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Abstract 

Adiponectin is a white and brown adipose tissue hormone, also known as gelatin-binding 
protein-28 (GBP28), AdipoQ, adipocyte complement-related protein (ACRP30), or apM1. 
Adiponectin is an insulin sensitizing hormone that exerts its action through its receptors 
AdipoR1, AdipoR2, and T-cadherin.  
 
AdipoR1 is expressed abundantly in muscle, whereas AdipoR2 is predominantly expressed in 
the liver. 
 
Recent studies show that a small-molecule activator of the adiponectin receptor, AdipoRon, 
improves glucose tolerance and ameliorates insulin resistance in mice fed a high-fat diet; 
furthermore, AdipoRon improves metabolic parameters and prolongs 106 | Ruan and Dong life 
span in db/db mice, a genetic mouse model for diabetes  
 
Studies in animal models of diabetes, obesity, and atherosclerosis clearly demonstrated that 
adiponectin can indeed have beneficial effects on those disease states. 
 
Recent studies on the genetic mutation of adiponectin gene in human subjects and the KO mice 
clearly demonstrate that adiponectin may play a key role in the prevention of metabolic 
syndrome. 
 
In this article, I discuss Structure and secretion of adiponectin, Adiponectin receptor signaling, 
APPL2 protein, The AMPK pathway, The PPAR pathway, and Physiological and 
Pathophysiological Regulation of Plasma Adiponectin  
 

Key Word: Adiponectin, Adiponectin receptor signaling, The AMPK pathway, The PPAR 
pathway, Metabolic disorder, and Cancer  
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1. Introduction  
 

The prevalence of obesity has increased substantially over the previous decades not only in 
industrialized countries but all over the world; recent data from several Western countries 
indicate that only one third of the population is normal weight, and approximately one third is 
obese (1),(2),(3).  There is also accumulating evidence that excess body weight constitutes an 
established risk factor for colon cancer, postmenopausal breast cancer, endometrial cancer, renal 
cell cancer, and esophageal adenocarcinoma (EA) (3). It is believed that the metabolic changes 
associated with excess weight, and in particular central obesity, could lead to a dysfunctional 
adipose tissue causing insulin resistance, chronic inflammation, and abnormal secretion of 
adipocytokines (4),(5),(6),(7),(8). The main underlying mechanisms that link obesity to cancer 
development and progression include: 1) abnormalities of insulin resistance and the IGF-I 
system; 2) the impact of adiposity on the biosynthesis and bioavailability of endogenous sex 
hormones; 3) obesity-induced low-grade chronic systemic inflammation; and 4) alterations in 
the levels of adipocyte-derived factors (9),(4),(8). Adiponectin, a hormone, exerts multiple 
biological effects throughout the body mediated by the specific receptors AdipoR1, AdipoR2, 
and T-cadherin (10). In 1995, Lodish et al. identified a secretory protein from murine 3T3-L1 
adipocytes and named it adipocyte complement-related protein of 30 kDa (Acrp30). It is a 
structural homolog to complement factor C1q and to a hibernation-specific protein isolated 
from the plasma of Siberian chipmunks (11). It forms large homo-oligomers that undergo a 
series of posttranslational modifications. Using the mRNA differential display technique, it was 
cloned and called adipoQ. The adipoQ cDNA encodes a polypeptide of 247 amino acids, with a 
secretory signal sequence at the amino terminus, a collagenous region (Gly-X-Y repeats), and a 
globular domain (12). The human adiponectin gene was cloned through systematic sequencing 
of an adipose-tissue library. The apM1 gene encodes a 244 amino acid open reading frame 
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containing a putative signal sequence repeat (66 amino acids) followed by a cluster of aromatic 
residues near the C terminus having high local resemblance to collagens X and VIII and 
complement factor C1q (13). In 2003, a group from Japan isolated complementary DNAs 
encoding the adiponectin receptors 1 and 2 (AdipoR1 and AdipoR2) by expression cloning. 
These two adiponectin receptors have seven-transmembrane domains, but they are distinct 
from the topology of G-protein-coupled receptors. The AdipoR1 gene encodes for a 375-amino-
acid protein with an estimated molecular mass of 42.4 kDa, whereas AdipoR2 encodes for a 311-
amino-acid protein of 35.4 kDa. Suppression or expression of AdipoR1 and AdipoR2 revealed 
that AdipoR1 is a high-affinity receptor for globular adiponectin and a low-affinity receptor for 
full-length adiponectin, whereas AdipoR2 has an intermediate affinity for both (14). T-cadherin 
is a unique cadherin molecule that lacks the transmembrane and cytoplasmic domains and is 
bound to the surface membrane through a glycosylphosphatidylinositol (GPI) anchor. The 
expression of T-cadherin was observed to confer binding of hexameric and HMW multimers 
but not trimeric adiponectin  (10). The physiological role of adiponectin has not yet been fully 
elucidated, but it is believed that it has the ability to reduce glucose, triglycerides, and free fatty 
acids and that it plays a major role in the pathogenesis of metabolic syndrome. Metabolic 
syndrome comprises a cluster of metabolic disorders that give rise to such metabolic risk factors 
as visceral obesity, insulin resistance, hyperglycaemia, dyslipidaemia, and hypertension. In 
addition, numerous experimental and clinical observations have shown decreased adiponectin 
bioactivity in obesity and obesity-related complications, including insulin resistance, diabetes, 
cardiovascular diseases, and non-alcoholic fatty liver disease (NAFLD).  

