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        Abstract



        
          Intoroduction:


          Dietary intake fundamentally provides reintegration of energy and essential nutrients to human organisms. However, its qualitative and quantitative composition strongly affects individual’s health, possibly being either a preventive or a risk factor. It was shown that nutritional status resulting from long-term exposition to specific diet formulations can outstandingly reduce incidences of most common and most important diseases of the developed world, such as cardiovascular and neoplastic diseases. Diet formulations result from different food combinations which bring specific nutrient molecules. Numerous molecules, mostly but not exclusively from vegetal foods, have been characterized among nutritional components as being particularly responsible for diet capabilities to exert risk reduction. These “bioactive nutrients” are able to produce effects which go beyond basic reintegration tasks, i.e. energetic and/or structural, but are specifically pharmacologically active within pathophysiological pathways related to many diseases, being able to selectively affect processes such as cell proliferation, apoptosis, inflammation, differentiation, angiogenesis, DNA repair and carcinogens activation.

        


        
          Conclusion:


          The present review was aimed to know the molecular mechanisms and pathways of activity of bioactive molecules; which will firstly allow search for optimal food composition and intake, and then use them as possible therapeutical targets and/or diagnostics. Also, the present review discussed the therapeutic effect of both nutrients and phytochemicals.
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      1. INTRODUCTION


      Accumulating evidence suggests that a regular consumption of dietary botanicals, including cruciferous vegetables such as cabbage and broccoli, Allium vegetables such as garlic and onion, green tea, Citrus fruits, soybeans, tomatoes, berries, and ginger, as well as medicinal plants and substances from marine environment is associated with reduced risks of developing chronic diseases such as cardiovascular diseases and cancer [1, 2]. This association has been partly ascribed to the presence of a variety of phytonutrients naturally occurring in plant-based foods [3-5]. Several of these bioactive compounds, such as curcumin (from the rhizome of Curcuma longa), genistein (from soybeans), lycopene (from tomatoes), isothiocyanates such as phenethyl isothiocyanates (PEITC), benzyl isothiocyanates (BITC), sulforaphane (SFN), dithiolethiones (from cruciferous vegetables), and resveratrol (from grapes and peanuts) show strong anticarcinogenic properties both in preclinical or clinical trials [6]. Each phytochemical molecule most likely interacts with more than one molecular target, thereby influencing different signalling pathways and the expression of a large variety of genes [3-5]. These include blockage of metabolic activation and/or DNA binding of carcinogens, stimulation of detoxification, repair of DNA damage, suppression of cell proliferation and angiogenesis or metastasis, induction of differentiation or apoptosis of precancerous or malignant cells, etc [3-5, 7]. Phytochemicals that influence multiple signaling pathways often enhance the activity of conventional chemotherapy and radiation therapy, and may be used in lower doses when such synergistic effects are present [8, 9]. Importantly, oxidative stress and inflammatory tissue injuries are two of the most critical factors that are involved in multistage carcinogenesis. One of the most important links between inflammation and cancer is proinflammatory transcription factor NF-kB. NF-kB is a ubiquitous and evolutionarily conserved transcription factor that regulates the expression of genes involved in the transformation, survival, proliferation, invasion, angiogenesis and metastasis of tumor cells. Accordingly, many research laboratories have shown that nutraceuticals (e.g., curcumin, sulforsaphane, genistein, resveratrol, epigallocathechin gallate, etc.) can exert anticancer activity by suppressing the NF-kB signaling pathway.

    


    
      2. CURCUMIN


      Curcumin, (diferuloylmethane), derived from the ancient Indian medicine turmeric, is a widely studied nutraceutical. This perennial herb has multiple ingredients, including curcuminoids, the most active ingredient for medicinal use [10]. Curcumin has been used for a variety of diseases, including respiratory diseases, inflammation, liver and hepatic disorders, obesity, diabetic wounds, rheumatism and certain malignant tumors [11-15]. In addition, no studies in animals and humans have demonstrated significant toxicity related to curcumin, even at very high doses [16, 17]. Recently, it was shown that curcumin exerts preventive as well as therapeutic effects in different experimental models of carcinogenesis. For example, it was reported that curcumin inhibits expression of cyclooxygenase-2 (COX-2) in mouse skin treated with the tumor promoter 12-O-tetradecanoylphorbol-13-acetate (TPA) via inactivation of the eukaryotic transcription factor NF-kB. Interestingly, inhibition of NF-kB by curcumin appears to be mediated by blocking ERK1/2 and p38 MAPK [18]. In addition, when human colonic epithelial cells were pretreated with curcumin, inhibition of tumor necrosis factor (TNF)-α-induced cyclooxygenase 2 (COX-2) gene transcription and NF-kB activation was observed [19]. Curcumin suppressed IkB degradation by down-regulation of the NF-kB-inducing kinase (NIK) and IkB kinase (IKK). Curcumin has also been reported to inhibit IkBα phosphorylation in human multiple myeloma cells [20] and murine melanoma cells [21] through suppression of IKK activity, which contributed to its antiproliferative, proapoptotic and antimetastatic activities. This compound also acts as a chemopreventive agent because of its in vivo regression of various animal models of colorectal carcinogenesis. Accordingly, oral administration of curcumin inhibits azoxymethane (AOM)-initiated and dextran sulphate sodium (DSS)-promoted colorectal carcinogenesis in mice [22]. In this animal model, cyclic administration of DSS in drinking water results in the establishment of chronic colitis and the development of colorectal dysplasia and cancers with pathological features that resemble those of human colitis-associated neoplasia [22]. Villegas et al [23] have recently demonstrated the protective effect of dietary curcumin in this model of chronic colitis-associated colorectal carcinoma (CRC) through a reduction in β-catenin expression and in the production of the proinflammatory cytokines TNF-α and IFN-γ. Since adenomas are generally considered as precursor lesions of colorectal cancer, various reports have examined the effect of dietary curcumin in the adenomatous polyposis coli (ApcMin+) mouse, a model of human familial adenomatous polyposis. These animals are genetically predisposed to develop intestinal tumors as a result of a mutation of the Apc gene [24]. The findings of these studies have shown that curcumin retarded adenoma growth, reflected by a total number of adenomas and mean adenoma size [25, 26]. This effect may be mediated by the inhibition of COX-2 protein expression and the reduction of levels of two oxidative stress DNA adducts in intestinal adenoma tissue [27]. Curcumin also decreased expression of the oncoprotein β-catenin in the enterocytes of the ApcMin+ mouse [25]. This bioactive compound also acts as a potent inducer of apoptosis in cancer cells. Curcumin induces upregulation of proapoptotic proteins such as Bax, Bcl-2-interacting mediator of cell death (Bim), Bak, p53 upregulated modulator of apoptosis (Puma), and PhoRbol-12-myristate-13-acetate-induced protein 1 (Noxa) and downregulation of the antiapoptotic proteins Bcl-2 and Bcl-xL [28, 29]. In gastric cancer cells, curcumin was also shown to suppress the transition of cells from the G1 to S phase, which was accompanied by a decrease in cyclin-D1 and p21-activated kinase activity [30]. In Hep2 human laryngeal cancer cells, curcumin also exerted an inhibitory effect on the tumor cell invasion and metastasis that were associated with downregulated MMP-2 expression and reduced activity and expression of integrin receptors, FAK and membrane-type 1 MMP [31]. A role of curcumin in the regulation of tumor cell angiogenesis has also been revealed. Specifically, curcumin was found to completely prevent induction of VEGF synthesis in microvascular ECs stimulated with glycation end products, which was mediated by downregulation of NF-kB and AP-1 activity [32]. Curcumin also inhibited angiogenesis through the mediation of angiopoietins 1 and 2, HIF-1, and heme oxygenase 1 (HO-1) in cancer cells [33]. Finally, in vitro studies with curcumin have also demonstrated that this bioactive compound acts synergistically with 5-fluorouracil plus oxaliplatin, a standard chemotherapy for this malignancy, in inhibiting the growth of HCT-116 and HT-29 cells through attenuation of surface growth factor pathways, specifically EGFRs and insulin-like growth factor-1 receptor (IGF-1R), which are considered to play an important role in the progression of CRC [34]. Similarly, curcumin can be also used in combination with other chemotherapeutic agents and radiation to minimize toxicity in head and neck cancer [35]. Another interesting study suggests that cotreatment of curcumin and resveratrol was more effective than either agent alone in inhibiting the growth of p53-positive (wt) and p53-negative colon cancer HCT-116 cells in vitro and in vivo in SCID xenografts of colon cancer HCT-116 (wt) cells [36].

    


    
      3. ISOFLAVONES


      Asian diet contains high amounts of soy products, which are rich in isoflavones, plant-derived polyphenols. Soy intake has long been recognized to reduce the incidence of different malignant tumors, cardiovascular disease, postmenopausal syndrome, diabetes mellitus and osteoporosis [37-39]. Soy isoflavones are dietary agents structurally related to 17-β-estradiol and show some estrogenic or anti-estrogenic properties. They are referred to as phytoestrogens. Their consumption has been associated with a reduced risk of some hormone-dependent diseases [40]. One the most abundant and the best–characterized dietary isoflavones is genistein [39]. Like other isoflavones, genistein is capable of binding to the estrogen receptor, with a preference for receptor β, the predominantly expressed receptor subtype in the gastrointestinal tract and to trigger mechanisms of estrogen action [41]. Recently, Ariazi EA et al. [41], have also shown that genistein exerts beneficial anti-inflammatory effects in a rodent model of TNBS-induced chronic colitis through reduction in myeloperoxidase (MPO) activity and COX-2 mRNA protein expression. Likewise, quercetin, genistein and apigenein have also shown to induce apoptosis in various cancer cells [42, 43]. For example, several in vitro studies have demonstrated that genistein has anti-cancer effects in prostate, breast, colon gastric, lung and pancreatic adenocarcinomas and in lymphoma [44]. Consistent with this notion, Raffoul JJ et al. [45], have also reported that genistein significantly inhibited NF-kB activity in human prostate cancer PC3 cells leading to altered expression of cell cycle regulatory proteins, thus promoting cell cycle arrest. In addition, genistein also increased the expression of cleaved PARP leading to apoptosis in prostate cancer cells. Previous studies by Yu Z et al. [46], have also suggested that genistein-induced apoptosis through the overexpression of Bax and the down-regulation of Bcl-2 in human colon cancer HT-29. Another report by Ouyang G et al. [47], demonstrated that genistein present in soybeans, induced DNA damage and apoptosis in human ovarian cancer cells through phosphorylation and activation of p53 and a decrease in the ratio of Bcl-2/Bax, and phosphorylated AKT levels. A number of studies have also revealed a role of genistein in the regulation of tumor cell invasion. Specifically, genistein inhibited cell adhesion to vitronectin and cell migration of invasive breast cancer cells by inhibiting the transcriptional activity of AP-1 and NF-kB, resulting in the suppression of u-PA secretion from cancer cells [48]. Finally, genistein has also been shown to suppress metastasis in different cancer types, including colon cancer. Genistein reduced experimental lung metastasis of murine colon 6-L5 carcinoma cells by 44% [49]. It has been suggested that epigenetic modifications, such as DNA promoter methylation and histone modification, play crucial roles in regulating the expression of many metastasis suppressor genes, which suggests the association between aberrant epigenetic alterations and cancer metastasis [50].

