
The discovery of leptin, the product of the ob gene
[1], has broadened the horizons of research in the reg-
ulation of body adiposity and energy balance. This
hormone, produced exclusively by the adipose tissue,
conveys to the brain information on the size of energy
stores and activates hypothalamic centers that regu-
late energy intake and expenditure [2]. In addition,
leptin affects several neuroendocrine mechanisms
and regulates multiple hypothalamic-pituitary axes
[2]. The realization that the adipose tissue is not
merely a storage depot, but also an important endo-
crine gland, has revived the interest in the ªlipostatic
theoryº of body fat regulation [3] and has opened
new opportunities in the investigation and treatment
of disorders such as obesity and anorexia nervosa.

In this review, both the biology of leptin secretion
and regulation as well as our progress in elucidating
the role of leptin in various physiologic and patho-
physiologic states are discussed. More specifically,
particular emphasis is placed on our current thinking
for the role of leptin in physiologic processes, such as
control of body adiposity, adaptation to starvation
and the onset of puberty as well as the pathogenesis
of disorders such as obesity and anorexia nervosa. Fi-
nally, some of the important unanswered questions
about leptin physiology are discussed and future di-
rections for leptin research are suggested.

Historic background

Kennedy [3] first introduced the lipostatic theory of
body weight control, according to which the adipose
tissue produces a hormone that regulates body size.
The elegant work of Hervey [4], based on parabiosis
experiments using rats with hypothalamic lesions,
suggested almost four decades ago the existence of
such a factor that might act on the hypothalamus.
Further work by Hausberger [5], and later by Cole-
man and Hummel [6], also employing the parabiosis
paradigm between genetically obese and wild type
animals, confirmed and extended Hervey's observa-
tions. In these studies, the circulatory systems of two
animals were connected, allowing exchange of circu-
lating hormones. Using genetically obese mice, such
as the ob/ob and the db/db mice, in parabiosis with
wild type animals, these investigators postulated the
existence of a circulating factor in the wild type
mice. They proposed that this substance was absent
in ob/ob mice, since ob/ob mice would lose weight
when connected to wild type mice. Furthermore,
they speculated that db/db mice were resistant to the
action of the unknown factor, since, on one hand,
db/db mice in parabiosis with wild type animals fail
to lose weight, and, on the other, wild type mice con-
nected to db/db mice die of starvation. These findings
were interpreted to result from the actions of large
amounts of the unknown factor that was appropriate-
ly overproduced in response to tissue resistance in db/
db mice.

All these predictions turned out to be correct
when the ob gene was identified by positional cloning
using the ob/ob animal model of obesity [1]. Thus, ob/
ob animals are obese because they fail to produce
leptin [1], whereas db/db animals are resistant to lep-
tin because of a mutation in one of the leptin recep-
tors (vide infra) [7, 8].
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Leptin: from gene to protein and beyond

The mouse ob gene, now called the leptin gene (from
the Greek leptos: thin), consists of 3 exons and 2 in-
trons and encodes a 4.5 kilobase mRNA [1]. The cod-
ing sequence for leptin is contained in exons 2 and 3.
Expression of the obese gene is tissue specific, as lep-
tin mRNA is strongly expressed only in white adipose
tissue. Demonstration of low level expression of lep-
tin mRNA in brown adipose tissue probably repre-
sents contamination from white adipocytes [9]. Lep-
tin mRNA contains a 167 amino acid open reading
frame, including a 21 amino acid signal sequence [1].
The human homologue protein is also exclusively se-
creted from adipose tissue and is 84% homologous
to the mouse protein.

