DOI:10.31557/APJCP.2019.20.5.1309
A Review on Dietary Intervention in Obesity Associated Colon Cancer

REVIEW

Editorial Process: Submission:06/07/2018 Acceptance:04/22/2019

A Review on Dietary Intervention in Obesity Associated Colon
Cancer

N H Roslan, S Makpol, Y A Mohd Yusof*

Abstract

Background: Colorectal cancer (CRC) is one of the major causes of morbidity and mortality. According to
National Cancer Registry, the incidence of colorectal cancer in Peninsular Malaysia increases with age. The incidence
is highest among Chinese population but lower among Indians and Malays. Many reviews have suggested that obesity
may be associated with a higher risk (>50%) of colorectal cancer. Methods: This study collects a comprehensive
data from the literature review available from respective journals on dietary intervention and the chemo-protective
mechanisms of a few natural resources in obesity -associated colon cancer based on previous and current studies.
Results: In obesity-associated colon cancer, the genes of interest and pathways that are mainly involved include
NF«B, P13K/Akt, and MAPK pathways, and FTO, leptin, Cyclin D, MMPs, and STAT3 genes. Dietary modification
is one of the alternative steps in early prevention of colon cancer. It has been proposed that the components present in
certain foods may have the ability to protect against many diseases including the prevention of cancer. Conclusion:
There are many factors that lead to obesity-associated colon cancer and the mechanisms behind it is still undergoing
intensive research. This review aims to scrutinize research as well as reviews that have been previously reported on
obesity associated colorectal cancer and the beneficial effects of including antioxidants-rich foods such as vegetables

and fruits in the diet to reduce the risk of obesity associated colorectal cancer.
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Introduction

Colorectal cancer (CRC) is one of the main factors
of mortality and morbidity. According to World Health
Association (WHO), cancer is a cause of death worldwide,
accounting for 8.2 million deaths in 2012. WHO also
reported that colorectal cancer is the third most common
cancer in men, (746,000 cases, 10.0% of the total) and
the second in women, (614,000 cases, 9.2% of the total)
around the world (WHO, 2012). It is expected that annual
cancer cases will slowly increase from 14 million in 2012
to 22 million within the next 2 decades. Colorectal cancer
is the most common cancer among male and second
among female in Peninsular Malaysia. The incidence of
colorectal cancer is expected to increase with age and is
highest among Chinese population but is lower among
Indian and Malay population according to the National
Cancer Registry 2006 (National Cancer Registry, 2006).
Obesity is known to be the major global health problem
that can lead to co-morbidities including diabetes, heart
disease, and cancer (Calle et al., 2003; Drew, 2012; Percik
and Stumyoll, 2009; Wollin et al., 2010). The Star Online
(2014) stated that 45.3% of Malaysian population is obese
followed by South Korea with 33.2%, Pakistan 30.7%

and China, 38.3% making Malaysia with the most obese
population in South East Asia. It has been reported that
there is a link between colorectal cancer and obesity in
comparison to other type of cancers (Monghaddam et
al., 2007). The WHO 2015 Fact Sheet reported that over
600 million people worldwide were obese (WHO, 2015).
In the US, NHANES (National Health and Nutrition
Examination Survey) reported that between 2011-2014,
more than one third of adults (36.5%) aged 20 years or
older are obese (National Centre for Health Statistics,
2015). While in the Asia Pacific Region, Malaysia has
the highest rate of obesity (14%) followed by Thailand
(8.8%), and Vietnam and India have the lowest rates
of obesity (1.7% and 1.9% respectively (WHO, 2015;
National Health and Morbidity Survey, 2006).

It is estimated that obesity is responsible for about
14% of cancer caused-death (Calle et al., 2003). In a
meta-analysis study, it was observed that general and
central obesity was positively associated with the risk of
colorectal cancer (Monghaddam et al., 2007). In obesity
associated colon cancer, multiple signalling pathways have
been reported to be involved with some genes of interest
for example the inflammation pathway NF«xB, survival
pathways P13K/Akt and MAPK, and FTO, leptin, Cyclin
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D, MMPs, and STAT3 genes (Chen et al., 2013). One of
the alternative ways for primary prevention of cancer is
by dietary modification. It has been proposed that the
components present in certain foods may have the ability
to protect against many diseases which has become the
field of interest for researchers in recent years (Sunkara
et al., 2009).

Risk Factors of Colorectal Cancer

The pathogenesis of colorectal cancer is very intricate
and is influenced by several factors. There are several risk
factors associated with the incidence of colorectal cancer.
Those that cannot be controlled by an individual, include
age and hereditary factors (Haggar and Boushey, 2009).

