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Cancer cells feature strong metabolic changes to cope 
with the high energy demand for cell growth and divi-
sion. Given the importance of metabolic reprogram-
ming in tumor development, it seems logical that tu-
mor suppressors and oncogenes are also regulating the 
molecular pathways controlling these processes. The 
p53 tumor suppressor gene has been extensively stud-
ied for its role in responding to DNA damage, hypoxia, 
and oncogenic activation. During the last years, we 
have learnt that p53 has also the capacity to modulate 
metabolic changes in cells by regulating a large variety 
of pathways such as glycolysis, oxidative phosphoryla-
tion or fatty acid metabolism. Our group has recently 
found that the lack of p53 in AgRP neurons, but not 
POMC neurons, causes that mice are more prone to 
develop diet-induced obesity (Nat Commun. 9(1):3432). 
The reason for this is that these mice showed a late 
increase in food intake and especially because they 
had a reduced thermogenic activity in BAT. The mech-
anism modulating these actions involves the upregula-
tion of MKK7 that activates c-Jun N-terminal kinase. 
 
Cancer cells undergo profound metabolic changes to cope 
with the high energy demand for cell growth and division. 
Given the importance of this metabolic reprogramming in 
tumor development, it seems logical that tumor suppres-
sors and oncogenes are also regulating the molecular 
pathways controlling these processes. The p53 tumor sup-
pressor gene has been extensively studied for its role in 

responding to DNA damage, hypoxia, and oncogenic acti-
vation. In addition to these “classical” responses, p53 levels 
are also increased in the liver or white adipose tissue when 
mice are fed a high fat diet. A recent study of our laborato-
ry has found that protein levels of p53 are increased in the 
hypothalamus of diet-induced obese animals. The mecha-
nisms responsible for the activation of p53 by metabolic 
and other stress signals are complex, but once activated, 
p53 primarily exerts its functions by acting as a transcrip-
tion factor, regulating the expression of both genes and 
microRNAs. During the last years, we have learnt that p53 
has also the capacity to modulate metabolic changes in 
cells by regulating a large variety of pathways such as gly-
colysis, oxidative phosphorylation or fatty acid metabolism. 

The functions of p53 to control various aspects of cellu-
lar metabolism lead to important physiological changes as 
reflected by different reports targeting p53 in different key 
metabolic organs. For instance, the depletion of p53 in 
white adipose tissue enhanced insulin sensitivity and glu-
cose tolerance when mice were fed a high fat high sucrose 
diet, while its overexpression impairer both insulin sensitiv-
ity and glucose tolerance. In brown adipose tissue (BAT), 
the effects of p53 depend on when it is manipulated. Mice 
lacking p53 in BAT at embryonic stages did not show signif-
icant alterations in energy homeostasis. However, the 
knockdown of p53 in the BAT of adult mice slightly in-
creased body weight and inhibited BAT thermogenic activi-
ty, while the overexpression of p53 in the BAT of adult 
mice reduced weight gain and stimulated BAT activity. In 
the liver, two studies have demonstrated that the lack of 
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hepatic p53 triggers lipid accumulation, and these effects 
seem to be mediated by increased levels of p63, and stimu-
lation of inhibitor of nuclear factor kappa beta (IKKβ) and 
endoplasmic reticulum stress. Finally, related to a pancre-
atic function, mice lacking p53 in the whole body were 
protected against the development of diabetes in strepto-
zotocin-induced type 1 diabetes and db/db mouse models 
of type 2 diabetes. 

In addition to the metabolic function of p53 in these 
peripheral organs, the ability of p53 to regulate energy 
homeostasis through the central nervous system has been 
recently deciphered. The central nervous system, and par-
ticularly the hypothalamus, orchestrates the regulation of 
many different biological actions including energy balance. 
This requires that the brain receives continuous infor-
mation about energy stores, processes that information 
and execute the orders to control tissues that are essential 
to maintain energy homeostasis, controlling energy intake, 
energy expenditure and nutrient partitioning. Within the 
hypothalamus, the arcuate nucleus of the hypothalamus 
(ARC) is structurally unique with lacking blood brain barrier, 
and thus it receives direct signals (hormones, nutrients, 
amino acids, metabolites, etc) from the periphery. The ARC 
is mainly constituted by two neuronal populations, one 
leading to a positive energy balance express agouti-related 

