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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. 
 
Many cancer cell lines express adiponectin receptors, and adiponectin in vitro limits cell 
proliferation and induces apoptosis.  Recent in vitro studies demonstrate the antiangiogenic and 
tumor growth-limiting properties of adiponectin.  
 
Studies in both animals and humans have investigated adiponectin and adiponectin receptor 
regulation and expression in several cancers.  
 
Current evidence supports a role of adiponectin as a novel risk factor and potential diagnostic 
and prognostic biomarker in cancer. In addition, either adiponectin per se or medications that 
increase adiponectin levels or up-regulate signaling pathways downstream of adiponectin may 
prove to be useful anticancer agents. 
 
In this article, I discuss direct mechanisms of action, In vitro studies, Animal studies, and 
indirect mechanisms of action, Insulin-sensitizing effects and Anti-inflammatory effects  
 

Key Word: Adiponectin, In vitro studies, Animal studies, direct mechanisms of action, and 
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1. Introduction 

Adiponectin is a protein produced and secreted almost exclusively by adipocytes (1). First 

described over a decade ago, the interest in the biology of adiponectin was spurred by the 

discovery of measurable concentrations in plasma, its structural resemblance to complement 

factor C1q and the consistent fi nding of decreased levels in obesity (2). Adiponectin circulates 

in high concentrations in healthy adults and mice, accounting for 0.01% of total plasma protein 

and its plasma levels are a thousand times that of leptin (3). Circulating levels of adiponectin 

range between 2 and 30 μg/ml in humans (2),(4), and are generally higher in females than 

males (5). Th is sexual dimorphism has been attributed to the eff ect of testosterone on 

adiponectin secretion (6). Th e gene encoding human adiponectin has been mapped to 

chromosome 3q27 (7). In serum, adiponectin exists as three main forms: trimers, hexamers and 

highmolecular weight (HMW) multimers. To create these forms, a number of post-translational 

modifications are required. Th e source of adipokines is either the adipocytes themselves or the 

stromal vascular fraction within adipose tissue, comprising preadipocytes, endothelial cells, fi 

broblasts, leukocytes and macrophages (8). Resident stromal macrophages are a source of IL-10 

and arginase. However, ‘classically activated’ macrophages recruited from the circulation to 

obese adipose tissue secrete the pro-infl ammatory cytokines TNF-α, inducible nitric oxide 

synthase, and IL-6. Adipocytes are responsible for the production of adiponectin, leptin, 

angiotensinogen and retinol-binding protein. Some adipokines, including monocyte 

chemoattractant protein-1 and apelin, are produced by both fractions (8),(9). In rats with 

induced polymicrobial sepsis, plasma adiponectin levels negatively correlated with plasma 

endotoxin and TNF-α levels (10). Adiponectin was found to directly bind LPS and suppress 

limulus amoebocyte lysate in vitro. Th is animal model also provided the fi rst evidence that the 

two adipokines, adiponectin and TNF-α, inversely regulate each other’s circulating 

concentration. A recent study of patients with acute respiratory failure showed that increased 

plasma adiponectin levels measured within 48 hours of respiratory failure are associated with 

mortality (11). In a study of paediatric patients with sepsis, increased levels of HMW 

adiponectin were found in the septic shock cohort on day 1 and the plasma levels correlated 

with risk of mortality scores. Th is was associated with an increase in PPAR-γ activity in 

peripheral blood mono nuclear cells (12).  
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2. Adiponectin and Carcinogenesis Mechanisms  

 

Accumulating evidence suggests that adiponectin exerts antineoplastic effects via two 
mechanisms. First, it can act directly on cancer cells by stimulating receptor-mediated 
signaling pathways. Secondly, it may act indirectly by modulating insulin sensitivity at the 
target tissue site, regulating inflammatory responses and influencing tumor angiogenesis. 
 

2.1. Direct mechanisms of action  

 

