
Deconvoluting the Obesity and Breast Cancer Link:
Secretome, Soil and Seed Interactions

Nikki A. Ford & Kaylyn L. Devlin & Laura M. Lashinger &

Stephen D. Hursting

Received: 5 August 2013 /Accepted: 24 September 2013 /Published online: 4 October 2013
# Springer Science+Business Media New York 2013

Abstract Obesity is associated with increased risk of breast
cancer in postmenopausal women and is linked with poor
prognosis in pre- and postmenopausal breast cancer patients.
The mechanisms underlying the obesity-breast cancer connec-
tion are becoming increasingly clear and provide multiple
opportunities for primary to tertiary prevention. Several
obesity-related host factors can influence breast tumor initia-
tion, progression and/or response to therapy, and these have
been implicated as key contributors to the complex effects of
obesity on cancer incidence and outcomes. These host factors
include components of the secretome, including insulin,
insulin-like growth factor-1, leptin, adiponectin, steroid hor-
mones, cytokines, vascular regulators, and inflammation-
related molecules, as well as the cellular and structural com-
ponents of the tumor microenvironment. These secreted and
structural host factors are extrinsic to, and interact with,
the intrinsic molecular characteristics of breast cancer cells
(including breast cancer stem cells), and each will be consid-
ered in the context of energy balance and as potential targets
for cancer prevention.
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Introduction

The prevalence of obesity, defined by a body mass index
(BMI) >30 kg/m2, has more than doubled in the United
States over the past 3 decades [1]. Currently, an estimated
36 % and 33 % of American adults are either obese or
overweight (defined by BMI 25–29.9), respectively [2].
Between 1960 and 2010, the average height of a US woman
between the ages of 20–74 years increased by less than 1 in.,
while the average weight increased more than 26 lb, and the
pace of weight gain in US women has increased to more
than 1 lb per year over the past 10 years [1, 3]. Worldwide an
estimated 500 million adults are currently obese, and 1.1
billion are overweight [4].

Obesity is an established epidemiologic risk factor for
breast cancer in postmenopausal women and also negatively
impacts breast cancer prognosis in both pre-and postmeno-
pausal women [5]. Recent epidemiologic studies assessing the
obesity-breast cancer relationship in the context of intrinsic
breast cancer subtypes suggest the strongest associations be-
tween obesity and breast cancer risk are observed with the
hormone receptor-positive breast tumors, with inconsistent
results for triple-negative, HER2, luminal B and core basal
phenotype (CBP) breast cancers [6]. To our knowledge, the
association between obesity and the aggressive, breast cancer
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stem cell (BCSC)-enriched claudin-low subtype of breast
cancer [7] has not yet been studied in humans.

Mirroring the human data, animal model studies show
the strongest obesity-cancer links with hormone receptor-
positive mammary tumors, with additional evidence that
basal-like and claudin-low mammary tumor development
and/or progression are also enhanced by obesity [8–11].
There is little preclinical support for links between obesity
and luminal B or HER-2 breast cancer subtypes [12, 13].
Animal studies also show that calorie restriction (CR),
typically accomplished by a 20–40 % reduction in total
energy intake relative to a control group fed ad libitum,
prevents or reverses obesity and consistently inhibits mam-
mary tumorigenesis, regardless of intrinsic subtype of breast
cancer [9, 13, 14].

