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Adiponectin and endothelial cells

Adiponectin enhanced endothelial Nitric Oxide (NO) production, 
inhibited oxidative stress, ameliorated inflammation, apoptosis and 
endothelium-leukocytes interaction, and reduced lectin-like oxidized 
low-density lipoprotein receptor-1 (LOX-1) expression, as well as 
oxidized-low-density lipoprotein (ox-LDL) uptake.

Adiponectin plays a role in regulating endothelial function by 
mediating NO production and oxidative stress. Both full-length 
adiponectin and gAb induced endothelial NO synthase (eNOS) 
activation and NO production in Human Umbilical Vein Endothelial 
Cells (HUVEC) [14]. In HUVEC, gAb increased the activity of 
eNOS through activating AMP-activated protein kinase (AMPK) by 
stimulating its phosphorylation at Thr176 [18]. Severe endothelial 
dysfunction was observed in the aortic segments of high-fat diet fed 
rat. After gAb incubation, the endothelium-dependent relaxation was 
partly improved and total production of NO as a result of enhanced 
eNOS activity was also increased [18]. Both full-length adiponectin 
and gAd suppressed ROS induced by high glucose or by treatment of 
HUVEC with ox-LDL. gAb suppresses excess ROS production under 
high-glucose conditions via a cAMP/PKA-dependent pathway, an effect 
that has implications for vascular protection in diabetes [19]. gAd also 
induces the expression of superoxide dismutase 2 (SOD2), suggesting 
another mechanisms by gAd to antagonize oxidative stress [20]. Thus, 
adiponectin reverses endothelial dysfunction through increasing NO 
production by eNOS phosphorylation, and decreasing NO inactivation 
by blocking ROS production/enhancing ROS scavenging. 

Adiponectin exerts anti-apoptotic effects on endothelial cells. 
gAb inhibited angiotensin II induced endothelial apoptosis through 
promotion and stabilization of the association between eNOS and heat 
shock protein 90 (HSP90) in HUVEC [21]. HMW form of adiponectin 
dose-dependently suppressed apoptosis and caspase-3 activity in 
HUVEC. Transduction with dominant-negative AMPK abolished the 
suppressive effect of adiponectin on HUVEC apoptosis [11].

Adiponectin exerts anti-inflammatory effects in endothelial 
cells. gAd suppressed tumor necrosis factor-alpha (TNF-α)-induced 
intercellular adhesion molecule-1 (ICAM-1) expression in a dose-
dependent manner in mouse aorta and HUVEC. Adenovirus-
mediated overexpression of AdipoR1 and AdipoR2 in endothelial cells 
significantly enhanced the suppressive effects of a subeffective dose 
of adiponectin on TNF-α-induced ICAM-1 expression and nuclear 
factor-kappaB (NF-κB) activation. Promoter reporter assays and 
small interfering RNA revealed that peroxisome proliferator-activated 
receptor-alpha may function as an important pathway downstream 
of adiponectin and its receptors. Thus, upregulation of AdipoRs in 
endothelial cells potentiates the anti-inflammatory effect of adiponectin 
[22]. In HUVEC, lymphotoxin (LT)-β receptor (LTBR) serves as an 
interacting partner of AdipoR1, AdipoR1 interacted with LTBR and 
regulated adiponectin-mediated inhibition of lymphotoxin-induced 
NF-κB activation and the expression of adhesion molecules [23]. 
However, a PCR array study found that gAd induces the expression 
of MCP-1, VCAM-1, E-selectin, IL-6, and IL-8, as well as plasminogen 
activator inhibitor-1 (PAI-1), and colonie stimulating factor-2 (CSF-2), 
which implicated the possibility of gAd’s proinflammatory effects [20]. 

Adiponectin has anti-atherosclerotic effects. LOX-1 is the major 
endothelial receptor for ox-LDL, and uptake of ox-LDL through LOX-1 
induces endothelial dysfunction and atherosclerosis [24]. Adiponectin 

inhibited TNF-α induced expression of LOX-1 in mouse coronary 
arterial endothelial cells, and reduced aortic ox-LDL uptake [25].

