/ﬁtc’ga de Reuisda
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SUMMARY

Obesity has become a very frequent condition with important consequences for the health of affected
individuals. Current evidence shows that the excess of adipose tissue as observed in obesity is
responsible for secreting inflammatory mediators in a deregulated manner, thus inducing a chronic
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INTRODUCTION

Recentepidemiological studiesreportanalarmingincrease
in the prevalence of obesity in modern societies 9. Visceral
and subcutaneous adipose tissue accumulation, mainly as a
result of poor nutritional habits and largely associated with
lack of physical activity, is clearly responsible for increased
body weight, which in turn underlies an elevated risk of
diabetes and cardiovascular complications 12, Although it
seems that individuals with higher body mass index (BMI)
are prone to cardiovascular events, reasons for this connection
are not entirely clear. Over the last two decades some mecha-
nisms of disease, especially in association with recently
described functions of the adipose tissue were discovered,
shedding light on the pathophysiology of obesity-associated
cardiovascular diseases.

Initially, important observations demonstrated that fat
metabolism is importantly modified by excess body weight.
Non-esterified fatty acids (NEFA) delivered from adipose
tissue by enzymatic cleavage of triglycerides are found at
increased concentrations in blood of obese individuals and
associated with a higher risk of developing type-2-diabetes
(T2DM) @3.1% |n addition, experimental elevations of NEFA
have been shown to induce insulin resistance in animal
models and humans ®. More recently, a very active secre-
tory function of adipose tissue was disclosed. Adipocytes,
infiltrating macrophages and mesenchimal cells produce
a number of cytokines, hormones and other substances
with distinct effects on the control of glucose tolerance and
vascular function. These substances secreted in the adipose

state of systemic low-grade inflammation that underlies the metabolic and cardiovascular outcomes in
these populations. This article reviews the state of the art regarding mediators produced in the adipose
tissue, their roles in the pathophysiology of obesity-associated insulin resistance and diabetes, and
finally, tries to build a bridge between these mechanistically oriented insights and clinical practice.

Key worps: Inflammation.Obesity.Insulin resistance.Metabolic Syndrome X.Cardiovascular Diseases.

tissue were collectively denominated adipokines!’: 9 16-19),

Deregulated production of adipokines in adipose tissue
seems to determine a state of low-grade chronic inflammation
that plays a role in the generation of insulin resistance and
vascular complications of obesity. It has been consistently
observed that inflammatory pathways activated in type-2-
diabetic and obese subjects appear in close association with
a cluster of distinct clinical manifestations, including high
blood pressure, hypertriglyceridemia, low HDL-cholesterol,
and endothelial dysfunction, which were grouped under the
common denomination of metabolic syndrome (MS) (20-23),
In addition to the cardiovascular consequences of obesity,
the chronic state of low-grade inflammation was also linked
to a disturbed function of hepatocytes, which resulted in the
recently described forms of hepatic disease related to obesity,
namely the nonalcoholic steatohepatitis (NASH) and the
nonalcoholic fatty liver disease (NAFLD) @4,

On the grounds of the deregulated physiology of adipose
tissue, investigation of the functions of distinct cytokines
may provide new comprehension of the pathophysiology of
T2DM and cardiovascular diseases, as well as specific targets
for future therapeutic approaches. Furthermore, diagnostic
tools based on knowledge about the complex interactions
between metabolic and inflammatory pathways, might indi-
cate more precisely patients under increased risk, prompting
physicians to offer differentiated and optimized therapeutic
approaches. This article reviews some of the most important
and well described aspects of low-grade chronic inflamma-
tion, cytokines and other mediators secreted in adipose tissue
within the context of T2DM, MS and obesity, in an attempt to
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correlate these pathophysiological insights with the clinical
consequences to metabolism and to the cardiovascular
system. It is not intended to exhaustively review all mediators
in this specific regard, therefore the reader is referred to other
more detailed information on the specific topics.

