Obesity-associated Colon Cancer

Leptin as a risk factor for the development of colorectal cancer
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Abstract: Obesity has been associated with many types of cancer, including colorectal cancer (CRC). The

mechanisms by which obesity increases the risk for development of CRC can be explained by factors such as

hyperinsulinemia, increases in proinflammatory cytokines, estrogens and insulin-like growth factors (IGFs),

and alterations in adipokines levels. Leptin is the most abundant adipokine, and has also been associated with

an increased risk for development of CRC, as demonstrated by innumerous iz vitro and in vivo experiments,

and by large epidemiological studies. By binding to its receptor, leptin activates several intracellular cascades,

stimulating cell growth and proliferation, inhibiting apoptosis, and promoting angioneogenesis. Leptin has

also proinflammatory effects that promote a low-grade inflammatory state and contribute to the development

of CRC. A better understanding of the associations between leptin and CRC might lead to the development

of novel approaches for the diagnosis, risk stratification, and treatment of CRC.
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Introduction

Obesity, defined by a body mass index (BMI) >30 kg/m’, is
a growing epidemic now affecting developing countries, as
well as developed nations. The World Health Organization
(WHO) reports that globally, an estimated 10% of all
men and 14% of all women are obese. Indeed, the WHO
estimates that half a billion people over the age of twenty
worldwide are obese (1). Obesity is a major cause of global
mortality and morbidity: it is well established that people
who are obese are at an increased risk for developing
comorbidities such as cardiovascular diseases, type 2 diabetes
mellitus, end-stage renal disease, respiratory complications,
depression and arthritis (2). An increasing number of
studies are now demonstrating a strong association between
obesity and cancer incidence (3-5). Indeed, obesity is also
reported to increase cancer-associated mortality (6). Obesity
has well-documented associations with many cancers such
as renal and endometrial cancer (7), and those associations
also extend to colon cancer. Apart from a sharing a number
of common non-modifiable risk factors, obesity and colon
cancer are inextricably linked with not only nutrition and
metabolism, but also with a variety of hormones associated
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with excess fat.

Over the past decade, the adipose tissue has gained
importance as not only a tissue for energy storage, but also
as an endocrine organ (8). Several hormones and cytokines
called adipokines are synthesized and released by the
adipose tissue. Leptin is the most abundant adipokine, with
key roles in controlling hunger and satiety thus regulating
food intake, energy balance and body weight (9). Leptin
also plays important roles in lipid and glucose metabolism,
the gonadal, adrenal, somatotropic and thyroid axes,
sympathetic tone, biomarkers of cardiovascular disease,
immunity, and brain structure and function (10).

Leptin has been implicated in the pathogenesis of
several types of obesity-related cancers, including colon
cancer (11). This effect can be explained by leptin’s effect on
the regulation of specific intracellular pathways that control
cell growth, differentiation, apoptosis and angiogenesis,
involved in the pathogenesis of cancer (12). Furthermore,
leptin is a crucial inflammatory mediator, owing to its
homology with well-characterized cytokines and its
ability to stimulate the secretion of other inflammatory
factors (13), which also are contributors to colon cancer
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Table 1 Summarized findings from Bardou ez /. 2013 (23) of

five meta-analyses reporting increased risk of colon cancer in

obese males and females

Study

RR (95% CI) for CRC
in obese individuals

Men

Women

Guh et al. (24)
Harriss et al. (25)

1.95 (1.59-2.39)
1.24 (1.2-1.28)

1.66 (1.52-1.81
1.09 (1.04-1.14

Moghaddam et al. (27) 1.46 (1.36-1.56)
1.30 (1.25-1.35)

1.15 (1.06-1.24

(
(
Dai et al. (26) 1.71 (1.33-2.19)
(
( 1.12 (1.07-1.18

)
)
1.10 (0.92-1.32)
)
)

Larsson et al. (28)

pathogenesis (12). It is therefore hypothesized that leptin,
through its action on the regulation of body weight, specific
intracellular pathways, and inflammation, influences the
pathogenesis and progression of colon cancer. Whilst
maintaining a focus on recent publications, this review will
examine the links between obesity and colon cancer, and
between leptin and colon cancer, focusing on the molecular
mechanisms by which leptin is thought to contribute to
cancer etiology. It is hoped that better understanding of
the functions of leptin and its involvement in colon cancer
pathogenesis will help to unravel novel biomarkers to
improve current screening programs, and new potential
therapeutic drug targets to prevent or treat the condition.