Two different mutations in the mouse leptin gene
give rise to the ob/ob phenotype when present in ho-
mozygous form [1]. One of the mutations abolishes
ob gene transcription and thereby prevents leptin
synthesis, whereas the other leads to the production
of a truncated, inactive protein. This finding raised
the question whether obesity in humans could be
due to leptin deficiency. However, although three
DNA screening studies of obese populations failed
to demonstrate any mutations of the leptin gene [10±
12], one sequence polymorphism of this gene has
been reported in association with extreme obesity
[13]. Moreover, the first two individuals with extreme
obesity secondary to an inactivating mutation of the
ob gene were recently identified [14].

Leptin is secreted from the adipose tissue into the
circulation, where it can be measured using an immu-
noprecipitation assay or a radioimmunoassay [15±
17]. Recent data suggest that the secretion of leptin
is pulsatile [18], and follows a circadian rhythm, with

the highest levels observed during the night [18, 19].
Furthermore, evidence suggests that serum leptin cir-
culates in part bound to transport proteins in the se-
rum of both rodents and humans [20, 21]. Interesting-
ly, the proportion of free leptin in the circulation in-
creases with increasing adiposity [20].

Serum leptin concentrations in humans exhibit a
sexual dimorphism, with serum leptin levels being
considerably higher in women than those in men [22,
23]. Although women tend to have higher fat mass
than men for the same body mass index (BMI), this
dimorphism appears to occur independently of body
adiposity [22, 23]. Two explanations have been pro-
posed for the sexual dimorphism of serum leptin.
First, women have a higher ratio of subcutaneous to
omental fat mass [24]. Since a significantly higher
subcutaneous to omental fat ratio of leptin expression
has been demonstrated in women [25], it is conceiv-
able that the higher serum leptin levels in women
may reflect these gender variations in regional body
fat distribution and leptin expression. Second, it has
been suggested that reproductive hormone status
may account in part for this dimorphism [22, 23].
This view is further supported by recent studies,
which suggested an independent negative association
between serum testosterone and serum leptin levels
[26±28]. Although the significance of higher serum
leptin levels in women is unclear, it is conceivable
that serum leptin may serve as a marker of the critical
fat stores necessary for reproduction and to meet the
energy demands of lactation.

Both in animals and humans, leptin expression and
levels increase as the size of the adipose tissue triglyc-
eride stores increases [15, 16, 29]. Specifically, serum
leptin is highly correlated with the percentage of
body fat and BMI in both humans and rodents [15,
16]. Recent evidence suggests that an increase in ca-
loric intake results in a sharp increase in serum leptin,
approximately 40% over baseline within 12 h, in the
absence of changes in body weight [19, 30]. In con-
trast, serum leptin concentration in humans does not
increase acutely in the postprandial state [30]. On
the other hand, both leptin expression and levels de-
cline rapidly in response to starvation, with serum
leptin levels starting to decline after 12 h of fasting
and reaching a nadir after 36 h [31±33]. Thus, both
body adiposity and acute changes in energy balance
appear to regulate leptin expression and levels. How-
ever, the precise mechanism mediating these distinct
responses to changes in body adiposity and energy
balance remains to be elucidated.

In addition to adiposity and energy balance, a
number of intrinsic adipocyte factors as well as exog-
enous, circulating factors may regulate leptin expres-
sion and secretion. Thus, the leptin gene promoter is
positively regulated by the CCAAT/enhancer-bind-
ing protein a (C/EBPa), a transcription factor impor-
tant in adipocyte differentiation [34, 35]. In contrast,
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Fig.1. Model for the regulation of energy balance involves sig-
nalling by leptin to the brain on the size of adipose tissue. Lep-
tin decreases NPY expression and levels in the hypothalamic
arcuate nuclei, which results in decreased food intake and in-
creased energy expenditure and heat production. A peripheral
action of leptin on insulin secretion is also depicted. WAT,
White adipose tissue; BAT, brown adipose tissue; ObR, leptin
receptor; NPY, neuropeptide Y; SNS, sympathetic nervous sys-
tem



thiazolidinediones, such as the novel oral hypo-
glycaemic agent troglitazone, suppress leptin expres-
sion in animal models [36], an action that is probably
mediated by their binding to the peroxisome prolifer-
ator activating receptor g (PPAR g), a transcription
factor that promotes adipocyte differentiation [36,
37]. Although troglitazone suppresses leptin secre-
tion from human cultured adipocytes [38], it has no
effect on leptin production in vivo [37, 39].

