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Obesity and Cancer Mechanisms: Tumor Microenvironment
and Inflammation
Neil M. Iyengar, Ayca Gucalp, Andrew J. Dannenberg, and Clifford A. Hudis

A B S T R A C T

Purpose
There is growing evidence that inflammation is a central and reversible mechanism through which
obesity promotes cancer risk and progression.

Methods
We review recent findings regarding obesity-associated alterations in themicroenvironment and the
local and systemic mechanisms through which these changes support tumor growth.

Results
Locally, hyperadiposity is associated with altered adipose tissue function, adipocyte death, and
chronic low-grade inflammation. Most individuals who are obese harbor inflamed adipose tissue,
which resembles chronically injured tissue, with immune cell infiltration and remodeling. Within this
distinctly altered local environment, several pathophysiologic changes are found that may promote
breast and other cancers. Consistently, adipose tissue inflammation is associated with a worse
prognosis in patients with breast and tongue cancers. Systemically, the metabolic syndrome, in-
cluding dyslipidemia and insulin resistance, occurs in the setting of adipose inflammation and
operates in concert with local mechanisms to sustain the inflamed microenvironment and promote
tumor growth. Importantly, adipose inflammation and its protumor consequences can be found in
some individuals who are not considered to be obese or overweight by body mass index.

Conclusion
The tumor-promoting effects of obesity occur at the local level via adipose inflammation and as-
sociated alterations in the microenvironment, as well as systemically via circulating metabolic and
inflammatory mediators associated with adipose inflammation. Accurately characterizing the obese
state and identifying patients at increased risk for cancer development and progression will likely
require more precise assessments than body mass index alone. Biomarkers of adipose tissue
inflammation would help to identify high-risk populations. Moreover, adipose inflammation is
a reversible process and represents a novel therapeutic target that warrants further study to break
the obesity-cancer link.
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INTRODUCTION

The importance of the tumor microenvironment
in the development, growth, and progression of
cancer is now well recognized. Studies of the
diverse constituents of the microenvironment, such
as immune cells, and their complex interactions are
leading to the identification of novel therapeutic
targets. Composed of an intricate network of het-
erogeneous cell types, the tumor microenviron-
ment includes infiltrating immune cells, such as
lymphocytes (ie, T and B cells), mast cells, and
antigen-presenting cells (ie, macrophages and den-
dritic cells), as well as granulocytes, cancer-associated

fibroblasts, endothelial cells, extracellular matrix
(ECM), and other stromal components. Disruption
of the normal functions of this complex network
can cause epithelial dysfunction and ultimately
carcinogenesis, as well as tumor promotion.

Chronic inflammation is a classic and pre-
valent example of ongoing perturbation within
the microenvironment.1-3 Moreover, epidemio-
logic data have established an association between
chronic inflammation and the development and
progression of several cancers, including gastric,
esophageal, colorectal, liver, pancreatic, bladder,
and lung.1,3 Infectious agents that cause chronic
inflammation and an increased risk of cancer in-
clude Helicobacter pylori, Schistosoma haematobium,
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and hepatitis B and C viruses.4-6 Noninfectious inflammatory stimuli,
such as tobacco smoking and alcohol consumption, have also been
identified.7,8 In addition, obesity, which is rapidly increasing in global
prevalence, is now a recognized cause of chronic subclinical in-
flammation.9-12 Multiple systemic and local pathways mediate the
pleiotropic effects of obesity, which include cancer promotion.10,13

Our understanding of the mechanisms linking obesity to cancer has
rapidly evolved within the past decade, and the microenvironment is
a critical component.