 
2. Structure and secretion of adiponectin  
 

Adiponectin is a 30 kDa protein with a C-terminal globular domain and a collagen-like N-
terminal domain. The collagen domain allows for trimeric or hexameric formation and other 
multimeric isoforms before being secreted. A cysteine residue at collagenous rod is an essential 
mediator of multimeric complexes, which may represent the most biologically active form of the 
protein. Adiponectin is structurally related to proteins of the complement system (C1q) and 
tumor necrosis factor alpha (TNF-α), which are prototype members of a growing family of 
proteins known as CTRPs (C1q/TNF bonds) (15).  Adiponectin, a product of the APM1 gene, is 
a protein composed of 244 amino acids, also known as GBP- 28 (galatin binding protein-28), 
ADOPOQ and ACRP30. This protein is largely secreted by adipocytes, although it can also be 
secreted by cardiomyocytes, hepatocytes and placenta at lower concentrations. Its structure is 
divided into three domains: the N-terminal domain, which has large variation in amino acids 
between species, the collagen-like domain, and the globular domain of the C-terminal region 
(16).  The secretion of adiponectin is strictly controlled by the retention of protein thiols, so that 
two molecular endoplasmic reticulum chaperones play a critical role: 44 kDa ER proteins 
(endoplasmic reticulum protein 44, ERp44) and Ero1-La (endoplasmic reticulum oxidoreductin 
1-like alpha), both induced during adipogenesis. ERp44 forms a disulfide bond with 
adiponectin, which is important for the maturation of trimeric and hexameric proteins of high-, 
medium- and low-molecular weight in oligomers. It is also involved in the specific intracellular 
retention of adiponectin, so that the overexpression of ERp44 reduces the secretion of the 
adipokine. The Ero1-La protein, in turn, is a close partner of ERp44 and is involved in the 
weakening of the disulfide covalent bond between adiponectin and ERp44 and consequently 
the release of adiponectin (15). 
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3. Biosynthesis of adiponectin and receptors  

 
Adiponectin is mainly produced from white adipose tissue and specifically in mature 
adipocytes. Three major adipose tissue deposits are recognized as producers of this protein: 
subcutaneous, visceral and perivascular. The concentration of circulating adiponectin in plasma 
is very high (2 to 30 μg/mL). The plasma levels of this protein in the Japanese population is 
around 5 to 10 μg/mL, while in serum it is lower in Indo-Asians compared to Caucasians (medi-
an 3.3 vs. 4.9 μg/mL). Women have circulating adiponectin levels approximately 40% higher 
than men. 

