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Abstract

Adipocytes produce hormones and adipokines, among others leptin, with metabolic and inflam-
matory responses. The role of leptin involves different subsets of the immune system. Low levels
of serum leptin concentrations are associated with bacterial infections and produce susceptibility
to allergic diseases and type Th2 autoimmune diseases. High levels of leptin are associated with
Th1 autoimmune diseases via inflammatory responses. Leptin resistance, that happens in obesity,
is characterized by the presence of high levels of serum leptin itself accompanied by a clinical sit-
uation of a Th2 response. There is a relationship between obesity, leptin resistance, altered im-
munity and sex hormones. Serum leptin concentration (Th1 response) in women is higher than in
men maybe to achieve the balance Th1/Th2 because of the high level of estrogenic hormones (Th2
response) in women.
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1. Introduction

The current western lifestyle favors overnutrition and sedentarism. As a result, the prevalence of obesity in de-
veloped countries has risen steadily during the last 30 years. The prevalence of overweight is higher than 50% in
men and 35% in women; general obesity is around 30% in both sexes [1].

Obesity is a chronic disease defined as an excessive growth of adipose tissue. Over the last several decades,
obesity has become a public health problem due to its associated disorders and due to secretions of adipose tis-
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sue [2]. It can shorten life expectancy, and it is also a major factor in premature risk of many other diseases. It
predisposes individuals to atherosclerosis [3], hypertension, diabetes mellitus [4] glomerulopathies, arthritis,
neuropathologies [5] and cancer [6]. So that as the obesity “epidemic” spreads, it will lead to a reduction in life
expectancies in developed countries [7]. Obesity influences the outcome of several immune mediated diseases.

In obesity adipocytes become hypertrophic, a change that reduces their oxidative capacity and renders them
unable to store all the fat droplets that reach them via the bloodstream. Eventually this situation gives rise to fat
deposits in cells of different organs that are not prepared for this function, and which are thus exposed to the ef-
fects of lipotoxicity [8]. However, it has been known since the 1990s that adipose tissue acts as an active endo-
crine organ that produces a number of hormones, pro-inflammatory cytokines, growth factors, complement sys-
tem proteins and other molecules, which are together termed adipokines. Multiple roles in metabolic and in-
flammatory responses have been assigned to adipokines. Alterations in these substances production transform
obesity into a condition characterized by chronic, low-intensity inflammation [9].

Obesity means not only an increase in the number and size of adipocytes but also an increase in adipose tissue
infiltration by macrophages. Different types of cells in this tissue (pre-adipocytes, adipocytes, vascular stromal
cells and macrophages) [10] present their own specific secretory and regulatory profiles. But obesity is also
characterized by a large increase in perivisceral adipose tissue, a type of fat with a great capacity to secrete lep-
tin, adiponectin, angiotensinogen, plasminogen activator inhibitor-1, resistin, IL-6 and more [2]. Leptin was the
first adipokine to be discovered [11]; its functions are summarized in Figure 1.

- SUMMARIZING LEPTIN EVENTS-RELATED -

- Adipose tissue.

- Gastric mucosa.

- Skeletal muscle.
produced - Mammary epithelium.

- Placenta.

- Pituitary.

- Bone marrow.

- Plasma free (active)
- Bound to a receptor:
+In plasma
(s-OB-R: soluble receptor).
« In the endothelium of the vessels of the blood-brain barrier
(s-OBR-a: Short receptor).
+ In the membrane neuronal of the hypothalamic arcuate nucleus
(OBR-b: Long receptor).
« In peripheral tissue cells
(OBR-b—~PPARa—intracellular fatty acid oxidation).

- Morbid obesity.

- Hyperphagia.
- Hypothermia

- Hyperglycemia.

- Hyperinsulinemia.

- Thymic atrophy.

- Decreased spleen cellularity.

- Lymph nodes with adipose metaplasia.

- Apoptosis of lymphocytes

- Decreased secretion of Th1 phenotype cytokines.
- Increased secretion of Th2 phenotype cytokines.

- Control of hypothalamic-pituitary-gonadal axis.
- Expansion and differentiation of hematopoietic cells
Other feature (bone marrow).
- Cell growth.
- Placental trophism.
- Osteogenesis.
- Growth and development of body.
- Involved in inflammatory processes.
- Involved in innate and adaptive immunity
(Th1 cell proliferation).

Figure 1. Production, forms and actions of leptin.
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2. Obesity and Post Receptor Leptin Activity

Leptin is involved in the hypothalamic-pituitary-gonadal axis. As a result its post-receptor action affects a num-
ber of physiological processes and pathological alterations in these processes [12].

