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ﬂbstract:

molecules intercept carcinogenesis.
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Cancer is a leading cause of death worldwide. Cancer is a result of multiple genetic defects resulting
from exposure to environmental, dietary and infectious agents. About 35% of known cancers are
associated with tobacco use and about 55% with inappropriate nutritional habits. Cancer can be
prevented by increasing defense mechanism, inducing cancer cells to apoptosis, decreasing angiogenesis
of cancer cells. Nutritional factors play a major role in cancer prevention. Increase intake of vegetables
and fruits can prevent cancer. The present paper describes the significant role of diet in cancer
prevention along with an elaborate overview of various mechanisms by which several active nutrient
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INTRODUCTION:

The benefits of a healthy, balanced diet on general
health are well known. Since ancient times it is
believed that certain foods are known to have
components that enhance our immune system and
thus effectively combat infections and other
diseases.! The rising incidence of cancer is an
alarming cause of concern in today’s world. Cancer is
the eventual outcome of the transformation of
normal cells caused by DNA-reactive genotoxic
carcinogens and the growth promotion of mutated
cells by enhancing factors.2 Many studies have
consistently stated that abundant consumption of
foods of plant origin, such as fruit, vegetables, whole
grains, nuts, seeds, and tea, can decrease the risk of
developing various cancers.> Some studies also
suggest that vegetables provide an essential source of
molecules with chemopreventive properties.*

Carcinogenesis is a multistep process that has check-
point controls at each step. Thus the process of
carcinogenesis can be intercepted at all these various

levels by a variety of molecular events.> Different
steps involved in carcinogenesis are initiation,
promotion, progression, and growth. Initiation
results from exposure to a carcinogen, which leads to
the promotion of a normal cell to the cancer cell.
These further advances to progression and growth of
the cancer cells. These cancerous cells must
accumulate several mutations in the genes involved
in cell cycle arrest, resistance to apoptosis, and
induction of angiogenesis to grow and invade the
host tissues. The nutrients with their active
components can act on genetic alterations occurring
in cancer cells. They can also alter the regulation of
apoptosis, cause cell cycle arrest, and control
angiogenesis in tumor cells. Certain nutrients even
restrict tumor growth potential.»67 The present paper
describes the significant role of diet in cancer
prevention and an elaborate overview of various
mechanisms by which several active nutrient
molecules intercept carcinogenesis.
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Nutrients enhancing immune mechanism:

The immune system is the first line of defense in our
body. Cancer occurs due to the formation of mutated
cells; hence they are often encountered by the
immune system (immune surveillance)® The
nutrients such as p-carotene and a-tocopherol
stimulate the immune cells like macrophages, mast
cells, lymphocytes which in turn are responsible for
the release of cytokines TNF- a and TNE- (3. These
chemical mediators identify cancer cells and destroy
them by the apoptosis mechanism. - carotene is
present in broccoli, carrot, and a lesser amount in
tomatoes, while a-tocopherol is present in cabbage
and sweet potato.68

The extracts of Allium sativum (garlic) enhance the
immune system significantly by stimulating the
proliferation of lymphocytes by increasing IL-2 and
IL-4 production.® Also, the garlic extract effects are
seen with antioxidant activity or detoxification by
binding to sulfur compounds in garlic. The
mechanism of direct tumor cell inhibition has not yet
been determined. Perhaps the most important action
of garlic in the inhibition of cancer is by enhancing
the immune response.10.11

Chart 1: Garlic causing an increased immune
response.>-11
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Nutrients modifying genetic alterations:

p53is a tumor suppressor gene responsible for
repairing damaged DNA at the G1 phase of the cell
cycle. Mutation of this gene leads to the abnormal
proliferation of cells with damaged DNA. The main
cause of tumor progression is dysfunction of the
p53 gene resulting in uncontrolled check-points and
failure in apoptosis of tumor cells.” Nutrients with

phytochemicals like ellagic acid, [-carotenes,
vitamin-E, and vitamin-C are responsible for the
arrest of the dysfunctional p53 gene. Ellagic acid is
present in berries like raspberries, strawberries, and
blackberries. Almonds are rich in vitamin E, and
citrus fruits are a rich source of vitamin C.1678

