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Abstract Inflammation of the adipose tissues occurs in asso-
ciation with obesity. This inflammatory process leads to the
induction of cyclooxygenase-2 (COX-2) expression and a
consequent elevation in prostaglandin (PG) production,
which, together with proinflammatory cytokines, induce aro-
matase expression and estrogen synthesis. Infiltrating macro-
phages support the growth of breast epithelial cells and vas-
cular endothelial cells by producing a milieu of cytokines and
growth factors. This scenario creates a microenvironment
favorable to breast cancer growth and invasion. The eicosa-
noids promote further development and growth of breast
cancers indirectly by the induction of aromatase, particularly
in estrogen positive breast cancers, or by direct stimulatory
effect of PGE, and lipoxygenase (LOX) products on the more
aggressive, estrogen-independent tumors. Beyond this, the
local production of estrogens and proinflammatory cytokines
which occurs in association with breast adipose tissue inflam-
mation, and consequent activation of the estrogen receptor and
nuclear factor-kB, provides a mechanism by which breast
cancers develop resistance to selective estrogen receptor mod-
ulation and aromatase inhibitor therapy. The obesity-
inflammation-eicosanoid axis in breast cancer does offer a
therapeutic target for the prevention of relapse in breast cancer
by improving the efficacy of antiaromatase therapy using
COX/LOX inhibitors; however, careful consideration of men-
opausal status and obesity in patients is warranted.
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Abbreviations

AP-1 activating protein-1

BMI body mass index

COX-2 cyclooxygenase-2

CRP C-reactive protein

EMT epithelial-mesenchymal transition
ER estrogen receptor

HETEs hydroxyeicosatetraenoic acids
LTs leukotrienes

LOX lipoxygenase

MCP-1 monocyte chemoattractant protein-1
oS overall survival

PDGF  platelet-derived growth factor
PFS progression-free survival

PG prostaglandin

PR progesterone receptor

SHBG  sex hormone-binding globulin
TAMs  tumor-associated macrophages
TNF-o¢  tumor necrosis factor-alpha
VEGF  vascular endothelial growth factor
WHR  waist-to-hip circumference
Introduction

Epidemiological studies have established that obesity is a risk
factor for breast cancer in postmenopausal women, whereas
the prevalence of premenopausal breast cancer is either
unrelated to obesity, or, in younger women, has an inverse
relationship. We will not be re-examining these relationships
here, as they have been subjected to extensive review (for
example [1-5]).

A major element of the mechanism by which obesity pro-
motes postmenopausal breast cancer development involves
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extraglandular estrogen synthesis and in consequence the patients
frequently have estrogen-dependent, estrogen receptor (ER)-ex-
pressing tumors [6]; in premenopausal obese women the tumors
that do develop are more likely to be ER-negative [6, 7].

In contrast to disease risk, pre-existing obesity and postop-
erative weight gain are related to a poor prognosis in breast
cancer regardless of menopausal or ER/progesterone receptor
(PR) status [8]. Two distinct mechanisms may be involved: in
postmenopausal women, elevated estrogen production in the
adipose tissue is again most likely responsible, at least in part,
for the adverse effect, whereas in premenopausal women this
explanation is unlikely because the principal source of estrogens
is their high level of secretion by the ovaries. An alternative lies
with a number of nonsteroidal hormones and growth factors,
such as leptin, insulin, tumor necrosis factor-o« (TNF-«) and the
eicosanoids, the production of which is elevated in obesity and
that have been shown to stimulate breast cancer growth, inva-
sion, and metastasis. A principal objective of our discussion is
to explore further these relationships between breast cancer risk
and disease outcome, receptor status and tumor biology.

One unifying topic in this review is the role of chronic
inflammation in breast cancer causation and biology. Inflamma-
tion of the adipose tissues occurs in association with obesity and
this, rather than adiposity per se, may provide the mechanisms
involved in the causation of a range of chronic diseases, includ-
ing type 2 diabetes and some cancers. In the breast, this inflam-
matory process leads to the induction of cyclooxygenase-2
(COX-2) expression and a consequent elevation in prostaglandin
(PG) production, which, together with proinflammatory cyto-
kines such as TNF-«, can induce aromatase expression and
estrogen synthesis, so creating local conditions favorable to
breast cancer growth and invasion [9, 10].

Three families of eicosanoids, PGs, hydroxyeicosatetraenoic
acids (HETEs), and leukotrienes (LTs), all products of omega-6
polyunsaturated fatty acid metabolism, have important roles in
obesity-associated adipose tissue inflammation [11-13]. In ad-
dition to the induction of aromatase and estrogen biosynthesis
by PGE,, the cicosanoids have been reported to promote the
development and growth of breast cancers directly through their
mitotic and anti-apoptotic activities, stimulate tumor cell inva-
sion, and induce tumor-related angiogenesis. Thus, the eicosa-
noids constitute the third component of our tripartite axis.

Breast Cancer Risk, BMI and Body Fat Distribution

Obesity is usually considered in terms of the body mass index
(BMI), which is calculated as body weight (kg)/height (m?).
The WHO criteria for classifying adiposity provide four sub-
categories, <18.5 (underweight); 18.5-24.9 (normal); 25.0—
29.9 (overweight); >30.0 kg/m” (obese), according to which
28 % of American women were overweight and 36 % were
obese for the years 2009-2010 [14].
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The principal sites of body fat accumulation are the upper
abdomen and around the hips and thighs. Abdominal adipos-
ity comprises the superficial subcutaneous, deep subcutane-
ous, and visceral stores, which have different levels of meta-
bolic activity. Visceral fat secretes more cytokines than sub-
cutaneous adipose tissue [15] and the pathological and bio-
chemical changes associated with chronic inflammation are
more prominent in visceral than subcutaneous abdominal fat
[16]. However, in the present context it should be borne in
mind that the modes of action of the estrogens, adipokines and
cytokines in breast cancer may all be mediated by their local
paracrine and even autocrine activities [17, 18], in which case
their production in the breast adipose tissue becomes of prime
importance.

In epidemiological studies, body fat distribution has been
most often assessed by determining the ratio of the waist-to-hip
circumference (WHR) and by this criterion the adverse effect of
adiposity on postmenopausal breast cancer risk was shown to
apply specifically to women with upper body (“central”’) obe-
sity [1, 19, 20]. The data from a large prospective study
performed in the United States showed that both WHR and
waist circumference were positively associated with risk, but
only in postmenopausal women who had never received
hormone-replacement therapy [21], suggesting that estrogen
administration after the menopause obscures any adverse effect
attributable to excessive adipose tissue estrogen production.