In addition to the above factors, the role of hor-
mones in the regulation of leptin expression is being
intensively explored. Insulin, the first hormone stud-
ied, increases leptin expression and secretion from
both rat and human adipocytes in vitro [40, 41]. How-
ever, although leptin expression is positively regulat-
ed by acute hyperinsulinaemia in rats, this does not
appear to be the case in humans [42±44]. In contrast,
long-term hyperinsulinaemia appears to increase lep-
tin expression as well as circulating leptin levels in hu-
mans [45, 46] with leptin expression and levels begin-
ning to increase approximately 48 h after the onset of
hyperinsulinaemia induced by a hyperglycaemic
clamp [45]. However, whether hyperinsulinaemia ac-
companying insulin resistance is associated with high-
er serum leptin independently of obesity remains un-
clear. Although hyperinsulinaemia has been associat-
ed with higher serum leptin levels in one study of lean
men with insulin resistance [47], patients with other
insulin resistant states, such as non-insulin-dependent
diabetes mellitus (NIDDM) and polycystic ovary

syndrome were not found to have higher serum leptin
levels [39, 48, 49]. However, glucocorticoids in high
doses increase leptin expression in vitro [41, 50] and
in vivo [51]. Furthermore, recent data suggest that pa-
tients with Cushing's syndrome have higher serum
leptin levels independently of body adiposity [52].
Moreover, leptin is positively regulated by cytokines,
including the tumour necrosis factor and interleukin
1 [49, 53, 54], and is negatively regulated by beta3-
adrenergic agonists or cyclic AMP (cAMP) [50, 55,
56]. Furthermore, cigarette smoking has been associ-
ated with decreased serum leptin levels in humans,
possibly reflective of the adrenergic activation that
occurs with cigarette smoking ([57], Mantzoros CS,
Tritos N, unpublished observations). However, an-
other physiologic ªhyperadrenergicº state, hyperthy-
roidism, was found to have no effect on leptin levels
in humans [58, 59].

A major breakthrough in leptin research was the
identification of the leptin receptor, which occurred
within a year from the original report of the leptin
(ob) gene cloning [8, 60]. It is currently known that
mice and rats possess five variants of the leptin recep-
tor, generated through alternative splicing of a com-
mon mRNA precursor [8, 61]. The longest of these
receptors closely resembles the gp130, the common
signal transducing subunit of a group of cytokine re-
ceptors, which includes the interleukin 6, the leukae-
mia inhibitor factor and the ciliary neurotrophic fac-
tor [8, 60]. Furthermore, the long leptin receptor iso-
form is most abundantly expressed in the hypothala-
mus, in keeping with the notion that this part of the
brain represents a major site of leptin action [62].

The structure of the long receptor isoform includes
a large extracellular domain, a short hydrophobic
transmembrane domain, and a fairly short intracellu-
lar portion that contains two sequences for binding
of a Janus kinase (JAK) [8, 63]. Notably, the JAK be-
longs to the tyrosine kinase family and has been
shown to phosphorylate tyrosine residues in the distal
leptin receptor, which allows the binding of one of the
signal transducer and activator of transcription
(STAT) proteins [64]. Bound STAT proteins are in
turn phosphorylated by the JAK, after which they
can signal and activate transcription of specific genes.
Notably, the db/db mouse possesses a mutation that
prevents the expression of the long receptor form [7,
8]. Thus, the long receptor isoform appears essential
for leptin signalling. The long receptor form is also
present in humans and can have sequence polymor-
phisms, which are of unclear significance [65]. How-
ever, it should be stressed that, even though human
obesity is believed to be a leptin-resistant state, there
have been no reported mutations of the long leptin
receptor isoform to date (vide infra).

