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Abstract

Adipokines are bioactive proteins that mediate proliferation, metabolism, inflammation, and 

angiogenesis. Adiponectin is an important adipokine that exerts multiple key functions via its anti-

metabolic syndrome and anti-inflammatory properties. A number of adiponectin receptors, 

AdipoR1, AdipoR2 and T-cadherin, have been identified. Recent studies have suggested the 

involvement of adiponectin and receptors in several cancers, including prostate, breast, 

endometrial, brain, and colon cancer. Altered levels of adiponectin expression, or its interacting 

receptors, in cancers can lead to dysregulation of signaling pathways. Our current review describes 

the molecular mechanisms underlying the anti-tumorigenesis activity of adiponectin and the role 

of its receptors in prostate carcinogenesis, and provides perspectives of adiponectin-mediated 

signaling as a potential target for therapy.

Keywords

Adiponectin; cancer; obesity; AdipoR1; AdipoR2; T-cadherin

1. INTRODUCTION

Prostate cancer is the second most prevalent cancer afflicting men, and whereas it manifests 

in middle-aged and older males throughout the world [1–3], it is a particularly important 

health concern in North America and Western Europe [4]. High fat and high calorie dietary 

customs, in addition to a sedentary lifestyle, are key risk factors in the pathogenesis of 

prostate cancer. Studies also suggest that dietary fat and total energy intake are important 

determents of prostate cancer [5]. Excess weight in obese patients associated with abnormal 
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adipose tissue deposition could lead to abnormal secretion of adipocytokines, inflammation, 

insulin resistance and impact the biosynthesis and bioavailability of endogenous sex 

hormones. Indeed, overweight and obesity are known key risk factors for several cancers 

(including colon, esophagus, kidney, and pancreatic), as well as that of the prostate [6], and 

additionally raise the risk for heart disease and diabetes. Individuals with a high Body Mass 

Index (BMI) are associated with increased risk of cancer. Indeed, a role of BMI in the 

pathogenesis and mortality of prostate cancer has been repeatedly described [6, 7]. The links 

between obesity and prostate cancer are complicated, as increased risks likely stem from 

social as well as biological stimuli because obesity is influenced by a variety of effects, 

including genetic factors and environmental exposures. Several epidemiological studies 

support obesity as a risk factor for prostate cancer [8–10]. One study showed that abdominal 

obesity is a major risk for benign prostatic hyperplasia [10]. The molecular mechanisms 

underpinning its pathogenesis remain unclear despite extensive research. Recent studies 

have provided evidence that adipose tissue-derived cytokines may play a role in the link 

between obesity and prostate cancer. Adiponectin belongs to the group of proteins termed 

‘adipokines’ that are generated and secreted from adipose tissue into the bloodstream to 

influence many physiological processes including glucose and lipid metabolism, 

inflammation and reproduction. An inverse association between the levels of adiponectin 

and insulin resistance has been suggested to provide a risk factor for prostate cancer [11]. 

Diminished adiponectin levels have been reported in some cancers in addition to type 2 

mellitus (T2DM), obesity, and cardiovascular disease [12]. Reports of the inverse association 

between adiponectin levels and risk of cancer have now been extended to renal, breast, 

endometrial, gastric and prostate cancers [11, 12–27]. Specifically, adiponectin levels are 

lower in the plasma of patients with prostate cancer than in normal healthy controls and 

those with benign prostatic hyperplasia. In line with this, adiponectin receptor levels are 

likewise less in resected prostate cancer tissues [25, 28, 29]. By contrast, the elevation of 

adiponectin levels may have a key role in suppressing prostate cancer cell development. The 

over expression of adiponectin in prostate cancer cell lines is reported to inhibit cancerous 

cell growth, and appears to be mediated via mammalian target of rapamycin (mTOR) 

signaling pathway activation of Vascular Endothelial Growth Factor A (VEGF-A) [30]. 

MicroRNA 323 has been demonstrated to promote VEGF-A-mediated vascularization in 

prostate cancer cells through inactivation of AdipoR1 [31]. In synopsis, current studies 

suggest that a decline in circulating adiponectin, whether a consequence of genetic factors, 

diet, abdominal adiposity and physical activity, represents a risk factor for as well as 

potential diagnostic/prognostic biomarker for prostate and quite possibly other cancers. 

