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Effect of Flavonoids from Fruits and Vegetables

in the Prevention and Treatment of Cancer

Min-Hsiung Pan, Ching-Shu Lai, Jia-Ching Wu, and Chi-Tang Ho

Abstract Cancer is the major health problem worldwide over a century. The

development of cancer is a multi-step process, including initiation, promotion and

progression. This process is driven by genetic changes, elicit transformation of

initiated cell into cancerous cell with abnormal proliferative and invasive

capabilities, and ultimately distant metastasis. Recent studies also exhibit that

chronic inflammation is implicated in tumorigenesis by over-production of inflam-

matory mediators and creation of an inflammatory microenvironment. Prevention

and treatment of cancer through dietary intervention has been considered as a

rational approach. Convincing evidence shows regular consumption of fruit and

vegetables is associated with reduced risks of cancer. Flavonoids are widely present

in diet such as fruits and vegetables, they have been demonstrated a broad spectrum

of biological activities for human health. They have been found to interfere with

cancer development at different stage by targeting on various signaling molecules,

genes, proteins and enzymes involved in tumorigenesis. Accumulating evidences

report the potential of dietary flavonoids for both chemopreventive and chemother-

apeutic effects which act on regulation of redox status, cellular proliferation,

differentiation, programmed cell death, inflammation angiogenesis and metastasis.

Some of them display synergy effect in combination of conventional therapies for

drug-resistant cancer cells. In this chapter, we summarize recent knowledge and the

underlying mechanism on chemopreventive and chemotherapeutic activities of

dietary flavonoids that may offer effective approach for the control of cancer

incidence.
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2.1 Cancer Development

Cancer is the major leading cause of death worldwide. Numerous researches show

that cancer development in humans is a multistep process. In 2000, Hanahan and

Weinberg (2000) proposed that tumorigenesis acquires six biological capabilities

including sustaining proliferative signaling, evading growth suppressors, resisting

cell death, enabling replicative immortality, inducing angiogenesis, and activating

invasion and metastasis. Recently, several lines of evidence also reveal that chronic

inflammation is the seventh hallmark of cancer (Hanahan and Weinberg 2011).

Tumorigenesis has been characterized by three critical steps including initiation,

promotion and progression in many types of human cancers (Fig. 2.1). This process

can be activates by any one of the various environmental carcinogens, inflammatory

agents, tumor promoters and reactive oxygen species (ROS) (Pan and Ho 2008;

Shields and Harris 1991).

• Initiation stage: it begins with DNA damage in a cell population exposed to

various environmental carcinogens, free radicals, inflammatory agents, and

tumor promoters. The most relevant in this regard are mutations activating

proto-oncogenes and inactivating tumor suppressor genes, such as c-myc and

p53, or increase of genomic instability in damaged cells.

• Promotion stage: it could be defined as a process of escape programmed cell

death with enhanced survival property of initiated cells (with mutated gene) that

results in clonal expansion and further producing nodules, polyps or papillomas.

• Progression stage: this stage is characterized by the transformation of pre-

neoplastic cells into malignant tumor invading surrounding tissues and forming

metastases by enhanced angiogenesis, epithelial-mesenchymal transition (EMT)

immune suppression/evasion capabilities.

Fig. 2.1 Development of cancer is a multiple step, including initiation, promotion and progres-

sion process
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In progress of clinical technology and medicine development, cancer diagnosis,

surgical techniques, and adjuvant therapies are greatly improved, but still with

limitation on reduction of cancer incidence and mortality. The major problem in

current cancer therapy is the eventual development of recurrent or metastatic

cancers caused by drug resistance in most patients (Alexander and Friedl 2012).

Scientists have proposed and identified many critical molecules involved in

tumorigenesis in past few decades. A number of genes with genetic mutation or

loss of function, dysregulation of signaling molecules, proteins and enzymes are

contributes to cancer development (Tonon 2008; William et al. 2009). However,

despite understanding of the process and molecular mechanism in tumorigenesis,

present therapies are still limited for advanced tumors. Due to the limitation of

current cancer treatment and side effects of chemotherapy, researchers attempt to

search for new approach to control cancer development through cancer chemopre-

vention or by specific/multi-targets approach to improve efficiency of conventional

therapies.

2.2 Cancer Chemoprevention and Treatment by Natural

Compounds

Chemoprevention is the use of a chemical substance of either natural or synthetic

origin to prevent, hamper, arrest, or reverse a disease. The term chemoprevention

was coined by Sporn et al. (1976) in the mid-1970s. His work on retinoids against

chemical carcinogenesis showed the time that cancer takes to develop in humans

through the initiation, promotion, and progression stages. Cancer chemoprevention

has a dual goal, i.e. prevention of occurrence of the disease (primary prevention)

and early detection and reversion of tumors at a premalignant stage (secondary

prevention). At a later stage, attempts can be made to prevent local recurrences as

well as invasion and metastasis of malignant cells (tertiary prevention) (De et al.

2001; De and Ferguson 2005).

• Primary prevention: includes inhibition of mutation and cancer initiation, in the

extracellular environment or inside cells, followed by inhibition of tumor pro-

motion, such as, modifying transmembrane transport, modulating metabolism,

blocking reactive species, detoxification, inhibiting cell replication, maintaining

DNA structure, DNA repair, and controlling gene expression.

• Secondary prevention: exploits a variety of mechanisms aimed at inhibiting

progression of a timely diagnosed benign tumor towards malignancy. It is

possible to inhibit tumor progression via the same mechanisms, and in addition

by affecting the hormonal status and the immune system in various ways, and by

inhibiting angiogenesis and disruption of inflammatory microenvironment.

• Tertiary prevention: has the goal of preventing local relapses of the disease and

of inhibiting invasion and metastasis or induction of programmed cell death in

cancer cells.
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Accumulated genetic alterations and dysregulated intracellular signaling are

critical characteristics in cancer cells. Targeting on modulation of signaling

molecules involved in tumorigenesis or leading to programmed cell death of cancer

cells are promising approach in cancer therapy (Cho 2012). Both apoptosis and

autophagy are types of programmed cell death that with entirely different mecha-

nism and biological function (Edinger and Thompson 2004). Apoptosis is involving

the concerted action of a number of intracellular signaling pathways, including

members of the caspases family of cysteine proteases stored in most cells as

zymogens or procaspases (Martin and Green 1995). Proteolytic cleavage of

procaspases is an important step leading to caspase activation, which in turn is

amplified by the cleavage and activation of other downstream caspases in the

apoptosis cascade (Earnshaw et al. 1999; Stennicke and Salvesen 2000). The

maintenance of homeostasis in normal mammalian tissues reflects a critical balance

between cell proliferation and cell death via apoptosis. Induction of tumor cell

apoptosis can be induced to augment interventions designed to suppress or reverse

the development of cancer (Debatin 2004). Autophagy is defined as type

2 programmed cell death and is crucial for maintaining cellular homeostasis that

responded to various microenvironment stresses, including starvation, pathogen

infestation and chemotherapy (Cecconi and Levine 2008). It also functions as a

backup when apoptosis is disabled (Maycotte and Thorburn 2011). However, the

role of autophagy in cancer treatment is still controversial. Several reports exhibit

that autophagy is a possible mechanism for tumor cell survival after cancer treat-

ment (Hippert et al. 2006; Ravikumar et al. 2006; Degenhardt et al. 2006). Other

studies reveal that autophagy induction appears to facilitate successful therapy-

induced killing of tumor cells that suggesting a novel therapeutic strategy (Yang

et al. 2011).

Over the past few decades, growing interesting in identify agents from natural

sources which provide with preventing the initiation of tumors, arresting the

development or metastasis of overt tumors and others (Yang et al. 2001). An

effective and acceptable chemopreventive or anticancer agent should possess

certain properties, include low cost, no toxic effects in normal and healthy cells,

capability of oral consumption, high efficacy against multiple cancers, known

mechanism of action, and acceptance by the human population (Galati and

O’Brien 2004). Because of their pharmacological safety, most chemopreventive

agents can be used in combination with chemotherapeutic agents to enhance the

effect at lower doses and thus minimize chemotherapy-induced toxicity (Ferguson

et al. 2005).

Many dietary phytochemicals such as curcumin, resveratrol, gingerols, sulfo-

raphane and β-carotene have been shown to have cancer-preventing and therapeutic
activities in laboratory studies (Pan and Ho 2008). As an example, tea and tea

preparations have been shown to inhibit tumorigenesis in a variety of animal

models of carcinogenesis, involving organ sites such as the skin, lungs, oral cavity,

esophagus, stomach, liver, pancreas, small intestine, colon, and prostate (De and

Ferguson 2005; Ferguson et al. 2005). The chemopreventive and chemotherapeutic

mechanisms of natural dietary compounds are acting on regulation of redox status
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and signal transduction, modulation of gene expression involved in the suppression

of inflammation, regulation of cell proliferation, differentiation, cell cycle and

apoptosis and suppression of angiogenesis and metastasis, and thus inhibition of

carcinogenesis (Pan and Ho 2008) (Fig. 2.2).

