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Brown adipose tissue—a new role in humans?
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Abstract | New targets for pharmacological interventions are of great importance to combat the epidemic of 
obesity. Brown adipose tissue could potentially represent one such target. Unlike white adipose tissue, brown 
adipose tissue has the ability to dissipate energy by producing heat rather than storing it as triglycerides. 
In small mammals, the presence of active brown adipose tissue is pivotal for the maintenance of body 
temperature and possibly to protect against the detrimental effects of surplus energy intake. Animal studies 
have shown that expansion and/or activation of brown adipose tissue counteracts diet‑induced weight gain 
and related disorders such as type 2 diabetes mellitus. Several independent studies have now confirmed the 
presence of functional brown adipose tissue in adult humans, for whom this tissue is probably metabolically 
beneficial given its association with both low BMI and low total adipose tissue content. Over the past few 
years, knowledge of the transcriptional control and development of brown adipose tissue has increased 
substantially. Thus, several possible targets that may be useful for the expansion and/or activation of this 
tissue by pharmacological means have been identified. Whether or not brown adipose tissue will be useful in 
the battle against obesity remains to be seen. However, this possibility is certainly well worth exploring.
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Introduction
over the past few decades, obesity has spread like a plague 
across the world. in 2007, it was estimated that more than 
1.1 billion adults were overweight and that 312 million of 
them were obese.1 obesity stems from an imbalance in 
energy homeostasis—the result of a high energy intake 
that cannot be matched by energy-consuming processes 
(Figure 1). the surplus energy is stored mainly in the 
form of triglycerides in white adipose tissue. However, 
if a positive energy balance persists, excess triglycerides 
‘spill over’ to other tissues, such as the liver and skeletal 
muscle. this ectopic accumulation of triglycerides results 
in disturbed glucose metabolism and in the development 
of insulin resistance, type 2 diabetes mellitus and other 
disease states, a constellation of factors known as the 
metabolic syndrome.2,3 this syndrome and its associated 
disorders are a major cause of morbidity and mortality 
and constitute a huge economic burden for society. thus, 
treatments that could help to either reduce the intake of 
calories or increase their expenditure would be valuable. 
lately, the existence of brown adipose tissue, which has the  
capacity to deplete energy rather than storing it, has been 
confirmed in adult humans. this review focuses on the 
properties of brown adipose tissue and its potential as 
a target for new treatment regimens against obesity and 
type 2 diabetes mellitus.

Development of brown adipose tissue
Brown adipose tissue differs from white adipose tissue in 
several respects (Box 1).4 whereas white adipose tissue 
can be regarded as a buffering organ that stores energy 

when it is in excess and releases it when it is scarce, 
brown adipose tissue is an energy-expending organ that 
produces heat. From an evolutionary point of view, white 
adipose tissue is believed to be older than brown adipose 
tissue,5 as white adipose tissue was already present in 
ectothermic bony fishes, whereas brown adipose tissue 
is estimated to have developed around 150 million years 
ago in early mammals.

During the development of an organism, the meso-
derm gives rise to several specialized cell types includ-
ing adipocytes, myocytes, osteocytes and chondrocytes. 
white and brown adipocytes were previously assumed to 
stem from a common progenitor cell that has the poten-
tial to give rise to either of the two cell types. this theory 
has been reconsidered, and brown adipocytes are now 
believed to share a common origin with skeletal muscle 
cells (Figure 2).6–8 By using in vivo lineage tracing which 
identified cells that either had, or used to have, the poten-
tial to activate the expression of myogenic factor 5 (Myf5), 
seale et al.7 could detect only two cell types—adipocytes 
and skeletal muscle cells. the investigators also found 
that the transcriptional regulator Pr domain zinc finger 
protein 16 (PrDm16), previously shown to be essential 
for determination of the brown adipocyte phenotype,9,10 
was responsible for the developmental switch between 
brown adipocytes and myocytes. this interpretation was 
supported by the fact that brown adipocytes were pro-
duced when PrDm16 was overexpressed in myoblasts, 
whereas reduced expression of this protein in brown 
adipo cyte precursors resulted in a loss of brown adipo-
cyte characteristics and induction of muscle differentia-
tion. a key protein involved in the effect of PrDm16 on 
the brown adipocyte–myocyte switch is the transcription 
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factor CCaat/enhancer-binding protein β (C/eBPβ), 
which in its active state binds to PrDm16 and forms a 
transcriptional complex.11 another protein implicated in 
triggering the commitment of mesenchymal progenitor 
cells to the brown adipocyte lineage is bone morpho-
genetic protein 7 (BmP7), a member of the transforming 
growth factor β family of proteins that has the potential 
to induce the differentiation of brown preadipocytes into 
functional brown adipocytes.12

