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The last decade has witnessed an enormous interest of scien-
tists and clinicians in the understanding of the biological ac-
tivity of brown adipose tissue (BAT) and its role in health and
disease. The importance of BAT as a relevant site of adaptive
energy expenditure and protective properties against obesity
and other metabolic alterations were growingly recognized in
experimental animals after the seminal studies by Rothwell
and Stock [22] and others in the late 1970s of the last century.
However, the “re-discovery” of active BAT in adult humans
in the last decade [11] has stimulated an unprecedented inter-
est in BAT research.

BAT is a thermogenic tissue which main function is energy
dissipation. Brown adipocyte thermogenesis is driven through
uncoupling protein 1 (UCP1)-dependent and possibly also
through UCP1-independent mechanisms (i.e., creatine-
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Key points

* Brown/beige adipose tissue regulates thermogenesis, glucose homeo-
stasis, and triglyceride clearance.

* Brown/beige adipocytes function is regulated by central (hypothalamus)
and peripheral signals (myokines, cardiokines, adipokines).

* Activation of brown/beige fat by nutrients and bioactive food compo-
nents may constitute a strategy against obesity-related disorders.
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dependent substrate cycling, calcium-dependent ATP hydro-
lysis, lipid cycling) [8, 14].

BAT activity is inversely related to body fatness, and exper-
imental suppression or activation of BAT leads to increased or
decreased adiposity, respectively, indicating that BAT activation
is protective against obesity. BAT activation is also involved in
other metabolic roles, including control of glucose homeostasis
and insulin sensitivity, as well as triglyceride clearance [1, 6, 7,
13]. BAT has also emerged as an active secretory organ that
produces brown adipokines or “batokines,” which may play an
autocrine/paracrine role regulating the thermogenic function of
brown adipocytes or other BAT cells (immune cells) or act as
endocrine signals controlling the function of many other tissues
including the liver, muscle, and white adipose tissue (WAT),
among others [2, 4, 24] .

In addition to the so-called “classical” brown adipocytes,
beige or brite (from “brown-in-white”’) adipocytes have been
identified as a distinct type of adipose cells in rodents and
humans sharing thermogenic properties with brown adipo-
cytes [26]. The beige/brite adipocytes appear in WAT depots
in a highly inducible manner through the process called adi-
pose tissue “browning.” The molecular characterization of
BAT in adult humans has suggested that it may be composed
of both classical brown adipocytes and beige/brite adipocytes
[17, 23]. Although the relevant contribution of beige fat in the
regulation of energy balance is controversial, a growing body
of evidence suggests that stimulating the recruitment and ac-
tivity of classical brown and beige adipocytes constitutes a
promising strategy against obesity and its deleterious
associated-disorders [18].

The abundance of brown/beige fat is reduced with obesity
and aging. One of the current challenges is to unravel the
mechanisms promoting the reduction of BAT/beige activity
during aging, especially in humans, and to look for effective
strategies to prevent BAT loss or to reactivate existing BAT
depots [10].

The classically recognized mechanisms of control of BAT
and beige adipose tissue rely on the sympathetic nervous
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system, which mediate cold and diet-induced thermogenic
stimulus. However, in the last years, novel inducers of BAT
activity and WAT browning have been identified, including
metabolic, hormonal, and nutritional factors. The hypothala-
mus plays a key role orchestrating the central signals control-
ling BAT/beige fat activation [9]. Moreover, a dynamic cross-
talk involving signals originating in key metabolic organs in-
cluding the liver (fibroblast growth factor-21, FGF21), muscle
(irisin, myostatin), heart (natriuretic peptides), or even the gut
microbiota seems to play a relevant role in the control of
brown/beige fat activation [5, 16, 25]. Changes in the levels
of intracellular metabolites such as lactate and succinate are
also involved in the regulation of adipose tissue thermogene-
sis [3, 19]. miRNAs have also been reported to regulate adi-
pose tissue browning [12]. Besides pharmacological agents,
the identification of nutritional factors and bioactive food
compounds capable to induce BAT/beige activation, includ-
ing omega-3 polyunsaturated fatty acids (n-3 PUFAs), poly-
phenols, capsinoids, or vitamin A-related compounds, is also
attracting much attention [15, 20, 21]. The recognition of nu-
tritional or pharmacological signals other than the sympathetic
signaling capable to control BAT activity is especially impor-
tant for strategies aimed to use BAT activity with therapeutic
purposes, given the strong limitations due to side effects in the
therapeutic use of sympathomimetics.

This special issue was designed to provide the reader with a
comprehensive overview of emerging information on the met-
abolic, endocrine, and nutritional regulators of brown and
beige adipose tissue activity. The issue collects original and
review articles featuring the last knowledge about the role of
the hypothalamic networks as well as of signals from muscle
and adipocytes (autophagy and adipokines) in the regulation
of BAT/beige activity. Moreover, the actions of specific me-
tabolites (lactate) and bioactive food components (fatty acids
and resveratrol) on BAT/beige activation are also extensively
reviewed.

