Adaptive Roles of Adiponectin and Resistin in Cardiovascular Disease 
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Abstract

It has been shown that obesity is linked to low grade inflammation and obesity-associated cardiovascular diseases. Adipose tissue is not only a place for fat store but also as an endocrine organ. Many adipocytokines play critical roles in pathogenesis of cardiovascular disorders. Adiponectin and resistin, members of adipocytokines, are involved in several metabolic disorders such as obesity, insulin resistance and inflammation. In many pathological states, adiponectin play anti-inflammatory and protective roles but resistin play proinflammatory and aggravated roles. Plasma adiponectin is down-regulated and resistin is up-regulated in people with obesity, hypertension, atherosclerosis and stroke. Adiponectin promotes endothelial cells and vascular smooth muscle cells functions to increase the activity of vasorelaxation and anti-inflammation. But resistin reduces vascular cells functions then impairs the activity of vasorelaxation and anti-inflammation. This review discusses the adaptive roles of adiponectin and resistin on development of hypertension, atherosclerosis and stroke and how they work with different mechanisms. 
Introduction
In obese individuals, over accumulation of fat in adipocytes easily result in metabolic associated diseases such as cardiovascular disease (CVD) and type 2 diabetes mellitus (T2DM) 
 ADDIN EN.CITE 
(24)
. Adipose tissue is not only a storage place but also as an endocrine organ. Adipocytes play an important role in regulation of local and systemic metabolic process through bioactive proteins know as adipocytokines 3()
. About 100 different adipocytokines have been discovered in pass twenty years. Adipocytokines such as leptin, adiponectin, resistin, visfatin, and tumor necrosis factor-α (TNF-α) regulate metabolism, insulin resistance, glucose homeostasis, inflammation, blood pressure and atherosclerosis 31()
. Two of adipocytokines, adiponectin and resistin, have been investigated and suggested that adiponectin and resistin may have opposite views on functions and regulations of metabolism and cardiovascular disease. Plasma resistin was up-regulated and adiponectin was down-regulated in obese animals and subjects 
 ADDIN EN.CITE 
(4, 71, 75)
. Peroxisome proliferator-activated receptor (PPAR) γ, a transcription factor playing many roles in adipocytes, agonists also upregulate expression of adiponectin but downregulate that of resistin 
 ADDIN EN.CITE 
(5, 6)
. In this review, the adaptation of adiponectin and resistin on hypertension, atherosclerosis and stroke has been discussed. 
Overview of characteristics

Adiponectin

    Adiponectin was found by four groups and also called 30 kDa adipocyte complement-related protein (Acrp30), AdipoQ, adipose most abundant gene transcript 1 (apM1), and gelatin binding protein 28 (GBP28) 
 ADDIN EN.CITE 
(37)
. In humans, adiponectin gene is located in chromosome 3q27. Adiponectin is a 244-aminoacid protein and contains four distinct domains: [1] N-terminal hypervariable region [2] fibrous collagen-like domain [3] C-terminal globular domain, and [4] signaling sequence. Before secretion, the signaling sequence has been segmented 
 ADDIN EN.CITE 
(79, 80, 82)
. In plasma, most full-length adiponectin exists as homomultimer. A smaller globular fragment has also been detected in blood 
 ADDIN EN.CITE 
(27)
. Globular adiponectin is proteolytic cleft by leukocyte elastase 
 ADDIN EN.CITE 
(83)
.  In circulation, there are three isoforms of adiponectin: [1] Low-molecular weight (LMW) form is adiponectin trimer about 70kDa. [2] Medium-molecular weight complexes (MMW) are hexamers. [3] High-molecular weight forms (HMW) are assembled 2~3 hexamers and is the most active form 
 ADDIN EN.CITE 
(68, 79, 80)
. Adiponectin is the most abundant adipokine and majorly secreted from mature adipocytes of subcutaneous and lesser released from visceral white adipose tissue (WAT) 
 ADDIN EN.CITE 
(65)
. Adiponectin is also slightly expressed in primary hepatic sinusoidal endothelial cells, stellate cells, and monocyte, and macrophage 
 ADDIN EN.CITE 
(85)
. 
