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eptin, the product of the ob gene, is a 16-kDa protein that
plays a critical role in the regulation of body weight by
inhibiting food intake and stimulating energy expenditure (1).
Defects in leptin production, such as those observed in ob兾ob
mice, or in the long isoform of the leptin receptor (db兾db mice
and fa兾fa rats), cause severe hereditary obesity in rodents and
humans (2–6). In addition to its effects on body weight, leptin has
a variety of other functions, including the regulation of hematopoiesis, angiogenesis, wound healing, and the immune and
inflammatory response (7–14). Hyperresponsiveness to monocyte兾macrophage-activating stimuli, i.e., endotoxin [lipopolysaccharide (LPS)] or tumor necrosis factor (TNF) ␣, is present in
leptin-deficient (ob兾ob) mice (9–11). Additionally, decreased
circulating leptin levels are associated with reduced lymphocyte
cellularity in the thymus and spleen (15–19).
Interactions exist between leptin and cytokines. In fact, proinflammatory cytokines increase leptin levels, whereas leptin
regulates the production of several pro- and anti-inflammatory
cytokines (9, 13, 20, 21). Furthermore, leptin regulates the
balance of T helper (Th)1兾Th2 cytokines (22). TNF-␣ is a
proinflammatory cytokine that plays a crucial role in the response to tissue injury, infection, and inflammation (23). TNF-␣
causes acute inflammatory hepatocellular apoptosis followed by
organ failure (24) and is the central mediator in several experimental models of hepatotoxicity (25–27). IL-18, a pleiotropic
cytokine produced by activated macrophages, plays an important
role in the Th1 response (28). IL-18 synergizes with IL-12 to
induce the production of IFN-␥ and potentiates Th1 and natural
killer cell cytotoxicity by augmenting Fas ligand- and perforinmediated cytotoxic activity (29, 30). IL-18 also plays a critical
role in TNF-␣- and Fas ligand-mediated liver injury (31).

L

In the present study, we investigated the role of leptin as a
regulator of T cell-mediated inflammation in vivo. Two experimental models of T cell-mediated hepatotoxicity were studied:
the administration of the T cell mitogen Con A (25, 32) or of
Pseudomonas aeruginosa exotoxin A (PEA) (27). In each model,
T lymphocytes and TNF-␣ are required for the induction of liver
injury (25–27, 33, 34). The present results demonstrate that
leptin plays an important role in T cell-mediated liver toxicity in
association with a regulatory effect on thymus and peripheral
blood cellularity as well as on the production of two proinflammatory cytokines, TNF-␣ and IL-18.
Materials and Methods
Materials. Con A (type IV-S) and PEA were from Sigma. The
soluble TNF-␣ receptor p55 (TNFsRp55) (35) and recombinant
murine leptin were kind gifts of Amgen Biologicals. The neutralizing anti-murine IL-18 antiserum was produced by immunizing rabbits with recombinant murine mature IL-18, as described (36).
Animal Experimentation. Animal protocols were approved by the