Given the rising global prevalence of obesity, insights
into the molecular targets for mimicking the anticancer
effects of CR and breaking the obesity-breast cancer link
are urgently needed. To date, potential mechanisms under-
lying obesity-breast cancer associations have focused on
the metabolic perturbations associated with increased adi-
posity. Obesity often results in a state of metabolic dysreg-
ulation referred to as metabolic syndrome and character-
ized by insulin resistance, hyperinsulinemia and hypergly-
cemia; dyslipidemias, including hypertriglyceridemia; hy-
pertension; altered systemic coagulation and angiogenic
factors such as plasminogen activator inhibitor-1 and vas-
cular endothelial growth factor; altered adipokines, such as
increased circulating leptin and hepatocyte growth factor
(HGF) and decreased adiponectin; heightened inflamma-
tion and elevated local and systemic cytokine levels; and
increased serum estradiol and bioavailable insulin-like
growth factor (IGF)-1 levels [15]. These extrinsic host
factors, most of which are secreted hormones, growth
factors, cytokines or other biomolecules, regulate key en-
ergy balance-related physiological processes. Thus, it is
highly plausible that these energy-responsive components
of the secretome (which is defined as the complex set of
molecules secreted or shed from living cells; [16]) are
important contributors to the obesity-breast cancer link.
This review will discuss how energy balance-related hor-
mones and other extrinsic host factors interact with: a) the
local microenvironment of the tumor; and b) molecular
characteristics of the tumor cells, as well as the breast
cancer stem/progenitor cell populations thought to be
largely responsible for tumor initiation and maintenance.
These interactions will be described in the context of seed
and soil, borrowing on the concepts first proposed by Paget
in the late 1800s that to grow and spread, cancer cells (the
seeds, with intrinsic genetic susceptibilities) require ade-
quate extrinsic factors, such as secreted hormones, nutri-
ents, extracellular matrix, and support cells, in their local
microenvironment (the soil) [17].

Extrinsic Factors: The Secretome and the Soil

Proteins, lipid intermediates, and other factors secreted or shed
from cells into the extracellular environment are referred to as
the secretome and represent an important subset of molecules
involved in intracellular communication [16]. Endocrine sig-
naling between distant organ systems and tumor cells, as well
as paracrine signaling between tumor and host cells in the
local microenvironment, is mediated by an increasingly large
roster of obesity-responsive hormones, growth factors, nutri-
ent metabolites, chemokines and cytokines that promote tu-
mor development and/or progression. To date, these factors
(summarized below) have been studied primarily by low-
throughput methods such as singleplexed or multiplexed im-
munoassays of serum, plasma or other biologic fluids, but
high-throughput proteomic and metabolomic approaches to
characterize the secretomes of organisms or cancer cells are
being developed to more broadly identify the key factors
(and their interactions) underlying disease states such as breast
cancer [18].

In addition to the secretome, the breast tumor microenvi-
ronment is comprised of extracellular matrix components and
multiple cell types including adipocytes, epithelial cells, fibro-
blasts, endothelial cells, macrophages, T-cells, mast cells, and
other immune cells [19]. A considerable portion of the breast
tumor microenvironment is comprised of adipocytes, which in
the obese state are highly active and capable of secreting a vast
number of hormones and adipokines [20, 21]. The vasculature
also plays a role in the delivery of circulating growth factors,
nutrients and cytokines to the tissue [15]. Thus, there is
growing interest in the identification and characterization of
the key extrinsic factors in the breast microenvironment that
represent targets for prevention or treatment strategies for
breaking the obesity-breast cancer link. The leading candi-
dates, based on current evidence, are discussed below, and no
doubt new candidates willl emerge from high-throughput
secretome approaches currently being developed [18].

Growth Factors and their Signals

Insulin is a peptide hormone released by pancreatic beta cells
in response to elevated circulating glucose that plays a major
role in the regulation of carbohydrate and lipid metabolism.
Insulin shares approximately 50 % sequence homology with
insulin-like growth factor1 (IGF-1), a peptide growth factor
produced primarily by the liver in response to growth hor-
mone. Levels of insulin and circulating free IGF-1 are signif-
icantly increased in obese subjects compared with lean sub-
jects [22].

Elevated circulating IGF-1 is an established risk and pro-
gression factor for many cancer types including cancers of the
breast [23, 24]. Downstream pathways of the insulin receptor
(IR) and IGF-1 receptor (IGF-1R) are commonly altered in
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breast and other epithelial cancers [25]. One of these down-
stream pathways is the phosphatidylinositol-3 kinase (PI3K)/
Akt pathway which integrates intracellular and environmental
cues, such as circulating growth factor concentrations and
nutrient availability, to regulate cellular survival and prolifer-
ation. Akt regulates the mammalian target of rapamycin
(mTOR) [26], which is commonly activated in breast tumors
and many normal tissues from obese and/or diabetic mice [27],
and specific mTOR inhibitors block the tumor-enhancing ef-
fects of obesity in mouse models [28, 29].

