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Abstract: A unique feature of bioactive food ingredients is their broad antioxidant function.
Antioxidants having a wide spectrum of chemical structure and activity beyond basic nutrition;
display different health benefits by the prevention and progression of chronic diseases. Functional
food components are capable of enhancing the natural antioxidant defense system by scavenging
reactive oxygen and nitrogen species, protecting and repairing DNA damage, as well as modulating
the signal transduction pathways and gene expression. Major pathways affected by bioactive food
ingredients include the pro-inflammatory pathways regulated by nuclear factor kappa B (NF-«B),
as well as those associated with cytokines and chemokines. The present review summarizes
the importance of plant bioactives and their roles in the regulation of inflammatory pathways.
Bioactives influence several physiological processes such as gene expression, cell cycle regulation,
cell proliferation, cell migration, etc., resulting in cancer prevention. Cancer initiation is associated
with changes in metabolic pathways such as glucose metabolism, and the effect of bioactives in
normalizing this process has been provided. Initiation and progression of inflammatory bowel
diseases (IBD) which increase the chances of developing of colorectal cancers can be downregulated
by plant bioactives. Several aspects of the potential roles of microRINAs and epigenetic modifications
in the development of cancers have also been presented.
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1. Introduction

According to World Health Organization, cancer is the second cause of death globally after
cardiovascular diseases. An estimated 8.2 million people die from cancer each year, representing 13% of
all deaths worldwide [1]. Cancer results from uncontrolled rapid division of malignant cells that grow
beyond their usual boundaries. Unlike normal cells, cancerous cells do not respond to the controlling
signals; consequently, they grow and divide in an uncontrolled manner, infecting normal tissues and
organs, and in some cases, ultimately spreading throughout the body. This feature is reflected in
several aspects of cell behavior that distinguish cancer cells from their normal counterparts [2].

There are over 100 different types of cancers [3]. The type of the cell that tumors originate from
classifies cancers. Carcinomas, cancers derived from epithelial cells of breast, prostate, lung, pancreas
and colon, cause ~90% of all human deaths from cancer; lymphomas are cancers of the immune organs
such as spleen, white blood cells and lymph glands; leukemias are cancers of blood forming bone
marrow; sarcomas are cancers of fibrous connective tissues of bone, cartilage, fat tissue, muscle and
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neurons; and germ cell tumors are derived from pluripotent stem cells presented in the testicles and
ovary [4].

Early detection and effective treatment help increase survival rates of cancer patients. Therefore,
comprehensive plans are needed to improve prevention and treatment of cancer. Evidence from
epidemiological and experimental studies proved that high intake of fruits and vegetables decreases
chronic degenerative diseases, and importance of consuming a balanced diet in relation to cancer
prevention has received particular interest. Fruits and vegetables are rich sources of different classes
of bioactive molecules. Dietary polyphenols, the most studied group, play important roles in
preventing and managing cancer due to their antioxidant and anti-inflammatory activities. Several
pieces of evidence have accumulated for cancer prevention by bioactives; especially, bioactives
such as phytoestrogens from soy and flaxseed oil, phenolics from olives and olive oil, resveratrol
from nuts and red wine, lycopene from tomatoes, organosulfur compounds from garlic and onion,
isothiocyanates in cruciferous vegetables, and monoterpenes in citrus fruits and herbs [5-7]. Many
bioactive phytochemicals isolated from garlic, turmeric and green tea [8,9] are being tested in human
cancer clinical trials.

Phytochemicals possess various types of activities. They can detoxify free radicals, alter the
expression of genes involved in metabolism, cell survival, proliferation and antioxidant defense;
protect and repair DNA damage, and cause cell cycle arrest and apoptosis [10-12]. Because of
their complex chemical structures, bioactives can act at multiple sites in the cancer development
resulting in prevention and progression of cancer [13-15]. Bioactive compounds that are involved
in cancer prevention act by regulating the expression and activity of transcription factors, growth
factors, inflammatory mediators, and cell cycle intermediates. Bioactive ingredients with therapeutic
properties show inhibition of cancer progression by suppressing cell survival, proliferation, cell
invasion, angiogenesis and metastasis. Epigenetic alterations accumulated over time can be involved
in the pathogenesis of cancer. Bioactive-dependent epigenetic variations induce the effects on genome
stability, mRNA and protein expression, and can cause multiple metabolic changes [16]. The overall
goal of the present review is to elaborate the major steps involved in defining the effects of functional
food ingredients on cancer, and discuss the main molecular mechanisms behind these processes.

2. Inflammation, Cancer, and Regulation by Dietary Intakes

Inflammation, a major link between risk factors and cancer, is being identified as the commencing
point for several forms of cancer [17]. Diet and life style are known risk factors, such as obesity,
environmental pollutants, alcohol, smoking, irradiation, high fat diet, etc. Acute inflammation induced
by pathogen attack persists for a short period, while chronic inflammation predisposes the body
to develop cancer. Activation of two major inflammatory pathways, NF-kB and Signal transducer
and activator of transcription 3 (STAT3), is associated with most cancers [18]. Hypoxia and acidosis
observed in solid tumors increase NF-kB. NF-«B and STAT3 regulate gene expression associated with
inflammation, cell survival, cell proliferation, invasion, angiogenesis, and metastasis. Suppression of
these two pathways results in the suppression of tumor growth, a clear criterion for chemo preventive
agents. Colonic mucosal biopsies from patients either suffering from ulcerative colitis or Crohn’s
disease have increased levels of inflammation marker compounds and decreased levels of anti-oxidant
enzymes, suggesting the role of increased oxidative stress and decreased antioxidant defenses as well
as NF-kB activation in the development of colorectal cancer [19,20].

Dietary components affect genomic and non-genomic processes that could both promote beneficial,
disease-preventing processes and inhibit overactive, cancer promoting processes. Multiple studies
using cell lines, animal models, and human clinical trials consistently showed the ability of bioactives
in causing cytotoxicity to cancer cells [21]. Research showed that grape and wine polyphenols exhibit
selective cytotoxicity to the breast cancer cells (MCF-7) by comparison to the normal mammary
epithelial cells (MCF-10A). Polyphenols triggered necrotic cell death of cancer cells without any
deleterious effect on noncancerous cells. In response to polyphenols the MCF-7 cells showed an
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increase in cytoplasmic calcium level and arrest at G1/S and G2/M phase of the cell cycle. In addition,
red grape polyphenols are able to inhibit the tumor growth in vivo when the triple negative breast
cancer cells MDA-MB-231 were implanted in the athymic nu/nu mice. These results demonstrated
that grape polyphenols act at multiple critical control points in the cancer cell biochemical pathways
such as the inflammatory pathways, exerting selective cytotoxicity. NF-«B related pathway is one of
the main pathways, which can be targeted by polyphenols in grapes and wine, through induction of
the phase II enzymes, which was supported by gene expression analysis including CK2, FAS, LEF1,
PRKCE and PTGS2 genes [22-25]. At present, it is not clear as to what makes the cancer cells more
susceptible to polyphenols. Understanding these aspects will help develop clear strategies for dietary
interventions using functional food products for cancer treatment and prevention.

3. Plant Bioactives and Targeting Antioxidant Pathways

Oxidative stress is tightly regulated by a balance between production and removal of free
radicals, which are formed naturally in the body with important roles in cell signaling. Free
radicals can be hazardous to the body and damage all major components of cells, including DNA,
proteins and cell membranes. In particular, DNA damage plays a critical role in the development of
cancer [26]. According to epidemiological data, some bioactive compounds inhibit different stages of
carcinogenesis, including initiation, promotion and cancer progression, by reducing reactive oxygen
species (ROS) levels (Figure 1). Fruits, vegetables and grains are rich sources of dietary antioxidants
such as vitamin E, vitamin C, polyphenols (flavonoids such as quercetin, catechin, naringenin and
anthocyanins that include sugar derivatives of cyanidin, pelargonidin, petunidin, peonidin and
malvidin), carotenoids and essential minerals such as Selenium and Zinc (that act as cofactors for
essential host pathway enzymes [27]. Consumption of diets high in vitamin E, vitamin C and (3-carotene
has been shown to reduce cervical, stomach and lung cancers, respectively [28-30]. Anti-cancer effects
of strawberry flavonoids include scavenging of ROS, reducing DNA damage and decreasing cancer
cell proliferation [31].
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Figure 1. Prevention of oxidative stress by antioxidants. Antioxidants neutralize ROS related
pathways. ROS play important roles in cell signaling, cell proliferation, cell differentiation, adaptation
to stress and metabolic adaptation. Raised levels of the ROS could lead to cellular damage and
chronic disease development. Antioxidants modulate ROS levels and prevent cell damage through
various mechanisms.

The human body is increasingly absorbing xenobiotics including drugs, environmental pollutants,
food-derived preservatives and hormones. These components can be mutagenic and carcinogenic,
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especially during the detoxification process, when they are made soluble. The phytochemicals are able
to prevent the initiation of carcinogenesis by inducing xenobiotic-detoxifying enzymes. Phase I and
II enzymes such as glutathione S-transferase (GST) and UDP-glucuronyl transferase (UDP-GT) are
responsible for metabolism of various endogenous or exogenous substrates to protect the cells from
cellular damage, arising from the activation of carcinogenic factors [32].

The main regulator of phase Il enzymes is nuclear factor F-related factor 2 (Nrf2). Sulforaphane
activates Nrf2 localized in the cytoplasm and bound to Kelch-like ECH-associated protein 1 (Keap1),
which limits Nrf2 activity by retaining it in the cytoplasm and increasing its proteasomal degradation.
In response to oxidative stress, Nrf2 dissociates from Keapl, translocates to the nucleus, and binds
to the antioxidant responsive element (ARE) promoting expression of antioxidant enzymes [33].
Oral administration of sulforaphane activates Nrf2 pathway and significantly reduces tumor size
and increases apoptosis through activation of caspase 3 and cytochrome c release in bladder cancer
cells [34]. Sulforaphane also induces antioxidative and anti-proliferative effects on human bronchial
epithelial cells via ROS-mediated mechanism, and activation of PI3K and MEK/Erk1/2 signaling
pathways. This resulted in up-regulation of intracellular oxidants, Erk1/2 phosphorylation, and
nuclear accumulation of Nrf2, all of which increased in HO-1 expression and a decrease in cell
growth [35].

Polyphenols in the diet play their antioxidant role in multiple ways to scavenge cancer initiating
free radicals, activation of transcription of cytoprotective enzymes involved in detoxification of
xenobiotics, and modulation of signal transduction systems [36]. Antioxidants can induce the
Keap1/Nrf2/ARE (Kelch ECH associating protein 1/NF-E2-related factor 2/ Antioxidant Response
Elements) pathway resulting in increased expression of phase 2 detoxification enzymes and antioxidant
enzymes [37,38]. Polyphenols including flavonoids, anthocyanins, etc. that contain ortho-dihydroxy
groups have been found to stimulate the transcription of genes encoding antioxidant enzymes through
the Keapl/Nrf2/ARE pathway and thereby enhance detoxification. Glucoraphanin in broccoli gets
metabolized to sulforaphane, which acts through the KEAP1-Nrf2 pathway. Epidemiological studies
have shown strong inverse associations between crucifer vegetable intake and the incidences of cancers
affecting lung, pancreas, bladder, prostate, thyroid, skin, stomach and colon [39]. Sulforaphane
caused cytotoxicity and G2/M arrest in HT-29 colon cancer cells and MCEF-7 breast cancer cells [40].
The induction of apoptosis in cancer cells by sulforaphane involved the activation of Bcl2 proteins
Bax and Bak [41]. Sulforaphane causes inhibition of tubulin polymerization, activation of G2/M
kinases and histone deacetylation resulting in cell cycle arrest and apoptosis. These mechanisms may
enable sulforaphane to inhibit carcinogenesis even after initiation [42]. Selenium in broccoli has also
been found to have cancer-preventive effects through its function as an activator of antioxidant and
detoxification systems [43]. Expression levels of antioxidant enzymes are reduced in cancer cells [44].
In several human trials, fruit polyphenols have been found to down regulate pro-inflammatory
cytokines and chemokines [45—47]. Thus, dietary antioxidants are potent candidates for use as
bioactives to enhance the function of the antioxidant defense system during normal living conditions
thus preventing inflammation and decreasing the chance of developing cancer [48,49].

Chrysanthemum zawadskii and licorice Glycyrrhiza uralensis extracts are well known for their
therapeutic aspects of inflammatory diseases [50-52]. The extracts also have the potential to induce
Nrf2, which has an important role in defense against acute inflammation. Chemopreventive agents,
Isoliquiritigenin isolated from the roots of Glycyrrhiza uralensis and some isothiocyanate analogs
can inhibit NF-«B via the down-regulation of IKK, ERK1/2 and p38 phosphorylation, consequently
suppressing the pro-inflammatory mediators such as TNF-a, COX-2, IL-6, iNOS and IL-13 [53-56].

Among spices, curcumin and its analogs have attracted great attention as cancer-preventive agents
through their anti-cancer activities including inhibition of cell proliferation, anti-invasive activity, and
inhibition of angiogenesis [57-59]. These components were effective on three colorectal cell lines,
SW480, HT-29 and HCT116. The molecular targets of inhibition by curcumin include critical control
points in the signal transduction pathways such as NF-kB, COX-2, 5-LOX involved in prostaglandin



Int. J. Mol. Sci. 2017, 18, 2050 50f22

biosynthesis pathway, receptors such as EGFR, HER2, apoptosis regulators such as Bcl-2 and Bcl-XL,
caspases, and kinases such as Akt, MAPK, as well as transcription activators and factors such as
AP-1 and STAT3. Curcumin, another natural Nrf2 activator, inhibits mouse liver lymphoma through
activating Nrf2 enzymes, promoting tumor suppressor p53 and reducing TGF-p and COX2 [60].
Curcumin, through a ROS-dependent mechanism, is also able to induce activation of caspase 8, 2 and
9, alteration of mitochondrial membrane potential, release of cytochrome c, activation of caspase-3 and
concomitant PARP cleavage, and apoptosis in HUT-78 lymphoma cells [61].

Indole 3-carbinol (I3C) is another bioactive component of crucifer vegetables, with actions similar
to that of sulforaphane. I3C is also enriched in broccoli. Several earlier studies have shown the
beneficial effects of I3C in breast cancer prevention. Hormone dependent cancers such as breast cancer
are promoted by hormone analogs with activity higher than that of natural estrogen. Estrogen is
normally metabolized and eliminated from the body through the phase 1/phase 2 detoxification
system. This process involves the hydroxylation of estrogen at 2 C or 16 C position on the ring. Thus a
higher ratio of 2-hydroxy estrone to 16-hydroxy estrone may determine the cancer preventive status.
Consumption of 300 mg of I3C per day caused an increase in the ratio of 2 x-hydroxy estrone to
16 a-hydroxy estrone in woman who are at a risk of developing breast cancer [62]. Metabolism of
estrogen favouring 2-hydroxy estrone is influenced by race, ethnicity, and dietary factors (increased
consumption of fiber, polyphenols, crucifer vegetables, fruits) [63]. Phosphorylation and activation
of estrogen receptor by estrogen was inhibited by I3C [64]. I3C has been found to inhibit prostate
cancer [65]. A reduction in respiratory papilloma was observed in response to I3C intake in 66% of the
patients [66].

