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Abstract

The global epidemic of metabolic diseases such as obesity and type 2 diabetes continues to raise and needs novel and more effective therapeutic strategies and
approaches. Obesity is ultimately induced by excess and ectopic fat accumulation and is a major risk factor for type 2 diabetes. Excess fat accumulation in white
adipose tissues, linking to adipose tissue dysfunction, causes other insulin-responsive organs ectopic fat accumulation and insulin resistance and then leads to obesity-
related type 2 diabetes. So adipose tissues and its molecular biology of formation and function have heightened scientific interest. Adipose tissues, a large, heterogenic,
pleiotropic and rather complex metabolic organ, play a central role in controlling and regulating glucose homeostasis and systemic energy metabolism. The adipose
tissue organ is distributed at distinct anatomical depots and there are three different classes of adipocytes; white, brown and beige adipocytes. Among these, Beige
adipocytes are induced to develop in white adipose tissue by white adipose tissue browning to produce heat. Beige adipocytes possess intermediate characteristics of
both white adipocytes and brown adipocytes and can be induced by pharmacological substances. Excess energy accumulation in white adipose tissue could be reduced
the activation of brown adipose tissue and the browning in white adipose tissues. Thus, activation of brown adipose tissue/beige in white adipose tissue mediated
thermogenic activity will counteract insulin resistance and type 2 diabetes. Beige adipocytes are potential targets for new attractive therapeutic strategy of obesity and

type 2 diabetes.

Introduction

The occurrences of obesity continue to rise worldwide [1]. Obesity
is the result of a long-term imbalance between energy intake and energy
expenditure. Excess fat accumulation in excess or expansion of white
adipose tissues, a kind of disturbance of storing excess energy, in obesity
will cause other insulin-responsive organs such as the liver, skeletal
muscle, and pancreas ectopic fat accumulation and insulin resistance,
which can lead to obesity-related type 2 diabetes [2]. Humans possess
three different types of adipocytes (white, brown and beige adipocytes)
and two different types of adipose depots: subcutaneous adipose tissue
and visceral adipose tissue. The phenomenon that beige adipocyte
differentiation within white adipose tissue, referred to as browning,
involves the conversion of non-classic brown adipocytes to beige/
brown-like adipose tissue bearing thermogenic, fat-burning properties,
and this phenomenon has slowed the progression of obesity-related
type 2 diabetes [3]. Thus, browning of white adipose tissue is seen as
a possible mechanism for potential anti diabetes effects. The molecular
regulation underlying the thermogenic browning process has not been
entirely elucidated. The investigation of browning of white adipose
tissue has recently emerged as an attractive therapeutic strategy for
obesity and type 2 diabetes.

The relationship between obesity and type 2 diabetes

Excess and ectopic fat accumulation in obesity, a serious and
major public health problem worldwide, is driven by the disruption
and disequilibrium in energy balance and is a major risk factor for
developing the onset of type 2 diabetes [4,5]. Obesity and type 2 diabetes
associated with a variety of comorbidities cause a substantial economic
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burden for society and contribute to mortality around the world
[6]. Excess fat accumulation in white adipose tissues (lipid/nutrient
overload) in obesity causes adipose depots/tissues dysfunction, other
insulin-responsive organs ectopic fat accumulation and then insulin
resistance and type 2 diabetes ensue [2].

The characters of adipose tissue in obesity

An excess of white adipose tissue accumulation, usually visceral
white adipose tissue, is an important character of obesity and tightly
associated with the disturbance of storing excess energy and the
inflammatory response in the adipocytes [7,8]. An excess or expansion
of white adipose tissue comes from both the hypertrophy of existing
adipocytes and hyperplasia of adipocyte pre-cursors [1]. Excess fat
accumulation in excess or expansion of white adipose tissues in obesity
impairs subcutaneous adipose tissue resistance to its dysfunction,
also causes other insulin-responsive organs ectopic fat accumulation,
dysfunction and systematic insulin resistance, which finally lead
to obesity-related type 2 diabetes [2]. In addition, Excess energy
accumulation in white adipose tissues could be reduced the activation
of brown adipose tissue and the browning in white adipose tissues [9].
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The biological role of adipose tissue

The rising global incidence of obesity and type 2 diabetes have
increased the urgency in better understanding all aspects of cell
biological processes of adipose tissue formation and function and
necessitates research therapeutic interventions on adipose tissues [10-
12]. Adipose tissues, a large, heterogenic, pleiotropic and rather complex
metabolic organ that is highly active and essential, play a central role
in controlling and regulating glucose homeostasis and systemic energy
metabolism and maintaining energy homeostasis by storing lipids,
dissipating them as heat, and producing various adipokines. Function
of adipose tissue changes according to the site of the adipose depot, the
cell composition of the tissue and the energy status of the organism.
The adipose tissue organ located all along the body is distributed at
distinct anatomical depots and there are three different classes of
adipocytes : white, brown and beige adipocytes which are interacted
with extracellular stroma, immune, and neural cells [13].