Adipose tissue as an endocrine organ

At the microscopic level, two types of adipocytes can be
distinguished, namely the brown adipocytes that have a high
intra-cellular content of large mitochondria, and the white
adipocytes, with far less mitochondrial content. Similarly, two
different types of adipose tissue can be identified in mammals
according to their macroscopic aspect: brown adipose tissue
(BAT), which contains predominantly brown adipocytes and
a pattern of a largely distributed capillary network and white
adipose tissue (WAT) that contains mostly white adipocytes and
is poorly vascularized. The main function described for BAT is
to maintain body temperature, especially in childhood, although
some publications have raised the possibility of an active partici-
pation in the pathophysiology of the metabolic complications
of obesity %20 WAT is the largest fraction of adipose tissue
and is responsible for triglyceride accumulation and adipokine
secretion. WAT can be further divided, according to the body
distribution, into visceral adipose tissue (VAT) and subcutaneous
adipose tissue (SAT) @7, The relative importance of each sub-type
of WAT in producing low-grade chronic inflammation and insulin
resistance is under dispute in current literature @ 2829 although

strong clinical evidence indicates that central (android) obesity,
a condition where adipose tissue preferentially accumulates
in the peri-visceral region, is in general more related to higher
cardiovascular risk and the features of MS than the peripheral
(gynecoid) type 4.

The first and best described physiological function of adipose
tissue was as an energy depot. As mentioned before, WAT stores
triglycerides within the large intra-cellular vesicles of adipocytes
during the post-prandial phase of digestion and releases them after
enzymatic cleavage by lipoprotein lipase (LPL), in the form of fatty
acids and glycerol during periods of starvation. Initial reports of
the secretory and endocrine functions of adipose tissue come from
estrogen conversion, a very important step to produce the activated
sexual hormone @931 | ater on, tumor necrosis factor-alpha (TNF-
a), a cytokine with very important functions in the stimulation of
inflammatory cells and in the immune system, was described as a
product of adipose tissue secretion, playing a possible role in the
development of insulin resistance in humans 47, During subsequent
years, following this primary description of a cytokine produced in
adiposetissue, a number of other molecules were found and studied,
most of them involved in the regulation of energy metabolism and
control of appetite. Cytokines, small proteins with previously well
defined functions in the regulation of the immune system, consti-
tute the largest group of biologically active substances produced in
adipose tissue. Other adipokines belong to different molecular fami-
lies, such as chemokines and growth factors. A list of currently
recognized adipokines is provided in table 1, together with their

Table 1 - Most important adipokines and their roles in metabolism.

Adipokines Function, characteristics, target tissues, effects on metabolism and cardiovascular system

Mainly produced by inflammatory cells and lymphocytes, but also by adipocytes and stromal cells. Induce insulin resistance by inhibi-
TNF-a ) ) )

ting IRS-1 phosphorylation and GLUT-4 expression.
IL-6 Produced by inflammatory cells, lymphocytes and adipocytes. Inhibit gene transcription of IRS-1, GLUT-4 and PPAR-y. Blood levels
correlate with body weight.
IL-1p8 Important roles in the genesis of atherosclerosis and its acute manifestations.
Abundantly secreted in adipose tissue, competes with IL-1p at the receptor site, acting as an anti-inflammatory mediator. Elevated
IL-1 BRA concentrations are found in blood of obese subjects. Exerts specific roles in adipocyte differentiation, fat metabolism and insulin
sensitivity.
IL-8 Mainly produced by macrophages, has important chemoattractant properties. Circulating levels are increased by hyperinsulinemia and
hyperglycemia.

Anti-inflammatory cytokine secreted mainly by lymphocytes and inflammatory cells. Is expressed in adipose tissue and promotes insulin

IL-10 O . : . D .
sensitivity in different tissues. Protects against IL-6-induced insulin resistance.