4. Arrest of Cancer Cell Cycle by Bioactive Compounds

Berries induce apoptosis through cell-cycle arrest at G1 phase via induction of WAF1/p21
and inhibition of cdk4, cdké, cyclin D1 and cyclin D3 [67]. They suppress tumor necrosis factor
o (TNF-o) induced COX-2 expression followed by down-regulation of activator protein-1 (Ap-1) and
NF-«B [67,68]. They are also able to inhibit Wnt signaling and angiogenesis [69].

Citrus flavonoids and limonoids arrest the cell cycle at S and G2/M phases [70]. Limonexic
acid and B-sitosterol glucoside block the cell cycle in G2/M phase, induce cytotoxicity and cause
apoptosis [71,72].

Genistein, quercetin, daidzein, luteolin, kaempferol, apigenin and epigallocatechin, all are capable
of blocking the cell cycle by modifying the activity of the cyclin-dependent kinases (CDKs) [32]. Minute
structural differences can alter the mode of action of bioactives. Quercetin, luteolin and daidzein are
able to block the cells at G1 phase by inhibiting the activity of CDK2, while kaempferol, apigenin and
genistein arrest the cell cycle at G2 phase by blocking CDK1 through inducing CDK inhibitors such
as p21 and p27 [73,74]. Certain flavonoids such as tangeretin inhibit hepatic cancer in initiation and
progression stages [75]. Luteolin and apigenin also prevent liver cancer development by inhibiting
CDKs [76,77].

Phenethyl isothiocyanate (PEITC) from cruciferous vegetables such as broccoli and cabbage causes
G2/M cell cycle arrest and apoptosis of myeloma cells [78]. PEITC induces apoptosis in metastatic lung
cancer cells via caspase-3 activation and cell cycle arrest at the G2/M phase by modulation of cyclin
B1 expression [79]. Curcumin, a component of turmeric, derived from the rhizomes of Curcuma longa
inhibits proliferation of human pancreatic cancer cells by activation of Ataxia telangiectasia mutated
(ATM)/checkpoint kinase 1 (ChK1)/Cdc25C, blocking cyclin B1/Cdk1 activity and arresting cells at
G2/M check point [80,81].

5. Inhibition of Cancer Cell Proliferation and Migration by Plant Bioactives

Combating cancer requires bioactive components with potential to target multiple signaling
pathways. Isoflavones can prevent carcinogenesis through inhibiting cell proliferation and inducing
apoptosis. Isoflavones can affect multiple cell signaling pathways important for cancer growth such



Int. J. Mol. Sci. 2017, 18, 2050 6 of 22

as NF-«kB, Akt, MAPK, Wnt, Notch, p53 and androgen receptor (AR) signaling pathways leading
to apoptosis [82-86]. Isoflavones can induce apoptotic cell death, either alone, or in a combination
with conventional therapies (chemotherapy and radiotherapy). Honokiol, a bioactive isoflavone
from Magnolia, inhibits lung cancer cell migration (A549, H1299, H460 and H226 NSCLC). Honokiol
suppresses PGE2-mediated migration of NSCLC lung cancer cells by induction of COX-2 and inhibition
of NF-«kB. PGE2 regulates {3-catenin signaling, which contributes to cancer cell migration. Treatments
of lung cancer cells with honokiol resulted in degradation of cytosolic 3-catenin, reduced the nuclear
accumulation of 3-catenin, and expression of matrix metalloproteinases (MMP-2 and MMP-9). MMPs
are down-stream targets of 3-catenin and play a crucial role in metastasis. Honokiol enhanced the levels
of casein kinase-1a (CK1«x), glycogen synthase kinase-3 3 (SK3 3); and f3-catenin phosphorylation
at critical residues Ser45, Ser33/37 and Thr4l. These events are important for degradation and
inactivation of 3-catenin [87,88]. The same mechanism was established for genistein, an important
soybean isoflavone, which induced cytotoxicity in prostate cancer cells. Genistein up-regulated the
expression of GSK-3(3, which phosphorylates (3-catenin leading to its degradation and the inactivation
of Wnt/ 3-catenin signaling, cell growth and migration [89-91].

6. Deregulation of Hypoxia and Glucose Metabolism in Cancer

One of the important features of cancer cells is elevated glucose consumption and its catabolism
by glycolysis, causing an accumulation of lactate. Lactate dehydrogenase A (LDH-A) is an enzyme
which uses lactate for energy production and NAD* regeneration, which is a novel therapeutic target
for cancer [92]. LDH-A is over-expressed in various types of cancer including renal, breast, gastric and
nasopharyngeal cancer. Cancer glycolysis is regulated by hypoxia inducible factor (HIF) and LDH-A
is a known target of HIF-1a. HIF activation increases expression of the genes for glucose transport
and metabolism, as well as lactate formation and export from the cells. Furthermore, the activity of
pyruvate dehydrogenase complex (PDH), an important enzyme in glucose metabolism, is reduced by
HIF [93,94].

Chinese herbal medicine, Spatholobus suberectus is a compelling LDH-A inhibitor. It induces
cell cycle arrest and anti-LDH-A activity in breast cancer estrogen-dependent (MCF-7) cells and
estrogen-independent (MDA-MB-231) cells. Epigallocatechin also inhibited LDH-A activity and
caused cell apoptosis. LDH-A is regulated by HIF-1a and epigallocatechin caused dissociation of
Hsp90 from HIF-1a and subsequent HIF-1a degradation. Epigallocatechin also inhibited breast cancer
cell growth in vivo, HIF-1a- and LDH-A- expression and triggered apoptosis without significant toxic
side effects. Epigallocatechin can be considered as a pharmacologically effective compound to inhibit
HIF-1a and LDH-A in cancer cells [95].

Curcumin caused LDH-A release from mitochondria, by modifying mitochondrial membrane
potential, procaspase-3 and -9 cleavage, as well as apoptosis, in a dose- and time-dependent manner.
It resulted in cell cycle arrest in S phase, accompanied by the release of cytochrome c, a significant
increase of Bax and p53 levels, and a marked reduction of Bcl-2 and survivin in human colorectal
carcinoma cells [96,97].

7. Inflammatory Bowel Diseases and down Regulation of Inmune System by Dietary Components

Inflammatory bowel diseases (IBD) are a group of immune-mediated intestinal inflammatory
diseases induced by environmental stimulation and genetic susceptibility [98,99]. IBD includes two
main types of diseases, Crohn’s disease (CD) and ulcerative colitis (UC). At present, the etiology and
mechanisms of IBD are not well defined. In humans, the potential pathogenic processes involved
in the development of IBD include persistent infections caused by environmental influences, enteric
commensal bacteria, or reaction to antigens from foods, initiating acute and chronic intestinal
inflammation. Consequently, this inflammation results in destruction of mucosal barriers as well
as a dysregulation of the mucosal immune system. Bernstein et al. have surveyed the incidences of
Crohn'’s disease and ulcerative colitis in Canadian population [100]. The age group between 20 and
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29 appears to show the highest incidences, with British Columbia showing the lowest (160/100,000)
and Nova Scotia (318/100,000) showing the highest level of incidences. The disease affects children
under age 10 to subjects over 80 years old and the incidences are much higher than anywhere else in
the world. More than 200,000 people suffer from IBD in Canada, with an economic cost of >1.8 billion
in direct and indirect costs (www.cdhf.ca). There are no identified preventive strategies or effective
treatments for IBD, yet. The immunogenic mechanisms leading to IBD are complex, because the two
types of IBD, UC and CD, show different immune responses to intestinal infections. As well, there is
an increased risk for colon cancer development as a result of prolonged IBD.

The innate immune response at the gut mucosal interface is critical for human health, because it
is the first line of defense against pathogen invasion and infection. An abnormal intestinal mucosal
immune system can develop in patients who suffer from IBD and this can result in an inflammatory
autoimmune response. There is a complex interplay between genetic susceptibility, commensal
microbiota, intestinal epidermal cells, the immune system and the dietary and environmental factors
that result in the development of IBD defining it as a multifactorial disease. Genetic studies, especially
genome wide association studies have identified a number of risk-conferring loci that overlap both CD
and UC, that implicate the role of IL 23, T helper (Th) 17 cells, autophagy, etc. [98]. The importance
of dietary factors is highlighted by the observation that short chain fatty acids derived by microbial
fermentation of dietary fiber bind to G-protein coupled receptor 43 (GPR43) and down regulate
inflammation. This is again supported by studies involving Gpr43 knockout mice, which show
impaired inflammation protection [98]. Despite the fact that numerous novel therapeutic approaches
are currently being developed for IBD, these approaches are based upon suppressing the immune
responses by the use of drugs (steroids, non-steroidal anti-inflammatory drugs), or through using
specific antibodies to block pro-inflammatory cytokines. However, excessive immune suppression
may increase the risk of developing cancer [101]. Thus, immune suppression therapy may have a
detrimental effect on patient health in the long term. One approach that could be taken to limit the
damaging effects of many of the available drugs used in IBD treatment regimes is to combine these
drugs with dietary intervention and/or nutraceutical supplementation, to enhance the beneficial
effects of these drugs whilst reducing the amount of drugs required to provide a beneficial effect.
A combination of conventional and alternative therapies has been shown to be a viable option in the
treatment of IBD [102-104].

Nutritional and dietary interventions have recently become potential complimentary strategies
for down regulating various inflammatory diseases [105]. Furthermore, recent research has shown
that the patients with CD in Canada required micronutrient supplementation [106]. Polyphenols
and carotenoids are outstanding candidates for amelioration of inflammatory diseases because of
their potency as antioxidants and regulators of inflammatory immune responses. Dietary intake
of foods containing polyphenols resulted in the down regulation of several inflammation markers
in animal models and humans [107]. Consumption of fruit juices and products from grape and
pomegranate at moderate level resulted in increased antioxidant function and the reduction of lipid
peroxidation in the plasma [108,109]. The results from several studies show an inverse correlation
between fruit and vegetable consumption and the expression of inflammation markers in blood, such
as CRP (C-Reactive protein) and IL6 (interleukin 6) and several other inflammation markers. In a
study involving 285 adolescent boys in the age range of 13-17 years, consumption of a fruit- and
vegetable-rich diet was found to decrease the levels of inflammation markers such as CRP, IL-6, and
TNF-« [110]. In a group of 120 men and women between the ages of 40-74, intake of polyphenol-rich
blueberry extracts (300 mg/day for three weeks) caused a significant reduction in plasma levels of
pro-inflammatory cytokines and chemokines (IL-4, IL-13, IL-8 and IFN-«) of the NF-kB pathway [111].
Similarly, increased consumption of sweet bing cherries (280 g/day) resulted in lowered levels of
CRP and NO [112]. In a study involving elderly 70-year-old men, increased intake of food rich in
antioxidants resulted in lowered cyclooxygenase, cytokine-mediated inflammation and oxidative
stress [113]. Though several studies have been conducted on dietary polyphenol intervention using
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animal models [104], and a few studies in humans using curcumin intervention [114,115], there are no
detailed reports on the effects, or utility of polyphenols for the management of IBD in humans.

7.1. Inflammatory Bowel Diseases and Antioxidative Capacity of Carotenoids to Reduce Oxidative Stress
and Inflammation

Studies of colonic mucosal biopsies from patients either suffering from UC or CD have clearly
shown that epithelial cells possess increased levels of inflammation marker compounds and decreased
levels of anti-oxidant enzymes clearly suggesting the role of increased oxidative stress and decreased
antioxidant defenses in cases of IBD [116]. However, persistent endogenous oxidative stress, such
as that generated during chronic intestinal inflammation, often overwhelms the normal endogenous
antioxidants [117]. Thus, dietary antioxidants are compelling candidates for use as nutraceuticals
to enhance the function of the antioxidant defense system during inflammation [79,80,118]. It has
already been shown that carotenoids have an enhancing effect on the immune system in vivo [119].
Consequently, Kawakami et al. identified a significant correlation between the serum oxygen radical
scavenging capacity and {3-carotene and retinol concentrations in UC patients [120]. In addition,
carotenoid supplementation appears to be a potential nutritional intervention for patients suffering
from IBD. Current research has validated that lycopene shows better chemopreventive activity
than 3-carotene in mitigating oxidative damage in tissue under UV exposure, but both chemicals
contribute to reducing lipid peroxide levels [121]. Both 3-carotene and lycopene have been identified
to protect low-density lipoprotein (LDL) from oxidization [122,123]. LDL can be oxidized in vivo by
myeloperoxidase (MPO), an intracellular enzyme secreted by macrophages and neutrophils, resulting
in aggravating inflammation [124]. The MPO can act as an indicator of neutrophil infiltration at sites
of damaged colon. Tran et al. detected an increasing activity of MPO in experimental IBD [125].
Even though a direct identification of oxidized-LDL (ox-LDL) in IBD has not been reported, CXCL16
(Chemokine (C-X-C motif)) ligand 16, a transmembrane protein functioning as a scavenger receptor
for ox-LDL has been recently identified in the blood of both CD and UC patients [126]. Carotenoid
intervention may thus reduce the levels of ox-LDL in IBD by influencing expression of CXCL16.

An increase in ROS has been identified in both UC and CD [19]. ROS contributes to redox
imbalance of inflammatory autoimmune disease and inducing the intestinal epithelial lesions.
As demonstrated in several studies, the dietary carotenoids can scavenge intracellular ROS at different
steps of the pathway [127,128]. However, degradation of (3-carotene can lead to the production of
epoxides at the 3-ionone ring and aldehydes with different chain lengths and these cleavage products
are highly reactive and potentially toxic to cells [129]. Thereby, carotenoids without the 3-ionone
ring such as lycopene may be more promising as an exogenous antioxidant supplement. Moreover,
the capacity of lycopene to quench radicals is more extensive than (3-carotene [118]. Thus, lycopene,
referred to as an optimal exogenous antioxidant, has a greater potential to ameliorate inflammatory
diseases [122,130-132].

