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Abstract

Adiponectin has been identified as one of the ‘“adipocytokines” that are derived only from adipose tissue, and are
abundantly present in circulating blood. Adiponectin has protective actions in the initiation and progression of atherosclerosis
through anti-inflammatory and anti-atherogenic effects. Adiponectin levels are decreased in obesity, type 2 diabetes, and
patients with coronary artery disease (CAD). Adiponectin levels were negatively correlated with the CRP levels in patients with
CAD. Adiponectin plays a crucial role in the association between obesity, type 2 diabetes, and insulin resistance. Mechanisms
explaining the relationship between adiponectin and insulin resistance suggest that adiponectin and tumor necrosis factor
(TNF)-a inhibited each other’s expression and production in adipocytes. Thiazolidinediones, which are insulin-sensitizing
agents, increased the production of adiponectin through directly enhancing its gene expression. The C-terminal globular domain
of adiponectin may play a central role in the protective effects against atherosclerosis. Adiponectin receptors 1 (AdipoR1) and 2
(AdipoR2) are expressed ubiquitously in most organs, especially in skeletal muscle in AdipoR1, and liver in AdipoR2. With the
prospect of future basic and clinical research on the molecular structure—receptor relationship, adiponectin could become a
promising target for future investigations in reducing the morbidity and mortality of atherosclerotic disease.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Obesity, which is the accumulation of excess
body fat, is associated with increasing risk for many
common diseases, including dyslipidemia, hyperten-
sion, type 2 diabetes, and atherosclerotic cardiovas-
cular disease [1,2]. In 1998, the World Health
Organization (WHO) recognized the term “metabolic
syndrome” for the clustering of metabolic risk fac-
tors [3]. In 2001, The National Cholesterol Educa-
tion Program Adult Treatment Program (NCEP ATP
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III) Guidelines defined metabolic syndrome, which
includes abdominal obesity, atherogenic dyslipide-
mia, elevated blood pressure, insulin resistance, and
prothrombotic and proinflammatory states, as a sec-
ondary target for cardiovascular risk reduction, after
treatment of the primary target—low density lipo-
protein (LDL)-cholesterol [4]. It has been well docu-
mented that cardiovascular disease and all-cause
mortality are increased in patients with metabolic
syndrome [5,6].

Adipose tissue, which accounts for more than 10%
of the body weight, is currently considers to be not
only a reservoir for energy storage, but also an active
endocrine tissue [7]. Indeed, adipose tissue produces
several proactive cytokines, the so-called “adipocyto-
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kines” [8]. Adiponectin has been identified recently
as one of the adipocytokines with important metabolic
effects [9—12]. It is derived only from adipose tissue
and is abundantly present in circulating blood. Adi-
ponectin circulates at high concentrations ranging
from 2 to 30 mg/l, which is 10° higher than the
concentrations of other major hormones (e.g. leptin
and cortisone), and 10° higher than those of most
inflammatory cytokines [e.g. tumor necrosis factor
(TNF)-a and interleukin (IL)-6] (Fig. 1A) [13]. Adi-
ponectin is a 244 amino acid protein produced by
apM1 (adipose most abundant gene transcript) cDNA
(Fig. 1B) [9], and is also known as GPB28 (gelatin-
binding protein of 28 kDa) in humans. The mouse
homolog of adiponectin has been cloned as AcrP30
(adipocyte complement-related protein of 30 kDa) and
adipoQ [11,12]. The human adiponectin gene that is
encoded by apM1 mRNA, is located on chromosome
3q27, consisting of three exons and two introns
[14,15] Moreover, the cloning of complementary
DNAs encoding adiponectin receptors 1 (AdipoR1)
and 2 (AdipoR2) was reported in June 2003 [16].
Adiponectin is composed of two structurally distinct
domains: a collagen-like fibrous domain and a com-

plement Clqg-like globular domain (Fig. 1B) [10].
Adiponectin belongs to the soluble collagen super-
family, and has structural homology with collagen
VIII, X, complement factor Clq [9], and TNF family
[17]. Both Clq and TNF family play important roles
in inflammation, the immune system, and atheroscle-
rosis. Recent reports suggested that adiponectin may
have anti-inflammatory and anti-atherogenic proper-
ties. Moreover, a recent study demonstrated that the
C-terminal globular domain of adiponectin protects
against atherosclerosis [18]. In this review, we focus
on the role of adiponectin in atherosclerotic disease
and discuss the potential uses of adiponectin-associ-
ated therapies in the treatment and prevention of
atherosclerotic disease.

