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Adiponectin and Its Protective Effects
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ABSTRACT

Adiponectin (also referred to as GBP-28, apM1, AdipoQ and Acrp30) is one of the adipocytokines that is secreted by the white
adipose tissue and is an important regulator of lipid and glucose metabolism. It is an insulin-sensitizing hormone with anti-diabetic,
anti-inflammatory, anti-atherogenic and anti-proliferative properties. It was demonstrated that decreased serum adiponectin levels
are associated with insulin resistance and type 2 diabetes. Furthermore, hypoadiponectinemia was shown to be associated with
coronary artery disease. Several authors point out that high levels of circulating adiponectin reduce risk of coronary heart disease
among type 2 diabetes patients. Adiponectin has also been shown to play an important role in the regulation of cell proliferation and
tumorigenesis. Adiponectin, via its cognate receptors AdipoR1 and AdipoRz2, inhibits cancer cell proliferation in vitro and supressess
obesity-associated tumor growth in vivo (e.g. colorectal, gastric, liver, and breast cancer). Therefore, potential diagnostic and
therapeutic usage of adiponectin has been subject of an increasing interest in recent years.
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INTRODUCTION

Adipose tissue is considered the largest endocrine organ in the body that produces a wide range of proactive
cytokines, the so-called ‘‘adipocytokines’’, which include angiogenic factors, mitogens (e.g.leptin) and anti-
mitogens (e.g.adiponectin), proinflammatory cytokines [e.g. TNF (tumor necrosis factor)-o, IL (interleukin)-1
and 6] involved in the mediation of inflammatory disease, obesity, and insulin sensitivity (Funahashi et al. 1999;
Jarde et al. 2011). Adiponectin, also known as Acrp30 (adipocyte complement-related protein-30kDa), adipoQ,
and GBP28 (gelatin-binding protein of 28kDa), is secreted exclusively by adipose tissue and has recently been
identified as one of the adipocytokines with important metabolic effects (Maeda et al. 1996; Hu et al. 1996).
Adiponectin belongs to the soluble collagen superfamily, and has structural homology with collagen VIII, X,
complement factor Cl1q (Maeda et al. 1996), and TNF family (Shapiro and Scherer 1998). Adiponectin circulates
in the blood at high concentrations ranging from 2 to 30 mg/l, which is approximately a 100 times higher than
the concentrations of other major hormones (e.g. leptin and cortisone), and most inflammatory cytokines (e.g.
TNF-a and IL-6) (Arita et al. 1999). Several reports (Barb et al. 2007b) suggest that adiponectin may have anti-
inflammatory, anti-proliferative, anti-atherogenic and insulin-sensitizing properties. Circulating adiponectin
levels are lower in obesity, a disease state that is associated with certain malignancies (Stephenson and Rose
2003). It has also been shown that adiponectin suppresses the secretion proinflammatory cytokines by
macrophages, increases glucose uptake and decreases the proliferation of obesity-associated cancer cell lines. In
this review, we focus on the protective effects of adiponectin in several diseases.

Structure and Receptors

Human adiponectin polypeptide is comprised of 244 amino acid residues and has distinct domain structure. It
contains collagen-like and globular C1g-like domains. Three adiponectin molecules can interact with each other
through their collagen-like domains, forming triple coiled coil structure (Pajvani et al. 2003). C1g-like domains
form a “head” of adiponectin globula and share a great degree of structural similarity to complement component
Clq (Pajvani et al. 2003, Kadowaki and Yamauchi 2005). The globular domain has similar folding topology
with TNF-q, collagens VIII/X, and assembles into homotrimers (Shapiro and Scherer 1998; Wong et al. 2004).
Higher order oligomeric adiponectins (hexamers and higher molecular weight forms) are also formed via
interactions between the collagenous stalk. Three monomers of adiponectin form a trimer. Trimers linked by
disulfide bond form a hexamer (Shapiro and Scherer 1998). This disulfide bond formation depends on cysteine-
39 in the amino-terminal variable region as the necessary moiety. Single amino acid substitutions (e.g. G84R,
G90S, Y111H, and 1164T) modify this disulfide bond formation, and might alter adiponectin’s ability to form
multimers. A truncated form of adiponectin containing only the globular domain (g-adiponectin) can be
generated by proteolytic cleavage (Nakano et al. 1996).
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The biological actions of adiponectin are carried out through interactions with its specific Adiponectin
receptor subtypes AdipoR1 and AdipoR2 (Kadowaki and Yamauchi 2005; Hug et al. 2004). Both full-length (f-)
and g-adiponectin can bind to these receptors. However, g-adiponectin exerts more potent effect than f-
adiponectin (Sugiyama et al. 2009). Unlike other G protein-coupled receptors, amino termini of both receptors
are cytoplasmic, whereas carboxy-termini faces outside the cell (Chandrasekar et al. 2008). Binding of
adiponectin to AdipoR1 and AdipoR2 activates various signal transduction pathways such as the AMPK (AMP-
activated protein kinase), PIK3 (phosphoinositide-3-kinase), P38/P42/P44 MAPK (mitogen-activated protein
kinase), and JNK (c-Jun N-terminal kinase) pathways (Yamauchi et al. 2003). AdipoR1 is abundantly expressed
in muscle, whereas AdipoR2 is predominantly expressed in liver (Kadowaki and Yamauchi 2005). Like
adiponectin, both AdipoR1 and AdipoR2 expressions are downregulated in obesity, obesity-linked insulin
resistance, diabetes, and certain cancer diseases (Chandrasekar et al. 2008).

