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Overview
The importance of inflammation in promoting carcinogenesis and tumor progression is well
recognized. Chronic inflammation caused by a variety of infectious agents can lead to the
development of several common malignancies. Similarly, inflammatory bowel disease is a well
known risk factor for colorectal cancer. Much less is known about the link between inflammation
and the development of breast cancer. Recent data suggest that obesity causes both in-breast and
systemic inflammation that contribute to the development and progression of breast cancer. This
observation has potentially important implications in terms of prevention and treatment of breast
cancer, especially given the rising worldwide overweight and obesity rates.

Inflamed white adipose tissue (WAT) within the breast is associated with elevated levels of
proinflammatory mediators, enhanced expression of aromatase (the rate-limiting enzyme for
estrogen biosynthesis), and increased estrogen receptor-α (ER-α)-dependent gene expression.
Systemic consequences of obesity including altered adipokine levels, elevated circulating estrogen
levels, and insulin resistance are also believed to play a role in the pathogenesis of breast cancer.
Collectively, these findings suggest a significant role for inflammation in the pathogenesis of
breast cancer in obese and overweight patients.

Introduction
Amongst its wide range of clinical consequences, obesity is a well-known risk factor for the
development of several common epithelial malignancies.1 In postmenopausal women, the
risk of developing breast cancers that express the estrogen and progesterone receptors (ER
and PR), is significantly elevated for those who are obese or overweight.2 Furthermore,
obese and overweight patients, once diagnosed, suffer from worse disease-related outcomes
than their leaner counterparts, regardless of breast cancer subtype.3 After menopause,
estrogen is mostly derived peripherally from the non-cyclical conversion of androgen
precursors within adipose tissue. The rate-limiting step in this conversion is catalyzed by the
cytochrome P450 enzyme, aromatase, which is encoded by the CYP19 gene. Circulating
estrogens, such as estradiol, are known to stimulate the proliferation of breast epithelial cells
and potentially exert a mutagenic effect. Higher levels of circulating estradiol as a result of
increased adiposity and aromatase expression are thought to contribute, in part, to the greater
risk of ER/PR-positive breast cancer in obese postmenopausal women.2 However, compared
to the premenopausal state, circulating estradiol levels are significantly lower as the ovaries
no longer produce substantial amounts of estrogen. Nevertheless, the incidence of ER-
positive disease rises with age, approaching nearly 85% of breast cancers diagnosed in
women during their ninth decade of life.4 This seemingly paradoxical association between
the increasing incidence of hormone sensitive tumors in aging women whose circulating
estradiol levels have declined after menopause highlights an important scientific question:
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Why are hormone sensitive breast cancers more prevalent after circulating levels of tumor-
stimulating estrogens have significantly and naturally declined? One possibility is that the
microenvironment in which the neoplasm arises and grows plays an important role and that
it compensates for the decrease in circulating estrogens. Indeed, locally produced estrogens
and, possibly, ligand-independent activation of ER-α have been associated with
carcinogenesis.5 Local effects may also be important for understanding the link between
obesity and increased risk of hormone receptor-positive breast cancer in obese
postmenopausal women.

Additional evidence suggests that there are likely to be several estrogen-independent
mechanisms involved in the link between obesity and breast carcinogenesis (Figure 1). In
addition to the elevated risk of hormonally sensitive breast tumors, obesity has also been
associated with an increased risk of ER-negative breast cancers in some studies.6 This
observation, in particular, points to the involvement of estrogen-independent pathways
(although these may also be operative in hormone receptor-positive cancers). Obesity is
associated with chronic, systemic inflammation characterized by elevated levels of
circulating proinflammatory mediators known to promote tumorigenesis and growth.1,7,8

Both the systemic and local consequences of chronic adipose inflammation thus provide key
potential mechanistic links between obesity and breast cancer. In addition to inflammation,
other obesity-related effects promote cell proliferation and survival. These include
hyperinsulinemia and increased insulin-like growth factor-1 (IGF-1) signaling, as well as
altered levels of the adipokines, adiponectin and leptin. This review addresses the complex
biological interactions between obesity and breast cancer, with a particular focus on
inflammation as a key mediator.