Interestingly, visceral fat compartments are largely responsible for the secretion of 
adiponectin, when compared to subcutaneous deposits. This is of particular interest because of 
the close association between visceral obesity and metabolic/cardiovascular disease; however, 
in vitro and in vivo studies performed in humans have shown that adipocytes with exhausted 
lipid storage, filled with fatty acids, and located in the intra-abdominal region can inhibit 
transcription of the adiponectin gene by secreting inflammatory and angiogenic factors, 
reducing its plasma levels.12 The epicardial fat is also a source of adiponectin. Lower levels are 
also expressed in the liver, cardiomyocytes, skeletal muscle, colon, salivary gland, placenta and 
hypophysis, but the contributions of these tissues to the circulating adiponectin is considerably 
small. Adiponectin can also be detected in breast milk and cerebrospinal fluid, although in low 
concentrations (17).  

The role of adiponectin is mediated by receptors known as adiponectin receptors 1 and 2 
(Adipor1 and Aipor2). These receptors have seven transmembrane portions, but are 
functionally different from the G protein– coupled receptors, particularly because they have 
opposite polarity (i.e., the N-terminal faces the intracellular compartment). Although in relative 
proportions, Adipor1 and Adipor2 may vary from tissue to tissue and, in general, are expressed 
simultaneously (18). An additional cell surface molecule called T-cadherin shows significant af-
finity for adiponectin. T-cadherin binds to adiponectin, which is not a signaling receptor due to 
lack of intracellular signaling domains, to confer full cardioprotective potential to the latter.14  

Adiponectin works in an autocrine and paracrine manner in the adipose tissue, and in an 
endocrine manner in distal tissues. The autocrine effects are illustrated by their role in 
adipocyte differentiation. Induction is greater than 100 times that of adiponectin mRNA during 
the course of differentiation of adipose cells (19). Similarly, in experiments involving adipocytes 
overexpressing adiponectin, cell differentiation was accelerated, leading to increased lipid ac-
cumulation and insulin-stimulated glucose transport activity in fully differentiated cells. Thus, 
adiponectin promotes adipocyte differentiation and increased insulin sensitivity (20),(21). Also, 
recent in vivo and in vitro studies provided evidence of a regulatory feedback loop by which ad-
iponectin controls its own production and the expression of its receptor. In addition to the 
regulatory capacity, adiponectin acts as an autocrine and paracrine factor to inhibit the secretion 
by adipocytes of interleukins 6 and 8, macrophage inflammatory protein 1α/β and monocyte 
chemotactic protein-1, which, in turn, can inhibit the storage of lipids and insulin sensitivity in 
adipocytes (21),(22). Adiponectin can also act as an endocrine factor. It has been shown that 
adiponectin administration leads to a rise in insulin-stimulated tyrosine phosphorylation of 
insulin receptors in muscle, both for rodents and humans (23). This effect may contribute to the 
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improvement of insulin sensitivity. According to Bacha et al. (24), adiponectin levels are 
responsible for 73% of the variation in insulin sensitivity (24). 

 

 