Furthermore, adiponectin and therapeutic strategies that up-regulate signaling pathways 

downstream of adiponectin may prove to be useful in suppressing tumor growth.

2. ADIPONECTIN

Adiponectin is an adipocyte-derived hormone that was identified in murine and human 

adipocytes [32–34]. It is encoded by the APM1 gene (adipose most abundant gene 

transcript1) that comprises three exons that span 163kb and is localized on the long arm of 

chromosome 3 within the 3q27 region that, interestingly, is closely associated with 

quantitative trait loci for T2DM and metabolic syndrome. Recent studies have acknowledged 
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the presence of adiponectin in other tissues, including osteoblasts, myocytes, liver 

parenchyma cells, placental tissue and epithelial cells [33,35–40]. This protein exists in the 

form of 30-kD monomeric subunits (Fig. 1) that possess an N-terminal collagenous domain 

and a globular head that is structurally related to complement factor C1q/Tumor Necrosis 

Factor (TNF)-family proteins [32, 41–43]. Adiponectin naturally exists in the form of 

multimers, for which all forms appear to be biologically active. Generated as a monomer, it 

is then assembled into a number of forms that include low molecular weight trimers, 

medium molecular weight trimer-dimers (hexamers), as well as High Molecular Weight 

(HMW) adiponectin (Fig. 1) before secretion. HMW-adiponectin appears to be the 

physiologically most relevant and dominant form of adiponectin in plasma. Serum 

adiponectin is associated with increased insulin sensitivity, reduced abdominal fat, and high 

basal lipid oxidation rate; however, it appears to be the HMW quantity, rather than the total 

protein levels, that is primarily responsible for these relationships. Furthermore, reduced 

quantities of HMW-adiponectin have been reported to independently provide the lipoprotein 

subclass profile that is allied with insulin resistance, even following appropriate adjustment 

for the glucose disposal rate and BMI [44, 45]. These studies indicated that altered levels of 

HMW-adiponectin are indicative of and can be utilized as a marker for disease-associated 

adipocyte dysfunction [44, 45]. One study also suggests that lowered HMW-adiponectin 

levels can predict endothelial dysfunction [46]. A broad number of elements, including 

nutrition, inflammatory status, genetics and post-transcriptional modifications appear to have 

a role in the regulation of adiponectin levels [45, 47, 48]. A sexual dimorphism has been 

reported in relation to adiponectin multimers in mice and human. Males have been described 

to have more trimers, whereas females appear to have higher levels of HMW (18–36 

multimers) adiponectin [49]. At the present time, information is lacking as to whether 

characteristics such as premenopausal versus post-menopausal status as well as other factors 

relating to the type of women (athleticism, weight, etc.) impact adiponectin levels and 

multimer forms in females. Hence, further research into these areas, as well as many others 

noted below, would be valuable.

Whereas adiponectin appears to have a substantial role in obesity, this role is shared as one 

amongst several important proteins that impact the regulation of insulin sensitization, body 

weight, endothelial function and anti-inflammatory actions [50–56]. Adiponectin has been 

described to be involved in the regulation of several key signaling molecules, such as c-Jun 

N-terminal kinase (JNK), p38 mitogen-activated protein kinases (p38-MAPK), adenosine 

monophosphate-activated protein kinase (AMPK), peroxisome proliferator-activated 

receptor α (PPARα) transcription factor and nuclear factor-κB (NF-κB), in multiple tissues 

partly via activation of its receptors (AdipoRs) that include AdipoR1 and AdipoR2, and cell 

surface protein T-cadherin [57–59]. AdipoR1 and AdipoR2 are both seven-transmembrane 

domain G-protein Coupled Receptors (GPCRs). However, as they are PAQR (progestin and 

AdipoQ receptor) family members, their N-terminal end is cytoplasmically embedded within 

the cell with the C-terminal external to the cell. Additionally, although ubiquitously 

expressed, whereas AdipoR1 is predominant in muscle and preferentially binds globular 

adiponectin (in which the collagen-like head domain is proteolytically removed – as in 

adiponectin trimers), AdipoR2 is abundant in liver and preferentially binds full-length 

adiponectin (as in HMW-adiponectin). Additionally, T cadherin, a member of the cadherin 
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superfamily, has been identified as a potent receptor for both hexameric as well as HMW 

forms of adiponectin [57, 61–63].

