
Cell Adhesion & Migration 4:3, 358-362; July/August/September 2010; © 2010 Landes Bioscience

 CoMMentAry & View

358 Cell Adhesion & Migration Volume 4 issue 3

Key words: adiponectin, LKB1, invasion, 
migration, cancer, AMPK, S6K

Submitted: 12/08/09

Accepted: 02/17/10

Previously published online: 
www.landesbioscience.com/journals/ 
celladhesion/article/11541

DOI: 10.4161/cam.4.3.11541

Correspondence to: Neeraj K. Saxena  
and Dipali Sharma; 
Email: nksaxen@emory.edu  
and dsharma@emory.edu

Adiponectin is an adipocytokine 
involved in the pathogenesis of vari-

ous obesity-related disorders. Also, it has 
been shown that adiponectin has thera-
peutic potential for metabolic syndrome, 
systemic insulin resistance, cardiovas-
cular disease and more recently carci-
nogenesis. Adiponectin can modulate 
breast cancer cell growth and prolifera-
tion. Anti-metastatic effects of adipo-
nectin have also been elucidated. It has 
been shown that adiponectin inhibits 
important metastatic properties such 
as adhesion, invasion and migration 
of breast cancer cells. Examination of 
the underlying molecular mechanisms 
has shown that adiponectin treatment 
increases AMP-activated protein kinase 
(AMPK) phosphorylation and activity. 
Adiponectin also increases phosphory-
lation of downstream target of AMPK, 
Acetyl-CoA Carboxylase (ACC) and 
decreases phosphorylation of p70S6 
kinase (S6K). Importantly, adiponec-
tin treatment increases the expression 
of tumor suppressor gene, LKB1 in 
breast cancer cells. LKB1 is required 
for adiponectin-mediated modulation of 
AMPK-S6K axis and more importantly, 
its biological functions including inhibi-
tion of adhesion, migration and invasion 
of breast cancer cells. Although further 
studies are required to analyze the effect 
of adiponectin on LKB1-AMPK-S6K 
axis, these data present a novel mecha-
nism involving specific upregulation of 
tumor suppressor gene LKB1 by which 
adiponectin inhibits adhesion, invasion 
and migration of breast cancer cells. 
These results highlight a new role for 

LKB1 in adiponectin action and may 
have significant implication for develop-
ment of novel therapeutic options.

Cancer research has largely focused on 
the molecular basis of oncogenic trans-
formation and tumorigenesis for many 
years. Recent progress in cancer research 
has put the metastatic process at the  
center stage because higher metastatic 
potential of tumor cells is the major 
cause of mortality from solid tumors. 
Metastasis is a complex process that 
involves modulation of various molecular 
signaling networks. Tumor cells alter the 
microenvironment, attain greater cel-
lular adhesion along with better ability 
to invade and migrate to gain access to 
circulation. These wandering tumor cells 
defy anoikis, survive in the circulation, 
exit into new permissive organ site and 
colonize distant organs.1 The microenvi-
ronment in which the tumor originates 
plays an important role in tumor initia-
tion, progression and metastasis.

