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Abstract

Obesity leads to metabolic diseases, and adipose tissue is considered one of the regulators
of metabolism. Recent researches have demonstrated that some stimulants cause beige
subcutaneous adipose tissue, resulting in thermogenesis and some other features of brown
adipose tissue. Moreover, the activation of f3-adrenergic receptors in the adipose tissue
occurring as a result of exercise leads to the activation of uncoupling protein 1 (UCP1)
and is one of the most effective methods to combat obesity. Exercise is known as a cheap
lifestyle intervention and non-pharmacological treatment in the improvement of metabolic
diseases such as obesity; therefore, examining the molecular mechanisms of exercise is
essential. One of these molecular mechanisms is the increase in thermogenesis due to
exercise, which can be caused by the release of various types of cytokines. Due to the
physical activity of the UCP1, it enhances as the beige process occurs in the subcutaneous
white adipose tissues. An increase in various cytokines and important genes involved in
this process, occurring with different types of exercises at various levels, revealed that
exercises could be considered as one of the possible treatments for obesity and metabolic
syndrome.
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Extended Abstract

Background and Purpose

Obesity has become a worldwide epidemic problem and in parallel, obesity-
related situations such as insulin resistance, metabolic syndrome, type 2 diabetes,
and hypertension are increasing (1). Adipose tissue is one of the main metabolism
regulators, which includes subcutaneous and visceral adipose tissue. Previous
studies have indicated hat 3-adrenergic receptor stimulation results in the beiging
of white adipose tissue. The new generation of brown adipose tissue (beige)
reveals many characteristics of brown adipose tissue (BAT) with a single
stimulus. Fatty acids as triacylglycerol accumulate mainly in white adipose tissue
(WAT), and their main role is to store and release fatty acids. The WAT is located
in several anatomical locations including subcutaneous (10% of body fat reserves)
and visceral adipose tissue which is responsible for the major storage of fatty acids
(2). Unique mitochondrial protein in BAT, which calls uncoupling protein 1
(UCP1), shifts H* in the opposite direction of the electron transfer chain of
mitochondria, releasing energy in the form of heat (thermogenesis) by reducing
ATP synthesis. As a result, wasting substrate (almost fatty acids) leads to more
beta-oxidation and turned UCP1 into a valuable target in obesity treatment. The
UCP1 density in beige adipose tissue and WAT is lower, but in the case of
adrenergic stimulation, a high rate of UCP1 expression has been reported (3).
Similar to BAT, beige cells in WAT are known for their multi-droplet phenotype,
high mitochondrial content and expression of BAT-specific genes (UCP1, Cidea,
and peroxisome proliferator-activated receptor-gamma coactivator 1-alpha (PGC-
la)) (4). Exposure to cold climate, use of special diets and infancy are prominent
cases in which UCP1 expression is elevated in BAT. Observing evidence in which
metabolic inefficiency is positively correlated with UCP1 expression has led
researchers to consider these as major causes of UCP1 stimulation. Beige adipose
tissue induction stimulation is based on regulators such as peroxisome
proliferator-activated receptor gamma (PPAR-y), which is the major transcription(
factor and essential for the differentiation and survival of both WAT and BAT.
The PPAR-y mediates the expression of UCP1 andfs involved in glucose and fatty
acid metabolisms. Moreover, the positive regulatory domain containing 16
(PRDM16) is a determining factor in the browning of white adipose tissue
(activation of beige adipose tissue). Several studies have suggested that
overexpression of PRDM16 in WAT of mice increases the metabolic rate. The
PGCla named after its function (PPAR-y activator) controls mitochondrial
respiration by inducing UCP1 and regulating mitochondrial conditioning agents
(5). It has recently been suggested that exercise can affect metabolic cost through
non-shivering thermogenesis. Adipose tissue metabolism is a developing science
with a particular focus on regulating metabolism as well as creating an overview
of the molecular changes that occur through exercise. After the results of Bostrom
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et al.'s research in 2012 and the introduction of the PGCla / FNDCS5 / Irisin
pathway and their effect on UCP1 expression in WAT, many studies conducted
on the effect of various types of endurance training. Results: Moderate-intensity
endurance training after 3 weeks leads to a very significant change in the
phenotype of white subcutaneous adipose tissue (56). In addition, recent studies
have demonstrated that while obesity reduces the expression of the UCP1 gene in
subcutaneous WAT, endurance exercise enhances this protein, and the presence
of UCP1 is diminished in BAT in response to exercise. This may be due to the
inhibitory effect of serotonin on B-adrenergic stimulation in BAT, which is
another possible cause of UCP1's decrease in BAT. On the other hand, exercise
raises the body temperature and creates the conditions to reduce the activity of
BAT because the body always tries to maintain body temperature during exercise
(6). Besides, exercise has been identified as a stimulus to advance this process and
change tissue phenotype, as well as stimulate BAT, providing a new chapter in
studies to find effective ways to combat obesity from this perspective. Exercise
accelerates the process of altering the WAT phenotype in terms of its effect on
cytokines. The results have illustrated that responses to exercise can have a
beneficial effect on the expression of UCP1 in WAT, but these effects never turn
to adaptations and only increase the expression of the desired gene for a few hours.
On the other hand, exercises, especially endurance exercises, which studied for
adaptations in this field, in most cases have represented an increase in the
expression of this marker, indicating the conversion of WAT to BAT.

