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ABSTRACT

Colorectal cancer has always been a focus for early detection by widely available screening
procedures, yet it is the third common cancer worldwide. Dietary habits have a significant impact on
the colonic microenvironment. Food can modify colonic microbiota composition to prevent the
development of colonic neoplasia. Nutrients play a role via immunomodulation in colonic tissue, and
their metabolites influence cellular arrangement. Diet has a crucial role both as causal and
preventive, which is why extensive epidemiological and experimental studies are the demands to
build a diet plan to ensure gut hygiene. Red meat, processed meat, has been considered to have a
role in carcinogenesis, so changing the processing procedure, using colon-friendly additives, and
decreasing toxic food compounds are a few of the possible preventive approaches. In this review,
we aim to discuss the influence of dietary components, metabolites, and microbiota composition on
colon cancer prevention.

*Corresponding author: E-mail: ctutul@yahoo.com;



Chowdhury et al.; IRJO, 5(1): 13-23, 2021; Article no.IRJO.70693

Keywords: Colon Cancer; Diet; Microbiota; Prevention; Probiotic.

1. INTRODUCTION

Colorectal
worldwide

cancer (CRC) remains a major
health problem, accounting for
increasing incidence four times higher in
developed countries than developing countries.
Environmental factors such as food carcinogens,
physical inactivity, smoking, and gut microbiomes
are implicated for CRC onset and can intervene
in the disease's onset.

Gut health has always been a neglected part of
self-care yet a significant field of research to
prevent CRC. Diet substantially can act in the
prevention of CRC, evidenced by a role in
preserving mucosal health [1].CRC is primarily
sporadic, and the rate of carcinogenesis is
interrelated between the aggressive nature of
environmental insult and the extent of genetic
defect [2].We searched for articles in pub-med
using keywords followed by selecting relevant
article.Steps of data extraction,quality
assessment and data synthesis was followed
accordingly.Primary focus of this research is
establishing diet and probiotic as imperative
component in prevention of colon cancer.We
also discuss their causal pathway in colonic
neoplasm along with feasible solution to make
diet more colonic-mucosa friendly.

Mechanism of CRC: There are theories
suggesting that harmful dietary ingredient as well
as genetic modulation in oncogenes,tumor
suppressor gene initiate the gradual disturbances
in the combination of the gut
microbiota.Firstly,mutation in APC gene,a tumor
suppressor regulating Wnt signaling via the role
of controlling Beta catenin level,is a major fact in
pathogenesis of CRC [3]. Additionally, promoter
hypermethylation of various tumor suppressor
genes, most importantly MGMT and MLH1 plays
role in CRC pathogenesis in another way known
as CIMP pathway often associated with
microsatellite  instability(MSI)  and BRAF
mutation too [4].15% case of sporadic CRC can
be caused through DNA mismatch repair
alteration following inactivation of genetic
alteration in short repeated sequence known as
microsatellite instability arising a hallmark
condition names Lynch syndrome.

Nitric oxide with its bidirectional effect may play
both a causative and therapeutic role in
concentration dependent manner via affecting
different signaling pathways [5].cGMP
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signalling,PI2 kinase-akt signaling are mostly
involved pathways in NO induced sequelae of
CRC.[3-6]

The Role of Diet: Adherence to diet excess in
protein and fat possibly promote inflammation
hence may initiate neoplastic events. In the
colonic cellular environment, a diet high in plant
polysaccharides [7] such as fiber and low in fat,
as opposed to a diet high in fat and processed
meat, is associated with a low Ki-67 index;
reported by Rothschild et al. Diet, rather than
genetics, appears to play an essential role in gut
microbiome heterogeneity. In terms of gut health
maintenance, complex carbohydrates producing
short-chain fatty acids (SCFAs), low protein
fraction of dietary intake, bile acids play a crucial
role [8]. Protein fermentation and bile acid
deconjugation are digestive events promoted by
the western diet rich in meat [9]; enhance the risk
of CRC via their pro-neoplastic and pro-
inflammatory effects [10]. De Filippo et al. and
Ou et al. had different studies, but an identical
observation on Native African is having a low risk
of colon cancer attributed to the diet and
microbiome delivering plenty SCFAs, especially
butyrate.

Additionally, some studies emphasize that
colonic butyrate deficiency reinforces the
neoplastic capability of secondary bile acid.
Obesity is another contributory factor responsible
for 5% of cases of CRC in the US [11].
Decreased ratio of Bacteroidetes: Firmicutes
have been observed in overweight and obese
people. Additionally, increased LPS level and
excessive DNA damaging bile acids are the
possible linked mechanism of microbiota-related
CRC in an obese individual [12].