2. Anti-inflammatory and anti-atherogenic
property of adiponectin
2.1. Atherosclerosis is an inflammatory disease

Inflammation is an important factor in the initiation
and development of atherosclerosis [19]. The first
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Fig. 1. Structure and circulating concentration of adiponectin protein. (A) The circulating adiponectin is abundant with concentrations ranging
from 2 to 30 mg/1. This level is 10 higher than the concentrations of other major hormones (e.g. leptin and cortisone), and 10° higher than those
of most inflammatory cytokines (e.g. TNF-a and IL-6). (B) Adiponectin consists of a globular domain, fibrous domain, and variable region.

TNF-a: tumor necrosis factor-a, IL-6; interleukin-6.
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change that precedes the formation of lesions of
atherosclerosis is endothelial injury, which is mediat-
ed by various inflammatory stimuli, including TNF-c.
Secondary, leukocytes adhere to the endothelium, and
migrate into the arterial wall, where they can trans-
form to macrophages. Subsequently, the macrophages
and migrated smooth muscle cells take up modified
LDL and transform into lipid-laden foam cells. The
scavenger receptors play important roles in this lipid
accumulation and foam cell formation.

2.2. In vitro studies of adiponectin

Physiological concentrations of adiponectin
inhibited TNF-a-induced monocyte adhesion and ex-
pression of endothelial-leukocyte adhesion molecule-
1 (E-selectin), vascular cell adhesion molecule-1
(VCAM-1), and intracellular adhesion molecule-1
(ICAM-1), on the endothelium (Fig. 2) [20]. It has

Adipocyte

been suggested that the intracellular signal by which
adiponectin suppressed adhesion molecule expression
is inhibition of endothelial NF-«B signaling through
the activation of cAMP protein kinase A [21]. Adi-
ponectin suppressed macrophage to foam cell forma-
tion through the inhibition of class A macrophage
scavenger receptor (SR-A) (Fig. 2) [22]. In addition,
adiponectin has inhibitory effects on the proliferation
of myelomonocytic lineage cells, and on the function
of matured macrophages, such as phagocytosis and
TNF-a production [23]. Moreover, adiponectin sup-
pressed the proliferation and migration of smooth
muscle cells induced by platelet-derived growth factor
(PDGF)-BB through binding with PDGF-BB directly,
and inhibited p42/44 extracellular signal-related ki-
nase (ERK) phosphorylation in PDGF-BB-stimulated
smooth muscle cells (Fig. 2) [24]. A recent study
demonstrated that adiponectin suppressed the expres-
sion of heparin-binding epidermal growth factor
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Fig. 2. Protective action of adiponectin in the initiation and progression of atherosclerosis through anti-inflammatory and anti-atherogenic
effects. Adiponectin modulates the inflammatory response of endothelial cells, activation of monocyte/macrophage, transformation from
macrophages to foam cells, and proliferation and migration of smooth muscle cells in the arterial wall. TNF-a: tumor necrosis factor-o, NO:
nitric oxide, VCAM-1: vascular cell adhesion molecule-1, ICAM-1: intracellular adhesion molecule-1, IHB-EGF: heparin-binding epidermal

growth factor-like growth factor.
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(EGF)-like growth factor (HB-EGF) in TNF-a in-
duced activated endothelial cells and also the prolif-
eration and migration of smooth muscle cells
stimulated by basic fibroblast growth factor (bFGF),
PDGF, EGF, and HB-EGF (Fig. 2) [25]. These data
suggest that adiponectin modulates the inflammatory
response of endothelial cells, activation of monocyte/
macrophage, transformation from macrophages to
foam cells, and proliferation and migration of smooth
muscle cells, in consequence of protective action in
the initiation and progression of atherosclerosis
through anti-inflammatory and anti-atherogenic
effects (Figs. 2 and 3). A recent report demonstrated
that adiponectin has the direct action of stimulating
the production of nitric oxide (NO) in endothelial cells
(Fig. 2) [25,26]. This direct stimulation depends on
the pathway of phosphatidylinositol-3-kinase (PI3K)
involving phosphorylation of endothelial NO synthase
(eNOS) at Ser1179 by AMPK [27].