Obesity is currently defined by an elevated body mass index
(BMI), typically as a consequence of excess adipose tissue. Adipose
tissue is a dynamic endocrine organ that is responsible for energy
homeostasis. Unchecked hyperadiposity commonly leads to met-
abolic disorders, altered production of steroid hormones, and
chronic subclinical inflammation.10,14,15 These pathophysio-
logic effects have been associated with tumor development
and progression.10,15,16 It is particularly interesting to note that
several obesity-associated cancers, such as those of the breast and
visceral organs, arise either within or adjacent to adipose depots.
This suggests that altered adipose biology, commonly found in
the setting of elevated BMI, locally promotes several types of
cancer. A challenge to using BMI to identify at-risk individuals,
however, is that adipose tissue dysfunction and its consequences
do not exclusively occur in patients who are currently defined as
obese. For example, insulin resistance and inflammation have been
reported in individuals who have a normal BMI.17-19 Conversely,
a minority of individuals with elevated BMI are metabolically
healthy.20-22 Accordingly, the current definition of obesity on the
basis of BMI has recently been called into question,23,24 and BMI
is inadequate for the identification of patients with adipose in-
flammation. If anthropometric phenotype does not always accu-
rately reflect overall health or, specifically, the inflammatory status
of adipose tissue, then identifying underlying alterations in
pathophysiology may be more useful in defining the obesity-cancer
relationship. Characterizing the obese state by systemic and tissue-
specific measures could provide more reliable identification of
high-risk populations and a mechanistically informed approach
for the development of effective prevention and treatment strat-
egies that target cancers arising in the setting of adipose inflammation.
Here, we discuss the mechanisms through which adipose tissue in-
flammation fosters a tumor-supportive microenvironment through
local and systemic effects.

INFLAMMATION AND THE MICROENVIRONMENT

The tumor microenvironment closely resembles that of a healing
wound.2 Tissue injury and the ensuing inflammation promote
enhanced cellular proliferation via influx of immune cells, pro-
duction of proinflammatory mediators and growth factors, tissue
remodeling, and angiogenesis.3 The initiating events in response
to tissue injury include platelet activation and aggregation, and
stimulation of the coagulation cascade. In addition to achieving
hemostasis, these initiating events also lead to the production and
secretion of several proteins that stimulate a local inflammatory
response. For example, platelet-derived growth factor, trans-
forming growth factor-b, and several complement factors stim-
ulate neutrophil chemotaxis.3 Once engaged, neutrophils continue

the cascade by producing cytokines and chemotactic factors that
recruit and activate effector cells. Specifically, factors such as
platelet-derived growth factor, transforming growth factor-b,
monocyte chemoattractant protein-1 (MCP-1), interleukin (IL)-1b,
tumor necrosis factor-a (TNF-a), and others guide circulating
mononuclear phagocytes to the site of injury.3 Once present, these
progenitor cells differentiate into mature macrophages, which
assume the main role of cytokine and growth factor production.
These macrophage products have profound effects on the local
microenvironment, including stimulation of angiogenesis and
modulation of the ECM.

Chronic tissue injury, such as adipose tissue inflammation,
can stimulate the same wound healing mechanisms and generate
a proneoplastic microenvironment.25 Once established, malignant
cells may co-opt the inflammatory mechanisms responsible for
tissue repair and instead promote tumor growth and invasion.
Obesity is a common cause of chronic inflammation, both sys-
temically and at the tissue level.10 Locally, white adipose tissue
(WAT) in patients who are obese is infiltrated by immune cells,
including macrophages and lymphocytes. In this manner, the
obese fat pad resembles chronically injured tissue and can be a rich
source of proinflammatory mediators, potentially fostering tumor
growth. Local inflammatory mechanisms that promote tumor
development and growth will be discussed in further detail.

WAT INFLAMMATION

Adipose tissue inflammationmay be a key process by which obesity
promotes cancer (Fig 1).10 As adipose tissue outgrows its blood
supply, leading to hypoxia, adipocyte stress and death may occur.15

This is paralleled by the increased production ofMCP-1 and several
other cytokines that are traditionally involved in wound healing.26

In addition to recruitment, MCP-1may also stimulate proliferation
of macrophages within adipose tissue.27 Macrophages form an
envelope around dead or dying adipocytes in a configuration
termed crown-like structures (CLS), a histologic biomarker of
inflammation.28 The macrophages that form CLS engage in
phagocytosis of a dead or dying adipocyte and become lipid loaded,
forming foam cells.29 Free fatty acids (FFAs) released from the
entrapped adipocyte and from other sources can activate toll-like
receptor (TLR) 4 on the macrophage plasma membrane, leading to
increased nuclear factor kappa B-dependent expression of proin-
flammatory genes, including TNF-a, IL-1b, and cyclooxygenase-2
(COX-2).30 Lipolysis and release of FFAs are further stimulated by
TNF-a and other cytokines, thereby sustaining WAT inflammation.
Consistent with this potential mechanism, elevated levels of proin-
flammatory mediators are found in association with CLS in visceral
fat. Enlarged adipocytes are another potential source of proin-
flammatory mediators.

