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ABSTRACT

Adipose tissue consists primarily of adipocytes, being responsible for storing the body’s energy reserves.
Adipokines secreted by adipose tissue play important roles in the human body. The purpose of this review is
to present the most important adipokines and their involvement in the physiological processes but also in the
pathogenesis of numerous systemic diseases commonly associated with obesity.
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INTRODUCTION

Adipose tissue is mainly composed of adipo-
cytes, but also presents pre-adipocytes, mac-
rophages, firbroblasts, endothelial cells and leuko-
cytes. At the level of adipose tissue are found the
energy reserves of the body, namely triglycerides,
synthesized by lipogenesis. The storage of triglyc-
erides in the adipose tissue is unlimited, thus lead-
ing to the installation of obesity (1). The process of
lipolysis represents the broken down of triglycer-
ides with release of glycerol and fatty acids, which
enter into circulation and are taken up by different
organs such as liver or muscles for energy purpos-
es (2). Adiponectin, apelin, vaspin, omentin, visfa-
tin, hepcidin, chemerin, fibroblast growth factor
21 (FGF21), fatty-acid-binding protein-4 (FABP4)
are adipokines secreted by adipose tissue and are
involved in many systemic disorders associated
mainly with obesity. The action of adipokines con-
sists in their binding to corresponding receptors of

the target cell membrane which will further acti-
vate various intracellular signaling pathways (3).

ADIPONECTIN

Is the most abundant circulating peptide hor-
mone, which has been shown to present anti-in-
flammatory, cardioprotective and insulin sensitive
properties in animal studies (4). Low serum levels
of adiponectin have been observed in obesity and
obesity-associated disorders (5).

Adiponectin is an anti-atherosclerotic factor
that inhibits proliferation of smooth muscle cell
proliferation, inhibits macrophage transformation
into foam cells, suppresses the production of reac-
tive oxygen species and increases nitric oxide pro-
duction. Adiponectin is negatively associated with
triglycerides and markers of inflammation such as
C-reactive protein and positive with HDL. There
are studies that have not found an association be-
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tween adiponectin and cardiovascular disease, but
other studies confirm a positive association (6-8).

The liver is the main target tissue of adiponec-
tin action and contributes to its insulin sensitizing
effect. Adiponectin activates AMP-activated pro-
tein kinase (AMPK) and thus reduces the expres-
sion of enzymes involved in gluconeogenesis such
as phosphoenolpyruvate carboxylase and glu-
cose-6-phosphatase and gluconeogenesis inhiba-
tion (9,10).

The action of adiponectin depends on the level
of hepatocytes, muscles and other organs of AMP
activation. Adiponectin suppresses the liver cer-
amide amount by enhancing the specific enzyme
ceramidase, improving in this way hepatic and
whole body insulin sensitivity independent of
AMPK (11). Adiponectin can modulate the biolog-
ical effects of platelet-derived growth factors such
as FGF, heparin-binding epidermal growth fac-
tor-like growth factor (HB EGF). In the skeletal
muscle, the globular form of adiponectin activates
the AMPK signaling pathway, increases phospho-
rylation of acetyl CoA carboxylase, oxidation of
fatty acids and glucose uptake (12). Another im-
portant role of adiponectin is its involvement in
the regulation of thermogenesis process and en-
ergy homeostasis (13).

To date, the exact role of adiponectin is not
known if it suppresses or promotes thermogene-
sis and energy homeostasis. The biological effects
of adiponectin manifest as a result of its binding to
the 2 receptors: adipoR1 and Adipo R2 and T-cad-
herin (14). Skeletal muscle present adipoR1,
hepatocyte adipo R2, T-catherin is expressed ubig-
uitously (15).