Chemokine expressed and secreted by adipocytes. Serum concentrations are high in obese subjects. Induces insulin resistance and liver

MCP-1 S : . -
steatosis in mice. Adipocyte expression of MCP-1 is increased by TNF-a
Secreted mainly by adipocytes. Circulating levels are reduced in obesity and positively correlate with insulin sensitivity. Suppressed by

Adiponectin TNF-a, IL-6, p -adrenergic stimulus and glucocorticoids. Induces tyrosine phosphorylation of the insulin receptor and reduces gluconeo-

genesis in the liver. Increases fatty acid oxidation in the liver.

Stimulated by insulin, TNF-a., glucocorticoids; suppressed by catecholamines viaB2 and 3 receptors. Exclusively synthesized and
Leptin secreted by adipocytes. Inhibits appetite and reduces food consumption. Is found at elevated levels in obese subjects. Influences the
reproductive functions. Reduces insulin-mediated glucose uptake.

Resistin
Visfatin

Elevated in plasma of obese individuals. Induces endothelial dysfunction and can be involved in the genesis of atherosclerosis.

Importantly expressed and secreted in adipose tissue. Reduces blood glucose levels, acting as an insulin-like hormone.
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most important features and regulatory pathways.

In a quantitative comparison, adiponectin, plasminogen acti-
vator inhibitor-1 (PAI-1) and heparin binding endothelial growth
factor-like growth factor are the most abundantly expressed
genes in adipose tissue. Plasma concentrations of PAI-1 seem to
strictly correlate with the adipose tissue expression, suggesting
adipose tissue as the primary source of this specific molecule
©2. A variety of genes encoding for proteins with important func-
tions in the control of the immune system, growth factors and
other molecules are also expressed differently in adipose tissue
of obese and non-obese individuals, and most of them are still
to be investigated in detail 2833,

Adipokines, insulin resistance and type 2 diabetes

Interleukin-6 (IL-6) and TNF-a are among the best known and
well investigated cytokines produced in adipose tissue. The expres-
sion of TNF-a in adipose tissue from both humans and rodents
is increased in conditions of obesity and closely correlates with
hyperinsulinemia @34, Moreover, weight loss promotes a significant
decrease in the TNF-a expression in adipose tissue %, It could also
be demonstrated that TNF-a inhibits insulin-dependent glucose
uptake in human cultured adipocytes, which correlates with a
significant reduction of the density of insulin-regulated glucose
transporter-4 (GLUT-4) protein at the cellular membrane 5 39,
In addition, insulin receptor substrate-1 (IRS-1) phosphorylation
via c-jun N-terminal kinase (JNK) is reduced by TNF-a, leading to
suppression of insulin signaling downstream 17, Levels of IL-6 in
blood correlate positively with overweight ¢’ and negatively with
insulin sensitivity ©®. Weight loss induced by very low-caloric
diet reduces IL-6 levels and improves insulin sensitivity in obese
subjects ©9. |IL-6 concentrations in subcutaneous adipose tissue
are increased by local insulin infusion “9. At cellular level, IL-6
has demonstrated that it exerts inhibitory effects on gene transcription of
IRS-1, GLUT-4, and peroxisome proliferator-activated receptor gamma
(PPAR-gamma). These mechanisms are the most likely explanation
for the glucose intolerance induction effect 1,42, Both TNF-o. and
IL-6 have demonstrated lipolytic properties and promote lipid
release from adipocytes ¢ 43, TNF-a and IL-6 are both secreted
by adipocytes, although only IL-6 seems to be released from
adipose tissue to the systemic circulation “%. The concentrations
of TNF-a, IL-6, IL-1beta and IL-8 in adipose tissue seem to be
unrelated to their systemic concentrations, acting more likely as
paracrine mediators “0 44,

Adiponectin is a protein secreted by adipocytes which retains
significant homology with collagen X and VII, as well as with
the complement factor Clg “®. It is found at low concentra-
tions in plasma of obese subjects, negatively correlating with
body mass index and with central (visceral) adiposity “& 47,
Moreover, plasma levels of adiponectin strongly correlate with
insulin sensitivity and an enhanced insulin receptor tyrosine
phosphorylation, a key pathway in the insulin-induced glucose
uptake “®. In addition, adiponectin exerts a suppressive effect on
gluconeogenesis “? and increases fatty acid oxidation, reducing
triglyceride accumulation in the liver, which also contributes to
improve glucose tolerance ©?. Individuals at lower serum levels
of adiponectin are subject to endothelial dysfunction, the primary
pathophysiological manifestation of atherosclerosis ®V. More-
over, they are exposed to a higher risk of diabetes and its vascular
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complications %259 present an increased severity of coronary
artery disease and also higher degrees of plaque calcification ©4.