2.3 Chemopreventive and Chemotherapeutic Mechanisms

of Flavonoids in Human Cancer

Numerous epidemiologic studies showed that the incidence of cancer is inversely

correlated with the consumption of fruits and vegetables (Block et al. 1992; Vainio

and Weiderpass 2006). Flavonoids are natural plant secondary metabolites in fruits,

vegetables, nuts, seeds and plants and, with the burgeoning interest in alternative

medicine, which increasingly been ingested by the general population. Chemically,

flavonoids possess a basic 15-carbon skeleton and can be represented as C6-C3-C6

consisting of two benzene rings (C6) joined by a three carbon chain (C3). They can

be classified by flavones, flavanones, flavonols, flavanonols, flavanols (catechins),

anthocyanidins and isoflavones based on the differences in the structure of the

aglycones C ring. The structural diversity of flavonoids is present in the pattern of

basic structure such as hydroxylation and methoxylation, and the type of conjuga-

tion includes sulfonation, prenylation, or glycosylation, that display various

biological activities (Beecher 2003).

Fig. 2.2 Proposed mechanism of natural dietary compounds on cancer chemoprevention and

chemotherapy
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Growing evidences exhibit a broad spectrum of pharmacological properties of

flavonoids such as antioxidant, free radical-scavenging, anti-inflammatory, anti-

carcinogenic, anti-viral, anti-bacterial, anti-thrombogenic and anti-atherogenic

activities. It has been reported that human intake of all flavonoids is a few hundred

milligrams to 650 mg/day in our diet (Liu 2004). Several researches indicate that

dietary flavonoids may reduce cancer risk and display benefit for human health

(Neuhouser 2004; Rossi et al. 2008; Graf et al. 2005). The chemopreventive and

chemotherapeutic effects of flavonoids on various human cancers as well as their

molecular mechanism are described below.

2.3.1 Flavonols (Table 2.1)

Quercetin is found typically in onions, broccoli, apples, grapes, wine, tea, and

leafy green vegetables, and it is well known as a potent antioxidant and anti-

inflammatory agent and effective in the prevention and modulation of different

type of cancers. Dietary quercetin reduces azoxymethane (AOM)-induced aber-

rant crypt foci (ACF) formation by lowering crypt cell proliferation and increas-

ing apoptosis in both F344 and SD rats (Warren et al. 2009; Turner et al. 2009).

Decreased level of inflammatory enzyme cyclooxygenase-2 (COX-2) is also one

of possible mechanisms for preventing colonic tumorigenesis in early stage

(Turner et al. 2009). Quercetin is reported to inhibit the growth of colon cancer

cells by induction of G2/M cell cycle arrest via downregulation of β-catenin/T cell

factor (Tcf) transcriptional activity, thus decreasing gene expression of both

cyclin D1 and survivin that involved in cell cycle progression (Shan et al.

2009). Quercetin also induces apoptosis through targeting on epidermal growth

factor receptor (EGFR) and AMP-activated protein kinase (AMPK) signaling in

HT-29 colon cancer cells (Kim et al. 2005) and HT-29 xenograft tumor (Kim et al.

2010a), respectively. Moreover, quercetin enhances tumor radio-sensitivity in

DLD-1 human colorectal cancer xenograft model through inhibiting Ataxia tel-

angiectasia mutated (ATM) kinase that contributes to abate repair signaling in

response to DNA damage (Lin et al. 2012a). Similar to the role of quercetin in

colon cancer, it inhibits tumor growth by induction of apoptosis in human breast

cancer MDA-MB-453 tumor growth in vivo (Dechsupa et al. 2007) and enhances

radio-sensitivity in MCF-7 cancer cells (Lin et al. 2012a). In T98G and U87

glioblastoma cells, treatment with quercetin inhibits interleukin (IL)-6 triggered

cell proliferation and migration through targeting on signal transducer and acti-

vator of transcription 3 (STAT3) and downstream target gene cyclin D1 and

matrix metalloproteinases (MMP)-2 (Michaud-Levesque et al. 2012). In prostate

cancer, quercetin causes endoplasmic reticulum (ER)-dependent apoptosis sig-

naling in PC-3 cells and enhances eliminating prostate cancer stem cells (CSCs)

characteristics by inhibition of self-renewal properties, and lowering vimentin,

slug, snail levels involved in EMT, thus suppression of invasion and migration

(Liu et al. 2012; Tang et al. 2010).
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Kaempferol is another typical flavonol that commonly present in broccoli, tea

and various vegetables. Study shows that dietary administration of 50–200 mg/kg

kaempferol to rats causes significant upregulation of antioxidant enzymes including

catalase, super oxide dismutase (SOD) and glutathione peroxidase (GPx) as well as

decreasing lipid peroxidation that reduces 1,2-dimethyl hydrazine-induced colonic

carcinoma in rats (Nirmala and Ramanathan 2011a). Several reports demonstrate

the therapeutic effect of kaempferol in ovarian cancer. Kaempferol displays anti-

angiogenic activity by inhibition of hypoxia-inducible factor (HIF)-dependent and

independent vascular endothelial growth factor (VEGF) expression thus reduces

tumor growth in human ovarian cancer cell lines and chorioallantoic membranes of

chicken embryos model (Luo et al. 2009). Treatment with kaempferol induces

apoptosis in ovarian cancer cells through p53-dependent mechanism (Luo et al.

2011). In addition, kaempferol sensitizes cisplatin-induced apoptosis by decreasing

c-myc that contributes to overcome chemoresistance (Luo et al. 2010).

Myricetin, a naturally occurring flavonol in grapes, berries and other fruits and

vegetables, has been found to possess anticancer property. In pancreatic cancer,

myricetin induces apoptosis in vitro, regress tumor growth and decrease metastatic

spreads in orthotopic pancreatic tumors through inhibition of phosphoinositide-3-

kinase (PI3K) activity (Phillips et al. 2011). Myricetin also inhibits bladder cancer

cells proliferation and migration by induction of G2/M phase cell cycle arrest and

decreases of MMP-9 production that markedly reduces tumor growth in xenograft

model (Sun et al. 2012). Consumption of myricetin at a dose of 50 and 100 mg/kg

significantly suppress 1,2 dimethylhydrazine-induced colonic tumorigenesis

through modulation of redox statue (Nirmala and Ramanathan 2011b). Rutin, also

known as rutoside or sophorin, is a flavonol glycoside has a similar structure with

quercetin that commonly present in apple, orange, onion and citrus fruits. Many

studies have documented the potential of rutin on treatment of leukemia. In human

promyelocytic leukemia (HL-60) cells, rutin and vitamin E synergistically inhibits

VEGF secretion by suppression of activator protein-1 DNA-binding activity and

interference with insulin receptor substrate-1 (IRS-1) signaling (Chuang et al.

2010). Treatment with rutin at a dose of 120 mg/kg inhibits tumor growth in a

HL-60 xenograft animal model (Lin et al. 2012b). Rutin also displays a chemother-

apeutic effect by induce apoptosis specifically in adherent leukemic cells thus

contributes to abolish cell adhesion-mediated drug resistance (CAM-DR)

(Bourogaa et al. 2011). Moreover, rutin is found to protect benzo[a]pyrene-induced
DNA damage in hepatoma tissue culture (HTC) cells that may against carcinogen-

induced toxic effect during metabolism (Cristina et al. 2011).

2.3.2 Flavones (Table 2.2)

Apigenin majorly presents in parsley and celery has been considered as an antican-

cer agent. Dietary apigenin (at a dose of 0.1 %) reduces AOM-induced ACF number

by increasing colonocytes apoptosis in SD rats (Leonardi et al. 2010). In prostate
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cancer cells, treatment with apigenin inhibits cell motility and invasion by alter-

ation of cytoskeleton and accumulates focal adhesion proteins via decreased focal

adhesion kinase (FAK)/Src signaling, thus promotes cell adhesion (Franzen et al.

2009). Otherwise, apigenin inhibits prostate tumor growth through epigenetic

mechanism that evidenced by decreasing histone deacetylases (HDACs) activity

that results in cell cycle arrest and apoptosis in nude mice (Pandey et al. 2012).

Ovarian cancer cells treated with apigenin shows a synergistic effects in paclitaxel-

induced apoptosis through increases of oxidative stress, indicating apigenin may act

as a sensitizer with cancer therapy drugs (Xu et al. 2011).

