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Obesity and Cancer: yin/yan Effects of Nutrition
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Abstract: For more than two decades, an increased interest in understanding relationship between obesity and cancer is
observed in the medical literature. However, epidemiological data remain heterogeneous depending on cancer site, age,
gender, type of tissue adipose (visceral, subcutaneous) and ethnicity: obesity is linked with a greater risk of colo-rectal
cancer (CRC) for men of all ages and for premenopausal women. Mechanisms involved are not fully investigated: no
specific genetic marker linking obesity and cancer is identified, and except for few metabolic markers, pathways in this
field remain speculative. Effects of hormones are more investigated. Insulin is the best established biochemical mediator
between obesity and CRC and insulin resistance is important in the pathogenesis of CRC. Leptin, a very well known
hormone that regulates food intake and energy balance is reported as tumorigenic mediator to explain why polyps are over
expressed in obese individuals, however it may influence also anti tumoral immune response. Regular exercise is
identified to reduce the risk of developing CRC. We should consider exercise, obesity and anti tumor immune response

when designing colon cancer screening protocols.
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INTRODUCTION

Obesity is a complex, heterogeneous and multifactorial
syndrome resulting from both genetic susceptibility and
environmental factors [1]. In order to enhance understanding
of this short review, we will focus mainly on colorectal
cancers (CRC). Factors such as, hereditary disorders, fami-
lial adenomatous polyposis and non-polyposis syndrome and
inflammatory bowel diseases, increase the risk for
development of CRC [2]. The role of other factors like high
fat and low fiber diet, low physical activity, overweight in
increasing the risk of CRC is suspected but not fully esta-
blished. Although energy restriction unequivocally reduces
tumor development [3, 4] the contribution of nutritional
factors to human deaths from CRC remains controversial [5,
6]. For instance, incidence of both CRC and obesity is
increasing in all western countries and CRC is now the
second most common cause of cancer mortality. In addition
some of the risk factors for obesity, such as a high fat diet or
decreased physical activity, have been shown in various
studies to enhance risk for CRC as well, suggesting that there
might be common biological events or undefined interactive
events that result in a positive association between CRC and
weight gain. Observations on such an association between
changes in cancer incidence and environmental factors have
allowed identifying microorganisms i.e. Helicobacter pylori
and Human Papilloma Virus (HPV) as etiopathogenic factors
in gastric and anal canal carcinomas. Such an association
between CRC and nutritional factors is not yet fully
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established likely due to large variety of nutriments and
various mechanisms involved. We will briefly review results
from epidemiological data, summarize mechanisms involved
and conclude on possible paradoxical effect of nutriment on
cancer outcomes.

EPIDEMIOLOGICAL DATA

Mortality due to the Cancer

The relationships between excess body weight and
mortality from all causes have been well-established in
epidemiologic studies [7, 8]. The association of overweight
and obesity with non-cancer outcomes is generally stronger
than the association with cancer. In all population studies,
increases in the prevalence of obesity, hypertension,
hyperlipidemia, and diabetes emerge earlier than increases in
cancer outcomes. In addition, the relation of obesity to
particular cancer sites has been more difficult to study
because the incidence and mortality of specific types of
cancer are less common than non-cancer outcomes. Thus, it
seems unclear whether overall high incidence of mortality
due to cancers result in accumulation of risks due to nutrition
or should be considered as complication of obesity.

High Prevalence of Cancer Occurrence in Obese and
Overweight Individuals

A significant link between obesity and cancers of the
colon, postmenopausal female breast [1], endometrium,
kidney [9], and esophagus has been suggested by several
authors and accepted by IARC (International Agency for
Research on Cancer). However, the report of IARC
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concluded that although an association between overweight
and obesity and cancer at many sites is consistent with
animal studies [10-13] there is no evidence on the cancer-
preventive effect of avoidance of weight gain (JARC
Handbooks of Cancer Prevention. Weight Control and
Physical Activity. International Agency for Research on
Cancer:Lyon.2007). Men of all ages and postmenopausal
women, are at increased risk for CRC if they are obese [14].
Slattery ML et al. [15] have shown that in men, obesity and
reduced physical activity result in an elevated risk of CRC,
but in women this is, in part, offset by the reduced risk
associated with the elevation of estrogen levels. Because a
biologic mechanism that clearly links obesity to cancer has
not been established [16] experimental designs to study
whether cancers and obesity share same causes or they only
result from endocrine and metabolic changes due to obesity
are difficult to establish.

