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Adenosine activates thermogenic adipocytes
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Brown or beige fat activation can 
cause potent anti-obesity and anti-
diabetic effects. In a study recently 
published in Nature, Gnad et al. show 
that adenosine is a novel activator of 
brown and beige fat that acts through 
the A2A receptor.

Brown fat is a thermogenic type 
of adipose tissue containing abundant 
mitochondria and multilocular lipid 
droplets, and is uniquely suited and 
required for cold tolerance and body 
weight control [1]. Upon brown fat 
activation, intracellular cyclic AMP 
(cAMP) levels rise rapidly, leading to 
lipolysis and upregulation of uncou-
pling protein 1 (UCP1) which initiates 
uncoupling of mitochondrial respiration 
and heat generation [2, 3]. Additionally, 
beige or brite fat is a form of white fat 
that can be “browned” and induced to 
engage in respiratory uncoupling simi-
larly as brown fat. Activated brown and 
beige fat consume substantial amounts 
of metabolic substrate, leading to 
powerful anti-obesity and anti-diabetic 
effects in mice. Adult humans possess 
brown and beige fat, making these tis-
sues potentially important targets for 
treating obesity and metabolic diseases 
[4]. Activation of brown and beige fat 
occurs through several mechanisms in-
cluding cold, adrenergic signaling, and 
hormone signaling [4]. However, a criti-
cal question remains of which pathway 
is altered therapeutically, as targeting 
these known activation pathways may 
cause discomfort, have undesirable side 
effects, or be insufficient alone to exert 
anti-obesity effects in humans. Thus, 
the need to discover novel pathways 
for brown and beige fat thermogenic 
activation persists. 

Adenosine is a purine nucleoside that 
alters cAMP signaling in several tissues 
[5, 6]. There is a ubiquitous presence 
of adenosine in the extracellular space, 
and adenosine levels can be increased 
extracellularly or intracellularly through 
conversion of adenine nucleotides. 
Adenosine binds to four P1 G-protein-
coupled receptor subtypes, which 
include the inhibitory receptors A1 and 
A3 and the stimulatory receptors A2A and 
A2B [7]. Inhibitory receptor activation 
leads to increased adenylate cyclase 
activity and decreased cAMP, while 
stimulatory receptor activation has the 
opposite effect. The distribution of the 
adenine receptor subtypes varies widely 
by tissue and species, and the response 
is dependent on the level of receptor ex-
pression, thus the actions of adenosine 
can be highly disparate depending on 
the tissue context [8]. 

In adipose tissue, adenosine was 
previously found to inhibit cAMP pro-
duction in studies performed in hamster 
and rat, where oxygen consumption 
and lipolysis also decreased [9, 10]. In 
a study recently published in Nature, 
Gnad et al. [11] show that adenosine 
activates lipolysis and the thermogenic 
program in brown and white human 
and murine adipocytes (Figure 1). This 
phenomenon occurs at significantly 
lower concentrations of adenosine in 
brown adipocytes than in white adipo-
cytes. The difference is accounted for 
by differential expression of the A2A 
receptor, which is highly expressed in 
human and murine brown fat relative 
to white fat. It is also due to the ratio of 
expression compared to the inhibitory 
A1 receptor, which is expressed at low 
levels in brown fat compared to white 

fat. Moreover, the authors show that 
hamster brown fat expresses almost 
equal amounts of A1 and A2A receptors, 
explaining the lack of activating effects 
of adenosine in those cells.

The determination of the source of 
the adenosine driving brown fat acti-
vation was also pursued. Adenosine 
could be derived from breakdown of 
ATP released from sympathetic neurons 
and brown adipocytes, or from brown 
adipocyte efflux of adenosine itself. 
The authors find that activated brown 
fat both releases adenosine through 
efflux and converts extracellular ATP 
to adenosine, as inhibition of the ecto-
5′-nucleotidase CD73, which converts 
ATP to adenosine, only partially blocks 
the adenosine increase. Noradrenaline 
also enhances adenosine release from 
brown fat without any change in extra-
cellular ATP, suggesting an intracellular 
crosstalk between catecholamine and 
adenosine signaling. 

The author further show that A2A 
receptor knockout mice exposed to 
cold exhibit defective thermogenesis, 
oxygen consumption, and lipolysis, 
demonstrating the importance of the A2A 
receptor in mediating the thermogenic 
response. Moreover, pharmacological 
activation with an A2A receptor agonist 
increases oxygen consumption in mice, 
while inhibition with a specific A2A an-
tagonist decreases cold-induced oxygen 
consumption. A2A receptor agonism acts 
synergistically with noradrenaline in 
driving lipolysis, revealing an additive 
thermogenic effect of adenosine with 
catecholamine signaling. An A2A agonist 
protects against diet-induced obesity 
in mice, leading to increases in lean 
mass, oxygen consumption, glucose 
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tolerance, and browning of white fat, 
which signifies the potential therapeu-
tic importance of adenosine signaling. 
Importantly, overexpression of the A2A 
receptor in inguinal white fat increases 
its browning, indicating that bolstering 
of A2A adenosine receptor expression 
is sufficient to initiate a thermogenic 
response in the presence of physiologi-
cal concentration of adenosine.

This study reveals an endogenous 
purinergic signaling pathway that acti-
vates brown and beige fat. The critical 
signaling effector involved is cAMP, 
therefore the mechanism of activation is 
similar to those of other agents that act 
through the sympathetic nervous system 
or adrenergic signaling. It is unclear 
whether adenosine would contribute 
any additional anti-obesity effects than 

what has already been achieved with 
these other agents.

While this study demonstrates sub-
stantial effects of adenosine on ther-
mogenesis, further studies would better 
elucidate the specificity toward the A2A 
receptor in adipocytes. Treatment of A2A 
knockout mice with the receptor agonist 
would help demonstrate whether there 
are effects of the agonist independent of 
the A2A receptor in vivo. Additionally, 
adipose tissue-specific A2A knockout 
mice would reveal whether there are any 
phenotypic contributions from knockout 
in other tissues.

Another question is whether A2A 
receptor agonism could be used chroni-
cally as an anti-obesity therapy in 
the clinic, since adenosine receptors 
are expressed in many tissues. This 

study did not explore the potentially 
confounding effects of A2A receptor 
agonism on tissues such as the brain 
or heart, including complications from 
vasodilation or cardiotoxicity. Indeed, 
A2A receptor antagonists have been used 
in clinical trials for Parkinson’s disease, 
highlighting the possible adverse effects 
of A2A receptor agonism on the brain. 
The effect of adenosine on lipolysis 
also raises the question of whether this 
pathway is involved in the lipoatrophy 
caused by nucleoside analogues used as 
anti-retroviral drugs. Nevertheless, this 
work adds important information about 
a cellular signaling pathway that may be 
leveraged in finding new therapies for 
obesity and metabolic diseases.  
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Figure 1 Adenosine activates brown or beige adipocytes through the A2A receptor. 
Adenosine activates the A2A receptor, leading to increased cAMP- and PGC-1α-
dependent signaling that enhances thermogenesis and lipolysis in brown and beige 
adipocytes. Crosstalk occurs with adrenergic signaling, which increases cAMP and 
adenosine levels. Adenosine is released both through efflux from brown adipocytes 
and through breakdown of extracellular ATP by the ecto-5′-nucleotidase CD73. AR, 
adrenergic receptor.
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