Breast Cancer Prognosis and Obesity
Epidemiology

Two recent reviews and meta-analyses have confirmed earlier
reports (reviewed in [2, 22]) that there is a positive association
between the adiposity and breast cancer prognosis. Protani et al.
[23] performed a meta-analysis that included 43 studies of
patients diagnosed with breast cancer between 1963 and
2005. It showed that both overall and breast cancer-specific
survival were worse in obese than in non-obese women, and
that menopausal status had no significant modifying effect.
That the relationship applied to breast cancer-specific as well
as overall survival is an important point because it eliminates
the possibility that it was due to the influence of obesity on the
risk of other life-threatening diseases. A later meta-analysis by
Niraula et al. [8], which focused on menopausal and hormone
receptor status, confirmed that the association of obesity with
breast cancer prognosis included a reduction in breast cancer-
specific survival and that it applied equally to premenopausal
and postmenopausal women. Since this meta-analysis,
Kamineni et al. [24] have published a retrospective cohort study
of 485 women aged >40 years with stage I (75.3 %) or II breast
cancer: in 77.8 % of the obese and 61.8 % of normal weight
women, the cancers were detected by screening mammography,
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so avoiding any confounding effect of delayed diagnosis due to
obesity. The obese women (BMI >30.0 kg/m?) were found to
be at an increased risk of recurrence and breast cancer-specific
death compared to normal weight women (BMI <25.0 kg/m?);
there was no association with all-cause mortality in this study. A
National Surgical Adjuvant Breast and Bowel Project
(NSABP) multicenter study reported by Dignam et al. [25]
was included in the meta-analysis by Niraula et al. [8]. Their
4,077 patients, 55 % of whom were premenopausal or peri-
menopausal, all had lymph node-negative, ER-negative breast
cancer and received one of several multidrug adjuvant chemo-
therapy regimens. The obese group of patients had a shorter
disease-free survival, an increased risk of recurrence in the
contralateral breast, and higher all-cause, but not breast
cancer-specific, mortality. The investigators noted that studies
of obesity and breast cancer prognosis in a clinical trial setting,
including their own, have consistently shown a weaker effect of
obesity on prognosis than those performed outside of large
randomized trials, which they suggested was due to better
adherence to the full-dose chemotherapeutic regimen in the
obese patients.

The meta-analysis by Protani et al. [23] found that a high
WHR was also related to reduced breast cancer-specific survival,
with no significant influence of menopausal status; a similar
association was seen in a prospective study of 586 women by
Borugian et al. [26], but here the association was restricted to
ER-positive postmenopausal breast cancer. Abrahamson et al.
[27] performed an 8 to10 year follow-up study of 1,254 women
aged 20—54 years when diagnosed with invasive breast cancer,
and found the all-cause mortality to be increased in those who
were obese (BMI >25 kg/m?, when interviewed), with a similar
strong association for the highest versus the lowest quartile of
current WHR. The data were not provided in the report, but the
same association between greater body size and lower survival
was observed when the analysis was restricted to breast cancer
specific mortality. Also, although the data were available, sur-
vival was not examined in relation to the ER status in this study.

Estrogen Receptors, Progesterone Receptors, and HER-2

The expression of ER and PR by breast cancer epithelial cells
not only provides biomarkers of estrogen dependence and
likely responsiveness to antiestrogen therapy, but is also pre-
dictive of a good prognosis [28]. Breast cancers that are
positive for both receptors respond better than ER-positive/
PR-negative tumors to selective ER modulator treatment,
which in the past was ascribed to the need for a functioning
ER for PR synthesis, so that an ER-positive/PR-negative
phenotype was indicative of a non-functioning ER. More
recently, it has been recognized that this combination may
be the result of downregulation of the PR by growth factors
such as insulin-like growth factor-I and epidermal growth
factor [29], and occurs particularly with tumors that also show

amplification of epidermal growth factor receptor-2 (HER-2)
or epidermal growth factor receptor-1 (EGFR) [30].

Tumors that express both ER and PR comprise approxi-
mately 50 % to 60 % of all breast cancers from European and
non-Hispanic white American patients, but the prevalence is
significantly less in tumors from African-American, Hispanic-
black, and Hispanic white women [31]. The incidence of ER/
PR-positive breast cancer is higher after the menopause, but it
also increases with age within each menopausal category [32].
The presence of obesity is associated with an increased inci-
dence of ER/PR-positive breast cancer in postmenopausal
women [6, 33-35], consistent with these tumors developing
in the presence of estrogens synthesized by high levels of
aromatase activity in the adipose tissue.

Suzuki et al. [6] performed a meta-analysis of data from
nine cohort and 22 case—control studies to examine the inter-
relationships between menopausal status, body weight and
breast cancer ER and PR expression. In postmenopausal
women, high body weight was associated with an 82 % in-
crease in the risk for ER/PR-positive tumors; there was no
relationship with ER-positive/PR-negative or ER/PR-negative
tumors. In premenopausal women, there was a 20 % lower
risk of developing ER/PR-positive tumors for those in the
highest body weight category, a result that is consistent with
the report by Cotterchio et al. [7] that in their case—control
study of hormonal risk factors, obesity was associated with an
increased risk of ER/PR-negative, and a reduced risk of ER/
PR-positive breast cancer in premenopausal women. Also,
Abrahamson et al. [27], in their study of obesity and survival
in breast cancer, in which 82 % of the non-obese and 74 % of
the obese were premenopausal, found that 62 % and 50 %,
respectively, had ER-positive tumors (p =0.005).

Triple-negative breast cancers are ER-, PR-, and HER-2-
negative tumors of high histological grade, and highly meta-
static (reviewed by [36]); they constitute approximately 10—
15 % of breast cancers, with a higher prevalence in black
women [37, 38]. There is a positive relationship between
obesity and risk for triple-negative breast cancer which, in a
meta-analysis based on 11 publications with a total of 24,479
breast cancer patients and 3,845 triple-negative tumors
(15.7 %), was found by Pierobon & Frankenfeld [39] to be
limited to premenopausal women. This relationship to pre-
menopausal status was confirmed in a study of 1,884 patients
from Turkey, 232 (12.3 %) of whom had triple-negative
tumors [40].

Triple-negative breast cancer is also associated with social
deprivation, although a complex interaction exists with obe-
sity, race and ethnicity [41]. We performed a study of triple-
negative breast cancer in white women in West Virginia, a
state that has a 95 % White population, but ranks fourth in the
country for the prevalence of obesity and sixth for the percent
of the population that is below the poverty line [42]. Obesity
was present in 49.6 % of those with triple-negative tumors but
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in only 35.8 % of those with other receptor combinations
(p=0.0098); the women with triple-negative tumors were also
younger, with 44.5 % and 26.7 %, respectively being diag-
nosed at age <50 years (p =0.0004).