Obesity-related colon cancer

Colon or colorectal cancer (CRC) is an obesity-related
cancer that affects more than 1 million people worldwide.
It is associated with a mortality rate of 33% in developed
countries, and a 5-year survival rate of less than 60% in
most European countries (14). Colon cancer is associated
with many risk factors including increasing age, male sex,
genetic predisposition, previous colonic polyps or previous
incidence of CRC, diabetes mellitus, and inflammatory
bowel disease; and with environmental risk factors such as
sedentary behavior, consumption of processed red meats,
inadequate intake of fiber, tobacco smoking, and heavy
alcohol consumption (15-17).

It is widely accepted that obesity supports many adverse
hormonal, metabolic and immunological alterations in
the body. These alterations, in turn, result in an increased
risk for the development and progression of colon cancer.
Several studies demonstrate an association between obesity
and colon cancer (18-22). In a recent report synthesizing
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a number of meta-analysis examining obesity and colon
cancer risk, Bardou ez a/. reported that all studies found
that obesity was associated with an increased risk of colon
cancer in both males and females. The results of the study
are summarized in Table 1 (23). These data comprehensively
suggest an association between obesity and colon cancer risk.

The molecular mechanisms by which obesity influences
colon cancer development are not completely understood,
though several promising streams of investigation are
emerging. Obesity is often associated with increased
expression of the enzyme fatty acid synthase (FASN), a
key regulator of lipogenesis (29) that is upregulated in
CRC. In a cohort study comprising 647 CRC patients, the
overexpression of FASN in those with a BMI >27 kg/m” was
associated with a poorer outcome (30). Therefore, it has
been suggested that FASN plays a role in the pathogenesis
of CRC, by maintaining membrane integrity in the
endoplasmic reticulum of tumor cells (31).

Obesity is associated with increases in serum
concentrations of insulin-like growth factor-1 (IGF-1) (32),
which mediates the effects of growth hormone and is a
potent inhibitor of apoptosis. In this way, studies have
shown that IGF-1 can support tumor cell growth and
metastasis, and the prevention of apoptosis (33). It has
been shown that IGF-1 levels, as well as its bioavailability
(regulated by its binding proteins), are directly associated
with CRC risk, by disrupting growth factor regulation
and leading to uncontrolled cell proliferation (34). Also,
polymorphisms in the IGF-1 gene can regulate the risk for
CRC development: in a case-control study of Singaporean-
Chinese individuals (as a measure into the effects of the
“Western lifestyle”), Wong and colleagues examined
polymorphisms in the IGF-1 gene promoter region that
affect its viability (35). Of the 298 cases of CRC, a single
nucleotide polymorphism in the IGF-1 promoter region
“IGF1-2995 C/A” was associated with a 40% decrease in
colon cancer risk (35). This suggests that regulation of
IGF-1 may be an important mechanism by which colon
cancer development is restricted in some cases. Interestingly,
the decrease in risk was accentuated in those patients who
were physically active. Indeed, in mice on a calorie-restricted
diet, decreased systemic IGF-1 resulted in an improved
outcome, attributed to the regulation of nuclear factor-«xf
(NFxp) and modulation of inflammatory genes (36).

