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a b s t r a c t

The frequency of obesity is enormously growing worldwide. Obesity results when energy intake exceeds,
energy expenditure. Excess adiposity is a major risk factor in the progress of various metabolic disorders
accounting insulin resistance, hypertension, Type 2 diabetes, nonalcoholic fatty liver disease, polycystic
ovarian disease and several types of cancers. Obesity is characterized by pro-inflammatory condition
in which hypertrophied adipose tissue along with immune cells contribute to increase the level of pro-
inflammatory cytokines. Immune cells are the key players in inducing low grade chronic inflammation
in obesity and are main factor responsible for pathogenesis of insulin resistance resulting Type 2 diabetes.
The current review is aimed to investigate the mechanism of pro-inflammatory responses and insulin
resistance involving immune cells and their products in obesity.

� 2017 Elsevier Inc. All rights reserved.
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1. Introduction

Obesity is an emerging nutritional problem globally and is char-
acterized by an imbalance of energy that results in adipocyte
hypertrophy and then hyperplasia leading to low grade chronic
inflammation of the adipose tissues which in turn is the regulator
of various chronic disorders, due to increased production of cytoki-
nes secreted by macrophages and pre-adipocytes [1,2]. Obesity has
a significant part in development of manymetabolic disorders such
as insulin resistance, hypertension, asthma, hypertriglyceridemia,
cardiovascular diseases, arthritis, Type 2 diabetes hypercholes-
terolemia and different types of cancer [2–4]. In obesity, free fatty
acids and many active metabolites such as ceramides, diacylglyc-
erol and acetyl-CoA work to stimulate the protein kinases like
Jun kinase (JNK), Protein kinase C (PKC) and inhibitor of nuclear
factor kappa B (NFjB) kinase (IKK). Insulin receptor substrate
(IRS) facilitates insulin receptor signaling. The above mentioned
kinases impair its function by raising the inhibitory phosphoryla-
tion [5]. As excess fat is the major player of all these problems so
adipose tissue acts as a key player in obesity linked disorders. To
understand the mechanism of metabolic disorders associated with
obesity it is necessary to know about the biology of adipose tissue
[6]. Adipose tissue is not only a storage site it also has secretory
functions because it secretes various substances that are required
for the specific biological functions [7]. These secretions include
various types of hormones like leptin, adiponectin, resistin and
cytokines for example interleukin-6 (IL-6) and tumor necrosis fac-
tor alpha (TNF-a). Obesity results in an increased production of
these substances by adipocytes and non-adipocytes thus effects
produced in the body due to these substances are changed, result-
ing in metabolic disturbances. Adipose tissues consist of adipo-
cytes and non-adipocytes including immune cells [8].

2. Adipocytes

Obesity is characterized by increase in number and size of adi-
pocytes and this renders them their flexibility. Due to this property
of adipocytes they have a significant role in shaping metabolic
health [9]. Hypertrophy and hyperplasia of adipose tissue is fol-
lowed by change in cytokine secretions, oxygen depletion, necro-
sis, increased recruitment of immune cells and dysregulated fat
metabolism [10]. Cytokines secreted by the mature adipocytes
include IL-6, TNF-a, Monocyte chemoattractant protein (MCP-1),
adiponectin and leptin that function as endocrine, autocrine or
paracrine regulators of glucose and lipid metabolism. Adiponectin
is involved in insulin sensitivity, decreased fatty acids flux,
decreased hepatic glucose output and increased fatty acid oxida-
tion in liver [11]. Increased fatty acid oxidation and glucose uptake
by muscles is stimulated by adiponectin as it triggers AMP-
activated protein kinases (AMPK) [12–14]. Low adiponectin level
has been observed in obesity and adiponectin treatment has been
seen to improve insulin insensitivity [15–17]. In liver AMPK and
gluconeogenic enzymes are also affected by resistin that triggers
insulin insensitivity during obesity. Furthermore, it also induces
expression of suppressor of cytokine signaling-3 (SOCS-3) that
negatively regulates the insulin signaling [18]. Leptin and insulin
have a significant role in peripheral glucose metabolism as these

triggers the feeding behavior control centers in brain promoting
metabolism and homeostasis [19]. In response to high levels of
MCP-1, there is increased recruitment of monocytes to adipose tis-
sues where these are differentiated into adipose tissue macro-
phages (ATM) [20]. These macrophages are responsible for
further increase in production of cytokines and chemokines that
result in pro-inflammatory environment [10].

3. Pre-Adipocyte

There are two different types of adipocytes seen in human
visceral fat [21]. Adipocytes are found to be accompanied by small,
nucleated cells containing lower amount of lipid, called pre
adipocytes. With obesity there is increase in number of these
pre-adipocytes and it is estimated that this increase is linked with
insulin resistance [22]. Pre-adipocytes represent intermediary
stage during development of mature adipocytes from mesenchy-
mal stem cells [23,24].

Function of the pre adipocytes is altered due to differential level
of cytokines expression. These include TNF a, IL-1b, IL-6 and
interferon gamma (IFN-!) that impair adipogenesis [25,26]. IL-6
reduces the secretion of resistin, adiponectin, glucose
transporter-4 (GLUT-4) and insulin receptor substrate-1 (IRS-1)
expression; whereas TNF-a causes an elevated secretion of MCP-
1 and IL-6 from pre-adipocytes [27]. These immature cells also
secrete marked up levels of pro-inflammatory regulators like
MCP-1 and IL-6 than adipocytes [28,29]. Pre-adipocytes also
secrete basic fibroblast growth factor beta (FGF-b/FGF-2) that work
only in presence of IFN-! and TNF-a. FGF-b cause vascular
endothelial cell growth and in obesity FGF-b level is increased. This
increased level results in infiltration of monocytes and neutrophils
[30–32].

Another transmembrane protein known as Pre-adipocyte
factor-1 (Pref-1) is involved in impairment of adipogenesis [27,33].

4. Immune cells of adipose tissues

Formerly liver and bone marrow were considered to be
involved in immunity but recently it has been observed that
adipose tissues also contribute in immunity [34]. Immune cells
in adipose tissues include myeloid and lymphoid cells (see Fig. 1).

4.1. Macrophages

Macrophages were the first studied immune cells in adipose tis-
sues. These cells constitute 5% of immune cells of adipose tissues
(AT) in normal rodents and this number exceeds to 50% in obese
rodents. In case of humans macrophages are 4% of the total AT
immune cells and it increases up to 12% when a person is becom-
ing obese [36]. Macrophages are involved in defense mechanisms
of body and also engulf or degrade infected cells [8]. Apart from
their phagocytic activities they produce different kinds of cytoki-
nes to induce chronic inflammation and triggering the mobilization
of other immune cells into the local inflammatory site and produce
inflammatory cytokines [37].

Studies show that number of macrophages increase with
increasing adiposity [10,38]. Macrophage infiltration can be
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