Setiawan et al. [43] found that in their multiethnic study,
67 % of all postmenopausal patients, but 74 % of those who
were obese, had breast cancers that were ER and PR-positive,
and yet, despite these biomarkers of a good prognosis, the
presence of obesity was associated with a poor clinical out-
come. In explanation, it appears that ER positivity has only a
weak, or no, modifying effect on an obesity-related poor
prognosis [44, 45]. Enger et al. [44] observed a correlation
between increasing body weight and breast cancer-specific
mortality, and also an approximately 2-fold higher risk of
dying from ER-negative compared with ER-positive cancer
regardless of disease stage at the time of diagnosis. Niraula
et al. [8] addressed the issue of hormone receptor status in
their meta-analysis of the relationship between obesity and
breast cancer prognosis; not only did they find that this was
similar in premenopausal and postmenopausal patients, but
there was no association with ER/PR status. These observa-
tions suggest the primacy of non-estrogen-related causes for
the association of obesity in breast cancer with a poor clinical
outcome. On the other hand, there is mounting evidence that
obesity impairs the response to antiaromatase and tamoxifen
therapy in ER-positive breast cancer. BMI significantly im-
pacted the efficacy of anastrozole plus goserelin in premeno-
pausal patients [46], and in postmenopausal women given
tamoxifen plus aminoglutethimide [47].

Given that obesity is a risk factor for triple-negative breast
cancer, it is counterintuitive that it has no effect on prognosis.
However, a study of data from three adjuvant therapy trials by
Sparano et al. [48] found that the adverse effect of obesity on
disease-free and overall survivals applied specifically to pa-
tients with ER/PR-positive/HER-2-negative tumors and not to
HER-2-overexpressing or triple-negative breast cancers.
Dawood et al. [49] carried out a retrospective study of 2,311
patients with stage I to III triple-negative breast cancer, 35.7 %
of whom were obese, and found no effect of BMI on distant
disease-free survival, which they considered was due to the
overwhelming adverse influence of the triple-negative pheno-
type, and a similar phenomenon may have been responsible in
the case of HER-2-overexpressing tumors which are also
associated with a poor clinical outcome.

Tumor Size, Proliferation Rates and Lymph Node Status

Obesity in newly diagnosed breast cancer patients is associat-
ed with pathological predictors of a poor prognosis, including
large tumor size [48, 50-52], high histological grade [51, 52],
and metastasis to the axillary lymph nodes [52, 53]. These
relationships are present in both premenopausal and postmen-
opausal patients. Although the presence of more advanced
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disease could arise from delayed diagnosis in obese women,
the evidence is more in favor of an association of obesity with
aggressive, rapidly growing, tumors [54]. In addition to the
high histologic grade, Daling et al. [51] found that breast
cancers from obese women have a high S-phase fraction,
mitotic cell count, and Ki-67 expression. Ki-67 is a nuclear
proliferative biomarker that has been associated with a poor
breast cancer prognosis [55], and was also shown to be
overexpressed in the overweight and obese women with pre-
dominantly stage I breast cancers studied by Kamineni et al.
[24] In a further analysis of their data, Daling et al. [51]
showed that tumors with a >2.0 cm maximum diameter from
women in the highest BMI quartile had higher levels of all
three proliferative markers than tumors of the same size from
women in the lowest BMI quartile, indicating that the large
tumors in the overweight and obese women had been growing
at a faster rate those from lean women.

Vascular Invasion and Distant Metastasis

The detection of lymphatic and vascular vessel invasion in
primary breast cancers is strongly associated with tumor size,
histologic grade and axillary lymph node involvement, but is
also an independent predictor of local recurrence and impaired
survival [56], and distant metastasis [57]. Badwe et al. [58]
reported a positive association of vascular invasion with body
size in postmenopausal breast cancer patients. In their study,
vascular invasion was present in 36 % of cases; the median
weight for those with vascular invasion was 69 kg and for those
without it was 63 kg (p <0.0001). The 5-year survival was
significantly worse in the women with tumor vascular invasion
(»<0.0001). Several later studies demonstrated the increased
prevalence of tumor vascular invasion in both postmenopausal
and premenopausal obese breast cancers patients [S9-61].

Obese breast cancer patients are more likely to have distant
metastases. A prospective study in which the patients had
been deliberately selected for early age at onset, so that
74 % were premenopausal, was reported from Australia by
Loi et al. [62]. Obesity was present in 12 % of the 1,101
women, and 25 % were overweight. Distant metastases de-
veloped in 264 patients and this was related to obesity (HR
1.50; 95 % CI, 1.07-2.09; p =0.02); although the obese wom-
en were more likely to have large primary tumors and axillary
lymph node involvement at the time of diagnosis, obesity
remained an independent predictor of distant recurrence after
adjustment for these prognostic markers.

von Drygalski et al. [63] found that not only was obesity
associated with more advanced disease at the time of the initial
diagnosis, but that it had an adverse effect on survival once
metastases were present, and was an independent predictor of
time to metastasis and progression. In this important study, both
progression-free (PFS) and overall survival (OS) were short-
ened by the presence of obesity: the median PFS for patients
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with a BMI <30 was 4.4 years and for a BMI >30 kg/m? it was
2.5 years (p =0.001); the corresponding median OS times were
7.1 and 3.2 years (p=0.001). Once metastasis had been diag-
nosed, the median PFS for the obese and non-obese patients

were 1.8 and 1.04 years, respectively and for OS they were
3.20 and 2.30 years (p <0.02).

Obesity, Estrogens and Breast Cancer

Figure 1 summarizes the steps in the production of estrogens
in adipose tissue and the regulation of their bioactivity. After
the menopause, estrogens are produced almost exclusively in
the stromal cells (preadipocytes) of the adipose tissue by the
enzymatic aromatization of the C19 steroid androstenedione
to form estrone; there is very little aromatase activity in the
mature adipocytes [17]. Aromatase is the rate-limiting enzyme
for estrogen synthesis, but adipose tissue also contains the
173-hydroxysteroid dehydrogenase responsible for the con-
version of estrone to the more biologically potent estradiol.
Transcriptional regulation of the CYP/9 gene that encodes
for aromatase expression is tissue-specific due to several
different promoters upstream that are activated by hormones,
cytokines and PGE,. Zhao et al. [64] showed that TNF-o
upregulates aromatase expression in adipose stromal cells by
stimulating the binding of c-fos and c-jun transcription factors
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Fig. 1 Synthesis of estrogens from the C19 steroid androstenedione in
adipose tissue and regulation of estradiol bioavailability by sex hormone-
binding globulin (SHBG). Androstenedione production by the adrenal
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to an activating protein-1 (AP-1) binding site located upstream
of promoter P1.4; PGE, induces aromatase gene expression in
the same cells via promoters P1.3/PII and a cAMP response
element [65]. The recruitment of macrophages into adipose
tissue provides a source of TNF-o and PGE,.