Connecting obesity and breast cancer via inflammation
Tumor microenvironment

The links between inflammation and cancer have long been described. In the mid nineteenth
century, Virchow first hypothesized that tissue injury and the ensuing inflammation promote
enhanced cellular proliferation thereby predisposing cells to neoplastic transformation.9

Subsequent observations that many cancers arise at sites of chronic inflammation, coupled
with epidemiologic data demonstrating increased cancer rates in patients with underlying
inflammatory conditions, have led to significant efforts to better understand the complex
role of inflammation. Adding urgency to this ongoing investigation, are reports linking
infection and the inflammatory response to 15–20% of all cancer-related deaths worldwide.9

A critical observation is that the tumor microenvironment closely resembles that of a healing
wound, including the influx of immune cells with resultant production of proinflammatory
mediators as well as tissue remodeling and angiogenesis.10 Furthermore, malignant cells
may co-opt the inflammatory mechanism leading to increased growth, invasion, and
metastasis.11 Together, the epidemiologic and histologic observations strongly suggest that
inflammation plays a key role in tumor biology, and is not simply a result of the
development of cancer.

While many cancers including colon, lung, bladder, esophagus, liver, and others, are known
to have infectious and/or inflammation-related etiologies, this link has been far less clear for
breast cancer. Recently, inflammation, characterized by the hallmarks of wound healing, has
been demonstrated to occur in breast tumors.12 Emerging evidence points to a causal
relationship between obesity, chronic in-breast inflammation, and tumorigenesis. Increased
body mass index has been associated with adipocyte hypertrophy in the breast.13 Moreover,
a positive correlation has been observed between increased adipocyte size and cell death in
the human breast. Adipocytes can release a variety of proinflammatory cytokines and
adipokines which are likely to contribute to the recruitment and activation of immune cells
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including macrophages.14 Dying adipocytes also release free fatty acids (FFA) which can
stimulate the production of proinflammatory cytokines via toll-like receptor-4 (TLR-4) and
NFκB signaling.

Adipocyte interactions
A growing understanding of the complex interactions between adipocytes and immune cells
within the WAT stromal vascular fraction is shedding new light on the role of adipose
inflammation in tumor development and progression. The activated macrophage is a key
mediator of adipose inflammation, and the adipocyte-macrophage interaction is emerging as
a central theme. Adipocyte death leads to myeloid cell recruitment in a characteristic pattern
whereby macrophages form a crown surrounding the dead adipocyte. This formation is
histologically apparent as crown-like structures (CLS), which have been observed in
subcutaneous and visceral fat in association with the metabolic syndrome.15 More recently,
these inflammatory lesions were discovered to occur in the mammary gland of obese mice
and the WAT of the human breast, termed CLS-B.13,16 Notably, CLS-B are detected more
efficiently using immunohistochemical staining for CD68, a macrophage marker, rather than
with standard hematoxylin and eosin (H&E) staining (Figure 2).13 For this reason as well as
the usual focus on tumor, rather than benign tissue, CLS-B and their associated biology may
not have been previously appreciated. As in the preclinical mouse models, the presence of
CLS-B in women was associated with activation of NFκB and increased levels of TNFα,
IL-1β, IL-6, and COX-2-derived PGE2. Relating to the epidemiological association of
obesity and postmenopausal hormone receptor-positive breast cancer, a critical consequence
of CLS-B and the associated elevation in tissue levels of proinflammatory cytokines is
increased transcription of the CYP19 gene encoding aromatase.19 Indeed, several of the
proinflammatory mediators associated with CLS-B, including TNFα, IL-1β, IL-6, and
PGE2, are known to up regulate aromatase expression via specific promoters that give rise to
unique mRNA species found in breast tissue.19–21 Increased levels and activity of aromatase
lead to enhanced estrogen biosynthesis and up regulation of PR, an ER target gene.
Additionally, increased circulating levels of proinflammatory mediators in obese breast
cancer patients correlate with poor prognosis.17,18 For example, elevated levels of IL-6 in
serum have been associated with worse survival in patients with metastatic hormone-
refractory breast cancer.17