Animal Studies Committee of the San Francisco Veteran Affairs
Medical Center and of the University of Colorado Health
Sciences Center. Four- to five-week-old female leptin-deficient
(C57BL兾6Job兾ob) mice, their lean littermates (⫹兾?), and
C57BL兾6J mice were obtained from The Jackson Laboratory.
Mice received an i.v. injection in the tail vein of either 200 g of
Con A dissolved in pyrogen-free saline or 300 g兾kg of PEA in
pyrogen-free saline containing 0.1% human serum albumin.
Control mice received an i.v. injection of the corresponding
vehicle. In some experiments, mice received an i.p. injection of
either TNFsRp55 (10 mg兾kg) (35), anti-IL-18 antiserum (400
l兾mouse) (36), or a combination of the two. A group of mice
receiving normal rabbit serum was included as the control for
mice receiving the anti-IL-18 antiserum.
For leptin replacement, 4-wk-old ob兾ob mice received i.p.
injections of either murine leptin (1 g兾g initial body weight,
twice daily) or saline for 10 days. A group of ⫹兾? also was
included in the experiment. Mice were weighed and food intake
recorded every 3 days. At the conclusion of leptin treatment,
mice received either an i.v. injection of Con A or remained
untreated for evaluation of thymus cellularity and differential
blood cell counts. At different times after Con A or PEA
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The role of leptin was investigated in two models of T cell-mediated
hepatitis: the administration of Con A or of Pseudomonas aeruginosa
exotoxin A (PEA). In both models, leptin-deficient (ob兾ob) mice were
protected from liver damage and showed lower induction of tumor
necrosis factor (TNF) ␣ and IL-18 compared with their lean littermates.
Neutralization of TNF-␣ reduced induction of IL-18 by either Con A
(70% reduction) or PEA (40% reduction). Pretreatment of lean mice
with either soluble TNF receptors or with an anti-IL-18 antiserum
significantly reduced Con A- and PEA-induced liver damage. The
simultaneous neutralization of TNF-␣ and IL-18 fully protected the
mice against liver toxicity. However, neutralization of either IL-18 or
TNF-␣ did not inhibit Con A-induced production of IFN-␥. Thymus
atrophy and alterations in the number of circulating lymphocytes and
monocytes were observed in ob兾ob mice. Exogenous leptin replacement restored the responsiveness of ob兾ob mice to Con A and
normalized their lymphocyte and monocyte populations. These results demonstrate that leptin deficiency leads to reduced production
of TNF-␣ and IL-18 associated with reduced T cell-mediated hepatotoxicity. In addition, both TNF-␣ and IL-18 appear to be essential
mediators of T cell-mediated liver injury.

Fig. 1. Reduced liver damage in ob兾ob compared with ⫹兾? mice after
administration of Con A. ⫹兾? and ob兾ob mice received an i.v. injection of Con
A or saline. Blood was collected at various times thereafter for measurement
of ALT levels. Data are mean ⫾ SEM of five mice per group. ***, P ⬍ 0.001 vs.
⫹兾? mice by unpaired Student’s t test. (Inset) ⫹兾? and ob兾ob mice received an
i.p. injection of LPS (0.5 mg兾kg). Blood was collected 24 h later for measurement of ALT levels. Data are mean ⫾ SEM of five mice per group. *, P ⬍ 0.05
vs. ⫹兾? mice by unpaired Student’s t test.

injection, blood was collected from the retroorbital plexus under
alothane anesthesia and serum prepared. Because the kinetics of
hepatotoxicity and cytokine production after administration of
PEA is slower compared with Con A (27), alanine aminotransferase (ALT), TNF-␣, and IL-18 levels were evaluated 16 h after
injection of PEA.
FACS Analysis and Differential Blood Cell Counts. The thymus was
excised, teased into single cell suspensions, and placed in Hanks’
balanced salt solution (HBSS) with 5% FCS on ice. Red blood cells
were lysed by using hemolytic Gey’s solution. The number of viable
thymocytes was calculated on a hemocytometer. The thymocytes
were labeled with anti-CD4 biotinylated (clone GK1.5) and antiCD8a (clone 53–67)-directly conjugated FITC antibodies (PharMingen). Streptavidin-phycoerythrin (Southern Biotechnology Associates) was used as a second-step reagent. The labeling procedures were carried out at 4°C in HBSS with 5% FCS. Flow
cytometric analysis of 10,000 thymocytes was conducted on a
FACScalibur (Becton Dickinson) flow cytometer and analyzed by
using the CELLQUEST ANALYSIS program. Differential blood cell
counts were performed by Idexx Laboratories (Westbrook, MA).
Cytokine and Transaminase Measurement. TNF-␣ was measured by
using a DuoSet ELISA kit from R & D Systems. IFN-␥ and IL-12
p70 were measured by using ELISA kits from Endogen
(Woburn, MA). IL-18 was measured by using an electrochemiluminescence assay as described (37). Serum ALT was measured
by using a kit from Sigma.

