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hormone functions.

Metabolic consequences of
lipodystrophy

Individuals with lipodystrophy — either as a
result of failure to develop adipocytes (con-
genital lipodystrophy) or loss of adipocytes
(acquired lipodystrophy) — have variable
degrees of hypoleptinemia relative to fat
mass, depending on the type and severity
of the disease (1). Affected individuals are
hyperphagic, euthyroid, and eumetabolicin
the case of congenital lipodystrophy (2), or
hypermetabolic in the case of HIV-related
lipodystrophy (3). Individuals with congen-
ital lipodystrophy display increased sympa-
thetic nervous system (SNS) and decreased
parasympathetic nervous system (PNS)
tone and deposit ectopic fat in muscle and
liver. Despite their lack of adipose tissue,
these individuals experience many of the
comorbidities traditionally associated with
obesity (4, 5), presumably by similar proxi-
mate cellular mechanisms.

Leptin therapy in individuals
with lipodystrophy

The article by Brown et al. in thisissue of the
JCI describes a highly controlled, 19-day
in-patient protocol examining the effects of
initiation and cessation of leptin therapy on
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Brown et al. report that two weeks of exogenous leptin administration to
leptin-naive individuals with lipodystrophy resulted in increased energy
expenditure and lipolysis, decreased ectopic liver fat, improved hepatic

and peripheral insulin sensitivity, and attenuated dyslipidemia. Leptin
withdrawal in individuals with lipodystrophy did not produce reciprocal
effects on these phenotypes and resulted in significant improvements

only in hepatic insulin sensitivity. This asymmetry in responses to leptin
initiation and cessation is consistent with the other aspects of leptin biology
that are dependent on the metabolic context in which this adipocyte-derived

individuals with lipodystrophy (6). Briefly,
subjects (80% with partial and 20% with
generalized lipodystrophy) who had never
received leptin therapy and others already
receiving leptin (all of whom had general-
ized lipodystrophy) remained on their usual
treatment while consuming a calculated
weight maintenance diet for five days. For
the next 14 days, while ingesting an isoca-
loric diet, leptin-naive subjects received
metreleptin, and the drug was discontinued
in subjects already receiving it.

Metreleptin initiation produced rapid
improvements in insulin sensitivity (hepatic
and peripheral, both of which were signifi-
cantly correlated with changes in hepatic
lipid content) and dyslipidemia (decreased
total cholesterol and triglycerides), increased
lipolysis, and decreased hepatic fat content
and energy expenditure. In contrast, stopping
metreleptin significantly decreased periph-
eral insulin sensitivity only, and changes in
insulin sensitivity were not significantly cor-
related with hepatic lipid content.

Leptin in lipodystrophy versus

other causes of hypoleptinemia
The o0b gene product, now known as leptin,
was originally pursued physiologically and
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then genetically as a regulatory molecule
for body fat stores. Subsequent analyses in
animal models and humans have indicated
that the hormone’s primary physiological
role is in signaling the sufficiency of somat-
ic energy stores for survival and reproduc-
tion, i.e., in defending fat stores in the face
of undernutrition rather than promoting
weight loss in the case of overnutrition (7,
8). However, in the course of these studies,
leptin has been shown to affect not only
central nervous system (CNS) pathways
defending energy stores, but also multiple
central and peripheral endocrine, immuno-
logic, and autonomic functions (9).

The effects of hypoleptinemia and of
exogenous leptin administration are depen-
dent on the metabolic milieu in which they
are manifested. Hypoleptinemia following
dietary weight loss is due primarily to a
reduced lipid content per adipocyte rather
than the reduced adipocyte numbers that
occur in lipodystrophy (10). Both etiologies
of hypoleptinemia are associated with
increased hunger, and both are responsive
toleptin repletion (1,7). However, in contrast
to the lipodystrophy-related hypoleptin-
emia phenotypes described above, weight-
reduced individuals display reduced energy
expenditure, thyroid axis suppression
(euthyroid sick syndrome), and decreased
SNS and increased PNS tone, all of which,
with the exception of the increased PNS
tone, are at least partially reversed by leptin
repletion (7, 11).