Estrogen levels are often increased in obese
postmenopausal women (37), and can also play a role in the
pathogenesis of obesity-related colon cancer, depending
on the estrogen receptor (ER) that is predominant in the
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Table 2 Obesity-related factors influencing colon cancer development and progression

Obesity-related
biological element

Study Model

Effect on colon cancer development

Ogino et al. (30)
Wong et al. (35)
Flores et al. (40)

Human CRC patients FASN

In vitro human tissue IGF-1

Murine diet induced TNF-alpha
obesity

EPIC studies (44-46) Human CRC patient

blood samples

HDL, apoA, HbA1c,
IGFs, CRP, TNF-a,
IL-6, adipokines

Supports membrane biosynthesis of tumors
Inhibits apoptosis
Promotes inflammatory milieu; Impairs insulin signaling

Statistically associated with colon cancer. Supports
metabolic and cellular dysregulation and chronic
inflammation stressing colonic cells predisposes them
to carcinogenesis

tissue. In normal colon cells, ER-B is the receptor that
is most predominantly expressed, and its activation is
protective against colon cancer through the induction of
apoptosis. However, in malignant colonic cells, ER-a is
the most abundant receptor, and its activation by estrogen
promotes cell growth (38). Therefore, increased estrogen
in obesity may have protective effect via ER-B activation,
whilst activation of ER-a in the later stage of colon cancer
may promote cancer development.

An important part of the obesity-associated milieu
is the proinflammatory cytokine tumor necrosis factor-
alpha (TNF-a), which is overexpressed in obese human
and animal adipose tissues (39). In murine models of diet-
induced obesity and genetic obesity, Flores and colleagues
found that obesity-related colonic inflammation, witnessed
through TNF-a overexpression, increased expression and
activity of c-jun N terminal kinase (JNK) and inhibitor of
nuclear factor kp kinase (IKK) pathways (40). Stimulation of
these pathways resulted in impairment of insulin signaling,
and TNF-a neutralization reversed obesity-induced
tumor growth. This finding is in accordance with previous
epidemiological studies which have demonstrated that
hyperinsulinemia and insulin resistance are a potentially
crucial mechanism by which obesity increases the risk of
colon cancer development, through the activation of the
PI3K/Akt pathway (41,42).

The European Prospective Investigation into Cancer
and Nutrition (EPIC) yielded many associations between
obesity and increased risk of colon cancer development.
Obesity is linked to a high-fat diet and alterations in the
circulating lipid profile, with decreases in concentrations
of high-density lipoproteins (HDL) and increases of low-
density lipoproteins (LDL) and triglycerides. As elevated

levels of HDL-cholesterol have been associated with a
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reduced risk of colon cancer, its decrease could potentially
predispose to the development of CRC (43).

Obesity is also associated with increased blood glucose
and glycated hemoglobin (HbAlc), which is a marker of
circulating glucose concentrations. EPIC investigators
reported a statistically significant association between high
HbAIlc and increased colon cancer risk. This suggests that
alterations in glucose/insulin homeostasis, most likely due to
hyperinsulinemia and insulin resistance, may be an important
risk factor for the development of obesity-related cancer (44).
The EPIC and other studies also found many associations
between other inflammatory factors and cytokines such
as IL-6 and IL-17, adipokines (including leptin), IGFs
and increased risk of colon cancer (45,46). Moreover, in
obesity, circulating levels of the adipokine adiponectin
are often decreased, which has also been associated with
an increased risk for colon cancer by activating the PI3K/
Akt pathway (47). Table 2 summarizes studies associating
obesity-related alterations and colon cancer.