2.3. Experimental studies of adiponectin in animals

Results with experimental animal models investi-
gating the association between adiponectin and ath-
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erosclerosis suggested that adiponectin might play a
pivotal role in protecting against atherosclerosis. In a
balloon-injured rat carotid artery, immunohistochem-
ical analysis detected that adiponectin accumulates in
the arterial walls of the injured vessels but not in non-
injured walls [28]. Experiments with adiponectin-
deficient mice demonstrated the acceleration of neo-
intimal proliferation in response to injury of the
external vascular cuff model [29]. Moreover, adipo-
nectin-deficient mice exhibited augmented neointimal
thickening and proliferation of smooth muscle cells in
response to wire-injured arteries [25]. Conversely,
supplementation with adenovirus expressing adipo-
nectin improved neointimal proliferation in this wire
injury model [25]. Taken together, these pieces of
evidence with in vivo studies, suggest that therapeutic
administration of adiponectin could reduce the devel-
opment of atherosclerosis in vivo. Adenovirus treated
increase plasma adiponectin significantly reduced the
progression of atherosclerotic lesions in a well-estab-
lished animal model of atherosclerosis: apolipoprotein
E-deficient mice (apoE-KO) [30]. Immunohistochem-
ical analysis showed adenovirus-mediated adiponectin
actually migrated to the foam cells in atherosclerotic
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Fig. 3. Mechanisms of metabolic syndrome and atherosclerotic disease. Accumulation of adipose tissue leads to hypoadiponectinemia and the

development of insulin resistance.
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lesion [30]. In addition, the treatment with adenovirus
expressing adiponectin suppressed the expression of
VCAM-1, SR-A, and TNF-« in the aorta [30].

3. Adiponectin and atherosclerotic disease in
clinical studies

3.1. Adiponectin and early atherosclerotic disease

Vascular endothelial dysfunction plays an impor-
tant role in pathogenesis of atherosclerosis. The mea-
surement of forearm blood flow (FBF) during reactive
hyperemia is one of the sensitive methods available
for evaluating endothelial function. A recent report
showed that peak FBF predicts the risk of cardiovas-
cular events in patients with coronary artery disease
[31]. Another recent report showed that peak FBF was
correlated with the severity of obesity, such as waist
circumference and body mass index (BMI). Multivar-
iate analysis demonstrated that peak FBF was corre-
lated with adiponectin levels in healthy subjects [32].

The intima-media thickness (IMT) of the carotid
artery is associated with not only the prevalence of
cardiovascular disease [33], but also an increased risk
of cardiovascular events [34]. Carotid IMT was sig-
nificantly greater and the levels of adiponectin were
significantly lower in individuals with insulin resis-
tance than those in normal subjects [35]. Moreover,
carotid IMT was correlated with adiponectin in this
study [35]. These results indicate that adiponectin,
which is associated with endothelial dysfunction and
carotid atherosclerosis, might be a useful marker of
identifying the early stage of atherosclerosis.

3.2. Adiponectin and coronary artery disease

Plasma levels of adiponectin are significantly de-
creased in obese patients, and the levels of adiponec-
tin are strongly and negatively correlated with BMI
[13]. Moreover, type 2 diabetic patients were found to
have lower values of plasma adiponectin concentra-
tions than non-diabetic subjects, independent of BMI
[36]. Plasma levels of adiponectin were significantly
decreased in patients with coronary artery disease
(CAD) than in age- and BMI-adjusted control subjects
[20]. Intriguingly, in patients with type 2 diabetes,
plasma adiponectin levels were shown to be promi-

nently lower in patients with CAD than in patients
without CAD [36]. In this study, the presence of
microangiopathy, such as retinopathy and microalbu-
minuria, did not affect the plasma adiponectin levels.
Therefore, adiponectin levels may be particularly
associated with macroangiopathy in patients with type
2 diabetes. A recent study reported that hypoadipo-
nectinemia was significantly and independently cor-
related with CAD even after adjustment for several
coronary risk factors [37]. In this study, male subjects
with hypoadiponectinemia (<4.0 mg/l) had a 2-fold
increase in CAD prevalence, independent of other
coronary risk factors. The definition of hypoadipo-
nectinemia (<4.0 mg/l) was defined by 25th percen-
tile in this study arbitrarily, because of the lack of
established cut-off points for high and low levels of
adiponectin in clinical setting. We need to establish
the cut-off points for hypoadiponectinemia in a large
population among various races and disorders.