the study by seale et al.7 also showed that at least 
two types of brown adipocytes exist that do not have 
a common origin. the classic brown adipose tissue 
is found at distinct anatomical sites and includes the 
interscapular, perirenal and axillary depots present in 
newborn mammals. However, animals challenged with 

Key points

The brown adipose organ has the capacity to consume energy by producing  ■
heat to defend an organism against a cold environment

Several studies have shown that metabolically active brown adipose tissue is  ■
present in notable amounts in healthy adults

The presence of brown adipose tissue in adults is inversely correlated with both  ■
BMI and percentage of body adipose tissue

Drugs aimed at expanding and/or activating brown adipose tissue are of  ■
possible interest for the treatment of obesity and obesity‑related diseases like 
type 2 diabetes mellitus

a cold environment for an extended period of time or 
with prolonged β-adrenergic stimulation can develop 
brown adipocytes within their white adipose tissue.13–15 
these cells have never expressed Myf57 and probably 
develop from latent precursor cells present in white 
adipose tissue. the different origin of brown adipocytes 
found at conventional sites and those found in white 
adipose tissue is supported by a study showing that the 
develop ment of brown adipocytes in white adipose tissue 
is influenced by genetic variability, whereas the develop-
ment of classic brown adipose tissue depots is not.16 the 
origin of the inducible brown adipocyte in white adipose 
tissue remains to be elucidated. the progenitor cells that 
give rise to white adipocytes have been localized to the 
mural cell compartment, which surrounds the vascular 
endothelial monolayer of the adipose vasculature.17 the 
presence of two different pools of brown adipocytes 
indicates that potentially two different populations of 
cells could be targeted for possible treatments aimed at 
expanding brown adipose tissue. numerous factors are 
involved in the transcriptional control of brown adipose 
tissue development, and several reviews dedicated to this 
subject are available.5,18–20

Adaptive thermogenesis
Brown adipose tissue is a highly vascularized tissue that 
is densely innervated by sympathetic nerve endings.21 
Both of these features are important for the tissue to 
exert its function in a process called adaptive or faculta-
tive thermogenesis, which primarily serves to protect the 
organism from a cold environment.22

in an acute situation, cold-induced thermo genesis 
is mainly mediated by shivering;23 however, when 
rodents or humans are exposed chronically to cold, 
shivering ceases and nonshivering thermogenesis is 
enhanced.24,25 animal studies have shown that this non-
shivering thermo genesis is dependent on brown adipose 
tissue.26 the cold temperature is registered by the brain, 
which activates efferent sympathetic nerves that release 
catechol amines, which are sensed by β-adrenergic 
receptors present on brown adipocytes.23 the activation 
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Figure 1 | The energy balance. In order to keep a neutral 
energy balance, the energy ingested by an organism in the 
form of food and beverages must be matched by an equal 
energy expenditure. Energy is used by the basic metabolic 
processes that are required for the performance of cellular 
and organ functions, physical activity and adaptive 
thermogenesis. If the energy intake is higher than its 
expenditure by these processes, obesity develops. To 
circumvent weight gain, the organism can ingest fewer 
calories, increase its physical activity and/or stimulate 
adaptive thermogenesis, a heat‑producing process 
mediated in part by brown adipose tissue in response to 
cold. The fact that brown adipose tissue is an energy‑
expending tissue makes it an interesting target for 
intervention: treatment regimens aimed at increasing 
brown adipose tissue mass and/or its activity might be 
beneficial for the treatment of obesity.

