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LEPTIN – IT’S ROLE IN ENERGY HOMEOSTASIS

Dipti Mohapatra1, Prakash K. Sasmal2, Nibedita Priyadarsini1, Ellora Devi1, 
Priyambada Panda1

1Department of Physiology, IMS & SUM Hospital, SOA University, Bhubaneswar, Odisha, India; 2Department of Surgery, AIIMS,  
Bhubaneswar, Odisha, India.

ABSTRACT
Leptin (from the Greek leptos, meaning thin) is a 167-amino acid protein hormone with important effects in regulating body 
weight, metabolism and reproductive function. Leptin, an adipose tissue derived hormone relays information about the peripheral 
energy reserve and their availability to the brain. This review article is on understanding the physiology of leptin and its role in 
energy homeostasis thereby controlling obesity, neuroendocrine function, energy metabolism and insights into emerging clinical 
applications. It also addresses the possible therapeutic uses of leptin in humans.
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INTRODUCTION

Obesity is a rising menace globally, especially in the rap-
idly developing countries. The weight of the individual is 
maintained by a balance between the energy intake and 
expenditure. It is because of the easy availability of high 
calories diet and lack of physical activity due to seden-
tary lifestyle that obesity is an emerging problem. The 
excess energy is stored in the form of triglycerides in the 
adipose tissue.

An interesting neuroendocrine system controls the ener-
gy balance in the body by constantly monitoring energy 
storage, availability, and consumption. Adipose tissue 
and the brain are the two main components of this neu-
roendocrine system. The brain controls energy homeo-
stasis and body weight by integrating various metabolic 
signals released in peripheral tissues. One of the key 
components is leptin, an adipose tissue derived hormone 
that conveys critical information about peripheral energy 
storage and availability to the brain. 

The term leptin is derived from the Greek word leptos, 
meaning “thin”. Leptin is a protein approximately of 16 
kDa in mass and encoded by the obese (ob) gene1. In 
human beings the gene for leptin is located on chromo-
some 7. 

Leptin, the genetic defect of ob/ob mice was first de-
scribed in the 1950s as the spontaneous mutation that 

causes a severe obese phenotype due to both overeating 
and decreased energy expenditure. The gene was named 
ob and the obese mice carrying the mutation were called 
ob/ob mice2.

Leptin is a 167-amino acid protein hormone with impor-
tant effects in regulating body weight; metabolism and 
reproductive function3. Leptin is expressed mainly by 
adipocytes, which fits with the idea that body weight is 
sensed as the total mass of fat in the body4.

Leptin in smaller amounts of are also secreted by cells 
in the epithelium of the fundus of the stomach, skeletal 
muscle, liver, placenta, heart, in granulose and cumulus 
oophorus cells of the human ovaries, human mammary 
gland and gastric epithelium5-7.

The Adipocyte Brain axis: The adipose tissue–de-
rived hormone leptin is produced in proportion to the 
body fat stores. Circulating leptin serves to communicate 
central nervous system (CNS) the state of body energy 
repletion in order to suppress food intake and permit en-
ergy expenditure 8-10.

Leptin decreases appetite and increases energy expendi-
ture through sympathetic activation, which consequently 
decreases adipose tissue mass and body weight through 
its action on the hypothalamic nuclei (Fig. 1). To regu-
late energy balance in humans the hormone levels are 
decreased during fasting and increased after several 
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days of overfeeding. So leptin is considered a homeo-
static hormone regulating food intake and body weight. 
Due to latter homeostatic control mechanism, leptin is 
an anti-obesity hormone, based on the hypothetical fact 
that high leptin levels would prevent the occurrence of 
obesity. Unfortunately, this is not the case, and so the 
strong correlation between serum leptin levels and body 
fat mass found in obese individuals now suggests the ex-
istence of an endogenous leptin-resistant mechanism in 
obesity 11.

The Leptin Resistance as the important cause 
for obesity: Leptin was also proposed to be a satiety 
factor because a defect in leptin molecule or receptors 
led to overeating and obesity. Circulating leptin levels 
are directly proportional to adipose tissue mass12. High 
serum levels of leptin signal the presence of sufficient en-
ergy stores to sites in the central nervous system, which 
respond by reducing appetite and increasing energy ex-
penditure, preventing severe obesity. Therefore, leptin 
signals the nutritional status from the periphery to the 
area of the brain involved in the homeostasis of energy 
balance. However, the primary function of leptin may not 
be as a satiety factor. Leptin treatment at physiological 
levels reduces eating (and increases energy expenditure) 
by ob/ob mice to the levels of normal mice, but it does 
not cause satiety (end of eating). Higher doses of leptin 
are required to decrease food intake in normal animals13. 
The same relationships are true in humans with the ob 
gene defect and normal humans.  Leptin levels are also 
modulated acutely. For example, leptin levels change 
rapidly with feeding or fasting disproportionately to the 
changes in fat depot. Therefore, leptin is not just a read 
out of the fat stores14.  Leptin is expressed predominantly 
by adipocytes, which fits with the idea that body weight 
is sensed as the total mass of fat in the body, it is a key 
mediator in the regulation of food intake and energy ex-
penditure.