Molecular biology of leptin

Leptin is a 16 kDa protein synthesized mainly by the
adipose tissue. It is encoded by the ob gene, and shares
structural homology with the cytokines IL-6 (an important
inflammatory mediator), IL-11, IL-12 and IL-2, indicating
its inflammatory roles (13). Leptin regulates feeding behavior
by binding to its receptor (Ob-R), expressed in many areas
within the central nervous system, mainly in the acuate
nucleus of the hypothalamus. Ob-R is a tyrosine kinase-
associated receptor that signals through JAK and STAT, and
is expressed as at least four different isoforms in humans:
Ob-Ra, Ob-Rb, and Ob-Rc (membrane-anchored), and
Ob-Re (soluble) (9). In the hypothalamus, the activation
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of Ob-Rb stimulates the expression of the anorexigenic
neurotransmitters pro-opiomelanocortin (POMC) and
cocaine- and amphetamine-related transcript (CART).
Also, leptin inhibits the orexigenic neurons that express
neuropeptide Y (NPY) and Agouti-related peptide (AgRP).
Therefore, through its actions on anorexigenic and orexigenic
neurons, leptin stimulates satiety and inhibits hunger.
Peripherally, Ob-R and its isoforms are widely expressed
in most tissues that have been tested, including the colon (48).
Through its central and peripheral actions, leptin is thought
to have proinflammatory activities, evidenced by its ability
to increase production of TNF and IL-6 in monocytes
and to stimulate the production of various CC-motif
chemokines (49). The proinflammatory state that is seen
in obese individuals can be, at least in part, explained by
the high levels of leptin that are seen in those individuals,
who do not benefit from the anorexigenic effects of leptin
due to central leptin resistance (50). Besides regulating
energy balance and having proinflammatory effects, leptin
also regulates endocrine systems such as the thyrotropic,
gonadotropic and corticotropic axes, and affects glucose
homeostasis, hematopoiesis, angiogenesis, osteogenesis, and

wound healing (10).

Inflammatory factors increasing leptin

Since there appears to be a connection between leptin and
CRQ, it is relevant to summarize the factors that contribute
to hyperleptinemia. Circulating leptin levels correlate well
with body fat, and high levels of circulating leptin is one of
the consequences of being obese. Therefore, it is crucial to
consider the possible role of leptin in comorbidities related
to obesity. As obesity is characterized as a chronic low-
inflammatory grade disorder (51,52), contributing factors
maintaining and/or enhancing obesity-related inflammation
including elevation of circulating leptin levels should be
considered. Indeed, it is well known that inflammatory
challenges increase leptin synthesis and release (53,54),
and that chronic inflammatory conditions promote cancer
development (55,56).

High levels of circulating leptin could be deleterious, as
leptin has proinflammatory actions. Leptin and its long-
isoform functional receptor (Ob-Rb) share tridimensional
and sequence homologies respectively, with cytokines of the
IL-6 family and gp130, the signal transducing component of
the IL-6-type receptor (57,58). Presumably, high circulating
leptin levels found in obese individuals could contribute to
the low-grade inflammation that characterizes obesity. In
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fact, circulating leptin levels display a circadian rhythm in
parallel to that of NO,/NO, [measured as an index nitric
oxide (NO) synthesis, a powerful oxidant agent] (59). In
previous in vitro and in vive studies, we showed that leptin
increased not only NO;/NO,, but also TNF-a, a prototypical
proinflammatory cytokine (59). In clinical studies, others
have shown that circulating leptin also correlates with
proinflammatory factors such as IL-6, a cytokine that has
been largely correlated with metabolic syndrome (60).
Thus, leptin could play a crucial role bridging the gaps
among obesity, inflammation and presumably cancer.

Other two contributing factors to the low-grade
inflammatory state occurring during obesity that might
also increase leptin synthesis and release are (I) high-calorie
intake-induced macrophage infiltration in adipose tissue;
and (II) increased intestinal permeability (61). Excessive
calorie overload causes hypertrophic adipocytes to release
monocyte chemoattractant protein (MCP)-1, which in turn
favors increased macrophages infiltration into the adipose
tissue (62). Subsequently, infiltrating macrophages increase
the synthesis and release of several proinflammatory factors
such as TNF-a, IL-1B and IL-6 (63,64), all of which are
known to increase leptin synthesis and release.

Gut health plays a key role as a barrier to prevent
translocation of intestinal bacteria and bacterial
lipopolysaccharide (LPS) into the blood stream. Emerging
evidence suggests that obesity causes increased gut
permeability, which contributes to the low-grade chronic
inflammatory state observed during obesity (65,66). The key
role that gut microbiota plays in obesity has been recently
shown in preclinical studies (61,67,68). In mice studies, it was
shown that high-fat diet increased circulating endotoxin and
proinflammatory factors (61). These changes appeared to be
due, at least in part, by changing gut microbiota composition
(increasing Firmicutes to Bacteroidetes ratio), which favored
endotoxin translocation into the bloodstream (61). As
leptin synthesis and release can be increased by LPS, this
mechanism might account for the increased hyperleptinemia
that occurs during obesity.

