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Obesity has reached epidemic proportions in the United States, and obesity-related illnesses have become a leading
preventable cause of death. Childhood obesity is also growing in frequency, and the impact of a lifetime spent in the
overweight state is only beginning to emerge in the literature. In this issue of the JCI/, Bumaschny et al. used a genetic
mouse model to investigate the self-perpetuating nature of obesity and shed some light on why it can become
increasingly difficult to lose weight over time.
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Obesity has reached epidemic proportions in the United States, and obesity-
related illnesses have become a leading preventable cause of death. Child-
hood obesity is also growing in frequency, and the impact of a lifetime spent
in the overweight state is only beginning to emerge in the literature. In this
issue of the JCI, Bumaschny et al. used a genetic mouse model to investigate
the self-perpetuating nature of obesity and shed some light on why it can
become increasingly difficult to lose weight over time.

The global pandemic of obesity affects the
health of more than 500 million people.
Obesity poses a major risk for other comor-
bid diseases and has become a leading
preventable cause of death in the United
States. For morbidly obese patients, a mod-
est (5%-10%) reduction in body weight can
bring significant health benefits such as
improvements in blood pressure and gly-
cemic control, which may ultimately con-
tribute to decreased mortality (1). Never-
theless, despite lifestyle interventions and
numerous efforts in developing effective
anti-obesity therapies, sustained weight
management remains a challenge for most
obese patients.

Limited efficacy and weight rebound are
two common problems, yet the mechanisms
underlying treatment refractoriness remain
to be identified. It is generally believed that
chronic obesity may trigger maladaptive
responses that help retain a state of sus-
tained positive energy balance. However,
given the complex genetic, environmental,
and social factors involved in the etiology of
obesity, it has been very difficult to evaluate
the impact of chronic obesity itself on the
effectiveness of anti-obesity therapies.
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In this issue of the JCI, Bumaschny and
colleagues generated a novel mouse obe-
sity model in which severe and early-onset
obesity is induced by the loss of a single
gene, proopiomelanocortin (Pomc), in a
small population of neurons in the brain
(2). Notably, the model allowed the authors
to “treat” the obesity by restoring Pomc
expression at different ages and directly
test the efficacy of gene therapy after dif-

ferent durations of the obese state.

Reversible genetic obesity

The Pomc gene encodes a polypeptide that
is most abundant in the anterior pitu-
itary gland and in neurons in the arcuate
nucleus of the hypothalamus (ARH). The
241-amino-acid polypeptide is the precur-
sor of many physiologically important
molecules, including the anorexigenic
peptide a-melanocyte-stimulating hor-
mone (a-MSH) (3). Mutations of the Pomc
gene, in both rodents and humans, lead to
severe early onset of obesity as well as adre-
nal insufficiency that is the result of defi-
ciency in another Pomec product, adrenocor-
ticotropic hormone (ACTH) (4-6).

A major strength of the work of Bumas-
chny et al. is the generation and charac-
terization of several elegant genetic tools
for in vivo obesity studies. First, in order
to generate a Pomc-deficient obesity model
without pituitary dysfunction, Bumas-
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chny et al. took advantage of their previous
findings that Pomc expression in the pitu-
itary gland and hypothalamus is governed
by two independent upstream regulatory
sequences (7) and engineered a new knock-
in mouse line in which Pomc transcription
is selectively disrupted specifically in hypo-
thalamic neurons (2). As expected, these
mice developed early-onset obesity due
to the lack of hypothalamic Pomc expres-
sion, whereas Pomc expression in pituitary
cells remained undisturbed. An important
feature of this model is that physiological
levels of Pomc expression can be restored
by tamoxifen-inducible Cre-mediated
recombination (8), so that the hypotha-
lamic Pomc deficiency can be reversed at
different postnatal stages in a temporally
controlled manner.

Timing is everything

Bumaschny and colleagues found that res-
toration of neuronal Pomc expression in
lean juvenile mice completely prevented
the subsequent development of obesity.
However, the ability of hypothalamic Pomc
reexpression to normalize body weight
was progressively attenuated as the age
of Pomc rescue was delayed and the obe-
sity was allowed to continue. Given that
the degree of Pomc restoration remained
constant among all age groups, Bumas-
chny and colleagues suspected that the
increased adiposity and the metabolic
changes associated with obesity played
a major role in the blunted phenotypic
responses to Pomc rescue. In an innovative
approach, the authors tested this hypoth-
esis using a caloric restriction regimen to
delay the onset of obesity in older Pomc-
deficient mice. At P60, when obesity is evi-
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dent in Pomc-deficient mice fed ad libitum
and Pomc reexpression can only partially
alleviate the development of obesity, the
calorie-restricted Pomc-deficient mice had
body weight comparable to that of wild-
type controls. Furthermore, Pomc restora-
tion in calorie-restricted mice successfully
prevented the subsequent development of
obesity. These results therefore indicate
that the preceding development of obesity
and its cumulative effects, but not age, are
responsible for the attenuated phenotypic
responses to Pomc rescue in older Pomc-
deficient mice (Figure 1).

A key point of the work of Bumaschny et
al. is the potential importance of early inter-
vention for the effective treatment of obe-
sity and its associated comorbid conditions.
This is particularly relevant in our society
today. For example, more than one-third of
children and adolescents are overweight or
obese in the United States (9), and the rates
are increasing. If left unmanaged, obesity
in childhood is likely to persist into adult-
hood (10), and, as indicated by Bumaschny
et al,, these individuals may become resis-
tant to later medical interventions. Indeed,
the authors’ finding that, despite the sig-
nificant normalization of hyperphagia, the
improvement in body weight progressively
waned as the restoration of Pomc expres-
sion was delayed supports the notion that
obesity is a self-perpetuating condition that
needs early management and intervention.
Finally, it has become increasingly clear that
alterations in the metabolic state of moth-
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ers during critical periods of fetal develop-
ment, both in utero and in the early postna-
tal period, can have long-lasting effects in
the offspring (11, 12). Thus, early interven-
tion to combat obesity may become even
more of an issue as more and more children
are born in the context of maternal obesity
and diabetes.