    


    
      

      4. RESVERATROL


      Another promising nutraceutical capable of targeting various steps in tumor cell development is resveratrol (3,5,4’- trihydroxy-trans-stilbene). This bioactive compound, which belongs to the group of stilbenes, is a natural polyphenolic phytoalexin originally isolated from white hellebore that is present in grape skins, red wine, cranberries, mulberries and peanuts [51]. It is well documented that resveratrol exerts potent antioxidant, anti-aging, anti-inflammatory and anti-cancer effects, promotes vascular endothelial function and enhances lipid metabolism [52-54]. The highly potent inhibitory effects of resveratrol against tumorigenesis suggest that it is an efficient chemopreventive agent for cancer. For example, resveratrol ameliorated DSS-induced acute inflammation in mouse colonic mucosa through inhibition of iNOS expression and NF-kB, signal transducer and activator of transcription-3 (STAT3) and extracellular signal-regulated kinase (ERK) activity [55] demonstrated that oral administration of resveratrol ameliorated established chronic colitis in IL-10 (-/-) mice by inducing immunosuppressive CD11b(+) Gr-1(+) myeloid-derived suppressor cells (MDSCs) in the colon.. These authors also reported that resveratrol decreased local and systemic inflammatory cytokine concentrations, including IL-1 β, IL-6, TNF-α, IL-12, IFN-γ, and RANTES [56]. Other studies also reported that resveratrol suppressed colon cancer cell proliferation and elevated apoptosis after IGF-1 exposure through suppression of IGF-1R/Akt/Wnt signaling pathways as well as activation of p53 [57]. Moreover, this polyphenol significantly decreased the amount and proportion of β-catenin in the nucleus of colon cancer cell line RKO [58]. Zykova TA et al. [59], also reported that the anticancer effects of resveratrol were mediated directly through COX-2 and that this bioactive compound decreased COX-2 mediated PGE2 production in HT-29 cells. Additionally, resveratrol has also been shown to exert antimetastatic effects via its strong inhibition of cell adhesion, migration and invasion, as well as reduction of secretion of MMP-9 and MMP-2 in Lovo cells cultured under normoxia and hypoxia [60]. Kimura Y et al. [61], also suggested that antimetastatic effects of resveratrol were probably due to the inhibition of VEGF-induced angiogenesis. Early work published by Yu R et al. [62] clearly suggested that resveratrol attenuated phorbol ester and UV induced AP-1 activity in human cervical cancer (HeLa) cells and did so by interfering with the MAPK cascade. In animals studies, Schneider Y et al. [63], demonstrated that orally administrated resveratrol decreased the number of tumors in the small intestine and prevented tumor formation in the colon of ApcMin+ mice. Moreover, these authors showed that resveratrol downregulated genes known to be implicated in cell cycle progression, such as cyclins D1 and D2, as well as upregulated a panel of genes controlling the activation of immune response and the inhibition of the carcinogenic process and tumor expansion. Clinical studies by Nguyen et al. [64], reported that resveratrol in combination with other bioactive compounds in grape powder (GP) inhibited Wnt pathway in the normal colonic mucosa, as indicated by a reduction in the expression of a panel of Wnt target genes. Another recent report by Patel KR et al. [65], showed that in patients with confirmed colorectal cancer, who were to undergo surgical resection of their malignancy, consumption of eight daily doses of resveratrol at 0.5 or 1.0 g before surgery, significantly reduced colon tumor cell proliferation, as reflected by reduction in Ki-67 staining, a surrogate marker of cell growth. A role of resveratrol in the regulation of tumor cell angiogenesis has also been found. Resveratrol is able to suppress the growth of new blood vessels in animals. It directly inhibits capillary endothelial cell growth and blocks both VEGF and FGF-receptor-mediated angiogenic responses through inhibition of phosphorylation of MAPK in ECs [66]. Studies also suggest resveratrol reduced the migratory and invasive abilities of A549 lung cancer cells and was associated with inhibition of NF-kB activation and expression of MMP-2 and MMP-9 [67]. Interestingly, resveratrol has biphasic effects over low to high spectrum of concentrations. Studies have shown that at a lower dose, resveratrol acts as an anti-apoptotic agent, providing cardioprotection as evidenced by increased expression in cell survival proteins, improved postischemic ventricular recovery and reduction of myocardial infarct size and cardiomyocyte apoptosis and maintains a stable redox environment compared to control [68]. Contrary, at a higher dose, resveratrol acts as a pro-apoptotic compound, inducing apoptosis in normal and cancer cells by exerting a death signal [69]. At higher doses, resveratrol, also depresses cardiac function, elevates levels of apoptotic protein expressions, results in an unstable redox environment, increases myocardial infarct size and number of apoptotic cells [70]. One study from France shows that at higher dose (60μM), resveratrol inhibits the growth and induces apoptosis in case of both normal (60 μM) and leukemic (5-43 μM) hematopoietic cells [71]. Additionally, resveratrol also induced apoptosis in human multidrug-resistant SPC-A-1/CDDP cells associated with a downregulation in survivin [72]. Similarly, resveratrol was shown to induce apoptosis and suppress constitutive NF-kB in rat and human pancreatic carcinoma cell lines [73]. Mammary tumors isolated from rats treated with resveratrol displayed reduced expression of COX-2 and MMP-9 accompanied by reduced NF-kB activation [74]. Treatment of human breast cancer MCF-7 cells with resveratrol also suppressed NF-kB activation and cell proliferation [74]. Collectively, these findings suggest that, at a lower dose, resveratrol can be very useful in maintaining the human health whereas, at a higher dose, this bioactive compound exerts pro-apoptotic actions on healthy cells, but can kill tumor cells.

    


    
      5. CAROTENOIDS


      Carotenoids are another class of the natural chemopreventive agents which have received increasing attention because of the decreased incidence of cancers associated with their consumption [75]. These pigments are lipid components present in variable quantities in fruits and vegetables as well as algae and non-photosynthetic organisms such as animals, fungi and bacteria. Among the carotenoids, there are six found predominantly in human plasma: β-carotene, α-carotene, lycopene, lutein/zeaxanthin, astaxanthin, and β-cryptoxanthin. The first three belong to the carotene sub-group, while the last three are xanthophylls [76]. Due to their extended conjugation systems, carotenoids and xanthophylls (oxocarotenoids) are very efficient scavengers of singlet oxygen and, under low oxygen tension, peroxyl radicals [77]. However, under certain experimental conditions, they can also act as pro-oxidants [78]. Intervention studies in humans with carotenoid-rich diets have shown that these compounds exert photoprotection of the skin as measured by decreased sensitivity to UV radiation-induced erythema [77-83]. Importantly, in these studies, dietary intake of tomato paste (40 g/day, equivalent to 16 mg lycopene/day) over a period of 10 weeks led to a 40% reduction in skin erythema development induced by exposure to solar-simulating UV radiation [82]. Similar, erythema development was diminished in subjects whose diets were supplemented with β-carotene (24mg/day) or a carotenoid mixture consisting of β-carotene, lutein and lycopene (8 mg each/day) for 12 weeks [83]. Interestingly, in these studies protection correlated with an increase in the carotenoid levels in skin and serum. It should also be pointed out that the protective properties of carotenoids are probably due to their potent antioxidant activity and their ability to induce cellular protective responses through the Nrf2/ARE pathway. Thus, dietary carotenoids and their metabolites induce phase 2 cytoprotective enzymes [84] and share with all other classes of phase 2 inducers a common chemical property, the ability to react with sulfhydryl groups [84]. Previous in vitro studies also showed that β-carotene exhibited growth-inhibitory and proapoptotic effects in human colon adenocarcinoma cells, at least in part, by a reduction in the expression of COX-2 [85]. In addition, data from animal models of colon carcinogenesis have shown that dietary supplementation of β-carotene reduced the number of ACF induced by AOM and colonic COX-2 expression [86]. Lycopene, a dietary constituent present in tomatoes, red fruits and vegetables, was recently reported to inhibit migration and invasion of hepatoma cell line SK-Hep-1, which was associated with upregulation of a metastasis suppressor gene nm23-H1 [87]. Lycopene and β-carotene both have also been shown to inhibit metastasis in an experimental setting. The inhibition of lung metastasis by β-carotene has been evaluated with B16F-10 melanoma cells in C57BL/6 mice. In this study, after tumor induction, administration of β-carotene decreased the formation of tumor nodule, collagen hydroxyproline in the metastasized lung, lung hexosamine content, uronic acid, serum sialic acid and gamma-glutamyl transpeptidase. These endpoints correlated with the improved histopathology of lung tissue with the administration of β-carotene [88]. The inhibition of lung metastasis by β-carotene has been also shown with human hepatoma SK-Hep1-1 cells. In this study, human hepatoma SK-Hep1-1 cells were injected into athymic nude mice through the tail vein, and it was found that lycopene reduced the tumor number and cross-sectional area in the lung. This bioactive compound also reduces the level of vascular endothelial growth factor (VEGF) and metalloproteinase [89]. Additionally, these results also suggest that β-carotene has a higher efficacy than lycopene in the inhibition of lung metastasis, taking into consideration the net increase of the two phytochemicals in the lungs and the factors associated with tumor invasion, proliferation and angiogenesis [89, 90].

    


    
      6. FATTY ACIDS


      Fatty Acids are considered another important source of biological components for the treatment of several pathologies, much of them being inflammatory diseases, including inflammatory bowel disease (IBD), atherosclerosis, Parkinson’s and Alzheimer’s diseases and cancer. Many of these compounds are long chain fatty acids where they can be either saturated or unsaturated, with polyunsaturated fatty acids (PUFAs) being the most studied for their pharmacological potential [91, 92]. Fish oils are the main sources of N-3 PUFAs because of their high levels of docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA) and docosapentaenoic acid (DPA). Data from epidemiological, clinical and experimental studies have suggested that dietary fish oil containing omega-3 fatty acids exerts benefits for human health with relevant preventive effects on cardiovascular diseases [91, 92], also including protection against colon cancer development and other cancers such as endometrial, breast and prostate cancer [93-96]. The marine environment and especially microalgae, are another huge source of different fatty acids, including monounsaturated fatty acids, such as oleic acid (OLA) and PUFAs, including linoleic acid (LNA), α-linolenic acid (ALA), eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). All of these fatty acids have been shown to be involved in inflammatory signaling pathways and many studies reported their antioxidant, anti-inflammatory and anti-cancer activities, both in vitro and in vivo [96, 97]. Interestingly, many fatty acids are known to bind to PPAR-γ, with PUFAs having higher binding affinity than saturated or monounsaturated fatty acids [98]. Current studies on PUFAs from microalgae suggest that these compounds, called oxylipins (oxidative product of fatty acids), exert an interesting anti-inflammatory activity in vitro by decreasing TNF-α production. This anti-inflammatory effect may be due, in part to the regulation of PPAR-γ and NF-kB pathway [99]. A number of studies suggest that N-3 PUFAs exert beneficial biological functions in carcinogenic processes. In vitro studies have reported that EPA and DHA induced apoptosis in the colon cancer cell lines HT-29, Caco-2, and DLD-1 through an increase in caspase-3 activity and inhibition of Bcl-2 [100]. Another study reported that lycopene and EPA synergistically inhibited the proliferation of human colon cancer HT-29 cells by downregulation of PI3K/Akt/mTOR signaling pathway [101]. Allred CD et al. [102], have also demonstrated that growth inhibitory effects of EPA in these cells were the result of a PPARγ-mediated pathway. Other authors [103] suggested that DHA reduced colon tumor growth in vitro through p53 dependent –apoptosis and p53 independent pathways. In addition, they reported an inhibition of the growth of human adenocarcinoma COLO 205 in nude mice by a diet supplemented by golden algae oil containing DHA [103]. Current studies by Cao W et al. [104], also showed that PUFAs shift estrogen signaling to suppress human breast cancer cell growth. Specifically, these authors, suggest that EPA and DHA shifted the prosurvival and proliferative effect of estrogen to a pro-apoptotic effect in human breast cancer (BCa) MCF-7 and T47D cells. 17 β-estradiol (E2) enhanced the inhibitory effect of N-3 PUFAs on BCa cell growth. In contrast, in cells treated with stearic acid (SA) as well as cells not treated with fatty acid, E2 promoted breast cancer cell growth. Subsequent studies by the same authors demonstrated that G protein-coupled estrogen receptor 1(GPER1) might mediate the pro-apoptotic effect of estrogen. N-3 PUFA treatment initiated the pro-apoptotic signaling of estrogen by increasing GPER1-cAMP-PKA signaling response and blunting EGFR, Erk 1/2, and AKT activity. Collectively, these results not only provide the evidence to link N-3 PUFAs biologic effects and the pro-apoptotic signaling of estrogen in breast cancer cells, but also shed new insight into the potential application of N-3 PUFAs in BCa treatment. Preclinic studies by Mohammed A et al. [105], also suggest that diets rich in N-3 PUFAs may be beneficial for prevention of pancreatic cancer. The health benefits of N-3 PUFAs are thought to stem mainly from the EPA and DHA metabolites, type 3 series eicosanoids (e.g., PGE3) compared to arachidonic acid (AA) metabolites of pro-inflammatory type 2 series eicosanoids (e.g., PGE2) [106, 107]. Experiments were designed using N-3 fatty acid desaturase (Fat-1) transgenic mice, which can convert N-6 PUFAs to N-3 PUFAs endogenously, to determine the impact of N-3 PUFAs on pancreatic intraepithelial neoplasms (PanINs) and their progression to pancreatic ductal adenocarcinoma (PDAC). This genetic approach of modifying FA composition by converting N-6 to N-3 FAs endogenously not only effectively increases the absolute amount of N-3 FAs but also significantly decreases the level of N-6 FAs, leading to a balanced ratio of N-6 to N-3 FAs in the pancreas. In addition, this allows production of two different FA profiles (high versus low N-6/N-3 ratios) in the animals without or with the Fat-1 gene by using just a single diet, thus eliminating the potential diet variations. Importantly, significant reductions of pancreatic ducts with carcinoma and PanIN 3 lesions were observed in the compound transgenic mice. The levels of N-3 PUFAs were much higher in the pancreas of compound transgenic mice than in those of mice harboring a conditional K-ras mutant allele (LSL-KrasG12D/+) in combination with a pancreas-specific Cre recombinase transgene (p48Cre/+). In addition, the molecular analysis of the pancreas showed a significant down-regulation of proliferating cell nuclear antigen (PCNA)COX-2), cyclooxygenase-2 (COX-2), 5-lipoxygenase (5-LOX), 5-LOX-activating protein, Bcl-2, and cyclin D1 expression levels in Fat-1-p48Cre/+ -LSL- KrasG12D/+ mice compared to p48Cre/+ -LSL- KrasG12D/+ mice. Collectively, these results suggest that Fat-1 gene expression inhibits pancreatic tumor cells proliferation, induces tumor cell apoptosis, and alters AA metabolism. In addition, these data also indicate that endogenous N-3 PUFAs delay the progression of PanIN-1 and PanIN-2 to PanIN-3 and PDAC. Therefore, elevating N-3 PUFAs may be an important strategy to delay/prevent pancreatic cancer in high-risk patients. The main characteristic of cancer cachexia is the progressive loss of muscle mass [108], leading to sarcopenia, which in turn translates into clinically relevant negative consequences. Inflammatory cytokines play an important role in the pathogenesis of cancer cachexia [109]. As a consequence, the anti-inflammatory effects of omega-3 fatty acids may be of benefit in the prevention and treatment of cancer cachexia [110].