The presence of WAT inflammation manifested as CLS was
first reported in visceral and subcutaneous fat depots in association
with obesity and insulin resistance.9 Similar lesions were identified
in the mammary glands of obese mice, andWAT inflammation has
also been reported to occur in the human breast.31-33 Detected by
the presence of CLS of the breast (Fig 2), breast WAT inflammation
occurs in the majority of individuals who are obese and over-
weight.19 The inflammatory process associated with CLS of the
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breast includes activation of nuclear factor-kappa B, a transcription
factor linked to both inflammation and the development and
progression of tumors.31,32 Recently, we reported that WAT in-
flammation in the breast at the time of treatment mastectomy in
women with early-stage breast cancer is associated with shortened
distant recurrence-free survival in those who develop metastatic
disease.34 Another recent study of patients with breast cancer
demonstrated that WAT inflammation of the breast, as defined by
the density of CLS, was associated with reduced overall survival.35

In this regard, the observation that WAT inflammation may also be
found in one third of individuals with a normal BMI is a concern.
Further, breast WAT inflammation is associated with an un-
favorable clinical course in patients with breast cancer independent
of BMI.19,34 In patients with early-stage tongue cancer, the pres-
ence of CLS in tongue fat is associated with reduced disease-specific
and overall survival.36 Hence, adipose inflammation may well
stimulate the progression of multiple tumor types. These initial
observations provide the first evidence that WAT inflammation
affects disease course. Larger-scale studies investigating the impact

of WAT inflammation on cancer-specific and overall survival in
independent cohorts are needed. Nonetheless, these findings are
consistent with preclinical and mechanistic observations linking
WAT inflammation to tumor growth and thereby highlight the
importance of adipose tissue in the tumor microenvironment.
Collectively, these findings help to establish the rationale for in-
terventions aimed at improving adipose tissue health as a novel
opportunity to reduce the risk of cancer and improve outcomes.

Enhanced Hormone Signaling
In addition to directly stimulating tumor growth, cytokines

generated in inflamedWAT, such as IL-6, are also known to activate
the androgen receptor and promote prostate cancer cell survival
and proliferation.37 Similarly, several of the proinflammatory
mediators associated with WAT inflammation, including TNF-a,
IL-1b, and COX-2–derived prostaglandin E2, can induce aro-
matase, the rate-limiting enzyme for estrogen biosynthesis.38,39

WAT inflammation is also associated with elevated circulating
levels of leptin, another known inducer of aromatase (Fig 1).34,40

Breast WAT inflammation is paralleled by increased tissue levels
of aromatase.32,38 It is therefore plausible that locally produced
estrogens, as a consequence of WAT inflammation and related
systemic effects, may represent a key driver of postmenopausal
hormone receptor-positive breast cancer.10 Despite near-complete
cessation of ovarian estradiol biosynthesis and dramatically di-
minished levels of circulating estrogens after menopause, the in-
cidence of estrogen-dependent breast cancer increases with age and
is the most common breast tumor subtype in postmenopausal
women. Independent of BMI, postmenopausal women have
a higher incidence of breast WAT inflammation than do their
premenopausal counterparts.19 Possibly, enhanced estrogen pro-
duction in inflamed breastWATwill help to explain the paradoxical
increase in the incidence of estrogen-dependent tumors in post-
menopausal women.
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Fig 1. Local and circulating effects of white
adipose tissue inflammation can promote tu-
mor growth. Several circulating and local al-
terations that promote tumor growth occur in
the setting of white adipose tissue in-
flammation manifested as CLS. CYP19A1
encodes aromatase, which catalyzes the
conversion of androgen to estrogen. CLS,
crown-like structure; CRP, C-reactive protein;
IL-6, interleukin-6; MCP-1, monocyte chemo-
attractant protein-1.

