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Why this topic is 
important 



Aims of this lecture

• Endocrine effects of WAT


• Immunomodulatory effects of WAT expansion


• Significance of BAT


• Importance of limiting visceral WAT expansion


• Strategies to increase BAT
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Adipose tissue
• Adipose tissue, distributed throughout the body, is 

capable of expanding to accommodate excess energy.


• Two major types of adipose tissue: WAT and BAT. 


• Anatomically, WAT comprises two major depots, 
subcutaneous adipose tissue and visceral adipose 
tissue around internal organs. 


• VAT- concentrated in the abdominal cavity-further 
subdivided into mesenteric, omental, perirenal, and 
peritoneal depots.



• Key physiological functions of WAT :insulation and 
energy storage.


•  In obesity, excess VAT is closely linked to metabolic 
complications, such as Insulin Resistance and Type 2 
diabetes .


• Mesenteric and omental adipose tissues- particularly 
important for hepatic insulin resistance and steatosis as 
liver is directly exposed to adipokines via the portal vein. 









Types of adipose tissue

El Hadi H, Di Vincenzo A, Vettor R and Rossato M (2019) Food Ingredients Involved in White-to-Brown Adipose Tissue Conversion and in Calorie Burning. Front. Physiol. 9:1954. doi: 10.3389/fphys.2018.01954



Types of adipose tissue

• WAT 95% adipose mass


• BAT 1-2% 


• Beige adipose difficult to quantify



• Brown color of BAT - attributed to high mitochondrial 
density, critical for heat generation and lipid oxidation. 


• Though BAT in humans is mainly limited to neonates and 
is gradually replaced by WAT with aging, studies have 
shown that BAT is viable and functional in human adults.



Adipose tissue histology

•  Adipose tissue comprises mature adipocytes, preadipocytes, endothelial cells, fibroblasts, mast cells, and immune-system cells







Adipose tissue functions

• Specialised energy storage organ


• Endocrine function: regulating energy homeostasis


• Thermal regulator



Adipose tissue

•  Adipose tissues secrete various hormones, cytokines, and 
metabolites (termed as adipokines) that control systemic energy 
balance by regulating appetitive signals from the central nerve 
system as well as metabolic activity in peripheral tissues.


•  In response to changes in the nutritional status, the adipose tissue 
undergoes dynamic remodeling, including quantitative and qualitative 
alterations in adipose tissue-resident cells 


• Anatomic location significant.


•  Cell type is significant.



• Adipocytes modulate whole body metabolism through secretion of 
endocrine and paracrine factors that modulate local immune cell cytokine 
secretion, endothelium blood flow and neuronal signaling to the brain.


• Adipocytes, immune cells and endothelial cells within adipose tissues 
secrete factors such as leptin, TNFα and VEGF that regulate local sensory 
nerve fibers.


• Adipocyte lipid metabolism communicates with local sensory nerve fibers, 
sending signals to the CNS, and conversely, sensory nerve fibers secrete 
factors that may regulate adipocytes and other adipose cells.


• Increased lipolysis in white adipose tissue in response to sympathetic 
activation can cause sensory nerve fibers to regulate the metabolic activity 
of distant brown adipose tissue depots.

Adipose tissue innervation 















Main adipokines and their 
functions







• Mineralocorticoid/adipose interactions


• Glucocortivcoid adipose interactions


• Adrenal androgens and adipose tissue


• Adipose tissue and adrenal medulla


• Adipocytokine effects on adrenal function


• Leptin adrenal interactions


• Adiponectin adrenal interactions 



WAT
• White adipose tissue is unique in its plasticity, it can adapt quickly to 

nutrient deprivation and hyper-nutrition alike. 


• The flexibility of WAT is largely due to the hypertrophic and hyperplastic 
changes in adipocytes. WAT plasticity has an important role in 
determining metabolic health


• Metabolically active tissue : regulates the storage and release of lipids.