    


    
      7. GREEN TEA


      Green tea (Camellia sinensis) is one of the most widely consumed beverages in the world and epidemiologic studies have suggested varying effects on cancer incidence [111, 112]. Among the green tea constituents, epigallocatechin gallate (EGCG) is the major biologically active compound, which has been shown to possess in vitro and in vivo anti-inflammatory and anti-oxidant properties, responsible for their cancer chemopreventive potency [113, 114]. Recently, Abboud PA et al. [115], demonstrated the beneficial effects of EGCG in different experimental models of colitis. These effects were associated with a significant reduction of NF-kB and (AP-1) activation, as well as an inhibition of TNF-α. and IFN-γ production. EGCG also exerted antioxidant activity by reducing nitric oxide (NO) and malondialdehyde (MDA) and increasing superoxide dismutase (SOD) in colonic mucosa [116]. In addition, epigallocatechin gallate ameliorated acute experimental colitis by the suppression of macrophage and mast cells activities [117]. Navarro-Peràn E et al. [118], have also demonstrated that the anti-inflammatory properties of EGCG may be related to its antifolate activity. In fact, EGCG, by blocking folic acid uptake, can disturb the metabolism of this vitamin in Caco-2 cells, inducing the release of adenosine and the suppression of NF-kB activation. Protein kinases, which phosphorylate a specific substrate, play crucial roles in the regulation of multiple cell signaling pathways and cellular functions. However, deregulation of protein kinases under certain pathological conditions leads to perturbation of protein kinase-mediated cell signaling pathways and results in various disorders including inflammation and cancer [119]. He Z et al. [120], showed that tea flavonoid epigallocatechin gallate (EGCG) also has direct binding properties to kinases. This binding of Fyn kinase by EGCG could inhibit the phosphorylation of EGF-induced p38, activating transcription factor-2 (ATF-2) and STAT1 with attenuated cell transformation. In vitro studies have also reported that EGCG induces apoptosis in multiple cancer cells [121-123]. For example, EGCG has been shown to induce apoptosis by suppression of COX-2 expression and the subsequent production of PGE2 in different colon cancer cells, such as SW837, HT-29 and HCA-7 cells [121-123]. The inhibitory effect of EGCG on the expression of this enzyme was mediated by the reduction of NF-kB activity [124] and activation of AMP-activated protein kinase (AMPK), a positive regulator of autophagy [123, 125]. The stimulation of AMPK was accompanied by the reduction of VEGF and glucose transporter, Glut-1, in EGCG-treated cancer cells [123]. In another study, EGCG has also been reported to promote apoptosis in T24 human bladder cancer cells by modulating PI3K/Akt signaling pathway and Bcl-2 family proteins [126]. IGF-1R has emerged as a key therapeutic target in many malignancies, including childhood cancers such as Ewing family tumors (EFT). EGCG was found to inhibit survival of EFT through inhibition of IGF-1R activity, induction of apoptosis via up-regulation of Bax, and decreased expression of Bcl-2, Bcl-XL, and myeloid cell leukemia (Mcl)-1 proteins [127]. Additionally, EGCG also plays an important role in the regulation of tumor cell angiogenesis. Consistent with this notion, EGCG inhibited production of VEGF and IL-8 from normal human keratinocytes [128-130]. In human colon cancer cells, EGCG attenuated VEGF production through inhibition of ERK-1 and ERK-2 kinases [131-133]. Recently, Tang FY et al. [134], have also reported that EGCG inhibited ephrinA1-mediated endothelial cell (EC) migration as well as tumor angiogenesis through inhibition in ERK-1/ERK-2 activation. Finally, it has been also shown that EGCG blocked HGF-induced invasion and metastasis of hypopharyngeal carcinoma cells. In these cells, HGF was shown to promote the autophosphorylation of c-Met and HGF receptor, activate Akt and Erk pathway, and enhance the activity of matrix metalloproteinase (MMP)-9 and urokinase-type plasminogen activator. These combined effects lead to cancer cell proliferation, migration and invasion of tumors. It is noteworthy that EGCG at a physiologically relevant concentration (1μM) suppressed the molecular tumor motility and the molecular changes induced by HGF described. These results collectively indicate that EGCG may serve as a therapeutic agent to inhibit HGF-induced invasion in hypopharyngeal carcinoma patients [135].

    


    
      

      8. CRUCIFEROUS VEGETABLES


      Cruciferous vegetables such as broccoli, watercress, Brussels sprouts, cabbage, Japanese radish and cauliflower have been widely accepted as potential diet components that may reduce the risk of cancer [136]. Many of the chemopreventive effects of cruciferous vegetables are attributed to the isothiocyanates (ITCs) rather than their parent moiety, the glucosinolates. These compounds are not bioactive and appear to have no chemopreventive effects unless they are converted to ITCs and indole-3 carbinols by hydrolysis catalyzed by myrosinase. Disruption of plant cells during harvesting, processing, or chewing releases myrosinase which comes into contact with glucosinolates and hydrolyzes them to different ITCs [137]. Some isothiocyanates derived from cruciferous vegetables, such as phenethyl isothiocyanates (PEITC), benzyl isothiocyanates (BITC), and sulforaphane (SFN) have been found to be very potent chemopreventive agents in numerous animal carcinogenesis models as well as cell culture models. PEITC and SFN are multitargeted chemopreventive agents which exert their effects through the activation or inhibition of several cellular signaling pathways. The mechanisms of cancer chemopreventive activity of isothiocyanates are the inhibition of phase I enzymes cytochrome P-450s involved in the activation of carcinogen and/or induction of phase II detoxifying enzymes, such as quinone reductase, UDP-glucuronosyltransferase (UDP-GTs) and glutathione S-transferase (GSTs) through Nrf2-dependent pathway [138, 139]. For example, the isothiocyanate sulforaphane has been extensively investigated with regards to its ability to induce phase II detoxification enzymes [140]. It activates the Keap1/Nrf2/ARE pathway by chemically modifying highly reactive cysteine residues of Keap1, the cellular sensor for phase II inducers [141, 142]. As a consequence, Keap1 loses its ability to target transcription factor Nrf2 for ubiquitination and proteasomal degradation, resulting in its stabilization and nuclear translocation, where, in heterodimeric combination with a small Maf protein, it binds to the antioxidant response element (ARE) and activates transcription of phase II cytoprotective genes. In addition to being a potent activator of the Keap1/Nrf2/ARE pathway, SFN also inhibits proinflammatory responses [(i.e., lipopolysaccharide and interferon-γ- mediated elevation of inducible nitric oxide synthase (iNOS) and cyclooxygenase (COX-2)] at concentrations similar to those at which it induces cytoprotective responses [143]. Intraperitoneal injections of sulforaphane also stimulate both humoral and cell-mediated immunity in mice [144]. Sahu RP et al. [145], have also reported that ITCs exert antitumor activity, inhibiting the growth of various types of cultured human cancer cells. ITCs induce cell cycle arrest, cancer cell apoptosis [146], generation of reactive oxygen species (ROS) [145, 147], regulate the activation of transcription factors STAT3, NF-kB and Nrf2 [148-150], inhibit MAPK and PKC activities [145, 151], down-regulate estrogen receptor [152].

    


    
      

      9. DITHIOLETHIONES


      The dithiolethiones are another class of chemopreventive compounds isolated from cruciferous vegetables such as Brussels sprouts and cabbage. 3H-1,2-dithiole-3-thione (D3T) is a representative compound from these groups and has been studied extensively as cancer chemopreventive agent. In addition, synthetic substituted dithiolethiones such as oltipraz (5-[2-pyrazinyl]-4-methyl-1,2-dithiol-3-thione), and anethole dithiole (ADT) have been developed for pharmaceutical applications because of their antioxidant, radioprotective, chemotherapeutic and chemopreventive properties [153]. Although dithiolethiones have many mechanisms of action that may contribute to in vivo anticancer efficacy, they appear to act through alternate mechanisms including the inhibition of cell replication and induction of expression or activity of phase II enzymes such as GSTs [154]. Nrf2/Keap1/ARE signaling pathway is the most important signaling system in the induction of cytoprotective enzymes by chemopreventive dithiolethiones [155]. Consistent with this notion, dithiolethiones elevated transcript levels, protein levels and activities of multiple phase II genes in wild-type mice, but not in the homozygous Nrf2-mutant mice [156]. In addition, in animal models of carcinogenesis, dithiolethiones exert chemopreventive effects against the development of lung and other cancers [157]. Accumulating evidence suggests that the NF-kB signaling pathway regulates genes involved in tumor progression, angiogenesis and metastasis. Therefore, the NF-kB pathway has become an important target of cancer therapeutic/chemopreventive approaches. Recently, Switzer CH et al. [158], reported that the dithiolethiones ACS-1 and ACS-2 inhibited NF-κB transcriptional activity in estrogen receptor-negative breast cancer cells and murine tumor xenografts. Interestingly, this inhibition was not due to H(2)S release or protein phosphatase 2A activation, which are key properties of dithiolethiones, but occurred via a covalent reaction with the NF-κB p50 and p65 subunits to inhibit DNA binding. Dithiolethione-mediated inhibition of NF-κB-regulated genes resulted in the inhibition of interleukin (IL)-6, IL-8, urokinase-type plasminogen activator, and VEGF production. ACS-1 also inhibited matrix metalloproteinase-9 activity, cellular migration, and invasion, and ACS-2 reduced tumor burden and resulted in increased tumor-host interactions [158]. These results collectively suggest that dithiolethiones show potential clinical use for estrogen-negative breast cancer as a chemotherapeutic or adjuvant therapy.

