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Abstract

Adiponectin, a major adipose cytokine, plays a crucial role in the inhibition of metabolic syndrome by acting on such cell types as
muscle cells and hepatocytes. Furthermore, evidence suggests that adiponectin may influence cancer pathogenesis. Adiponectin occurs
in non-proteolytic (full-length adiponectin: f-adiponectin) and proteolytic (globular adiponectin: g-adiponectin) forms in various olig-
omeric states. Different forms of adiponectin show distinct biological effects through differential activation of downstream signaling
pathways. Here we identify c-JunNH2-terminal kinase (JNK), and signal transducer and activator of transcription 3 (STAT3) as com-
mondownstream effectors of f- and g-adiponectin. f- and g-adiponectin both stimulate JNKactivation in prostate cancerDU145, PC-3,
and LNCaP-FGC cells, hepatocellular carcinoma HepG2 cells, and C2C12 myoblasts. Furthermore, both f- and g-adiponectin dras-
tically suppress constitutive STAT3 activation in DU145 and HepG2 cells. These suggest that JNK and STAT3 may constitute a uni-
versal signaling pathway to mediate adiponectin�s pathophysiological effects on metabolic syndrome and cancer.
� 2005 Elsevier Inc. All rights reserved.
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Adiponectin is a cytokine encoded by a gene that is
expressed most abundantly and highly specifically in
adipose tissue [1–3]. Plasma levels of adiponectin corre-
late negatively with body mass index [4] and visceral fat
accumulation [5]. Furthermore, low levels of plasma
adiponectin are associated with such obesity-related dis-
orders as diabetes mellitus [6], coronary artery (athero-
sclerotic) disease [7], and hypertension [8]. Mouse
model studies have demonstrated crucial roles of adipo-
nectin in pathogenic alterations of these disorders [9–
12]. In addition, several lines of evidence indicate that
adiponectin may influence cancer pathogenesis. Circu-
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lating adiponectin levels are inversely associated with
an increased risk of breast [13,14] and endometrial
[15,16] cancer, and breast tumors arising in women with
low adiponectin levels are more likely to show a biolog-
ically aggressive phenotype [14]. Furthermore, adipo-
nectin has been shown to inhibit cell proliferation and
induce apoptosis in leukemia cells [17] and to suppress
tumor growth in mice, most likely due to inhibition of
neovascularization through suppression of endothelial
cell proliferation, migration, and survival [18].

Adiponectin is found in both non-proteolytic (full-
length adiponectin: f-adiponectin) and proteolytic
forms. f-Adiponectin, a 30-kDa polypeptide, is com-
prised of an amino-terminal signal sequence, a variable
domain, a collagen-like domain, and a carboxyl-termi-
nal globular domain [1–3,19], and circulates at high lev-
els in the bloodstream [4]. f-Adiponectin forms
oligomers through disulfide bond formation mediated
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by Cys in the amino terminus and exists as three major
oligomeric forms: a trimer, a hexamer, and a high
molecular weight (HMW) form [20,21]. A proteolytic
product of f-adiponectin containing the globular do-
main (globular adiponectin: g-adiponectin) exists as a
trimer [22]. Differential biological functions have been
reported among the oligomeric forms of f-adiponectin
and g-adiponectin.

