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Abstract

Since its first description by Reavan in 1988, accepted criteria for clinical identification of the components of
metabolic syndrome have been promulgated by the National Cholesterol Education Program/Adult Treatment
Panel III (NCEP/ATP III) and the World Health Organization (WHO) as well as the International Diabetes
Federation (IDF), and the American Association of Clinical Endocrinologists (AACE). Insulin resistance is a
common metabolic abnormality underlying type 2 diabetes mellitus and is also an independent risk factor
for cardiovascular disease. Although ATP III identified cardiovascular disease (CVD) as the primary clinical
outcome of the metabolic syndrome, we now have evidence that metabolic syndrome is associated with type 2
diabetes mellitus, polycystic ovarian disease, nonalcoholic fatty liver disease, and possibly some cancers. This
review summarizes evidence in support of the relationship between metabolic syndrome and various cancers

and possible underlying mechanisms and therapeutic interventions.

Introduction

SINCE ITS FIRST DESCRIPTION by Reavan in 1988,! accepted
criteria for clinical identification of the components of
metabolic syndrome have been promulgated by the National
Cholesterol Education Program/Adult Treatment Panel III
(NCEP-ATP III)* and the World Health Organization (WHO)
as well as the International Diabetes Federation (IDF),® and
the American Association of Clinical Endocrinologists
(AACE).* Insulin resistance is a common metabolic abnor-
mality underlying type 2 diabetes mellitus and is also
an independent risk factor for cardiovascular disease.>®
Although ATP III identified cardiovascular disease (CVD)
as the primary clinical outcome of the metabolic syndrome,”
we now have evidence that metabolic syndrome is associ-
ated with type 2 diabetes mellitus, polycystic ovarian dis-
ease, nonalcoholic fatty liver disease (NAFLD), and possibly
some cancers. This review summarizes evidence in support
of the relationship between metabolic syndrome and vari-
ous cancers and possible underlying mechanisms and ther-
apeutic interventions.

Definition of Metabolic Syndrome

Various definitions developed by different organizations
have been used to define metabolic syndrome. Traditionally,
it has been defined by WHO, NCEP/ATP III, and IDF by the
criteria shown in Table 1. Recently, a consensus statement

from the IDF has provided more race-specific criteria in
defining waist circumference (WC), thus modifying this cri-
terion in such a way to make it more useful in non-Cauca-
sian populations (Table 1).?

Metabolic Syndrome and Cancer

Analysis of data on 8814 men and women aged 20 years
or older from the Third National Health and Nutrition
Examination Survey (NHANES) showed that about 47 mil-
lion U.S. residents have the metabolic syndrome, with the
highest prevalence of 43.5% found in people over age 60.° In
the last several years, several interesting studies have been
published showing an association between cancer risk and
the different components of metabolic syndrome. However,
epidemiologic studies linking metabolic syndrome to can-
cer are scarce. Recently, a large population-based study was
done in Milan, Italy, that enrolled 16,677 subjects who were
on medications for hyperlipidemia, diabetes and hyperten-
sion and followed them for up to 8 years. A total of 823 inci-
dents of cancer occurred during the study period, including
a significantly increased risk of pancreatic cancer in males
(standardized incidence ratio 178 [114-266]) and colorectal
cancer in females (standardized incidence ratio 133 [101-170])
were observed. Nonsignificantly increased risks were also
observed in women for liver, gallbladder and biliary tract,
breast, and endometrial cancers.’
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TaBLE 1. VARIOUS DEFINITIONS OF METABOLIC SYNDROME
IDF (increased waist
NCEP/ATP 111 WHO 1999 (impaired glucose circumference plus
(3 of 5 criteria requlation or hyperinsulinemia any 2 of other 4
Risk factors necessary)? and 2 or more criteria necessary)? criteria)®
Fasting glucose =110 mg/dL =110 mg/dL =110 mg/dL
Prandial glucose >140 mg/dL
Hyperinsulinemia Fasting serum insulin: third
quartile for control group
Hypertriglyceridemia® =150 mg/dL =150 mg/dL =150 mg/dL
Low HDL
Men <40 mg/dL <35 mg/dL <40 mg/dL
Women <50 mg/dL <39 mg/dL <50 mg/dL
Abdominal obesity waist: hip ratio
Men >102 cm >09in =94 cm
Women >88 cm >0.85 in =80 cm
Hypertension® =130/=85mm Hg  =140/=90 mm Hg =130/=85 mm
Microalbuminuria =20 pg/min

“World Health Organization. Definition, diagnosis and classification of diabetes mellitus and its complications:
report of a WHO consultation. Part 1: diagnosis and classification of diabetes mellitus. Geneva, Switzerland: World

Health Organization, 1999.