Several other cytokines, such as IL-1beta, |L-1beta receptor
antagonist (IL-1betaRA), IL-8, IL-10, and MCP-1, to cite only the
most important ones, have shown to be synthesized in adipose
tissue 7-29.33.85.50) || -1beta is a cytokine produced mainly by
inflammatory (monocytes, macrophages and foam cells) and
endothelial cells, playing a very important role in the patho-
physiology of atherosclerosis ©7:5® It was further demonstrated
that IL-1beta induces cytotoxic effects in pancreatic beta-cells,
being possibly involved in the pancreatic beta-cell insufficiency
as seen mainly in type-1 but also in the late phases of type-2-
diabetes ©9. The expression of IL-1beta in adipose tissue is of
minor importance in quantitative terms, except under conditions
of acute inflammation “9. On the other hand, adipose tissue is
a major source of IL-1betaRA, a cytokine that functions as a
competitive inhibitor of IL-1beta at the receptor site. This cyto-
kine belongs to the IL-1 family and acts as a counter-regulatory
mediator of inflammation in different diseases, such as sepsis
and autoimmune disorders ©% 6V In the obese it is found at
elevated concentrations in blood and has demonstrated specific
roles in the control of adipocyte differentiation, fat metabolism
and insulin sensitivity ©2-64),

Interleukin-8 can be better classified as a chemokine (IL-8
or CXCL-8), given its predominant chemoattractant properties.
It is produced mainly by macrophages and can be used as a
clinical predictor of coronary artery disease . Moreover, the
IL-8 levels in blood are increased by both hyperinsulinemia and
hyperglycemia, indicating a possible participation of IL-8 in
carbohydrate metabolism ).

Monocyte chemoattractant protein-1 (MCP-1) is another
chemokine that has shown important metabolic effects. It is
expressed and secreted by adipose tissue of obese individuals
and lean controls at similar levels, but serum concentrations are
increased with obesity 7. Different studies could demonstrate
that MCP-1 contributes to increase the infiltration of inflam-
matory cells, induces insulin resistance and liver steatosis in
animal models ©879_ The expression of MCP-1 by adipocytes is
significantly increased by the presence of TNF-a in cell cultures
®9 Despite these evidences, the role of MCP-1 in the pathophysi-
ology of human type-2-diabetes is not completely determined.

Interleukin-10 is another cytokine synthesized by immune
and inflammatory cells, and also by adipocytes 7. The expres-
sion of IL-10 in the adipose tissue is increased in obese humans
and rodents 7172 Since this is a cytokine with anti-inflammatory
activity, its over-expression in adipose tissue may represent a
counter-regulatory mechanism. Indeed, IL-10 is positively associ-
ated with insulin sensitivity and has a protective effect in skeletal
muscle against IL-6-induced insulin resistance 2. Additionally,
in adipocyte cell cultures, IL-10 expression is down-regulated by
palmitic acid, an 18-carbon non-esterified fatty acid that is found
at elevated concentrations in plasma of obese individuals 74,

Resistin and visfatin are other recently discovered biologically
active molecules produced by adipose tissue, but their roles are not
thoroughly determined yet. Resistin levels are elevated in blood of
obese subjects and also in patients with acute severe inflammatory
diseases; resistin induces endothelial dysfunction and might be
involved in the genesis of atherosclerotic disease 7. Visfatin is

