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White adipose tissue is no longer considered an inert tissue

mainly devoted to energy storage but is emerging as an active

participant in regulating physiologic and pathologic processes,

including immunity and inflammation. Macrophages are

components of adipose tissue and actively participate in its

activities. Furthermore, cross-talk between lymphocytes and

adipocytes can lead to immune regulation. Adipose tissue

produces and releases a variety of proinflammatory and anti-

inflammatory factors, including the adipokines leptin,

adiponectin, resistin, and visfatin, as well as cytokines and

chemokines, such as TNF-a, IL-6, monocyte chemoattractant

protein 1, and others. Proinflammatory molecules produced by

adipose tissue have been implicated as active participants in the

development of insulin resistance and the increased risk of

cardiovascular disease associated with obesity. In contrast,

reduced leptin levels might predispose to increased

susceptibility to infection caused by reduced T-cell responses

in malnourished individuals. Altered adipokine levels have been

observed in a variety of inflammatory conditions, although

their pathogenic role has not been completely clarified.

(J Allergy Clin Immunol 2005;115:911-9.)
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OBESITY, ADIPOSE TISSUE, AND
INFLAMMATION

The incidence of obesity and associated comorbidities
is dramatically increasing worldwide in both children and
adults. The obese state is characterized by what has been
called low-grade systemic inflammation. In fact, inflam-
matory markers, such as C-reactive protein (CRP) and
IL-6, are increased in obese individuals compared with
lean subjects, although not to the same extent observed

From the Department of Human Nutrition, University of Illinois at Chicago.

Supported by National Institutes of Health grant DK-061483.

Disclosure of potential conflict of interest: G. Fantuzzi—none disclosed.

Received for publication November 29, 2004; revised February 11, 2005;

accepted for publication February 18, 2005.

Available online April 5, 2005.

Reprint requests: Giamila Fantuzzi, PhD, Department of Human Nutrition,

University of Illinois at Chicago, 1919 W Taylor St M/C 517, Chicago, IL

60612. E-mail: giamila@uic.edu.

0091-6749/$30.00

� 2005 American Academy of Allergy, Asthma and Immunology

doi:10.1016/j.jaci.2005.02.023
in classic inflammatory conditions. The presence of sys-
temic inflammation has been linked to the increased risk
of development of cardiovascular disease (CVD) and type
II diabetes in obesity, particularly in the case of visceral
adiposity.1 Epidemiologic evidence of this rising tide of
obesity and associated pathologies has led, in the last
decade, to a dramatic increase of research on the role of
adipose tissue as an active participant in controlling the
body’s physiologic and pathologic processes. The current
view of adipose tissue is that of an active secretory organ,
sending out and responding to signals that modulate
appetite, energy expenditure, insulin sensitivity, endo-
crine and reproductive systems, bone metabolism, and
inflammation and immunity.

This review will focus on the role of adipose tissue and
adipokines in modulating inflammation and immunity.

INTERACTIONS BETWEEN ADIPOCYTES
AND IMMUNE-INFLAMMATORY CELLS

Macrophages are present in adipose tissue
and increased in obesity

Adipose tissue can be divided into 2 major types: white
adipose tissue (WAT) and brown adipose tissue. WAT
represents the vast majority of adipose tissue in the
organism and is the site of energy storage, whereas the
main role of brown adipose tissue is nonshivering thermo-
genesis, particularly in small mammals and human neo-
nates. WAT is composed of many cell types, adipocytes
being the most abundant. The other cell types present in
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WAT are included in the stromovascular fraction, of
which approximately 10% are CD141CD311 macro-
phages.2 The number of macrophages present in WAT is
directly correlated with adiposity and with adipocyte size
in both human subjects and mice, with no significant
differences present between subcutaneous and visceral
WAT.2-4 Higher numbers of WAT macrophages are
present in female than in male mice, but it is currently
unknown whether the same holds true for human sub-
jects.5

