of all-trans-retinaldehyde due to the action of alcohol dehydrogenase, followed by oxidized retinaldehyde due to the action of the enzyme dehydrogenase. In the reaction all-trans-retinoic acid (ATRA) is produced, which is then metabolized by CYP26 to produce hydroxylated metabolites[51]. There are three receptor subtypes, encoded by different genes, called RAR, ,  and RXR, , . RARs subtypes can bind with high affinity not only ATRA as well as 9-cis retinoic acid (9cRA), the product of isomerization of ATRA, that is able to interact with RXRs, a feature that sets it apart from trans retinoic acid isoforms that do not have this possibility[55]. Following the activation induced by the ligand, the RARs form heterodimers with RXRs (RAR-RXR) that lead to gene transcription by binding to specific DNA sequences in the promoter of target genes, those corresponding to the Retinoic Acid Response Element (RARE), while homodimers formed by RXRs (RXR-RXR) bind to sequences denominated RXRE (Retinoic X Response Element)[52]. The RXRs are the only nuclear receptors that are capable to form both homodimers (RXR-RXR) and heterodimers (NR-RXR), constituting factors required for efficient DNA binding of many other members of the NR superfamily, including RARs and PPARs precisely[52]. These considerations underscore the importance of RXRs ligands because they can mediate effects affecting many biological processes. The NRs partner of RXRs receptors can be “permissive”, as PPARs. The heterodimer that is formed can be activated independently from agonists of one or other receptors or, synergistically, by both. RXRs may be “non-permissive”, when the heterodimer cannot be activated by RXRs agonists alone, necessitating the presence of a ligand for the receptor partners (in the case of the dimer RAR-RXR is necessary a RARs ligand as ATRA)[51]. Various studies targetting the identification of a natural endogenous ligand for RXRs did not produce the desired results because the molecules proposed for this role (9cRA, phytanic acid, docosahexaenoic acid) have not demonstrated a selectivity only for binding to RXRs; for this reason synthetic compounds that bind only to RXRs (called rexinoids) could be essential to better understand the role of these receptors[52]. 