A B

Fig 2. Breast white adipose tissue inflammation is detected by the presence of
crown-like structures of the breast (CLS-B). (A) Hematoxylin and eosin section of
breast tissue showing CLS-B (arrow; 3200 magnification) and (B) anti-CD68 im-
munostaining showing CLS-B (arrow; 3200 magnification).
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Endoplasmic Reticulum Stress
Individuals who are obese have elevated levels of FFAs,

which can induce endoplasmic reticulum (EndoR) stress in
adipocytes.41 The EndoR is a key organelle involved in protein
folding. It has been suggested that FFA-mediated reactive ox-
ygen species oxidize proteins and increase unfolded proteins in
the EndoR. In the setting of EndoR stress, unfolded proteins
accumulate resulting, in turn, in an adaptive unfolded protein
response. Three major transducers of the unfolded protein re-
sponse have been identified, including protein kinase RNA-like
EndoR kinase, activating transcription factor 6, and inositol-
requiring enzyme 1-a. If the unfolded protein response proves
insufficient to mitigate EndoR stress, the cell undergoes apo-
ptosis, which can elicit an inflammatory response. Notably,
EndoR stress-related WAT inflammation has been implicated
in metabolic disorders, including glucose intolerance.41,42 In
light of these findings, future studies to determine the role
of adipocyte EndoR stress in obesity-associated cancers are
warranted.

ECM Alterations
Recently, obesity-associated WAT inflammation was shown

to correlate with mechanical changes in the ECM that promote
tumor growth.43 Specifically, myofibroblast enrichment and
increased density and stiffness are observed in mammary gland
ECM of obese versus lean mice. Moreover, these profibrotic
features in the ECM are found in the breasts of women who are
obese and occur in association with WAT inflammation. Altered
mechanotransduction as a result of a stiffer ECM may promote
breast tumorigenesis.43 The observation that ECM remodeling is
also associated with WAT inflammation demonstrates a conver-
gence of pathways that are dysregulated in obesity and locally
promote tumor growth.

Cancer-Associated Adipocytes
Direct interactions between peritumoral adipocytes and

cancer cells have also been reported to contribute to tumor growth.
In the breast, tumor invasion promotes morphologic changes in
adipocytes at the tumor-stromal interface. These cancer-associated
adipocytes (CAAs) acquire a fibroblast-like phenotype, which
promotes further tumor invasion via secretion of numerous
proteases and cytokines, including IL-6.44,45 Additionally,
CAAs constitute and contribute to the accumulation of a dense
collagenous stroma, further increasing ECM stiffness. Secretion
of IL-6 and IL-8 by adipocytes in the omentum, the most
common site of ovarian cancer metastasis, has been shown to
promote homing, migration, and invasion of ovarian cancer
cells.46 Furthermore, release of FFAs due to increased lipolysis
in omental adipocytes has been implicated as an energy source
for growing ovarian metastases. In prostate cancer, secretion of
chemokines by periprostatic adipocytes has been reported to
stimulate prostate cancer cell migration.47 Thus, adipocyte–
tumor cell cross-talk, characterized by reciprocal changes
in tumor cells and CAAs, is an important process within
the microenvironment that can promote aggressive tumor
behavior.

WAT and the Microbiome
Apart from activation by FFAs, TLR4 is prototypically

stimulated via binding of lipopolysaccharide, a constituent of the
cell wall of gram-negative bacteria, which activates the innate
immune response. Preclinical data demonstrate that intake of
diets high in saturated fat can alter intestinal microbiota, leading
to TLR activation, WAT inflammation, and insulin resistance.48

Additionally, commensal intestinal microorganisms can drive
systemic IL-6 production via TLR5 and promote tumor growth.49

Depleting gut microbiota, for example, with antibiotic treatment,
can reverse the effects of a high-fat diet in obese mice by inducing
a phenotypic switch from white to brown adipose tissue, which is
thought to have antiobesity effects.50,51 It has been suggested that in
humans, high fat consumption promotes a TLR4-mediated in-
flammatory response as a consequence of altered gut permeability
and perturbations of intestinal microbiota.52 The potential re-
lationships between the microbiome and cancer represent an
emerging and promising field,53 and WATmay be a key mediator.

