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Abstract

Introduction

Obesity and the metabolic syndrome are emerging risk factors for breast
cancer. They are associated with increased incidence, an increased recurrence
rate and a poorer prognosis. Despite this epidemiological evidence to suggest
the associations between the two, very little data is forthcoming regarding the
molecular mechanisms to link obesity with breast cancer. Adipose tissue is
known to produce various chemokines, cytokines and peptides, collectively
called ‘adipokines’. The production of these adipokines is directly related to
obesity status. In particular, leptin and adiponectin have stimulated great
interest as their biological and pathophysiological properties are largely in
opposition to one another. Furthermore it is postulated they function in an
endocrine, paracrine or autocrine pathway to influence aspects of cancer
progression. We hypothesise that adipokines are produced by mammary
adipose tissue and that obesity status influences the production of these growth
factors. We further propose that obesity status influences adipokine expression

in human breast cancer tumour tissue.

Methods

A breast cancer biobank was established with specific concentration on
gathering information on anthropometric and serological markers of obesity
and the metabolic syndrome. Adipose conditioned media (ACM) was produced
from harvested mammary adipose tissue from mastectomy samples. Using
three breast cancer cell lines (MCF-7, MDA-MB-231 and T47-D), the

influence of ACM from normal weight and metabolic syndrome patients on
iii



various aspects of cancer progression was examined. Gene expression changes
were investigated using cancer pathway profiler arrays to explain results
observed using a co-culture model. Finally, the mRNA expression of
adipokines and their ligand receptors was determined in mammary adipose and
tumour tissue to examine the influence of obesity status, in particular metabolic

syndrome status on gene expression.

Results

ACM from metabolic syndrome patients stimulated increased cell proliferation
and invasion compared to normal weight cancer patients. Gene expression
profiling revealed increased expression of genes involved in
invasion/metastasis, cell signalling/transduction and angiogenesis. mRNA
expression of leptin in mammary adipose tissue and leptin receptor in tumour
tissue was increased in metabolic syndrome patients compared to normal

weight women.

Conclusion

Our hypothesis sought to evaluate the effect of obesity status on mannmary
adipose tissue to establish a paracrine mechanism of action for adipokimes in
breast cancer. We concluded that mammary adipose tissue is under the
influence of obesity status, principally by the presence of the metabolic
syndrome. Furthermore, in tumour tissue, the metabolic syndrome induces
increased expression of the leptin receptor. Further work is required to
delineate the molecular mechanisms and alteration induced by obesity status.
Understanding these mechanisms will allow for therapeutic intervemtions,

either as preventative measures or as adjuvant treatments.
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Chapter 1:
General Introduction



1.1 Breast cancer epidemiology

Breast cancer is the commonest, non-dermatological malignancy
diagnosed in women in Ireland. It accounts for 30% of all invasive cancers and
18% of all cancer deaths in women (National Cancer Registry, 2010) . On
average 2,700 women are diagnosed with breast cancer each year.
Approximately 1 in 12 women are at risk of developing the disease. Over the
next 25 years (2010-2005), breast cancer is projected to increase by between

120% — 206% (National Cancer Registry, 2008).

The incidence of breast cancer in the western populations increases
steadily with age until a plateau at approximately 50 years, after which
incidence increases again at a more gradual rate. This pattern is explained by
the existence of two distinct types of breast cancer, delineated by menopausal
status. Other recognised factors influencing incidence include familial history
of breast cancer (including genetic mutation, BRCA 1 and BRCA 2),
particularly in first degree relatives. 90% of breast cancer cases have no family
history. Nulliparous women and women whose first full-term pregnancy was
after 35 years have a slightly increased risk compared to multiparous women.
Late menarche and artificial menopause are associated with a lower incidence,
whereas early menarche (<12 years) and late menopause (>50years) are
associated with increased incidence. Endometrial cancer is also a risk factor for

breast cancer as is previous cancer in the contralateral breast. More recent




developments have identified that dietary factors, western diet and obesity are

contributory to increased incidence of breast cancer.

1.2 Obesity/ Metabolic syndrome epidemiology

Obesity is now a public health issue of global proportions. In
Ireland, the obesity epidemic is gathering pace (Fig 1.1). Currently 33% of
women are considered overweight (BMI with a further 26% classed as being

obese (BMI >30) (Morgan K, 2008).

There are multiple methods of defining overweight or obesity
status. Body fat distribution is a major factor in the definition of obesity and
each specific depot has its own characteristics (Jensen, 2008). One may
denote the adipose compartments of the body as lower body fat (adipose tissue
caudad to the inguinal ligament and iliac crests and is composed of
subcutaneous gluteal and upper thigh); upper body subcutaneous (superficial
and deep abdominal) and intra-abdominal (visceral/omental). Upper abdominal
obesity, incorporating the visceral adipose depot is measured most accurately
(non-invasively) by waist circumference (WC). Body mass index (BMI) is a
marker for general adiposity. Other potential anthropometric measurements
that may be used include Visceral Fat Area and Waist Hip Ratio. In this body
of work, BMI and waist circumference measurement are predominantly
recorded and discussed. They are the predominant measurements used in
obesity research and are also incorporated into the metabolic syndrome

3



definition (see below). Table 1.1 delineates obesity cut-off points for BMI and

WC. BMlI is calculated by the formula:

BMI (kg/m’) = Weight (kg)
Height (m)2

Table 1.1 Definition of Obesity by BMI and Waist Circumference

Status BMI Waist Circum.
Normal 19.0 -24.9 <80cm
Overweight 25.0-29.9

Obese 230.0 =>80cm




1985-89

1990-1934

Fig. 1.1 Increasing obesity rates in Europe from 1985-2005. Adapted from

(Morgan et al, 2008)

