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The epidemic surge in the prevalence of obesity is one of
the most serious public health problem confronting the
western societies. Among the adult population in the USA,
65% is overweight and more than 30% is obese and the
picture in Europe is becoming very similar. There has also
been an increase in the obese pediatric population with one
out of three Americans born in the year 2000 expected to
suffer from the complications of obesity like hypertension,
type-2 diabetes and arteriosclerosis later in life [1]. How-
ever, the mechanisms behind obesity are still controversial.
Obesity is usually considered as merely lifestyle disease
caused by overeating and/or decreased physical activity.
Although these factors have obviously great influence on
weight gain, results of many investigations strongly indi-
cate that hereditary factors could be of equal importance
for the development of obesity and of its complications.
Studies conducted on twins and on adoptive children show
that most familial aggregation of obesity is due to genetic
influence rather than to family environment. Interestingly,
even in obese subjects, the weight gain throughout life is
very small compared to the amount of energy ingested; and
a weight gain of about 15 kg, compared to about 50 million
cal (18 tons of food) ingested in lifetime which means that
the regulation of the fat depots would be off by only 0.02%.
This regulation must be extremely precise and the refined
control mechanism is at least in part under genetic control.
It has been proposed that secondary to overeating, the
storage of additional fat will send signals to the brain
informing that the body is overweight, inducing the subject
to eat less and to burn more calories [2]. A major player in
regulating energy intake and energy expenditure is leptin.
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This hormone protein was discovered as the product of the
ob gene. Mice ob/ob were obese and had type-2 diabetes,
due to the segregation of a single genetic locus containing
the mutation. The gene is expressed only in fat cells, white
and brown, and encodes a 167 amino acid-long protein,
leptin. Leptin is secreted after its synthesis and functions as
part of a lipostatic signaling pathway that modulates energy
balance by central and peripheric effects. When fat cells
increase in number and size, greater amounts of leptin are
secreted into the circulation in order to maintain body
weight and energy depots in equilibrium. Hypothalamus,
with its central role in the regulation of hunger and satiety,
is most probably the major target for leptin [3]. Treatment
with recombinant leptin has resulted in a marked weight
reduction in obese animals with ob gene mutations as well
as in normal mice. According to its function it was found
also that mutations in the Ob receptor gene resulted in
marked obesity in rodents.

These data gave hope for new treatment options in
obesity, even though compared to rodents much less is
known about the role of leptin in humans. Except for rare
leptin-deficient individuals, obese humans are minimally
responsive to leptin due to the development of leptin
resistance in the brain and to defects in transportation of
leptin across the blood-brain barrier. The molecular
mechanisms of leptin resistance in humans are still poorly
understood. Suppressor of cytokine signaling 3 (SOCS3)
and tyrosine phosphatase 1 B (PTB1B) has been shown to
play important roles in the blockade of leptin signaling [4].
In addition, recent evidence has demonstrated that
increased serine phosphorylation of Janus kinase 2 (Jak2)
contributes to the blockade of leptin action [5].

An article in the January 2009 issue of “Cell Metabo-
lism” by Lale Ozcan and collaborators [6] very clearly
demonstrates that increased endoplasmic reticulum (ER)
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stress and activation of the unfolded protein response
(UPR) in the hypothalamus of obese mice, inhibits leptin
receptor signaling.

The ER is a sophisticated luminal network in which
protein synthesis, maturation, folding, and transport take
place [7]. Proper ER function is critical for many aspects of
cell physiology, including vesicle trafficking, lipid and
membrane biogenesis and protein targeting and secretion.
Metazoan cells rapidly react to ER dysfunction through a
set of adaptive pathways known as ER stress response
(ESR). ESR can be triggered by disparate perturbations in
normal ER function, such as the accumulation of unfolded,
misfolded or excessive protein, ER lipid or glycolipid
imbalances, or changes in the redox or ionic conditions of
the ER lumen. In response to such dysfunction, the ESR
acts by both increasing the capacity of the ER to fold and
process client proteins, and alleviating the burden on the
organelle by reducing the amount of protein inside the ER.
These effects are achieved through three major pathways:
(1) the unfolded protein response (UPR), a transcription-
dependent induction of ER luminal chaperone proteins and
other components of the secretory apparatus to augment the
polypeptide folding and processing capacity of the ER; (2)
the activation of proteasome-dependent ER-associated
degradation (ERAD) to remove proteins from the ER; and
(3) the control of protein translation to modulate the
polypeptide traffic in the ER.

The three pathways regulate the expression of numerous
genes that function within the secretory pathway, but also
affect broad aspects of cell fate and the metabolism of
proteins, amino acids and lipids. These pathways provide a
response that remodels the secretory apparatus and aligns
cellular physiology to the demands imposed by ER stress.
Normally with these responses the ER homeostasis is
restored. However, persistent or intense ER stress can also
trigger programmed cell death or apoptosis. ER stress and
apoptosis coupled to it have now been implicated in many
pathologies, including obesity, diabetes, neuro-degenera-
tive disorders, viral infection and a variety of ER storage
diseases. However, in the regulation and execution steps of
ER stress-induced apoptosis in mammals much remains to
be understood and future research is required.