2.1.1. In vitro studies 
 

Expression of adiponectin’s two main receptors, AdipoR1 and AdipoR2, has been reported in 
numerous cancer cell types in vitro and in vivo, as mentioned in Section IV. Thus, adiponectin 
can exert direct receptor-mediated action on cancer cells and tissues. Adiponectin negatively 
influences growth of most obesity- related cancer types, although conflicting results have been 
published for some. Treatment of CC cell lines with adiponectin generally led to growth 
inhibition (13),(14),(15),(16),  or had no effect on proliferation (17). An exception was noted in 
one study, wherein adiponectin promoted growth of colonic HT-29 cells and stimulated 
secretion of various proinflammatory cytokines (18).  Interestingly, glucose availability was 
recently suggested to play an important role in the response of colon cancer cells to adiponectin. 
Under glucose deprivation, adiponectin positively influenced HT-29 and DLD-1 colorectal cell 
survival through enhancement of autophagic response in colon cancer cells, whereas it inhibited 
growth in glucosecontaining medium (19). In the case of liver (20), and gastric carcinoma (21), 
EA (22), and endometrial (23),  and prostate carcinoma (24),(25),(26), adiponectin exhibited clear 
anticarcinogenic effects, whereas it had no influence on melanoma cell proliferation (27). For 
clearcell renal carcinoma, only indirect evidence, indicative of a negative effect of adiponectin 
on carcinogenesis, has been published so far (28). Studies on breast cancer have been conflicting 
and point toward cell line-dependent effects. A complete overview of the effect of adiponectin 
on breast cancer has recently been reviewed elsewhere (29).  In general, adiponectin has been 
shown to inhibit with a varying degree of efficiency the growth of normal MCF- 10A (30), 
human mammary epithelial cells as well as cancerous MCF7 (30),(31),(30),(32),(33), T-47D (32, 
34),(35), MDAMB-231 (35),(36),(37),(38),(39), and SK-BR-3 (254) cells, whereas it had no effect on 
MDA-MB-361 (254), and Hs 578T (39),  cells. Differential expression of ER might be one 
explanation because proliferation of ER cells was reduced at lower adiponectin concentrations 
than proliferation of ER cells (254) Indeed, the establishment of an ER MDA-MB-231 cell line 
exhibiting markedly increased sensitivity to adiponectin treatment supports this notion 
(254) On the other hand, ER expression cannot be the only explanation, because variability also 
exists for the same cell line between different studies, as seen for example in the case of MCF7 
(33), (39),(40), and T-47D (106),(38).  Possible reasons may be biological variations between the 
several lines of the respective cells used in various laboratories, as well as differences in culture 
conditions  (41),(42). The latter can be exemplified in the usage of serum because serum-free 
media alone might favor an inhibition of cell growth (43). Indeed, the previously mentioned 
positive effect on HT29 colon cancer cell proliferation was seen with1%fetal bovine serum (44), 
whereas another study reported no effect under serum-free conditions (17). Moreover, similar 
studies onHT29cells proving inhibition of proliferation made use of gAd (15),(16).  Thus, 
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cellular responses might also be dependent on the specific adiponectin isoform used. This was 
also seen in the case of prostate carcinoma cells, where only HMW adiponectin was capable of 
inhibiting cell proliferation (45).  Finally, incubation time or dosage might modulate the effect of 
adiponectin on cell growth (46). MCF7 breast cancer cells, for example, exhibited a reduction in 
proliferation when incubated for 48 h with 5g/ml adiponectin (47). whereas no effect was 
visible upon treatment with 10 g/ml for up to 6 d (30).  Adiponectin can induce apoptosis in 
liver (48),(20),  Gastric (21), and endometrial (23), carcinoma as well as EA (267). This effect was 
shown to be mediated via upregulation of the proapoptotic Bax and down-regulation of the 
antiapoptotic Bcl-2 protein in EA cells (267) as well as increased caspase 3 activity in HCC cells 
(285). Interestingly, the exact mechanism herein seems to depend on the cancer cell line used, as 
seen in the case of endometrial cancer (23). Additionally, adiponectin can enhance apoptosis in 
colon cancer cells (13),(14), although exceptions were noted (17),(44). In the case of breast 
cancer, the effect of adiponectin on apoptosis remains inconclusive. Whereas adiponectin does 
not affect the viability of T47-D (34),(35),(39),(49),(50), SK-BR-3 (49),(50),  or Hs 578T (345) breast 
cancer cells, it was shown to stimulate apoptosis in MCF7 (31),(30),(32),(33),(50), and MDA-MB- 
231 (37),(38),(39). Other studies, however, have suggested an opposite or no effect of 
adiponectin on both MCF7 (30),(49),(51), and MDA-MB-231 (35), (50), breast cancer cells. 
Invasiveness, a common trait of many malignancies, is also influenced by adiponectin, and the 
outcome seems to depend on cancer cell type. Studies on breast (52),(53),  and liver cancer (54) 
proved a negative effect of adiponectin on migration. Particularly in the latter, adiponectin was 
able to block signaling pathways related to invasion and down-regulated formation of 
lamellipodia, important for cell migration (54). On the other hand, apromigratory effect was 
seen in the case of prostate cancer (55), and chondrosarcoma (56), whereas adiponectin treated 
cells exhibited increased expression of the integrins 5,1 and ,2,1, respectively. In addition to cell 
line dependency, differences in the used adiponectin dosage might explain the divergent 
results. Studies noting a negative effect on migration used more than 10 g/ml adiponectin 
(52),(53),(54).  whereas studies indicating a positive influence used less than 1 g/ml (55),(56).  In 
addition to the above receptor-dependent actions, adiponectin can exert receptor-independent, 
antiproliferative effects through controlling the bioavailability of certain growth and 
inflammatory factors, both of which have been associated with carcinogenesis (57). By 
selectively binding and sequestrating platelet-derived growth factor BB, heparin-binding 
epidermal growth factor, and basic fibroblast growth factor, adiponectin was able to attenuate 
DNA synthesis, proliferation, and migration of cultured smooth muscle cells (58),(59). These 
interactions were shown to depend on different oligomeric forms of adiponectin as well as 
distinct binding sites in the protein (59). Moreover, adiponectin was shown to decrease IL-1-
induced secretion of pro-inflammatory factors from stromal endometrial cells, thus exerting 
protective actions on the endometrium (60).  Finally, in vitro evidence points toward interactions 
between adiponectin and other hormonal signaling pathways, highlighting the complex 
mechanisms that regulate carcinogenesis in vivo. Generally, adiponectin was able to inhibit 
leptin-induced proliferation and cell growth, as shown for breast (30),(36), colon (61), liver (48), 
and prostate cancer (26), as well as EA (62). Furthermore, a cross talk exists between 
adiponectin and sex steroids. Pfeiler et al. (40), showed that whereas adiponectin alone had no 
effect on growth of breast cancer cells, a slight reduction was induced in hormone-independent 
MDAMB- 231 and SK-BR-3 cell lines, with an additional apoptosis stimulation in the former. On 
the other hand, hormone- dependent MCF7 cells exhibited an increased proliferation rate (40). 
Moreover, in LNCaP androgendependent prostate cancer cells,HMWadiponectin inhibited 
dihydrotestosterone-induced cell growth (26). IGF-I (31), and IL-6 (63), signaling can also be 
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influenced by adiponectin. An example for the complex interactions can be seen in the case of 
colon cancer, where the outcome was shown to also depend on tumor stage. Fenton et al (61).  
demonstrated that adiponectin reduced cell proliferation and blocked leptin-induced autocrine 
IL-6 production as well as trans-IL-6 signaling in a model of preneoplastic [adenomatous 
polyposis coli (Apc)] colon epithelial cells. Normal colon epithelial cells (Apc) on the other 
hand, were leptin insensitive and also less responsive to adiponectin alone (61). Moreover, in 
MC38 late-stage colon carcinoma cells, adiponectin treatment was not able to reduce insulin-
induced proliferation (63),(64),  whereas it could inhibit IL-6-dependent signaling. Leptin 
treatment alone had no effect on MC38 cell proliferation (63). Thus, along the continuum to 
carcinoma, adiponectin may influence cell homeostasis and proliferation via distinct 
mechanisms and interactions. 
 