3. ADIPONECTIN RECEPTORS

As indicated, AdipoR1/R2 bind unalike adiponectin isoforms with different affinities, and 

appear to be functionally distinct. Specifically, AdipoR1 has been shown to possess a high-

affinity for globular adiponectin and to have a low affinity for full-length adiponectin. In 

contrast, AdipoR2 binds both isoforms with a reported intermediate affinity [58, 63]. 

AdipoR1/R2 belong to the functional category of PAQRs that, like some members of this 

family, possess ceramidase activity [64]. From a physiological perspective, the binding and 

activation of adiponectin with AdipoR1/2 increases phosphorylation of AMPK, and 

represses energy-consuming processes such as lipogenesis and gluconeogenesis [59, 63]. A 

secondary pathway, chiefly activated by adiponectin interactions with AdipoR2, involves 

regulation of PPARα ligand activity to elevate fatty acid combustion [59, 63]. Both of these 

pathways are activated under conditions of energy stress, and increase catabolic processes to 

renew cellular energy.

4. T-CADHERIN

T-cadherin is a unique “truncated” cadherin, known as an adiponectin-binding protein, and 

binds to hexameric and HMW-adiponectin isoforms [57]. It is a 95 kd glycoprotein that 

differs from other cadherin proteins by lacking both transmembrane and cytoplasmic 

domains. T-cadherin is anchored, chiefly on the apical surface of the plasma membrane of 

cells, via a Glycosylphosphatidylinositol (GPI) linkage [60, 62]. T-cadherin by itself is 

generally considered to have no effect on adiponectin cellular signaling or function, raising 

the possibility that T-cadherin likely is an adiponectin-binding protein, rather than a receptor. 

In support of its function as a binding protein, it has been observed that adiponectin 

accumulates in the circulation at higher than normal levels in T-cadherin-deficient (Tcad-

KO) mice [65, 66]. Additionally, heart and vascular tissues lacking T-cadherin become 

insensitive to adiponectin, even with continued expression of AdipoR1/R2 [66, 67]. Despite 

the absence of hepatic T-cadherin, liver as the main target tissue for adiponectin also 

provides support for T-cadherin being an adiponectin-binding protein rather than a 

functional adiponectin receptor. Additionally, vascular dysfunction and ischemia-induced 

heart problems have been observed in Tcad-KO mice, similar to adiponectin-deficient mice 

[66–68].

Genetic studies have shown that the presence of Single Nucleotide Polymorphisms (SNPs) 

in CDH13, the gene encoding human T-cadherin, can impact adiponectin levels, and hence 

genetic architecture appears to strongly influence plasma adiponectin concentrations [69,70]. 

T-cadherin protein expression has been reported to be decreased in endothelial cells of heart 

and muscle in mice lacking adiponectin [66]. In the light of these findings, T-cadherin may 

act as a membrane-associated signal transducer for adiponectin. Similar to adiponectin, T-

cadherin appears to be plentiful on the surface of some cell types, where it may serve as a 

low affinity receptor for adiponectin. It may have a co-receptor function to support the 

appropriate orientation of adiponectin to optimize its interactions with its classical high 
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affinity receptors, AdipoR1 or AdipoR2. Irrespective of the mechanism, T-cadherin has been 

identified as critical for the cardiovascular system protective properties of adiponectin in 

animal models of cardiac hypertrophy and ischemia-reperfusion [66].

5. ADIPONECTIN SIGNALING PATHWAYS

Adiponectin is known to be involved in the activation of several signaling pathways such as 

NF-κB, JNK, and signal transducer and activator of transcription (STAT3) (Fig. 2) [71]. In 

pancreatic β-cells, cardiomyocytes and hepatocytes [64], adiponectin plays a key role in 

reducing the expression levels of cellular ceramide with the aid of AdipoR1 and AdipoR2 

activation independently from AMPK.

PH domain and leucine zipper containing 1 (APPL1) is an adaptor protein with multiple 

functional domains. It regulates anti-inflammatory effects, metabolism and cytoprotection 

through its signaling pathways by interacting directly with AdipoR1/R2 receptors [72–74]. 

APPL-1 operates signaling pathways with help of a pleckstrin homology domain, a 

phosphotyrosine domain, and a leucine zipper motif, and is involved in interaction with the 

N-terminal intracellular region of adiponectin receptors. APPL-1 is also reported to be 

involved in the regulation of cell proliferation, apoptosis, chromatin remodeling, and 

endosomal trafficking through direct interaction with membrane receptors and proteins (to 

present, some 14 proteins are described to bind APPL-1) [75–77]. Additionally, recent 

studies show evidence that APPL-1 regulates the insulin-signaling pathway [78].