Leptin deficiency in humans is associated with increased mortality from bacterial infections. Persons with
obesity are more susceptible to infections in part owing because of leptin resistance, a phenomenon that arises in
the blood brain barrier (BBB), in the hypothalamus and the peripheral non adipocyte cells. It is summarized in
Figure 2. Leptin administration is only effective in individuals with genetic leptin deficiency, since they con-
serve substantial central and peripheral leptin receptor sensitivity. However, in extremely obese patients who are
not leptin-deficient this treatment yields only small benefits because the high concentrations of circulating hor-
mone mean that Ob-Rb receptors are insensitive to leptin (leptin resistance). Nevertheless, these patients some-
times show some improvement: their appetite is reduced and there is partial improvement in their neuroendo-
crine, reproductive and autoimmune functioning [13].

Why leptin resistance occurs, have been attributed to some types of fat such as saturated fats [14]. However,
hypolipidemic substances do not ameliorate resistance. In this sense, the cause of leptin resistance lies in in-
flammatory cytokines which can cause cell and tissue changes that alter Ob receptor physiology. We base this
hypothesis on the following:

1) Leptin, is a cytokine whose receptors are quite similar to those of other cytokines and growth factors.

2) The fat stored in obesity, particularly abdominal fat, does not so much block receptors per se but rather ge-
neralizes the chronic inflammatory state and increases the production of cytokines. These molecules in their si-
milarity to leptin, can interfere with leptin receptors.

3) It has been shown that a high-fat diet induces the expression of several pro-inflammatory cytokines (mainly
TNF-a, IL-14 and IL-6) in the hypothalamus. Fasting induces an anti-inflammatory effect on the neuroimmune
system [15]. The increase in pro-inflammatory cytokines in the hypothalamus after a high-fat diet occurs to-
gether with an increase in SOCS3 and the appearance of insulin resistance in this brain structure.

4) Experimental studies confirmed that despite the appearance of leptin resistance in animal models, Ob-Rb
receptor activation and the transduction signal via the janus kinase 2 (JAK2-STAT3) pathway remain intact.
Reportedly, a member of the suppressor of cytokine signalling (SOCS) family acts as an inhibitor of the leptin
transduction signal. The activity of SOCS3 increases 2-fold to 3-fold from the first day of chronic leptin infusion,
and SOCS3 needs intact Ob-Rb and STAT3 pathways to act [16]. Moreover, chronic leptin infusion is accom-
panied by a decrease in plasma insulin concentration as a direct effect of leptin on pancreatic g cells [17].
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The identification of IL-27 and IL-27R has provided new insights for the biology of IL-6/IL-12 family cyto-
kines. Some studies have revealed that IL-27R signaling influences a variety of immune cell types and can inhi-
bit either Th1 or Th2 type responses, though elucidation of the Jak/STAT signaling pathways activated by IL-27R
ligation has unveiled some of the molecular mechanisms used by cytokines to promote inflammation [18].

These findings suggest a central role for local inflammation in the pathophysiological mechanisms involved
in leptin resistance [19].

3. Immunity and Leptin

The role of leptin involves different subsets of the immune system. The macrophages and monocytes are the
best studied, but recently has been reported the involvement of other type of cells; such as neutrophils, mast
cells, eosinophils, natural killer (NK); also, some T cells subsets, such a Thl, Th2, Th17 and B cells [20]. Leptin
also inhibits CD4+ CD25+ Foxp3+ regulatory T cells (Treg), which are known to contribute significantly to the
mechanism of peripheral immune tolerance [21].

Leptin participates in innate immunity by increasing the production of pro-inflammatory cytokines such as
TNF-a, IL-6 and IL-12 in monocytes and macrophages, and by increasing the production of proangiogenic fac-
tors and pro-inflammatory cytokines in human hepatic cells. In neutrophils it increases the expression of CD11b
and its chemotaxis, and the production of oxygen-reactive species by these cells. It also regulates the differentia-
tion, proliferation, activation and toxicity of natural killer cells. In acquired immunity, leptin induces the proli-
feration of T CD4+ and CD45R0O+ cells in mixed cultures of lymphocytes. In addition, it increases the produc-
tion of Thl-phenotype cytokines such as IL-2 and IFN-y, while suppressing the production of Th2 cytokines
such as IL-4. In mice, leptin reverses the immunosuppressive effects of acute starvation and produces a survival
signal to thymocytes. It even protects the organism against starvation-induced lymphoid tissue atrophy in mice,
increasing cellularity in the thymus of ob/ob mice. Thus, in addition to obesity, pro-inflammatory mediators ap-
pear to be the main factors able to increase leptin synthesis [22].

Although leptin pathway and its relationship with immunity is not the only actor; the modulatory roles of lep-
tin are evident in the immune response, in energy homeostasis [23] and in hematopoiesis. In other words, leptin
is necessary in the microenvironment as a factor in normal T cell development and angiogenesis [24].