Results
Protection from Con A-Induced Liver Toxicity in ob兾ob Mice. Ob兾ob
mice and their lean littermates (⫹兾?) were injected with 200
g兾mouse of Con A, and blood was collected at various times
thereafter for evaluation of hepatotoxicity by measurement of
serum ALT levels. As shown in Fig. 1, Con A significantly
increased serum ALT levels in ⫹兾? mice, with peak levels
observed 24 h after administration. However, in ob兾ob mice, Con
A-induced serum ALT levels were markedly reduced compared
with ⫹兾? mice (96% and 81% reduction at 6 and 24 h, respectively, compared with ⫹兾? mice). In contrast, LPS-induced
2368 兩 www.pnas.org

Fig. 2. Reduced TNF-␣ and IL-18 in ob兾ob compared with ⫹兾? mice. ⫹兾? and
ob兾ob mice received an i.v. injection of Con A or saline. (A) Serum TNF-␣ levels
at 1 h. (B) IL-18 levels at 6 h. Data are mean ⫾ SEM of five mice per group. **,
P ⬍ 0.01; ***, P ⬍ 0.001 vs. ⫹兾? mice by unpaired Student’s t test.

hepatotoxicity was significantly increased in ob兾ob mice compared with ⫹兾? mice (see Inset in Fig. 1).
Reduced TNF-␣ and IL-18 Levels in ob兾ob Mice Injected with Con A.

Levels of TNF-␣, IL-18, IFN-␥, and IL-12 were evaluated in the
serum of both ⫹兾? and ob兾ob mice after administration of Con
A. As shown in Fig. 2A, serum TNF-␣ levels were markedly
increased in ⫹兾? mice 1 h after administration of Con A. In
contrast, the increase in serum TNF-␣ was greatly attenuated
(77% reduction) in ob兾ob compared with ⫹兾? mice. Likewise,
Con A significantly increased serum IL-18 levels in ⫹兾? mice,
with peak levels occurring 6 h after injection. In contrast, there
was no significant increase in serum IL-18 in Con A-treated
ob兾ob mice (Fig. 2B). Although Con A stimulated IL-12 and
IFN-␥ production, the magnitude of the increase was similar in
ob兾ob and ⫹兾? mice (data not shown), indicating that the
impairment in production after Con A administration was
specific for TNF-␣ and IL-18.
Reduced PEA-Induced Hepatotoxicity and Cytokine Production in
ob兾ob Mice. We next investigated whether ob兾ob mice are also

resistant to PEA-induced hepatotoxicity, which is also mediated
by TNF-␣ and dependent on T cells (27). As shown in Fig. 3A,
ob兾ob mice were significantly protected from PEA-induced liver
injury (serum ALT levels at 16 h were 75% lower in ob兾ob
compared with ⫹兾? mice). Furthermore, circulating levels of
TNF-␣ (Fig. 3B) and IL-18 (Fig. 3C) were significantly reduced
in ob兾ob mice compared with ⫹兾? mice injected with PEA (82%
and 92% reduction for TNF-␣ and IL-18, respectively).
Role of Endogenous TNF-␣ in the Induction of IL-18 by Con A and PEA.

Because ob兾ob mice exhibit reduced circulating levels of both
TNF-␣ and IL-18 after administration of Con A, and because
Faggioni et al.

Fig. 4. TNF-␣ neutralization inhibits induction of IL-18 by Con A. C57BL兾6J
mice received an i.p. injection of TNFsRp55 or saline, immediately followed by
the i.v. administration of either Con A or saline. Blood was collected at 3, 6, or
18 h for evaluation of IL-18 levels. Data are mean ⫾ SEM of five mice per group.
***, P ⬍ 0.001 vs. corresponding vehicle by unpaired Student’s t test.

