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and/or survival of NSCs. This may afford 
some oncogenic insight, as chromosome 
1q gain has been observed in a number of 
malignancies, and thus may contain genes 
that increase cell growth capacity regardless 
of cell lineage.

Implications and future perspectives
Despite the concerns, one of the fundamen-
tal questions to consider is whether the cells 
studied by Varela and colleagues, as well as 
other abnormal cells, are always unsuitable 
for therapy. As mutation is not uncommon 
during the generation and maintenance of 
iPS cells (16, 17), are these cells and their 
differentiated  derivatives  also  unfit  for 
clinical use? Clearly NSCs that are unable to 
differentiate cannot be taken forward to the 
clinic, but some variant lines were equally 
capable of terminal differentiation, when 
derived  from  either  pluripotent  cells  or 
fetal tissue. For those variant NSCs capable 
of generating neurons, but not tumors, it 
may be argued that culture adaptation has 
merely created a population of cells that are 
more readily expandable, and therefore bet-
ter suited to therapeutic needs. The answer 
lies in rigorous testing, as the tumorigenic 
properties of these cells must be addressed 
if they are to be used in regenerative medi-
cine.  Any  indications  of  abnormality  in 
pluripotent cells and their derivatives must 
then be recorded, as their value in screen-

ing, and perhaps better understanding cell 
behavior, will doubtless help these cells real-
ize their great potential.
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Yes, even human brown fat is on fire!
Barbara Cannon and Jan Nedergaard

The Wenner-Gren Institute, Stockholm University, Stockholm, Sweden.

That	adult	humans	possess	brown	fat	is	now	accepted	—	but	is	the	brown	fat	
metabolically	active?	Does	human	brown	fat	actually	combust	fat	to	release	
heat?	In	this	issue	of	the	JCI,	Ouellet	et	al.	demonstrate	that	metabolism	
in	brown	fat	really	is	increased	when	adult	humans	are	exposed	to	cold.	
This	boosts	the	possibility	that	calorie	combustion	in	brown	fat	may	be	of	
significance	for	our	metabolism	and,	correspondingly,	that	the	absence	of	
brown	fat	may	increase	our	proneness	to	obesity	—	provided	that	brown	fat	
becomes	activated	not	only	by	cold	but	also	through	food-related	stimuli.
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Brown adipose tissue is unique in possessing 
the ability to directly transfer energy from 
food into heat (1). This is due to the equally 

unique ability of its characteristic protein 
uncoupling protein 1 (UCP1) to allow for 
combustion of food energy in the brown fat 
mitochondria. Through this, brown fat pro-
duces heat for defense against cold — and 
may prevent obesity by allowing for combus-
tion of energy, instead of storing the excess 
energy as fat. Brown adipose tissue has long 
been accepted as a metabolically important 

organ in small mammals (rats, mice), but 
only within the last five years has it been 
brought forward as a possibly metabolically 
significant tissue in adult humans.

Anatomically, brown adipose tissue in adult 
humans is found primarily in depots in the 
neck and around the clavicles (Figure 1). How-
ever, accepting the anatomical presence of the 
tissue is not the same as accepting that it plays 
an important metabolic role. Acceptance of 
brown adipose tissue as a significant factor 
in the metabolism of adult humans will be a 
stepwise process. Ouellet et al. (2) provide an 
important further step in this process. They 
demonstrate that brown adipose tissue in 
adult humans is actually metabolically highly 
active when it is stimulated physiologically, 
that is, even human brown fat is on fire.
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The preceding steps
In the 1990s, enigmatic symmetrical areas 
of  unidentified  tissues  showing  high 
glucose uptake were observed in routine 
PET scans of cancer patients (3). As early 
as 2002, it was suggested that such areas 
could represent brown adipose tissue (4), 
but this realization was buried in journals 
of radiology and went unrecognized in the 
metabolic world for half a decade. Even 
when the radiological  treasure of unex-
pected evidence for the presence of active 
brown adipose tissue in adult humans was 
dug out (5), the data suggested that brown 
adipose tissue was only relevant for a small 
fraction (perhaps some 2%–5%) of adults. 
This apparent low prevalence was, howev-
er, due to all studies being “retrospective,” 
in that they were based on hospital records 

where patients were only unintentionally 
cold stressed. Later dedicated studies show 
that at least 30% of all adults — and prob-
ably close to 100% of young adults — pos-
sess brown adipose tissue (6, 7).

Acceptance that areas of glucose uptake 
were depots of brown adipose tissue required 
demonstration that the tissues contained 
the brown fat–specific UCP1. Indeed, con-
cordant studies have demonstrated UCP1 
mRNA and UCP1 protein in the clavicular 
and neck areas that show a high glucose 
uptake (refs. 8, 9, and Figure 1).

However,  is  this  brown  adipose  tissue 
really metabolically active: is brown fat on 
fire even in humans? After all, the indica-
tions of activity have until now been based 
solely on glucose uptake. One indication 
of increased metabolic activity could be an 

increased blood flow to the tissue, imply-
ing an increased oxygen requirement. Such 
an increased blood flow has recently been 
observed in humans in the cold, in paral-
lel with an increase in glucose uptake (10). 
However, blood flow could increase without 
a concomitant increase in metabolism.

