
36

REVIEW  ARTICLE

ABSTRACT
Human beings are often being exposed to carcinogenic

factors during their life, some of which are the nutritional
factors. From the mechanistic view, nutritional factors are
classified into genotoxic and non-genotoxic agents.
Genotoxic agent begins their action at the DNA level,
causing DNA damage through several mechanisms, e.g. gene
point mutations, deletions and insertions, recombinations,
rearrangements and amplifications, as well as chromosomal
aberrations. Most genotoxic agents are micro components
of nutrition, i.e. polycyclic aromatic hydrocarbon (PAH) or
heterocyclic amines (HCAs), aflatoxin, and N-nitrosamine.
Non-genotoxic agents are less defined in their modes of
action, but they are presumed to indirectly affect the cell
through tumor promoters. These agents are generally macro
components, e.g. high fat. Moreover, epigenetic factors,
including changes in the DNA methylation pattern, and
peroxidation process resulting reactive oxygen species
(ROS), are also known to cause cancer. On the other hand, it
is also well recognized that diet and nutrition contain
components that can reduce the risk of cancer, in some cases
by decreasing the effects of food mutagens, or through
carcinogen detoxification, or protection of DNA from
electrophilic carcinogen. Thus nutritionally related cancer
ultimately develops from an imbalance of carcinogenesis
and anti-carcinogenesis process.
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INTRODUCTION
Cancer is a major burden of disease worldwide not

only in developed countries but also in developing
countries. Each year, tens of millions of people are
diagnosed with cancer around the world, and more than
half of the patients eventually die from it.1,2 Moreover
cancer rates could further increase by 50% to 15 million
new cases in the year 2020, according to the World
Cancer Report.3 It is known that about 5-10% of all
cancers are caused by genetic defects, while the rest of
90-95% are caused by environmental factor and lifestyle,
including diet (30-35%), tobacco smoking (25-30%), and
alcohol (4-6%).4 Each year, about 550,000 Americans
die of cancer; fully one-third of these deaths are linked
to poor diet, physical inactivity, and obesity.5,6

Several lines of evidence indicate that diet and
nutrition can contribute to human cancer risk.7 The
heterocyclic amines produced during the cooking of meat
are carcinogenesis. Other compounds in food such as
aflatoxin B1, polycyclic aromatic hydrocarbons,
N-nitrosamines and alcohol are suspected as mutagen.4,7

In addition, excessive calories and fatty acid intake also
raise the cancer risk. Those data are supported by the
other literature mentioning that nutrition and dietary car-
cinogen together constitute one of the three major causes
of carcinogenesis, besides the tobacco smoking, and in-
fections-inflammations. 8-10

When considering human diets, it should be rec-
ognized that food contains both mutagens and compo-
nents that decrease cancer risk.7,11 Dietary constituents
reduce the risk, in some cases by decreasing the effects
of food mutagens, or through carcinogenic detoxifica-
tion, or protection of DNA from electrophilic carcino-
gen. Futhermore, nutritionally related cancer ultimately
developed from an imbalance of carcinogenesis and anti-
carcinogenesis process.7 This knowledge could be used
to suggest a diet modification and eventually the cancer
incidence could be lessened.
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Figure 1. The stages of carcinogenesis
12

Figure 2. Metabolic activation of chemical compounds and genotoxic
and non-genotoxic effects of carcinogens12

CARCINOGENESIS PROCESS: DIET AND
NUTRITIONAL FACTORS

Human beings are often being exposed to
carcinogenic factors during their life, whether they
realize it or not. These factors are divided into
endogenous (genetics, immunologic disturbances,
endocrine imbalance) and exogenous factors
(environment, physical, biologic, or chemical agents,
nutrition and lifestyle).13-15