Although clear similarities between macrophages and
adipocytes have been reported and preadipocytes can
differentiate into macrophages, these 2 cell types are
actually distinct.6 In mice bone marrow chimeras experi-
ments have demonstrated that WAT macrophages are
bone marrow derived, indicating that macrophages pre-
sent in adipose tissue do not derive in situ from differen-
tiation of preadipocytes but rather from circulating
monocytes infiltrating WAT.3 Incubation with adipo-
cyte-conditioned medium increases expression of the
adhesion molecules intracellular adhesion molecule 1
(ICAM-1) and platelet-endothelial cell adhesion molecule
1 in endothelial cells and induces adhesion and trans-
migration of bloodmonocytes, an effect mimicked by high
doses of the adipokine leptin.2 It is also possible that
chemokines such as monocyte chemoattractant protein 1
(MCP-1), which is expressed by adipocytes and the levels
of which correlate with adiposity, might contribute to
monocyte recruitment into WAT.7 In obese mice WAT
macrophages form multinucleated giant cells reminiscent
of those present in granulomas, suggesting an activated
phenotype.4

Circulating levelsofTNF-a and IL-6aredirectlycorrelated
with adiposity and insulin resistance.8 Macrophages are
the major source of TNF-a produced by WAT and
contribute approximately 50% of WAT-derived IL-6.3

In summary, WAT of obese individuals contains an
increased number of macrophages compared with that
of lean persons, and these macrophages appear to be
activated, both from a morphologic (giant cells) and
a functional (cytokine production) standpoint (Fig 1).

Interactions between adipose tissue
and lymphocytes

Although lymphocytes are not a constituent of WAT,
there is often a close physical proximity between lym-
phocytes and WAT, particularly in lymph nodes, which
are generally surrounded by pericapsular adipose tissue.
Data indicate the presence of intriguing 2-way paracrine
interactions between lymphocytes and adjacent adipo-
cytes.9 The potential importance of evaluating the inter-
actions between WAT and lymphocytes in the context of
immunity is underlined by the observation that in mice
protective immunization against Helicobacter felis is
associated with adipokine upregulation, as well as the
presence of (mostly T) lymphocytes in WAT surrounding
the stomach.10 Despite these observations and the well-
established demonstration that leptin is an important
modulator of T-cell function, the evaluation of interactions
between lymphocytes and adipocytes has not yet received
the full attention it deserves.

ADIPOKINES

Adipokines are proteins produced mainly by adipo-
cytes. Although adipose tissue secretes a variety of factors,
only leptin and adiponectin (and possibly resistin, adipsin,
and visfatin) are primarily produced by adipocytes and can
therefore be properly classified as adipokines.

Leptin

Leptin is a 16-kd protein encoded by the ob gene.11

Adipocytes are the most important source of leptin, and
circulating leptin levels directly correlate with adipose
tissue mass.12 Control of appetite is the primary role of
leptin. In fact, mice with a mutation in the leptin (ob/ob
mice) or leptin receptor (db/db mice) gene, as well as
human subjects with mutations in the same genes, are
massively obese. Excellent reviews have been published
on the effects of leptin in regulating appetite and other
physiologic functions.13,14

Leptin’s role in regulating immunity has been fueled by
early observations of thymus atrophy in db/dbmice. Since
its cloning in 1994, many details of leptin’s effects on the
immune and inflammatory response have been clarified.
Below, we briefly summarize these effects; for more
details, the reader is referred to recent reviews that
specifically deal with this topic.15-17 Leptin protects
T lymphocytes from apoptosis and regulates T-cell pro-
liferation and activation. Leptin also influences cytokine
production from T lymphocytes, generally switching the
phenotype toward a TH1 response. Of note, cytokine
production from T lymphocytes is suppressed in leptin-
deficient children and restored by leptin administration.18

In addition to its effects on T lymphocytes, leptin also
influences monocyte activation, phagocytosis, and cyto-
kine production. Signal transduction pathways activated
by leptin in immune cells include the Janus kinase–signal
transducer and activator of transcription system (particu-
larly signal transducer and activator of transcription 3), as
well as phosphatidylinositol 3-kinase and mitogen-acti-
vated protein kinase. In endothelial cells leptin induces
oxidative stress and upregulation of adhesion molecules.