Adiponectin regulates the function of endothelial progenitor 
cells (EPC). EPC play an important role in neovascularization and 
re-endothelization. The phosphorylation of Akt and the activations 
of Cdc42 and Rac1 were significantly increased by adiponectin. Full-
length adiponectin increased the migration activity of EPC, which was 
completely inhibited by a PI3K inhibitor, siRNA of Cdc42 or Rac1, 
although siRNA of Akt had no effects, indicating that adiponectin 
promotes the migration activities of EPC mainly through PI3K/Cdc42/
Rac1 [26]. Administration of gAb at physiological concentrations 
promoted EPC migration and tube formation, and dose-dependently 
upregulated phosphorylation of eNOS, Akt and augmented NO 
production. Chronic incubation of EPC in high-glucose medium 
significantly impaired EPC function and induced cellular senescence, 
but these suppression effects were reversed by treatment with gAb. gAb 
reversed high glucose-impaired EPC functions through NO- and p38 
MAPK-related mechanisms [27] .

Thus, adiponectin induces gene expression and activation of 
various signaling pathways, such as AMPK, PI3K/Akt, cAMP/PKA, 
and NF-κB, as well as various MAPKs, including ERK1/2, JNK, and 
p38MAPK in vascular endothelial cells. 

Adiponectin and vascular smooth muscle cells

Adiponectin has been proposed to show anti-atherogenic 
properties through the inhibitory effects against various growth 
factors. Adiponectin also suppresses VSMC proliferation and 
migration through direct binding with platelet-derived growth factor 
(PDGF)-BB and generally inhibited growth factor–stimulated ERK 
signal [28]. In cultured VSMC, adenovirus expressing full-length 
adiponectin attenuated DNA synthesis induced by growth factors 
including platelet-derived growth factor, heparin-binding epidermal 
growth factor (EGF)-like growth factor (HB-EGF), basic fibroblast 
growth factor, and EGF and cell proliferation and migration induced 
by HB-EGF [29]. Insulin-like Growth Factor-1 (IGF-1) is one of the 
potent mitogens, which has been considered to play important roles 
in both atherogenesis and plaque stabilization. Adiponectin inhibits 
IGF-1-induced VSMC migration by the suppression of ERK1/2, but 
not Akt activation [30]. HMW or trimeric forms, but not the globular 
forms induced VSMC differentiation by activating AMPK, leading 
to the inhibition of mammalian target of rapamycin complex 1 and 
S6K1, which in turn stabilized IRS-1, driving Akt2-mediated inhibition 
of FoxO4 and subsequent contractile protein induction. Although 
adiponectin and rapamycin have similarly beneficial effects on VSMC 
phenotype, in EC, rapamycin inhibited Akt phosphorylation, whereas 
adiponectin maintained it [31].

Adiponectin and macrophages

Excessive lipid accumulation in macrophages plays an important 
role in the development of atherosclerosis. A critical step in the 
development of atherosclerotic plaques is the infiltration of monocytes 
into the subendothelial space of arteries where they differentiate into 
macrophages [32]. Activated macrophages express scavenger receptors 
and internalize modified lipoproteins, thereby transforming themselves 
into foam cells. Adiponectin suppresses macrophage to foam cell 
transformation [33]. Adiponectin reduces lipid accumulation in 
macrophage foam cells [34] and prevents atherosclerosis by increasing 
cholesterol efflux from macrophages [35]. In addition, adiponectin 
selectively increases the tissue inhibitor of metalloproteinase-1 
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[52]. Thus, reduced adiponectin bioactivity allows unmitigated 
pro-apoptotic, atherogenic, and pro-inflammatory actions of other 
adipokines, contributing to vascular injury in obesity, diabetes and 
cardiovascular diseases.

Concluding Remarks
In summary, a series of experimental studies have reported the 

important role of adiponectin in anti-inflammatory, anti-oxidative, 
anti-apoptotic, anti-atherogenic, and anti-thrombotic signaling in the 
vasculature and implied that multiple pathways are involved in the 
cellular effects of adiponectin. It also suggested evidence for an adipose-
vascular loop. Therapeutic approaches that increase adiponectin levels 
or tissue sensitivity deserve further evaluation for the prevention/
treatment of obesity and diabetes-related cardiovascular disorders. 
References

1.	 Okamoto Y, Kihara S, Funahashi T, Matsuzawa Y, Libby P (2006) Adiponectin: 
a key adipocytokine in metabolic syndrome. Clin Sci (Lond) 110: 267-278. 