In breast cancer, aromatase expression in adipose stromal
cells is elevated at locations adjacent to the tumor mass, an
observation first made by O’Neill et al. [66] who found that
activity of the enzyme was highest in adipose tissue from the
cancer-containing quadrant of mastectomy specimens. Two
possible explanations, not mutually exclusive, are that the
breast cancer develops at a site, perhaps one of chronic low
grade inflammation, that provides a local environment condu-
cive to tumorigenesis (Fig. 2a), and that the cancer epithelial
cells secrete paracrine factors that act on the stromal cells to
induce aromatase expression (Fig. 2b). Bulun & Simpson [67]
showed that not only was aromatase expression highest in the
breast quadrant that contained the tumor, but that it also
contained the highest proportion of adipose stromal cells
(preadipocytes). This may be the result of the demonstrated
inhibition of preadipocyte maturation by TNF-« [68] and/or
dedifferentiation of adipocytes into preadipocytes [69-71],
together with the reactivation of aromatase expression.
There are two sources of this local TNF-« production: the
tumor-associated macrophages (Fig. 2a) and the breast cancer
cells themselves (Fig. 2b).
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glands is elevated in obesity, as is the activity of aromatase, an enzyme
that is inducible by tumor necrosis factor-alpha (TNF-«) and prostaglan-
din Ez (PGEz)
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Fig. 2 The local production of estrogens by preadipocytes (stro-
mal cells) is modulated by changes in aromatase activity. As
preadipocytes mature, enzyme expression is lost. a Tumor necro-
sis factor-alpha (TNF-«) and eicosanoids produced by infiltrating
macrophages induce preadipocyte aromatase activity. Also, TNF-«
acts on preadipocytes to arrest differentiation to mature adipocytes

Postmenopausal plasma estrogen concentrations are el-
evated in obesity [72], but before the menopause they are
unchanged in obese women because the dominant source is
the ovaries. Obesity not only increases estradiol production in
postmenopausal women, but also causes an elevation in its
bioavailability due to a reduction in the synthesis of sex
hormone-binding globulin (SHBG) by the liver. Under normal
conditions approximately 30-40 % of the plasma estradiol is
tightly bound to the SHBG and in consequence is rendered
biologically inert. Most of the remainder is weakly bound to
albumin, from which it is readily released, and another 1-2 %

@ Springer

(left) and on adipocytes to stimulate their dedifferentiation back to
preadiocytes (right). In both cases, the net effect is an increase in
aromatase activity and estrogen production. b Similar stimulatory
effects on aromatase activity may arise in a paracrine manner
from TNF-« and prostaglandin E, (PGE,) secreted by breast
cancer cells

circulates as unbound ‘free’ estradiol; both of these fractions
are available for biological activity.

The estrogens synthesized in the adipose tissues are gener-
ally accepted as having a causal role in breast cancer, and a
meta-analysis of previously published studies by Key et al.
[73] found that breast cancer risk in postmenopausal women
increased with increasing concentrations of total plasma es-
trogens and the biologically available fraction (Fig. 1). Low
plasma SHBG levels have also been associated with an
increased breast cancer risk in postmenopausal women [73,
74]. Moreover, a positive association was found between
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postmenopausal breast cancer risk, increasing BMI, and high
plasma estrogen and low SHBG concentrations [75].

Although these epidemiological observations are persua-
sive, they do not really distinguish between an endocrine
mechanism, a consequence of a general production of estro-
gens in the elevated body fat mass, the commonly stated
assumption, and paracrine interaction between the estrogen
formed locally by aromatase activity in the breast adipose
stromal cells and ER-positive target breast cancer cells
(Fig. 2). In support of the latter view, Simpson & Davis [76]
pointed out that tumor estrogen levels are considerably higher
than those in plasma from postmenopausal women, and so any
increase in the circulating concentrations may simply be a
reflection of there being elevated local production in the breast.
Also, in an aromatase transgenic mouse model, overexpression
of the enzyme was able to sustain breast hyperplasia in the
absence of circulating estrogen, an effect that was blocked by a
pharmacological aromatase inhibitor [77].

Inflammation

Chronic inflammation is a prolonged condition in which tissue
injury and attempts at repair coexist. In obese women a
chronic low-grade inflammatory process occurs which is
evidenced by an increase in the circulating levels of C-
reactive protein (CRP), inflammatory cytokines such as
TNF-« and interleukin (IL)-6, the chemokines IL-8 and
monocyte chemoattractant protein-1 (MCP-1), and the
mulifactorial and proinflammatory adipokine leptin [78]. With
the exception of leptin, the principal source of these factors in
obesity is the macrophages that have infiltrated the adipose
tissue [79, 80].

Leptin is a product of the obese (0b) gene and is synthe-
sized primarily in the preadipocytes and mature adipocytes; its
production rate in the adipose tissue is directly proportional to
the degree of adiposity and the plasma concentrations in
healthy women are positively correlated with the BMI
(reviewed by Vona-Davis & Rose [18]). Leptin has multiple
functions, among which is its role in the modulation of innate
and adaptive immune responses, with stimulation of mono-
cyte proliferation and the production of TNF-o« and other
cytokines [81]. Like the proinflammatory cytokines with
which it is associated, leptin promotes and maintains the
low-grade inflammation associated with obesity.

In a review of the contributions of leptin to breast cancer
risk and progression published in 2007, we concluded that the
dominant mechanism by which leptin stimulates tumor cell
growth, invasion and metastasis involves paracrine interaction
with the cells of the surrounding adipose tissue; less clear was
the role of obesity-related hyperleptinemia [18]. More recent-
ly, Ollberding et al. [82] reported the results of a nested case—
control study which showed that although higher circulating

levels of leptin were associated with increased postmenopaus-
al breast cancer risk, the relationship was unaffected by ad-
justment for the BMI. Also, when Llanos et al. [83] compared
the plasma and breast tissue leptin levels in women without a
cancer history, they did find a positive correlation between the
two, however the relationship was lost after adjustment for the
BMI. One explanation for these inconsistent results is the
possibility discussed earlier, that inflammation of the breast
adipose tissue, rather than adiposity per se is the important
etiologic factor.