4. Adiponectin receptor signaling  
 
Adiponectin elicits a number of downstream signaling events. However, no intrinsic protein 
kinase activity or phosphorylation in response to adiponectin has ever been detected in either 
Adipo R1 or Adipo R2. Furthermore, replacement of the tyrosine residues within the 
intracellular N-terminus by site-directed mutagenesis has no impact on adiponectin signaling 
(25).  Thus, the adiponectin receptors are likely transmembrane receptors that undergo 
conformational change and couple the intracellular domain with other signaling molecules 
upon extracellular adiponectin binding. Using yeast two-hybrid technology, our laboratory 
identified APPL1 as the intracellular binding partner of AdipoR1 and AdipoR2 (25). The human 
Appl1 gene is located in the 3p14.3-21.1 region and encodes a 709-amino acid protein of 78 kDa. 
Human genetic studies suggest that SNPs and point mutations in the Appl1 coding region 
correlate with body fat distribution and a high prevalence of diabetes (26),(27).  APPL1 is highly 
hydrophilic with no potential transmembrane region and consisted of multiple structural and 
functional domains including BAR, PH, PTB, and coiled coil (CC) (28),(29). APPL1 directly 
binds to the intracellular domains of AdipoR1 and AdipoR2 via its C-terminal PTB and CC 
domains, thereby mediating the actions of adiponectin in the regulation of energy metabolism 
and insulin sensitivity. In cultured skeletal muscle cells, suppression of APPL1 expression 
diminished adiponectin-induced glucose uptake and GLUT4 translocation (25). On the other 
hand, overexpression of APPL1 enhanced the stimulatory actions of adiponectin in glucose 
metabolism in muscle (25).   Rab5, a GTPase downstream of APPL1, plays an important role in 
APPL1-mediated adiponectin signaling (25).  The major action of adiponectin on lipid 
metabolism is to promote fatty acid oxidation, a process in which AMPK and acetyl CoA 
carboxylase (ACC) play a critical role. Research in our laboratory revealed the significance and 
detailed mechanisms by which APPL1-mediated signaling activates AMPK (30),(31).  Upon 
adiponectin stimulation, APPL1 binds to protein phosphatase 2A (PP2A) and protein kinase Cz 
(PKCz),  thereby activating PP2A and inactivating PKCz via dephosphorylation. The 
inactivation of PKCz results in the dephosphorylation of Ser307 on liver kinase B1 (LKB1), 
allowing LKB1 to translocate from nucleus to cytoplasm and activate AMPK (Deepa et al., 
2011). In addition to the AMPK pathway, we further demonstrated that APPL1 also mediates 
adiponectin-induced activation of the p38 MAPK pathway (25).  and investigated its impact on 
the anti-inflammatory actions of adiponectin (32).  We show that upon induction of adiponectin, 
APPL1 tethers p38 MAPK together with its upstream activating kinases including transforming 
growth factor-b activated kinase 1 (TAK1) and mitogen-activated protein kinase kinase 3 
(MKK3), thereby expediting the phosphorylation of keyenzymes of this pathway (32).  
Interestingly, the action of APPL1 on p38 MAPK pathway is specific to adiponectin, whereas its 
impact on TNF-a-induced p38 MAPK activation is limited (32). We further demonstrated the in 
vivo involvement of APPL1 in mediating the actions of adiponectin. Whole-body knockout of 
APPL1 impairs adiponectin signaling and results in insulin resistance in major insulin target 
tissues (33).  Subsequent studies by several laboratories further corroborated that APPL1 
functions downstream of adiponectin in various tissues and cell types. (34), reported that in 
cultured HUVEC cells, APPL1 binds to the cytoplasmic tails of AdipoR1 and AdipoR2 in 
response to adiponectin, thereby activating AMPK and eNOS and resulting in the production of 
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NO. APPL1 overexpression potentiates insulin-stimulated AKT signaling and suppresses 
hepatic gluconeogenesis, whereas knocking downAPPL1 attenuates insulin-stimulated AKT 
phosphorylation (35),(36),  showed that adiponectin treatment blocks IL-18-induced endothelial 
cell death by activating AMPK, which inhibits IKK/NF-kB/PTENtriggered apoptosis. (37), 
reported that binding of APPL1 to AdipoR1 mediates adiponectin-induced AMPK activation in 
cardiac myocytes. (38), demonstrated that injection of adiponectin into the third ventricle 
triggers interactions of APPL1 with AdipoR1 and AdipoR2, and that the insulin- and leptin-
sensitizing actionsofadiponectin aremediated throughAdipoR1butnotAdipoR2. 
 

