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Abstract

Obesity and its related metabolic disorders, including
insulin resistance and chronic inflammation, increase
the risk of colorectal cancer (CRC). This observation
suggests that the metabolic abnormalities associated
with obesity can be effective targets for preventing the
development of CRC in obese individuals. In recent
years, many studies using obese and diabetic animal
models have been conducted to investigate the chemo-
prevention of CRC using pharmaceutical or nutritional
interventions. Pitavastatin, a medicine used to treat
hyperlipidemia, prevents the development of obesity-
related colorectal carcinogenesis by attenuating chronic
inflammation. Anti-hypertensive medicines, such as
captopril and telmisartan, also suppress the formation
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of colonic preneoplastic lesions in obese and diabetic
mice. In addition, several phytochemicals, including
green tea catechins, have been reported to improve
metabolic disorders and prevent the development of
various cancers, including CRC. Moreover, the adminis-
tration of branched-chain amino acids, which improves
protein malnutrition and prevents the progression of
hepatic failure, is effective for suppressing obesity-
related colon carcinogenesis, which is thought to be as-
sociated with improvements in insulin resistance. In the
present article, we summarize the detailed relationship
between metabolic abnormalities and the development
of CRC. This review also outlines recent evidence, in
particular drawing from basic and clinical examinations
using either pharmaceutical or nutritional intervention
that suggests that targeting metabolic alterations may
be an effective strategy for preventing the development
of CRC in obese individuals.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Obesity and its related metabolic disorders
increase the risk of colorectal cancer (CRC). Many stud-
ies using obese animal models have been conducted
to investigate the chemoprevention of CRC using phar-
maceutical or nutritional interventions. Lipid-lowering
and anti-hypertensive medicines suppress the develop-
ment of colonic preneoplastic lesions in obese mice.
Green tea catechins improve metabolic disorders and
prevent the development of CRC. The administration of
branched-chain amino acids may be effective for sup-
pressing obesity-related CRC. This review summarizes
recent evidence that suggests that targeting metabolic
alterations may be an effective strategy for preventing
the development of CRC in obese individuals.
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INTRODUCTION

Obesity is recognized to be a serious health problem that
is becoming more prevalent worldwide". Tt frequently
causes a number of medical problems, including type 2
diabetes mellitus, cardiovascular diseases, hypertension,
and dyslipidemia'. Tn addition, recent epidemiological
and experimental evidence indicates that obesity and its
related metabolic abnormalities, especially diabetes melli-
tus, are associated with the development of certain types
of epithelial malignancies, including colorectal cancer
(CRC)*. Renchan ez al” revealed in a large-scale meta-
analysis that the magnitude of the risk of CRC is greater
in obese males than in non-obese males.

Several pathophysiological mechanisms that correlate
obesity with colorectal carcinogenesis have been dem-
onstrated, including the occurrence of insulin resistance
and adipocytokine imbalances, alterations in the insulin-
like growth factor-1 (IGF-1)/IGF-1 receptor (IGF-1R)
axis, chronic inflammation, and the induction of oxida-
tive stress” ", These findings also suggest that targeting
obesity-associated pathophysiological disorders using
nutritional or pharmaceutical interventions is a promis-
ing strategy for suppressing obesity-related colorectal
carcinogenesis. For example, pitavastatin, a 3-hydroxy-
3-methylglutaryl coenzyme A (HMG-CoA) reductase
inhibitor, suppresses the development of colonic pre-
neoplastic lesions by attenuating chronic inflammation in
obese and diabetic mice!. Anti-hypertensive medicines,
such as captopril and telmisartan, also prevent obesity-
related colorectal carcinogenesis, and this suppressive

effect appears to be associated with the reduction of
[10)

oxidative stress and chronic inflammation

Recently, green tea catechins (GTCs) have received
significant attention due to their beneficial impact on
health, as they are reported to improve metabolic abnot-
malities and prevent cancer’ . Another phytochemical,
curcumin, a component of turmeric, also demonstrates
suppressive effects against colorectal carcinogenesis in
obese mice!'”. Supplementation with branched-chain
amino acids (BCAA: leucine, isoleucine, and valine),
which can inhibit the progression of hepatic failure in
patients with chronic liver disease! ™", suppresses obesi-
ty-related colorectal carcinogenesis by improving insulin
resistance in obese and diabetic mice™”

The present review summarizes multiple mechanisms
by which obesity and its related metabolic alterations
influence the development of CRC, particularly focusing
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on the emergence of insulin resistance and the subse-
quent inflammatory cascade. This article also aims to
review the possibility that nutritional or pharmaceuti-
cal approaches targeting pathophysiological conditions
caused by obesity is effective in preventing obesity-
related colorectal carcinogenesis.