    


    
      10. GARLIC AND OTHER ALLIUM VEGETABLES


      Convincing experimental evidence also suggests that garlic and other allium vegetables (e.g., onions) exert protective effects against a number of chronic diseases including cardiovascular problems, diabetes, infections and cancer [159-162]. Health benefits of garlic and other allium vegetables are mainly attributed to organosulphur compounds (OSCs), which are generated upon processing (cutting or chewing) of these edible plants [163]. These bioactive compounds include allicin, diallyl sulphide (DAS), diallyl disulfide (DADS) diallyl trisulfide (DATS), diallyl tetrasulfide as well as S-allylcysteine (SAC) or S-allylmercaptocysteine (SAMC), which are water-soluble compounds [164, 165]. Among the allium vegetable constituents, DATS is the major biologically active compound which has anticancer efficacy. Mechanisms underlying cancer chemopreventive effects of DATS revealed that this natural product targets multiple pathways to inhibit cancer development. These include potentiation of carcinogen detoxification [166-168], cell cycle arrest [169-173], induction of apoptosis [174, 175], suppression of oncogenic signaling [176], and inhibition of angiogenesis [177-179]. Milner and colleagues were the first to demonstrate anti-proliferative effects of DATS against cancer cells [174]. DATS-mediated suppression of cancer cell proliferation is associated with cell cycle arrest [170], which has been reported in gastric cancer cells [171], human liver cancer cells [170], colon cancer cells [172], prostate cancer cells [173]. Importantly, DATS-mediated G2/M phase cell cycle arrest in prostate cancer cells was associated with reactive oxygen species (ROS)–dependent hyperphosphorylation and destruction of the cell division cycle 25C (Cdc25C) phosphatase [173]. Notably, DATS-mediated G2 /M phase cell cycle arrest occurred selectively in cancerous cells because a normal prostate epithelial cell line (PrEC) was resistant to cell cycle arrest by DATS [73]. A few studies have looked at DATS-induced apoptosis in vivo. Importantly, DATS-induced apoptosis in vivo in PC-3 tumor xenografts correlated with a statistically significant increase in protein levels of Bax and Bak in the tumor [178]. Unlike cellular data [175, 180], however, the levels of Bcl-2, Bcl-XL or BID were not altered by DATS administration in PC-3 xenografts in vivo [178]. Additionally, DATS treatment also inhibited capillary-like tube formation and migration of human umbilical vain endothelial cells . Anti-angiogenic effects of DATS correlated with suppression of VEGF secretion, down-regulation of VEGF receptor-2 protein level and inactivation of Akt [177]. Mo SJ et al. [181], also reported that allicin, another important constituent of garlic, inhibited TNF-α-induced ICAM-1 expression in human umbilical endothelial cells (ECs) [181]. Similar studies also suggested that diallyl sulphide (DAS) reduced the serum level of VEGF in C57BL/6 mice bearing B16-F10 melanoma cells [182]. S-Allylcysteine and S-allylmercaptocysteine, obtained from garlic, instead suppressed the invasion ability of androgen-independent invasive prostate cancer cells [183] through restoration of E-cadherin expression. These results collectively suggest that OSCs, particularly DATS, can represent potential ideal agents in anticancer therapy, either alone or in association with other antitumor drugs [164-184].

    


    
      CONCLUSIONS AND REMARKS


      The results of the present review indicate that nutrients and phytochemicals have a prominent role in the control of disease etiology and they may contribute as well to the improvement of human health through the regulation of specific processes. Thus, nutrients and phytochemicals may be considered as effective dietary signals, able to modify both metabolic programming and cell homeostasis by reducing disease risk with specific molecular mechanisms. The experimental and epidemiological studies described here, have emphasized the potential of nutrients and phytochemicals in the prevention or treatment of neoplastic and other several other diseases.


      Given the above evidences, the nutrients and phytochemicals patterns may be considered as endogenous cellular mediators, since they influence gene, protein expression and metabolism as direct ligand or co-factor. Once its absorption at the cellular level, a nutrient or phytochemical can interact with specific signaling pathways and even a small change in its structure can differentially activate metabolic steps; fatty acids class and their level of carbon chain unsaturation can provide a proper example. The n-3 polyunsaturated fatty acids, in fact, promote anti-inflammatory pathways, whereas n-6 polyunsaturated fatty acids induce synthesis of pro-inflammatory molecules. Furthermore, trans fatty acids increase plasma levels of LDL-cholesterol, in contrast, n-3 polyunsaturated fatty acids do not.


      The protective and restorative effects of nutrients and phytochemicals are likely to result from the modulation of distinct signal transduction pathways. Particularly, scientific literature confirmed that nutrients and phytochemicals are able to affect gene expression as consequence of a direct interaction with transcription factors by acting as a source of epigenetic modifications and by regulating the placement of these modifications [185].


      Bioactive nutrients as resveratrol, curcumin, sulforaphane and tea polyphenols can modulate epigenetic patterns by altering the levels of S-adenosylmethionine and S-adenosylhomocysteine or directing the enzymes that catalyse DNA methylation and histone modifications. Aging and age-related diseases are associated with profound changes in epigenetic patterns, though it is not yet known whether these changes are programmatic or stochastic in nature [185].


      Future work in this field seeks to characterize the epigenetic pattern of healthy aging to ultimately identify nutritional measures to achieve this pattern.

    

  


  
    
      AUTHOR CONTRIBUTIONS


      T.R. contributed literature review and critical revisions to the article, M.F.T. contributed critical revisions to the article and intellectual discussions, A.C. designed the study, coordinated the research and contributed to writing the article.

    


    CONSENT FOR PUBLICATION


    Not applicable


    
      CONFLICT OF INTEREST


      The authors declare no conflict of interest, financial or otherwise.

    


    ACKNOWLEDGEMENTS


    This study was funded in part by FARB 2016 from University of Salerno


    REFERENCES


    
      
        	

        	
      


      
        	[1]

        	Hu F.B.. Plant-based foods and prevention of cardiovascular disease: An overview.Am. J. Clin. Nutr.2003783Suppl.3544S551S10.1093/ajcn/78.3.544S12936948
      


      
        	[2]

        	Riboli E., Norat T.. Epidemiologic evidence of the protective effect of fruit and vegetables on cancer risk.Am. J. Clin. Nutr.2003783Suppl.559S569S10.1093/ajcn/78.3.559S12936950
      


      
        	[3]

        	Gupta S.C., Kim J.H., Prasad S., Aggarwal B.B.. Regulation of survival, proliferation, invasion, angiogenesis, and metastasis of tumor cells through modulation of inflammatory pathways by nutraceuticals.Cancer Metastasis Rev.201029340543410.1007/s10555-010-9235-220737283
      


      
        	[4]

        	Liu R.H.. Health benefits of fruit and vegetables are from additive and synergistic combinations of phytochemicals.Am. J. Clin. Nutr.2003783Suppl.517S520S10.1093/ajcn/78.3.517S12936943
      


      
        	[5]

        	Johnson I.T.. Phytochemicals and cancer.Proc. Nutr. Soc.200766220721510.1017/S002966510700545917466103
      


      
        	[6]

        	Harborne J.B., Baxter H., Moss G.P.. Phytochemical Dictionary- A Handbook of Bioactive Compounds from Plants.Taylor & Francis1999
      


      
        	[7]

        	Surh Y.J.. Cancer chemoprevention with dietary phytochemicals.Nat. Rev. Cancer200331076878010.1038/nrc118914570043
      


      
        	[8]

        	Patel B.B., Sengupta R., Qazi S., Vachhani H., Yu Y., Rishi A.K., Majumdar A.P.. Curcumin enhances the effects of 5-fluorouracil and oxaliplatin in mediating growth inhibition of colon cancer cells by modulating EGFR and IGF-1R.Int. J. Cancer2008122226727310.1002/ijc.2309717918158
      


      
        	[9]

        	Gao W., Chan J.Y., Wei W.I., Wong T.S.. Anti-cancer effects of curcumin on head and neck cancers.Anticancer. Agents Med. Chem.20121291110111610.2174/18715201280352973622583425
      


      
        	[10]

        	Hatcher H., Planalp R., Cho J., Torti F.M., Torti S.V.. Curcumin: From ancient medicine to current clinical trials.Cell. Mol. Life Sci.200865111631165210.1007/s00018-008-7452-418324353
      


      
        	[11]

        	Srivastava R.M., Singh S., Dubey S.K., Misra K., Khar A.. Immunomodulatory and therapeutic activity of curcumin.Int. Immunopharmacol.201111333134110.1016/j.intimp.2010.08.01420828642
      


      
        	[12]

        	Shehzad A., Ha T., Subhan F., Lee Y.S.. New mechanisms and the anti-inflammatory role of curcumin in obesity and obesity-related metabolic diseases.Eur. J. Nutr.201150315116110.1007/s00394-011-0188-121442412
      


      
        	[13]

        	Abdel Fattah E.A., Hashem H.E., Ahmed F.A., Ghallab M.A., Varga I., Polak S.. Prophylactic role of curcumin against cyclosporine-induced nephrotoxicity: Histological and immunohistological study.Gen. Physiol. Biophys.2010291859410.4149/gpb_2010_01_8520371885
      


      
        	[14]

        	Mathy-Hartert M., Jacquemond-Collet I., Priem F., Sanchez C., Lambert C., Henrotin Y.. Curcumin inhibits pro-inflammatory mediators and metalloproteinase-3 production by chondrocytes.Inflamm. Res.2009581289990810.1007/s00011-009-0063-119579007
      


      
        	[15]

        	Villegas I., Sánchez-Fidalgo S., Alarcón de la Lastra C.. New mechanisms and therapeutic potential of curcumin for colorectal cancer.Mol. Nutr. Food Res.20085291040106110.1002/mnfr.20070028018655004
      


      
        	[16]

        	Dadhaniya P., Patel C., Muchhara J., Bhadja N., Mathuria N., Vachhani K., Soni M.G.. Safety assessment of a solid lipid curcumin particle preparation: Acute and subchronic toxicity studies.Food Chem. Toxicol.20114981834184210.1016/j.fct.2011.05.00121571027
      


      
        	[17]

        	Kanai M., Imaizumi A., Otsuka Y., Sasaki H., Hashiguchi M., Tsujiko K., Matsumoto S., Ishiguro H., Chiba T.. Dose-escalation and pharmacokinetic study of nanoparticle curcumin, a potential anticancer agent with improved bioavailability, in healthy human volunteers.Cancer Chemother. Pharmacol.2012691657010.1007/s00280-011-1673-121603867
      


      
        	[18]

        	Chun K.S., Keum Y.S., Han S.S., Song Y.S., Kim S.H., Surh Y.J.. Curcumin inhibits phorbol ester-induced expression of cyclooxygenase-2 in mouse skin through suppression of extracellular signal-regulated kinase activity and NF-kappaB activation.Carcinogenesis20032491515152410.1093/carcin/bgg10712844482
      


      
        	[19]

        	Plummer S.M., Holloway K.A., Manson M.M., Munks R.J., Kaptein A., Farrow S., Howells L.. Inhibition of cyclo-oxygenase 2 expression in colon cells by the chemopreventive agent curcumin involves inhibition of NF-kappaB activation via the NIK/IKK signalling complex.Oncogene199918446013602010.1038/sj.onc.120298010557090
      


      
        	[20]

        	Bharti A.C., Donato N., Singh S., Aggarwal B.B.. Curcumin (diferuloylmethane) down-regulates the constitutive activation of nuclear factor-kappa B and IkappaBalpha kinase in human multiple myeloma cells, leading to suppression of proliferation and induction of apoptosis.Blood200310131053106210.1182/blood-2002-05-132012393461
      


      
        	[21]

        	Philip S., Kundu G.C.. Osteopontin induces nuclear factor kappa B-mediated promatrix metalloproteinase-2 activation through I kappa B alpha /IKK signaling pathways, and curcumin (diferulolylmethane) down-regulates these pathways.J. Biol. Chem.200327816144871449710.1074/jbc.M20730920012473670
      


      
        	[22]

        	Lea M.A.. Recently identified and potential targets for colon cancer treatment.Future Oncol.201066993100210.2217/fon.10.5320528236
      


      
        	[23]

        	Villegas I., Sánchez-Fidalgo S., de la Lastra C.A.. Chemopreventive effect of dietary curcumin on inflammation-induced colorectal carcinogenesis in mice.Mol. Nutr. Food Res.201155225926710.1002/mnfr.20100022520848615
      


      
        	[24]

        	Senda T., Iizuka-Kogo A., Onouchi T., Shimomura A.. Adenomatous polyposis coli (APC) plays multiple roles in the intestinal and colorectal epithelia.Med. Mol. Morphol.2007402688110.1007/s00795-006-0352-517572842
      


      
        	[25]

        	Mahmoud N.N., Carothers A.M., Grunberger D., Bilinski R.T., Churchill M.R., Martucci C., Newmark H.L., Bertagnolli M.M.. Plant phenolics decrease intestinal tumors in an animal model of familial adenomatous polyposis.Carcinogenesis200021592192710.1093/carcin/21.5.92110783313
      


      
        	[26]

        	Perkins S., Verschoyle R.D., Hill K., Parveen I., Threadgill M.D., Sharma R.A., Williams M.L., Steward W.P., Gescher A.J.. Chemopreventive efficacy and pharmacokinetics of curcumin in the min/+ mouse, a model of familial adenomatous polyposis.Cancer Epidemiol. Biomarkers Prev.200211653554012050094
      