EXTENDED IMPACT OF THE INFLAMED MICROENVIRONMENT

The effects of adipose tissue dysfunction extend well beyond the
tumor microenvironment and affect systemic processes that may
synergistically fuel local tumor growth while also promoting
metastasis. Importantly, WAT inflammation occurs synchro-
nously in multiple fat depots, indicating that WAT inflammation
at one site (ie, the breast) is a sentinel for inflammation in other
regional as well as distant adipose depots.19 Consistently, WAT
inflammation correlates with increased circulating levels of
C-reactive protein (CRP) and IL-6.34 These findings are sup-
ported by reports of elevated levels of CRP and IL-6 found in the
blood of individuals who are obese (Fig 1).54,55 Furthermore, the
observation that breast WAT inflammation portends an inferior
clinical course for patients with breast cancer is consistent with
earlier reports demonstrating that TNF-a, IL-1b, and IL-6
promote tumor growth in mouse models of obesity and that
elevated levels of IL-6 and CRP are found in womenwho are obese
and have been associated with the development and progression
of breast tumors.55-58 In addition, increased prostaglandin E2
metabolite in the urine is found in women who are obese and
is associated with an increased risk of postmenopausal breast
cancer.59,60 This could be a consequence of increased COX-2
levels in inflamed fat. Thus, smoldering WAT inflammation and
low-grade systemic inflammation are inexorably coupled, and
each perpetuates the other. In this manner, the local and sys-
temic environments are together programmed to promote tumor
growth and metastasis in individuals with poor adipose tissue
health.

In addition to systemic inflammation, WAT inflammation is
associated with the metabolic syndrome.34 The metabolic syn-
drome comprises a number of clinical disorders, such as obesity,
insulin resistance, and dyslipidemia, and is associated with worse
outcomes for patients with breast cancer.61-65 Breast WAT in-
flammation may constitute a local mechanism contributing to the
association between the metabolic syndrome systemically and
adverse breast cancer outcomes. Elevated levels of insulin and
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glucose are found in individuals with WAT inflammation.34 Insulin
can stimulate the synthesis of insulin-like growth factor-1 (IGF-1),
and both have potent mitogenic effects on tumor cells. For example,
insulin and IGF-1 can activate the PI3K/Akt/mTOR and Ras/Raf/
MAPK pathways, thereby stimulating tumor growth.10 Addi-
tionally, specific gene expression signatures enriched for IGF-1
signaling have been observed in breast tumors from patients who
are obese.66 The mechanisms by which tumor gene expression is
altered by obesity-related processes, including insulin resistance
and WAT inflammation, are currently under study. Furthermore,
transcriptomic alterations in nontumorous tissue may also occur
in association with obesity-related processes, such as WAT in-
flammation, and thereby reprogram the microenvironment to
support tumor growth and invasion. Taken together, WAT in-
flammation is associated with several systemic alterations, in-
cluding the metabolic syndrome and elevated levels of circulating
proinflammatory mediators. For example, changes in circulating
blood factors in a cohort of 100 women who underwent mas-
tectomy for breast cancer treatment or prevention stratified by
the presence or absence of WAT inflammation in the breast are
listed in Table 1.34

