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Figure 1. Pathogens activate immune cells, causing
them to produce inßammatory cytokines. The cytokines
mediate the immune response but also act on other sys-
tems and affect metabolism.

accretion by stimulating leukocytes to produce soluble
proteins called cytokines (Johnson, 1997, 1998; Spur-
lock, 1997). In essence, the immune system uses cytok-
ines such as interleukin (IL )-1� , IL-6, and TNF� to
convey information to other physiological systems
about the level of immunological activity (Figure 1).
Indeed, it has been shown that if macrophages are un-
able to produce cytokines when exposed to inflamma-
tory stimuli (e.g., lipopolysaccharide; LPS ), the im-
mune system cannot communicate with other systems
and animals do not become anorectic and lose weight
as they would otherwise (Segreti et al., 1997). Thus,
when animals are subjected to pathogens, the produc-
tion of cytokines is the first step toward reduced feed
intake and growth.

A dilemma, however, is that animals that seem
healthy but that are not eating or growing at their full
potential because of immunological stress (i.e., constant
exposure to pathogens) generally do not have detectable
levels of IL-1� , IL-6, or TNF� in their blood. Thus, if
cytokines are responsible for reduced feeding, which is
controlled by the central nervous system (CNS ), they
likely act in a paracrine fashion and interact with the
CNS indirectly.

Recently, cytokines have been proposed to regulate
appetite in sick animals, in part, by stimulating adipo-
cytes to produce leptin, the product of the ob gene.
Leptin is a blood-borne factor involved in long-term
regulation of feed intake and energy expenditure. Grun-
feld et al. (1996a,b) and Sarraf et al. (1996) were first
to report increased leptin gene expression in rodents
after i.p. injection of LPS or recombinant cytokines.
These initial studies, and those that followed, uncov-
ered a relationship between the immune system and
fat cells that heretofore had not been appreciated.

A Brief Overview of Leptin

In 1994, Zhang et al. identified a gene that was defi-
cient in the genetically obese ob/ob mouse and named

it the ob gene. Leptin, which comes from the Greek
leptos, meaning “thin,” is the 16-kDa secreted product
of the obgene that regulates appetite and energy expen-
diture (Campfield et al., 1995; Halaas et al., 1995; Pel-
leymounter et al., 1995). Initial studies using RT-PCR
suggested that leptin mRNA was expressed exclusively
by adipocytes (Zhang et al., 1994). However, more re-
cent work has revealed that placental tissue (Green et
al., 1995), myocytes (Wang et al., 1998), and fat cells
derived from pleuripotent bone marrow cell cultures
(Laharrague et al., 1998) can express leptin mRNA.
Nonetheless, the primary source of leptin in vivo seems
to be adipose tissue.

Leptin acts on receptors that have been neuroana-
tomically mapped to hypothalamic nuclei involved in
satiety and energy expenditure (Banks et al., 1996; El-
mquist et al., 1997; Mercer et al., 1996). Mice that fail
to secrete leptin (ob/ob ) or that have leptin receptor
defects (db/db ) are hyperphagic, hyperglycemic, hyper-
insulinemic, hypothermic, and morbidly obese (re-
viewed by Caro et al., 1996). These defects can be cor-
rected in the ob/ob , but not the db/db , mouse by the
administration of exogenous leptin (Campfield et al.,
1995; Halaas et al., 1995; Pelleymounter et al., 1995).

There is now little doubt that leptin is an important
regulator of adiposity. This is accomplished through
several mechanisms. First and foremost, leptin is a po-
tent anorectic agent when acutely or chronically admin-
istered to the ob/ob mouse (Campfield et al., 1995; Ha-
laas et al., 1995; Mistry et al., 1997; Pelleymounter et
al., 1995) and in normal, lean controls (Campfield et
al., 1995; Halaas et al., 1997; Mistry et al., 1997). Leptin
also has been shown to reduce feed intake in pigs (Barb
et al., 1998). Leptin acts in the lateral hypothalamus
to reduce feed intake, but other factors are required for
the anorectic properties of leptin. For instance, levels of
hypothalamic neuropeptide Y (NPY ), a potent orexigen,
are reduced in mice that have been given leptin (Ste-
phens et al., 1995). Moreover, transgenic ob/ob mice
that lack the NPY gene are less obese than normal ob/
ob mice (Erickson et al., 1996). It also seems that the
melanocyte-stimulating hormone (MSH ) is an im-
portant downstream target activated by leptin (Seeley
et al., 1997; Thornton et al., 1997) and that MSH recep-
tor (MCR ) activation in the hypothalamus results in
satiety (Fan et al., 1997). As evidence of this, agouti
obese mice, which have ectopic expression of an MCR
antagonist, are resistant to the weight-reducing effects
of leptin (Halaas et al., 1997). Furthermore, an MCR
antagonist antibody also inhibits leptin-induced satiety
(Seeley et al., 1997). Therefore, it is likely that leptin
induces satiety through the production and action of
other secondary factors.