OMENTIN

Also named intelectin, is produced by visceral
adipose tissue and in small amounts can be pro-
duced by subcutaneous adipose tissue. Omentin
was identified at the level of the heart, lungs, ova-
ry and placenta (16). Omentin is negatively associ-
ated with visceral fat, lower levels of omentin have
been associated with type 2 diabetes, cardiovas-
cular diseases and metabolic syndrome (17). In
vitro, it has been observed that omentin increases
insulin-stimulated glucose uptake and the AKT
(protein kinase B) signaling pathway activation. In
C2C12 monocytes, omentin activates AMPK by
phosphorylation which plays an important role in
energy metabolism (16,18). Cantarini L et al. de-
tected in juvenile idiopathic arthritis patients in-
creased significantly serum omentin levels versus
healthy controls (19).
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Choi JH et al. obtained decreased plasma levels
of omentin in non-obese women with polycystic
ovary syndrome (20). In human endothelial cells,
omentin decresed C-reactive protein and TNF-a
levels (21). The plasma levels of omentin and the
expression of omentine mRNA in visceral adipose
tissue is decreased in obese patients (22). August
T et al. detected low levels of omentin in patients
with metabolic syndrome and morbidly obese
women (23). Circulating omentin levels are nega-
tively correlated with body mass index, waist cir-
cumference and circulating leptin levels. Patients
with type 1 diabetes present decreased levels of
omentin and elevated of adiponectin (24). In con-
trast Yilmaz Y et al. detected increased circulating
levels of omentin in patients with non-alcoholic
hepatic steatosis (25). Omentin may induce blood
vessel vasodilation and may modulate inflamma-
tion-induced angiogenesis by activating signaling
pathways of the nuclear factor B (NF-Kb) (26). The
low level of omentin may be the link between obe-
sity, inflammation and cardiovascular diseases. A
positive association was observed between omen-
tin and colorectal cancer even in nonobese pa-
tients (27).

APELIN

Is a recently discovered vasoactive peptide
present in smooth muscle cells from the heart and
endothelium of the vascular wall, but which can
also be produced by adipocytes. In the systemic
circulation, apelin induces nitric oxide-dependent
vasodilation, prevents vasoconstriction caused by
angiotensin Il and presents cardioprotective ef-
fects (28). Hijazi Z et al. detected low levels of ape-
lin in patients with arterial fibrillation compared to
healthy subjects. Patients with coronary heart dis-
ease, unstable angina, myocardial infarction pres-
ent decreased circulating levels of apelin (29). In
patients with pulmonary arterial hypertension,
lower plasma levels of apelin and low expression
in human endothelial cells were detected (30). De-
creased circulating concentrations of apelin have
been observed especially in the Caucasian popula-
tion correlating with an increased incidence of hy-
pertension (31). Patients with cardiovascular dis-
ease present decreased apelin levels, thus
suggesting the cardioprotective effect and an im-
portant regulator of the immune response (32).

RESISTIN

Is a cysteine-rich peptide, that can induce low-
grade inflammation by stimulating monocytes in
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humans (33). In rodents, resistin is a hormone se-
creted by adipocytes, while in humans it is ex-
pressed and secreted especially by macrophages,
which is associated with obesity and insulin resist-
ance (34). In obese rodents, increased circulating
levels of resistin have been observed, and was im-
plicated in obesity-induced insulin resistance and
type 2 diabetes (35). Central administration of re-
sistin determines whole bogy insulin resistance by
downregulation of adiponectin signalling and in-
duces resistance to FGF 21 (36). Increased serum
levels of resistin have been associated with a high
severity of cardiovascular diseases (37). Resistin
treatment may result in the production of inflam-
matory cytokines, such as TNF-a and IL-6, mole-
cules adhesion and even chemokines such as
ICAM1 (Intercellular Adhesion Molecule 1) and
VCAM1(Vascular Cell Adhesion Molecule 1) (38).
Clinical trials conducted by Degawa Yamaguchi et
al. and Gerber et al. revealed increased circulating
levels of resitin in diabetic and obese patients, cor-
relating with aging (39, 40). Instead Lee JH et al.
reported that the circulating levels of resistin are not
correlated with obesity and insulin resistance (41).

