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Cancer is the second leading cause of death in developed countries and poor diet and physical inactivity are major risk
Jactors in cancer-related deaths. Therefore, interventions to reduce levels of smoking, improve diet, and increase physical
activity must become much higher priorities in the general population’s health and health care systems. The consumption
of fruit and vegetables exerts a preventive effect towards cancer and in recent years natural dietary agents have attracted
greal aitention in the scientific community and among the general public. Foods, such as tomaiees, olive oil, broccoli,
garlic, onions, berries, soy bean, honey, tea, aloe vera, grapes, rosemary, basil, chili peppers, carrots, pomegranate, and

curcuma contain active componenis that can influence the initiation and the progression of carcinogenesis, aciing on
pathways implied in cell proliferation, apoptosis and metastasis. The present review illustrates the main foods and their
active componenis, including their antioxidani, cytotoxic, and pro-apopiotic properties, with a particular focus on the

evidence related 1o cancers of the digestive sysiem.
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INTRODUCTION

Cancer is a major public health problem in many parts of
the world (Siegel et al., 2012). According to World Health
Organization { WHO), cancer is responsible for approximately
7.6 million (13%) of the 59 million deaths that occur each year
and in 2030 deaths from cancer worldwide are expected to
reach 11.8 million per year. Most cancer deaths are due to five
leading behavioral and dietary risks, which include low fruit
and vegetable intake. The evidence linking poor nutrition,
overweight/obesity, and physical inactivity as nisk factors for
cancer continues to develop and a healthy diet is one of the
most important lifestyle changes that a person can make to
reduce his/her risk of cancer (Deng et al., 2009; Beaglehole
et al., 2011; Kushi et al., 2012). WHO has graded the strength
of the evidence for these lifestyle risk factors, in relation to a
range of cancers, and estimated that around 1 million new
cases could be prevented in the USA, UK, China, and Brazil
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alone, by merely correcting lifestyle behavior. Since most can-
cers are linked to lifestyle components and Western-type diet,
knowledge of these causes should also lead to effective poli-
cies to prevent the export of a “Western pattern™ of cancers in
lower income countries such as in Africa (Wiseman, 2015).

Many herbs have traditionally been used for the treatment of
tumors and during the 20th Century several molecules derived
from natural substances were introduced as drugs. Dietary
agents could be used alone or in combination with conventional
chemotherapeutic agents, in order to prevent new cases of can-
cer and recent studies suggest that a Mediterranean diet
decreases the risk of cancer (Visioliet al., 2005; Pelucchiet al.,
2009). Cancer is a complex disease and an acquired knowledge
of herbal and nutraceutical dietary components would favor an
unexpected alliance between traditional pharmacology and
“food-based” complementary approaches, thus developing
public health recommendations for cancer prevention.

In recent years, epidemiological and basic research studies
have shown that different components present in food, such as
tomatoes, olive oil, broceoli, garlic, onions, berries, soy bean,
honey, tea, aloe vera, grapes, rosemary, basil, chili peppers,
carrots, pomegranate, and curcuma inhibit pro-proliferative
signals implied in tumor progression and/or stimulate cancer
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cell apoptosis (Aggarwal and Shishodia, 2000); Ullah and
Khan, 2008; Garavello et al., 2009; Kyle et al., 2010). A sum-
mary of these compounds with nutraceutical value and their
dietary sources is reported in Table 1.

Therefore, considering the increasing interest in the role of
dietary components in cancer biology, additional research
could be developed to prospectively modify the cancer risk,
through primary diet chemoprevention or by improving thera-
peutic results through multi-target approach therapies. In the
present review, attention will focus on the epidemiological
evidence of the dietary agents in cancer risk and the biological
effects of the food compounds on pathways implied in cancer
proliferation, apoptosis, and metastasis. The following sec-
tions illustrate the main foods of health interest with anti-can-
cer properties. Finally, the main cellular and molecular targets
of specific compounds will be synthetically illustrated.

FOODS AND THEIR CHEMOPREVENTIVE AGENTS
Tomatoes

The tomato 1s a typical component of the Mediterranean
diet and its consumption has been inversely related to the nsk
of developing cardiovascular diseases and cancer (Hwang and
Bowen, 2002). Tomatoes are a plant species of the Solanacae
family, native of South America, widely cultivated around the
world. Several studies show that there is an inverse association
between tomato intake and the risk of colorectal, gastric or
pancreatic cancer although the U.S. Food and Drug Adminis-
tration (FDA) found limited clinical evidence to support the
beneficial effects of tomato consumption in cancer (Heber
et al., 2001; Cohen, 2002; Muller et al., 2003; Davis et al.,
2005; Jenab et al., 2005; Kavanaugh et al, 2007; Walfisch
et al., 2007; Friedman et al., 2009; Polivkova et al., 2010; Shi
et al., 2010; Lippi and Targher, 2011). Tomatoes contain sub-
stances with an in vitro tested anti-proliferative effect on can-
cer cells, such as lyvcopene and various polyphenols, at a
concentration of 4-26 mg/100 g fresh food, in relation to plant
varieties (Verhoeyen et al., 2002; Weisburger, 2002; Wang
et al., 2003; Ferreres et al., 2010). Lvcopene can function as
an antioxidant because it reduces oxidative damage, prevent-
ing chronic diseases such as cancer and cardiovascular disease
(Agarwal and Rao, 2000). Other proposed potential mecha-
nisms of action for lycopene include regulation of gene func-
tion, communication via gap junctions, modulation of
hormone and immune activity, as well as metabolism of carci-
nogens (Agarwal and Rao, 2000).