Adiponectin is also an adipokine, but it has many functions
that counter those of leptin: of particular significance to the
present discussion, it is anti-inflammatory and inhibits TNF-«
expression in macrophages and adipocytes [84]. The biolog-
ical actions of adiponectin on breast cancer cells are in direct
opposition to those of leptin, and hypoadiponectinemia, which
occurs in obese women and chronic inflammatory states, has
been associated with increased postmenopausal breast cancer
risk and expression of an aggressive, metastatic, phenotype
[18, 85]. Gross et al. [86] brought these features together in a
case—control study that showed that high levels of plasma
leptin and soluble TNF receptor 2, an inflammatory marker,
but low levels of adiponectin, were associated with increased
risk for postmenopausal breast cancer.

In obesity, the stroma vascular fraction of white adipose
tissue is enriched in macrophages. In lean individuals, there
are solitary “alternative” adipose tissue macrophages (M2)
that are characterized by the expression of anti-inflammatory
IL-10 and arginase to facilitate adipogenesis (Fig. 3). Howev-
er, in obesity there are more “crown” aggregate macrophages
(M1) found that preferentially express the surface marker
integrin CD11c [87]. These pro-inflammatory “classical”
macrophages are frequently associated with insulin resistance
and obesity. Cancello et al. [88] found that after severe weight
loss surgery, there were fewer crown-like structures within
adipose tissue. The phenotypic shift from M1 to M2 could be
viewed as an improvement in the inflammatory profile of the
adipose tissue in human adipose tissue.

In cancer, the hormone-cytokine-eicosanoid interactions
regulate both host cell and tumor cell response to that micro-
environment. Tumor-associated macrophages (TAMs) pre-
dominately exhibit an M2 phenotype (Fig. 3). COX-2 is the
key enzyme for differentiation of monocytes into alternatively
activated M2 macrophages. Studies have shown that COX-2
inhibition alters the phenotype of tumor-associated macro-
phages from M2 to M1 in Apc™""* mouse polyps [89]. This
was recently confirmed by Na et al. [90] who showed that
nonsteroidal anti-inflammatory drug therapy suppressed lung
metastasis by reducing the M2 macrophage characteristics of
TAMs in a murine model of breast cancer. Thus, it appears that
blocking COX-2 may have clinical use in breast cancer as a
therapy for induction of enhanced anti-tumor immunity in the
prevention of breast cancer metastasis.
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Fig. 3 COX-2 and human macrophage differentiation in obesity and
breast cancer. The anti-tumoral classically activated M1 macrophages are
polarized by lipopolysaccharide (LPS), interferon gamma (IFN-y) and
tumor necrosis factor-alpha (TNF-) to secrete proinflammatory cytokines
and effector molecules. The pro-tumoral alternatively activated M2 mac-
rophages become polarized by interleukin-10 (IL-10) and express anti-
inflammatory molecules such as transforming growth factor-beta (TGF-{3)

The inflammatory process may precede tumorigenesis, and
this is the most likely situation in obesity-related breast cancer
pathogenesis, but neoplastic transformation may also initiate
the creation of a tumor-supporting inflammatory milieu [91].
It has been estimated that at least 20 % of all cancers originate
in association with inflammation [92]. The prototypical pro-
inflammatory cytokine is TNF-«, which is produced in the
M1 or “classically activated” macrophages and is associated
with adipocytic inflammation, angiogenesis in adipose tissue,
and insulin resistance (reviewed by Shah et al. [93]); also,
although originally described for its antitumor effects when
present at high concentrations, it is now recognized as having
multiple functions in promoting tumor development [91, 92].

A histological feature of adipose tissue inflammation is the
aggregation of macrophages around individual adipocytes that
consequently undergo necrosis and fuse to form a syncytium
of lipid-containing giant multinucleated cells, referred to as
“crown-like structures” [94]. Subbaramaiah et al. [9] found in
obese mice that an increase in the number of crown-like
structures in the stromal component of both the abdominal
visceral fat and the mammary tissue was associated with an
elevation in TNF-« and IL-6 production, induction of COX-2
and elevated PGE, levels, and a corresponding increase in
aromatase mRNA expression and enzyme activity. The
macrophage-rich stromal-vascular fraction isolated from the
mammary glands of obese mice secreted high levels of
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and Arginase 1. In obesity, aggregate “crown” M1 macrophages are usually
found in adipose tissue and associated with insulin resistance. In tumors,
infiltrated macrophages are polarized by the M2 phenotype which pro-
motes tumor growth. Cyclooxgenase-2 (COX-2) signaling during differ-
entiation is required for M2 macrophage development; inhibiting COX-2
reduces their polarization and inhibits tumor promotion shifting monocyte
differentiation toward M1 phenotype and systemic innate immunity

TNF-«, IL-1$3, and PGE, compared with the stromal-
vascular fraction from lean mice, and by the use of blocking
antibodies and a selective COX-2 inhibitor each fraction was
shown to contribute to the induction of aromatase in
preadipocytes. Moreover, treatment of macrophages with a
saturated fatty acid stimulated production of the two cytokines
and PGE,, and medium conditioned by the inflammatory cells
induced preadipocyte aromatase expression; there were also
elevations in cAMP and protein kinase A activities, known
elements of the signaling pathway for PGE, stimulation of
CYP19 transcription. These products, including the estro-
gens synthesized by the increased aromatase activity,
would then be available for paracrine stimulation of breast
cancer cells (Fig. 4).

The same research group also reported the association of
crown-like structure accumulation and elevation of aromatase
expression with higher BMI in non-cancerous breast adipose
tissue from premenopausal and postmenopausal women with
breast cancer [10]. The statistical correlation between the level
of aromatase expression and the number of crown-like struc-
tures was stronger than that for the BMI, which the investiga-
tors pointed out is consistent with only a subset of postmen-
opausal obese women, those with breast adipose tissue in-
flammation and a high rate of local estrogen biosynthesis,
being at increased breast cancer risk. This observation is
consistent with the concept of “metabolically benign obesity”,
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which is characterized by an absence of insulin resistance
[95], no increase in TNF-a or CRP expression [96], and a
lack of crown-like structures [97]. There is an obvious need
for epidemiological studies of obesity as a risk factor for breast
cancer in which the focus is not on the BMI, which may not
reflect the significant metabolic and cellular changes, but
inflammation as indicated by crown-like structures, molecular
markers of inflammation, and aromatase expression.