APPL1 is an adaptor protein with multiple functional domains and has been found to 

interact with AdipoR1 and AdipoR2 to transduce adiponectin-stimulated signaling 

molecules such as p38 MAPK, AMPK PPAR-α, and RAS-associated protein 5 to 

downstream targets. Silencing experiments of APPL-1 suggest that adiponectin regulates the 

activation of AMPK and MAPK in C2C12 myocytes [79]. Additionally, it has also been 

shown that for RAS-associated protein 5, adiponectin activates a guanine triphosphatase 

involved in glucose transporter 4 translocation [75]. Several functions, including glucose 

uptake, adiponectin-activated fatty acid oxidation, and phosphorylation of AMPK, MAPK, 

and Acetyl-Coenzyme a Carboxylase (ACC) have been reported to decline in deficient 

myocytes [79]. These studies suggest that APPL-1 plays a key role within the adiponectin 

signaling cascade. This signaling cascade of adiponectin operates with the aid of its 

receptors and activation of AMPK via APPL-1. A study by Hardie et al. (2003) shows that 

an increase in the intracellular AMP/ATP ratio can modulate AMPK [80]. Adiponectin is 

known to regulate enhancement of insulin via activation of PPAR-α, which leads to an 

increase in fatty acid combustion and energy consumption [53]. Adi-ponectin’s role in the 

activation of AMPK appears to occur through AdipoR1, whereas activation of PPAR arises 

via AdipoR2 [81]. Adiponectin-mediated activation of AMPK and enhanced 

phosphorylation of ACC represent major downstream targets in prostate cancer cell lines 

LNCaP and CWR22Rv1, and in the liver HepG2 cell line [82]. A study by Imai et al. (2006) 

showed that overexpression studies of a Dominant-Negative (DN) LKB1 in C2C12 

myotubes inhibited adiponectin or AICAR activated AMPK phosphorylation at Thr 172 

[138].
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Adiponectin-activated AMPK has additionally been shown to be involved in inhibition of the 

mTOR pathway, which is reported over-activated in several cancers, including prostate 

cancer [83, 84]. An increase in phosphorylation of p70 S6 kinase, and phosphorylation of S6 

has been observed in adiponectin-treated prostate cancer cells. Rapamycin-mediated 

inhibition of phosphorylation of p70 S6 kinase and S6 led to the activation of mTOR 

through the PI3 kinase/Akt pathway [83, 84].

6. ADIPONECTIN’S EXPRESSION IN PROSTATE CANCER

Several studies have indicated an involvement of obesity linked with prostate cancer 

progression. A meta-analysis study has demonstrated that obesity is weakly correlated with 

prostate cancer progression [85]. This is supported by a study showing that BMI and weight 

are associated with prostate cancer [7]. A further study has reported muscle area is linked 

with prostate cancer [86]. Increased levels of estrogen and progesterone in obese men are 

reported to inhibit growth and metastasis of prostate cancer [87]. A particularly notable 

study is that of Goktas et al. (2005) that suggests that decreased levels of adiponectin are 

associated with prostate cancer, as compared to normal healthy individuals or individuals 

with benign prostatic hyperplasia, and this study also indicates that decreased levels of 

adiponectin are associated with increased grades of cancer progression (Fig. 3) [24]. Such 

investigations are interesting in the light of growing evidence that adiponectin is anti-

proliferative in prostate cancer cells and inhibits dihydrotestosterone-activated cell 

proliferation [88], IL-6 [89], and IGF-I [90]. Indeed, a study by Bub et al. (2006) showed 

that full-length adiponectin attenuates dihydrotestosterone-induced cell growth in LNCaP 

androgen-dependent prostate cancer cells [88]. Elevated levels of NADPH oxidase (NOX)2 

and NOX4, and decreased amounts of superoxide anion were observed when prostate cancer 

cell lines were treated with adiponectin. Lu et al., (2006) not only demonstrated an 

association between adiponectin and prostate cancer [91], but also underlying mechanisms 

pointing towards a potential link between obesity and prostate oxidative stress. This study 

demonstrated that adiponectin treatment increased cellular anti-oxidative defense 

mechanisms and decreased oxidative stress in a significant and dose-dependent manner in 

human 22Rv1 and DU-145 PC prostate cancer cell lines.