or the anti-IL-18 antiserum each significantly reduced Con
A-induced serum ALT levels (approximately 50–60% reduction
compared with vehicle). However, when mice were injected with
TNFsRp55 plus anti-IL-18, a complete inhibition of Con A-in-

production of TNF-␣ preceded the increase in serum IL-18, the
role of endogenous TNF-␣ in mediating Con A-induced IL-18
was evaluated. Wild-type C57BL兾6J mice were injected with
TNFsRp55 immediately before administration of Con A, and
serum IL-18 levels were measured. As shown in Fig. 4, neutralization of TNF-␣ activity significantly blunted the induction of
IL-18 by Con A. In mice injected with PEA, neutralization of
endogenous TNF-␣ resulted in 40% inhibition of serum IL-18
levels (data not shown). However, even in the presence of
TNFsRp55, Con A- or PEA-induced IL-18 levels were significantly elevated compared with those observed in saline-injected
mice.
TNF-␣ and IL-18 Mediate Con A- and PEA-Induced Liver Toxicity. To

evaluate the role of TNF-␣ and IL-18 in mediating Con A- and
PEA-induced hepatotoxicity, C57BL兾6J mice were pretreated
with TNFsRp55, with a neutralizing anti-IL-18 antiserum, or
with the combination of the two. As shown in Fig. 5A, TNFsRp55
Faggioni et al.
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Fig. 3. Reduced PEA-induced hepatotoxicity and cytokine production in
ob兾ob mice. Ob兾ob and ⫹兾? mice received an i.v. injection of either PEA or
vehicle. Blood was collected at 16 h for measurement of serum ALT (A), TNF-␣
(B), or IL-18 (C) levels. Data are mean ⫾ SEM of five mice per group. ***, P ⬍
0.001 vs. ⫹兾? mice by unpaired Student’s t test.

Fig. 5. Blockade of TNF-␣ and IL-18 protects mice from Con A- and PEAinduced hepatotoxicity. C57BL兾6J mice received an i.p. injection of either
TNFsRp55, anti-IL-18 antiserum, a combination of TNFsRp55 and anti-IL-18
antiserum or vehicle, immediately followed by the i.v. administration of Con
A (A) or PEA (B). Data are mean ⫾ SEM of five mice per group. **, P ⬍ 0.01; ***,
P ⬍ 0.001 vs. Con A or PEA alone; ‡‡, P ⬍ 0.01 vs. either TNFsRp55 or anti-IL-18
by factorial ANOVA.
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Table 1. Effect of leptin replacement on lymphocyte
subpopulations in the thymus
Thymocyte
population

ob/ob

Leptin-replaced
ob/ob

⫹/?

Total
CD4⫹ CD8⫹
CD4⫹ CD8⫺
CD4⫺ CD8⫹
CD4⫺ CD8⫺

40.50 ⫾ 13.00**
22.65 ⫾ 8.20**
2.99 ⫾ 1.05**
2.22 ⫾ 1.13
1.13 ⫾ 0.24**

134.50 ⫾ 24.39‡
84.79 ⫾ 18.76‡
12.23 ⫾ 2.17‡
3.73 ⫾ 1.38
2.86 ⫾ 0.45‡

87.50 ⫾ 12.81
55.13 ⫾ 9.80
6.44 ⫾ 1.86
3.48 ⫾ 1.21
1.64 ⫾ 0.20

ob/ob mice received two daily injections of either saline (ob/ob) or leptin
(leptin-replaced ob/ob) for 10 days. ⫹/? mice were left untreated. After
treatment, the thymus was harvested and processed for FACS analysis as
indicated in Materials and Methods. Data are mean ⫾ SEM of four mice per
group. **, P ⬍ 0.01 vs. either leptin-replaced ob/ob or ⫹/? mice; ‡, P ⬍ 0.05 vs.
⫹/? mice by factorial ANOVA.

ability of ob兾ob mice to produce TNF-␣ in response to Con A
and completely restored Con A-induced serum IL-18 levels (Fig.
6 B and C). Interestingly, a shorter schedule (2.5 days) of leptin
replacement, previously shown to restore normal responsiveness
to LPS in ob兾ob mice (9), did not result in restoration of the
response of ob兾ob mice to Con A (data not shown), suggesting
that the unresponsiveness of ob兾ob to Con A and the hyperresponsiveness to LPS are mediated by different mechanisms.
Effect of Exogenous Leptin on Leukocyte Populations in ob兾ob Mice.