2.1.2. Summary of signaling pathways activated by adiponectin in malignancies  
 

Physiological responses to adiponectin involve several intracellular signaling pathways 
including AMPK, mTOR, PI3K/Akt, MAPK, STAT3, NF-_B, and the sphingolipid metabolic 
pathway (Section II.E). Evidence suggests an involvement of these pathways in adiponectin 
mediated inhibition of carcinogenesis. Activation of cAMP/protein kinase A (PKA) (31), 
inhibition of-catenin (37),(39), as well as reduction of reactive oxygen species (ROS) (65), have 
also been implicated in the response of cancer cells to adiponectin. The signaling pathways 
described herein are depicted in Fig. 1. Conversely, new compelling molecular data suggest that 
adiponectin and its receptors show potent proangiogenic effects that could promote tumor 
growth particularly in murine mammary cancer models (66),(67),(68). Interestingly, a new array 
of observations provides insight in the ceramidase activity contained by the classical 
adiponectin receptors. Upon activation, AdipoR1/R2 catabolize ceramides to downstream 
degradation products such as sphingosines and the S1P. Elevated S1P is associated with 
increased cell survival and higher local proangiogenic activity seen in mammary tumor mouse 
models in which adiponectin levels have been manipulated (66),(68),(69).  Based on these data, 
the sphingolipid metabolic pathway that is a critical mediator of inflammation, cell survival, 
and growth could represent an important component of adiponectin signaling in malignancies. 
Most of the effects of adiponectin on cancer are mediated through AMPK. AMPK can be 
stimulated by adiponectin through an increase of AMP levels, the adaptor protein APPL-1, 
calcium-dependent kinases (Section II.E), as well as the Ser/Thr kinase LKB1 (70). Importantly, 
in the case of breast cancer cells, LKB1 has recently been proven necessary for adiponectin-
induced AMPK activation and subsequent inhibition of adhesion, migration, and invasion. 
LKB1 expression was also shown to be directly stimulated by adiponectin (52). AMPK 
negatively influences carcinogenesis through affecting cell growth mechanisms. It down-
regulates the TSC2/mTOR/S6 axis, thus reducing protein expression, and inhibits de novo fatty 
acid synthesis via blocking sterol regulatory elementbinding protein-1c-mediated induction of 
ACC and fatty acid synthase (71). Additionally, it induces p53 and p21 expression, important 
regulators of growth arrest and apoptosis (71). Short-term adiponectin treatment was shown to 
activate AMPK in colon (13),(15),(16), breast (34),(31),(33),(52),(53), liver (20), prostate (24),(72), 
and endometrial (23), cancer as well as EA(62), mediating growth inhibition. Down-regulation 
of mTOR/S6 signaling was implicated in many of these studies(15),(15),(20),(16).  Activation of 
protein phosphatase 2A (PP2A), a tumor suppressor involved in the inhibition of Akt and small 
GTP hydrolase Ras-like A (73), was also shown to depend on adiponectin/AMPK signaling in 
MDA-MB-231 breast cancer cells (53). Moreover, in colon cancer cells, adiponectin-induced 
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AMPK activation was directly involved in increased expression of cyclindependent kinase 
inhibitors p21 and p27, leading to cell cycle arrest as well as reduced levels of sterol regulatory 
element binding protein-1c (13).  Additionally, studies point toward a direct negative effect of 
adiponectin on the PI3K/Akt pathway. In response to various growth factors, PI3K becomes 
activated, initiates phosphorylation of Akt, and stimulates a plethora of effector molecules 
positively regulating cell survival, growth, and proliferation. Interestingly, Akt can also 
phosphorylate and inhibit TSC2, thus counteracting the effects of activated AMPK. Phosphatase 
and tensin homolog (PTEN) acts as an inhibitor of PI3K signaling (74),  and cell line-specific 
PTEN deficiency may determine whether AMPK or Akt prevails in regulating mTOR activation 
(72). Treatment of colon (19), and breast cancer Cells (31), with adiponectin was shown to 
significantly reduce the phosphorylation and activation of PI3K and Akt. Moreover, 
adiponectin alleviated thioredoxin- and thioredoxin reductase-mediated inhibition of PTEN, 
thus indirectly influencing PI3K/Akt signaling (75).  Further mediators of adiponectin signaling 
can be found in the MAPK cascade, comprising among others JNK, p38, and ERK1/2, or 
p42/p44. The effects of stress activated kinases JNK and p38 on proliferation and apoptosis 
depend on the cellular context, whereas ERK1/2 largely have mitogenic influences (76). In 
prostate (77),  and hepatocellular (77),(20), carcinoma cells, adiponectin treatment led to 
increased JNK activity resulting in caspase 3-mediated apoptosis (20). Interestingly, AMPK 
activity seems to be pivotal for the phosphorylation of JNK, as shown in the case of liver cancer 
cells (20). Adiponectin- induced inhibition of ERK1/2 signaling has been noted in endometrial 
(23), and breast (34),(33), cancer cell lines contributing to a reduction in viability. Importantly, in 
MCF7 breast cancer cells, prolonged adiponectin treatment resulted in decreased levels of c-
myc, cyclin D (over a period of 2 to 6 h), and Bcl-2 (8 h) while increasing expression of p53 and 
Bax (24 h), thus leading to cell cycle arrest and apoptosis (33). In contrast, adiponectin has been 
associated with increased p38 activity in several studies positively influencing carcinogenesis, 
as mentioned previously  Adiponectin also modulates STAT3 sig (44),(55),(56). naling. STAT3 is 
activated by adipokine-induced (e.g., leptin) or cytokine- induced JAK phosphorylation and 
regulates many cancer-related processes such as cell survival and differentiation. Consequently, 
dysregulation of the JAK/STAT3 pathway favors carcinogenesis (78). Adiponectin treatment of 
liver cancer cells down-regulated leptin-induced STAT3 phosphorylation and subsequently 
reduced cell growth and migration. Importantly, suppressor of cytokine signaling 3, a 
JAK2/STAT3 inhibitor, was found elevated and may explain the adiponectin-leptin cross talk 
(48). Adiponectin was also able to suppress constitutively active STAT3-signaling in prostate 
(DU145) and hepatocellular (HepG2) carcinoma cell lines (77).  Overactivation of wingless-type 
protein (Wnt)-signaling along with increased -catenin-induced expression of positive cell cycle 
regulators has been observed in many human cancer types (79). Wnt signals through frizzled to 
inactivate glycogen synthase kinase-3 (GSK-3), which forms part of the -catenin degradation 
complex, allowing accumulation of -catenin in the nucleus (79). In MDA-MB-231 breast cancer 
cells, prolonged adiponectin treatment (24 h) inhibited phosphorylation of GSK-3, destabilizing 
-catenin and thus significantly reducing cyclin D1 expression. This effect was probably mediated 
by decreased Akt phosphorylation (39), as well as direct induction of Wnt inhibitory factor 1 
expression, a molecule involved in down-regulating_-catenin signaling (37). Interestingly, cross 
talk between the canonical Wnt/_- catenin and PI3K/Akt pathways has been reported 
previously (80),(371), supporting the former assumption. In addition, adiponectin was shown to 
mediate cell cycle arrest and apoptosis in MCF7 breast cancer cells through modulating the 
cAMP/PKA pathway. Particularly, adiponectin treatment increased intracellular cAMP levels 
(at 15 min or 6 h), thus activating PKA (at 30 min or 6 h) and inhibiting expression of cyclin D1 
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(24 h) and E2 (48 h) (31). Phosphorylation ofAMPK(30 min) was also found increased, but it 
depended on PKA activity (31).  Inhibition of NF-_B, a transcriptional regulator involved in 
inflammation and cancer (81), has also been implicated in adiponectin signaling (61). Finally, 
adiponectin is able to decrease ROS production (65), which can promote growth factor signaling 
and induce DNA mutations (82). The reduction in intracellular ROS levels was shown to be 
mediated via down-regulation of nicotinamide adenine dinucleotide phosphate-oxidase activity 
and ultimately led to inactivation of MAPK, thus counteracting cell proliferation (65).  Of note, 
adiponectin’s influence in cancer cells may not only be of a direct nature but may also depend 
on endocrine (tumor micro-environment) and paracrine (distal) interactions of adipocytes with 
tumor tissues (83). An example can be seen in the case of breast cancer, where tumor cells and 
adipocytes reside in close proximity to each other (83). In adipocytes, adiponectin induces 
LKB1/AMPK-dependent inhibition of aromatase activity, subsequently lowering estrogen 
production (84). Reduced ER-stimulation in hormone-dependent cancer cells negatively impacts 
prosurvival pathways. This can be seen for epidermal growth factor receptor (EGFR) signaling 
(85), which induces proliferation through activating kinases such as ERK, PI3K and the STAT 
family of transcription factors (85),(86).  In fact, EGFR signaling seems to be a point of 
convergence for direct and indirect effects of adipokines on cancer cells because adiponectin 
may also influence EGFR pathways directly through AdipoR1/R2-stimulation (83).  However, 
the interaction between adipocytes and cancer cells is far more complex because it also involves 
other adipocyte-secreted molecules like, for example, leptin, in-flammatory cytokines (TNF, IL-
6), extracellular matrix constituents, and proangiogenic factors (VEGF), as well as metabolic 
regulators like insulin (83).   
 