Family History and Inherited Genetic Risk

Other than age, family history also plays a crucial
role in the risk of developing colorectal cancer, such as
personal history of adenomatous polyps, inflammatory
bowel disease, and inherited genetic disorder (Haggar
and Boushey, 2009). Detection and removal of a polyp
prior to malignancy may lower the chance of developing
colorectal cancer (Grande et al., 2008). However, full
removal of adenomatous polyp or localized carcinoma
has been implicated in increasing development of
metachronous cancer elsewhere in the colon and rectum
(de Jong et al., 2005).

Adenomatous polyposis C (APC) is a tumour
suppressor protein, and mutation of APC gene is the
initial factor in colon carcinogenesis followed by KRAS
and TP53 mutations (Arends, 2000). APC is mutated in
95% of familial adenomatous polyposis (FAP). APC is
known to bind to B-catenin leading to ubiquitin-mediated
beta catenin destruction as well as loss of APC function
and increasing transcription of -catenin targets. Together
with the interaction with transcription factor B-catenin,
APC gene product indirectly regulates transcription of
some critical cell proliferation genes including cyclin D,
C-myc, ephrins, and caspases (Sameer, 2013).

Diet and Physical Activity

High fat diet, especially animal fat, could lead to
formation of colorectal cancer. Several studies proposed
that people who consume an unbalanced diet and diet low
in fruits and vegetables may have an increased risk of
colorectal cancer (Janout and Kollarova, 2001).

Other than diet, two interrelated and modifiable risk
factors are the excess body weight and physical inactivity.
Obesity or extra body weight has been associated with

colorectal cancer (de Jong et al., 2005). There is enough
evidence showing that increased level of physical activity
is associated with a reduce risk of colorectal cancer and
this includes evidence of a dose response effect with
frequency and intensity of exercises inversely associated
with the risk (de Jong et al., 2005; Zisman et al., 2006;
Boyle and Langman, 2000). In addition to frequent
exercises, a healthy diet lifestyle can help reduce the
risk of colon cancer. Thus, lack of daily physical activity
could lead to a higher incidence of obesity in both women
and men.

Gut microbiome

Microbiomes that live in the human gastrointestinal
tract (collectively known as the gut microbiota, or
microbiome) in obese individuals are different from
non-obese people. Studies in mouse models suggest two
theories that are highly associated with colorectal cancer,
the first theory is regarding the imbalances in the gut
microbiota or a dysbiotic microbial community in the
gut with pro-carcinogenic features driving towards pro-
inflammatory state leading to inflammation of epithelial
cells, altered metabolism, and genotoxicity. The second
theory or the “driver-passenger” theory, indicates that the
intestinal bacteria as “bacteria drivers” initiate colorectal
cancer by inducing epithelial DNA damage leading to
carcinogenesis (de Jong et al., 2005).

Pathways in CRC

The pathogenesis of CRC stems from either genetic
or epigenetic changes that are associated to each other
at different degrees. The major cause of many CRC is
The Chromosomal Instability (CIN) pathway indicated
by widespread loss of heterozygosity (LOH) and gross
chromosomal abnormalities (Leary et al., 2008; Lin et al.,
2003). Another cause of CRC is derangement of the DNA
Mismatch Repair (MMR) system leading to a failure in
the proofreading system of DNA polymerase.

Chromosomal Instability Pathway (CIN Pathway)

The chromosomal instability (CIN) is one of the
pathways that features the genomic instability acquired
during tumour development in the pathogenesis of
colorectal cancer. It is characterised by widespread
imbalances in chromosome number (aneuploidy) and loss
of heterozygosity (LOH) (Pino and Chung 2011).

The Wnt Signalling Pathway
The main or initial mutation in CIN pathway is the

Apc/p-katenin kras dee P53 Other changes
smad4, smad2
N.orrn.'.il o e Late Carcinoma Metastasis
epithelial crypt and early Adenoma
Adenoma
adenoma

Figure 1. Morphological Change in Colon Carcinogenesis. (Adapted from: Van de Flier et al., 2007).
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Figure 2. A Simplified Version of the Canonical Wnt/ Beta-Catenin Pathway. Absence of Wnt/Ligand (2A); With Wnt/