Other studies carried out in mice mimicking Roux-en Y
gastric bypass (RYGB), currently the most effective treatment
for obesity, also strengthened the concept that gut microbiota
can contribute to the obese/lean phenotype (68). In the
latter study, the authors provided support to a new emerging
concept: conserved post-operative changes in gut microbiota
played a key role to reduced weight and adiposity after RYGB
surgery (68).

In summary, leptin shares tridimensional similarities
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with the cytokine family, it can increase proinflammatory
factors, and it might be regulated by gut microbiota and
macrophage infiltration in adipose tissue. As a relationship
between hyperleptinemia and CRC appears to be evident,
inflammatory factors that chronically increase leptin have to
be considered for overcoming the deleterious consequeces
of hyperleptinemia.

Associations between leptin and colon cancer

Serum leptin levels are markedly increased in obese
individuals, where obesity is an important risk factor for
colon cancer development. Since the demonstration of
leptin’s effect as a growth factor for colonic epithelial
cancer (48), several studies have hypothesized an association
between increased leptin levels and colon cancer risk. The
leptin receptor is found in colonic epithelium, which has
functional importance in regulating cell processes (48).
Dysregulation of these processes, as a result of the obesity-
related hyperleptinemia, can lead to neoplasia.

In vitro colon cancer cell line studies have shown
that stimulation of these cells by leptin leads to tyrosine
phosphorylation of Ob-R, activating major signal
transduction pathway elements including p42/44 mitogen-
activated protein kinase, JNK, mitogen-activated protein
kinase, Src/phosphoinositide, 3-kinase/protein kinase
B and extracellular-signal-regulated kinase (69,70).
Leptin stimulation has also been reported to inhibit
apoptosis of human CRC cells via several mechanisms
involving extracellular-signal-regulated kinase, p38
mitogen-activated protein kinase activation and nuclear
translocation of NF-«B (71).

Some rodent studies have contradicted findings from iz
vitro studies: whilst leptin stimulation iz vifro led to increases
in signal transduction, in nude mice leptin stimulation
failed to promote the growth of cancer xenografts (72).
Furthermore, in Apc/Min+ mice (a murine model of colon
cancer), leptin stimulation failed to induce tumor growth (72).
Interestingly, in the absence of leptin, ob/ob mice showed
increased sensitivity to colon cancer carcinogens. In contrast
to these negative findings, a high-fat diet promoted colonic
epithelium proliferation in mice, which would imply that
obesity-associated hyperleptinemia is associated with colon
cancer (73). However, carcinogen-induced tumor growth in
leptin-deficient mice was slower than in leptin-resistant db/
db mice, suggesting the mechanism of carcinogenesis is more
complex than simple rises in circulating leptin concentrations.
Indeed, Endo and colleagues observed that Ob-R is
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overexpressed in colonic tumors, and that leptin is linked
to the activation of Wingless-related integration site (Wnt)
signaling (an important paracrine signaling mechanism) (73).
This observation, together with differences in tumor growth
seen between substrate and receptor deficient models,
reveals a potential molecular mechanism for colon cancer
development.

On an inflammatory level, leptin induces the secretion of the
inflammatory cytokines IL-6, IL-1B and CXCL1 in humans,
which have all been implicated in colon carcinogenesis (74). In
particular, the secredon of CXCLI1 supports iz vitro studies,
which reveal that leptin promotes vascular endothelial growth
factor (VEGF) activity by epithelial cells, and thus provides
a mechanism for tumor-associated angiogenesis, promoting
tumor survival and proliferation (70). Indeed, by stimulating
angiogenesis, leptin facilitates tumor growth and invasion
of adjacent organs (75). Furthermore, Ob-R overexpression
suggests that tumors may be sensitive/responsive to leptin,
thus providing further means for cancer survival and growth,
described below in Figure 1.

