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Introduction
The alarming rise in obesity prevalence has generated 

significant concern among developed nations. This condition 
is associated with a wide spectrum of metabolic disorders 
collectively referred to as metabolic syndrome, including 
insulin resistance, type 2 diabetes mellitus, cardiovascular 
complications, and liver disease [1]. The close relationship 
between obesity and T2DM arises primarily from insulin 
resistance, which represents a central pathogenic mechanism 
in both conditions [1].

Type 2 diabetes mellitus accounts for approximately 90–

95% of all diabetes cases and encompasses a heterogeneous 
spectrum of metabolic disturbances, ranging from predominant 
insulin resistance with relative insulin deficiency to conditions 
characterized by impaired insulin secretion in combination 
with insulin resistance [2]. At present, approximately 317 
million individuals worldwide are affected, with 9.9% of the 
adult population in Bulgaria, corresponding to approximately 
519,300 individuals, diagnosed with T2DM [2]. This increase 
correlates strongly with the rapid rise in obesity rates 
observed in most countries [2].

The etiology of T2DM is multifactorial and includes genetic, 
environmental, and metabolic components. Advances in 
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genomics have enabled the identification of genes associated 
with increased susceptibility to obesity and T2DM, including 
those encoding leptin, its receptor, and adiponectin. These 
genes have been extensively studied through analyses of 
single nucleotide polymorphisms across different populations 
[1]. Obesity is characterized by excessive accumulation of 
fatty acids and adipose tissue and is closely associated with 
the development of insulin resistance in peripheral tissues 
such as skeletal muscle and liver [1].

Adipose tissue

Adipose tissue was initially considered a passive storage 
site for triacylglycerols; however, recent research has 
established it as a metabolically active and dynamic organ 
with significant endocrine function [3]. Its primary role is to 
store excess energy in the form of lipids, while simultaneously 
synthesizing and secreting a wide range of biologically active 
molecules involved in the regulation of metabolic homeostasis.

Structurally, adipose tissue is composed not only of 
adipocytes but also of a heterogeneous population of cells 
collectively referred to as the stromal vascular fraction, 
which includes immune cells, endothelial cells, pericytes, 
and adipocyte precursors [4,5]. This cellular diversity 
underlies the complex regulatory functions of adipose tissue, 
positioning it as an essential component of an integrated 
network controlling multiple physiological processes [6–8].

Adipogenesis represents the process by which pre-
adipocytes differentiate into mature adipocytes. This 
process involves extensive morphological and functional 
changes driven by coordinated activation and repression 
of transcription factors, ultimately resulting in a phenotype 
specialized for lipid storage and endocrine activity [9,10]. 
Adipocytes retain the capacity for differentiation throughout 
life, enabling hyperplastic expansion of adipose tissue 
in response to increased energy demand. In addition to 
hyperplasia, adipocytes may undergo hypertrophy, increasing 
their size as lipid accumulation progresses. These adaptations 
are regulated by biochemical processes including lipid uptake, 
esterification, lipolysis, and cellular differentiation [11].

Adipose tissue in mammals is classified into white, brown, 
and beige adipose tissue, each characterized by distinct 
morphology and function. White adipose tissue represents 
the predominant form and serves as the principal site for 
energy storage, mechanical protection, and endocrine 
signaling. It is widely distributed throughout the body, 
including subcutaneous regions and visceral compartments 
surrounding internal organs [12]. In contrast, brown adipose 
tissue is specialized for thermogenesis and is characterized by 
multilocular lipid droplets and a high density of mitochondria 
containing uncoupling protein 1, which enables the dissipation 
of energy as heat through non-shivering thermogenesis 
[11]. Although brown adipose tissue is more prominent 
in infants, small depots persist in adults and contribute to 

metabolic regulation [13]. Beige adipose tissue represents 
an intermediate phenotype that arises within white adipose 
depots through a process known as “browning.” Under specific 
stimuli such as cold exposure or β-adrenergic activation, beige 
adipocytes acquire thermogenic properties similar to those of 
brown adipose tissue, including expression of UCP1 [14,15].

The balance between energy storage and expenditure is 
further regulated by the opposing processes of lipogenesis and 
lipolysis. Lipogenesis involves the synthesis of triglycerides 
and is stimulated by carbohydrate intake and insulin, whereas 
lipolysis is the hydrolysis of stored lipids into free fatty 
acids and glycerol, mediated by enzymes such as hormone-
sensitive lipase and monoacylglycerol lipase and stimulated 
by glucagon and catecholamines [8,16,17]. The coordinated 
regulation of these processes is essential for maintaining 
energy homeostasis.