2.	 Zhang H, Zhang C (2009) Regulation of Microvascular Function by Adipose 
Tissue in Obesity and Type 2 Diabetes: Evidence of an Adipose-Vascular 
Loop. Am J Biomed Sci 1: 133.

3.	  Kadowaki T, Yamauchi T, Kubota N, Hara K, Ueki K, et al. (2006) Adiponectin 
and adiponectin receptors in insulin resistance, diabetes, and the metabolic 
syndrome. J Clin Invest 116: 1784-1792.

4.	 Maeda K, Okubo K, Shimomura I, Funahashi T, Matsuzawa Y, et al. (1996) 
cDNA cloning and expression of a novel adipose specific collagen-like factor, 
apM1 (AdiPose Most abundant Gene transcript 1). Biochem Biophys Res 
Commun 221: 286-289.

5.	 Scherer PE, Williams S, Fogliano M, Baldini G, Lodish HF (1995) A novel 
serum protein similar to C1q, produced exclusively in adipocytes. J Biol Chem 
270: 26746-26749.

6.	 Nakano Y, Tobe T, Choi-Miura NH, Mazda T, Tomita M (1996) Isolation and 
characterization of GBP28, a novel gelatin-binding protein purified from human 
plasma. J Biochem 120: 803-812.

7.	 Hu E, Liang P, Spiegelman BM (1996) AdipoQ is a novel adipose-specific gene 
dysregulated in obesity. J Biol Chem 271: 10697-10703.

8.	 Chandran M, Phillips SA, Ciaraldi T, Henry RR (2003) Adiponectin: more than 
just another fat cell hormone? Diabetes Care 26: 2442-2450.

9.	 Kawano J, Arora R (2009) The role of adiponectin in obesity, diabetes, and 
cardiovascular disease. J Cardiometab Syndr 4: 44-49.

10.	Shimabukuro M, Higa N, Asahi T, Oshiro Y, Takasu N, et al. (2003) 
Hypoadiponectinemia is closely linked to endothelial dysfunction in man. J Clin 
Endocrinol Metab 88: 3236-3240.

11.	Kobayashi H, Ouchi N, Kihara S, Walsh K, Kumada M, et al. (2004) Selective 
suppression of endothelial cell apoptosis by the high molecular weight form of 
adiponectin. Circ Res 94: e27-31.

12.	Yamauchi T, Kamon J, Ito Y, Tsuchida A, Yokomizo T, et al. (2003) Cloning of 
adiponectin receptors that mediate antidiabetic metabolic effects. Nature 423: 
762-769.

13.	Kershaw EE, Flier JS (2004) Adipose tissue as an endocrine organ. J Clin 
Endocrinol Metab 89: 2548-2556.

14.	Cheng KK, Lam KS, Wang Y, Huang Y, Carling D, et al. (2007) Adiponectin-
induced endothelial nitric oxide synthase activation and nitric oxide production 
are mediated by APPL1 in endothelial cells. Diabetes 56: 1387-1394.

15.	Mao X, Kikani CK, Riojas RA, Langlais P, Wang L, et al. (2006) APPL1 binds 
to adiponectin receptors and mediates adiponectin signalling and function. Nat 
Cell Biol 8: 516-523.

16.	Denzel MS, Scimia MC, Zumstein PM, Walsh K, Ruiz-Lozano P, et al. (2010) 
T-cadherin is critical for adiponectin-mediated cardioprotection in mice. J Clin 
Invest 120: 4342-4352.

17.	Hug C, Wang J, Ahmad NS, Bogan JS, Tsao TS, et al. (2004) T-cadherin is a 
receptor for hexameric and high-molecular-weight forms of Acrp30/adiponectin. 
Proc Natl Acad Sci USA 101: 10308-10313.

18.	Deng G, Long Y, Yu YR, Li MR (2010) Adiponectin directly improves endothelial 
dysfunction in obese rats through the AMPK-eNOS Pathway. Int J Obes (Lond) 
34: 165-171.

19.	Ouedraogo R, Wu X, Xu SQ, Fuchsel L, Motoshima H, et al. (2006) Adiponectin 
suppression of high-glucose-induced reactive oxygen species in vascular 
endothelial cells: evidence for involvement of a cAMP signaling pathway. 
Diabetes 55: 1840-1846.