Weight loss following bariatric surgery
and low baseline circulating leptin concen-
trations (per unit of body fat) (12) represent
additional distinct metabolic milieus of
hypoleptinemia. Hypoleptinemia follow-
ing bariatric surgery is not associated with
the same degree of hyperphagia, hypome-
tabolism, or responsiveness to leptin as
nonsurgical dietary weight loss (13). Low
circulating leptin concentrations at usual
body weight constitute a significant risk
factor for subsequent weight gain (14), but
baseline leptin concentrations have also
been reported to be negatively correlated
with the amount of weight lost during
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Table 1. Comparisons of responses to leptin initiation and cessation in different circumstances of hypoleptinemia

Fat mass Leptin Phenotype Leptin initiation  Energy Insulin Hypercholesterolemia Autonomic
P ¥P or depletion  expenditure sensitivity and/or triglyceridemia  tone
. Increased risk of dyslipidemia and e
Obesity (7,19, 25) " " insulin resistance Initiation — - —
Obese or nonobese, hypometabolic,*
. hyperphagic,* | SNS tone,* 1 PNS tone,* -
A A 2 2
Weight reduced (7) ! ! euthyroid sick syndrome, i improved. Initiation TSNS tone
lipids improved*
. - Variable somatotype, hypometabolic,* _—
A A
Caloric restriction (7) | Or no change (L hyperphagic euthyroid sick syndhome Initiation > P -
Congenital leptin Obese, dyslipidemic, insulin resistant, I
deficiency (7) l H hypometabolic, hyperphagic, | SNS tone Initation 1 T T3NS tone
Lean, 1 hepatic fat and IMCL, lifidetiia 1 1 )
. dyslipidemic, insulin resistant,
Lipodystrophy (6) i N ) .
hypometabolic, hyperphagic, 1 SNS Depletion | - ;

tone* | PNS tone,* euthyroid

Si, insulin sensitivity; IMCL, intramyocellular lipid. “Compared with pre-weight loss values or individuals without lipodystrophy.

out-patient caloric restriction (15). How
obese (or nonobese) individuals with idio-
pathic low leptin per unit of fat mass might
respond to low-dose exogenous leptin is an
important question.

There are also context-sensitive dif-
ferences in the associations of hypolep-
tinemic conditions with comorbidities.
Dietary and surgical weight loss are asso-
ciated with improvements in insulin sensi-
tivity, hepatic steatosis, and dyslipidemia,
all of which are characteristic comorbidi-
ties of lipodystrophy.

The different phenotypes associated
with hypoleptinemia of different etiol-
ogies and changes in those phenotypes
following initiation and cessation of
leptin therapy (Table 1) clearly indicate
that all hypoleptinemic states are not
physiologically identical. The actions of
leptin administration or withdrawal are
affected by metabolic context — includ-
ing the status of energy balance and
energy stores — in which the hormone is
administered or withdrawn.

In both lipodystrophy and weight
loss-induced hypoleptinemia, the effects
of a decline and a repletion of leptin are
not reciprocal. Leptin administration to
subjects with lipodystrophy affects energy
homeostasis, lipids, lipolysis, and hepatic
triglycerides, which are not affected by
withdrawal of exogenous leptin from
patients with lipodystrophy (6). Leptin
repletion in weight-reduced individuals
increases serum T3 above the levels mea-
sured prior to weight loss, but does not
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reverse the increase in PNS tone that
occurs as a result of weight loss (7).

Leptin physiology is metabolic
context dependent

The bioactivity of leptin depends on both
energy stores and energy balance at the
time the hormone is administered (7).
Hypoleptinemia following caloric restric-
tion triggers hyperphagia, reduced energy
expenditure, and neuroendocrine and auto-
nomic changes that are largely reversed by
leptin repletion (7), but there is little if any
effect of leptin repletion during caloric
restriction (an even more severe state of
hypoleptinemia) or in euleptinemic lean
or obese individuals on these same pheno-
types (7,16-19).

