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Severe quantitative and qualitative brown adipocyte defects are
common in obesity. To investigate whether aberrant expression of
tumor necrosis factor a (TNF-a) in obesity is involved in functional
brown fat atrophy, we have studied genetically obese (obyob)
mice with targeted null mutations in the genes encoding the two
TNF receptors. The absence of both TNF receptors or p55 receptor
alone resulted in a significant reduction in brown adipocyte apo-
ptosis and an increase in b3-adrenoreceptor and uncoupling pro-
tein-1 expression in obese mice. Increased numbers of multilocular
functionally active brown adipocytes, and improved thermoregu-
lation was also observed in obese animals lacking TNF-a function.
These results indicate that TNF-a plays an important role in mul-
tiple aspects of brown adipose tissue biology and mediates the
abnormalities that occur at this site in obesity.

Obesity in experimental models is ubiquitously associated
with abnormalities in brown adipose tissue (BAT) (1, 2). In

adult obese animals, the amount of thermogenically active BAT
as well as the expression of b3-adrenoceptors in brown adipo-
cytes are substantially reduced, potentially resulting in alter-
ations of metabolic function and thermoregulation (3–5). The
molecular basis of these obesity-related changes is poorly un-
derstood. It has been demonstrated that expression of tumor
necrosis factor a (TNF-a) in adipose tissue is elevated in a
variety of experimental obesity models (6–9) and obese humans
(10, 11). Owing to its ability to inhibit insulin receptor signaling
(12–14), TNF-a represents a component of obesity-related in-
sulin resistance (15). More recently, TNF-a has been shown to
induce brown and white adipocyte apoptosis in vitro (16–18).
Interestingly, in genetic models of obesity, the number of
apoptotic cells in the brown fat is dramatically higher than that
in control animals (16). This leads to reduction in the number of
multilocular thermogenically active brown fat cells and therefore
causes BAT functional atrophy, which is characterized by de-
fective thermoregulation in both genetic and dietary obesity. In
addition, because BAT is an important target for insulin action
and other aspects of energy metabolism, its atrophy could
further contribute to the abnormal metabolic profile in obesity.
Here, we have tested whether abnormal TNF-a production in
obesity contributes to any of these abnormalities in BAT.

Materials and Methods
Generation of obyob Mice Deficient in TNF Receptors (TNFR). Obese
(obyob) mice deficient in TNFR were generated as described
(19–21). Mice with targeted null mutations at both TNFR 1 and
2 loci (p552/2 and p752/2, respectively) were crossed with Obyob
mice, to produce animals heterozygous at the TNFR1, TNFR2,
and ob loci (p551/2, p751/2, and Obyob). The resulting triple
heterozygotes were then crossbred with each other to produce
OByob mice wild type at TNFR loci or with homozygous null
mutations in each or both TNFR. The subsequent intercrossing

of these animals produced control OByOB and obyob mice and
littermates with mutations at one or both TNFR (a detailed
description of these animals is reported in refs. 19–21). All of the
animal experiments were carried out in accordance with the
highest standards of humane animal care.

Terminal Deoxynucleotidyltransferase-Mediated UTP End Labeling
(TUNEL) Staining. In situ fragmentation of DNA was investigated
in BAT slices derived from 8-week-old lean control, obyob
control, and TNFR-deficient female mice by means of a detec-
tion kit (Boehringer Mannheim) based on direct alkaline phos-
phatase detection of digoxigenin-labeled 39-OH ends of genomic
DNA fragments. The assay was performed according to the
manufacturer’s instructions and the enzymatic reaction was
developed by using 5-bromo-4-chloro-3-indolyl phosphate and
nitroblue tetrazolium as chromogenic substrates. Ten high-
power fields (3100) in each representative section of TUNEL-
stained interscapular depots for different experiments were
randomly observed and brown adipocyte apoptotic and nonapo-
ptotic nuclei were distinguished according to the level of staining
and morphological parameters, such as chromatin condensation,
aggregation along the nuclear periphery, and apoptotic bodies.