Although rare, mutations in the human ob and db genes can occur [25], and can lead to massive obesity in in-
dividuals in whom reproductive functions are altered and immune abnormalities such as a reduction in T cells
are present. These individuals also have a lower cellular immune response similar to that seen in ob/ob mice and
they are predisposed to dying of infections from an early age [26].

4. Leptin, Chronic Inflammation and Autoimmunity

Specifically, increased plasma concentrations of leptin are associated with enhanced immune reactions in au-
toimmune processes via inflammatory responses [27]. In contrast, leptin deficiency is associated with a decrease
in Thl responses, and protects against autoimmune diseases because the deficiency favors the Th2 response.
Leptin has even been related with increased sensitivity (induction and progression) to autoimmune diseases such
as reumathoid arthritis (RA), systemic lupus erythematosus (SLE), multiple sclerosis (MS) or experimental au-
toimmune encephalomyelitis (EAE) [28]. In rheumatoid arthritis (RA) patients, fasting reduction of serum leptin
levels produces a clinical improvement and a lower biological activity of the disease [29].

In experimental models of autoimmune diseases such as type 1 diabetes mellitus, leptin administration during
the early phase of the disease accelerates the appearance and progression of the autoimmune process [30]. In
contrast, studies in ob/ob mice indicate that these animals are resistant to EAE, a finding associated with a pro-
pensity toward Th2 responses, while leptin administration reversed EAE resistance. These animal models are
also significantly resistant to other autoimmune diseases such as autoimmune colitis, autoimmune hepatitis and
antigen-induced arthritis. Other studies have shown that leptin is involved in T cell-mediated hepatotoxicity in
which IL-18 and TNF-a are produced. The production of these cytokines is reduced in ob/ob mice but recovers
with leptin administration [28].

In human, women are 2 - 3 times higher in serum leptin levels than men adjusted for age and BMI, and are
predisposed to autoimmune diseases such as SLE, MS and RA. Blocking the action of leptin delays the appear-
ance and progression of EAE, which reflects an inverse correlation between serum leptin concentration and the
number of CD4 (+) CD25+ regulatory T cells [22].
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The pro-inflammatory cytokines TNF-a, IFN-y, IL-1, IL-6, and IL-12 play a very important role in the patho-
genesis of autoimmune diseases in humans and animals, and neutralizing them in vivo often improves the clini-
cal course and delays disease progression. Because of the substantial pro-inflammatory effect of leptin, a de-
crease in the activity of this hormone could raise the possibility of reducing chronic inflammation [31]. One ad-
vantageous approach may be to decrease leptin concentration by restricting caloric intake. Alternatively, diets
rich in n-3 polyunsaturated fatty acids and low in saturated fatty acids may markedly lower leptin concentrations
without affecting body fat. Clinical assays with food deprivation in patients with Th1l autoimmune disease and
its effect on the inflammatory response have succeeded in reducing symptoms in some patients, delaying disease
progression [32].

5. Leptin and Th1/Th2 Balance

In the metabolic-inflammatory process initiated by overweight and culminating in obesity status, leptin increases
in parallel with fat stores, and its influence on the immune system leads to an increase in Thl cells and a de-
crease in Th2 cells. At peak levels of manifestation and of Thl cell influence, leptin, together with other adipo-
kines, transforms obesity into an inflammatory state.

If the individual continues to store fat, leptin resistance becomes firmly established in both peripheral tissues
and at the BBB. At that point the organism moves from a state of maximal post-receptor leptin activity to a
marked decrease in activity, which favors the Th2 T cell phenotype. This transformation, along with the accom-
panying decline in Thl cells, results in susceptibility to infections because of the weakening of the pro-inflam-
matory response against pathogens.

Thus, obesity can progress through different stages:

- Maximal Th1 activity = inflammatory state and susceptibility to type Th1 autoimmune diseases,

- Maximal Th2 activity = susceptibility to allergic diseases and type Th2 autoimmune diseases, which in turn
gives way to:

- Minimal Thl activity = susceptibility to infectious diseases.

This hormonal and metabolic deregulation conduces to an inflammatory environment, particularly in the most
susceptible cells: neurons; which has consequences in the brain areas related with the regulation of food intake
and energy expenditure.

Figure 3 illustrates one possible explanation of the pathological process involved in different stages of obesi-
ty by showing the parallels and interactions between the degree of post-receptor leptin activity and the plasma
concentration of this hormone (as a reflection of adipose tissue stores), and by placing these changes in the con-
text of a possible mechanism capable of modifying Th1/Th2 cell balance in men and women:
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Figure 3. An explanation of the pathological process involved in different stages of obesity. Parallels and interac-
tions between the degree of post-receptor leptin activity and the plasma concentration of this hormone in the con-

text of Th1/Th2 cell balance.
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* The segments of the horizontal axis corresponding to overweight and the early stage of obesity denote a
propensity toward the development of autoimmune processes initiated by a certain threshold level of obesity.