Nutrients regulating apoptosis:

It is a known fact that dysregulated cell proliferation
and apoptosis lead to cancer formation. The
induction of apoptosis is one of the newest
therapeutic concepts known to be effective against
cancer cells. Many studies have been carried out that
suggest apoptosis in cancer cells by using natural or
synthetic agents.” At the molecular level, apoptosis
takes place by two pathways. The intrinsic apoptotic
pathway  involves  mitochondrial =~ membrane
permeabilization, the release of Cytochrome c into
the cytosol, followed by activation of the caspase-3
mechanism, which acts as an executioner for cell
death. Other pathway, i.e., the extrinsic pathway, is
initiated by TNF-a and Fas ligand, which ultimately
causes activation of the caspase-3 mechanism, which
leads to cell death.?2

Many studies suggest an absence of functional CKls
like p16, p21, p27, p57 found in oral squamous cell
carcinoma. These CKlIs are the regulators of
apoptosis; studies show that overexpression of these
CKIs such as p16, p21, p27, p57 results in induction
of apoptosis. This mechanism is seen in the green tea
users in  which  the active component
epigallocatechin-3-gallate (EGCG) increases the
expression of p21 and p27. This leads to cell cycle
arrest and activation of the caspase-3 mechanism
leading to apoptosis of tumor cells.1314

Tomato is rich in various carotenoids. Lycopene is
one of them. Carotenoids induce apoptosis through
caspase-3activation.l> Resveratrol present in grapes
induces apoptosis and inhibits the growth of various
human tumor cells, including oral squamous cell
carcinoma.’® The allyl-sulfur compounds derived
from garlic have significant anti-proliferative activity
against human cancers.1”8 Phenolic compounds
present in ginger, chlorogenic acid, which is a
phenolic compound present in coffee, can induce
caspase-3-dependent apoptosis in cancer cells.”
Curcumin is a major active polyphenolic component
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of turmeric (Curcuma longa). It is established that
curcumin induces apoptosis in tumor cells via a p53-
dependent pathway.! Luteolin, a flavonoid present
in apple, carrots, and broccoli, kills cancer cells by
inducing apoptotic cell death in many cancers like
epidermoid carcinoma and leukemia.? Luteolin
causes activation of caspase -8 10, 9, and 3
mechanisms which lead to apoptosis by extrinsic
pathway.2! It also activates the intrinsic apoptosis
pathway by inducing DNA damage
and p53 activation.2223

Chart 2: Nutrition’s causing apoptosis in cancer
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Nutrients controlling angiogenesis:

Angiogenesis is the process that stimulates the
formation of new blood vessel networks. This
process is essential for tumor growth by providing
oxygen and nutrients to developing tumor cells. It is
a proven fact that tumors cannot grow beyond 1mm3
unless they are vascularized.2 The key receptors
involved in tumor angiogenesis are vascular
endothelial growth factor receptor-2 and platelet-
derived growth factor receptor.

Nutrients like phytochemicals have strong anti-
angiogenic activity against the tumor cells.
Epigallocatechin-3-gallate (EGCG), an abundant
polyphenol found in green tea, inhibits vascular
endothelial receptor-2 and has an anti-angiogenic
property.?> Ellagic acid, a phenolic acid found in
fruits like raspberries, strawberries, and grapes, and
also delphinidin, an anthocyanidin in blueberries,

block vascular endothelial growth factor receptor-2
activity as well as strongly inhibits platelet-derived
growth factor receptor activity. This combined
inhibitory effect leads to inhibition of angiogenesis of
tumor cells.20.27

Luteolin, a flavonoid, is known to be a potent
angiogenesis inhibitor. Luteolin causes suppression
of VEGF secretion, causing an anti-angiogenesis
effect.2 Tumor angiogenesis is dependent on the
activity of MMP-9.2 Luteolin may cause an anti-
angiogenic effect via suppression of MMPs.30

Nutrients causing cell cycle arrest:

Cell cycle arrest of cancer cells leads to the growth
arrest of tumor cells. Studies suggest that EGCG
present in green tea induces G0/G1- phase cell cycle
arrest in human epidermoid carcinoma cells,
inhibiting proliferation and inducing apoptosis in
many cancer cells.31-33