Ligand (2B). (Adapted from: Van de Flier et al., 2007)

early mutation on tumour suppressor gene, adenomatous
polyposis coli (APC) involving sporadic CIN and also
when there is a mutation in the germline, in Familial
Adenomatous Polyposis (FAP) (Shih et al., 2001; Sieber
et al., 2012). Wnt signalling pathway controls the level
of modulator beta catenin for signal transduction via
phosphorylation processes and ubiquitin-mediated
degradation. APC protein binds to beta catenin and
undergoes ubiquitination; essentially as a negative
regulator of beta catenin (Novellasdemunt et al., 2015).
The loss function of APC either through mutation, LOH, or
promoter methylation, will result in constitutive activation
of Wnt signalling, thus, accumulation of cytoplasmic
beta catenin (Novellasdemunt et al., 2015). This results

in nuclear translocation and binding of beta catenin to
T-cell factor (TCF)/ lymphoid enhancer factor (LEF)
with increased proliferation, differentiation, migration
and adhesion of colorectal cells. A simplified diagram of
the Wnt/ beta-catenin pathway is presented in Figure 2.
The Wnt target genes such as cyclin D and c-myc-c affect
various cellular functions including cell proliferation,
angiogenesis, and apoptosis. Mutation of Wnt target genes
will cause degeneration of these cellular functions leading
to both initiation and progression of CRC.

RAS Pathway
The progression of adenoma to carcinoma is identified
initially by the K-ras gene, a proto-oncogene which

Signalling Pathways

Colon Cancer

Figure 3. The Links between FTO and Colon Cancer. Over-expression of FTO protein could increase incidence of
colon cancer through both obesity dependent and independent pathways. FTO increases food intake through satiety
hormone leptin, causing obesity. In independent obesity associated pathway, FTO can initiate cellular signalling
molecules STAT3, cyclin D1 and MMPs to increase cancer incidence. FTO, Fat mass and obesity associated; STAT3,
signal transducer and activator of transcription 3; MMPs, matrix metalloproteinase; NPY, neuropeptide Y. (Adapted

from Chen et al., 2013)
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Figure 4. Signal Pathways in Obesity Associated Colon Cancer. Phosphorylation of receptors by the ligands such
as IL-6, Leptin and IGF-1 leads to activation of downstream pathways PI3K/AKT and MAPK. Abbreviation:
IGF-1; Insulin like growth factor-1; IL6, interleukin 6; PI3K/Akt, phosphoinositide 3-kinase/protein kinase B; MAPK,
mitogen activated protein kinase; NF-kB, nuclear factor-kappa; B bcl-2, B-cell lymphoma 2 (Adapted from Chen,

2011).

coded for the GTP-ase protein that takes place in the
transduction and propagation of extracellular signals
such as mitogen-activated protein kinase (MAPKs). K-ras
mutation leads to an irreversible active state that allows
the cell to escape apoptosis but accelerates in proliferation.
More than 90% of K-ras gene mutations occur at codon 12
and 13; where codon 12 mutation denotes an oncogenic
phenotype compared to mutation at codon 13 (Malumbres
and Barbacid, 2003). This implies mutations on codon 13
are towards the adenoma-carcinoma transition; whereby
codon 12 mutations predispose colorectal tumour cells
to surrounding invasion and metastasis (Guerrero, 2000).
Horst and colleagues proved that increased activity of
WNT was coherent with elevated MAPK signalling, in
association with CRC K-ras mutated event (Horst et al.,
2012). The ERK-MAPK pathway is found downstream
of several growth-factor receptors, including epidermal
growth factor, EGF-R (Horst et al., 2012). Uncontrolled
expression and activation of EGF-R coupled with
uncontrolled expression and activation of ERK- MAPK
pathway are prerequisite in colorectal cancer (Baba et
al., 2010).

The P53 System

The loss of function of p53 generally occurs in the
progressive and later stages of colorectal carcinogenesis.
The mutation of p53 gene triggers an increase in
proliferative activity via the loss of apoptosis and cell
cycle control (Boyle and Langman, 2000). A study
conducted by Oikawa, showed that p53 is largely
controlled by BubR 1 which is a component of the mitotic
spindle checkpoint machinery. Loss of Heterozygosity
(LOH) at 17p significantly downregulates the activity of
BubR1 (Oikawa et al., 2005). El-Deiry and coworkers
established that a wild-type p53-activated fragment 1
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(WAF-1), ahighly induced gene has the ability to suppress
growth of tumour cells growth (el-Deiry et al., 1993).
However, when p53 is mutated, the protective role of
WAF-1 is lost. During the advancement of carcinogenesis,
mutations in several cyclin-dependent kinases (CDKs)
are also involved. Through the AMPK pathway, p53
up-regulates the CDK inhibitor 1A (CDKNIA or p21),
involved in cell cycle regulation. Another CDK related
with p53 mutations is CDK inhibitor 1B (CDKNIB or
p27). Mutated P53 cross talks with Cyclooxygenase-2
(COX-2), initiating cell proliferation and inflammation
in CRC (Swamy, 2003).