In experimental animals inflammatory stimuli acutely
induce leptin mRNA and increase serum leptin levels;
however, this is not always true in human subjects.15 Most
of the in vivo studies on the immune-modulating effects of
leptin have been generated by using leptin-deficient ob/ob
mice. In this setting leptin deficiency is associated with
reduced inflammation in models of autoimmune disease
but also with increased susceptibility to bacterial and
viral infections.19-24 These are likely consequences of the
immune-activating effects of leptin. However, leptin de-
ficiency is also associated with increased susceptibility to
the toxicity of proinflammatory stimuli, such as endotoxin
and TNF-a, an effect that might be mediated by leptin’s
activity on the kidney.25-27 Nevertheless, the general
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FIG 1. Adipose tissue: cellular components and molecules produced. Adipose tissue is composed of

adipocytes and the stromovascular fraction, which includes macrophages. Left, Adipocytes produce leptin,

adiponectin, visfatin, IL-6, MCP-1, and other factors. Macrophages produce TNF-a, IL-5, MCP-1, and other

cytokines and chemokines. In human subjects the ultimate cellular source of adipsin and resistin seems to be

the macrophage. Right, In obesity leptin and possibly other factors produced by adipocytes, macrophages, or

both upregulate adhesion molecules on endothelial cells, leading to transmigration of bone marrow–derived

monocytes and thus an increase in WAT-resident macrophages, some of which fuse to generate giant

multinucleated cells. Macrophages present in the WAT of obese individuals produce higher levels of TNF-a,

IL-6, and chemokines compared with those in lean persons. At the same time, adiponectin production by

adipocytes is reduced, possibly through upregulated local TNF-a levels.
consensus is that leptin exerts a proinflammatory role,
while at the same time protecting against infections. Fig 2
summarizes the role of leptin in modulating immunity and
inflammation.

Adiponectin

Adiponectin is the adipokine that circulates at the
highest levels (in the microgram per milliliter range versus
nanograms per milliliter for leptin). This adipokine is best
known for its role in the regulation of insulin sensitivity.28

The adiponectin molecule is composed of a globular and
a collagenous domain. Once synthesized, adiponectin
forms trimers, which then oligomerize to form polymers
composed of 4 to 6 trimers (Fig 3). Both trimers and
oligomers, but not monomers, of adiponectin are present
in the circulation. The globular domain of adiponectin
presents close structural, though not sequence, similarities
with TNF-a.29 Both the full-length and the globular
fractions have been used to evaluate the biologic activity
of adiponectin, and a debate exists as to whether the 2
forms have the same activity. Leukocyte elastase cleaves
adiponectin and generates the globular domain, which can
then trimerize but does not further polymerize.29,30 Thus
activated leukocytes might modulate adiponectin bio-
activity in ways that are still not clear. A further level
of complexity is added by the glycosylation pattern of
adiponectin, which appears to be necessary for full
biologic activity.29

Although adipocytes are the most important source of
adiponectin, serum adiponectin levels do not increase with
obesity as leptin levels do. On the contrary, there is
a tendency for reduced adiponectin levels in obese
subjects and increased levels in patients with anorexia
nervosa.29,31 Adiponectin levels are significantly reduced
in patients with type II diabetes (see below). The
mechanism by which the insulin-resistant state is associ-
ated with low levels of adiponectin is not clear. However,
TNF-a, which is increased in the WAT of obese subjects,
might downregulate adiponectin production.27,32 On the
other hand, adiponectin reduces the production and
activity of TNF-a.33 The anti-inflammatory activities of
adiponectin extend to inhibition of IL-6 production
accompanied by induction of the anti-inflammatory cyto-
kines IL-10 and IL-1 receptor antagonist.34-36 Inhibition of
nuclear factorkB (NF-kB) by adiponectinmight explain at
least part of these effects.36 Furthermore, adiponectin
reduces induction of the endothelial adhesion molecules
ICAM-1 and vascular cell adhesion molecule 1 by either
TNF-a or resistin.37,38 In vivo overexpression of adipo-
nectin in apolipoprotein E–deficient mice suppresses
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atherosclerosis, in part by downregulating adhesion mol-
ecules.39 On the basis of all the above-mentioned effects,
adiponectin appears to act as an anti-inflammatory mole-
cule (Fig 3).