It is well established that atherosclerosis is an
inflammatory disease [19]. Among inflammatory
markers, C-reactive protein (CRP) is one of the most
beneficial and reliable biomarkers in cardiovascular
risk assessment [38—41]. It has been reported recently
that plasma adiponectin levels were negatively corre-
lated with the CRP levels in patients with CAD [42].
This study also showed that not only was CRP mRNA
expressed in human adipocyte, but also the levels of
CRP mRNA in human adipose tissue were correlated
negatively with the levels of adiponectin mRNA in
that tissue [42]. Another study in patients with acute
myocardial infarction (AMI) reported that the reduc-
tion in plasma adiponectin during the early time
course of AMI, was negatively correlated with the
plasma CRP levels [43]. CRP is generally produced in
the liver, under regulation by cytokines, such as IL-
13, IL-6, and TNF-a [41], however, a recent study
showed the presence of CRP mRNA in atherosclerotic
plaques [44]. Therefore, the expression of CRP may
be negatively regulated by adiponectin in adipose
tissue. Indeed, the reciprocal relationship was found
between adiponectin and TNF-a on their local pro-
duction in adipose tissue. CRP production modulated
by TNF-a might be regulated by adiponectin in
adipose tissue.

Restenosis after percutaneous coronary interven-
tion (PCI) remains a major clinical problem. At the
site of coronary angioplasty, an inflammatory re-
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sponse can induce a chain reaction that causes
restenosis. Adiponectin has anti-atherogenic and an-
ti-inflammatory functions. Indeed, adiponectin accu-
mulates in injured vascular walls after balloon injury
in rat carotid artery [28], and adiponectin-deficient
mice showed severe neointimal formation, which was
attenuated by adenovirus-mediated supplementation
of adiponectin [25]. Therefore, a preventive effect of
adiponectin on restenosis after PCI has emerged. It
was reported that the levels of adiponectin at PCI
failed to predict angiographic in-stent restenosis after
elective coronary stenting [45]. However, it is too
early yet to conclude to negative effect of adiponectin
on restenosis prevention in the clinical setting, be-
cause this study employed a small sample size, and
most patients had hypoadiponectinemia.

Cigarette smoking is one of several major coro-
nary risk factors for CAD, however, the atherogenic
mechanisms of smoking have not been fully deter-
mined [46]. It was demonstrated recently that plasma
levels of adiponectin were associated with smoking
status in patients with CAD [47]. Increasing in the
activity of the sympathetic nervous system, which
was affected by nicotine to stimulate post-ganglionic
sympathetic nerves, was found to decrease the plas-
ma levels of adiponectin directly. In fact, it was
reported that adrenergic agonist and cyclic AMP
analogues inhibit the gene expression of adiponectin
[48].

Whether the decreased level of adiponectin in
patients with CAD is the cause or the consequence
of atherosclerosis, is an important question in any
discussion on the relationship between adiponectin
and atherosclerosis. The possible mechanisms are (1)
decreased production in adipocyte, (2) increased con-
sumption in blood stream, or (3) both. It is clear that
most patients with CAD have metabolic syndrome,
which is closely related with insulin resistance [6].
Hyperinsulinemia associated with an insulin-resistant
state may lead to decrease of production of adipo-
nectin (cf. next paragraph 4). Meanwhile, the evi-
dence which adiponectin accumulates in the arterial
walls of the injured vessels but not in non-injured
walls, might lead to the possibility of consumption of
circulating adiponectin in patients with CAD [28].
Hypoadiponectinemia was found recently to be an
independent predictor of cardiovascular events in
patients with end-stage renal disease [49]. Although

the precise mechanism of the increase in plasma
adiponectin remains unclear, the plasma levels of
adiponectin in end-stage renal disease patients are
relatively higher than general population. Future pro-
spective large-scale studies with intervention which
modulates the levels of adiponectin, may not only
lead to the determination of the role of hypoadipo-
nectinemia as a candidate risk factor for CAD, but
also provide the precise explanation as to whether or
not hypoadiponectinemia is a cause or consequence
of atherosclerosis.

