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Summary

Visceral adipose tissue inflammation in obesity is an established risk fac-

tor for metabolic syndrome, which can include insulin resistance, type 2

diabetes, hypertension and cardiovascular diseases. With obesity and

related metabolic disorders reaching epidemic proportions globally, an

understanding of the mechanisms of adipose tissue inflammation is cru-

cial. Within the immune cell cohort, dendritic cells (DC) play a key role

in balancing tolerance and immunity. Despite decades of research into the

characterization of DC in lymphoid and non-lymphoid organs, their role

in adipose tissue function is poorly understood. There is now an increas-

ing interest in identification and characterization of DC in adipose tissue

and understanding their function in regulating tissue metabolic homeosta-

sis. This review provides an overview of the study of DC in adipose tissue,

focusing on possible mechanisms by which DC may contribute to adipose

tissue homeostasis.
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Introduction

Obesity is a major health concern worldwide. The inci-

dence of adults with a body mass index ≥ 25 kg/m2 has

risen from 28�8% to 36�9% between 1980 and 2013.1

Within the UK 67% of men and 57% of women are

either overweight or obese.2,3 According to World Health

Organization criteria, the increased rate is largely con-

tributed by childhood obesity cases. Because of the

increase in prevalence and established health risks, obesity

has become a major health challenge.

Being overweight and obesity are major risk factors for

non-communicable diseases and predispose individuals to

further risks of cardiovascular diseases, diabetes, cancer,

osteoarthritis and musculoskeletal disorders. Furthermore,

metabolic disorders such as non-alcoholic fatty liver and

gall stones are also suggested to be pre-disposed due to

obesity.2 An important connection between obesity and

metabolic inflammation was recognized over the last two

decades. Numerous studies, discussed in this review, have

demonstrated that obese adipose tissue mimics an active

local inflammation site. This low-grade chronic inflam-

mation plays a critical role in the development of

obesity-related metabolic and inflammatory disorders in

individuals.4 Therefore, understanding the immune pro-

cesses regulating adipose tissue homeostasis will provide a

new comprehension of the pathophysiology of diabetes

and related metabolic syndromes.

Adipose tissue function

Adipose tissue (AT) has long been believed to be a passive

energy reservoir; however, in recent years, this notion has

changed and it is now recognized as a major endocrine

organ.5,6 Broadly categorized, AT can be of two

types – white adipose tissue (WAT) and brown adipose tis-

sue (BAT). BAT obtains its name from increased vascular-

ization and a high mitochondrial content giving it a

reddish-brown appearance. Its role is mainly implicated in

maintaining and promoting thermogenesis by combusting

Abbreviations: AT, adipose tissue; ATM, adipose tissue macrophages; BAT, brown adipose tissue; BMDC, bone-marrow-derived
dendritic cell; C/EBP, CAAT/enhancer binding protein; CD, cluster of differentiation; cDC, conventional dendritic cell; DC,
dendritic cell; Hif, hypoxia-inducible factor; IL, interleukin; KLF4, Kruppel-like factor 4; pDC, plasmacytoid dendritic cell; PPARc,
peroxisome proliferator-activated receptor c; Th1, T helper type 1; TNF-a, tumour necrosis factor a; WAT, white adipose tissue
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lipids into heat. BAT is largely found in hibernating mam-

mals, neonatal and young children and regresses with aging

and obesity.7,8 Recently it has been shown that BAT pro-

motes clearance of triglycerides from circulation and lowers

plasma glucose, reducing the risk factors for metabolic syn-

drome.9 On the other hand, WAT is widely distributed in

the body, regulates a number of functions including hor-

mones and nutrient metabolism. It is also the predominant

form of AT that interacts with the immune cells under con-

ditions of metabolic challenge. Therefore, this review

focuses on WAT, which is hereon referred to as AT.

Adipose tissue secretes an array of bioactive mediators,

collectively referred to as adipokines [e.g. adiponectin,

leptin, interleukin-6 (IL-6), tumour necrosis factor-a
(TNF-a)] that act both locally and systemically to control

AT homeostasis and energy metabolism. The roles of

these signalling molecules are critically regulated during

homeostasis. AT can rapidly and efficiently respond to

alterations in nutrient intake through adipocyte expansion

(hypertrophy) and adipocyte differentiation (hyperplasia).