Microsatellites (MSI) Pathway

Microsatellites are short repeated nucleotide sequences
which are extended to the whole genome. These are
susceptible to errors throughout replication caused by
their repetitive manner. The DNA mismatch repair (MMR)
system identifies and then repairs base-pair mismatches
that takes place during replication of DNA. The instability
of microsatellites reflects on the incapacity of the MMR
system to repair these problems. These problems are
then identified through frameshift mutations in the
microsatellite repeats (Dora et al., 2013). It was found
that there is a link between MSI with HNPCC (Hereditary
Nonpolyposis Colorectal Cancer). HNPCC is the results
of germline mutation in MMR gene, whereas somatic
hypermethylation or mutation silencing of MMR genes
involves about 15% of sporadic CRC. Members of the
MMR system include Mut S homologue 2 (MSH2), Mut
L homologue 1(MLH1), Mut S homologue 6 (MSH6),
post-meiotic segregation-1 (PMS1), Mut L homologue
3(MLH3), Mut S homologue 3 (MSH3), and exonuclease
1(Exol) (Dora et al., 2013).
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CIMP (Cpg Island Methylator Phenotype) and the
“Serrated” Pathway

Changes in the expression or function of gene without
modifying sequence of the DNA of that certain gene are
known as epigenetic alterations. In humans, epigenetic
changes are commonly either due to modifications of
histone or DNA methylation (Samowitz et al., 2005). DNA
methylation happens frequently at the 5'-CG-3’ (CpG)
dinucleotide. Gene promoter region methylation results
in gene silencing, resulting in loss of function of tumour
suppressor genes (Ogino et al., 2006). CIMP accounts
to the presence of hypermethylation of numerous genes.
The genes which are silenced via hypermethylation of
DNA during colon carcionogenesis include MCC (the
mutated in colorectal cancer) gene, APC (adenomatous
polyposis coli), MGMT (O6-methylguanine DNA
methyltransferase), and MLH1. Environmental factors
such as age and excessive smoking have been shown
to escalate DNA methylation (Dora et al., 2013; Ogino
et al., 2006). Five markers have been selected to act
as markers for CIMP which consists of CACNA1G
(Calcium Channel, Voltage-Dependent, T Type, Alpha 1G
Subunit), IGF2 (insulin-like growth factor 2), NEUROG!1
(Neurogenin 1), RUNX3 (Runt-Related Transcription
Factor 3), and SOCS1 (Suppressor of cytokine signaling
1). CIMP positivity is known as methylation on at
least three markers (Dora et al., 2013). Pathologically,
CIMP-high tumours are usually poorly differentiated
of signet ring or mucinous histology, microsatellite
instability, and harbor mutation of BRAF.

Multiple Signal Pathways in Obesity Associated Colon
Cancer

Various epidemiological studies have proven that
obesity enhances the incidence of colon cancer (Ben et
al., 2012; Pischon et al., 2006). In a study conducted by
Pischon and co-workers, they showed that the body mass
index (BMI) and body weight were significantly correlated
to colon cancer risk in men, while weaker or zero
associations have been reported for women (Pischon et al.,
2006). However, the reason for the apparent discrepancy
in the relation between body weight with colon cancer risk
between women and men are still debatable and one of the
possible reasons is due to the different in body composition
between women and men (Pischon et al., 2006).

To prevent obesity-associated colon cancer, it is of
extremely importance to recognize the shared molecular
mechanisms involved in colon cancer and obesity as there
are multiple signalling pathways shown to be associated
with obesity-associated cancers (Chen et al., 2013; Chen,
2011). In addition, it is uncertain whether there is shared
genetic bias between obesity and cancers. Until now, 30
gene loci have been reported (Chen, 2012). Some example
of the genes that are activated in obesity associated
colon cancer include, insulin, insulin-like growth factor,
estrogen, leptin, adinopectin, interleukin-6 (IL-6), IL-17,
tumour necrosis factor alpa (TNF-a) (Chen, 2012; Flores
et al, 2012; Gislette and Chen, 2010; Paz-Filho et al.,
2011; Sikilidis and Varamini, 2001). In addition, genes
of the MAPK, P13/K and beta-catenin pathways were
also reported to be initiated in obesity associated colon

cancer. Some other genes of interest include FTO, leptin,
Cyclin D, MMPs and STAT3 (Arends, 2000). Therefore,
inhibition of these factors and pathways involved offer
useful knowledge in the prevention of obesity associated
colon cancer.