Adipocytes Modulate Breast  
Tumor Growth and Metastasis

With epithelial and other cells account-
ing for only approximately 10% of human 
breast volume, adipocytes make up the 
bulk of the human breast. In many human 
breast cancers, there is reduced connec-
tive tissue separating the adipocytes from 
tumor cells. Also, carcinomas invade 
through the basement membrane and 
infiltrate fibrous tissue barriers, resulting 
in close positioning that allows more para-
crine interactions between the adipocytes 
and breast epithelial cells which might 
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suppresses proliferation and activation of 
immune cells,19 downregulates vascular 
adhesion molecules in endothelial cells 
and inhibits smooth muscle migration.20 
Adiponectin controls the bioavailability of 
certain growth factors by directly binding 
them hence preventing their interactions 
with respective receptors.21 More recent 
epidemiological, biochemical and molecu-
lar biological studies have established an 
important role for adiponectin in cancer.22 
Adiponectin mediates its cellular func-
tions in a tissue-dependent manner via its 
membrane bound receptors; AdipoR1 and 
AdipoR2. Recently, T-cadherin has been 
identified as an adiponectin receptor.23-25 
Low levels of plasma adiponectin associ-
ated with obesity have been linked with 
many common forms of cancer in various 
epidemiological studies.22,26 Low serum 
adiponectin levels has been linked with 
higher risk of breast cancer in both post-
menopausal and premenopausal women, 
independent of age, menopause status, 
hormone receptor status, lymph node 
metastasis, status of ER and Her2/neu.27,28 
Breast tumors arising in women with low-
serum adiponectin levels may have a more 
aggressive phenotype (large size of tumor, 
high histological grade and increased 
metastasis).27-29 Adiponectin exerts an 
anti-proliferative response in human breast 
cancer cells.30-35 Expression of adiponectin 
in breast tumor samples and adjacent tis-
sues suggests that adiponectin secretion 
from mammary adipocytes might affect 
the malignant properties of breast cancer 
cells in the breast tumor microenviron-
ment via paracrine interactions.36

Molecular Mechanisms  
Underlying Adiponectin Function

Recent studies have shown the nega-
tive effect of adiponectin on the malig-
nant properties of breast cancer cells. 
Taliaferro-Smith et al. show that adi-
ponectin treatment inhibits malignant 
properties such as adhesion, invasion and 
migration of breast cancer cells.37 How 
does adiponectin produce this profound 
change in metastatic properties of breast 
cancer cells? Investigating the underlying 
molecular mechanisms, they show that 
adiponectin stimulates AMPK phosphor-
ylation and activity while reducing mTOR 

as merely cargo spaces for fat storage, to 
be released during times of hardship, such 
as fasting or starvation. More recently, 
adipose tissue has been recognized as an 
important endocrine organ as adipocytes 
can produce various hormones, cytokines 
and growth factors, collectively called adi-
pocytokines.7 Many adipocytokines such 
as leptin, interleukin 6 (IL6) and tumor 
necrosis factor alpha (TNFa) have been 
shown to increase breast cancer cell pro-
liferation and tumorigenesis.2,8-11 Based on 
these studies, it is widely believed that adi-
pocytokines can play key roles in mediat-
ing the stromal-breast epithelial crosstalk 
and in influencing the growth and prolif-
eration of tumor stroma and breast tumor 
cells.

Adiponectin Functions  
as a Protective Adipocytokine

Adiponectin12-15 is an important adipocy-
tokine that has been known as a “guardian 
angel adipocytokine” owing to its protec-
tive role against the pathogenesis of vari-
ous obesity-related disorders (Fig. 1) and 
the metabolic syndrome, particularly type 
2 diabetes and cardiovascular disease.16-18 
Therapeutic potential of adiponectin 
has been shown in various studies where 
replenishment of adiponectin in animal 
models reduces body weight, improves 
glucose/lipid homeostasis, increases insu-
lin sensitivity, prevents atherosclerosis 
and fatty liver diseases.17 Adiponectin 

directly affect breast tumorigenesis.2 In 
fact, paracrine effects of adipocytes on 
tumor cells have been demonstrated in 
various in vitro and in vivo pharmaco-
logical studies. Co-culture of mature rat 
adipocytes with breast carcinoma cells in 
three dimensional collagen matrix pro-
motes proliferation of breast carcinoma 
cells.3 Treatment of MCF7 cells with con-
ditioned media from murine adipocytes 
reveals upregulation of genes involved in 
invasion, proliferation and metastasis and 
downregulation of p18, a cell cycle check-
point inhibitor and BARD1, a tumor 
suppressor protein in microarray analy-
sis.4 Importantly, development of mam-
mary tumors and metastasis is observed 
in mice injected s.c or i.p with the murine  
mammary carcinoma cell line.