Box 1 | Features of white and brown adipose tissue

White adipose tissue

Stores energy as triglycerides ■
Cells contain large, unilocular lipid droplets ■
Nucleus located at the periphery of the cell ■
Cells have few mitochondria ■
High secretion of adipokines ■

Brown adipose tissue

Consumes energy by dissipating heat ■
Highly vascularized ■
Highly innervated by sympathetic nerves ■
Cells contain small, multilocular lipid droplets ■
Centrally located cell nucleus ■
Cells have abundant mitochondria ■
Cells express uncoupling protein 1 ■
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of these receptors leads to stimulation of lipolysis and 
activation of uncoupling protein 1 (uCP1), a protein 
that is found exclusively in the inner membrane of the 
mitochondria of brown adipocytes.27,28 when activated, 
uCP1 uncouples the respiratory chain and heat is gen-
erated instead of atP, the high-energy product that is 
normally produced when protons flow back to the mito-
chondrial matrix via the atP synthase.28 adrenergic 
stimulation of brown adipose tissue also leads to elevated 
trans cription of peroxisome proliferator-activated recep-
tor γ co- activator 1α (PGC-1α) and type 2 iodothyronine 
deiodinase (Dio2).29,30 the transcriptional co-activator 
PGC-1α is important for adaptive nonshivering thermo-
genesis in brown adipose tissue, as it induces the expres-
sion of uCP1 and other genes required for the biogenesis 
and function of mitochondria.31 Dio2 is an enzyme that 
converts t4 into t3, the ligand for the thyroid-hormone 
receptors. when co- activated by PGC-1α, these receptors 
can further increase the expression of uCP1.29 thus, a 
thyroid-sympathetic synergism apparently potentiates 
adaptive thermogenesis.

Chronic stimulation of brown adipose tissue not only 
leads to its increased function, through mitochondrial 
biogenesis and elevated uCP1 levels, but also to an 
expansion of the tissue itself.32 Hence, when the organism 
is challenged by a cold environment, the thermogenic 
capacity of the brown adipose tissue increases over time 
until shivering is no longer required for the maintenance 
of body temperature. Previous studies have conclusively 
shown that both the mitochondrion-dense brown 
adipose tissue and expression of uCP1 are pivotal for 
small mammals to maintain their body temperature, as 
both transgenic mice with a toxic gene-mediated reduc-
tion of brown adipose tissue mass and mice lacking uCP1 
are sensitive to cold.33,34 the adrenergic innervation of 
brown adipose tissue is equally essential for its function, 
as evidenced by studies with mice that are cold-intolerant 
owing to a lack of either dopamine β-hydroxylase, an 
enzyme involved in the synthesis of norepinephrine and 
epinephrine, or β-adrenergic receptors.35,36

several studies have addressed another process 
of adaptive thermogenesis, so-called diet-induced 
 thermogenesis—a phenomenon hypothesized to be an 
innate protection against a surplus energy intake.37,38 
notably, whereas the role played by adaptive thermo-
genesis in thermoregulation is generally accepted, the 
proposed role in diet-induced thermogenesis is some what 
more controversial. an indication that brown adipose 
tissue may have a function in nutritional homeostasis is 
illustrated by the fact that mice with a reduced amount 
of brown adipose tissue become obese, as well as diabetic 
and hyperlipidemic.33,39 the importance of brown adipose 
tissue is further supported by results from other studies 
with genetically modified mice, which have shown that 
an increased amount and/or function of brown adipose 
tissue reduces weight gain from high-caloric diets and 
is protective against other obesity-related states, such as 
insulin resistance and type 2 diabetes mellitus.40–42 as with 
cold-induced thermogenesis, the adrenergic innervation 
of brown adipose tissue is also important for diet-induced 