Three isoforms and globular adiponectin reveal the bioactive effects through two receptors AdipoR1 and AdipoR2. AdipoR1 and AdipoR2 are internal membrane proteins but the structures of receptors are likely reverse G protein-coupled receptors, the N terminus is internal, and the C terminus is external. AdipoR2 is 67% homologous to AdipoR1. AdipoR1 is majorly expressed in skeletal muscle and bound to globular adiponectin whereas AdipoR2 is a receptor for full-length adiponectin and majorly expressed in liver 
 ADDIN EN.CITE 
(89)
. Adiponectin through its receptors to regulate many cellular signaling pathways such as adenosine monophosphate-activated protein kinase (AMPK). Adiponectin induces phosphorylation of AMPK then causes β-oxidation and glucose uptake to be increased in skeletal muscle cells. Adiponectin enhances β-oxidation and inhibits gluconeogenesis via AMPK pathway in hepatocytes 
 ADDIN EN.CITE 
(22, 90)
. Adiponectin also activated PPARα both in skeletal muscle cells and hepatocytes, thereby stimulating fatty acid β-oxidation 
 ADDIN EN.CITE 
(91, 92)
. In endothelial cells, adiponectin inhibits TNF-α-induced nuclear factor-kappa B (NF-κB) signaling through cAMP-dependent pathway 
 ADDIN EN.CITE 
(58)
.
    Adiponectin has insulin-sensitizing effect and modulates glucose and lipid metabolism 41()
. Plasma adiponectin is downregulated in people with obesity and insulin resistance 
 ADDIN EN.CITE 
(48, 78)
. Hypoadiponectinemia is also observed in patients with metabolic syndrome, T2DM, hypertension, dyslipidemia, fatty liver disease and ischemic heart disease 
 ADDIN EN.CITE 
(28, 38, 75)
. The insulin resistance and subsequently diabetes were caused in mice with adiponectin deficiency 32()
. Adiponectin has been considered to possess anti-inflammatory effects although some studies also reported adiponectin had pro-inflammatory properties 
 ADDIN EN.CITE 
(32, 77)
. The production and action of TNF-α are inhibited by adiponectin 
 ADDIN EN.CITE 
(11)
. Previous studies suggested that plasma adiponectin levels may predict cardiovascular events in subjects without diagnosed cardiovascular disease 
 ADDIN EN.CITE 
(49)
. In animal and human studies, adiponectin improves insulin sensitivity and blood lipid levels, which might be decreased the risk of cardiovascular disease 93()
.
Resistin  
    Resistin was discovered by three different research groups. In 2001, Steppan et al. found an adipocytokine which linked insulin resistance and obesity called resistin (resistance to insulin) 
 ADDIN EN.CITE 
(71)
. This protein is also called FIZZ3 (found in inflammatory zone) and ADSF (adipocyte-specific secretory factor) 
 ADDIN EN.CITE 
(34, 40)
. Previous reports showed that human resistin has 108 amino acids and locates in chromosome 19p13.3. The molecular weight of human resistin is 12.5 kDa. It has an N-terminus signal peptide, a variable region, and a conserved C-terminus 
 ADDIN EN.CITE 
(71)
. Resistin is a cysteine-rich protein and cysteine is approximately 12% of all amino acid sequence. Resistin is disulfide-linked as homodimer and can also be converted to a monomer. This dimerization of resistin is formed by the N-terminal cysteine (Cys26) 
 ADDIN EN.CITE 
(7, 17)
. In humans, resistin is major expressed in monocytes and macrophages and adipose tissue is not main source of resistin 
 ADDIN EN.CITE 
(50, 60)
. Expression of resistin was also found in myeloid cell, primary acute leukaemia cell, placenta, and pancreas. There are some proteins which contain three resistin-like domains called resistin like-molecules (RELMs). RELMs have 105~114 amino acids and observed in inflammatory area 
 ADDIN EN.CITE 
(2)
.