The anorexia that follows leptin administration can-
not completely account for the loss of body weight, be-
cause pair-fed controls lose less weight than leptin-
injected mice (Pelleymounter et al., 1995). It is thought
that an increase in the rate of energy expenditure also
contributes to the loss of body weight following leptin
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administration. Indeed, resting energy expenditure is
increased in lean or ob/ob mice given leptin (Hwa et
al., 1996, 1997; Pelleymounter et al., 1995). Further
studies found that this could be due to an increase in
uncoupling protein expression in brown adipose tissue
(Zhou et al., 1997), dependent on sympathetic nervous
system activity (Scarpace and Matheny, 1998).

The weight-reducing effects of leptin are also due to
disruptions in intermediary metabolism. Catechola-
mines released in response to leptin (Satoh et al., 1999)
could act on adipocytes to cause lipolysis and mobiliza-
tion of fat and carbohydrate stores for use by active
mitochondria. Leptin also causes fat cell apoptosis
(Qian et al., 1998) and insulin resistance (Cohen et al.,
1996). The ability of leptin to induce insulin resistance
in particular has gained much attention. Mice of the
ob/ob strain are hyperinsulinemic and hyperglycemic.
Chronic leptin administration corrects these metabolic
abnormalities (Murphy et al., 1997). However, it is not
known whether this is a direct effect of leptin or a
secondary effect of weight loss. There is evidence that
leptin can act on pancreatic � cells to directly inhibit
insulin secretion (Poitout et al., 1998). Leptin also
seems to regulate growth hormone (GH ) secretion, be-
cause leptin stimulated GH release in vivo (Barb et
al., 1998) and blockade of leptin receptors completely
abolished the circadian pattern of GH secretion (Carro
et al., 1997). Because leptin may inherently link feeding
behavior, metabolism, and endocrine secretions to the
animal’s nutritional state, understanding how its pro-
duction is regulated is of obvious importance.

Tumor Necrosis Factor α Stimulates
Leptin Secretion

One important factor that may regulate leptin and,
thus, feed intake and energy expenditure, is TNF� .
Tumor necrosis factor � is synthesized as a 26-kDa
membrane-bound precursor that is proteolytically
cleaved to a 17-kDa secreted protein. This cytokine,
an eclectic molecule by any standard, was discovered
almost simultaneously in two different areas of biology
in the mid-1980s. It was first isolated as a factor that
caused tumor necrosis in experimentally infected ani-
mals (Carswell et al., 1975; Old, 1985; Pennica et al.,
1984). Other studies identified the ability of this factor
to reduce body weight (Cerami et al., 1985) and inhibit
lipoprotein lipase in 3T3-L1 adipocytes (Beutler et al.,
1985b). Sequence analysis of these two factors revealed
that they were indeed the same (Beutler et al., 1985a;
Beutler and Cerami, 1986).

A genetic approach has been used to explore the abil-
ity of TNF� to induce leptin production. For instance,
the effects of LPS and TNF� on leptin secretion have
been compared in C3H/HeOuJ (OuJ) and C3H/HeJ
(HeJ) mice (Finck et al., 1998). The OuJ mice secrete
cytokines and thus respond normally to an acute bolus
injection of LPS. However, as a result of a mutation in
the Toll-like receptor 4 gene, HeJ mice are hyporespon-

sive to LPS (Hoshino et al., 1999). A recent study
showed that LPS increased plasma TNF� and leptin
in LPS-sensitive OuJ mice (Finck et al., 1998). How-
ever, in LPS-insensitive mice, LPS induced neither
TNF� nor leptin, suggesting a possible relationship be-
tween the induction of TNF� and leptin. Subsequent
studies by the same group showed that administration
of recombinant TNF� induced a similar increase in
plasma leptin levels in OuJ and HeJ mice. Moreover,
in vitro studies with primary adipocytes cultured from
OuJ and HeJ mice showed that TNF� , but not LPS,
increased supernatant leptin levels. An overview of
these studies is provided in Figure 2.