It was long discovered that the carcinogenesis
process is complex and multistep process of which
several genetic and molecular defects are needed to
manifest as cancer. The three stages of carcinogenic
process are initiation, promotion, and progression as
described in the Figure 1.12,15-18 The carcinogenesis
itself is the result of oncogene activation and tumor
suppressor gene inactivation.19

From the mechanistic view of carcinogenesis, food
mutagens are classified as genotoxic and non-genotoxic
agents.8,15 Genotoxic agents begin their action at the level
of DNA, causing DNA damage through several
mechanisms, e.g. gene point mutations, deletions and
insertions, recombinations, rearrangements and
amplifications, as well as chromosomal aberrations. Most
genotoxic agents are microcomponents of nutrition, i.e
policyclic aromatic hydrocarbon (PAH) or heterocyclic
amines (HCAs), aflatoxin, and N-nitrosamine.7,8,12

Non-genotoxic agents are less defined in their modes of
action, but they are presumed to indirectly affect the
cell through tumor promoters. These agents are
generally macrocomponents, e.g. high fat. Non-genotoxic
agents together with the genotoxic agents are
increasing the risk of carcinogenesis, though usually a
higher and longer exposure is needed.8 The scheme of
metabolic activation subsequent from carcinogen

exposure and the genotoxic and non-genotoxic modes
of action are shown in the Figure 2.

Food mutagens absorbed orally pass through the liver
and are distributed in the body. 20,21 Those carcinogenic
compounds are classified as direct act directly on DNA,
but most require enzymatic conversion and are thus
labeled as indirect or procarcinogens. 22-26 Metabolic
activation of procarcinogen is controlled by phase I
reactions, while phase II reactions protect the body
through the transformation of activated compounds into
inert products which are easily eliminated from the
body.7,12,27Sometimes, the chemically modified mutagens
that are more reactive (electrophilic) bind to DNA rather
than the excretory carrier molecules. This binding can
then cause coding errors at the time of DNA replica-
tion.7,22,23,25 Metabolic activation occurs predominantly
in the liver at the endoplasmic reticulum where the cyto-
chrome P450 (important enzyme in phase I reactions) is
more abundant. The results are powerful electrophilic
product capable of establishing interaction to the nucleo-
philic component (DNA, RNA, and proteins), alter the
structural integrity, and forming covalent bounding, called
as adduct.28,29 If the adduct being produced by meta-
bolic activation is not able to be repaired by DNA repair
before the replication process, then a mutation in
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protooncogene and tumor suppressor gene will occur –
a very important step in carcinogenesis initiation.29

On the contrary, non-genotoxic carcinogens do not
need metabolic activation, do not react directly with DNA,
and do not raise adducts; they act as promoters and
modulate cell growth and cell death, and are potential to
have the effect of genotoxic carcinogens.23,29 One
example is 12-O-tetradecanoilphorbol-acetate (TPA),
which is a micro component, while the others are
usually macrocomponents of nutrition.8

Mutagenesis is not the only pathway that links
dietary exposures and cancers. There is growing
evidence that epigenetic factors including changes in
DNA methylation patterns are causing cancer and can
be modified by dietary components.7 Also there is
peroxidation process that creates reactive oxygen
species (ROS). ROS free radicals are causing damage
to DNA, RNA, and proteins through a chain of chemi-
cal reactions, such as oxidation, nitration/nitrosation, and
halogenation,7,12 thus adding potential events of
mutation and alteration to important proteins and
enzymes.30

SEVERAL CARCINOGENIC AGENTS AND THE
SOURCE FROM DIET

Several substances contained in human diets have
been identified as food mutagens, some of which are
described below.