On the other hand, hypoxia (a common finding in
malignant tissues), has also been shown to induce cancer
epithelial cells to produce endothelial growth factor (EGF),
which regulates the levels of leptin and VEGF (70). The
effect of hypoxia on leptin levels can also be indirectly
mediated by hypoxia-inducible factor 1-alpha (HIF-1a),
which binds to target genes that contain a specific hypoxia-
responsive element (HRE) (76). The leptin gene contains
eight HRE regions, and thus it is likely to be regulated by
hypoxia through HIF-la. Koda and colleagues explored
this relationship in a cohort of CRC patients, and found a
significant positive correlation between leptin levels and
the amount of HIF-1a (r=0.243, P=0.005), and between
Ob-R and HIF-1a (r=0.325, P<0.001). As expected, leptin
and ODb-R also shared a positive correlation (r=0.426,
P<0.001) (75). These results further support a role for
hypoxia in neoplasia, and demonstrate that leptin has a
role in cancer progression through an auto-/paracrine
mechanism. The co-expression of leptin with Ob-R suggests
that local activity of the leptin/Ob-R axis is responsible for
colon cancer cell responses to an hypoxic environment.

Leptin affects many cellular signal transduction
pathways, and can act as an important gene expression
regulator. Nowakowska-Zajdel performed a microarray
analysis using samples obtained from 11 CRC patients,
targeted at analyzing genes that encode proteins that are
affected by leptin. The genes AKT1, STAT3 and MCLI
were upregulated at the early stage of disease, and the gene
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Figure 1 Leptin promotes tumor survival by upregulating the expression of CXCL1 and VEGE, which promote angiogenesis and tumor

growth in the neoplasm. (A) Colon tumor cells overexpress Ob-R and are responsive to leptin; (B) Activation of Ob-R by leptin leads,
directly and indirectly, to CXCL1 and VEGF expression; (C) CXCL1 and VEGF act on the neoplasm; (D) Tumor grows and increases

blood vessel invasion. Adapted from (7,74).

STATSB was silenced. Furthermore, the genes VEGFC
and CCNDI were overexpressed and the VEGEA gene was
silenced (77). Differences in the gene expression profile
between early and late stage cancers suggest that leptin plays
a role in the dynamic and changing system of the neoplasm,
and that leptin may, at least in part, be responsible for
tumor progression by means of transcription activation and
repression or silencing. Of clinical value, the genes revealed
to be overexpressed at an early stage of the disease may have
the potential to be used as part of a colon cancer screening
program, in an effort to identify patients for treatment at an
earlier stage, thereby improving the prognosis.

Similar to Nowakowska-Zajdel’s study, in a mouse
model of colon cancer, leptin was found to upregulate
the proinflammatory cytokine gene profile (74). Real-
time polymerase chain reaction (RT-PCR) assays were
performed on colonic tissue harvested from wild-type and
leptin-deficient mice. Compared to basal gene expression,
a few genes were differentially expressed. Following
leptin administration, several more genes encoding
products affected by leptin were significantly upregulated,
summarized in 7ible 3.
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Additionally, cytokines, including those previously
mentioned to promote colonic neoplasia, were significantly
altered. Leptin administration altered the proinflammatory
cytokine profile more substantially in ob/ob mice than
in wild-type mice (summarized in Table 4) (74). These
findings fit with the growing hypothesis that leptin is a
major immune regulator, and substantiates the notion
of adipose tissue as an immunoendocrine organ. In the
presence of increase leptin sensitivity (i.e., in the leptin-
deficient mouse), leptin’s effects on the upregulation of
proinflammatory markers are enhanced.