Adipose tissue also functions as a major endocrine organ, 
secreting a wide array of adipokines, cytokines, and growth 
factors that influence metabolism, immunity, and vascular 
function [6,18]. In obesity, expansion of adipose tissue is 
accompanied by increased infiltration of macrophages and 
enhanced production of pro-inflammatory cytokines such 
as tumor necrosis factor-α and interleukin-6. This results in 
a state of chronic low-grade inflammation that contributes 
to the development of insulin resistance and metabolic 
syndrome [19,20].

Leptin

Leptin is a 16 kDa peptide hormone encoded by the ob 
gene and primarily secreted by adipocytes. It is structurally 
and functionally related to cytokines of the interleukin-6 
family and plays a central role in the regulation of appetite 
and energy expenditure [1,21,22]. Circulating leptin levels 
correlate positively with adipose tissue mass and reflect the 
energy status of the organism.

Leptin exerts its effects through binding to the leptin 
receptor, a member of the class I cytokine receptor family. 
The long isoform of the receptor, ObRb, is responsible 
for intracellular signaling and is highly expressed in the 
hypothalamus, where it regulates appetite and energy balance 
[23]. Upon ligand binding, the receptor activates several 
intracellular signaling pathways, including the JAK/STAT, 
PI3K/Akt, MAPK, and AMPK pathways, which collectively 
modulate gene expression, neuronal activity, and metabolic 
processes [24,25].

Despite elevated circulating leptin levels in obese 
individuals, its physiological effects are often diminished, 
a phenomenon known as leptin resistance. This condition 
arises from multiple mechanisms, including upregulation 
of suppressor of cytokine signaling 3, increased activity of 
protein tyrosine phosphatase 1B, endoplasmic reticulum 
stress, impaired transport of leptin across the blood–brain 
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barrier, and chronic inflammation. As a result, the central 
regulatory effects of leptin on appetite and energy expenditure 
are attenuated, contributing to the persistence of obesity.

Leptin signaling is further integrated with other metabolic 
and inflammatory pathways through extensive cross-talk. 
It interacts with insulin signaling via convergence on the 
PI3K pathway, while pro-inflammatory cytokines such as 
TNF-α and IL-6 modulate its activity. Additionally, leptin can 
transactivate growth factor receptors including EGFR and 
IGF-IR, linking metabolic regulation with cell proliferation 
and survival pathways.

Adiponectin

Adiponectin is an adipocyte-derived protein structurally 
related to the complement C1q family and is one of the most 
abundant circulating adipokines [26]. It exists in multiple 
oligomeric forms, ranging from low-molecular-weight trimers 
to high-molecular-weight complexes, which are considered 
the most biologically active forms [27].

In contrast to leptin, adiponectin levels are inversely 
correlated with adiposity, with reduced concentrations 
observed in obesity and T2DM [26]. This decrease is associated 
with impaired insulin sensitivity and increased metabolic risk. 
Adiponectin exerts its effects through binding to its receptors, 
AdipoR1 and AdipoR2, leading to activation of signaling 
pathways such as AMPK and PPARα, which enhance fatty acid 
oxidation, glucose uptake, and insulin sensitivity [28].

In skeletal muscle, adiponectin stimulates glucose uptake 
and fatty acid oxidation through AMPK activation, while 
in the liver it suppresses gluconeogenesis and improves 
metabolic efficiency [28,29]. The high-molecular-weight form 
of adiponectin appears to be particularly important for these 
metabolic effects, and reductions in this isoform are strongly 
associated with insulin resistance and T2DM [30].

Adiponectin also exhibits anti-inflammatory and 
vasculoprotective properties, further contributing to its 
beneficial role in metabolic regulation. Its secretion is tightly 
regulated at the level of adipocytes and involves endoplasmic 
reticulum chaperones such as ERp44 and Ero1-Lα, which 
control its folding, assembly, and release into circulation 
[31,32].

Conclusion
Adipose tissue is a complex and dynamic organ that plays a 

central role in the regulation of energy balance and metabolic 
homeostasis. The adipokines leptin and adiponectin are 
key mediators of these processes, exerting opposing effects 
on appetite, energy expenditure, and insulin sensitivity. 
Dysregulation of their signaling pathways, particularly the 
development of leptin resistance and reduced adiponectin 
levels, contributes significantly to the pathogenesis of obesity 
and T2DM.

A deeper understanding of the molecular mechanisms 
governing adipose tissue function and adipokine signaling 
may provide new therapeutic targets for the treatment and 
prevention of metabolic diseases.
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