Luteolin exists abundantly in thyme and also presents in beets, Brussels sprouts,

cabbage and cauliflower that has been shown to possess chemopreventive and

chemotherapeutic effects on various human cancers corresponding to its anti-

oxidative, anti-proliferative, anti-invasion and apoptosis-inducing activity. In

AOM-induced colon tumorigenesis model, orally treatment of luteolin at a dose

of 1.2 mg/kg to rats reduces AOM-induced ACF formation through decreasing lipid

peroxidation and increasing anti-oxidative enzyme activity that contributes to

preventing malondialdehyde (MDA)-DNA adduct formation in rat colon

(Ashokkumar and Sudhandiran 2008). In addition, luteolin decreases colonic

tumor size by downregulation of Wnt/β-catenin signaling and downstream target

gene cyclin D1 expression (Ashokkumar and Sudhandiran 2011). A large body of

studies demonstrates the effect of luteolin on lung cancer. Luteolin induces lung

cancer cell apoptosis, cell cycle arrest, inhibits invasion and tumor growth in vitro
and in vivo through multiple mechanisms, including downregulation of nuclear

factor-κB (NF-κB) (Cai et al. 2011), decreasing HDACs activity (Attoub et al.

2011) and suppression of EMT (Ruan et al. 2012). Luteolin also enhances thera-

peutic efficacy in lung cancer xenograft model when it combines with tumor

necrosis factor-related apoptosis-inducing ligand (TRAIL) (Yan et al. 2012). It

has been reported that the hepatoprotective property of luteolin is attributed to its

ability on anti-fibrosis and reduction of hepatotoxicity induced by carbon tetrachlo-

ride (CCl4) and D-galactosamine/lipopolysaccharide in vivo (Domitrovic et al.

2009; Lee et al. 2011a).

Nobiletin, tangeretin and 5-hydroxy-3,6,7,8,30,40-hexamethoxyflavone are poly-

methoxyflavones exist almost exclusively in citrus plants, particularly in citrus peel.

Owning to the substituted methoxy groups, PMFs has a superior metabolic stability

and membrane permeability over flavonoids (Wen and Walle 2006). Dietary feeding

of nobiletin not only reduces ACF formation but also suppressed incidence and

multiplicity of adenocarcinoma in AOM- and 2-amino-1-methyl-6-phenylimidazo

[4,5-b]pyridine (PhIP)-treated animals (Suzuki et al. 2004; Tang et al. 2011).

Nobiletin also completely abolished AOM/dextran sulfate sodium (DSS)-induced

adenocarcinoma formation by reduction of leptin levels in ICRmice (Miyamoto et al.

2008). In PhIP-induced prostate cancer model, dietary feeding 0.05 % nobiletin

significantly reduces number of prostate adenocarcinoma by suppression of cell

proliferation (Tang et al. 2011). Nobiletin also displays anti-invasion activity in

human gastric cancer cells by interfere with FAK and PI3K/AKT signaling and

downstream target gene, MMP-2 and MMP-9 (Lee et al. 2011b).
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Tangeretin exhibits anticancer property through modulation of intracellular

signaling. Studies have supported the role of inflammation in the pathogenesis of

lung cancer. Over-production of inflammatory mediators in lung cancer cells has

been believed to implicate in tumor growth, invasion, migration and metastasis

(Cho et al. 2011). Human lung carcinoma cells treated with tangeretin inhibits IL-

1α-mediated NF-κB-dependent COX-2 expression via interference with multiple

signaling molecules, such as p38 mitogen-activated protein kinase (MAPK), c-Jun

N-terminal kinases (JNK) and Akt (Chen et al. 2007). In cisplatin-resistant human

ovarian cancer cells, tangeretin synergistically induces apoptosis and cell cycle

arrest with cisplatin by targeting PI3K/Akt signaling (Arafa et al. 2009). Tangeretin

also inhibits human colon cancer and breast cancer cells proliferation through

induction of G1 phase cell cycle arrest (Morley et al. 2007). 5-hydroxy-

3,6,7,8,30,40-hexamethoxyflavone, a hydroxylated polymethoxyflavone, is particu-

larly exists in the peels of sweet orange, has been reported to induce apoptosis in

human leukemia cells and inhibit colony formation through downregulation of β-
catenin and NF-κB in human colon cancer cells (Pan et al. 2007; Qiu et al. 2011).

Topical application of 5-hydroxy-3,6,7,8,30,40-hexamethoxyflavone decreased

expression levels of inducible NO synthase (iNOS) and COX-2, reduced nuclear

translocation of NF-κB, and suppressed activation of extracellular regulated protein
kinase (ERK) 1/2, p38 and AKT signaling in a 12-O-tetradecanoylphorbol 13-
acetate (TPA)-induced skin inflammation mouse model (Lai et al. 2007). Moreover,

5-hydroxy-3,6,7,8,30,40-hexamethoxyflavone inhibits 7,12-dimethylbenz[α]anthra-
cene (DMBA)/TPA-induced skin tumor formation in mice. This study indicates that

5-hydroxy-3,6,7,8,30,40-hexamethoxyflavone is a potent chemopreventive agent.

2.3.3 Flavanols (Catechins) (Table 2.3)

Tea is the most popular flavored and functional drink worldwide and possesses

a broad spectrum of biological activities, including antioxidant, anti-carcino-

genic, anti-inflammatory, anti-diabetic, anti-hyperlipidemia and anti-obesity.

Green and black tea is account for about 20 and 78 % worldwide tea consumption,

respectively. Nemours studies have demonstrated the potential of green tea and

black tea on cancer chemoprevention, including colon cancer, prostate cancer,

ovarian cancer and rectal cancer are attributing to their polyphenolic compounds,

catechins and theaflavins (Yang et al. 2007; Yuan et al. 2011; Baker et al. 2007;

Dora et al. 2003). In rats with acute myeloid leukemia, (�)-epicatechin (EC) is

found to induce apoptosis of leukemia cells in the spleen but without cause toxic

effect in splenocytes that may against acute myeloid leukemia (Papiez et al.

2010). When combine with curcumin, EC enhances growth inhibitory effect and

induction of apoptosis in human lung cancer cell line (Saha et al. 2010). In vivo
study also demonstrates that the combination of EC with vitamin E effectively

protects nicotine-induced oxidative damage in rats (Al-Malki and Moselhy 2013).

(�)-Epigallocatechin-3-gallate (EGCG), the most abundant catechin in green tea,
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has been considered as a promising chemopreventive and anticancer agent. EGCG

inhibits human melanoma cells invasion and migration which is associate with

suppression of transition of mesenchymal stage to epithelial stage and endoge-

nous expression of COX-2 and prostaglandin E2 (PGE2) (Singh and Katiyar

2011). Supplementation with 0.01 and 0.1 % EGCG in drinking water suppresses

AOM-induced ACF formation by downregulation of insulin-like growth factor

(IGF), β-catenin and downstream gene cyclin D1 and COX-2 in C57BL/KsJ-db/db
mice (Shimizu et al. 2008). EGCG also displays hepatoprotective and anti-fibrosis

effect evidenced by reduction of oxidative stress, collagen accumulation and

inflammatory mediators production including tumor necrosis factor (TNF)-α,
COX-2 and iNOS (Tipoe et al. 2010). In human skin cancer cells, EGCG function

as an epigenetic regulator that reactivation of tumor suppressor genes, Cip1/p21
and p16INK4a, via reduction of DNA methylation and increases of histone

acetylation (Nandakumar et al. 2011). Human breast cancer cells treated with

EGCG inhibits nicotine-induced proliferation by targeting on α9-α nicotinic

acetylcholine receptor (nAChR) signaling pathway (Tu et al. 2011). Additionally,

EGCG shows anti-invasion and anti-migration activity in invasive human lung

cancer cells by induction of G2/M phase cell cycle arrest and JNK-dependent

MMP-2 expression (Deng and Lin 2011). When combination with chemothera-

peutic drug, docetaxel, EGCG demonstrates an enhanced effect on suppression of

gastric xenograft tumor growth by decreasing tumor angiogenesis in vivo (Wu

et al. 2012).

Theaflavins include theaflavin (TF1), theaflavin-3-O-gallate (TF2a), theaflavin-
30-O-gallate (TF2b) and theaflavin-3,30-O,O-digallate (TF3) are major polypheno-

lic compounds in black tea. The anti-proliferative and apoptosis-inducing activity

of TF1 has been documented in various cancer cell lines. Treatment with TF1

results in induction of death receptor/caspase-8 dependent apoptosis and inhibits

pAkt/pBad survival signaling in p53-mutated human breast cancer cells that may

reduce drug-resistance (Lahiry et al. 2010). TF1 also downregulates fatty acid

synthase in human breast cancer MCF-7 cells that may contributes to reduce cell

lipogenesis and proliferation (Yeh et al. 2003). Dietary TF-1 has been shown to

against lung cancer in different animal model. Consumption of TF-1 prevents benzo

[a]pyrene (BP)-induced lung carcinogenesis through induction of apoptosis and

inhibition of COX-2 expression in vivo (Banerjee et al. 2005, 2006). Moreover,

administration of TF-1 in drinking water reduces NNK-induced lung carcinogene-

sis caused in A/J mice (Yang et al. 1997). In human melanoma cell line, treatment

with TF1 induces apoptosis via ROS generation and MAPKs signaling

(Bhattacharya et al. 2009). Also, TF1 may against melanoma cell invasion by

suppression of MMP-2 via downregulation of epidermal growth factor receptor

(EGFR), ERK and NF-κB signaling (Sil et al. 2010). TF3, another theaflavin in

black tea, is found to induce apoptosis via increased oxidative stress in human oral

squamous cells (Schuck et al. 2008). TF3 also reveals synergistic effect on induc-

tion of cell cycle arrest when combined with ascorbic acid in human lung adeno-

carcinoma cells (Li et al. 2010).
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2.3.4 Flavonones (Table 2.4)

Dietary consumption of 0.02 % naringenin, a naturally occurring citrus flavonone,

has been found to suppress AOM-induced colonic ACF formation by decreasing

cell proliferation and promoting apoptosis in colonocytes (Leonardi et al. 2010).