Anti-Diabetic Effects

The antidiabetic effects of the adiponectin are related to its insulin-sensitizing function. Adiponectin reduces
hepatic glucose production by inhibiting both the expression of hepatic gluconeogenic enzymes and the rate of
endogenous glucose production (Berg et al. 2001; Combs et al. 2001; ). Furthermore, a genetic approach, by
means of transgenesis, has shown the role of adiponectin in the control of whole-body insulin sensitivity,
particularly by enhancing it in muscle and liver and increasing fatty acid oxidation in muscle (Yamauchi et al.
2001). In rodents and other animals, adiponectin has been shown to decrease the resting blood glucose levels,
and prevent animals with diet-induced obesity from developing insulin resistance (Deepa and Dong 2009)

Majority of insuling-sensitizing effects of adiponectin is mediated by AMPK, p38 MAPK and PPAR-a
(peroxisome-proliferators-activated receptor-a) ligand activites, which increases fatty acid oxidation, glucose
uptake and lactate production in myoctes (Deepa and Dong 2009). In myocytes, the activation of AMPK by
adiponectin stimulates glucose uptake and reduces intracellular triglycerides levels, which in turn improves
insulin sensitivity (Waki et al. 2003; Yamauchi et al. 2002). Activation of AMPK in myocytes and hepatocytes
also increases glucose and fatty acid catabolism (Yamauchi et al. 2002). Adiponectin signaling increases
pyruvate dehydrogenase enzyme activity, causing an increase in glycolytic flux, wherease it phosphorylates and
inhibits acetyl-coenzyme A carboxylase, leading to acitvation of fatty acid oxidation (Tomas et al. 2002).

Anti-Inflammatory and Anti-Atherogenic Effects

Adiponectin, because of its structural homology collagen VIII, X, complement factor Cl1q and TNF family of
proteins, has been proposed to have anti-inflammatory and anti-atherogenic properties (Maeda et al. 1996;
Shapiro and Scherer 1998). Indeed, while adipocytokines such as leptin, TNF-o, and IL-6 exerts pro-
inflammatory effects in the body, adiponectin has been demonstrated to have potent anti-inflammatory
properties, both in vivo and in cultured macrophages (Ouchi et al. 2003, Berg and Scherer 2005). Treatment of
macrophages with adiponectin increases the expression of inflammatory cytokines TNF-a and IL-6 (Tsatsanis
2005). Adiponectin suppressess the phagoyctic activity of macrophages, which is mediated by one of the
complement Clq receptors, C1qRp, because this function was completely abrogated by the addition of an anti-
C1qRp monoclonal antibody (Yokota et al. 2000).

Inflammation is an important factor in the initiation and development of atherosclerosis (Ross 1999). The
first change that precedes the formation of lesions of atherosclerosis is endothelial injury, which is mediated by
various inflammatory stimuli, including TNF-a. Secondarily, leukocytes adhere to the endothelium, and migrate
into the arterial wall, where they can transform to macrophages. Subsequently, the macrophages and migrated
smooth muscle cells take up modified LDL and transform into lipid-laden foam cells. The scavenger receptors
such as MSH play important roles in this lipid accumulation and foam cell formation. A recent study
demonstrated that the C-terminal g-adiponectin protects against atherosclerosis (Yamauchi et al. 2003) and low
adiponectin levels are associated with endothelial dysfunction (Shimabukuro et al. 2003; Tan et al. 2004;
Fernandez-Real et al. 2004; Chandrasekar et al. 2008). In cultured endothelial cells, adiponectin inhibits various
anti-inflammatory effects, a potential mechanism for the anti-atherogenic properties of adiponectin (Furukawa et
al. 2004, Hu et al. 1996). Adiponectin reduces the size of atherosclerotic lesions and inhibits neointimal thicking
and proliferation of vascular smooth muscle cells in injured arteries (Matsuda et al. 2002). Adiponectin was also
shown to attenuate expression of MSR (macrophage scavenger receptor) and TNF- a in atherosclerotic lesions
(Okamoto et al. 2002). Adiponectin suppresses TNF-o-induced IxB-a phosphorylation and subsequent NF¢B
activation without affecting other TNF-a-mediated signals, including JNK, p38 kinase, and Akt kinase (Ouchi et
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al. 2000). This inhibitory effect of adiponectin is accompanied by cAMP accumulation and is blocked by either
an adenylate cyclase inhibitor or a PKA (protein kinase A) inhibitor. Additionally, adiponectin has been found to
selectively increases the expression of TIMPs (tissue inhibitors of metalloproteinases) in monocyte-derived
macrophages through IL-10 induction, which is thought to act as protector of plaque rupture by inhibition of
MMP (matrix metalloproteinase) activity (Shin et al. 2002; Kumada et al. 2004).