The PI3K/Akt Pathway

In P13K/Akt pathway, PI3K converts PIP2
(Phosphatidylinositol (3,4,5)-trisphosphate) to PIP3
(Phosphatidylinositol (4,5)-trisphosphate), which then
activates putative 3-phosphoinositide-dependent kinase
1 (PDK1) thus phosphorylating Thr308 of Akt driving to
its activation. In order to further increase the activity of
the kinase, mammalian target of rapamycin complex 1
(MTORC?2) phosphorylates another moiety (Ser473) of
Akt. Activated Akt can boost carcinogenesis including
obesity-induced colon cancer through multiple targets
such as blocking check point kinase to increase genomic
instability; increased mTORC1 (mammalian target
of rapamycin) activity to promote protein synthesis;
increased cell cycling through glycogen synthase kinase
3b (GSK3b) inhibition; blocking MDM?2 (murine double
minute) to decrease p53; increased NF-kB leading to
increased survival; and activating HIF1-a (Hypoxia-
inducible factor 1-alpha) to increase expression of vascular
endothelial growth factor (VEGF) for angiogenesis (Chen,
2011).

Mitogen-Activated Protein Kinase (MAPK) Signal
Pathway

MAPK pathway consists of Ras-Raf-MEK-
ERK1/2 pathways. Ras phosphorylates Raf which then
phosphorylates MEK and the latter will phosphorylate
ERK1/2. ERK is also known to activate STAT3 and
mTOR (Grande et al., 2008). Other pathways involved
are the p38 MAPK and JNK (c-Jun N-terminal kinases)
pathways. The cross talk between these pathways result
in cancer progression and metastasis (Huang et al.,
2011). STAT3 controls many genes for example, IL-17,
IL-23, B-cell lymphoma 2 (Bcl-2), Bel-xL, Mcll, cyclin
D1 and vascular endothelial growth factor to increase
cell survival, proliferation, invasion, angiogenesis and
metastasis (Aggarwal et al., 2009; Yu et al., 2009). An
epidemiological study reported that high IGF-1 and insulin
levels correspond with obesity and waist circumference,
increasing the risk of colon cancer.

Nunez et al., (2009) proposed the link between insulin/
IGF pathway and obesity-associated cancer. Insulin
together with activated mTOR has been proposed to be an
important reason behind the elevation of cancer occurrence
and mTOR suppression via rapamycin destroyed high
cancer incidence in diabetic patient (Fierz et al., 2010;
Novosyadlyy etal.,2010). In mouse models, reduced levels
of IGF-1 either through genetic modification or energy
restriction lowered skin cancer progression by suppression
of PI3K/Akt/mTOR pathway (Moore et al, 2008). IGF-1
genetically deficient mice, has been associated with
decreased azoxymethane-induced colon cancer indicating
that decreased in circulating IGF-1 levels possibly block
colon carcinogenesis and affect proliferation and apoptosis
(Olivo-Marston et al., 2009).
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Adipokine Leptin, Adiponectin and Cytokine

Obesity is also implicated by decreased serum
adiponectin and increased leptin, the hormones may
play a role as potential mediators in obesity associated
carcinogenesis (Janice, 2014). Adipokine leptin is a
regulator of satiety and energy balance. It is elevated
in obesity and may induce various cancers of prostate,
thyroid, colorectal, renal, pancreatic, oesophageal and
endometrial (Chen, 2011). Leptin is also known to
modulate absorption of nutrients in gastrointestinal tract,
promoting cellular growth and proliferation, inhibiting
apoptosis, and stimulating pro-inflammatory responses in
small and large intestine (Riondino et al, 2014). In colon
cancer, leptin acts as a potent mitogen and anti-apoptotic
cytokine and promotes the invasiveness of familial
adenomatous colonic cells. Accordingly, leptin expression
has been reported to be increased as carcinogenesis
progresses from normal colonic mucosa to adenoma and
adenocarcinoma. Therefore, this suggests the involvement
of leptin in multistep colon carcinogenesis (Riondino et al,
2014). At the molecular level, leptin mediates its growth
and proliferative effects via obesity receptor (Ob-R) to
activate survival pathways such as JAK/STAT, PI3K/
Akt, and MAPK. Gao and co-workers (2012) reported
that in endometrial cancer cells, leptin activated MAPK,
PI3K and STAT3 pathways (Gao et al, 2012). In another
study it was reported that insertion of leptin into the
culture medium activated PI3K and MAPK pathways via
initiation of downstream targets RhoA, Cdc42 and Racl
(Jafte and Schwartz 2008). These modifications of signal
pathways were demonstrated to escalate the progression
and cancer cells invasion.