Rev Assoc Med Bras 2010; 56(1): 116-21



Adipose Tissue, Inflammation and Cardiovascular Disease

also secreted by adipose tissue, mainly visceral fat, and presents
insulin-like effects, reducing blood glucose concentrations /9,

In summary, it can be postulated that over-secretion of inflam-
matory cytokines both systemically and in the adipose tissue
contributes to generate insulin resistance, a key factor in the
pathophysiology of T2DM. The contribution of anti-inflammatory
cytokines offering protective effects againstinsulin resistance and
diabetes is difficult to summarize, given that from one side adipo-
nectin, the major anti-inflammatory and anti-diabetic cytokine is
up-regulated and, on the other, IL-10 seems to be depressed in
conditions of obesity. Therefore, obesity can well be characterized
as a condition where adipose tissue production of cytokines is
deregulated, since a marked excess of pro-inflammatory cyto-
kines is one of its most remarkable features. Pro-inflammatory
effects prevail against the counter-regulatory mediators, leading
obese individuals to severe metabolic and vascular complica-
tions. Adipokines can be measured in blood and might indicate
increased risk of diabetes and cardiovascular complications when
found at elevated concentrations. However, a few cytokines exert
their effects at a very short distance in the adipose tissue, in a
paracrine or autocrine manner and therefore are not useful as
outcome predictors for evaluation in clinical practice.

The control of appetite and body weight by adipokines

Some agents produced by adipose tissue are not primarily
involved in the genesis of vascular damage, but instead, are
responsible for weight excess by controlling food ingestion.
Leptin is a 16kDa glycoprotein expressed and secreted almost
exclusively in adipose tissue V7. Leptin is well described both in
rodents and humans and produces an important action at hypo-
thalamic level, promoting satiety and inhibiting ingestion of food
779 The phenotype of congenitally leptin deficient individuals
is characterized by normal body weight at birth, but hyperphagia
and food-seeking behavior is promptly manifest, promoting a
rapid fataccumulation and increase of body weight already within
the first weeks or months of life 7®. Leptin is therefore essential
to the control of satiety at the level of the central nervous system,
contributing to regulation of body weight in humans. Obese and
overweight individuals present leptin resistance which is char-
acterized by elevated levels of circulating leptin and significant
weight loss when supplemental recombinant leptin is provided
(37,80-82) |n addition, leptin has demonstrated inhibitory effects
on insulin-mediated glucose uptake in muscle and adipose cells,
which seems to be determined by reduced insulin signaling at
the level of the insulin receptor substrate-1 phosphorylation, thus
contributing to regulate energy metabolism in a paracrine and
autocrine manner. Such effects have raised the hypothesis that
elevated levels of leptin in circulation of obese individuals could
at least partially explain the mechanisms of insulin resistance.

Non-esterified fatty acids, glucose metabolism and inflammation

Non-esterified fatty acids (NEFA) have the property to induce
insulin resistance which was observed both in humans and animal
models, as cited above. Indeed, recent evidence has demonstrated
that NEFA activate important intracellular signaling molecules, such
as c-jun N-terminal kinase and nuclear factor kappa-B in mice
cultured adipocytes which are both mechanistically implicated
in inflammation and also in the reduction of insulin-stimulated
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glucose uptake 17:83, More recently, NEFA have also demonstrated
to produce pro-inflammatory actions, contributing to increase
secretion of inflammatory cytokines and reduce anti-inflammatory
cytokines in cultured adipocytes “4. However, contribution of NEFA
for in the induction of cytokines in vivo and the relevance of such
mechanism in humans remains to be confirmed.

