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COMMENTARY

The prevalence of obesity and its associated diseases has 
posed a huge healthcare impact on our society. Obesity is a 
major risk factor for many serious medical conditions, such 
as metabolic syndrome, Type 2 Diabetes and cardiovascular 
disorders etc. In addition, the close association of obesity 
with cancers has attracted significant attentions [1]. Several 
obesity-related cancers, including breast, prostate, endo-
metrium, colon and gallbladder cancer, have a hormonal 
basis and are life style-related. Breast cancer is the most 
frequent cancer and the second leading cause of cancer 
death among women. Excess adiposity over the pre- and 
post-menopausal years is an independent risk factor for the 
development of breast cancer, and is also associated with 
late-stage disease and poor prognosis [2]. 

Adipose tissue has been shown to be an important player 
in obesity-related mammary carcinogenesis [2]. Adipocyte 
is one of the predominant stromal cell types in the microen-
vironment of mammary tissue. It is also the major site for 
local estrogen production from androgens by aromatase, 
thus contributing to the development of estrogen-dependent 
breast cancer in postmenopausal women. Additionally, 
the increased fat mass is associated with aberrant insulin 
signalling (insulin resistance) and increased insulin levels, 
which could directly stimulate mammary carcinogenesis. 
In fact, the close relationship between adipocytes and mam-
mary tumour growth has been demonstrated by many in 
vitro and in vivo pharmacological studies. Mature adipocytes 
can promote the growth of breast carcinoma cells in a col-
lagen gel matrix culture [3]. Co-transplantation of tumour 

cells with adipocytes into mice results in increased tumour 
growth and metastasis [4]. More recently, fat tissue has 
been recognized as an important secretory organ that can 
produce various hormones, cytokines and growth factors, 
collectively called adipokines. Dys-regulated expression 
and functions of these adipokines play significant roles in 
the pathogenesis of obesity-related diseases [5]. Interest-
ingly, a number of adipokines, including leptin, tumour 
necrosis factor alpha (TNFα) and interleukin 6 (IL6), etc, 
have been shown to promote breast cancer cell survival, 
proliferation and tumour development. Thus, it has been 
suggested that adipokines could be the key players in mediat-
ing the stromal-epithelial interactions and in influencing the 
growth and proliferation of tumour stroma and malignant 
cells in mammary gland.

Adiponectin is a circulating hormone predominantly se-
creted from adipocytes. Unlike many other adipokines that 
are up-regulated in obesity, such as TNFα, IL-6, leptin and 
resistin, the circulating levels of adiponectin are inversely as-
sociated with obesity-related disorders. Many in vitro and in 
vivo pharmacological studies have revealed that adiponectin 
possesses insulin-sensitizing, anti-inflammatory, anti-dia-
betic and anti-atherogenic activities [6]. Replenishment of 
adiponectin in animal models can reduce body weight, im-
prove glucose/lipid homeostasis, increase insulin sensitivity, 
prevent atherosclerosis and ameliorate fatty liver diseases. 
Notably, we and others have shown that adiponectin potently 
inhibits the proliferation of various types of cells, including 
aortic smooth muscle cells, myelomonocytic cells, endothe-
lial cells and hepatic stellate cells, etc [7]. It can selectively 
bind to various carcinogenic growth factor and prevent 
the interactions of these growth factors to their respective 
receptors. In addition, adiponectin inhibits the growth and 
migration of vascular endothelial cells, prevents new blood 
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vessel formation, and attenuates the growth of transplanted 
fibrosarcoma cell tumours in mice [8]. 

Several recent clinical studies have shown that obese 
women have reduced serum adiponectin levels and low 
serum adiponectin levels are significantly associated with 
an increased risk for breast cancer development [8]. Women 
with higher adiponectin levels have a reduced risk of breast 
cancer. Moreover, tumours in women with the low serum 
adiponectin levels are more likely to show a biologically 
aggressive phenotype. These epidemiological evidence sug-
gests that adiponectin deficiency might be a potential media-
tor between obesity and breast cancer disease. Nevertheless, 
the detailed relationships between adiponectin expression in 
local mammary tissue and the development of breast cancer 
have not been fully established.

To test whether adiponectin could act as a negative regu-
lator on the proliferation of human breast carcinoma cells 
and mammary tumour development, we have performed a 
series of experiments using both estrogen receptor (ER)-
positive and negative human breast cancer cell lines [9]. Our 
in vitro studies showed that adiponectin could attenuate 
the growth of the estrogen receptor (ER)-negative human 
breast carcinoma MDA-MB-231 cells by inhibiting cell 
proliferation and inducing apoptosis. It could also inhibit the 
proliferation stimulated by insulin and several other growth 
factors in an ER-positive human breast cancer cell line, 
T47D. The effects are dose-dependent and can be blocked 
by adiponectin specific antibodies (data not shown). These 
in vitro data are further corroborated by our animal study 
demonstrating that adiponectin supplement therapy could 

inhibit the breast tumour development in nude mice. In ad-
dition, we observed a much lower degree of breast tumour 
metastasis in mice treated with adiponectin. These results 
collectively suggest that replenishment of adiponectin might 
represent a novel therapeutic strategy for the treatment of 
obesity-related breast cancer.