Naringenin may be considered as immunomodulator supported by significantly

reducing lung metastases in mice with pulmonary fibrosis through downregulation

of transforming growth factor (TGF)-α1 and reducing regulatory T cells that

involved in creation of immunosuppressive environment within tumor tissue (Du

et al. 2009). Administration of naringenin reduces tumor growth by modulation of

redox statue that against N-methyl-N0-nitro-N-nitrosoguanidine-induced gastric

carcinogenesis in rats (Ekambaram et al. 2008). In cerebrally implanted C6 glioma

cells rat model, naringenin is found to increase expression of connexin 43 (Cx43), a

molecule involved in gap junction, thus promotes apoptosis of glioma cells

(Sabarinathan et al. 2010). Naringenin also has been reported to protect against

UVB-induced DNA damage by accelerating of cyclobutane pyrimidine dimers

(CPD) removal and decreasing apoptosis in human keratinocytes HaCaT cells

(El-Mahdy et al. 2008). Naringin is another flavonone naturally occurs in citrus.

Administration of naringin at a dose of 25 mg/kg is effective on reducing tumor

growth by downregulation of inflammatory cytokines TNF-α and IL-6 in rats with

Walker 256 carcinosarcoma (Camargo et al. 2012). Naringin also demonstrates

protective property against carcinogen-induced lung injury by increasing antioxi-

dant, downregulation of inflammatory cytokine production and suppression of

neutrophil infiltration in cigarette smoke (CS) and lipopolysaccharides (LPS)-

treated animal models (Luo et al. 2012; Liu et al. 2011).

Silibinin is the major flavonolignan isolated from seed of milk thistle (Silybum
marianum), has been believed to possess anticancer efficacy and liver protective

effect with its mixture form, similarly. Dietary 0.5 % silibinin induces apoptosis and

inhibits angiogenesis via downregulation of Bcl-2, survivin and VEGF expression,

thus suppresses prostate tumor growth in nude mice (Singh et al. 2007). In metastatic

prostate cancer cells, silibinin causes suppression of invasive property by reversing

EMT via targeting on NF-κB, vimentin and MMP2 (Wu et al. 2010). Silibinin

treatment induces apoptosis in human bladder cancer cells and bladder xenograft

tumor growth through interfering with STAT3 signaling, and caspase- dependent and

-independent pathway (Agarwal et al. 2007; Zeng et al. 2011). Orally feeding

silibinin at a dose of 750 mg/kg suppressed colonic tumorigenesis through inhibition

of cell proliferation (β-catenin, cyclin D1), inflammation (iNOS, COX-2), angiogen-

esis (VEGF) and induction of apoptosis in AOM-treated A/J mice and APCmin/+

mice (Ravichandran et al. 2010; Rajamanickam et al. 2010). In addition, silibinin

displays anti-metastatic property evidenced by inhibition of migration and adhesion

via decreasing cell division control protein 42 (Cdc42) and D4-GDI (a Rho GTPases
regulator) that may prevent metastasis of human highly metastatic breast cancer cell

to distant organs (Dastpeyman et al. 2011). In human cervical cancer cell line,

silibinin treatment induces both apoptosis and autophagy by increasing of oxidative

stress including ROS and reactive nitrogen species (RNS) (Fan et al. 2011).
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2.3.5 Anthocyanidins (Table 2.5)

Anthocyanidins are water-soluble glycosides and common plant pigments that give

the red and blue colors in many cereal grains, and flowers, fruits and vegetables

such as blueberries and grapes. Cyanidin is reported to synergistic against H2O2-

induced cytotoxicity with peroxisome proliferator-activated receptors (PPAR) ago-

nist through decreasing oxidative stress via activation of NF-E2-related factor

2 (Nrf2), an important transcription factor of antioxidant enzymes (Shih et al.

2012). Cyanidin also reduces UVB-induced COX-2 expression through targeting

multiple signalings, such as MKK4, MAP kinase (MEK1) and Raf-1 in epidermal

cells that contributes to suppression of UVB-induced inflammatory response in skin

(Kim et al. 2010b). Cyanidin-3-glucoside, another natural colorant found in

bilberries and other fruits, is shown to scavenge UVB-induced free radicals,

block TPA-induced neoplastic transformation in epidermal cells, and decrease

tumor number in DMBA/TPA skin tumorigenesis model via downregulation of

COX-2 and TNF-α production (Ding et al. 2006). In in vitro and in vivo study,

cyanidin-3-glucoside effectively suppresses lung cancer cell proliferation and

metastasis by reduction of invasion and migration via decreasing MMP-2 level

(Chen et al. 2006; Ding et al. 2006).

Delphinidin also shows chemoprotective and anticancer effects against prostate,

breast and liver cancer. Studies show that delphinidin modulates NF-κB signaling

that induces apoptosis, cell cycle arrest and inhibits prostate tumor growth in vitro
and in vivo (Bin et al. 2008; Hafeez et al. 2008). In human breast cancer cells,

treatment of delphinidin causes apoptosis through decreasing HER2 and ERK1/2

signalings (Ozbay and Nahta 2011). Administration with delphinidin inhibits

CCl4-indcued oxidative stress, reduces collagen accumulation, inactivates hepatic

stellate cells (HSC) and restores hepatic injury that contribute to reduce liver

fibrosis (Domitrovic and Jakovac 2010).

2.3.6 Isoflavones (Table 2.6)

Isoflavones are usually recognized as phytoestrogen compounds which rich in

soybeans. Many studies have revealed the health benefits of soybeans are derived

from isoflavones, such as anti-atherosclerotic and anticancer. Genistein and daidzein

are major isoflavones that abundantly present in soybeans, possess chemopreventive

and anticancer activity evidenced by numerous in vitro and in vivo studies. In human

ovarian cancer cells, treatment of genistein induces both apoptosis and autophagy as

well as decreases glucose uptake via downregulation of Akt that may contribute

towards a mechanism to limit glucose utilization (Gossner et al. 2007). Genistein is

effective on drug-resistant ovarian cancer by sensitizing cisplatin-induced apoptosis

via targeting on NF-κB (Solomon et al. 2008). Dietary genistein displays protective

effect against 2,4,6-trinitrobenzenesulfonic acid (TNBS)-induced chronic colitis via
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anti-inflammatory mechanism, including reduction of COX-2 expression and

myeloperoxidase (MPO) activity (Seibel et al. 2009). In combination with indole-

3-carbinol, a breakdown product of the glucobrassicin which can be found at

relatively high levels in cruciferous vegetables, synergistically induces apoptosis

through interfere with Akt in human colon cancer cells (Nakamura et al. 2009).

Several studies demonstrate the potential of genistein against prostate cancer. Dietary

genistein effectively inhibits lung micrometastasis of orthotopically implanted

human prostate cancer cells by increasing promotility proteins that contributes to

increase adhesion property of cancer cells (Lakshman et al. 2008). Genistein also

reduces N-methylnitrosourea (NMU)-induced advanced prostate cancer in vivo
through targeting on phosphatase and tensin homolog, known as a tumor suppressor,

and Akt signaling, thus suppression of cell proliferation and increase of apoptosis

(Wang et al. 2009). In prostate cancer patients, supplement with genistein significant

decreases prostate COX-2/PGE2 levels that may beneficial to the treatment prostate

cancer (Swami et al. 2009).

Daidzein, another isoflavone exists in soybeans, is found as chemotherapy sensi-

tizer supported by enhancement of TRAIL-induced apoptosis in chemoresistance

glioma cells (Siegelin et al. 2009). Treatment of daidzein causes cell proliferation

inhibition through induction of G1 and G2/M phase cell cycle arrest in different

human breast cancer cells (Choi and Kim 2008). Additionally, combination of

daidzein and genistein shows a synergistically protective effect against UVB-induced

DNA damage and decreasing COX-2 levels in human fibroblasts, indicating a

Fig. 2.3 Proposed mechanism of flavonoids from fruits and vegetables on cancer chemoprevention

and chemotherapy
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protective role for UVB-induced skin damage and inflammation (Iovine et al. 2011).