The role of adipokines in the development of cardiovascular
diseases

Different inflammatory mediators are implicated in the induction
of endothelial dysfunction, plaque formation and plaque instability
which constitute the main mechanisms of vascular damage in
atherosclerotic disease. The individual roles of different cytokines
in atherosclerosis are extensively described by previous publications
and will not be considered in detail in the present review ©4 8 Of
note, the endothelial layer of arteries may display a pathological
behavior when stimulated by specific cytokines as well as produce
inflammatory mediators, such as IL-1beta, IL-6, IL-8, TNF-a and
MCP-1, that have important actions on the initiation and amplifica-
tion of the inflammatory process within the atherosclerotic plaque
©®5-88) The combined effect of the interaction between these cyto-
kines and the vascular wall can be summarized as an increased
leukocyte and monocyte recruitment and activation in the vessel
wall, disturbance of the nitric-oxide mediated mechanisms for local
regulation of blood flow, promotion of smooth muscle cell migra-
tion and differentiation, and induction of a prothrombotic state ©.
These pathophysiological features are important in the first phases
of plaque formation and also in the induction of plaque rupture and
thrombosis during the acute vascular events.

Myocardial dysfunction and heartfailure are otherimportant
clinical features of obesity. Cytokines, as well as other inflam-
matory mediators (soluble IL-6-receptor, IL-6 and C-reactive
protein [CRP]) might also be involved in the generation of
systolic and diastolic ventricular dysfunction, independent
of coronary obstruction, as indicated by echocardiography in
normotensive obese individuals 2.

Conclusions - Risk stratification and therapeutic approaches
It seems clear that obesity, insulin resistance, low grade
chronic inflammation and atherosclerosis are frequently closely
correlated, both in terms of their pathophysiological mecha-
nisms and also regarding their clinical manifestations. In order
to prevent cardiovascular and metabolic complications, weight
loss is currently the chosen therapeutic strategy for obese indi-
viduals. Nonetheless, except for the recently applied bariatric
surgery techniques, significant weight loss is difficult to achieve
in routine clinical practice ®%°9 and, furthermore, the effects of
deregulated adipokine secretion in adipose tissue are extended
to non obese individuals presenting with MS 16.21.8%) There is a
currentand widespread expectation that new drugs with selective
actions on the different adipokines and their sites of action in
different tissues will be developed. Ideally, such drugs should be
able to down-regulate the pro-inflammatory milieu as observed
in patients with MS and obesity, especially when body weight
reduction is required but not achievable in the short term, or even
when it is not required at all. Drugs from the thiazolidinedione
family exhibit some of these features, namely the modulation of
TNF-o and leptin expression in adipose tissue 2 53,6591

119



Ikeoka D et al

Now, while waiting for the development of these new agents,
clinicians must be encouraged to stimulate the practice of exer-
cise and indicate specific and target-oriented strategies for weight
reduction to patients with high BMI, and especially in those
individuals with a detected, augmented cardiovascular risk or,
evidence of insulin resistance. Bariatric surgery should be care-
fully considered for all patients at elevated cardiovascular risk.
In addition, to the routine parameters to be measured, and in
order to better estimate the actual risk of these patients, measure-
ment of markers such as high sensitive C-reactive protein as an
indicator of low-grade chronic inflammation, and perhaps in the
future other specific cytokines may be helpful in clinical practice.

REesumo

TEecipo ADIPOSO, INFLAMAQT\O E DOENCA CARDIOVASCULAR

Obesidade é uma condigcéo frequente com importantes
consequencias para a saude dos individuos acometidos.
Evidéncia atual tem demonstrado que o excesso de tecido
adiposo, tal qual observado na obesidade, é responsavel pela
secre¢do de mediadores inflamatorio de forma descontrolada,
levando assim a um estado crénico de inflamagéo sistémica
de baixa intensidade que esta por tras das consequéncias
metabdlicas e cardiovasculares em tais populagées. Este artigo
revisa o estado da arte referente aos mediadores produzidos
no tecido adiposo, seus papeis na fisiopatologia da resisténcia
insulinica relacionada a obesidade e ao diabetes, e por fim,
tenta estabelecer uma ponte de ligagdo entre estes conceitos
mecanisticamente orientados e a pratica clinica. [Rev Assoc
Med Bras 2010; 56(1): 116-21]

Unitermos: Inflamagdo. Obesidade. Resisténcia a Insulina.Sin-
drome X Metabdlica.Doencas cardiovasculares.Diabetes Mellitus
Tipo 2.
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