Brown Adipocyte Isolation, Cell Culture, and Treatment. Brown fat
precursor cells were enzymatically isolated from the interscap-
ular BAT of male Sprague-Dawley rats (150–160 g body weight)
(Harlan Nossan, Correzzana, Italy), which were kept in standard
laboratory conditions (12 h lightydark cycle; food and water ad
libitum), as described (16). Three million cells seeded in 24-well
culture plates (Nunclon Delta, Milan, Italy) were cultured under
a water-saturated atmosphere of 6% CO2 in air at 37°C in 2.0 ml
of a culture medium, as described (16). In the experiments
analyzing the effects of TNF-a, the cultured cells were exposed
to the culture medium containing murine recombinant TNF-a
(freshly diluted in buffer as requested by manufacturer; Gen-
zyme) with specific activities of 5 3 107 unitsymg for 4 h and then
were harvested. The medium was discarded, the wells were
washed twice with 2 ml of ice-cold PBS (Sigma), and the cells
were scraped out with a disposable cell scraper (Nunc, Milan,
Italy) for mRNA extraction and reverse transcription–PCR
analysis.
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cAMP Accumulation. Cells were grown for 4 or 8 days (i.e.,
preconfluent or confluent cells). Two hours before each exper-
iment, the medium was replaced by PBS containing 5 mM
3-isobutyl-1-methylxanthine. Cells were then incubated at 37°C
for 30 min with or without CGP12177A [(2)-4-(3-t-butylamino-
2-hydroxypropoxy) benzimidazol-2-one) from CIBA–Geigy].
The reaction was stopped in ice by removing the incubation
medium. The cells were harvested with ice-cold PBS, containing
5 mM 3-isobutyl-1-methylxanthine, and after sonication (100 w
for 10 s) were centrifuged for 5 min. The resulting infranatants
(i.e., liquid between floating fat cake and pelleted cell debris)
were stored until cAMP determination (RIA, DuPontyNEN).
Protein content was measured by the BCA Protein Assay
(Pierce).

Reverse Transcription–PCR. Reverse transcription–PCR was per-
formed and its products were quantitated as described (22).
Total cytoplasmic RNA was isolated from cultured cells or BAT
by using the RNazol method (TM Cinna Scientific, Friendswood,
TX). A control experiment without reverse transcriptase was
performed for each sample to verify that the amplification was
not caused by any residual genomic DNA. The mRNA for
b-actin was examined as the reference cellular transcript in each
PCR reaction. The nucleotide sequences of the amplified prod-
ucts were determined, and were found to be identical to the
mRNA products of the rat and mouse TNF-a, b3-adrenorecep-
tor, uncoupling protein 1 (UCP-1), and b-actin genes.

Morphological Evaluation of Brown Adipocytes. Five serial BAT
slices at 200-mm distance were prepared from three animals in
each group and stained with hematoxylin-eosin. Morphological
evaluation was performed in six optical fields randomly taken in
each slice at 325 magnification, and multilocularity of brown
adipocytes were counted and scored by two expert independent
observers.

Body Temperature Measurements. The body temperature of each
mouse was first measured at room temperature with a digital
thermometer equipped with a rectal probe of 1-mm diameter.
After insertion of the probe 30 mm into the rectum, core body
temperature is recorded on stabilization of the temperature
reading for 10 consecutive seconds. Mice were then transferred
to a cold room and housed in prechilled individual cages at 4°C
where the body temperature was measured every 2 h. To prevent
heat conduction to the animals, all equipment used in the
experiments was prechilled and the animals were handled by
using cryogloves.

Statistical Methods. Raw data from each experiment was normal-
ized, combined, and analyzed by using either an analysis of
variance with Newman-Keuls’ multiple comparison post hoc test
or t test.

Results
Apoptosis of Multilocular Brown Adipocytes Is Decreased in Obese
Animals with TNF-a Signaling Deficiency. To investigate the role of
TNF-a in obesity-induced functional atrophy of BAT in vivo, we
first analyzed the apoptosis of brown adipocytes in genetically
obese (obyob) mice with targeted mutations either in p55, p75,
or both TNFR. In these obese animals, signaling and function of
TNF-a is partially or completely abolished (19–21). TUNEL
staining was used for the in situ measurements of apoptotic cell
number in BAT sections obtained from these animals (23). Fig.
1 (a and c) shows that there was significantly higher number of
positive nuclei for DNA fragmentation in BAT of obyob animals
(wild type at TNFR loci) than in that of the lean control mice
(65 6 4 vs. 1 6 0.5% positive nuclei over total cell nuclei; P ,
0.005). Apoptosis in TUNEL-positive cells of BAT from genet-