7.2. IBD and Immune-Modulating Activity of Carotenoids

Even though CD and UC result from complex genetic and environmental etiological influences,
these diseases promote excessive immune responses and persistent inflammation in the intestinal
epithelia and gut-associated lymphoid tissue (GALT). The main goal of regulating inflammatory
immune responses in IBD is to restore the homeostasis in the mucosal immune system and the
phagocytosis mediated by leukocytes. In pathological conditions of IBD, the inflammatory responses
are mediated by a number of stress-associated kinase pathways including JNK/p38 MAPK and redox
sensitive transcription factors NF-kB. The dysregulated activation of NF-«B via toll-like receptors
(TLRs) may be a result of NOD2 ((Nucleotide-binding oligomerization domain-containing protein 2;
synonymous to CARD 15-Caspase recruitment domain-containing protein 15; or inflammatory bowel
disease protein 1 (IBD1)) gene mutation, which is highly correlated, with pathogenesis of IBD. NF-«B
is able to motivate the production of pro-inflammatory signals such as NO by the activation of iNOS,
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and prostaglandins synthesized through the cyclooxygenase (COX) pathways, resulting in enhancing
the severity of inflammation [101,133]. Generally, NF-«B plays a crucial role in regulating immune
responses to infection. NF-«B up-regulates the expression of genes related to pro-inflammatory
cytokines, enzymes and adhesion molecules as well as production of ROS in chronic inflammatory
disease such as IBD [134]. The pro-inflammatory cytokine TNF-&, and oxidative stress generated
during the inflammation phase, can in turn promote the activation of NF-«kB. The activity of NF-xB
involved in chronic inflammation of IBD has been analyzed by several studies. Schreiber et al.
determined an increased level of NF-«kB, p65, which is a subunit of the NF-kB complexes, in the lamina
propria (LP) biopsy specimen from CD patients [135]. LP is a vital part of the gut-associated lymphoid
tissue (GALT), which contains large members of T cells. Rogler et al. identified that the activation of
NF-kB was significantly increased in the inflamed mucosa [136]. In another study, an enhanced NF-«B
expression was found in inflamed mucosal biopsies of children suffering from CD [137]. Therefore,
the suppression and regulation of NF-«B activation are promising approaches to modulate the IBD
progression. The transcription factor NF-kB is very sensitive to oxidative stress (OS), ROS generated
under the oxidative stress conditions might play a key role in modulating the dysregulation of
immune responses in IBD. Carotenoids can quench ROS generated during the inflammation phase
and potentially modulate the perpetuating stimulation of NF-kB pathway in IBD. Mannick et al.
identified that 3-carotene supplementation resulted in a significant reduction of iNOS in patients with
Helicobacter pylori infection [138]. Bai et al. comprehensively analyzed the effects of 3-carotene on the
redox-based NF-«kB activation in the lipopolysaccharide-stimulated macrophages. Their results showed
that 3-carotene inhibited iNOS and COX-2 expression, reduced the productions of pro-inflammatory
cytokines TNF-y and IL-1f3, and suppressed NF-kB activation [139]. Thus, carotenoid intervention
can potentially regulate the redox status of NF-«kB activation in the IBD progression. However, the
regulating effects of carotenoids on molecular mechanisms of NF-«B activation in IBD are not well
defined. Further studies are required to analyze the influence of carotenoids on inflammatory gene
expression during IBD progression.

8. Epigenetics and Cancer

Dietary compounds are the primary components that regulate gene expression by epigenetic
mechanisms such as DNA methylation and histone modification through histone acetyl transferases
(HATs) and histone deacetylases (HDACs). Long-term consumption of bioactive compounds may alter
the epigenome and significantly contribute to the development of nutritional programs to prevent
and treat metabolic diseases. Dietary bioactive compounds such as genistein, phenylisothiocyanate,
curcumin, resveratrol, indole-3-carbinol, and epigallocatechin-3-gallate, all regulate HDAC and
HAT activities, which may prevent cancer development [140,141]. Sulforaphane inhibits HDAC
activity in a dose-dependent manner in colon cancer cells (HCT116) [142]. Sulforaphane induces
acetylation of histones H3 and H4 in mouse tissues (ileum, colon, and prostate) and peripheral
mononuclear cells [143]. Resveratrol, a polyphenol in grapes, blueberries, mulberries, cranberries,
peanuts and red wine, is engaged in regulating signaling pathways involved in meiosis, cell growth,
apoptosis, angiogenesis and tumor metastasis. Resveratrol effects are mediated via regulation of
protein methylation and acetylation by targeting HDAC11, SIRT1, and HATp300 [144]. Curcumin
inhibits HATp300 activity, leading to induction of cancer cell apoptosis via p53 and caspase [144].

Isoflavones are bioactives, which have been shown to demonstrate health benefits including
cancer prevention. Soybean phytoestrogen genistein can induce post-translational changes in histones
and increase the expression of tumor suppressor genes p21 (WAF1/CIP1) and P16 by regulating
chromatin condensation via HAT expression in human prostate cancer cells. Genistein induced
demethylation and SIRT1 inhibition-mediated acetylation of histone H3-K9 associated with the PTEN,
CYCD, and FOXO3A promoters [145]. Polyphenols, including flavonoids, EGCG and green tea
catechin, reduce the activity of Class I HDACs in prostate cancer cells [146]. Quercetin, a polyphenol
found in apple, buckwheat and citrus, can activate SIRT1, and NAD-dependent deacetylase. Quercetin
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is able to inhibit the expression of TNF-induced IFN-y- inducible protein 10 (IP-10) and macrophage
inflammatory protein 2 (MIP-2). Consequently, It blocks post-translational modifications (acetylation
and phosphorylation) of H3 histones through p300/CBP induction. As a result, the promoters of
pro-inflammatory genes associated with H3 histones get affected by inhibiting cofactor recruitment at
the chromatin [147]. Moreover, through inhibition of HDAC and DNMT1, quercetin inhibits the cell
cycle and induces apoptosis consequently, suppressing tumor growth and angiogenesis [148].

Glucosinolates such as glucobrassicin, in Brassica vegetables such as broccoli, brussels sprouts,
cabbage and kale, can produce diindolylmethane (DIM) and indol-3-carbinol (I3C). The exposure to
DIM has shown a significant reduction in the levels of Class I HDACs, associated with the increase
in histone acetylation of the promoters of cell cycle kinase inhibitors p21WAF1 and p27, which halt
the cell cycle and increase DNA damage in colon cancer cells [149]. Organosulfur compounds diallyl
disulfide (DADS) and its active metabolite S-allyl mercaptocysteine (SAMC) in allium vegetables
such as garlic, induced an increase in histone H3K14 acetylation associated with the activation of p21
promoter and inhibition of the proliferation of breast and colon cancer cells [150].

9. MicroRNA, Nutrition and Cancer

MicroRNA (miRNA) are small noncoding RNA molecules (about 22 nucleotides in
length) involved in RNA silencing and post-transcriptional regulation of gene expression [151].
They negatively regulate gene expression by pairing with 3’-untranslated regions of target mRNAs,
inducing deadenylation and translational repression in a cell-type specific manner. MicroRNAs genes
are transcribed from classical genomic intron and exon regions. Their primary transcripts process
by successive actions of a nuclear (Drosha) and a cytoplasmic (Dicer) RNAase III. miRNAs became
particularly attractive in oncology since they are simple, stable molecules easy to detect in tissues and
blood circulation. Increasing evidence suggests that miRNAs are involved in broad genomic processes
including the regulation of expression of oncogenic and tumor-suppressive genes [152-154]. Studies
have shown different miRNA profiles in tumor tissues compared to normal tissues [155]. Importantly,
specific miRNA profiles seem to be present in different types of cancer [156]. Phytochemicals that
regulate expression and action of miRNA during cancer development including apoptosis, cell
cycle regulation, differentiation, inflammation, angiogenesis and metastasis may have a potential to
consider as a candidate for cancer therapy [157]. However, specific targeting and bioavailability of
phytochemicals need to be better understood before developing them into pharmaceuticals.

miRNA acts as tumor suppressors or oncogenes [158]. They are capable to influence cancer in
multiple ways like sustaining proliferative signaling, regulating the genomic stability and metabolisms
of cancerous cells, mediating the immune responses in cancer, evading growth suppressors, resisting
cell death, enabling replicative immortality, inducing angiogenesis, and activating invasion and
metastasis [159,160].

Phytochemicals can regulate the expression of various miRNAs in different types of cancers [157].
EGCG treatment of HepG2 liver cancer cells caused a significant change in 13 miRNA including miR-16
up-regulation and 48 miRNA down-regulation. EGCG treatment raised the level of miR-16, leading
to a decrease in Bcl2 level and induction of apoptosis [161]. Curcumin has also shown the potential
to increase 11 and decrease 18 miRNA expression following 72 h of incubation in human pancreatic
cancer cell cultures. Curcumin up-regulated miR-22 by suppressing the expression of its targets, Sp1
and ERR«1 which are transcription factors [162]. Curcumin also enhanced the expression of miR-15a
and miR-16 in MCF-7 breast cancer cells, leading to apoptosis [163]. Curcumin also reduced miR-21
promoter activity and expression in primary colon cancer [164].

Resveratrol is able to decrease the expression of oncogenic miRNAs in human colon cancer
cells, such as miR-17, miR-21, miR-25, miR-92a-2, miR-103-1, and miR-103-2, and restore tumor
suppressor miR-663 [165]. In pancreatic cancer cells, resveratrol inhibited the oncogenic miR-21 [166],
and prevented cell growth and induction of apoptosis by increasing miR-34a in colon cancer cells [167].
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Table 1 summarizes some examples in terms of effects of phytochemicals on different types of
cancers miRNA.

Table 1. Effects of phytochemicals on different types of cancer miRNA.

Phytochemicals miRNA Cancer References
Curcumin miR-22, m13—15a, miR-16, Pancreatic cancer, Breast [162-164]
miR-21 cancer, Colon cancer
Diindolylmethane (DIM) ~ miR-200, let-7, miR-21 Pa““eat‘fair;er' Breast [168,169]
. . . Lung cancer, HCC,
EGCG miR-98-5p, miR-13, miR-48, Prostate cancer, [161,167,170,171]
miR-16, miR-21 R
Pancreatic cancer
L . . . Prostate cancer, Ovarian
Genistein miR-221, miR-222, miR-27a [172,173]
cancer
Quercetin miR-27a, Let-7 Colorectal cancer, [174,175]
Pancreatic cancer
miR-17, miR-21, miR-25, Colon cancer. Pancreati
Resveratrol miR-92a-2, miR-103-1 and olon cancer, Fancreatic [165-167]

miR-103-2, miR-663, miR-34a cancer

10. Metabolic Stability of Plant Bioactives

Metabolic stability of anthocynins during their transit through gastrointestinal tract is another
interesting aspect that may influence the bioaccessibility, bioavailability and the beneficial effects of
bioactives such as polyphenols. Anthocyanins are unstable at alkaline pH, and undergo ring fission
during their transit in small intestine. Further, the components that escape the intestinal conditions
are subjected to colonic fermentation; generating a variety of simple components such as phenolic
acids. It is believed that, these phenolic acids have a beneficial role in providing health benefits,
probably through their antioxidant function, or through modulation of antioxidant systems. Structural
changes of anthocyanins during intestinal digestion and colonic fermentation by microbiome influence
their absorption. Accordingly, in vitro research on blueberry polyphenols showed that stability of the
anthocyanins depends on the nature and number of sugars attached to the benzopyran ring and the
variety of acidic components (e.g., acetoyl, malonoyl, caffeoyl, and coumaroyl groups) that are linked
to sugar moiety. Such changes in phenolic compounds may enhance their function by reducing the
risk of developing chronic diseases such as cancer through multiple mode of action [176,177].

11. Conclusions

As a result of new approaches, the concept of achieving ideal health is changing, and focusses
on the importance of a healthy lifestyle centered on diet and exercise. Diet plays a crucial role in the
regulation of metabolic pathways genetically and epigenetically. Many epidemiologic studies have
shown positive influences of fruit- and vegetable- enriched diets in preventing chronic diseases such
as cancer. Although numerous bioactive compounds appear to have beneficial effects in preventing
cancers, strong scientific evidence, based on clinical studies, needs to be gathered before offering
science-based dietary recommendations. By the help of modern genetics, chemistry and molecular
biology, nutrition research will increasingly be able to apply new discoveries to develop designer
functional foods by adding specific bioactive characteristics for preventing and reducing the risk of
cancer development. Herbal medicines have been used since ancient times. They are usually a mixture
of several compounds, which can affect cells, but whether it is an impact of a single compound or a
specific combination, is poorly understood. It is time to connect all these knowledge and experiences
gathered over thousands of years in several civilizations to technology. Thus, functional components
of food can be effectively applied in the treatment and prevention of cancer [178,179]. Figure 2 depicts
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how science, knowledge, experience and technology can be rationally applied in understanding the
regulation of signaling pathways such as those controlling pluripotency, LDH-A pathway, epigenetic
modifications, detoxification pathway and miRNA action to combat cancer.
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Figure 2. The mechanisms used by bioactive nutrients to reduce cancer risk.
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UDP-GT UDP-glucuronyl transferase

Nrf2 Nuclear factor F-related factor 2
Keapl Kelch-like ECH-associated protein 1
ARE Antioxidant responsive element

Keap1/Nrf2/ARE Kelch ECH associating protein 1/NF-E2-related factor 2/ Antioxidant Response Elements
I3C Indole 3-carbinol

CD Crohn’s disease

ucC Ulcerative colitis

GPR43 G-protein coupled receptor 43

CRP C-Reactive protein

ILs Interleukins

LDL Low-density lipoprotein

MPO Myeloperoxidase

ox-LDL Oxidized-LDL

CXCL16 Chemokine (C-X-C motif) ligand 16-a
IFNs Interferons

GALT Gut-associated lymphoid tissue
TLRs Toll-like receptors

NOD2 Nucleotide-binding oligomerization domain-containing protein 2
COX Cyclooxygenase

LP Lamina propria

oS Oxidative stress

HATs Histone acetyl transferases

HDACs Histone deacetylases

IP-10 Inducible protein 10

MIP-2 Macrophage inflammatory protein 2
DIM Diindolylmethane

DADS Diallyl disulfide

SAMC S-allyl mercaptocysteine
References

1. Boerma, T.; Mathers, C.; AbouZahr, C.; Chatterji, S.; Hogan, D.; Stevens, D.; Mahanani, WR.; Ho, J.;
Rusciano, F; Humphreys, G. Non communicable diseases Chapter 6. In Health in 2015: From MDGs,
Millennium Development Goals to SDGs, Sustainable Development Goals; World Health Organization: Geneva,
Switzerland, 2015; pp. 142-143.

2. Cooper, G.M. Cancer. In The Cell: A Molecular Approach, 2nd ed.; Sinauer Association: Sunderland, MA,
USA, 2000.

3.  Cairns, J. The epidemiology of cancer. In Cancer: Science and Society; W.H. Freeman and Company: San
Francisco, CA, USA, 1978; p. 41.

4.  National Research Council (US) Committee on Diet, Nutrition, and Cancer. Diet, Nutrition, and Cancer;
National Academies Press: Washington, DC, USA, 1982.