No Definitive Evidence of Weight Reduction and Cancer
Prognosis

Interventional studies conducted in human are another
way by which hypotheses can be verified. Because few
individuals lose and maintain significant amounts of weight,
it is extremely difficult to examine cancer incidence and
cancer outcomes in large populations of weight losers.
Studies performed in very obese individuals who had gastric
bypass and those performed in patients who underwent
cancer therapy give data on the incidence and outcomes of
cancer depending on weight. Total cancer incidence was
shown to be significantly lower in very obese patients who
underwent gastric bypass compared to controls (hazard ratio
= 0.76; confidence interval 95%, 0.65-0.89; P = 0.0006).
Significant reduction in total cancer mortality (46%) in very
obese patients who had gastric bypass was associated with
decreased incidence particularly among subjects with
advanced cancers. Authors suggested gastric bypass might
reduce cancer risk, presumably related to weight loss [17].
However, such studies remain controversial since there is no
evidence about how these obese patients have been selected
for bypass surgery and whether the control group fits with
the design. That the inverse association for mortality was not
limited, in this study, to obesity related cancers but seen for
all cancers, argued for bias in such approaches. Furthermore,
in a comparative study of mucosal biomarkers in obese
patients with BMI >40 kg/m2, Sainsbury et al. [18] did not
observed any difference on colonic cell proliferation before
and 6 months after gastric bypass. In spite of an association
between excess body weight and elevated mucosal bio-
markers of epithelial cell proliferation and crypt fission as
compared to controls, authors concluded that risk for CRC
may not be diminished with gastric bypass. Furthermore, an
unexpected finding was that significant weight loss (40%
excess weight loss) 6 months after gastric bypass was still
associated with increased crypt epithelial mitosis and luminal
migration of the crypt proliferation zone, rather than a
reduction toward values observed in normal weight indi-
viduals. Because persistent elevation of this biomarker of
CRC risk would imply that obese patients, even after weight
lose by gastric bypass remain at long-term increased risk of
colorectal neoplasia, the main unresolved question is
whether the hyperproliferative state is a transient pheno-
menon due to obesity or persists during long periods due to
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genetic characteristics and/or various other unsuspected
environmental factors. In another interventional study [19]
the influence of weight gain on outcome among patients who
underwent curative surgery followed by adjuvant chemothe-
rapy for stage III colon cancer has been prospectively
evaluated and patients were monitored for cancer recurrence.
Authors [19] did not observe any significant association
between BMI and cancer recurrence and mortality. Similarly,
weight gain after completion of adjuvant therapy did not
negatively impact survival, although, the risk of recurrence
(hazard ratios of 1.24; 95% CI, 0.84 to 1.83) for individuals
with BMI> 35 kg/m2 appeared slightly higher [19]. By
contrast, increasing per cent body fat resulted in an increase
in recurrence deaths (hazard ratio 1.33 per 10 kg; 95% CI=
1.04-1.71) in another study [20]. Possible mechanisms for
these observations include altered carcinogen metabolism,
decreased oxidative DNA damage, greater DNA repair
capacity, and a reduction of IGF-I levels in calorie restricted
animals [10].

MECHANISMS INVOLVED

Tumor progression is governed both by genetic events,
intrinsic to cancer cells, and epigenetic and environmental
factors. It is possible that the dominant and complex features
of the dietary factors make it difficult to determine what
factor is responsible for the relation between obesity and
colon cancer.