Olive (hl

Virgin olive o1l consumption in populations with Mediter-
ranean diet ranges from 25 to 50 ml per day (Corona et al.,
2009). In a meta-analysis study, comparing 19 studies taking
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into account solely olive oil intake, people in the highest group
of olive oil consumption had a 34% lower likelihood of having
any type of cancer. More specifically, high olive o1l consump-
tion was associated with lower odds of developing cancer of
the digestive system: odds ratio = —0.36, 95% Confidence
Interval (CI) = —0.50 to —0.21 (Psaltopoulou et al., 2011). In
vitro olive oil has an antiproliferative effect on colon cancer
cell lines through the inhibition of fatty acid synthase, extra-
cellular-signal-regulated kinases 1/2 (ERK 1/2) and cyclin D1
(Corona et al., 2009; Notarnicola et al., 2011). The main
active components of olive oil include monounsaturated lipids
(especially oleic acid), phenolic constituents (such as hydroxy-
tyrosol, tyrosol, and oleuropein) and squalene (Omar, 2010).
One of the major polyphenolic constituents of extra virgin
olive o1l 15 hydroxyiyrosol that exerts strong antiproliferative
effects against human colon adenocarcinoma cells, via the
ability to induce a cell cycle block in G2/M phase, thanks to a
strong inhibition of ERK1/2 phosphorylation and a down-
stream reduction of cyclin-D1 expression (Corona et al.,
2009). Moreover, the action is mediated through the inhibition
of fatty acid synthase, a key anabolic enzyme of biosynthesis
of fatty acids that plays an important role in colon carcinoma
development (Corona et al., 2009; Notarnicola et al., 2011).

Garlic and Onion

Garlic and onion are plants of the species Alliton, named
Allivm sativwm and Allium cepa, respectively, which are
widely cultivated and consumed worldwide. The interest in
their potential health benefits has its origins in antiquity and
several epidemiologic investigations have suggested an
inverse relation between intake of allium vegetables and stom-
ach, colorectal and pancreatic cancer (Bianchini and Vainio,
2001; Chan et al., 2005; Galeone et al., 2006; Ngo et al.,
2007 Pelucchi et al., 2009; Zhou et al., 2011). In a meta-anal-
ysis study, the consumption of large amounts of Allium vegeta-
bles reduced the risk for gastric cancer (odds ratio = (.54, 95%
Cl = 0.43 to 0.65) (Zhou et al., 2011). Specific analyses for
onion, garlic, leek, chinese chive, scallion, garlic stalk, and
welsh onion yielded similar results, with the exception of
onion leaf (Zhou et al., 2011). In a population-based case-con-
trol study, garlic and onion intake was inversely associated
with the risk of pancreatic cancer; specifically when compared
to the lowest intake guartile, the odds ratio for the highest
quartile was 0.46 (95% CI, 0.33-0.63) (Chan et al., 2003).
Evidence from several investigations suggests that the biologi-
cal and medical functions of garlic and onions are mainly due
to the high content of organo-sulphur compounds (such as alli-
cin), and flavonoids (such as quercetin, the latter being abun-
dant in onion but practically absent in garlic) (Dorai and
Aggarwal, 2004; Russo et al., 2012). These compounds exert
an anticarcinogenic effect through a number of mechanisms,
such as increasing the detoxification enzymatic systems” activ-
ity of cytochrome p4502E1 and the DNA repair mechanisms,
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Table 1 Food compounds with chemopreventive activity in cancer of gastrointestinal tract

S.ZANINL ET AL.

Compound
Molecalar Identification Foods and
Compound formula Chemical structure (CI) Mumber vegetables® References
Acacetin CisH 205 OCH, 5280442 Honey Jaganathan and Mandal
o (2009)
|
oH O
Allicin CsH 08, - 63036 Garlic Khanum et al. (2004)
Alpha-carotene CaoHss 4369188 Berries, carrots  Stoner et al. (2006)
Anthocyanin C,sH,,0" 7 145858 Berries, grapes Kaur et al. (2009)
Cﬁju
Apigenin CysH 05 5280443 Haoney Jaganathan and Mandal
(2009)
Beta-carotene CapHss 5280489 Berries, carrots Stahl and Sies (2005);
Stoner et al. (2006)
Beta-sitosterol CagHsgO 223284 Berries Stoner et al. (2006)
Caffeic acid CyHgDy Q HEN043 Honey Jaganathan and Mandal
m:g/@m (2009)
HO
Capsaicin CgHa7NOy HO, 1548043 Chili peppers Norton (1998)
\Dj(/j\/u]/\/‘\/\/l\
Carnosic acid CagHag0y 65126 Rosemary Ngo et al. (2011)
Carnosol CagHas04 442009 Rosemary Ngo et al. (2011)

(Contined on next page )
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Table 1 Food compounds with chemopreventive activity in cancer of gastrointestinal tract (Continued)

Compound
Molecular Identification Foods and
Compound formula Chemical structure (CID) Number vegetables* References
Catechin CsH, 404 OH G4 Grapes, tea Kanr et al. ( 2000
Chow and Hakim
HO 0. __.;-[ IGH (2011
H
OH
Curcumin CaHagOg HO OoH 969516 Curcuma Luet al. (2008)
0 4 b ¥ 0
CH,y Q OH CH,
Ellagic acid CiaHg Oy 5281855 Berries, Stoner et al. (2000);
pomegranate Bell and Hawthome
(2008)
Emodin CsH 05 OH © H 3220 Aloe vera Akev et al. (2007)
HyC H
Epigallo catechin CaxH g0y, OH 65064 Green tea Chow and Hakim (2011)
3-gallate (EGCG) OH
H
g
) om
OH
Ferulic acid CgH g0y [s] 445858 Berries Stoner et al. (2006)
CHEZDNLDH
H
Folic acid CgH gN,0O, L 6037 Berries Stoner et al. (2006)
iy
WRA
T T
Jd ““‘”j)
N N W
Galangin CsH 05 52816016 Honey Jaganathan and Mandal
HO o (2009)
H
H
Genistein C,H,yOs 5280961 Soy beans Xiao (2008)

{ Continued on next page )
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Table 1 Food compounds with chemopreventive activity in cancer of gastrointestinal tract {Continued )