Aflatoxin B1
Aflatoxin is a kind of mycotoxins produced by the

mold Aspergillus flavus, which can be found in legumes,
corns, soybeans, rice, milk, and cheese. In animal
models, aflatoxins B1 (AFB1) had been proved to
induce liver cancer. The mechanism of action of AFB1
begins with metabolic activation of cytochrome P450 to
exo-8,9-exposide, of which then produce adducts that
modified DNA. Moreover, adducts interaction with
guanine will create mutational effects to p53 tumor
suppressor gene, causing GC transversion into TA at
specific codon 249. This transversion is almost found in
liver cancer patients with high levels of aflatoxins
contamination.7,8

Heterocyclic Amines (HCA)
Heterocyclic amines (HCA) are the carcinogenic

chemicals formed within muscle meats during most types
of high temperature cooking, through a pyrolisis process
from amino acids, proteins, and creatines. These
substrates could not be found in uncooked meats.7,30-34

There are about 17 different HCAs resulting from
the cooking of muscle meats that may increase cancer

risk. One of the most common is the 2-amino-1-methyl-
6-phenylimidazole [4,5-b] pyridine (PhIP). PhIP induces
tumors of the breast, colon, and prostate. HCA carcino-
genesis mechanism begins through bioactivation of N-
hydroxilation by cytochrome P450, especially CYP1A2,
followed by esterification, resulting nytrenium ions – an
ultimate carcinogen, capable of binding guanin at
position C8, causing altered DNA sequences with
subsequence base substitution, deletion, and insertion.7,8

HCA formation is influenced by four factors: type
of food, cooking method, temperature, and time.30-33 HCA
are found in cooked muscle meats (beef, pork, of fish).
Other sources of protein (milk, eggs, tofu, and organ
meats such as liver) have very little or no HCA content
naturally or when cooked. Cooking method, such as
frying, broiling, and barbecuing produce the largest
amounts of HCAs; oven, roasting, and baking
produce smaller amount of HCAs, while stewing and
boiling produce negligible amounts of the chemicals.
Temperature is the most important factor in the
formation of HCAs. The higher the temperature, the
more HCAs is produced. It explains why frying,
broiling, and barbecuing, which are done at above 200°C,
create higher amounts of HCAs compared to stewing
and boiling, which are done at or below 100°C. Foods
that are cooked at longer time (“well-done” instead of
“medium”) will also form slightly more of the chemicals.

However, HCAs exposure can be reduced by
varying methods of cooking meats, especially by
stewing and boiling, and having the meats partially cooked
by microwave, before frying, broiling, or barbecuing.8

Polycyclic Aromatic Hydrocarbons (PAH)
PAH compounds are formed during incomplete

combustion of organic matter. Smoked foods, e.g. ham,
sausages, and fish may contain PAH, resulting from
incomplete combustion in food processing. These
compounds are also commonly found in tobacco
smoking. In laboratory animal studies, diets with PAH
consistently induce foregut tumors and can also induce
lung tumors. In humans, there is some evidences for
association of dietary PAH exposure with colon cancer.
Animal and human studies suggest that dietary PAH is
distributed to organ besides the locally exposed tissues,
so it is plausible to consider that dietary PAH may
contribute to lung or breast cancer risk, for example.7

Benzo(a)pirene is the best-characterized PAH
compound available from the diet. Carcinogenesis
mechanism is conducted through BaP adduct formation,
after being activated by CYP1A and CYP1B enzymes.
BaP adduct is associated with site-specific hotspot
mutations in the p53 tumor suppressor gene. The
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mutations are observed in lung cancer of smokers.7

N-Nitrosamines
Both nitrate and nitrite are capable to form

nitrosamines, a large group of compounds with common
carcinogenic mechanism. Humans are exposed to N-
nitroso compounds in diet from a variety of cured meats
and fish products. Sodium nitrite has been used as food
addictive for preservation and as coloring substance in
meat. N-nitrosamines may also derived from nicotine of
tobacco smoking.35,36

Cancer of the lung, liver, kidney, mammary gland,
stomach, pancreas, bladder or esophagus has been
observed and these sites are also considered to be the
targeted organs.37 The common carcinogenic
mechanism of N-nitrosamines is associated with
formation of N-nitrosodimethylamine, which undergoes
enzymatic hydroxylation and subsequent hydrolysis to
aldehyde and monoalkylnytrosamide that rearranges and
releases a carbocation that is reactive toward DNA
bases. The hydroxylation is catalyzed mainly by
CYP2E1.7