5. Xiao, J.; Capanoglu, E.; Jassbi, A.R.; Miron, A. The paradox of natural flavonoid C-glycosides and health
benefits: When more occurrence is less research. Biotechnol. Adv. 2014. [CrossRef] [PubMed]

6. Kamiloglu, S.; Pasli, A.A.; Ozcelik, B.; van Camp, J.; Capanoglu, E. Influence of different processing and
storage conditions on in vitro bioaccessibility of polyphenols in black carrot jams and marmalades. Food Chem.
2015, 186, 74-82. [CrossRef] [PubMed]

7. Kris-Etherton, PM.; Hecker, K.D.; Bonanome, A.; Coval, SM.; Binkoski, A.E.; Hilpert, K.F,; Griel, A.E.;
Etherton, T.D. Bioactive compounds in foods: Their role in the prevention of cardiovascular disease and
cancer. Am. J. Med. 2002, 113, 715-88S. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.biotechadv.2014.11.002
http://www.ncbi.nlm.nih.gov/pubmed/25450193
http://dx.doi.org/10.1016/j.foodchem.2014.12.046
http://www.ncbi.nlm.nih.gov/pubmed/25976794
http://dx.doi.org/10.1016/S0002-9343(01)00995-0
http://www.ncbi.nlm.nih.gov/pubmed/18815741

Int. ]. Mol. Sci. 2017, 18, 2050 14 of 22

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Russo, M.; Spagnuolo, C.; Tedesco, I.; Russo, G.L. Phytochemicals in cancer prevention and therapy: Truth
or dare? Toxins 2010, 2, 517-551, PMCID:PMC3153217. [CrossRef] [PubMed]

Hosseini, A.; Ghorbani, A. Cancer therapy with phytochemicals: Evidence from clinical studies. Avicenna J.
Phytomed. 2015, 5, 84-97, PMCID:PM(C4418057. [PubMed]

Hodges, R.E.; Minich, D.M. Modulation of metabolic detoxification pathways using foods and food-derived
components: A scientific review with clinical application. J. Nutr. Metab. 2015, 2015, 760689,
PMCID:PMC4620254. [CrossRef] [PubMed]

Steinkellner, H.; Rabot, S.; Freywald, C.; Nobis, E.; Scharf, G.; Chabicovsky, M.; Knasmiiller, S.; Kassie, F.
Effects of cruciferous vegetables and their constituents on drug metabolizing enzymes involved in the
bioactivation of DNA-reactive dietary carcinogens. Mutat. Res. 2001, 480481, 285-297. [CrossRef] [PubMed]
Zhang, T.; Jiang, S.; He, C.; Kimura, Y.; Yamashita, Y.; Ashida, H. Black soybean seed coat polyphenols
prevent B (a) P-induced DNA damage through modulating drug-metabolizing enzymes in HepG2 cells and
ICR mice. Mutat. Res. 2013, 752, 34-41. [CrossRef] [PubMed]

Devassy, ].G.; Nwachukwu, I.D.; Jones, P.J. Curcumin and cancer: Barriers to obtaining a health claim.
Nutr. Rev. 2015, 73, 155-165. [CrossRef] [PubMed]

Sung, B.; Prasad, S.; Yadav, V.R.; Aggarwal, B.B. Cancer cell signaling pathways targeted by spice-derived
nutraceuticals. Nutr. Cancer 2012, 64, 173-197, PMCID:PMC3645308. [CrossRef] [PubMed]

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. 2010, 29, 405-434, PMCID:PMC2996866. [CrossRef] [PubMed]

Meeran, S.M.; Ahmed, A_; Tollefsbol, T.O. Epigenetic targets of bioactive dietary components for cancer
prevention and therapy. Clin. Epigenet. 2010, 1, 101-116, PMCID:PMC3024548. [CrossRef] [PubMed]
Aggarwal, B.B.; Vijayalekshmi, R.V.; Sung, B. Targeting inflammatory pathways for prevention and therapy
of cancer: Short-Term Friend, Long-Term Foe. Clin. Cancer Res. 2009, 15, 425-430. [CrossRef] [PubMed]
Fan, Y.; Mao, R.; Yang, ]. NF-kB and STAT3 signaling pathways collaboratively link inflammation to cancer.
Protein Cell 2013, 4, 176-185, PMCID:PMC4875500. [CrossRef] [PubMed]

Pavlick, K.P; Laroux, ES.; Fuseler, J.; Wolf, R.E.; Gray, L.; Hoffman, J.; Grisham, M.B. Role of reactive
metabolites of oxygen and nitrogen in inflammatory bowel disease. Free Radic. Biol. Med. 2002, 33, 311-322.
[CrossRef] [PubMed]

Rogler, G.; Brand, K.; Vogl, D.; Page, S.; Hofmeister, R.; Andus, T.; Knuechel, R.; Baeuerle, P.A.; Scholmerich, J.;
Gross, V. Nuclear factor kappa-B is activated in macrophages and epithelial cells of inflamed intestinal
mucosa. Gastroenterology 1998, 115, 357-369. [CrossRef] [PubMed]

Paliyath, G.; Bakovic, M.; Shetty, K. Functional Foods, Nutraceuticals and Degenerative Disease Prevention;
Wiley-Blackwell: Oxford, UK, 2011; p. 392.

Hakimuddin, E; Paliyath, G.; Meckling, K. Selective cytotoxicity of a red grape wine flavonoid fraction
against MCEF-7 cells. Breast Cancer Res. Treat. 2004, 85, 65-79. [CrossRef] [PubMed]

Hakimuddin, F; Paliyath, G.; Meckling, K. Treatment of mcf-7 breast cancer cells with a red grape wine
polyphenol fraction results in disruption of calcium homeostasis and cell cycle arrest causing selective
cytotoxicity. J. Agric. Food Chem. 2006, 54, 7912-7923. [CrossRef] [PubMed]

Hakimuddin, F; Tiwari, K.; Paliyath, G.; Meckling, K. Grape and wine polyphenols down-regulate the
expression of signal transduction genes and inhibit the growth of estrogen receptor-negative mda-mb231
tumors in nu/nu mouse xenografts. Nutr. Res. 2008, 28, 702713. [CrossRef] [PubMed]

Jacob, ] K.; Tiwari, K.; Correa-Betanzo, J.; Misran, A.; Chandrasekaran, R.; Paliyath, G. Biochemical basis for
functional ingredient design from fruits. Annu. Rev. Food Sci. Technol. 2012, 3, 79-104. [CrossRef] [PubMed]
Georgiev, V.; Ananga, A.; Tsolova, V. Recent advances and uses of grape flavonoids as nutraceuticals.
Nutrients 2014, 6, 391-415, PMCID:PMC3916869. [CrossRef] [PubMed]

Seymour, C.B.; Motherstill, C. Breast cancer causes and treatment: Where are we going wrong? Breast Cancer
2013, 5, 111-119, PMCID:PM(C3929331. [CrossRef] [PubMed]

Diplock, A.T.; Charleux, J.L.; Crozier-Willi, G.; Kok, F]J.; Rice-Evans, C.; Roberfroid, M.; Stahl, W,;
Vifia-Ribes, J. Functional food science and defence against reactive oxygen species. Br. |. Nutr. 1998,
80, S77-S112. [CrossRef] [PubMed]


http://dx.doi.org/10.3390/toxins2040517
http://www.ncbi.nlm.nih.gov/pubmed/22069598
http://www.ncbi.nlm.nih.gov/pubmed/25949949
http://dx.doi.org/10.1155/2015/760689
http://www.ncbi.nlm.nih.gov/pubmed/26167297
http://dx.doi.org/10.1016/S0027-5107(01)00188-9
http://www.ncbi.nlm.nih.gov/pubmed/11506821
http://dx.doi.org/10.1016/j.mrgentox.2013.01.002
http://www.ncbi.nlm.nih.gov/pubmed/23370448
http://dx.doi.org/10.1093/nutrit/nuu064
http://www.ncbi.nlm.nih.gov/pubmed/26024538
http://dx.doi.org/10.1080/01635581.2012.630551
http://www.ncbi.nlm.nih.gov/pubmed/22149093
http://dx.doi.org/10.1007/s10555-010-9235-2
http://www.ncbi.nlm.nih.gov/pubmed/20737283
http://dx.doi.org/10.1007/s13148-010-0011-5
http://www.ncbi.nlm.nih.gov/pubmed/21258631
http://dx.doi.org/10.1158/1078-0432.CCR-08-0149
http://www.ncbi.nlm.nih.gov/pubmed/19147746
http://dx.doi.org/10.1007/s13238-013-2084-3
http://www.ncbi.nlm.nih.gov/pubmed/23483479
http://dx.doi.org/10.1016/S0891-5849(02)00853-5
http://www.ncbi.nlm.nih.gov/pubmed/12126753
http://dx.doi.org/10.1016/S0016-5085(98)70202-1
http://www.ncbi.nlm.nih.gov/pubmed/9679041
http://dx.doi.org/10.1023/B:BREA.0000021048.52430.c0
http://www.ncbi.nlm.nih.gov/pubmed/15039598
http://dx.doi.org/10.1021/jf060834m
http://www.ncbi.nlm.nih.gov/pubmed/17002470
http://dx.doi.org/10.1016/j.nutres.2008.06.009
http://www.ncbi.nlm.nih.gov/pubmed/19083478
http://dx.doi.org/10.1146/annurev-food-022811-101127
http://www.ncbi.nlm.nih.gov/pubmed/22224553
http://dx.doi.org/10.3390/nu6010391
http://www.ncbi.nlm.nih.gov/pubmed/24451310
http://dx.doi.org/10.2147/BCTT.S44399
http://www.ncbi.nlm.nih.gov/pubmed/24648764
http://dx.doi.org/10.1079/BJN19980106
http://www.ncbi.nlm.nih.gov/pubmed/9849355

Int. ]. Mol. Sci. 2017, 18, 2050 15 of 22

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Valko, M.; Leibfritz, D.; Moncol, J.; Cronin, M.T.; Mazur, M.; Telser, J. Free radicals and antioxidants in
normal physiological functions and human disease. Int. J. Biochem. Cell Biol. 2007, 39, 44-84. [CrossRef]
[PubMed]

Khansari, N.; Shakiba, Y.; Mahmoudi, M. Chronic inflammation and oxidative stress as a major cause
of age-related diseases and cancer. Recent Pat. Inflamm. Allergy Drug Discov. 2009, 3, 73-80. [CrossRef]
[PubMed]

Giampieri, F; Forbes-Hernandez, T.Y.; Gasparrini, M.; Alvarez-Suarez, ] M.; Afrin, S.; Bompadre, S.;
Quiles, J.L.; Mezzetti, B.; Battino, M. Strawberry as a health promoter: An evidence based review. Food Funct.
2015, 6, 1386-1398. [CrossRef] [PubMed]

Koztowska, A.; Szostak-Wegierek, D. Flavonoids-food sources and health benefits. Rocz. Panstw. Zakl. Hig.
2014, 65, 79-85. [PubMed]

Copple, LM. The Keap1-Nrf2 cell defense pathway—A promising therapeutic target? Adv. Pharmacol. 2012,
63, 43-79. [CrossRef] [PubMed]

Wang, F.; Shan, Y. Sulforaphane retards the growth of UM-UC-3 xenographs, induces apoptosis, and reduces
survivin in athymic mice. Nutr. Res. 2012, 32, 374-380. [CrossRef] [PubMed]

Lee, Y.J.; Lee, S.H. Sulforaphane induces antioxidative and antiproliferative responses by generating reactive
oxygen species in human bronchial epithelial BEAS-2B cells. |. Korean Med. Sci. 2011, 26, 1474-1482,
PMCID:PMC3207051. [CrossRef] [PubMed]

Dinkova-Kostova, A.T.; Talalay, P. Relation of structure of curcumin analogs to their potencies as inducers of
Phase 2 detoxification enzymes. Carcinogen 1999, 20, 911-914. [CrossRef] [PubMed]

Kensler, TW.; Wakabayashi, N.; Biswal, S. Cell survival responses to environmental stresses via the
Keap1-Nrf2-ARE pathway. Annu. Rev. Phamacol. Toxicol. 2007, 47, 89-116. [CrossRef] [PubMed]
Dinkova-Kostova, A.T.; Wang, X.J. Induction of the Keap1/Nrf2/ARE pathway by oxidizable diphenols.
Chem. Biol. Interact. 2011, 192, 101-106. [CrossRef] [PubMed]

Verhoeven, D.T.; Goldbohm, R.A.; van Poppel, G.; Verhagen, H.; van den Brandt, P.A. Epidemiological
studies on Brassica vegetables and cancer risk. Cancer Epidemiol. Biomark. Prev. 1996, 5, 733-748. [PubMed]
Jackson, SJ.T.; Singletary, K.W. Sulforaphane Inhibits human MCF-7 mammary cancer cell mitotic
progression and tubulin polymerization. J. Nutr. 2004, 134, 2229-2236. [PubMed]

Choi, S.; Singh, S.V. Bax and Bak are required for apoptosis induction by sulforaphane, a cruciferous
vegetable-derived cancer chemopreventive agent. Cancer Res. 2005, 65, 2035-2043. [CrossRef] [PubMed]
Myzak, M.M.; Dashwood, R.H. Chemoprotection by sulforaphane: Keep one eye beyond Keapl. Cancer Lett.
2006, 233, 208-218, PMCID:PMC2276573. [CrossRef] [PubMed]

Finley, JW.; Ip, C.; Lisk, D.J.; Davis, C.D.; Hintze, K.J.; Whanger, P.D. Cancer-protective properties of
high-selenium broccoli. J. Agric. Food Chem. 2001, 49, 2679-2683. [CrossRef] [PubMed]

Bostwick, D.G.; Alexander, E.E.; Singh, R.; Shan, A.; Qian, J.; Santella, RM.; Oberley, L.W.; Yan, T.; Zhong, W.;
Jiang, X.; et al. Antioxidant enzyme expression and reactive oxygen species damage in prostatic intraepithelial
neoplasia and cancer. Cancer 2000, 89, 123-134. [CrossRef] [PubMed]

Rasheed, Z.; Akhtar, N.; Anbazhagan, A.N.; Ramamurthy, S.; Shukla, M.; Haqqi, T.M. Polyphenol-rich
pomegranate fruit extract (POMx) suppresses PMACI-induced expression of pro-inflammatory cytokinesby
inhibiting the activation of MAP Kinases and NF-kappaB in human KU812 cells. ]. Inflamm. 2009,
PMCID:PMC2625340. [CrossRef] [PubMed]

Leyva-Lépez, N.; Gutierrez-Grijalva, E.P.; Ambriz-Perez, D.L.; Heredia, J.B. Flavonoids as cytokine
modulators: A possible therapy for inflammation-related diseases. Int. J. Mol. Sci. 2016, 17, 921,
PMCID:PMC4926454. [CrossRef] [PubMed]

Danovi, S. Feeling the Heat-the Link between Inflammation and Cancer. Cancer Research UK, 1 February
2013. Available online: http://scienceblog.cancerresearchuk.org/2013/02/01/feeling-the-heat-the-link-
between-inflammation-and-cancer/ (accessed on 25 September 2017).

Jacob, ].K.; Paliyath, G. Composition and chemistry of functional foods and nutraceuticals: Influence on
bioaccessibility and bioavailability. In Functional Foods, Nutraceuticals and Degenerative Disease Prevention;
Paliyath, G., Bakovic, M., Shetty, K., Eds.; Wiley-Blackwell: Oxford, UK, 2011; pp. 113-144.