Perhaps the most striking differences
between the effects of leptin repletion in
subjects with lipodystrophy versus those
with hypoleptinemia following weight
loss are evident in their respective energy
expenditures. In patients with lipodystro-
phy, cessation of leptin had no apparent
effect on resting energy expenditure, while
leptin repletion provoked a decline in rest-
ing and total energy expenditure. In simi-
larly tightly controlled in-patient studies of
experimental weight loss and subsequent
leptin repletion, we have found that main-
tenance of reduced body weight is associat-
ed with significant declines in total, resting,
and nonresting energy expenditure that are
largely reversed by leptin repletion (7). In
weight-reduced individuals fed an isoca-
loric diet, leptin increases energy expen-
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diture and further reduces fat mass (7).
Administration of leptin to hypoleptinemic
lipodystrophic individuals fed an isoca-
loric diet decreased their apparent energy
expenditure, while nonetheless being asso-
ciated with loss of body weight (0.7 kg) and
fat mass (0.2 kg) over the 2-week in-patient
study period. The thermodynamics in this
latter instance are incongruous, since a
0.2-kg loss of fat mass over 14 days would
represent an approximately 140-kcal/day
increase in energy expenditure relative
to intake rather than the approximately
140-kcal/day decrease in 24-hour energy
expenditure by chamber calorimetry
reported in the leptin-initiation group (20).

Taken together, the lack of reciproc-
ity of metabolic, anatomic, and energy
homeostatic responses to leptin repletion
and depletion in subjects with lipodystro-
phy (reduced adipocyte numbers) and the
differential responses to leptin admin-
istration in subjects without lipodystro-
phy (reduced adipocyte volume) prior
to, during, and after weight loss indicate
that the physiological effects of leptin are
context dependent and influenced by
adipose tissue per se, energy balance,
autonomic tone, and neuroendocrine
ambients. The importance of adipose tis-
sue per se as an important contributor to
the metabolic environment that mediates
the effects of leptin is illustrated by FAT-
ATTAC ob/ob mice, in which induced adi-
pocyte apoptosis causes more severe hyper-
phagia and impaired glucose-stimulated
insulin secretion compared with responses
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attributable to leptin deficiency in the con-
text of intact adipocytes (21).

Leptin initiation affects hepatic and
peripheral insulin sensitivity, both of which
correlate with hepatic lipid content. Leptin
cessation only affects peripheral insulin
sensitivity. These differences may indicate
that the effects of leptin repletion and deple-
tion on insulin sensitivity in lipodystrophy
occur via different mechanisms, are depen-
dent on the amount of hepatic triglyceride
(roughly 4-fold higher at baseline in the
leptin-initiation subjects), or that the appar-
ent concordance of changes in hepatic and
peripheral insulin sensitivity and hepatic tri-
glycerides constitutes an association without
a causal relationship.

The beneficial effects of leptin reple-
tion on hepatic and peripheral insulin sen-
sitivity, hepatic lipid content, and dyslip-
idemia in lipodystrophic and congenitally
leptin-deficient states have been noted
previously (22), though without the clear
disassociation from changes in food intake
that was achieved by Brown et al. (6). The
abrupt cessation of leptin in the subjects
with generalized lipodystrophy may be
viewed as physiologically similar to the
disproportionate (to fat mass), sharp de-
clines in circulating leptin concentrations
that occur during fasting, which is a met-
abolic state that is largely nonresponsive
to leptin (23). The acute increase in circu-
lating leptin that occurred in the initiation
group with predominantly partial lipodys-
trophy may be comparable to leptin reple-
tion following weight loss, which is a very
leptin-sensitive state (7).

Concluding remarks

In summary, the study by Brown et al.
demonstrates that, in individuals with
lipodystrophy who had never been treat-
ed with leptin, repletion of leptin results
in significant changes in glucose and lipid
metabolism and energy expenditure. By
design, these effects were independent of
caloric intake but were neither identical to
the effects of leptin repletion in the hypo-
leptinemic state following weight loss, nor
reciprocal to the effects of leptin cessation

in individuals with lipodystrophy. These

findings, in the context of other studies !
of hypoleptinemic states, highlight the
dependency of leptin functionality on
metabolic ambience (24, 25). Understand-
ing their biological bases is likely to lead to
the identification of new adipokines.
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