Resistin, adipsin, and visfatin

Resistin received its name from the original observation
that it induced insulin resistance in mice.40 Resistin
belongs to the family of resistin-like molecules
(RELMs), also known as ‘‘found in inflammatory zone’’
(FIZZ). As this latter name suggests, the FIZZ family of
molecules has been implicated in the regulation of in-
flammation. In fact, the first member, FIZZ-1, was initially
discovered in the bronchoalveolar lavage fluid of mice
with allergic pulmonary inflammation and later found to be
involved in other forms of lung inflammation.41 The FIZZ/
RELM family consists of 4 members, each of which has
a conserved 11-cysteine pattern at the C terminus. Resistin
(FIZZ-3) was initially discovered in mice, in which it
is predominantly expressed by adipocytes. In contrast,
macrophages, rather than adipocytes, appear to be themost
important source of resistin in human subjects.42 In rodents
another member of the family, RELMg, is expressed at
high levels in hematopoietic tissues andWAT.43Although
the function of RELMg is currently unknown, this
molecule might represent an additional interesting link
between the immune system and WAT.

Levels of resistin have been reported to be either increased,
unchanged, or decreased in murine and human obesity and
type II diabetes, somewhat dampening the initial enthusi-
asm of resistin as a possible link between adiposity and

FIG 2. Effects of leptin on immunity and inflammation. Leptin is

produced by adipocytes and acts on the long isoform of its

receptor, which is expressed by many cell types, including

lymphocytes, monocytes, and endothelial cells. Leptin protects

T lymphocytes from apoptosis and modulates T-cell proliferation,

increasing the proliferation of naive T cells while reducing the

proliferation of memory T cells. Leptin modulates T cell–derived

cytokine production and increases expression of the activation

markers CD25 and CD71 in CD41 and CD81 cells. In monocytes

leptin increases the expression of various activation markers and

upregulates phagocytosis and cytokine production. In endothelial

cells leptin upregulates the expression of adhesion molecules and

induces oxidative stress. Many of the modulating activities of

leptin in immune and inflammatory responses are observed only

when a costimulus is present.
insulin resistance. However, recent data indicate that
stimulation of macrophages in vitro with endotoxin or
proinflammatory cytokines leads to a marked increase in
resistin production.44 Furthermore, administration of en-
dotoxin to human volunteers is associated with dramati-
cally increased circulating resistin levels.44 Thus in human
subjects resistin seems to act as a critical mediator of the
insulin resistance associatedwith sepsis and possibly other
inflammatory conditions. Only a few reports have in-
vestigated the effects of resistin in the modulation of
inflammatory responses, showing that resistin upregulates
expression of MCP-1, as well as vascular cell adhesion
molecule 1 and ICAM-1, in endothelial cells.38,45 As
mentioned above, the adhesion molecule-upregulating
effects of resistin are antagonized by adiponectin.38

Adipsin (which in human subjects corresponds to com-
plement factor D46) is the rate-limiting enzyme in the
alternative pathway of complement activation.47 Adipsin,
together with several other components of both the classical
and alternative complement cascade, is primarily expressed
by adipocytes in mice and by both adipocytes and mono-
cytes-macrophages in human subjects.47,48Adipsin levels are
reduced in murine models of obesity but either increased
or unchanged in obese human subjects.49