The interesting article of Efremova et al. found a higher
percentage of brown-like adipocytes, expressing UCP1 in
the mediastinal and perirenal fat (collected at necropsy), of
human adults that lived in Siberia, especially in those living
mainly outdoor. This fact was positively correlated with the
adrenergic parenchymal innervation, suggesting that visceral
fat can be converted to brown-like adipose tissue in adult
humans under chronic cold exposure physiological
conditions.

Contreras et al. review the latest knowledge about the
mechanisms involved in the central regulation of BAT ther-
mogenesis. The manuscript describes the role of different hy-
pothalamic nuclei (preoptic and lateral area, as well as
dorsomedial, paraventricular, ventromedial, and arcuate nu-
cleus) in the control of BAT activity and WAT browning.
The review focused in describing the molecular pathways in-
volved and their implication in the development of obesity,
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based mainly in studies carried out in transgenic rodent
models with targeted ablation or overexpression of key genes
in specific neurons, as well as the possible human application
of knowledge obtained from these rodent studies.

Cair6 and Villarroya describe the role of autophagy in the
intracellular processes that take place during brown/beige ad-
ipogenesis as well as on the regulation of thermogenesis.
Autophagy seems to be inversely correlated to thermogenesis,
contributing to the “whitening” (reversal of the browning) of
adipose tissue and inactivation of thermogenic brown/beige
adipocytes. Particularly, mitophagy through the regulation of
the PINK1/Parkin system seems to play a key role for main-
taining the mitochondrial pool when thermogenesis is active
and removing the excess of mitochondria when thermogenesis
is inactivated. Moreover, autophagic dysregulation in adipose
tissues has been associated with obesity and its related meta-
bolic diseases.

Physical exercise appears to stimulate the browning of
WAT and, perhaps, BAT activity. Rodriguez et al. review
the mechanisms by which physical exercise can do so, and
how skeletal muscle established a cross-talk based on the re-
lease of myokines such as irisin, (3-aminoisobutyric acid
(BAIBA), follistatin, meteorin-like, decorin, and interleukin-
6. Moreover, the ability of different adipokines (leptin,
adiponectin, FGF21, zinc-«2-glycoprotein) to induce fat
browning, as well as the potential cross-talk between WAT
and skeletal muscle to control thermogenesis and body
weight, is also discussed.

Metabolites are also emerging molecules involved in the
control of brown/beige adipose tissues, and Carriére at al.
extensively describe the emerging roles of lactate as a redox
substrate and signaling molecule in adipose tissues. In their
review, authors provide an overview of the recent findings
showing that lactate acts as a sensing and signaling metabolite
promoting brown and beige adipocyte development and acti-
vation. They also discuss other physiological roles of lactate
including the dissipation of high redox pressure and oxidative
stress through UCP1, contributing to redox homeostasis. All
of these findings support that circulating metabolites such as
lactate could be critical mediators of inter-organ cross-talk and
important metabolic players of whole body energetic
homeostasis.

In the context of the existing information on the biological
role and functions of n-3 PUFAs, Fernandez-Galilea et al.
discuss the available preclinical (in vitro and in vivo) studies
analyzing their thermogenic properties. Current evidences
demonstrate that n-3 PUFAs, especially eicosapentaenoic acid
(EPA), are regulators of the thermogenic program in brown/
beige adipocytes, acting through UCP1-dependent and UCP1-
independent (futile cycles) mechanisms. Some of these mech-
anisms involve the activation of the fatty acid receptor
GPR120, the FGF21 production, the AMPK-SIRTI-
PGCl1-« signaling pathway activation, and the inhibition of
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PGF, production. These preclinical studies have also sug-
gested that supplementation of maternal diet with n-3
PUFAs might have anti-obesity effects in the offspring via
epigenetic modifications.

Milton-Laskibar et al. have reviewed the actions of resver-
atrol, a phenolic compound found naturally in grapes, berries,
and peanuts, and its derivative pterostilbene, on BAT thermo-
genic activation and on WAT browning process. The current
data in adipocytes cultures and animal models reveal that both
resveratrol and pterostilbene promote thermogenesis in BAT
and WAT browning. The manuscript focused in describing
the molecular mechanisms involved as well as their effects
on metabolic programming when administered during preg-
nancy or lactation. As occurs with the n-3 PUFAs, there is
almost no evidence yet about the ability of resveratrol/
pterostilbene to induce browning and thermogenesis in
humans.

Overall, the studies collected in this issue evidence the
biological diversity of the molecules and mechanisms that
control BAT activity and WAT browning and, therefore, their
capacity to modulate energy expenditure, glucose homeosta-
sis, and lipidemia. As often occurring in biological research,
strong advancements in experimental models are more limited
in their application to humans, which indicate the importance
to enhance translational research in this field to human pa-
tients. However, the advances reported here hold promise to
the future development of pharmacological and/or nutritional-
based strategies to take advantage of the extraordinary plas-
ticity of adipose tissue to attain brown and beige phenotypes
and therefore to promote metabolic health.
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