20.	Tomizawa A, Hattori Y, Kasai K (2009) Induction of gene expression in response 
to globular adiponectin in vascular endothelial cells. Life Sci 85: 457-461.

21.	Lin LY, Lin CY, Su TC, Liau CS (2004) Angiotensin II-induced apoptosis in 
human endothelial cells is inhibited by adiponectin through restoration of the 
association between endothelial nitric oxide synthase and heat shock protein 
90. FEBS Lett 574: 106-110.

22.	Zhang P, Wang Y, Fan Y, Tang Z, Wang N (2009) Overexpression of 
adiponectin receptors potentiates the antiinflammatory action of subeffective 
dose of globular adiponectin in vascular endothelial cells. Arterioscler Thromb 
Vasc Biol 29: 67-74.

23.	Xu Y, Zhang C, Wang N, Ling F, Li P, et al. (2011) Adiponectin inhibits 
lymphotoxin-beta receptor-mediated NF-kappa B signaling in human umbilical 
vein endothelial cells. Biochem Biophys Res Commun 404: 1060-1064.

24.	Sawamura T, Kume N, Aoyama T, Moriwaki H, Hoshikawa H, et al. (1997) 
An endothelial receptor for oxidized low-density lipoprotein. Nature 386: 73-77.

25.	Chen X, Zhang H, McAfee S, Zhang C (2010) The reciprocal relationship 
between adiponectin and LOX-1 in the regulation of endothelial dysfunction in 
ApoE knockout mice. Am J Physiol Heart Circ Physiol 299: H605-612.

26.	Nakamura N, Naruse K, Matsuki T, Hamada Y, Nakashima E, et al. (2009) 
Adiponectin promotes migration activities of endothelial progenitor cells via 
Cdc42/Rac1. FEBS Lett 583: 2457-2463.

27.	Huang PH, Chen JS, Tsai HY, Chen YH, Lin FY, et al. (2011) Globular 
adiponectin improves high glucose-suppressed endothelial progenitor cell 
function through endothelial nitric oxide synthase dependent mechanisms. J 
Mol Cell Cardiol 51: 109-119. 

28.	Arita Y, Kihara S, Ouchi N, Maeda K, Kuriyama H, et al. (2002) Adipocyte-
derived plasma protein adiponectin acts as a platelet-derived growth factor-
BB-binding protein and regulates growth factor-induced common postreceptor 
signal in vascular smooth muscle cell. Circulation 105: 2893-2898.

29.	Matsuda M, Shimomura I, Sata M, Arita Y, Nishida M, et al. (2002) Role of 
adiponectin in preventing vascular stenosis. The missing link of adipo-vascular 
axis. J Biol Chem 277: 37487-37491.

30.	Motobayashi Y, Izawa-Ishizawa Y, Ishizawa K, Orino S, Yamaguchi K, et al. 
(2009) Adiponectin inhibits insulin-like growth factor-1-induced cell migration by 
the suppression of extracellular signal-regulated kinase 1/2 activation, but not 
Akt in vascular smooth muscle cells. Hypertens Res 32: 188-193.

31.	Ding M, Xie Y, Wagner RJ, Jin Y, Carrao AC, et al. (2011) Adiponectin Induces 
Vascular Smooth Muscle Cell Differentiation via Repression of Mammalian 
Target of Rapamycin Complex 1 and FoxO4. Arterioscler Thromb Vasc Biol 
31: 1403-1410.

32.	 Zhu W, Cheng KK, Vanhoutte PM, Lam KS, Xu A (2008) Vascular effects of 
adiponectin: molecular mechanisms and potential therapeutic intervention. Clin 
Sci (Lond) 114: 361-374.

33.	Ouchi N, Kihara S, Arita Y, Nishida M, Matsuyama A, et al. (2001) Adipocyte-
derived plasma protein, adiponectin, suppresses lipid accumulation and class 
A scavenger receptor expression in human monocyte-derived macrophages. 
Circulation 103: 1057-1063.

34.	Tian L, Luo N, Klein RL, Chung BH, Garvey WT, et al. (2009) Adiponectin 
reduces lipid accumulation in macrophage foam cells. Atherosclerosis 202: 
152-161.

