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Abstract

Colorectal cancer (CRC) is a worldwide health problem, being the third most commonly detected cancer
in males and the second in females. Rising CRC incidence trends are mainly regarded as a part of the rapid
‘Westernization’ of life-style and are associated with calorically excessive high-fat/low-fibre diet, consumption
of refined products, lack of physical activity, and obesity. Most recent epidemiological and clinical investigations
have consistently evidenced a significant relationship between obesity-driven inflammation in particular steps
of colorectal cancer development, including initiation, promotion, progression, and metastasis. Inflammation in
obesity occurs by several mechanisms. Roles of imbalanced metabolism (MetS), distinct immune cells, cytokines,
and other immune mediators have been suggested in the inflammatory processes. Critical mechanisms are
accounted to proinflammatory cytokines (e.g. IL-1, IL-6, IL-8) and tumor necrosis factor-oa (TNF-a). These
molecules are secreted by macrophages and are considered as major agents in the transition between acute and
chronic inflammation and inflammation-related CRC. The second factor promoting the CRC development in
obese individuals is altered adipokine concentrations (leptin and adiponectin). The role of leptin and adiponectin
in cancer cell proliferation, invasion, and metastasis is attributable to the activation of several signal transduction
pathways (JAK/STAT, mitogen-activated protein kinase (MAPK), phosphatidylinositol 3 kinase (PI3K), mTOR,
and 5’AMPK signaling pathways) and multiple dysregulation (COX-2 downregulation, mnRNA expression).
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Introduction

Colorectal cancer (CRC) is a worldwide health
problem, the third most commonly detected cancer in
males and the second in females. Incidence and mortality
rates from related deaths have been on the rise worldwide,
e.g. in Europe, the occurance has consistently been
increasing over the past two or three decades. In 2012,
there were nearly 1.4 milion newly diagnosed cases of
CRC with prognosis of 2.4 milion cases of CRC to be
diagnosed annually worldwide by 2035. Data from 2012
show a varied CRC incidence across the world with higher
values in more developed countries (737,000 cases) in
comprison to less developed regions (624,000 cases).
Based on the 2009-2011 data, the estimated lifetime
risk of developing CRC is about 1 in 20 (4.7%) and it is
slightly lower in women than in men (American Cancer
Society,2014). In 2012, worldwide mortality due to CRC
was 694,000 and contributed to nearly 9% of all deaths
caused by cancers (Ferlay et al., 2013).

Several factors such as genetics, gender, ethnic origin,
geographical region, and environmental conditions are
attributable to the CRC risk (Haggar and Boushey, 2009).

When taking into account the statistical data, rising CRC
incidence trends are mainly regarded as a part of the rapid
‘westernization’ of the life-style (Winkels et al., 2014).
Increasing epidemiological evidence has demonstrated
that a raised incidence of CRC is associated with
calorically excessive high-fat/low-fibre diet, consumption
of refined products, lack of physical activity, and obesity
(Birmingham et al., 2009; Morrison et al., 2013).
Furthermore, overweight and obesity has doubled
worldwide since 1980 and the epidemic is still rising
dramatically (Winkels et al., 2014). Previous reviews by
Frezza et al. (2006) suggested that obesity was associated
with a 7%-60% greater risk of CRC compared with
normal-weight people, while updated reviews report an
increase to 30%-70% greater risk (Bardou et al., 2013).
Reducing the rates of CRC will require both
coordination of public health programs and a better
understanding of the CRC etiology. The exceeded body
weight is a potentially modifiable factor, therefore the
understanding of associations between overweight or
obesity and CRC is a major challenge, when determining
an appropriate strategy for primary prevention of
colorectal cancer. Moreover, a better understanding of the
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obesity-driven CRC etiology might help in risk evaluation,
diagnosis, and treatment of CRC.

Critical questions include the mechanisms by which
metabolism disorders induce inflammation in obesity, and
how this inflammatory process initiates the development
and progresion of CRC in particular. Recent studies try
to explain the role of distinct immune cells, cytokines,
and other immune mediators in the particular steps of
colorectal carcinogenesis, including initiation, promotion,
progression, and metastasis.