Several studies have reported a high positive correla-
tion between TNF� and leptin in plasma. For instance,
mice that lack TNF� are obese and have lower basal
plasma leptin levels but higher adipose tissue leptin
levels than obese wild-type controls (Kirchgessner et
al., 1997; Ventre et al., 1997). Furthermore, humans
possessing a polymorphism of the TNF� gene (Nco I
polymorphism) that results in heightened expression
of TNF� (TNF-2 ) exhibit higher plasma leptin levels
than other individuals (Fernandez-Real et al., 1997).
However, TNF-2 subjects have more body fat and
higher circulating levels of insulin, which also stimu-
lates leptin secretion. Thus, it is possible that the
change in plasma leptin concentration in TNF-2 sub-
jects was a reflection of altered adiposity and was not
due to TNF� .

A recent study, however, implies that the correlation
between body fat and plasma leptin concentration is
disrupted in obese TNFR knockout (KO ) mice (Schreyer
et al., 1998). Two distinct receptors in the TNF/nerve
growth factor receptor superfamily (p55 and p75 TNFR)
mediate the diverse biological actions of TNF� (Darnay
and Aggarwal, 1997). When wild-type (WT ), p55, p75 or
p55/p75 TNFR KO mice were fed an obesity-inducing,
high-fat diet, WT and KO mice gained a similar amount
of BW. However, fasting plasma leptin levels were dra-
matically lower in all TNFR KO mice than in WT mice.
This implies that TNF� links the level of adiposity to
leptin production and that disruption of TNFR signal-
ing pathways may disturb this communication system.
However, this must be viewed with caution because
other metabolic differences between the WT and KO
mice could account for the differences in leptin levels.

The extracellular domains of the murine receptor iso-
forms possess only limited sequence homology (28%);
they each have a single high-affinity, and highly con-
served, binding site for murine TNF� . However, the
intracellular domains of the two isoforms are quite dis-
similar, and therefore ligand binding to either receptor
initiates diverse signaling cascades that are as yet not
fully elucidated. Because the p55 and p75 TNFR acti-
vate dissimilar signaling pathways, there can be dis-
tinct effects of individual receptor stimulation. Work
from our laboratory has sought to reveal the TNFR
mechanisms that mediate the induction of leptin secre-
tion in response TNF� . Although Schreyer et al. (1998)
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Figure 2. C3H/HeOuJ (OuJ) and C3H/HeJ (HeJ) mice
are similar; however, the toll-like receptor 4 (TLR4) gene
is mutated in the HeJ mice. The mutation prevents their
macrophages and monocytes from responding to lipo-
polysaccharide (LPS) and producing cytokines, including
tumor necrosis factor � (TNF� ). Thus, unlike the OuJ
mice, which secrete leptin in response to LPS challenge,
the HeJ mice do not. Leptin secretion can be stimulated
in HeJ mice, however, by injecting recombinant murine
TNF� . Summarized from Finck et al. (1998).

found that both TNFR may be involved in coupling the
level of obesity to plasma leptin concentration, our work
has shown that somewhat different mechanisms may
mediate the hyperleptinemic response to TNF� . In a
recent study (Finck and Johnson, 2000), leptin was
measured in: 1) the plasma of WT, p55, and p75 TNFR
KO mice after intraperitoneal injection of murine
TNF� ; 2) supernates from cultured WT, p55, and p75
TNFR KO adipocytes that had been incubated with
TNF� ; and 3) supernates from cultured WT mouse adi-
pocytes that were incubated with blocking antibodies
to the p55 or p75 TNFR before treatment with TNF� .

Figure 3. Adipocytes from C3H/HeOuJ mice were in-
cubated with antagonistic antibodies to the p55 (upper
Þgure) or p75 (lower Þgure) tumor necrosis factor recep-
tor (TNFR) prior to addition of recombinant murine tu-
mor necrosis factor � (TNF� ). Blockade of the p55 TNFR
completely blocked TNF � -induced leptin secretion,
whereas blockade of the p75 TNFR did not. An isotype-
matched antibody control (Iso) did not affect TNF � -in-
duced leptin secretion. These data suggest that TNF�
stimulates leptin production by activating the p55 TNFR.
Reprinted from Finck and Johnson (2000).