SP1 and adipose tissue, while no tumor 
growth or metastasis is observed when 
SP1 cells are injected distant from any 
fat pad.5 In a direct comparison, 3T3-L1 
murine adipocyte-secreted factors signifi-
cantly stimulate MCF7 cell migration and 
proliferation when compared to fibroblast-
secreted factors.6 The close relationship 
between adipocytes and breast cancer has 
also been shown by the finding that co-
injection of SUM-159PT human breast 
adenocarcinoma cells and murine adipo-
cytes results in the formation of three-
times larger tumors in comparison to the 
smaller tumors resulting with co-injection 
of SUM-159PT cells with murine fibro-
blasts.4 Adipocytes have been considered 

Figure 1. Adiponectin modulates the pathogenesis of various obesity-related disorders.
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correlates with high-grade DCIS and 
high-grade invasive ductal carcinoma.40 
It is important to note that inhibition of 
LKB1 expression is only observed in the 
DCIS associated with invasion and not 
pure DCIS cases demonstrating that loss 
of LKB1 can potentially promote invasion. 
In agreement with these results, low LKB1 
protein levels have been shown to correlate 
with poor prognosis in breast carcinoma.41 
It has also been shown that adiponectin 
mediated increase in LKB1 expression 
diminishes invasion potential of breast 
cancer cells.37 LKB1 participates in regu-
lating various cellular functions including 
controlling cell polarity, energy homeosta-
sis, protein synthesis and cell cycle arrest. 
Studies using mutant LKB1 lacking the 
nuclear localization signal have reported 
that cytoplasmic pool of LKB1 plays an 
important role in mediating its tumor 
suppressor properties. Co-expression of 
LKB1 with STRAD and MO25 strikingly 

adiponectin treatment significantly inhib-
its malignant properties of breast cancer 
cells via modulation of LKB1-AMPK-S6K 
axis.

Taliaferro-Smith et al. demonstrate 
for the first time that adiponectin can 
increase LKB1 expression in human 
breast cancer cells, which play a critical 
role in mediating the inhibitory effects of  
adiponectin on mammary tumorigen-
esis.37 LKB1 kinase, a key determinant 
in Peutz-Jeghers syndrome, is known 
as a tumor suppressor gene that has an 
inherited propensity to gastrointestinal 
and other cancers including lung, pan-
creatic and breast cancer.38,39 Inactivation 
of LKB1 gene has been shown in a subset 
of sporadic lung and pancreatic cancer. 
A recent clinical study reporting exten-
sive analysis of LKB1 expression in breast 
tumors using IHC show that while abro-
gation of LKB1 expression is not common 
in human breast carcinoma, it importantly 

activity. Adiponectin reduces phosphory-
lation of S6K, a known target of mTOR. 
A very important aspect of this study is 
that adiponectin treatment increases the 
expression of tumor suppressor LKB1 
(Fig. 2).37 More importantly, LKB1 is 
not only required for adiponectin-medi-
ated modulation of AMPK-S6K axis but 
also for adiponectin-mediated inhibi-
tion of adhesion, invasion and migration 
of breast cancer cells. This conclusion is 
supported by the findings that treatment 
of stable LKB1-null-MCF7 cells with  
adiponectin shows no adiponectin- 
mediated increase in AMPK phosphoryla-
tion or reduction in pS6K phosphoryla-
tion while LKB1-expressing MCF7 cells 
exhibit adiponectin-mediated increase in 
AMPK phosphorylation and decrease in 
pS6K phosphorylation. In addition, it is 
shown that adiponectin treatment does 
not affect migration and invasion poten-
tial of stable LKB1 nullMCF7. Hence, 

Figure 2. Model describing the underlying molecular mechanism involved in adiponectin mediated inhibition of migration and invasion of breast 
cancer cells. Adiponectin increases the expression of LKB1 resulting in increased phosphorylation of AMPK. AMPK activation results in modulation of 
tSC2/tSC1 leading to inhibition of S6K activation.
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be more interactions with other signal-
ing pathways as well as other adipokines. 
These findings are important enough to 
lend credence to the idea that adiponec-
tin or LKB1, its crucial downstream tar-
get, might represent exciting targets for 
the drug development. Thus, increasing 
adiponectin levels using adiponectin ana-
logues or augmentation of its effective-
ness by using TZDs Thiazolidinediones, 
can potentially become a future beneficial 
treatment for breast cancer patients for 
inhibiting invasion and migration prop-
erties of breast tumors and improving 
overall survival.
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