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Abstract

A major advance in the understanding of
the control of appetite, food intake, and
energy expenditure came with the discov-
ery of leptin. Leptin concentrations corre-
late with adipose tissue mass, and leptin
acts via the central nervous system (CNS)
to reduce food intake and increase energy
expenditure. A variety of different neuro-
transmitters have been implicated in
mediating the CNS effects of leptin. In
humans, leptin deficiency is unlikely to be
a major cause of obesity. Most humans are
not leptin deficient, but have a leptin con-
centration raised in proportion to their fat
mass. A recent clinical trial looking at the
use of recombinant leptin in treating
human obesity has resulted in only vari-
able amounts of weight loss. The role of
leptin extends beyond the control of food
intake and energy expenditure. Leptin
reverses many of the physiological re-
sponses to starvation. It is suggested that
the main role of leptin might be in
response to food deprivation and not in
obesity.

(¥ Clin Pathol 2001;54:1-3)
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The prevalence of obesity is growing at a wor-
rying rate throughout the world. In England
and Wales, the latest prevalence figures indicate
that the rate has more than doubled since
1980. This explosion in the frequency of obes-
ity has occurred in the face of an increasing
understanding of the pathophysiological con-
sequences and associated health hazards. The
major determinant of this increase in such a
short space of time is the sedentary nature of
modern life that has not been parallelled by an
appropriate reduction in energy intake. Irre-
spective of these factors, it is acknowledged
that underlying genetic and molecular mecha-
nisms are important and, as a consequence, the
drive to identify these has become even more
intense.

A major breakthrough came with the discov-
ery of leptin by Zhang ez al.' When the ob gene
was cloned, it was found to encode a 16 kDa
protein, which has been called leptin. Recessive
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duction of leptin, with the ob/ob mouse
becoming obese, insulin resistant, and infertile
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from early life. Intraperitoneal injections of
leptin into ob/ob mice result in a fall in body
weight within days and by 33 days 40% of the
original weight is lost. Leptin effects this weight
loss in the ob/ob mouse by both a profound
reduction in food intake and an increase in
energy expenditure.” Leptin mRNA is mostly
expressed in white adipose tissue and leptin
induced weight loss is restricted to these areas.
In contrast, diet induced weight loss leads to
loss of both lean and adipose tissue. Leptin can
be found circulating in both free and bound
forms. Leptin appears to be an afferent signal
that indicates the size of fat stores, and plasma
leptin concentrations correlate closely with
adipose tissue mass in human and animal
models.’

Several different forms of specific Ob-R
receptors for leptin have been identified in the
central nervous system (CNS) as well as
peripheral structures such as lung, kidney, and
liver.* Mutations of the Ob-R receptor are
associated with rodent obesity. The db/db
mouse, which is phenotypically identical to the
ob/ob mouse, has, by contrast, high circulating
concentrations of leptin. The db mutation
encodes the cytoplasmic domain of the leptin
receptor and therefore leads to a state of leptin
resistance through the production of a faulty
receptor.’

The main site of action for leptin is the CNS,
which it enters via a saturable transport
system.’ Leptin receptors are expressed in a
variety of different areas of the brain, including
the hypothalamus. When leptin is administered
into the lateral ventricles of ob/ob mice they
show a reduced food intake within 30 minutes.’
The CNS effects of leptin are mediated
through several different neurotransmitters.
Neuropeptide Y is a potent stimulator of food
intake and its production is inhibited by leptin.
Leptin reduces the amount of pre-pro-
neuropeptide mRNA in cells from the hypotha-
lamus in the ob/ob mouse.® Nevertheless, other
pathways are also important because neu-
ropeptide Y deficient mice have normal body
weights and food intake.’ Proopiomelanocortin
(POMC) appears to be an important second
messenger in the leptin pathway. POMC
neurones express mRNA for the long form of
the leptin receptor in the arcuate nucleus and
leptin modulates POMC gene expression.'’ In
addition, linkage between leptin and a region of
chromosome 2, containing the POMC locus,
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has been described." POMC is cleaved to form
o-melanocyte stimulating hormone (MSH)
and adrenocorticotrophic hormone (ACTH)."
0-MSH acts via the melanocortin 4 receptor
(MC4-R) in the hypothalamus to reduce food
intake and increase energy expenditure.” In
the yellow mouse model there is increased pro-
duction of agouti, a protein that is normally
synthesised in hair follicles and antagonises the
effects of MSH via blockage of the MC4-R.
Agouti was found to antagonise the MC4-R in
the hypothalamus and it is postulated that this
receptor blockade leads to obesity."* MC4-R
knockout mice are obese.” Furthermore,
agouti related transcript (ART) is an endog-
enous antagonist of melanocortin signalling
and overexpression results in obesity."

In rodent models, leptin appears to have
other important effects, which extend beyond
those controlling food intake and energy
expenditure. The treatment of infertile female
ob/ob mice with leptin restores fertility.'” Inter-
estingly, fertility is also restored when pituitary/
hypothalamic extracts from normal mice are
placed into ob/ob mice. Similarly, ovulation
occurs if the non-functioning ovaries of ob/ob
mice are transplanted into a normal mouse."
These findings suggest a defect in the
hypothalamic—pituitary system. Moreover, lep-
tin is important for the onset of sexual maturity
and puberty by acting as a signal to the repro-
ductive system when adequate fat stores are
available to meet the demands of reproduc-
tion."”

