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Abstract

Adiponectin is a macromolecular complex similar to the members of the Clq and other collagenous homologues. Adiponectin is secreted by white

adipose tissue and as known as for its function it is anti-diabetes, anti-atherosclerosis, anti-inflammation and antitumor activities, which have been

directly linked to the high molecular weight (HMW). Oligomeric structures formed by multiples of Adiponectin trimmers. Adiponectin receptors in

various organs and tissues clearly show that adiponectin has pleiotropic effect on numerous physiological process. Evidence suggests that adiponectin

may also have anticancer Properties, cardio protective and effect on female reproductive. Adiponectin has two receptor .The two receptors for

Adiponectin, AdipoR1 and AdipoR2 have been characterized that mediate effects of Adiponectin in various tissues. These receptors contain 7-

transmembrane domains but are structurally and functionally distinct from G-protein-coupled receptors. In this study we will shows the

characterization and properties of Adiponectin, AdipoR1 and AdipoR2 and their relation with obesity and cardiovascular disease and type 2 diabetes .
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Introduction

Adipocytes are the cells that primarily compose adipose
tissue, specialized in storing energy asfat. There are two
types of adipocytes, brown and white, which differ in
several important properties. White adipose tissue is
important for maintaining energy metabolism of the
organism by storing excess energy as lipid. Adipose tissue
is made up from a variety of different cells.

The most prominent fraction are mature adipocytes which
store and release lipids in response to circulating hormones.
White adipocyte cells from different locations can have
distinct molecular and physiological properties such as
increased visceral adipose tissue is associated with an
increased risk of insulin resistance and cardiovascular
disease, Furthermore adipocyte size has been linked to an
increased risk of metabolic complications such as Type 2
diabetes or cardiovascular disorders.

Recent research has shown that adipose tissue is not simply
an inert storage depot for lipids but is also an important
endocrine organ that plays a key role in the integration of
endocrine, metabolic, and inflammatory signals for the
control of energy homeostasis. The adipocyte has been
shown to secrete a variety of bioactive proteins into the
circulation. These secretory proteins, which have been
collectively named adipocytokines , include leptin , tumor
necrosis factor (TNF)-a , plasminogen-activator inhibitor
type 1 (PAI-1), adipsin, resistin and adiponectin(Manju et
al., 2003).

Adiponectin

Adiponectin was independently discovered between 1995
and 1996 and given different names including
apM1(adipose most abundant gene transcript 1) (Maeda et
al., 1996), Acrp30 (adipocyte complement-related protein of
30 kDa) (Scherer et al., 1995), GBP28 (gelatin binding

protein of 28 kDa) (Nakano et al., 1996) and adipQ (Hu et
al., 1996).

Adiponectin is a protein hormone that modulates a
number of metabolic processes, including glucose
regulation and fatty acid catabolism and secreted from
adipose tissue into the bloodstream and is very abundant in
plasma relative to many hormones(Takashi and Toshimasa,
2005). Adiponectin has beneficial effects on obesity-related
medical complications. In contrast to other adipokines,
circulating adiponectin levels are reduced in obesity, type 2
diabetes and associated diseases(Li et al., 2009).

Adiponectin or AdipoQ, apM1 or GBP28 is a cytokine
produced exclusively and is abundant in human plasma
with concentrations of 5-30 (ug/mL), thus accounting for
approximately 0.01% of total plasma proteins. The levels of
adiponectin are reduced in diabetics compared to non-
diabetics(Anthony et al., 2006).

