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Summary
In the 1970s and 1980s, it was observed that rodents could offset excess calories ingested when
they were fed a human-like `cafeteria diet'. Although it was erroneously concluded that this so-
called diet-induced thermogenesis was because of brown adipose tissue (BAT), it led to efforts to
test whether variations in brown fat in humans may explain the susceptibility to obesity. However,
from evidence on the inability of ephedrine or beta-3 adrenergic agonists to induce BAT
thermogenesis, it was concluded that the thermogenic role of BAT was unimportant in adult
humans largely because humans had low numbers of brown adipocytes. Solid evidence on the
actual numbers of brown adipocytes in humans was not available. We are now re-evaluating the
role of BAT for the treatment of obesity given the following recent observations (i) studies in
nuclear medicine by using PET/CT scanning reveal the presence of BAT in adult humans; and (ii)
recent data suggest that a new transcription factor called PDRM16 may control the induction of
BAT. These recent discoveries should revamp our effort to target the molecular development of
brown adipogenesis in the treatment of obesity.

Keywords
Brown adipose tissue; obesity; PRDM16

Weight gain results from a sustained imbalance between energy intake and energy
expenditure favouring positive energy balance. However, such a simple statement belies the
complex, multifactorial nature of obesity and the numerous biological and behavioural
factors that can affect both sides of the energy expenditure equation. Ironically, as scientists
try to unravel the complex biological causes of obesity, it is clear that our societal
environment is marked by an over-abundant accessibility of food rich in energy coupled
with a strong trend to reduced physical activity. In this `obesogenic environment', not only
the prevalence of obesity has risen to unthinkable levels (1), but it now also seems that
babies born at the beginning of the 21st century may have shorter life expectancies than their
parents (2). However, not everyone becomes obese in our new detrimental environment, not
only because of conscious behavioural efforts to eat less and stay more active but also
because of potential biological factors such as the presence of active brown adipose tissue
(BAT), a system that can dissipate energy surpluses in rodents when treated with adrenergic
agonists. However, the application of this method to enhance metabolic inefficiency requires
the presence of adequate levels of BAT. A recent study by Spiegelman's group suggests now
that a new transcription factor called PDRM16 may control a bidirectional switch between
skeletal muscle and BAT (3). Therefore, like skeletal muscle, BAT may be up-regulated in
humans by such a regulator and may be efficacious at dissipating some of the excess energy
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sneaking in our body as a result of passive over-consumption of energy and lack of physical
activity.

Brown adipose tissue is an exquisitely designed tissue/organ system evolved for the
maintenance of body temperature. At the metabolic, protein and transcription levels, the
BAT is up-regulated principally by the sympathetic nervous system when production of heat
is needed to maintain body temperature. Furthermore, the long-term need to provide heat
can induce proliferation of brown adipocytes in specific deposits that are highly innervated
and vascularized for both rapid and reversible activation of thermogenesis. Years ago, the
groups of Nicholls and Ricquier described a mechanism for heat production based upon a
specific highly abundant protein in the inner mitochondria of the brown adipocytes that
uncouples the production of chemical energy as ATP from oxidative phosphorylation and
instead produces heat (4,5). Until quite recently, BAT has been thought to be mostly
important in small mammals and infants to maintain body temperature, but a function in the
physiology of adult humans was dismissed because of low numbers of brown adipocytes
(6,7). However, unrelated pursuits in nuclear medicine using PET/CT scanning techniques
have revealed the presence of BAT in adult humans, especially after cold exposure (8,9).
The question now is how we can use PDRM16 up-regulation to induce this amazing organ
not only to generate heat but also to enhance fat oxidation and therefore reduce obesity.

Although the normal function of brown fat thermogenesis may be specific for the regulation
of body temperature, many genetic and pharmacological studies in rodents have shown that
abnormal constitutive over-expression of Ucp1 in white fat and skeletal muscle can
drastically reduce both genetic and diet-induced obesity offering therefore a new safe
molecular target for the treatment of obesity (10–12). Accordingly, bypassing normal
cellular and molecular mechanisms of brown fat induction and Ucp1 activation has
potentially provided the most effective strategies known for the reduction of obesity, and
without serious side effects. This potential for brown fat adaptive thermogenesis as a drug
target for obesity has not been ignored by the pharmaceutical industry. Unfortunately, many
candidate agonists of the beta-3 adrenergic receptor have failed in human clinical trials, even
though these drugs have been efficacious in rodent models of obesity. What is different in
the human and mouse?