CLINICAL-TRANSLATIONAL APPLICATION

The totality of evidence relating adipose inflammation to a pro-
tumor state both within the microenvironment and in peripheral
circulation supports the development of interventions that reduce
adipose inflammation as a new strategy to prevent and treat cancer.
Weight reduction via diet and/or exercise can restore many
pathways that are dysregulated in the obese state and is of

significant interest for cancer prevention and treatment. In
a proof-of-principal study, significant calorie restriction for
28 days resulted in improvements in inflammatory gene ex-
pression signatures within subcutaneous WAT.67 Additionally,
bariatric surgery is associated with reduced macrophage in-
filtration into subcutaneous WAT.68 These findings might help
to explain the reduced cancer incidence observed in individuals
who are obese who undergo gastric bypass surgery.69,70 Medi-
cations that stimulate weight loss could, in theory, be beneficial
in the treatment of patients with cancer who are overweight and
obese. Finally, several commonly used medications, including
nonsteroidal anti-inflammatory drugs, aspirin, metformin, and
statins, could be beneficial in treating the local or systemic
consequences of WAT inflammation. However, to date, no study
has determined whether the efficacy of these agents in reducing
cancer risk or progression varies on the basis of the presence
or absence of WAT inflammation. Given its many associated
molecular aberrations, WAT inflammation represents a con-
vergence of pathways that are deregulated in the obese state,
which is not consistently identified by BMI. Accordingly, adi-
pose inflammation is likely to be a highly informative end point
and possibly a critical inclusion parameter in studies testing
weight reduction and/or medications that target obesity-related
cancers.

The disruption of numerous tissue-specific and systemic
physiologic processes in the obese state generates and sustains
a transformed local environment primed to support tumor de-
velopment and growth. Adipose tissue is a key component of the
local environment, and increasing evidence points to the critical
role of adipose health as an indicator of multiple system-wide and
local processes. By transforming the local landscape through the
mechanisms reviewed here, WAT inflammation seems to be a key
process by which obesity promotes carcinogenesis and tumor
progression. Numerous systemic changes that are implicated in
cancer growth, including insulin resistance, elevated levels of
proinflammatory mediators, and altered levels of adipokines,
correlate with WAT inflammation. These observations suggest
that therapeutic targeting of WAT inflammation may be more
effective than other strategies that aim to reduce or limit the
burden of obesity-associated cancers. Given that WAT in-
flammation also occurs in a subset of patients with a normal
BMI, assessing WAT inflammatory status (as opposed to BMI)
may represent an even more appropriate method of defining the
pathophysiologic consequences of the obese state. The devel-
opment of noninvasive methods to assay adipose health, in-
cluding blood-based biomarker signatures and/or radiographic
techniques, is therefore a critical research goal. A clinically
feasible biomarker of adipose inflammation would allow for
broader study of the relationships between the obese state and
a variety of cancers, and would potentially provide a surrogate
marker of efficacy for interventions aimed at alleviating the
obesity-cancer burden.
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Table 1. Alterations in Circulating Factors in Women With Versus Without
White Adipose Tissue Inflammation in the Breast Detected by the Presence

of CLS-B34

Variable
CLS-B Negative

(n = 48)
CLS-B Positive

(n = 52) P

Median glucose level,
mg/dL (IQR)

72 (67-77) 80 (70-84) .01

Median insulin level,
mU/L (IQR)

4.1 (3.4-5.0) 4.8 (3.7-7.2) .03

Median total cholesterol
level, mg/dL (IQR)

190 (165-213) 199 (176-224) .15

Median LDL cholesterol
level, mg/dL (IQR)

103 (84-128) 114 (97-140) .06

Median HDL cholesterol
level, mg/dL (IQR)

70 (62-81) 59 (50-70) .003

Median triglyceride level,
mg/dL (IQR)

66 (56-79) 93 (68-122) , .001

Median leptin level,
pg/mL (IQR)

7.9 (5.5-15.5) 17.4 (9.6-27.9) , .001

Median adiponectin
level, mg/mL (IQR)

13.3 (10.9-16.3) 9.9 (7.0-12.2) , .001

Median hsCRP level,
ng/mL (IQR)

0.51 (0.32-1.04) 1.06 (0.66-3.04) , .001

Median IL-6 level,
pg/mL (IQR)

0.75 (0.46-1.10) 1.26 (0.72-2.31) , .001

NOTE. Reprinted with permission.34 © 2015 American Association for Cancer
Research.
Abbreviations: CLS-B, crown-like structures of the breast; HDL, high-density
lipoprotein; hsCRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; IQR,
interquartile range; LDL, low-density lipoprotein.
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