35.	Tsubakio-Yamamoto K, Matsuura F, Koseki M, Oku H, Sandoval JC, et al. 
(2008) Adiponectin prevents atherosclerosis by increasing cholesterol efflux 
from macrophages. Biochem Biophys Res Commun 375: 390-394.

36.	Kumada M, Kihara S, Ouchi N, Kobayashi H, Okamoto Y, et al. (2004) 
Adiponectin specifically increased tissue inhibitor of metalloproteinase-1 
through interleukin-10 expression in human macrophages. Circulation 109: 
2046-2049.

37.	Furukawa K, Hori M, Ouchi N, Kihara S, Funahashi T, et al. (2004) Adiponectin 
down-regulates acyl-coenzyme A:cholesterol acyltransferase-1 in cultured 

http://www.ncbi.nlm.nih.gov/pubmed/16464169
http://www.ncbi.nlm.nih.gov/pubmed/16464169
http://www.ncbi.nlm.nih.gov/pubmed/20098632
http://www.ncbi.nlm.nih.gov/pubmed/20098632
http://www.ncbi.nlm.nih.gov/pubmed/20098632
http://www.ncbi.nlm.nih.gov/pubmed/16823476
http://www.ncbi.nlm.nih.gov/pubmed/16823476
http://www.ncbi.nlm.nih.gov/pubmed/16823476
http://www.ncbi.nlm.nih.gov/pubmed/8619847
http://www.ncbi.nlm.nih.gov/pubmed/8619847
http://www.ncbi.nlm.nih.gov/pubmed/8619847
http://www.ncbi.nlm.nih.gov/pubmed/8619847
http://www.jbc.org/content/270/45/26746.short
http://www.jbc.org/content/270/45/26746.short
http://www.jbc.org/content/270/45/26746.short
http://jb.oxfordjournals.org/content/120/4/803.abstract
http://jb.oxfordjournals.org/content/120/4/803.abstract
http://jb.oxfordjournals.org/content/120/4/803.abstract
http://www.ncbi.nlm.nih.gov/pubmed/8631877
http://www.ncbi.nlm.nih.gov/pubmed/8631877
http://www.ncbi.nlm.nih.gov/pubmed/12882876
http://www.ncbi.nlm.nih.gov/pubmed/12882876
http://www.ncbi.nlm.nih.gov/pubmed/19245516
http://www.ncbi.nlm.nih.gov/pubmed/19245516
http://www.ncbi.nlm.nih.gov/pubmed/12843170
http://www.ncbi.nlm.nih.gov/pubmed/12843170
http://www.ncbi.nlm.nih.gov/pubmed/12843170
http://www.ncbi.nlm.nih.gov/pubmed/14752031
http://www.ncbi.nlm.nih.gov/pubmed/14752031
http://www.ncbi.nlm.nih.gov/pubmed/14752031
http://www.ncbi.nlm.nih.gov/pubmed/12802337
http://www.ncbi.nlm.nih.gov/pubmed/12802337
http://www.ncbi.nlm.nih.gov/pubmed/12802337
http://www.ncbi.nlm.nih.gov/pubmed/15181022
http://www.ncbi.nlm.nih.gov/pubmed/15181022
http://www.ncbi.nlm.nih.gov/pubmed/17287464
http://www.ncbi.nlm.nih.gov/pubmed/17287464
http://www.ncbi.nlm.nih.gov/pubmed/17287464
http://www.ncbi.nlm.nih.gov/pubmed/16622416
http://www.ncbi.nlm.nih.gov/pubmed/16622416
http://www.ncbi.nlm.nih.gov/pubmed/16622416
http://www.ncbi.nlm.nih.gov/pubmed/21041950
http://www.ncbi.nlm.nih.gov/pubmed/21041950
http://www.ncbi.nlm.nih.gov/pubmed/21041950
http://www.ncbi.nlm.nih.gov/pubmed/15210937
http://www.ncbi.nlm.nih.gov/pubmed/15210937
http://www.ncbi.nlm.nih.gov/pubmed/15210937
http://www.ncbi.nlm.nih.gov/pubmed/19823181
http://www.ncbi.nlm.nih.gov/pubmed/19823181