• Free fatty acids-major fuel source during times of energy scarcity and 
high energy demands.


• Dysregulated fatty acid release contributes to dyslipidemia —> ectopic 
fat deposition into various organs. 



Why does adipose tissue 
contains immune cells?





ATMΦ
• ATMΦ numerically dominant type of immune cells in WAT. Obesity enhances 

MΦ numbers —> obesity-related immune imbalances.


• ATMΦ -:distinct roles and beneficial effects on WAT homeostasis eg. healthy 
lipid storage.


• Dynamic cells -adapt quickly in phenotype and metabolism to changing 
environments eg. fasting and over nutrition.


• Stimulate healthy lipid storage thus prevent adverse ectopic lipid storage(e.g. 
hepatic steatosis). 


• Anti- and pro-inflammatory signals may be involved in maintaining WAT 
homeostasis. 


• Protective role - anti-inflammatory and clearing dead adipocytes.





Macrophage subtypes



Adipose tissue and 
inflammation

• Dysregulation of a homeostatic mechanism may arise 
from and result in the overproduction or underproduction 
of potent signaling molecules. 



How does dysregulation 
occur?

• In humans, SAT develops during weeks 14–24 of fetal 
gestation through hyperplasia. 


• During the first year after birth, adipocyte hyperplasia 
and hypertrophy both occur. Adipocyte number then 
appears to remain stable until adolescence, when 
hyperplasia occurs once again.


• Very little is known about the developmental period of VAT 
except that it is rarely formed before birth and that the 
total amount of VAT remains small until adolescence.



• In obese humans, both SAT and VAT masses- markedly 
increased. 


• Childhood obesity : WAT mass expansion is 
accompanied by adipocyte hyperplasia.


• Adult humans : increase in WAT mass (that triggers 
metabolic disorder-primarily due to adipocyte hypertrophy







Hypertrophic adipocytes
• First: Hypertrophic adipocytes show necrotic abnormalities. 

Increase in dead adipocytes in obesity proposed to impede 
adipose tissue function and induce inflammation.  

• Second: Hypertrophic adipocytes -increased expression and 
secretion of pro-inflammatory cytokines. 

Raised pro-inflammatory cytokines 


serine phosphorylation of insulin  receptor substrate-1 


development of insulin resistance. 


In addition, pro- inflammatory cytokines recruit more immune cells.



• Third:  adipocyte hypertrophy induces local adipose 
tissue hypoxia because of a relative deficiency of vas-
culature. Hypoxia results in expression of angiogenic 
factors upregulation of inflammatory associated genes. 


• HIF alpha accelerates adipose tissue fibrosis and 
augments the local inflammatory response in the obese 
adipose tissue



• Basal lipolysis is elevated in hypertrophic adipocytes 
increasing the leakage of free fatty acids. Large 
amounts of FFAs released from the obese adipose tissue 
are taken up by other tissues, such as the liver and 
muscle, which can cause ectopic lipid accumulation 
and lipotoxicity. 


• Saturated fatty acids (palmitic or stearic acids) , activate 
TLR4 signaling cascade ( plays an essential role in innate 
immunity), leading to chronic inflammation as well as 
insulin resistance. 


• Adipocyte hyper-trophy also impairs insulin-dependent 
glucose uptake because of a defect in GLUT4 trafficking. 



Macrophages in obesity

• Suggested that M1 macrophages phagocytize dead 
adipocytes and M2 macrophages reconstruct ECM 
and resolve the activation of M1 macrophages after 
removal of dead adipocytes. 


• tight regulation of phagocytosis and tissue repair. 


• In obesity, balance between M1 and M2 ATMs shifted by 
increase in M1 macrophage number. This may interrupt 
the normal process of dead cell clearance, whereas 
further stimulating a pro-inflammatory response.