The other four leptin receptor isoforms do not ap-
pear capable of activating the JAK-STAT pathway.
In fact, the shortest of these lacks a hydrophobic
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Fig.2. Model for the neuroendocrine responses to starvation
involving diminished leptin and insulin levels in response to
fasting. These decreased hormone levels lead to increased
NPY expression and levels in the hypothalamic arcuate nuclei,
which results in diminished BAT thermogenesis and thyroid
and reproductive axis activity as well as increased HPA axis ac-
tivity. A possible positive feedback cycle between hypothalam-
ic NPY and HPA axis activity is also depicted. WAT, White ad-
ipose tissue; BAT, brown adipose tissue; ObR, leptin receptor;
NPY, neuropeptide Y; HPA axis, hypothalamic pituitary adre-
nal axis



transmembrane domain and probably represents a
soluble form of the leptin receptor, possibly a trans-
port protein [8]. Expression of these four receptor
isoforms is abundant in the choroid plexus, where
they may mediate uptake of leptin across the blood-
brain or blood-cerebrospinal fluid barrier [66]. They
are also present in lung and kidney, where they may
mediate leptin clearance [67]. However, it is certainly
conceivable that one or more of the short receptor
isoforms may mediate leptin actions in the periphery
through presently unknown mechanisms. Notably,
the obese phenotype of both the fa/fa Zucker rats
[68, 69] and the Koletsky rats [70, 71] results from
mutations that equally affect all leptin receptor iso-
forms. Specifically, fa/fa rats possess a missense muta-
tion in the common extracellular domain of the leptin
receptor [68, 69], whereas Koletsky rats have a non-
sense mutation that is predicted to lead to total ab-
sence of all leptin receptor isoforms [70, 71].

Leptin actions in the central nervous system
and peripheral tissues

Leptin derives its name from its ability to induce
weight loss in experimental animals. Thus, adminis-
tration of leptin to ob/ob mice, which either lack the
ability to produce leptin or produce a truncated inac-
tive form, results in a sharp decrease in weight, medi-
ated through reduced food intake as well as increased
energy expenditure and thermogenesis [72±74]. Fur-
thermore, leptin rescues both the infertile and insulin
resistant phenotype of ob/ob mice [74±76]. Normal
lean mice also lose weight in response to leptin ad-
ministration, though the magnitude of this response
is not as dramatic as that of the ob/ob mice [74].

Intracerebroventricular administration of leptin
results in a more potent response compared with the
response to systemic leptin administration, suggest-
ing that the central nervous system (CNS) is a major
site of action of leptin [77]. This is further corroborat-
ed by the existence of a saturable transport system for
leptin across the blood-brain barrier, presumably in
the choroid plexus and the hypothalamus [78]. Fur-
thermore, systemic leptin administration to experi-
mental animals has been shown to increase expres-
sion of c-fos, a putative marker for neuronal activa-
tion, in specific hypothalamic and brainstem areas
[79]. Moreover, leptin has been shown to decrease
the release of the orexigenic neuropeptide Y (NPY)
in vitro as well as NPY expression and hypothalamic
NPY levels in vivo [80, 81]. Furthermore, leptin has
been shown to rapidly modulate synaptic transmis-
sion in arcuate hypothalamic neurons in vitro, many
of which contain NPY [82]. It is noteworthy that ad-
ministration of NPY to rodents results in inhibition
of the sympathetic nervous system outflow, decrease
in energy expenditure and improved storage of fat

[83]. Thus, regulation of NPY expression may be in-
volved in mediating the effects of leptin in the CNS.
However, NPY knockout mice respond to leptin ad-
ministration to the same extent as wild-type mice,
suggesting that other mechanisms besides neuropep-
tide Y are also involved in mediating the effects of
leptin in the CNS [84]. Moreover, leptin may affect
neuroendocrine mechanisms other than regulation
of food intake, such as the neuroendocrine responses
to starvation and various aspects of hypothalamic-pi-
tuitary activity, including triggering the onset of pu-
berty (vide infra).