Visfatin is a recently discovered adipokine produced
and secreted primarily by visceral WAT.50 Visfatin binds
to and activates the insulin receptor, exerting insulin-
mimetic effects both in vitro and in vivo.50 Visfatin is
identical to pre-B-cell colony-enhancing factor (PBEF),
a cytokine that is increased in the bronchoalveolar lavage
fluid in animal models of acute lung injury and in
neutrophils of septic patients.51,52 Interestingly, the pres-
ence of specific single nucleotide polymorphisms in the
visfatin/PBEF gene, which decrease gene transcription
rate, highly increases the risk of development of acute lung
injury in septic patients.51 PBEF/visfatin is produced by
endotoxin-stimulated neutrophils and inhibits neutrophil
apoptosis through a caspase 3– and caspase 8–mediated
mechanism.52 Although the connection between the in-
sulin-mimetic and antiapoptotic effects of PBEF/visfatin
still have to be investigated, this protein clearly represents
an additional link between adipose tissue and inflamma-
tion.

CYTOKINES RELEASED BY ADIPOSE TISSUE

IL-6 and TNF-a

IL-6 and TNF-a are the 2 best-studied cytokines in
obesity and have been consistently found to be increased
in the serum, WAT, or both of obese subjects.8

It has been estimated that WAT contributes about 30%
of circulating IL-6, with visceral WAT producing higher
levels of IL-6 compared with subcutaneous WAT.53,54

Both adipocytes and macrophages contribute to WAT-
derived IL-6, although the ultimate stimulus for induction
of IL-6 production in the presence of excess adiposity is
currently unknown. The high levels of IL-6 are likely
responsible for the increase in acute-phase proteins, such
as CRP, observed in obese subjects.
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FIG 3. Adiponectin: structure and anti-inflammatory effects. Left, Adiponectin is composed of a collagenous

and a globular domain. Adiponectin monomers trimerize through tight interactions in the collagenous

domain. Trimers can then oligomerize. Both trimers and oligomers are present in the circulation and might

have different effects on insulin sensitivity. Leukocyte elastase released by activated immune cells cleaves the

globular domain of adiponectin, which might have activities distinct from those of the full-length molecule.

Right, Adiponectin induces the anti-inflammatory cytokines IL-10 and IL-1 receptor antagonist in monocytes-

macrophages, while inhibiting IL-6 and TNF-a levels. Adiponectin also inhibits the biologic activity of TNF-a. In

endothelial cells adiponectin downregulates the expression of adhesion molecules, thus contrasting the effect

of resistin.
Expression of TNF-a is increased in the WAT of obese
subjects. Given that TNF-a was originally characterized
as a factor inducing cachexia (hence its other name,
cachectin), the high levels of this cytokine in obesitymight
appear paradoxical. However, it is important to note that
both cachexia and obesity are inflammatory conditions,
and therefore it should come as no surprise that the same
mediators are involved in both processes. TNF-a can
directly lead to insulin resistance by inducing serine
phosphorylation of the insulin receptor, which inhibits
insulin signaling.55 Therefore TNF-a is considered a likely
mediator of the insulin resistance and type II diabetes
associated with high visceral adiposity. However, despite
initial promising results in animal studies, neutralization
of TNF-a activity has proved ineffective in ameliorating
insulin sensitivity in diabetic patients.56 Given the in-
creased susceptibility to infection of diabetic patients and
the association of TNF-neutralizing treatments with an
increased risk of opportunistic infections, it does not seem
advisable to further explore this avenue.

Other cytokines and chemokines

In addition to IL-6 and TNF-a, WAT expresses and
releases a variety of other cytokines and chemokines.
WAT-derived IL-1 receptor antagonist is markedly in-
creased in the serum of obese subjects, as is IL-18,
although its ultimate source has not been identified.57,58

WAT also produces chemokines, including IL-8, MCP-1,
and macrophage inflammatory protein 1.