ically obese animals was further validated by several other
techniques, including agarose gel electrophoresis and transmis-
sion electron microscopy (16). In contrast to the obyob animals,
the number of apoptotic nuclei in the obyob mice lacking p55
(obyob-p552/2) or both TNFR (obyob-p552/2p752/2) were sig-
nificantly lower and approached the ratios observed in the
control lean mice (2 6 0.3 and 4 6 1% positive nuclei, respec-
tively; P , 0.005) (Fig. 1 d and f ). In obyob mice lacking p75
TNFR (obyob-p752/2), the number of apoptotic cells (25 6 3%
positive nuclei, Fig. 1e) was significantly higher than those seen
in control lean animals as well as obyob-p552/2p752/2 mice, but
lower than those seen in obese controls (obyob). It is known that
in obese animals, the typical multilocular brown adipocytes (i.e.,
thermogenically active small fat cells with numerous small lipid
droplets dispersed in the cytoplasmic space around a central
nucleus) are substituted by unilocular adipocytes morphologi-
cally reminiscent of white adipocytes (i.e., large fat cells filled by
a single lipid droplet that flattens the nucleus to the cell
membrane, and likely thermogenically inactive) (Fig. 1 a and c).
Interestingly, the multilocular brown adipocytes in obyob mice
lacking one or both TNFR were more abundant than in obyob
mice (55.2, 70.2, and 86.1% higher than obyob, in obyob-p752/2,
obyob-p552/2, and obyob-p552/2p752/2, respectively). This pro-
nounced multilocularity of adipocytes is likely to reflect active
thermogenic metabolism of the cells (24). These findings dem-
onstrate that the activity of TNF-a is the primary determinant
of the BAT apoptosis and altered morphology of multilocular
adipocytes seen in obesity because complete absence of TNF
signaling confers essentially total protection from obesity-
induced BAT apoptosis and the decline in the number of typical

Fig. 1. TUNEL staining of BAT. (a) Lean control mice acclimated to 28°C, the
thermoneutral temperature. (Inset) Intestinal villi showing apoptotic apical
epithelial cells as positive controls. (b) Lean control mice acclimated to cold
temperature (10°C for 10 days). (c) obyob mice (wild type at TNFR loci). (Inset)
A negative adipose cell nucleus (arrow) between two apoptotic nuclei. (d)
obyob p552/2. (e) obyob p752/2. ( f) obyob p552/2p752/2 mice. [a–f and Inset
a, 3125; Inset c, 3790.]
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brown fat cells. Although the p55 receptor appears to be the
predominant mediator of this activity, the results obtained in
obyob-p752/2 mice indicate the involvement of p75 TNFR, albeit
to a lesser extent, in obesity-induced apoptosis of the brown
adipocytes.

To further confirm these observations, we also investigated
the effects of TNF-a inhibition on BAT survival in an additional
model of genetic obesity ( fayfa rat) by chronic administration of
pentoxifylline. Pentoxifylline is a methylxanthine, which re-
presses TNF-a synthesis (25, 26). In obese Zucker fayfa rats, two
months of treatment with pentoxifylline (20 mgykg body weighty
day s.c.) dramatically decreased TNF-a production (Fig. 2a).
Parallel to loss of TNF-a expression, a significant reduction was
also evident in the number of apoptotic nuclei in brown fat,
which results in increased multilocular brown adipocyte survival
(Fig. 2b). These data clearly demonstrated that two independent
means of blocking TNF-a function results in significant reversal
of BAT defects in two different models of experimental obesity.

It is possible that insulin action may regulate the apoptotic
response under certain circumstances. In this regard, the lack of
p55 or both p55 and p75 TNFR results in increased insulin
sensitivity in the obyob mice as evidenced by lower steady-state
glucose and insulin levels and improved insulin and glucose

tolerance tests (19–21). Similarly, TNF-a ligand-deficiency re-
sults in improved insulin sensitivity in several models of obesity
(20, 27). Thus, blocking TNF-a action and improvement of
insulin sensitivity seems to parallel the decrease in the number
of apoptotic brown fat cells in a variety of experimental para-
digms. These observations raise the possibility that alterations in
insulin sensitivity might play an important role in obesity-
induced BAT apoptosis if insulin acts to prevent apoptosis of
brown adipocytes. To test this possibility, we asked whether
insulin interferes with the apoptotic effects of TNF-a in brown
adipocytes. As shown in Fig. 3, acute (4 h) or chronic (24–72 h)
treatment with 0.1–100 nM insulin did not counteract the
TNF-a-induced apoptosis of cultured brown adipocytes. Taken
together with the results obtained from animals with defective
TNF-a function, our findings suggest that lack of BAT apoptosis
in these obese animals is likely to be the direct result of loss of
TNF-a function rather than an indirect action through increased
insulin sensitivity. However, the possibility remains that alter-
ations in insulin sensitivity in vivo might still influence the extent
of apoptosis in BAT.