Carbohydrates: Carbohydrates are a significant
portion of our daily dietary habits and proving
their role on CRC is still a fact to evaluate.
Several epidemiological studies and clinical trials
were conducted to establish the interlink between
carb-based diet and CRC, describing the simple
carbohydrates can enhance cancer risk due to
activation of insulin IGF-1 axis. Complex
carbohydrates play the opposite role on this axis.
Eventually, IGF-1 promotes cell growth,
proliferation [1].

Resistant starch, an ingredient extensively found
in carbohydrates starch, increases butyrate
concentration, fecal pH. A randomized control
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trial was conducted, and the protective role of
resistant starch has been observed, given that
consumption for a long time is required [2].

In 2020, Yu Lei et al. concluded that inhibiting
lipogenic pathways via ChREBP (Carbohydrate
response element binding protein) impairs
epithelial-mesenchymal transformation which
results in impaired migration and invasion of
colon cancer cells. ChREBP are glucose-
mediated transcription factors that regulate
glycolytic and lipogenic pathways and their
expression is strongly associated with cell
proliferation and several malignancies including
colon cancer. This study showed future promise
that adhering to low carbohydrate diet will
regulate glucose induced ChREBP activation as
well as inhibition of ChREBP as a potential

Simple
carbohydrate

L

therapeutic significance in preventing colon

cancer metastasis. [13].

Protein: Processed meat carries a similar risk as
cigarettes, alcohol in carcinogenic potential
categorized in the same group 1 carcinogen and
red meat as group 2A by World Health
Organization’s International Agency for Research
on Cancer. Meat, when it is processed, smoked,
or cured, delivers N-nitroso Compounds (NOCs)
that eventually transformed to diazomethane
through a process catalyzed by activated p450
isoenzymes resulting in the formation of DNA
adducts which, if not repaired, can cause
transition mutation (G:C to A: T). This type of
genetic change is commonly identified in the K-
ras gene involved in one of the CRC causal
pathways mentioned earlier [9].
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Fig. 1. Figure shows effects of carbohydrate on the development of colon cancer. Simple
carbohydrates increase aerobic glycolysis, blood glucose and insulin resistance, thus
promoting cell proliferation and the risk of colon cancer. On the other hand, complex
carbohydrates increase fecal carcinogen excretion, bile reabsorption and decreases the risk of
colon cancer. SCFA also plays a role in inhibiting inflammation
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Though a healthy person has a colon with a low
bacterial count producing NOCs, a diet increased
in nitrates and nitrite  promotes their
accumulation, thus increasing CRC risk.
Heterocyclic amines (HCA) generally made after
cooking meat at open high flame are classified in
group 2B and 2A carcinogen, but HCAs way of
contribution to CRC pathogenesis is still an area
of further scientific studies [3].

Via N-nitrosation (a reaction that produces NOC
from amino acid decarboxylation) and lipid
peroxidation, heme iron of red meat increases
CRC risk. The latter is a prominent pathway that
links fresh red meat and CRC promotion [4].

Heme iron of red meat oxidizes polyunsaturated
fatty acid, producing aldehyde as
malondialdehyde (MDA) and 4-hydroxynonenal
(4-HNE).BY binding with DNA, MDA forms
mutagenic adducts.4-HNE kills normal cells, but
preneoplastic cells carrying mutated APC genes
hold out against this apoptosis induction. In
essence,pro-neoplastic factors derived from red
meat can be categorized as excessive iron,
protein, fat, or heat-induced mutagen. Genetic
polymorphism, another factor considered to tie
up with CRC risk, needs more studies to get a
convincing  picture  for  establishing the
relationship.[10]

It should be a great topic of discussion on how
we can make meat safer to eat. Avoiding red
meat and processed meat should be the first
option. As heme iron is a significant role player in
toxic pathways so quelling, its toxicity could be
another option. Studies on rats speculated that
calcium carbonate and calcium phosphate could
block the CRC promotion by beef meat since
they trap heme iron in the colon (Sesink et al.
2001. van der Veere et al. 1995, Pierre et al.
2003,2008). However, Calcium decreases iron
absorption resulting in iron deficiency, especially
in menstruating and pregnant women [14].
Adding dairy products to the diet plan has also
been suggested. Despite using calcium
compounds, blocking fat peroxidation or the N-
nitroso pathway with antioxidants might be an
option. Santarelli et al. performed a study on rats
supporting the fact that removing oxygen and
nitrites from the meat can inhibit carcinogenesis.
These two processes will prevent peroxidation
and nitrosation from occurring, respectively.
According to mice studies, additives like alpha-
tocopherol (Vit E) can reverse the neoplastic
changes in the colon, evidenced by decreased
lipid peroxidation products [15].
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Indeed, the event of DNA adducts formation
accelerates the malignant transformation in the
colon.

