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Obesity and weight gain have been a looming pandemic in 

todays world posing a severe threat to the public health.The 

pathological accumulation of excess  dysfunctional adipose tissue is 

a major risk factor for  the vast array of diseases  including Type 2 

diabetes mellitus,cardiovascular disease,hypertension, 

stroke,arthritis and various types of cancer(1).Weight gain that 

leads to obesity is due to energy imbalance and occurs when energy 

intake from food chronically exceeds the energy expended by 

physical activity and metabolic processes(2).That creates an urgent 

need  for new weight loss treatments.

In the recent years,the topic of brown adipose tissue(BAT) has 

been reinvigorated with many new studies regarding its function 

and therapeutic promises(3).Brown adipose tissue (BAT) is a key 

site of heat production (thermogenesis) in mammals that has for 

many decades been considered as an attractive target to promote 

weight loss. The heat produced by BAT is essential for the survival of 

small mammals whenever an organism needs extra heat  in cold 

environ ments, postnatally, as well as for arousal in 

hibernators.While White Adipose Tissue(WAT)  is characterized by 

single,large lipid droplet and few mitochondria,BAT contains 

several small lipid droplets with many mitochondria and uniquely 

expressed  uncoupling protein1(UCP1). UCP I is localized to the 

inner mitochondrial membrane and acts to uncouple oxidative 

phosphorylation from ATP production due to the dissipation of the 

proton gradient,thereby resulting in the release of energy as heat. 

When maximally activated,BAT can generate  heat upto 300W/kg 

of tissue compared to 1W/kg from most other tissues(4).

BAT  persists as a distinct tissue in small mammals in between 

the shoulder blades.The major deposit of BAT in the newborn 

humans regresses shortly after birth  and becomes nonexistent 

and nonfunctional in adult humans.However ,recent study by Saito 

et al (5) ,Cypess et al(6),van Marken Lichtenbelt et al (7)and 

Virtanen et al (8)have unambiguously demonstrated that healthy 

adult humans have significant depots of metabolically active BAT. 

During PET imaging studies,symmetrically localized depots of 

fatty tissue were frequently identified as hotspots for 

fluorodeoxyglucose(FDG) uptake.Tissue biopsy corresponding to 

the positron emission tomography  have demonstrated positive 

regions of BAT specific protein UCPI(9).Most importantly,the 

tissue identified in adult humans as BAT gets remarkably 

stimulated to take up glucose on exposure to cold whereas 

becomes undetectable in people who are kept  warm(5).

Consequently,the presence of BAT has now been confirmed in 

different patient population from across the world. It is now 

apparent that potentially every human possesses BAT which can 

be rapidly activated by cold exposure(10),the amount decreases 

with age (6) and bodymass index(11) and it is more likely to be 

detected in female than male patients(6,12)

Obesity is the most common metabolic disorder that has become a global problem. The 

serious clinical problems associated with obesity include an increased risk for type 2 diabetes 

mellitus,atherosclerosis and cancer.Understanding the origin and development of adipocyte 

and excess adipose tissue resulting from positive energy balance are critical to analysis and 

treatment of obesity. The calorie burning brown fat and inducible brown fat like adipocyte 

known as beige fat in adults might prove useful to play a role in fighting against obesity and 

reducing the metabolic diseases. Many genes, the transcriptional regulators and factors, that 

regulate brown and beige adipocyte biology have now been identified providing a variety of 

therapeutic targets for metabolic diseases.
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 Brown adipocytes are derived from a myogenic 

lineage,separate entirely from white adipose tissue(13) and  have a 

bidirectional cell fate switch between skeletal myoblasts and 

brown fat cells with help of a transcriptional regulator 

PRDM16.However,not all of brown fat cells are derived from 

precursors expressing myogenic makers.In adult life,brown fat cells 

located in the non classic sites such as WAT and skeletal muscle are 

derived from the myf5 negative progenitors.These non-classic 

brown adipocytes have been named as BRown in whITE or BRITE 

cells or beige cells,that reflects their recruitable and inducible 

nature. Beige cells resemble white fat cells in having extremely low 

basal expression of UCP1, but like classical brown fat, they respond 

to cyclic AMP stimulation with high UCP1 expression and 

respiration rates.(14).Brown adipocytes are present within the 

white adipose depots and the transcriptional control of these and 

classical brown adipocytes remains an area of immense research 

interest. The developmental regulation of BAT and its subsequent 

loss into adulthood makes a significant contribution to overall 

energy balance(15).