3. Animal studies   
 

The physiological relevance of the in vitro findings has recently been evaluated in animal 
experiments. Various models of carcinogenesis, combined with adiponectin deficiency and/or 
administration, have been able to confirm an antitumorigenic role for adiponectin. Examination 
of influences mediated by diet further contributed toward elucidating the complex mechanisms 
that underlie the action of adiponectin in vivo. Inhibition of tumor growth has been 
demonstrated for colon(87),(88),(89), gastric (21), liver (20),(90), breast (37),(39),  (53),(75), and 
lung cancer as well as melanoma (27).  Adiponectin deficiency promoted azoxymethane 
(AOM)-induced colorectal and liver tumor formation and correlated with higher colon tumor 
stage (89). Also, cell proliferation was increased and associated with a concomitant increase of 
cyclooxygenase-2 (COX-2) expression, predominantly in tumor myofibroblasts (89). Thus, 
adiponectin might negatively regulate tumor growth by influencing COX-2 expression in 
stromal myofibroblasts (89), which have been shown to secrete prostaglandin E2 upon COX-2 
expression and consequently stimulate cell proliferation (91). Along the same lines, Mutoh et al. 
(87), detected a gradual increase in polyp formation in Apc (multiple intestinal neoplasia) mice 
with adiponectin haplodeficiency and complete deficiency. Diminished AMPK phosphorylation 
resulting in elevated serum levels of plasminogen activator inhibitor-1, an adipocytokine 
positively involved in colon carcinogenesis, was associated with loss of adiponectin (87). 
Growth of intestinal adenomas in Apc (multiple intestinal neoplasia) mice was further shown to 
be suppressed by ip administration of adiponectin. This effect was probably mediated by 
binding to AdipoR1 and AdipoR2 because both receptors were present in cancerous tissues and 
their expression levels remained unaltered after treatment (88).  Similar results were obtained in 
a nude mice-xenograft model of gastric cancer. Local and systemic adiponectin administration 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 13, Issue 8, August-2022                                                                  103 
ISSN 2229-5518  
 