Conclusion

However, due to what has been said, many cases remain unknown, including the
effective mechanisms in these processes, many studies are needed to identify these
cases. Furthermore, it is necessary to expand the studies on the level of protein
expression in order to be able to decide with greater certainty the effectiveness of
exercise both in response and in the form of adaptations.

Article Message

The documents collected in this article counts as a valuable source of data
in transforming adipose tissue phenotype. This information could use for
students and researchers in this field, to identify mor other pathways and
context in this field.
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In this figure, BAT and beige adipose tissue exothermic in the mitochondria illustrated.
The location and action of UCP1 in mitochondria (C) after electron transfer chain (A) and
ATP synthetase (B) are shown in Figure. According to the figure, UCP1 inserts protons

into the mitochondrial matrix opposite of the electron transport chain and releases energy
in the form of heat by reducing ATP synthesis.
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Table 1- Effective Gene in Turning WAT into BAT
Gene Origin Function

Increased sensitivity of B-adrenoceptors, increased BAT
mass, proliferation of beige fat cells, mitochondrial biogenesis
and angiogenesis in adipose tissue

Foxc ~ BAT&
2 WAT

TIF BAT Lowering fat accumulation, increase of insulin sensitivity,
2 &WAT raising in BAT thermogenesis
TBX15 Most Collaboration with siRNAs to reduce the expression of UCP1

tissues and mitochondrial biogenesis related genes

Most Deletion of this gene from adipose tissue mitochondria leads
TFAM : to increased mitochondrial oxidation, better glucose tolerance,
tissues ; S - .
improved insulin resistance and treatment of obesity

development of BAT, regulation of energy expenditure,
strengthening of adrenergic pathways

FOXa: Forkhead Box Protein C2. TIF2: Transcriptional Intermediary Factor-2. TBX15:
T-Box 15. TFAM: Transcription Factor A, Mitochondrial. BMP7: Bone Morphogenetic
protein 7(8, 9, 29, 49, 50)

BMP7 BAT
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Exercise Effect on Myokine Release .o w5gslo cyosislay (559 51 -Y S5
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Irisin, interleukin-6, Beta-Aminobutyric Acid (BAIBA), Methorine (Metrnl) and

Fibroblast Growth Factor 21 (FGF21) are Effective in Turning WAT into BAT. Exercise
also Exerts its Effect by Inhibiting Myostatin and Elevated BDNF Producing in Muscles.
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Table 2- Effective Cytokines in Exercise Altering WAT Phenotype

Name Symbol Description References
Increased metabolism by increasing the
consumption of FFAs in adipose tissue,

Interleukin 6 IL6 as a myokine increase UCP1 expression (51-53)
in subcutaneous adipose tissue after
exercise
Muscle contractions during exercise
activate PGCla andFNDCS5, and as a
result of adrenergic stimulation, irisin
Irisin Irisin will secrete from adipose tissue and (9, 48, 54-
muscle, resulting in phenotype change in 56)
WAT. In addition, exercise-induced
increase in irisin reduces the expression
of the myostatin gene.
Inhibitory growth and differentiation
Myostatin MSTN fac'gor for mus_cle. Gengtlc de_letlon in (57-60)
mice results in excessive beige and
reduced fat stores in subcutaneous WAT.
Beta It is secreted by the expression of
. . PGCla and in subcutaneous WAT and
amlnoputyrlc BAIBA leads to an increase in UCP1 and other (61-64)
acid ;
factors for begging.
It results from the high expression of
PGCla-4, which is effective in
Meteorin- hypertrophy. increasing energy costs and
li Metrnl expanding subcutaneous beige adipose (64, 65)
ike ; . .
tissue. Eccentric exercise leads to the
release of high levels of this hormone
into the bloodstream.
. Its involved in control of Insulin
Fibroblast e .
sensitivity, ketogenesis and glucose (52, 66,
growth FGF21 h R .
factor 21 omeosta5|_s. increase UCP1 expression 67)
in BAT and WAT
. vital role in energy homeostasis. plays an
Brain- . . .
derived important _role in begging of _
. BDNF subcutaneous adipose tissue and exercise (52, 68)
neurotrophic . I
is effective in raising BDNF (muscle
factor
endogenous) levels.
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