Compound
Molecular Identification Foods and
Compound formula Chemical structure (CID) Number vegetables* References
Hy drox ytyrosol CgH, 05 oH 82755 Olive Omar (2010)
HO
OH
Isothiocyanates, CyHy  NOS, 0 Q5TTIITY Broccoli Herr and Buchler (2010);
(sulforaphane) 1 =5
/S.\N\N,;C
Kaempferol CysH g0y H 5280863 Berries, honey Stoner et al. (2006);
Jaganathan and
H a | Mandal (2009)
H
H ©
Lutein CapHss 0 6433159 Berries, grapes Stoner et al. (2006);
H W\I;’ Kaur et al. (2009)
[
Lycopene CapHss AW/\(\/V\N 446925 Tomatoes, grapes  Agarwal and Rao (2000)
Oleuropein Ca5H32045 OH 5281544 Olive Omar (2010)
e
!
(f Q%D
=]
0. 0. o
HO X
\r ]’m-: {l",u
Ho -\g“ 3 e
Q
p-coumaric acid CyHgO4 o] 637542 Berries Stoner et al. (2006)
/@A“)\UH
HOY
Pinocembrin CisH204 6E071 Honey Jaganathan and Mandal
HO. ; % a@ (2009)
H
Quercetin CysH 04 5280343 Onion, berries, Stoner et al. (2006);
honey, grapes Jaganathan and Mandal
(2009); Kaur et al.
(20089); Russo et al.
(2012)
Resveratrol Grapes Jang et al. (1997)

(Continued on nexi page )
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Table 1 Food compounds with chemopreventive activity in cancer of gastrointestinal tract (Continued)

Compound
Molecular Identification Foods and
Compound formula Chemical structure (CID) Number vegetables* References
Tyrosol CgH, 00 O@/\)H 10393 Olive Omar (2010)
H
Rosmarinic acid CisH,504 OH 5281792 Rosemary Ngoet al. (2011);
H
™
. o)
HO
OH

Squalene C;oHso /LV\)\/\)‘%/\/Y\/\(\/Y 638072 Olive Omar (2010)
Stigmasterol CagHys0 -~ 5280794 Berries Stoner et al. (2006)

~ ,/\,1 S

w0

)

H
Ursolic acid CyH 504 64945 Rosemary, basil  Ngoet al. (2011)

00H

Vitamin A CaH;30 445354 Bermries, carrots  Stoner et al. (2006)
Vitamin C CgHgO4 5785 Berries Stoner et al. (2006)
Vitamin E Ca9H5005 2116 Berries Stoner et al. (2006)

(Alpha-tocopherol)

Chemical structure is from Wikipedia, available under the Creative License. molecular formula and CID number from U.S. NLM website http://pubchem.ncbi.

nim.nih.gov/.

*Only the foods and vegetables described in this review are reported in this column.

thus preventing chromosomal damage (Khanum et al., 2004),
and an inhibition of cellular proliferation by induction of apo-
ptosis and inhibition of cell division (Rose et al., 2005). Low
doses of quercetin (0.1-10 pzg/ml) exert complex stimulus-
dependent anti-inflammatory and immunomodulatory effects
on human blood basophils (Chirumbolo et al., 2010). The
doses acting in vitro are within the range of quercetin plasma
concentration, which has been found to be attained during
intervention trials in humans (Manach et al., 2005: Egert
et al., 2008: Moon et al., 2008).

Berries

Berry fruits most commonly consumed include blackberries
(Rubus spp.), black raspberries (Rubus occidentalis), blueberries
(Vaccinium corymbosum), cranberries (Vaccinium macrocar-
pon), red raspberries (Rubus idaeus), and strawberries (Fragaria
x ananassa) (Seeram, 2008). Several phase [la clinical trials are
underway in patients at high risk for esophagus and colon can-
cer, i.e., Barrett’s esophagus (BE), esophageal dysplasia and
colonic polyps, to determine if berries modulate various
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histological and molecular biomarkers for these diseases. BEis a
premalignant esophageal condition that confers a 30- to 40-fold
increased risk for the development of esophageal adenocarci-
noma. A pilot study investigating the effect of the administration
of 32 or 45 g lyophilized black raspbernies (LBRs) for 10 BE
patients ( female and male, respectively), showed that daily con-
sumption of LBRs promotes a reduction in the urinary excretion
of two markers for oxidative stress, 8-epi-prostaglandin F2alpha
and, to a lesser extent, 8-hydroxy-2'-deoxyguanosine (Kresty
et al., 2006). Results from a toxicity study indicate that freeze-
dried black raspberries are well tolerated in humans. Berries con-
tain a wide range of phytochemicals with antioxidant, anfican-
cer, anti-neurodegenerative, and anti-inflammatory properties.
Chemopreventive agents present in berries include vitamins A,
Cand E, folic acid, calcium, selemum, beta-carotene, alpha car-
otene, lutein, polyphenols, such as ellagic acid, ferulic acid, p-
coumaric acid, anthocyanins, quercetin, and several phytosterols
such as beta-sitosterol, stigmasterol, and kaempferol. Anthocya-
nins are glucosides of anthocyanidins, common plant pigments
based on the 2-phenylchromenylium cation (Table 1). Berry
extracts added to cell cultures significantly inhibit cancer-associ-
ated processes and dietary freeze-dried berries were shown to
inhibit esophagus and colon chemically induced cancer in
rodents from 30 to B0%. Prevention trials in humans have been
planned (Stoner et al., 2006). A raspberry ethanol extract sup-
presses cell proliferation in human squamous cell carcinoma
without modifying the cell viability, inhibits translation of the
angiogenic cytokine vascular endothelial growth factor (VEGF),
suppresses nitric oxide synthase activity and induces both apo-
ptosis and terminal differentiation (Rodrigo et al., 2006). This
data implies that this extract is a promising candidate for use as a
chemopreventive agent in persons with oral epithelial dysplasia
On a molecular level, berries modulate the expression of genes
involved in proliferation, apoptosis, inflammation, and angio-
genesis, such as nuclear factor kappa B (NF-kB), activator pro-
tein-1 (AP-1) and PI-3K/Akt, leading to effects on downstream
genes, such as cyclooxigenase-2 (COX-2), VEGF and inducible
NOS (iNOS) (Stoner et al., 2007).