The adipokine leptin is released by adipocytes in response
to insulin, glucocorticoids and tumor necrosis factor-alpha
(TNF-α) [30]. Leptin targets the hypothalamus to induce
satiety signals and also indirectly modulates immune function,
cytokine production, angiogenesis, carcinogenesis and other
biological processes [30]. Leptin resistance develops in re-
sponse to obesity whereby adipose tissue overproduces leptin
and the brain no longer responds to the signal. Case-control
and prospective studies investigating the relationship between
leptin levels and breast cancer risk have found mixed results
[31–36], but mechanistic data suggests that alterations in
leptin promote tumor growth and development. Specifically,
leptin activates intracellular signaling through the janus
kinase and signal transducer and activator of transcription
(JAK/STAT), extracellular-signal-regulated kinase (ERK1/2),
and/or phosphatidylinositide 3-kinases (PI3K) pathways
which are often dysregulated in breast cancer [37].

Adiponectin is another adipokine, but in contrast with
leptin, it negatively correlates with body adiposity levels.
Adiponectin counters the metabolic program associated with
obesity and hyperleptinemia by modulating glucose metabo-
lism, increasing fatty acid oxidation and insulin sensitivity and
decreasing production of inflammatory cytokines [38]. Case-
control [31, 39–41] and prospective studies [42] report a
protective effect of plasma adiponectin on the development
and growth of breast cancer. Adiponectin likely exerts its
anticancer effects by increasing insulin sensitivity and de-
creasing insulin/IGF-1 and mTOR signaling through activa-
tion of 5′ adenosine monophosphate-activated protein kinase
(AMPK). Adiponectin also reduces pro-inflammatory cyto-
kine expression by inhibiting nuclear factor kappa-light-
chain-enhancer of activated B-cells (NF-kB) [43, 44] which
is commonly activated in many tumors and is associated with
insulin resistance and elevated circulating levels of leptin,
insulin, and/or IGF-1 [45–47]. Associations between the
adiponectin-to-leptin ratio and the metabolic syndrome and
some cancers have been reported, although further character-
ization of these links is needed [48–50].

Estrogen

In premenopausal women the ovaries convert large amounts
of androgens to estrogens in an enzymatic reaction catalyzed

by aromatase. After the loss of ovarian function following
menopause, estrogens are produced primarily by aromatiza-
tion of androgens in adipose tissue, and thus circulating estro-
gen levels tend to be higher in obese, relative to lean, women
due to their excess adipose tissue and associated increased
capacity to peripherally aromatize androgens [51]. Several
lines of evidence suggest estrogen plays a contributing role
in the increased risk of hormone receptor-positive breast can-
cer in obese postmenopausal women. Estradiol binds to estro-
gen receptor (ER)-α and enhances cell proliferation and in-
hibits apoptosis [52]. Estrogens can also enhance angiogene-
sis via induction of VEGF [53]. In addition to enhancing
tumor formation through estrogen receptor α-dependent ef-
fects, estrogen can be metabolized into mutagenic DNA reac-
tive metabolites [54].

Chronic Inflammation

Inflammation is now a recognized hallmark of cancer, and
growing evidence continues to indicate that chronic inflam-
mation is associated with increased breast cancer risk [55].
Obesity is considered a low-grade, chronic inflammatory
state distinguished by elevated plasma free fatty acids and
chemoattraction of immune cells (such as macrophages that
also produce inflammatory factors) into the local microenvi-
ronment [56–58]. The inflammatory microenvironment
exerts tumor-promoting effects specifically via genetic in-
stability and cellular proliferation, survival and angiogenesis
[59–61].

Tumor-associated macrophages (TAMs) contribute to the
pro-inflammatory tumor microenvironment. Macrophages,
which are activated in the obese state, infiltrate tumors and
magnify the inflammatory tumor mileu, often through NF-kB-
dependent production of cytokines, growth factors and
promotors of angiogenesis [47, 62]. Adipocytes also have
been shown to transdifferentiate into macrophages, further
enhancing the pro-inflammatory cycle that develops in the
tumorigenic environment in response to obesity [63].
Additionally, adipocytes can enlarge to the point of rupture
thus spilling free fatty acids into the local environment. These
necrotic adipocytes are often surrounded by macrophages
forming crown-like structures (CLS) in adipose tissue and
mammary glands [57]. Quantification of TAM infiltration
and CLS formation represent emerging prognostic tools for
breast cancer [64].