POTENTIAL PATHOPHYSIOLOGICAL
MECHANISMS CORRELATING OBESITY
TO THE DEVELOPMENT OF CRC

Among the various obesity-related metabolic disorders,

insulin resistance and hyperinsulinemia are considered to
be pivotal risk factors for the development of CRC?!.
Insulin itself and the insulin-regulated signal transduction
network play important roles in oncogenesislzz’m. Insu-
lin stimulates the growth of CRC cells® and promotes
colorectal tumor growth in animal models”’. In addition,
IGF-1, an important endoctine and paracrine regulator
of tissue growth and metabolism, is biologically acti-
vated by insulin resistance”™. A number of studies have
shown that the IGF-1/IGF-1R axis plays a significant
role in the carcinogenesis of various cancers, including
CRC®™, Tnsulin resistance alters the IGF/IGF-1R axis,
which contributes to the development of CRC*™. The
binding of insulin and IGF-1 to their respective recep-
tors on cancer and/or precancerous cells activates the
phosphatidylinositol 3-kinase (PI3K)/Akt pathway, which
is responsible for cellular processes, such as growth,
proliferation, and survival®™*. Moreover, insulin resis-
tance and an increased fat mass create an oxidative stress
environment in tissues and increase the expression of
various pro-inflammatory cytokines, including tumor ne-
crosis factor-oo (INF-q) and interleukin-6 (IL-6), which
stimulate tumor growth and progression”
oxidative stress promotes DNA damage and activates
the PI3K/Akt signaling pathway, both of which play es-
P9 Hence, insulin
resistance and subsequent inflammatory cascades involv-
ing increased oxidative stress are thought to be significant
factors in the development of obesity-related CRC.

The overproduction of fat storage causes an imbal-
ance in adipocytokines, increasing the levels of leptin
and decreasing the levels of adiponectin in the serum.
This imbalance also contributes to obesity-associated
carcinogenesisps’m. Leptin induces the production of
pro-inflammatory cytokines TNF-¢ and IL-6""*" which
may lead to tumor growth and progression as stated
above. With respect to CRC, leptin is reported to stimu-
late CRC cell growth™. In addition, a positive associa-
tion between the circulating leptin levels and the devel-
opment of CRC has been indicated in an epidemiologi-
cal study™. These findings suggest that obesity-induced
abnormalities cooperatively increase the risk of cancer,
including CRC, in obese individuals (Figure 1).

1-35
* Increased

sential roles in cancer development
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Figure 1 Proposed mechanisms linking obesity and its related metabolic abnormalities to the development of colorectal cancer. CRC: Colorectal cancer;
TNF-oi: Tumor necrosis factor-a; IL-6: Interleukin-6; IGF-1: Insulin-like growth factor-1; IGFBP-3: IGF-binding protein-3.

CHEMOPREVENTIVE EFFECTS OF GREEN
TEA CATECHINS ON THE DEVELOPMENT
OF METABOLIC ABNORMALITIES AND
CRC

In recent years, GTCs have received considerable atten-
tion due to their salutary influence on health. Several
studies have indicated that GTCs possess various use-
ful properties, such as anti-obesity effects". A recent
meta-analysis of clinical trials demonstrated that GTCs
appear to reduce body weight and fat"*", Rains ez a/*
reported several potential mechanisms whereby GTCs
may affect body weight: GTCs may increase energy ex-
penditures, promote lipid oxidation, and decrease nutri-
ent absorption. Laboratory, epidemiological, and human
interventional investigations have also shown the effects
of GTCs in ameliorating metabolic syndrome/ . In ro-
dent models of obesity and diabetes, the administration
of green tea or its constituents results in the significant
reduction of body weight and improvements in hyper-
glycemia, hyperinsulinemia, hyperleptinemia, hepatic ste-
atosis, and liver dysfunction™™". Treatment with GTCs
also decreases the plasma levels of insulin, TNF-q, and
IL-6 in a rat model of insulin resistance”". These ob-
servations suggest that long-term supplementation of
GTCs may be useful for preventing the progression of
obesity-related metabolic abnormalities. In addition to
their anti-obesity effects, GTCs are known to possess
anti-cancer and cancer prevention properties' . Posi-
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tive evidence for the chemopreventive effects of tea prep-
arations against premalignant lesions has been provided in
human intervention studies. Li ez @/ reported the preven-
tive effects of tea on human oral precancerous mucosal
lesion leukoplakia. Clinical efficacy of green tea extract
in patients with human papilloma virus infected cervical
lesions was demonstrated by Ahn ez a. The inhibi-
tory effect of GTCs on the development of high-grade
prostate intraepithelial neoplasia was also reported[54’55].
Moreover, a pilot study showed that the administration
of GTCs successfully prevents the development of
colorectal adenomas, which are considered to be precan-
cerous lesions of CRC™.