The sequelae of obesity are multitudinous, including, among them
cardiovascular, peripheral vascular and renal disease. An important
consequence of obesity is insulin resistance and diabetes. As obesity increases
worldwide, a pattern of disease was identified using a clustering of closely

5




related cardiovascular risk factors. Originally denoted as the Syndrome X, it
was diagnosed by the presence of risk factors including: Insulin resistance,
hyperglycaemia, hypertension, low HDL- (high density lipoprotein)
cholesterol and high LDL—(low density lipoprotein) cholesterol (Reaven,
1988). This constellation of risk factors was associated with much higher
incidence of cardiovascular disease (Coronary artery disease, myocardial
infarction) and type 2 diabetes mellitus (T2DM). The risk factors used to
identify this syndrome have subsequently been refined and renamed as the

metabolic syndrome.

Hyperinsulinaemia is a biomarker for insulin resistance and is a
feature of the metabolic syndrome and precursor to T2DM. It can be calculated
using the Homeostasis Model for assessment of Insulin Resistance (HOMA-
IR) (Matthews et al, 1985) . Insulin concentrations are correlated to increasing
waist circumference and BMI (Carnethon et al, 2002; Ross et al, 1996). The
definition of metabolic syndrome used in this thesis is that published by the
International Diabetes Federation (IDF) (Alberti et al, 2005) and is described
in table 1.2. In Ireland, at present, the incidence of the metabolic syndrome in

the general female population is 14% (Waterhouse et al, 2009).




Table 1.2 Metabolic Syndrome Definition (IDF 2005)

Central Obesity

Waist Circumference 280 cm

Plus any two:

1) Raised Triglycerides > 1.7mmol/L

2) Reduced HDL-cholesterol < 1.29 mmol/L

Or specific treatment for lipid abnormality

3) Raised Blood pressure Systolic 2 130mmHg
Diastolic 2 85SmmHg

Or specific treatment for previously diagnosed hypertension

4) Raised fasting glucose >5.6 mmol/L

Or previously diagnosed T2DM

1.3 Obesity in breast cancer: Epidemiological

evidence

It has been long recognised that obesity is associated with multiple
cancer types (Simopoulos, 1987). It is only recently that this association has
been rigorously examined in epidemiological literature. The International
Agency for Research into Cancer (IARC) concluded that excess body weight
contributed to an increased risk of developing several cancer types (Bergstrom
et al, 2001). In 2007, the World Cancer Research Fund reviewed a large body
of literature and concluded that there was convincing evidence that body

fatness is associated with an increased risk of oesophageal adenocarcinoma and
pd



cancers of the pancreas, colorectum, endometrial, kidney and post menopausal

breast cancer (WCREF, 2007).

Leading on from this data, it is now established that obesity is a
strong risk factor for post-menopausal breast cancer. Using BMI as a marker,
being overweight leads to a relative risk (RR) of 1.3 to the development of
post-menopausal breast cancer, while being obese (BMI >30) leads to 1.5 RR.
In other terms, being obese increases the risk of developing cancer by between
30-50% (Ballard-Barbash et al, 1996; Harvie et al, 2003; Trentham-Dietz et
al, 1997). These associations between obesity and cancer become stronger with
increasing age. La Vecchia reported that with BMI values above 28.4 there was
a moderate association in women in the age groups 50-59 and 60-69 years,
indicated by odds ratios of 1.30 and 1.24, this became noticeably stronger in
those over 70 years of age, the odds ratio increasing to 2.14 (La Vecchia ef al,

19977,

Intriguingly, this relationship does not hold for pre-menopausal
breast cancer. An inverse relationship between BMI and cancer is
demonstrated; the rationale being that excess adiposity induces anovulatory
cycles and thus reduces the exposure to endogenous oestrogen (Zain et al,
2008). However, this must be tempered by the fact that adult weight gain
between the ages of 20-50 is a strong risk factor for subsequent post-
menopausal breast cancer (Howell et al, 2009; Santen et al, 2007). Obesity is

also a poor prognostic indicator in breast cancer. Excess body weight is the




cause of approximately 20% of cancer deaths in women over the age of 50
years. A BMI >30 confers a relative risk of death from breast cancer of
between 1.7 — 2.12 compared to normal weight women (Calle et al, 2003).
Obese women are more likely to present with advanced breast cancer and
ultimately have a worse outcome regardless of menopausal status (Harvie et

al, 2003; Stephenson et al, 2003).

The metabolic syndrome is recognised as a high risk state for
cancer in general (Cowey et al, 2006). The individual features of the metabolic
syndrome have previously been studied with respect to breast cancer risk and
direct associations have been suggested. Low HDL-cholesterol (Furberg et al,
2004), hyperglycaemia (Muti et al, 2002), high triglycerides (Potischman et
al, 1991), hypertension (Soler et al, 1999), and hyperinsulinaemia (Hirose et
al, 2003), have all been associated with increased breast cancer risk. A recent
study, one of the first to study the metabolic syndrome as a complete entity,
identified an increasing relative risk for the development of breast cancer in
patients with increasing component of the MetS such that women with 3-5 risk
factors had a RR of 2.48. Similar to obesity, MetS is associated with an
aggressive phenotype at presentation (Healy et al, 2010) and ultimately has a

WOISe prognosis.

Type 2 Diabetes Mellitus, the result of obesity and prolonged
insulin resistance is recognised itself as an important risk factor for breast

cancer (Xue et al, 2007). In a prospective cohort study, women with diabetes at



baseline were more likely to die from breast cancer compared to those without
diabetes ( HR = 1.27) (Coughlin er al, 2004). Similarly, Yanick et al
demonstrated that breast cancer patients with diabetes were more likely to die
prematurely from breast cancer compared to breast cancer patients without

diabetes (RR 1.76) (Yancik et al, 2001).