Orally feeding daidzein (5 and 25 mg/kg) displays hepatoprotective efficacy against

DMBA-induced oxidative stress, increasing antioxidant statue (glutathione peroxi-

dase and reductase) and reducing hepatocytes apoptosis in mouse liver (Choi and

Kim 2009).

2.4 Conclusions and Perspectives

Cancer is the major challenge to human health. In concept of overcome this

challenge, there is needed new approach to control cancer development through

cancer chemoprevention or chemotherapy by specific/multi-targets to improve

efficiency of conventional therapies. Natural compounds from diet are now consid-

ered to offer great potential in the prevention and management of cancer.

Flavonoids are widely present in vegetables, fruits and edible plants that display

great cancer chemopreventive and chemotherapeutic effects on various human

cancers. Their possible mechanism includes interference in several of the steps

that lead to the development of malignant tumors, such as protecting DNA from

oxidative damage, inhibiting carcinogen activation, and activating carcinogen

detoxifying systems (Fig. 2.3). They also inhibit the promotion stage of carcino-

genesis by inhibiting oxygen radical-forming enzymes or enzymes that contribute

to DNA synthesis or acts on inhibition of signaling molecules that contribute to

proliferation, inflammation, EMT, angiogenesis, invasion and migration. Finally,

they may prevent tumor development by inducing programmed cell death of tumor

cell including apoptosis and autophagy as well as trigger cell cycle arrest.

Despite a number of studies have addressed the anticancer effect of flavonoids

from fruits and vegetables, little is known about the mechanism of action of most

compounds. Flavonoids can directly and indirectly influence cancer development

likely to be an integrated effect of several distinct mechanisms. Therefore, identify

specific targets and understanding of the critical events associated with tumorigenesis

would provide the better investigation of their underlying mechanism. In addition,

many in vitro and in vivo researches have reported the effects of flavonoids on various
human cancers, but not final conclusion. In cell culture system and animal study, the

dosage of flavonoids may not be attained in our regular diet. Although several

epidemiological research report the efficacy of dietary flavonoids on against human

cancer, but some are still contradictory. Before application of general public, well-

designed and carefully clinical studies should be evaluated in intervention trials for

potential of flavonoids as cancer chemopreventive agents. Moreover, the absorption,

bioavailability, metabolism and pharmacokinetic properties are important issues for

dietary intervention of flavonoids on human cancers. In fact, the structure and

functional group of some flavonoids might limit their oral bioavailability. Poor

absorption and extensive conjugative metabolisms in the intestine and liver greatly

limit bioavailability of dietary flavonoids. Constructing an appropriate vehicle and

the desired efficient formulation possess a challenge to dietary supplement
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researchers. It is also possible that these dietary flavonoids can be used as sensitizers

to enhance the efficacy of other known chemotherapeutic agent that offer effective

approach on malignant or chemoresistance cancers. Further mechanistic insights are

needed to elucidate for dietary flavonoids on cancer chemoprevention and treatment

that should provide innovative approaches for control of cancers.

References

Agarwal C, Tyagi A, Kaur M, Agarwal R (2007) Silibinin inhibits constitutive activation of Stat3,

and causes caspase activation and apoptotic death of human prostate carcinoma DU145 cells.

Carcinogenesis 28:1463–1470

Alexander S, Friedl P (2012) Cancer invasion and resistance: interconnected processes of disease

progression and therapy failure. Trends Mol Med 18:13–26

Al-Malki AL, Moselhy S (2013) Protective effect of vitamin E and epicatechin against nicotine-

induced oxidative stress in rats. Toxicol Ind Health 29:202–208

Arafa ES, Zhu Q, Barakat BM, Wani G, Zhao Q, El-Mahdy MA, Wani AA (2009) Tangeretin

sensitizes cisplatin-resistant human ovarian cancer cells through downregulation of phosphoi-

nositide 3-kinase/Akt signaling pathway. Cancer Res 69:8910–8917

Ashokkumar P, Sudhandiran G (2008) Protective role of luteolin on the status of lipid peroxidation

and antioxidant defense against azoxymethane-induced experimental colon carcinogenesis.

Biomed Pharmacother 62:590–597

Ashokkumar P, Sudhandiran G (2011) Luteolin inhibits cell proliferation during Azoxymethane-

induced experimental colon carcinogenesis via Wnt/ beta-catenin pathway. Invest New Drug

29:273–284

Attoub S, Hassan AH, Vanhoecke B, Iratni R, Takahashi T, Gaben AM et al (2011) Inhibition of

cell survival, invasion, tumor growth and histone deacetylase activity by the dietary flavonoid

luteolin in human epithelioid cancer cells. Eur J Pharmacol 651:18–25

Baker JA, Boakye K, McCann SE, Beehler GP, Rodabaugh KJ, Villella JA et al (2007) Consump-

tion of black tea or coffee and risk of ovarian cancer. Int J Gynecol Cancer 17:50–54

Banerjee S, Manna S, Saha P, Panda CK, Das S (2005) Black tea polyphenols suppress cell

proliferation and induce apoptosis during benzo(a)pyrene-induced lung carcinogenesis. Eur J

Cancer Prev 14:215–221

Banerjee S, Manna S, Mukherjee S, Pal D, Panda CK, Das S (2006) Black tea polyphenols restrict

benzopyrene-induced mouse lung cancer progression through inhibition of Cox-2 and induc-

tion of caspase-3 expression. Asian Pac J Cancer Prev 7:661–666

Beecher GR (2003) Overview of dietary flavonoids: nomenclature, occurrence and intake. J Nutr

133:3248S–3254S

Bhattacharya U, Halder B, Mukhopadhyay S, Giri AK (2009) Role of oxidation-triggered activa-

tion of JNK and p38 MAPK in black tea polyphenols induced apoptotic death of A375 cells.

Cancer Sci 100:1971–1978

Bin HB, Asim M, Siddiqui IA, Adhami VM, Murtaza I, Mukhtar H (2008) Delphinidin, a dietary

anthocyanidin in pigmented fruits and vegetables: a new weapon to blunt prostate cancer

growth. Cell Cycle 7:3320–3326

Block G, Patterson B, Subar A (1992) Fruit, vegetables, and cancer prevention: a review of the

epidemiological evidence. Nutr Cancer 18:1–29

Bourogaa E, Bertrand J, Despeaux M, Jarraya R, Fabre N, Payrastre L et al (2011) Hammada

scoparia flavonoids and rutin kill adherent and chemoresistant leukemic cells. Leuk Res

35:1093–1101

Cai X, Ye T, Liu C, Lu W, Lu M, Zhang J, Wang M et al (2011) Luteolin induced G2 phase cell

cycle arrest and apoptosis on non-small cell lung cancer cells. Toxicol In Vitro 25:1385–1391

48 M.-H. Pan et al.



Camargo CA, Gomes-Marcondes MC, Wutzki NC, Aoyama H (2012) Naringin inhibits tumor

growth and reduces interleukin-6 and tumor necrosis factor alpha levels in rats with Walker

256 carcinosarcoma. Anticancer Res 32:129–133

Cecconi F, Levine B (2008) The role of autophagy in mammalian development: cell makeover

rather than cell death. Dev Cell 15:344–357

Chen PN, Chu SC, Chiou HL, Kuo WH, Chiang CL, Hsieh YS (2006) Mulberry anthocyanins,

cyanidin 3-rutinoside and cyanidin 3-glucoside, exhibited an inhibitory effect on the migration

and invasion of a human lung cancer cell line. Cancer Lett 235:248–259

Chen KH, Weng MS, Lin JK (2007) Tangeretin suppresses IL-1beta-induced cyclooxygenase

(COX)-2 expression through inhibition of p38 MAPK, JNK, and AKT activation in human

lung carcinoma cells. Biochem Pharmacol 73:215–227

Cho WC (2012) Targeting the signaling pathways in cancer therapy. Expert Opin Ther Target

16:1–3

Cho WC, Kwan CK, Yau S, So PP, Poon PC, Au JS (2011) The role of inflammation in the

pathogenesis of lung cancer. Expert Opin Ther Target 15:1127–1137

Choi EJ, Kim GH (2008) Daidzein causes cell cycle arrest at the G1 and G2/M phases in human

breast cancer MCF-7 and MDA-MB-453 cells. Phytomedicine 15:683–690

Choi EJ, Kim GH (2009) Hepatoprotective effects of daidzein against 7,12-dimetylbenz[a]anthra-

cene-induced oxidative stress in mice. Int J Mol Med 23:659–664

Chuang CH, Huang CS, Hu ML (2010) Vitamin E and rutin synergistically inhibit expression of

vascular endothelial growth factor through down-regulation of binding activity of activator

protein-1 in human promyelocytic leukemia (HL-60) cells. Chem Biol Interact 183:434–441