Hungry for more
Despite these provocative and potentially
important results, relatively little is known
about how obesity induces maladaptive
changes that permanently alter normal
body weight homeostasis. It is conceivable
that being chronically overweight may alter
the structure and function of brain circuits
that mediate the central control of energy
homeostasis. This possibility for “plasticity”
in the hypothalamus has been highlighted
in recent studies (13, 14). Moreover, previ-
ous studies have implicated obesity-associ-
ated hyperleptinemia (15), chronic inflam-
mation (16), ER stress (17), and changes in
reactive oxygen species (18) in the altera-
tions in hypothalamic neurons. Addition-
ally, a recent study found reduced adult
hypothalamic neurogenesis in mice with
diet-induced obesity (DIO) and in leptin-
deficient ob/ob mice, suggesting obesity also
affects the dynamic turnover and remodel-
ing of the hypothalamic neurons (19).
Bumaschny et al. made another impor-
tant finding by showing that although
Pomc restoration is effective in normal-
izing food intake, it does not correct the
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Figure 1

Pomc deletion in the hypothalamus leads to
obesity in ad libitum fed mice. Bumaschny and
colleagues demonstrated that the restoration
of hypothalamic Pomc expression could nor-
malize body weight in young mice, but this
is progressively attenuated as obesity was
allowed to continue and the age of Pomc res-
toration was delayed. When Pomc-deficient
mice were aged on a calorie-restricted diet,
later Pomc reexpression prevented the sub-
sequent development of obesity, suggesting
that the preceding development of obesity,
but not age itself, is responsible for the attenu-
ated phenotypic responses to Pomc rescue in
older Pomc-deficient mice.

defects in energy expenditure after obesity
is established. This finding raises the pos-
sibility that obesity may induce maladap-
tive and irreversible changes that selectively
affect neural circuits that regulate energy
expenditure and is consistent with previ-
ous findings that food intake and energy
expenditure are regulated by distinct neu-
ral pathways downstream of hypothalamic
Pomc neurons (20). Finally, the elegant
mouse model Bumaschny et al. describe
could be used to probe any number of
other physiological processes that have
been ascribed to Pomc neurons, including
the regulation of glucose homeostasis,
physical activity, and mood regulation (3).

Conclusions

In summary, with the increasing prevalence
of obesity and the paucity of effective treat-
ments, it is imperative to design new strate-
gies to halt the obesity epidemic. By using a
novel reversible monogenic obesity model,
Bumaschny et al. explored the temporal
window for effective treatment and pro-
vided new insights into the mechanisms
underlying treatment refractoriness. These
findings highlight the potential necessity
of early intervention in the treatment of
obesity and have important clinical impli-
cations for the management of childhood
obesity. Moreover, these studies extend our
current understanding of obesity progres-
sion and suggest more attention should be
focused on reversing the obesity-associated
maladaptive changes in the brain.
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Micro-editing mistake translates into
a devastating brain tumor
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RNA modifications are increasingly being recognized as critical players in
cancer. While adenosine-to-inosine RNA editing is consistently deregulated
in cancer, we are still unable to draw a straight line connecting transcript-
specific editing and carcinogenesis. The findings by Choudhury et al. in this
issue of the JCI bridge this gap by mechanistically implicating underedit-
ing of miR-376a* in promoting glioma invasiveness through redirection
of its mRNA targets. Moreover, RAP2A and AMFR convincingly emerge as
key regulators of glioma migration and invasion affected by deregulated
microRNA editing. Being inherently malleable, epigenetic mechanisms may
provide feasible targets for therapeutic benefit.

Advances in the understanding of RNA-
based regulatory pathways are revolution-
izing biology and medicine. In this issue of
the JCI, Choudhury et al. (1) describe the
interplay of microRNAs (miRNAs), major
players in cancer, with the adenosine-to-
inosine (A-to-I) RNA editing machinery.
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MicroRNAs: small RNA molecules
with a major role in cancer

miRNAs constitute a new type of regulators
of gene expression. Thousands of miRNAs
have been identified in plant and animal
genomes, including the human genome
(reviewed in ref. 2). miRNA genes are usual-
ly transcribed into primary stem-loop struc-
ture precursors (pri-miRNAs) that are pro-
cessed in the nucleus by Drosha-containing
complexes into approximately 70-nt hair-
pin precursors (pre-miRNAs). Pre-miRNAs
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are exported to the cytoplasm and further
trimmed by Dicer complexes, with loop
removal resulting in approximately 21- to
23-nt-long mature miRNAs. One strand of
the miRNA duplex is bound by an Argo-
naute protein to form a miRNA-induced
silencing complex (miRISC) that regulates
the expression of target mRNAs contain-
ing complementary sequences. Pairing
between miRNAs and their cognate mRNA
targets usually results in decreased protein
expression, owing to mRNA degradation
and translational repression. Most target
mRNAs are regulated by miRNA binding
to the 3" untranslated regions (UTRs). The
resulting miRNA/mRNA duplex includes a
perfect pairing segment between a “seed,”
comprising nt 2-7 at the 5" end of the
miRNA and the complementary target (2).
This post-transcriptional regulatory mech-
anism is an integral part of most cellular
pathways and gene networks. Aberrations
of miRNAs biogenesis and function have
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