Fiber: Nonetheless, based on the inconsistency
of dietary fiber effect on CRC prevention, the
prediction has been made about the beneficial
role of dietary fiber against colorectal cancer.
Supposedly variation of gut microbiota is the
cause of this inconsistent result. Fiber intake
significantly alters the colonic environment and
microbiota composition in a varied way by
producing fermentation products including
butyrate, acetate, and propionate. These short-
chain fatty acids (SCFAs) play a role in CRC
prevention via 1. inhibiton of histone
deacetylase,2. modulation of regulatory T cells,
and 3.Interaction with G protein-coupled
receptors. More concretely, all these processes
are resulting in decreased inflammation,
increased immune homeostasis [16]. Another
meta-analysis and systematic review found
strong evidence that both proximal and distal
colon cancers can be significantly reduced by the
increased intake of dietary fibers [17].
Furthermore, changes in the composition of the
gut microbiota via fiber supplementation and
curbing fat intake has proven to be an effective
strategy to reduce the colorectal carcinoma risk
[18-20].

Fat: Animal studies have concluded that a high-
fat diet (HFD) causing high bile acid disposal to
the colon may potentiate inflammation attributing
to low risk of CRC in native African who
subsisted on a low-fat diet instead of African
Americans eating a high-fat diet. Conversely,
short-term exposure could have a beneficial
effect of inducing apoptosis via ROS production.
Decreased TP53 expression of PI3K/Akt
signaling results from prolonged exposure to a
high-fat diet. Obesity resulting from fatty food
intake can also be a contributor by increasing
circulation IGF-1 that enhances the rate of
cellular proliferation [21].

However, human studies failed to establish fat as
one of the leading promoters of CRC (16). Few
other pathways involved in CRC promoted by
HFD can be categorized as (1) JNK pathway (2)
STRA6 pathway (3) MAPK/ERK signaling
pathway. Increased STRAG activation transduces
the JAK2-STAT3 cascade, which is ultimately
responsible for maintaining CRC stem cells.
Standard ATR interacting protein relationship is
deranged by lysine homocysteinylation,
influenced by HFD. Thus, ATR loses its p53



activity due to the impairment of DNA damage
and accelerated cell growth.HFD renders an
additional role in CRC via decreasing bile acid
reabsorption (Bile acid has toxic effects on
colonic epithelium).DNA damage can be
promoted by bile acid components like Tauro-
Beta-muricholic acid, Deoxycholic acid, which
has antagonistic property against the FXR
receptor, eventually encouraging Igr5+ tumor
stem cell proliferation. Park et al. found that HFD
intake and the resultant obesity raise IL-2, MCP-
1, IL-6, TNF-alpha in a microcellular environment

which is how inflammation-related CRC in
obesity occurs driven by PI3K/Akt
pathway.

There is evidence of a higher risk of CRC in
Western society, where people eat more red and
processed meat, compared to those living
around the Mediterranean coast, who have a
lower overall cancer mortality rate that is linked
to their eating habits, such as the Mediterranean
diet (MedD). A MedD lifestyle contains specific
foods and beverages that, when consumed
together, provide nutritional synergy. Traditional
MedD emphasizes the eating of fruits,
vegetables, and fish, as well as a reduction in red
meat consumption. Olive oil is the primary source
of fat in theMedD and has a preventive effect in
lowering CRC risk. Many preclinical and clinical
research has looked into how the MedD dietary
pattern may influence cancer development and
progression. Plants  produce  secondary
antioxidants such as polyphenols in olive ail,
resveratrol in red wine, and lycopene in
tomatoes. They showed many potentials to
disrupt molecular cancer pathways in vitro.
Although the mechanisms are unknown, several
chemopreventive benefits have been linked to
the components of olive oil in preclinical studies,
primarily because they interfere with the
initiation, development, and progression of
cancerogenesis pathways.