Cristina MJ, Ferreira Tsuboy MS, Cabral LR, Regina RL, Beatriz Hoffmann-Campo C, Segio MM

(2011) Investigation of cytotoxic, apoptosis-inducing, genotoxic and protective effects of the

flavonoid rutin in HTC hepatic cells. Exp Toxicol Pathol 63:459–465

Dastpeyman M, Motamed N, Azadmanesh K, Mostafavi E, Kia V, Jahanian-Najafabadi A et al

(2011) Inhibition of silibinin on migration and adhesion capacity of human highly metastatic

breast cancer cell line, MDA-MB-231, by evaluation of beta1-integrin and downstream

molecules, Cdc42, Raf-1 and D4GDI. Med Oncol 29(4):2512–2518

De FS, Ferguson LR (2005) Overview of mechanisms of cancer chemopreventive agents. Mutat

Res 591:8–15

De FS, Izzotti A, D’Agostini F, Balansky RM, Noonan D, Albini A (2001) Multiple points of

intervention in the prevention of cancer and other mutation-related diseases. Mutat Res

480–481:9–22

Debatin KM (2004) Apoptosis pathways in cancer and cancer therapy. Cancer Immunol

Immunother 53:153–159

Dechsupa S, Kothan S, Vergote J, Leger G, Martineau A, Berangeo S et al (2007) Quercetin,

Siamois 1 and Siamois 2 induce apoptosis in human breast cancer MDA-mB-435 cells

xenograft in vivo. Cancer Biol Ther 6:56–61

Degenhardt K, Mathew R, Beaudoin B, Bray K, Anderson D, Chen G et al (2006) Autophagy

promotes tumor cell survival and restricts necrosis, inflammation, and tumorigenesis. Cancer

Cell 10:51–64

Deng YT, Lin JK (2011) EGCG inhibits the invasion of highly invasive CL1-5 lung cancer cells

through suppressing MMP-2 expression via JNK signaling and induces G2/M arrest. J Agric

Food Chem 59:13318–13327

Ding M, Feng R, Wang SY, Bowman L, Lu Y, Qian Y et al (2006) Cyanidin-3-glucoside, a natural

product derived from blackberry, exhibits chemopreventive and chemotherapeutic activity.

J Biol Chem 281:17359–17368

Domitrovic R, Jakovac H (2010) Antifibrotic activity of anthocyanidin delphinidin in carbon

tetrachloride-induced hepatotoxicity in mice. Toxicology 272:1–10

Domitrovic R, Jakovac H, Tomac J, Sain I (2009) Liver fibrosis in mice induced by carbon

tetrachloride and its reversion by luteolin. Toxicol Appl Pharmacol 241:311–321

2 Effect of Flavonoids from Fruits and Vegetables in the Prevention. . . 49



Dora I, Arab L, Martinchik A, Sdvizhkov A, Urbanovich L, Weisgerber U (2003) Black tea

consumption and risk of rectal cancer in Moscow population. Ann Epidemiol 13:405–411

Du G, Jin L, Han X, Song Z, Zhang H, Liang W (2009) Naringenin: a potential immunomodulator

for inhibiting lung fibrosis and metastasis. Cancer Res 69:3205–3212

Earnshaw WC, Martins LM, Kaufmann SH (1999) Mammalian caspases: structure, activation,

substrates, and functions during apoptosis. Annu Rev Biochem 68:383–424

Edinger AL, Thompson CB (2004) Death by design: apoptosis, necrosis and autophagy. Curr Opin

Cell Biol 16:663–669

Ekambaram G, Rajendran P, Magesh V, Sakthisekaran D (2008) Naringenin reduces tumor size

and weight lost in N-methyl-N0-nitro-N-nitrosoguanidine-induced gastric carcinogenesis in

rats. Nutr Res 28:106–112

El-Mahdy MA, Zhu Q, Wang QE, Wani G, Patnaik S, Zhao Q et al (2008) Naringenin protects

HaCaT human keratinocytes against UVB-induced apoptosis and enhances the removal of

cyclobutane pyrimidine dimers from the genome. Photochem Photobiol 84:307–316

Fan S, Li L, Chen S, Yu Y, Qi M, Tashiro S et al (2011) Silibinin induced-autophagic and

apoptotic death is associated with an increase in reactive oxygen and nitrogen species in HeLa

cells. Free Radic Res 45:1307–1324

Ferguson LR, Bronzetti G, De FS (2005) Mechanistic approaches to chemoprevention of mutation

and cancer. Mutat Res 591:3–7

Franzen CA, Amargo E, Todorovic V, Desai BV, Huda S, Mirzoeva S et al (2009) The

chemopreventive bioflavonoid apigenin inhibits prostate cancer cell motility through the

focal adhesion kinase/Src signaling mechanism. Cancer Prev Res (Phila) 2:830–841

Galati G, O’Brien PJ (2004) Potential toxicity of flavonoids and other dietary phenolics: signifi-

cance for their chemopreventive and anticancer properties. Free Radic Biol Med 37:287–303

Gossner G, Choi M, Tan L, Fogoros S, Griffith KA, Kuenker M et al (2007) Genistein-induced

apoptosis and autophagocytosis in ovarian cancer cells. Gynecol Oncol 105:23–30

Graf BA, Milbury PE, Blumberg JB (2005) Flavonols, flavones, flavanones, and human health:

epidemiological evidence. J Med Food 8:281–290

Hafeez BB, Siddiqui IA, Asim M, Malik A, Afaq F, Adhami VM et al (2008) A dietary

anthocyanidin delphinidin induces apoptosis of human prostate cancer PC3 cells in vitro and

in vivo: involvement of nuclear factor-kappaB signaling. Cancer Res 68:8564–8572

Hanahan D, Weinberg RA (2000) The hallmarks of cancer. Cell 100:57–70

Hanahan D, Weinberg RA (2011) Hallmarks of cancer: the next generation. Cell 144:646–674

Hippert MM, O’Toole PS, Thorburn A (2006) Autophagy in cancer: good, bad, or both? Cancer

Res 66:9349–9351

Iovine B, Iannella ML, Gasparri F, Monfrecola G, Bevilacqua MA (2011) Synergic effect of

genistein and daidzein on UVB-induced DNA damage: an effective photoprotective combina-

tion. J Biomed Biotechnol 2011:692846

Kim WK, Bang MH, Kim ES, Kang NE, Jung KC, Cho HJ et al (2005) Quercetin decreases the

expression of ErbB2 and ErbB3 proteins in HT-29 human colon cancer cells. J Nutr Biochem

16:155–162

Kim HJ, Kim SK, Kim BS, Lee SH, Park YS, Park BK et al (2010a) Apoptotic effect of quercetin

on HT-29 colon cancer cells via the AMPK signaling pathway. J Agric Food Chem

58:8643–8650

Kim JE, Kwon JY, Seo SK, Son JE, Jung SK, Min SY et al (2010b) Cyanidin suppresses ultraviolet

B-induced COX-2 expression in epidermal cells by targeting MKK4, MEK1, and Raf-1.

Biochem Pharmacol 79:1473–1482

Lahiry L, Saha B, Chakraborty J, Adhikary A, Mohanty S, Hossain DM et al (2010) Theaflavins

target Fas/caspase-8 and Akt/pBad pathways to induce apoptosis in p53-mutated human breast

cancer cells. Carcinogenesis 31:259–268

Lai CS, Li S, Chai CY, Lo CY, Ho CT, Wang YJ et al (2007) Inhibitory effect of citrus 5-hydroxy-

3,6,7,8,30,40-hexamethoxyflavone on 12-O-tetradecanoylphorbol 13-acetate-induced skin

inflammation and tumor promotion in mice. Carcinogenesis 28:2581–2588

50 M.-H. Pan et al.



Lakshman M, Xu L, Ananthanarayanan V, Cooper J, Takimoto CH, Helenowski I et al (2008)

Dietary genistein inhibits metastasis of human prostate cancer in mice. Cancer Res

68:2024–2032

Lee WC, Jung HA, Choi JS, Kim YS, Lee SM (2011a) Protective effects of luteolin against

apoptotic liver damage induced by D-galactosamine/lipopolysaccharide in mice. J Nat Prod

74:1916–1921

Lee YC, Cheng TH, Lee JS, Chen JH, Liao YC, Fong Y et al (2011b) Nobiletin, a citrus flavonoid,

suppresses invasion and migration involving FAK/PI3K/Akt and small GTPase signals in

human gastric adenocarcinoma AGS cells. Mol Cell Biochem 347:103–115

Leonardi T, Vanamala J, Taddeo SS, Davidson LA, Murphy ME, Patil BS et al (2010) Apigenin

and naringenin suppress colon carcinogenesis through the aberrant crypt stage in

azoxymethane-treated rats. Exp Biol Med (Maywood) 235:710–717

Li W, Wu JX, Tu YY (2010) Synergistic effects of tea polyphenols and ascorbic acid on human

lung adenocarcinoma SPC-A-1 cells. J Zhejiang Univ Sci B 11:458–464

Lin C, Yu Y, Zhao HG, Yang A, Yan H, Cui Y (2012a) Combination of quercetin with radiother-

apy enhances tumor radiosensitivity in vitro and in vivo. Radiother Oncol 104(3):395–400

Lin JP, Yang JS, Lin JJ, Lai KC, Lu HF, Ma CY et al (2012b) Rutin inhibits human leukemia

tumor growth in a murine xenograft model in vivo. Environ Toxicol 27:480–484

Liu RH (2004) Potential synergy of phytochemicals in cancer prevention: mechanism of action.