    Only one study indicated that unreported cleavage product of decorin (DCN) was expressed in adipose stromal cells. After DCN binding protein screening, they identified resistin. Overexpression of DCN induced resistin mimic effects in 3T3-L1 adipocytes 
 ADDIN EN.CITE 
(23)
. But the resistin receptors need to be further demonstrated in different cells. Many signaling pathway regulated by resistin have been investigated through in vitro studies. The expression of suppressor of cytokine signaling 3 (SOCS-3) was upregulated by resistin in adipocytes and endothelial cells. Resistin upregulated SOCS-3 through signal transducer and activator of transcription (STAT) proteins in endothelail cells 
 ADDIN EN.CITE 
(61, 72)
. Resistin also induces tissue factor via NF-κB-dependent pathway in human coronary artery endothelial cells 
 ADDIN EN.CITE 
(14)
. In human aortic endothelial cells, resistin induces phosphatase and tensin homolog deleted on chromosome ten (PTEN) expression by p38 pathway and inhibits insulin signaling 
 ADDIN EN.CITE 
(70)
. Resistin increased vascular smooth muscle cell proliferation by activation of extracellular signal-regulated kinase 1/2 (ERK1/2) and phosphatidylinositol 3-kinase (PI3K) pathways 
 ADDIN EN.CITE 
(15)
. RELMs impaired insulin signaling via the activations of ERK and p38 pathway by a high fat diet in transgenic mice 
 ADDIN EN.CITE 
(45)
. In 2006, resistin has been reported to cause proinflammation effect in hepatic stellate cells via a calcium and NF-κB -dependent pathway 
 ADDIN EN.CITE 
(8)
. 
    Resistin has been proposed as a link between obesity and insulin resistance 
 ADDIN EN.CITE 
(71)
. Circulating resistin level is significantly higher in obese subjects than in lean individuals. After adjustment for sex and age, serum resistin level was positively correlated with body mass index (BMI) 
 ADDIN EN.CITE 
(4)
. In metabolic function, acute infusion of resistin has been shown to markedly and rapidly induce hepatic insulin resistance in vivo 63()
. Resistin also inhibits multiple steps involved in insulin signaling in 3T3-L1 adipocytes including insulin receptor (IR) phosphorylation, IR substrate 1 (IRS-1) phosphorylation, phosphatidylinositol-3-kinase (PI3K) activation, and activation of protein kinase B/Akt 
 ADDIN EN.CITE 
(72)
. Adenovirus-mediated chronic hyperresistinemia leaded to insulin resistance in normal rats. Insulin signaling molecules including IRS and Akt activation were impaired by resistin in skeletal muscle and adipose tissue 
 ADDIN EN.CITE 
(67)
. In patients with rheumatoid arthritis, resistin was upregulated in synovial fluid and positively correlated with inflammatory markers. Another name of resistin/FIZZ3 (found in inflammatory zone) also indicated proinflammatory effect of resistin 
 ADDIN EN.CITE 
(9)
.
Cardiovascular Disease

Hypertension
Adiponectin

Adamczak et al. have found a significantly negative correlation between plasma adiponectin concentration and mean, systolic, and diastolic blood pressures in 33 subjects. Furthermore, the inverse correlation between adiponectin and systolic, diastolic and mean arterial pressure was observed in hypertensive and normotensive people 1()
. Furahashi et al. have observed that hypertensive patients with insulin resistant have lower adiponectin levels than patients without insulin resistant 
 ADDIN EN.CITE 
(29)
. In 41 obese adolescents with or without T2DM possess lower serum adiponectin levels which were associated with higher systolic blood pressures 
 ADDIN EN.CITE 
(69)
. Tan et al. have demonstrated that hypoadiponectinemia was correlated with impaired endothelium-dependent but not with endothelium- independent vasorelaxation in healthy subjects and in T2DM patients 
 ADDIN EN.CITE 
(74)
. However, Fernandez-Real et al. have demonstrated that plasma adiponectin was positively correlated with endothelium-independent vasodilation of brachial artery in 68 healthy subjects 
 ADDIN EN.CITE 
(25)
. 