Broccoli

Broccoli 1s a member of the cruciferous plant family. Flow-
ers and leaves of this family are attracting increasing attention
as healthy foods because of their content in glucosinolates, the
degradation products of which include isothiocyanates that
possess cancer preventive and therapeutic properties. The
majority of glucosinolates present in broccoli correspond to
glucoraphanin and the degradation product sulforaphane is
one of the most powerful isothiocyanates against cancer ( Herr
and Buchler, 2010). Several epidemiological studies in
humans demonstrate a correlation between a high intake of
cruciferous plants and a reduced risk in different cancer types.
An extensive review of epidemiologic studies published prior
to 1996 reported that the majority (67%) of 87 case-control
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studies found an inverse association between cruciferous vege-
table intake and cancer nisk (Verhoeven et al., 1996; Higdon
et al., 2007: Haves et al., 2008). At the present time, there is
little epidemiological evidence to support a role for crucifer-
ous vegetables as chemopreventive agents against lung, colo-
rectal, breast, prostate and pancreatic cancer. In the case of
gastric cancer, a high consumption of cruciferous vegetables
tends to exert a protective action, although in the published
studies the individual risk estimate 15 not statistically signifi-
cant. Possible mechanisms of anti-carcinogenic action of sul-
foraphane are vanous and involve the direct detoxification of
carcinogens through the cytochrome p430 system (Shishu
et al., 2003}, the elimination of reactive oxidant species (ROS)
and the improvement of antioxidative cellular activity (Zhang
al., 2005). Sulforaphane induces cell cycle arrest and apoptosis
in cancer cells through the inhibition of histone deacetylase
(Clarke et al., 2008), reduces the NF-kB activity (Myzak and
Dashwood, 2006), inhibits transcription factors such as hyp-
oxia inducible factor-1e (HIF-1e) and c-myc, reduces the pro-
duction of matrix metallo-proteinase-2 (MMP-2) and the
endothelial cell proliferation (Bertl et al., 2006; Juge et al.,
2007). Furthermore, experimental data points to the targeted
elimination of tumorigenic pancreatic cancer stem cells by sul-
foraphane through downregulation of NF-kB activity, a major
mediator of the pronounced resistance of pancreatic cancer
cells to therapy (Kallifatidis et al., 2000).

Soy Bean

During the past 20 years, a remarkable amount of research
into the health effects of soy consumption has been carried out
which in large part can be attributed to the presence of isofla-
vones in the soybean. Around the 1990s the role of soy foods in
disease prevention began to receive widespread attention,
largely because of research sponsored by the U.S. National
Cancer Institute. Epidemiological studies suggest that soy con-
sumption is associated, at least in part, with lower incidence of
a number of chronic diseases such as cancer, with the inhibition
of bone loss and hot flashes in postmenopausal women and
with the ability to reduce serum lipoprotein {Anderson et al.,
1995; Omom and Aluko, 2005; Kang et al., 2010; Messina,
2010; Anderson and Bush, 2011). In the past few decades,
extensive efforts have been made towards identifying bioactive
components in soy that are responsible for health benefits. Iso-
flavones, such as genistein and soy proteins, are the two major
groups of components that have received the most attention
(Xiao, 2008). Isoflavones belong to a broad group of plant-
denved compounds that have structural and functional similari-
ties to estrogens and this has led to the term phytoestrogens.
The mixture of soy isoflavones and other bioactive components
in soybean are more powerful when combined in soy extracts
rather than as individual molecules. Genistein modulates key
regulatory proteins such as Akt and NF-kB (Banerjee et al.,
2008; Pavese et al., 2010), inhibits cytochrome p450 (Chun
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et al., 2005) and induces apoptosis (Ramos, 2007) by both
caspase-mediated and caspase-independent mechanisms in pan-
creatic cell lines (Saif et al., 2009). The addition of a derivative
of the isoflavone genisten to gemcitabine is synergistic in cellu-
lar and ammal models of pancreatic cancer and could represent
a novel combination of drugs for pancreatic cancer patients
(Saif et al., 2009). Prior research has demonstrated that specific
isoflavones derived from soy may exhibit antitumor effects
against many cancers, including oral cancer. Administration of
whole soy protein significantly inhibited oral cancer growth in
vitro and exerted these effects at lower concentrations com-
pared to pure flavonoids (proanthocyanidins), suggesting a syn-
ergistic action of several components (Kingsley et al., 2011).

Honey

Honey is a naturally sweet, viscous liquid made by honey-
bees from the nectar of flowers. Worldwide production is now
estimated to be worth at least 1.7 billion dollars annually. The
harvesting of honey featured in rock paintings more than
6,000 vears ago and its healing medicinal properties were even
recognized in ancient Egypt (Ratcliffe et al., 2011). Honey is
used for both domestic and medicinal purposes, but recently its
nutraceutical properties against several diseases including can-
cer, coronary heart disease, inflammatory diseases and neuro-
logical degeneration have been the subject of a renewed
interest (Jaganathan and Mandal, 2009). The mechanism of the
anti-cancer activity of honey as chemopreventive and therapeu-
tic agent include its apoptotic, antiproliferative, antioxidant,
anti-inflammatory, estrogenic and immunomodulatory activi-
ties (Ahmed and Othman, 2013). In this context, honey is stud-
ied as a source of phenolic compounds and other antioxidants
such as ascorbic acid. Several subtypes of polyphenols found in
honey, including caffeic acid, galangin, quercetin, kaempferol,
acacetin, pinocembrin, and apigenin, may be considered as
promising complementary agents in the prevention and treat-
ment of cancer (Jaganathan and Mandal, 2009). Honey induces
apoptosis in human colon cancer cells, associated with the
arrest of the cells at subG1 phase, with caspase-3 activation and
poly-ADP-ribose polyvmerase (PARP) cleavage (Jaganathan
and Mandal, 2009; Jaganathan et al, 2011). Moreover, honey
is a potent inhibitor of Helicobacter pylori, the main causing
agent of peptic ulcers and gastritis that precedes the develop-
ment of gastric cancer (Bogdanov et al., 2008). In rat models of
induced gastric ulcers, the substance exerts antioxidant proper-
ties, reducing the ulcer index, microvascular permeability, and
myeloperoxidase activity (Ali al., 1997; Gharzouli et al., 1999;
Gharzouliet al., 2002).