Increased body adiposity is associated with elevated tu-
moral cytokine expression [57, 65]. The obesity-associated
breast cancer proinflammatory milieu is comprised of cyto-
kines that include the interleukin (IL) family, HGF, chemokine
ligands (CCL, CXCL), tumor necrosis factor (TNF)-α and
monocyte chemoattractant protein (MCP)-1, free fatty acids
and lipid intermediates such as prostaglandins and leukotri-
enes. Chemokines, which are secreted from adipocytes and
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TAMs at higher levels in the obese state, stimulate directed
chemotaxis in nearby responsive cells causing increased in-
flammation, tumor progression, and invasion in multiple tu-
mor types [66, 67]. The recruitment of TAMs to the tumor
microenvironment is largely dependent on MCP-1, tumoral
levels of which are highly correlated with the accumulation of
TAMs in breast cancer [68].

Vascular Perturbations

Adipocytes communicate with endothelial cells by producing
vascular endothelial growth factor (VEGF), IGF-1, plasmino-
gen activator inhibitor-1 (PAI-1), leptin, HGF, and fibroblast
growth factor-2 to facilitate angiogenesis and vascular perme-
ability [69]. In the obese state, these factors stimulate neovas-
cularization in support of the expanding fat mass but these
adipose-derived factors may also contribute to obesity-
associated enhancement of tumor angiogenesis.

VEGF is a heparin-binding glycoprotein produced by ad-
ipocytes and tumor cells that has angiogenic and vascular
permeability activity [70]. Circulating levels of VEGF are
elevated with increased adiposity and increased tumoral ex-
pression of VEGF is associated with poor prognosis for breast
cancer [71, 72]. An oxygen deficient microenvironment
stimulates, through hypoxia-inducible factor (HIF)-1α and
HIF-1β, tumor cell production of VEGF, which then leads to
the formation of new blood vessels to nourish the rapidly
growing tumor and may also enable the metastatic spread of
breast cancer cells [70].

Obese subjects frequently have elevated circulating PAI-1
levels, compared with their lean counterparts [19]. PAI-1 is a
serine protease inhibitor produced by endothelial cells, stro-
mal cells and adipocytes that inhibits tissue plasminogen
activator (tPA) and urokinase (uPA), thus regulating fibrino-
lysis and integrity of the extracellular matrix [73]. PAI-1 is
also involved in angiogenesis and could potentially promote
obesity-driven tumor cell growth, invasion and metastasis
[74]. Although weight loss and TNF-α blockers effectively
reduce PAI-1 levels in obese individuals [75, 76], the role of
PAI-1 in tumorigenesis is not clear at this time and further
research will determine if this is an effective target for breast
cancer therapies [73].

Intrinsic Factors: The Quality and Quantity of the Seeds

It has been noted that many cancers can acquire similar
functional capabilities during tumorigenesis via disparate
mechanisms. These capabilities are outlined in the hallmarks
of cancer described by Hanahan and Weinberg and are com-
prised of alterations to many cellular-intrinsic properties in-
cluding: dysregulated growth signaling, evasion of apoptosis
or growth suppression, limitless replicative potential and

genomic instability [77, 78]. These properties are controlled
by numerous molecular pathways, many of which can be
altered by obesity. The remaining sections of this review will
summarize the current knowledge of the interactions of obe-
sity with cellular-intrinsic characteristics that are linked to
breast cancer development and progression, as well as the
emerging role of breast cancer stem cells. The limited nature
of this body of knowledge highlights the necessity for further
research, especially as the intrinsic properties identified may
represent key targets to break the obesity-breast cancer link.