protein (AgRP) and neuropeptide Y (NPY), while neurons 
leading to a negative energy balance express 
proopiomelanocortin (POMC). Our group has found that 
the lack of p53 in AgRP neurons, but not POMC neurons, 
causes that mice are more prone to develop diet-induced 
obesity. The reason for this is that these mice showed a 
late increase in food intake and especially because they 
had a reduced thermogenic activity in BAT (Figure 1). The 
mechanism modulating these actions involves the upregu-
lation of MKK7 that activates c-Jun N-terminal kinase (JNK), 
an event that occurs previous to the development of obesi-
ty, and that was in agreement with a previous report indi-
cating that activation of JNK signalling in AgRP neurons 
induced adiposity in mice. Supporting the important role of 
JNK, we also found that the pharmacological inhibition of 
central JNK reversed the obese phenotype of AgRP-Cre 
p53loxP/loxP mice. Furthermore, the knockdown of p53 in the 
ARC promoted weight gain in WT but not in JNK1-deficient 
mice. Although our results indicate that JNK is a key mole-
cule for the regulation of central effects of p53, we must 
take into account that p53 is a transcription factor modu-
lating the expression of a very large list of genes. Therefore, 
it is likely that p53 could modulate body weight through 
different mechanisms besides JNK. 

 

FIGURE 1: Schematic representation of the effects after ablation of p53 in AgRP neurons (upper panel) and the overexpression or rescue 
of p53 in AgRP neurons (lower panel). SNS, sympathetic nervous system. DIO, diet-induced obesity. UCP1, uncoupling protein 1. See text 
for details. 
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Consistent with loss-of-function experiments causing 
weight gain, virogenetic tools overexpressing p53 in the 
ARC of diet-induced obese mice led to reduced weight gain 
by diminishing the levels of MKK4 and 7 and phosphory-
lated JNK, suppressed feeding and stimulated BAT thermo-
genic activity. Moreover, the recovery of p53 in AgRP neu-
rons of conditional knockout mice ameliorated diet-
induced obesity by triggering BAT thermogenesis. For ex-
erting these effects on BAT, p53 requires an intact sympa-
thetic nervous system, because the administration of an 
antagonist of the beta 3 adrenoreceptor, which mediates 
the activity of the sympathetic nervous system in adipose 
tissue, blunted brain p53-induced weight loss and BAT 
thermogenic activity. 

Despite the metabolic function of p53 in the hypothal-
amus seems clear, an important question is whether these 
effects might be related or indirectly provoked by altera-
tions in the integrity of AgRP neurons. In this sense, we 
failed to detect changes in markers of inflammation, apop-
tosis or senescence in the hypothalamus of mice lacking 
p53 in AgRP neurons, suggesting that metabolic effects can 
be dissected from those events. An interesting aspect to be 
studied in the near future will be whether hypothalamic 
p53 might regulate apoptosis and/or senescence at an 
advanced age, because our studies were done in young 
mice (maximum 18 week-old). Taking into account that 
mice lacking p53 globally need at least 16 weeks to devel-
op tumors, it seems plausible to hypothesize that mice 
lacking p53 only in a particular neuronal subset would re-
quire a longer time to show alterations in several aspects 
related to cell cycle and viability. Another intriguing ques-
tion is whether p53 may play an important role in extrahy-
pothalamic areas that are also relevant in the control of 
energy balance like the brainstem, or brain regions related 
to food reward and motivation like the ventral tegmental 
area or nucleus accumbens. In this regard, it is worth to 

mention that peripheral signals like leptin (catabolic) or 
ghrelin (anabolic) not only act via hypothalamic neuronal 
pathways but also modulate hedonic mechanisms. Since 
we found that p53 in AgRP neurons modulated the orexi-
genic and adipogenic effects of ghrelin, it is tempting to 
speculate that perhaps p53 could also modulate the role of 
ghrelin –and other signals- in areas related to the hedonic 
control of food. 

Although much is still unknown about the precise met-
abolic role of p53 in different organs, it is likely that future 
research will continue to unmask new exciting and unex-
pected functions of this transcription factor, that seems to 
be definitely much more than the guardian of the genome. 
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