5. APPL2 protein  
 
APPL2 is an isoform of APPL1 and shares 54%homology in amino acid sequence with APPL1 
protein (39),(40).  Similar to APPL1, APPL2 has an N-terminal BAR domain, central PH domain, 
and C-terminal PTB domain. APPL2 mediates FSH signal transduction by binding to APPL1 via 
their respective BAR domains, which results in the formation of the FSH receptor– APPL1–
AKT2 complex (41). Notably, APPL2 does not directly interact with AKT2 (41),(42).  Research in 
our laboratory revealed that APPL2 negatively modulates adiponectin signaling in skeletal 
muscle cells (40). APPL2 directly binds to AdipoR1 or AdipoR2 via its BAR domain, thereby 
preventing the interaction of APPL1 with AdipoRs. Thus, APPL2 blocks adiponectin signaling 
through AdipoR1 and AdipoR2 by competitive inhibition of APPL1. In addition, APPL2 
heterodimerizes with APPL1, thereby reducing the binding ofAPPL1to AdipoRs andimpairing 
the actions of adiponectin. Interestingly, adiponectin modulates the dissociation of the 
APPL1/APPL2 heterodimers, which can also be triggered by insulin and metformin (40). 
Because APPL1 and APPL2 exert opposite actions in mediating adiponectin signaling, we 
originally proposed the ‘Yin and Yang’ modulatory concept (40). Adiponectin circulates at a 
high concentration without major Fluctuations (43). In moving forward, it is important to 
address the following questions: (i) Does adiponectin bind to its receptors continuously? (ii) If 
the binding is relatively continuous, the intracellular regulatory mechanisms become the key 
checkpoints in modulating adiponectin signaling transduction and action. Then what are the 
regulatory mechanisms? The Yin and Yang modulatory concept involving APPL1/APPL2 
offers a detailed molecular mechanism by which adiponectin regulates lipid and carbohydrate 
metabolism. Consistent with the Yin-Yang theory, mice with muscle-specific APPL2 ablation or 
overexpression show respective enhanced or impaired insulin sensitivity, insulin-stimulated 
GLUT4 translocation, and glucose uptake in skeletal muscle (44). The opposing roles of 
APPL1 and APPL2 were also observed in the regulation of the PI3K/AKT/NF-kB pathway in 
macrophages (45).  

 

6. The AMPK pathway  

 
AMPK, a protein kinase regulated by AMP, is a widely recognized cellular sensor for metabolic 
state. In skeletal muscle, both fulllength adiponectin and the globular domain have been shown 
to trigger AMPK phosphorylation, leading to AMPK activation (46),(47). We found that APPL1 
plays a key role in adiponectin-mediated AMPK phosphorylation (15),(30),(31). In primary 
culture of skeletal muscle isolated from obese individuals or patients with type 2 diabetes, 
AMPK phosphorylation in response to adiponectin is greatly reduced, demonstrating that 
impaired signaling downstream of the adiponectin receptor may impair the actions of 
adiponectin or cause adiponectin resistance (48). Adiponectin has also been shown to induce 
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AMPK phosphorylation in the liver (49). Notably, recent reports suggest a limited role of the 
AMPK pathway in the regulation of gluconeogenesis (50). At present, however, no other 
mechanisms, i.e. non-AMPK pathways, have been shown to mediate the effects of adiponectin 
on gluconeogenesis in the liver. 

 

7. The PPAR pathway  

 
Another key transcription factor in metabolic regulation is PPAR-a. In skeletal muscle, 
adiponectin drastically increases the expression and activity of PPAR-a, which in turn up 
regulates acetyl CoA oxidase (ACO) and uncoupling proteins (UCPs), thereby promoting fatty 
acid oxidation and energy expenditure (51). In the liver, adiponectin upregulates several PPAR-
a target genes including CD36, which modulates hepatic fatty acid uptake and metabolism 
(Yamauchi et al., 2001), and ACO, which regulates fatty acid oxidation (52). In addition, 
adiponectin has been shown to increase hepatic glucose uptake via PPAR-a, thereby improving 
hepatic insulin sensitivity (53). Thiazolidinedione (TZD) class of PPAR-g ligands upregulates 
adiponectin expression in adipocytes (54),(55). The effect of TZDs on improving glucose 
tolerance is impaired in adiponectin-deficient mice, indicating that adiponectin mediates, at 
least in part, the insulin-sensitizing actions of TZDs (56). The expression of PPAR-g is markedly 
increased in 3T3-L1 cells overexpressing adiponectin, which is associated with enhanced 
adipocyte differentiation (Fu et al., 2005), indicating that adiponectin promotes the PPAR-g 
pathway, thereby activating a positive feed-back loop that increases adiponectin expression and 
adipocyte differentiation. 