Therefore, in this rewiev, we summarize the
significance and association between obesity and obese-
related adipokines and inflammatory pathways involved
in initiation of colorectal carcinogenesis, promotion and
progression. To provide a systematic review for addressing
the association between obesity, adipokines, and CRC, a
PubMed search was conducted using keywords related to
colorectal cancer and obesity, obese-related adipokines
(leptin, adiponektin, proinflammatory cytokines),
and adipose tissue infiltrating cells (macrophages and
neutrophils). The PubMed search was limited to studies
published in English between January 2000 and December
2014 due to the substantial progress in investigation of
colorectal carcinogenesis, progression, and metastasis.
Articles were investigated for relevance by the authors
(LP and KT) and 89 articles were finally included.

Obesity Markers and Relation to CRC
Development

Excess body weight is defined as abnormal or
excessive fat accumulation in adipose tissue that may
impair health and increase mortality. The classification
of excess body weight is based on the body mass index
(BMI), according to which overweight is defined as BMI
> 25-29.9 kg/m2, and obesity as BMI >30 kg/m2. The
disadvantage of the BMI is that it does not identify the
distribution of the body fat. The body fat is deposited
mainly in visceral and subcutaneous compartments.
Abnormal fat accumulation and distribution are gender
specific; females are characterized by a greater amount
of peripherally located subcutaneous fat, while men have
more fat located in the central visceral compartment.
Individual variations, age-related differences, body
composition, or ethnic factors have to be considered in
the diagnosis of overweight or obesity. For example, a
relatively high BMI is associated with muscular patients,
who have a low visceral fat deposit, on the contrary, some
people classified as normal weight based on the BMI
may exhibit high fat deposits (Tchernof and Després,
2013). Therefore, the role of the BMI in the prediction
of developing colorectal cancer (CRC) is uncertain and
should be interpreted together with multiple other BMI-
related factors (body fat composition and distribution, diet,
life-style, life-quality) (Winkels et al., 2014).

Current recommendations suggest measuring the waist
(WC) and hip circumferences (HC) or calculating the
waist-to-hip ratio (WHR) as the most accurate and precise
indicators of fat accumulation and visceral obesity. WC
equal to or higher than 88 cm (in women) or 94 cm (in
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men) and WHR above 0.90 for males and 0.85 for females
are cut off points associated with a high metabolic risk
(Nishida et al.,2010). A recent meta-analysis of 21 studies
has revealed that a 10-cm increase in WC is related to an
increased risk of colorectal adenoma (CRA), regardless of
the geographic region, gender, and confounders: alcohol
use, smoking status, and family history of colorectal
cancer (Hong et al., 2012; Kaneko et al., 2014).

Adipose tissue is composed of various cell types
including pre-adipocytes, adipocytes, macrophages,
lymphocytes, and fibroblasts and thus it forms an active
metabolic and endocrine tissue which functionis altered in
obesity (Tchernof et al., 2013; Saely et al., 2012; Coelho
etal.,2013). Particularly, obesity with central visceral fat
accumulation (VAT) has been associated with a higher risk
of the metabolic syndrome (MetS) and may enhance the
endocrine avtivity of the tissue (Nishida et al., 2010). In
fact, the European Prospective Investigation into Cancer
and Nutrition (EPIC) reported that visceral obesity
(VAT), rather than the total amount of fat, is linked to a
strong risk factor for CRC regardless of the gender, age,
or ethnic background (Pischon et al., 2006). Similarly,
an association of VAT with CRA was evidenced in the
Asian population (Otake et al., 2005; Kang et al., 2010).
However, there are reports where the association of VAT
with a risk for CRC is questionable. For example, the
VAT area did not differ between CRC patients and control
patients in the Turkish population (Erarslan et al., 2009);
however, the small cohort (only 54 patients) was the study
limitation. Recently, the impact of VAT on the normal-
adenoma sequence but not the adenoma-early carcinoma
sequence has been evidenced (Choe et al., 2013).
Carcinogenesis is a multistage process of transformation
of normal cells into cancer cells and the “adenoma-
carcinoma sequence’ is under control of multiple factors
(Lietal.,2014). Therefore, the role of VAT in developing
CRC should be interpreted at each step of this sequence,
especially as different molecular/metabolic/inflammatory
syndromes are recognized as carcinogens in obesity (Choe
etal.,2013). However, it has been postulated recently that
injuries of colorectal mucosa tissues play a basic role in
carcinogenesis initiation. Several factors may invoke the
injury-mechanical and chemical, biological infections,
as well as chronic inflammation (Erarslan et al., 2009;
Mariani et al., 2014).