Adiponectin receptors, AdipoR1 and 2, have been
identified in various tissues and cell types [23], although
their expression in prostate has not previously been re-
ported. AdipoR1 is abundantly expressed in skeletal
muscle, while AdipoR2 is predominant in liver [23].
These receptors mediate cellular functions of both f-
and g-adiponectin via activation of intracellular signal-
ing pathways [23]. Several signaling molecules, such as
5 0-AMP-activated protein kinase (AMPK), nuclear fac-
tor (NF)-jB, peroxisome proliferator-activated receptor
(PPAR)-a, and p38 mitogen-activated protein (MAP) ki-
nase, are known to mediate adiponectin-induced meta-
bolic alterations. Some of the signaling pathways are
differentially regulated by distinct forms of adiponectin.
f-Adiponectin, but not g-adiponectin, down-regulates
genes involved in gluconeogenesis through AMPK in li-
ver [24]. In contrast, both f- and g-adiponectin stimulate
fatty acid oxidation, glucose uptake, and lactate produc-
tion via AMPK activation in C2C12 myocytes [24].
Interestingly, the trimeric form of f-adiponectin, but
not the hexameric or HMW form, activates AMPK in
C2C12 cells [25]. Activation of NF-jB by adiponectin
in C2C12 cells is also oligomerization state-dependent:
hexameric and HMW forms of f-adiponectin, but not tri-
meric f- or g-adiponectin, stimulate NF-jB activation in
C2C12 cells [22,25]. Adiponectin regulates endothelial
cell function as well. Contradictory to the observation
that f-adiponectin inhibits angiogenesis through endo-
thelial cell apoptosis in capillary endothelial cells in vitro
and in a mouse tumor model in vivo [18], f-adiponectin
stimulates angiogenesis via cross-talk between AMPK
Fig. 1. Expression profiles of adiponectin receptor 1 and 2 in prostate c
transcriptase-PCR analysis profiled the mRNA expression of adiponectin rece
and hepatocellular carcinoma HepG2 cells. Adiponectin receptor has two isof
for 24 h, total RNA was prepared and subjected to quantitative reverse trans
29 cycles for adiponectin receptor 1 (AdipoR1) and adiponectin receptor 2 (
and Akt in umbilical vein endothelial cells (HUVECs)
in vitro [26]. Furthermore, the HMW form of f-adipo-
nectin selectively suppresses apoptosis with concomitant
stimulation of AMPK in HUVECs [27]. These contradic-
tions may be due to differences in endothelial cell types
used here and in microenvironments between in vivo
and in vitro [18]. f-Adiponectin also stimulates NO pro-
duction mediated by Akt through AMPK in bovine aor-
tic endothelial cells [28]. In addition, f-adiponectin
inhibits tumor necrosis factor-a-induced NF-jB activa-
tion through protein kinase A in human aortic endothe-
lial cells [29]. Although adiponectin has been
demonstrated to modulate such signaling path-
ways, the effect of adiponectin on either c-Jun NH2-ter-
minal kinase (JNK) or signal transducer and activator
of transcription (STAT) pathways has not been reported.

JNK constitutes one of the mammalian mitogen-acti-
vated protein (MAP) kinase families and is activated in
response to various stimuli, including cytokines [30–33],
and mediates the phosphorylation and activation of
such transcription factors as c-Jun [34]. JNK is involved
in the regulation of cell proliferation and apoptosis dur-
ing various physiological and pathological events,
including tumor development [35]. In addition, JNK
plays a crucial role in obesity and insulin resistance
[36,37].

The transcription factor STAT3 regulates diverse cel-
lular functions, such as cell proliferation, survival, apop-
tosis, and differentiation [38]. In response to cytokines
and growth factors, such as IL-6 family cytokines and
leptin, STAT3 is activated through phosphorylation at
Tyr-705 mediated by Janus kinase. The Tyr-phosphory-
lation allows STAT3 to dimerize, translocate to the nu-
cleus, and activate transcription from target gene
promoters containing a sis-inducible element (SIE)
[39]. Constitutive STAT3 activation is crucial in malig-
nant transformation and cancer progression [40]. Fur-
thermore, STAT3 is involved in obesity and diabetes
[41].
ancer and hepatocellular carcinoma cells. Semi-quantitative reverse
ptor isoforms in prostate cancer DU145, PC-3, and LNCaP-FGC cells
orms (adiponectin receptor 1 and 2). After cells were deprived of serum
criptase-PCR analysis. Amplifications were performed with 23, 26, and
AdipoR2) or 18, 21, and 24 cycles for GAPDH.
,
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In this study, we determine the effects of f- and
g-adiponectin on the activation of JNK and STAT3
in prostate cancer DU145, PC-3, and LNCaP-FGC
cells, hepatocellular carcinoma HepG2 cells, and
C2C12 myoblasts. We show that both f- and g-adipo-
nectin stimulate JNK activation in these cell lines and
ig. 2. (A) f-Adiponectin activates JNK in prostate cancer cells, hepatocellular carcinoma cells, and myoblasts. Prostate cancer DU145, PC-3, and
NCaP-FGC cells, hepatocellular carcinoma HepG2 cells, and C2C12 myoblasts were deprived of serum for 24 h and incubated in serum-free
edium (lanes 1, 9, 17, 25, and 33) or the serum-free medium containing 1.0 lg/ml f-adiponectin (lanes 2–7, 10–15, 18–23, 26–31, and 34–39) or
0 lg/ml anisomycin (Anis) (lanes 8, 16, 24, 32, and 40) for indicated periods. Anisomycin served as a positive control to stimulate JNK activation.
ell lysates (250–500 lg protein) were subjected to the in vitro JNK assay with N-terminal c-Jun fusion protein as a substrate. Phosphorylation of the
ubstrate protein on Ser-63 was detected by Western blot analysis using the specific antibody (phospho-N-terminal c-Jun fusion protein (Ser-63)). To
ormalize JNK activity to total JNK protein levels, cell lysates (100 lg protein) were applied to Western blot analysis using the anti-JNK antibody
hat detects both active and inactive forms of JNK (p54 JNK and p46 JNK). (B) g-Adiponectin activates JNK in prostate cancer cells, hepatocellular
arcinoma cells, and myoblasts. Prostate cancer DU145, PC-3, and LNCaP-FGC cells, hepatocellular carcinoma HepG2 cells, and C2C12 myoblasts
ere deprived of serum for 24 h and incubated in serum-free medium (lanes 1, 9, 17, 25, and 33) or the serum-free medium containing 1.0 lg/ml g-
diponectin (lanes 2–7, 10–15, 18–23, 26-31, and 34–39) or 10 lg/ml anisomycin (Anis) (lanes 8, 16, 24, 32, and 40) for indicated periods. Anisomycin
erved as a positive control to stimulate JNK activation. Cell lysates (250–500 lg protein) were subjected to the in vitro JNK assay with N-terminal c-
un fusion protein as a substrate. Phosphorylation of the substrate protein on Ser-63 was detected by Western blot analysis using the specific
ntibody (phospho-N-terminal c-Jun fusion protein (Ser-63)). To normalize JNK activity to total JNK protein levels, cell lysates (100 lg protein)
ere applied to Western blot analysis using the anti-JNK antibody that detects both active and inactive forms of JNK (p54 JNK and p46 JNK).
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inhibit STAT3 activation significantly in DU145 and
HepG2 cells, in which STAT3 is constitutively acti-
vated. This suggests that JNK and STAT3 may be in-
volved in the adiponectin regulation of metabolic
disorders and that adiponectin may affect the patho-
genesis of prostate cancer and hepatocellular carci-
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noma by acting on tumor cells directly through mod-
ulation of these molecules.
Materials and methods