Tea

Tea, the most consumed beverage in the world after water,
is derived from the infusion of leaves of Camellia Sinensis, a
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species of the Theaceae family, processed in different ways in
different parts of the world. Green tea and its major polyphe-
nol constituents tea catechins, such as (—)-epicatechin (EC),
(—)-epicatechin-3-gallate (ECG), (—)-epigallocatechin (EGC),
and (— )-epigallocatechin-3-gallate (EGCG), have been shown
to have many health benefits, including cancer prevention. Tea
catechins and tea catechin metabolites/catabolites are bioavail -
able 1n the systemic circulation after oral intake of green tea or
green tea catechins (Chow and Hakim, 2011). A typical tea
beverage usually contains 620-380 mg of water-extractable
solids; tea catechins usually account for 30—42% of them and
2-5% consist of caffeine (Sang et al., 2011). Green tea has
been shown to be linked to a lower rate of several digestive
tract cancers (Gao et al., 1994; Ji et al., 1996; Ji et al., 1997).
In particular, the association between green tea consumption
and colorectal cancer (CRC) risk was evaluated in a large pro-
spective cohort study involving 69,710 Chinese women and
regular consumption was associated with a significantly
reduced risk of CRC (risk ratio 0.63; 95% CI 0.45-0.88)
(Yang et al., 2007). Inhibition of tumorigenesis by green tea
extracts and tea polyphenols has been studied in different ani-
mal models, including those for cancers of the oral cavity,
esophagus, stomach, small intestine, colon, liver, and pancreas
(Yang et al., 2002; Yang et al., 2011a). In vitro models have
demonstrated the modulation of signal transduction and meta-
bolic pathways by EGCG, the most abundant and active poly-
phenol in green tea. These molecular events can result in
cellular changes, such as enhancement of apoptosis, suppres-
sion of cell proliferation and inhibition of angiogenesis (Yang
et al,, 2009). In a mouse model of intestinal tumorigenesis,
oral administration of EGCG significantly decreased small
intestinal tumor formation resulted in increased levels of E-
cadherin and decreased levels of nuclear S-catenin, c-myc,
phospho-Akt, and phospho-ERK1/2 whereas caffeine was not
effective in inhibiting tumorigenesis in this animal model
(Ju et al., 2005).

Grapes

Grapes and grape-based products are a class of dietary
products that have shown cancer chemopreventive potential
and are also known to improve overall human health (Kaur
et al., 2009). Grapes contain over 1,600 compounds, including
anthocyanins, catechins, ellagic acid, lutein, lycopene, querce-
tin, and other potent antioxidants, such as the intensively stud-
ied constituent resveratrol, a non-flavonoid phenol, of which
the grape skin of black grapes are particularly endowed. Since
the first publication in Science describing cancer chemo-
preventive potential (Jang et al., 1997), many beneficial prop-
erties have been ascribed to resveratrol, such as the capacity to
positively influence risk factors associated with cardiovascular
health, neurodegenerative disease, and age-related cognitive
decline (Pezzuto, 2008; Vislocky and Fernandez, 2010). The
anti-carcinogenic effects of resveratrol seem to be closely
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related to the interaction with multiple molecular targets
involved in cancer growth. In contrast, a mimmizing toxicity
has been shown in normal tissues. Resveratrol can inhibit
COX, hydroperoxidase, protein kinase C (PKC), Bcl-2 phos-
phorylation, Akt, focal adhesion kinase (FAK), NF-kB, matrix
metalloproteinases-9 (MMP-9) and cell cycle regulators (Liu
et al., 2007). An anti-tumor activity has also been attributed to
white grapes without resveratrol; compounds in the form of
proanthocyanidins have been found in the seeds of grapes, the
antioxidant capacity of which has been shown to be greater
than other known antioxidants, such as vitamins C and E
(Hudson et al., 2007; Kaur et al., 2009).

Rosemary

Rosemary (Rosmarinus officinalis) i1s a plant typical to the
Mediterranean region, widespread in many parts of the world
as a common household plant used for many purposes includ-
ing food flavoring, beverages, as well as cosmetic uses. Rose-
mary is a member of the mint family Lamiaceae, which
includes many other herbs and is one of the two species in the
genus Rosmarinus. The leaves of Rosmarinus officinalis con-
tain several active compounds including carnosol, camosic
acid, ursolic acid, and rosmarinic acid. Traditionally, rosemary
has been reported to have potential therapeutic effects in the
treatment and/or prevention of several health conditions
including renal colic, dysmenorrhea and respiratory disorders.
In addition, phenolic constituents have been found to exert
protective effects on colon cancer and other types of cancer
through several mechanisms (Ngo et al,, 2011). Extracts of
rosemary have been applied to human cancer liver cell lines.
The extracts exerted cytotoxic effects against various cell lines
at relatively low doses (between 12 and 47 pg/ml). The activ-
ity of the detoxification enzymes glutathione-S-transferase and
quinone reductase is increased in the liver and stomach of ani-
mals fed with diets containing rosemary extract (Singletary
and Rokusek, 1997).