Fruits, whole grains, vegetables, tea, coffee,
wine, tea are rich in polyphenol, a compound not
absorbed in the small intestine resulting in a high
concentration of this in the colon [22]. Polyphenol
equilibrates the gut microbiome, specifically
lowers the growth of Clostridium and
Bacteroides. Phytochemicals like polyphenol
disinhibit apoptosis of cancer cells similarly to
quercetin, a flavonol found in onions,
apples.Several clinical studies exhibited that
cocoplum(anthocyanin),blueberries ,red
grapes,cocoa(tannins) advantageous role in
CRC.Pathogenic species like F.nucleatum and
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P.gingivalis are inhibited when exposed to red
wine polyphenol.

Brazil nuts, shellfish, turkey, chicken are rich in
selenium. Large-scale studies have been done to
determine the role of dietary selenium in CRC,
strongly suggesting their protective role in
chronic inflammatory colon cancer via
upregulation of neoplastic cell apoptosis [22].
Selenium also increases mucin secretion by
encouraging differentiation of epithelial cells to
goblet cells. Mucin gives protection against
Chronic inflammation-related colorectal
carcinoma [23].Taking everything into account,
it's a reality that a western diet high in processed
meat, red meat, high fat, and low in fiber, whole
grain, and vegetables have a detrimental impact
on CRC; thus, following a diet high in fiber and

low in processed protein sources s
recommended to prevent CRC.
2. ROLE OF GUT MICROBIOTA |IN

PATHOGENESIS

Gut microbiota can influence the development of
colorectal cancer in several ways. Gut
microbiota, host genetic makeup, chronic
inflammation, and many other environmental
factors lead to the development of colorectal
cancer [24].

Microorganisms can cause chronic inflammation
in various ways, including adhesion to the
epithelium, activation of an immune response via
Toll-like receptor binding and activation of
regulatory T (Treg)cells, synthesis, and secretion
of cytotoxic biomolecules or metabolites, and
translocation into the body [11[25].
Microorganisms can cause chronic inflammation
by producing TNF alpha, IL6, and IL1b, which
activates NF-kappa B and contributes to colon
cancer. For example, the expression of IL-8,
C5a, TGF beta, Leukotriene 4(LTB4), and
growth-related oncogene-alpha is facilitated by
enterotoxins from bacterial cells [26]. Toxins from
B.fragilis induce E-cadherin expression -catenin,
NF-B, and STATS3, leading to cell proliferation in
the large intestine. For example, fragilysin, a
B.fragilis enterotoxin, increases the production of
IL-8, TGF, C5a, leukotriene 4 (LTB4), and
growth-related oncogene-a (GRO-a), resulting in
an inflammatory environment. The proliferation of
colonic epithelial cells and expression of the
oncogene c-myc are both induced by fragilysin. It
has been demonstrated that patients with CRC
who also have IBD have a worse prognosis than
those that don't have IBD. The presence of



active IBD correlates with the presence of
enterotoxigenic Bacteroides fragilis (ETBF) [27]

Fusobacterium also plays a role in abnormal cell
growth via E-cadherin/Beta-catenin pathway.
Fusobacterium adhesin A (FadA) is a cell surface
virulence factor that increases Fusobacterium
adherence to an invasion of E-cadherin-
expressing cells. As a result, the proliferation and
development of epithelial cells are directly
affected. [28][29].

Enterococcus  faecalis, Proteus  mirabilis,
Candida parasitosis are few collagenase
releasing microorganisms interlinked with CRC;
when colonized, alteration of permeability and
transmigration of cancer cells occurs [30]. The
earlier fact was described by Gaines et al. along
with the variety of HFD playing a contributory role
in  collagenase releasing  microorganism
colonization. Through imbalance in microbial
composition in the colon, HFD accelerates the
MCP-1/CCR2 axis (CCR2 is a receptor for cell
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factor MCP-1), causing more monocyte
recruitment in the neoplastic area with local
immune  system  alteration.  Lactobacillus
acidophilus has been studied after deleting its
lipoteichoic acid showing anti-inflammatory
properties favoring downregulation of CRC
polyposis [31]. As a result, it can be concluded
that organisms' cell surface properties can be
utilized to prevent CRC. For example, bacterias
favoring colon cancer prevalence are
Bacteroides fragilis, Fusobacterium nucleatum,
Enterococcaceaeor Campylobacter,
Peptostreptococus, Enterococcus faecalis,
Escherichia coli, Shigella, and Streptococcus
gallolyticus [32]. Food additives such as
monosodium glutamate and titanium dioxide
impact the composition of gut microbiomes;
animal models exposed to additives have shown
susceptibility to CRC. Several animal model
studies have concluded that food emulsifiers
(carboxymethylcellulose, polysorbate-80) can
also be linked with the risk of developing CRC in
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Eubacterium specie
(E. rectale 1 and 2, E. elgnes 1 and 2,
E cylindroides)