To the contrary, Baillargeon et al. (2008) reported no significant association between 

adiponectin expression levels and prostate cancer risk and aggressiveness [92], and 

additionally found no association of prostate cancer with BMI, leptin and IL-6 values. 

Another study supports a lack of association between Gleason (a microscopic prostate 

cancer grading system) score and adiponectin serum levels in an evaluation of patients with 

radical prostatectomy [93], albeit lower adiponectin was independently associated with high-

grade prostate cancer. Serum adiponectin levels are reported detectable at higher 

concentrations in prostate cancer patients with T3 versus T2 stage cancer [28], in which 

cancer has advanced outside (T3) rather than is confined within the prostate (T2), 

respectively. This same study notably suggests that cachexia may be a reason for these 

findings during advanced stages of prostate cancer [28]. Finally, a 25-year prospective study 

of plasma adiponectin and leptin concentrations and prostate cancer risk and survival 

demonstrated that men with higher adiponectin concentrations have a lower risk for 

developing high-grade or metastatic cancer [30].
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In the light of studies showing that polymorphisms of key genes that encode for insulin and 

the insulin receptor are associated with a higher risk of prostate cancer, Kaklamani et al. 
(2011) genotyped selected SNPs within the genes encoding adiponectin (ADIPOQ) and its 

type I receptor (ADIPOR1) to evaluate their association with cancer risk, and reported a 

significant association in a study of 465 cancer cases and 441 controls [95]. Most of the 

SNPs genotyped within this study are considered functionally relevant and have been 

associated with coronary artery disease, T2DM and insulin resistance. A separate study by 

Beebe-Dimmer et al. (2010) evaluated 10 single SNPs in ADIPOQ and ADIPOR1 
genotyped in DNA samples from 131 African American prostate cancer cases and 344 

controls, and reported a lack of any association in prostate cancer [96]. Such a difference 

could arise from the different patient populations and/or the size of the studies, but 

nevertheless indicate that such analyses are worth following up on. Recently, an 

investigation indicated that AdipoR2 expression positively correlates with prostate cancer 

metastasis [94]. Nguyen et al. 2010 also supports involvement of Adipo R2 in prostate 

cancer progression [46]. In light of this, it would be valuable to gain further information as 

to how such positive correlations impact prostate cancer development.

7. ADIPONECTIN’S ANTI-CARCINOGENESIS ACTIVITY

Several investigations have demonstrated higher expression levels of AdipoR1 and AdipoR2 

in several cancers, as well as receptor-mediated action in cancers. As discussed, adiponectin 

has been shown to be involved in obesity-linked cancers. Evidence supports its role in 

growth inhibition, but also a role in proliferation [96–101] when colorectal cancer cells are 

treated with adiponectin. Interestingly, activation of various pro-inflammatory cytokines and 

an enhancement of growth were observed when HT-29 (human colorectal adenocarcinoma) 

cells were cultured in the presence of adiponectin [102]. The actions of adiponectin on 

tumor cells can, in some cases, be regulated by the microenvironment, such as occurs with 

varying glucose availability. Whereas adiponectin inhibited cell growth in colon cancer cell 

lines when cultured in glucose-containing medium, it supported cell survival in glucose-

deprived medium, with an increase in AdipoR1 and AdipoR2 expression [103]. This is 

relevant to clinical and in vivo animal studies in which cells within different regions of 

tumors are often subjected to nutritional stress, and the presence of adiponectin may have 

divergent actions, particularly in malnourished patients in which glucose levels could readily 

vary regionally within a tumor. Mechanistically, the survival effect during glucose 

deprivation was allied with the activation/enhancement of autophagic machinery consequent 

to AMPKα and PPARα activation and IGF-1/PI3k/Akt/mTOR pathway inhibition [103]. 

Adiponectin clearly has both direct and indirect actions, and treated colon cancer cells 

showed down-regulation of COX-2 mRNA expression and up-regulation of T cadherin 

expression [104].