thermogenesis.36,37 selective agonists of the β3-adrenergic 
receptor, which is widely expressed in both brown and 
white adipose tissue of rodents but preferentially in brown 
adipocytes compared to white adipocytes in humans, 
can activate thermogenesis and have marked antiobesity 
effects.43,44 an important regulator of the activity of the 
adrenergic nerves is leptin, a protein secreted into the 
circulation by white adipocytes; the serum concentra-
tion of leptin reflects the total amount of adipose tissue 
in an organism.45 the naturally obese, leptin-deficient 
ob/ob mice have reduced sympathetic signaling to brown 
adipose tissue;46 however, administration of leptin to these 
mice increases activation of the brown adipose tissue 
through sympathetic nerve endings.47,48 Hence, obesity 
seems to be counteracted by dissipating energy through 
thermogenesis. studies have also shown that adaptive 
thermogenesis could play a part when an organism is 
on a low-protein diet.49,50 expenditure of excess energy 
would be beneficial, as it allows the use of amino acids 
necessary for normal synthesis of endogenous proteins 
while protecting the organism against the negative effects 
of a higher food intake.

these findings highlight the importance of brown 
adipose tissue for the energy-expending process of adap-
tive thermogenesis and that an expansion and/or activa-
tion of brown adipose tissue might be beneficial for the 
maintenance of a healthy metabolic phenotype. However, 
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Figure 2 | Origin of brown adipocytes. Lineage‑tracing studies have suggested that 
mesenchymal stem cells can give rise to progenitor cells that express the 
myogenic factor 5 (Myf5). When subjected to the right cues, these cells have the 
capacity to switch on either a myogenic program that gives rise to skeletal muscle 
or an adipogenic program that directs the cells to become classic brown 
adipocytes, which are found in depots of brown adipose tissue. An important factor 
that forces the Myf5+ progenitor cells into the adipogenic program is the 
transcriptional regulator PrDM16 that specifies brown adipocyte identity from 
myoblast‑like precursors by activating brown adipogenesis and suppressing 
skeletal myogenesis. The factors that control the induction of PrDM16 are not yet 
known but one such factor could be the secreted cytokine BMP7, which induces 
PRDM16 expression and promotes development of brown adipocytes from 
mesenchymal progenitor cells and brown preadipocytes. The brown adipocytes 
that can appear in white adipose tissue differ from those found at classic sites, as 
these cells have never expressed Myf5. Abbreviations: BMP7, bone morphogenetic 
protein 7; Myf5, myogenic factor 5; PrDM16, Pr domain zinc finger protein 16.
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the question remains whether the results from studies 
performed in rodents can be extrapolated to humans.

Brown adipose tissue in adult humans
small organisms have a larger surface area per volume 
exposed to the environment than do larger organisms, 
which constitutes a problem for the maintenance of their 
body temperature. Previous studies have shown that 
larger mammals also have distinct deposits of brown 
adipose tissue when they are born, but as these animals 
get older such depots are reduced in size. thus, relatively 
large depots of brown adipose tissue, of importance for 
thermoregulation, are present and active in newborn 
humans.51 the brown adipose tissue of human infants 
is mainly located in the cervical and axillary regions; it 
has been estimated that these two regions account for 
around 50% of the total mass of brown adipose tissue.51 
the general hypothesis has been that, as we grow, our 
brown adipose tissue depots tend to regress, so that adult 
humans are virtually lacking in functional brown adipose 
tissue. However, this idea has not been without contro-
versy. several postmortem studies have indicated that 
morphologically distinguishable brown adipose tissue is 
also present in adults but that the number of depots posi-
tive for brown adipose tissue (determined histologically) 
decreases with age.52 some observations have also sug-
gested that outdoor workers exposed to a cold environ-
ment have a higher amount of brown adipose tissue than 
the general population.53 the notion that adults have the 
potential to recruit brown adipose tissue has been less 
controversial, as this phenomenon can be seen in at least 