*Considered positive criteria if person is on medications for lipids, hypertension, or hyperglycemia regardless of

value.

Abbreviations: NCEP/ATP III, National Cholesterol Education Program/Adult Treatment Panel III; WHO, World
Health Organization; IDF, International Diabetes Federation; HDL, high-density lipoprotein.

Obesity and Cancer

Obesity, which is a component of metabolic syndrome,
has been associated with high risks of cancers at the multi-
ple sites. Accumulating epidemiologic evidence shows that
excess body weight is associated with an increased risk of
several common adult cancers. An association between obe-
sity or an incremental increase in body mass index (BMI)
and an increased cancer risk have been reported for colon
cancer (men and women) and rectal cancer (men only),"liver
cancer,'! multiple myeloma,”> non-Hodgkin’s lymphoma,’
gallbladder,!* pancreatic cancer,®leukemia,' ovarian,"” breast
cancer,'® and endometrial cancer.’? A recent study from the
United Kingdom showed that increasing BMI was associated
with an increased incidence of endometrial cancer (trend in
relative risk per 10 units = 2.89, 95% confidence interval [CI]
2.62-3.18), adenocarcinoma of the esophagus (2.38, 1.59-3.56),
kidney cancer (1.53, 1.27-1.84), leukemia (1.50, 1.23-1.83),
multiple myeloma (1.31, 1.04-1.65), pancreatic cancer (1.24,
1.03-1.48), non-Hodgkin’s lymphoma (1.17, 1.03-1.34), ovarian
cancer (1.14, 1.03-1.27), all cancers combined (1.12, 1.09 —1.14),
breast cancer in postmenopausal women (1.40, 1.31-1.49), and
colorectal cancer in premenopausal women (1.61, 1.05-2.48).2
The same study also examined the status of menopause and
BMI on different cancers in women, with an increased risk
of colorectal cancer and malignant melanoma in premeno-
pausal women and an increased risk for breast and endo-
metrial cancers in postmenopausal women.?! Although the
molecular mechanisms and the pathophysiology responsible
are not fully understood, the most likely important mech-
anism seems to be insulin resistance. Chronic elevation of
insulin is associated with the increased availability of insu-
lin-like growth factor-1 (IGF-I). Other possible mechanisms
include increased oxidative stress associated with obesity,
which is especially relevant to obesity-related renal cancer.??

Recently, the same authors have implicated lipid peroxidation
in the anticarcinogenic effect of suspected protective factors
in breast cancer, such as soy, marine n-3 fatty acids, green tea,
isothiocyanates, and vitamin D and calcium.” Recent studies
in the literature also have focused on excess adiposity and
cancer outcome.

It is not surprising to note that increased adiposity may
have a negative effect on treatment outcome and ultimate
survival, because obesity has been found to be a negative
prognostic factor for breast cancer? and colon cancer.?2

Hyperglycemia and Cancer

Hyperglycemia has also been linked to cancers in recent
years independent of BMI. In 1990, the relationship between
postload plasma glucose (after 50 grams of oral glucose) and
12-year cancer mortality was studied in 11,521 white men and
8591 white women aged 35-64 years upon enrollment in the
Chicago Heart Association Detection Project (an industry-
sponsored study). Hyperglycemia was related to cancer mor-
tality in men, but not in women, after controlling for age,
BMI, smoking, serum cholesterol, systolic blood pressure,
education, and antihypertensive treatment.”” Since then, var-
ious studies have confirmed these findings both in men and
women.?? Recently, a prospective study in Sweden involving
74,207 men and women showed a modest reduction in prostate
cancer risk in conjunction with diabetes and no significant
association between hyperglycemia and cancer risk in men.
However, after exclusion of prostate cancer (which accounted
for two thirds of all male cancers), the data became weakly
positive for an association with cancers in men. In women,
hyperglycemia was associated significantly with cancer risk.
There was also a significant increased risk of pancreatic cancer
and malignant melanoma in both sexes and an increase risk
of endometrial and breast cancer in women.*
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Epidemiological studies suggest that men with type 2
diabetes are less likely than nondiabetic men to develop
prostate cancer. Recent genetic studies have highlighted a
potential genetic link between the two diseases. Two studies
have identified a version (allele) of a variant in the HNF1B
(also known as TCF2) gene that predisposes people to type
2 diabetes, and one of them showed that the same allele
protects men from prostate cancer.® Colorectal carcinoma
and type 2 diabetes mellitus share common risk factors.
and type 2 diabetes mellitus is associated with an increased
risk of colorectal cancer. The increased risk occurs in both
sexes.?>%® The hyperinsulinemia hypothesis is based on the
premise that elevated plasma levels of insulin and free IGF-1
promote the proliferation of colon cells and confer a survival
benefit upon transformed colon carcinoma cells. Chronic in-
sulin therapy was associated with increased colorectal ade-
noma risk among type 2 diabetes mellitus patients.>35