Alcohol
Epidemiological data have identified chronic alcohol

consumption as a significant risk factor for upper
alimentary tract cancer, including cancer of the
oropharynx, larynx, esophagus, and of the liver. The
increased risk in the large intestine and in the breast is
much smaller. However, although the risk is lower,
carcinogenesis can be enhanced with relatively low daily
doses of ethanol.38

The exact mechanisms by which chronic alcohol
ingestion stimulates carcinogenesis are not known.
Experimental studies in animals support the concept that

ethanol is not carcinogen but under certain experimental
conditions is a cocarcinogen and/or tumor promoter. The
metabolism of ethanol leads to the generation of
acetaldehyde (AA) and free radicals. Evidence has
accumulated that acetaldehyde is predominantly
responsible for alcohol associated carcinogenesis.
Acetaldehyde is carcinogenic and mutagenic, binds to
DNA and proteins, destructs folate and results in
secondary hyperproliferation. It has also been shown that
AA interferes with the DNA repair process, where it
directly inhibits O6 methyl-guanyltransferase, an enzym
important for the repair of adducts caused by alkylating
agents. Moreover, individuals with polymorphism tend
to accumulate acetaldehyde products, resulting in
increased cancer risk. Other mechanism is through the
induction of cytochrome P-4502E1 (CYP2E1) that is
associated with increased free radicals generation and
activation of procarcinogens compounds contained in the
alcoholic beverages to their ultimate carcinogens.38

In heavy drinkers, the entire nutritional status is
usually impaired due to primary and secondary
malnutrition. Various deficiencies of vitamins and trace
elements that have been shown to have protective
effects, such as methyl-, folate, vitamine E, selenium and
zinc, may contribute to alcohol-associated
carcinogenesis.38 Chronic alcohol consumption also
induces hepatic cirrhosis, which is a major etiological
risk factor for hepatocarcinogenesis. Thus, it can be
concluded that all those mechanisms are working together
to stimulate carcinogenic process.38

Various type of carcinogens, mechanism of action,
and affected organs are summarized in the Table
1.7,8,12,30-38

Table 1. Various type of carcinogens, their mechanism of action, and affected organs
7,8,12,30-38

Group Compounds Mechanism of action Affected organs

Polycyclic
aromatic
hydrocarbon
(PAH)

Benzo[a]pyrene Form adducts with
purine bases of DNA,
mainly resulting on
transversion

Stomach, colon,
lungs, breast

Heterocyclic
amines (HCA)

2-amino-1-methyl-6-
phenylimidazole [4,5-
b] piridin (PhIP)

Form adducs with DNA
bases

Stomach, colon,
breast, prostate

N-nitroso
compounds

N-nitrosodimethylamine Form adduct at N- and
O- atom in DNA bases

Liver, lung, kidney,
oral, larynx,
esophagus, stomach

Natural
carcinogens

Aflatoxin B1 Form adduct with
guanine, reacts with
RNA and protein

Liver

Alcohol Acetaldehyde Oxidative stress
DNA repair inhibition
Form adduct

Oropharynx, larynx,
esophagus, liver,
colon, and breast
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MACROCOMPONENTS

Total Calorie Intake
Excess calorie intake has been known to contribute

to increase risk of several cancers, e.g. breast, colon,
and prostate cancer. Digestion, absorption, metabolism,
and excretion of fat deposits require oxidative
metabolism, which create free radicals capable of
causing DNA damage.8