 

8. Other adiponectin signaling pathways  

 
In addition to the pathways discussed above, adiponectin has been shown to induce calcium 
release from sarcoplasmic reticulum in myocytes or promote calcium influx, thereby activating 
Ca2+ /calmodulin-dependent protein kinase kinase (CaMKK-b) and AMPK,which results in 
activation of SIRT1 and PPAR-aand increase of mitochondria biogenesis (30),(57). In addition, 
ceramide-mediated pathways also have been implicated in mediating the actions of 
adiponectin. (58), reported that both AdipoR1 and AdipoR2 are associated with ceramidase 
activities, which, upon adiponectin binding, potently enhances ceramides conversion to S1P, a 
process that is independent of AMPK. Administration of recombinant adiponectin in leptin-
deficient Lepob/ob mice markedly reduced hepatic ceramide content, which is associated with 
increased insulin sensitivity (58). The p38 MAPK pathway also plays a role in adiponectin 
signaling (15),(32). Thus, multiple cellular pathways likely mediate the pleiotropic effects of 
adiponectin in various insulin target tissues, depending on contexts 

 

9. Cross talks with the insulin signaling pathway  

 
Several groups independently reported the insulin-sensitizing actions of adiponectin in 2001 
(59),(60),(61). Overexpression or administering recombinant adiponectin reduces blood glucose 
levels and ameliorates insulin resistance in obese mice, which are independent of plasma 
insulin levels (59),(60),(61),(62). Conversely, ablation of the adiponectin gene exacerbates insulin 
resistance and hyperglycemia in mice fed on a high-fat diet (63),(64),(56). Research in our 
laboratory focused on the mechanisms underlying the insulin-sensitizing actions of adiponectin. 
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We show that in skeletal muscle, adiponectin promotes tyrosine phosphorylation of IRS1 and 
AKT phosphorylation via inhibiting p70 S6K phosphorylation and serine phosphorylation 
of IRS1, thereby increasing insulin sensitivity (65). In parallel, adiponectin activates the 
LKB1/AMPK/TSC1/2 pathway, which blocks the inhibitory actions of the mTOR/p70 S6K 
pathway on insulin signaling (65). Interestingly, APPL1 promotes IRS1/2 binding to the insulin 
receptor (IR) (33). Under basal conditions, APPL1 forms a complex with IRS1/2; the presence of 
insulin or adiponectin triggers phosphorylation of Ser401 on APPL1, which brings APPL1 to the 
IR, forming the IR–APPL1–IRS1/2 complex (Figure 2). This process plays a key role in 
improving insulin sensitivity (33). UsingAPPL1knockout mice, we find that APPL1 sensitizes 
insulin actions via modulating IRS1/2 but not tyrosine phosphorylation of the IR, further 
corroborating the mechanisms of APPL1 action. Notably, recent studies on the in vivo effects of 
APPL2 on insulin signaling also demonstrated the ‘Yin-Yang’ modulatory actions of APPL1 and 
APPL2 (44). Yet, APPL2 does not seem to directly regulate the interactions between IRS1/2 and 
the IR (33).  Thus, APPL1 plays a key role in the crosstalk between adiponectin and insulin 
signaling pathways. Elucidating the mechanisms underlying the insulin-sensitizing actions of 
adiponectin will provide a guide to our understanding and treatment of insulin resistance 

 