Dyslipidemia and Cancer

Dyslipidemia along with metabolic syndrome has been
associated with multiple cancer risks. A recent prospec-
tive study from the United States examined the association
between baseline plasma high-density lipoprotein choles-
terol (HDL-C) levels and the incidence of lung cancer in
14,547 members of the Atherosclerosis Risk in Communities
(ARIC) cohort. The hazard ratio of lung cancer incidence in
relation to low HDL-C, adjusted for race, gender, exercise,
alcohol consumption, BMI, triglycerides (TG), age, and cig-
arette pack-years of smoking, was 1.45 (95% CI 1.10, 1.92).36
Extremely low levels of HDL (=20 mg/dL) are associated
with an increased risk of malignancy with an odds ratio of
6.68 (95% CI 1.8-24.5, P = 0.004).¥” Low serum low-density
lipoprotein cholesterol (LDL-C) levels (=70 mg/dL) are
associated with increased odds of developing hematologi-
cal cancer by more than 15-fold (OR 15.7, 95% CI 1.78-138.4,
P =0.01). High TG have been shown to be associated with
increased risk of postmenopausal breast and prostate cancer
in multiple studies.**° Other components of metabolic syn-
drome, such as hypertension and elevated WC, have been
also been linked modestly with cancer risk.

The following sections will discuss the available epide-
miological data related to individual cancers as below.

Colorectal cancer

Epidemiologic data strongly support the observation that
people with the metabolic syndrome are at increased risk
of colon cancer and adenoma.*-* Most of the studies do not
clarify which component or components of the metabolic
syndrome appear to have an additive effect on the devel-
opment of colon cancer.* In a Korean study, of all the indi-
vidual metabolic syndrome components, abdominal obesity
independently increased the risk for colonic precancerous
lesions.** A large study involving 368,277 participants found
that among men, weight and BMI were associated with a
higher risk of colon cancer (weight =90.0 kg vs. <71 kg, rela-
tive risk [RR] = 1.43,95% CI = 1.02-2.02; BMI =294 kg/m? vs.
<23.6 kg/m? RR = 1.55, 95% CI = 1.12-2.15), but not among
women. In both sexes, WC was positively related to risk of
colon cancer (for men =103.0 cm vs. <86.0 cm], RR = 1.39, 95%
CI = 1.01-1.93; for women [=89.0 cm vs. <70.2 cm], RR = 148,
95% CI = 1.08-2.03).#
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Data from Physicians” Health Study (22,046 male physi-
cians) showed that after adjusting for the increased preva-
lence of metabolic abnormalities with increasing age as well
as after additional adjustment for all variables, the hazard
ratios (HR) for two metabolic abnormalities and three or four
metabolic abnormalities compared with no metabolic abnor-
mality were both 1.4. For each metabolic abnormality sepa-
rately, a BMIof =27 kg/m? and diabetes were independently
associated with an increased risk for colorectal cancer with
HRs of 1.4 (95% CI, 1.1-1.7) and 1.5 (95% CI, 1.1-2.0), respec-
tively. Elevated blood pressure was associated with an only
slight increase inrisk (HR, 1.1; 95% CI, 0.9-1.3), and hyper-
cholesterolemia was associated with a slightly decreased
risk for colorectal cancer with a HR of 0.9 (95% CI, 0.7-1.1).#
Any such association in women is much weaker and con-
troversial. Data analysis from nurse’s health study showed
after adjustment for age, that a history of diabetes was sig-
nificantly associated with increased risk of colorectal cancer.
The age-adjusted RR was 1.53 (95% CI = 1.18-1.99; P = 0.001).%°
Another study involving postmenopausal women in the
Iowa Women'’s Health Study (n = 35,230) showed that after
adjusting for age, BMI, and other potential confounding vari-
ables, the RR for women with diabetes mellitus (DM) versus
women without DM was modestly increased at 1.4 (95% CI,
1.1-1.8). By anatomic subsite, the RR for proximal colon can-
cer was statistically significantly increased (RR, 1.9; 95% ClI,
1.3-2.6), whereas the RRs for distal colon (RR, 1.1; 95% CI,
0.6-1.8) and rectal cancer (RR, 0.8; 95% ClI, 0.4-1.6) were not
statistically different from unity.’! Thus, most of the data in
women show some association with hyperglycemia but not
BML. It appears that waist circumference (WC) in women
is more related to increased incidence of colon cancer than
BMI is. One possible explanation is higher estrogen levels
in obese women and use of hormone replacement therapy
(HRT) as a confounding variable affecting the results.