The present step
It is here that the paper by Ouellet et al. 
(2) further advances our understanding. 
What these authors found is that brown 
fat activation in the cold is not only asso-
ciated with increased blood flow, but that 
it is actually also associated with a higher 
metabolism in the tissue,  i.e.,  the burn-
ing of fat. Ouellet et al. exposed six men 
to controlled cold (a water-cooled suit). A 
bolus of radioactive acetate was then given 
to the subjects. The acetate in the blood 
will distribute to all tissues, in principle 
in proportion to the blood flow through 
the tissue. Already in this respect, brown 
adipose tissue  is remarkable  in that the 
uptake  —  when  the  subjects  were  cold 
— was some four times higher than that 
seen  in muscle,  an  indication of a high 
blood flow to the brown adipose tissue. 
With the acetate technique, the successive 
loss of radioactivity from a tissue can be 
seen as an indication of active metabolism 
(Figure 2). In cold subjects, Ouellet et al. 
found that the radioactivity disappeared 
from the brown adipose tissue with a half-
life of just minutes, while the radioactivity 
remained in the tissue in warm subjects. 
Thus, the brown adipose tissue really  is 
metabolically active.

From where does the fuel for heat 
production come?
Brown adipose tissue has lipid stored in 
the  form  of  triglyceride  droplets  (this 
being the reason that brown adipose tis-
sue  has  traditionally  been  classified  as 
being an adipose tissue, rather than being 
a close relative of muscle, as we think of 
it  today;  refs.  11,  12).  Consistent  with 
this, data in the paper by Ouellet et al. (2) 
indicate that during the 3 hours of cold 
exposure,  the  main  energy  came  from 
combustion of lipids stored in the brown 
adipocytes themselves.

Had the experiment been extended, these 
stores would have been rapidly depleted, 
and continued heat production would have 
been dependent on circulating sources of 
energy. This could be in the form of cir-
culating free fatty acids from lipid break-
down in white fat. Ouellet et al. demon-

Figure 1
Location and control of brown adipose tissue in adult humans. Brown adipose tissue (BAT) is 
mainly found in depots localized below the clavicles and in the neck (but amount and shape may 
vary considerably). The activity of the tissue is regulated from the brain, based on the need for 
heat for body temperature control (as investigated here by Ouellet et al.; ref. 2) (thermoregula-
tory thermogenesis) or also, probably, on the need for metaboloregulatory thermogenesis. The 
heat results initially from combustion of stored lipid within the brown adipose tissue (Figure 2),  
but during prolonged thermogenesis, the components of ingested food are channeled to the 
tissue as a continuous supply of substrate.
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strated such an uptake of fatty acids into 
brown adipose  tissue, but only at a  low 
level. In brown adipose tissue, prolonged 
heat production is maintained to an even 
higher degree by uptake by the brown fat 
cells of circulating triglycerides mediated 
by the action of lipoprotein lipase, the gene 
expression of which is much enhanced in 
the cold (13). Thus, a major fraction of the 
substrate  for  combustion  in  prolonged 
cold even in humans would probably come 
from chylomicrons from the gut and from 
lipoproteins from the liver (14). Additional 
energy would come from circulating glu-
cose, as can be appreciated from the promi-
nent glucose uptake that led to the original 
identification of active adult human brown 
adipose tissue.

Is an 80% increase in metabolism a 
lot or a little?
In the study of Ouellet et al. (2), the sub-
jects  exposed  to  cold  stress  increased 
their metabolism by, on average, 80% over 

“warm” levels. Some of the heat produc-
tion undoubtedly emanated from shiver-
ing. Ouellet et al. found that shivering in 
those subjects with the most brown adi-
pose tissue was about half the magnitude 
of those with less. An interpretation of this 
would be that about half of the increased 
heat production resulted from shivering, 
and  about  half  would  be  the  true  con-
tribution of brown adipose tissue (thus, 
about a 40% increase over basal). This is 
slightly higher than but close to results 
obtained  some  30  years  ago,  in  which 
estimates  were  made  of  nonshivering 
thermogenesis capacity in adult humans, 
following the strictest protocol for this 
phenomenon:  curarized  subjects  (i.e., 
on artificial respiration), who although 
unable to shiver could still increase their 
metabolism by some 25% when exposed to 
cold (15). Similarly, an increase in metab-
olism was observed in cold-exposed men, 
before any shivering was detectable (16). 
Furthermore, mild cold exposure increas-

es metabolism in men without leading to 
observable  spontaneous  physical  activ-
ity  (non-exercise activity thermogenesis 
[NEAT]) or to shivering (17). At the time 
when those experiments were performed, 
the site of the cold-induced nonshivering 
thermogenesis was unknown and was def-
initely not considered to be attributable to 
brown adipose tissue (since it was believed 
at that time that adult humans did not 
possess brown adipose tissue). Today, we 
can reasonably ascribe all these demon-
strations of nonshivering thermogenesis 
to activation of brown adipose tissue in 
the examined adult humans.