In vivo study has shown that obese KKAy mice had significantly lower plasma adiponectin levels and higher systolic blood pressure than control C57BL/6J mice. The hypertension of salt-fed adiponectin KO mice have lower blood pressure by adiponectin therapy. Decreased plasma adiponectin may promote the development of obesity-related hypertension 
 ADDIN EN.CITE 
(55)
. Adiponectin has been found to express opposite vasoconstrictor effects of endothlin-1 (ET-1) in adiponectin perfusion rats 
 ADDIN EN.CITE 
(13)
. In rats, aortic and mesenteric rings may induce vasodilation by adiponectin directly through endothelial-dependent and -independent pathways. The serotonin-induced vasoconstriction responses were impaired in aortic ring with perivascular fat in wild type but this anti-constricted effect of perivascular fat were reversed in adiponectin knockout mice. Therefore, adiponectin may be the major vasodilator from perivascular fat 
 ADDIN EN.CITE 
(26)
. Wang et al. have also demonstrated globular adiponectin caused vasorelaxation in the aorta and this result may through stimulating HSP90 and binding to endothelial nitric oxide synthase (eNOS) and activation of the PI3-Akt pathway. When using HSP90 inhibitors, adiponectin-induced phosphorylation of eNOS and NO production were abolished in bovine aortic endothelial cells 
 ADDIN EN.CITE 
(87)
. In human umbilical vein endothelial cells (HUVEC), adiponectin stimulates eNOS activation and mediated by AMPK-PI3K-Akt signaling pathway 
 ADDIN EN.CITE 
(59)
. 
Resistin
Previous study showed that hyperresistinemia was found in patients with coexistence of hypertension and T2DM. Plasma resistin positively correlated with blood pressure. These studies suggest that hyperresistinemia and resistin might contribute to the pathogenesis of hypertension in patients with T2DM, significantly linked to vascular complications and cardiovascular events 
 ADDIN EN.CITE 
(73)
. Insulin-stimulated Akt and eNOS activation were also impaired by resistin in endothelial cell 
 ADDIN EN.CITE 
(70)
. In isolated porcine coronary artery ring study showed that endothelium-dependent vasorelaxation response to bradykinin and endothelium-independent vasorelaxation response to sodium nitroprusside (SNP) were both reduced by resistin 42()
. Resistin promotes vascular smooth muscle cell proliferation and FIZZ1/RELM-alpha had vasoconstrictor properties 
 ADDIN EN.CITE 
(15, 76)
. The insulin-induced IRS-1/eNOS activation and vasodilation are also impaired by resistin 
 ADDIN EN.CITE 
(30)
. Resistin has been shown to have potential effect of ET-1-increased reactions of blood pressure in rats and Ca2+ signaling in vascular smooth muscle cells 
 ADDIN EN.CITE 
(21)
. These evidences reveal that resistin might be a risk factor in the development of hypertension.
Atherosclerosis
Adiponectin

In epidemiological studies, it has been indicated that ischemic heart disease linked atherosclerosis and adiponectin. Hotta et al. found that serum adiponectin was lower in type 2 diabetic males with ischemic heart disease than that in diabetics without ischemic heart disease. This study has shown that low adiponectin level is a predictive marker in early stage of atherosclerosis and significantly associated with coronary artery disease 
 ADDIN EN.CITE 
(44)
. Plasma adiponectin levels are lower in patients with acute coronary syndrome compared to healthy controls 
 ADDIN EN.CITE 
(54)
. Acute coronary syndrome often reflects the development of atherosclerosis in coronaries. Several studies have demonstrated that regulation of adiponectin expression exert a critical effect on atherogenesis. Kubota et al. have demonstrated vascular injury-caused neointima formation was increased in adiponectin knockout mice 
 ADDIN EN.CITE 
(43)
. Overexpression of adiponectin by adenovirus reduces neointimnal thickening in both adiponectin knockout mice and wild-type mice 
 ADDIN EN.CITE 
(52)
. Similarly, Yamauchi et al. have also demonstrated that overexpression globular adiponectin transgenic mice with apolipoprotein E knockout mice (a well-known animal model of atherosclerosis) significantly decreases vascular lesion area and the expression of scavenger receptor-A and TNF-α in the vascular wall. These studies suggested that adiponectin protects vascular injury and atherosclerosis.