Adiponectin is also known to be an anti-inflammatory
adipokine. Blood level of adiponectin is reduced in
obesity, thus increasing risk factors associated with
colon cancer (Fenton and Birmingham, 2010; Saxena
et al., 2010). Adiponectin plays and important role of
inhibiting secretion of IL-6 through suppression of
NF-kB in APCmin/+ colon cancer cells thus preventing
activation of STAT3 pathway inhibiting proliferation of
MC38, colon cancer cell lines (Fenton et al., 2008; Fenton
and Birmingham, 2010). Increased IL-6 expression, a
pro-inflammatory cytokine, has been related to advanced
stage and decreased survival in CRC patients (Waldner et
al 2012). IL-6 can attach to IL-6 receptor in the target cells
membrane or its soluble receptor (causing trans-signalling)
for activation of multiple signal pathways such as STAT3
and JAKs (Waldner et al. 5 2012).

Fat Mass and Obesity Associated (FTO) pathway

FTO genotype is commonly linked to fat mass in
human bodies (Sonestedt et al., 2011). FTO protein is
mostly found in the hypothalamus, which indicates its
possible role in satiety (Olszewski et al., 2009). Genetic
variants at FTO locus has been shown to be related to
satiety (Dougkas et al., 2013). Previous studies have
reported that FTO affects the intake of food rather than
the energy expenditure (Cecil et al., 2008; Speakman et
al., 2008; Timpson et al., 2008). Another epidemiology
study reported by Yang et al., (2012), demonstrated that
FTO affects both average of body mass index (BMI) and
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variability of BMI (Yang et al., 2012). Therefore, BMI
can be linked with high cancer incidence in patients with
FTO SNPs. The expression of FTO was also studied in
mouse model and interestingly, knock-out of 70 gene
led to lean phenotype, whereas over-expression of FTO in
mice increased food intake and directly results in obesity
(Davies et al., 2013). Further findings suggest that copy
number variants at the FTO locus could be associated with
extremes of adiposity (Davies et al., 2013). Mutation of
FTO gene has also been reported to raise blood levels of
leptin, a known mediator for causing obesity and colon
cancer incidence. Leptin is known to activate several
pathways linking to colon cancer (Labayen et al., 2011).

In non-obesity associated pathway, FTO is shown
to be involved in the regulation of cell proliferation.
In endometrial cell lines, knock-out of FTO resulted in
decreased cyclin D1 and thus reduced cell cycle and cell
proliferation (Zhang et al., 2012) suggesting a strong
evidence that FTO may be involved in cell proliferation
directly. Over-expression of FTO in rats promotes
STAT3 mRNA expression in the arcuate nucleus of the
hypothalamus (Pitman et al., 2012). FTO also activates
other cellular signalling molecules such as cyclin D1
and MMPs known to play a role in colon carcinogenesis.
Silencing of siRNA FTO caused an increase of pAkt and
decreased pAMPK, a negative regulator (Pitman et al.,
2012).

The overall simplified pathways are shown in Figures
3 and 4 showing the possible links between FTO and
colon cancer. Over-expression of FTO protein leads to
leptin-induced obesity could increase the incidence of
colon cancer via both obesity dependent and independent
pathways. Phosphorylation of IGF-IR (Figure 4) recruits
the downstream signalling protein insulin receptor
substrate (IRS) to the cell membrane that further activates
both phosphoinositide 3-kinase (PI3K)-Akt and the
mitogen-activated protein kinase (MAPK) pathways.
There is ample evidence from some studies to suggest that
insulin and insulin-like growth factor (IGF) are involved
in obesity associated colorectal cancer (Olivo-Marston et
al., 2009; Khandekar et al., 2011).

Colon Cancer Prevention

Phytochemicals found in natural food compounds are
ideal for chemoprevention. , They are polyphenols known
to possess antioxidants activity. Many epidemiological
studies have demonstrated that frequent consumption of
natural antioxidants found in diet is related with a lower
risk of cancer (Aggarwal et al., 2009). Phytochemicals
such as lycopene from tomatoes, genistein from soy
products and resveratrol from grapes have the ability
to lower both morbidity and mortality of many types
of cancer. Other foods and herbs that have exhibited
anticancer activity include garlic, soybeans, cabbage,
broccoli, carrots, celery, parsley, ginger, onions, flax,
turmeric, tomatoes, peppers, brown rice, wheat and honey
(Sunkara et al., 2009).