J Nutr 134:3479S–3485S

Liu Y, Wu H, Nie YC, Chen JL, Su WW, Li PB (2011) Naringin attenuates acute lung injury in

LPS-treated mice by inhibiting NF-kappaB pathway. Int Immunopharmacol 11:1606–1612

Liu KC, Yen CY, Wu RS, Yang JS, Lu HF, Lu KW et al (2012) The roles of endoplasmic

reticulum stress and mitochondrial apoptotic signaling pathway in quercetin-mediated cell

death of human prostate cancer PC-3 cells. Environ Toxicol. doi:10.1002/tox.21769

Luo H, Rankin GO, Liu L, Daddysman MK, Jiang BH, Chen YC (2009) Kaempferol inhibits

angiogenesis and VEGF expression through both HIF dependent and independent pathways in

human ovarian cancer cells. Nutr Cancer 61:554–563

Luo H, Daddysman MK, Rankin GO, Jiang BH, Chen YC (2010) Kaempferol enhances cisplatin’s

effect on ovarian cancer cells through promoting apoptosis caused by down regulation of

cMyc. Cancer Cell Int 10:16

Luo H, Rankin GO, Li Z, Depriest L, Chen YC (2011) Kaempferol induces apoptosis in ovarian

cancer cells through activating p53 in the intrinsic pathway. Food Chem 128:513–519

Luo YL, Zhang CC, Li PB, Nie YC, Wu H, Shen JG, SuWW (2012) Naringin attenuates enhanced

cough, airway hyperresponsiveness and airway inflammation in a guinea pig model of chronic

bronchitis induced by cigarette smoke. Int Immunopharmacol 13:301–307

Martin SJ, Green DR (1995) Protease activation during apoptosis: death by a thousand cuts? Cell

82:349–352

Maycotte P, Thorburn A (2011) Autophagy and cancer therapy. Cancer Biol Ther 11:127–137

Michaud-Levesque J, Bousquet-Gagnon N, Beliveau R (2012) Quercetin abrogates IL-6/STAT3

signaling and inhibits glioblastoma cell line growth and migration. Exp Cell Res 318:925–935

Miyamoto S, Yasui Y, Tanaka T, Ohigashi H, Murakami A (2008) Suppressive effects of nobiletin

on hyperleptinemia and colitis-related colon carcinogenesis in male ICR mice. Carcinogenesis

29:1057–1063

Morley KL, Ferguson PJ, Koropatnick J (2007) Tangeretin and nobiletin induce G1 cell cycle

arrest but not apoptosis in human breast and colon cancer cells. Cancer Lett 251:168–178

Nakamura Y, Yogosawa S, Izutani Y, Watanabe H, Otsuji E, Sakai T (2009) A combination of

indol-3-carbinol and genistein synergistically induces apoptosis in human colon cancer HT-29

cells by inhibiting Akt phosphorylation and progression of autophagy. Mol Cancer 8:100

Nandakumar V, Vaid M, Katiyar SK (2011) (�)-Epigallocatechin-3-gallate reactivates silenced

tumor suppressor genes, Cip1/p21 and p16INK4a, by reducing DNA methylation and increas-

ing histones acetylation in human skin cancer cells. Carcinogenesis 32:537–544

2 Effect of Flavonoids from Fruits and Vegetables in the Prevention. . . 51

http://dx.doi.org/10.1002/tox.21769


Neuhouser ML (2004) Dietary flavonoids and cancer risk: evidence from human population

studies. Nutr Cancer 50:1–7

Nirmala P, Ramanathan M (2011a) Effect of kaempferol on lipid peroxidation and antioxidant

status in 1,2-dimethyl hydrazine induced colorectal carcinoma in rats. Eur J Pharmacol

654:75–79

Nirmala P, Ramanathan M (2011b) Effect of myricetin on 1,2 dimethylhydrazine induced rat

colon carcinogenesis. J Exp Ther Oncol 9:101–108

Ozbay T, Nahta R (2011) Delphinidin inhibits HER2 and Erk1/2 signaling and suppresses growth

of HER2-overexpressing and triple negative breast cancer cell lines. Breast Cancer (Auckland)

5:143–154

Pan MH, Ho CT (2008) Chemopreventive effects of natural dietary compounds on cancer

development. Chem Soc Rev 37:2558–2574

Pan MH, Lai YS, Lai CS, Wang YJ, Li S, Lo CY et al (2007) 5-Hydroxy-3,6,7,8,30,40,-
hexamethoxyflavone induces apoptosis through reactive oxygen species production, growth

arrest and DNA damage-inducible gene 153 expression, and caspase activation in human

leukemia cells. J Agric Food Chem 55:5081–5091

Pandey M, Kaur P, Shukla S, Abbas A, Fu P, Gupta S (2011) Plant flavone apigenin inhibits

HDAC and remodels chromatin to induce growth arrest and apoptosis in human prostate cancer

cells: in vitro and in vivo study. Mol Carcinog 51:952–962

Papiez MA, Baran J, Bukowska-Strakova K, Wiczkowski W (2010) Antileukemic action of

(�)-epicatechin in the spleen of rats with acute myeloid leukemia. Food Chem Toxicol

48:3391–3397

Phillips PA, Sangwan V, Borja-Cacho D, Dudeja V, Vickers SM, Saluja AK (2011) Myricetin

induces pancreatic cancer cell death via the induction of apoptosis and inhibition of the

phosphatidylinositol 3-kinase (PI3K) signaling pathway. Cancer Lett 308:181–188

Qiu P, Guan H, Dong P, Guo S, Zheng J, Li S et al (2011) The inhibitory effects of 5-hydroxy-

3,6,7,8,30,40,-hexamethoxyflavone on human colon cancer cells. Mol Nutr Food Res

55:1523–1532

Rajamanickam S, Velmurugan B, Kaur M, Singh RP, Agarwal R (2010) Chemoprevention of

intestinal tumorigenesis in APCmin/+ mice by silibinin. Cancer Res 70:2368–2378

Ravichandran K, Velmurugan B, Gu M, Singh RP, Agarwal R (2010) Inhibitory effect of silibinin

against azoxymethane-induced colon tumorigenesis in A/J mice. Clin Cancer Res

16:4595–4606

Ravikumar B, Berger Z, Vacher C, O’Kane CJ, Rubinsztein DC (2006) Rapamycin pre-treatment

protects against apoptosis. Hum Mol Genet 15:1209–1216

Rossi M, Negri E, Lagiou P, Talamini R, Dal ML, Montella M et al (2008) Flavonoids and ovarian

cancer risk: a case–control study in Italy. Int J Cancer 123:895–898

Ruan J, Zhang L, Yan L, Liu Y, Yue Z, Chen L et al (2012) Inhibition of hypoxia-induced

epithelial mesenchymal transition by luteolin in non-small cell lung cancer cells. Mol Med Rep

6:232–238

Sabarinathan D, Mahalakshmi P, Vanisree AJ (2010) Naringenin promote apoptosis in cerebrally

implanted C6 glioma cells. Mol Cell Biochem 345:215–222

Saha A, Kuzuhara T, Echigo N, Suganuma M, Fujiki H (2010) New role of (�)-epicatechin in

enhancing the induction of growth inhibition and apoptosis in human lung cancer cells by

curcumin. Cancer Prev Res (Phila) 3:953–962

Schuck AG, Ausubel MB, Zuckerbraun HL, Babich H (2008) Theaflavin-3,30-digallate, a compo-

nent of black tea: an inducer of oxidative stress and apoptosis. Toxicol In Vitro 22:598–609

Seibel J, Molzberger AF, Hertrampf T, Laudenbach-Leschowski U, Diel P (2009) Oral treatment

with genistein reduces the expression of molecular and biochemical markers of inflammation

in a rat model of chronic TNBS-induced colitis. Eur J Nutr 48:213–220

Shan BE, Wang MX, Li RQ (2009) Quercetin inhibit human SW480 colon cancer growth in

association with inhibition of cyclin D1 and survivin expression through Wnt/beta-catenin

signaling pathway. Cancer Invest 27:604–612

52 M.-H. Pan et al.



Shields PG, Harris CC (1991) Molecular epidemiology and the genetics of environmental cancer.