This process is tightly regulated through a number of fac-

tors. By far the most studied is the regulatory process

controlled by peroxisome proliferator-activated receptor c
(PPARc). PPARc closely interacts with another transcrip-

tion factor family – CAAT/enhancer binding protein

(C/EBP) to transcribe genes during adipogenesis and adi-

pocyte differentiation. Evidence of this is demonstrated

by PPARc and C/EBP knockout mice having reduced adi-

pose mass, which shows the critical role of these tran-

scription factors in AT development.10–13

Adipose tissue composition in normal/lean individuals

is known to account for 15–20% of the total body weight,

while this increases up to 35–40% in obesity. In circum-

stances of over-nutrition, adipocytes enlarge with an

excess of triacylglycerol inducing hypoxia, mitochondrial

dysfunction, oxidative stress and endoplasmic reticulum

stress, culminating in the release of free fatty acids and

adipocyte necrosis. The stressed adipocytes trigger a meta-

bolic and immunological imbalance, with local produc-

tion of IL-6, TNF-a and IL-1, and recruitment of

inflammatory cells.14,15 Inflammatory responses in the

early stages of obesity are first detected in the visceral AT,

compared with other metabolic organs, including liver

and skeletal muscle, suggesting that visceral AT chronic

inflammation can either directly or indirectly influence

the development of obesity-related co-morbidities such as

insulin resistance, dyslipidaemia, hypertension, non-alco-

holic fatty liver disease and atherosclerosis.

Adipose tissue also hosts a proportion of immune cells

that reside in the tissue contributing to organ homeosta-

sis. In addition to the main function of energy storage,

primary roles of AT are now considered to include body

metabolism, coordination of immune cell functions

within and outside the tissue, and regulation of glucose

tolerance and insulin resistance.16,17

Immune cells in adipose tissue

It is now clear that, beside adipocytes, AT contains a net-

work of immune cells that work in cooperation in the

maintenance of the overall metabolism and physiology of

the organ. During this decade, the role of these immune

cells have gained importance as they have been identified

to centrally co-ordinate immunity, metabolic pathways

and tissue functioning.18 The role of different immune

cells in AT was reviewed by Grant and Dixit in 2015 and

is not discussed in depth here.19,20

In normal/lean AT, macrophages comprise the majority

of the immune cells contributing up to to 15% of the

immune cell cohort. In addition to pathogens/toxins/

debris phagocytosis and clearance, AT macrophages

(ATM) fulfil essential homeostatic functions. ATM con-

trol lipid cytotoxicity by taking up triglycerides and non-

esterified fatty acids released by overstretched adipocytes

and are also known to secrete high levels of IL-10, which

limits inflammatory responses and increases insulin sensi-

tivity.21,22 In addition to macrophages, natural killer T

cells, eosinophils and regulatory T cells are also known to

reside in AT, where they locally secrete IL-4, IL-13 and

IL-10 to maintain an anti-inflammatory milieu under

physiological conditions. This tolerogenic environment

feeds back to the tissue to control glucose homeostasis

and insulin sensitivity.23,24

The first link between inflammation and obesity was

published more than two decades ago by Hotamisligil

and colleagues,25 showing overexpression of TNF-a in vis-

ceral AT of obese mice. Subsequent studies demonstrated

that deletion of TNF-a could ameliorate insulin resis-

tance. ATM were later discovered to be the prominent

source of TNF-a.25,26 In obesity, ATM proportion

increases to up to 50% of the immune cells.27,28 This

increase is accompanied by the recruitment of CD11c+

inflammatory macrophages combined with the release of

pro-inflammatory cytokines such IL-6, IL-12 and

TNF-a.29 Depletion of CD11c+ cells in obese mice using

the conditional cell ablation system, results in reduction

of AT inflammation and marked normalization of glucose

and insulin tolerance.30 Albeit, most of these CD11c+ cells

are F4/80+ ATM, CD11c is also a marker of dendritic

cells (DC). So far, ATM have been identified by expres-

sion of F4/80 and CD11c, which are promiscuous mark-

ers. This phenotypic overlap between inflammatory ATM

and DC has made it difficult to dissect their function and

their contribution to AT immune responses.