      
        	[27]

        	Tunstall R.G., Sharma R.A., Perkins S., Sale S., Singh R., Farmer P.B., Steward W.P., Gescher A.J.. Cyclooxygenase-2 expression and oxidative DNA adducts in murine intestinal adenomas: modification by dietary curcumin and implications for clinical trials.Eur. J. Cancer200642341542110.1016/j.ejca.2005.10.02416387490
      


      
        	[28]

        	Shankar S., Chen Q., Sarva K., Siddiqui I., Srivastava R.K.. Curcumin enhances the apoptosis-inducing potential of TRAIL in prostate cancer cells: molecular mechanisms of apoptosis, migration and angiogenesis.J. Mol. Signal.200721010.1186/1750-2187-2-1017916240
      


      
        	[29]

        	Shankar S., Srivastava R.K.. Involvement of Bcl-2 family members, phosphatidylinositol 3′-kinase/AKT and mitochondrial p53 in curcumin (diferulolylmethane)-induced apoptosis in prostate cancer.Int. J. Oncol.200730490591817332930
      


      
        	[30]

        	Cai X.Z., Wang J., Li X.D., Wang G.L., Liu F.N., Cheng M.S., Li F.. Curcumin suppresses proliferation and invasion in human gastric cancer cells by downregulation of PAK1 activity and cyclin D1 expression.Cancer Biol. Ther.20098141360136810.4161/cbt.8.14.872019448398
      


      
        	[31]

        	Mitra A., Chakrabarti J., Banerji A., Chatterjee A., Das B.R.. Curcumin, a potential inhibitor of MMP-2 in human laryngeal squamous carcinoma cells HEp2.J. Environ. Pathol. Toxicol. Oncol.200625467969010.1615/JEnvironPatholToxicolOncol.v25.i4.7017341208
      


      
        	[32]

        	Okamoto T., Yamagishi S., Inagaki Y., Amano S., Koga K., Abe R., Takeuchi M., Ohno S., Yoshimura A., Makita Z.. Angiogenesis induced by advanced glycation end products and its prevention by cerivastatin.FASEB J.200216141928193010.1096/fj.02-0030fje12368225
      


      
        	[33]

        	Conney A.H.. Enzyme induction and dietary chemicals as approaches to cancer chemoprevention: the Seventh DeWitt S. Goodman Lecture.Cancer Res.200363217005703114612489
      


      
        	[34]

        	Patel B.B., Sengupta R., Qazi S., Vachhani H., Yu Y., Rishi A.K., Majumdar A.P.. Curcumin enhances the effects of 5-fluorouracil and oxaliplatin in mediating growth inhibition of colon cancer cells by modulating EGFR and IGF-1R.Int. J. Cancer2008122226727310.1002/ijc.2309717918158
      


      
        	[35]

        	Gao W., Chan J.Y., Wei W.I., Wong T.S.. Anti-cancer effects of curcumin on head and neck cancers.Anticancer. Agents Med. Chem.20121291110111610.2174/18715201280352973622583425
      


      
        	[36]

        	Majumdar A.P., Banerjee S., Nautiyal J., Patel B.B., Patel V., Du J., Yu Y., Elliott A.A., Levi E., Sarkar F.H.. Curcumin synergizes with resveratrol to inhibit colon cancer.Nutr. Cancer200961454455310.1080/0163558090275226219838927
      


      
        	[37]

        	Klein C.B., King A.A.. Genistein genotoxicity: Critical considerations of in vitro exposure dose.Toxicol. Appl. Pharmacol.2007224111110.1016/j.taap.2007.06.02217688899
      


      
        	[38]

        	Kousidou O.Ch., Tzanakakis G.N., Karamanos N.K.. Effects of the natural isoflavonoid genistein on growth, signaling pathways and gene expression of matrix macromolecules by breast cancer cells.Mini Rev. Med. Chem.20066333133710.2174/13895570677607342016515472
      


      
        	[39]

        	Setchell K.D., Cassidy A.. Dietary isoflavones: Biological effects and relevance to human health.J. Nutr.19991293758S767S10.1093/jn/129.3.758S10082786
      


      
        	[40]

        	Andres S., Abraham K., Appel K.E., Lampen A.. Risks and benefits of dietary isoflavones for cancer.Crit. Rev. Toxicol.201141646350610.3109/10408444.2010.54190021438720
      


      
        	[41]

        	Ariazi E.A., Jordan V.C.. Estrogen-related receptors as emerging targets in cancer and metabolic disorders.Curr. Top. Med. Chem.20066320321510.2174/156802661060603020316515477
      


      
        	[42]

        	Kuo S.M.. Antiproliferative potency of structurally distinct dietary flavonoids on human colon cancer cells.Cancer Lett.19961101-2414810.1016/S0304-3835(96)04458-89018079
      


      
        	[43]

        	Pagliacci M.C., Smacchia M., Migliorati G., Grignani F., Riccardi C., Nicoletti I.. Growth-inhibitory effects of the natural phyto-oestrogen genistein in MCF-7 human breast cancer cells.Eur. J. Cancer199430A111675168210.1016/0959-8049(94)00262-47833143
      


      
        	[44]

        	Kousidou O.Ch., Tzanakakis G.N., Karamanos N.K.. Effects of the natural isoflavonoid genistein on growth, signaling pathways and gene expression of matrix macromolecules by breast cancer cells.Mini Rev. Med. Chem.20066333133710.2174/13895570677607342016515472
      


      
        	[45]

        	Raffoul J.J., Wang Y., Kucuk O., Forman J.D., Sarkar F.H., Hillman G.G.. Genistein inhibits radiation-induced activation of NF-kappaB in prostate cancer cells promoting apoptosis and G2/M cell cycle arrest.BMC Cancer2006610710.1186/1471-2407-6-10716640785
      


      
        	[46]

        	Yu Z., Li W., Liu F.. Inhibition of proliferation and induction of apoptosis by genistein in colon cancer HT-29 cells.Cancer Lett.2004215215916610.1016/j.canlet.2004.06.01015488634
      


      
        	[47]

        	Ouyang G., Yao L., Ruan K., Song G., Mao Y., Bao S.. Genistein induces G2/M cell cycle arrest and apoptosis of human ovarian cancer cells via activation of DNA damage checkpoint pathways.Cell Biol. Int.200933121237124410.1016/j.cellbi.2009.08.01119732843
      


      
        	[48]

        	Valachovicova T., Slivova V., Bergman H., Shuherk J., Sliva D.. Soy isoflavones suppress invasiveness of breast cancer cells by the inhibition of NF-kappaB/AP-1-dependent and -independent pathways.Int. J. Oncol.20042551389139515492830
      


      
        	[49]

        	Ogasawara M., Matsunaga T., Suzuki H.. Differential effects of antioxidants on the in vitro invasion, growth and lung metastasis of murine colon cancer cells.Biol. Pharm. Bull.200730120020410.1248/bpb.30.20017202688
      


      
        	[50]

        	Li Q., Chen H.. Epigenetic modifications of metastasis suppressor genes in colon cancer metastasis.Epigenetics20116784985210.4161/epi.6.7.1631421758003
      


      
        	[51]

        	Baur J.A., Sinclair D.A.. Therapeutic potential of resveratrol: The in vivo evidence.Nat. Rev. Drug Discov.20065649350610.1038/nrd206016732220
      


      
        	[52]

        	Athar M., Back J.H., Kopelovich L., Bickers D.R., Kim A.L.. Multiple molecular targets of resveratrol: Anti-carcinogenic mechanisms.Arch. Biochem. Biophys.200948629510210.1016/j.abb.2009.01.01819514131
      


      
        	[53]

        	Kroon P.A., Iyer A., Chunduri P., Chan V., Brown L.. The cardiovascular nutrapharmacology of resveratrol: Pharmacokinetics, molecular mechanisms and therapeutic potential.Curr. Med. Chem.201017232442245510.2174/09298671079155603220491649
      


      
        	[54]

        	Marques F.Z., Markus M.A., Morris B.J.. Resveratrol: Cellular actions of a potent natural chemical that confers a diversity of health benefits.Int. J. Biochem. Cell Biol.200941112125212810.1016/j.biocel.2009.06.00319527796
      


      
        	[55]

        	Youn J., Lee J.S., Na H.K., Kundu J.K., Surh Y.J.. Resveratrol and piceatannol inhibit iNOS expression and NF-kappaB activation in dextran sulfate sodium-induced mouse colitis.Nutr. Cancer200961684785410.1080/0163558090328507220155626
      


      
        	[56]

        	Singh U.P., Singh N.P., Singh B., Hofseth L.J., Taub D.D., Price R.L., Nagarkatti M., Nagarkatti P.S.. Role of resveratrol-induced CD11b(+) Gr-1(+) myeloid derived suppressor cells (MDSCs) in the reduction of CXCR3(+) T cells and amelioration of chronic colitis in IL-10(-/-) mice.Brain Behav. Immun.2012261728210.1016/j.bbi.2011.07.23621807089
      


      
        	[57]

        	Vanamala J., Reddivari L., Radhakrishnan S., Tarver C.. Resveratrol suppresses IGF-1 induced human colon cancer cell proliferation and elevates apoptosis via suppression of IGF-1R/Wnt and activation of p53 signaling pathways.BMC Cancer20101023810.1186/1471-2407-10-23820504360
      


      
        	[58]

        	Hope C., Planutis K., Planutiene M., Moyer M.P., Johal K.S., Woo J., Santoso C., Hanson J.A., Holcombe R.F.. Low concentrations of resveratrol inhibit Wnt signal throughput in colon-derived cells: Implications for colon cancer prevention.Mol. Nutr. Food Res.200852Suppl. 1S52S6118504708
      


      
        	[59]

        	Zykova T.A., Zhu F., Zhai X., Ma W.Y., Ermakova S.P., Lee K.W., Bode A.M., Dong Z.. Resveratrol directly targets COX-2 to inhibit carcinogenesis.Mol. Carcinog.2008471079780510.1002/mc.2043718381589
      


      
        	[60]

        	Wu H., Liang X., Fang Y., Qin X., Zhang Y., Liu J.. Resveratrol inhibits hypoxia-induced metastasis potential enhancement by restricting hypoxia-induced factor-1 alpha expression in colon carcinoma cells.Biomed. Pharmacother.200862961362110.1016/j.biopha.2008.06.03618674879
      


      
        	[61]

        	Kimura Y., Sumiyoshi M., Baba K.. Antitumor activities of synthetic and natural stilbenes through antiangiogenic action.Cancer Sci.200899102083209619016770
      


      
        	[62]

        	Yu R., Hebbar V., Kim D.W., Mandlekar S., Pezzuto J.M., Kong A.N.. Resveratrol inhibits phorbol ester and UV-induced activator protein 1 activation by interfering with mitogen-activated protein kinase pathways.Mol. Pharmacol.200160121722410.1124/mol.60.1.21711408617
      


      
        	[63]

        	Schneider Y., Duranton B., Gossé F., Schleiffer R., Seiler N., Raul F.. Resveratrol inhibits intestinal tumorigenesis and modulates host-defense-related gene expression in an animal model of human familial adenomatous polyposis.Nutr. Cancer200139110210710.1207/S15327914nc391_1411588890
      


      
        	[64]

        	Nguyen A.V., Martinez M., Stamos M.J., Moyer M.P., Planutis K., Hope C., Holcombe R.F.. Results of a phase I pilot clinical trial examining the effect of plant-derived resveratrol and grape powder on Wnt pathway target gene expression in colonic mucosa and colon cancer.Cancer Manag. Res.20091253710.2147/CMAR.S454421188121
      


      
        	[65]

        	Patel K.R., Brown V.A., Jones D.J., Britton R.G., Hemingway D., Miller A.S., West K.P., Booth T.D., Perloff M., Crowell J.A., Brenner D.E., Steward W.P., Gescher A.J., Brown K.. Clinical pharmacology of resveratrol and its metabolites in colorectal cancer patients.Cancer Res.201070197392739910.1158/0008-5472.CAN-10-202720841478
      


      
        	[66]

        	Bråkenhielm E., Cao R., Cao Y.. Suppression of angiogenesis, tumor growth, and wound healing by resveratrol, a natural compound in red wine and grapes.FASEB J.200115101798180010.1096/fj.01-0028fje11481234
      


      
        	[67]