Young, D.; Tsao, R.; Mine, Y. Nutraceuticals and antioxidant function. In Functional Foods, Nutraceuticals and
Degenerative Disease Prevention; Paliyath, G., Bakovic, M., Shetty, K., Eds.; Wiley-Blackwell: Oxford, UK, 2011;
pp- 75-112.


http://dx.doi.org/10.1016/j.biocel.2006.07.001
http://www.ncbi.nlm.nih.gov/pubmed/16978905
http://dx.doi.org/10.2174/187221309787158371
http://www.ncbi.nlm.nih.gov/pubmed/19149749
http://dx.doi.org/10.1039/C5FO00147A
http://www.ncbi.nlm.nih.gov/pubmed/25803191
http://www.ncbi.nlm.nih.gov/pubmed/25272572
http://dx.doi.org/10.1016/B978-0-12-398339-8.00002-1
http://www.ncbi.nlm.nih.gov/pubmed/22776639
http://dx.doi.org/10.1016/j.nutres.2012.03.014
http://www.ncbi.nlm.nih.gov/pubmed/22652377
http://dx.doi.org/10.3346/jkms.2011.26.11.1474
http://www.ncbi.nlm.nih.gov/pubmed/22065904
http://dx.doi.org/10.1093/carcin/20.5.911
http://www.ncbi.nlm.nih.gov/pubmed/10334211
http://dx.doi.org/10.1146/annurev.pharmtox.46.120604.141046
http://www.ncbi.nlm.nih.gov/pubmed/16968214
http://dx.doi.org/10.1016/j.cbi.2010.09.010
http://www.ncbi.nlm.nih.gov/pubmed/20846517
http://www.ncbi.nlm.nih.gov/pubmed/8877066
http://www.ncbi.nlm.nih.gov/pubmed/15333709
http://dx.doi.org/10.1158/0008-5472.CAN-04-3616
http://www.ncbi.nlm.nih.gov/pubmed/15753404
http://dx.doi.org/10.1016/j.canlet.2005.02.033
http://www.ncbi.nlm.nih.gov/pubmed/16520150
http://dx.doi.org/10.1021/jf0014821
http://www.ncbi.nlm.nih.gov/pubmed/11368655
http://dx.doi.org/10.1002/1097-0142(20000701)89:1&lt;123::AID-CNCR17&gt;3.0.CO;2-9
http://www.ncbi.nlm.nih.gov/pubmed/10897009
http://dx.doi.org/10.1186/1476-9255-6-1
http://www.ncbi.nlm.nih.gov/pubmed/19133134
http://dx.doi.org/10.3390/ijms17060921
http://www.ncbi.nlm.nih.gov/pubmed/27294919
http://scienceblog.cancerresearchuk.org/2013/02/01/feeling-the-heat-the-link-between-inflammation-and-cancer/
http://scienceblog.cancerresearchuk.org/2013/02/01/feeling-the-heat-the-link-between-inflammation-and-cancer/

Int. ]. Mol. Sci. 2017, 18, 2050 16 of 22

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Asl, MIN.; Hosseinzadeh, H. Review of pharmacological effects of Glycyrrhiza sp. and its bioactive
compounds. Phytother. Res. 2008, 22, 709-724. [CrossRef] [PubMed]

Takei, M.; Kobayashi, M.; Herndon, D.N.; Pollard, R.B.; Suzuki, F. Glycyrrhizin inhibits the manifestations
of anti-inflammatory responses that appear in association with systemic inflammatory response syndrome
(SIRS)-like reactions. Cytokine 2006, 35, 295-301. [CrossRef] [PubMed]

Wu, TY,; Khor, T.O.; Saw, C.L; Loh, S.C;; Chen, Al; Lim, S.S; Park, JH., Cai, L.; Kong, AN.
Anti-inflammatory/ Anti-oxidative stress activities and differential regulation of Nrf2-mediated genes by
non-polar fractions of tea Chrysanthemum zawadskii and licorice Glycyrrhiza uralensis. AAPS J. 2011, 13,
1-13, PMCID:PMC3032091. [CrossRef] [PubMed]

Kim, J.Y,; Park, S.J.; Yun, K.J.; Cho, Y.W.; Park, H.].; Lee, K.T. Isoliquiritigenin isolated from the roots of
Glycyrrhiza uralensis inhibits LPS-induced iNOS and COX-2 expression via the attenuation of NF-kappaB
in RAW 264.7 macrophages. Eur. J. Pharmacol. 2008, 584, 175-184. [CrossRef] [PubMed]

Prawan, A.; Saw, C.L.; Khor, T.O.; Keum, Y.S.; Yu, S.; Hu, L. Anti-NF-kappaB and anti-inflammatory activities
of synthetic isothio- cyanates: Effect of chemical structures and cellular signaling. Chem. Biol. Interact. 2009,
179, 202-211, PMCID:PMC2678965. [CrossRef] [PubMed]

Jeong, W.S.; Keum, Y.S.; Chen, C.; Jain, M.R; Shen, G.; Kim, ].H.; Li, W.; Kong, A.N. Differential expression
and stability of endogenous nuclear factor E2-related factor 2 (Nrf2) by natural chemopreventive compounds
in HepG2 human hepatoma cells. J. Biochem. Mol. Biol. 2005, 38, 167-176. [CrossRef] [PubMed]

Khor, T.O.; Huang, M.T.; Kwon, K.H.; Chan, ]J.Y,; Reddy, B.S.; Kong, A.N. Nrf2-deficient mice have an
increased susceptibility to dextran sulfate sodium-induced colitis. Cancer Res. 2006, 66, 11580-11584.
[CrossRef] [PubMed]

Kawamori, T.; Lubet, R; Steele, V.E.; Kelloff, G.J.; Kaskey, R.B.; Rao, C.V.; Reddy, B.S. Chemopreventive effect
of curcumin, a naturally occurring anti-inflammatory agent, during the promotion/progression stages of
colon cancer. Cancer Res. 1999, 59, 597-601. [PubMed]

Aggarwal, B.; Shishodia, S. Molecular targets of dietary agents for prevention and therapy of cancer.
Biochem. Pharmacol. 2006, 71, 1397-1421. [CrossRef] [PubMed]

Cen, L.; Hutzen, B.; Ball, S.; DeAngelis, S.; Chen, C.L.; Fuchs, ].R.; Li, C.; Li, PK.; Lin, J. New structural
analogues of curcumin exhibit potent growth suppressive activity in human colorectal carcinoma cells.
BMC Cancer 2009, 9, 99, PMCID:PMC2674881. [CrossRef] [PubMed]

Das, L.; Vinayak, M. Long term effect of curcumin in restoration of tumour suppressor p53 and phase-II
antioxidant enzymes via activation of NRF2 signalling and modulation of inflammation in prevention of
cancer. PLoS ONE 2015, 10, e0124000, PMCID:PMC4393109. [CrossRef] [PubMed]

Khan, M.A.; Gahlot, S.; Majumdar, S. Oxidative stress induced by curcumin promotes the death of cutaneous
T-cell lymphoma (HuT-78) by disrupting the function of several molecular targets. Mol. Cancer Ther. 2012,
11, 1873-1883. [CrossRef] [PubMed]

Wong, G.Y.; Bradlow, H.L.; Sepkovic, D.; Mehl, S.; Mailman, J.; Osborne, M.P. Dose-ranging study of
indole-3-carbinol for breast cancer prevention. J. Cell. Biochem. Suppl. 1997, 28-29, 111-116. [CrossRef]
[PubMed]

Sowers, M.R.; Crawford, S.; McConnell, D.S.; Randolph, ].S.; Gold, E.B.; Wilkins, M.K,; Lasley, B. Selected
diet and lifestyle factors are associated with estrogen metabolites in a multiracial/ethnic population of
women. J. Nutr. 2006, 136, 1588-1595. [PubMed]

Ashok, B.T.; Chen, Y,; Liu, X.; Bradlow, H.L.; Mittelman, A.; Tiwari, R.K. Abrogation of estrogen-mediated
cellular and biochemical effects by indole-3-carbinol. Nutr. Cancer 2001, 41, 180-187. [CrossRef] [PubMed]
Chinni, S.R.; Li, Y.; Upadhyay, S.; Koppolu, PK.; Sarkar, F.H. Indole-3-carbinol (i3c) induced cell growth
inhibition, G1 cell cycle arrest and apoptosis in prostate cancer cells. Oncogene 2001, 20, 2927-2936. [CrossRef]
[PubMed]

Rosen, C.A.; Woodson, G.E.; Thompson, ] W.; Hengesteg, A.P.; Bradlow, H.L. Preliminary results of the use
of indole-3-carbinol for recurrent respiratory papillomatosis. Otolaryngol. Head Neck Surg. 1998, 118, 810-815.
[CrossRef] [PubMed]

Boivin, D.; Blanchette, M.; Barrette, S.; Moghrabi, A.; Béliveau, R. Inhibition of cancer cell proliferation and
suppression of TNF-induced activation of NFkappaB by edible berry juice. Anticancer Res. 2007, 27, 937-948.
[PubMed]


http://dx.doi.org/10.1002/ptr.2362
http://www.ncbi.nlm.nih.gov/pubmed/18446848
http://dx.doi.org/10.1016/j.cyto.2006.10.002
http://www.ncbi.nlm.nih.gov/pubmed/17113306
http://dx.doi.org/10.1208/s12248-010-9239-4
http://www.ncbi.nlm.nih.gov/pubmed/20967519
http://dx.doi.org/10.1016/j.ejphar.2008.01.032
http://www.ncbi.nlm.nih.gov/pubmed/18295200
http://dx.doi.org/10.1016/j.cbi.2008.12.014
http://www.ncbi.nlm.nih.gov/pubmed/19159619
http://dx.doi.org/10.5483/BMBRep.2005.38.2.167
http://www.ncbi.nlm.nih.gov/pubmed/15826493
http://dx.doi.org/10.1158/0008-5472.CAN-06-3562
http://www.ncbi.nlm.nih.gov/pubmed/17178849
http://www.ncbi.nlm.nih.gov/pubmed/9973206
http://dx.doi.org/10.1016/j.bcp.2006.02.009
http://www.ncbi.nlm.nih.gov/pubmed/16563357
http://dx.doi.org/10.1186/1471-2407-9-99
http://www.ncbi.nlm.nih.gov/pubmed/19331692
http://dx.doi.org/10.1371/journal.pone.0124000
http://www.ncbi.nlm.nih.gov/pubmed/25860911
http://dx.doi.org/10.1158/1535-7163.MCT-12-0141
http://www.ncbi.nlm.nih.gov/pubmed/22653966
http://dx.doi.org/10.1002/(SICI)1097-4644(1997)28/29+&lt;111::AID-JCB12&gt;3.0.CO;2-K
http://www.ncbi.nlm.nih.gov/pubmed/9589355
http://www.ncbi.nlm.nih.gov/pubmed/16702326
http://dx.doi.org/10.1080/01635581.2001.9680630
http://www.ncbi.nlm.nih.gov/pubmed/12094623
http://dx.doi.org/10.1038/sj.onc.1204365
http://www.ncbi.nlm.nih.gov/pubmed/11420705
http://dx.doi.org/10.1016/S0194-5998(98)70274-8
http://www.ncbi.nlm.nih.gov/pubmed/9627242
http://www.ncbi.nlm.nih.gov/pubmed/17465224

Int. ]. Mol. Sci. 2017, 18, 2050 17 of 22

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Huang, C.; Zhang, D.; Li, J.; Tong, Q.; Stoner, G.D. Differential inhibition of UV-induced activation of NF
kappa B and AP-1 by extracts from black raspberries, strawberries, and blueberries. Nutr. Cancer 2007, 58,
205-212. [CrossRef] [PubMed]

Sharma, M.; Li, L.; Celver, J.; Killian, C.; Kovoor, A.; Seeram, N.P. Effects of fruit ellagitannin extracts, ellagic
acid, and their colonic metabolite, urolithin A, on Wnt signaling. J. Agric. Food Chem. 2010, 58, 3965-3969,
PMCID:PMC2850963. [CrossRef] [PubMed]

Poulose, S.M.; Harris, E.D.; Patil, B.S. Antiproliferative effects of citrus limonoids against human
neuroblastoma and colonic adenocarcinoma cells. Nutr. Cancer 2006, 56, 103-112. [CrossRef] [PubMed]
Jayaprakasha, G.K.; Girennavar, B.; Patil, B.S. Radical scavenging activities of Rio Red grapefruits and Sour
orange fruit extracts in different in vitro model systems. Bioresour. Technol. 2008, 99, 4484-4494. [CrossRef]
[PubMed]

Jayaprakasha, G.K ; Jadegoud, Y.; Nagana Gowda, G.A.; Patil, B.S. Bioactive compounds from sour orange
inhibit colon cancer cell proliferation and induce cell cycle arrest. J. Agric. Food Chem. 2010, 58, 180-186.
[CrossRef] [PubMed]

Casagrande, F.; Darbon, J.M. Effects of structurally related flavonoids on cell cycle progression of human
melanoma cells: Regulation of cyclin-dependent kinases CDK2 and CDK1. Biochem. Pharmacol. 2001, 61,
1205-1215. [CrossRef] [PubMed]

Pan, M.H.; Chen, W.].; Lin-Shiau, S.Y.; Ho, C.T.; Lin, ] K. Tangeretin induces cell-cycle G1 arrest through
inhibiting cyclin-dependent kinases 2 and 4 activities as well as elevating Cdk inhibitors p21 and p27 in
human colorectal carcinoma cells. Carcinogenesis 2002, 23, 1677-1684. [CrossRef] [PubMed]

Siess, M.H.; Le Bon, A.M.,; Canivenc-Lavier, M.C.; Suschetet, M. Mechanisms involved in the
chemoprevention of flavonoids. Biofactors 2000, 12, 193-199. [CrossRef] [PubMed]

Duthie, G.; Morrice, P. Antioxidant capacity of flavonoids in hepatic microsomes is not reflected by
antioxidant effects in vivo. Oxid. Med. Cell. Longev. 2012, 2012, 165127, PMCID:PMC3412118. [CrossRef]
[PubMed]

Tan, B.; Liu, Y,; Chang, K.; Lim, B.K.; Chiu, G.N. Perorally active nanomicellar formulation of quercetin in
the treatment of lung cancer. Int. J. Nanomed. 2012, 7, 651-661, PMCID:PMC3278229. [CrossRef] [PubMed]
Jakubikova, J.; Cervi, D.; Ooi, M.; Kim, K.; Nahar, S.; Klippel, S.; Cholujova, D.; Leiba, M.; Daley, J.F.;
Delmore, J.; et al. Anti-tumor activity and signaling events triggered by the isothiocyanates, sulforaphane
and PEITC in multiple myeloma. Haematologica 2011, 96, 1170-1179, PMCID:PMC3278229. [CrossRef]
[PubMed]

Yan, H.; Zhu, Y.; Liu, B.; Wu, H,; Li, Y.; Wu, X; Zhou, Q.; Xu, K. Mitogen-activated protein kinase mediates the
apoptosis of highly metastatic human non-small cell lung cancer cells induced by isothiocyanates. Br. J. Nutr.
2011, 106, 1779-1791. [CrossRef] [PubMed]