two disease states—pheochromocytoma and hibernoma. 
Patients with pheochromocytoma, a rare catecholamine-
secreting tumor, have an abundance of brown adipose 
tissue.54 Hibernomas are rare, nonmalignant tumors 
that are made up of essentially normal brown adipocytes 
located mainly at the sites where brown adipose tissue 
would be expected.55

the ability to determine whether or not adults have 
metabolically active brown adipose tissue has previously 
been hindered by the lack of noninvasive and sensitive 
tools to investigate human metabolism in vivo. the tech-
nique of Pet, with the glucose analog 2-[18F]-fluoro-2-
deoxy-glucose (FDG) as a tracer, is used to detect 
metabolically active tumors and metastases in patients 
with cancer. when performing such examinations, meta-
bolically active areas of nontumor origin that show a 
symmetrical distribution are often observed.56 the fact 
that β-adrenergic antagonists and an elevated tempera-
ture reduce the metabolic activity in these areas has 
strongly suggested that these regions represent depots 
of brown adipose tissue.57,58 a study of five healthy adult 
volunteers, who were examined by FDG-Pet combined 
with Ct, showed that cold stimulation increased the 
FDG uptake 15-fold in a supraclavicular–paracervical 
area (Figure 3).59 the images obtained during the FDG-
Pet-Ct scans guided a plastic surgeon in obtaining 
biopsies from the high-activity areas of three of the study 
participants. these biopsies were used for biochemical 
and morphological studies, which clearly showed that 
the areas in question corresponded to brown adipose 
tissue.59 not only did the biopsies contain the brown 
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Figure 3 | FDG‑PET‑CT images from the neck and upper thoracic region of a healthy adult subjected to cold and warm 
conditions. Brown adipose tissue is present and activated by cold in healthy adults. The top row shows CT images and the 
middle and bottom rows show PET images with the glucose analog FDG as a tracer, collected under cold and warm 
conditions, respectively. The images represent slices from the transaxial (left), coronal (middle), and sagittal (right) planes 
from the region of activated brown adipose tissue. The level of FDG uptake is color indexed, with red indicating the highest 
uptake. Arrows: cold‑induced FDG uptake in the supraclavicular region. Abbreviations: BQML, becquerel per ml; FDG, 2‑[18F]‑
fluoro‑2‑deoxy‑glucose. reproduced with permission from virtanen, K. A. et al. N. Engl. J. Med. 360, 1518–1525 (2009). 
Copyright © (2009) Massachusetts Medical Society. All rights reserved.
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adipose tissue- specific protein uCP1 and cells with 
a morpho logy that matched that of brown adipocytes 
( mitochondria-rich cells with small, multilocular lipid 
droplets), the cells also had a gene expression profile that 
would be expected of brown adipocytes.59 these results 
show unequivocally that healthy adults have bona fide 
brown adipose tissue that can be metabolically active 
during cold exposure. in another study,60 samples of 
cervical adipose tissue from 35 patients undergoing 
surgery for thyroid diseases were analyzed by immuno-
histochemistry. uCP1-positive cells were detected in 
one-third of the patients,60 further confirming that brown 
adipose tissue is present in adult humans. the study also 
showed that only a proportion of the study group had 
brown adipose tissue depots in the area that was ana-
lyzed,60 a finding that has also been suggested by a retro-
spective study of 3,640 consecutive FDG-Pet-Ct scans 
from 1,972 patients who had been examined for various 
diagnostic reasons.61 although the prevalence of detect-
able brown adipose tissue was low in this study (5.4%), 
the investigators found an inverse correla tion between 
brown adipose tissue and age, the use of β-adrenergic 
blockers and Bmi (in patients older than 65 years), as 
well as outdoor temperature at the time of the scan. the 
low prevalence of detectable brown adipose tissue in  
the study is probably owing to the fact that the patients 
were kept at room temperature during the examina-
tion and, hence, not exposed to cold. environmental 
tempera ture is of great importance for the outcome of 
an FDG-Pet study. when challenged with mild expo-
sure to cold (16 °C), 23 of 24 healthy young individuals 
showed increased FDG uptake in the neck, the supra-
clavicular region, the chest and the abdomen.62 However, 
no FDG uptake was seen in study participants kept under 
warm conditions (22 °C). the activity of brown adipose 
tissue was markedly lower in individuals with over-
weight or obesity, and both Bmi and percentage of body 
adipose tissue were negatively correlated with brown 
adi pose tis sue activity. similar results, although with a 
lower prevalence, have been presented by saito et al.,63 
who exposed healthy volunteers of mixed age to cold and 
measured FDG uptake in the supra clavicular region. this 
study, together with work by au-Yong et al.,64 supports 
earlier observations which suggest that the areas of high 
FDG uptake are observed more frequently if measure-
ments are performed during winter.65 this finding would 
suggest that brown adipose tissue activity in humans 
shows seasonal variation; however, one should bear in 
mind that the latter two studies were retrospective and as 
such did not provide information regarding temperature 
conditions during FDG uptake.