CORRELATION BETWEEN ADIPOSITY
AND IMMUNITY-INFLAMMATION

Obesity, particularly visceral adiposity, is associated
with chronic low-grade inflammation, as indicated by
increased levels of the inflammatory markers CRP and
IL-6 in the circulation of obese subjects. Although not
completely demonstrated, the current working hypothesis
is that adipokines, cytokines, and other factors produced
and released by WAT are responsible for the chronic
inflammatory state of visceral obesity. The concomitance
of inflammation, hypertension, and dyslipidemia increases
the likelihood of development of type II diabetes and
CVD.59 However, the ultimate reason for increased pro-
duction of proinflammatory factors byWAT in obesity has
not been identified. Furthermore, visceral adiposity, rather
than simply a high body mass index (BMI; in kilograms
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per meters squared), is correlated with increased risk of
CVD and diabetes; however, more information is needed
to understand the metabolic differences, inflammatory
differences, or both between visceral versus subcutaneous
WAT. It is possible that a direct access to the portal
circulation by products of visceral but not subcutaneous
WAT might account for most of the difference in the
metabolic effects of the 2 depots. Despite the increased
risk of type II diabetes and CVD with increasing BMI, it
should be remembered that a high BMI is associated with
increased survival rates in groups at high mortality risk,
such as the elderly and patients with end-stage renal
disease or chronic heart failure.60

At the other end of the BMI spectrum, severe malnu-
trition has been associated with thymic atrophy, reduced
T-cell function, and increased susceptibility to infection,61

alterations that are congruent with the sharp reduction in
leptin levels observed at extremely low BMIs. However,
a direct causal association between low leptin and reduced
T-cell function seems to be negated by patients with
anorexia nervosa, who also have BMIs and leptin levels at
the low end of the spectrum, low enough that ovulation
is generally impeded, but in whom immune function is
usually well preserved, despite possible changes in T-cell
subpopulations.62 Furthermore, although altered T-cell
populations, reduced cytokine production, and possibly an
increased susceptibility to infection have been observed in
leptin-deficient children, these abnormalities are milder
than observed in cases of severe malnutrition.18 Therefore
it appears that other factors, such as the presence of poor
hygienic conditions, lack of access to clean water, or
concomitant chronic disease, which often accompany
severe malnutrition but not anorexia nervosa or leptin
deficiency, might play an important role.

TABLE I. Key concepts in the relation between adipose

tissue and inflammation

Cells

d Macrophages are a normal component of adipose tissue.

d Obesity is associated with increased numbers of

macrophages in adipose tissue.

d Obesity is associated with the presence of activated

macrophages in adipose tissue.

d There is a cross-talk between adipocytes and lymphocytes

in lymph nodes.

Molecules

d Adipocytes produce many factors modulating

immunity and inflammation.

d Leptin exerts mostly proinflammatory and

immune-potentiating effects.

d Adiponectin exerts mostly anti-inflammatory effects.

Diseases

d Low adiponectin levels in type II diabetes are a

possible link to insulin resistance.

d Obesity seems to be associated with asthma, but the

mechanism is unknown.

d Several conditions are associated with altered adipokine levels,

but the significance of this observation is unclear.
INFLAMMATORY-AUTOIMMUNE
DISORDERS AND ADIPOKINES

Altered systemic adipokine levels, local adipokine
levels, or both have been reported in a variety of
inflammatory-autoimmune conditions, with the majority
of studies focusing on leptin. However, the pathogenic
role played by adipokines in such disorders is far from
understood, even for type II diabetes, a disease in which
a potential role for adipokines has been studied in more
detail. Below we summarize the data available for those
conditions in which adipokine levels have been studied
in more detail or an association with obesity has been
reported.

Type II diabetes

Type II diabetes has classically been considered
a metabolic, rather than an inflammatory, disease.
However, as data on adipokine and cytokine production
byWAT are being generated, it appears that inflammatory
mediators are involved in the development of insulin
resistance. Asmentioned above, TNF-a can reduce insulin
sensitivity by influencing the phosphorylation state of the
insulin receptor.55 Signal transduction pathways linking
inflammation and insulin resistance include NF-kB, c-Jun
N-terminal kinase, and endothelial reticulum stress.63-66 In
type II diabetes leptin levels are correlated with BMI and
therefore are generally increased, whereas adiponectin
levels are significantly decreased in diabetic subjects and
improve after treatment with insulin-sensitizing agents.29