p53 Tumor Suppressor

In response to cellular injury or mutation, p53 is induced to
inhibit cell cycle progression and initiate repair of the cell or
induce death [79]. The p53 tumor suppressor gene is altered
in approximately 30 % of all breast tumors and may be
influenced by obesity or may influence adipose tissue de-
position. Recent studies suggest that p53 plays a role in
adipose tissue differentiation. Specifically, p53 was shown to
inhibit white adipose differentiation but to induce differentia-
tion of brown adipose tissue, the more metabolically active
adipose tissue depot, which in turn may be able to counter diet
induced obesity [80]. Furthermore, we recently reported that
obesity decreased p53 protein expression in a murine mam-
mary tumormodel and promoted a pathology and proliferative
environment in p53+/+ tumors more reflective of p53+/− tu-
mors [20]. Consistent with this observation, Park et al. also
demonstrated that a high-fat, high-calorie diet significantly
reduced p53 levels in a murine colon cancer model [81].
Together, these data suggest that functional p53 may prevent
adipose tissue deposition and the procancer effects of obesity
may, in part, be attributed to loss of p53.

Estrogen Receptor

The growth and progression of breast cancer is also impacted
by crosstalk between p53 and the estrogen receptor (ER) [82].
ER is an established breast cancer-related regulator of p53
[83–85], and in turn, p53 regulates ER [86–88]. ERs mediate
the physiological effects of serum and tissue estrogens. The
hormone receptor complex is activated upon binding of estro-
gens to the nuclear receptors, ER-α and ER-β, thereby regu-
lating downstream gene transcription. ER-α and ER-β appear
to have distinct functions and are even encoded from different
chromosomes. ER-α enhances the transcription of genes in-
volved in growth and proliferation while ER-β has been
implicated in tumor suppressor activity. The levels of circu-
lating estrogens are impacted by adiposity levels. Serum es-
trogen levels are highest in overweight and obese postmeno-
pausal women [89] and obesity has been shown to increase
mammary aromatase expression thereby increasing localized
production of estrogens in the breast tissue [57]. In addition,
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ER-α-negative breast tumors represent one third of total breast
cancers, and confer a worse prognosis than ER-α-positive
breast tumors [90] and eliminate possible estrogen ablation
therapies. Furthermore, in most ER-α-negative breast tumors,
expression of ER-β, the putative tumor suppressor, is also
lost [91]. We recently found that obesity accelerated Wnt-1
murine mammary tumor growth and also reduced ER-α
protein expression [20].

It is plausible that obesity may reduce ER expression
through epigenetic modifications. DNA methylation of the
ER promoter has been shown to reduce ER expression and
silence its function by prohibiting transcription of downstream
gene targets. Although it has not been demonstrated, it is
reasonable to believe that obesity, due to elevated levels of
circulating growth factors and excess nutrients would enhance
DNA methylation of the ER promoter. Emerging data sug-
gests microRNAs may also play an important regulatory role,
as discussed below.

MicroRNA Regulation

In normal cells, microRNAs (miRs) are known to regulate the
proper functioning of manymajor cellular processes including
growth, differentiation, proliferation, and apoptosis. As dys-
regulation of these processes has been established as hall-
marks of cancer development and progression, it is not sur-
prising that altered miR expression has been linked with many
human cancers, including breast cancer [92]. While the onco-
genic and tumor-suppressive functions of certain miRs and
their expression patterns in breast cancer are becoming more
established, the impact of obesity on these miRs is just begin-
ning to be uncovered.

Recently, several studies have demonstrated that increased
exposure of the non-transformed human mammary epithelial
cell line, MCF-10a, to the pro-inflammatory cytokinesMCP-1
and IL-6 affects intrinsic miR expression. As discussed previ-
ously, increased macrophage infiltration and cytokine produc-
tion are well-established mechanisms of obesity’s promotion
of breast cancer development and progression. Increased
MCP-1 release into the breast microenvironment results in
activation of NF-κB signaling, which increases IL-6 produc-
tion within breast epithelial cells. IL-6 is then able to suppress
miR-200c, which ultimately results in further IL-6 expression
[93]. This inflammatory feed-forward loop is sufficient to drive
MCF-10a transformation and promote tumorigenesis in an
MMTV-Neu transgenic mouse model. Not only is the down-
regulation of miR-200c by IL-6 relevant in the inflammation-
mediated initiation of cancer, but this event may also relate to
breast cancer metastasis. Specifically, miR-200c, along with
other miR-200 family members, target and therefore downreg-
ulate key inducers of epithelial-to-mesenchymal transition
(EMT), a process which is highly associated with metastasis
through increased tumor cell mobility and invasion [92].