4. Adiponectin in obesity, type 2 diabetes, and
metabolic syndrome

Insulin resistance induced by an excess of adipose
tissue is one of the major risk factor for diabetes and
cardiovascular disease. Recent studies have con-
firmed an association between adiponectin and insu-
lin resistance (Fig. 3). In animal models, the plasma
levels of adiponectin were found to be decreased, and
also correlated with insulin resistance in rhesus
monkeys, which spontaneously develop obesity and
type 2 diabetes [50]. Moreover, insulin resistance of
lipoatorophic mice was reversed by the administra-
tion of adiponectin [51]. The Pima Indians of Ari-
zona have the highest known prevalence of obesity,
type 2 diabetes, and insulin resistance [52]. The
plasma levels of adiponectin are significantly lower
in Pima Indians than in Caucasians, and positively
correlated with the indices of insulin resistance
measured by hyperinsulinemic clamp in both Pima
Indians and Caucasians [53]. Multivariate analysis
demonstrated that indices of insulin resistance, but
not 2-h glucose concentration of 75 g oral glucose
tolerance test, were significant independent determi-
nants of adiponectin levels, explaining a variance
level of 47% [53]. A prospective study in Pima
Indians showed that individuals with low levels of
adiponectin are more likely to develop type 2 diabe-
tes than those with high levels of adiponectin [54].
Moreover, a prospective analysis of Pima Indian
children demonstrated that plasma levels of adipo-
nectin decreased with increasing adiposity [55].
These results indicate that adiponectin plays a crucial
role in the association between obesity, type 2
diabetes, and insulin resistance.
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The mechanisms that could explain the relationship
between adiponectin and insulin resistance remain
obscure. TNF-a, which inhibits the insulin signaling
molecules, has been shown to potently induce insulin
resistance [56]. An intriguing study demonstrated that
3T3-L1 adipocytes treated with insulin or TNF-a
decreased mRNA expression of adiponectin [57].
Adiponectin-deficient mice showed delayed clearance
of free fatty acid induced by inhibition of fatty-acid
transporter protein 1 (FATP-1) in muscle, high level of
TNF-a mRNA in adipocytes, high levels of TNF-a in
plasma, and reduction of insulin-receptor substrate 1
(IRS-1)-associated phosphatidylinositol 3 kinase (PI3-
kinase) in muscle [58]. This study also demonstrated
that TNF-a reduced the expression of FATP-1 mRNA
and the activity of IRS-1-associated PI3-kinase in
muscle, whereas adiponectin increased the expression
and activity of these compounds [58]. These findings
suggest that TNF-a may be one of the candidate
molecules responsible for the regulation of adiponec-
tin expression and production of adipocytes. More-
over, adiponectin and TNF-a inhibit each other’s
production in adipocytes.

Glucocorticoids, thyroid hormones, growth hor-
mone, and angiotensin II have been shown to impair
glucose tolerance and/or insulin resistance. Among
these hormones, only glucocorticoids, but not thyroid
hormones, growth hormone or angiotensin II, sup-
pressed the gene expression of adiponectin in adipo-
cytes [57]. Moreover, PB-adrenergic agonist, such as
isopreterenol and CL316,243, and cAMP also de-
creased the expression of adiponectin [48,59,60].
These results indicate that decreased expression and
production of adiponectin could also be associated
with glucocorticoid- or catecholeamine-induced insu-
lin resistance.

The region of chromosome 3q27, which is
encoded by apM1 mRNA, has also been found to
contain a susceptibility locus for type 2 diabetes and
metabolic syndrome [61,62]. Several single-nucleo-
tide polymorphisms (SNPs) and missense mutations
in the apM1 gene were identified by several groups.
A silent SNP in exon 2 (45T — G) was associated
with BMI and insulin sensitivity in nondiabetic
German subjects, however, these associations was
observed only in individuals without familial predis-
position for type 2 diabetes [63]. In Japanese studies,
one report revealed a positive relationship between