TNF-a Decreases the Expression of Functionally Active b3-Adrenocep-
tors in Brown Adipocytes and BAT. We next started to investigate
the effects of TNF-a on potential molecular targets that are
critical for BAT function. BAT is a heavily innervated tissue.
Noradrenaline, which is released from the sympathetic nerve
endings, strongly affects BAT functions, including glucose and
lipid metabolism (28), heat production (29), and cell prolifera-
tion and survival (16, 30). The latter could be readily illustrated
by the virtual absence of apoptosis in BAT on stimulation of
sympathetic activity (16) (i.e., cold exposure, Fig. 1b). These
actions are mediated primarily through b3-adrenoceptors, which
are also highly expressed in brown adipocytes (31–33). Selective
activation of b3-adrenoceptors by synthetic agonists stimulates
thermogenesis and improves glycemic control in obese and
insulin-resistant animals (31). Hence, in obesity, markedly de-
creased b3-adrenoreceptor expression and activity is believed to
contribute to the pathophysiology of the disease (4, 5). However,
the underlying molecular mechanisms for the b3-adrenoreceptor

Fig. 2. Effect of pentoxifylline treatment on BAT TNF-a expression and
apoptosis in 4-week-old obese Zucker fayfa rats. (a) TNF-a mRNA levels were
quantitated as described in Materials and Methods and expressed relative to
untreated control (1y1) rats (open bars). (b) Percentage TUNEL-positive
nuclei over total cell nuclei. Data reported as the means 6 SEM. Closed bars,
pentoxifylline-treated rats. *, P , 0.005 vs. lean controls; **, P , 0.005 vs.
untreated animals; n 5 6.

Fig. 3. TNF-a-induced fragmentation of the genomic DNA in cultured brown
adipocytes in the presence and absence of insulin. The cells were pretreated
with 100 nM insulin for 4 h (lane 4) or 48 h (lane 5), and incubated with TNF-a
(10 pM) plus cycloheximide (10 mgyml) for 4 h. (Lane 1) cycloheximide alone;
(lane 2) untreated cells; (lane 3) TNF-a plus cycloheximide. The gel shown is
representative of data obtained in six independent experiments.
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deficiency are not known. Here, we demonstrate that TNF-a
plays an important role in this b3-adrenoreceptor deficiency
associated with obesity by regulating its expression and activity
in brown adipocytes and BAT. As shown in Fig. 4a, exposure to
0.17–17 ngyml recombinant murine TNF-a (concentrations
comparable with the 0.082 6 0.004 ngyml present in the plasma
of obese rodents) (6), results in dose-dependent inhibition of
b3-adrenoreceptor gene expression in cultured rat brown adi-
pocytes. This reduction in b3-adrenoreceptor gene expression
also leads to significant functional deficiency in these cells. In
TNF-a-treated brown adipocytes, the b3-adrenoreceptor-
specific partial agonist CGP12177A was markedly less effective
in stimulating cAMP accumulation compared with control
brown adipocytes (Fig. 4b).

b3-Adrenoreceptor and UCP-1 Expression Is Increased in BAT of Obese
Animals with TNF-a Signaling Deficiency. Because decreased b3-
adrenoreceptor expression and action in brown adipocytes are
well-documented features of obesity (4, 5), it is feasible to hypoth-
esize that TNF-a might play a role in this b3-adrenoreceptor
deficiency in vivo. To test this possibility, we examined the expres-
sion of b3-adrenoceptors in BAT of obese mice lacking TNF
receptors and obese rats and mice treated with the TNF-a inhibitor,
pentoxifylline. As shown in Fig. 5a, b3-adrenoreceptor mRNA
levels in obyob mice were significantly lower than the lean controls.
Strikingly, in BAT of obyob-p552/2p752/2 and obyob-p552/2 mice,
the b3-adrenoreceptor mRNA levels were much higher than those
of obyob animals and comparable to those of lean mice (Fig. 5 a and
b). In contrast, the b3-adrenoreceptor mRNA levels in BAT
of obyob-p752/2 mice were low and comparable to those of obyob
mice (Fig. 5 a and b). Finally, the b3-adrenoreceptor expression and
function, as measured by both mRNA levels and CGP12177A-
induced cAMP production were also normalized in BAT of obese
fayfa rats after two months treatment with pentoxifylline (Fig. 5c
and data not shown). Taken together, these results demonstrate
that the obesity-related b3-adrenoreceptor deficiency in BAT is
induced by TNF-a predominantly acting through the p55 TNF
receptor.