Diabetes, obesity and breast cancer are all more prevalent in
western society than in developing countries. More sedentary lifestyles,
coupled with diets compose of increasing refined carbohydrates are thought to
be responsible for these increases. As developing countries adopt western
lifestyle and dietary characteristics, previously low rates of cancer incidence
(breast etc) have begun to creep upward. The likelihood is that obesity, insulin
resistance, the metabolic syndrome and diabetes are part of the same sequence
of events that leads to the development and progression of breast cancer and

cancer in general.

1.4 Current hypotheses in obesity related cancer

Several hypotheses have been proposed to explain the association
between obesity and breast cancer. One hypothesis 1s that the
biological/molecular cause of the association is elevated circulating oestrogens
from peripheral aromatisation of androgens in adipose tissue in obese women
compared to normal weight women. A second hypothesis is that obesity and its
associated metabolic syndrome result in increased circulating levels of insulin

10




and insulin like growth factor (IGF) which are known mitogens. A final
hypothesis is that adipose tissue is a source of growth factors (cytokines,
chemokines), collectively termed adipokines, which are produced in a
dysregulated fashion in obesity, to influence cancer development. Each of these

hypotheses is discussed individually below.

1.4.1 Oestrogen, sex hormone biology and breast
cancer

Oestrogen is presumed to be the major factor in obesity related
breast cancer. Oestrogen biosynthesis is catalysed by the enzyme aromatase
(aromatase cytochrome P450), a product of the CYPI9 gene. In obese women,
the main sources of oestrogen synthesis are the buttocks, abdomen, thighs and
adipose tissue of the breast. As adipose mass increases, aromatase levels in
these tissues increase with a consequent elevation in oestradiol (Grodin et al,
1973). Sex hormone-binding globulin (SHBG) binds testosterone and
oestradiol with high affinity. With increasing adipose mass, circulating SHBG
decreases (McTiernan et al, 2003).Therefore the lower levels of SHBG in
obesity allows an increase in free bioavailable oestrogen. Breast cancer risk has
been demonstrated to be directly linked with sex-hormone concentrations,
including oestrone, total and bioavailable oestradiol, while an inverse

relationship with risk is seen with SHBG (Zeleniuch-Jacquotte et al, 2004).

11



In pre-menopausal women, aromatase is primarily expressed by the
ovaries and circulating levels are under homeostatic regulation so tha: obesity
and body fat mass do not influence oestrogen levels. However, it must be
stressed that the study of oestrogens in pre-menopausal women is difficult due
to the cyclical nature of sex hormone concentrations, especially during the
early, and late, follicular phase (Rose et al, 2010) . No relationships have been
demonstrated for oestrogen and breast cancer risk in pre-menopausal women in
a prospective case control study nested in the large EPIC study (Kazks et al,

2005).

The mechanism by which oestrogen stimulates cell proliferation is
believed to be through activation of oestrogen receptor (ER) transcriptional
activity and potentially through direct, intracellular signalling i.e. MAPK
pathway. ER expression by tumour cells is a biomarker of the dependence of
those cells on oestrogen for growth; its absence is a marker for poor prognosis.
The production of a progesterone receptor (PR) depends upon aormally
functioning oestradiol - ER ligand interactions. By considering ER and PR
together, a more accurate prediction of oestrogen dependence and therapeutic
response to anti-oestrogenic therapy is improved. There is some debate that
increased risk of breast cancer and a poor prognosis in obese populations is
dependent on ER/ PR expression in tumours as suggested by a meta-analysis
by Suzuki et al. The increased risk is solely related to tumours that are ER/PR

+ve, with a 33% increased risk in postmenopausal women per 5 kg/m*

12




increment in BMI. In pre-menopausal women, there is an associated 10%

decrease in risk in this group per 5 kg/m? increment (Suzuki et al, 2009).

1.4.2 Insulin, Insulin like growth factor and breast
cancer

Hyperinsulinaemia, a consequence of insulin resistance, is more
common in obese women than normal weight women (Lazarus et al, 1998).
Epidemiologic evidence from Gunter et al, demonstrated that insulin, in post-
menopausal women, is an independent risk factor for the development of breast
cancer in a large prospective study (Gunter er al, 2009). Goodwin et al
demonstrated that a higher circulating plasma insulin level was associated with
a greater risk of distant recurrence or death from disease (Goodwin et al,
2002). Furthermore, the insulin ligand receptor is over expressed in breast
cancer compared to normal mammary epithelium. High expression of the
insulin ligand receptor is associated with a worse 5-year survival in lymph-
node negative breast cancer patients (Mathieu et al, 1997). Insulin is a
recognised mitogen for normal mammary breast tissue and cancer cell lines
(Chappell et al, 2001; Ish-Shalom er al, 1997). In animal models, the
administration of exogenous insulin can promote breast tumour growth (Shafie
et al, 1981; Shafie et al, 1981). These experimental data confirm that insulin is

a potential mitogen in obesity related breast cancer.
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Insulin like growth factor 1 (IGF-1) is a hormone related to insulin
that has attracted interest as an endocrine risk factor for breast cancer. Both
insulin and IGF-1 share similar sequence homology and downstream signalling
pathways (Zapf et al, 1984). Most IGF in circulation is produced by the liver
and is bound to IGF binding proteins (IGFBPs), with at least 75% bound to
IGFBP-3. In obesity, IGFBP-1 in circulation is reduced so that approximately
1% of IGF-1 is unbound or free and this is considered the most biologically
active form (Jones et al, 1995; Juul et al, 1997). IGF-1 promotes cellular
proliferation and inhibits apoptosis in multiple tissues. Animal studies revealed
that inhibition of the IGF-1 receptor or manipulation of IGF-1 concentrations
in circulation could reduce tumour growth (Ish-Shalom ez al, 1995). There is
some evidence to support high circulating IGF-1 and breast cancer risk in
women over 50 years (Baglietto er al, 2007; Rinaldi et al, 2006). However
over expression of the IGF receptor in breast cancer has been associated with a
favourable outcome, speculatively due to up regulation of receptors or better
differentiation (Bonneterre et al, 1990; Peyrat et al, 1990; Toropainen et al,

1995).