Dendritic cells

Dendritic cells are professional antigen-presenting cells.

They are often referred to as messengers between adaptive

and innate immune responses because they harbour the

ability to either instigate or suppress immune responses
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depending on their maturation state. DC are present in

all tissues of the body in an immature/tolerogenic state.

They routinely migrate to draining lymph nodes present-

ing self-antigens to lymphocytes, which mediates

immunological tolerance and maintains tissue homeosta-

sis.31 Upon environmental stimuli or ‘danger signals’, DC

undergo a complex and intricate maturation process,

which allows them to express surface molecules and

cytokines important for T-cell activation and the initia-

tion of adaptive immune responses.32

Dendritic cells are broadly categorized into two

types – plasmacytoid DC (pDC) and conventional DC

(cDC), the latter being the focus of this review. Conven-

tional DC can be subdivided into several subsets according

to the expression of selected surface molecules, tissue local-

ization and specialized functions. Ontogenically, there are

two major cDC subsets that can be distinguished by the

expression of the cell surface markers CD11b and CD8/

CD103.33 Both subsets vary greatly in terms of transcrip-

tome profiling, lineage markers and function, which

depend largely on the tissue where they are localized. CD8+

and the non-lymphoid equivalent CD103+ cDC, also ter-

med cDC1, are transcriptionally dependent on interferon

regulatory factor 8.34 The cDC1 specialize in antigen cross-

presentation and induction of T helper type 1 (Th1)

responses. In contrast, CD11b+ DC, termed cDC2, are tran-

scriptionally regulated by interferon regulatory factor 435,36

and preferentially induce and promote Th17 and Th2 cell

responses. This division of labour permits the immune sys-

tem to mount distinct types of responses according to the

danger/environmental signals.

Conventional DC are phenotypically distinguished by

the high expression of CD11c and MHC II cell surface

markers. This characterization holds true for the identifi-

cation of cDC in lymphoid tissues under normal physio-

logical conditions, e.g. spleen. It is known that cDC in

steady-state exist in an immature/semi-mature state and

that activation of cDC leads to a cascade of molecular

changes that are reflected in the expression and retraction

of various cell markers.37,38 This, combined with the

expression of overlapping cell surface markers such as

CD11c by some macrophages and monocytes, has

resulted in the lack of specific markers for the identifica-

tion and characterization of cDC in vivo. This is particu-

larly true for AT, where CD11c is highly expressed in

inflammatory macrophages. Furthermore, despite some

evidence of cDC presence in AT, no clear attempt has

been made to determine cDC subsets and/or characterize

their functions. An overview of the studies pertaining to

DC in AT is discussed below.

Dendritic cells in adipose tissue

Considering that AT is now regarded as a metabolically

active organ capable of regulating nutritional uptake,

hormones and inflammatory processes, there has been an

increasing interest in identification and understanding the

roles of various immune cells within AT. However, given

the fact that DC are closely related to other myeloid cells

and are known to express overlapping cell surface mark-

ers, understanding the role of DC in AT has been chal-

lenging. Nevertheless, although inconclusive, recent

studies suggest a role for DC, particularly, cDC, in the

mediation of AT inflammation.39

Stefanovic-Racic et al. demonstrated that mice fed on a

high-fat diet (HFD) have an increase in CD11c+ cells in

their AT. Using multicolour flow cytometry and scanning

electron microscopy they demonstrated that a proportion

of these CD11c cells are DC (both cDC and pDC).40

Using gain and loss of function studies, it has also been

demonstrated that the presence of cDC was essential for

the recruitment of macrophages in response to metabolic

challenges such as HFD.40 The authors showed that

Flt3l�/� knockout mice, which lack cDC but also have

reduced numbers of natural killer, regulatory T cells and

B cells,41,42 have fewer cDC in AT compared with control

mice. This phenotype was rescued by administration of

Flt3-ligand, which resulted in a significant number of

cDC and macrophage recruitment from a single dose.