IJSER © 2022 

http://www.ijser.org 

markedly inhibited growth and metastasis, and in vitro studies pointed toward an involvement 
of both receptors in the antitumorigenic response to adiponectin (21). To date, a relative paucity 
of studies exists regarding the beneficial effect of adiponectin on colon and gastric 
carcinogenesis. The main focus has been adiponectin- deficiency models or models utilizing 
adiponectin as a treatment of already established malignancies. Chemoprevention studies, on 
the other hand, have not been performed. These would be useful for fully elucidating the action 
of adiponectin on colon and gastric carcinogenesis from the beginning and for evaluating 
whether adiponectin could be used as a preventative agent. In the case of liver cancer, mouse 
xenograft experiments provided evidence that adiponectin can reduce tumor growth and lung 
metastasis via increasing JNK phosphorylation (20), and inhibiting angiogenesis (90). Moreover, 
adiponectin has been shown to counteract leptininduced stimulation of tumor growth (48).  
Finally, adiponectin deficiency in the context of a mouse model of nonalcoholic steatohepatitis 
accelerated liver cirrhosis and tumor formation through elevated oxidative stress (92). Thus, 
hypoadiponectinemia, as seen in the context of obesity, may be a risk factor for nonalcoholic 
steatohepatitis- related liver tumorigenesis (92).  Studies on breast cancer have so far published 
conflicting results. First of all, adiponectin haploinsufficiency was shown to promote tumor 
onset and aggressiveness through increased PI3K/Akt/_-catenin signaling (75).  Furthermore, 
in a MDA-MB-231 xenograft model, pretreatment of cells with adiponectin as well as 
intratumoral or systemic administration of adiponectin negatively influenced mammary 
tumorigenesis. Inhibition of PI3K/Akt and GSK 3-catenin signaling (39), possibly through 
elevated expression of Wnt inhibitory factor 1 (37), were found to be implicated. Additionally, 
direct adiponectin administration resulted in an AMPK-mediated increase of PP2A activity (53). 
On the other hand, complete adiponectin deficiency was shown to suppress mammary 
carcinogenesis in a mouse mammary tumor virus-polyoma middle T antigen (MMTV-PyVmT) 
tumor model, accompanied by decreased tumor angiogenesis (68),(69). Possible reasons for the 
observed contradictions are discussed in Section V.B.3. Adiponectin has also been implicated in 
negatively regulating the growth of lung cancer and melanoma xenografts. The underlying 
mechanism may involve macrophage infiltration into tumor tissue because tumors from 
adiponectin knockout mice exhibited reduced macrophage numbers (27). A number of studies 
have examined the importance of dietary fat intake and obesity on tumorigenesis. Ahigh-fat 
diet, corresponding to thecommonWestern-style diet, has been shown to positively and directly 
influence pancreas (93), colon (94), and Lewis lung (95), cancer as well as ALL (96). 
Furthermore, genetically induced obesity, as seen in ob/ob and db/db mice, has been associated 
with PaCpromotion and dissemination, particularly in the context of insulin resistance and 
decreased levels of circulating adiponectin (97). Onthe other hand, intermittent caloric 
restriction was shown to reduce tumorigenesis in a mouse mammary tumor model. This effect 
was associated with an elevated adiponectin/leptin ratio, increased expression of AdipoR1 in 
mammary tissue, and higher levels of adiponectin in mammary fat pads (98). A direct role of 
adiponectin in the context of a high-fat diet has been studied in the case of AOM-induced colon 
cancer formation. By generating adiponectin-, AdipoR1-, and AdipoR2-deficient mice, Fujisawa 
et al.(99), provided evidence that adiponectin suppresses colonic epithelial proliferation 
exclusively under the high-fat diet condition. The observed effect involved AdipoR1-mediated 
activation of AMPK and subsequent inhibition of Mtor (99).  Interestingly, supraphysiological 
serum levels of adiponectin do not seem to protect against cancer development on the basis of 
adiponectin transgenic mouse models. A recent study utilizing adiponectin transgenic animals 
showed that growth of AOM-induced colon cancer was not attenuated by adiponectin 
overexpression (13). Insulin resistance, on the other hand, induced by high-fat diet treatment 1 
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wk after the final AOM injection, was efficiently prevented (13). These results seem to 
contradict previously mentioned studies on the beneficial effect of adiponectin on obesity-
related colon tumorigenesis. However, a high-fat diet may not play a key role in the 
development of colon cancer in the model of Ealey et al. (13), because it was used during the 
final stages of the disease. It is known that obesity takes time to develop after feeding mice a 
high-fat diet (100). In fact, adiponectin levels decrease only after 10wkof high-fat diet treatment 
or later (100). In addition, other factors may change during later stages of high-fat feeding, as 
shown for insulin and leptin (101). During these stages, AOM-induced colon cancer is already 
well established. Thus, the study by Ealey et al.(13), can only provide evidence for chemically 
induced and not obesity-induced colon carcinogenesis. Further chemoprevention studies 
administering different levels of adiponectin in combination with a high-fat diet are needed to 
examine the potential preventative effect of adiponectin on obesity-related colon cancer. In 
summary, accumulating evidence provides support for an antitumorigenic effect of adiponectin 
on various cancer types, most of which are associated with obesity. Importantly, adiponectin 
seems to exert the strongest effect under the high-fat diet condition (99), i.e., a condition directly 
related with insulin resistance and proinflammatory state, a fact with important implications for 
its potential use in anticancer therapy. 
 

