
Open Citation: J Med Discov (2017); 2(3):jmd17032; DOI:10.24262/jmd.2.3.17032

* Correspondence: Rui Mao,Center for Biotechnology and Genomic Medicine,Augusta University,1120, 15th street, Augusta, GA30912, United States;Tel.: +001 706 721
3403, rmao@augusta.edu.

1

ReviewArticle

Adipose Tissue Regulatory T cells Interact with Macrophages - A link between obesity

and cancer?

Rui Mao1,*

1Center for Biotechnology and Genomic Medicine, Medical College of Georgia, Augusta University, Augusta, GA 30912

Obesity is characterized by abnormal or excessive fat accumulation and chronic low grade inflammation, in adipose tissue.
Being one of the worldwide critical health issues, obesity positively correlated with multiple types of cancer and cancer
mortality. It is thus utmost important to understand biomolecular and cellular mechanisms underlying the strong positive
correlation between obesity and cancer. Adipose tissue is now recognized as an immunological organ where multiple
adipose resident immune cells including B cells, T cells, macrophages and adipocytes interact with each other to exert
unique immune regulatory functions, and thus, play a key role in the control of inflammation and cancer development. In
current review, the role of immune cells in adipose tissue, mainly macrophages and visceral adipose tissue Tregs (VAT
Tregs), during the process of obese, inflammation and cancer development was briefly discussed.
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Obesity

Obesity is one of the worldwide critical health issues with
abnormal or excessive fat accumulation. Body Mass Index
(BMI), defined as the body mass in kilograms divided by
the square of the body height in meters (kg/m2), is the most
commonly used measure for the classification of
overweight and obesity in adults age 20 years or older
(Table 1). Based on the report of National Health and
Nutrition Examination Survey (NHANES), the vast
majority of American adults (70%) are defined as
overweight (BMI ≥ 25 kg/m2) and more than 36.5% are
classified as obese (BMI ≥ 30 kg/m2) in
2011–2014[1].Overweight and obesity are widely accepted
as one of the leading risk factors for global deaths. In a 10
years' follow‐up cohort study on more than 500 000 US
men and women, overweight or obese patients are found to
be with increased risk of death by 20-40% to 2-3 folds,
respectively, comparing to people of normal weight[2].
This observation is considered mainly due to the fact that
overweight and obese subjects are at greater risk for many
organic diseases, including diabetes, hypertension,

cardiovascular disease and cancer etc, which are
responsible for most of the excess deaths[3, 4].

Obesity is associated with increased risk of cancer

It has been reported that overweight and obese positively
correlated with multiple cancer types, including
endometrial cancer, esophageal adenocarcinoma, multiple
myeloma, liver, kidney, pancreatic, colorectal, breast:
postmenopausal, gallbladder and ovarian cancer, etc.,
whereas avoidance of weight gain may prevent subjects
from these types of cancer[5, 6]. Based on meta-analyses
and/or pooled analyses, the BMI-cancer association was
considered to be with a strong dose–response
relationship[6]: For example, relative risks of type 1
endometrial cancer are found to be 1.5 for overweight,
2.5 for class I obesity, 4.5 for class II obesity, and
7.1 for class III obesity[7].
In addition, excess bodyweight also contributes to

increased cancer mortality: A landmark epidemiological
study including more than 900,000 U.S. adults during 16
years of follow-up indicated that increased body weight
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was associated with increased mortality from a wide range
of cancer types which was considered to account for 14
percent of all deaths from cancer in men and 20 percent in

women [8].

It is thus utmost important to understand biomolecular
and cellular mechanisms underlying the strong positive
correlation between obesity and cancer.

Table 1 BMI classification in adults age 20 years or older.

