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Leptin is an adipocyte-derived hormone that controls food intake
and reproductive and immune functions in rodents. In uncon-
trolled human studies, low leptin levels are associated with im-
paired immune responses and reduced T-cell counts; however,
the effects of leptin replacement on the adaptive immune system
have not yet been reported in the context of randomized, con-
trolled studies and/or in conditions of chronic acquired leptin de-
ficiency. To address these questions, we performed a randomized,
double-blinded, placebo-controlled trial of recombinant methionyl-
human leptin (metreleptin) administration in replacement doses in
women experiencing the female triad (hypothalamic amenorrhea)
with acquired chronic hypoleptinemia induced by negative energy
balance. Metreleptin restored both CD4+ T-cell counts and their in
vitro proliferative responses in these women. These changes were
accompanied by a transcriptional signature in which genes relevant
to cell survival and hormonal response were up-regulated, and
apoptosis genes were down-regulated in circulating immune cells.
We also observed that signaling pathways involved in cell growth/
survival/proliferation, such as the STAT3, AMPK, mTOR, ERK1/2,
and Akt pathways, were activated directly by acute in vivo metre-
leptin administration in peripheral blood mononuclear cells and
CD4+ T-cells both from subjects with chronic hypoleptinemia and
from normoleptinemic, lean female subjects. Our data show that
metreleptin administration, in doses that normalize circulating lep-
tin levels, induces transcriptional changes, activates intracellular
signaling pathways, and restores CD4+ T-cell counts. Thus, metre-
leptin may prove to be a safe and effective therapy for selective
CD4+ T-cell immune reconstitution in hypoleptinemic states such as
tuberculosis and HIV infection in which CD4+ T cells are reduced.
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Leptin is an adipocyte-derived hormone that conveys in-
formation on energy availability and whose circulating levels

are proportionate to the amount of adipose tissue present (1).
The functional long form of the leptin receptor (LepRb) is
expressed in the hypothalamus where it regulates energy ho-
meostasis and neuroendocrine function. It also is expressed in
cells of the innate and adaptive immune system where leptin
exerts key regulatory functions (2). On the basis of studies in
rodents and observational and uncontrolled studies in a limited
number of human subjects with congenital leptin deficiency,
leptin has been proposed to act as a signal that conveys information
on energy availability to the immune system. The immune system,
like the neuroendocrine system, requires an adequate supply of
energy for optimal functioning (3, 4). Evidence of leptin’s impor-
tance can be found in animal studies in which mice lacking either
leptin or LepRb show defects in cell-mediated proinflammatory

T-helper 1 (Th1)-type immune responses (3, 4). Leptin stim-
ulates in vitro the activation of monocytes from healthy humans
in terms of reactive oxygen species production and chemotaxis
in polymorphonuclear cells (2). Children with congenital leptin
deficiency have reduced lymphocyte subpopulation numbers
and show an increased risk for infection-related deaths during
childhood. In these children, the T-cell CD4+ fraction and the
T-cell receptor (TCR)–specific proliferative responses are reduced
as compared with the general population, and anti-CD3 and pu-
rified protein derivative (PPD) recall antigens stimulations were
greatly impaired in these subjects (5). Very recent observational
data show that impaired leptin signaling, secondary to a specific
leptin-receptor polymorphism, is associated with reduced mucosal
immunity against amebiasis in children (6). A direct effect of
recombinant methionyl-human leptin (metreleptin) replacement
to correct immunophenotypic changes, specifically increasing
circulating naive CD4+CD45RA+ T-cell numbers and reversing
impaired T-cell proliferation/cytokine release in response to TCR
stimulation, has been observed in an extremely small, uncontrolled
pilot study of children with congenital leptin deficiency (5).
Treatment with metreleptin in these individuals also led to a
switch from an anti-inflammatory Th2 cytokine secretion pattern
to a predominantly proinflammatory Th1 phenotype.
Complete congenital leptin deficiency is an extremely rare

condition. It has been described in only two families with high
rates of consanguinity and in an additional two individuals with
sporadic mutations of the leptin gene (1). Acquired leptin de-
ficiency that develops in adulthood [as seen in states of negative
energy balance such as malnutrition, HIV, or hypothalamic
amenorrhea (HA)] is much more common than complete con-
genital leptin deficiency and occurs frequently when the balance
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