Obesity is a well-established risk factor for several
cancers. Estimation from American Cancer Society study,
suggests 14% of all cancer deaths in men and 20% of all
cancer deaths in women from a range of cancer types
are attributable to excess body weight. Significant
positive associations were found between obesity and
higher death rates for the following cancers: esophagus,
colon and rectum, liver, gallbladder, pancreas, kidney,
stomach, prostate, breast, uterus, cervix, and ovary. Based
on the cohort study, it was estimated that over 90.000
cancer deaths per year could be avoided if all the adult
population maintained a normal weight (BMI<25.0).  A
recent meta-analysis of 14 experimental studies found
that energy restriction resulted in a 55% reduction in
spontaneous tumors in laboratory mice. The
recommended calorie restriction is to eat a reduced
amount of food (about 70-80% of the amount required
to maintain “normal” body weight) while still consuming
all of the necessary amounts of vitamins, minerals, and
other necessary nutrients. The only restriction is the
total amount of energy (calories) that is consumed.39

The positive correlation between obesity and
cancer suggested to be driven by white adipose tissue
that accompanies obesity, possibly through excess
secretion of adipokines, such as leptin and adiponectin.
Recent studies in fatless mice, which have undetected
adipokines level but display accelerated tumor
formation, suggest that adipokines are not required for
the enhanced tumor development. This study also
indicates that some other factors have roles in obesity-
link cancer. Those factors are IGF-I and proinflammatory
cytokines.40

The involvement of insulin-like growth factor I (IGF-
I) in cancer was first documented when in vitro studies
showed that IGF-I enhances the growth of cancer cell
lines. IGF-I acts directly on cells via the IGF-I receptor
(IGF-IR), which is over expressed in many tumors, or
indirectly by cooperation with other cancer-targeted
molecules, such as the p53 tumor suppressors. Diet-
induced obesity in the mouse leads to enhanced tumor
growth as well as insulin resistance, increased IGF-I,
and decreased IGF binding protein-1, resulting in
enhanced IGF-I signaling.40

Fatty Acids
Animal fat rich in saturated fatty acids and

plant-derived oils, like corn oil, sun-flower seed oil, which
are rich in linoleic acid, one of the n-6 polyunsaturated
fatty acids (PUFA)/ arachydonic acid are suggested to
enhance cancer development. Increased levels of linoleic
acid in the erythrocytes of premenopausal women are
related to increase risk of breast cancer. In contrast,
n-3 PUFA (linolenic acid), which derives from fish oils,
especially EPA and DHA, and n-9 monounsaturated fatty
acids (MUFA) / oleic acid, like olive oils are known to
have protective effects against carcinogenesis.41 Higher
ratio of n-3 and n-6 has been observed in several studies
to decrease risk of breast cancer.42

It has been hypothesized that cancer is the result of
a failure of immune surveillance to recognize and to
eliminate cells that have undergone neoplastic
transformation. Although mechanism by which dietary
fatty acids affect tumorigenesis are likely multifactorial,
evidence suggests that modulation of host immune
functions by different eicosanoid metabolites that are
regulated by dietary fatty acids may be an important
factor. Evidence also suggests that dietary fatty acids
may influence tumor metastatic cascade by eicosanoid
metabolites via specific regulation of the process involved
in metastatic cascade such as tumor-endothelial cell
adhesion, proteolytic enzyme activity, and gap junctional
intercellular communication.41

Cancer Prevention
Based on data from the American Institute for Cancer

Research and World Cancer Research Fund, it is estimated
that around 30-40 percent of all cancers could be prevented
by healthy life styles and a good diet pattern.42

Steinmetz and Potter reviewed the relationship
between fruits, vegetables, and cancer in 206 human
epidemiologic studies and 22 animal studies. They found
that greater vegetable and fruit consumption are
consistent to have a protective effect for cancers of the
stomach, esophagus, lung, oral cavity and pharynx,
endometrium, pancreas, and colon.43 Several levels of
evidence for decreased risk of various types of cancer
with consumption of fruits and vegetables are shown in
Table 2.