Sa, G.; Das, T. Anti cancer effects of curcumin: Cycle of life and death. Cell Div. 2008, 3, 14,
PMCID:PMC2572158. [CrossRef] [PubMed]

Sahu, R.P; Batra, S.; Srivastava, S.K. Activation of ATM/Chk1 by curcumin causes cell cycle arrest and
apoptosis in human pancreatic cancer cells. Br. ]. Cancer 2009, 100, 1425-1433, PMCID:PMC2694438.
[CrossRef] [PubMed]

Karin, M.; Cao, Y.; Greten, ER; Li, Z.W. NF-kappaB in cancer: From innocent bystander to major culprit.
Nat. Rev. Cancer 2002, 2, 301-310. [CrossRef] [PubMed]

Klaus, A.; Birchmeier, W. Wnt signalling and its impact on development and cancer. Nat. Rev. Cancer 2008, 8,
387-398. [CrossRef] [PubMed]

Sebolt-Leopold, ].S.; Herrera, R. Targeting the mitogen-activated protein kinase cascade to treat cancer.
Nat. Rev. Cancer 2004, 4, 937-947. [CrossRef] [PubMed]

Stiewe, T. The p53 family in differentiation and tumorigenesis. Nat. Rev. Cancer 2007, 7, 165-168. [CrossRef]
[PubMed]

Li, Y.; Kong, D.; Bao, B.; Ahmad, A.; Sarkar, FH. Induction of cancer cell death by isoflavone: The role of
multiple signaling pathways. Nutrients 2011, 3, 877-896, PMCID:PM(C3244210. [CrossRef] [PubMed]
Singh, T.; Katiyar, S.K. Honokiol inhibits non-small cell lung cancer cell migration by targeting
PGE;-mediated activation of (-catenin signaling. PLoS ONE 2013, 8, e60749, PMCID:PMC3620279.
[CrossRef] [PubMed]


http://dx.doi.org/10.1080/01635580701328453
http://www.ncbi.nlm.nih.gov/pubmed/17640167
http://dx.doi.org/10.1021/jf902857v
http://www.ncbi.nlm.nih.gov/pubmed/20014760
http://dx.doi.org/10.1207/s15327914nc5601_14
http://www.ncbi.nlm.nih.gov/pubmed/17176224
http://dx.doi.org/10.1016/j.biortech.2007.07.067
http://www.ncbi.nlm.nih.gov/pubmed/17935981
http://dx.doi.org/10.1021/jf9027816
http://www.ncbi.nlm.nih.gov/pubmed/20000570
http://dx.doi.org/10.1016/S0006-2952(01)00583-4
http://www.ncbi.nlm.nih.gov/pubmed/11322924
http://dx.doi.org/10.1093/carcin/23.10.1677
http://www.ncbi.nlm.nih.gov/pubmed/12376477
http://dx.doi.org/10.1002/biof.5520120131
http://www.ncbi.nlm.nih.gov/pubmed/11216486
http://dx.doi.org/10.1155/2012/165127
http://www.ncbi.nlm.nih.gov/pubmed/22919437
http://dx.doi.org/10.2147/IJN.S26538
http://www.ncbi.nlm.nih.gov/pubmed/22334787
http://dx.doi.org/10.3324/haematol.2010.029363
http://www.ncbi.nlm.nih.gov/pubmed/21712538
http://dx.doi.org/10.1017/S0007114511002315
http://www.ncbi.nlm.nih.gov/pubmed/21733335
http://dx.doi.org/10.1186/1747-1028-3-14
http://www.ncbi.nlm.nih.gov/pubmed/18834508
http://dx.doi.org/10.1038/sj.bjc.6605039
http://www.ncbi.nlm.nih.gov/pubmed/19401701
http://dx.doi.org/10.1038/nrc780
http://www.ncbi.nlm.nih.gov/pubmed/12001991
http://dx.doi.org/10.1038/nrc2389
http://www.ncbi.nlm.nih.gov/pubmed/18432252
http://dx.doi.org/10.1038/nrc1503
http://www.ncbi.nlm.nih.gov/pubmed/15573115
http://dx.doi.org/10.1038/nrc2072
http://www.ncbi.nlm.nih.gov/pubmed/17332760
http://dx.doi.org/10.3390/nu3100877
http://www.ncbi.nlm.nih.gov/pubmed/22200028
http://dx.doi.org/10.1371/journal.pone.0060749
http://www.ncbi.nlm.nih.gov/pubmed/23580348

Int. ]. Mol. Sci. 2017, 18, 2050 18 of 22

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

Li, Y,; Wang, Z.; Kong, D; Li, R.; Sarkar, S.H.; Sarkar, FH. Regulation of Akt/FOXO3a/GSK-3beta/AR
signaling network by isoflavone in prostate cancer cells. J. Biol. Chem. 2008, 283, 27707-27716,
PMCID:PMC2562074. [CrossRef] [PubMed]

Sarkar, EH.; Li, Y.; Wang, Z.; Kong, D. Cellular signaling perturbation by natural products. Cell Signal. 2009,
21, 1541-1547, PMCID:PMC2756420. [CrossRef] [PubMed]

Tarapore, R.S.; Siddiqui, I.A.; Mukhtar, H. Modulation of Wnt/ 3-catenin signaling pathway by bioactive
food components. Carcinogenesis 2012, 33, 483-491, PMCID:PMC3384069. [CrossRef] [PubMed]

Amado, N.G.; Fonseca, B.F,; Cerqueira, D.M.; Neto, V.M.; Abreu, ].G. Flavonoids: Potential Wnt/beta-catenin
signaling modulators in cancer. Life Sci. 2011, 89, 545-554. [CrossRef] [PubMed]

Kolev, Y.; Uetake, H.; Takagi, Y.; Sugihara, K. Lactate dehydrogenase-5 (LDH-5) expression in human gastric
cancer: Association with hypoxia-inducible factor (HIF-1alpha) pathway, angiogenic factors production and
poor prognosis. Ann. Surg. Oncol. 2008, 15, 2336-2344. [CrossRef] [PubMed]

Xie, H.; Valera, V.A.; Merino, M.].; Amato, A.M.; Signoretti, S.; Linehan, W.M.; Sukhatme, V.P.; Seth, P.
LDH-A inhibition, a therapeutic strategy for treatment of hereditary leiomyomatosis and renal cell cancer.
Mol. Cancer Ther. 2009, 8, 626-635, PMCID:PMC2671637. [CrossRef] [PubMed]

McFate, T.; Mohyeldin, A.; Lu, H.; Thakar, J.; Henriques, J.; Halim, N.D.; Wu, H.; Schell, M.].; Tsang, T.M.;
Teahan, O.; et al. Pyruvate dehydrogenase complex activity controls metabolic and malignant phenotype in
cancer cells. J. Biol. Chem. 2008, 283, 22700-22708, PMCID:PM(C2504897. [CrossRef] [PubMed]

Wang, Z.; Wang, D.; Han, S.; Wang, N.; Mo, F,; Loo, T.Y.; Shen, ].; Huang, H.; Chen, ]J. Bioactivity-guided
identification and cell signaling technology to delineate the lactate dehydrogenase A inhibition effects of
Spatholobus suberectus on breast cancer. PLoS ONE 2013, 8, 56631, PMCID:PM(C3572989. [CrossRef]
[PubMed]

Cerella, C.; Radogna, F.; Dicato, M.; Diederich, M. Natural compounds as regulators of the cancer cell
metabolism. Int. J. Cell Biol. 2013, 2013, 16, PMCID:PMC3670510. [CrossRef] [PubMed]

Guo, L.D.; Chen, X.]J.; Hu, YH,; Yu, Z.J.; Wang, D.; Liu, ].Z. Curcumin inhibits proliferation and induces
apoptosis of human colorectal cancer cells by activating the mitochondria apoptotic pathway. Phytother. Res.
2012, 27, 422-430, PMCID:PMC3670510. [CrossRef] [PubMed]

Kaser, A.; Zeissig, S.; Blumberg, R.S. Inflammatory bowel disease. Annu. Rev. Immunol. 2010, 28, 573-621.
[CrossRef] [PubMed]

Maloy, K.J.; Powrie, F. Intestinal homeostasis and its breakdown in inflammatory bowel disease. Nature 2011,
474,298-306. [CrossRef] [PubMed]

Bernstein, C.N.; Nabalamba, A. Hospitalization, surgery, and readmission rates of IBD in Canada:
A population-based study. Am. ]. Gastroenterol. 2006, 101, 110-118. [CrossRef] [PubMed]

Baniyash, M. Chronic inflammation, immunosuppression and cancer: New insights and outlook.
Semin. Cancer Biol. 2006, 16, 80-88. [CrossRef] [PubMed]

Head, K.A.; Jurenka, J.S. Inflammatory bowel disease Part 1: Ulcerative colitis—Pathophysiology and
conventional and alternative treatment options. Altern. Med. Rev. 2003, 8, 247-283. [PubMed]

Head, K.; Jurenka, J.S. Inflammatory bowel disease. Part II: Crohn’s disease—Pathophysiology and
conventional and alternative treatment options. Altern. Med. Rev. 2004, 9, 360-401. [PubMed]

Shapiro, H.; Singer, P.; Halpern, Z.; Bruck, R. Polyphenols in the treatment of inflammatory bowel disease
and acute pancreatitis. Gut 2007, 56, 426-435, PMCID:PMC1856830. [CrossRef] [PubMed]

Willeox, J.K.; Ash, S.L.; Catignani, G.L. Antioxidants and prevention of chronic disease. Crit. Rev. Food
Sci. Nutr. 2004, 44, 275-295. [CrossRef] [PubMed]

Aghdassi, E.; Wendland, B.E.; Stapleton, M.; Raman, M.; Allard, ].P. Adequacy of nutritional intake in a
Canadian population of patients with Crohn’s disease. J. Am. Diet. Assoc. 2007, 107, 1575-1580. [CrossRef]
[PubMed]

Gonzalez-Gallego, J.; Garcia-Mediavilla, M.V.; Sanchez-Campos, S.; Tufién, M.J. Fruit polyphenols, immunity
and inflammation. Br. J. Nutr. 2010, 104, S15-527. [CrossRef] [PubMed]

Garcia-Alonso, M.; Jacobs, E.; Raybould, A.; Nickson, T.E.; Sowig, P.; Willekens, H.; Van der Kouwe, P.;
Layton, R.; Amijee, E; Fuentes, A.M.; et al. A tiered system for assessing the risk of genetically modified
plants to non-target organisms. Environ. Biosaf. Res. 2006, 5, 57-65. [CrossRef] [PubMed]


http://dx.doi.org/10.1074/jbc.M802759200
http://www.ncbi.nlm.nih.gov/pubmed/18687691
http://dx.doi.org/10.1016/j.cellsig.2009.03.009
http://www.ncbi.nlm.nih.gov/pubmed/19298854
http://dx.doi.org/10.1093/carcin/bgr305
http://www.ncbi.nlm.nih.gov/pubmed/22198211
http://dx.doi.org/10.1016/j.lfs.2011.05.003
http://www.ncbi.nlm.nih.gov/pubmed/21635906
http://dx.doi.org/10.1245/s10434-008-9955-5
http://www.ncbi.nlm.nih.gov/pubmed/18521687
http://dx.doi.org/10.1158/1535-7163.MCT-08-1049
http://www.ncbi.nlm.nih.gov/pubmed/19276158
http://dx.doi.org/10.1074/jbc.M801765200
http://www.ncbi.nlm.nih.gov/pubmed/18541534
http://dx.doi.org/10.1371/journal.pone.0056631
http://www.ncbi.nlm.nih.gov/pubmed/23457597
http://dx.doi.org/10.1155/2013/639401
http://www.ncbi.nlm.nih.gov/pubmed/23762063
http://dx.doi.org/10.1002/ptr.4731
http://www.ncbi.nlm.nih.gov/pubmed/22628241
http://dx.doi.org/10.1146/annurev-immunol-030409-101225
http://www.ncbi.nlm.nih.gov/pubmed/20192811
http://dx.doi.org/10.1038/nature10208
http://www.ncbi.nlm.nih.gov/pubmed/21677746
http://dx.doi.org/10.1111/j.1572-0241.2006.00330.x
http://www.ncbi.nlm.nih.gov/pubmed/16405542
http://dx.doi.org/10.1016/j.semcancer.2005.12.002
http://www.ncbi.nlm.nih.gov/pubmed/16420981
http://www.ncbi.nlm.nih.gov/pubmed/12946238
http://www.ncbi.nlm.nih.gov/pubmed/15656711
http://dx.doi.org/10.1136/gut.2006.094599
http://www.ncbi.nlm.nih.gov/pubmed/16931577
http://dx.doi.org/10.1080/10408690490468489
http://www.ncbi.nlm.nih.gov/pubmed/15462130
http://dx.doi.org/10.1016/j.jada.2007.06.011
http://www.ncbi.nlm.nih.gov/pubmed/17761234
http://dx.doi.org/10.1017/S0007114510003910
http://www.ncbi.nlm.nih.gov/pubmed/20955647
http://dx.doi.org/10.1051/ebr:2006018
http://www.ncbi.nlm.nih.gov/pubmed/17328852

Int. ]. Mol. Sci. 2017, 18, 2050 19 of 22

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

Jensen, G.S.; Wu, X.; Patterson, K.M.; Barnes, J.; Carter, S.G.; Scherwitz, L.; Beaman, R.; Endres, J.R.;
Schauss, A.G. In vitro and in vivo antioxidant and anti-inflammatory capacities of an antioxidant-rich fruit
and berry juice blend. Results of a pilot and randomized, double-blinded, placebo-controlled, crossover
study. J. Agric. Food Chem. 2008, 56, 8326-8333. [CrossRef] [PubMed]

Holt, E.M,; Steffen, L.M.; Moran, A ; Basu, S.; Steinberger, J.; Ross, ].A.; Hong, C.P; Sinaiko, A.R. Fruit and
vegetable consumption and its relation to markers of inflammation and oxidative stress in adolescents. J. Am.
Diet. Assoc. 2009, 109, 414-421, PMCID:PMC2676354. [CrossRef] [PubMed]

Karlsen, A ; Retterstol, L.; Laake, P; Paur, I; Kjolsrud-Bohn, S.; Sandvik, L.; Blomhoff, R. Anthocyanins inhibit,
Nuclear Factor kappa B-activation in monocytes and reduce plasma concentration of pro-inflammatory
mediators in healthy adults. |. Nutr. 2007, 137, 1951-1954. [PubMed]

Kelley, D.S.; Rasooly, R.; Jacob, R.A ; Kader, A.A.; Mackey, B.E. Consumption of Bing sweet cherries lowers
circulating concentrations of inflammation markers in healthy men and women. J. Nutr. 2006, 136, 981-986.
[PubMed]

Helmersson, J.; Arnlov, J.; Larsson, A.; Basu, S. Low dietary intake of beta-carotene, alpha-tocopherol and
ascorbic acid is associated with increased inflammatory and oxidative stress status in a Swedish cohort.
Br. J. Nutr. 2009, 101, 1775-1782. [CrossRef] [PubMed]