As the definition of diabetes in The World Health
Organization, Diabetes is a chronic disease, which occurs
when the pancreas does not produce enough insulin or
when the body cannot effectively use the insulin
produces(Chung et al., 2012). This leads to an increased
concentration of glucose in the blood (hyperglycemia)(
Xuhua et al., 2012). There are three main forms of diabetes
mellitus: type 1, type 2, and gestational diabetes (occurring
during pregnancy), which have different causes and
population distributions(Chung et al., 2012). According to
International Diabetes Federation (IDF) figures released in
2006, the disease diabetes now affects a staggering 246
million people worldwide, with 46% of all those affected in
the 40-59 age group. Several studies showed that low levels
of adiponectin can be assigned to human diseases which
has recently been summarized by Diez and Iglesias (2003).
Reduced levels of adiponectin are associated with obesity,
hypertension and type 2 diabetes mellitus(Xuhua et al.,
2012 and Chung et al, 2012). Although the precise
physiological role of adiponectin is not yet fully
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understood, its function as an anti-inflammatory and anti-
atherogenic compound is well established( Villarreal and
Antuna, 2012). Also increased adiponectin levels are
associated with increased insulin sensitivity and glucose
tolerance. Thus, adiponectin might be useful for therapeutic
application against diseases associated with insulin
resistance such as type 2 diabetes mellitus and obesity.
Because of its anti-inflammatory effect it might be useful as
a protective factor for atherosclerosis development in cases
where adiponectin levels in plasma are low(Xuhua et al.,
2012 and Chung et al.,, 2012 and Villarreal and Antuna,
2012). Furthermore, increasing plasma adiponectin might
also be useful in preventing vascular restenosis after
vascular intervention. Circulating levels of adiponectin are
decreased in obesity , dyslipidemia, cardiovascular disease
(CVD) , insulin resistance and T2DM. Adiponectin
enhances AMP-activated protein kinase activity in the
arcuate hypothalamus via its receptor AdipoR1 to stimulate
food intake and decreases energy expenditure (Susanne et
al., 2007 and Clinton et al., 2013).

More than 70% of patients with type 2 diabetes die of
cardiovascular causes. Low circulating Adiponectin levels
have been associated with cardiovascular disease (CVD),
which are increased risk of acute coronary syndrome,
progression of coronary calcification, the extent of CVD and
coronary lesion complexity and heart rate-corrected QT
interval( Villarreal and Antuna, 2012 and Markku, 2008).
Adiponectin is synthesized and secreted by human
cardiomyocytes which are expressed AdipoR1 and
AdipoR2. In vitro studies suggesting that Adiponectin may
also protect cardiomyocytes in a direct manner, in addition
to the indirect protection provided by its wvascular
effects(Xuhua et al., 2012 and Anastasios et al., 2011).

Synthesis of Adiponectin

Adiponectin cDNA was first isolated by large scale random
sequencing of the human adipose tissue cDNA library. It is
a collagen-like protein that is exclusively synthesized in
white adipose tissue, and is induced during adipocyte
differentiation and circulates at relatively high (ug/mL)
concentrations in the serum. Once synthesized, mammalian
adiponectin undergoes posttranslational hydroxylation and
glycosylation yielding eight isoforms. Six of the adiponectin
isoforms are glycosylated(VA Kothiwale et al., 2010).

Structure of Adiponectin

Adiponectin is a protein of 247 amino acids consisting of
four domains, an amino-terminal signal sequence, a
variable region, a collagenous domain (cAd), and a
carboxy-terminal globular domain (gAd)( Scherer et al,,
1995). The basis of both its primary amino acid sequence
and its subunit domain structure. Adiponectin is most

similar to Clq, which is a member of the complement-
related family of proteins(Berg et al., 2002).

The basic building block of adiponectin is a tightly
associated trimer, which is formed by association between
three monomers at the globular domains. Monomeric (30-
kDa) adiponectin has not been observed in the circulation
and appears to be confined to the adipocyte. Four to six
trimers associate through their collagenous domains to
form higher-order structures or oligomers, which circulate
in plasma(Scherer et al., 1995 and Berg et al., 2002 and Arita
et al., 1999).