 However, brown and beige cells  should be considered as 

distinct cell types because of many distinguishing characteristics 

between them .  Beige cells are derived  from  different embryonic 

(Myf5 negative) precursors .These cell types are differentially 

regulated as a number of quantitative trait loci are associated with 

the induced development of beige but not   of brown 

adipocytes(16).Both of them  express distinct and distinguishing 

gene signatures(17,18). Brown adipocytes express high levels of 

Ucp1 and other thermogenic genes under basal conditions, 

whereas beige adipocytes express these genes only in response 

to activators such as agonists of the β-adrenergic receptor or 

peroxisome proliferator-activated receptor-γ (Ppar-γ)(19).  Beige 

fat cells are a distinct cell type and that there is already one 

polypeptide hormone that preferentially activates beige fat: 

irisin(20). Fully stimulated brown and beige adipocytes contain 

comparable amounts of Ucp1, suggesting that they have similar 

thermogenic capacities, though the relative abundance of UCP1 in 

beige cells is substantially lower than “classic” BAT .(21)

In formed WAT, whether beige adipocytes come from white 

adipocytes through transdifferentiation or arise through the de 

novo differentiation and maturation of precursors remains to be 

answered. Himms-Hagen et al.(22) found that most beige 

adipocytes arise from pre-existing (nondividing) cells that they 

presumed were mature adipocytes. Since then, Cinti and others 

have provided substantial evidence in support of the idea that large 

unilocular white adipocytes transform into beige adipocytes in 

response to cold or β3-adrenergic agonists(23). The thermogenic 

profile of beige adipocytes is reversible. Beige adipocytes acquired 

in WAT during cold exposure express Ucp1 . This expression is lost  

when the mice are moved back to warmer conditions.  Re-exposure 

to cold,induces  cells for Ucp1  re- expression(24,25).

 Prdm16 is a large zinc finger–containing transcriptional factor 

that is highly expressed in mouse BAT  and in human BAT relative 

to visceral WAT(26,27) .  This Prdm16 acts primarily through 

binding to and modulating the activity of other transcriptional 

factors, including c/EBPβ, Ppar-γ, Ppar-α and Pgc-1α. Knockdown 

of Prdm16 ablates the thermogenic characteristics of brown fat 

cells while also causing an increase in the expression of white 

fat–specific and muscle-specific genes(28,29). Multiple factors  

regulate brown and beige adipocyte differentiation by modulating 

Prdm16 expression.

 Bone morphogenetic proteins (BMPs) regulate the formation 

and thermogenic activity of BAT. Bone morphogenetic protein 7 

(Bmp7) which is a signal for brown fat development , increases the 

amounts of Prdm16 mRNA in brown and white fat precursor 

cells,BMP7 singularly promotes differentiation of brown 

preadipocytes by activating  a full program of brown adipogenesis 

including induction of early regulators of brown fat fate PRDM16  

and PGC-1alpha, (peroxisome proliferator-activated receptor-

gamma (PPARgamma) coactivator-1alpha;  increased expression 

of the brown-fat-defining marker uncoupling protein 1 (UCP1) and 

adipogenic transcription factors PPARgamma with induction of 

mitochondrial biogenesis, BMP7 triggers commitment of 

mesenchymal progenitor cells to a brown adipocyte lineage, and 

implantation of these cells into nude mice resulting in 

development of adipose tissue containing mostly brown 

adipocytes.  Marked paucity of brown fat and an almost complete 

absence of UCP1 are seen in Bmp7 knockout  embryos,(30-32).

Thiazolidinediones (TZDs), which agonize Ppar-γ, induce 

thermogenic gene expression in fat cells through its effects on 

Prdm16 (33,34). miR-133 directly targets and negatively regulates 

PRDM16, and inhibition of miR-133  promotes differentiation of 

precursors from BAT  and subcutaneous WAT to mature brown 

adipocytes, thereby leading to increased mitochondrial activity 

miRNA133 reduces the amounts of PRDM16 by  acting  as  a 

central upstream regulator of Prdm16 and hence of brown 

adipogenesis in response to cold exposure  (35). Physiological 

stimuli,such as cold exposure and sympathetic activation, are also 

k n o w n  t o  i n d u c e  b r o w n  a d i p o g e n e s i s  i n  w h i t e  

depots(36).Cyclooxygenase(COX)2, a rate-limiting enzyme in 

prostaglandin (PG) synthesis, promote de novo BAT in WAT and 

increased energy expenditure, and  exerts anti-obesity effects in 

high-fat fed mice(37).  peroxisome proliferator-activated receptor 

gamma (PPARγ) coativator 1α (PGC-1α), a distinct nuclear factor , 

controls the thermogenic activation of adipocyte and is now rec-

ognized as a master regulator of mitochondrial biogenesis and 

oxidative metabolism in many cell types. Pgc-1α expression and 

activity are regulated directly by the β-adrenergic signaling 

pathway(38,39) and is a cold induced interacting partner of Ppar γ 

, providing a link between the physiological activator of brown fat 

thermogenesis and the transcriptional machinery in brown 

Regulation of brown and beige adipocytes by PRDM16



 A modest increase in the serum concentration of irisin in mice 

stimulates beige fat development leading to increased glucose 

tolerance and suppressed weight gain(44).However, the receptors 

for irisin in beige fat precursors,signal to transcriptional machinery 

and its effect on other tissues are not known.Fibroblast 

growthfactor(FGF21)expression is increased by cold exposure and 

adrenergic stimulation.It has an important role in thermogenesis 

for which it has become a focus of clinical trial for obesity, diabetes 

and cardiovascular disease(45).High circulating levels of 

natriuretic peptide has been associated with weight loss in humans. 