As discussed, adiponectin exists as a multimeric protein with different isoforms, and a study 

by Bub et al., (2006) suggests that it is HMW-adiponectin that inhibits cell proliferation of 

prostate carcinoma cells [88]; albeit other isoforms also have other significant functions. As 

with all proteins, their time-dependent concentration impacts their actions as do the presence 

or absence of other key proteins. In a study by Grossmann et al., (2008) the relative ratio 

between adiponectin and leptin (another key cytokine secreted by adipose tissue that has 
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several opposing actions to adiponectin, as it is implicated as a growth-promoting factor for 

breast cancers) affected adiponectin’s ability to inhibit proliferation when MCF7 cells were 

grown at concentrations in the order of 5 μg/ml for 48 h [105]. Studies by Treeck et al., 
(2008) determined that adiponectin levels in the order of 10 μg/ml for 6 days [106] may or 

may not have activity in similar cell lines depending on the potential presence of factors 

such as 17-β estradiol availability as well as on levels of key transcripts (such as caspase 1, 

ERβ2, ERβ5, TR2 orphan nuclear hormone receptor, and ubiquitin-specific peptidase 2 

(USP2)) within the target cells. The globular form of adiponectin has been reported to be 

associated with colorectal tumors and may also be involved in the activation of genes in the 

globular adiponectin-AdipoR1-AMPK pathway [107]. In light of these studies, further 

information is needed in relation to the role of the multiple different forms of adiponectin.

7.1. Adiponectin’s Role in Tumor Angiogenesis

A number of recent investigations have shown that adiponectin has a pro-angiogenic role in 

murine models of breast cancer [108, 109]. Increased hypoxia, apoptosis and less 

vascularized tumor cells were detected in adiponectin-deficient mouse mammary tumor 

virus–polyoma middle T-antigen (MMTV-PyV-mT) tumors when compared to wild type 

tumors. A study of tumors that did not responded to anti-angiogenic therapy suggests that 

the activation of numerous transcriptional pathways is implicated in the regulation of 

angiogenesis [110]. Studies suggest that the vascular role of adiponectin is likely mediated 

through T-cadherin. In this regard, MMTV-PyV-mT tumor and ischemic hind-limb models 

have shown that adiponectin is required in association with T-cadherin for angiogenesis [65, 

66, 108, 111]. However, adiponectin’s role in a tumor environment, as compared to a 

vascular injury environment, may be different and hence further studies are needed in this 

area too.

RNA silencing studies have shown that endothelial cell migration and proliferation requires 

involvement of both AdipoR1/R2 and T-cadherin [66]. Indeed, input from a number of 

studies has indicated that AdipoR1/R2, activation of AMPK [111], AKT and endothelial 

nitric oxide synthase (eNOS) [112,118], (MAPK) pathway, and RAS-ERK1/2 [112–114] are 

necessary to mediate adiponectin-mediated signals that have been reported in endothelial 

cells. Taken together these studies indicate the role that T-cadherin and AdipoR1/R2 play in 

regulating angiogenesis in cancer has yet to be fully elucidated. The physiological role of 

these proteins in the non-cancerous state is perhaps more readily comprehendible in light of 

the low plasma adiponectin levels known to occur in patients with T2DM in which collateral 

vessel development is impaired and there is a compromised angiogenic response after 

ischemic injury as well as poor wound healing. Under such circumstances, adiponectin 

would appear to have a protective action on the vasculature in part by promoting Akt 

signaling, an important regulator of angiogenesis and endothelial cell homeostasis [119]. It 

is important to note that several studies suggest that adiponectin has anti-angiogenic actions 

in cellular and in vivo studies. Specifically, Brakenhielm et al., (2004) characterized the 

potent inhibition of endothelial angiogenic events such as migration and proliferation by 

adiponectin [120]. These appear to involve the MAPK and cAMP-PKA pathways [121]. In 

chick chorioallantoic membrane and mouse corneal angiogenesis assays, adiponectin 

inhibited new blood vessel growth, and in a well vascularized mouse T241 fibro-sarcoma 
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tumor model adiponectin reduced vascularization and tumor growth [120]. A study by Tae et 
al., (2014) suggests that adiponectin may be involved in actions promoting anti-angiogenesis 

in early stages of colon carcinogenesis [104]. The discrepancies among these studies may 

relate to a number of factors, such as the evaluation of the function of adiponectin and T-

cadherin in angiogenesis by the use of knockout, a valuable scientific tool to understand 

mechanisms but a state that does not exist in humans, to different isoforms of adiponectin, 

different interacting proteins as well as to the local microenvironment in the models 

assessed, and thus this area of investigation continues to be worthy of further research.