Although the evidence is not yet conclusive, epidemio-
logic and animal evidence tends to support more strongly
a direct role of hyperinsulinemia, as compared with other
aspects of the insulin resistance syndrome for colon cancer
risk.”? The mechanism underlying this association with
hyperinsulinemia remains unknown; however, it may in-
volve the influence of hyperinsulinemia in enhancing free
or bioavailable insulin-like growth factor-1 (IGF-1) concen-
trations, which have been related to cancer risk.”

Prostate cancer

The association between prostate cancer and BMI is con-
troversial. In a large retrospective study, the magnitude
of increased risk in relation to BMI was modest; the RR
of obese men (BMI = 30) compared with those of normal
weight was 1.09 (95% CI, 1.04-1.15). However, the RR at age
50-59 years was 1.58 (95% CI, 1.29-1.94) in men who became
obese around age 45 years compared with those of normal
weight.>* In a prospective study, Wolk et al. noted a positive
relationship in cases diagnosed before age 60 and a negative
relationship after age 80.° A meta-analysis from Australlia
that included 31 cohort studies and 25 case—control studies
showed that overall RR for BMI was 1.05 per 5 kg/m? incre-
ment (95% CI, 1.01-1.08). For studies that reported results by
stage of disease, the RRs were greater for advanced disease
(RR 1.12 per 5 kg/m? increment; 95% CI, 1.01-1.23) compared
with localized disease (RR 0.96 per 5 kg/m? increment; 95%
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CI, 0.89-1.03), P = 0.02. Height was also positively associated
with risk.*® In contradiction to the above data, the findings
from the population-based case—control study reported
by Robinson et all showed that obesity (BMI = 30 kg/m?)
tended to be inversely associated with prostate cancer (odds
ratio [OR] = 0.79; 95% CI, 0.46). The decreased risk was more
pronounced at ages 2029 years (OR = 0.53; 95% CI, 0.28).
Although these data have not been supported by other tri-
als, the possible mechanisms may be changes in the free tes-
tosterone levels in early adulthood and associated changes
in prostate morphology.” Data from Cancer Prevention
Study II Nutrition Cohort followed between 1992 and 2003
showed that the association between BMI in 1992 and risk
of prostate cancer differed by stage and grade at diagnosis.
BMI was inversely associated with risk of nonmetastatic
low-grade prostate cancer (RR, 0.84; 95% CI, 0.66-1.06), but
positively associated with risk of nonmetastatic, high-grade
prostate cancer (RR, 1.22; 95% CI, 0.96-1.55) and risk of met-
astatic or fatal prostate cancer (RR, 1.54; 95% CI, 1.06-2.23).
Compared with weight maintenance, men who lost more
than 11 pounds between 1982 and 1992 were at a decreased
risk of nonmetastatic, high-grade prostate cancer (RR, 0.58;
95% CI, 0.42-0.79) [58]. The relationship between prostate
cancer and diabetes is more complex. Data from most epi-
demiological studies, such as the Northern Sweden Health
and Disease Cohort, show that the risk was nonsignificantly
inversely related to glucose levels. A modest decrease in
prostate cancer risk has been consistently observed in men
with diabetes.30%