Obesity-driven Inflammation and CRC

Most recent epidemiological and clinical investigations
have consistently evidenced a significant relationship
between obesity-driven inflammation in particular steps
of colorectal cancer development, including initiation,
promotion, progression, and metastasis (Terzic et al.,
2010).

A model of the relationship between obesity and CRC
is presented in Figure 1.

The link between the long-standing low-grade
inflammation and the pathogenesis of CRC has been
proven by many clinical reports, which documented that
patients with chronic inflammatory bowel disease have
a higher risk of CRC compared to healthy individuals
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Figure 1. Conceptual Model for the Relationship
between Obesity and CRC initiation and development.
Adipose tissue considered as a metabolic tissue infiltrated by
inflammatory cells macrophages and neutrophils. These cells
produce adipocytokines, which favor tumor proliferation and
angiogenesis. IL — interleukin, PAI — plasminogen activator
inhibitor, TNF — tumor necrosis factor, ROS — reactive oxygen
species, RNOS — reactive nitrogen species

(Lukas, 2010; Mattar et al., 2011; Vendramini-Costa and
Carvalho, 2012). On the contrary, therapies with the use
of anti-inflammatory drugs (e.g. aspirin) significantly
reduce the CRC risk (Cole et al., 2009). A recent report
from Chinese male population (288 CRC patients vs.
576 control individuals) revealed a positive relationship
between biomarkers of chronic inflammation (C-reactive
protein) and CRC (Aleksandrova et al., 2010; Wu et al.,
2013). A former review of Tsilidis et al. (2008) also related
the CRC risk to the level of circulating C-reactive protein,
however mainly in males.

Inflammation in obesity occurs by several mechanisms.
The role of imbalanced metabolism (MetS) distinct
immune cells, cytokines, and other immune mediators are
suggested in the development of the inflammatory process
(Esposito et al., 2012; Kabat et al., 2012).

First, the accumulation of macrophages and soluble
mediators (adipokines) secreted mainly by adipocytes
is a critical stress factor in the development of obesity-
induced inflammation (Hotamisligil, 2006; Procaccini et
al., 2013). Indeed, parallels have been drawn between
excess body weight and secretion of inflammation-related
adipokines such as interleukin-6 (IL-6), plasminogen
activator inhibitor-1 (PAI-1), and C-reactive protein (CRP)
(Tsilidis et al., 2008). These pro-inflammatory adipokines
are believed to have direct pro-carcinogenic properties in
the gastrointestinal tract (Roberts et al., 2010; Landskron
et al., 2014; Mariani et al., 2014).

Macrophages play an important role in both tumor
initiation and various key steps in its growth and metastasis
(Mosser and Edwards, 2008). Additionally, two types of
macrophages have been identified as the primary source of
many circulating inflammatory molecules that are detected
in the obese state (Gregor and Hotamisligil, 2011). Type
I (M1) macrophages secrete a wide array of powerful
chemical substances, e.g. enzymes, proinflammatory
cytokines, regulatory factors, interleukin-12 (IL-12), and
are also involved in termination of tumor cells by secreting
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tumor necrosis factor-o (TNF-a), reactive oxygen species
(ROS), and nitrogen species (RNOS). On the contrary,
type II macrophages (M2) moderate the inflammatory
response, eliminate cell wastes, promote angiogenesis
and tissue remodeling, and release cytokines, including
anti-inflammatory interleukin-10 (IL-10) (Mariani and
Edwards, 2008; Gordon, 2003; Franklin et al., 2014).