Fig. 6. Leptin replacement restores responsiveness to Con A in ob兾ob mice.
Ob兾ob mice received two daily injections of either saline (ob兾ob) or leptin
(leptin-replaced ob兾ob) for 10 days. ⫹兾? mice remained untreated. After
treatment, mice received an i.v. injection of either saline or Con A. (A) Serum
ALT at 24 h. (B) Serum TNF-␣ at 1 h. (C) Serum IL-18 at 6 h. Data are mean ⫾ SEM
of seven mice per group. **, P ⬍ 0.01; ***, P ⬍ 0.001 vs. ob兾ob mice; ‡‡, P ⬍
0.01 vs. leptin-replaced ob兾ob mice by factorial ANOVA.

duced ALT was observed. Neither TNFsRp55 nor the anti-IL-18
antiserum reduced Con A-induced IFN-␥ (data not shown).
As shown in Fig. 5B, in PEA-injected mice, neutralization of
either TNF-␣ or IL-18 resulted in 93% and 83% inhibition of serum
ALT levels, respectively. The combined blockade of TNF-␣ and
IL-18 resulted in 99% protection.
Leptin Replacement Restores the Sensitivity to Con A-Induced Hepatitis in ob兾ob Mice. We evaluated whether exogenous leptin

replacement could restore the ability of ob兾ob mice to respond
to Con A. Leptin was administered to ob兾ob mice employing a
treatment regime known to correct thymic atrophy in these mice
(19). Ob兾ob mice received two daily injections of leptin or saline
for 10 days, after which time the response to Con A was
evaluated. As shown in Fig. 6A, leptin replacement restored the
ability of Con A to induce hepatotoxicity in ob兾ob mice. In fact,
no significant differences in Con A-induced serum ALT levels
were observed between leptin-replaced ob兾ob mice and ⫹兾?
mice. Accordingly, leptin replacement also restored, in part, the
2370 兩 www.pnas.org

When cells from the thymus were analyzed (Table 1), we
confirmed that ob兾ob mice have reduced thymic cellularity (54%
reduction in total lymphocyte cellularity in ob兾ob mice compared with ⫹兾? mice) (16–19). In particular, CD4⫹ CD8⫹ were
reduced by 59%, CD4⫹ CD8⫺ by 54%, CD4⫺ CD8⫹ by 36%, and
CD4⫺ CD8⫺ by 31% in ob兾ob mice compared with ⫹兾? mice.
However, the percentage of CD4⫹ CD8⫹, CD4⫹ CD8⫺, CD4⫺
CD8⫹, and CD4⫺ CD8⫺ cells did not differ between ob兾ob and
⫹兾? mice (data not shown). Leptin replacement resulted in a
3-fold increase in the total thymic cellularity of ob兾ob mice. The
absolute number of CD4⫹ CD8⫹, CD4⫹ CD8⫺, and CD4⫺ CD8⫺
cells significantly increased after leptin replacement, whereas
CD4⫺ CD8⫹ cells were not significantly affected. Interestingly,
leptin-replaced ob兾ob mice had significantly higher thymic cellularity than ⫹兾? mice, suggesting that supraphysiologic amounts
of leptin may influence lymphocyte cellularity in the thymus. In
addition, as previously demonstrated (15–19), spleen weight was
significantly reduced in ob兾ob mice compared with ⫹兾? mice,
and leptin-replacement normalized spleen weight (spleen weight
was 40.00 ⫾ 8.52, 65.00 ⫾ 2.89, and 63.70 ⫾ 3.75 mg in ob兾ob,
leptin-replaced ob兾ob, and ⫹兾? mice, respectively; mean ⫾
SEM, n ⫽ 4)
The thymus and the spleen were not the sole compartments
affected by leptin deficiency. As indicated in Table 2, the
absolute number of circulating leukocytes was significantly
reduced in ob兾ob mice compared with ⫹兾? mice. However,
leukocyte subsets were differentially affected by the lack of
leptin. Circulating lymphocytes were reduced by 54%, whereas
there was a 4-fold increase in the number of monocytes and a
nonsignificant trend to an increase in the number of neutrophils
in ob兾ob mice. As indicated in Table 2, leptin replacement
restored circulating leukocyte populations to normal levels.
Discussion
Using two distinct models, we demonstrate that leptin-deficient
ob兾ob mice are protected from T cell-mediated liver toxicity.
The reduced susceptibility of ob兾ob mice to Con A- and PEAinduced hepatotoxicity is likely the result of defective production
of TNF-␣ and IL-18. In fact, inhibition of TNF-␣ and兾or IL-18
protects wild-type mice from T cell-mediated hepatotoxicity.
Faggioni et al.