this polymorphism and type 2 diabetes [64]; howev-
er, this variant was not found to be associated with
the presence of obesity in another study [15]. Iden-
tical negative results were observed in a German
population study that investigated metabolic param-
eters and diabetes [65], in a Swedish population
study that investigated obesity [66], and in a French
Caucasian study that investigated diabetes [67]. An-
other SNP in exon 2 (276G — T) may be susceptible
to type 2 diabetes. SNP276G — T is associated with
the insulin resistance index and plasma adiponectin
levels in Japanese population [64]. The haplotype
defined by two SNPs in exon 2 (45T — G and
276G — T) was strongly associated with metabolic
syndrome, including body weight, waist circumfer-
ence, blood pressure, fasting glucose, insulin level,
homeostasis model assessment (HOMA), and the
total to high-density cholesterol ratio in an Italian
population. Moreover, this haplotype is a significant
determinant of plasma adiponectin levels [68]. Cur-
rently, four missense mutations (R112C, 1164T,
R221S, and H241P) in exon 3 were identified. In
these mutations, the 1164T mutation is associated
with plasma adiponectin level and type 2 diabetes in
Japanese subjects [69]. Two SNPs (— 11391A — G,
—11377C — G) in the 5 sequences were associated
with plasma adiponectin levels and type 2 diabetes in
a French population [67].

5. Adiponectin as a therapeutic target
5.1. The increment therapies of adiponectin

Hypoadiponectinemia has been demonstrated in
human subjects with obesity, type 2 diabetes, and
CAD. Recent studies examined whether or not plasma
adiponectin levels were increased by intervention
therapies including body weight reduction, exercise
training, and drug administration.

Body weight reduction increased plasma adipo-
nectin levels in both diabetic and non-diabetic sub-
jects [36], in obese patients who received gastric
partition surgery [70,71] and in premenopausal obese
women [70]. In addition, the changes in plasma
adiponectin levels were significantly correlated with
the changes in BMI [70]. However, regular exercise
training without reduction of body weight did not
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alter the adiponectin levels in healthy subjects,
although insulin sensitivity significantly improved
[72]. Therefore, the improvement of insulin sensitiv-
ity induced by exercise training might not be medi-
ated by adiponectin.

The peroxisome proliferator-activated receptor
(PPAR)-v is the main regulator of adipocyte differen-
tiation and adipocyte gene expression involved in
fatty acid metabolism and insulin sensitization [73].
Thiazolidinediones, which are synthetic ligands to
PPAR-y, are a new class of insulin-sensitizing agent
for the treatment of type 2 diabetes. Troglitazone
administration for 12 weeks elevated plasma adipo-
nectin levels in mildly obese subjects, and increased
adiponectin levels of both plasma and adipose mRNA
expression in addition to decreasing of TNF-ao mRNA
expression in mice [74]. The effects of troglitazone on
adiponectin levels significantly increased uniformly in
lean, obese, and type 2 diabetes [75]. Increase in
adiponectin in patients with type 2 diabetes was also
demonstrated by the administrations of rosiglitazone
and pioglitazone [76,77]. Glimepiride, a third-gener-
ation of sulfonylurea hypoglycemic agent, not only
improved insulin resistance but also increased plasma
adiponectin levels in elderly patients with type 2
diabetes [78]. In contrast, metformin, a class of
biguanide that is effective in improving peripheral
insulin resistance, was ineffective on plasma adipo-
nectin levels and the adiponectin protein content of
abdominal adipocyte, although the effects of glycemic
control were similar in both the troglitazone and
metformin groups in obese type 2 diabetic subjects
[79]. These results suggest that the increasing levels of
circulating adiponectin are not necessarily a simple
consequence of improved insulin resistance in the
clinical settings.

The renin—angiotensin system (RAS) acts on not
only the systemic endocrine system but also local
tissue. It is involved in the initiation and progression
of atherosclerosis [19,80]. In particular, angiotensin
I exerts numerous effects on the pathogenesis of
atherogenesis: (1) vasoconstriction, (2) migration
and proliferation of smooth muscle cells, (3) pro-
duction of extracellular matrix and matrix metal-
loproteinase, and (4) synthesis of inflammatory and/
or procoagulant mediators, such as IL-6, MCP-1,
PDGF, and PAI-1 [19,80]. A recent study showed
that treatment of angiotensin-converting enzyme