In contrast, amelioration of insulin sensitivity by exercise,
with or without moderate weight loss, is not necessarily
associated with increased adiponectin levels.67,68 However,
as mentioned above, adiponectin is present in the circula-
tion as both a trimer and a multimer; the ratio between
these 2 molecular forms, rather than the absolute amount
of circulating adiponectin, appears to be important in
regulating insulin sensitivity.69 Despite these uncertain-
ties, adiponectin is one of the best candidates for
a connection between adiposity and insulin resistance. In
contrast, data on resistin levels in type II diabetes are at
present inconclusive.42

Asthma

An association between obesity and asthma incidence,
asthma severity, or both has been reported in many
studies, although considerable debate about the existence
and meaning of the association still exists.70,71 Despite an
abundant literature, the ultimate cause of the relationship
between high BMI and asthma has not been identified. The
majority of studies published on this topic are epidemio-
logic investigations; the paucity of basic research on the
possible role of adipose tissue in modulating asthma
susceptibility and symptoms is quite striking. The few
reports available indicate the presence of altered T-cell
responses, IFN-g production, and mast cell numbers in
the tracheas of obese mice sensitized to ovalbumin com-
pared with those seen in lean control animals72 and the
presence of increased airway hyperresponsiveness and
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inflammation to ozone in obese mice.73 Furthermore,
administration of leptin increases airway hyperrespon-
siveness and TH2 cytokine production in ovalbumin-
sensitized mice.74 Finally, high leptin levels have been
observed in asthmatic children compared with in a control
group with similar BMI.75-77 Although the possibility that
factors produced by adipose tissue might indeed influence
asthma severity has been suggested,78 other causes have
been proposed (ie, the higher prevalence of gastroesoph-
ageal reflux in obese individuals, increased perception of
symptoms caused by mechanical stress on the respiratory
system, dietary and environmental factors, and others).

Inflammatory bowel disease

Leptin-deficient mice are protected from inflammation
in some, although not all, experimental models of in-
flammatory bowel disease (IBD),22,79 suggesting a possi-
ble involvement of leptin in maintaining high cytokine
production and low rates of apoptosis in intestinal
lymphocytes of patients with IBD. The likely participation
of leptin in regulating intestinal inflammation is also
highlighted by the observation that luminal leptin upre-
gulates NF-kB expression in colonic epithelial cells.80

Serum leptin levels are not altered in IBD,81 although they
might increase during acute stages of ulcerative colitis.82

Furthermore, leptin mRNA is upregulated in mesenteric
adipose tissue of patients with IBD.83

Rheumatoid arthritis

Similar to data obtained with IBD models, leptin-
deficient mice have reduced inflammation in models of
rheumatoid arthritis (RA), although the opposite results
have been obtained when septic arthritis was studied.19,84

In patients with RA, serum leptin levels remain normally
correlated with BMI rather than disease stage.85 In
addition, increased levels of adiponectin and resistin are
observed in the synovial fluid of patients with RA
compared with that seen in patients with osteoarthritis.86

Multiple sclerosis

Leptin-deficient mice experience only mild disease in
a model of multiple sclerosis, and leptin worsens disease
severity in susceptible mice.21,87 Serum leptin levels are
not significantly altered in patients with multiple sclerosis
comparedwith healthy control subjects, although a sudden
increase before relapses has been observed, which is in
agreement with experimental data obtained in mice.88,89

CONCLUSIONS

The recent interest inWAT as an active secretory organ
and the observation of close links and similarities between
adipocytes and immune-inflammatory cells have gener-
ated a sizeable amount of exciting data that have
revolutionized our understanding of the role of WAT in
physiologic and pathologic processes (Table I). However,
the field is still too young to allow for therapeutic
implications to be drawn at this point because we still
need to understand most of the details regarding adipokine
and cytokine production by WAT, differences between
visceral and subcutaneousWAT depots, and the exact role
of WAT in modulating immunity and inflammation.
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