Table 2. Levels of evidence for decreased risk of various types
of cancer with consumption of fruit and vegetables

44

Cancer types Level of evidence

Stomach, esophagus, oral and pharynx,
colon, rectum, lung

I

Larynx, pancreas, breast, bladder II

Ovarium, endometrium, cervix, thyroid,
prostate, kidney, liver

III
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There are many substances that are protective in
fruits and vegetables, so that the entire effect is not very
likely to be due to any single nutrient or phytochemical.
Several substances known to have protective elements
are: isothiocyanates, allium compounds (garlic), isoflavon,
phytosterole, vitamin C, D, folate acid, beta carotene (and
other carotenoids) lycopene, selenium, vitamin E,
flavonoids, and dietary fiber.44-45

Isothiocyanates and diallyl sulfide are known to
be one of anticarcinogenic compounds due to its action
on suppressing carcinogenesis activity and detoxing
carcinogenic compounds. Detoxication is conducted
through increased level of GST and UDP-glucuronic
transferase enzyme, which metabolizes the carcinogenic
compounds and help those excreted from the body. The
primary sources of isothiocyanates are cruciferous
vegetables, like cauliflowers, cabbages, and broccoli.
Diallyl sulfide, an organosulphur compound in garlic,
works as inhibitor in mutation of cytochrome p450 2E1,
which metabolizes ethanol, acetone, and other
carcinogen compounds, such as HCA, N-nitrosamine,
and dimethylhydrazine.8,45

Folic acid is the dark green leafy vegetable vitamin.
It has an integral role in DNA methylation and DNA
synthesis. Folic acid works in conjunction with vitamin
B-6 and vitamin B-12 in the single carbon methyl cycle.
If sufficient folic acid is not available, uracil is
substituted for thymidine in DNA, which leads to DNA
strand breakage.42

Many studies have found a significant reduction in
colon, rectal, and breast cancer with higher intakes of
folic acid and their related nutrients (vitamin B-6 and B-
12). However, folate may be more important for rapidly
dividing tissue, like the colonic mucosa. Therefore, the
cancer risk associated with low folate intake is higher
for colon cancer than for breast cancer. Most breast
cancer studies only found a protective effect of folate
among women who consumed alcohol. It is probably
because alcohol is an antagonist of folate, so that
drinking alcoholic beverages greatly magnifies the
cancer risk of a low-folate diet.41,46

Lycopene, a predominant carotenoid in tomato
products, is a potent antioxidant in chemical reactions.
The mechanism of action of lycopene is known to have
a protective role in carcinogenesis, especially in pros-
tate cancer. Lycopene is usually found in red color fruits,
such as tomatoes, with higher bioavailability found in
cooked tomatoes than that in too raw tomatoes.47

Some of recommendations for a healthful pattern of
nutrition and maximum lifetime benefit from the
American Cancer Society, are mentioned as follows:48

1. Maintain a desirable body weight
2. Eat a varied diet
3. Include variety of both vegetables and fruits in daily

diet
4. Eat more high fiber foods, such as whole grain ce-

real, legumes, vegetables and fruits
5. Cut down on total fat intake
6. Limit consumption of alcoholic beverages
7. Limit consumption of salt-cured, smoked, or nitrite-

preserved foods

CONCLUSION
Diet and nutritional factors are one of several major

causes of carcinogenesis. Carcinogenic processes
themselves are known to involve multi steps process
(initiation, promotion, progression) and influenced by
various factors. Food mutagen is working through
genotoxic and non-genotoxic pathway in carcinogenesis.
Genotoxic pathway works on the level of DNA causing
DNA damage. Moreover, non-genotoxic pathway
pathway affects the cell through tumor promoters such
as inflammation, immunosupression, free radical and so
on. More exposure to both pathways, more risks of
carcinogenesis. On the other side, diet and nutrition also
have protective roles against cancer. Hence, a good
knowledge of diet, nutritions, and lifestlyes are
important to reduce cancer risk in the society.
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