Metabolic syndrome and breast cancer

The incidence of breast cancer, type 2 diabetes, and met-
abolic syndrome has increased over the past few decades as
a result of the obesity epidemic in both industrialized and
developing countries. In a systematic review of epidemio-
logic studies of diabetes and the risk of breast cancer, Xue
et al. noted a modest link between type 2 diabetes and the
incidence of breast cancer. A meta-analysis of all available
studies indicates that women with a history of diabetes
have an approximately 16% higher risk of developingbreast
cancer than do nondiabetic women, and this risk was most
pronounced among postmenopausal women and those
with type 2 diabetes.®” There has also been abundant data
showing that various components of metabolic syndrome
and insulin resistance are associated with elevated risk of
postmenopausal breast cancer, including fasting insulin lev-
els, abdominal obesity, and lipid profile.®® The biochemical
mechanisms include extraglandular estrogen production,
reduced sex hormone-binding globulin with consequent ele-
vation of the bioactive plasma free estradiol, and increased
insulin biosynthesis, all of which exert mitogenic effects on
both untransformed and neoplastic breast epithelial cells.®?
Current evidence supports the idea that a healthy lifestyle,
including maintaining a healthful body weight, regular
physical activity,and a healthy diet, can counter the growing
epidemic of obesity, type 2 diabetes, and possibly breast can-
cer. Future studies are warranted to clarify the mechanism(s)
responsible for the associations among type 2 diabetes, met-
abolic syndrome, and breast cancer and to develop effective
intervention programs to prevent diabetes and breast can-
cer by promoting a healthy lifestyle. Data have confirmed
the presence of metabolic syndrome as marker of poor
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prognosis in patients with breast cancer. In Italy, in 2006,
one group tested the prognostic value of metabolic syn-
drome in 110 postmenopausal breast cancer patients, who
participated in a 1-year dietary intervention study. The risk
of adverse events after 5.5 years of follow up was examined
using Cox’s proportional hazard modeling, adjusting for
hormone receptor status, stage at diagnosis, and serum tes-
tosterone level, all of which were shown to affect prognosis
significantly. The adjusted HR for recurrence in the presence
of metabolic syndrome at baseline was 3.0 (95% CI, 1.2-7.1).®
High BMI is associated inversely with risk of premenopausal
breast cancer but positively with postmenopausal cancer in
most available data.?¢*

Pathophysiology

Peroxisome proliferator-activated receptors and
cancer

Peroxisome proliferator-activated receptors (PPARs) are
ligand-activated transcription factors that belong to the nu-
clear hormone receptor superfamily. These PPARs comprise
three subtypes, PPARa, PPARS (also known as PPARB), and
PPARy, with a high degree of sequence conservation of each
subtype across various species characterized. PPARs are
linked to metabolic disorders and are interesting pharmaceu-
tical targets. Recent evidence suggests that PPAR modulators
may have beneficial effects as chemopreventive agents.®>-¢
PPARa«, mainly expressed in the liver, activates fatty acid ca-
tabolism and has been used to treat dyslipidemia to lower
plasma TG concentration. PPARS is expressed ubiquitously
and is implicated in fatty acid oxidation and keratinocyte
differentiation. PPARS agonists might form effective drugs
for obesity, diabetes, and cardiovascular disease. PPARy is
involved in glucose metabolism through the improvement
of insulin sensitivity and represents a potential therapeutic
target of type 2 diabetes. PPARY2 is expressed exclusively in
adipose tissue and plays an important role in adipocyte dif-
ferentiation. Thus, PPARs are molecular targets for the devel-
opment of drugs treating metabolic syndrome. PPARs also
play a role in the regulation of cancer cell growth (Table 2).
The majority of studies in this field implicate PPARy activa-
tion as an antitumorigenic and prodifferentiation factor, in
contrast to the protumorigenic and less differentiated phe-
notype resulting from PPARS activation.®® There is emerg-
ing evidence that the nuclear receptor PPARy interacts with
transcriptional factors to modulate cytokine production and
action in immunity, inflammation, autoimmune diseases,
and tumors. PPARy regulation may occur at the levels of
gene expression of cytokines themselves and their receptors
or cytokine-mediated signaling transduction pathways in
immune cells and cancer.

The crosstalk between PPARs and cytokine signaling
pathways mediating inflammatory effects at the cellular level
is also effective for inducing the expression of PPAR genes.
The molecular basis of this interaction has remained elusive,
despite the proposal of several distinct mechanisms. One of
the most important mechanistic aspects is protein—protein
interaction through a direct or cofactor-mediated indirect
manner. On the basis of insights into the mechanisms on
interaction between these two distinct families of transcrip-
tional factors activated by different signaling pathways, new
targeting drug design and/or therapeutic strategies will be
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TaBLE 2. CANCERS THAT HAVE EVIDENCE OF
PPAR-y EXPRESSION