1.4.3  Adipokines

White adipose tissue is the main source of energy storage in
mammals and up until recently it was thought that this was the sole biological
function of adipose tissue. Recent developments now indicate that adipose
tissue is a highly dynamic organ with involvement in multiple physiological
and metabolic processes beyond that of simple energy storage. This
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observation was brought about by the recognition that adipose tissue is an
endocrine organ secreting various proteins. This group of proteins synthesised
exclusively or substantially by white adipose tissue is collectively termed
adipokines, denoting their tissue of origin. Considerable interest is now being
focused on the potential role of these adipokines in the development of cancers

for which obesity is a risk factor.

1.4.3.1 Leptin

Leptin (greek, leptos, thin) (Ob) is a 16 kDa cytokine produced
predominantly by adipose tissue and contributes to body weight homeostasis
by regulating food intake and energy expenditure (Bray, 2002; Halaas et al,
1995; Zhang et al, 1994). Other physiological functions include bone
formation, reproduction and angiogenesis (Saxena et al, 2007). Elevated
circulating levels of leptin are found in obesity and are correlated with overall
adipose tissue mass. Levels may also increase with overfeeding and decrease
with starvation. The absence of leptin or a mutation in its receptor gene induces
a massive hyperphagia and obesity in animal models (Friedman, 1999) and in
humans (Farooqi et al, 1999). Both increased adipocyte number (hyperplasia)
and size (hypertrophy) result in increased leptin levels (Considine et al, 1996).
Leptin is also correlated with increasing insulin resistance and type 2 Diabetes
Mellitus (T2DM) independent of BMI or body fat mass (Fischer et al, 2002).
It is thus considered that leptin is a fundamental component of the metabolic
syndrome. Indeed, concentrations of leptin increase in proportion to the
number of individual components of the MetS (Sieminska et al, 2006).
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The human leptin receptor (ObR) is a member of the class 1
cytokine receptor family. Six isoforms are known (ObRa-ObRf) but it is only
the long isoforms that has an intracellular domain and thus capable of
signalling (Fong et al, 1998). The leptin receptor engages both the signal
transducers and activators of transcription 3 (STAT3) and the insulin receptor
substrate phosphoinositide-3 kinase pathway (Buettner et al, 2006). STAT3 is
essential for mediating food intake, liver glucose production and gonadotropin
metabolism  (Buettner et al, 2006). Leptin modulates the T-cell immune
response, stimulates proliferation of T-helper cells, and increases pro-
inflammatory cytokines by regulating immune cell response (Lord et al,

1998).

In breast cancer cell lines, exogenous leptin stimulated cellular
proliferation of ER +ve cell lines in culture (Dieudonne et al, 2002; Garofalo
et al, 2004; Hu et al, 2002). Vona-Davis et al would later describe proliferation
in ER —ve cell lines including the MDA-MB-231 cell line at a concentration of
25-100 ng/ml, similar to that seen in ER +ve cell lines T 47-D and ZR-75-1.
Leptin mediates multiple cellular processes including the ability to stimulate
DNA synthesis and cell growth acting via multiple signalling cascades, such as
the Janus-activated kinase 2/signal transducers and activators of transcription 3,
extracellular signal-regulated kinase 1/2, protein kinase Ca, and Akt/GSK3
pathways (Dieudonne et al, 2002; Hu et al, 2002; Yin et al, 2004). Leptin
induced cell cycle progression is accompanied by upregulation of cyclin-

dependent kinase2 and cyclin D1 levels (Okumura et al, 2002) and
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hyperphosphorylation/inactivation of the cell cycle inhibitor pRb (Garofalo et
al, 2004). Leptin has been suggested to regulate angiogenesis by modulating
VEGEF activity (Gonzalez et al, 2006). It can increase the expression of VEGF
and its receptor VEGFR-2 in a mouse model. Furthermore, the blockade of
leptin receptor signalling can slow cancer growth with reduction in expression
of VEGF, VEGFR-2 and cyclin D1 (Gonzalez et al, 2006). The functional

effects of leptin in breast cancer are summarised in table 1.3.

1.4.3.2 Adiponectin

Adiponectin (AdipoQ) is a peptide from the collectin family and is
exclusively secreted by white and brown adipose tissue (Hu et al, 1996;
Nakano et al, 1996). It exists in plasma as a number of multimer complexes
and combines via collagen domains to form three oligomeric forms: a low
molecular weight trimer (LMW), a middle molecular weight hexamer (MMW),
and high molecular weight (HMW) 12-18 mer adiponectin (Waki et al, 2003).
It constitutes up to 0.1% of the total circulating plasma proteins (Arita et al,
1999). In contrast to leptin, adiponectin expression is decreased in obese
humans, particularly visceral obesity, and an inverse relationship exists with
insulin resistance (Arita et al, 1999). The metabolic syndrome is
independently associated with hypoadiponectinaemia (Ryo et al, 2004). The
principal physiological role of adiponectin is as an insulin sensitiser and is also