Several properties of GTCs are responsible for their
anti-cancer and cancer prevention effects, including
their antioxidant and anti-inflammatory actions"™". A
number of reported studies have indicated that GTCs,
especially the major biologically active component epi-
gallocatechin gallate (EGCG), inhibit proliferation and
induce apoptosis in cancer cells by modulating the ac-
tivities of diverse receptor tyrosine kinases (RTKs) and
their downstream signaling pathways, such as the Ras/
extracellular signal-regulated kinase and PI3K/Akt sig-
naling pathwaysm“’sg'm]. EGCG suppresses cell growth
by inhibiting the activation of IGF-1R, a member of the
RTK family, in human CRC cell lines. This inhibition is
associated with a decrease in the expression of IGF-1/2
and an increase in the expression of IGF-binding pro-
tein-3 (IGFBP-3), which negatively controls the func-
tion of the IGF/IGF-1R axis'*". Taken together, these
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reports indicate that the IGF/IGF-1R axis, which plays

a critical role in both the development of cancer and oc-
currence of obesity-induced pathological events ™ is a

critical target of GTCs.

PREVENTION OF OBESITY-RELATED CRC
VIA A NUTRACEUTICAL APPROACH

Recent investigations have shown that an increased amount
of body fat and high body mass index atre associated with
an increased risk of colorectal malignancy[z’m. While the

prolonged high consumption of red and processed meat
may also increase the risk of CRC™ there is persuasive
evidence that positive dietary habits, especially a high level
of consumption of fruits and vegetables, can reduce the
risk of this malignancy'. C57BLKS/J- +Lept”/+Lept”
(db/ db) mice, which are genetically altered and those
leptin receptors are mutated, express phenotypes of
obesity and having type 2 diabetes mellitus in addition to
hyperlipidemia, hyperinsulinemia, and hyperleptinemia®”
A preclinical animal model using db/db mice was estab-
lished by Hirose ez al*" in which the intraperitoneal ad-
ministration of colonic carcinogen azoxymethane (AOM)
is thought to be markedly useful for determining the
underlying mechanisms of how specific agents prevent
the development of obesity-related CRC. Furthermore,
db/db mice are susceptible to AOM, as AOM-induced
colonic precancerous lesions, aberrant crypt foci (ACF)
and [B-catenin accumulated crypts (BCAC) develop to
an obviously greater extent in these mice than in control
mice,

Diets supplemented with certain types of flavonoids,
including citrus compounds, suppress the development
of premalignant lesions of CRC in db/db mice ™. We
also used this experimental rodent model to examine
the obesity-related cancer chemopreventive effects of
curcumin, a yellow pigment found in the rhizome of
the spice turmeric, which is known to possess both anti-
inflammatory and cancer prevention propertieswo’m. A
report by Kubota ez al"” revealed that supplementation
with curcumin effectively prevents the development of
colonic preneoplastic lesions in db/db mice treated with
AOM injections in association with the inhibition of the
NF-kB activity and the TNF-q, IL-6, and cyclooxygen-
ase-2 (COX-2) expression in the colonic mucosa and
improvements in adipocytokine imbalances.

In the same manner, we employed a rodent model
to investigate in detail the effects of EGCG and BCAA
on the prevention of obesity-related colorectal carcino-
genesis. The mucosa in the db/db mice colon expresses
increased levels of IGF-1R, the phosphorylated form
of IGF-1R (p-IGF-1R), B-catenin, and COX-2"". We
observed that drinking water containing EGCG caused a
significant reduction in the number of ACF and BCAC,
which accumulate IGF-1R proteins, and this decreasing
effect was associated with the inhibition of the expres-
sion of IGF-1R, p-IGF-1R, the phosphorylated form
of glycogen synthase kinase-33 (GSK-3[3), -catenin,
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COX-2, and cyclin D1 on the colonic mucosa”. EGCG
also decreased the serum levels of IGF-1, insulin, tri-
glycerides, total cholesterol, and leptin, while increasing
the serum level of IGFBP-3". In accordance with the
results of this study, another study showed that supple-
mentation with BCAA markedly decreased the number
of ACF and BCAC compared with that observed in the
control diet-fed groups by inhibiting the phosphoryla-
tion of IGF-1R, GSK-3f, and Akt in the colonic mu-
cosa™. In that study, the serum levels of insulin, IGF-1,
IGF-2, triglycerides, total cholesterol, and leptin were
also decreased in the BCAA-treated mice®™.