Table 2. Effect of leptin replacement on numbers of circulating leukocytes and erythrocytes

(106/l)

RBC
WBC (103/l)
Lymphocytes/l
Monocytes/l
Neutrophils/l

ob/ob

Leptin-replaced
ob/ob

⫹/?

10.80 ⫾ 0.22
4.87 ⫾ 0.36
3720.75 ⫾ 55.40
284.50 ⫾ 64.65
843.75 ⫾ 270.02

10.18 ⫾ 0.43
8.72 ⫾ 0.07**
7941.25 ⫾ 146.43**
56.25 ⫾ 18.05**
522.50 ⫾ 59.05

10.28 ⫾ 0.23
7.15 ⫾ 1.14*
6829.25 ⫾ 854.91**
67.75 ⫾ 19.62**
400.25 ⫾ 125.52

The role of TNF-␣ in mediating the toxic effects of Con A and
PEA has been reported (25–27, 33). IL-18 has been implicated
in LPS- or Fas-induced liver damage (31, 38). In the present
study, we demonstrate a critical role for IL-18 in Con A- and
PEA-induced, T cell-mediated, liver toxicity. In line with the
present data are studies showing that caspase-1-deficient mice,
which cannot produce bioactive IL-18 because of a failure to
process pro-IL-18 (39), are protected from Con A-induced liver
damage (26). It is worth noting that simultaneous neutralization
of TNF-␣ and IL-18 afforded complete protection from T
cell-mediated liver toxicity, indicating that TNF-␣ and IL-18 act
together in mediating liver damage. IFN-␥ did not appear to play
a significant role in hepatotoxicity in the Con A model.
Leptin directly regulates IFN-␥ production from T cells (22).
However, despite the presence of lymphoid atrophy, we did not
observe reduced production of IFN-␥ in ob兾ob mice injected
with Con A, suggesting that T cells are not the major source of
IFN-␥ in this in vivo model. Although it has been suggested that
IFN-␥ plays an important role in Con A-induced liver damage
(40), our data point to a major role for TNF-␣ and IL-18, but not
IFN-␥, in Con A-induced hepatotoxicity. Two independent
observations lead to this conclusion: (i) neutralization of TNF-␣
or IL-18 protected mice from Con A-induced hepatotoxicity
without reducing IFN-␥ levels; (ii) ob兾ob mice are protected
from Con A-induced hepatotoxicity despite no reduction in
IFN-␥ levels. Previous data obtained in hypothyroid mice support our observations (41): in the presence of hypothyroidism,
protection from Con A-induced hepatotoxicity is associated with
reduced levels of TNF-␣ but not of IFN-␥.
Although IL-18 is primarily considered an IFN-␥-inducing
factor, this cytokine possesses other activities, including induction of proinflammatory cytokines (28). We previously reported
that IL-18 is not required for the induction of IFN-␥ by Con A
in murine splenocytes in vitro (36). In the present study, these
data are confirmed in vivo. In fact, ob兾ob mice exhibited reduced
IL-18, but not IFN-␥ levels. More importantly, neutralization of
IL-18 activity reduced Con A-induced liver damage without
significantly altering IFN-␥ levels. Therefore, IL-18 can mediate
liver toxicity independently of IFN-␥. Although little is known
about the regulation of IL-18 production in the models studied,
we demonstrate that endogenous TNF-␣ partly mediates Con Aand PEA-induced IL-18 production in vivo. However, because
interactions between T lymphocytes and dendritic cells can
induce IL-18 in vitro (42), it is possible that, in addition to TNF-␣,
T cells produce an additional factor(s) contributing to induction
of IL-18.
Although several studies report the presence of lymphoid
atrophy in ob兾ob mice (15–19), to our knowledge the present
data are the first showing reduced T cell-mediated inflammatory
responses in vivo in ob兾ob mice. The observation that ob兾ob mice
are protected from liver damage induced by T cell-activating
stimuli such as Con A or PEA is in striking contrast to data
demonstrating increased sensitivity of ob兾ob mice to proinflamFaggioni et al.