Retinoids and breast cancer

Retinoids are widely used to treat dermatological diseases. Retinoids have recently received considerable attention for the prevention and treatment of cancer due to their role in cell differentiation and their anti-proliferative, pro-apoptotic and anti-oxidant effects[56]. Epidemiological studies show that a low intake of vitamin A leads to a higher risk of developing cancer. Altered expression of RARs and RXRs is associated with malignant transformation both in animal tissues and in cultured cells[57]. Furthermore, in animal models retinoids reduce cancer of skin, lung, breast, bladder, ovary and prostate. In humans, retinoids can reverse epithelial precancerous lesions, induce differentiation of myeloid cells, and have an important role in the lung, liver and breast cancer prevention[58]. Moreover, retinoids regulate stem cell differentiation[59]. Retinoic acid is used today in various diseases: ATRA is the principal retinoid investigated in clinical trials for the treatment of lymphoma, leukemia, melanoma, lung cancer, cervix, kidney, neuroblastoma, and glioblastoma. Its clinical use has more effect in the treatment of the acute promyelocytic leukemia (APL). Since 1995, the FDA approved ATRA to APL treatment[60]. 9cRA differs from ATRA for its ability to activate both RAR and RXR. In addition, 9cRA activates different nuclear receptors such as PPARs, FXRs, PXRs and VDRs through RXR heterodimerization. In preclinical studies, 9cRA is effective in the prevention of prostate cancer and breast cancer and was also approved by the FDA for the topical treatment of cutaneous lesions of Kaposi's sarcoma[61]. The natural retinoid 13-cis retinoic acid (13cRA), binds both receptors RARs and RXRs, has anti-inflammatory activity and is in clinical development for different types of cancer, including cancer of the thyroid[62]. Preclinical and clinical studies have shown the anti-tumoural effects of retinoids in breast cancer. It has been observed that 9cRA inhibits proliferation and induces differentiation and apoptosis in the breast cancer cell line MCF-7 cells. Recently, it has been demonstrated that retinoid have a role also in the regulation of BCSCs self-renewal and differentiation; ATRA reduces BCSCs proliferation demonstrated by ALDH assay[11]. However, clinical studies have shown that natural retinoids can have side effects such as the hypervitaminosis A. It has been demonstrated that retinoids selective for RARs have chemopreventive activity with side effects, while selective RXRs retinoids (called rexinoids) suppress mammary tumorigenesis without side effects[63]. Since hypertriglyceridemia can be induced by rexinoids, recent research has investigated new rexinoids that have anti-tumoural effects without side effects. Among these there is (2E,4E,6Z,8Z)-8-(3’,4’-Dihydro-1’(2H)-naphthalen-1’-ylidene)-3,7-dimethyl-2,3,6 octatrienoinic acid (UAB30) that is currently undergoing clinical evaluation as a novel breast cancer prevention agent[64]. Furthermore, some patients may experience relapses cancer because cancer cells become resistant to retinoids therapies. For these reasons, the synergic use of multiple molecules as NRs ligands with other molecules at lower doses might be a good strategy to block breast cancer growth, while inducing less side effects in patients. Immunotherapy with the use of retinoids and T cell has proved effective in the treatment of neuroblastoma and 13cRA+interferon-2a significantly increases the survival of patients with metastatic renal cell carcinoma[65]. Lee and co-workers have shown that administration of ATRA increased the effectiveness of EGCG at a low concentration. Indeed, ATRA increased the synthesis of a EGCG molecular targets, the 67 kDa laminin receptor (LR67), which plays a key role in cell adhesion and in the breast metastatic process[66]. ATRA is a regulator of epithelial mesenchymal transition (EMT) that is a determinant of the breast cancer cell invasion and metastatic behaviour. It has shown that in HER2-positive SKBR3 and UACC812 cells, there is an amplification of the ERBB2 and RARA genes and ATRA activated a RAR-dependent epithelial differentiation program. Moreover, ATRA blocked Notch-1 up-regulation by EGF and/or heregulin-1 and switches TGF from an EMT-inducing and pro-migratory determinant to an anti-migratory mediator[67]. ATRA can reduce the MS-forming ability of a subset of breast cancer cells, which correlates with induction of apoptosis, reducing SOX2 expression and inducing of its antagonist CDX2. The SOX2/CDX2 ratio has prognostic relevance in BCSCs[68]. K-Ras mutant BCSCs was resistant to ATRA, which was reversed by MAPK inhibitors. Thus, ATRA can be used in combination to reduce BCSC proliferation[68]. Interestingly, also the combination ATRA and doxorubicin can differentiate and kill the BCSCs. Differentiation of CSCs into non-CSCs can reduce their self-renewal capacity and increase their sensitivity to chemotherapy in a synergistic manner[69].

The new rexinoid IIF can kill BCSCs

In our laboratory, we have investigated the antitumoural effects of ATRA when binded to RARs while with the RXRs ligand, we used the synthetic rexinoid 6-OH-11-O-hydroxyphenanthrene (IIF), a new derivative of retinoic acid, capable of binding selectively to RXR and mainly activating the form RXR-[70]. Several in vitro studies show that IIF can be used as an anticancer agent: This rexinoid showed a greater anti-proliferative effect than ATRA and 9cRA in leukemic cell line HL-60, which induces apoptosis[71]. IIF induces differentiation in different tumour cell lines, such as colon carcinoma and neuroblastoma[72]. In the glioblastoma mouse model IIF reduces tumour growth and invasion through the inhibition of MMPs, such as MMP-2 and MMP-9, in combination with increased expression of their inhibitors (TIMP-1 and TIMP-2)[73]. IIF has anti-inflammatory effects in colon cancer by supp​ressing the expression of cyclooxygenase-2 (COX-2), the inducible form of COX, responsible for the prostaglandin production that is overexpressed in many tumours[73]. Recently, we have demonstrated that ATRA and IIF reduce the inflammation-dependent survival in MS generated from human tumour specimens (T-MS) and from the breast cancer cell line MCF-7 (MCF7-MS), but not in MS derived from normal mammary glands (N-MS). The effect depends on the inhibition of the inflammatory pathway NF-B/IL-6 which is wired in T-MS. ATRA and IIF, blocking NF-B axis, reduced expression of genes involved in the maintenance of a tumour stem cell phenotype (such as Slug, Notch-3, Jagged-1) and was accompanied by an increased expression of markers of differentiation such as ER and keratin-18[74]. A promising strategy is the combination of IIF with natural substances, such as Epigallocatechin-3-gallate (EGCG), that have a cytotoxic effect against breast cancer cells. In a recent study, we demonstrated that the combination of IIF and EGCG had a higher activity than the individual administration. IIF and EGCG can have a common signaling pathway that induces apoptosis by reducing epidermal growth factor receptor activation and its downstream kinase AKT-1[75]. 