* The ascending parts of the Th1/Th2 activity curves denote the direct correlation between post-receptor activ-
ity, increasing fat stores and increasing leptin concentrations. In this part of the curves, Thl cells are clearly
predominant.

» Beyond the point at which leptin resistance appears, this correlation disappears or is even inverted, stimula-
tion by Th1l cells diminishes and Th2 cells begin to predominate—a situation that leads to a propensity to-
ward allergic diseases.

The steepness of the ascending and descending portions of the curves will depend on the individual’s genetic
susceptibility. Toward the right-hand portion of the diagram, corresponding to morbid obesity, the curve flattens
when leptin enters the brain via routes other than the BBB. Because some residual post-receptor leptin activity
remains, activity is never entirely abolished in individuals in whom there is no alteration in the genes that pro-
duce leptin or its receptor.

6. Leptin and Sex Hormones

A plausible interpretation of the fact that serum leptin concentration is 3-fold to 4-fold higher in women than in
men is that women need higher leptin concentrations (Th1 response) to achieve Th1/Th2 balance because of the
presence of estrogenic hormones (Th2 response). This protein is necessary to systemic functions derived from
their role in the hypothalamic-pituitary-gonadal axis [33]. It could be that in women estrogens counteract the
level of leptin owing to their own sex.

Improvements in nutritional status in the human population during recent decades have paralleled increases in
the susceptibility to autoimmune diseases [34]. Given that leptin accelerates the appearance or progression of
some autoimmune diseases (that involve a Thl response) and that it also stimulates autoantibody secretion [35],
it can be speculated that obesity is associated with an increase in antinuclear autoantibodies (ANA) but it is not
the case [36]. One plausible explanation could be that in women with obesity leptin resistance would attenuate
the Th1 response to this hormone and B cells would reduce their ANA production. As a result of the leptin-in-
duced decrease in the Th1 response, the estrogen-induced Th2 response becomes predominant and the risk of
Th2-profile diseases thus increases in women with obesity. In fact, obese women lose the strong correlation that
exists in lean women between plasma leptin and sex hormones during the menstrual cycle [37].

In contrast, lean women have higher ANA titers because they have more Th1 response and their production is
stimulated by leptin in an environment that presents no resistance to the actions of this hormone. Lean women of
childbearing age would not be expected to develop severe hyperleptinemia because they have no excess adipose
tissue and no leptin resistance. Although the influence of estrogenic hormones is intact, they maintain the bal-
ance between leptin activity (Th1) and estrogenic activity (Th2) thanks to physiological pseudo-hyperleptinemia
compared to men of the same age and leanness. The greater physiological production of leptin may be responsi-
ble for the higher ANA titers and higher incidence type Thl autoimmune diseases.

In women with obesity leptin increases and consequently its influence on Th1l cells, followed by the appear-
ance of leptin resistance. Although plasma leptin concentrations continue to rise, post-receptor leptin activity
eventually decays. As a result, despite hyperleptinemia, estrogen-derived Th2 activity predominates in women
with obesity and the concentration of autoantibodies is lower, as is the incidence of Thl-influenced autoimmune
diseases. An example of this is that during pregnancy, plasma estrogen concentrations are greatly increased but
leptin concentrations remain unaffected. As a result, Thl-profile autoimmune diseases, like RA, often show
clinical improvement during pregnancy, but worsen after childbirth with remission of the hyperestrogenic state.
During pregnancy, however, diseases of Th2 predominance, like systemic lupus erythematous, worsen. Changes
in the expression of autoimmune diseases that occur during these months are related to a reduction in the
Th1/Th2 ratio [38].

In lean men the effects of leptin on the Thl system are enhanced by the effect of androgens, although the
lower level of physiological leptinemia in men prevents the effects of the pseudo-hyperleptinemia that occurs in
women from appearing.

Some studies suggested that leptin concentration together with its association with insulin may be important
in the well-known adverse effects of obesity on certain tumors, such as breast cancer. In addition to the partici-
pation of estrogens in explaining the effects of obesity on this type of cancer, leptin is a possible cause of estro-
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gen-dependent phenotypes because of its stimulatory effect on both normal and tumoral cell growth, along with
its ability of increase angiogenesis. Leptin can also stimulate breast cancer by stimulating aromatase activity,
which in turn promotes the production of estrogens from androstenedione in adipose tissue [39].
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