Biomolecular mechanisms involved in Obesity–Cancer
Link

Multiple biological molecules including
proinflammatory cytokines, adipokines, insulin and insulin
like growth factors, etc. have been proposed to be
correlated with obesity-cancer link via certain signaling
pathways[9, 10].
Obesity is characterized by a chronic low-grade

inflammation with increased level of proinflammatory
cytokines including TNF  , IL1, IL6 and IL18, etc. in
adipose tissue[11]. There are 2 subtypes of adipose tissue:
white adipose tissue (WAT) and brown adipose tissue
(BAT)[12]. Adipose tissue was initially considered only as
an inert tissue for lipid storage (stores triacylglicerides,
briefly named as TAGs) and energy expenditure, however,
WAT was now recognized to be an active endocrine organ
which secretes a large amount of bioactive polypeptides
known as adipokines. Adipokines (also named as
adipocytokines), including adiponectin, leptin, resistin and
visfatin, are currently thought to provide an important link
between obesity, inflammation, and cancer. Adiponectin
exerts anti-inflammatory effect by stimulating some
important anti-inflammatory cytokines, such as IL-10 and
IL-1 receptor antagonist (IL-1RA) and promotes insulin
sensitivity. Adiponectin is found to be decreased whereas
leptin is increased in the serum of obese subjects. In
consequence, adiponectin has been found to be negatively
whereas leptin is positively associated with risk of breast,

colon and prostate cancer[13-15].
On the other hand, obesity is tightly associated with type

2 diabetes which is characterized by insulin resistance and
hyperinsulinemia. Insulin and IGF-1 pathway has already
been linked from obesity, diabetes to cancer[16]. Under
physiological circumstances, insulin is produced and
secreted by pancreatic islet β cells in response to glucose
stimulation and contributes for glucose homeostasis.
Insulin can also regulate growth hormone (GH) synthesis,
inhibit insulin-like growth factor binding proteins
(IGFBPs), and stimulate insulin-like growth factor 1
(IGF-1) production in liver. Increased insulin and IGF1
may inhibit cell apoptosis and promote cancer cell
development via PI3K/Akt cell signaling pathway[17, 18].
Enhanced serum IGF-1 level has been reported to be
associated with cancer risk by different research groups [19,
20]. On the other hand, exogenous insulin is considered to
be a risk factor for cancer development: In type 2 diabetic
patient treatment, administration of human insulin is
associated with increased cancer risk as compared with
insulin analogue treatment (metformin monotherapy)[21].

Cells involved in Obesity–Cancer Link

Myeloid cells (Macrophages, Myeloid-derived
suppressor cells, etc.) and lymphoid cells (CD4 and CD8 T
cells, Regulatory T cells, NKT cells, B cells, etc.) have
been found to be localized in adipose tissue and are named
as adipose-resident immune cells. These cells are initially
considered to be recruited from circulation and responsible
for adipose tissue inflammation and/or infection[22]. The
obesity-associated chronic inflammation is characterized
by a great infiltration and accumulation of these immune
cells from both innate and adaptive immune systems in
adipose tissue. Only macrophages and regulatory T cells
(Treg) will be discussed in current review.

M1/M2 macrophages
It was believed that tissue-resident macrophages with

distinct phenotypes and different functions were key
players in maintaining immune homeostasis within adipose
tissue. Adipose tissue-macrophages can be subdivided into
two major classes: the “classical” macrophages named M1

BMI classification kg/m2

Underweight 18.5
Normal range 18.5-24.9
Overweight 25
Obese 30
Obese Class I 30-34.9
Obese Class II 35-40
Obese Class III (Severe obese) 40
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(pro-inflammatory) and “alternatively activated” M2
(anti-inflammatory), based on their way of activation and
different cytokine production profile[23]. M1 macrophages
are activated by bacterial moieties (LPS) and/or immune
stimuli such as interferon- (IFN), produce inflammatory
cytokines including TNF  and IL6. In contrast, M2
macrophages are activated by IL4 and produce
anti-inflammatory cytokines such as IL10 and TGF  .
Under normal conditions, only few macrophages are
recruited and adipose tissue presents an anti-inflammatory
environment. It was believed that M1 macrophages were
recruited and produced pro-inflammatory cytokines at early
stage of obese. As obesity progress, more M2 macrophages
accumulated in adipose tissue and contributed for chronic
inflammation and insulin resistance.
Interestingly, M2 macrophages polarization has been

reported to be associated with increased cancer risk,
probably by the production of cytokines which can
selectively promote regulatory T cell
differentiation[23-25].