Taken together, these findings suggest that both
EGCG and BCAA successfully suppress the develop-
ment of preneoplastic lesions of obesity-related CRC
via diverse mechanisms, including the suppression of
the IGF/IGF-1R axis and improvements in hyperlipid-
emia, hyperinsulinemia, and hyperleptinemia. Therefore,
nutraceutical approaches, for example, the administra-
tion of EGCG or BCAA, may be useful for use in the
chemoprevention of colorectal tumorigenesis in obese
individuals (Figure 2).

PREVENTION OF OBESITY-RELATED CRC
VIA A PHARMACEUTICAL APPROACH

Obesity often leads to various medical problems, includ-
ing hypertension and dyslipidemiam. Hyperactivity of
the renin-angiotensin system (RAS) has been shown to

be involved in the etiology of high blood pressure, obe-
sity, and metabolic syndrome”". There is convincing evi-
dence that the RAS is frequently upregulated in human
malignancies due to systemic oxidative stress and hy-
poxia, which trigger a state of chronic inflammation'”,
We investigated the effects of an angiotensin-converting
enzyme inhibitor, captopril, and an angiotensin-II type 1
receptor blocker, telmisartan, both of which can inhibit
the RAS, on the development of colonic preneoplastic
lesions in an obesity-related CRC model™. The admin-
istration of either captopril or telmisartan significantly
reduced the number of ACF and BCAC and decreased
the expression of TNF-q in the colonic mucosa. Oxida-
tive stress throughout the body is also decreased by the
administration of either captopril or telmisartan”.
Statins, HMG-CoA reductase inhibitors, are widely
used for the treatment of dyslipidemia. In addition to
their lipid-lowering effects, statins have been shown to
possess anti-cancer properties’ . Statins induce apop-
tosis in human CRC cells and attenuate inflammation-
related colon carcinogenesis in mice ™", Moreover,
epidemiological studies have indicated the chemopreven-
tive effects of statins on various types of cancet, includ-
ing CRC"™* We conducted a study using a lipophilic
statin, pitavastatin, to examine the cancer prevention ef-
fects of such drugs on obesity-related colon carcinogen-
esis in db/db obese mice treated with AOM injectionm.
Pitavastatin treatment achieved a marked reduction in
the number of BCAC by inhibiting proliferation and
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Figure 2 Mechanisms of action of green tea catechins and branched-chain amino acids in the inhibition of obesity-related colorectal carcinogenesis.
IGF-1: Insulin-like growth factor-1; BCAA: Branched-chain amino acids; COX-2: Cyclooxygenase-2; IGF-1R: Insulin-like growth factors-1 receptor; GSK-3p3: Glycogen

synthase kinase-3f3.

surrounding inflammation, in which the expression lev-
els of TNF-q, IL-6, and COX-2 in the colonic mucosa
were decreased. In addition, pitavastatin also dectreased
the serum levels of total cholesterol, TNF-q, I11.-6, and
leptin, while increasing the serum level of adiponectinm.

These observations suggest that both anti-hyperten-
sive and lipid-lowering agents suppress obesity-related
colorectal carcinogenesis. The potential mechanisms
involve improving dyslipidemia and hyperleptinemia and
attenuating chronic inflammation in the colonic mucosa
by decreasing the expression of pro-inflammatory cyto-
kines. Therefore, the pharmaceutical approach described
above appears to be a feasible strategy for the chemopre-
vention of obesity-related CRC, as these medicines exert
an original pharmacological effect against the develop-
ment of obesity-related metabolic disorders in addition
to their cancer prevention effects.

CONCLUSION

Obesity and its related metabolic disorders, which are as-
sociated with an increased risk of several life-threatening
diseases, including cancer, are critical health problems
that must be addressed. Among human cancers, CRC is
one of the most representative malignancies influenced
by obesity. In this review, we reported the potential ef-
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ficacy of nutraceutical and pharmaceutical approaches
for targeting obesity-related metabolic alterations. Re-
storing such abnormalities to a regular state is a promis-
ing strategy for preventing the development of obesity-
related CRC. Tea catechins, especially GTCs and its active
constituent EGCG, can be considered feasible agents
for preventing carcinogenesis, as several human inter-
ventional trials have demonstrated the efficacy of GTCs
as chemopreventive agents without serious adverse ef-
fects™ . BCAA and certain types of statins and anti-
hypertensive medicines are also thought to be potential
agents because they are widely used in clinical practice
and their safety has been adequately proven. Moreover,
a randomized controlled trial demonstrated that BCAA
supplementation can prevent liver cancer in obese in-
dividuals"”™!. Therefore, further advanced translational
research should be conducted to examine whether active
interventions using these agents can prevent the devel-
opment and recurrence of CRC in patients with obesity.
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