Skin-related cancers
Melanoma
Squamous cell carcinoma
Liposarcoma
Endocrine cancers
Pituitary tumor
Thyroid cancer
Adrenocortical carcinoma
Gastrointestinal cancers
Colonic tumor
Esophageal tumor
Gastric cancer
Pancreatic cancer
Hepatocellular carcinoma
Genito-urinary cancers
Testicular cancer
Breast tumor
Cervical carcinoma
Prostate cancer
Bladder cancer
Renal cell carcinoma
Other cancer
Lung tumor
Neuroblastoma

Abbreviation: PPAR-y, Peroxisome proliferator-activated
receptor-y.

discovered and developed for treatment of cytokine-related
diseases ranging from inflammation to cancer.®

Insulin resistance

Hyperinsulinemia or insulin resistence is believed to be
the primary mechanism responsible for most of the mani-
festations of metabolic syndrome. Insulin is a major anabolic
hormone that can stimulate cell proliferation. Adiposity
induces adverse local and systemic effects that include ad-
ipocyte intracellular lipid accumulation, endoplasmic retic-
ulum and mitochondrial stress, and insulin resistance, with
associated changes in circulating adipokines, free fatty acids,
and inflammatory mediators. Excess caloric intake and in-
adequate physicalactivity lead to an obesity epidemic and its
related health consequences. In a study of insulin and fast-
ing glucose and risk of recurrent colorectal adenomas, Flood
et al. noted that patients with increased insulin and glucose
are at higher risk of adenoma recurrence, and, for those with
increased glucose, the increase in risk for recurrence of ad-
vanced adenomas is even greater.%

Because there have been abundant data showing overex-
pression of IGF-1 receptors on multiple human cancers, it is
believed that the effects of insulin on cancer cell proliferation
in vivo may involve an indirect mechanism, such as IGF-1
stimulation. Growth hormone is the primary stimulus for
IGF-1 production in the liver and insulin can stimulate IGF-1
production by up-regulating growth hormone receptors
in the liver. Hyperinsulinemia can also increase IGF-1 bio-
availability by decreasing hepatic secretion of IGF-binding
protein (IGFBP)-1 and -2.# IGF-1 has important proliferative
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and antiapoptotic effects in tumorigenesis. Angiogenesis is
also stimulated by IGF-1 because it increases vascular endo-
thelial growth factor (VEGF) production, which has been
shown in breast and colon cancer cell lines. Activation of the
IGF-1 receptor also stimulates the p21 ras/MAPK pathway
for cell proliferation and the PI3K/AKT cell survival path-
way.”%”! Hyperinsulinemia and IGF-1 are also believed to
inhibit the synthesis of the sex hormone-binding globulin
(SHBG), increasing levels of free sex hormones and promot-
ing sex hormone-dependent cancers such as breast, endome-
trial, and prostate cancers.”? Also increasing evidence exists
now that castration therapies used in prostate cancer may
lead to hyperinsulinemia and raises concern for potential
recurrence risk.”> Thus, hyperinsulinemia has been linked
to neoplastic proliferation of various organ cells (Fig. 1).

Various population-based studies are available in
humans showing a link to insulin resistance or hyperinsu-
linemia with various epithelial cancers. Initial studies done
in prostate cancer showed a correlation with plasma IGF-1
levels.” Subsequently, various studies have confirmed high
levels of IGF-1 and insulin levels associated with prostate
cancer risk prospectively.”>77 A link between breast cancer
risk and hyperinsulinemia (measured by fasting C-peptide
levels) has been shown mainly in postmenopausal breast
cancer.”® High insulin levels have also been shown to be
associated with risk of endometrial cancer independent of
estradiol.”

Cytokines and prostaglandins

Cyclooxygenase and cancers. Cyclooxygenase-2 (COX-2)
is an inducible enzyme produced by many cell types in
response to multiple stimuli. Recently, COX-2 overexpres-
sion has been found in several types of human cancers, such
as colon, breast, prostate, and pancreas, and appears to con-
trol many cellular processes. The contribution of COX-2 to
carcinogenesis and the malignant phenotype of tumor cells
have been thought to be related to its abilities to: (1) increase
production of prostaglandins, (2) convert procarcinogens to
carcinogens, (3) inhibit apoptosis, (4) promote angiogene-
sis, (5) modulate inflammation and immune function, and
(6) increase tumor cell invasiveness.®* Among many solid
tumors, pancreatic cancer has the worst prognosis, and
inflammation has been identified as a significant factor in
the development of pancreatic malignancy.