Cytokines and antibodies. Recombinant human g-adiponectin was
purchased from PeproTech (Rocky Hill, NJ). Recombinant human
f-adiponectin was from R&D Systems (Minneapolis, MN). Velocity
sedimentation with sucrose gradients revealed that the batch of human
recombinant f-adiponectin used for this study was composed of the
HMW and lower molecular weight forms with the majority of the
HMW form (data not shown). The stress-activated protein kinase/
JNK assay kit, anti-JNK, anti-c-Jun, anti-phospho-c-Jun (Ser-63), and
anti-phospho-c-Jun (Ser-73) polyclonal antibodies were obtained from
Cell Signaling Technology (Beverly, MA). The anti-STAT3 antibody
for the supershift assay was purchased from Santa Cruz Biotechnology
(Santa Cruz, CA).

Cell lines and culture conditions. Human prostate cancer DU145,
PC-3, and LNCaP-FGC cells, human hepatocellular carcinoma
HepG2 cells, and murine immortalized C2C12 myoblasts were pur-
chased from the American Type Culture Collection (Manassas, Vir-
ginia, USA). DU145, HepG2, and C2C12 cells were cultured in
Dulbecco�s modified Eagle�s medium supplemented with 10% fetal
bovine serum (FBS) plus penicillin (100 U/ml) and streptomycin
(100 lg/ml). PC-3 and LNCaP-FGC cells were grown in RPMI 1640
supplemented with 10% FBS and antibiotics.

Semi-quantitative reverse transcriptase-PCR analysis. Total RNA
was isolated using the TRIZOL standard technique from DU145, PC-
3, LNCaP-FGC, and HepG2 cells deprived of serum for 24 h. cDNA
was then generated from total RNA, and the reaction mixtures for
PCR were prepared as described before [42]. PCR primers to detect
AdipoR1 and AdipoR2 are as follows: AdipoR1 (forward: 5 0-AG
GACAACGACTATCTGCTAC-3 0 and reverse: 5 0-CATCCCAAAA
ACCACCTTCTC-3 0) and AdipoR2 (forward: 5 0-AGAGAAAGTGG
TGGGGAAAG and reverse: 5 0-GGGCGAGGGAGGAAAATAAC-
3 0). PCR was carried out with an initial denaturing at 94 �C for 1 min,
followed by 23–29 cycles consisting of denaturing at 94 �C for 1 min,
annealing at 55 �C for 1 min, and extending at 72 �C for 1 min. Glyc-
eraldehyde-3-phosphate dehydrogenase (GAPDH) was employed as an
internal standard to normalize sample variation as described previously
[42]. PCR products were analyzed by electrophoresis on 2% agarose
gels with ethidium bromide staining and compared after reaction cycles
that showed DNA amplification in a linear range.