T cells and Regulatory T cells
Although macrophages are found to be the greatest

proportion of leukocytes in adipose tissue and contribute
for the chronic inflammation in obese subjects, it has been
reported that accumulation of T cells in adipose tissue can
precede macrophage infiltration[26-28]. Enhancement of
CD4/regulatory T cells (by adoptive transfer) or depletion
of CD8 T cells (by specific antibody treatment) in adipose
tissue can result in reduction of macrophages infiltration
and proinflammatory cytokine production, improvement of
insulin sensitivity and glucose homeostasis[26-28].
Therefore, it has been proposed that the infiltration and
accumulation of T cells may drive the recruitment of
macrophages, determine obesity-associated inflammation
in adipose tissue, and finally contribute to insulin
resistance and metabolic complications in obese
subjects[27, 29, 30].
Moreover, among T lymphocytes in adipose tissue, the

balance between regulatory and effector T cell subsets was
thought to be key in the control of obesity and disease
progression[29]. In both human and mouse studies, much
higher level of activated CD8 effector T cells and/or
interferon-γ-producing CD4 T helper1 (TH1) cells have
been reported in the visceral adipose tissue of obese
subjects, as compared to that of CD4 regulatory T (Treg)

cells[27, 28].
Regulatory T cell is a special T cell subset that suppress

the proliferation and function of multiple immune cell
types including CD4 and CD8 T cells, NKT cells, B cells,
etc. and thus maintain immune homeostasis in lymphoid
organs[31]. A transcriptional factor, Foxp3 (forkhead box
P3), can function as a specific marker to represent this cell
population since Foxp3 expression has been reported to be
tightly associated with development and immune
suppressive function of Tregs, by different research
groups[32-34]. Recently, the presence of Tregs have been
reported in various tissues other than lymphoid organs,
such as visceral adipose tissue (VAT Tregs)[26, 35], muscle,
intestinal mucosa, placenta, skin, lung and liver, etc. each
with unique tissue-specific characteristics [36]. Only VAT
Tregs will be discussed in current review.

Visceral adipose tissue Tregs
To date, VAT Tregs are considered as a unique subset

with distinct characteristics, as compared to their
counterpart conventional Treg cells in lymphoid organs,
based on the analysis of phenotype, Treg signature gene
expression, T-cell receptor (TCR) repertoire, cytokine
production,transcription factors,distinct micro-environment
and mechanisms related to their accumulation and
activation.

Phenotype
Accumulation of Foxp3+ regulatory T cells has been

noticed in visceral adipose tissue of lean, but not obese
adult male mice, aged 25-35 weeks old[26]. This specific
Treg subset, named as Visceral adipose tissue (VAT)
resident Treg cell, accounts for around 50% of CD4 T cell
population which is much higher than the fraction (5-15%)
normally found in lymphoid (spleen or lymph nodes) or
other nonlymphoid (lung, liver) tissues. However, half of
infiltrating CD4+T cells may be Treg cells has been
reported in some cancer types[37]. Furthermore, VAT Treg
cells significantly decreased to normal range in several
obese animal model, suggesting that this specific Treg cell
population may differ in dynamics and phenotypes in
health versus disease condition.