Pro-inflammatory cytokine 
action on Insulin Receptor

• In the IR state, proinflammatory cytokines activate 
several serine kinases. These kinases have been shown 
to inhibit insulin action by promoting the 
phosphorylation of serine residues of the insulin 
signaling pathway, including  serine phosphorylation of 
insulin receptor substrate-1(IRS-1).


•  In contrast with tyrosine phosphorylation of IRS-1 in 
the insulin sensitive state, serine phosphorylation 
impairs normal insulin signaling.



PKB/Akt and MAPK/ERK phosphorylation is highly induced by inositols: Novel potential insights in endothelial dysfunction in preeclampsia; Rossella D'Oriaa, Luigi Laviola et. al











Metabolically healthy Obese 

• 20–30% of obese adults do not express the adverse 
metabolic phenotype typically associated with obesity.


•  MHO have high levels of insulin sensitivity but may not 
display symptoms of hypertension, dyslipidemia, or 
chronic inflammation and have significantly smaller 
omental adipocytes than metabolically unhealthy 
individuals.


• In contrast, MONW, raised insulin, TAG, FFA, low HDL



Brown adipose tissue



 Significance of beige and brown fat

• Unlike WAT, BAT functions prominently in thermoregulation through 
lipid oxidation-mediated heat generation.


• Although both BAT and muscles harbor high levels of mitochondria, 
BAT is specialized for heat generation rather than for ATP synthesis 
by high expression of mitochondrial uncoupling protein 1 (UCP-1). 

•  The adipose tissues express high levels of β-adrenergic receptors 
that mediate cold-induced lipolysis 


• After cold exposure,large amounts of lipids from WAT flow into BAT. 
Concurrently, β-adrenergic signaling in BAT activates the expression of 
peroxisome proliferator- activated receptor γ coactivator 1α which 
stimulates the expression of UCP-1 and mitochondrial genes. 





Strategies to increase 
brown fat 











“In this study, we establish a new IF regimen to investigate
the impact of IF under isocaloric conditions and
demonstrate that IF improves glucose homeostasis and
prevents diet-induced metabolic dysfunction without
caloric intake reduction. Mechanistically, we found that
WAT is pivotal for mediating IF-induced metabolic benefits
via browning of WAT through adipose-VEGF-mediated
alternative activation of adipose macrophage (M2
macrophage). Our study unveils a novel mechanism by
which IF promotes whole-body homeostasis through
browning of WAT by VEGF-mediated macrophage
switching.”











“fasting induced preferential mobilization of lipids from the mesenteric adipose 
tissue depot, whereas refeeding induced preferential restoration of adipose tissue 
from the inguinal depot. These findings confirmed that long-term fasting and 
refeeding could  lead to a reduction of the‘metabolically harmful’ visceral adipose 
tissue, as well as highlighting the role of plasticity of adipose organs on different 
anatomical sites of adipose tissue when subject to environmental changes.”



Summary 

•  Adipose tissue is a central metabolic organ in the regulation of whole-body energy homeostasis. 


• WAT is a key energy reservoir for other organs and brown adipose tissue accumulates lipids for cold-
induced adaptive thermogenesis. Adipose tissues secrete various hormones, cytokines, and 
adipokines that control systemic energy balance by regulating appetitive signals from the central 
nerve system as well as metabolic activity in peripheral tissues. 

•  Changes in the nutritional status result in dynamic remodeling of adipose tissue. 


• Changes in the number and size of the adipocytes affect the microenvironment of expanded fat tissues, 
accompanied by alterations in adipokine secretion, adipocyte death, local hypoxia, and fatty acid fluxes. 


• Stromal vascular cells in the adipose tissue, including immune cells, are involved in numerous adaptive 
processes, such as dead adipocyte clearance, adipogenesis, and angiogenesis, all of which are 
dysregulated in obese adipose tissue remodeling. 


• Chronic overnutrition triggers uncontrolled inflammatory responses, leading to systemic low-grade 
inflammation and metabolic disorders, such as insulin resistance. 