http://www.ncbi.nlm.nih.gov/pubmed/19823181
http://www.ncbi.nlm.nih.gov/pubmed/16731851
http://www.ncbi.nlm.nih.gov/pubmed/16731851
http://www.ncbi.nlm.nih.gov/pubmed/16731851
http://www.ncbi.nlm.nih.gov/pubmed/16731851
http://www.ncbi.nlm.nih.gov/pubmed/19647751
http://www.ncbi.nlm.nih.gov/pubmed/19647751
http://www.ncbi.nlm.nih.gov/pubmed/15358548
http://www.ncbi.nlm.nih.gov/pubmed/15358548
http://www.ncbi.nlm.nih.gov/pubmed/15358548
http://www.ncbi.nlm.nih.gov/pubmed/15358548
http://www.ncbi.nlm.nih.gov/pubmed/18988888
http://www.ncbi.nlm.nih.gov/pubmed/18988888
http://www.ncbi.nlm.nih.gov/pubmed/18988888
http://www.ncbi.nlm.nih.gov/pubmed/18988888
http://www.ncbi.nlm.nih.gov/pubmed/21195057
http://www.ncbi.nlm.nih.gov/pubmed/21195057
http://www.ncbi.nlm.nih.gov/pubmed/21195057
http://www.ncbi.nlm.nih.gov/pubmed/9052782
http://www.ncbi.nlm.nih.gov/pubmed/9052782
http://www.ncbi.nlm.nih.gov/pubmed/20581092
http://www.ncbi.nlm.nih.gov/pubmed/20581092
http://www.ncbi.nlm.nih.gov/pubmed/20581092
http://www.ncbi.nlm.nih.gov/pubmed/19596003
http://www.ncbi.nlm.nih.gov/pubmed/19596003
http://www.ncbi.nlm.nih.gov/pubmed/19596003
http://www.ncbi.nlm.nih.gov/pubmed/21439968
http://www.ncbi.nlm.nih.gov/pubmed/21439968
http://www.ncbi.nlm.nih.gov/pubmed/21439968
http://www.ncbi.nlm.nih.gov/pubmed/21439968
http://www.ncbi.nlm.nih.gov/pubmed/12070119
http://www.ncbi.nlm.nih.gov/pubmed/12070119
http://www.ncbi.nlm.nih.gov/pubmed/12070119
http://www.ncbi.nlm.nih.gov/pubmed/12070119
http://www.ncbi.nlm.nih.gov/pubmed/12138120
http://www.ncbi.nlm.nih.gov/pubmed/12138120
http://www.ncbi.nlm.nih.gov/pubmed/12138120
http://www.ncbi.nlm.nih.gov/pubmed/19262481
http://www.ncbi.nlm.nih.gov/pubmed/19262481
http://www.ncbi.nlm.nih.gov/pubmed/19262481
http://www.ncbi.nlm.nih.gov/pubmed/19262481
http://www.ncbi.nlm.nih.gov/pubmed/21454807
http://www.ncbi.nlm.nih.gov/pubmed/21454807
http://www.ncbi.nlm.nih.gov/pubmed/21454807
http://www.ncbi.nlm.nih.gov/pubmed/21454807
http://www.ncbi.nlm.nih.gov/pubmed/18230060
http://www.ncbi.nlm.nih.gov/pubmed/18230060
http://www.ncbi.nlm.nih.gov/pubmed/18230060
http://www.ncbi.nlm.nih.gov/pubmed/11222466
http://www.ncbi.nlm.nih.gov/pubmed/11222466
http://www.ncbi.nlm.nih.gov/pubmed/11222466
http://www.ncbi.nlm.nih.gov/pubmed/11222466
http://www.ncbi.nlm.nih.gov/pubmed/18511057
http://www.ncbi.nlm.nih.gov/pubmed/18511057
http://www.ncbi.nlm.nih.gov/pubmed/18511057
http://www.ncbi.nlm.nih.gov/pubmed/18703020
http://www.ncbi.nlm.nih.gov/pubmed/18703020
http://www.ncbi.nlm.nih.gov/pubmed/18703020
http://www.ncbi.nlm.nih.gov/pubmed/15096450
http://www.ncbi.nlm.nih.gov/pubmed/15096450
http://www.ncbi.nlm.nih.gov/pubmed/15096450
http://www.ncbi.nlm.nih.gov/pubmed/15096450
http://www.ncbi.nlm.nih.gov/pubmed/15081415
http://www.ncbi.nlm.nih.gov/pubmed/15081415