So, is human brown fat important?
Given the observations of Ouellet et al. 
(2),  we  can  now  conclude  that  normal 
adult subjects possess brown adipose tis-
sue that can be metabolically active. On 
our stepwise path to acceptance of brown 
adipose tissue as a significant metabolic 
factor, what is next?

Figure 2
Metabolism in brown adipose tissue. In the 
cold, the sympathetic nerves from the brain 
that innervate brown adipose tissue (Figure 1) 
are active and release norepinephrine (NE), 
which stimulates the brown fat cells. This 
leads to activation of triglyceride breakdown 
and intracellular release of fatty acids (FA). 
The fatty acids enter the mitochondria and are 
degraded through β-oxidation to acetyl-CoA 
(AcCoA), which enters the citric acid cycle 
(CAC). Stimulation of the cells by norepineph-
rine also leads to activation of UCP1, and this 
allows for the oxidative processes to proceed 
rapidly, uncoupled from ATP production, i.e., 
heat is produced. The method used by Ouel-
let et al. (2) (green) demonstrates increased 
metabolic activity in brown adipose tissue. A 
bolus of positron-labeled (11C) acetate (*Ac–) 
is injected into the blood and is converted with-
in the cell to acetyl-CoA, which is incorporated 
into components of the citric acid cycle. When 
the citric acid cycle rapidly turns over, as hap-
pens in stimulated brown fat cells, the labeled 
carbons are released as CO2, and the positron 
label is thus lost from the tissue in proportion 
to the metabolic activity of the tissue.
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One outstanding issue is whether hum-
an brown adipose  tissue can be physio-
logically  recruited,  i.e.,  does  prolonged 
exposure to an environmental factor such 
as cold increase the amount and thermo-
genic capacity of our brown adipose tis-
sue? This would seem to be the case, at 
least as manifest by a winter/summer dif-
ference in the amount of brown adipose 
tissue in adult humans, when examined in 
dedicated studies (6) (retrospective studies 
tend to indicate the same [e.g., ref. 18], but 
the interpretation of retrospective stud-
ies is difficult). However, while a human 
ability to acclimate to cold by an increased 
capacity for nonshivering thermogenesis 
is clearly physiologically interesting, our 
potential to acclimate to cold is hardly a 
burning issue in our present civilization.

The interesting issue is, instead, wheth-
er  the  presence  or  absence  (or  relative 
amount) of brown adipose tissue influ-
ences  our  propensity  to  become  obese 
(and thus our risk of developing obesity-
related comorbidities). A very high nega-
tive correlation has been found between 
obesity and brown adipose tissue amount 
(6, 7). It could arguably be that obesity 
confers  more  insulation  and  therefore 
obese people possess less brown adipose 
tissue, although this would  imply that 
the brown adipose tissue that we do pos-
sess is primarily a response to experienced 
cold, perhaps not a major challenge  in 
Western society.

Probably what matters in this respect is 
our thermogenic response to a meal. Any 
meal is followed by a “thermogenesis” that 
has been discussed as consisting of two 
parts. One is the obligatory component 
related to the direct handling of the food. 
The other part (the existence of which has 
been doubted; ref. 19) is a facultative and 
possibly even adaptive extra thermogenic 
component  (“diet-induced  thermogen-
esis”) that leads to the apparently futile 
combustion of some of the energy ingest-
ed, thus reducing the amount of energy 
that is stored in the form of fat. This extra 
thermogenesis may be mediated by brown 
adipose tissue. Even in humans, there are 
indications in support of this. Having a 
genetic polymorphism that is associated 

with a lower expression of UCP1 leads to a 
lower thermogenic response to a meal (20). 
Furthermore, subjects who have been con-
firmed as possessing brown adipose tissue 
show a higher thermogenic response to a 
test  meal  than  subjects  without  brown 
adipose tissue, i.e., they convert a higher 
proportion  of  the  calories  in  the  meal 
directly to heat than do subjects without 
brown fat (21).

Can brown adipose tissue be 
recruited to combat obesity?
Pharmaceutical companies and academic 
researchers around the world are attempt-
ing to find ways to increase the amount 
of brown adipose  tissue  (or  just UCP1) 
in adult humans. The simple thought is 
this: if we had more brown fat, we would 
become  slimmer.  There  is,  however,  at 
least  one  important  caveat  in  this  line 
of  thought.  Studies  of  isolated  brown  
fat mitochondria (22), isolated brown fat 
cells, and intact mice all converge on the 
same conclusion: when not acutely acti-
vated, brown adipose tissue does not do 
anything. This is also the outcome of the 
study of Ouellet et al. (2). Although the 
subjects obviously had the same amount 
of brown adipose tissue when examined 
under acute cold or warm conditions, the 
increased brown adipose tissue metabo-
lism was only seen under cold conditions. 
Thus,  what  we  have  to  wish  for  is  not 
only more brown adipose tissue in adult 
humans — but that it would actually be 
“on fire” when we eat.
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