Reductions in leptin concentrations might
be important in the physiological response to
starvation. During starvation, the thyroid and
growth hormone axes are suppressed to help
conserve energy. In addition, fertility is reduced
so that reproduction only takes place during
times of plenty when the energy demands of
pregnancy and lactation can be met. There is
also an increase in glucocorticoid hormone
release. Leptin administration in mice reverses
the starvation induced suppression of the
thyroid axis and inhibits the release of gluco-
corticoid; on this basis, it is has been proposed
that leptin might play a major physiological role
in the control of the neuroendocrine responses
to fasting.”’ *' Leptin receptors are expressed in
a wide range of peripheral tissues and further
research is needed to define all of the
physiological actions of this molecule.

The initial hypothesis that obesity in humans
results from a relative or absolute deficiency of
leptin has not been borne out. Paradoxically,
most obese humans have high circulating con-
centrations of leptin that are raised in pro-
portion to fat mass,” whereas only a handful of
individuals with severe obesity have been iden-
tified with congenital deficiency®” or a mutation
in the leptin receptor gene.” Human obesity
could represent a state of leptin resistance
because the high concentrations of leptin do
not induce an appropriate reduction in food
intake. Theoretically, leptin resistance could
result from mutations of the leptin receptor or
one or more of the genes “downstream” of the
leptin receptor—for example, POMC or
MC4-R. Accordingly, congenital mutations in
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the leptin receptor associated with obesity have
been described”’; mutations in the POMC gene
result in humans with obesity, red hair, and
adrenal insufficiency®; and frameshift muta-
tions in MC4-R have been demonstrated in a
cohort of severely obese children.”” Another
potential source for leptin resistance is the
“suppressor of cytokine signalling 3” (SOCS-
3). In cell lines, SOCS-3 blocks leptin induced
signal transduction.”® However, it should be
recognised that these mutations probably only
account for a minority of cases of obesity in the
general population.

Detailed observations of a child with severe,
early onset obesity treated with subcutaneous
injections of leptin has demonstrated signifi-
cant and impressive weight loss without any
alteration in 24 hour energy expenditure—a
reduction in basal metabolic rate was counter-
balanced by an increase in physical activity.”’
The chief effect of leptin in inducing weight
loss was mediated by its suppressive effect on
food intake. However, an initial improvement
in gonadotrophin responsiveness to stimula-
tion by gonadotrophin releasing hormone, and
the establishment of gonadotrophin pulsatility
at 12 months of treatment, does not appear to
have been maintained after 18 months, sug-
gesting that the child may be regressing to the
previous hypogonadotrophic state. Further-
more, the anticipated fall in circulating plasma
insulin concentrations has not been seen,
which is in contrast to the ob/ob mouse, where
a dramatic reduction in insulin is seen with
leptin administration. Antibodies to the admin-
istered leptin were detected after two months of
treatment and required an increase in the leptin
dose. The findings in this child raise important
questions about the primary role of leptin and
demonstrate the complexity of hypothalamic
function in humans compared with rodents. In
a recent randomised, double blind, placebo
controlled trial, 73 obese individuals, with
plasma leptin values raised appropriate to their
weight, received subcutaneous recombinant
methionyl human leptin (r-leptin) over a 24
week period. Subjects were randomised to
receive one of four increasing doses of r-leptin.
They were also prescribed an energy restricted
diet and exercise programme. Most, but not all,
of the subjects receiving r-leptin lost a modest
amount of weight. This weight loss was
irrespective of their endogenous leptin concen-
tration. However, there was considerable vari-
ability in the amount of weight lost, with those
on the highest dose of r-leptin losing the most
weight.”®

These preliminary results underline the need
for caution when extrapolating from mice to
humans. Indeed, they support speculation that
leptin’s main role in human physiology is to
defend or protect body fat stores rather than
regulate their appreciation. From a teleological
viewpoint, it is likely that leptin’s major
functions evolved from a situation of human
famine and scarcity of food rather than excess.
A decrease in leptin would therefore be accom-
panied by a preservation of energy stores
accompanied by an inhibition in reproductive
ability and a reduction in anabolic hormones
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such as insulin, growth hormone, and thyroid
hormone.

Clearly then, leptin’s role in human physiol-
ogy is not limited to defending body fat stores.
Given that the ob gene shows homology across
a variety of different species, it would be
unusual for it to have been selected through
evolution for primarily an antiobesity function,
particularly when human survival was formerly
dependent on the maintenance of body fat
stores. Thus, it is possible that the most impor-
tant actions of leptin result from a fall in its
plasma values with a major role to improve
survival when food is scarce.” A fall in leptin
concentrations elicits several advantageous
neuroendocrine adaptations, which include the
suppression of the thyroid, growth hormone,
and gonadal axes. Thus, it is arguable that
interest in leptin should be focused more on
studying leptin concentrations in situations of
under nutrition and during periods of weight
gain associated with pubertal development
rather than obesity, particularly when a higher
transport of leptin across the blood-brain bar-
rier is seen at lower leptin concentrations.” In
anorexia nervosa, leptin concentrations are in
proportion to the subjects body mass index,”
and these low leptin values are closely associ-
ated with the neuroendocrine responses that
develop in response to fasting.

The spiralling prevalence of obesity across
the world is having a great impact on health.
The discovery of leptin is an important
landmark in obesity research that has resulted
in major advances in our knowledge about the
pathogenesis of weight gain in animal models.
The exact role that leptin plays in humans
remains uncertain. Evidence to date suggests
that alteration in leptin is not a causative factor
in the development of most instances of human
obesity, but merely a marker of fat stores.
Nevertheless, the evidence from animal mod-
els, and circumstantial findings from humans,
confirms that leptin has important roles in both
the protection of depleted fat stores and as a
trigger for reproductive ability. We suggest that
leptin research needs to define these functions
for the future.
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