        	Liu P.L., Tsai J.R., Charles A.L., Hwang J.J., Chou S.H., Ping Y.H., Lin F.Y., Chen Y.L., Hung C.Y., Chen W.C., Chen Y.H., Chong I.W.. Resveratrol inhibits human lung adenocarcinoma cell metastasis by suppressing heme oxygenase 1-mediated nuclear factor-kappaB pathway and subsequently downregulating expression of matrix metalloproteinases.Mol. Nutr. Food Res.201054Suppl. 2S196S20410.1002/mnfr.20090055020461740
      


      
        	[68]

        	Mukherjee S., Dudley J.I., Das D.K.. Dose-dependency of resveratrol in providing health benefits.Dose Response20108447850010.2203/dose-response.09-015.Mukherjee21191486
      


      
        	[69]

        	Ferry-Dumazet H., Garnier O., Mamani-Matsuda M., Vercauteren J., Belloc F., Billiard C., Dupouy M., Thiolat D., Kolb J.P., Marit G., Reiffers J., Mossalayi M.D.. Resveratrol inhibits the growth and induces the apoptosis of both normal and leukemic hematopoietic cells.Carcinogenesis20022381327133310.1093/carcin/23.8.132712151351
      


      
        	[70]

        	Mukherjee S., Dudley J.I., Das D.K.. Dose-dependency of resveratrol in providing health benefits.Dose Response20108447850010.2203/dose-response.09-015.Mukherjee21191486
      


      
        	[71]

        	Ferry-Dumazet H., Garnier O., Mamani-Matsuda M., Vercauteren J., Belloc F., Billiard C., Dupouy M., Thiolat D., Kolb J.P., Marit G., Reiffers J., Mossalayi M.D.. Resveratrol inhibits the growth and induces the apoptosis of both normal and leukemic hematopoietic cells.Carcinogenesis20022381327133310.1093/carcin/23.8.132712151351
      


      
        	[72]

        	Zhao W., Bao P., Qi H., You H.. Resveratrol down-regulates survivin and induces apoptosis in human multidrug-resistant SPC-A-1/CDDP cells.Oncol. Rep.201023127928619956893
      


      
        	[73]

        	Mouria M., Gukovskaya A.S., Jung Y., Buechler P., Hines O.J., Reber H.A., Pandol S.J.. Food-derived polyphenols inhibit pancreatic cancer growth through mitochondrial cytochrome C release and apoptosis.Int. J. Cancer200298576176910.1002/ijc.1020211920648
      


      
        	[74]

        	Banerjee S., Bueso-Ramos C., Aggarwal B.B.. Suppression of 7,12-dimethylbenz(a)anthracene-induced mammary carcinogenesis in rats by resveratrol: Role of nuclear factor-kappaB, cyclooxygenase 2, and matrix metalloprotease 9.Cancer Res.200262174945495412208745
      


      
        	[75]

        	Miller P.E., Snyder D.C.. Phytochemicals and cancer risk: A review of the epidemiological evidence.Nutr. Clin. Pract.201227559961210.1177/088453361245604322878362
      


      
        	[76]

        	Landrier J.F., Marcotorchino J., Tourniaire F.. Lipophilic micronutrients and adipose tissue biology.Nutrients20124111622164910.3390/nu411162223201837
      


      
        	[77]

        	Sies H., Stahl W.. Carotenoids and UV protection.Photochem. Photobiol. Sci.20043874975210.1039/b316082c15295630
      


      
        	[78]

        	El-Agamey A., Lowe G.M., McGarvey D.J., Mortensen A., Phillip D.M., Truscott T.G., Young A.J.. Carotenoid radical chemistry and antioxidant/pro-oxidant properties.Arch. Biochem. Biophys.20044301374810.1016/j.abb.2004.03.00715325910
      


      
        	[79]

        	Sies H., Stahl W.. Nutritional protection against skin damage from sunlight.Annu. Rev. Nutr.20042417320010.1146/annurev.nutr.24.012003.13232015189118
      


      
        	[80]

        	Stahl W., Sies H.. Carotenoids and flavonoids contribute to nutritional protection against skin damage from sunlight.Mol. Biotechnol.2007371263010.1007/s12033-007-0051-z17914160
      


      
        	[81]

        	Stahl W., Heinrich U., Aust O., Tronnier H., Sies H.. Lycopene-rich products and dietary photoprotection.Photochem. Photobiol. Sci.20065223824210.1039/B505312A16465309
      


      
        	[82]

        	Stahl W., Heinrich U., Wiseman S., Eichler O., Sies H., Tronnier H.. Dietary tomato paste protects against ultraviolet light-induced erythema in humans.J. Nutr.200113151449145110.1093/jn/131.5.144911340098
      


      
        	[83]

        	Heinrich U., Gärtner C., Wiebusch M., Eichler O., Sies H., Tronnier H., Stahl W.. Supplementation with beta-carotene or a similar amount of mixed carotenoids protects humans from UV-induced erythema.J. Nutr.200313319810110.1093/jn/133.1.9812514275
      


      
        	[84]

        	Fahey J.W., Stephenson K.K., Dinkova-Kostova A.T., Egner P.A., Kensler T.W., Talalay P.. Chlorophyll, chlorophyllin and related tetrapyrroles are significant inducers of mammalian phase 2 cytoprotective genes.Carcinogenesis20052671247125510.1093/carcin/bgi06815774490
      


      
        	[85]

        	Palozza P., Serini S., Maggiano N., Tringali G., Navarra P., Ranelletti F.O., Calviello G.. beta-Carotene downregulates the steady-state and heregulin-alpha-induced COX-2 pathways in colon cancer cells.J. Nutr.2005135112913610.1093/jn/135.1.12915623844
      


      
        	[86]

        	Choi S.Y., Park J.H., Kim J.S., Kim M.K., Aruoma O.I., Sung M.K.. Effects of quercetin and beta-carotene supplementation on azoxymethane-induced colon carcinogenesis and inflammatory responses in rats fed with high-fat diet rich in omega-6 fatty acids.Biofactors2006271-413714610.1002/biof.552027011217012770
      


      
        	[87]

        	Huang C.S., Shih M.K., Chuang C.H., Hu M.L.. Lycopene inhibits cell migration and invasion and upregulates Nm23-H1 in a highly invasive hepatocarcinoma, SK-Hep-1 cells.J. Nutr.200513592119212310.1093/jn/135.9.211916140886
      


      
        	[88]

        	Pradeep C.R., Kuttan G.. Effect of beta-carotene on the inhibition of lung metastasis in mice.Phytomedicine2003102-315916410.1078/09447110332165987012725570
      


      
        	[89]

        	Huang C.S., Liao J.W., Hu M.L.. Lycopene inhibits experimental metastasis of human hepatoma SK-Hep-1 cells in athymic nude mice.J. Nutr.2008138353854310.1093/jn/138.3.53818287363
      


      
        	[90]

        	Chow C.K.. The relative efficacy of lycopene and beta-carotene in inhibiting experimental metastasis of human hepatoma SK-Hep-1 cells in athymic nude mice.J. Nutr.200813811228910.1093/jn/138.11.228918936233
      


      
        	[91]

        	De Rosa M.C., Caputo M., Zirpoli H., Rescigno T., Tarallo R., Giurato G., Weisz A., Torino G., Tecce M.F.. Identification of genes selectively regulated in human hepatoma cells by treatment With dyslipidemic sera and PUFAs.J. Cell. Physiol.201523092059206610.1002/jcp.2493225639214
      


      
        	[92]

        	Caputo M., De Rosa M.C., Rescigno T., Zirpoli H., Vassallo A., De Tommasi N., Torino G., Tecce M.F.. Binding of polyunsaturated fatty acids to LXRα and modulation of SREBP-1 interaction with a specific SCD1 promoter element.Cell Biochem. Funct.201432863764610.1002/cbf.306725264165
      


      
        	[93]

        	Augustsson K., Michaud D.S., Rimm E.B., Leitzmann M.F., Stampfer M.J., Willett W.C., Giovannucci E.. A prospective study of intake of fish and marine fatty acids and prostate cancer.Cancer Epidemiol. Biomarkers Prev.2003121646712540506
      


      
        	[94]

        	Cheng J., Ogawa K., Kuriki K., Yokoyama Y., Kamiya T., Seno K., Okuyama H., Wang J., Luo C., Fujii T., Ichikawa H., Shirai T., Tokudome S.. Increased intake of n-3 polyunsaturated fatty acids elevates the level of apoptosis in the normal sigmoid colon of patients polypectomized for adenomas/tumors.Cancer Lett.20031931172410.1016/S030438350200717612691819
      


      
        	[95]

        	Dommels Y.E., Haring M.M., Keestra N.G., Alink G.M., van Bladeren P.J., van Ommen B.. The role of cyclooxygenase in n-6 and n-3 polyunsaturated fatty acid mediated effects on cell proliferation, PGE(2) synthesis and cytotoxicity in human colorectal carcinoma cell lines.Carcinogenesis200324338539210.1093/carcin/24.3.38512663496
      


      
        	[96]

        	Rescigno T., Capasso A., Tecce M.F.. Effect of docosahexaenoic acid on cell cycle pathways in breast cell lines with different transformation degree.J. Cell. Physiol.201623161226123610.1002/jcp.2521726480024
      


      
        	[97]

        	Bassaganya-Riera J., Hontecillas R.. Dietary conjugated linoleic acid and n-3 polyunsaturated fatty acids in inflammatory bowel disease.Curr. Opin. Clin. Nutr. Metab. Care201013556957310.1097/MCO.0b013e32833b648e20508519
      


      
        	[98]

        	Göttlicher M., Demoz A., Svensson D., Tollet P., Berge R.K., Gustafsson J.A.. Structural and metabolic requirements for activators of the peroxisome proliferator-activated receptor.Biochem. Pharmacol.199346122177218410.1016/0006-2952(93)90607-X8274151
      


      
        	[99]

        	Cipollina C., Salvatore S.R., Muldoon M.F., Freeman B.A., Schopfer F.J.. Generation and dietary modulation of anti-inflammatory electrophilic omega-3 fatty acid derivatives.PLoS One201494e9483610.1371/journal.pone.009483624736647
      


      
        	[100]

        	Hossain Z., Hosokawa M., Takahashi K.. Growth inhibition and induction of apoptosis of colon cancer cell lines by applying marine phospholipid.Nutr. Cancer200961112313010.1080/0163558080239572519116882
      


      
        	[101]

        	Tang F.Y., Cho H.J., Pai M.H., Chen Y.H.. Concomitant supplementation of lycopene and eicosapentaenoic acid inhibits the proliferation of human colon cancer cells.J. Nutr. Biochem.200920642643410.1016/j.jnutbio.2008.05.00118708285
      


      
        	[102]

        	Allred C.D., Talbert D.R., Southard R.C., Wang X., Kilgore M.W.. PPARgamma1 as a molecular target of eicosapentaenoic acid in human colon cancer (HT-29) cells.J. Nutr.2008138225025610.1093/jn/138.2.25018203887
      


      
        	[103]

        	Kato T., Kolenic N., Pardini R.S.. Docosahexaenoic acid (DHA), a primary tumor suppressive omega-3 fatty acid, inhibits growth of colorectal cancer independent of p53 mutational status.Nutr. Cancer200758217818710.1080/0163558070132836217640164
      


      
        	[104]

        	Cao W., Ma Z., Rasenick M.M., Yeh S., Yu J.. N-3 poly-unsaturated fatty acids shift estrogen signaling to inhibit human breast cancer cell growth.PLoS One2012712e5283810.1371/journal.pone.005283823285198
      


      
        	[105]

        	Mohammed A., Janakiram N.B., Brewer M., Duff A., Lightfoot S., Brush R.S., Anderson R.E., Rao C.V.. Endogenous n-3 polyunsaturated fatty acids delay progression of pancreatic ductal adenocarcinoma in Fat-1-p48(Cre/+)-LSL-Kras(G12D/+) mice.Neoplasia201214121249125910.1593/neo.12150823308056
      


      
        	[106]

        	Larsson S.C., Kumlin M., Ingelman-Sundberg M., Wolk A.. Dietary long-chain n-3 fatty acids for the prevention of cancer: A review of potential mechanisms.Am. J. Clin. Nutr.200479693594510.1093/ajcn/79.6.93515159222
      


      
        	[107]

        	Smith W.L.. Cyclooxygenases, peroxide tone and the allure of fish oil.Curr. Opin. Cell Biol.200517217418210.1016/j.ceb.2005.02.00515780594
      