involved in reduction of the inflammatory response.
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There are two isoforms of the adiponectin receptor: AdipoR1 and
AdipoR2. AdipoR1 is ubiquitously expressed, with abundant expression in
skeletal muscle, while AdipoR2 1is predominantly expressed in liver
(Yamauchi et al, 2003). Adiponectin improves insulin resistance by increasing
energy expenditure and fatty acid oxidation through activation of AMP-
activated protein kinase (AMPK) and by increasing activity of PPARo target
genes (Kadowaki et al, 2005). It is demonstrated in insulin resistant mouse
models that the expression of adiponectin receptors are significantly decreased
in skeletal muscle and adipose tissue, suggesting that not only does obesity
decrease circulating levels of adiponectin but also influences expression of its
receptors on target tissues. This potentiates the effect of insulin resistance
leading to a vicious cycle, promoting hyperinsulinaemia (Tsuchida ez al, 2004).
In a human study a correlation was demonstrated between receptor gene
expression and insulin sensitivity (Debard er al, 2004). Adiponectin also has
vasculoprotective properties, mediated by an increase in endothelial nitric
oxide production or by modulation of adhesion molecules (Kadowaki et al,
2005). Adiponectin via its receptors mediates several intracellular signalling
pathways, including AMPKinase, JAK/STAT and MAP Kinase (p38 MAPK,
ERK, JNK) (Luo et al, 2005; Miyazaki et al, 2005; Yamauchi et al, 2003). In
the breast cancer cell line MCF-7, exogenous adiponectin, in multiple
experiments demonstrated a reduction in cellular proliferation (25ng/ml) by
decreasing c-myc and cyclin D1 cell, and also by promoting cell apoptosis

(Dieudonne et al, 2006).
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Table 1.3 Functional effects of adipokines in breast cancer cells

Leptin Adiponectin
Proliferation T d
Apoptosis 4
Cell cycle T d
Invasion £ d
Angiogenesis i l

1.4.3.3 Other adipokines

An important development in the understanding of obesity is the
concept that it (and diabetes) are characterised by a state of chronic low grade
inflammation (Engstrom et al, 2003). Increased levels of pro-inflammatory
cytokines and acute phase proteins are found in circulation in obesity. An
increased number of macrophages resident in adipose tissue has been reported
in human obesity and may contribute to the inflammatory process by secreting
pro-inflammatory cytokines, or inducing their secretion from adipocytes (Di
Gregorio et al, 2005). TNF was one of the first factors to be identified as being
produced by adipocytes. Obesity induces increased secretion in mouse models
(Hotamisligil et al, 1993). It is also recognised as playing a role in insulin
resistance, through multiple pathways, including the inhibition of the insulin
receptor signalling pathway (Hotamisligil, 2003). TNF-o acts both as an

autocrine and a paracrine agent to influence numerous cellular processes,
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including apoptosis, the production of numerous cytokines and adipokines

(Coppack, 2001).

IL-6 is both expressed in, and secreted by, adipocytes and acts both
locally (paracrine) and through circulation. Circulating plasma IL-6 and its
expression in adipose tissue is higher in both obesity and insulin resistance
(Vozarova et al, 2001; You et al, 2005). High serum IL-6 is associated with a
poorer prognosis in breast cancer (Bachelot et al, 2003). It can promote cell
migration via the activation of the MAPK pathway and is an effective anti-
apoptotic agent, by inhibiting the proteases involved in apoptosis. TNF-o is a
key regulator of IL-6 production (do Nascimento et al, 2004). Adipocytes
secrete various chemoattractants that draw monocytes into adipose tissue.
MCP-1, also known as chemokine (C-C) motif ligand 2 (CCL2), play an
important role in the recruitment of macrophages. Obesity is associated with
increased plasma levels of MCP-1, and over expression in adipose tissue
(Sartipy et al, 2003). In breast cancer, high MCP-1 expression is associated
with poor prognosis, recurrence and advanced disease (Lebrecht er al, 2004;
Soria et al, 2008; Ueno et al, 2000). IL-8, a CXC chemokine has been shown
to be released by isolated adipocytes and whole adipose tissue (Bruun et al,
2001). Besides its association with inflammatory processes it has been
associated with the pathogenesis of atherosclerosis and coronary artery disease
(Romuk et al, 2002). Plasma levels in diabetic patients are also higher
compared to normal controls (Erbagci et al, 2001). In breast cancer, IL-8 is

considered to be involved in cancer progression and metastasis. High
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circulating IL-8 is associated with early dissemination of cancer and a poorer
prognosis in breast cancer (Benoy et al, 2004). Vascular endothelial growth
factor (VEGF) has a critical role in the angiogenic process, being a specific
mitogen for vascular endothelial cells; angiogenesis is promoted by inducing
matrix metalloproteinase (MMP) expression and stimulating vascular
endothelial cell migration. Adipose tissue can produce VEGF, where it plays
an important role in maintaining vascularity and in neovascularisation (an
important process in the expansion of adipose tissue in obesity) (Thomas,
1996). The influence of obesity on these adipokines in breast cancer has not
been established and requires investigation. Such data may suggest that obesity
and its metabolic sequelae, as modifiable disease processes, could be

manipulated to reduce breast cancer incidence and progression.