Noradrenaline-stimulation of b3-adrenoceptors induces BAT
thermogenesis by activating an uncoupling mechanism to dissi-

pate protons across the mitochondrial membrane (34). The
mitochondrial UCPs, particularly UCP-1, in the mitochondrial
inner membrane of mammalian brown fat generates heat by
uncoupling oxidative phosphorylation (35). This process pro-

Fig. 4. Effect of TNF-a treatment on b3-adrenoceptors in brown adipocytes. (a) b3-adrenoreceptor (b3-AR) mRNA levels were quantitated as described in
Materials and Methods and expressed relative to untreated cells (C, open bars) (*, P , 0.005 vs. untreated cells; n 5 4) and reported as the means 6 SEM. (b)
The cAMP accumulations induced by 10 mM CGP12177A are expressed as pmolymg proteinymin and are the means 6 SEM of three different experiments, each
performed in triplicate. (*, P , 0.005 vs. baseline; **, P , 0.005 vs. untreated cells). B, baseline value.

Fig. 5. Effects of TNF-a signaling blockade on b3-adrenoreceptor and UCP-1
expression in obesity. (a and d) Reverse transcription–PCR analysis of the
b3-adrenoreceptor (b3-AR) and UCP-1 mRNA content in lean control (C),
obyob, obyob p552/2, obyob p752/2, obyob p552/2p752/2 mice. (b and e)
b3-adrenoreceptor and UCP-1 mRNA levels were quantitated as described in
Materials and Methods and expressed relative to lean control mice (*, P , 0.01
vs. lean controls; **, P , 0.05 vs. obyob and obyob p752/2, n 5 4). (c) Effect of
pentoxifylline treatment on b3-adrenoreceptor expression in the brown fat of
obese Zucker fayfa rats. b3-adrenoreceptor mRNA levels are expressed relative
to untreated control (1y1) rats (open bars) (*, P , 0.01 vs. lean controls; **,
P , 0.005 vs. untreated animals; n 5 6) and reported as the means 6 SEM.
Closed bars, pentoxifylline-treated rats.
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tects against cold (36) and regulates energy balance (37). Given
the importance of UCP-1 in the regulation of energy expenditure
in rodents, we examined UCP-1 expression in the BAT of obese
mice lacking TNF receptors. Whereas the lack of p75 receptor
alone did not change the UCP-1 gene expression, the absence of
p55 or both TNF receptors resulted in increased UCP-1 mRNA
levels compared with obyob mice (Fig. 5 d and e). The expression
of other UCP isoforms, UCP-2 and UCP-3, was not altered in
animals lacking TNFR (data not shown). These data further
support the evidence that the absence of TNFR increases the
number of functionally active brown adipocytes.

Lack of TNFR Leads to Significant Improvement in Thermoadaptive
Capacity of Obese Animals. It is important to determine whether
these changes observed in BAT in TNFR-deficient obese mice
lead to improved BAT function in vivo. To address this, we
assessed the effect of complete absence of TNF-a function on
thermoregulation in control and TNFR-deficient obese mice.
The mice were exposed to cold (4°C) for different periods of time
and the rate and time of decline in core body temperature was
used as a measure of sensitivity to cold and the thermoadaptive
capacity. These experiments demonstrated improved thermo-
adaptation in obyob p552/2p752/2 mice compared with that of
obyob mice with intact TNF-a function. In this model, differ-
ences in core body temperature were most significant after 3 h
cold exposure (Fig. 6a) and diminished after prolonged cold
exposure. We also tested thermoregulation in an additional
model of obesity induced by high fat diet. In this model, the

decrease in body temperature was also significantly higher in
obese wild type compared with obese p552/2p752/2 mice. Fur-
thermore, the magnitude of the effects was greater in this model
compared with the obyob mice and evident even after 6 h of cold
exposure (Fig. 6b). These results suggest that TNF-a is at least
partially responsible for altered BAT function in obese mice and
lack of TNFRs leads to significant improvement in thermo-
adaptive capacity.