COX-2 and colon cancer. Although COX-2, the inducible iso-
form, is regularly expressed at low levels in colonic mucosa,
its activity increases dramatically following mutation of the
adenomatous polyposis coli (APC) gene, suggesting that
B-catenin/T cell factor-mediated Wnt signaling activity may
regulate COX-2 gene expression. In addition, hypoxic condi-
tions and sodium butyrate exposure may also contribute to
COX-2 gene transcription in human cancers.®! Because of its
role in carcinogenesis, apoptosis, and angiogenesis, it is an
excellent target for developing new drugs with selectivity
for prevention and/or treatment of human cancers.®

Several cytokines, reactive oxygen species (ROS), and
mediators of the inflammatory pathway, such as activation
of nuclear factor-«kB (NF-«kB) and COX-2, lead to an increase
in cell proliferation, survival, and inhibition of the proapop-
totic pathway, ultimately resulting in tumor angiogenesis,
invasion, and metastasis.
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FIG. 1.

Insulin resistance and premenopausal breast cancer. Abbreviations: SHBG, sex hormone-binding globulin; IGF,

insulin-like growth factor; GH, growth hormone; HDL, high-density lipoprotein cholesterol.

Proinflammatory cytokines

Obesity is associated with both hypertrophy of preex-
isting adipocytes and hyperplasia due to the formation of
new adipocytes. These clusters of adipocytes become hyp-
oxic and secrete cytokines to stimulate angiogenesis into the
adipose tissue. These adipocytes secrete a number of pro-
inflammatory cytokines such as tumor necrosis factor-
oTNF-q, interleukin-6 (IL-6), IL-8, IL-10, macrophage inflam-
matory protein 1 (MIP-1), and monocyte chemoattractant
protein-1 (MCP-1). These cytokines secreted by adipocytes
are known to promote insulin resistance and increase circu-
lating TG, features of the metabolic syndrome.

Inflammation has also been linked to many types of
cancer, such as gastric, pancreatic, esophageal, liver, blad-
der, and colorectal cancers, because it influences growth,
apoptosis, and proliferation of tumor and stromal cells.
Increased circulating cytokines from adipocytes promote
cancer progression by contributing to inflammation and
ROS formation. Proinflammatory cytokines implicated in
carcinogenesis include IL-1, IL-6, IL-15, colony-stimulating
factors, TNF-o, and the macrophage migration inhibitory
factor. IL-6 is the key growth and survival factor of multiple
myeloma (MM) cells, and is particularly involved in the or-
igin of all benign and malignant plasma cell expansions as
well as MM cell resistance. Humoral cytokines promote me-
tastasis in hepatocellular carcinoma. Likewise, a signature
consisting of 11 cytokine genes in the lung environment
predicted lymph node metastasis and prognosis of lung ad-
enocarcinoma, with IL-8 and TNF-a as the top two genes
for predicting prognosis. IL-8 can have angiogenic activi-
ties in several cancers, including non-small cell lung cancer,
and can function as a positive autocrine growth factor. Both
TNF-o and IL-6 contributed to chemically induced skin
tumors and lymphomas in mice.

Collectively, cytokines are considered as a linker between
inflammation and cancer. Cytokines, ROS, and mediators
of the inflammatory pathway (e.g., NF-kB and COX-2) have

been shown to increase cell cycling, cause loss of tumor sup-
pressor function, and stimulate oncogene expression and
lead to cancers. Positive feedback mechanisms between
estrogens and inflammatory factors may exist in the breast
and contribute to hormone-dependent breast cancer growth
and progression.® Prostaglandin E synthase (PTGES) is also
up-regulated by the proinflammatory cytokines TNF-a or
IL-1B. Cytokines can enhance estrogen receptor (ER) activity
and PTGES expression through the NF-«B pathway and
cytokines can act to up-regulate aromatase expression as
well as 17B-hydroxysteroid dehydrogenase activity in breast
tissue, thereby leading to a further increase in E2 produc-
tion.®® Because insulin resistance is directly related to the
metabolic syndrome and cancer development, adipokines
may play a crucial role in linking these two diseases.