8. CLINICAL SIGNIFICANCE OF ADIPONECTIN AND RECEPTORS IN 

CANCER

A decline in adiponectin is linked with cancer progression as reported in several cancers, 

such as leukemia, lymphoma and myeloma, endometrial cancer, breast cancers, prostate 

cancers, colorectal cancers, liver cancers and gastric cancers [115–117]. Immuno-

histochemistry analyses have described a decreased expression of AdipoR1 and AdipoR2 

receptors in prostate cancerous tissues in comparison to healthy prostate tissue, when 72 

cases and 27 non-cases were examined [25]. This study also demonstrated that higher 

adiponectin levels in serum associated with a decreased risk of prostate cancer. A recent 

investigation indicated that plasma adiponectin levels are less in KRAS mutant colorectal 

cancer whereas the plasma adiponectin concentration is normal in KRAS wild type cancer 

[118] (where the mutant KRAS gene is found in some 35% to 45% of colorectal cancers, 

and its protein product KRAS – also known as p21 – acts as an important molecular on/off 

switch). The cell surface receptors for AdipoR1 and -R2 are expressed in benign and 

malignant human prostate tissues, which have a key role in the activation of MAPK, AMPK 

and NF-κB signaling pathways [29, 122]. These studies also suggest that adiponectin and its 

receptors have a role in the pathophysiology of obesity and prostate cancer through a 

complex interaction with other hormones and cytokines. Clinical studies strongly support the 

view that decreased adiponectin levels enhance invasion, malignancy [22] and tumor size 

(Fig. 4) [123]. In contrast, some recent investigations provide evidence that increased 

adiponectin levels are correlated with cancer progression, as raised adiponectin levels were 

reported in a clinical study of pancreatic patients [124]. Elevated levels of adiponectin have 

additionally been observed in liver cancer with chronic hepatitis C [125]. Hence, recent 

investigations have raised questions as to whether adiponectin levels are correlated with 

cancer progression or not, and this controversy is critically evaluated in a recent review by 

Katira and Tan (2016) [126].

CONCLUSION

Prostate cancer represents a major health problem with a high mortality rate among the male 

population of North America and Western Europe [126, 127]. Studies have shown that a 

high fat and calorie intake, a sedentary existence and a Western lifestyle could be key factors 

underpinning the pathogenesis of prostate cancer.

Adiponectin, the most abundant adipokine present in human adipose tissue, is associated 

with several malignancies that include T2DM, obesity, insulin resistance, heart disease and 
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several cancers - particularly prostate cancer. As indicated, a high fat diet and sedentary way 

of life, but also genetic defects, such as polymorphism of adiponectin and its receptors 

appear to be linked with hypoadiponectinemia with potential to lead to progression of 

prostate cancer. However, as discussed earlier, this link is not a simple one, since the 

strength of this association appears to depend on factors that have yet to be fully elucidated, 

such as the tissue type evaluated, the age and ethnicity of individuals.

Studies have indicated an association between obesity and adiponectin concentrations in 

prostate carcinogenesis. Adipose tissue concentration levels enhance prostate 

carcinogenesis. Hence adiponectin's ability to increase insulin sensitivity in combination 

with its antiproliferative properties could make it a promising potential diagnostic and 

therapeutic tool in the future treatment of carcinogenesis. Insulin resistance additionally has 

been linked to prostate cancer progression via alteration of the obesity-sex hormone pathway 

[128] as well as through non-obesity-related pathways [129]. The molecular mechanism(s) 

of how adipose can impact prostate cancer progression are yet to be clearly understood. The 

expansion of adipose tissue in obesity can lead to local tissue dysfunction and is often 

accompanied by low-grade inflammation, changes in endocrine function and alterations in 

lipolysis that cause increase delivery and deposition of fatty acids to body tissues. This 

includes the prostate gland as it is bordered by adipose depots whose close communication 

might cause dysfunction and impact prostate cancer aggressiveness and progression [130]. 

Adiponectin appears to have a number of potentially beneficial actions in addition to the 

direct and in-direct ones previously described for cancer cells, as it not only increases insulin 

sensitivity in various stromal and epithelial cells but also mitigates atherosclerosis through 

inhibition of vascular smooth muscle cell and endothelial cell proliferation [51, 126, 131, 

132].