Furthermore, it is being increasingly appreciated
that leptin may also act in the periphery. Thus, leptin
has been recently shown to reduce lipid synthesis in
cultured adipocytes as well as decrease triglyceride
synthesis and increase fatty acid oxidation in normal
pancreatic islet cells in short-term culture [85, 86].
Additionally, leptin may modulate insulin secretion
as well as insulin-regulated responses. First, it has
been suggested that leptin may decrease insulin se-
cretion in vitro [87]. This finding, in combination
with the previously mentioned observation that insu-
lin stimulates leptin secretion, suggests the existence
of a negative feedback loop between leptin and insu-
lin. Second, one study suggested a decrease in insulin
receptor substrate-1 (IRS-1) phosphorylation as well
as modulation of downstream effectors of insulin ac-
tion and up-regulation of gluconeogenesis in hepato-
cytes exposed to leptin in vitro [88], although other
studies have produced conflicting results [89, 90]. Fi-
nally, leptin has been recently shown to stimulate
haematopoiesis in vitro [91, 92] and has also been
found in human fetuses, where it may be involved in
the regulation of fetal haematopoiesis [57, 93, 94].

The role of leptin in health and disease

The physiologic role of leptin has not yet been fully
elucidated. As already mentioned, leptin expression
and levels are consistently associated with body adi-
posity and body mass index in both experimental ani-
mals and in humans [15, 16]. These observations have
suggested that leptin may signal the amount of energy
stores to the hypothalamus [2]. Thus, leptin may pro-
vide important feedback information to the brain,
which is necessary for the precise regulation of long-
term energy balance. In contrast, the fact that leptin
levels do not increase acutely postprandially suggests
that leptin is not a classic short-term ªsatiety factorº,
that is responsible for the sharp decrease in food in-
take that accompanies satiety [16, 19].

Nevertheless, the dramatic effects of leptin admin-
istration to the leptin-deficient ob/ob mice raised ear-
ly hopes that human obesity might similarly be a lep-
tin-deficient state. Although deleterious mutations
of the leptin (ob) gene have not been found in human
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populations [11], two reports have suggested a link-
age of the human leptin (ob) gene with extreme adi-
posity, suggesting that a small segment of human obe-
sity could be due to leptin deficiency [95, 96]. This
view is further corroborated by the recent report of
the first two obese individuals with a mutation of the
leptin (ob) gene [14]. Furthermore, relative hypolep-
tinaemia was recently shown to precede weight gain
among Pima Indians, suggesting that relative leptin
deficiency may be playing a role in the pathogenesis
of obesity in this population [97]. In contrast, current
evidence from studies of western populations sug-
gests that leptin levels increase appropriately in re-
sponse to body adiposity in both adults and in chil-
dren [16, 98]. This observation has suggested that
most cases of human obesity are associated with lep-
tin resistance [16]. Notably, obese individuals have
been shown to have a decreased cerebrospinal fluid
(CSF) to serum leptin ratio, suggesting that a readily
saturable putative transport mechanism across the
blood brain barrier may account for the apparent lep-
tin resistance observed in human obese individuals
[99±101]. Furthermore, it has been suggested that
modest hypercortisolism in association with simple
obesity may contribute to leptin resistance among
the obese [102]. Other possible explanations for the
leptin resistance in the obese include abnormal pro-
tein binding of serum leptin, deficient leptin receptor
or post-receptor transducing mechanisms or, alterna-
tively, the presence of critical defects in other central
pathways that regulate energy balance. Finally,
whether impaired pulsatility of leptin secretion is as-
sociated with leptin resistance in the obese remains
to be demonstrated [18].