Increased concentration of natriuretic pepide in mice promote 

beige adipocyte development in WAT and increased thermogenic 

gene expression in BAT by the direct effect of natriuretic peptide on 

adipose cells through cGMP dependent protein kinase pathway, the 

ability of natriuretic peptides together with catecholamines to 

modulate uncoupled respiration and control white fat mass may 

serve as a therapeutic target for the management of obesity and the 

metabolic complications that accompany it (46).Cold increases the 

concentration of natriuretic peptide,suggesting that this browning 

system have evolved to safeguard cardiac function in animals 

during cold exposure,which may allow pharmacological targeting 

of this pathway( 48 ).Neurotransmitter Orexin plays an integral role 

in adaptive thermogenesis and body weight regulation via effects 

on BAT differentiation and function,it may  augment BAT function 

by regulating sympathetic outflow which is an important target( 

47). 

 Interestingly, transplantation  of BAT into the visceral cavity of 

recipient mice is able to prevent weight gain and improve glucose 

homeostasis in diet-induced obese mice(49,50).However, it 

remains to be determined whether rodent BAT studies are 

translatable to understanding the biology of human BAT. Since skin 

fibroblasts or the stromal vascular fraction from adipose tissues are 

relatively easy to obtain, even from humans,autologous 

transplantation of engineered brown fat cells generated by 

expressing PRDM16 and other factors would be a feasible way to 

generate brown adipose tissue( 51) .Alternative ways also needs to  

be explored to induce brown fat activity and its development. 

Screening chemical compounds or drugs to induce dominant 

brown fat regulators such as PRDM16 or PGC-1α is certainly 

plausible. By characterizing the upstream inductive components, 

such as endogenous hormones/polypeptides that stimulate the 

formation of brown fat cells during development will also play a 

valuable role.  Future research regarding BAT function will further 

explore our understanding of its unique physiology as well as its 

therapeutic promise.
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adipocytes. The retinoblastoma family members pRb and p107 

repress Pgc-1α transcription to block the expression of brown 

genes in white adipose tissue , they regulate PGC-1alpha 

expression to control the switch between white and brown 

adipocyte differentiation from a common pool of presumptive 

adult progenitors in fat tissue. (40)

The potential beneficial effects of acquiring brown fat cells in 

non-classic BAT locations, such as WAT and skeletal muscle has got 

appreciation recently. In addition to thermogenesis,  BAT is 

involved in triglyceride clearance and glucose disposal, serves as a 

source of adipokines, and possesses distinct inflammatory 

function compared with WAT(3). Several BAT derived adipokines 

like fibroblast growth factor(FGF21),  is induced upon cold and 

adrenergic stimulation... FGF21 specifically targets BAT 

thermogenic activation in neonates and indicate that FGF21 

released by the liver may be a novel key signal contributing to 

neonatal activation of BAT thermogenesis in response to the 

initiation of milk intake.(41). BAT is more highly innervated by the 

sympathetic nervous system and contains a more richly developed 

vasculature,stimulation of which results in the release of 

norepinephrine that  binds to adrenergic receptors and stimulates 

cAMP production and PKA activation. Downstream of cAMP and 

PKA, HSL(hormone sensitive lipase) and perlipin are 

phosphorylated and activated(42)  Perilipin A protects the lipid 

droplet, but after phosphorylation and activation it induces fatty 

acid cleavage.  fatty acid release from triglycerides by hormone 

sensitive lipase enter into the mitochondria by the carnitine 

shuttle and activate UCP1 to be metabolized through β-oxidation 

pathways(3).  Beta adrenergic receptor  subtypes regulate 

different physiological responses stimulated by Norepinephrine in 

brown adipocyte  by differentially transducing signals to  

subcellular compartments. Thyroid hormone  enhances 

facultative thermogenesis by interacting synergistically with the 

sympathetic nervous system, and directly increasing basal 

metabolic rate (obligatory thermogenesis).It has  a synergistic role 

with the sympathetic input to the BAT to increase mitochondrial 

activity and nuclear transcription of genes that affect 

thermogenesis, including UCP1(43 ).    

 The brown fat targeted therapies have been highlighted for its 

tremendous promise in the treatment of obesity and  associated 

health consequences and serve  as an effective sink for disposing of 

excess glucose and fatty acids.This suggests that such therapies 

could be very effective for treating insulin resistance, type-2 

diabetes, and dyslipidemia without necessarily reducing body 

weight.The increase in BAT activity can be brought about either 

through sympathetic stimulation or  activation of UCP1 

pathways.In addition to sympathetic input,several other 

hormones and factors have been shown to regulate energy 

expenditure in adipose tissue.Hormone Irisin,secreted from the 

myocytes by exercise training, stimulates the browning of WAT 

through specific action on beige preadipocyte population(17).
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