Furthermore, injection of bone-marrow-derived DC

(BMDC) into mice also boosted immune cell recruitment

to AT, thereby indicating a general role of DC in immune

cell recruitment. An earlier independent study showed

that Flt3�/� knockout mice have decreased numbers of

cDC, pDC and CD103+ cDC in non-lymphoid tissue,43,44

and interestingly have tolerance against diet-induced

weight gain. This implies that cDC may play a pivotal

role in regulating systemic metabolic responses and even-

tually contributing to AT inflammation.43,44

In another study by Bertola et al.45 the authors identi-

fied and characterized a new subset of DC termed ‘in-

flammatory DC’ in both obese mice and men. These

inflammatory DC were distinguished by the presence of

CD11c in addition to expression of low levels of F4/80.45

However, F4/80 has been widely used as a marker for

ATM, which are increased up to five times in obese mice.

Hence, the identification of CD11c+ F4/80low DC as a dis-

tinct population remains arguable. Nevertheless, this

study also demonstrated that these inflammatory DC

could present antigen and induce a Th17 T-cell response

in vitro. Contrastingly, DC from lean/normal mice, iden-

tified as CD11c+ F4/80� cells, were shown to induce a

Th1 T-cell response, suggesting a change in DC pheno-

type upon HFD.45

This preferential induction of a Th17 T-cell response

by obese AT DC was later reflected in an independent

study conducted by Chen et al.46 Using multicolour flow

cytometry, and scanning electron microscopy it was once

more confirmed that DC numbers infiltrating AT

increased significantly in mice fed with HFD. In addition,

ª 2016 John Wiley & Sons Ltd, Immunology, 149, 353–361 355

Dendritic cells and adipose tissue



it was shown that DC in adipose tissue exist in an imma-

ture/semi-mature state expressing low levels of the matu-

ration markers CD80 and CD86 compared with splenic

cDC. Furthermore, Chen et al.46showed that AT DC from

obese mice preferentially secrete higher levels of IL-6 and

IL-23, and promote a Th17 T-cell response compared

with splenic cDC, which in contrast are known to pro-

mote Th1 T-cell responses. It is unclear if obesity induces

differentiation of immature into mature DC or is rather a

recruitment of a new subset of DC, termed the ‘inflam-

matory DC’, into AT.

The study by Zhong et al.47 seems to suggest a mecha-

nism by which AT DC in obesity promote tissue inflam-

mation. The authors demonstrated that myeloid cells in

AT (comprising DC and ATM) expressed dipeptidyl pep-

tidase-4 (or CD26). CD26 is an amino peptidase of which

the major function is reducing the activity of incretin

peptides, including glucagon-like peptide-1 and glucose-

dependent insulinotropic polypeptide, which contribute

to the attenuation of insulin secretion.47,48 Inhibitors have

been shown to ameliorate type 2 diabetes and cardiovas-

cular diseases. CD26 expression in myeloid cells was

increased in the AT of obese humans and mice and its

up-regulation promoted a pro-inflammatory environment

in AT leading to insulin resistance. CD26 knockdown in

both human and murine DC reversed this effect

in vitro.48

Adipose tissue DC will ‘sense’ the tissue environment

and travel to draining lymph nodes to meet naive T cells.

For instance, the mesenteric adipose tissue is well con-

nected to the mesenteric lymph nodes 49 (Fig. 1). Fur-

thermore, recently it has been suggested that AT DC can

uptake antigens from ‘leaky’ collective lymphatic vessels.

The collective lymphatic vessels transport lymph and its

content to the draining lymph nodes and do not

exchange molecules and cells within the tissue. In con-

trast, Kuan et al. showed that collective lymphatic vessels

in AT have inherent permeability and, as a consequence,

soluble antigens travelling within lymph to lymph nodes

can be released in AT and taken up by DC closely associ-

ated with collective lymphatic vessels.50 This implies that

AT DC can also ‘sense’ the physiological status of adja-

cent organs.