3.1. Indirect mechanisms of action  

 
Adiponectin exerts indirect antineoplastic action through an insulin-sensitizing and 
antiinflammatory effect. Additionally, it has been proposed to play a role in angiogenesis 
regulation, although conflicting evidence has been published. 

 

3.2.. Insulin-sensitizing effects  
 

Insulin resistance and hyperinsulinemia have been proposed to play an important role in cancer 
development, particularly in the context of obesity (102). High insulin levels increase the 
bioavailability of IGF-I by stimulating its expression and simultaneously downregulating 
IGFBP-1 and IGFBP-2. Insulin and IGF-I then signal through the IR and IGF-I receptor to inhibit 
apoptosis and enhance cellular proliferation. The resulting mitogenic and antiapoptotic 
environment favors the accumulation of genetic mutations and thus carcinogenesis(103). Many 
clinical studies have found an association between high levels of IGF-I and/or insulin with an 
increased risk for several malignancies, including colorectal and postmenopausal breast cancer 
(103),(104),(105),(106),(107),(108),(109),(110),(111).  An indirect link between the insulin 
pathway, adiponectin, and thus carcinogenesis has been established in many studies. Serum 
adiponectin levels are inversely associated with fasting insulin concentrations (2), and reduced 
in the context of obesity and insulin resistance (112),(113). Moreover, adiponectin exhibits 
potent insulin- sensitizing actions. Intraperitoneal injection of adiponectin lowers glucose levels 
in wild-type mice and transiently reverses hyperglycemia in ob/ob, nonobese diabetic, or 
streptozotocin-treated mice (114). These effects were shown to be mediated via increased ability 
of insulin to suppress glucose production in adiponectintreated primary rat hepatocytes (114). 
Adiponectin deficiency, on the other hand, results in severe dietinduced insulin resistance (115).  
The mechanism underlying the observed adiponectin- mediated reversal of insulin resistance is 
slowly being unraveled. In Section III.A, direct AMPK-mediated effects on glucose and fatty acid 
metabolism are described more detail. In addition to these direct effects,may exert indirect 
influence on the insulinsignaling pathway. Administration of adiponectin increased insulin-
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induced phosphorylation of the IR and whole-body insulin sensitivity in rodents. Additionally, 
plasma adiponectin levels were found positively associated with skeletal muscle IR 
phosphorylation in humans (116). Moreover, adiponectin enhanced the ability of insulin to 
stimulate phosphorylation of the adaptor protein IRS-1 and Akt by reversing the S6 kinase-
mediated negative regulation of IRS-1. Particularly, treatment of muscle cells with adiponectin 
activated the LKB1 /AMPK/TSC1/2 pathway, ultimately leading to a reduction of S6 kinase 
phosphorylation (117).  Recently, new additions have been made to the established pathways 
linking adiponectin with insulin sensitivity. Ceramides, a class of sphingolipids, have been 
associated with impaired insulin sensitivity in muscle (66).  Adiponectin was shown to 
stimulate ceramidase activity through AdipoR1 and AdipoR2 independently of AMPK. Thus, 
ceramide catabolism was induced and subsequently led to increased levels of the antiapoptotic 
S1P (66). This could present important implications for cells expressing adiponectin receptors, 
whereas in cells lacking adiponectin receptors ceramidase activity is impaired, resulting in an 
enhanced susceptibility to cell death. Moreover, adiponectin has been implicated in the 
inhibition of autophagy, which fuels gluconeogenesis (118). Cowerd et al. (118), provided 
evidence that activation of the PI3K pathway through APPL-1 in adiponectin-treated hepatoma 
cells increased expression of suppressor of glucose by autophagy, a novel negative regulator of 
autophagy (118).  Finally, adiponectin was able to reduce cholesteryl ester formation in cultured 
macrophages via inhibition of acyl coenzyme A:cholesterol acyltransferase 1 (119), which has 
been implicated in positive regulation of tumor cell growth and invasion (120).  
 