The same study has shown that IL-6 and CXCL1 were
rapidly upregulated 1-hr after leptin administration, and
returned to near basal levels after a further three hours (74).
This time-dependent response indicates that these genes
may be involved in an early response. Time-dependent
changes, though over a longer time period, were also seen
by Nowakowska-Zajdel and colleagues (44). Interestingly,
the authors have not observed the localization of leptin-
regulated proinflammatory cytokines with macrophage
markers (F4/80 and CD11c) (74). This suggests that
leptin stimulation may directly or indirectly result in an
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Table 3 Differences in gene expression following leptin administration in wild-type and leptin-deficient mice

Comparison ob/ob vs. wild-type Gene Fold difference change in expression normalized to GAPDH P value

Basal IGFBP3 0.67 0.089
IGF2 0.66 0.009

1-hr post leptin administration IGFBP3 0.57 0.024
ObR 0.67 0.043
ObR-b 0.56 0.062
AKT2 0.84 0.049
MUC2 1.83 0.029

Adapted from (74).

Table 4 Differences in cytokine gene expression following

leptin administration in wild-type and leptin-deficient mice

Fold difference change in expression 1-hr post

(e leptin administration, normalized to GAPDH
s Wild-type ob/ob

IL-6 8.23 (<0.0001) 14.77 (<0.0001)
IL-1B 2.35 (0.049) ns

CXCL1 3.8 (0.024) 6.14 (0.003)
INSR 1.21 (0.009) ns

ICAM ns 1.7 (0.013)

Adapted from (74). ns, not significant.

upregulation of IL-6, IL-1p and CXCL1 in cells already
resident within colonic tissue, possibly independent of
other inflammatory mechanisms. Furthermore, Padidar
and colleagues showed visible changes in response to
leptin in cells embedded in the epithelium, lamina propria
and muscularis layers of the colon (74). As previously
mentioned, CXCLI is an important angiogenic factor and,
together with VEGF (a powerful pro-angiogenic growth
factor), this could be a potential mechanism by which
Ob-R-expressing tumors support their growth and survival,
when stimulated by leptin. Overall, this study provides i
vivo evidence of the direct effect of leptin on colon cancer
pathogenesis.

Human epidemiological studies have further
demonstrated the association between hyperleptinemia
and colon cancer. Epidemiological studies carried out in
two different cohorts, one from Norway (78) and another
from Sweden (79), have shown increased risk of colon
cancer in individuals with high levels of leptin. In a case-
control study of more than 100 volunteers, Hillenbrand and
colleagues examined the adipokine profile of CRC patients,
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morbidly obese (MO) patients and healthy blood donor
(BD) participants. As expected, CRC and MO patients
had a systemic increase in inflammatory mediators, in line
with the theory that inflammation contributes to obesity
and colon cancer (80). However, there were significant
differences between CRC and MO adipokine profiles.
Median leptin concentrations were lower in CRC patients
as compared with MO. In contrast to the leptin findings,
adiponectin, another adipose tissue-derived cytokine,
was increased in CRC patients as compared with MO.
Furthermore, there was no difference in adiponectin levels
between CRC and BD individuals. These differences were
sex-dependent, where females tended to have higher levels
of both leptin and adiponectin compared to males in all
three groups of volunteers. Overall, this study suggested
that CRC and MO individuals have similar cytokine
profiles, but with discrepancies in the concentration of
leptin, suggesting that leptin does contribute to CRC risk,
independent of obesity. However, this study failed to take
into account the possible role for soluble leptin receptor
(Ob-Re) as a potential mechanism of circulating leptin
sequestration thus reducing its bioavailability (80).

The role of Ob-Re on colon cancer was addressed by
Aleksandrova and colleagues (46). In a large prospective
study of approximately 520,000 participants, leptin was
negatively correlated with Ob-Re. Furthermore, leptin was
not significantly associated with an increased risk of CRC,
but Ob-Re was strongly inversely associated with CRC,
meaning that CRC is associated with a low circulating
concentration of Ob-Re (which lead to higher bioavailable
leptin levels) (46). Indeed, higher levels of Ob-Re were
found to be associated with an advanced stage of tumor
development (81). These studies do, however, report
cancer site specific differences in adipokine concentrations.
Hillenbrand and colleagues report higher levels of leptin in
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Table 5 Effects of leptin in the development and progression of colon cancer in cell, animal and humans studies

Study Model

Major effects on colon cancer development

Cascio et al. (70),
Aparicio et al. (72)