The number of macrophages with the M1 phenotype
increases rapidly during chronic inflammation and it
may result in predestination of a given tissue to tumor
initiation by the release of factors that promote neoplastic
transformation. The tumor-associated macrophages
(TAMs) express the M2 phenotype, promote tumor cell
survival, and contribute to tumor growth, vascularization,
and progression (Gordon, 2003; Talmadge et al, 2007).
Macrophages have been shown to infiltrate a CRC tumor
(Solinas et al., 2009). High density of TAMs has been
significantly associated with poor prognosis in a majority
of tumors (Balkwill et al., 2005; Erreni et al., 2011);
however, the invasiveness of CRC cells and their ability
to metastasize to other organs is associated with the ratio
of M2 to M1 but not the number of M2 phenotype cells
(Serhan, 2007; Cui et al., 2013).

The second type of inflammatory cells involved in
pathogenesis of CRC is neutrophils (Erreni et al., 2011).
In colorectal carcinogenesis, proinflammatory cytokines
(e.g.IL-1,IL-6, IL-8) overproduced by macrophages are
rapidly recruited to the site of infection in endothelial colon
cells (Mariani et al., 2014). Biochemical changes in the
endothelium initiate cell death. Phagocytosis of apoptotic
cells by macrophages might change the expression of
cytokines and increase the infiltration of neutrophil cells in
peripheral colon tissue. As a result of inflammatory signals
(e.g. overproduction of proinflammatory cytokines),
neutrophils strengthen the inflammation through the
reactive oxygen species (ROS). If the inflammatory status
is prolonged, the epithelial cells express mediators (e.g.
lipoxins). These lipids block neutrophil migration and
stimulate the phagocytosis of apoptotic neutrophils by
macrophages M1 (Serhan, 2007). The lack of neutrophils
induces the activation of macrophages M2, which secrete
anti-inflammatory cytokines (e.g. IL-10). In addition, the
secretion of the transforming growth factor-beta (TGF-[3)
is stimulated and the pathogenesis in the epithelial cells
is strengthened. These multiple factors are involved in
uncontrolled development of epithelial cells (Cui et al.,
2013; Mariani et al., 2014).

Proinflammatory Cytokines

Another critical mechanism that mediates inflammation
in obesity is derivative of proinflammatory cytokines (e.g.
IL-1, IL-6, IL-8) and tumor necrosis factor-o. (TNF-a).
These molecules are secreted by macrophages and are
considered as major agents in the transition between
acute and chronic inflammation and inflammation-related
CRC (Roberts et al., 2010; Gordon, 2011; Landskron et
al., 2014).

Particularly, the involvement of IL-6 in colorectal
cancer has been documented (Landskron et al., 2014;
Mariani et al., 2014). In vitro studies indicated that IL-6
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encouraged the growth of colon cancer cells, increased the
invasiveness of colon cancer cells, and probably promoted
secondary tumor formation (Schneider et al., 2000). A
clinical study unequivocally evidenced a higher level of
IL-6 in the serum of colorectal cancer patients compared
to healthy individuals; the increasing level of IL-6 was
associated with the tumor grade and poorer survival
rate (Knupfer and Preiss, 2010). IL-6 is also a relevant
angiogenic factor. High levels of IL-6 correlate with the
vascular endothelial growth factor (VEGF) content in
colorectal cancer (Kim et al., 2003; Eldesoky et al.,2011;
Landskron et al., 2014).

Besides IL-6, several other interleukins have a
pro-inflammatory effect. A number of in vivo studies
have documented that interleukin-1 (IL-1) produced by
macrophages and epithelial cells exerts pro-oncogenic
effects in colorectal neoplasia (Lewis et al., 2006).
Interleukin-1 is a crucial regulator of the production of
IL-8, IL-6, and growth factors such as TNF-o,, TGF-p,
and VEGF (Apte and Voronov, 2002; Lee et al., 2012).
Proliferation of colon cancer cells is stimulated indirectly
by production of angiogenic proteins, and contribution
of IL-1 in angiogenesis has recently been determined
(Voronov et al., 2003).