3.3.. Antiinflammatory effects  
 

Inflammation is a well-established pathway leading to cancer promotion and progression. In 
response to tissue injury or infection, a cascade of events is initiated. These lead to increased cell 
proliferation and production of reactive oxygen and nitrogen species from infiltrating immune 
cells. Thus, an environment is created that favors mutagenesis in rapidly dividing cells, a 
prerequisite for cancer development (121). Epidemiological studies have associated chronic 
inflammation with increased risk of several types of cancer. Persistent infections can lead to 
chronic inflammation, and thus cancer, as seen for example in the case of gastric cancer due to 
Helicobacter pylori infection (121). Additionally, there are strong associations between 
inflammatory bowel diseases, characterized by chronic inflammation, and CC (121).  
Obesity reflects a low-grade systemic inflammatory state and is associated with increased pro- 
inflammatory markers such as IL-6,TNF-α_, andCRP (122). CRPconfers increased cancer risk, 
and both systemic IL-6 and TNF-α_ have been correlated with higher cancer rates, as examined 
in the case of colorectal neoplasia (122). Potential mechanisms might involve prosurvival effects 
of TNF-α_ on cancer cells and overstimulation of the JAK/STAT3 pathway by IL-6 (102). Matrix 
metalloproteinases (MMP) involved in cancer-cell invasion and metastasis and inflammation 
induced oxidative stress are additional factors that have been implicated in the link between 
obesity, inflammation, and cancer development (102).  Adiponectin has been shown to exert 
anti-inflammatory actions and may thus counteract the increased cancer risk seen in obesity-
induced inflammation. Particularly, adiponectin influences the function of myelomonocytic 
cells, important mediators of innate immunity. Adiponectin inhibited proliferation of 
myelomonocytic precursor cells (123), and reduced secretion of proinflammatory cytokines 
TNF-α_ and IL-6 from activated macrophages (123),(124),  while increasing the production of 
antiinflammatory cytokine IL-10  (124), and tissue inhibitor of metalloproteinase-1, an inhibitor 
of MMP and tissue remodeling (125). Moreover, adiponectin negatively influenced macrophage 
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phagocytic activity (123), promoted the antiinflammatory M2 phenotype in vitro and in vivo 
(126), attenuated leukocyteendothelium interactions in vivo (127), and prevented systemic 
inflammation by enhancing calreticulin-dependent opsonization of apoptotic bodies and their 
subsequent macrophage-mediated clearance (128).  Adiponectin was also found to suppress IL-
2-stimulated natural killer cell cytotoxicity by reducing the expression of interferon-_ and 
apoptotic effector molecules (129).  Recently, adiponectin was implicated in the modulation of 
dendritic cell activity. Tsang et al.(130), showed that adiponectin- treated dendritic cells 
decreased T-cell proliferation and increased the percentage of CD4 CD25 FOXP3 regulatory T 
cells via up-regulation of the inhibitory molecule programmed cell death-1. Finally, adiponectin 
can influence T- and B-cell function. Through down-regulating T-cell chemoattractants from 
activated macrophages, adiponectin was able to reduce Tcell recruitment in atherogenesis (131). 
Adiponectin was also found to suppress B-cell lymphopoiesis, but only when stromal cells were 
present and when cultures were initiated with the earliest category of lymphocyte precursors 
(132).  Inhibition of NF-_B and ERK1/2 signaling has been implicated in some of the observed 
effects(124), as well as increased activation of PPAR-_ and PPAR-_(126). Additionally, 
adiponectin was shown to induce the expression of multiple genes with antiinflammatory 
properties, e.g., suppressor of cytokine signaling 3, in cultured macrophages (133). 
 