inhibitor, temocapril, or angiotensin II receptor an-
tagonist, candesartan, increased plasma adiponectin
levels in insulin-resistant patients with essential
hypertension [81]. Several mechanisms by which
RAS inhibition leads to an increase of adiponectin
are proposed. The mechanisms are (1) enhanced
insulin sensitivity, (2) recruitment and differentiation
of preadipocytes, and (3) increased transcription
and/or translation of adiponectin. Indeed, RAS
blockades have been reported to enhance insulin
sensitivity, suppression of expression and secretion
of TNF-a in adipocytes. Moreover, during the
differentiation of adipocyte, angiotensin II type 1
receptor (AT1) and type 2 receptor (AT2) is
expressed in adipocyte [82].

5.2. Adiponectin therapy in atherosclerotic disease

A fragment of adiponectin, including the C-ter-
minal globular domain, exists in human blood stream
[83]. This globular domain adiponectin is pharmaco-
logically active and regulates body weight and free
acid oxidation in mice [83]. A recent elegant study
demonstrated that the C-terminal globular domain of
adiponectin protects against atherosclerosis [18].
Globular adiponectin transgenic apoE-KO mice ame-
liorated the progression of atherosclerosis despite
similar lipid and glucose levels in control apoE-KO
mice [18]. The expression of SR-A and TNF-a in
globular adiponectin transgenic apoE-KO mice was
decreased in the vascular wall [18]. These results
suggest that globular adiponectin plays a protective
role against atherosclerosis. Indeed, globular adipo-
nectin ameliorated insulin resistance and increased
fatty-acid oxidation more effectively than the full-
length adiponectin [51,83]. The injection of recom-
binant adiponectin reduced basal glucose levels
without increasing insulin levels. These effects de-
rived from the suppression of glucose production in
hepatocytes through increased ability of sub-physio-
logical levels of insulin [84]. Moreover, adiponectin
acts as a “pleiotropic cytokine” linked not only to
body fat, but also to the various cell-to-cell inter-
actions, such as inflammation, hematopoiesis, and
the immune system. Therefore, it has been predicted
that recombinant adiponectin may become beneficial
in the treatment and prevention of cardiovascular
disease.
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5.3. Adiponectin receptors

Until recently, numerous researchers have focused
on the discovery of the adiponectin receptor. In June
2003, the cloning of complementary DNAs encoding
AdipoR1 and AdipoR2 was reported [16]. AdipoR1 is
located at chromosome 1p36.13-q41, and AdipoR?2 is
located at chromosome 12p13.31. AdipoR1 and Adi-
poR2 are expressed ubiquitously in most organs,
especially skeletal muscle in AdipoR1, and liver in
AdipoR2. AdipoR1 and AdipoR2 contain seven trans-
membrane domains and activate signaling molecules,
such as PPAR-a, AMPK, and MAPK [16]. This and
the work of other groups have demonstrated the
molecular structure and mode of multimerization of
adiponectin [10,11,13,85,86]. Active forms of adipo-
nectin are mainly distinguished by the globular do-
main and the full-length structure (Fig. 1B) [10,86]. It
was reported recently that trimers of the globular
domain and full-length adiponectin might be impor-
tant in the stimulatory effect of adiponectin on the
AMPK pathway in myocytes; moreover, molecular
weight multimer, hexamer, and trimer of full-length
adiponectin are the main stimulants in hepatocytes
through AMPK pathway [86]. These results, includ-
ing various and heterogeneous molecular structures
and two receptors of adiponectin, point to a new
direction of future basic and clinical research on the
molecular structure—receptor relationship.

6. Conclusions

The epidemic level of overweight and sedentary
lifestyle throughout the world is leading to a dramatic
increase in the prevalence of metabolic syndrome. It
has been established that cardiovascular and overall
mortality increase in patients with metabolic syn-
drome, which is closely associated with obesity, and
type 2 diabetes. Prevention, early identification, and
adequate treatment of metabolic syndrome are re-
quired. Various in vitro, in vivo, and human studies
so far have shown that adipocyte derived abundant
plasma protein, adiponectin, has anti-diabetic, anti-
inflammatory, and anti-atherogenic properties. Adipo-
nectin could become a promising target for future
investigations in reducing the morbidity and mortality
of atherosclerotic disease.
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