Results from the antibody blocking study are shown in
Figure 3. Whereas TNF� -induced leptin secretion was
partially inhibited by blockade of the p75 TNFR, block-
ade of the p55 TNFR completely prevented this effect
of TNF� . The results using all of the various approaches
suggest that the p55 TNFR is essential for TNF� to
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stimulate leptin production. Conversely, the absence of
the p75 TNFR in vivo enhanced TNF� -induced leptin
secretion. The mechanism(s) behind this hypersensitiv-
ity is not clear, although it may be that because KO
mice lack the soluble form of the p75 TNFR, which is
a potent inhibitor of TNF� (Van Zee et al., 1992), they
actually had higher circulating levels of bioactive
TNF� , which could act through intact p55 TNFR to
stimulate leptin production. Taken together, these
studies concerning the induction of leptin production
by TNF� suggest that the p75 TNFR plays an ancillary
role to the p55 TNFR.

Several studies have shown that the systemic admin-
istration of recombinant TNF� increases leptin gene
expression (Finck and Johnson, 2000; Grunfeld et al.,
1996b; Sarraf et al., 1997). However, other work has
suggested that TNF� stimulates the release of pre-
formed intracellular pools of leptin and actually de-
creases leptin gene expression in 3T3-L1 adipocytes
(Kirchgessner et al., 1997). This suggests that the in-
crease in steady-state leptin gene expression that oc-
curs in vivo is not mediated by TNF� directly, but
rather through some secondary effect of TNF� . How-
ever, the putative pools of leptin protein that TNF�
releases have yet to be identified and the 3T3-L1 adipo-
cyte cell line might respond differently from primary
fat cells to TNF� . Indeed, exposure to high levels of
TNF� lessens the expression of markers of the adipo-
cyte phenotype and causes dedifferentiation (Ron et al.,
1992; Xu et al., 1999). Fibroblastic preadipocytes do
not synthesize leptin (MacDougald et al., 1995). Recent
studies from our laboratory using RNase protection
assays clearly show an acute increase in steady-state
leptin mRNA in epididymal fat pads following TNF�
exposure in vitro. Furthermore, coincubation with pro-
tein synthesis or RNA polymerase inhibitors abrogated
TNF� -induced increases in supernate leptin content (B.
N. Finck, unpublished observations). This suggests that
the increase in leptin production observed following
TNF� is transcriptionally regulated. Further work is
needed to clarify this issue.

TNFα, Leptin, and Cachexia

The main source of TNF� is mononuclear phagocytic
cells of the immune system. However, many other cell
types, including adipocytes (Hotamisligil et al., 1993),
secrete TNF� under some conditions. Because it has
such diverse activity, it is not surprising that many
stimuli have been shown to induce TNF� production
by the immune system. These stimuli include, but are
not limited to, bacterial lipopolysaccharide (Beutler et
al., 1986), viral infection (Berent et al., 1986), sepsis
(Rothstein and Schreiber, 1988) and, rather unexpect-
edly, obesity (Hotamisligil et al., 1993). Tumor necrosis
factor � can act locally as a mediator of inflammation
from injury and infection or systemically in times of
sepsis and systemic infection. This cytokine is a key
mediator of the behavioral and metabolic effects of the

acute phase response (APR ) to systemic infection and
disease. In support of this, bolus injections of TNF�
induce many symptoms of the APR, including fever
(Dinarello et al., 1986), changes in intermediary metab-
olism (Memon et al., 1994), and cytokine production
(Dinarello et al., 1986).

Chronic infectious, autoimmune, or neoplastic dis-
ease is often accompanied by cachexia, a wasting condi-
tion characterized by extreme loss of body protein and
adipose stores (Schwartz et al., 1995). Cachexia is
caused by chronic anorexia, nutrient malabsorption,
and hypermetabolism, resulting in negative energy bal-
ance and consequently the utilization of body adipose
and protein stores for energy. Loss of lean body mass
during chronic illness or aging is correlated with a de-
crease in immunocompetence, increased recovery time
after injury (Roberts et al., 1994), morbidity, and mor-
tality (Kotler et al., 1989).

The chronic overproduction of TNF� has been sug-
gested to be a factor in cachexia (Beutler et al., 1985a, b;
Beutler and Cerami, 1986). Several studies have shown
that tissue-specific expression of TNF� is increased by
diseases such as AIDS (Jirillo et al., 1994) and multiple
sclerosis (Renno et al., 1995). Furthermore, chronic ex-
posure to TNF� , by way of a TNF� -secreting tumor,
induced progressive weight loss in mice (Oliff et al.,
1987). Not only are the effects of exogenous TNF� simi-
lar to the symptoms of cachexia, but p55 TNFR knock-
out mice were found to be refractory to the deleterious
changes in lipid (López-Soriano et al., 1997) and protein
(Llovera et al., 1998) metabolism and resultant wasting
induced by Lewis lung sarcoma. Thus, the chronic ef-
fects of cytokines such as TNF� could cause many of
the metabolic symptoms of wasting.