Treg signature gene expression and TCR repertoires
Based on microarray analysis, VAT Tregs reserve
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approximately 60% of conventional Tregs markers,
including CD25, Foxp3, GITR, CTLA-4, OX40 and killer
cell lectin-like receptor G1 (KIrg1), etc. which are thought
to be directly associated with the development, recognition
and function of regulatory T cell population[26].
The origin of VAT Treg cells, has been thought to be

either from thymic derived (natural) TR (nTR) cells or
peripheral TR (pTR) cells derived from conventional CD4+
T cells with Foxp3 up-regulation. However, VAT Tregs are
reported to be characterized by the expression of specific
TCR repertoires which are different from those of
conventional Tregs, suggesting that most of VAT Tregs
may not derive from Tregs in circulation or secondary
lymphoid organs[26, 38]. Accumulation of Tregs in adipose
tissue may result from in situ proliferation, since an oligo
clonal expansion of VAT Tregs was observed by analyzing
the TCR repertoire on a single cell level[38].

Cytokines
Activated conventional Tregs can secret a series of

cytokines such as IL10 and TGF, which are thought to be
responsible for their immune suppressive function on
effector cells[39]. Similarly, VAT Tregs are also
characterized by the production of IL10 and TGF  .
However, VAT Tregs cells express a much higher level of
IL-10 (136-fold augmentation of IL-10 transcripts) and
genes downstream of the IL-10 receptor, in comparison
with lymph node Treg cells[26]. IL10 can act directly on
adipocytes by suppressing TNFα induced inflammatory
cytokines and chemokines, and, is considered as one of the
key players to prevent obesity associated inflammation and
metabolic disorders[26].

Chemokine and adipokine mediation
Distinct profile of chemokines and chemokine receptors

has been observed in VAT Tregs: CCR1, CCR2, CCR3,
CCR5, CCR9, CXCL1 and CXCL2, CXCR6 are found to
be over-expressed while CCR6, CCR7 and CXCR3 are
decreased[40]. The specific patterns of
chemokine-chemokine receptors expression in VAT Tregs
have been proposed to be related to their migration into
adipose tissue. However, it was still unclear whether there
are difference in the patterns of chemokine and chemokine
receptor expression in VAT Tregs between lean and obese
subjects?Whether unique type of lean
chemokine-chemokine receptor profile contributes to the

huge difference in VAT Treg dynamics between lean and
obese subjects, in mice?
Besides the biological effect on immune regulation by

stimulating pro-inflammatory and anti-inflammatory
cytokines, adipokines have been reported to be correlated
with Treg proliferation and frequency in adipose tissue:
adiponectin might promote whereas leptin probably inhibit
Treg proliferation[41].

PPAR-
VAT Tregs display high level of

peroxisome-proliferator-activated receptor  (PPAR-  ), a
specific transcriptional factor which is thought to be the
master regulator of adipocyte differentiation and essential
for phenotype, accumulation and function of Treg
population in adipose tissue[42]. Based on gene analysis,
PPAR-  expression is strongly associated with VAT Treg
signature genes[35]. Depletion of PPAR- in mouse Tregs
results in downregulation of almost all VAT Treg signature
gene expression and reduction of this cell population
specifically in adipose tissue but not lymphoid organs and
other non-lymphoid tissues[35]. Furthermore, both PPAR-
isoforms 1 and 2, have been reported to interact with
Foxp3 to induce most of the VAT Treg over-expressed
genes, and thus contribute for their immune suppressive
function[35].

CD36
CD36, a member of the class B scavenger receptor

family of cell surface proteins, is expressed on platelets,
monocytes, differentiated adipocytes, mammary epithelial
cells and macrophages which is responsible for oxidized
fatty acid translocation and low-density lipoprotein
uptake[42]. VAT Tregs also display high level of CD36
which is thought to be induced by PPAR- and regarded as
a critical mediator for the PPAR-  dependent unique
functions of VAT Tregs[43]. Consistently, distinct
metabolism has been reported to be closely related to the
differentiation of T cell subsets: Th1, Th2, and Th17 cells
were highly glycolytic with high expression of glucose
transporter Glut1. In contrast, Treg had high level of lipid
metabolism with much lower Glut1 level[44].