PPAR receptors and their agonists

RXRs receptors can form heterodimers with PPARs rec​eptors. The latter mediate the effects of many synthetic compounds called peroxisome proliferators (PPs-peroxisome proliferators). The PPs influence both the number and the size of the peroxisomes, responsible for various functions within the cell (-oxidation of fatty acids and cholesterol metabolism). Even PPARs there exist three isoforms (, , ), encoded by different genes and characterized by different tissue localization. They operate as sensors for fatty acids and their derivatives, checking therefore, important pathways concerning lipids and energy meta​bolism[76]. PPAR is expressed at high levels in organs with significant catabolism of fatty acids. PPAR has the broadest expression pattern, and the levels of expression depend on the extent of cell proliferation and differentiation. Finally, PPAR is expressed as two isoforms, of which PPAR2 is found in the adipose tissues, whereas PPAR1 has a broader expression pattern and is expressed at high levels in cancer tissue[76]. RXRs dimerization and the presence of coactivators are necessary for PPARs activation as transcription factor[77,78]. There is a wide range of endogenous and exogenous ligands that can interact with PPARs, leading to have different responses. Among PPARs endogenous ligands there are arachidonic acid, eicosapentaenoic acid and prostaglandin J2, while, among exogenous ligands there are the synthetic compounds called thiazolidinediones (TZDs): Pioglitazone (PGZ), rosiglitazone and troglitazone[54]. The TZDs are used in the treatment of type 2 diabetes because they decrease insulin resistance; they increase glucose uptake in peripheral tissues and reduce hepatic production. Some studies show, however, that TZDs could be successfully used also against tumours. In breast cancer, for example, tumour cells often express high levels of PPARs and it was demonstrated that TZDs are able to induce differentiation and inhibit tumour proliferation both in vivo (nude mice) and in vitro (mammary tumour cell line MCF-7); these effects are increased when combined with retinoids[79,80]. It was also noted that treatment with TZD leads to a reduction in the number of breast cancer cells in S phase and an increase of cells in phase G0-G1. Furthermore, TZD and retinoids induced apoptosis in 30%-40% of breast cancer cells through the inhibition of Bcl-2 expression[80]. Among the anticancer mechanisms mediated by PPARs ligands, in addition to the induction of pro-apoptotic proteins and stabilization of cell cycle, the inhibition of the expression or activity of various cytokines and transcription factors involved in inflammatory pathways (as TNF, IL-1, IL-4, NF-) could help to slow the growth of transformed cells[54]. Interfering with inflammatory pathway is an ability shown by some ligands of PPAR; fenofibrate and GW7647 (synthetic agonists). For example, they can significantly reduce the levels of pro-inflammatory cytokines such as IL-1, the expression of TNF, COX-2 and an inducible form of the enzyme nitric oxide synthase in murine microglia BV-2 exposed to radiation. This effect is due to the inhibition of translocation of the NF-B-p65 subunit or the inhibition of phosphorylation c-jun, a subunit of the transcription factor AP-1, both involved in inflammatory mechanisms[81]. MnSOD expression is significantly amplified in the aggressive breast carcinoma basal subtype. Interestingly, PPAR activation repressed MnSOD expression and increased chemosensitivity, and inhibited tumour growth in MDA-MB-231 and BT549 breast cancer cell lines[82]. PPARs are also reported to be involved in the modulation of the EMT process in CSCs initiation and in the regulation of CSCs functions[83]. Some data show that activation of PPAR could induce cancer and result in the induction of inflammatory responses. If the stimulation of the PPARs, for example with the TZD, involves the inhibition of neoplastic growth and the induction of differentiation, activation of PPAR significantly increases the proliferation of tumour cells, as demonstrated for the breast cancer cell lines MDA-MB-231 and MCF-7[84]. This stark contrast between these isoforms of PPAR is highlighted by studies that show the effects mediated by an agonist of PPAR, WY-14643. Chronic administration of PP in rats and mice leads to development of hepatocellular carcinoma; as a result of repeated exposure to WY-14643. Mice in which the expression of PPAR is increased, do not develop this type of tumour, as opposed to what happens in wild-type mice for PPAR, demonstrating that the receptor mediates the effects of carcinogenic arising by the stimulation exerted by an agonist[85]. More recently it has been seen that WY-14643 promotes the formation of a MS-tumour (derived from cells of the mammary tumour cell line MCF-7) by stimulating the activation of the NF-B/IL-6 and, consequently, the expression of genes Slug, Notch-3, Jagged-1, whereas the silencing of PPAR with a specific siRNA reduces tumour-MS formation. Furthermore, PPAR expression is positively correlated with the phenotype of BCSCs obtained from specimens of breast cancer patients[86]. Finally, we have recently demonstrated that IIF potentiates the ability of PGZ to hamper the MS-forming capability of human breast tumours and MCF7 cancer cells, reducing the expression of CSCs regulatory genes (Notch3, Jagged1, SLUG, IL-6, Apolipoprotein E, HIF-1 and CAIX). Notably, these effects are not observed in normal-MS obtained from human breast tissue[87]. Recently, Wang et al[88] demonstrated that PPAR-binding protein upregulates several genes in the de novo fatty acid synthesis network, which is highly active in ERBB2-positive breast cancer cells. ERBB2 is a prognostic marker occurring in 30% of breast cancers and is associated with aggressive disease and poor outcomes. Inhibition of the PPAR pathway using PPAR antagonists (GW9662 and T0070907) reduces the ALDH-positive population and tumour-MS formation in ERBB2-positive breast cancer cells[88].