An important role in colon cancer pathogenesis is
also related to the level of interleukin-8 (IL-8). The
relationship between increased levels of IL-8 in the tumor
microenvironment and colon cancer growth and metastasis
was documented by Lee et al. (2012).

A special role in the pathophysiology of obesity-
driven colon carcinogenesis is related to the tumor
necrosis factor-alpha (Osério-Costa and Carvalheira,
2013). The increased level of TNF-a was documented in
the microenvironment of CRC (Landskron et al., 2014).
TNF-a is a pro-inflammatory adipokine produced mainly
by activated macrophages, natural killer (NK) cells,
and neutrophils, although it can be produced by many
other cell types. Therefore, the TNF-o. may influence
all stages of cancer development (initiation, promotion,
and progression). The TNF-a exerts an impact on the
development of colon cancer in obese states through direct
effects on colon cells and indirectly through action on the
tumor-promoting microenvironment. TNF-a involvement
in cancer initiation is based on a dramatic increase in
reactive oxygen species (ROS) and nitrogen species
(RNOS) levels in adjacent cells. Accordingly, this may
result in damage to DNA or cause genomic instability that
initiates carcinogenesis (Hermsen et al., 2002; Aleman et
al.,2014).

It was evidenced that the CRC tumor > 3 mm requires
efficient blood supply during promotion. TNF-a, in
addition to other molecules (VEGF, IL-8), can enhance
tumor progression through formation of new blood vessels
(angiogenesis). It has been shown that the visceral adipose
tissue of patients with colon cancer exhibits increased
TNF-a and VEGEF levels signalizing that obesity-driven
inflammation strongly influences colon cancer promotion
(Catalan et al., 2011).

TNF-o may also contribute to cancer progression by
promoting cell migration and metastasis (Chambers et al.,
2002). The TNF-a can induce overexpression of important
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regulators of epithelial-mesenchymal transition (EMT),
resulting in increased movements and capacity to invade
basal membranes and allow cancer cells to reach blood
vessels or lymphatic vessels (Kalluri and Weinberg, 2009).
Interestingly, TNF-o. can promote survival of circulating
metastatic cells through activation of molecular pathways,
which promote the circulation of cancer cells and allow
them to avoid immunological attacks (Osério-Costa and
Carvalheira, 2013).

The other important factor mediating tumor growth
and metastasis is the vascular endothelial growth factor
(VEGF). It is hypothesized that overexpression of the
VEGF protein is a turning point in the development of
colorectal cancers by activating angiogenesis and tumor
neovascularization (Martins et al., 2013). It is suggested
that VEGF expression should be quantified as important
prognostic information in CRC (Bendardaf et al., 2008).

A crucial role in understanding CRC development and
progression is attributed to the mechanism by which the
transforming growth factor-beta (TGFp) acts. The TGFf
is a group of multifunctional polypeptides that function
through binding to TGF-[ receptors. These peptides take
part in different cellular processes (e.g. cell proliferation,
differentiation, apoptosis, migration, metastasis) (Geng et
al.,2013; Liu et al, 2011). Recent studies have indicated
that TGF-3 signaling suppresses metastasis in a subset of
colon cancer cells in vivo (Simms et al., 2012).

Obesity- Leptin and Adiponectin

A growing body of evidence indicates that the
metabolic syndrome (MetS) and expression of various
adipokines (leptin and adiponectin) associated with
obesity plays a crucial role in the development of
colorectal cancer (Hardwick et al., 2001; Hoda et al.,
2007; Endo et al., 2011; Aleksandrova et al., 2012; Healy
et al., 2012; Erkasap et al., 2013; Gialamas et al., 2013).
In obese people, the elevated insulin level, the rapidly
growing secretion of leptin, and decreased adiponectin
levels altogether activate several signaling pathways that
favor carcinogenesis and are associated with colon cancer
development.