Cytokines Acute phase proteins
TNFa PAL-1
IL-1f Haptoglobin
| e A Serum amyloid A
L-6 ok ‘ + a1-Acid glycoprotein
IL-8 g N 24p3
”.-10 h e F CHP?
TGFB Yok i B
':Em,'") . ; \‘ Inflammation-related
L-170 g Adin_onemin
IL-18 Inflammation-relatad
MCP-1
Fig 1.2 Adipose tissue (Adipocytes and Stromal tissue) is a source of multiple

cytokines, chemokines and peptides, collectively termed ‘Adipokines’

(Trayhurn ef al, 2004).
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1.5 Pathways for adipokines in breast cancer

Obesity in cancer and the role of adipokines produces many
interesting hypotheses and questions. Adipokines in circulation, produced by
white adipose tissue (visceral, subcutaneous depots) suggest that the principle
pathway by which they act is a classic endocrine pathway. In breast cancer,
however, a second pathway potentially exists. As adipose tissue constitutes a
large proportion of breast tissue, one must consider that a local or paracrine
pathway for adipokines to work must exist. Finally, an autocrine, or
autonomous pathway is hypothesised to be present. Figure 1.4 describes simply

how these three pathways may interact.

22




1/

(

Obesity
Metabolic Syndrome
Insulin resistance

Endocrine S

g
N

Adiponectin (-)

| )
Leptin (+) Tumour cells

Adlponectm -)
Adipose tissue Leptin (+)

Fig. 1.3

Paracrine \( > Autocrine
N i G

b 4 Adipokine receptors

In obesity and breast cancer, adipokines circulate in the plasma to interact
with cancerous breast epithelium. Endocrine-, paracrine-, and autocrine-
mediated relationships exist between leptin and the cellular
microenvironment to support the growth of tumour cells via leptin receptor
activation. A paracrine relationship exists between adipokines and nearby
mammary tumour cells to stimulate or inhibit growth. An autocrine
relationship is established for leptin in breast cancer tissue but not for

adiponectin.
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1.5:1 Endocrine mechanism

An exhaustive library of information demonstrates relationships
between hormones and growth factors and breast cancer risk, clinico-
pathological features and prognosis using circulating concentrations in plasma
and serum. Principal among these being the evidence linking high oestrogen
levels (total and free oestradiol and post menopausal breast cancer risk)
(Toniolo et al, 1995) and similarly, high insulin levels with risk (Del Giudice

et al, 1998; Lawlor et al, 2004) and prognosis (Goodwin et al, 2002).

Circulating leptin levels are speculated to be associated with
increased cancer risk in several case-control studies. A number of negative or
inconclusive studies have also been published (Table 1.4). Circulating leptin is
also reported as a factor for a more aggressive tumour phenotype, being
associated with increased tumour size (Chen er al, 2006), stage and grade
(Goodwin et al, 2005). This study concluded however that circulating leptin
was not a prognostic factor despite the link with aggressive tumour
characteristics. The evidence for circulating leptin as risk factor for breast
cancer is conflicting. Further, high powered studies are required to confirm this

effect.

Adiponectin, in three published epidemiological studies have
highlighted an inverse association between circulating adiponectin and breast
cancer risk (Chen et al, 2006; Mantzoros et al, 2004; Miyoshi et al, 2003).

Miyoshi et al found that lower adiponectin levels were associated with larger
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tumour size and grade. Low levels of adiponectin were indicative of an
aggressive phenotype, similar to what was observed with high circulating
levels of leptin (Goodwin et al, 2005). Chen et al demonstrated that the
adiponectin: leptin ratio was correlated strongly with tumour size, suggesting
that the balance between these two adipokines, acting as circulating hormones,

is important in an endocrine pathway in obesity related breast cancer.

g Paracrine mechanism

The cellular and structural features of the mammary gland that
favour stimulation of breast cancer cells by oestrogen in a paracrine manner
must also apply to adipokines. Production of adipokines by the components of
adipose tissue provides a microenvironment with opportunities for multiple and
interactive paracrine activities between cancerous cells and mammary adipose

tissue.




Table 1.4  Studies examining the role of circulating leptin in breast cancer risk

Cases Controls Menopausal status Results
Tessitore et al (Tessitore et 23 103 NA Leptin higher in cases vs controls
al, 2000)
Han et al 90 103 Leptin not related to menopausal status Leptin higher in cancer vs benign/controls
(Han et al, 2005)
Chen et al 100 100 No significant effect between groups Leptin higher in women with breast cancer
(Chen et al, 2006)
Petridou et a/ 75 75 Pre- and Postmenopausal No association in post menopausal women
(Petridou et a/, 2000) Inverse relationship seen in premenopausal women
Ozet et a/ 58 25 Pre- and Postmenopausal No association
(Ozet et al, 2001)
Coskun et al 85 25 NA No association
(Coskun et al, 2003
Stattin et a/ 149 258 Postmenopausal No association
(Stattin et al, 2004)
Miyoshi et a/ 104 104 NA No association

(Miyoshi et al, 2006)

Table adanted from Vona-Davis and (Vona-Davis et al. 2007)
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1.5.2.1 Anatomy and physiology of the breast

The adult female breast is composed of epithelial lactiferous ducts
which terminate in secretory alveoli embedded within a framework of fibrous
and adipose tissue (stroma) (Fig. 1.4). Normal growth and development of the
breast is regulated by a complex interaction of hormones and growth factors.
Some of these factors are secreted by breast epithelium and have autocrine
function (cell-autonomous signals). Others are produced by stromal tissue and
exercise paracrine control of epithelial development (heterotypic mechanisms).
In cancer, these heterotypic mechanisms involve the secretion of soluble
factors from tissues surrounding the tumour, extracellular matrix components
and interactions between stromal and cancer cells to create a specific and local

peritumoural microenvironment.
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Areola

Ducts

Fig. 1.4 The structure of the female breast. The breast is composed of a number of
structures including lobules (milk-producing glands), ducts (connecting the
lobules to the nipple, adipose tissue, muscles (pectoralis major and minor)

and the chest wall (rib cage).