Low adiponectin level leads increasing in T-cell accumulation within lesions and extends lesion area in a mouse model of atherosclerosis compared to adiponectin-sufficient mice 
 ADDIN EN.CITE 
(56)
. Adiponectin is also known to be upregulated by PPARγ and treatment with PPARγ agonists reduces the development of atherosclerosis 10()
. These anti-inflammatory effects of adiponectin mediate through AdipoR1 and AdipoR2 activation in monocytes, macrophages, and endothelial cells and prevent inflammatory cell infiltration. Adiponectin may also protect (at least in part) against systemic inflammation by down-regulating inflammatory markers such as C-reactive protein (CRP), TNF-α and interlukin-6 (IL-6) 94()
. Endothelial dysfunction is present in early process of atherosclerosis and the characteristic is lack of NO production. The lack of NO production results in increasing expression of adhesion molecules on endothelial cells and endothelial activation 
 ADDIN EN.CITE 
(33)
. Endothelial activation is a major step in pathogenesis of vascular diseases and promotes leukocytes and endothelial cells interaction and increases vascular smooth muscle cell proliferation. Adiponectin inhibits endothelial NF-κB through cAMP pathway 
 ADDIN EN.CITE 
(58, 86)
. Adiponectin activates eNOS through phosphorylation at Ser1177 and induces NO production via AdipoR1, AdipoR2 and downstream AMPK pathway 
 ADDIN EN.CITE 
(87)
. 
In development of vascular disease, vascular smooth muscle cells (VSMCs) proliferation and migration causes neointimal formation and intimal thickening. In animal models, adiponectin protects from neointimal thickening after arterial injury thus may be preventing vascular restenosis 
 ADDIN EN.CITE 
(51)
. Adiponectin suppresses proliferation and migration in vitro and these actions of adiponectin might mediate via the NO pathway which inhibits VSMCs proliferation and reduces ERK signaling . Additionally, Adiponectin potently binds various growth factors and inhibits the signaling pathways activated by growth factors 
 ADDIN EN.CITE 
(35, 53)
.
Resistin
Several clinical studies suggested that resistin might be a diagnostic biomarker in certain subtypes of CVD, especially atherosclerosis. Recent study indicated that 220 patients with acute coronary syndrome had significantly higher serum resistin levels than that of normal control 84()
. A similar study demonstrated a significant increase in plasma resistin levels in patients with unstable angina but not patients with stable angina or control people; again, plasma resistin was positively correlated with risk factors of inflammation and endothelial activation such as leukocyte counts, high- sensitivity-CRP (hs-CRP) and ET-1 36()
. The resistin protein is also observed in murine and human atherosclerotic lesions and resistin may play a potential role in atherogenesis 
 ADDIN EN.CITE 
(12)
. In animal study, resistin aggravates atherosclerosis via stimulating monocytes, endothelial cells, and vascular smooth muscle cells to induce vascular inflammation and promote progression of atherosclerosis in rabbit carotid artery 
 ADDIN EN.CITE 
(19)
. These evidences showed that resistin induces vascular inflammation and aggravates atherogenesis.
The foam cells, derived from macrophages, play a major role in the early stage and development of atherosclerosis. These cells infiltrate from endothelial cell into VSMCs and secret various proinflammatory cytokines then promote atherogenesis 66()
. Macrophages infiltrating atherosclerotic aneurysms have been found to secrete resistin and resistin increases the uptake oxLDL by macrophages, thereby promoting foam cell formation. These actions of resistin are through upregulating expression of scavenger receptor-A and CD36 and downregulating expression of cholesterol efflux regulatory protein ATP-binding cassette transporter A-1 
 ADDIN EN.CITE 
(46, 88)
. As mentioned before, resistin levels are elevated in acute coronary syndrom, which has been suggested that release of resistin from macrophages in atherosclerotic plaques during plaque rupture 20()
.