Fusobacterium
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/
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Fig. 2. Shows roles of gut microbiota in the development of colon cancer



Probiotic role in prevention: Probiotics are live
microorganisms that can be introduced to the
human colon for beneficial effects in CRC
prevention. The role of probiotics has been
widely studied for a long time. Tight junction
maintains the integrity of the gut wall. Probiotic
strains like Lactobacillus rhamnosus,
Lactobacillus Plantarum and Escherichia coli
Nissle control protein (claudin, ZO) expression in
tight junction, attenuate inflammation, repair
epithelial disruption; indeed a beneficial role in
the prevention of CRC [32-34]. Cheese, yogurt,
and dairy food are rich in lactobacillus [30]. Lactic
acid bacteria neutralize the effect of mutagenic
amines, destroy nitrosamines, and alleviates the
function of Beta glucuronidases, nitroreductases,
azo reductases [35,36]. Probiotics may also
enhance the impact of immunotherapy against
colon cancer, yet a matter to establish with
enough evidence after performing more studies.
Probiotics increase tight junction protein to
improve the barrier function in the colon.

Few studies on mice concluded that American
Ginseng decreases CRC, favoring Gram neg
phyla as Bacteroides, in contrast, increases
antitumorigenic Gram-positive
species.Furthermore, mice models expressed
the effect of cytokine level reduction resulting in
attenuation of colon carcinogenesis. American
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ginseng metabolized into the compound as CK,
Reg3 with the help of gut microbiota, finally
inhibiting colon carcinogenesis [37].

Lactobacillus rhamnosus GG and Lactobacillus
acidophilus, two common probiotic bacteria, may
inhibit STAT3 and NF-kappaB signaling resulting
in downregulation of Th17 cells expression,
interleukin (IL23, IL17) secretion. In addition,
these probiotics can cause macrophage
phenotypic change from pro-inflammatory M1 to
immunosuppressive M2 [38]

Bifidobacterium infantis and Bifidobacterium
breve can induce immune sequelae as toll-like
receptor interaction, retinoic acid metabolism,
activation of intestinal dendritic cell, expression
of Foxp3+ regulatory T cell(Treg) and type 1
regulatory T cells, IL10 release. In addition, their
positive role on phagocytic and natural killer cell
activity is associated with infectious
microorganism eradication [39].

Alternate fasting can change the microbiota in
the gut, causing a rise in acetate and lactate
levels. In addition, as tumors use ketone bodies
that cannot be used for generating energy, a
Ketogenic diet may cease tumor expansion
[40,41].

Table 1. Annual incidence rate and death due to colon cancer in the last decade in the United

States
Year Annual number of new cases Annual number of deaths
2009 143814 51848
2010 140159 52045
2011 139947 51783
2012 139042 51516
2013 140067 51813
2014 142905 51651
2015 143903 52396
2016 144590 52286
2017 143530 52547
2018 141074 52163

Source: Center for Disease Control (CDC)

Incidence of colon cancer in the US

Cancer death in the US

=====

Fig. 3. Shows (A) incidence and (B) cancer death of colorectal cancer in the US, during the
past decade



3. CONCLUSION

Gut health has long been an overlooked aspect
of self-care, given its significance in CRC
prevention studies. The gut microenvironment is
influenced significantly by dietary habits. Food
can affect a variety of the colonic microbiota,
preventing colonic neoplasia from developing.
Because red meat, mainly processed meat, has
been linked to carcinogenesis, modifying the
processing method, utilizing colon-friendly
additives, and lowering hazardous dietary
ingredients are just a few of the available
preventive measures. Food carcinogens,
physical inactivity, smoking, and gut microbiomes
have all been linked to CRC onset. According to
some theories, harmful dietary components and
genetic regulation in oncogenes and tumor
suppressor genes cause progressive disruptions
in the gut microbiota.[20][42]

Adherence to a high-protein, high-fat diet may
induce inflammation and so trigger neoplastic
events. A diet high in nitrates and nitrites
promotes their buildup, increasing the risk of
CRC.

How we can make meat safer to eat should be a
significant topic of discussion. The first step
should be to decrease the consumption of red
and processed meat. Colorectal cancer
development can be influenced by gut bacteria in
various ways, as discussed in the review.
Probiotics have been widely studied for a long
time and showed great benefit in preventing
CRC. Although there have been many studies on
CRC prevention, this review aims to raise
awareness and bring more focus to modifying
dietary habits and taking simple measures to
prevent CRC.
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