The classes of adipocytes and their functions

These three different classes of adipocytes serve different functions.
White adipocytes store excess nutrients/energy in the form of lipid
(triglycerides) and control the lipid mobilization and distribution to
supply the demand of energy imposed by physiological cues in other
organs. White adipose tissue also serves as an important endocrine
organ and produces bioactive factors (adipokines) to communicate
with other organs and modulate metabolic pathways [14]. Brown
adipocytes are responsible for combusting lipids and glucose to
produce heat (thermogenesis) and dissipate energy and form discrete
and relatively homogenous depots of brown adipose tissue. Beige
adipocytes (brown cell-like “beige” adipocytes) are induced to develop
in white adipose tissue depots through a process called white adipose
tissue browning to produce heat on certain conditions [15]. These beige
cells can be induced by cold and pharmacological substances, therefore,
they are called “inducible brown adipocytes”. Beige adipocytes possess
intermediate characteristics of both white adipose tissue and brown
adipose tissue. Brown and beige adipocytes expend chemical energy to
produce heat through uncoupling oxidation from energy production
and regulate body temperature and body weight [16].

The classes of adipose tissue and their structural and
functional characters

There are two structurally and functionally different depots called
subcutaneous adipose tissue and visceral adipose tissue. Subcutaneous
adipose tissue showed some protective endocrine and inflammatory
features. When subcutaneous adipose tissue is unable to expand
sufficiently, fat overflows towards metabolically adverse ectopic depots.
Subcutaneous adipose tissue is apt to “browning” and contributes to its
favourable metabolic effects. Obesity, low physical activity and other
environmental factors impair subcutaneous adipose tissue resistance
to its dysfunction and promote development of metabolic disorders.
Humans possess three different types of adipocytes and subcutaneous
adipose tissue and visceral adipose tissue [17].

The relationship between adipose tissue and obesity-related
type 2 diabetes

The coordinate action of the adipocytes/tissues is important to
ensure an optimal metabolic status. However, when one or multiple
of these adipose depots/tissues dysfunction result from lipid/nutrient
overload, then insulin resistance and type 2 diabetes ensue. Activation
of brown adipose tissue/beige in white adipose tissue mediated
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thermogenic activity counteracts insulin resistance, lipotoxic effects
and metabolic diseases including type 2 diabetes. Thus, brown/brite
adipocytes are potential targets to stimulate energy expenditure for new
attractive therapeutic strategy of obesity and type 2 diabetes [13,18].

The induction of beige cells and mechanisms

Excess energy accumulation in white adipose tissue could be
reduced the activation of brown adipose tissue and the browning in
white adipose tissue [9]. Browning of white adipose tissue has potential
antidiabetic effects, yet the mechanisms remain to be fully understand
[19]. The theory about the origin of beige adipocytes is de novo
differentiation from resident progenitor cells and trans differentiation
from mature adipocytes. The theory about de novo differentiation
begins with the differentiation of progenitor cells to a beige preadipocyte
phenotype. The trans differentiation theory proposes that mature cells
are the source of beige adipocytes. Hormones, cytokines, nutrients and
drugs able to modulate the route of the intracellular events involved
in the recruitment process of beige precursors [9]. BMP7 and EBF2,
which are critical factors for the commitment of progenitor cells to
beige preadipocytes were triggered by adipogenic stimulation. Then
the expression of characteristic thermogenic genes such as uncoupling
protein (UCP)-1, PR domain containing 16 (PRDM16), and Zfp516 was
activated by the transcriptional machinery of the browning program.
A key step in the differentiation and function of browning is the
deacetylation of peroxisome proliferator-activated receptor (PPAR) y
by SIRT1 and the consequent mitochondrial biogenesis [20]. Browning
program also involves the expression of many transcription factors,
such as PGC-1a and C/EBPs. Importantly, the expression of PRDM16
and its binding partner C/EBP f is sufficient to promote differentiation
into functional brown fat cells [21].

Conclusion

Adipose tissues distributed at distinct anatomical depots (e.g.
subcutaneous adipose tissue vs. visceral adipose tissue) and there are
three different classes of adipocytes: white, brown and beige adipocytes,
which are both metabolic health determinants with therapeutic
implications. Induction of browning of white adipose tissue is an
attractive target therapy for the prevention of type 2 diabetes. Browning
of white adipose tissue can improve glucose and lipids homeostasis and
may be a means of manipulating systemic insulin resistance. Future
work will further target the manipulation of thermogenic adipocytes by
pharmacological and environmental means, which will greatly enhance
our understanding of beige adipocyte biology.
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