A recent study provides novel evidence of regulatory

mechanisms that influence differentiation and develop-

ment of adipocytes by DC.51 Pamir et al. report that

granulocyte–macrophage colony-stimulating factor is

essential for adipocyte development and this was demon-

strated using granulocyte–macrophage colony-stimulating

factor deficient mice (Csf2�/� mice). Furthermore,

To other LN

Spleen

Spleen

Naïve T cells
Dendritic cells

mLN

mLN

Activated dendritic cells

Macrophages

Adipocytes

Lymphatic system

Th17 T cells

Th1 T cells

Treg cells

Metabolic challenge

Pathogens/toxins

Other inflammatory stimuli

Figure 1. Schematic showing the potential response of stimulated adipose tissue dendritic cells (AT DC). Once activated, DC within AT may

migrate along the lymphatic system (shown in green) to mesenteric lymph nodes (mLN) to activate naive T cells and bring about T-cell

responses [T helper type 17 and type 1 (Th17/Th1)].
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in vitro adipocyte differentiation was observed to be

inhibited when cells were pre-treated with DC-condi-

tioned medium, in contrast to macrophage-conditioned

medium.51 Csf2 is notably a critical cytokine for the gen-

eration of monocyte-derived DC in vitro. Csf2 has also

been shown to be necessary for cDC survival in non-lym-

phoid tissues, where it is highly expressed. However, this

regulation is seldom observed in cDC within lymphoid

tissues.52 Given the non-lymphoid nature of AT, the pos-

sibility that cDC can control adipocyte expansion and dif-

ferentiation when necessary, is interesting. Moreover, the

up-regulation of MHC II (another classical DC marker)

has been reported to occur in AT before tissue inflamma-

tion and deposition of fat. Mice lacking MHC II were

shown to be marginally resistant to obesity when fed an

HFD.53 Conversely, adipocyte stem cells have also been

showed to control AT DC function. Work by Peng

et al.54 demonstrated that adipocyte stem cells could inhi-

bit DC maturation and restrict T-cell responses in vitro,

suggesting a tolerogenic effect of adipocyte stem cells.

Overall, these studies demonstrate a role of

CD11c+ MHC II+ cells (potentially cDC) in AT biology

(Fig. 2).

Table 1 summarizes some of the key findings on identi-

fication and role of DC within AT.

Future scope

Transcriptional regulation of DC within AT

Adipose tissue is an active endocrine organ playing a role

in metabolic regulation. Interestingly, cDC activation and

function can also be controlled metabolically. PPARc is

the master regulator of AT differentiation and homeosta-

sis. It plays a central role in regulating lipid and glucose

metabolism. PPARc is a member of the nuclear hormone

receptor superfamily and functions heterodimerically with

the retinoic X receptor.57 In addition to its metabolic

role, PPARc is known to mediate and promote anti-

inflammatory responses in various immune cell

Lean Obese

Treg cells

Dendritic cells

Macrophages

Adipocytes

IL-4

IL-10

TGF-β

Leptin

Adiponectin

Insulin sensitivity Insulin resistance

IL-6

KLF4

Hif1α
PPARγ

Infiltrating cells

IL-12

Leptin

Adiponectin

TNF-α

Th1/Th17 cells

Figure 2. Schematic depicting adipose tissue homeostasis and its response in obesity. Under normal/lean conditions, immune cells and adipocytes

work in cooperation to develop a tolerogenic milieu to maintain tissue homeostasis. In response to obesity-induced chronic inflammation,

immune cells including dendritic cells (DC) and macrophages are recruited to adipose tissue, promoting a pro-inflammatory response. Dotted

black arrows indicate possible transcriptional and systemic regulation of DC, which may result in anti- or pro-inflammatory responses. HIF-1a,
hypoxia-inducible factor-1a; KLF4, Kruppel-like factor 4; IL-4, interleukin-4; PPARc, peroxisome proliferator-activated receptor c; TGF-b, trans-
forming growth factor-b; TNF-a, tumour necrosis factor-a.
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populations. Indeed, PPARc deficiency in macrophages

results in increased obesity-induced AT inflammation and

insulin resistance.58 Function of DC is also suggested to

be heavily regulated by PPARc. Various studies have

demonstrated the effects of PPARc-dependent regulation

of DC main functions including antigen uptake, matura-

tion and migration.59 In cDC and BMDC, it has been

reported to suppress the release of pro-inflammatory

IL-12.55 In addition, PPARc agonists were shown to sup-

press maturation of BMDC by negatively regulating the

nuclear factor-jB/mitogen-activated protein kinase path-

ways.56,60 Concurrently, PPARc-deficient BMDC showed

significant increased expression of co-stimulatory mole-

cules and superior antigen-presenting capacity compared

with control cells.55 Given the tolerogenic state of cDC in

lean AT, investigating the role of PPARc activation and

its potential effects on AT cDC function is critical. How-

ever, there are currently no studies that shed light on the

role of PPARc in AT cDC.