Although it has not been directly tested, these insights suggest
that obesity’s induction of IL-6 expression may promote
breast cancer metastasis through the inhibition of miR-200c
expression.

A related study reported that IL-6 overexpression also
promotes expression of miR-21 and miR-181b through acti-
vation of STAT3, a transcription factor downstream of leptin
signaling which binds the promoter regions of these miRs
[94]. Not only do these miRs, especially miR-21, possess
established oncogenic functions, their overexpression is suffi-
cient to transform MCF-10a cells.

Beyond the involvement of miRs in obesity-associated
cancer initiation, another study sheds light on how miR reg-
ulation may contribute to obesity-associated tumor progres-
sion. Specifically, exposure of the human breast cancer cell
lineMCF-7 to high levels of IGF-1 (50 ng/mL), which is more
bioavailable in the obese state, causes downregulation of
several tumor suppressor miRs, including miR-15b, −195,
−98, let-7c, and let-7 g [21]. These results suggest that obesity
could promote the loss of these miRs in mammary cells
through increased IGF-1 signaling. The miR-16 family, which
includes miR-15b and miR-195, negatively regulate cellular
growth and cell cycle progression, while it has been shown
that the let-7 family inhibits the proliferative and metastatic
potential of breast tumor initiating cells [34, 92]. One can see
how inhibition of these functions could have large effects on
the ability of breast cancer cells to proliferate, evade treatment
and metastasize.

Cell-Autonomous Alterations of the PI3K Pathway

Kalaany and Sabatini reported that cancer cells with constitu-
tively activated PIK3CA mutations are proliferative in vitro in
the absence of insulin or IGF-1 and form CR resistant tumors
in vivo [95]. This further illustrates the issue of nature versus
nurture in the obesity-breast cancer association, i.e. the contri-
butions of energy balance-responsive host factors in the con-
text of cancer cell-autonomous effects. Similarly, we reported
that constitutively activatingmTOR inWnt-1 mammary tumor
cells ablates the anticancer effects of CR [29]. Taken together,
these findings suggest that cell-autonomous alterations, such
as activating PI3K or mTOR, may influence the response of
cells to energy balance modulation, although the effects of
obesity in the context of such alterations have not yet been
characterized. This topic is important given the emerging
importance of the mTOR pathway and PIK3CA mutations in
breast cancer [96]. Also, although familial breast cancers due
to genetic mutations in BRCA1, BCRA2, p53, PTEN, LKB1
or CDH1 [97], are relatively rare, these and other genetic
alterations also play a role in many non-familial breast cancers
[13, 98], and thus a better understanding of the interactions
between obesity and common cancer-associated genetic alter-
ations in breast cells is urgently needed.
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Breast Cancer Stem Cells (BCSCs)

The cancer stem cell hypothesis postulates that tumors
originate through dysregulation of the normal self-renewal
process resulting in altered replication and differentiation
characteristic of many breast tumors [99]. In addition to being
responsible for initiating primary breast tumorigenesis,
BCSCs may underlie resistance to chemotherapeutic agents
and thus contribute to tumor recurrence and metastasis [100].
Strategies aimed at limiting enrichment and/or proliferation of
BCSCs may therefore be useful for primary and secondary
breast cancer prevention, as well as treatment.

Although this area has not been well studied to date, we
and others have observed possible links between obesity and
BCSCs. Orthotopically transplanted basal-like mammary tu-
mor cells derived from murine mammary tumor virus-Wnt-1
transgenic mice are dependent on leptin for growth [101].
Specifically, transplanted Wnt-1 tumor growth in genetically
obese, leptin receptor deficient (db/db) mice, which have very
high systemic leptin concentrations, was ~8-fold higher than
tumor growth in wild-type mice. In contrast, tumor growth in
genetically obese but leptin-deficient (ob/ob mice) was almost
undetectable. The residual tumors in ob/ob mice were found to

have fewer cells with breast cancer stem cell markers. When
sorted by LepRb expression and further evaluated, these cells
exhibited several stem cell properties, including tumorsphere
formation and wound healing in vitro, and their survival was
regulated by leptin.