Anti-Proliferative and Anti-Tumorigenic Effects

Adiponectin modulates several physiologic processes, such as metabolism of glucose and fatty acids (Berg et al.
2002), and decreased plasma adiponectin concentrations are associated with insulin resistance, type 2 diabetes
and atherosclerosis (Okamoto et al. 2002). In addition, it was recently shown that adiponectin may play a role in
the development and progression of various types of malignancies. It was reported that circulating adiponectin
levels in vivo are inversely correlated with the risk of malignancies associated with obesity and insulin resistance
(Housa et al., 2005), including endometrial cancer (Petridou et al., 2003; Dal Maso et al., 2004), postmenopausal
breast cancer (Mantzoros et al., 2004), leukaemia (Petridou et al., 2006) and colon cancer (Wei et al., 2005).
Moreover, low adiponectin levels have been associated with gastric cancer (Ishikawa et al., 2005) and prostate
cancer (Goktas et al., 2005).

The molecular mechanisms through which adiponectin mediates its effects have not been fully elucidated.
There is evidence that may act on tumour cells directly by binding and activating adiponectin receptors and
downstream signalling pathways (Lorincz et al. 2006). Several studies strongly suggest that both the
antiproliferative and proapoptotic effects of adiponectin are mediated by AMPK (Dieudonne et al. 2006, Barb et
al. 2007b). AMPK activation suppresses cell proliferation through inhibition of the enzymes that regulate
protein, fatty acid, and triglyceride synthesis, including mTOR (mammalian target of rapamycin), fatty acid
synthase, and glycerol phosphate acyltransferase. In addition, activation of AMPK by adiponectin increases the
expression of p53 and p2l, two proteins that cancer cell proliferation (Luo et al. 2005). In MCF-7 breast
carcinoma cells, adiponectin-mediated antiproliferative responses were also accompanied by an inhibition of
MAP kinase pathway, which is known to be associated with a decrease of cell proliferation e.g. in human
osteoblasts. In addition to AMPK activation in MCF-7 cells, longer treatment with adiponectin (over a period of
2 to 6 h) was also shown to decrease the mRNA expression of the growth regulatory gene c-myc and one of the
important G1 regulatory cyclins, cyclin D1 (Dieudonne et al. 2006). More recently, JNK and STAT-3 (Signal
Transducer and Activator of Transcription 3) were also shown to be downstream effectors of adiponectin. It has
been demonstrated that adiponectin stimulates JNK activation, which is involved in the regulation of cell
proliferation and apoptosis during various physiological and pathological events, such as tumor development
(Davis 2000). STAT-3 also regulates cellular functions such as cell proliferation, survival, differentiation as well
as apoptosis, and dysregulation of the STAT system directly contributes to malignant transformation and cancer
progression (Bowman et al. 2000). Adiponectin was shown to stimulate JNK activation in prostate cancer
DU145, PC-3, and LNCaP-FGC cells, hepatocellular carcinoma HepG2 cells, and C2C12 myoblasts, but also
drastically suppress constitutive STAT-3 activation in DU145 and HepG2 cells. This suggests that JNK and
STAT-3 may constitute a universal signaling pathway to mediate adiponectin's pathophysiological effects on
metabolic syndrome and the pathogenesis of cancer.

CONCLUSIONS

Adiponectin is an insulin-sensitizing hormone/adipocytokines secreted exclusively by the adipose tissue. Unlike
some other adipocytokines that are also secreted by the adipose tissue (e.g.leptin and TNF-a), adiponectin exerts
protective effects in animals and humans against diabetes, inflammation, atherosclerosis, and cancer. Two
adiponectin-specific receptors, AdipoR1 and AdipoR2, have recently been identified that mediate most of the
effects of adiponectin. The molecular mechanisms of adiponectin signaling via its receptors leading to the
aferomentioned protective properties have yet to be elucidated. However, mounting evidence suggests that
AMPK may be an important mediator of adiponectin action in various tissues. Improved understanding of
adiponectin signaling may us design more logical and molecular diagnostic and therapeutic approaches in clinic.
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