Organo-sulfur compounds called isothiocyanates
found in papaya restore the cell cycle to eliminate
cancer. Isothiocyanates can inhibit both the formation
and development of cancer cells through multiple
pathways and mechanisms.3* Flavonoids have been
found to inhibit the proliferation of many cancer cells
by arresting cell cycle progression either at the G1/S
or G2/M check-points.®% The G1 cell cycle arrest
induced by luteolin is associated with the inhibition
of CDK2 activity. This arrest is achieved by up-
regulation of the CDK inhibitors p27/kipl and
p21/wafl, or direct inhibition of CDK2 activity.338
The nutrient lycopene acts as an antioxidant, which
traps the ROS and reduces oxidative damage to
lipids, proteins, and DNA by lowering oxidative
stress. Studies show that lycopene inhibits the
proliferation of tumor cells and enhances their gap
junction communication (GJC).% The gap junctions
are water-filled pores allowing an exchange of low
molecular weight compounds. Lycopene enhances
GJC by increasing levels of connexin-43 mRNA and
protein, a major gap junction protein. There is
decreased expression of connexins-43 in human
tumors compared to normal tissue. Hence increased
GJC may reverse the malignant process in
carcinogenesis.”? Lycopene is present in abundance
in tomatoes, apricots, papaya, and yellow pigmented
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Table no 1- Showing different food with their
active components causing anticarcinogenic effect.

Food Active Anticarcinogenic Refer
/ Lycopene \ components activity ences
Apple, | Luteolin Apoptosis in tumor 20
¢L cabbage, | (Flavonoids) | cells and restricts
Connexin 43 carrrot angiogenesis to tumor
mRNA and protein cells
Broccoli | P - carotene A potent immune 6,7,8
¢ L response against cancer
Enhances gap junction cells
communication (GJC) Blackberr | An Growth arrest of cancer | 6,7,8
¢ L ies anthocyanidi | cells by antiangiogenic
n effects
Inhibits the proliferation of the Grapes | Rasveratrol | pro-apoptotic activity 6,7,16
oral cancer cell in G1 phase against tumour cells
Grow%hL arrest Green Epigallocatec Apoptosis in tumour 13,14
of tumor cells Tea hin-3-gallate | cells and growth arrest
(EGCQG) of tumor cells.
\ / Ginger | Phenolic Apoptosis in tumour 7
compounds cells
Allyl sulfur compounds present in garlic and onion
can slow or prevent the growth of tumor cells. These Onion, | Allyl sulphur | Apoptosis in tumour 10,11,
compounds make cells vulnerable to the stress- Garlic | compounds | cells and 19,41
created by-products of cell division. As cancer cells antiproliferate activity
divide rapidly, they create more stress compared to against human cancers
normal cells. Hence cancer cells are damaged by the and toxic to cancer
presence of allyl sulfur compounds.#! Lau et al. stated b —— ¥ ;ells. g — )
that Allium sativum extracts have anti-tumor activity apaya | 'sothiocyant I?Stf)re the cell cycle to
) ) e eliminate cancer
in sarcomas, squamous cell carcinomas, and . S—
Mmammary carcinomas. 42 Raspberri | Ellagic acid, Growth arrest of cancer | 26,27
y es (a phenolic cells by inhibition of
acid) angiogenesis of tumour
cells
Strawberr | Delphinidin, | Growth arrest of cancer | 26,27
ies cells by blocking
angiogenic factors
Sweet {3 - carotene A potent immune 6,7,8
potatoes response against cancer
cells
Tomatoes | Lycopene Inhibites the tumour 15
growth and can reverse
the carcinogenesis
process
Turmeric | Curcumin Induces apoptosis in 19
tumor cells
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SUMMARY:

Many studies indicate that abundant consumption of
food of plant origin reduces the risk of cancer. The
chemopreventive effect is related to the high content
of nutrients like phytochemicals, lycopene, phenolic
compounds, B-carotene, flavonoids, etc. These foods
have a potent anticancer property. Thus, the present
paper is a compilation of various nutrients and their
effect in preventing cancer progression.
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