Basil

Basil (Ocimum basilicim) is an aromatic plant of the Lam-
iaceae family, belonging to the genus Ocimin. Originally
from India, it is widely used in Italian cuisine, considering it
as a typical food of the Mediterranean diet. The most active
component of basil is ursolic acid, a triterpenoid, also derived
from rosemary, whose antitumoral activity has recently been
investigated (Sultana, 2011). Ursolic acid acts as an anfitu-
mor-promoting agent, inhibiting inflammation produced by
tumor promoters and suppressing the expression of c-jun and
c-fos oncogenes (Liu, 1995). One of the most critical targets
of these chemopreventive ingredients involves NF-kB that reg-
ulates the expression of a whole variety of genes, including
cyclin D1, MMP-9, and COX-2, responsible for inflammation
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and implicated in malignant transformation. The suppression
of Nf-kB by basil is mediated through the inhibition of kB
kinase (Aggarwal and Shishodia, 2004). Moreover, ursolic
acid can sensitize a wide variety of cancer cell types, including
colon cancer cells, to TNF-related apoptosis-inducing ligand
(TRAIL), and is thus considered a promising candidate as a
new anti-cancer drug. Its potential use in combination with
TRAIL should be further explored (Prasad et al., 2011).

Aloe Vera

Aloe vera, a succulent plant from the Aloeacee family, 1s a
tropical plant that is easily grown in hot and dry climates and
widely distributed in Asia, Africa, and other tropical areas.
Aloe vera 1s a popular remedy for a variety of conditions,
mainly related to inflammatory skin diseases (dermatitis), used
to treat bums and promotes wound healing. The components
of Aloe vera, in particular emodin, may well inhibit tumor
growth, reduce tumor mass and inhibit metastasis (Akev et al.,
2007; He et al., 2008). Some studies suggest an antiprolifera-
tive effect on cancer cells in vitro (El-Shemy et al., 2010) but
evidence from clinical trials is currently lacking. Aloe emodin
inhibited cell proliferation of a human colon carcinoma cell
line by arresting the cell cycle at the G2/M phase and inhibit-
ing cychin Bl. Moreover, emodin induces apoptosis specifi-
cally through the activation of caspase-6 (Suboj et al., 2012).
Furthermore, the use of aloe as a prophylactic agent in cancer
prevention has been suggested, since the best inhibitory effect
on tumor growth was observed when aloe extract was given
prophylactically before tumor implantation in mice (Akev
et al., 2007). Aloe mixed with honey was partially effective in
treating tumor growth in rats (Tomasin and Gomes-Mar-
condes, 2011).

Chili Peppers

Chili peppers are the pungent fruits of various species of the
genus Capsicion and members of the Solanaceae family. Chili
is a spice used as basic ingredient in a great variety of cuisines
all over the world. It is also the most heavily and frequently
consumed spice, used as a flavoring or coloring agent and adds
taste to the otherwise insipid food (Kothar et al., 2010). Cap-
saicin is the major biologically active ingredient of chili pep-
pers. Traditionally, capsaicin has been used for topical
application including treatment for pain and buming of arthral-
gias, plantar warts, pharyngitis, diabetic neuralgia and hemodi-
alysis-related pruritus (Norton, 1998). Extensive studies
suggest that capsaicin is also a cancer-suppressing agent
through its antioxidant and anti-inflammatory activities, by
blocking several signal transduction pathways, including Nf-
kB and AP-1 (Surh et al., 1998; Surh 2002; Bai et al., 2011).
In the context of chronic pancreatitis, capsaicin demonstrates
strong activities against inflammation and proliferation and
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can inhibit progression of murine Pancreatic Intraepithelial
Neoplasia (mPanIN) lesions and carcinogenesis, by blocking
phospho-ERK and Hedgehog/GLI pathway activation. Capsai-
cin has been proposed as a verv promising agent for inhibiting
chronic pancreatitis and mPanlNs formation and ultimately pan-
creatic carcinogenesis (Bai et al., 2011). Moreover, in several
instances it has been demonstrated that capsaicin modulates
microsomal cytochrome P450-dependent monooxygenase,
thereby affecting metabolism of carcinogens and other xenobiot-
ics (Surhet al., 1998).

Carrois

Carrot (Daucus Carota) is a plant species of the Apiaceae
that 1s widely cultivated for its edible vellow-orange root. The
plant has finely divided leaves and flat clusters of small white
flowers. Carrots are one of the chief dietary sources of f-caro-
tene, the dominating carotenoid in human blood and tissues.
Carotenoids exhibit specific antioxidant activity but also influ-
ence signaling and gene expression at the cellular level (Stahl
and Sies, 2005; Stahl and Sies, 2012). The effect of §-carotene
supplementation on cancer incidence has been investigated in
several randomized controlled trials. f-carotene has been
proven to have anti-carcinogenic activity in several tissues,
although high doses of B-carotene as dietary supplements
failed to exhibit chemopreventive activity in clinical trials
(Druesne-Pecollo et al., 2010). Data on a subsample of women
in the Women’s Health Initiative indicates that a relatively
high serum level of f-carotene was inversely associated with
risk of colon and colorectal cancer in postmenopausal women
(Kabat et al., 2011).

Pomegranate

Pomegranate (Punica granatum) is a fruit-bearing decid-
uous shrub that, while native to Iran, grows throughout the
Mediterranean region and the USA. The pomegranate has
been of health-related interest since 1999 when Israeli
researchers demonstrated the antioxadant potency of pome-
granates (Schubert et al., 1999), which has been attributed to
hundreds of phytochemicals in particular to ellagic acid, the
main polyphenol in pomegranate (Bell and Hawthome, 2008).
It is interesting to note that many studies have observed the
extract or the juice to be more beneficial compared to the indi-
vidual or purnfied ingredient. Also in this instance, this sug-
gests the existence of a chemical synergy when using an
extract (Adhami et al., 2009). The use of juice, peel and oil
has been shown to possess anticancer activities, including
interference with tumor cell proliferation, cell cycle, invasion
and angiogenesis (Adhami et al., 2009). These may be associ-
ated with plant based anti-inflammatory effects. Only a few
well controlled clinical trials have been completed, despite the
impressive amount of preclinical work indicating cancer pre-
ventive or therapeutic efficacy with limited toxicity (Lansky
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and Newman, 2007). Pomegranate juice and its ellagitannins
inhibited proliferation and induced apoptosis in colon cancer
cells inhibiting COX-2, Akt, and NF-kB (Adams et al., 2006).
Moreover, both the lipid and aqueous pomegranate fractions
appear to possess selective apoptotic potential down-regulat-
ing cyclins A and Bl and upregulating cvclin E, resulting in
cell-cycle arrest in S phase and apoptosis, via an intrinsic path-
way mediated by the release of cytochrome ¢ from mitochon-
dria into the cytosol { Lansky and Newman, 2007). The in vitro
and in vive effects of the pomegranate juice in colon cancer
prevention have been recently reviewed (Jaganathan et al.,

2014).