An impressive number of in vivo and in vitro experi-
ments [6] demonstrate that obesity creates a condition of
ER stress and initiates the UPR signaling pathways in the
hypothalamus, which, in turn, leads to inhibition of leptin
receptor signaling and creation of leptin resistance. Their
observations in cellular systems rule out the possibility of a
defect in leptin receptor (LepRB) folding in ER stress
conditions, since translocation of LepRB to the membrane
is not altered. Surprisingly, binding of leptin to LepRB
increases when in the cells ER is stressed, maybe due to a
decreased LepRB internalization after binding of leptin in
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ER stress conditions. Moreover, acute generation of ER
stress in the hypothalamus of lean mice creates a phenotype
similar to that seen in the brain of obese mice. Tunica-
mycin infusion into the third ventricle to activate ER stress,
increases the expression patterns of leptin resistance
markers such as neuropeptide Y (NPY) and aguti-related
peptide (AgRP) and completely blocks leptin-stimulated
signal transducer and activator of transcription 3 (Stat3)
activation. In a heterologous cell system, enhancement of
ER capacity leads to a robust leptin-stimulated lepRB
activation, suggesting that ER capacity is directly related to
the leptin sensitivity. Providing additional support to this
hypothesis, the authors also demonstrated that neuronal
deletion of X-Box-Binding Protein 1 (XBP1), one of the
master regulators of ER folding capacity, and a consequent
reduction in ER function, creates severe ER stress in the
hypothalamus, blocks leptin action, and generates leptin
resistance in mice. The rapid and marked increase in the
level of circulating leptin in the neuronal XBP1-deficient
mice upon high fat feeding indicates an earlier onset of a
higher level of leptin resistance.

XBP1 knockout mice (XNKO) obtained by the authors,
having no obvious phenotypic abnormality, consume more
food, move significantly less, gain more weight and develop
significantly higher level of adiposity and obesity. While all
the results provided support to the hypothesis that ER stress
plays a role in the development of leptin resistance, they
also raised questions of whether the hypothalamic ER stress
might be reduced with chemicals and whether this could be
utilized as a strategy to sensitize obese mice and humans to
the anoxigenic effect of leptin.

Chemical chaperones are a group of low-molecular
weight compounds that increase ER function and decrease
the accumulation and aggregation of misfolded proteins in
the ER lumen and consequently, reduce ER stress [8].
Two chemical chaperones are US Food and Drug
Administration-approved for human utilization, 4-phenyl
butyrate (PBA) and tauroursodeoxycholic acid (TUDCA).
These molecules relieve ER stress in liver and adipose
tissues, enhance insulin sensitivity, and maintain eugly-
cemia in a mouse model of severe obesity and type 2
diabetes (ob/ob) [9]. PBA and TUDCA also exert chap-
erone activity within the CNS [10]. They have been
previously implicated as protective agents in the neuro-
degenerative diseases, where ER stress is one of the
triggering mechanisms for the pathology. The authors
have shown that pretreatment with PBA and TUDCA
having very different chemical structure increases the
leptin sensitivity of both genetic and diet-induced obesity
models. Although high-dose leptin reduces the body
weight of the ob/ob mice, at low doses is ineffective.
PBA or TUDCA coadministration with either high or low
doses of leptin increases the efficacy of leptin.
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The data presented in this study suggest that overcon-
sumption of nutrients itself could be the cause for devel-
opment of leptin resistance, independently from prolonged
leptin action. The results raise the possibility that increased
UPR signaling even before the onset of adiposity and
hyperleptinemia might be creating leptin resistance, since
the leptin levels of XNKO mice severely increase at the
early phases of HFD feeding, which are not proportional to
the body weight.

According to the authors, the important result of the
paper is the ability of both PBA and TUDCA to act as
leptin sensitizers in the diet-induced obesity model. In
HFD-induced obese mice, leptin administration leads to
an initial reduction in body weight, but this weight loss is
rapidly regained, rendering leptin an ineffective antiobe-
sity drug. Pretreatment with the two molecules very dif-
ferent in chemical structure, leads to a significant weight
loss in ob/ob mice and also in HFD-fed diet-induced wild-
type obese mice.

The results reported in the paper add new and strong
data to the demonstration given in the last years by the
same authors that ER stress and activation of UPR sig-
naling pathways play a dominant role in the development
of obesity-induced insulin resistance and type 2 diabetes
[11] and provide important evidence that some chemical
chaperones are leptin sensitizers and could represent a
novel treatment option for obesity.
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