Holt, P.R.; Katz, S.; Kirshoff, R. Curcumin therapy in inflammatory bowel disease: A pilot study. Dig. Dis.
Sci. 2005, 50, 2191-2193. [CrossRef] [PubMed]

Hanai, H; Iida, T.; Takeuchi, K.; Watanabe, F.; Maruyama, Y.; Andoh, A.; Tsujikawa, T.; Fujiyama, Y,;
Mitsuyama, K.; Sata, M.; et al. Curcumin maintenance therapy for ulcerative colitis: Randomized, multicenter,
double-blind, placebo-controlled trial. Clin. Gastroenterol. Hepatol. 2006, 4, 1502-1506. [CrossRef] [PubMed]
Lih-Brody, L.; Powell, S.R.; Collier, K.P.; Reddy, G.M.; Cerchia, R.; Kahn, E.; Weissman, G.S.; Katz, S;
Floyd, R.A.; McKinley, M.].; et al. Increased oxidative stress and decreased antioxidant defenses in mucosa
of inflammatory bowel disease. Dig. Dis. Sci. 1996, 41, 2078-2086. [CrossRef] [PubMed]

Vandana, S.; Ram, S.; llavazhagan, M.; Kumar, G.D.; Banerjee, PK. Comparative cytoprotective activity
of vitamin C, E and beta-carotene against chromium induced oxidative stress in murine macrophages.
Biomed. Pharmacother. 2006, 60, 71-76. [CrossRef] [PubMed]

Miller, N.J.; Castelluccio, C.; Tijburg, L.; Rice-Evans, C. The antioxidant properties of theaflavins and their
gallate esters—radical scavengers or metal chelators? FEBS Lett. 1996, 392, 40-44. [CrossRef] [PubMed]
McDevitt, TM.; Tchao, R.; Harrison, E.H.; Morel, D.W. Carotenoids normally present in serum inhibit
proliferation and induce differentiation of a human monocyte/macrophage cell line (U937). J. Nutr. 2005,
135, 160-164. [PubMed]

Kawakami, Y.; Okada, H.; Murakami, Y.; Kawakami, T.; Ueda, Y.; Kunii, D.; Sakamoto, Y.; Shiratori, Y.;
Okita, M. Dietary intake, neutrophil fatty acid profile, serum antioxidant vitamins and oxygen radical
absorbance capacity in patients with ulcerative colitis. J. Nutr. Sci. Vitaminol. 2007, 53, 153-159. [CrossRef]
[PubMed]

Adhami, VM.,; Syed, D.N.; Khan, N.; Afaq, F. Phytochemicals for prevention of solar ultraviolet
radiation-induced damages. Photochem. Photobiol. 2008, 84, 489-500. [CrossRef] [PubMed]

Rao, A.V.; Agarwal, S. Role of antioxidant lycopene in cancer and heart disease. J. Am. Coll. Nutr. 2000, 19,
563-569. [CrossRef] [PubMed]

Jialal, I; Grundy, S.M. Influence of antioxidant vitamins on LDL oxidation. Ann. N. Y. Acad. Sci. 1992, 669,
237-247. [CrossRef] [PubMed]

Itabe, H.; Mori, M.; Fujimoto, Y.; Higashi, Y.; Takano, T. Minimally modified LDL is an oxidized LDL enriched
with oxidized phosphatidylcholines. J. Biochem. 2003, 134, 459-465. [CrossRef] [PubMed]

Tran, C.D.; Ball, ].M.; Sundar, S.; Coyle, P.; Howarth, G.S. The role of zinc and metallothionein in the dextran
sulfate sodium-induced colitis mouse model. Dig. Dis. Sci. 2007, 52, 2113-2121. [CrossRef] [PubMed]
Lehrke, M.; Konrad, A.; Schachinger, V.; Tillack, C.; Seibold, E; Stark, R.; Parhofer, 1.G.; Broedl, U.C. CXCL16
is a surrogate marker of inflammatory bowel disease. Scand. |. Gastroenterol. 2008, 43, 283-288. [CrossRef]
[PubMed]

Mortensen, A.; Skibsted, L.H. Relative stability of carotenoid radical cations and homologue tocopheroxyl
radicals. A real time kinetic study of antioxidant hierarchy. FEBS Lett. 1997, 417, 261-266. [CrossRef]
[PubMed]


http://dx.doi.org/10.1021/jf8016157
http://www.ncbi.nlm.nih.gov/pubmed/18717569
http://dx.doi.org/10.1016/j.jada.2008.11.036
http://www.ncbi.nlm.nih.gov/pubmed/19248856
http://www.ncbi.nlm.nih.gov/pubmed/17634269
http://www.ncbi.nlm.nih.gov/pubmed/16549461
http://dx.doi.org/10.1017/S0007114508147377
http://www.ncbi.nlm.nih.gov/pubmed/19079838
http://dx.doi.org/10.1007/s10620-005-3032-8
http://www.ncbi.nlm.nih.gov/pubmed/16240238
http://dx.doi.org/10.1016/j.cgh.2006.08.008
http://www.ncbi.nlm.nih.gov/pubmed/17101300
http://dx.doi.org/10.1007/BF02093613
http://www.ncbi.nlm.nih.gov/pubmed/8888724
http://dx.doi.org/10.1016/j.biopha.2005.04.005
http://www.ncbi.nlm.nih.gov/pubmed/16459051
http://dx.doi.org/10.1016/0014-5793(96)00780-6
http://www.ncbi.nlm.nih.gov/pubmed/8769311
http://www.ncbi.nlm.nih.gov/pubmed/15671207
http://dx.doi.org/10.3177/jnsv.53.153
http://www.ncbi.nlm.nih.gov/pubmed/17616003
http://dx.doi.org/10.1111/j.1751-1097.2007.00293.x
http://www.ncbi.nlm.nih.gov/pubmed/18266816
http://dx.doi.org/10.1080/07315724.2000.10718953
http://www.ncbi.nlm.nih.gov/pubmed/11022869
http://dx.doi.org/10.1111/j.1749-6632.1992.tb17103.x
http://www.ncbi.nlm.nih.gov/pubmed/1444029
http://dx.doi.org/10.1093/jb/mvg164
http://www.ncbi.nlm.nih.gov/pubmed/14561732
http://dx.doi.org/10.1007/s10620-007-9765-9
http://www.ncbi.nlm.nih.gov/pubmed/17410436
http://dx.doi.org/10.1080/00365520701679249
http://www.ncbi.nlm.nih.gov/pubmed/18938659
http://dx.doi.org/10.1016/S0014-5793(97)01297-0
http://www.ncbi.nlm.nih.gov/pubmed/9409729

Int. ]. Mol. Sci. 2017, 18, 2050 20 of 22

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

Sommerburg, O.; Langhans, C.D.; Arnhold, J.; Leichsenring, M.; Salerno, C.; Crifo, C.; Hoffmann, G.F;
Debatin, K.M.; Siems, W.G. Beta-carotene cleavage products after oxidation mediated by hypochlorous
acid—A model for neutrophil-derived degradation. Free Radic. Biol. Med. 2003, 35, 1480-1490. [CrossRef]
[PubMed]

Sies, H.; Stahl, W.; Sundquist, A.R. Antioxidant functions of vitamins. Vitamins E and C, beta-carotene, and
other carotenoids. Ann. N. Y. Acad. Sci. 1992, 368, 7-19. [CrossRef] [PubMed]

Giovannucci, E. Tomatoes, tomato-based products, lycopene, and cancer: Review of the epidemiologic
literature. J. Natl. Cancer Inst. 1999, 91, 317-331. [CrossRef] [PubMed]

Jacob, K.; Periago, M.].; Bohm, V.; Berruezo, G.R. Influence of lycopene and vitamin C from tomato juice on
biomarkers of oxidative stress and inflammation. Br. J. Nutr. 2008, 99, 137-146. [CrossRef] [PubMed]
Tapiero, H.; Townsend, D.M.; Tew, K.D. The role of carotenoids in the prevention of human pathologies.
Biomed. Pharmacother. 2004, 58, 100-110. [CrossRef] [PubMed]

Werner, T.; Haller, D. Intestinal epithelial cell signalling and chronic inflammation: From the proteome to
specific molecular mechanisms. Mutat. Res. 2007, 622, 42-57. [CrossRef] [PubMed]

Schottelius, A.J.; Baldwin, A.S., Jr. A role for transcription factor NF-kappa B in intestinal inflammation.
Int. J. Colorectal Dis. 1999, 14, 18-28. [CrossRef] [PubMed]

Schreiber, S.; Nikolaus, S.; Hampe, J. Activation of nuclear factor kappa B inflammatory bowel disease. Gut
1998, 42, 477-484, PMCID:PMC1727068. [CrossRef] [PubMed]

Rogler, G.; Hausmann, M.; Vogl, D.; Aschenbrenner, E.; Andus, T.; Falk, W.; Andreesen, R.; Schélmerich, J.;
Gross, V. Isolation and phenotypic characterization of colonic macrophages. Clin. Exp. Immunol. 1998, 112,
205-215, PMCID:PMC1904962. [CrossRef] [PubMed]

Stronati, L.; Negroni, A.; Merola, P.; Pannone, V.; Borrelli, O.; Cirulli, M.; Annese, V.; Cucchiara, S. Mucosal
NOD2 expression and NF-kappaB activation in pediatric Crohn’s disease. Inflamm. Bowel Dis. 2008, 14,
295-302. [CrossRef] [PubMed]

Mannick, E.E; Bravo, L.E.; Zarama, G.; Realpe, J.L.; Zhang, X.J.; Ruiz, B.; Fontham, E.T.; Mera, R.; Miller, M.].;
Correa, P. Inducible nitric oxide synthase, nitrotyrosine, and apoptosis in Helicobacter pylori gastritis: Effect
of antibiotics and antioxidants. Cancer Res. 1996, 56, 3238-3243. [PubMed]

Bai, S.K,; Lee, S.J.; Na, H].; Ha, K.S,; Han, ].A ; Lee, H.; Kwon, Y.G.; Chung, C.K.; Kim, Y.M. beta-Carotene
inhibits inflammatory gene expression in ipopolysaccharide-stimulated macrophages by suppressing
redox-based NF-kappaB activation. Exp. Mol. Med. 2005, 37, 323-334. [CrossRef] [PubMed]

Reuter, S.; Gupta, S.C.; Park, B.; Goel, A.; Aggarwal, B.B. Epigenetic changes induced by curcumin and other
natural compounds. Genes. Nutr. 2011, 6, 93-108, PMCID:PMC3092901. [CrossRef] [PubMed]

Choi, S.W,; Friso, S. Epigenetics: A New Bridge between Nutrition and Health. Adv. Nutr. 2010, 1, 8-16,
PMCID:PMC3042783. [CrossRef] [PubMed]

Myzak, M.C.; Karplus, P.A.; Chung, FL.; Dashwood, R.H. A novel mechanism of chemoprotection by
sulforaphane: Inhibition of histone deacetylase. Cancer Res. 2004, 64, 5767-5774. [CrossRef] [PubMed]
Myzak, M.C.; Dashwood, W.M.; Orner, G.A.; Ho, E.; Dashwood, R.H. Sulforaphane inhibits histone
deacetylase in vivo and suppresses tumorigenesis in Apc-minus mice. FASEB ]. 2006, 20, 506-508,
PMCID:PMC2373266. [PubMed]

Vahid, F; Zand, H.; Nosrat-Mirshekarlou, E.; Najafi, R.; Hekmatdoost, A. The role dietary of bioactive
compounds on the regulation of histone acetylases and deacetylases. Gene 2015, 562, 8-15. [CrossRef]
[PubMed]

Roy, S.K.; Chen, Q.; Fu, J.; Shankar, S.; Srivastava, R.K. Resveratrol inhibits growth of orthotopic pancreatic
tumors through activation of FOXO transcription factors. PLoS ONE 2011, 6, 25166, PMCID:PMC3181262.
[CrossRef] [PubMed]

Thakur, V.S.; Gupta, K.; Gupta, S. Green tea polyphenols causes cell cycle arrest and apoptosis in
prostate cancer cells by suppressing class I histone deacetylases. Carcinogenesis 2012, 33, 377-384,
PMCID:PMC3499108. [CrossRef] [PubMed]

Ruiz, P.A.; Braune, A.; Holzlwimmer, G.; Quintanilla-Fend, L.; Haller, D. Quercetin inhibits TNF-induced
NF-kappaB transcription factor recruitment to proinflammatory gene promoters in murine intestinal
epithelial cells. J. Nutr. 2007, 137, 1208-1215. [PubMed]


http://dx.doi.org/10.1016/j.freeradbiomed.2003.08.020
http://www.ncbi.nlm.nih.gov/pubmed/14642396
http://dx.doi.org/10.1111/j.1749-6632.1992.tb17085.x
http://www.ncbi.nlm.nih.gov/pubmed/1444060
http://dx.doi.org/10.1093/jnci/91.4.317
http://www.ncbi.nlm.nih.gov/pubmed/10050865
http://dx.doi.org/10.1017/S0007114507791894
http://www.ncbi.nlm.nih.gov/pubmed/17640421
http://dx.doi.org/10.1016/j.biopha.2003.12.006
http://www.ncbi.nlm.nih.gov/pubmed/14992791
http://dx.doi.org/10.1016/j.mrfmmm.2007.05.010
http://www.ncbi.nlm.nih.gov/pubmed/17628614
http://dx.doi.org/10.1007/s003840050178
http://www.ncbi.nlm.nih.gov/pubmed/10207726
http://dx.doi.org/10.1136/gut.42.4.477
http://www.ncbi.nlm.nih.gov/pubmed/9616307
http://dx.doi.org/10.1046/j.1365-2249.1998.00557.x
http://www.ncbi.nlm.nih.gov/pubmed/9649182
http://dx.doi.org/10.1002/ibd.20332
http://www.ncbi.nlm.nih.gov/pubmed/18092345
http://www.ncbi.nlm.nih.gov/pubmed/8764115
http://dx.doi.org/10.1038/emm.2005.42
http://www.ncbi.nlm.nih.gov/pubmed/16155409
http://dx.doi.org/10.1007/s12263-011-0222-1
http://www.ncbi.nlm.nih.gov/pubmed/21516481
http://dx.doi.org/10.3945/an.110.1004
http://www.ncbi.nlm.nih.gov/pubmed/22043447
http://dx.doi.org/10.1158/0008-5472.CAN-04-1326
http://www.ncbi.nlm.nih.gov/pubmed/15313918
http://www.ncbi.nlm.nih.gov/pubmed/16407454
http://dx.doi.org/10.1016/j.gene.2015.02.045
http://www.ncbi.nlm.nih.gov/pubmed/25701602
http://dx.doi.org/10.1371/journal.pone.0025166
http://www.ncbi.nlm.nih.gov/pubmed/21980390
http://dx.doi.org/10.1093/carcin/bgr277
http://www.ncbi.nlm.nih.gov/pubmed/22114073
http://www.ncbi.nlm.nih.gov/pubmed/17449583