Is the Induction of Leptin by TNFα Involved
in Anorexia and Cachexia?

Because leptin can induce anorexia (Campfield et al.,
1995; Halaas et al., 1995; Barb et al., 1998) and hyper-
metabolism (Pelleymounter et al., 1995) and is induced
by cytokines (Finck et al., 1998; Grunfeld et al., 1996b;
Sarraf et al., 1997), it was proposed that leptin also is
involved in the anorexia and cachexia of chronic dis-
ease. This was an important hypothesis because plasma
TNF� concentration (and the concentration of other
cytokines) is often poorly correlated with anorexia and
cachexia. For example, in a recent study, plasma TNF�
was not increased in pigs experimentally infected with
Salmonella typhimurium . Nonetheless, infected pigs
ate less feed, gained less weight, had a higher body
temperature, and had more cortisol and less IGF-I in
plasma than uninfected controls (Balaji et al., 2000). If
TNF� is involved in anorexia and cachexia, as other
studies suggest, it might act in a paracrine fashion and,
thus, interact with the CNS indirectly. One possibility
is that TNF� induces leptin, which in turn acts in the
hypothalamus to decrease appetite and increase energy
expenditure. In support of this notion, db/db mice,
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which lack a functional leptin receptor and are obese,
are somewhat resistant to the anorectic properties of
LPS (Faggioni et al., 1999). Unfortunately, there is little
else to support this model. The ob/ob mice that are
obese because they do not produce leptin are as respon-
sive as normal littermates to the anorectic effects of LPS
(Faggioni et al., 1999). Furthermore, although acute
TNF� exposure has been reported to stimulate leptin
secretion (Finck et al., 1998; Finck and Johnson, 2000;
Gottschling-Zeller et al., 1999; Kirchgessner et al.,
1997), persistent TNF� treatment of greater than 48 h,
which more closely mimics chronic disease conditions,
reduces leptin production in primary adipocyte cultures
(Gottsling-Zeller et al., 1999; Medina et al., 1999; Yama-
guchi et al., 1998). Studies with pigs showed that LPS
decreased leptin mRNA in adipose tissue, despite in-
creasing circulating TNF� (Leininger et al., 2000a).
Furthermore, incubating porcine adipose tissue with
porcine TNF� in vitro had no effect on leptin mRNA
abundance (Leininger et al., 2000a). Several other stud-
ies by the same investigators showed little or no effect
of LPS on leptin mRNA in pigs (Spurlock et al., 1998;
Leininger et al., 2000b). In addition, plasma leptin con-
centrations are not elevated in cachectic patients with
AIDS (Grunfeld et al., 1996a, Yarasheski et al., 1997)
or heart failure (Murdoch et al., 1999) or in tumor-
bearing rats (Chance et al., 1998). More importantly,
unlike other members of the IL-6 family (Espat et al.,
1996), leptin does not induce the breakdown of skeletal
muscle that is seen in cachectic individuals (Kaibara
et al., 1998). In fact, whereas cachexia is characterized
by dramatic muscle protein degradation, prolonged lep-
tin treatment selectively reduces adipose tissue stores
while sparing muscle mass (Chen et al., 1996; Muzzin
et al., 1996). Thus, it seems that the evidence for a
critical role for hyperleptinemia in the pathophysiology
of chronic anorexia and cachexia is weak indeed. This
suggests that the induction of leptin by cytokines such
as TNF� may have another purpose.

Immunologic Properties of Leptin

Although leptin was first described for its role in
regulating energy balance, the primary purpose of in-
flammatory hyperleptinemia may not be to regulate
feed intake and energy expenditure. Because leptin
shares significant sequence and structural homology
with the interleukin-6 (IL-6 ) family of cytokines (Zhang
et al., 1997) and their receptors (Baumann et al., 1996;
Tartaglia et al., 1995), it is now generally accepted to
be both an endocrine hormone and a member of the
cytokine superfamily.