Metabolic implications
Given the presence of substantial amounts of brown 
adipose tissue in adult humans, the potential role of 
this organ in human metabolism should be evaluated in 
detail. Previous studies, which show an inverse correla-
tion between the presence of brown adipose tissue and 
both Bmi and total body adipose tissue, suggest that 
this tissue is of importance for human metabolism.61–63 

rothwell and stock66 have suggested that as little as 50 g 
of maximally stimulated brown adipose tissue could 
consume an amount of energy equal to 20% of the total 
daily energy expenditure of adult humans. estimates from 
positive FDG-Pet-Ct scans (collected at room tempera-
ture) have indicated that the median amount of detect-
able brown adipose tissue in the cervical, supraclavicular 
and superior mediastinal depots is approximately 12 g.61 
in the study by virtanen et al.,59 one participant had a 
 supraclavicular–paracervical depot with an estimated 
mass of 63 g. the researchers speculated that such a 
depot, if fully activated, would consume an amount of 
energy equal to 4.1 kg of white adipose tissue per year. 
the calculations were made on the basis of studies in 
rodents and assumed the presence of fully activated 
brown adipose tissue for a period of 1 year. it should 
be emphasized that when brown adipose tissue is acti-
vated, only a fraction of its total metabolism derives from 
glucose uptake and that it predominantly utilizes free 
fatty acids as substrate.67 Hence, even partially or tempo-
rally activated brown adipose tissue might be beneficial 
for maintaining a healthy metabolic phenotype.

Data from genetic association studies, although not 
entirely conclusive, support the idea of metabolic impor-
tance of human brown adipose tissue. a polymorphism 
in the uCP1 promoter that reduces the expression of the 
gene has been found to be associated with a high Bmi.68 
an association with high Bmi has also been suggested for 
a polymorphism in the β3-adrenergic receptor.69,70 Further 
support for the importance of brown adipose tissue comes 
from the study of mice with a targeted inactivation of the 
uCP1 gene; these animals become obese when kept under 
thermoneutral conditions.71 in summary, these findings 
imply that brown adipose tissue plays a part in human 
metabolism. as a logical consequence, any situation or 
treatment that would lead to increased brown adipose 
tissue mass or activity would be beneficial as a remedy 
for obesity and its associated disease states. the fact that 
a patient with a large hibernoma lost 6.8 kg in weight in 
1 year argues in favor of this hypothesis.72 studies that 
indicate an inverse correla tion between the presence of 
brown adipose tissue on one hand, and both Bmi and 
total body adipose tissue on the other, raise important 
questions that need to be addressed in the coming years. 
Does the lack of brown adipose tissue lead to obesity? or 
does obesity lead to a lack of brown adipose tissue? in 
order to answer such questions, FDG-Pet-Ct studies of 
healthy individuals with detectable brown adipose tissue 
given a high-caloric diet could be valuable, if performed 
under optimal condi tions for detecting brown adipose 
tissue activation.