FABP4

Is a member of the cytoplasmic fatty- acid- bind-
ing protein superfamily, which can be expressed by
adipocytes and macrophages (42). Rats studies that
received a fat diet, this protein was associated with
insulin resistance (43). Reiser H et al. detected a
positive association between high concentrations
of FABP4 and an increased incidence of obesity-spe-
cific cardiovascular diseases (44).

FGF 21

FGF21 plays various roles in metabolism and
may be defined as hepatokine, adipokine and
myokine (45). FGF21 as adipokine is induced in re-
sponse to cold exposure, further promoting ther-
mogenic gene expression in brown adipose tissue
and inguinal white adipose tissue (46). In white
and brown adipose tissue, FGF 21 action is mediat-
ed through the 1c receptors and the beta-klotho
coreceptor (47). In the white adipose tissue FGF
21 manifests its metabolic effects on body weight,
glycemic homeostasis, and plasma triglycerides
(48). In obese and type 2 diabetic patients, circu-
lating levels of FGF21 had been increased (49).

VASPIN

Vaspin was initially isolated in visceral white
adipose tissue in rats with type 2 diabetes by Hida

K et al. So far, the mechanism of action of vaspin is
not fully elucidated, there are studies that confirm
a positive correlation between vaspin gene ex-
pression and metabolic syndrome or insulin resist-
ance (50,51). Kim et al. did not detect a change in
vaspin level in patients with metabolic syndrome
who followed a 10-month diet (52). Mansour SW
et al. conducted a study that included obese dia-
betic women. Vaspin showed decreased level in
obese diabetic patients after 6 months of the med-
iterranean diet compared with control (53).

VISFATIN

Visfatin is secreted by human peripheral blood
lymphocytes as pre B colony improvement Factor
(PBEF), which acts like the nicotinamide phosphor-
ibosyl transferase enzyme, involved in the NAD*
salvage pathway (54). Fukuhara et al. identified
PBEF as visfatin as a new adipokine secreted in
higher levels by visceral fat cells (55). Visfatin is
considered a new proinflammatory adipokine that
can influence the production of pro or anti-inflam-
matory cytokines such as IL-1B, IL-1Ra, IL-6, IL10,
TNF-a in human monocytes (56). Increased circu-
lating levels of visfatin have been reported in pa-
tients with rheumatoid arthritis, acute lung injury,
inflammatory conditions such as bowel disease or
psoriasis (57-59).

HEPCIDIN

Hepcidin is a peptide hormone composed of 25
amino acid residues, which regulates the iron ab-
sorption and its distribution to specific tissues. This
peptide hormone is synthesized by hepatocytes but
in lower concentrations it can be expressed by mac-
rophages, adipocytes and brain. Hepcidin deficien-
cy is associated with hereditary hemochromatosis,
feriprive anemia and hepatitis C (60).

CHEMERIN

Chemerin is a chemoattractant for immune
cells, being also an adipokine that regulates adipo-
genesis, angiogenesis and energy metabolism (61.
Rourke JL et al. reported a positive association be-
tween chemerin and obesity-associated systemic
disorders such as insulin resistance, serum triglycer-
ide levels and body mass index (62). Serum levels of
chemerin are elevated in obese or overweight indi-
viduals and in persons with insulin resistance
(63,64). To date, there has been no association be-
tween this adipokine and the metabolic syndrome.
In chronic inflammatory conditions, positive corre-
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lations were observed between chemerin and in-
flammatory cytokines such as C-reactive protein.
Chemerin is involved in the pathogenesis of chronic
kidney disease, psoriasis, chronic inflammatory dis-

ease, chronic rheumatoid arthritis (65,66). In can-

cer pathogenesis can be may present pro or an-

ti-carcinogenic effects (67).

CONCLUSIONS
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ipocytes secrete numerous adipokines that are in-
volved in numerous physiological and pathological
processes most often associated with obsesity-in-
duced systemic disorders.
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Adipose tissue is not only an energy storage or-
gan and is also an important endocrine organ. Ad-
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