Starvation is another condition where leptin ap-
pears to play an important role. More specifically,
starvation results in a sharp decline in leptin levels
both in experimental animals and in humans, that is
out of proportion to body adiposity changes [31±33].
Thus, an acute drop in serum leptin could be responsi-
ble for the documented decrease in energy expendi-
ture that accompanies weight loss [103]. Such changes
in energy expenditure may account for the clinically
observed difficulty that obese people face when at-
tempting to lose weight. Thus, it appears that the
body may be employing leptin as a rapidly acting de-
fence mechanism that aims to maintain the ªstatus
quoº in terms of energy balance and body size, al-
though this remains to be definitively demonstrated.

Besides regulation of energy balance, leptin ap-
pears to influence several neuroendocrine mecha-
nisms. Thus, administration of leptin to starving nor-
mal mice blunts the neuroendocrine responses that
are typically observed in association with starvation,
including decreased gonadal and thyroid axis activity
as well as increased adrenal axis activity [104]. Fur-
thermore, leptin was recently shown to prevent the
fasting-induced suppression of thyrotropin releasing

hormone expression in the rodent hypothalamus
[105]. Additionally, leptin may be involved in the reg-
ulation of growth hormone secretion [106]. It should
also be noted that hypothalamic NPY expression is
increased in starvation, presumably in response to de-
creased leptin and insulin levels [83]. Even though
the evolutionary purpose of leptin is unclear, it has
been proposed [2] that the decline of leptin expres-
sion and levels in starvation may have evolved as an
adaptive mechanism to an environment where food
availability is limited. Such a decline in leptin levels
leads to energy conservation by decreasing thyroid
hormone-induced thermogenesis and avoiding the
energy demands of pregnancy and lactation, while at
the same time increasing secretion of beneficial stress
glucocorticoids that mobilize energy stores [2].

Additionally, recent experimental data support an
emerging role for leptin in the regulation of multiple
hypothalamic-pituitary functions in states other than
starvation. Thus, leptin blunts the hypoglycaemia-in-
duced corticotrophin releasing hormone release
from isolated hypothalamic neurons [107] and the ac-
tivity of the hypothalamic-pituitary-adrenal axis in
humans varies inversely to the serum leptin levels
[18]. These findings, in combination with the previ-
ously mentioned data, according to which dexam-
ethasone stimulates leptin secretion, suggest the exis-
tence of a negative feedback loop between leptin and
glucocorticoids. Moreover, the administration of lep-
tin to ob/ob mice, which are normally infertile, results
in central activation of the hypothalamic-pituitary-
gonadal axis and corrects the sterility defect [75, 76].
Furthermore, leptin has been shown to accelerate
the onset of puberty in normal female mice [108]. Re-
cently, a sharp peak in serum leptin was found to pre-
cede the onset of puberty in boys [109], suggesting
that leptin may be the long-awaited signal that trig-
gers the onset of puberty upon attainment of a critical
body adiposity threshold in the absence of acute
changes in energy balance [110].

The role of leptin is also being actively investigat-
ed in the pathogenesis of other disorders of body
weight regulation, such as anorexia nervosa. Both se-
rum and CSF leptin levels correlate with the BMI of
patients with anorexia nervosa [111, 112]. Moreover,
a longitudinal study of patients with anorexia nervosa
suggested that the CSF to serum leptin ratio is highest
prior to weight gain and decreases as the patients gain
weight [112], indicating that CSF uptake of leptin is
highest when serum leptin is low, as previously sug-
gested in studies involving obese individuals [100,
112]. Importantly, patients with anorexia nervosa ap-
pear to normalize their CSF and serum leptin levels
before their BMI returns to normal, which may ex-
plain their clinically observed resistance to body
weight gain [112]. However, it remains to be clarified
whether altered leptin transport across the blood
brain barrier is inherent to subjects predisposed to
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anorexia nervosa and plays a primary role in the
pathogenesis of this disease or whether altered leptin
transport is a secondary epiphenomenon accompany-
ing weight loss.