Treatment strategies for obesity
one obvious, but rather unfeasible, form of treatment 
for patients with obesity would be to exploit the fact that 
cold is known to activate brown adipose tissue and place 
them in a cold environment for a certain time period. 
alternatively, the fact that the sensation of cold is trans-
mitted to the brown adipose tissue via adrenergic stimuli 
provides the opportunity to use specific β3-adrenergic 
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agonists that could induce brown adipose tissue acti-
vity. such an approach has been successful in rodents, in 
which these agents were found to induce lipolysis in white 
adipose tissue, activate thermogenesis in brown adipose 
tissue and to have marked antiobesity effects.43,73,74 to 
date, however, the beneficial effects of these agents in 
humans have been modest.44,75

thiazolidinediones, a group of potent agonists of per-
oxisome proliferator-activated receptor (PPar) γ—a key 
transcriptional regulator of adipocyte differentiation76—
have proven effective against insulin resistance. animal 
studies have shown that administration of these agents 
causes white adipocytes to develop a brown adipocyte-like 
phenotype, including increased mitochondrial mass and 
elevated expression of uCP1.77 although the evidence is 
scarce in humans, this alteration could possibly add to 
the beneficial effects of thiazolidinediones. our ever-
increasing knowledge of the transcriptional regulation 
and development of brown adipose tissue will provide 
a huge source of potential targets for the recruitment of 
brown adipose tissue in the treatment of obesity. in par-
ticular, the identification of PrDm16 as a key player in 
the development of brown adipose tissue is potentially 
very valuable.9,10 Direct activators of PrDm16 function 
or agents that mimic its action during the develop ment 
of the brown adipocyte might provide a basis for novel 
treatment strategies against obesity. in addition, BmP7, 
which is believed to function upstream of PrDm16 and to 
direct brown adipocyte differentiation, will be a candidate 
molecule for such treatments.12

another approach, which might be useful to enhance 
the amount of brown adipose tissue, is autologous trans-
plantation of brown adipose tissue engineered ex vivo.78 
Kajimura et al.11 showed that overexpression of PRDM16 
together with the transcription factor C/eBPβ in naive 
human and mouse fibroblasts with no intrinsic adipocyte 
charac teristics could induce their differentiation into func-
tional brown adipocytes. after transplantation into nude  
mice, these cells formed ectopic adipose tissue pads with 
the characteristics of brown adipose tissue. although 
autologous transplantation of brown adipose tissue 

is theoretically an attractive approach, this procedure 
would face daunting challenges before reaching clinical 
practice. to achieve maximal energy expenditure, the 
optimum locus for implantation, as well as the optimal 
conditions to attain proper vascularization and innerva-
tion of the transplanted cells, must be defined. Proof of 
concept and long-term efficacy must be shown in animal 
models, and lack of serious adverse effects must also be 
demonstrated. which path to take in order to expand 
and/or activate brown adipose tissue in humans, and 
whether such a pathway would be viable, remains to 
be seen; however, this approach is clearly an interesting 
avenue to explore.

Conclusions
Brown adipose tissue is involved in the process of adaptive 
thermogenesis, which has developed pri marily to enable 
small mammals to maintain their body temperature in a 
cold environment. new studies have indicated that this 
tissue is also probably present in substantial amounts in 
adult humans, with an inverse correlation between its 
presence and activity on the one hand and Bmi and per-
centage of body adipose tissue on the other. the innate 
ability of brown adipose tissue to expend energy via heat 
production is a feature that could be used to develop new 
regimens to treat obesity and type 2 diabetes mellitus. 
our increasing knowledge of the trans criptional regula-
tion and development of brown adipose tissue will be 
an essential tool when assessing brown adipose tissue 
as a target for pharmacological in tervention over the 
coming years.
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