Cancer cells can lose their epithelial characteristics and
assume a spindle-like or, fibroblastoid, mesenchymal mor-
phology. This epithelial-mesenchymal transition (EMT) is
marked by overexpression of the structural intermediate fila-
ment protein vimentin and downregulation of E-cadherin
expression and results in increased migratory and invasive
capacity [98] and a particularly aggressive phenotype in
triple-negative breast cancer [99]. In addition to increasing
extraglandular estrogen production by way of aromatase in-
duction, obesity/inflammation-associated TNF-« may induce
COX-2 and also has direct effects on breast cancer cells that
contribute to EMT (Fig. 4), with elevated metalloproteinase
expression, enhanced migration and invasive capacity
[100-102], and metastasis [103]. Dunlap et al. [104] found
that in a mouse model of diet-induced obesity promoted the
development of mammary tumors with a mesenchymal phe-
notype, which exhibited upregulation of the EMT markers N-
cadherin and Snail. Several studies have shown that
adipocyte-conditioned medium and sera from obese rodents,
which contain high concentrations of TNF-« and IL-6, can
promote cancer cell EMT [105-107], and in untransformed
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MCF-10A breast epithelial cells, treatment with a combina-
tion of TNF-x and transforming growth factor-f3 induced a
loss of E-cadherin and increased vimentin expression and
enhanced migratory capacity [108].

Nuclear factor-k light chain enhancer of activated B cells
(NF-kB) is a transcription factor that regulates many of the
genes implicated in tumor cell proliferation, migration and
metastasis [109]. NF-kB also has a key role in chronic inflam-
mation and activates the expression of genes encoding for
inflammatory cytokines, COX-2, adhesion molecules and an-
giogenic factors. Most solid tumors and lymphoid malignan-
cies possess activated NF-kB, which may be the result of
mutational activation of upstream components of the signaling
pathways or proinflammatory stimuli in the tumor microenvi-
ronment [110]. In co-culture experiments, macrophages were
shown to increase the invasive capacity of breast cancer cells
in a NF-k-B and TNF-«-dependent manner [111].

Activation of NF-kB is regulated by interaction with “in-
hibitor of kB” (IkB) proteins; several such interactions have
been described and involve different NF-«kB and IkB proteins
[112]. Proinflammatory molecules such as TNF-o activate
NF-kB, so triggering series of events in the inflammatory
process and mediating related stress responses [113, 114]. In
the study of obesity and inflammation by Le et al. [97], the
combined presence of crown-like structures and increased
levels of TNF-« in adipose tissue was associated with upreg-
ulation of several genes of the NF-kB pathway.

In breast cancer, constitutively activated NF-kB was shown
to be a downstream mediator of growth signaling in
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aggressively metastatic ER-negative, HER-2-positive [115,
116], and basal-like, triple-negative, breast cancer cells [117,
118]. In the studies by Dannenberg, Subbaramaiah and their
colleagues discussed earlier [9, 10], the presence of crown-
like structures in mammary adipose tissue was associated with
activation of NF-«kB that was involved in the upregulation of
TNF-«, IL-13 and COX-2 in the macrophages, leading, in
turn, to the induction of aromatase in stromal cells. Thus,
obesity-related inflammation in breast cancer patients may
also stimulate ER-positive breast cancer growth and progres-
sion by an NF-kB-related mechanism of increased local
estrogen production.

Eicosanoids

The eicosanoids are autacoid mediators derived from a 20-
carbon (eicosa-) omega-6 polyunsaturated fatty acid, arachi-
donic acid (5,8,11,14-eicosatetraenoic acid), and function on a
local level as chemical transmitters for a variety of intracellu-
lar and intercellular signals. Arachidonic acid, produced in the
liver from dietary linoleic acid, is stored as a constituent of the
cell membrane phospholipids from which it is released under
the influence of phospholipase A,. It provides the substrate for
the two classes of enzymes with which we are concerned here:
the PG synthases, usually referred to as COX, which produce
the prostanoids (PGs, prostacyclin, and thromboxanes), and
the lipoxygenases (LOXs), which catalyze the biosynthesis of
the HETEs and LTs; the third class, comprising w-
hydroxylases and epoxygenases, form the cytochrome P450-
derived eicosanoids (Fig. 5). There are two isoforms of COX:

Fig. 5 The biosynthesis of
cyclooxygenase and lipoxygenase
products from arachidonic acid.
Linoleic and arachidonic acid are
both omega polyunsaturated fatty
acids: linoleic acid is obtained
entirely in the diet, whereas most
arachidonic acid is formed in the
liver by a series of desaturase and
elongase reactions and stored in
cell membrane phospholipid
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one, COX-1, is constitutively expressed by most tissues and is
responsible for the generation of the PGs involved in physio-
logical activities; the other, COX-2, is induced in a cell type-
specific manner by various stimuli, including growth factors,
and cytokines, notably TNF-« [119, 120].

The 5-, 12-, and 15-LOXs insert molecular oxygen into
polyunsaturated fatty acid to form hydroperoxyeicosatetracnoic
acids that are reduced to the hydroxyl analogues: 5-, 12-, and
15-HETE. The HETEs are involved in a wide range of biolog-
ical activities, including the modulation of ion transport, vari-
ous aspects of vascular, pulmonary and renal function, hor-
mone secretion and the immune response.

Studies of eicosanoids in chronic inflammation have con-
centrated on the PGs, although more recently it has been
recognized that the products of LOX-mediated pathways also
play an important role [121, 122]. The adipose tissue-
infiltrating macrophages express COX-2 [9, 11, 12] and LOXs
[13, 123], and, in addition to PGE,, produce 5-, 12-, and 15-
HETE and LT C4 [122].

Ristimaki et al. [124] examined the expression of COX-2 in
1,576 invasive breast cancers and found elevated levels of the
enzyme protein in 37.4 %; these were associated with large
tumor size and high proliferation rates, and with short distant
disease-free survival. A similar study by Denkert et al. [125]
showed a positive correlation between COX-2 expression and
primary tumor size, axillary lymph node involvement, and
poor histological differentiation; COX-2 overexpression was
also related to reduced disease-free and overall survival. In a
second publication by these investigators, data from eight
different studies were reviewed; overexpression of COX-2
was present in 40 % of 2,392 tumors and was associated with
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pathological indicators of a poor prognosis and reduced sur-
vival [126]. There have been several reports that an inverse
relationship exists between COX-2 and ER/PR expression in
breast cancer tissues [124, 125, 127, 128], an observation that
was not confirmed by Dhakal et al. [129], but is consistent
with the association of COX-2-overexpressing and ER-
negative tumors with biologically aggressive disease.