Leptin, the most abundant adipokine, is secreted
almost exclusively by white adipose tissue and it circulates
in blood serum in both free and bounded forms. In
obese individuals, the level of leptin in blood serum is
higher compared to those with normal body mass; this
dependence has been brought to light by Sauter et al.
(2004), who reported that leptin expression strongly
correlated with the percentage of body fat. In vitro studies
clearly demonstrated that abnormal leptin expression in
human colon epithelial cells functions as a growth factor.
Leptin or its soluble receptor (ObRb) acts at various
stages of neoplastic progression and at stages subsequent
to tumor initiation in CRC cell lines (Endo et al., 2011;
Erkasap et al., 2013). Moreover, Paik et al. (2009)
documented that leptin expression increased gradually in
the normal-adenoma-adenocarcinoma sequence of CRC
development and promoted their proliferation.

However, in view of epidemiological and clinical
reports, the role of leptin in the development of colorectal
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cancer (CRC) and adenoma (CRA) is ambiguous. The
level of leptin or ObRb has been found to be associated
with an increased risk of CRC, although some study
revealed a normal level of leptin in the serum of patients
with CRC (Aleksandrova et al., 2012; Aloulou et al.,
2008). A recent study (with 3,614 CRC vs 1,215 CRA
vs 5,220 controls) found a positive association between
serum leptin and the CRA risk, but not with the CRC
risk (Gialamas et al., 2013). In vivo investigations of Liu
et al. (2011) documented that leptin was overexpressed
and bound to its receptor in colorectal carcinoma tissues.
According to Wiwanitkit (2007), a prominent role in
the CRC development is attributable to the interaction
between leptin and the leptin receptor (ObRb); in the
colon tissues from CRC patients, the Ob-R mRNA gene
expression was correlated negatively with the serum
leptin concentration, indicating increased sensitivity to
leptin receptors.

The relationship between serum leptin concentrations
and CRC progression and aggressiveness has also been
reported (Tutino et al., 2011). The expression of leptin,
the ObRb receptor, and VEGF correlate positively with
the grade of tumor differentiation, therefore the authors
suggest that binding of leptin to the ObRb receptor
stimulates the proliferation of CRC cells, which results
in tumor overgrowth in CRC. The synergistic function of
leptin and VEGF may accelerate angiogenesis and promote
cancer invasion and metastasis of carcinoma tissues to
other sites and tissues in CRC patients (Bendardaf et al.,
2008; Geng et al., 2013; Martins et al., 2013; ). Leptin
can also upregulate the expression of other angiogenic
factors, such as the basic fibroblast growth factor (FGF),
interleukin-1f (IL-1 3), and the leukemia inhibitory factor
(LIF) in cancer cells, which results in potentiation of the
proangiogenic effects of leptin (Lewis et al., 2006; Endo
et al., 2011; Gialamas et al., 2013).

However, the potential link between elevated leptin
concentrations and CRC progression and invasiveness
depends on different interrelated factors (e.g. gender,
MetS, genetic background). Stattin et al. (2004) evidenced
that an increasing level of leptin stimulates invasiveness of
CRC in men, but not in women. Another study associated
the aggressiveness of CRC tumor in male patients with
high leptin levels and hypertension, raised plasma glucose,
triglycerides, and high-density cholesterol levels (Healy
et al., 2012). On the contrary, Ho et. al. (2012) found
association between the level of leptin and progression
of CRC in postmenopausal women and documented that
the effect of hyperleptinemia was mediated mostly by
insulin. Tamakoshi et al. (2005) reported that invasiveness
of CRC in women is associated with a high level of leptin
in serum. It is suggested that only very high levels of leptin
and other metabolic factors acting simultaneously (levels
of C-peptide, HbAlc, and leptin/ObR ratio) activate and
increase CRC proliferation (Stocks et al., 2008).