Int. ]. Mol. Sci. 2017, 18, 2050 21 of 22

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

Priyadarsini, R.V;; Vinothini, G.; Murugan, R.S.; Manikandan, P.; Nagini, S. The flavonoid quercetin
modulates the hallmark capabilities of hamster buccal pouch tumors. Nutr. Cancer 2011, 63, 218-226.
[CrossRef] [PubMed]

Li, Y;; Li, X;; Guo, B. Chemopreventive agent 3,3'-diindolylmethane selectively induces proteasomal
degradation of class I histone deacetylases. Cancer Res. 2010, 70, 646654, PMCID:PMC2808120. [CrossRef]
[PubMed]

Druesne, N.; Pagniez, A.; Mayeur, C.; Thomas, M.; Cherbuy, C.; Duee, PH.; Martel, P.; Chaumontet, C.
Repetitive treatments of colon HT-29 cells with diallyl disulfide induce a prolonged hyperacetylation of
histone H3 K14. Ann. N. Y. Acad. Sci. 2004, 1030, 612-621. [CrossRef] [PubMed]

Filipowicz, W.; Bhattacharyya, S.N.; Sonenberg, N. Mechanisms of posttranscriptional regulation by
microRNAs: Are the answers in sight? Nat. Rev. Genet. 2008, 9, 102-114. [CrossRef] [PubMed]

Vislovukh, A ; Vargas, T.R.; Polesskaya, A.; Groisman, I. Role of 3"-untranslated region translational control
in cancer development, diagnostics and treatment. World ]. Biol. Chem. 2014, 26, 40-57, PMCID:PMC3942541.
[CrossRef] [PubMed]

Lu, J.; Getz, G.; Miska, E.A.; Alvarez-Saavedra, E.; Lamb, J.; Peck, D.; Sweet-Cordero, A.; Ebert, B.L.;
Mak, R.H.; Ferrando, A.A.; et al. MicroRNA expression profiles classify human cancers. Nature 2005, 435,
834-838. [CrossRef] [PubMed]

Srivastava, K.; Srivastava, A. Comprehensive review of genetic association studies and meta-analyses on
miRNA polymorphisms and cancer risk. PLoS ONE 2012, 7, e50966, PMCID:PMC3511416. [CrossRef]
[PubMed]

Ferdin, J.; Kunej, T.; Calin, G.A. Non-coding RNAs: Identification of cancer- associated microRNAs by gene
profiling. Technol. Cancer Res. Treat. 2010, 9, 123-138. [CrossRef] [PubMed]

Ferracin, M.; Pedriali, M.; Veronese, A.; Zagatti, B.; Gafa, R.; Magri, E.; Lunardi, M.; Munerato, G.;
Querzoli, G.; Maestri, I; et al. MicroRNA profiling for the identification of cancers with unknown primary
tissue-of-origin. J. Pathol. 2011, 225, 43-53, PMCID:PMC4325368. [CrossRef] [PubMed]

Ross, S.A.; Davis, C.D. MicroRNA, nutrition, and cancer prevention. Adv. Nutr. 2011, 2, 472-485,
PMCID:PM(C3226385. [CrossRef] [PubMed]

Kent, O.A.; Mendell, ].T. A small piece in the cancer puzzle: MicroRNAs as tumor suppressors and oncogenes.
Oncogene 2006, 25, 6188-6196. [CrossRef] [PubMed]

Hanahan, D.; Weinberg, R.A. Hallmarks of cancer: The next generation. Cell 2011, 144, 646-674. [CrossRef]
[PubMed]

Ruan, K; Fang, X.; Ouyang, G. MicroRNAs: Novel regulators in the hallmarks of human cancer. Cancer Lett.
2009, 285, 116-126. [CrossRef] [PubMed]

Tsang, W.P.; Kwok, T.T. Epigallocatechin gallate up-regulation of miR-16 and induction of apoptosis in
human cancer cells. J. Nutr. Biochem. 2010, 21, 140-146. [CrossRef] [PubMed]

Sun, M.; Estrov, Z.; Ji, Y.; Coombes, K.R.; Harris, D.H.; Kurzrock, R. Curcumin (diferuloylmethane) alters
the expression profiles of microRNAs in human pancreatic cancer cells. Mol. Cancer Ther. 2008, 7, 464—473.
[CrossRef] [PubMed]

Yang, J.; Cao, Y.; Sun, J.; Zhang, Y. Curcumin reduces the expression of Bcl-2 by upregulating miR-15a and
miR-16 in MCF-7 cells. Med. Oncol. 2010, 27, 1114-1118. [CrossRef] [PubMed]

Mudduluruy, G.; George-William, J.N.; Muppala, S.; Asangani, I.A.; Regalla, K.; Nelson, L.D.; Allgayer, H.
Curcumin regulates miR-21 expression and inhibits invasion and metastasis in colorectal cancer. Biosci. Rep.
2011, 31, 185-197. [CrossRef] [PubMed]

Tili, E.; Michaille, J.J.; Alder, H.; Volinia, S.; Delmas, D.; Latruffe, N.; Croce, C.M. Resveratrol modulates the
levels of microRNAs targeting genes encoding tumor suppressors and effectors of TGFp signaling pathway
in SW480 cells. Biochem. Pharmacol. 2010, 80, 2057-2065, PMCID:PM(C3918904. [CrossRef] [PubMed]

Liu, P; Liang, H.; Xia, Q.; Li, P,; Kong, H.; Lei, P; Wang, S.; Tu, Z. Resveratrol induces apoptosis of pancreatic
cancers cells by inhibiting miR-21 regulation of BCL-2 expression. Clin. Transl. Oncol. 2013, 15, 741-746.
[CrossRef] [PubMed]

Kumazaki, M.; Noguchi, S.; Yasui, Y.; Iwasaki, J.; Shinohara, H.; Yamada, N.; Akao, Y. Anti-cancer effects
of naturally occurring compounds through modulation of signal transduction and miRNA expression in
human colon cancer cells. J. Nutr. Biochem. 2013, 24, 1849-1858. [CrossRef] [PubMed]


http://dx.doi.org/10.1080/01635581.2011.523503
http://www.ncbi.nlm.nih.gov/pubmed/21294050
http://dx.doi.org/10.1158/0008-5472.CAN-09-1924
http://www.ncbi.nlm.nih.gov/pubmed/20068155
http://dx.doi.org/10.1196/annals.1329.071
http://www.ncbi.nlm.nih.gov/pubmed/15659844
http://dx.doi.org/10.1038/nrg2290
http://www.ncbi.nlm.nih.gov/pubmed/18197166
http://dx.doi.org/10.4331/wjbc.v5.i1.40
http://www.ncbi.nlm.nih.gov/pubmed/24600513
http://dx.doi.org/10.1038/nature03702
http://www.ncbi.nlm.nih.gov/pubmed/15944708
http://dx.doi.org/10.1371/journal.pone.0050966
http://www.ncbi.nlm.nih.gov/pubmed/23226435
http://dx.doi.org/10.1177/153303461000900202
http://www.ncbi.nlm.nih.gov/pubmed/20218735
http://dx.doi.org/10.1002/path.2915
http://www.ncbi.nlm.nih.gov/pubmed/21630269
http://dx.doi.org/10.3945/an.111.001206
http://www.ncbi.nlm.nih.gov/pubmed/22332090
http://dx.doi.org/10.1038/sj.onc.1209913
http://www.ncbi.nlm.nih.gov/pubmed/17028598
http://dx.doi.org/10.1016/j.cell.2011.02.013
http://www.ncbi.nlm.nih.gov/pubmed/21376230
http://dx.doi.org/10.1016/j.canlet.2009.04.031
http://www.ncbi.nlm.nih.gov/pubmed/19464788
http://dx.doi.org/10.1016/j.jnutbio.2008.12.003
http://www.ncbi.nlm.nih.gov/pubmed/19269153
http://dx.doi.org/10.1158/1535-7163.MCT-07-2272
http://www.ncbi.nlm.nih.gov/pubmed/18347134
http://dx.doi.org/10.1007/s12032-009-9344-3
http://www.ncbi.nlm.nih.gov/pubmed/19908170
http://dx.doi.org/10.1042/BSR20100065
http://www.ncbi.nlm.nih.gov/pubmed/20815812
http://dx.doi.org/10.1016/j.bcp.2010.07.003
http://www.ncbi.nlm.nih.gov/pubmed/20637737
http://dx.doi.org/10.1007/s12094-012-0999-4
http://www.ncbi.nlm.nih.gov/pubmed/23359184
http://dx.doi.org/10.1016/j.jnutbio.2013.04.006
http://www.ncbi.nlm.nih.gov/pubmed/23954321

Int. ]. Mol. Sci. 2017, 18, 2050 22 of 22

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

Li, Y.; Vandenboom, T.G., II; Kong, D.; Wang, Z.; Ali, S.; Philip, P.A.; Sarkar, EH. Up-regulation of miR-200 and
let-7 by natural agents leads to the reversal of epithelial-to-mesenchymal transition in gemcitabine-resistant
pancreatic cancer cells. Cancer Res. 2009, 69, 6704—6712, PMCID:PMC2727571. [CrossRef] [PubMed]

Jin, Y. 3,3’-Diindolylmethane inhibits breast cancer cell growth via miR-21-mediated Cdc25A degradation.
Mol. Cell. Biochem. 2011, 358, 345-354. [CrossRef] [PubMed]

Zhou, D.H.; Wang, X.; Feng, Q. EGCG enhances the efficacy of cisplatin by downregulating hsa-miR-98-5p
in NSCLC A549 cells. Nutr. Cancer 2014, 66, 636—644. [CrossRef] [PubMed]

Srivastava, S.K.; Arora, S.; Averett, C.; Singh, S.; Singh, A.P. Modulation of microRNAs by phytochemicals
in cancer: Underlying mechanisms and translational significance. Biomed. Res. Int. 2015, 2015, 848710,
PMCID:PMC4380282. [CrossRef] [PubMed]

Chen, Y,; Zaman, M.S.; Deng, G.; Majid, S.; Saini, S.; Liu, J.; Tanaka, Y.; Dahiya, R. MicroRNAs 221/222 and
genistein-mediated regulation of ARHI tumor suppressor gene in prostate cancer. Cancer Prev. Res. 2011, 4,
76-86, PMCID:PM(C3894108. [CrossRef] [PubMed]

Xu, L.; Xiang, J.; Shen, J.; Zou, X.; Zhai, S.; Yin, Y,; Li, P; Wang, X.; Sun, Q. Oncogenic microRNA-27a is a
target for genistein in ovarian cancer cells. Anticancer Agents Med. Chem. 2013, 13, 1126-1132. [CrossRef]
[PubMed]

Del Follo-Martinez, A.; Banerjee, N.; Li, X.; Safe, S.; Mertens-Talcott, S. Resveratrol and quercetin in
combination have anticancer activity in colon cancer cells and repress oncogenic microRNA-27a. Nutr. Cancer
2013, 65, 494-504. [CrossRef] [PubMed]

Appari, M.; Babu, K.R.; Kaczorowski, A.; Gross, W.; Herr, 1. Sulforaphane, quercetin and catechins
complement each other in elimination of advanced pancreatic cancer by miRlet-7 induction and K-ras
inhibition. Int. J. Oncol. 2014, 45, 1391-1400, PMCID:PMC4151818. [CrossRef] [PubMed]

Correa-Betanzo, ].; Allen-Vercoe, E.; McDonald, J.; Schroeter, K.; Corredig, M.; Paliyath, G. Stability
and biological activity of wild blueberry (Vaccinium angustifolium) polyphenols during simulated in vitro
gastrointestinal digestion. Food Chem. 2014, 165, 522-531. [CrossRef] [PubMed]

Correa-Betanzo, J.; Padmanabhan, P.; Corredig, M.; Subramanian, J.; Paliyath, G. Complex formation of
blueberry (Vaccinium angustifolium) anthocyanins during freeze-drying and its influence on their biological
activity. J. Agric. Food Chem. 2015, 25, 2935-2946. [CrossRef] [PubMed]

Abuajah, C.I.; Ogbonna, A.C.; Osuji, C.M. Functional components and medicinal properties of food. J. Food
Sci. Technol. 2015, 52, 2522-2529, PMCID:PM(C4397330. [CrossRef] [PubMed]

Biesalski, HK.; Dragsted, L.O.; Elmadfa, I.; Grossklaus, R.; Miiller, M.; Schrenk, D.; Walter, P.; Weber, P.
Bioactive compounds: Definition and assessment of activity. Nutrition 2009, 25, 1202-1205. [CrossRef]
[PubMed]

@ © 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1158/0008-5472.CAN-09-1298
http://www.ncbi.nlm.nih.gov/pubmed/19654291
http://dx.doi.org/10.1007/s11010-011-0985-0
http://www.ncbi.nlm.nih.gov/pubmed/21761201
http://dx.doi.org/10.1080/01635581.2014.894101
http://www.ncbi.nlm.nih.gov/pubmed/24712372
http://dx.doi.org/10.1155/2015/848710
http://www.ncbi.nlm.nih.gov/pubmed/25853141
http://dx.doi.org/10.1158/1940-6207.CAPR-10-0167
http://www.ncbi.nlm.nih.gov/pubmed/21071579
http://dx.doi.org/10.2174/18715206113139990006
http://www.ncbi.nlm.nih.gov/pubmed/23438830
http://dx.doi.org/10.1080/01635581.2012.725194
http://www.ncbi.nlm.nih.gov/pubmed/23530649
http://dx.doi.org/10.3892/ijo.2014.2539
http://www.ncbi.nlm.nih.gov/pubmed/25017900
http://dx.doi.org/10.1016/j.foodchem.2014.05.135
http://www.ncbi.nlm.nih.gov/pubmed/25038707
http://dx.doi.org/10.1021/acs.jafc.5b00016
http://www.ncbi.nlm.nih.gov/pubmed/25727778
http://dx.doi.org/10.1007/s13197-014-1396-5
http://www.ncbi.nlm.nih.gov/pubmed/25892752
http://dx.doi.org/10.1016/j.nut.2009.04.023
http://www.ncbi.nlm.nih.gov/pubmed/19695833
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Inflammation, Cancer, and Regulation by Dietary Intakes 
	Plant Bioactives and Targeting Antioxidant Pathways 
	Arrest of Cancer Cell Cycle by Bioactive Compounds 
	Inhibition of Cancer Cell Proliferation and Migration by Plant Bioactives 
	Deregulation of Hypoxia and Glucose Metabolism in Cancer 
	Inflammatory Bowel Diseases and down Regulation of Immune System by Dietary Components 
	Inflammatory Bowel Diseases and Antioxidative Capacity of Carotenoids to Reduce Oxidative Stress and Inflammation 
	IBD and Immune-Modulating Activity of Carotenoids 

	Epigenetics and Cancer 
	MicroRNA, Nutrition and Cancer 
	Metabolic Stability of Plant Bioactives 
	Conclusions 