Curcuma

Radix curcumae, commonly known as turmeric, is a
Chinese medicinal herb commonly used as food flavoring
worldwide, to which a role is attributed in the treatment of
malignancy and several other diseases such as liver cirrhosis,
chronic renal disease, chronic obstructive lung disease, diabe-
tes (Bengmark et al., 2009). The major active principle, curcu-
min (diferuloylmethane), is nontoxic and has a variety of
therapeutic properties including anti-oxidant, analgesic, anti-
inflammatory, and antiseptic activity. Exitract solution from
radix curcumae has a chemopreventive effect on gastric can-
cer induced by N-Methyl-N-Nitro-N-Nitrosoguanidine in rats
(Lu et al., 2008). Curcumin has been found to possess anti-
cancer activities via its effect on a variety of biological path-
ways involved in mutagenesis, oncogene expression, cell cycle
regulation, apoptosis, tumorigenesis and metastasis. Curcumin
has shown anti-proliferative effects in head and neck cancers
(Wilken et al., 2011) and is an inhibitor of the NF-kB tran-
scription factor and downstream gene products including c-
myc, Bel-2, COX-2, NOS, cyclin D1, tumor necrosis factor
alpha (TNF-w), interleukins, and MMP-9. The emergence of
multidrug resistance (MDR) is a big challenge to cancer che-
motherapy. Interestingly, it has been shown that fractionated
extracts of curcuma (variety wenyujin) exhibited significant
effects in sensitization of resistant cancer cells at non-toxic
concentration to doxorubicin and docetaxel. All these fractions
could enhance the apoptosis induced by doxorubicin in MDR
cells (Yang et al., 2011b). Combining curcumin and various
anti-cancer drugs has been suggested as a novel strategy to
establish more efficient and less toxic treatment modalities
(Troselj and Kujundzic, 2014).

CELLULAR ALTERATIONS AND MOLECUIAR
TARGETS

Cancer is a complex disease initiated by genetic mutations
and carried out by continuous cell deregulation at many levels.
Unrestrained cell proliferation and defective apoptosis are
hallmarks of oncogenic transformation. Oncogenes and tumor
suppressor genes are implied in cancer transformation and
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food components are a source of important molecules with
biological activities acting on neoplastic progression. Since
genetic and epigenetic abnormalities have been shown to be
both causative and contributing factors in cancer initiation
and/or progression, natural compounds that are regulators of
the epigenome constitute an excellent approach in cancer pre-
vention and potentially in anti-cancer therapy. Several
nutrients have been shown to affect DNA methylation, target
histone modification and regulate oncogenic and tumor sup-
pressor micro-RNAs (Stefanska et al., 2012).

Oncogenes are genes that promote cell cycle and cell prolif-
eration and allow escaping from apoptosis, acting in a domi-
nant fashion as a single alteration in one copy. inducing
neoplastic growth. Since molecular analyses allow identifica-
tion of specific pathways which are dysregulated in cancer
cells, agents which epigenetically down-regulate the action of
one or more oncogene-related proteins are potential candidates
for individualized tumor prevention and therapy. Figure 1
describes some molecular targets of natural compounds
derived from foods and herbs on the signal transduction path-
ways and oncogenes that are involved in cell proliferation as is
in turn stimulatedtriggered by EGF.

Tumor suppressor genes are genes that negatively regulate
cell cycle and cell proliferation, promoting apoptosis, and
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differentiation. Tumor suppressor genes are involved in repair-
ing DNA damage and both copies need to be inactivated, in
order to promote cancer development, as Knudson's “two-
hits” theory says. Conversely, agents that enhance the activity
of defective oncogenes and/or stimulate apoptosis may slow
down cell cancer growth. Apoptosis is controlled by two
diverse pathways, the intrinsic or mitochondrial-mediated
pathway and the extrinsic or death receptor-mediated pathway.
A long list of dietary constituents is known to induce apoptosis
of cancer cells without affecting normal cells (Khan et al.,
2008). Figure 2 illustrates the major activation pathways,
molecular steps and control systems of cell apoptosis, with
indications of the demonstrated targets of several compounds
described in this review.

DISCUSSION AND CONCLUSIONS

During the past several decades, there has been growing
interest in natural products for the cure and prevention of
cancer. The concept of disease prevention is becoming more
and more attractive as healthcare costs continue to escalate.
Strongest data, pointing to cancer chemoprevention by food
components, is currently coming from epidemiological studies

Figure 1 Schematic drawing of signal transduction pathways of EGF and targets of some natural compounds with regulatory activity. Abbreviations: PI3K = phospatidy-
linositol-3-kinase: PIP3 = Phosphatidylinositol (3.4.5)-triphosphate; Src = sarcoma; Ras = rat sarcoma; Raf = Rapidly accelerated fibrosarcoma; AKT (also called protein
kinase B) = AK strain Transforming: PTEN = Phosphatase and Tensin homolog: BAD = Bel-xL/Bcl-2-Associated Death promoter; MEK = Mitogen activated kinase
(MEK1 and MEK?2, also called MAP kinase kinases n. 1 and n. 2); ERK = Extracellular signal-Regulated Kinase (also called MAPK 3.4.5): MDM2 = Murine Double Min-
ute2: mTOR = mammalian Target Of Rapamycin; GRB2 = Growth factor Receptor-Bound protein 2.
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Figure 2 Schematic drawing of signal ransduction pathways of apoptotic signals and targets of some natral compounds with stimulating activity. Abbrevia-
tions: TNF = Tumaor Necrosis Factor; FAS = Fragment Apoptosis Stimulant; TRAIL = Tumor-necrosis-factor Related Apoptosis Inducing Ligand; APAF-1 =
Apoptosis Activator Factor-1; Bel-2 = B-cell lymphoma 2; Bax = Bel-2-associated X protein; Bak = Bel-2 homologous antagonist killer: SMAC = Second
Mitocondrial Activator of Caspase; [APs = Inhibiting Apoptosis Proteins; FADD = Fas-Associated protein with Death Domains; cFLIP = cellular caspase 8
(FLICE)-Inhibitory Protein; FLICE (also called caspase 8) = Fas-associated protein with death domain-Like IL-18-Converting Enzyme-inhibitory protein;
BID = BH3 (Bel-2 Homology -3)-Imeracting Domain death agonist; tBID = Truncated BID.