A hypothesis has been proposed for high frequency of
Tregs in adipose tissue in mouse model[40]: In parallel
with the process of obesity and macrophage recruitment,
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VAT Tregs were first recruited into adipose tissue due to
chemokine/chemokine receptor recognition and attraction.
In response to microenvironment and immune cells in
adipose tissue, PPAR- expression was then increased for
displaying unique VAT Treg signature genes and CD36 on
the cell surface. The expression of CD36 results in
up-regulated fatty acid uptake and lipid metabolism which
is in favor of selective differentiation and proliferation of
VAT Tregs.
However, contrasting results have been observed

in mouse and human studies: As mentioned
previously, a significant reduction of VAT Treg cells
fraction (15%) was reported in adult obese mice, as
compared to lean mice (around 50%), which is correlated
with M2 (characterized by IL10 and TGF production) but
not M1 (characterized by IL6 and TNF  production)
macrophages[26]. In human study, increased Treg cell
population assessed by Foxp3 expression was mainly
detected in the adipose tissue of obese subjects, and
positively correlated with IL-6 and TNF expression[45,
46]. Recently, a deep phenotype characterization of
regulatory T cells and immune cells was performed by
comparing human VAT and blood samples from the same
lean and obese subjects, with or without colorectal cancer
(CRC)[47]. As compared to peripheral blood (PB), the
percentage of Treg/CD4 T cells was not changed (3% vs
5%) whereas the percentage of OX40+/Treg cells was
increased (15% vs 3%) in visceral adipose tissue (VAT)
stromal vascular fraction (SVF), in normal healthy lean
subjects. The percentage of OX40+/Treg cells in SVF was
found to be further increased in healthy obese subjects
(40% vs 15%), in parallel with slightly increased
percentage of total VAT Tregs/CD4 T cells (7.5% vs 3%)
[47]. Consistent with previous observation[48], these
data suggested that adipose tissue in obese subjects might
provide an unique microenvironment (chronic
inflammation, etc.) which was selectively in favor of
OX40+Treg cell proliferation. OX40 expression is thought
to be associated with Treg survival and immune
suppressive function, thus, is required for controlling
inflammation in adipose tissue characterized by obese
subjects[49]. However, it has also been reported that
expression and costimulation of OX40+ have detrimental
effect on Tregs by reducing Foxp3 expression and thus
abrogating Foxp3+ regulatory T cell-mediated
suppression[50]. Whether the distinct difference in Treg

subset(s) such as OX40+ Tregs within adipose tissue and/or
other tissues between healthy lean and obese subjects still
remains in other healthy human populations, need to be
confirmed and clarified. Different from human, in mice,
OX40 is constitutively expressed on all T-regulatory (Treg)
cells, including circulating and tissue resident Tregs[51].
Thus, whether the percentage of OX40+ or other specific
VAC Treg subsets also increased in healthy obese as
compared to lean mice need to be characterized.
Furthermore, it is also necessary to figure out which
subset(s) of VAT Tregs significantly increased in healthy
lean mice and thus results in contradictory finding between
human and mouse studies. In addition, percentage of
FOXP3/CD4 in circulation was not found to be associated
with obese or CRC condition. Surprisingly, increased
percentage of VAT OX40+/Treg cells (40%) in healthy
obese subjects was found to be significantly decreased in
obese CRC patients (20%), which makes a possible
correlation between VAT Treg and cancer[47].
Based on these data, a possible mechanism has been

proposed for the induction of specific VAT Tregs in human
(Figure 1). However, the possible relationship between
OX40+ Treg and cancer development still need to be
further studied and clarified: OX40 expression on
lymphocytes has been found to be negatively correlated
with tumor development and several OX40 agonists (OX40
antibody, etc.) are currently tested in cancer clinical
trials[48]. Whether VAT Tregs with increased OX40
expression contribute to other obese-associated cancers
development, and, via which biological mechanism and
cell signaling pathway? Whether the increased expression
of OX40 on VAT Tregs results in reduction of Foxp3 and
immune suppressive function, leads to block the Treg
suppression on antitumor immunity, and finally protect the
obese subjects from tumor[50, 51]? Whether the presence
of tumor cells affect the phenotype of tissue Tregs by
regulating the expression of certain molecules such as
OX40+, and finally modulate their immune suppressive
function? Or, whether the reduction of VAT Tregs,
especially OX40+ VAT Tregs, is simply because of their
recruitment at tumor site which provides microenvironment
in favor of tumor progression?
Under healthy conditions, similar to conventional Tregs