In addition to PPARc, another nuclear receptor, Krup-

pel-like factor 4 (KLF4) is known to control adipogenesis

through its effects on another intermediate transcription

factor – C/EBPb. KLF4 is an early transcription factor

that is essential for the development of adipocytes.

Knockdown of KLF4 has been shown to stall adipogene-

sis, which results in down-regulation of C/EBPb and

therefore that of PPARc.61 KLF4 has also been implicated

in the control of ATM phenotype. KLF4 expression is

down-regulated upon lipopolysaccharide stimulation and

KLF4-specific deletion switches macrophages from an

anti-inflammatory state to a pro-inflammatory one.

Recently it has been demonstrated that KLF4 mediates

Th2 priming capabilities of the CD11b+ cDC subset. It is

suggested that KLF4 regulates the expression of interferon

regulatory factor 4 transcription factor, which is critical

in lineage-specific and function-specific development of

this cDC subset.62

Several studies demonstrate the interplay between

hypoxia and obese AT.63,64 In obesity, hypoxia is

suggested to result from a number of factors such as

reduced blood supply, nutrient deprivation and endoplas-

mic reticulum stress.65,66 It is has been reviewed that

exposure of adipocytes to hypoxia can result in changes

of over 1000 genes affecting metabolic cycles, cytokine

production and cellular signalling.63 Hypoxic conditions

are determined by the ready induction of hypoxia-induci-

ble factor 1-a (Hif-1a). Hif-1a is a transcription factor

that regulates genes to stabilise and restore normal oxy-

gen levels (normoxia) within the tissue. In BMDC, Hif-1a
up-regulation results in increased production of stimula-

tory molecules, followed by released of cytokines as cDC

mature.67,68 It has been suggested that under certain mat-

uration stimuli, maturation of cDC is contributed to by

Hif-1a transcription, which is in turn induces a metabolic

switch to fulfil energy demands during activation.69,70

Given that normal cDC function can be regulated by Hif-

1a,71–73 and that hypoxic conditions are present in obe-

sity, understanding the interplay between Hif-1a and cDC

in the biology of obese AT is essential. In this regard, the

development of hypoxia within AT may potentially insti-

gate AT cDC to induce a Th17 response. The possible

interplay between the transcriptional regulation of adipo-

cyte differentiation/expansion and DC function remains

unexplored.

Systemic regulation of DC in AT

Two of the most important secreted cytokines from adi-

pose tissue are adiponectin and leptin. Adiponectin is a

hormone highly secreted by white adipocytes. It is known

to enhance free fatty acid oxidation and insulin sensitivity

in liver and muscle. The effects of adiponectin are diverse,

which includes insulin sensitization,74 prevention of

atherosclerotic plaques and regulation of metabolism. In

obesity and in obesity-related disease models, levels of

adiponectin have been demonstrated to decrease rapidly

compared with controls.75 Yamauchi et al.76 demon-

strated that insulin-resistant mice show significant

Table 1. Summary of key findings on adipose tissue dendritic cells

Key finding DC population investigated Model Reference

Depletion of CD11c+ cell rescues glucose and insulin sensitivity CD11c cells Mouse 30

HFD promotes increase in cDC numbers in AT. Depletion of cDC in visceral AT

protects from HFD-induced inflammation

cDC in visceral AT Mouse 40

‘Inflammatory DC’ are identified in obese AT. These DC are capable of inducing

Th17 response in vitro

Inflammatory DC

(CD11chi, F4/80low)

Mouse and

human

45

HFD increases AT DC recruitment. DC from AT preferentially promote Th17 response MHCIIhi, CD11chi cells Mouse 46