Given the significant biological consequences of these inflammatory pathways and the need
to further explore the histologic structures associated with their activation, a CLS-B index
was developed to quantify the severity of breast WAT inflammation. This index is defined
as the number of slides with histologic evidence of CLS-B compared to the number of slides
examined, reported on a scale ranging from 0 to 1.0. Consistent with the hypothesis that the
obesity→inflammation→aromatase axis is operative, the severity of breast inflammation as
defined by the CLS-B index correlated with aromatase activity.13 Furthermore, the presence
of CLS-B was not merely a surrogate for increasing BMI. In support of this point, CLS-B
were found in approximately 75% of obese women. Inflammatory foci can also be found in
a minority of lean women. These findings are consistent with the observation that not all
obese individuals suffer from the metabolic syndrome and that other factors may also induce
localized inflammation in WAT. Overall, the discovery of CLS-B implicates inflammation
specifically, rather than obesity alone, as a key driver of aromatase activity in the breast.
Taken together, these findings demonstrate an obesity→inflammation→aromatase signaling
axis, characterized by a complex system of paracrine interactions between macrophages and
other cells, e.g. preadipocytes, in human breast WAT (Figure 3). This axis places
inflammation at the center of ER-positive breast cancer pathogenesis for many patients, and
provides an important mechanistic and targetable link between obesity and breast cancer.
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Metabolic dysfunction and inflammation
In addition to activation of estrogen signaling pathways via inflammation-mediated up
regulation of aromatase, obesity promotes breast cancer through the systemic effects of
dysregulated metabolism. A primary function of adipose tissue is to store energy in the form
of triglycerides within the WAT adipocytes. Hyperadiposity is characterized by a state of
energy imbalance, which plays an important role in immune activation. In addition to cell
wall stretch and subsequent release of proinflammatory cytokines, adipocyte hypertrophy is
associated with increased lipolysis resulting in the release of FFA. FFA are believed to
stimulate inflammatory pathways in adipose tissue, but can also be deposited in various
organs contributing to atherosclerosis, hypertension, insulin resistance and glucose
intolerance. Indeed, excess adiposity is associated with higher circulating triglyceride levels,
reflecting the state of energy imbalance that occurs in many obese/overweight patients. As
noted, FFA stimulate multiple inflammatory signaling pathways, ultimately leading to
activation of the transcription factor, NFκB, which plays a key role in the immune response
and adipose inflammation.22 Activation of NFκB can be mediated by TLR-4, a member of
the TLR family of pattern recognition molecules that are centrally involved in the immune
response.23 Lipopolysaccharide (LPS), a component of the cell wall of gram negative
bacteria, is a prototypic TLR-4 agonist and stimulates the innate immune response. In a
similar manner, TLR-4 is thought to orchestrate inflammation in response to excess
endogenous lipids.23,24 FFA signaling through TLR-4 can lead to macrophage activation,
resulting in elevated levels of TNFα, IL-6, and other proinflammatory mediators as detailed
above.24 These cytokines stimulate further lipolysis and release of FFA, thus establishing a
reinforced feedback cycle of sustained inflammation.

Connecting obesity and breast cancer via endocrine dysfunction
Endocrine-mediated consequences of obesity also contribute to breast carcinogenesis and
tumor progression. These include elevated levels of insulin and bioavailable insulin-like
growth factor-1 (IGF-1), partly related to alterations in levels of the adipokines, adiponectin
and leptin (Figure 1). Both of these adipokines have angiogenic properties. Elevated leptin
levels, as occur in obesity, stimulate breast tumor cell proliferation through several signal
transduction pathways and by altering cell-cycle checkpoints via up regulation of cyclin D1
and cdk2.25,26 In contrast to leptin, adiponectin levels are diminished in obesity. Although
the underlying mechanisms are not completely understood, decreased adiponectin levels are
associated with hyperinsulinemia and increased breast cancer risk. These observations may
be partly explained by the effects of adiponectin on the PTEN/PI3K/mTOR, MAPK, and
AMPK pathways, leading to enhanced cell proliferation and inhibition of apoptosis.1,25