Vitamin D and BSCSs

Vitamin D-3 exerts most of its cellular effects via its nuclear receptor, the vitamin D-3 receptor (VDR), that heterodimerizes with the RXRs. The VDR-RXR complex binds vitamin D responsive elements (VDRE) in gene promoters and regulates transcription of target genes[89]. It has been reported in literature that vitamin D is a potential preventive/therapeutic agent against CSCs. Several proteins, such as Notch, Hedgehog, Wnt and TGF-, are modulated by vitamin D in CSCs as well as in normal stem cell[90]. Interestingly, MS derived from BRCA1-silenced MCF7 or MDA-MB-231 breast cancer cells were no longer sensitive to the growth inhibitory effects of vitamin D, 1, 25-dihydroxyvitamin D 3 (1,25D). Since, the active form of vitamin D is a potent inhibitor of BCSCs growth through the down-regulation of BRCA1 expression, which is the most frequently mutated tumour suppressor gene in breast cancer[91]. Treatment with 125(OH)2D3 or BXL0124 (two vitamin D compounds) repressed markers associated with the breast stem cell-like phenotype, such as CD44, CD49f, c-Notch1 and NF-B. Furthermore, 125(OH)2D3 and BXL0124 reduced the expression of pluripotency markers, OCT4 and KLF-4 in BCSCs[92]. However, some authors have shown that MS were relatively insensitive to treatment with 125D compared to more differentiated breast cancer cells; instead combined treatment of 125D and DET- NONOate induce a significant decrease in the overall size of MS and reduced breast tumour volume in nude mice[93]. Combination therapy using 125D with drugs specifically targeting key survival pathways in BCSCs could be a best strategy to overcome aggressive breast cancer.