matory monocyte兾macrophage-activating stimuli, particularly
LPS and TNF-␣ (9–11). However, in the present report, we show
that lymphoid atrophy is not the only hematopoietic abnormality
present in ob兾ob mice. In addition to reduced thymic and
circulating lymphocytes, a 4-fold increase in the number of
circulating monocytes is present in ob兾ob mice. Therefore, it is
likely that the absence of leptin will lead to reduced sensitivity
to T cell-activating stimuli and enhanced responses to monocyte
activators. The interactions between leptin and TNF-␣ appear to
be of particular interest. TNF-␣ induces leptin (20), whereas
leptin can modulate both the production and the response to
TNF-␣. In fact, leptin is clearly a protective factor when TNF-␣
is either administered exogenously or induced by LPS (9–11).
However, we have shown that the absence of leptin is responsible
for reduced production of TNF-␣ from T cells. The role of leptin
in the protection from TNF-␣ toxicity is probably direct, since
short-term treatment with exogenous leptin can protect mice (9,
10). In contrast, a longer treatment schedule is necessary to
restore the response of ob兾ob mice to Con A, suggesting a more
indirect activity of leptin, likely mediated by the reconstitution
of lymphoid cellularity.
Howard et al. (19) demonstrated that administration of exogenous leptin reconstitutes lymphocyte cellularity in ob兾ob mice,
which have dramatically reduced (⬎90%) numbers of lymphocytes
in the thymus and altered CD4⫹CD8⫹兾CD4⫺CD8⫺ ratios. Although we also demonstrated reduced cellularity in the thymus of
ob兾ob mice and reconstitution after leptin administration, only a
2-fold difference between ⫹兾? and ob兾ob mice was present in our
experiments. Furthermore, significant changes in the percentage of
CD4⫹ or CD8⫹ cells between ob兾ob and ⫹兾? mice were not
observed. Differences in the age (4-wk-old vs. 10-wk-old mice) and
gender (females vs. males) of the animals may account for these
discrepancies. Importantly, in the present report, we demonstrate
that leptin replacement leads to the appearance of functional
lymphocytes, as administration of exogenous leptin restores the
ability of ob兾ob mice to respond to Con A.
Leptin, initially discovered as a regulator of food intake and
energy expenditure, is emerging as a pleiotropic molecule involved in a variety of physiological and pathological functions
(43). Alterations in leptin levels and兾or in the responsiveness to
leptin have been reported not only during starvation and obesity,
but also in patients affected by diabetes, renal failure, hypothyroidism, and AIDS (43). T lymphocytes and cytokines are critical
mediators of hepatic inflammation in patients affected by viral,
allergic, autoimmune, and possibly alcoholic liver disease (44–
47). Because of the close interactions between leptin, cytokines,
and lymphocytes, our observations suggest that the study of the
role of leptin in disease may help to better understand the
regulation of the immune and inflammatory response.
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ob/ob mice received two daily injections of either saline (ob/ob) or leptin (leptin-replaced ob/ob). ⫹/? mice were
left untreated. Data are mean ⫾ SEM of four mice per group. *, P ⬍ 0.05; **, P ⬍ 0.01 vs. ob/ob mice by factorial
ANOVA.
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