Most of the effects of genetic, pharmaceutical or cold-induced up-regulation of Ucp1 in the
mouse models result in the emergence of new brown adipocytes in white fat depots with
levels of Ucp1 up-regulated up to several hundred folds. Unfortunately, human white
adipose tissue does not appear to be able to mount such transient induction of brown
adipocytes. The failure of brown fat thermogenesis in humans appears to be based upon the
lack of fundamental information on the mechanisms controlling the developmental origins
of brown adipocytes in the discrete brown fat depots (e.g. interscapular brown fat) and in the
diffusely localized brown adipocytes in various white fat depots. However, the recent paper
by Spiegelman's group (3) elegantly describes a novel transcription factor, PRDM16, whose
presence can promote the differentiation of preadipocytes and myoblasts into brown
adipocytes and whose absence promotes the myogenic differentiation programme (Fig. 1).
Importantly, the ability of PRDM16 to induce brown adipocyte lineage is restricted to the
discrete brown fat depots line, such as that found in the interscapular region, but it does not
participate in the induction of the diffuse brown adipocytes located in the white fat depots.
The data support the genetic experiments indicating that interscapular BAT and brown
adipocytes in white fat have separate independent developmental origins (13). PRDM16 is
clearly an important player in brown adipogenesis, but it may not be sufficient as PRDM16
KO mice have significant levels of interscapular fat with Ucp1 expression (3). However, one
does not know whether up-regulation of PRDM16 in humans can induce increased discrete
BAT and/or diffuse brown adipocytes.
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While the regulator PRDM16 has provided important insights into the developmental origins
of discrete brown fat depots, the next important step will be to determine the origin(s) of
diffusely localized brown adipocytes in white fat depots as, at least in rodents, this
adipogenesis is more closely related to increased thermogenesis and reduced obesity.
Enthusiasm for the promise of PRDM16 as a drug target needs to be tempered by the caveat
that mice with an inactivated PRDM16 gene die at birth, suggesting that PRDM16 is a
transcription factor with additional unknown functions in mammalian development. It has
long been known that chronic increases in circulating catecholamines in patients with
pheochromocytoma lead to large brown fat depots (14). This historical data, together with
the recent findings of discrete brown fat depots uncovered by PET technologies (8), should
stimulate a renewed effort to find strategies to induce more brown adipocytes and also to ask
why the many previous studies with beta-3 agonists failed to significantly stimulate
thermogenesis in humans. Maybe the lack of beta-3 adrenergic receptors in human white
adipocytes is something that needs to be overcome to facilitate conversion of white to brown
adipose tissue and to stimulate thermogenesis. It is also important to evaluate the effects of
bone morphogenetic protein 7 on stimulating the enhanced expression of brown adipocytes
as recently shown by Tseng's group (15). The discovery of previously uncovered BAT/cells
in adult humans and its potential physiological significance in cold- and dietary-induced
thermogenesis should revamp our effort to target the molecular development of brown
adipogenesis in the treatment of obesity.
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Figure 1.
Mesenchymal stem cells can have two major pathways, one into preadipocytes and another
into progenitor cells of brown adipocytes or skeletal muscle cells. Bone morphogenetic
protein 7 (BMP7) (15) activates a full programme of brown adipogenesis, including
induction of early regulators of brown fat PRDM16 and PGC-1α. In the absence of
PRDM16, these progenitor cells are transformed into skeletal muscle cells. Preadipocytes
are differentiated into white adipocytes in subcutaneous and visceral adipose tissues. By
stimulation of adrenergic signalling, some of these white adipocytes can be transformed into
brown adipocytes diffused in the white adipose tissue (WAT). On the other hand, discrete
brown adipocytes are concentrated in brown adipose tissue (BAT) depots such as in the
neck, supraclavicular, paravertebral and suprarenal. The recently discovered brown
adipocyte tissue regulator PRDM16 is responsible, at least in rodents, only for the
generation of discrete BAT.
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