Hyperactivation of the canonical Wnt/β-catenin pathway 
is one of the most frequent signal abnormalities in many 
types of cancers. The central event in this pathway is the 
stabilization and nuclear translocation of β-catenin, where it 
binds to the transcription factor TCF/LEF and consequently 
activates a cluster of genes that ultimately establish the 
oncogenic phenotype. Stabilization of β-catenin protein 
and over-expression of cyclin D1 have been observed in 
over 50% of human breast tumours. Furthermore, increased 
β-catenin activity was found to be significantly correlated 
with the poor prognosis of breast cancer patients [10]. Con-
sistent with these clinical data, numerous animal studies 
have demonstrated that aberrant activation of the Wnt/β-
catenin signaling, by either over-expression of canonical 
Wnt proteins or by direct stabilization of β-catenin, can 
lead to mammary tumorigenesis. More interestingly, Wnt 
signaling is also a molecular switch that governs adipogen-
esis. The differentiation of preadipocytes into adipocytes 
requires the suppression of canonical Wnt signaling, and 
sustained activation of β-catenin in preadipocytes blocks 
adipogenesis. Both mRNA and protein levels of β-catenin 
can be down-regulated by agonists of peroxisome pro-
liferator-activated receptor gamma (PPARγ) in 3T3-L1 
adipocytes and db/db obese/diabetic mice. Thus, further 

Figure 1 Adiponectin suppresses obesity-related mammary tumorigenesis via multiple mechanisms.
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understanding the cross-regulations between adipogenesis 
and Wnt signaling might shed new lights on obesity-related 
carcinogenesis.

We have demonstrated for the first time that adiponectin 
could modulate the GSK3β/β-catenin pathway in human 
breast cancer cells, which might play a critical role in me-
diating the inhibitory effects of adiponectin on mammary 
tumorigenesis [9]. This conclusion is supported by our 
findings that chronic treatment of MDA-MB-231 cells with 
recombinant adiponectin markedly reduces serum-induced 
phosphorylation of Akt and GSK3β, decreases intracellular 
accumulation and nuclear translocation of β-catenin, and 
suppresses cyclin D1 expression. In addition, our results 
have shown that chronic treatment with lithium chloride and 
SB-415286, two selective chemical inhibitors of GSK3β, 
could attenuate the inhibitory effects of adiponectin on 
the expression levels of cyclin D1 and β-catenin, as well 
as the proliferation of MDA-MB-231 cells. Although our 
results showed the inhibitory effects of adiponectin on 
serum-induced phosphorylation of Akt at Ser473, we do 
not have direct evidence supporting the involvement of this 
kinase in adiponectin-mediated inhibition of the GSK3β/β-
catenin pathway in MDA-MB-231 cells. Further studies 
are needed to determine the role of Akt in regulating the 
GSK3β/β-catenin pathway in our cell line and what sig-
nalling molecules at the receptor and post-receptor levels 
mediate adiponectin’s effects. Nevertheless, our studies 
suggest that the cross-talks between adipokines and Wnt 
signaling pathways might represent a critical mechanism 
underlying the development of obesity-related cancers.

Given the close proximity between mammary gland cells 
and adipocytes, decreased adiponectin production might be 
causally linked to increased β-catenin accumulation and cy-
clin D1 over-expression observed in breast cancer patients. 
In addition to its direct suppressive effect on breast cancer 
cell proliferation, as an insulin-sensitizing hormone, adipo-
nectin could ameliorate this disease indirectly by alleviat-
ing hyperglycemia and insulin resistance, two established 
risk factors for breast cancers. Furthermore, adiponectin 
possesses anti-inflammatory activity and can inhibit the 

adipocyte production of a number of inflammatory factors 
involved in promoting mammary tumorigenesis, such as 
IL6, TNFα and MCP-1. In addition, the anti-angiogenic 
activities of adiponectin could also contribute to its anti-
tumour activities (Figure 1). Taken together, these evidence 
suggests that adiponectin and its agonists might represent a 
novel class of anticancer agents for the treatment of obesity-
related malignant tumours. Further studies are warranted 
to investigate the prospective association between adipo-
nectin levels and the risk of several obesity-related cancers 
in humans, and to elucidate the detailed molecular events 
underlying the anti-tumour activities of adiponectin. 
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