Virtues of Adiponectin

Adiponectin has been postulated to play an important role
in the modulation of glucose and lipid metabolism in
insulin-sensitive ~ tissues in  both  humans and
animals(Yamauchi et al, 2001). Decreased circulating
adiponectin levels have been demonstrated in genetic and
diet-induced murine models of obesity, as well as in diet-
induced forms of human obesity(Arita et al., 1999). Low
adiponectin levels have also been strongly implicated in the
development of insulin resistance in mouse models of both
obesity and lipoatrophy (Yamauchi et al., 2001). In humans,
plasma levels of adiponectin are significantly lower in
insulin-resistant states including type 2 diabetes and can be
increased upon administration of the insulin-sensitizing
thiazolidinedione (TZD) class of compounds (Weyer et al.,
2001 and Maeda et al., 2001 and Combs et al., 2002).

Plasma adiponectin levels in diabetic subjects with
coronary artery disease (CAD) are lower than in diabetic
patients without CAD, which are suggesting that
adiponectin may have anti-atherogenic properties (Hotta et
al., 2000). Adiponectin has been shown to dose-
dependently decrease the surface expression of vascular
adhesion molecules known to modulate endothelial
inflammatory responses (Ouchi et al., 1999). It also inhibits
proliferation of vascular smooth muscle cells and
concentrates within the vascular intima of catheter-injured
vessels (Arita et al., 2002 and Okamoto et al., 2000). The
association of low adiponectin levels with obesity, insulin
resistance, CAD, and dyslipidemia indicates that this
protein can be an important marker of the metabolic
syndrome.

The mechanism of adiponectin

The mechanisms of adiponectin are largely unknown.
Adiponectin administration has been shown to increase
insulin induced tyrosine phosphorylation of the insulin
receptor in skeletal muscle in association with increased
whole-body insulin sensitivity(Yamauchi et al., 2001).
Stimulation of glucose utilization and fatty acid oxidation
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in skeletal muscle and liver by adiponectin may also occur
through activation of 5-AMP kinase. 5'-AMP-activated
protein kinase play a crucial role in the regulation of energy
expenditure and glucose and lipid metabolism. The tissue-
specific effect of adiponectin on 5-AMP kinase has recently
been demonstrated in mice. In skeletal muscle of mice,
adiponectin showns to increase expression of the genes
encoding proteins involved in fatty acid transport and
oxidation, such as CD36, acyl-CoA oxidase and uncoupling
protein, which are resulting in enhanced fat combustion
and energy dissipation(Yamauchi et al., 2002). In the liver,
low doses of adiponectin decreased the expression of
proteins involved in fatty acid transport, such as CD36,
leading to reduced fatty acid influx into the liver and
hepatic triglyceride content(Yamauchi et al., 2003)
Although adiponectin is secreted only from adipose tissue,
its levels are paradoxically lower in obese than in lean
humans. This is in contrast to most other adipocytokines,
whose levels are increased in obesity in proportion to an
increased total body fat mass. It is possible that although
adiponectin expression is activated during adipogenesis, a
feedback inhibition on its production may occur during the
development of obesity(Kappes and Loffler , 2000). Levels
are also lower in diabetic patients compared with
nondiabetic subjects and are particularly low in subjects
with CAD. Decreased levels are found in men compared
with  women and this may be  androgen
induced(Valsamakis et al., 2003).
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The receptors of Adiponectin

Two receptors for adiponectin are AdipoR1 and AdipoR2,
which have been characterized that mediate effects of
adiponectin in various tissues. These receptors contain 7-
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transmembrane domains but are structurally and
functionally distinct from G-protein-coupled receptors,
displaying intra-cellular and extracellular N- and C-termini
and signaling via alternate, non-classic GPCR path-
ways(Hayley et al., 2010 and Sahar et al., 2013).