Another clinical syndrome where leptin might be
involved is insulin resistance. As already mentioned,
insulin resistance is a consistent feature of ob/ob
mice and improves in response to leptin administra-
tion [74], which may be partly explained by the signif-
icant weight loss that leptin-treated ob/ob mice dem-
onstrate. Furthermore, recent data suggest that leptin
improves insulin sensitivity of normal rats [113]. Such
findings have suggested a possible role for leptin in
the pathogenesis of insulin resistance in humans.
However, screening of the coding region of the leptin
(ob) gene of obese patients with NIDDM failed to
demonstrate any mutations [12]. Furthermore, two
separate studies showed that serum leptin levels
were not different among either NIDDM patients or
women with the polycystic ovary syndrome com-
pared with non-diabetic control subjects [37, 39].
Thus, it is clear that the role of leptin in the pathogen-
esis of insulin resistance requires further investiga-
tion.

Future directions

Despite the rapid advances in our knowledge of lep-
tin, as evidenced by the exponential increase in rele-
vant publications over the past two and a half years,
many questions remain unanswered. At a fundamen-
tal level, the mechanisms governing the regulation of
leptin expression and secretion must be further eluci-
dated. In particular, how the size of triglyceride adi-
pose tissue stores modulates leptin expression re-
mains a mystery. The role of circulating hormones,
paracrine tissue factors, intracellular transcription
factors and other mediators in the regulation of leptin
expression and secretion must be clearly established.
The mechanisms responsible for leptin pulsatility,
leptin binding in the circulation, leptin transport
across the blood brain barrier as well as signal trans-
duction through the leptin receptors must be refined.
Finally, both the neuroendocrine as well as the
emerging peripheral actions of leptin must be further
clarified.

At a physiologic and clinical level, even more an-
swers are sorely needed. Thus, the role of leptin in
the control of physiologic processes, such as the regu-
lation of energy balance, the control of various as-
pects of hypothalamic-pituitary activity (including
the onset of puberty and the neuroendocrine re-
sponse to starvation) and the regulation of haemopoi-
esis, must be definitively established. Importantly, the
involvement of leptin in the pathogenesis of condi-
tions such as obesity, anorexia nervosa, bulimia, insu-
lin resistance and polycystic ovary syndrome must be

further elucidated in various populations and under
various experimental conditions.

Furthermore, although promising, the therapeutic
potential of leptin as a treatment of obesity is unclear
and is just beginning to be explored. Thus, studies are
underway to establish the safety and efficacy of leptin
administration to obese human subjects. Moreover,
both the elucidation of the crystal structure of a hu-
man mutant leptin protein and the localization of lep-
tin activity to the amino acid residues 106±140 raise
hopes for the development of smaller, more potent
peptide analogues of leptin that may have therapeu-
tic potential or can be used to clarify leptin physiolo-
gy in vivo [114, 115].

No doubt, the enthusiasm that followed the dis-
covery of leptin has been a tremendous thrust behind
the precipitous growth of research in leptin, obesity
and in energy homeostasis in general. Thus, the re-
cent cloning of both the human and the murine un-
coupling protein homologue genes (UCP 2 and 3)
raise hopes that the molecular mechanisms governing
thermogenesis in humans, some of which may be reg-
ulated by leptin, will soon be unveiled [116]. We hope
that current and future research efforts will not only
provide much needed answers to the questions posed
above, but they will also lead to tangible benefits for
the large and increasing segment of our population
that is striving to control excessive body weight.

Note added in proof. Recent data suggest that leptin is also
produced by human placenta (117). The possible physiologic
(placental hormone that could influence fetal growth and hae-
matopoiesis) or pathophysiologic role (marker of gestational
trophoblastic neoplasms) of placenta derived leptin remains
to be fully elucidated.
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