Another important aspect is the understanding of
the mechanisms of action of chemopreventive agents in
reducing tumours. It is important to identify potential
agents against colon cancer. As reported, there are
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specific constituents of foods that help shielding against
cancer via several mechanisms such as antioxidant
activity and trapping of oxygen radicals, induction of
drug metabolizing and detoxifying enzymes, signal
transduction modulation, cell proliferation and apoptosis
(Sunkara et al., 2009; Aggarwal and Shishodia, 2006).

Green Tea (Epigallocatechin Gallate (EGCG)

Green tea contains strong antioxidants activity.
The main constituent found in green tea is the
catechin epigallocatechin gallate (EGCG). The cancer
chemoprevention effect of green tea is associated with its
antioxidant activities (Kumar et al., 2010; Mak, 2012). A
synergistic anti-proliferative effect on colorectal cancer
cell lines HCT116 and SW480 was seen when panaxadiol,
a purified ginseng compound, and EGCC was combined.
(Du et al., 2012; Nakazato et al., 2005).

The chemopreventive effect of green tea extracts
and EGCG in colon cancers has been studied in
both Apcmin/- and AOM animal models. Green tea
extracts alone and in combination with sulindac was
shown to reduce development of intestinal tumour by
downregulation of beta-catenin in Apcmin/- mouse model
(Orner etal., 2002; Suganuma et al., 2001). Ju et al., (2005)
reported that oral consumption of green tea inhibited the
azoxymethane (AOM)-induced aberrant crypt foci (ACF)
formation in female mice fed with high-fat diet. EGCG
can suppress both PI3K/Akt and MAPK pathways that
are crucial in obesity-associated colon cancer. EGCG also
directly interacts with the PI3K downstream target bcl-2,
an anti-apoptotic protein (Chen, 2012; Ermakova et al.,
2005; Leone et al., 2003). In addition, EGCG can inhibit
a transcriptional factor, NF-xB, by another downstream
target of the PI3K/Akt pathway (Ahmad et al., 2000).
EGCG can also cause cell cycle arrest. EGCG reduced
risk of cancer in obesity by increasing serum level of
IGFBP-3, reducing the serum levels of IGF-I, leptin and
insulin. Interestingly, EGCG can inhibit activated signal
pathways of obesity-associated colon cancer at several
points (Shimizu et al., 2008).

Curcumin (Tumeric)

Curcumin (Curcuma longa) is the major constituent of
turmeric. It has been shown to prevent intestinal tumours
in chemically induced tumours in rats and mice and
decrease intestinal polyps in the APC Min mice (Jackson
and Evers, 2009; Perkins et al., 2002). Clinically, some
studies reported that dietary curcumin can reverse, stop, or
suppress tumour progression in high-risk patients (Sharma
et al., 2004). Turmeric component in curcumin has also
been demonstrated to reduce obesity-induced polyp
formation in animal models through inhibition of P13/Akt
and B-catenin signal pathways (Ju et al., 2005; Shimizu
et al., 2008). In another study, curcumin fed to APC Min
mice with high fat diet intake, reduced the polyps number
induced by high fat diet. APC Min mice fed with high
fat diet (HFD) for 12 weeks had a 23% increase in total
number of polyps compared to APC Min mice on the
common rodent chow (RC). It was found that curcumin
also enhanced and increased the anti-tumour effect of
curcumin independent of high fat diet, as reported by other

studies (Jackson and Evers, 2009, Mahmoud et al., 2000;
Christina etal., 2011). Ata cellular environment, curcumin
was shown to cause growth arrest and DNA damage and
induced 153 (GADDI153) genes which apparently have
a straight role in activating apoptosis (Scott et al., 2007).
Initiation of apoptosis may be part of the mTOR signalling
pathway as curcumin has been reported to suppress mTOR
phosphorylation and its downstream effector target S6K 1
throughout apoptosis (Beevers et al., 2009). Curcumin was
shown to stop the increased body weight associated with
a high fat diet. Body weight was notably higher in APC
Min mice fed with HFD compared to mice fed with HFD
plus curcumin (Christina et al., 2011).