in lymphoid organs, VAT Tregs can suppress the activity of
other tissue resident immune cell populations including
effector T cells and macrophages, control inflammation and
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maintain immune homeostasis in adipose tissue. However,
obese associated excess VAT Tregs, can greatly inhibit
immune reactivity, interact with other adipose resident
immune cells and increase susceptibility to pathogen

infection such as cancer. Excess VAT Tregs might also be
recruited by cancer tissue and contribute for immune
escape mechanism and cancer progression.

Figure 1. The role of VAT Tregs in the progress of obesity, inflammation and cancer.

In humans, under healthy conditions, only few especially M2 macrophages are recruited and results in an anti-inflammatory environment in adipose tissue. At early stage of

obese, M1 macrophages were recruited and produced pro-inflammatory cytokines. As obesity progress, more M1 and M2 macrophages accumulated in adipose tissue and

contributed for chronic inflammation. In parallel with the process of obesity and macrophage recruitment, VAT Tregs were first recruited into adipose tissue due to

chemokine/chemokine receptor recognition and attraction. In response to microenvironment and immune cells in adipose tissue, PPAR- expression was increased, leading to

increased level of CD36 on the cell surface. The expression of CD36 results in up-regulated fatty acid (FA) uptake and lipid metabolism which is in favor of selective

differentiation and proliferation of VAT Tregs. Cytokines secreted by M2 macrophages, such as IL10 and TGF , also promote the proliferation of VAT Tregs. In humans,

increased VAT Tregs are also reported to be positively correlated with IL-6 and TNFα expression. OX40+ Tregs seems to be the specific subset developed in this unique

microenvironment which is necessary for suppressing excess inflammation in adipose tissue, at least partially by inhibiting proinflammatory M1 but promoting

anti-inflammatory M2 macrophages via high level of IL10 production. Surprisingly, OX40+ VAT Tregs were found to be significantly decreased in obese cancer patients,

probably due to migration of VAT Tregs into tumor tissue, and/or, the complicated interaction between immune cells (macrophages and VAT Tregs, etc.) and cancer cells.

Conclusion

Obesity is one of the worldwide critical health issues
which is characterized by abnormal or excessive fat
accumulation and chronic low-grade inflammation, in
adipose tissue. In addition to the classical role in lipid store
and energy metabolism, adipose tissue is now recognized

as an immunological organ where adipocytes interact with
multiple immune cells including B cells, T cells,
macrophages to exert unique immune regulatory
functions[52]. Increasing evidence from various different
research groups suggests an adverse association between
obesity and cancer risk/outcomes. The interaction between
macrophages and specific Treg population (VAT Tregs) in
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adipose tissue was briefly discussed in this review, and a
simplified possible mechanism was proposed to explain
how these cells interact with each other and involved in the
process of obese, inflammation and cancer development.
Tumor progression is now regarded as a result from the
crosstalk between tumor cells and the surrounding
“normal” cells, including adipocytes, macrophages, T cells,
regulatory T cells, myeloid derived suppressor cells
(MDSCs), etc. These surrounding cells are capable of
affecting and modifying the cancer cell behavior, vice versa,
thus actively involved in tumor progression. Adipose tissue
Tregs might represent one of the key immune cell types
involved in obesity-cancer link. Future research into how
VAT Tregs interact with other tissue resident immune cells,
adipocytes and cancer cells may help to provide new
strategies to combat obesity-associated chronic
inflammation and cancer development.
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