Insulin resistance, characterized by elevated plasma insulin levels, occurs in association with
obesity-related inflammation and is likely to play an important role in breast cancer
progression.27 Both insulin and IGF-1 promote cell proliferation and inhibition of apoptosis
by stimulating the PI3K/Akt and Ras/Raf/MAPK systems.28 Additionally, IGF-1 and
insulin, to a lesser degree, interact with estrogen signaling pathways to promote hormone
sensitive breast cancers. IGF-1 has been shown to stimulate aromatase activity.29 Insulin, on
the other hand, acts systemically by inhibiting hepatic synthesis of sex-hormone-binding
globulin (SHBG) which binds and transports the hormones testosterone,
dihydrotestosterone, and estradiol, in a biologically inactive state.1 Increased free estradiol,
as a result of diminished SHBG levels, is then available to stimulate growth of ER
expressing breast tumors. Together, these findings suggest that obesity-associated insulin
resistance has multiple local and systemic consequences that help to explain the link
between obesity and breast cancer.
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Conclusion
Rates of obesity and overweight are predicted to climb in the coming years and as such, we
are likely to see a proportional increase in neoplastic disease and obesity-related mortality.
Understanding the biological underpinnings of this relationship is critical to the development
of preventative and adjunctive therapies that could disrupt the obesity-cancer link even if
obesity itself remains. To this end, it is becoming increasingly apparent that activation of
multiple inflammatory signaling pathways provides a critical link between obesity and
cancer. Recent observations reporting the interactions between adipocytes and immune cells
leading to a proinflammatory local milieu are providing new insights into the wound-like
tumor microenvironment described by Virchow more than a century ago. Specifically, the
discovery of an obesity→inflammation→aromatase axis highlights inflammation as a
central mediator of breast carcinogenesis for many patients. Identifying patients in whom
this axis is active could uncover a specific population that may benefit from anti-
inflammatory interventions. The potential role of behavioral interventions, nutritional
changes, and pharmacological strategies to attenuate obesity-related inflammation need to be
explored. Because WAT inflammation is found in most but not all overweight and obese
women, the development of non-invasive methods to detect chronic in-breast inflammation
to identify the at-risk population is a key research objective.
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Key Points

• In obese women, low grade or “smoldering” inflammation occurs in multiple
white adipose tissue (WAT) depots including the breast.

• Overweight and obesity are characterized by adipocyte hypertrophy and
adipocyte death in association with recruitment of immune cells into WAT.

• Infiltrating macrophages surround dead adipocytes in breast WAT to form
inflammatory crown-like structures (CLS-B) which are associated with NFκB
activation and increased levels of several proinflammatory mediators that are
known inducers of aromatase and thereby estrogen biosynthesis.

• Breast inflammation, quantified by the CLS-B index, correlates with increased
aromatase activity thus establishing an obesity→inflammation→aromatase
signaling axis.

• Excess adiposity is associated with a state of metabolic dysregulation and
systemic inflammation, which have been linked to breast carcinogenesis.

Iyengar et al. Page 7

Am Soc Clin Oncol Educ Book. Author manuscript; available in PMC 2014 January 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 1. Pathways linking obesity and breast cancer.30

Abbreviations: IGF-1, insulin-like growth factor-1; IL-6, interleukin-6; IL-1β,
interleukin-1β; TNFα, tumor necrosis factor α; SHBG, sex hormone binding globulin;
VEGF, vascular endothelial growth factor. Reprinted with permission. © 2010 American
Society of Clinical Oncology. All rights reserved.
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Fig. 2. Crown-like structures of the breast (CLS-B, arrow)
A. Hematoxylin and eosin stain. B. Anti-CD68 immunostain identifies macrophages.
Reprinted from Morris P et al.: Cancer Prev Res Vol. 4(7), 2011:1021–9.
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Fig. 3. Paracrine interactions involving activated macrophages establish an
obesity→inflammation→aromatase axis in the breast tissue of obese/overweight women
Abbreviations: FFA, free fatty acids; TNFα, tumor necrosis factor α; IL-1β, interleukin-1β;
PGE2, prostaglandin E2; TF, transcription factors.
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