Whereas women have higher leptin concentrations, even 
after correction for body fat mass, in both genders the 
subcutaneous fat depot seems to be a stronger predictor 
of leptin levels than intra-abdominal fat15.Body adiposity 
has been shown to be a major determinant of circulating 
leptin. Leptin appears to function more as a signal of re-
cent energy balance than as an “adipostat.”16.

Leptin’s effects on body weight are mediated through 
hypothalamic centers that control feeding behavior and 
hunger, body temperature and energy expenditure17. 
Decreased hunger and food consumption is mediated at 
least in part by inhibition of neuropeptide Y synthesis. 
Neuropeptide Y is a very potent stimulator of feeding 
behavior. Increased energy expenditure is measured as 
increased oxygen consumption, higher body temperature 
and loss of adipose tissue mass. As expected, injections 
of leptin into db/db mice, which lack the leptin receptor, 

had no effect. When leptin was given to normal mice, 
they lost weight, showed profound depletion of adipose 
tissue and manifest increases in lean mass. The mecha-
nisms by which leptin exerts its effects on metabolism are 
largely unknown and are likely quite complex. In con-
trast to dieting, which results in loss of both fat and lean 
mass, treatment with leptin promotes lipolysis in adipose 
tissue, but has no apparent effect on lean tissue18.

Leptin has also been implicated in roles as diverse as the 
regulation of the immune system and respiratory func-
tion. In addition, ongoing studies are clarifying the cen-
tral nervous system (CNS) mechanisms by which leptin 
exerts its effects on energy balance as well as suggest-
ing important actions for leptin in regulating peripheral 
metabolic fluxes19-23. 

Adequate leptin levels also permit energy expenditure 
in the process of reproduction and growth and similarly 
regulate the autonomic nervous system, other elements 
of the endocrine system and the immune system 24-25.

LRs and sites of leptin action
The effect of leptin is mediated by receptors (Ob-R). The 
leptin receptor contains an extracellular ligand-binding 
domain, a single transmembrane domain and a cytoplas-
mic signaling domain and is member of the interleukin 
(IL)-6 receptor families of class 1 cytokine receptors 26. 
Leptin receptors are highly expressed in areas of the hy-
pothalamus known to be important in regulating body 
weight, as well as in T lymphocytes and vascular en-
dothelial cells (Fig. 2). 

There are multiple LR isoforms, all of which are products 
of a single lepr gene27-28. The lepr gene contains 17 com-
mon exons and several alternatively spliced 3¢-exons. In 
mice, the six distinct LR isoforms that have been identi-
fied are designated LRa–LRf.  In all species, LR isoforms 
can be divided into three classes: secreted, short and 
long. 

The secreted forms are either products of alternatively 
spliced messenger RNA (mRNA) species (e.g. murine 
LRe, which contains only the first 14 exons of lepr) or 
proteolytic cleaveage products of membrane bound 
forms of LR. These secreted forms contain only extracel-
lular domains that bind circulating leptin, perhaps regu-
lating the concentration of free leptin. Short form LRs 
(LRa, LRc, LRd and LRf in mice) and the long form LR 
(LRb in mice) contain exons 1–17 of lepr and therefore 
have identical extracellular and transmembrane domains 
as well as the same first 29 intracellular amino acids, 
but diverge in sequence thereafter due to the alterna-
tive splicing of 3¢ exons. Short form LRs contain exons 
1–17 and truncate 3–11 amino acids after the splice junc-
tion. LRc-, LRd- and LRf specific sequences are not well 
conserved among species. However, LRa (the most abun-
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dantly expressed isoform) is reasonably well conserved, 
as is LRb, which has an intracellular domain of approxi-
mately 300 residues. LRb is crucial for leptin action. In-
deed, the originally described db/db mice lack LRb (but 
not other LR forms) as a consequence of a mutation that 
causes mis-splicing of the LRb mRNA; these mice display 
a phenotype that is indistinguishable from that of db3J/
db3J mice (which are deficient in all LR isoforms) and of 
leptin-deficient ob/ob animals 29. The function of short-
form LRs is less clear, although proposed roles include 
the transport of leptin across the blood-brain barrier and 
the production of circulating LR extracellular domain to 
complex with leptin. Many of the effects of leptin are at-
tributed to effects in the CNS, particularly in the basome-
dial hypothalamus, a site of high LRb mRNA expression 
30-33. Here, leptin acts on neurons that regulate levels of 
circulating hormones (e.g. thyroid hormone, sex steroids 
and growth hormone) 34. Leptin action on these hypotha-
lamic neurons also regulates the activity of the autonom-
ic nervous system, although direct effects of leptin on 
LRb-containing neurons in the brainstem and elsewhere 
probably also have an important role 35. The effects of 
leptin on the immune system appear to result from direct 
action on T cells that contain LRb 36. Leptin might also 
regulate glucose homeostasis independently of effects on 
adiposity; leptin regulates glycemia at least partly via the 
CNS, but it might also directly regulate pancreatic b cells 
and insulin-sensitive tissues 37-40.