JAMA 266:681–687

Shih PH, Hwang SL, Yeh CT, Yen GC (2012) Synergistic effect of cyanidin and PPAR agonist

against nonalcoholic steatohepatitis-mediated oxidative stress-induced cytotoxicity through

MAPK and Nrf2 transduction pathways. J Agric Food Chem 60:2924–2933

Shimizu M, Shirakami Y, Sakai H, Adachi S, Hata K, Hirose Y, ShimizuM, Shirakami Y, Sakai H,

Adachi S, Hata K, Hirose Y et al (2008) Epigallocatechin gallate suppresses azoxymethane-

induced colonic premalignant lesions in male C57BL/KsJ-db/db mice. Cancer Prev Res (Phila)

1:298–304

Siegelin MD, Gaiser T, Habel A, Siegelin Y (2009) Daidzein overcomes TRAIL-resistance in

malignant glioma cells by modulating the expression of the intrinsic apoptotic inhibitor, bcl-2.

Neurosci Lett 454:223–228

Sil H, Sen T, Moulik S, Chatterjee A (2010) Black tea polyphenol (theaflavin) downregulates

MMP-2 in human melanoma cell line A375 by involving multiple regulatory molecules.

J Environ Pathol Toxicol Oncol 29:55–68

Singh T, Katiyar SK (2011) Green tea catechins reduce invasive potential of human melanoma

cells by targeting COX-2, PGE2 receptors and epithelial-to-mesenchymal transition. PLoS

One 6:e25224

Singh RP, Deep G, Blouin MJ, Pollak MN, Agarwal R (2007) Silibinin suppresses in vivo growth

of human prostate carcinoma PC-3 tumor xenograft. Carcinogenesis 28:2567–2574

Solomon LA, Ali S, Banerjee S, Munkarah AR, Morris RT, Sarkar FH (2008) Sensitization of

ovarian cancer cells to cisplatin by genistein: the role of NF-kappaB. J Ovarian Res 1:9

Sporn MB, Dunlop NM, Newton DL, Smith JM (1976) Prevention of chemical carcinogenesis by

vitamin A and its synthetic analogs (retinoids). Fed Proc 35:1332–1338

Stennicke HR, Salvesen GS (2000) Caspases – controlling intracellular signals by protease

zymogen activation. Biochim Biophys Acta 1477:299–306

Sun F, Zheng XY, Ye J, Wu TT, Wang JL, Chen W (2012) Potential anticancer activity of

myricetin in human t24 bladder cancer cells both in vitro and in vivo. Nutr Cancer 64:599–606

Suzuki R, Kohno H, Murakami A, Koshimizu K, Ohigashi H, Yano M et al (2004) Citrus nobiletin

inhibits azoxymethane-induced large bowel carcinogenesis in rats. Biofactors 22:111–114

Swami S, Krishnan AV, Moreno J, Bhattacharyya RS, Gardner C, Brooks JD et al (2009)

Inhibition of prostaglandin synthesis and actions by genistein in human prostate cancer cells

and by soy isoflavones in prostate cancer patients. Int J Cancer 124:2050–2059

Tang SN, Singh C, Nall D, Meeker D, Shankar S, Srivastava RK (2010) The dietary bioflavonoid

quercetin synergizes with epigallocathechin gallate (EGCG) to inhibit prostate cancer stem cell

characteristics, invasion, migration and epithelial-mesenchymal transition. J Mol Signal 5:14

Tang MX, Ogawa K, Asamoto M, Chewonarin T, Suzuki S, Tanaka T et al (2011) Effects of

nobiletin on PhIP-induced prostate and colon carcinogenesis in F344 rats. Nutr Cancer

63:227–233

Tipoe GL, Leung TM, Liong EC, Lau TY, Fung ML, Nanji AA (2010) Epigallocatechin-3-gallate

(EGCG) reduces liver inflammation, oxidative stress and fibrosis in carbon tetrachloride

(CCl4)-induced liver injury in mice. Toxicology 273:45–52

Tonon G (2008) From oncogene to network addiction: the new frontier of cancer genomics and

therapeutics. Future Oncol 4:569–577

Tu SH, Ku CY, Ho CT, Chen CS, Huang CS, Lee CH et al (2011) Tea polyphenol (�)-epigallo-

catechin-3-gallate inhibits nicotine- and estrogen-induced alpha9-nicotinic acetylcholine

receptor upregulation in human breast cancer cells. Mol Nutr Food Res 55:455–466

Turner ND, Paulhill KJ, Warren CA, Davidson LA, Chapkin RS, Lupton JR et al (2009) Quercetin

suppresses early colon carcinogenesis partly through inhibition of inflammatory mediators.

Acta Hortic 841:237–242

Vainio H, Weiderpass E (2006) Fruit and vegetables in cancer prevention. Nutr Cancer

54:111–142

2 Effect of Flavonoids from Fruits and Vegetables in the Prevention. . . 53



Wang J, Eltoum IE, Carpenter M, Lamartiniere CA (2009) Genistein mechanisms and timing of

prostate cancer chemoprevention in lobund-wistar rats. Asian Pac J Cancer Prev 10:143–150

Warren CA, Paulhill KJ, Davidson LA, Lupton JR, Taddeo SS, Hong MY et al (2009) Quercetin

may suppress rat aberrant crypt foci formation by suppressing inflammatory mediators that

influence proliferation and apoptosis. J Nutr 139:101–105

Wen X, Walle T (2006) Methylated flavonoids have greatly improved intestinal absorption and

metabolic stability. Drug Metab Dispos 34:1786–1792

William WN Jr, Heymach JV, Kim ES, Lippman SM (2009) Molecular targets for cancer

chemoprevention. Nat Rev Drug Discov 8:213–225

Wu K, Zeng J, Li L, Fan J, Zhang D, Xue Y et al (2010) Silibinin reverses epithelial-to-

mesenchymal transition in metastatic prostate cancer cells by targeting transcription factors.

Oncol Rep 23:1545–1552

Wu H, Xin Y, Xiao Y, Zhao J (2012) Low-dose docetaxel combined with (�)-epigallocatechin-3-

gallate inhibits angiogenesis and tumor growth in nude mice with gastric cancer xenografts.

Cancer Biother Radiopharm 27:204–209

Xu Y, Xin Y, Diao Y, Lu C, Fu J, Luo L, Yin Z (2011) Synergistic effects of apigenin and

paclitaxel on apoptosis of cancer cells. PLoS One 6:e29169

Yan J, Wang Q, Zheng X, Sun H, Zhou Y, Li D et al (2012) Luteolin enhances TNF-related

apoptosis-inducing ligand’s anticancer activity in a lung cancer xenograft mouse model.

Biochem Biophys Res Commun 417:842–846

Yang GY, Liu Z, Seril DN, Liao J, Ding W, Kim S et al (1997) Black tea constituents, theaflavins,

inhibit 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK)-induced lung tumorigenesis in

A/J mice. Carcinogenesis 18:2361–2365

Yang CS, Landau JM, Huang MT, Newmark HL (2001) Inhibition of carcinogenesis by dietary

polyphenolic compounds. Annu Rev Nutr 21:381–406

Yang G, Shu XO, Li H, Chow WH, Ji BT, Zhang X et al (2007) Prospective cohort study of green

tea consumption and colorectal cancer risk in women. Cancer Epidemiol Biomarkers Prev

16:1219–1223

Yang ZJ, Chee CE, Huang S, Sinicrope F (2011) Autophagy modulation for cancer therapy.

Cancer Biol Ther 11:169–176

Yeh CW, ChenWJ, Chiang CT, Lin-Shiau SY, Lin JK (2003) Suppression of fatty acid synthase in

MCF-7 breast cancer cells by tea and tea polyphenols: a possible mechanism for their

hypolipidemic effects. Pharmacogenomics J 3:267–276

Yuan JM, Sun C, Butler LM (2011) Tea and cancer prevention: epidemiological studies.

Pharmacol Res 64:123–135

Zeng J, Sun Y, Wu K, Li L, Zhang G, Yang Z et al (2011) Chemopreventive and chemotherapeutic

effects of intravesical silibinin against bladder cancer by acting on mitochondria. Mol Cancer

Ther 10:104–116

54 M.-H. Pan et al.



http://www.springer.com/978-94-007-6443-9


	Chapter 2: Effect of Flavonoids from Fruits and Vegetables in the Prevention and Treatment of Cancer
	2.1 Cancer Development
	2.2 Cancer Chemoprevention and Treatment by Natural Compounds
	2.3 Chemopreventive and Chemotherapeutic Mechanisms of Flavonoids in Human Cancer
	2.3.1 Flavonols (Table2.1)
	2.3.2 Flavones (Table2.2)
	2.3.3 Flavanols (Catechins) (Table2.3)
	2.3.4 Flavonones (Table2.4)
	2.3.5 Anthocyanidins (Table2.5)
	2.3.6 Isoflavones (Table2.6)

	2.4 Conclusions and Perspectives
	References