Thus, it can be concluded that the relationship between
obesity, the leptin level, and CRC is multifactorial. The
role of leptin in cancer cell proliferation, invasion, and
metastasis is attributable to the activation of several signal
transduction pathways (Saxena et al., 2007). According
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to the current knowledge, the leptin-signaling pathway
in CRC is mainly transduced by JAK/STAT, mitogen-
activated protein kinase (MAPK), phosphatidylinositol 3
kinase (PI3K), mTOR, and 5’ AMPK signaling pathways
(Ognunwobi and Bealses, 2007).

Adiponectin, an adipokine, is almost exclusively
secreted by adipose tissue. The level of the hormone
decreases in obesity and is inversely correlated with
visceral obesity (Ho et al., 2012; Procaccini et al., 2013;
Joshi and Lee, 2014). Adiponectin action is mediated
by binding to two main receptors: adiponectin receptor
1 (AdipoR1) and receptor 2 (AdipoR2) (Kadowaki and
Yamauchi, 2005). Adiponecitn has an impact on colorectal
carcinogenesis by indirect and direct mechanisms (Yoneda
etal.,2008; Gulcelik et al.,2012). In the indirect pathway,
adiponectin acts through mediators such as insulin and pro-
inflammatory factors. Indeed, a recent study suggests that
altered adiponectin levels are engaged in energy imbalance
and insulin resisance and have a pro-inflamatory effect
(Hotamisligil, 2006; Mattar et al., 2011; Aleksandrova
et al., 2012; Landskron et al., 2014; Mariani et al, 2014).
Direct involvement of adiponectin in carcinogenesis is
through action on cancer cells by contribution to cell
proliferation and to the process of tissue remodeling
(Tae et al., 2014). Low levels of adiponectin induce
apoptosis and stimulate the process of cell polliferation by
indirect destabilisation of glucose metabolism and insulin
resistance (Kadowaki and Yamauchi, 2005; Yonedaet al.,
2008). Hypoadiponectinemia may thus indicate a link
between overweight and an increased risk of colorectal
cancer. In fact, lower levels of adiponectin have been
documented in the serum of CRC patients compared with
healthy patients (Otake et al., 2005). On the contrary,
no statistically significant association between serum
adiponectin and a long-term risk of CRC in men was
reported (Wei et al., 2005).

It is hypothethised that the conflicting results of
the impact of adiponectin on cancer development and
progresion may relate to the structure of the polypeptide
in plasma. High molecular weight adiponectin is suggested
to be more active in glucose metabolism and contribute to
diminished insulin sensitivity than low molecular weight
adiponectin (Kadowaki and Yamauchi, 2005).

It has recently been documented that the relationship
between adiponectin and colorectal carcinogenesis is
not simple (Yoneda et al., 2008; Tae et al., 2014). While
examining serum and tissues from patients with CRC,
the authors documented that the decreased in serum in
the normal-adenoma-carcinoma progression. In addition
adiponectin concentrations, decreased expression of
adiponectin receptors (AdipoRs) in the colonic epithelium,
which leads to increased adiponectin expression in the
mesenchyme, was recorded. Therefore, they hypothetise
that an increased adiponectin concentration initiates
multiple disregulations (e.g. COX-2 downregulation,
mRNA expression) that may activate carcinogenesis (Tae
etal.,2014). It is suggested that measuring the adiponectin
levels and expression of adiponectin receptors (AdipoR1,
AdipoR?2) in tumor might have diagnostic and predictive
values (Yoneda et al., 2008).
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Conclusions

All in all, colorectal cancer, like any other cancer,
has a multifactorial etiology, therefore many factors
acting together and inducing cancer development and
progression have to be taken into account. The rapidly
increasing trends in both CRC cases and obese people
noted over several decades indicate that lifestyle revision
can support medical therapies to successfully treat and
suppress CRC development and metastasis. Particularly,
dietary habits and lifestyle practices (e.g. activity levels)
may lead to reduction in total calories intake, improved
insulin sensitivity, and decreased inflammation should be
propagated in obesity. Restoration and maintenance of
metabolic balance is a basic tool and therapeutic approach
in treating obesity-induced complications. Systematic
anti-inflammatory activities seems to be critical in
prevention of colon carcinogenesis.
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