10. Physiological and Pathophysiological Regulation of Plasma Adiponectin  

 
Caloric restriction/starvation/fasting have been reported to result in upregulation of plasma 
adiponectin levels. Accili and his colleagues indeed showed that SirT1 gain of function 
increases adiponectin messenger RNA (mRNA) levels, protein levels, and both HMW and 
MMW adiponectin in mice fed either a standard diet or HFD, which resulted in increased 
insulin sensitivity in the liver (66). SirT1 has recently been reported to deacetylate Lys268 and 
Lys293 of PPARg and to cause selective PPARg modulation, leading to upregulation of 
adiponectin and repression of proinflammatory cytokines (67). for insulin in the regulation of 
adiponectin levels, it is reported that adipocyte-specific insulin receptor knockout mice 
exhibited increased adiponectin expression levels in adipose tissue (68). In this context, it is 
noteworthy that subjects with mutations in the insulin receptor, despite having the most severe 
degree of insulin resistance, had elevated plasma adiponectin (69). Moreover, Scherer and his 
colleagues proposed that an increase in serum insulin levels may trigger the induction or 
activation of a serum reductase that triggers the dissociation of the HMW adiponectin, leading 
to the transient appearance of the lower-molecular-weight adiponectin (59). In contrast to 
caloric restriction/starvation/fasting, obesity results in decreased adiponectin levels via 
multiple mechanisms, including decreased levels of SirT1, hyperinsulinemia, oxidative stress, 
and inflammation (70). Conversely, TZDs reverse hyperinsulinemia, oxidative stress, and 
inflammation, thereby increasing adiponectin levels especially those of HMW adiponectin. 
Moreover, TZDs directly increase the expression of adiponectin gene itself via peroxisome 
proliferator response element (PPRE) (54). Scherer et al. reported that one mechanism for 
increasing circulating levels of HMW adiponectin by TZDs may be selective upregulation of 
rate-limiting chaperones such as ERp44 and Ero1-La (71). There is a sexual dimorphism in the 
circulating levels of adiponectin. Indeed, females have higher plasma adiponectin levels than 
males in humans and rodents, suggesting that sexual hormones regulate the production of 
adiponectin, although it is controversial how these hormones, such as estrogen and 
testosterone, are involved in the regulation of plasma adiponectin level. Regulatory 
Mechanisms of Adiponectin Multimer Formation The Adiponectin gene expressed exclusively 
in adipocytes has been reported to be regulated by transcriptional factors, including C/EBPs, 
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sterol regulatory element binding protein 1c (SREBP1c), and peroxisome proliferator-activated 
receptor g (PPARg). SirT1 has recently been reported to deacetylate Lys268 and Lys293 of 
PPARg and to cause selective PPARg modulation, leading to up regulation of adiponectin. 
There is an abundant pool of properly folded adiponectin in the secretory pathway through 
thiol-mediated retention, and that adiponectin is covalently bound to the ER chaperone ERp44. 
Another ER chaperone, Ero1-La, plays a critical role in the release of adiponectin from ERp44, 
and that these chaperones play a major role in the assembly of HMW adiponectin. 
Hyperinsulinemia, oxidative stress and inflammation observed in obesity have been reported to 
reduce HMW adiponectin, whereas TZDs and caloric restriction have been reported to increase 
HMW adiponectin. Cell Metabolism 17, February 5, 2013 ª2013 Elsevier Inc. 187 (72),(73),(74).  
Nevertheless, this may partly account for the fact that females are more sensitive to insulin than 
are males. Concentrations of serum adiponectin were higher in a hyperthyroid state than in a 
hypothyroid state. A strong positive correlation of adiponectin with thyroid hormones has been 
noted. Thus, the plasma adiponectin level is affected by multiple factors, such as insulin (insulin 
signaling in adipocytes and insulin-dependent reductase), intracellular stress in adipocytes 
(inflammation and oxidative stress), other hormones (estrogen, testosterone and thyroid 
hormone), sex, aging, and lifestyle. 
 
11. Conclusion  

Adiponectin is the most abundant peptide secreted by adipocytes, being a key component in the 

interrelationship between adiposity, insulin resistance and inflammation. Central obesity 

accompanied by insulin resistance is a key factor in the development of metabolic syndrome 

(MS) and future macrovascular complications. Adiponectin exerts an insulin-sensitizing action 

via an enhancement of AMPK and PPARα, this having profound effects on fatty acid oxidation 

and inflammation. Drugs affecting the levels of adiponectin may have a role in the treatment of 

NAFLD, cardiovascular disease, type II diabetes, and possibly in preventing metabolic 

syndrome-related cancers. Clinical studies aimed at reducing the deleterious effects of a number 

of ailments have been undertaken and this, in conjunction with a better understanding of the 

adiponectin genetic bases for these processes and the cellular events that underlie them should 

enhance our ability to devise new and better approaches aimed at minimizing the adverse 

effects of these diseases. Adiponectin is an unique and essential adipocytokine that is produced 

very abundantly in adipocytes and stably present in the plasma at very high concentration. 

Moreover, orally active AdipoR1 and AdipoR2 agonists were already satisfactorily used in 

rodent models. T-cadherin, a membraneassociated adiponectin-binding protein lacking 

intracellular domain seems to be a main mediator of the antiatherogenic adiponectin actions, 

and maybe a component of insulin granules. Both adiponectin and T-cadherin were found to be 

inversely associated with human aortic and coronary atherosclerosis, and it appears that a 

majority of the whole body adiponectin is conveyed to cardiovascular tissues by T-cadherin. T-

cadherin seems to be a clue novel signaling pathway at the crossroads of vascular and metabolic 

disorders. 
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