Role of adiponectin

Adiponectin, which is also referred to as ACP30
(Acrp30), is secreted predominantly by white adipose tis-
sue.®* Circulating concentrations of adiponectin are reduced
in obesity and type 2 diabetes and have a strong inverse
association with central obesity, independent of age, meno-
pausal status, and estradiol concentrations.®> Adiponectin is
considered to have beneficial antineoplastic effects, which
are believed to be due to antiproliferative, antiinflamatory
effects, along with antagonizing insulin resistance.®® In a
recent study, adiponectin was shown to act on preneoplastic
colon epithelial cells to regulate cell growth via two distinct
pathways inhibiting leptin-induced NF-kB-dependent auto-
crine IL-6 production and trans-IL-6 signaling in a model
of preneoplastic (IMCE) colon epithelial cells.®” In a number
of epidemiological studies, adiponectin levels have been
linked to breast cancer and are believed to inhibit breast
cancer cell proliferation in vivo. This effect may be due to
adiponectin-triggered cellular apoptosis in MDA-MB-231
breast cancer cells in the presence of 17B-estradiol. These
findings may suggest that a cross-talk between adiponectin
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and estrogen receptor signaling exists in breast cancer cells
and that adiponectin effects on the growth and apoptosis of
breast cancer cells in vitro are dependent on the presence of
17B-estradiol.®® Circulating adiponectin concentrations are
inversely correlated with the incidence of endometrial car-
cinoma in epidemiological studies. A recent study investi-
gated the direct effects of adiponectin on two endometrial
carcinoma cell lines, HEC-1-A and RL95-2. Adiponectin
treatment led to suppression of cell proliferation in both cell
types, which was primarily believed to be due to the signifi-
cant increase of cell populations at G,/G, phase and second-
ary to the induction of apoptosis.®

Data on adiponectin levels in prostate cancer are more
conflicting. Adiponectin may act as a novel inhibitor in
prostate cancer cell growth.? More published data show that
adipokines may contribute to the molecular basis for the
association between obesity and prostate cancer. However,
data from a small case—control study performed in Turkey
by Goktas et al.”! showed a relationship between hypoadi-
ponectinemia and carcinoma of the prostate. Plasma adi-
ponectin levels were significantly lower in a group of 30
prostate cancer patients than in 41 patients with benign
prostatic hyperplasia and 36 healthy controls. Furthermore,
the adiponectin concentrations were inversely correlated
with the tumor grade and disease stage. An important fea-
ture of this study was that obese males were excluded from
the study and that BMI was not statistically different among
all three groups. However, further prospective studies have
failed to show this association.”? Epidemilogical data have
also shown a link between adiponectin levels and renal cell
cancer,” leukemia,’* and certain lymphomas.”

Therapeutic Considerations

Therapeutic considerations need to focus on reduction
of the risk factors. Various therapeutic interventions for
weight reduction and healthy life style have been linked to
a reduced cancer risk in the general population. A recently
published study assessing mortality after bariatric surgery
showed a significant decrease in mortality from cancer-
related deaths in the bariatric surgery group compared both
with all subjects and matched subjects. The HRs were 0.38
and 040, respectively, which were statistically significant
values (P < 0.001).°

Metformin is the insulin sensitizer used primarily in
the treatment of type 2 diabetes mellitus. When compared
with other insulin secretogauges like sulfonylurea or in-
sulin, it appears to confer a cancer-protective effect in di-
abetic individuals believed to be secondary to decreasing
insulin resistance.”” This was validated from the data from a
population-based cohort in Canada, reported in Diabetes
Care, which showed that patients with type 2 diabetes
exposed to sulfonylureas and exogenous insulin had a sig-
nificantly increased risk of cancer-related mortality com-
pared with patients exposed to metformin.”

Anticytokine vaccines, inhibitors of proinflammatory
NF-kB and COX-2 pathways, thiazolidinediones, and anti-
oxidants are potentially useful for the prevention or treat-
ment of pancreatic cancer. Similarly epidemiologic studies
have documented a 40-50% reduction in the incidence of
colorectal cancer in individuals taking nonsteroidal anti-
inflammatory drugs (NSAIDs). The long-term use of COX-
2-selective inhibitors has, unfortunately, demonstrated
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cardiovascular toxicity, so their use in cancer prevention
and therapy is currently questionable. However, there is
evidence suggesting that further development of novel
COX-2-selective agents is needed for the prevention and/or
treatment of human cancers, especially pancreatic cancer.
PPARs are molecular targets for the development of drugs
treating metabolic syndrome. However, PPARs also play a
role in the regulation of cancer cell growth. Recent evidence
suggests that PPAR modulators may have beneficial effects
as chemopreventive agents.”

Conclusions

Available evidence from epidemiological, clinical, trans-
lational, and experimental studies supports the hypothesis
that metabolic syndrome or components of metabolic syn-
drome may be important etiologic factors for certain cancers,
progression of some cancers as well as altering the outcome
of some cancers. While research continues to work toward
preventing cancers, nutritional and lifestyle modifications
may alleviate metabolic syndrome and reduce the risk.
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