Endo et al. (73) Mice on high-fat diet

Human colon cancer tissue
samples

Koda et al. (75)

Nowakowska- In vitro human cancer cells

Zajdel et al. (77)

Padidar In vitro human cancer cells
et al. (74)

Hillenbrand Human colon cancer patient
et al. (80) blood samples
Aleksandrova Human colon cancer patient
et al. (46) blood samples

In vitro colon cancer cell lines

Leptin stimulated tyrosine phosphorylation of Ob-R and activated major
elements in signal transduction pathways

* p42/44 mitogen-activated protein kinase

¢ c-Jun N-terminal kinase

* mitogen-activated protein kinase

¢ Src/phosphoinositide

¢ 3-kinase/protein kinase B

¢ extracellular-signal-regulated kinase
Leptin regulates VEGF signaling

Colonic epithelium proliferation; Leptin linked to Wnt signaling; Leptin
upregulated Ob-R and supported pro-angiogenic factor secretion

HIF-1a correlated with leptin and Ob-R levels, supported hypoxia-related
changes in tumors

Upregulated leptin-associated pathways:
e AKT1
e STAT3
e MCL1
e VEGFC
e CCND1
Downregulated:
e STATB
e VEGFA

Leptin stimulation promoted the upregulation of genes

e IGFBP3

e ObR

e ObRb

o AKT2

¢ MUC2

* IL6

e CXCL1

e ICAMA1

Increased leptin in CRC patients compared with morbidly obese and
healthy blood donors

No difference in leptin levels in CRC compared with controls. Increased
soluble Ob-R in CRC patients

patients with colonic cancer as compared with rectal cancer
in both males and females, and Aleksandrova and colleagues
report an increased risk of colonic cancer at the highest
quintile of leptin concentration compared to no significant
increases in risk in developing rectal cancer (46,80). It
is important to note that the study by Alesandrova and
colleagues was a multi-center trial which included over half
a million participants from nine countries, and thus greater
emphasis should be placed on their conclusions. Taken
together, these studies indicate a role for the leptin/Ob-Re

© AME Publishing Company. All rights reserved.
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axis in colon cancer development, and highlight the need to
establish the action of leptin in colon cancer pathogenesis.
Furthermore, these studies demonstrate the need to clarify
the role of Ob-Re in either stimulating leptin signaling or
sequestering leptin and reducing its bioavailability. Finally,
it would be of clinical value to determine the reasons
for gender-related differences in leptin levels and colon
cancer risk. The effects of leptin in the development and
progression of colon cancer in cell, animal and humans
studies are summarized in Table 5.
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Conclusions and future directions

Obesity is a risk factor for several cancer types, including
colon cancer. This can be explained by several changes
in hormonal and cytokine profiles that stimulate cell
growth, inhibit apoptosis, and promote angioneogenesis.
Leptin is increased in obesity, and has been shown to
play an important role in the pathophysiology of obesity-
related colon cancer by affecting cell growth, apoptosis
and angioneogenesis. Several human and animal trials have
explored the possible association between leptin and colon
cancer, though the exact mechanisms remain unclear. Some
human studies have yielded contradictory findings in terms
of a clear association between the adipokine and increased
CRC risk (46,80), and it is possible that the links between
obesity, inflammation and colon cancer extend beyond the
traditional adipokines leptin and adiponectin. The adipose
tissue is emerging as a major endocrine organ and with
more research focusing into the immunoendocrine nature
of that tissue, many novel adipokines have been discovered.
These adipokines, for example visfatin, omentin-1 and
vaspin have now also been associated with CRC in an
obesity-independent manner (82).

Like any cancer, CRC has a multifactorial etiology, and
several factors affecting cancer development and progression
need to be taken into account. As colon cancer develops and
progresses over several decades, lifestyle interventions can
be an important adjunct to medical therapies to effectively
treat and suppress cancer development and metastasis.
Better understanding of the mechanisms by which leptin is
associated with CRC can potentially lead to the development
of novel approaches for the diagnosis, risk stratification, and
treatment of colon cancer.
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