Polyphenols in Ginger and Honey

Ginger or scientifically known as Zingiber officinale
consists of phenolic compounds including shogaol,
gingerol, paradol, and zerumbone that have been shown
to have antioxidant, anti-tumour and anti-inflammatory
properties (Beevers et al., 2009; Banerjee et al., 2011;
Harliyansyah et al., 2007). Ginger extract and its bioactive
constituents were demonstrated to suppress the growth
of many types of cancers including colon cancer cells
mainly by inhibiting proliferation, promoting apoptosis,
arresting cells at Go/G1 cell cyle and inactivating NFkB
activity (Khater, 2010; Habib et al., 2008; Abdullah et
al., 2010). A study reported that supplementation for
28 days daily with ginger in 20 patients at high risk of
colorectal cancer resulted in a decreased proliferation rate
(decreased expression of Ki-67) but had lower effect on
apoptosis in the normal appearing colonic mucosa cells
crypts (Citronberg et al., 2013). Combination of ginger
extract and Gelam honey which contain very high phenolic
moieties were proven to have anti-cancer properties by
inhibiting cell proliferation and causing DNA damage,
cell cycle arrest and induction of apoptosis in colon cancer
cells HT29. The chemopreventive effect of the combined
treatment modulated Ras/ERK and P13/AKT pathway
genes (Abdullah Tahir et al., 2015). In addition, Wen et al.,
(2012) showed that the combination between Gelam honey
and ginger can act as a potential therapy in colorectal
cancer treatment by suppression of mMTOR, Wnt/p catenin
signalling pathways and initiation of apoptosis pathway.
On its own, Gelam honey induced apoptosis and supressed
inflammation in colon cancer HT29 cells.

Quercetin in Berries and Other Fruits

Quercetin is a flavonol mostly found in many fruits
and vegetables. The food sources of quercetin include
tea, onions, apples, allium vegetables, berries, cucumber,
sweet potato, cruciferous vegetables, beans, fruits and
even some herbs such as sage, rosemary and oregano
(Djurica et al., 2012). Experimental models of colon
cancer suggest that quercetin can inhibit colon tumour
formation in vivo and proliferation of colon tumour cells
in vitro (Miyamoto et al., 2010; Gerhauser, 2008; Yang et
al., 2000). Quercetin also reduced high fat diet-induced
formation of aberrant crypt foci (Murakami et al., 2008).
Site-specific preventive properties of quercetin in the
colon unfortunately were not investigated, but quercetin
did have some preventive activity in distal colon against
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chemically-induced tumours (Warren et al., 2009).

Piper Betle

P, betle is one of the Piperaceae families and is thought to
originate from South East Asia (Abrahim et al., 2012). The
leaves of P.betle contain a lot of bioactive compounds such
as eugenol, chavicol, chavibetol and allypyrocatechol that
have medicinal values including antioxidant, anticancer,
antidiabetic and anti-infective properties (Kumar et al.,
2010). It had been reported that some other medicinal
properties of P.betle includes inhibition of platelet
aggregation, antidiabetic activities, immunomodulatory
properties and anti-allergic activities (Shen et al., 2007).
Some studies have shown the anti-tumour effects of
P.betle such as in oral, nasopharyngeal and breast
cancer (Abrahim et al., 2012; Shun et al., 2007; Fathilah
et al., 2009). For example, the leaves extract of P.betle
demonstrated anti-tumour property in oral cancer by
exhibiting anti-proliferative actions towards kB cells
(Abrahim et al., 2012). Pbetle was also shown to have
anti-cancer properties against nasopharyngeal epidermoid
carcinoma cell line and breast cancer cell line (Fathilah et
al., 2009, Widowati et al., 2011). It was also shown that
P betle inhibited colon carcinogenesis by downregulating
both B-catenin and KRAS in the early phase of colon
carcinogenesis (Widowati et al., 2011; Esa et al., 2013).
AOM administration showed formation of ACF at 8 and
24 weeks. P betle, however, did not reduce ACF formation
at either week, but it managed to reduce beta-catenin
expression and KRAS found highly expressed in the AOM
group (Thirumalai et al., 2014).

In conclusion, there are many factors that lead to
obesity-associated colon cancer and the mechanisms
behind it, are still yet to be unravelled. Activation
of certain genes that leads to abnormal levels of
hormones, cytokines, growth factors have been shown
to be associated with obesity associated colon cancer.
Beneficial effects of vegetables and fruits in relation to
cancer prevention have been proven in many studies.
However, the metabolism and molecular biological
properties of these phytochemical in chemoprevention still
need to be further explored. Antioxidants-rich food can
either be used alone or in combination in the prevention
of not only colon cancer but also in other cancers as
well. Can dietary modifications (low consumption of red
meat, refined sugars and starches, sugars) and lifestyle
changes (avoidance of alcohol, smoking and prevention
of weight gain) be an answer to lowering the risk of colon
cancer? Based on current and past evidences the answer
is affirmative but perhaps a larger cohort study all around
the world is still needed to address this issue.
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