There are two proposed general mechanisms by which
eicosanoids influence breast cancer growth, invasion and me-
tastasis: one involves the PGE,-mediated induction of aroma-
tase which has been discussed earlier in the review and applies
only to ER-positive breast cancers; the other concerns the direct
stimulatory effects of PGs, notably PGE,, and lipoxygenase
products, HETEs and LTs, on growth and invasive/metastatic
capacity, which is applicable to estrogen-independent, usually
ER-negative, tumors which typically possess a more aggressive
phenotype. However, the situation appears to be more com-
plex: it has also been proposed that the local production of
estrogens and proinflammatory cytokines which occurs in as-
sociation with breast adipose tissue inflammation, with conse-
quent activation of ER and NF-kB, promotes a more aggres-
sive, but ER-positive, phenotype, and provides a mechanism
by which breast cancers develop resistance to selective ER
modulator and aromatase inhibitor therapy [130]. Moreover,
Lykkesfeldt et al. [131] reported that although COX-2 expres-
sion may be associated with ER-positive breast cancer it does
not predict responsiveness to endocrine therapy.

Although obesity-associated breast tissue inflammation
may be accompanied by COX-2-related local estrogen pro-
duction, as indicated by the work of Subbaramaiah et al. [12],
and implied stimulation of tumorigenesis, there is also evi-
dence from transfection experiments that COX-2 expression
in breast cancer is associated with EMT, an accompanying
loss of ER expression and emergence of the metastatic phe-
notype [132]. Also, arachidonic acid, the substrate for COX-2
activity, was shown to promote EMT of a human breast
epithelial cell line [133]. This is clearly an important but
complex area and merits further investigation.

There is substantial experimental evidence that LOX prod-
ucts are involved in breast cancer cell growth and expression of
the metastatic phenotype. Early experiments with human ER-
negative breast cancer cell lines and pharmacological inhibitors
of eicosanoid synthesizing enzymes found that PGs did not
stimulate proliferation in vitro [134, 135], but that 12-HETE
was mitogenic and 12-LOX overexpression in the ER-positive
MCF-7 breast cancer cell line produced an exaggerated growth
response to linoleic acid [136]. MCF-7 cells transfected to
overexpress 12-LOX also exhibited accelerated growth in
athymic nude mice, with both increased proliferation and re-
duced apoptotic cell death, and high angiogenic activity [137].
More recently, Avis et al. [138] and Tong et al. [139] showed that
5-HETE and 12-HETE stimulate proliferation of several ER-
positive and ER-negative breast cancer cell lines, and suppress

apoptosis by upregulation of the anti-apoptotic gene Bcl-2 and
blocking caspase-9 activation.

The level of 12-LOX mRNA expression has been found to
be higher in breast cancer tissue than in uninvolved tissue from
the same patient [128, 140, 141]. Mohammad et al. [128]
reported that in addition to elevated COX-2 mRNA expression
in 47 % of a small series of breast cancers, 63 % overexpressed
12-LOX; both were associated with higher tumor stage, but only
COX-2 showed a negative relationship with ER expression and
there was no correlation between COX-2 and 12-LOX.

The potential interactions between cytokines secreted by the
inflammatory macrophages and breast cancer epithelial cells
and eicosanoids in stimulating tumor growth and invasion are
complex. Breast cancer cells possess varying levels of PG
receptors, of which one, EP4, appears to have a key role in
experimental metastasis [142], and Guo et al. [143] have iden-
tified a G protein-coupled transmembrane receptor for 12-
HETE, and so the obesity-associated macrophages which infil-
trate the adjacent adipose tissue may establish paracrine-
autocrine loops involving macrophage cytokine-to-tumor cell
COX/LOX and/or macrophage PGE,/HETE-to-tumor cell sur-
face eicosanoid receptors.

Both COX-2 and lipoxygenase products also stimulate breast
cancer cell invasion [144—147]. Serna-Marquez et al. [147]
showed that linoleic acid stimulated breast cancer cell migra-
tion by a mechanism that involved the activation of focal
adhesion kinase by a COX-2- and LOX-mediated process. In
a series of experiments, Singh et al. [148] transfected MDA-
MB-231 breast cancer cells so as to overexpress COX-2 and
secrete high levels of PGE,; the observed increase in invasive-
ness was associated with elevated levels of urokinase-like
plasminogen activator, a key proteolytic enzyme in the invasive
process.

The catabolism of PGE, in the body results in the produc-
tion of a stable end-metabolite, PGE-M, which has been used
an index of systemic PGE, levels. Increased levels of urinary
PGE-M occur in association with obesity, aging and lung
metastases in patients with breast cancer [149]. As a biomark-
er of inflammation, PGE-M was positively associated with
breast cancer risk in postmenopausal women who did not
regularly use nonsteroidal anti-inflammatory drugs [150].

Angiogenesis and Obesity

Angiogenesis is a critical part of tumorigenesis and also
facilitates spread to distant metastatic sites. A high level of
neovascularization in primary breast cancer is predictive of a
poor prognosis [151].

There is a complex relationship between adipose tissue and
angiogenic activity, with the capillary bed undergoing expan-
sion and contraction in response to fluctuations in adiposity;
adipogenesis is regulated by new blood vessel formation,
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which itself is driven by preadipocyte- and macrophage-
secreted angiogenic factors, and blood vessel density is
governed by adipocyte number and size [152, 153]. In general,
vascular endothelial growth factor (VEGF) is the dominant
stimulating factor for angiogenesis, and the concentration in
human plasma is positively correlated with the BMI [154], but
there are several others, including leptin, platelet-derived
growth factor (PDGF) and TNF-« [155], and some of the
arachidonic acid-derived eicosanoids [156]. Experiments
in vitro showed that leptin stimulates vascular endothelial cell
growth, promotes degradation of the extracellular matrix so as
to facilitate the establishment of a vascular network, and en-
hances capillary tube formation; in vivo, it was found to pro-
mote angiogenesis with a potency that is equal to that of VEGF.

Obesity-associated inflammation is considered to be a conse-
quence of adipose tissue hypoxia and the associated infiltration
by macrophages provides a source of TNF-&, PDGF, PGE,, and
other angiogenic factors, including some VEGF, which, together
VEGF and leptin produced in the adipocytes, stimulate neovas-
cularization [157]. In inflammation-related cancer this local an-
giogenesis may contribute to the creation of a microenvironment
that is favorable to tumor growth and metastasis [158].