1.5.2.2 Mammary adipose issue as source of adipokines

Adipose tissue makes up the bulk of the breast, with epithelial cells
comprising of only 10% of the total volume. It stands to reason that this
adipose depot is a source of adipokines to influence cancer progression.
Adipose tissue has been shown to influence breast cancer cell growth. Manabe
et al demonstrated that secreted factors from adipocytes (rat) could promote
cell proliferation of an ER +ve breast cancer cell line (MCFE-7, T47-D) using
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three dimensional collagen matrix co-culture systems (Manabe et al, 2003). In
vivo, injection of a breast cancer cell line (SP1) with adipose tissue
subcutaneously or intaperitoneally in mice induced mammary tumours and
metastases. Omitting adipose tissue or avoiding a fat pad conversely did not
produce tumour growth (Elliott et al, 1992). Iyengar et al, in an experiment
treating the MCF-7 cell line with a conditioned media produced from murine
adipocytes and fibroblasts, identified the upregulation of multiple genes
involved in invasion, metastasis, and proliferation with a converse
downregulation of genes involved in cell cycle checkpoint inhibition and
tumour suppression using microarray technology (Iyengar et al, 2003). Using
human mammary adipose tissue, from high risk premenopausal women, Celis
et al, using a proteomic approach, identified many proteins secreted into an
adipose conditioned media included signalling molecules, hormones, growth
factors and cytokines including: Leptin, TNF-a, IL-6 and VEGF (Celis et al,
2005). This was the first study to demonstrate that mammary adipose tissue
could be a source of factors in the microenvironment of a tumour that could

potentially influence breast cancer progression.

1.5.2.3 Ligand-ligand binding receptors

The completion of a paracrine loop requires the presence of a
specific ligand binding receptor on a target cell. Therefore adipokine receptors
must be expressed on target tissues, in this case tumour cells. The leptin

receptor isoforms (ObR long and short) are expressed in multiple breast cancer
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cell lines indicating the potential for paracrine interactions between leptin,
synthesised by adjacent adipocytes and the target breast cancer cells
(Dieudonne et al, 2002; Hu et al, 2002; Laud et al, 2002). Similarly, the
Adiponectin receptors 1 and 2 (AdiporR1 and AdipoR2) are present in the
breast cancer cell lines MCF-7 and MDA-MB-231 (Dieudonne et al, 2006).
Informative functional experimental evidence indicates the validity of this
theory (section 1.4.3.1). Interaction between these principle adipokines and
their receptors indicate that their expression, in an experimental setup, is
mutually and inversely dependent. Jardé et al demonstrated that adiponectin
decreased mRNA expression of leptin and the leptin receptor in the MCF-7 cell
line and similarly, leptin decreased expression of adiponectin receptor 1 (Jarde

et al, 2009).

1.5.3 Autocrine mechanism

Two studies have concluded that in primary tumours, the level of
leptin expression positively correlates with ObR expression. Expression of
leptin is found in normal mammary epithelium both leptin (Ob) and its receptor
(ObR) are found to be over expressed in breast cancer tissue (Garofalo et al,
2006; Ishikawa et al, 2004). Garofalo et al examined adipokine expression in
nodal metastasis and found that these metastases were detected in 34% of ObR
positive cancers with strong immunoreactivity for leptin, but in none of the

tumours that lacked either ObR expression or leptin over expression. The group
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concluded that an autocrine loop may be operative and it may sustain the

ability of breast cancer cells to metastasize.

An autocrine pathway for adiponectin has not been established.
Takahata et al examined breast cancer cell lines and tissue for the presence of
adiponectin and its ligand receptors AdipoR1 and AdipoR2. The receptors
were identified but adiponectin itself was not thus confirming that an autocrine

pathway is not plausible (Takahata et al, 2007).

1.6 Complex, interlinked relationships in breast
cancer

Implicating a molecular basis for obesity and the metabolic
syndrome for breast cancer remains thoroughly challenging. Considering the
simplified schematic (Fig. 1.5), there is a huge potential for interaction
(synergistic and antagonistic) at multiple levels between the multiple factors
composing the three hypotheses (oestrogen, insulin and adipokines) proposed

for obesity in breast cancer.
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Fig. 1.5 Intricate interactions between oestrogen, adipokines and insulin, modulated

by obesity and insulin resistance demonstrate the complexity of obesity

related influences on carcinogenesis.
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1.6.1 Oestrogen and Adipokines

Leptin is known to enhance the expression of aromatase and
suggests that this adipokine may have influence on oestrogen synthesis
(Catalano et al, 2003). Treatment with leptin upregulated signalling of
oestradiol/ Oestrogen receptor of the breast cancer cell line MCF-7 treated with
an aromatizable androgen, with a subsequent downregulation of the signals
after treatment with the aromatase inhibitor letrozole. Further evidence
suggests that leptin can cause direct activation of ER- in the absence of its
usual ligand (Catalano et al, 2004). Similarly, oestrogen can stimulate leptin
secretion in both in vitro and in vivo models. Another facet of this relationship
is that leptin attenuates the effects of an anti-oestrogen (ICI 182,700) in
experiments conducted by Garofalo et al (Garofalo et al, 2004). Therefore,
high levels of leptin may potentially contribute to development of anti-

oestrogen resistance in the adjuvant setting (Lorincz et al, 2006).