Estrogen receptor and BCSCs

It has been reported in literature that many breast cancers express estrogen receptor- (ER) and are dependent on estrogens[94]. Tamoxifen is the most widely used in endocrine therapy for ER positive (ER+) breast cancers during the last 30 years. Unfortunately, up to 40% of metastases from ER+ primary breast cancer do not respond to endocrine therapy. Recent study have demonstrated that tamoxifen was effective in reducing proliferation of ER positive (ER+) adherent cancer cells, but not their CSCs population[95]. Interestingly, estrogen is essential for the development of the normal breast, but adult mammary stem cells are known to be ER negative (ER-)[96]. BCSCs sorted derived from ER+ breast cancer tissue and established breast cancer cell lines, have low or absent ER expression[74,96]. However, estrogen stimulated BCSCs activity demonstrated by increased MS-formation through the induction of EGF and Notch receptor signaling pathways[96]. Breast cancer cells develop resistance to endocrine therapies by shifting between ER-regulated and growth factor receptor-regulated survival signaling pathways[97]. However, the roles of BCSCs in antiestrogen resistance and the underlying molecular mechanisms have not been well established. Recent, a novel variant of ER, called ER36 (molecular weight of 36 kDa) it has been investigated. ER36 mediates rapid antiestrogen signaling and is highly expressed in ER+ breast progenitor cells. Antiestrogens increased the percentages of the BCSCs from ER+ breast cancer cell through stimulation of luminal epithelial lineage specific and these BCSCs are more resistant to antiestrogens than the bulk cells. Finally, ER36 mediated antiestrogen signaling such as the PI3K/AKT that plays an important role in antiestrogen resistance of ER+/BCSCs[98].

CONCLUSION

BCSCs represent the most significant target for new anti-breast cancer drugs. In fact, BCSCs are likely to sustain the growth of the primary tumour mass, as well as to be responsible for disease relapse and metastatic spreading in breast cancer[6-10]. The activity of NF-B in BCSCs and in the tumour stroma (mainly formed by fibroblasts and inflammatory cells) has been recognized to be of pivotal importance in normal and CSCs survival[99]. It has been proposed that “NF-B activity addiction” would make CSCs more susceptible to NF-B inhibitors than their normal counterparts[26,55]. For these reasons the use of molecules, as NRs ligands, capable of inhibiting NF-B dependent inflammation may be the best strategy to hamper BCSCs growth[74,86]. Recently, we demonstrated that BCSCs have a particular NRs phenotype[86,87] (Figure 1). Therefore, the synergic use of multiple molecules (as ligands of NRs) at lower doses might be a good strategy to kill BCSCs, while inducing fewer side effects in patients. Moreover, the use of NRs ligands in combination with each other (as ligands of PPARs with ligands of RXRs) or with other substances (e.g., EGCG) may be a valid strategy to inhibit BCSCs viability.
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FIGURE LEGENDS
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Figure 1  The nuclear receptors phenotype in breast cancer stem cells. In breast cancer, TAF and TAM promote inflammation and invasion through the secretion of cytokines, as IL6, TNF and TGF and the secretion of MMPs, as MMP9. In this hypoxic inflammatory niche, particular stem cells can form the BCSCs as mammospheres. BCSCs are characterized by a particular nuclear receptors phenotype: a lower level of ER, PPAR, RARs, RXRs, and a higher level of PPAR is expressed than adherent breast cancer cells. NRs: Nuclear receptors; BCSCs: Breast cancer stem cells; TAF: Tumour associated fibroblast; TAM: Tumour associated macrophage; MMPs: Metalloproteinases; IL6: Interleukin-6; EREstrogen receptor-; PPARs: Peroxisome proliferator-activator receptors; RARs: Retinoic acid receptors; RXRs: Retinoid x receptors; TNF: Tumor necrosis factor-; TGF: Trasforming growth factor-.

FOOTNOTES

Conflict-of-interest statement: Authors declare no conflict of interests for this article.

Open-Access: This article is an open-access article which was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/
Peer-review started: November 3, 2015

First decision: December 4, 2015

Article in press: January 29, 2016

P- Reviewer: Liu SH, Wang LS    S- Editor: Qiu S    L- Editor: A    E- Editor: Lu YJ
PAGE  