Some COX-2 and LOX products are potent angiogenic
factors. The proinflammatory eicosanoid PGE, has been
known to stimulate blood vessel formation for over 30 years;
more recently, Zhang et al. [159] found that it exerts its effects
through the EP4 receptor and promotes tube formation by
microvascular endothelial cells, a function that in their exper-
iments was mediated via protein kinase A. Celecoxib, a se-
lective inhibitor of COX-2, suppressed the growth of a COX-2
overexpressing human colorectal cancer xenograft in athymic
nude mice, together with lymph node metastasis, VEGF ex-
pression and tumor-related angiogenesis [160], and Prosperi
etal. [161] showed that when MCF-7 breast cancer cells were
transfected to overexpress COX-2 there was an increase in
tumor cell proliferation, which was blocked by celecoxib, and
invasive capacity; also, the cells expressed high levels of two
VEGF splice variants.

The role of 12-HETE in tumor-related angiogenesis has
been established in both cancers of the prostate [162, 163] and
breast [137, 156]. Connolly & Rose [137] showed that in
addition to accelerated growth, 12-LOX-overexpressing
MCF-7 cell solid tumors in nude mice exhibit a high level of
angiogenic activity. The expression of 5-LOX and 5-HETE
and LTB4 production in a chemically-induced rat mammary
carcinoma has also been related to a high level of angiogenesis
and inflammation [164].

It is evident from this discussion that a complex network of
adipocyte- and macrophage-associated angiogenic factors ex-
ists, which may undergo enhanced activity in obesity-related
inflammation and promote breast cancer development and
metastasis. Further studies are required to investigate the
clinical significance of these observations, the specific
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contributions of the eicosanoids to the process, and the mo-
lecular mechanisms by which they impose their influence on
angiogenesis.

Commentary

It needs to be stressed that the epidemiological and clinical-
based contents of this review are derived almost exclusively
from studies of white non-Hispanic women performed in
North America and Europe. The distinction is important: the
established association of obesity with an increased postmen-
opausal breast cancer risk which has been so clearly
established in these studies may not hold for African-
American or Hispanic women [165].

The recognition that adipose tissue inflammation is a major
contributor to a wide range of metabolic diseases is having a
considerable influence on the way we perceive the associa-
tions of obesity with several cancers, including carcinoma of
the breast. In this context, the report by Hyatt et al. [166] that
greater amounts of intra-abdominal adipose tissue were pres-
ent in white compared with African-American women and
associated with higher concentrations of circulating markers
of inflammation, including TNF-« and IL-6, and that serum
adiponectin levels were inversely related to these two cyto-
kines in whites but not African-Americans, is of interest.

Adipose tissue inflammation occurs in association with type
2 diabetes and the metabolic syndrome, both of which have
also been identified as risk factors for breast cancer; however,
understanding the relationships is complicated by the concur-
rent role of obesity, which is itself causally associated with
insulin resistance and a risk factor for both metabolic disorders.
Colditz et al. [167] determined that in their cohort study of 113,
861 women, 98 % of the cases of diabetes were attributable to
obesity, and there is clearly considerable overlap in the bio-
chemical features of obesity and type 2 diabetes that may be
ascribed an etiologic role in breast cancer development; for
example, in both conditions there is hyperinsulinemia,
hyperleptinemia and hypoadiponectinemia. However, observa-
tional prospective studies on insulin serum levels and breast
cancer risk have obtained mixed results. The association be-
tween serum insulin concentrations and breast cancer risk was
not evident in a recent meta-analysis performed on prospective
studies by Autier et al. [168]. The authors speculate that an
increased risk found by some studies may have been due to
inadequate control for BMI alone, as adiposity is the main
cause of, rather than, a consequence of hyperinsulinemia.

Elevated plasma total and biologically available estrogen
and reduced SHBG concentrations also occur in type 2 dia-
betes, but the problem is to distinguish the contribution of
insulin from those of leptin and the inflammatory cytokines in
producing these changes. Nevertheless, despite the problem of
residual confounding after adjustment in the statistical
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analyses, the general view is that type 2 diabetes is associated
with a modest increase in postmenopausal breast cancer risk
and has an adverse effect on prognosis that are independent of
any coexisting obesity. Insulin does stimulate the proliferation
of ER-positive breast cancer cell lines and suppresses apopto-
sis, promotes tumor cell migration and invasion, and promotes
angiogenesis (reviewed in Rose & Vona-Davis [169]).

Further studies are needed to address the relationship of
breast adipose tissue inflammation to estrogen dependence in
breast cancer. The demonstration by Subbaramaiah and his
colleagues that obesity-associated inflammation is associated
with the induction of breast stromal cell aromatase activity, a
consequence of elevated COX-2 expression and PGE, syn-
thesis in proinflammatory macrophages, may have relevance
only for postmenopausal ER-positive breast cancers and more
specifically, albeit the majority, those that are truly estrogen
dependent. It may be that inflammation is responsible for both
an increased risk of ER-positive breast cancer and failure to
respond to endocrine therapy, as suggested by Baumgarten &
Frasor [130]. However, the situation is more complex than
this: not only have a number of epidemiological studies shown
an inverse relationship between ER and COX-2 expression,
but at a molecular level, overexpression of COX-2 is a feature
of epithelial-mesenchymal transition and the acquisition of a
metastatic phenotype, including loss of ER expression. To
complicate matters further, in spite of their aggressive biolog-
ical behavior, triple-negative breast cancer tissues acquired at
surgery have been reported to express only very low levels of
both COX-2 and TNF-«.

The effects of short-term dietary energy restriction and/or
exercise and weight reduction on intermediate end-points
such as the plasma and adipose tissue concentrations of
estrogens, inflammatory markers such as CRP, TNF-o« and
IL-6, and leptin have been reported, and putatively favorable
reductions demonstrated. However, the translation of epide-
miological and experimental studies of obesity, inflammation
and breast cancer to preventive and therapeutic interventions
will be much more difficult, although we do start with the
experience gained from the dietary low-fat clinical trials.
Indeed, in the WINS trial of a low-fat intervention in post-
menopausal patients with stage I or II breast cancer, a reduc-
tion of dietary fat intake to 20 % of total calories was
accompanied by a 6 lIb weight loss which was associated
with a 25 % decrease in the risk of recurrence; the Women’s
Healthy Eating and Living Study, which produced no change
in body weight showed no benefit of a low-fat diet (for
reference see [170]).

In addition to interventions based on dietary and physical
exercise, our review of the inflammation-eicosanoid connec-
tion in breast cancer suggests that for both prevention and
treatment the efficacy of antiaromatase drugs might be en-
hanced by their combination with a COX inhibitor, or, perhaps
even better, a combination of COX and LOX inhibition.
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