In endothelial cells, resistin promotes endothelial cells activation by stimulating ET-1 release and upregulating adhesion molecules and chemokines. Endothelial activation can recruit immunocytes and initiate inflammatory events 
 ADDIN EN.CITE 
(81)
. Resistin also impairs endothelial functions by reducing the eNOS system in human coronary artery endothelial cells (HCAECs). This study indicated that resistin significantly reduced mRNA, protein and activity of eNOS, and cellular NO production were diminished. Intracellular reactive oxygen species (ROS) including superoxide anion were significantly increased, whereas the activities of catalase and superoxide dismutase were reduced in HCAECs with resistin-treated comparison with untreated cells. The underlying mechanisms for effects of resistin on HCAECs are through MAPK p38 and c-Jun NH2-terminal kinase (JNK) pathways. These results indicate that resistin directly downregulates eNOS via overproduction of ROS and activation of p38 and JNK MAPK 
 ADDIN EN.CITE 
(16)
. 
When clot formation in blood vessel, thrombosis occurs and obstructs the flow of blood around the circulatory system. Increased evidences suggest thrombosis play a deteriorated role in the progression and complications of atherosclerosis, and thrombosis has been linked to the morbidity of acute coronary syndrom 47()
. During atherosclerotic plaque formation, resistin may enhance thrombus development. For example, treatment of HCAECs with resistin has been shown to cause up-regulation of tissue factor (TF), a thrombosis promoter, expression and increase oxygen-free radicals and the activation of the transcription factor NF-κB, thereby promoting a pro-thrombotic state 
 ADDIN EN.CITE 
(14)
.
Stroke
Adiponectin
Chen et al. have demonstrated that plasma adiponectin was lower in patients with ischemic cerebrovascular disease than in 306 control subjects 
 ADDIN EN.CITE 
(18)
. Another clinical study showed that significantly lower levels of adiponectin were confirmed in the stroke group 39()
. Interestingly, higher plasma levels of resistin, adipsin, and total adiponectin were associated with an increased 10-year risk of ischemic stroke among healthy subjects 
 ADDIN EN.CITE 
(62)
. The inconsistent results suggested that more research is required to confirm the link between adiponectin and ischemic stroke.
Resistin
Osawa et al.’s study indicated that compared to age and sex-adjusted healthy controls, resistin concentrations were higher in subjects with ischemic stroke. The authors also showed that the high plasma resistin in patients with diabetes or hypertension increased the risk of ischemic stroke 
 ADDIN EN.CITE 
(57)
. A clinical study presented the associations of adiponectin, leptin, and resistin with the risk of ischemic stroke. They demonstrated that circulating levels of resistin, but not those of adiponectin or leptin, were associated with an increased morbidity of ischemic stroke in postmenopausal women 
 ADDIN EN.CITE 
(64)
. However, the detail mechanism for actions of resistin on ischemic stroke has not been fully demonstrated and need to be further investigated.
Summary

Adipose tissue is as an endocrine organ and plays adaptive roles in many systems by adipocytokines. Adiponectin and resistin have been investigated for decades and involve obesity, cardiovascular diseases and metabolic disorders. Accumulating clinical evidences demonstrate that plasma levels of adiponectin and resistin present contrary state in many pathogenesis such as obesity, hypertension, atherosclerosis and stroke. Adiponectin is an abundant circulating adipocytokine that plays anti-inflammatory and insulin-sensitive roles. However, resistin is as an inflammatory cytokine and impairs insulin sensitivity. And it aggravates the development of hypertension, atherosclerosis and stroke. There seems some interaction or relationship between adiponectin and resistin. But the detail mechanisms of adiponectin and resistin in cardiovascular diseases are not fully understood. Therefore, further studies are needed to elucidate the adaptive roles of adiponectin and resistin in cardiovascular diseases.
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