      
        	[108]

        	Fearon K., Strasser F., Anker S.D., Bosaeus I., Bruera E., Fainsinger R.L., Jatoi A., Loprinzi C., MacDonald N., Mantovani G., Davis M., Muscaritoli M., Ottery F., Radbruch L., Ravasco P., Walsh D., Wilcock A., Kaasa S., Baracos V.E.. Definition and classification of cancer cachexia: An international consensus.Lancet Oncol.201112548949510.1016/S1470-2045(10)70218-721296615
      


      
        	[109]

        	Seruga B., Zhang H., Bernstein L.J., Tannock I.F.. Cytokines and their relationship to the symptoms and outcome of cancer.Nat. Rev. Cancer200881188789910.1038/nrc250718846100
      


      
        	[110]

        	Ries A., Trottenberg P., Elsner F., Stiel S., Haugen D., Kaasa S., Radbruch L.. A systematic review on the role of fish oil for the treatment of cachexia in advanced cancer: An EPCRC cachexia guidelines project.Palliat. Med.201226429430410.1177/026921631141870921865295
      


      
        	[111]

        	Kuriyama S., Shimazu T., Ohmori K., Kikuchi N., Nakaya N., Nishino Y., Tsubono Y., Tsuji I.. Green tea consumption and mortality due to cardiovascular disease, cancer, and all causes in Japan: The Ohsaki study.JAMA2006296101255126510.1001/jama.296.10.125516968850
      


      
        	[112]

        	Yang G., Zheng W., Xiang Y.B., Gao J., Li H.L., Zhang X., Gao Y.T., Shu X.O.. Green tea consumption and colorectal cancer risk: A report from the Shanghai Men’s Health Study.Carcinogenesis201132111684168810.1093/carcin/bgr18621856996
      


      
        	[113]

        	Ramirez-Mares M.V., Puangpraphant S.. Bioactive components of tea: cancer, inflammation and behavior.Brain Behav. Immun.200923672173110.1016/j.bbi.2009.02.01319258034
      


      
        	[114]

        	Yang C.S., Wang H.. Mechanistic issues concerning cancer prevention by tea catechins.Mol. Nutr. Food Res.201155681983110.1002/mnfr.20110003621538856
      


      
        	[115]

        	Abboud P.A., Hake P.W., Burroughs T.J., Odoms K., O’Connor M., Mangeshkar P., Wong H.R., Zingarelli B.. Therapeutic effect of epigallocatechin-3-gallate in a mouse model of colitis.Eur. J. Pharmacol.20085791-341141710.1016/j.ejphar.2007.10.05318022615
      


      
        	[116]

        	Ran Z.H., Chen C., Xiao S.D.. Epigallocatechin-3-gallate ameliorates rats colitis induced by acetic acid.Biomed. Pharmacother.200862318919610.1016/j.biopha.2008.02.00218325726
      


      
        	[117]

        	Mochizuki M., Hasegawa N.. (-)-Epigallocatechin-3-gallate reduces experimental colon injury in rats by regulating macrophage and mast cell.Phytother. Res.201024Suppl. 1S120S12210.1002/ptr.286219548282
      


      
        	[118]

        	Navarro-Perán E., Cabezas-Herrera J., Sánchez-Del-Campo L., García-Cánovas F., Rodríguez-López J.N.. The anti-inflammatory and anti-cancer properties of epigallocatechin-3-gallate are mediated by folate cycle disruption, adenosine release and NF-kappaB suppression.Inflamm. Res.2008571047247810.1007/s00011-008-8013-x18830563
      


      
        	[119]

        	Shchemelinin I., Sefc L., Necas E.. Protein kinases, their function and implication in cancer and other diseases.Folia Biol. (Praha)20065238110017089919
      


      
        	[120]

        	He Z., Tang F., Ermakova S., Li M., Zhao Q., Cho Y.Y., Ma W.Y., Choi H.S., Bode A.M., Yang C.S., Dong Z.. Fyn is a novel target of (-)-epigallocatechin gallate in the inhibition of JB6 Cl41 cell transformation.Mol. Carcinog.200847317218310.1002/mc.2029918095272
      


      
        	[121]

        	Shimizu M., Deguchi A., Lim J.T., Moriwaki H., Kopelovich L., Weinstein I.B.. (-)-Epigallocatechin gallate and polyphenon E inhibit growth and activation of the epidermal growth factor receptor and human epidermal growth factor receptor-2 signaling pathways in human colon cancer cells.Clin. Cancer Res.20051172735274610.1158/1078-0432.CCR-04-201415814656
      


      
        	[122]

        	Shimizu M., Deguchi A., Joe A.K., Mckoy J.F., Moriwaki H., Weinstein I.B.. EGCG inhibits activation of HER3 and expression of cyclooxygenase-2 in human colon cancer cells.J. Exp. Ther. Oncol.200551697816416603
      


      
        	[123]

        	Hwang J.T., Ha J., Park I.J., Lee S.K., Baik H.W., Kim Y.M., Park O.J.. Apoptotic effect of EGCG in HT-29 colon cancer cells via AMPK signal pathway.Cancer Lett.2007247111512110.1016/j.canlet.2006.03.03016797120
      


      
        	[124]

        	Peng G., Dixon D.A., Muga S.J., Smith T.J., Wargovich M.J.. Green tea polyphenol (-)-epigallocatechin-3-gallate inhibits cyclooxygenase-2 expression in colon carcinogenesis.Mol. Carcinog.200645530931910.1002/mc.2016616508969
      


      
        	[125]

        	Park I.J., Lee Y.K., Hwang J.T., Kwon D.Y., Ha J., Park O.J.. Green tea catechin controls apoptosis in colon cancer cells by attenuation of H2O2-stimulated COX-2 expression via the AMPK signaling pathway at low-dose H2O2.Ann. N. Y. Acad. Sci.2009117153854410.1111/j.1749-6632.2009.04698.x19723101
      


      
        	[126]

        	Qin J., Xie L.P., Zheng X.Y., Wang Y.B., Bai Y., Shen H.F., Li L.C., Dahiya R.. A component of green tea, (-)-epigallocatechin-3-gallate, promotes apoptosis in T24 human bladder cancer cells via modulation of the PI3K/Akt pathway and Bcl-2 family proteins.Biochem. Biophys. Res. Commun.2007354485285710.1016/j.bbrc.2007.01.00317266926
      


      
        	[127]

        	Kang H.G., Jenabi J.M., Liu X.F., Reynolds C.P., Triche T.J., Sorensen P.H.. Inhibition of the insulin-like growth factor I receptor by epigallocatechin gallate blocks proliferation and induces the death of ewing tumor cells.Mol. Cancer Ther.2010951396140710.1158/1535-7163.MCT-09-060420423994
      


      
        	[128]

        	Sartippour M.R., Heber D., Henning S., Elashoff D., Elashoff R., Rubio R., Zhang L., Norris A., Brooks M.N.. cDNA microarray analysis of endothelial cells in response to green tea reveals a suppressive phenotype.Int. J. Oncol.200425119320215202006
      


      
        	[129]

        	Sartippour M.R., Heber D., Zhang L., Beatty P., Elashoff D., Elashoff R., Go V.L., Brooks M.N.. Inhibition of fibroblast growth factors by green tea.Int. J. Oncol.200221348749112168090
      


      
        	[130]

        	Trompezinski S., Denis A., Schmitt D., Viac J.. Comparative effects of polyphenols from green tea (EGCG) and soybean (genistein) on VEGF and IL-8 release from normal human keratinocytes stimulated with the proinflammatory cytokine TNFalpha.Arch. Dermatol. Res.2003295311211610.1007/s00403-003-0402-y12811578
      


      
        	[131]

        	Jung Y.D., Kim M.S., Shin B.A., Chay K.O., Ahn B.W., Liu W., Bucana C.D., Gallick G.E., Ellis L.M.. EGCG, a major component of green tea, inhibits tumour growth by inhibiting VEGF induction in human colon carcinoma cells.Br. J. Cancer200184684485010.1054/bjoc.2000.169111259102
      


      
        	[132]

        	Khan N., Afaq F., Saleem M., Ahmad N., Mukhtar H.. Targeting multiple signaling pathways by green tea polyphenol (-)-epigallocatechin-3-gallate.Cancer Res.20066652500250510.1158/0008-5472.CAN-05-363616510563
      


      
        	[133]

        	Higdon J.V., Frei B.. Tea catechins and polyphenols: health effects, metabolism, and antioxidant functions.Crit. Rev. Food Sci. Nutr.20034318914310.1080/1040869039082646412587987
      


      
        	[134]

        	Tang F.Y., Chiang E.P., Shih C.J.. Green tea catechin inhibits ephrin-A1-mediated cell migration and angiogenesis of human umbilical vein endothelial cells.J. Nutr. Biochem.200718639139910.1016/j.jnutbio.2006.07.00417049832
      


      
        	[135]

        	Lim Y.C., Park H.Y., Hwang H.S., Kang S.U., Pyun J.H., Lee M.H., Choi E.C., Kim C.H.. (-)-Epigallocatechin-3-gallate (EGCG) inhibits HGF-induced invasion and metastasis in hypopharyngeal carcinoma cells.Cancer Lett.2008271114015210.1016/j.canlet.2008.05.04818632202
      


      
        	[136]

        	Lam T.K., Gallicchio L., Lindsley K., Shiels M., Hammond E., Tao X.G., Chen L., Robinson K.A., Caulfield L.E., Herman J.G., Guallar E., Alberg A.J.. Cruciferous vegetable consumption and lung cancer risk: A systematic review.Cancer Epidemiol. Biomarkers Prev.200918118419510.1158/1055-9965.EPI-08-071019124497
      


      
        	[137]

        	Hayes J.D., Kelleher M.O., Eggleston I.M.. The cancer chemopreventive actions of phytochemicals derived from glucosinolates.Eur. J. Nutr.200847Suppl. 2738810.1007/s00394-008-2009-818458837
      


      
        	[138]

        	Wu X., Zhou Q.H., Xu K.. Are isothiocyanates potential anti-cancer drugs?Acta Pharmacol. Sin.200930550151210.1038/aps.2009.5019417730
      


      
        	[139]

        	Cheung K.L., Kong A.N.. Molecular targets of dietary phenethyl isothiocyanate and sulforaphane for cancer chemoprevention.AAPS J.2010121879710.1208/s12248-009-9162-820013083
      


      
        	[140]

        	Juge N., Mithen R.F., Traka M.. Molecular basis for chemoprevention by sulforaphane: A comprehensive review.Cell. Mol. Life Sci.20076491105112710.1007/s00018-007-6484-517396224
      


      
        	[141]

        	Dinkova-Kostova A.T., Holtzclaw W.D., Cole R.N., Itoh K., Wakabayashi N., Katoh Y., Yamamoto M., Talalay P.. Direct evidence that sulfhydryl groups of Keap1 are the sensors regulating induction of phase 2 enzymes that protect against carcinogens and oxidants.Proc. Natl. Acad. Sci. USA20029918119081191310.1073/pnas.17239889912193649
      


      
        	[142]

        	Hong F., Freeman M.L., Liebler D.C.. Identification of sensor cysteines in human Keap1 modified by the cancer chemopreventive agent sulforaphane.Chem. Res. Toxicol.200518121917192610.1021/tx050213816359182
      


      
        	[143]

        	Dinkova-Kostova A.T., Jenkins S.N., Fahey J.W., Ye L., Wehage S.L., Liby K.T., Stephenson K.K., Wade K.L., Talalay P.. Protection against UV-light-induced skin carcinogenesis in SKH-1 high-risk mice by sulforaphane-containing broccoli sprout extracts.Cancer Lett.2006240224325210.1016/j.canlet.2005.09.01216271437
      


      
        	[144]

        	Thejass P., Kuttan G.. Immunomodulatory activity of Sulforaphane, a naturally occurring isothiocyanate from broccoli (Brassica oleracea).Phytomedicine2007147-853854510.1016/j.phymed.2006.09.01317084602
      


      
        	[145]

        	Sahu R.P., Zhang R., Batra S., Shi Y., Srivastava S.K.. Benzyl isothiocyanate-mediated generation of reactive oxygen species causes cell cycle arrest and induces apoptosis via activation of MAPK in human pancreatic cancer cells.Carcinogenesis200930101744175310.1093/carcin/bgp15719549704
      


      
        	[146]