Dunlap, et al. showed that a mesenchymal Wnt-1 mamma-
ry tumor cell line (named M-Wnt and isolated from a sponta-
neous MMTV-Wnt-1 tumor) profile with human claudin-low
breast tumors, highly express EMT markers, are stably
enriched in breast cancer stem cell markers, and exhibit stem
cell properties [9]. In addition, M-Wnt cells orthotopically
injected into C57BL/B6 mice rapidly form claudin-low tu-
mors that are highly responsive to the tumor enhancing effects
of obesity, as well as the anticancer effects of CR. In contrast,
E-Wnt cells (also isolated from a MMTV-Wnt-1 tumor, have
an epithelial morphology, minimal expression of EMT and
BCSC markers, and (when orthotopically transplanted into
C57BL/7mice) form basal-like tumors that are less responsive
to obesity or CR relative to M-Wnt tumors. These findings
indicate a mechanistic link between energy balance, the
epithelial-to-mesenchymal transition (EMT) and BCSCs in
breast cancer progression. Using our analogy of seed and soil,
one can speculate that obesity prepares fertile soil (the tumor

Fig. 1 Extrinsic and Cell-Intrinsic Factors Involved in theObesity-Breast
Cancer Link. Obesity dysregulates multiple aspects of the host microen-
vironment, including increasing circulating levels of hormones and
growth factors, such as insulin, leptin:adiponectin, hepatocyte growth
factor (HGF), estrogen and insulin-like growth factor (IGF)-1); vascular
regulators such as plasminogen activated inhibitor (PAI)-1 and vascular
endothelial growth factor (VEGF); inflammatory factors such as cyto-
kines, chemokines, prostaglandins and free fatty acids. Obesity also

enriches and/or activates several cell types in the microenvironment,
including adipocytes, macrophages, T-cells, and fibroblasts. These ex-
trinsic host factors interact with cell-intrinsic characteristics of mammary
epithelial cells, including estrogen receptor (ER); p53; numerous onco-
genic or suppressive microRNAs (miRNA); components of the phospha-
tidyl inositol-3 kinase (PI3K)/Akt/mammalian target of rapamycin
(mTOR) pathway; and characteristics associated with breast cancer stem
cells, including the epithelial-to-mesenchymal transition (EMT)
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microenvironment), including intratumoral adipocytes, and
local and systemic hormones, growth factors, and cytokines,
for enhanced tumor progression, and that determinants of
growth in this fertile soil include the plant variety (intrinsic
breast cancer subtype and the genetic alterations and differen-
tiation state of the BCSCs initiating the tumor) and/or the seed
density (the extent of BCSC enrichment). In contrast, CRmay
discourage tumor development and progression by acting on
the soil antithetically to obesity, including reduced
intratumoral adipocyte infiltration, and decreased systemic
hormones, growth factors and cytokines. CR also decreases
BCSC enrichment and induces a mesenchymal-to-epithelial
transition [9]. Future studies are warranted to determine
whether the tumor-enhancing effects of obesity (and the anti-
cancer effects of CR) are dependent on mechanisms related to
EMT and the BCSC compartment in different subtypes of
breast cancer.

Conclusions

As summarized in Fig. 1, this review considers lessons learned
from obesity and breast cancer research to discuss promising
extrinsic and cellular intrinsic targets for breast cancer preven-
tion, particularly for breaking the obesity-breast cancer link.
Potential cell-extrinsic targets include components of the
secretome, including systemic and locally produced hor-
mones, growth factors, adipokines, inflammatory mediators,
and vascular regulators, as well as structural and cellular
components of the host microenvironment. Currently, more
is known about the effects of obesity on the extrinsic pathways
compared with cellular intrinsic properties of breast cancer.
Obesity-responsive host characteristics likely interact with
several breast cancer cell-intrinsic factors, including alter-
ations in the p53 tumor suppressor, estrogen receptor, tumor
suppressive and oncogenic miRs, components of the PI3K/
Akt/mTOR pathway, and intrinsic characteristics related to
stemness. Thus, given the complexity of the obesity-breast
cancer relationship, and the expanding global epidemic of
obesity, new precision medicine-based approaches that target
extrinsic and cell-intrinsic interactions discussed in this review
are urgently needed to break the obesity-breast cancer link.
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