AdipoR1 is expressed ubiquitously, most abundantly in
skeletal muscle, whereas AdipoR2 is predominantly
expressed in the liver. AdipoR1 functions as a high-affinity
receptor for globular adiponectin and a low-affinity one for
full-length adiponectin(Hyun et al., 2010).

adiponectin suppresses SREBP1c by AdipoR1, one of the
functional receptors for adiponectin, and furthermore that
suppressing either AMP-activated protein kinase (AMPK)
via its upstream kinase LKB1 deletion cancels the negative
effect of adiponectin on SREBP1c expression(Motoharu et
al., 2009).

Endoplasmic reticulum protein 46 (ERp46) interacts
specifically with AdipoR1 and provide evidence that ERp46
modulates adiponectin signaling, only AdipoR1 is
constitutively expressed on the cell-surface(Hayley et al.,
2010).

Insulin repressed the mRNA expression of AdipoR1 and
AdipoR2 via activation of PI3-kinase and inactivation of
Foxol. LXR agonists increased the expression of
AdipoRland AdipoR2 in human macrophages, whereas
agonists of PPARa and PPARc only increased the
expression of AdipoR2(Takashi et al., 2007).

AdipoR1 increases AMPK activation by adiponectin in
liver. Activation of AMPK in the liver has been reported to
reduce the expression of genes encoding hepatic
gluconeogenic enzymes such as glucose-6-phosphatase
(G6pc) and phosphoenolpyruvate carboxykinase 1 (Pck1) as
well as genes encoding molecules involved in lipogenesis
such as sterol regulatory element binding protein 1c
(Srebfl) . In fact, expression of AdipoR1 significantly
decreased the expressions of G6pc, Pckl and Srebfl in the
liver of db/db mice, which may be among mechanisms by
which restoration of AdipoR1 in the liver reduced
endogenous glucose production (EGP), apparently
increased glucose infusion rate (GIR) and improved
diabetes. These results suggested that AdipoR1 may be
more involved in the activation of AMPK by adiponectin
than AdipoR2 in liver in vivo(Motoharu et al., 2009).

In humans, AdipoR2 is correlates positively with insulin
sensitivity and fasting plasma triglyceride concentrations in
healthy  glucose  tolerant  subjects.  Endoplasmic
reticulum(ER) stress or obesity-inducible ATF3 negatively
regulates the expression of adiponectin and
AdipoR2(Takashi et al, 2007). On the contrary, the
expression level of AdipoR2, but not AdipoR1 was
decreased in the intra-abdominal AT of obese individuals
and correlated negatively with triglyceride and
apolipoprotein B levels. The non-conserved region of
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AdipoR2 (residues 1-81) restricts its cell-surface expression
(Sahar et al., 2013). Introduction or deletion of this region,
into AdipoR1 or AdipoR2 resulted in inhibition or
promotion of cell-surface expression. AdipoR2 acts as an
intermediate-affinity receptor for both globular and full-
length adiponectin. Expression of AdipoR2 had little effects
on the expression levels of G6pc, Pckl or Srebf1(Motoharu
et al., 2009).

Expression of AdipoR2 significantly increased the
expression of genes encoding molecules involved in
glucose uptake such as glucokinase (Gck) and unlike the
molecules involved in gluconeogenesis, which appeared to
be one possible mechanism by AdipoR2 expression in the
liver apparently increased GIR and improved diabetes
(John et al., 2009).

Conclusion

In conclusion we find that the adipocyte as simply a storage
depot for fat is no longer tenable. Among, Adiponectin,
which is solely in adipose tissue, appears to play a very
important role in lipid and carbohydrate metabolism and
vascular biology. Adiponectin appears to be a major
modulator of insulin action and its levels are reduced in
type 2 diabetes, which could contribute to peripheral
insulin resistance in this condition. It has significant
insulin-sensitizing as well as anti-inflammatory properties
that include suppression of macrophage phagocytosis and
blockage of monocyte adhesion to endothelial cells in vitro.
Although further investigations are required, adiponectin
administration, as well as regulation of the pathways
controlling its production, represents a promising target for
managing obesity, hyperlipidemia, insulin resistance, type
2 diabetes, and vascular inflammation.
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