DC can regulate differentiation of adipocytes via GM-CSF signalling MHCIIhi, CD11chi cells Mouse 51

AT DC express CD26 which is required for enhanced T-cell proliferation. Expression

of CD26 is elevated in obese AT

MHCIIhi, CD11chi cells Mouse and

human

48

Activation of PPARc inhibits maturation of DC Bone-marrow-derived DC Mouse 55, 56

Abbreviations: AT, adipose tissue; cDC, conventional dendritic cells; DC, dendritic cells; GM-CSF, granulocyte–macrophage colony-stimulating

factor; HFD, high-fat diet; PPARc, peroxisome proliferator-activated receptor c; Th17, T helper type 17.
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improvement towards insulin sensitivity upon adiponec-

tin administration. Apart from its metabolic functions,

adiponectin has also been shown to regulate immune cell

functions.77,78 It has been suggested that adiponectin

plays a role in the inhibition of TNF-a activity79 promot-

ing and maintaining tissue homeostasis. Tsang et al.

showed that adiponectin could alter BMDC phenotype

and cytokine production.80 It was reported that BMDC

pre-treated with adiponectin preferentially induced T-cell

regulatory responses.80 This is suggestive of a tolerogenic

function of DC in response to an adipokine that is abun-

dantly produced under normal conditions.80 In sharp

contrast, Jung et al.81 demonstrated that DC pre-treated

with adiponectin can induce both Th1 and Th17 cells

and that pre-treatment of DC leads to maturation and

secretion of pro-inflammatory cytokines such as IL-12.

With contradictory evidence, the effect of adiponectin in

cDC and AT cDC function, remains to be elucidated.

Leptin is another adipokine with a primary role in energy

metabolism. Secretion of leptin is dependent on food

intake,82 which then negatively regulates feeding to prevent

excessive energy balance. The role of leptin in adipocyte

function is evident from the knockout studies where mice

lacking leptin expression gain weight rapidly and become

diabetic. This effect is reversed by regular administration of

leptin.83,84 This leptin-mediated reduction of insulin resis-

tance, diabetes and hyperglycaemia was also observed in

murine lipodystrophy models. Administration of recombi-

nant leptin to lipodystrophic mice resulted in reduced

weight gain and improved insulin sensitivity, indicating

that this adipose-tissue hormone is capable of regulating

diverse metabolic functions and is not restricted to adipo-

genesis.85 There is some evidence demonstrating a link

between leptin and DC function. Mattioli et al.86 show that

leptin treatment improves monocyte-derived DC matura-

tion and boosts their T-cell priming capabilities in vitro.

This was corroborated in another two studies where BMDC

lacking leptin had reduced antigen presentation capabilities

and increased regulatory T cell induction.87,88 It is clear

that both leptin and adiponectin play a pivotal role affect-

ing DC phenotype and function. Hence understanding

their effect in visceral AT DC function and their control of

AT homeostasis will be beneficial.

Dendritic cells in human AT

Studies to date have been focused on determining DC

populations within murine AT. This, however, has not

yet been extensively translated to human AT. In humans,

DC have been characterized into three groups – CD1c+,

CD141+ and CD303+.89 Using mesenchymal stem cells,

numerous studies have demonstrated the effects of adipo-

cyte and adipocyte-derived factors on myeloid cells,

including monocyte-derived DC. Results from these stud-

ies imply a role of these cells in maintaining a tolerogenic

phenotype.27,78,90 More recently, Bertola et al.45 conclu-

sively demonstrated that identification and phenotyping

of different subsets of human DC populations was possi-

ble within human subcutaneous AT. Despite encouraging

evidence from subcutaneous AT, this was not translated

to human visceral fat.

Conclusion

Adipose tissue has gained increasing attention and under-

standing in recent years particularly in the field of

immuno-metabolism. Despite compelling evidence, the

identification of cDC and their role in AT maintenance

has remained unclear and has not been investigated in

depth. With emerging cDC-specific models at hand, there

appears to be an opportunity to address these issues and

to understand how cDC can influence AT homeostasis

and their response to metabolic challenge.
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