In addition to working with cytokines to regulate food
intake and energy expenditure, leptin seems to be func-
tionally important for complete immunocompetency
(Figure 4). For example, irradiated mice that lack func-
tional leptin receptors replenish leukocytes more slowly
than lean controls (Bennett et al., 1996). Although other
physiologic or metabolic abnormalities could explain

Figure 4. Cytokines act directly in the brain to reduce
feed intake and increase energy expenditure but may
cause similar effects indirectly by modulating other phys-
iological systems. For instance, tumor necrosis factor �
(TNF� ) induces adipocytes to produce leptin, a blood-
borne factor that acts centrally to reduce feed intake and
increase energy expenditure. Leptin also has an important
immunoregulatory function and may be an integral part
of the acute phase response and necessary for comprehen-
sive immunocompetence. This hints at the existence of an
integrated communication network wherein the energy
status of the animal affects its ability to Þght pathogens.

this deficit, this finding implies that leptin plays a criti-
cal role in hematopoeisis. As evidence of this, primitive
hematopoietic stem cells express some forms of the lep-
tin receptor (Bennett et al., 1996; Cioffi et al., 1996),
and addition of recombinant leptin to cultures of eryth-
rocytic and myelopoietic cells induces their differentia-
tion and proliferation (Bennett et al., 1996; Gainsford
et al., 1996; Mikhail et al., 1997; Umemoto et al., 1997).

The effects of leptin on the immune system need not
be confined to primitive hematopoietic cells; Gainsford
et al. (1996) found that addition of leptin to culture
medium enhanced cytokine production and phagocyto-
sis of Leishmania parasites by murine peritoneal mac-
rophages. This was again demonstrated in a study (Lof-
freda et al., 1998) that found that leptin increased
phagocytic activity of macrophages and potentiated
TNF� , IL-6, and interleukin-12 (IL-12 ) secretion in re-
sponse to LPS in vitro. Furthermore, the phagocytic
activity of liver macrophages from ob/ob mice (Loffreda
et al., 1998) and obese Zucker (fa/fa ) rats (Yang et
al., 1997), which lack functional leptin receptors, was
shown to be decreased. This function is restored in
monocytes from ob/ob mice by culture with recombi-
nant leptin (Loffreda et al., 1998).

Leptin might also significantly influence acquired im-
munity because it was shown to stimulate memory T-
cell maturation, increase the TH1:TH2 ratio, and induce
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TH1 cytokine (i.e., interleukin-2 and interferon-� ) pro-
duction by T-lymphocytes from ob/ob mice (Lord et al.,
1998), which have reduced numbers of circulating T-
cells (Chandra, 1980). More importantly, leptin cor-
rected starvation-induced deficits in the immune re-
sponse of normal mice (Lord et al., 1998; Howard et al.,
1999). This suggests that leptin stimulates hematopoie-
sis and aids in the clearance of infectious organisms.
This could explain why malnourished individuals, who
have low plasma leptin levels, are overly susceptible to
opportunistic infections. It also might be relevant in
domestic animals that are selected for low body fat.

These studies indicate that leptin activates the im-
mune system. However, recent studies suggest that lep-
tin has antiinflammatory properties as well. For in-
stance, ob/ob mice are inordinately sensitive to LPS-
and TNF� -induced lethality (Faggioni et al., 1999; Ta-
kahashi et al., 1999). This hypersensitivity is corrected
by pretreatment with recombinant leptin. Further-
more, high plasma leptin and low proinflammatory cy-
tokine levels are predictive of survival in septic patients
(Bornstein et al., 1998; Arnalich et al., 1999). The un-
derlying mechanism(s) responsible for the protective
effects of leptin has not yet been identified; however, it
may be related to inhibition of proinflammatory cytok-
ine production (Bornstein et al., 1998) or stimulation
of production of anti-inflammatory mediators such as
glucocorticoids and IL-1 receptor antagonist (Faggioni
et al., 1999).

Implications

Not so long ago, the immune system was thought
to operate independently of other physiologic systems.
This notion, however, has fallen by the wayside. That
tumor necrosis factor � , a classic cytokine of the im-
mune system, interacts with adipocytes and stimulates
leptin secretion, and that leptin, a hormone first de-
scribed for its role in energy balance, interacts with
leukocytes and affects the immune response are yet
additional examples of how seemingly disparate physio-
logic systems are integrated. Because domestic food ani-
mals are subjected to numerous infectious pathogens
(as are all animals) and are genetically selected for
high or low feed intake and varying levels of adiposity,
understanding how these systems work together in
times of good health and in times of disease is critical.
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López-Soriano, J., M. Llovera, N. Carbó, C. Garcia-Martinez, F. J.
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