        	Lee J.W., Cho M.K.. Phenethyl isothiocyanate induced apoptosis via down regulation of Bcl-2/XIAP and triggering of the mitochondrial pathway in MCF-7 cells.Arch. Pharm. Res.200831121604161210.1007/s12272-001-2158-219099231
      


      
        	[147]

        	Xiao D., Powolny A.A., Singh S.V.. Benzyl isothiocyanate targets mitochondrial respiratory chain to trigger reactive oxygen species-dependent apoptosis in human breast cancer cells.J. Biol. Chem.200828344301513016310.1074/jbc.M80252920018768478
      


      
        	[148]

        	Cheung K.L., Kong A.N.. Molecular targets of dietary phenethyl isothiocyanate and sulforaphane for cancer chemoprevention.AAPS J.2010121879710.1208/s12248-009-9162-820013083
      


      
        	[149]

        	Gong A., He M., Krishna Vanaja D., Yin P., Karnes R.J., Young C.Y.. Phenethyl isothiocyanate inhibits STAT3 activation in prostate cancer cells.Mol. Nutr. Food Res.200953787888610.1002/mnfr.20080025319437484
      


      
        	[150]

        	Prawan A., Saw C.L., Khor T.O., Keum Y.S., Yu S., Hu L., Kong A.N.. Anti-NF-kappaB and anti-inflammatory activities of synthetic isothiocyanates: effect of chemical structures and cellular signaling.Chem. Biol. Interact.20091792-320221110.1016/j.cbi.2008.12.01419159619
      


      
        	[151]

        	Mukherjee S., Dey S., Bhattacharya R.K., Roy M.. Isothiocyanates sensitize the effect of chemotherapeutic drugs via modulation of protein kinase C and telomerase in cervical cancer cells.Mol. Cell. Biochem.20093301-292210.1007/s11010-009-0095-419363674
      


      
        	[152]

        	Kang L., Wang Z.Y.. Breast cancer cell growth inhibition by phenethyl isothiocyanate is associated with down-regulation of oestrogen receptor-alpha36.J. Cell. Mol. Med.2010146B1485149310.1111/j.1582-4934.2009.00877.x19840189
      


      
        	[153]

        	Kensler T.W., Groopman J.D., Eaton D.L., Curphey T.J., Roebuck B.D.. Potent inhibition of aflatoxin-induced hepatic tumorigenesis by the monofunctional enzyme inducer 1,2-dithiole-3-thione.Carcinogenesis19921319510010.1093/carcin/13.1.951346373
      


      
        	[154]

        	Kensler T.W., Egner P.A., Dolan P.M., Groopman J.D., Roebuck B.D.. Mechanism of protection against aflatoxin tumorigenicity in rats fed 5-(2-pyrazinyl)-4-methyl-1,2-dithiol-3-thione (oltipraz) and related 1,2-dithiol-3-thiones and 1,2-dithiol-3-ones.Cancer Res.19874716427142772886217
      


      
        	[155]

        	Kwak M.K., Wakabayashi N., Itoh K., Motohashi H., Yamamoto M., Kensler T.W.. Modulation of gene expression by cancer chemopreventive dithiolethiones through the Keap1-Nrf2 pathway. Identification of novel gene clusters for cell survival.J. Biol. Chem.2003278108135814510.1074/jbc.M21189820012506115
      


      
        	[156]

        	Kwak M.K., Egner P.A., Dolan P.M., Ramos-Gomez M., Groopman J.D., Itoh K., Yamamoto M., Kensler T.W.. Role of phase 2 enzyme induction in chemoprotection by dithiolethiones.Mutat. Res.2001480-48130531510.1016/S0027-5107(01)00190-711506823
      


      
        	[157]

        	Sharma S., Gao P., Steele V.E.. The chemopreventive efficacy of inhaled oltipraz particulates in the B[a]P-induced A/J mouse lung adenoma model.Carcinogenesis20062781721172710.1093/carcin/bgl05216632869
      


      
        	[158]

        	Switzer C.H., Cheng R.Y., Ridnour L.A., Murray M.C., Tazzari V., Sparatore A., Del Soldato P., Hines H.B., Glynn S.A., Ambs S., Wink D.A.. Dithiolethiones inhibit NF-κB activity via covalent modification in human estrogen receptor-negative breast cancer.Cancer Res.20127292394240410.1158/0008-5472.CAN-11-311522436383
      


      
        	[159]

        	Dausch J.G., Nixon D.W.. Garlic: A review of its relationship to malignant disease.Prev. Med.199019334636110.1016/0091-7435(90)90034-H2198557
      


      
        	[160]

        	Ashraf R., Khan R.A., Ashraf I.. Garlic (Allium sativum) supplementation with standard antidiabetic agent provides better diabetic control in type 2 diabetes patients.Pak. J. Pharm. Sci.201124456557021959822
      


      
        	[161]

        	Dorant E., van den Brandt P.A., Goldbohm R.A., Hermus R.J., Sturmans F.. Garlic and its significance for the prevention of cancer in humans: A critical view.Br. J. Cancer199367342442910.1038/bjc.1993.828439494
      


      
        	[162]

        	Agarwal K.C.. Therapeutic actions of garlic constituents.Med. Res. Rev.199616111112410.1002/(SICI)1098-1128(199601)16:1<111::AID-MED4>3.0.CO;2-58788216
      


      
        	[163]

        	Block E.. The chemistry of garlic and onions.Sci. Am.1985252311411910.1038/scientificamerican0385-1143975593
      


      
        	[164]

        	Melino S., Sabelli R., Paci M.. Allyl sulfur compounds and cellular detoxification system: Effects and perspectives in cancer therapy.Amino Acids201141110311210.1007/s00726-010-0522-620213447
      


      
        	[165]

        	Rosen R.T., Hiserodt R.D., Fukuda E.K., Ruiz R.J., Zhou Z., Lech J., Rosen S.L., Hartman T.G.. Determination of allicin, S-allylcysteine and volatile metabolites of garlic in breath, plasma or simulated gastric fluids.J. Nutr.20011313s968S971S10.1093/jn/131.3.968S11238798
      


      
        	[166]

        	Srivastava S.K., Hu X., Xia H., Zaren H.A., Chatterjee M.L., Agarwal R., Singh S.V.. Mechanism of differential efficacy of garlic organosulfides in preventing benzo(a)pyrene-induced cancer in mice.Cancer Lett.19971181616710.1016/S0304-3835(97)00237-19310261
      


      
        	[167]

        	Wu C.C., Lii C.K., Tsai S.J., Sheen L.Y.. Diallyl trisulfide modulates cell viability and the antioxidation and detoxification systems of rat primary hepatocytes.J. Nutr.2004134472472810.1093/jn/134.4.72415051817
      


      
        	[168]

        	Chen C., Pung D., Leong V., Hebbar V., Shen G., Nair S., Li W., Kong A.N.. Induction of detoxifying enzymes by garlic organosulfur compounds through transcription factor Nrf2: effect of chemical structure and stress signals.Free Radic. Biol. Med.200437101578159010.1016/j.freeradbiomed.2004.07.02115477009
      


      
        	[169]

        	Sakamoto K., Lawson L.D., Milner J.A.. Allyl sulfides from garlic suppress the in vitro proliferation of human A549 lung tumor cells.Nutr. Cancer199729215215610.1080/016355897095146179427979
      


      
        	[170]

        	Wu C.C., Chung J.G., Tsai S.J., Yang J.H., Sheen L.Y.. Differential effects of allyl sulfides from garlic essential oil on cell cycle regulation in human liver tumor cells.Food Chem. Toxicol.200442121937194710.1016/j.fct.2004.07.00815500931
      


      
        	[171]

        	Ha M.W., Ma R., Shun L.P., Gong Y.H., Yuan Y.. Effects of allitridi on cell cycle arrest of human gastric cancer cells.World J. Gastroenterol.200511355433543710.3748/wjg.v11.i35.543316222732
      


      
        	[172]

        	Hosono T., Fukao T., Ogihara J., Ito Y., Shiba H., Seki T., Ariga T.. Diallyl trisulfide suppresses the proliferation and induces apoptosis of human colon cancer cells through oxidative modification of beta-tubulin.J. Biol. Chem.200528050414874149310.1074/jbc.M50712720016219763
      


      
        	[173]

        	Xiao D., Herman-Antosiewicz A., Antosiewicz J., Xiao H., Brisson M., Lazo J.S., Singh S.V.. Diallyl trisulfide-induced G(2)-M phase cell cycle arrest in human prostate cancer cells is caused by reactive oxygen species-dependent destruction and hyperphosphorylation of Cdc 25 C.Oncogene200524416256626810.1038/sj.onc.120875915940258
      


      
        	[174]

        	Sakamoto K., Lawson L.D., Milner J.A.. Allyl sulfides from garlic suppress the in vitro proliferation of human A549 lung tumor cells.Nutr. Cancer199729215215610.1080/016355897095146179427979
      


      
        	[175]

        	Xiao D., Choi S., Johnson D.E., Vogel V.G., Johnson C.S., Trump D.L., Lee Y.J., Singh S.V.. Diallyl trisulfide-induced apoptosis in human prostate cancer cells involves c-Jun N-terminal kinase and extracellular-signal regulated kinase-mediated phosphorylation of Bcl-2.Oncogene200423335594560610.1038/sj.onc.120774715184882
      


      
        	[176]

        	Lan H., Lü Y.Y.. Allitridi induces apoptosis by affecting Bcl-2 expression and caspase-3 activity in human gastric cancer cells.Acta Pharmacol. Sin.200425221922514769213
      


      
        	[177]

        	Xiao D., Li M., Herman-Antosiewicz A., Antosiewicz J., Xiao H., Lew K.L., Zeng Y., Marynowski S.W., Singh S.V.. Diallyl trisulfide inhibits angiogenic features of human umbilical vein endothelial cells by causing Akt inactivation and down-regulation of VEGF and VEGF-R2.Nutr. Cancer20065519410710.1207/s15327914nc5501_1216965246
      


      
        	[178]

        	Xiao D., Lew K.L., Kim Y.A., Zeng Y., Hahm E.R., Dhir R., Singh S.V.. Diallyl trisulfide suppresses growth of PC-3 human prostate cancer xenograft in vivo in association with Bax and Bak induction.Clin. Cancer Res.200612226836684310.1158/1078-0432.CCR-06-127317121905
      


      
        	[179]

        	Shankar S., Chen Q., Ganapathy S., Singh K.P., Srivastava R.K.. Diallyl trisulfide increases the effectiveness of TRAIL and inhibits prostate cancer growth in an orthotopic model: Molecular mechanisms.Mol. Cancer Ther.2008782328233810.1158/1535-7163.MCT-08-021618723480
      


      
        	[180]

        	Kim Y.A., Xiao D., Xiao H., Powolny A.A., Lew K.L., Reilly M.L., Zeng Y., Wang Z., Singh S.V.. Mitochondria-mediated apoptosis by diallyl trisulfide in human prostate cancer cells is associated with generation of reactive oxygen species and regulated by Bax/Bak.Mol. Cancer Ther.2007651599160910.1158/1535-7163.MCT-06-075417513609
      


      
        	[181]

        	Mo S.J., Son E.W., Rhee D.K., Pyo S.. Modulation of TNF-alpha-induced ICAM-1 expression, NO and H2O2 production by alginate, allicin and ascorbic acid in human endothelial cells.Arch. Pharm. Res.200326324425110.1007/BF0297683712723939
      


      
        	[182]

        	Thejass P., Kuttan G.. Antiangiogenic activity of Diallyl Sulfide (DAS).Int. Immunopharmacol.20077329530510.1016/j.intimp.2006.10.01117276887
      


      
        	[183]

        	Chu Q., Ling M.T., Feng H., Cheung H.W., Tsao S.W., Wang X., Wong Y.C.. A novel anticancer effect of garlic derivatives: Inhibition of cancer cell invasion through restoration of E-cadherin expression.Carcinogenesis200627112180218910.1093/carcin/bgl05416675472
      


      
        	[184]

        	Capasso A.. Antioxidant action and therapeutic efficacy of Allium sativum L.Molecules201318169070010.3390/molecules1801069023292331
      


      
        	[185]

        	Rescigno T., Micolucci L., Tecce M.F., Capasso A.. Bioactive nutrients and nutrigenomics in age-related diseases.Molecules201722110510.3390/molecules2201010528075340
      

    

  


  

OEBPS/Images/tobiocj.jpg
The Opén
Biochemistry
Jourmnal

‘ LI VIEW ARTICLES ON
= PUBMED CENTRAL