IL-6, along with TNF-o is capable of stimulating aromatase
expression in adipose tissue (in vitro and in vivo experiments) and thus
oestrogen biosynthesis, potentially contributing to cancer progression (Purohit

et al, 1995).
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1.6.2  Insulin, IGF and Adipokines

It is recognised that both leptin and IGF-1 are capable of regulating
mammary tissue growth at multiple levels (Garofalo et al, 2006). Both
hormones are secreted by abdominal adipocytes which results in an endocrine
effect. A proposed mechanism sees mammary adipose tissue secreting these
hormones locally, in a paracrine fashion to effect change in the breast. In
addition, an autocrine pathway exists. IGF-1 and leptin are expressed by breast
cancer cells and thus an autonomous signalling component is present. Pfeiler et
al establishes that adiponectin receptors in breast cancer were not responsive to

insulin resistance or hyperinsulinaemia (Pfeiler ez al, 2009).

Ozbay et al highlighted that a unidirectional crosstalk could occur
between IGF and ObR in breast cancer cell lines (Ozbay et al, 2008). In
addition, Garofalo et al had demonstrated that IGF-1 could induce leptin
transcripts in ER +ve MCF-7 cells (Garofalo er al, 2006). These in-depth
studies indicate an intricate relationship between two major components of the

hypothesis implicating obesity in breast cancer and require further study.

Strong associations between insulin, IGF-1 and sex hormone
biology are present physiologically and pathologically (Hamelers et al,
2003)(see section 1.4.1). In cell based studies, insulin is also capable of

increasing ER and PR levels in MCF-7 cells and with oestrogen, synergistically
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promoting cell proliferation. It can also induce aromatase activity, thus

producing an increase in mitogenic oestrogen (Plymate et al, 1988).

1.7 Avenues for primary prevention, recurrence
reduction and prognosis in breast cancer

Obesity is a preventable, modifiable risk factor for breast cancer.
Intervention for obesity and its metabolic syndrome should take the form of a

combination of the following: diet, exercise and pharmacology.

1.7.1 Diet and exercise

Dietary patterns and moderate exercise have both been associated
with improved survival in cancer (Holmes et al, 2005; Obermair et al, 1995;
Rock et al, 2005). Incorporating moderate exercise and a high vegetable/fruit
diet has been demonstrated to improve survival, independent of obesity status
(Pierce et al, 2007). Weight loss, attributed to moderate exercise and a
hypocalorific diet is associated with a decrease in serum leptin levels with a
concomitant increase in adiponectin levels (Monzillo et al, 2003). Further
research in this area is clearly required to establish if exercise and diet

modification may be used as a method to prevent recurrence.
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172 Pharmacology

Pharmacologic intervention is the main stay of treatment for
diabetes when diet/exercise fails. Pharmaco-therapeutics is also most likely to
be the best avenue for alteration or modification in obesity related cancer
primarily due to limitations describes in section 1.7.2 and 1.7.3. To this end,
recent evidence suggests that by treating individual components of the

metabolic syndrome one may potentially reduce cancer recurrence.

1.7.3  Hyperglycaemia/Hyperinsulinaemia

Emerging evidence is now pointing towards insulin and insulin
resistance as the impetus for the vast majority of changes seen in obesity
related carcinogenesis (Goodwin et al, 2002). This area is also now the focus
for therapeutic intervention in breast cancer with burgeoning interest,
particularly in the biguanide derivative metformin, which is currently approved
for treatment of non insulin dependent diabetes. An insulin sensitising agent, it
has potent anti-hyperglycaemic properties, primarily inhibiting hepatic glucose
production but may also sensitise peripheral tissues to insulin (Bailey et al,
1996). Another approved use for metformin is in the management of polycystic
ovarian syndrome (PCOS, a disease characterised by chronic oligo-ovulation,
excess androgen (decreased SHBG) and is often associated with similar
metabolic abnormalities seen in metabolic syndrome (Nestler, 2008). In a large

observational study (>10,000 diabetic patients) cancer related mortality was
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significantly lower in those treated with metformin compared with other
diabetic medications including sulphonylureas and insulin (Bowker et al,
2006). In a recent retrospective study it was found that metformin improved the
pathological complete response (pCR) indicating response to treatment as
compared to other diabetic medications (sulphonylureas, insulin) in diabetic
women (Jiralerspong et al, 2009). In non-diabetic early breast cancer patients it
can significantly lower insulin and LDL-cholesterol levels, as well as
improving insulin resistance with minimal side-effects (Goodwin, 2008). How
metformin works in cancer in still a matter of intense investigation, however
preclinical studies indicate that the drug can inhibit cell proliferation by
activation of AMPK (Phoenix et al, 2009). At present, at least two trials
examining the influence of metformin in prognosis/survival and the effect of
metformin on tumour biology are underway (Cazzaniga et al, 2009; Goodwin

et al, 2009).

1.7.4  Hyperlipidaemia

Statins are thought to work by interrupting the biosynthetic
pathway that produces melanovate. These affect multiple downstream
pathways which are critical for cancer growth and progression. Thus statins
may have potential as anti-cancer agents. Recently, it has been demonstrated
that hypertriglyceridemia and low HDL-cholesterol, features of the metabolic
syndrome, had the strongest association with breast cancer risk (Agnoli et al,
2010). Lipophilic statins have been shown to inhibit breast cancer cell growth,
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particularly in ER-ve MDA MB-231 cell line. In animal models, these statins
inhibited cancer growth, with greatest effect again seen in ER-ve tumours
(Campbell et al, 2006; Koyuturk et al, 2007). In epidemiological studies,
women taking lipophilic statins for greater than a year had a reduced frequency
of ER-ve breast cancers (OR 0.63, p=0.02) (Kumar et al, 2008). In a newly
reported human trial, reduced tumour proliferation and increased apoptotic
activity in early high grade ER-ve tumours was observed following treatment

with a statin (Garwood et al, 2010).
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1.8 Specific Aims

There is clear epidemiological evidence that obesity and the
metabolic syndrome are associated with breast cancer incidence, prognosis and
recurrence. Much in vitro work has described potential obesity related
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