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Abbreviations
and Acronyms

BMI = body mass index

research into the hormone’s biol-
ogy, physiometabolic function,
and impact in human disease.

CVD = cardiovascular
disease

Leptin: A Pleiotropic
Hormone and Cytokine

CRP = C-reactive protein P . . .
Leptin is primarily expressed in

adipocytes, and numerous hu-
man and animal studies (15-18)
have shown that leptin levels in-
crease with adiposity, presumably
to inform the brain regarding the
quantity of stored fat. Leptin also
has a structural and functional
relation to proinflammatory cy-
tokines, such as IL-6 (19), rein-
forcing its classification as an
“adipocytokine” (20). These observations, coupled with the
wide expression of leptin and/or its receptor in peripheral
tissues, including monocytes and lymphocytes, vascular
tissue, pancreas, skeletal muscle, and myocardium (21),
suggest that leptin is pleiotropic in action and a pivotal link
in obesity-related disease. Indeed, leptin is involved in
several processes relevant to CVD, including insulin signal-
ing, immunity, vascular function, and arterial pressure
regulation.

IL = interleukin

JAK/STAT = janus kinase
signal transduction and
translation

MI = myocardial infarction
SLIP = serum leptin-

interacting protein

SO0CS3 = suppressor-of
cytokine-signaling-3

Leptin Receptor and Signaling

Leptin signals by engaging an IL-6 type glycoprotein 130
cytokine receptor, encoded by the diabetes (db) gene
(22,23). Six leptin receptor isoforms are known (Ob-Ra—f)
(24), which vary in length, location, and functionality. They
share identical extracellular ligand-binding domains (second
CK-F;), but differ in their intracellular domains (24). The
most is known about Ob-Rb (also known in humans as
Ob-RL; L = long), which is highly expressed in the
hypothalamus and is the only isoform that activates the
janus kinase signal transduction and translation (JAK/
STAT) system. Ob-Rb and other isoforms may signal via
mitogen-activated protein kinases, phosphatidylinositol
3-kinase, and nitric oxide pathways. Ob-Ra is widely
distributed in peripheral tissues, shows signaling capability,
and is thought to transport leptin across the blood-brain
barrier (25). Some isoforms may function in leptin clearance
(Ob-Re¢, Rd) (24) or buffering (Ob-Re; also known as
soluble leptin receptor) (26).

Leptin Resistance
Concept

In the context of obesity and disease, leptin resistance began
as the idea that the body’s biomolecular milieu decreases
overall sensitivity to leptin action such that normal or,
classically, increased levels produce an inadequate response
(relative leptin deficiency). This concept (27) is reinforced
by the observation that most obese individuals are not leptin

JACC Vol. 52, No. 15, 2008
October 7, 2008:1201-10

deficient but actually have increased serum leptin concen-
trations (28). The leptin resistance theory gained further
credence when a randomized, placebo-controlled, dose-
escalation trial of recombinant leptin was disappointing in
producing weight loss in obese adults (with 20 to 30 times
normal physiologic concentrations of leptin necessary to
produce significant weight reduction) (29).

It is not clear whether high endogenous leptin levels are
appropriately high in the setting of increased adiposity and
central resistance to leptin action. However, it is clear that
these levels, even with the addition of large amounts of
exogenous leptin, are not signaling sufficiently to maintain a
healthy weight. Thus, in total, these observations imply that
the majority of obese patients operate on a resistant, or flat,
leptin dose-response curve, at least for weight regulation.
This phenomenon of leptin resistance may have several
possible underlying mechanisms (Fig. 1).

Mechanisms

Genetic mutation. Leptin resistance can be inherited,
albeit not commonly. According to the laws of feedback
signaling, an ob gene mutation producing leptin that is
secreted, but ineffective at signaling, could lead to hyper-
leptinemia and leptin resistance. Similar results could be
obtained through leptin receptor mutation. In fact, diabetic
(db/db) mice and Zucker fatty (fa/fa) rats have dysfunc-
tional leptin receptors, causing marked hyperleptinemia and
leptin resistance (30). Although cases are found in humans,
such mutations are uncommon in the typical obese popula-
tion (31). Thus, Mendelian inheritance patterns in leptin or
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Mechanisms of Leptin Resistance