Gene Susceptibility

Single gene mutations rarely account for obesity in
human. It is likely that obesity is influenced by the
interaction of multiple genes, each with modest effects, and
further interactions with environmental factors such as
energy availability, physical activity [16]. To identify obesity
susceptibility genes two approaches have been adopted.
First, candidate genes involved in the main metabolic
pathways were investigated: food intake regulation by the
central nervous system; modulation of insulin action and
glucose metabolism in target tissues that may contribute to
excess fat deposition and insulin resistance; and regulation of
energy expenditure, lipid metabolism and oxidation, lipolysis
[16]. Although a large series of association studies have been
conducted relating genetic variation in candidate genes to
obesity phenotypes [21], small, uncertain, or inconsistent
effects could be documented. Obviously, for a small number
of genes, including common polymorphisms in the
peroxisome proliferator- activated receptor gamma (PPARY),
the beta-adrenergic receptors (B-AR2, B-AR3), leptin, leptin
receptor (ObR), and cytokines such as tumor necrosis factor
alpha (TNFo) and uncoupling protein genes (UCP-1, UCP-2,
and UCP-3) findings were significant. The genome-wide
scans in large numbers of obese individuals and their family
members was an alternative approach. Such scans have been
conducted in widely diverse ethnic populations [22] with no
a priori assumptions about gene function; this method
attempts to identify susceptibility genes simply by position.
Up to now, about 70 human obesity loci on several
chromosomes have been suggested; 18 loci have been
replicated in at least two studies of different populations
[21]. Positional cloning of genes in these regions is
underway and some gene candidates for both cancer and
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obesity susceptibilities [23] may be available in future.
Whether these genes are involved in the metabolism, cell
cycle, energy pathways or transduction signals of cells
requires still further investigation.

PLACE OF HORMONES

a) Insulin and Insulin-Like Growth Factors (IGFs)

Insulin appears the best established biochemical link
between obesity and colon cancer; controlling hyperinsuline-
mic states, such as the metabolic syndrome and diabetes,
may be a means of reducing risk of colon cancer. Energy
restriction unequivocally reduces tumor development in
animal models [11], but to study energy intake in relation to
human cancer is complicated. In humans, variation in energy
intake is determined by physical activity, body size,
metabolic efficiency, and energy balance. Excess energy
balance throughout life is the main critical factor for many
cancers because positive associations for many cancers
common in western countries are observed with obesity
(surrogate of excess energy consumption), low physical
activity (surrogate of energy expenditure), and taller height
(surrogate of total lean body mass and high energy intake
during development). This explains why intervention studies
to reduce cancer risk remain difficult. At least part of the
effect of excess energy is thought to be mediated through the
insulin and IGF pathways [4]. Body weight has strong
effects on circulating levels of these peptides and steroid
hormones and their binding factors. Weight loss has been
shown to reduce insulin resistance and circulating levels of
insulin, glucose, and estradiol but the influence of weight
loss on the levels of IGFs and associated binding proteins is
less clear. The role of peptide C, a fragment of pro insulin
protein, characterized as marker of insulin resistance also
remains controversial [14]. Specific effects vary somewhat
by gender, by menopausal status in women and by type of fat
tissue. Visceral associated fat (VAF), not subcutaneous or
total body fat, is established as the particular location and
source of the presumptive metabolic risk factors for colon
cancer. Mice predisposed to develop visceral abdominal
obesity developes hyperinsulinemia and preneoplastic colo-
nic mucosal changes more often than mice without visceral
abdominal obesity [14]. Insulin-like growth factors are
mitogens that regulate energy-dependent growth processes,
cell proliferation and inhibit apoptosis. Unfortunately, there
is no empirical evidence with regard to the clinical manifes-
tations of weight loss sustained over long periods of time
regarding these peptides. And a recent study provides direct
epidemiologic support for the hypothesis that long-term
insulin therapy by itself increases the risk of CRC [24].