http://www.ncbi.nlm.nih.gov/pubmed/15081415
http://www.ncbi.nlm.nih.gov/pubmed/15081415
http://www.ncbi.nlm.nih.gov/pubmed/20028977
http://www.ncbi.nlm.nih.gov/pubmed/20028977
http://www.ncbi.nlm.nih.gov/pubmed/20028977
http://www.ncbi.nlm.nih.gov/pubmed/20350970
http://www.ncbi.nlm.nih.gov/pubmed/20350970
http://www.ncbi.nlm.nih.gov/pubmed/20350970
http://www.ncbi.nlm.nih.gov/pubmed/19889816
http://www.ncbi.nlm.nih.gov/pubmed/19889816
http://www.ncbi.nlm.nih.gov/pubmed/19889816
http://www.ncbi.nlm.nih.gov/pubmed/16269667
http://www.ncbi.nlm.nih.gov/pubmed/16269667
http://www.ncbi.nlm.nih.gov/pubmed/16269667
http://www.ncbi.nlm.nih.gov/pubmed/20395594
http://www.ncbi.nlm.nih.gov/pubmed/20395594
http://www.ncbi.nlm.nih.gov/pubmed/20395594
http://www.ncbi.nlm.nih.gov/pubmed/20395594
http://www.ncbi.nlm.nih.gov/pubmed/17549259
http://www.ncbi.nlm.nih.gov/pubmed/17549259
http://www.ncbi.nlm.nih.gov/pubmed/17549259
http://www.ncbi.nlm.nih.gov/pubmed/14733921
http://www.ncbi.nlm.nih.gov/pubmed/14733921
http://www.ncbi.nlm.nih.gov/pubmed/14733921
http://www.ncbi.nlm.nih.gov/pubmed/14733921
http://www.ncbi.nlm.nih.gov/pubmed/10982546
http://www.ncbi.nlm.nih.gov/pubmed/10982546
http://www.ncbi.nlm.nih.gov/pubmed/10982546
http://www.ncbi.nlm.nih.gov/pubmed/17940218
http://www.ncbi.nlm.nih.gov/pubmed/17940218
http://www.ncbi.nlm.nih.gov/pubmed/17940218
http://www.ncbi.nlm.nih.gov/pubmed/17940218
http://www.ncbi.nlm.nih.gov/pubmed/18292388
http://www.ncbi.nlm.nih.gov/pubmed/18292388
http://www.ncbi.nlm.nih.gov/pubmed/18292388
http://www.ncbi.nlm.nih.gov/pubmed/18292388
http://www.ncbi.nlm.nih.gov/pubmed/10604883
http://www.ncbi.nlm.nih.gov/pubmed/10604883
http://www.ncbi.nlm.nih.gov/pubmed/10604883
http://www.ncbi.nlm.nih.gov/pubmed/18632660
http://www.ncbi.nlm.nih.gov/pubmed/18632660
http://www.ncbi.nlm.nih.gov/pubmed/18632660
http://www.ncbi.nlm.nih.gov/pubmed/18632660
http://www.ncbi.nlm.nih.gov/pubmed/18451326
http://www.ncbi.nlm.nih.gov/pubmed/18451326
http://www.ncbi.nlm.nih.gov/pubmed/18451326
http://www.ncbi.nlm.nih.gov/pubmed/16269654
http://www.ncbi.nlm.nih.gov/pubmed/16269654
http://www.ncbi.nlm.nih.gov/pubmed/16269654
http://www.ncbi.nlm.nih.gov/pubmed/20814014
http://www.ncbi.nlm.nih.gov/pubmed/20814014
http://www.ncbi.nlm.nih.gov/pubmed/20814014

	Title
	Corresponding author
	Abstract
	Keywords
	Structure and Function of Adiponectin and Adiponectin Receptors
	Vasoprotection by adiponectin - Evidence from in vitro studies
	Adiponectin and endothelial cells
	Adiponectin and vascular smooth muscle cells
	Adiponectin and macrophages
	Adiponectin and adventitial fibroblasts
	Adiponectin and platelets
	Adiponectin and vascular cell interactions

	Reciprocal Effects between Adiponectin and other Adipokines on Vascular Function: New Insights into 
	Concluding Remarks
	References