and from in vitro cell cultures, whereas the clinical evidence
from intervention trials remains scanty. A large number of epi-
demiological observations have established links between diet
and disease prevention, a number of biologically active com-
pounds have been identified and a few plants used in folk and
traditional medicine have been scientifically explored
(Mukherjee et al., 2001). Recent studies have shown that con-
ventional cancer therapies, such as chemotherapy, radiother-
apy and surgery, could be administered in association with co-
adjuvant therapies. Together, these can improve the prognosis
and the quality of life for cancer patients. As a result, there is
major interest in developing adjuvant chemotherapies to aug-
ment currently available treatment protocols, which may allow
for decreased side effects and toxicity, without compromising
therapeutic efficacy.

Fruit, vegetables, herbs and spices comprise a plethora of
opportunities for drug discovery. Unfortunately, at this time
none of the completed trials have produced forceful evidence
to justify the use of traditional antioxidant-related vitamins or
minerals for cancer prevention. At the present time, acquired
knowledge in the nutritional science shows that specific antiox-
idant activity is not the only mechanism of action for vitamins
and minerals. Antioxidants and other components contained in

foods act in synergy, with the consequence that the use of sin-
gle substances at high doses could exert a paradoxical effect.
The lack of success may be explained by a variety of factors
that need to be considered for the next generation research.
These factors include the following: a lack of good biological
rationale for selecting specific agents of interest: a limited num-
ber of agents clinically tested: the use of phamacological,
rather than dietary doses and an insufficient duration of inter-
vention and follow-up. These results are consistent with the
hypothesis that the effects of antioxidant use may only be
detectable at a subclinical (molecular) level, whereas a reduc-
tion in risk of clinically detectable disease requires prolonged
exposures that may not be achievable in a traditional cancer
prevention trial. Moreover, it is necessary to highlight that it is
not possible to directly deduce a safe clinical effectiveness
from in vitro models alone, since cell lines are not necessarily
representative of complex tissue and organic systems that one
would want to treat in human cancer (Goodman et al., 2011).
There is also the problem of the biphasic effects, a phenom-
enon also called “hormesis™ (Calabrese, 2010) and conse-
quently the selection of an appropriate dosage becomes a
critical issue. For example, although genistein has many
potentially therapeutic actions, its biphasic activity (cytotoxic
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at higher concentrations and vitalizing at low concentrations)
requires caution in determining the therapeutic dose (Ravin-
dranath et al., 2004). Similarly, resveratrol induces hormesis-
like biphasic dose responses in a wide range of human tumor
cell lines affecting breast, prostate, colon, lung, uterine and
leukemia (Calabrese et al., 2010): this compound at low doses
acts as an anti-apoptotic agent while at higher doses it acts as a
pro-apoptotic compound, inducing apoptosis in cancer cells,
by exerting a death signal. (Mukherjee et al., 2010). Quercetin
is a powerful dietary polyphenol that can exert hormetic dose-
responses on cells, depending on its concentration and on the
agonist receptors used (Vargas and Burd, 2010: Chirumbolo
et al., 2010).

Another example of these complexities is given by folic
acid or folate (the form naturally occurring in the body). Some
investigations have proposed that diets high in folate may be
related to a lower risk of colorectal cancer (Sanjoaquin et al.,
2005). However); however, folate is important for cells and
tissues that rapidly divide: many cancer cells have a high
requirement for folic acid and overe xpress the folic acid recep-
tor and drugs that interfere with folate receptors or metabolism
are used to treat cancer. Likewise, it has been suggested excess
folate may promote tumor initiation (Kim, 2004). In addition,
folic acid could even be contraindicated in patients affected by
cancer or precancerous conditions. So, the benefits of folic
acid against cancer may depend on dosage, type of dietary
source or supplementation and individual conditions. It is reas-
suring that in a meta-analysis of 8 trials of folic acid supple-
mentation there was no significant effect on overall cancer or
mortality in the populations studied (Clarke et. al., 2010).

Cancer progression includes derangement or disruption of
cellular and systemic networks that cause sustained prolifer-
ative signaling, evasion of growth suppressors, resistance of
cell death and replicative immortality, angiogenesis, invasion
and metastasis, immune suppression and deregulation of cellu-
lar energetics. These cancer cell properties are facilitated or
inhibited by the pro-inflammatory components of the tumor
microenvironment. Therefore, multidisciplinary approaches
are needed and the use of an extract, rather than a purified
compound, could explain the inhibition of multiple targets
observed in many studies and thus the greater likelihood for
producing cancer chemopreventive effects in humans. This
may account for the synergistic preventive and/or anti-cancer
effects and the approach could be explored in laboratory, ani-
mal, clinical and epidemiological studies in the future. It is
anticipated that in-depth research into the anticancer activities
of naturally occurring compounds would one day enable the
development of a cocktail of such molecules for effective pre-
vention (Adhami et al., 2009).

This study may help to explain why diets rich in fruit, vege-
tables and soy protein are associated with protection against
the development and progression of digestive system cancers,
although further studies of the best formulations and dosages
are needed to develop specific public health recommendations
for treatment and prevention of cancer.
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