Like other cytokine receptors, LRb does not contain in-
trinsic enzymatic activity but instead signals via a non-
covalently associated tyrosine kinase of the Jak kinase 
family (Jak2 in the case of LRb).

A. Jak-STAT pathway
LEPR-B appears to be competent for intracellular sig-
nal transduction and is critical for energy homeostasis. 
LEPR-B upon leptin binding to its extracellular domain, 
undergoes a conformational change to activate its associ-
ated Jak2 tyrosine kinase 41. Activated Jak2 promotes the 
tyrosine phosphorylation of several intracellular residues 
on LEPR-B (also on Jak2 itself) and each tyrosine phos-
phorylation site recruits a specific set of downstream 
molecules to promote specific intracellular signals. LEPR-
B contains three distinct tyrosine phosphorylation sites: 
Tyr985, Tyr1077 and Tyr1138 42. Tyr1138 recruits signal 
transducer and activator of transcription (STAT 3), a la-
tent transcription factor, which subsequently becomes 
tyrosine phosphorylated (pSTAT3) by Jak2, enabling its 
nuclear translocation and promoting its transcriptional 
effects. Detection of pSTAT3 is used as an important bio-
assay of LEPR-B signaling in vivo 43. Similarly, Tyr1077 
recruits and mediates the phosphorylation and activation 
of a related transcription factor, STAT544. Tyr985 recruits 
the tyrosine phosphatase PTPN11 [protein tyrosine phos-
phatase, non-receptor type 11 (also called SHP2) which 

controls extracellular-signal regulated kinase (ERK) acti-
vation] and also binds suppressor of cytokine signaling 
(SOCS) 3, an inhibitor of Lep Rb Jak2 signaling45.

B. IRS-PI3K pathway:
Intracellular signaling by insulin and leptin converge in 
key neuronal subsets at the level of the insulin receptor 
substrate-phosphatidylinositol-3-OH kinase (IRS-PI3K) 
pathway. A potential mechanism linking the leptin re-
ceptor to IRS-PI3K signaling involves the protein SH2B1 
(46), which appears to facilitate Jak2-mediated IRS 
phosphorylation in response to leptin receptor activa-
tion Although leptin and insulin both have the potential 
to activate IRSPI3K signaling in neurons and other cell 
types, both the sub cellular localization and intracellular 
consequences of this activation can differ substantially 
depending on cell type and on whether activation is me-
diated by leptin or  insulin.

Leptin binding promotes the activation of LEPR-B-associ-
ated Jak2, which phosphorylates three tyrosine residues 
on the intracellular tail of LEPR-B (Fig. 3). Each of these 
phosphorylated residues recruits a unique set of down-
stream signaling molecules. Phosphorylated Tyr985 
(pY985) recruits SHP2 (which participates in ERK acti-
vation) and SOCS3 (an inhibitor of LEPR-B signaling). 
pY1077 recruits the transcription factor STAT5, whereas 
pY1138 recruits STAT3. A variety of processes contrib-
utes to the attenuation of LEPR-B signaling (red lines), 
including the feedback inhibition that occurs by STAT3-
promoted SOCS3 accumulation. PTP1B, ER stress and 
inflammatory signals might also participate in the inhibi-
tion of LEPR-B signaling in obesity.

CONCLUSION

It can be concluded from the various articles that signal 
from peripheral tissues, such as leptin hormone synthe-
sized by adipose tissues, along with various other agents 
act at the central level to regulate energy intake, ener-
gy homeostasis and thereby controlling glucose and fat 
metabolism. The leptin hormone pathway may be a po-
tential tool to fight against the rising menace of obesity 
and prevent the associated diseases like hypertension, 
myocardial infarction, and diabetes mellitus before their 
emergence.
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Figure 1: Relationship of leptin with food intake

Figure 2 Leptin Receptor signaling

Figure 3: Schematic diagram showing LEPR-B signaling. 