Discussion
Recent studies on transgenic models indicated the importance of
brown fat in metabolic regulation and energy balance. For
example, partial ablation of BAT has resulted in severe obesity,
insulin resistance, and decreased O2 consumption, illustrating a
potential role for BAT mass and function for energy metabolism
(8, 38). On the other hand, even more significant reduction in
BAT mass through alternative transgenic means has not resulted
in obesity but caused defects in thermogenesis (39). In line with
this, genetic deletion of critical individual functional components
of BAT such as UCP-1 has resulted in cold sensitivity but not
obesity (40), whereas b3-adrenoreceptor-deficient mice have
minimal obesity and relatively normal thermoregulation (41).

In our experiments, despite significant obesity in both groups,
the total body weights of the female TNFR-deficient obyob mice
were less than wild-type animals (65.93 6 13.59 g vs. 72.92 6
4.72 g, P , 0.05). In previous work, no statistically significant
differences were evident in the total body composition between
these two groups of different age (20). On the surface, our
findings would appear to support the role of BAT mainly in
thermoregulation rather than in body weight regulation under
the experimental conditions used in this study. On the other
hand, the small change in body weight in TNFR-deficient mice
might be the result of the combined effects of improved insulin
sensitivity and enhanced survival of white adipocytes, which will
stimulate weight gain (42) and increased BAT function or mass,
which will tend to decrease body weight (3). Indeed, TNF-a can
induce apoptosis of human white preadipocytes and adipocytes
in vitro (18). Most interestingly, insulinopenia in obyob mice has
been recently demonstrated to result in massive white adipocyte
apoptosis (43). Thus, it is possible to speculate that the lack of
function of TNF-a may result in growth of white fat mass, both
directly (absence of apoptosis of white adipocytes) and indirectly
(improvement of insulin resistance) and counteract the potential
effects of improved BAT function. Consequently, in the absence
of any further stimulation, the net change in body weight has
remained small (19). However, most forms of obesity are also
associated with deficiency in the signals activating BAT. For
example, all models of animal obesity exhibit leptin deficiency or
resistance (44). Similarly, defective adrenergic input is a well-
established component of obesity. Defective action of these
important effectors might also limit the complete expression of
the BAT functions (45) despite significant increase in cellular
viability. In fact, this might explain the better thermoadaptive
response in dietary obesity compared with the obyob mice
deficient in TNF function.

Nevertheless, these observations indicate that BAT physiology
is quite complex and its atrophy in obesity is likely to be the
combined result of defects at multiple sites rather than any one
functional component alone (40, 41). In this study, we provided
clear evidence that TNF-a is involved in generating defects at
several functionally significant loci in obesity including apoptosis
of multilocular brown adipocytes, expression of b3-adrenocep-
tors and UCP-1, and decreased thermoadaptive response. These
significant alterations are likely to contribute to the metabolic
and thermogenic changes seen in obesity and insulin-resistance
syndromes.

The fact that mice lacking TNF-a function, despite decreased
insulin resistance, maintain a lower body weight supports the

Fig. 6. Thermoregulation in p552/2p752/2 obyob and diet-induced obese
mice. Body temperature in mice (10 in each group) housed at 4°C was mea-
sured every 2 h. *P , 0.05 obese TNFR deficient vs. obese wild type.
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relevance of improved thermoregulation in body energy balance.
Because improvement of insulin resistance by most therapeutic
approaches consistently results in body weight gain (42, 46), and
consequent risk factors (46), our findings could be of significant
therapeutic relevance. Indeed, inhibitors of TNF-a function or
production, alone or in combination with other modalities, could
improve insulin resistance in type 2 diabetes mellitus without a
concomitant increase in body weight caused by their ability to
counteract functional BAT atrophy. Finally, because several
therapeutic approaches such as leptin replacement and b3-

adrenoreceptor agonists involve activation of brown adipocytes,
the effectiveness of these modalities could be significantly en-
hanced when combined with TNF-a antagonists because of the
presence of a larger and healthier brown adipocyte pool.
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from the University of Milan (M.O.C.), European Community (S.C.),
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