There are, nevertheless, several key challenges that need to be resolved to permit routine 

optimal treatment using adiponectin as a therapeutic approach. These include clarifying the 

roles of each adiponectin isoform within distinct tissus types and under a range of tumor-

specific conditions. The roles of each receptor and their associated signaling pathways 

within different normal and cancer tissue types additionally require elucidation, as do the 

microenvironmental molecular conditions that promote adiponectin functioning as a cancer 

suppressor versus as a promoter. It has become increasingly clear that endogenous 

adiponectin levels can be manipulated and augmented both by drugs (PPARγ agonists (e.g., 

thiazolidinediones (TZDs)) and ligands (e.g., bezafibrate and fenofibrate) or the blocking of 

the renin-angiotensin system [132,133] as well as by lifestyle changes in diet [134, 135] and 

aerobic exercise. These, together with current development of agonists to Adi-poR1/R2 

[136, 137] continue to drive interest in adiponectin as an important drug target of relevance 

to a broad number of prevalent human disorders, including prostate cancer.
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BOTTOM LINE

• Adiponectin is a key protein generated and secreted by adipocytes that is 

important in regulating insulin sensitization, body weight, endothelial 

function and anti- inflammatory actions.

• Adiponectin is involved in insulin sensitizing effects by activation of signaling 

pathways, such as p38 MAPK, AMPK PPAR-α, and RAS-associated protein 

5 with the help of APPL-1.

• BMI and weight are associated with a higher risk of several cancers, and a 

growing literature suggests that this includes prostate cancer.

• Dysregulation of AdipoR1 and AdipoR2 receptor expression appears to be 

associated with prostate cancerous tissues.

• Longitudinal studies defining time-dependent changes in adiponectin levels in 

the development of human cancers as well as other conditions – obesity and 

metabolic syndrome – will aid in evaluating the potential of the agent as a 

disease bio-marker.

• Further research of defined isoforms of adiponectin and selective receptor 

agonists/antagonists will aid define how adiponectin signaling pathways can 

best be utilized to maintain health.
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Fig. (1). 
Adiponectins (APNs) exists in different isoforms, as depicted schematically, and each full-

length adiponectin (composed of 244 amino acids) has a N-terminal collagen-like fibrous 

domain as well as a C1q-like globular domain at the C-terminus. Three adiponectin 

monomers combine to provide a trimeric isoform that is considered to be the basic building 

block for higher oligomers. Disulfide bonding allows generation of low molecular weight 

(LMW) and high molecular weight (HMW) complexes. A smaller adiponectin form, 

consisting of the globular domain alone, exists in plasma in small amounts.
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Fig. (2). 
Adiponectin is involved in signaling pathways relevant to cancer tissues. By binding to 

AdipoR1 and AdipoR2, adiponectin can initiate a cascade of signaling events such as by 

activation of AMPK and other shown key regulatory proteins to instigate a variety of 

actions. For example, anti-apoptotic actions are mediated via the activation of ceramidase, 

Akt, and AMPK as well as via the supression of ERK1/2, PI3K/Akt, Wnt/β-catenin, NF-κB, 

JNK and the cell cycle regulators p53/p21, and additionally by negatively influencing the 

mTOR/S6K axis and fatty acid synthase. Adiponectin can mediate inflammation by 

activation of sphingosine kinase-1 (Sphk1) and cyclooxygenase-2 (COX-2).
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Fig. (3). 
Schematic diagram of prostate adipose tissue changes in the obese patient with prostate 

cancer. Dysregulated gene expression results in fatty mass accumulation and increased 

hypercellularity that can lead to prostate cancer progression.
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Fig (4). 
Obesity and cancer: a decrease in adiponectin is associated with cancer progression.

Karnati et al. Page 22

Curr Pharm Des. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	1. INTRODUCTION
	2. ADIPONECTIN
	3. ADIPONECTIN RECEPTORS
	4. T-CADHERIN
	5. ADIPONECTIN SIGNALING PATHWAYS
	6. ADIPONECTIN’S EXPRESSION IN PROSTATE CANCER
	7. ADIPONECTIN’S ANTI-CARCINOGENESIS ACTIVITY
	7.1. Adiponectin’s Role in Tumor Angiogenesis

	8. CLINICAL SIGNIFICANCE OF ADIPONECTIN AND RECEPTORS IN CANCER
	CONCLUSION
	References
	Fig. (1)
	Fig. (2)
	Fig. (3)
	Fig (4)