3.4. Angiogenesis  
 

Angiogenesis is very important for the growth of most primary tumors and their metastases. 
Up to a size of 1–2 mm, tumors can absorb sufficient nutrients and oxygen by diffusion. After 
that point, their further growth requires attachment to the vasculature (134). Inhibition of 
angiogenesis has been shown to suppress tumor growth (135),(136), and may represent a 
promising therapeutic target. On the other hand, antiangiogenic therapy should be used with 
caution because the resulting hypoxic environment and selective pressure can favor evasive 
mechanisms that reinitiate tumorigenesis in certain cancer types (136). The effect of adiponectin 
on neovascularization based on published results remains contradictory in that both pro- and 
antiangiogenic effects have been reported. Regarding the proangiogenic action of adiponectin, 
Ouchi et al. (137), showed that it can induce capillary-like structure formation, enhance the 
migration of human umbilical endothelial cells, and stimulate blood vessel growth in vivo (137). 
Activation of AMPK, Akt, and endothelial nitric oxide synthase was found to be implicated 
(137).  Also, in a separate study, adiponectin was able to rescue endothelial cells from serum 
starvation-induced apoptosis by suppressing caspase 3 activity (138). These findings seem to be 
particularly relevant in the case of obesity and metabolic syndrome, where patients exhibit, 
among other factors, impaired collateral artery formation (139). Hypoadiponectinemia has been 
suggested to causally link obesity with the observed cardiovascular dysfunction (139). Indeed, 
in a hind limb ischemia model, adiponectin mediated AMPK signaling enhanced angiogenesis 
and improved limb reperfusion (139). Furthermore, in the context of atherosclerotic 
cardiovascular disease, adiponectin was shown to reverse the effects of IL-18. IL-18, a potent 
proinflammatory cytokine, is increasingly expressed in atherosclerotic lesions (140). In the study 
of Chandrasekar et al. (140), pretreatment of endothelial cells with adiponectin blocked IL-18-
mediated apoptosis via APPL-1- dependentAMPKphosphorylation and subsequent PI3K/ Akt 
signaling. Adiponectin also has positive effects on endothelial progenitor cells, which may 
contribute toward the formation of new blood vessels. Shibata et al. (141),  and Yang et al. (142), 
showed that adiponectin can stimulate endothelial cell differentiation from human peripheral 
blood mononuclear cells (141), and human peripheral blood CD14 monocytes (142), 
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respectively. In addition, adiponectin was able to increase endothelial cell migratory activity 
through Akt-dependent cell division control protein 42 homolog/Ras-related C3 botulinum 
toxin substrate 1 stimulation (143), and enhance the formation of network structures (141) The 
clinical relevance of the above findings has been validated recently in the case of diabetes. 
Leicht et al. (144), proved that adiponectin-pretreated endothelial progenitors isolated from 
diabetic patients exhibited markedly improved neovascularization capabilities in nude mice 
xenografts. Thus, the proangiogenic role of adiponectin may contribute to its potent antidiabetic 
effects. In the context of carcinogenesis, in vivo studies employing the MMTV-PyMT mouse 
mammary tumor model have found a positive influence of adiponectin on tumor vasculature. 
Denzel et al. showed that tumors from adiponectin null mice exhibited reduced growth and 
angiogenesis along with increased hypoxia and apoptosis. These results were confirmed by 
Landskroner-Eiger et al. (68), for early stages of mouse mammary tumorigenesis (9wk). 
Surprisingly, at 12 to 14 wk of age, when tumors characteristically progress to late carcinomas, 
adiponectin deficiency led to opposite effects, enhancing tumor growth and metabolic activity 
(68). Increased mobilization of circulating endothelial progenitors, along with up-regulated 
VEGF-A expression in tumor tissues, possibly fueled tumor growth (68). Additionally, the 
tumors exhibited greater aggressiveness, as seen by transcriptional profiling (68), and increased 
pulmonary metastases (69) Landskroner-Eiger et al. (68), hypothesized that the observed 
antiangiogenic stress and reduced nutrient/oxygen flow triggered an adaptive mechanism 
enabling the tumor cells at later stages to circumvent impairments caused by adiponectin 
deficiency. Accumulating evidence suggests that T-cadherin may mediate the effects of 
adiponectin on tumor neovascularization. T-Cadherin was found to be selectively expressed in 
intratumoral capillaries of human HCC, whereas no expression was detected in nonneoplastic 
hepatocytes (145). Furthermore, adiponectin and T-cadherin were shown to colocalize in tumor 
vasculature (67) ,(69), and the association was lost upon T-cadherin deficiency, accompanied by 
increased serum adiponectin levels (67).  Moreover, adiponectin (69), and T-cadherin (67), null 
mice exhibited striking parallels in mammary tumor growth and phenotype. Thus, T-cadherin 
seems to be necessary for adiponectin-mediated signaling at the level of endothelial cells, 
possibly by regulating the bioavailability of circulating adiponectin or by interacting with other 
receptors. The coincident reduction of T-cadherin and AdipoR2 in mouse mammary tumors 
supports the latter notion (69). On the other hand, there are studies arguing for an 
antiangiogenic role of adiponectin. Adiponectin directly binds to proangiogenic growth 
factors(59), and inhibits both the production of TNF-α from macrophages and its action on 
endothelial cells (146). Considering the fact that TNF-α can stimulate angiogenesis (147), these 
results provide evidence for an indirect effect of adiponectin on the vasculature. Importantly, 
mouse xenograft experiments directly contradict the above-mentioned in vivo proangiogenic 
findings. Bråkenhielm et al.(135), demonstrated that adi-ponectin treatment inhibits growth of 
murine fibrosarcoma cells sc injected into mice. The underlying mechanism involved loss of 
growth-enhancing angiogenesis (135). In vitro experiments revealed that adiponectin 
specifically reduced endothelial cell proliferation and migration and induced caspase 8-
mediated apoptosis (135). Similar results were obtained in a mouse model of liver 
carcinogenesis. Adiponectin treatment reduced tumor growth and invasiveness and decreased 
microvessel density while inhibiting endothelial tube formation in vitro. Down-regulation of 
Rho-associated kinase, interferon-_ inducible protein 10, MMP9, angiopoietin 1, and VEGF was 
found to be implicated (54). Furthermore, adiponectin inhibited neovascularization in 
peritoneal metastases of gastric cancer cells injected into nude mice (21).  One possible 
explanation for the observed controversies lies in the mouse models used. Evidence for the 
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antiangiogenic role of adiponectin was obtained from xenografts, whereas support for a 
proangiogenic effect of adiponectin came from MMTV-PyMT mouse mammary tumor models. 
Autochthonous tumors may replicate human disease more accurately than transplants (148). 
Importantly, contradictions between the two models have been noted, especially in the case of 
angiogenesis, suggesting that variability in the respective microenvironments might exert 
different influences on vascularization (149).  Usage of bacterially produced adiponectin as seen 
in the antiangiogenic studies, and variations in the preparation of the recombinant protein 
could also be problematic in recapitulating the human condition (68).  In summary, the role of 
adiponectin in tumor angiogenesis remains to be defined. One possibility is that adiponectin 
differentially affects physiological and pathological angiogenesis, as has been reported for 
statins (150).  Additionally, the influence of adiponectin might depend on cancer cell type, as 
can be seen in the previously discussed effects of adiponectin on proliferation. In the case of 
mammary tumors, however, direct comparison between the used models argues for a general 
proangiogenic contribution of adiponectin. The MMTV-PyMT model has been suggested to 
closely recapitulate human disease (68),(69). Moreover, the decline in adiponectin levels during 
tumor progression, along with the accelerated tumor growth under adiponectin deficiency in 
later stages of the disease (68), is consistent with epidemiological findings associating low 
adiponectin levels in women with increased breast cancer risk (151), higher histological grade 
(27), and metastases (33). Thus, not angiogenesis but hypoxia induced by hypoadiponectinemia 
along with increased selective pressure may be more detrimental for human cancer progression, 
allowing tumors to assume a highly aggressive phenotype (69). The general antitumorigenic 
role of adiponectin therefore remains consistent with a possible proangiogenic function. 
 

4. Conclusion 

Adiponectin, the most abundant adipokine produced by the human adipose tissue, is linked to 
obesity, metabolic syndrome, insulin resistance, type 2 diabetes, coronary heart disease, 
inflammation, and several types of cancer. 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.  
 Several in-vitro and in-vivo studies have marked progress in exploring the physiological 
mechanism via which adiponectin exerts its action. 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. 

A new adiponectin-based short peptide, ADP 355, mimicking adiponectin action, restricted 
proliferation in a dose-dependent manner in several adiponectin receptor-positive cancer cell 
lines, modulated several key adiponectin signaling pathways (AMPK, Akt, STAT3, ERK1/2), 
and suppressed the growth of orthotopic human breast cancer xenografts 
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