b) Leptin and Leptin Receptor

Leptin may also be responsible for the increased risk of
colon cancer that obesity confers. Leptin, a 16-kilodalton
product of the ob gene, is mainly produced by fat tissue in
human adults [25]. ObRb is the main isoform of the leptin
receptor; it is expressed by colonocytes, and is preserved in
human colonic adenomas and carcinomas [See review in refs
26, 27]. Obesity increases serum leptin levels [25]. Leptin
was shown to increase the growth and proliferation of a
colon cancer cell line, as evidenced by BrdU incorporation
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and c-fos expression and to work as a mitogen for intestinal
epithelial cells via NFkB activation [27, 28]. In vitro, it
decreases apoptotic cell death in a cancer cell line, induces
invasion of collagen gel by cell lines derived from colonic
adenomas [29, 30] and in vivo, it enhances the development
of adenomatous polyps in genetically predisposed mice [31].
Various investigatory approaches have been undertaken. The
role of hormones and their receptors in colon carcinogenesis
was studied in obese animal models (db/db obese mice,
Zucker rat) due to hyperleptinemia by several authors [31,
32]. Although these models do not suitably reflect human
obesity, authors could observe occurrence of premalignant
lesions in the animal colon by delivering chemical i.e.
azoxymethane (AOM) or N-methyl N-nitrosurea, even under
food-restricted conditions [31, 32]. This strongly suggested
“obesity-related carcinogenesis” would be a direct cones-
quence of chronic hyperleptinemia on the colon mucosa [33].
Whether it acts as a systemic hormone and/or as local
mediator remains unclear. We failed to promote the growth
of colon cancer xenografts in mice [13, 34] by administration
of exogenous leptin. And relationship between colon cancer
and serum leptin level appears controversial. Measuring
leptin prior to the occurrence of colon cancer, men, but not
women, with the highest blood levels of leptin have been
shown to have over twice the colon cancer risk of those with
the lowest levels [26]. Conversely, the serum concentration
of leptin in CRC patients was found to be lower than in
controls [35 & personal data]. Tumor growth factors and
cytokines produced by tumor cells can target hypothalamus.
Lower level of leptin in CRC patients’ serum can be
explained by lower food intake and loss of fatty tissue and
cachexia. This could be clearly shown for MIC-1, a key
inducer of cancer related anorexia and weight loss that shares
similarities with TGFB [36]. Whether high leptin level in
obese individuals enhances risk for colon cancer via direct
effect on proliferation in the colonic mucosa, or by failure of
leptin to activate NK cells or through cytokine production
from colonocytes, remains unclear.

¢) Enigma of Leptin Effect

Administration of leptin promotes experimental colitis by
acting on colonocytes [37]. In vitro, leptin enhances cyto-
kines and chemokine production from target cells by
inducing the expression of NFxB [27]. Such pro inflam-
matory effect of leptin might support the idea that the innate
immune system can promote tumor development through
inflammation-dependent mechanisms [38]. Whether the pro
inflammatory effect of leptin is beneficial or deleterious to
tumor development remains an enigma. Besides the risk of
elevated leptin acting as systemic and/or colon-limited
mitogen, it may stimulate immune response [38].

Anti-tumoral immunity in CRC includes local control of
metastatic invasion in CRC that has been recently shown to
be linked to a continuous process from inflammatory cell to
cytotoxic cell infiltration in tumors [39]. Also, tumors
infiltrated by lymphocytes [40], particularly those with high
level microsatellite instability (known as MSI-H or MSI),
have a good prognosis, probably due to enhanced specific
cytotoxic response [41]. Microsatellite instability is a
genome-wide instability of repetitive DNA sequences obser-
ved at the nucleotide level; it is caused by the inactivation or
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loss of expression of mismatch repair (MMR) genes, either
as a result of mutations or of epigenetic silencing [40].
Slattery ML et al. [15] have shown that risk for colon cancer
in women (but not in men) was confined to MSI tumors. We
have shown that immune response to colon cancer was
dependent on both levels of microsatellite insta-bility and
numbers of leptin receptors expressed by colon tumor cells
[34, 42, 43]. In those colon tumors with high level MSI,
leptin receptor [42], and mediators of cytotoxic T cells [41]
were overerexpressed in response to leptin. These results
suggest involvement of leptin in immune anti tumor response
and sustained occurrence of chemical-induced premalignant
tumors in mice carrying the leptin-receptor db/db mutation
compared to wild type animals [31] and increased suscep-
tibility to spontaneous colonic tumors in mice deficient in
one or more components of the immune system [44]. Direct
action of nutrient on the immune system [45], raises the
question of adequate intakes of “good” (immune stimulant)
nutriments, and “bad” (high energetic) nutrmients.

CONCLUSION

Nutrition stimulates the immune system and is necessary
for energy expenditure. Several hormones regulate food
uptake and energy balance. These hormones are very often
involved in the regulation of immune responses. Obesity is
strongly linked with changes in levels and/or regulatory
pathways of these hormones. Overexpression of some of
these hormones may favor occurrence of cancer. Whether,
they imitate cancer phenomena or promote tumors is not
established. We should now study putative effects of
environmental factors including nutrition and exercises on
both tumor occurrence and anti cancer immune protective
responses.
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