CNS = central nervous system; Ob = leptin gene; Ob-R = leptin receptor
gene; PTP1B = protein tyrosine phosphatase 1B; SLIP = serum leptin-
interacting protein; SLR = soluble leptin receptor; SOCS3 = suppressor-of
cytokine-signaling-3.
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its receptor are not major players in leptin resistance in the
general population. However, polygenetic inheritance pat-
terns in other gene products exerting influence on the leptin
axis may still contribute significantly to generational trans-
mission of genetic predisposition to leptin resistance.
Self-regulation. Like other biological signaling pathways,
leptin appears to regulate its own receptor and signaling,
and receptor down-regulation may promote pathological
leptin resistance (32). Reduced hypothalamic leptin receptor
expression and leptin signaling are observed in rodent
models of age-related (33) and diet-induced (34) obesity.
The reduction appears to be a direct byproduct of increased
central leptin. This is supported by rodent models in which
chronically increased leptin as the result of transgene over-
expression decreased hypothalamic leptin receptor expres-
sion and protein levels, impairing leptin signaling (35).
Consistent with these models, increasing central leptin
desensitizes its physiological responses over time (36),
rendering lean rodents more prone to diet-induced obesity
(37). Hence, obesity promotes hyperleptinemia, which in
turn self promotes leptin resistance and further obesity,
making leptin resistance both a consequence and cause of
obesity.

Limited tissue access. Resistance to leptin’s action may
occur via limited tissue access, such as at the blood-brain
barrier. Although debate over leptin’s exact port and route
of entry into the central nervous system continues, the
current thought is that leptin entry is via Ob-Ra as a
saturable, unidirectional system, located in the vascular
endothelium and choroid plexus epithelium of the blood-
brain barrier (38,39). Saturation in this transport mecha-
nism could lead to leptin resistance. Perhaps this is why
obese hyperleptinemic mice (40) and humans (41) have a
decreased cerebrospinal fluid to serum leptin ratio. Indeed,
leptin administration into the cerebrospinal fluid of hyper-
leptinemic obese mice results in short-term weight loss (40).
However, in the long term, limiting leptin’s brain access
could be protective in the sense that it could prevent high
central leptin levels and thus receptor down-regulation and
impaired signaling. The blood-brain barrier appears to be a
site for leptin regulation and resistance, although such
theories demand further testing.

Molecular. Cellular and circulating molecules can inhibit
leptin to cause resistance (Fig. 2).

CELLULAR. Intracellular suppressor-of cytokine-signaling-3
(SOCS3) is induced by and inhibits leptin JAK/STAT
signaling (27,42), a negative feedback mechanism that is
shared with other tyrosine kinase receptors, including cyto-
kine and insulin receptors. More recently, protein tyrosine
phosphatase 1B was found to similarly regulate leptin
signaling in cells (43). Related molecules, such as additional
SOCS family members (44), cytokine-inducible SH2 pro-
tein (45), JAK binding protein (46), and STAT-induced
STAT inhibitor-1 (47), appear to regulate intracellular
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Theoretical Cellular and Molecular

Mechanisms of Leptin Pathophysiology
(A) In leptin-resistant tissue (e.g., hypothalamic cell illustrated), serum leptin-
interacting proteins (SLIPs) and soluble leptin receptor (SLR) may bind circulat-
ing adipose-secreted leptin and inhibit its action. Free leptin engages the long
form of its receptor (Ob-Rb), which homodimerizes. Intracellularly, activated
janus kinase 2 (JAK2) phosphorylates a specific tyrosine docking site (Tyr1138)
on Ob-Rb. Signal transduction and translation protein 3 (STAT3) recognizes and
binds to activated Tyr1138 via its src homology 2 (SH2) domain. The Ob-Rb/
JAK2 complex activates STAT3, which homodimerizes, then translocates to the
nucleus to modulate gene transcription. STAT3 up-regulates expression of sup-
pressor-of cytokine-signaling-3 (SOCS3) and protein tyrosine phosphatase 1B
(PTP1B), which block JAK2 phosphorylation. It is thought that central leptin
resistance promotes obesity, driving greater hyperleptinemia. (B) In nonleptin-
resistant tissue (e.g., immune cell illustrated) exposed to hyperleptinemia,
Ob-Rb may signal excessively through multiple signaling pathways, including
JAK/STAT, insulin receptor substrate-2/phosphatidylinositol 3-kinase (IRS-2/
PI3K), and nitric oxide that may ultimately promote cardiovascular disease
(CVD) through tissue-specific mechanisms.

cytokine signaling and are candidate components of the
intracellular leptin negative feedback loop.

CIRCULATING. Extracellular circulating factors may bind
leptin, altering its bioavailability and bioactivity. In 2006,
Chen et al. (9) isolated 5 serum leptin-interacting proteins
(SLIPs) in human blood by using leptin-affinity chroma-
tography, mass spectrometry, and immunochemical analy-
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