Cell lysate preparation. Seventy-percent confluent cells were de-
prived of serum for 24 h, followed by treatment with 1 lg/ml f- or g-
adiponectin or 10 lg/ml anisomycin for indicated periods. After being
rinsed with cold phosphate-buffered saline, cells were harvested using a
Fig. 3. (A) f-Adiponectin stimulates phosphorylation of c-Jun, an endogenous
and myoblasts. Prostate cancer DU145, PC-3, and LNCaP-FGC cells, hepa
starved for 24 h and treated with either 1.0 lg/ml f-adiponectin (lanes 2–7
anisomycin (Anis) (lanes 8, 16, 24, 32, and 40) for 15 min. Untreated (lanes 1
positive controls. Cell lysates (100 lg protein) were subjected to Western blo
with phospho-c-Jun (Ser-63) and (Ser-73) antibodies (phospho-c-Jun (Ser-6
levels to total amounts of c-Jun protein, membranes probed with these anti
recognizes both phosphorylated and non-phosphorylated forms of c-Jun
endogenous JNK substrate, in prostate cancer cells, hepatocellular carcinoma
cells, hepatocellular carcinoma HepG2 cells, and C2C12 myoblasts were serum
2–7, 10–15, 18–23, 26–31, and 34–39) for indicated periods or 10 lg/ml anisom
9, 17, 25, and 33) and anisomycin-treated cells served as negative and positiv
analysis. c-Jun phosphorylation at Ser-63 and Ser-73 was determined with ph
and phospho-c-Jun (Ser-73)). To normalize c-Jun phosphorylation levels to to
were stripped and re-probed with the anti-c-Jun antibody that recognizes bo
scraper and collected by centrifugation at 700g for 10 min at 4 �C. The
cell pellets were then homogenized in cell lysis buffer (20 mM Hepes,
pH 7.9, 300 mM NaCl, 1 mM Na3VO4, 1 lg/ml leupeptin, 5 lg/ml
aprotinin, 1 lg/ml pepstatin, and 1 mM phenylmethylsulfonyl fluo-
ride) and rocked gently for 30 min at 4 �C. The homogenates were
centrifuged at 15,000g for 5 min at 4 �C, and the supernatants were
saved as cell lysates and stored at �80 �C until use.

In vitro JNK assay. Using the stress-activated protein kinase/JNK
assay kit, JNK activity was assessed with a fusion protein of the c-Jun
NH2 terminus (amino acids 1–89) and glutathione S-transferase as a
substrate according to the manufacturer�s instructions with some
modifications as reported before [42]. Briefly, JNK was precipitated in
cell lysates (250–500 lg protein) with 2 lg glutathione–Sepharose
beads immobilized by the fusion protein. The precipitates were rinsed
with the cell lysis buffer three times, followed by incubation in 50 ll of
the kinase buffer containing 100 lM ATP at 30 �C for 30 min. The
reaction was terminated by adding the SDS sample buffer. The sub-
strate fusion protein was separated by SDS–polyacrylamide gel elec-
trophoresis, and its phosphorylation by JNK was determined by
Western blot analysis using anti-phospho-c-Jun (Ser-63) polyclonal
antibody. To normalize sample variation, JNK protein levels were also
determined by Western blot analysis using anti-JNK antibody.

Measurement of c-Jun phosphorylation by Western blot analysis.

Cell lysates (100 lg of protein) were electrophoresed on 10% SDS–
polyacrylamide gels and transferred to polyvinylidene difluoride
membranes. After being washed and blocked, the membranes were
hybridized with anti-phospho-c-Jun (Ser-63 or Ser-73) polyclonal
antibody that specifically detects phosphorylated c-Jun molecules. The
membranes were then stripped and re-hybridized with anti-c-Jun
antibody that recognizes both phosphorylated and unphosphorylated
c-Jun molecules to normalize sample variation.

Electromobility shift assay. Electromobility shift assay (EMSA)
was performed as described previously [43]. Cell lysates containing
10 lg protein were subjected to the assay with 32P-end-labeled,
double-stranded oligonucleotide M67-SIE (forward: 5 0-AATTC
CATTTCC CGTAAATCCCTG-30 and reverse: 5 0-AATTCAGG
GATTTACGG GAAATGG-3 0) as a probe. The supershift assay
was carried out to confirm the STAT3–DNA complex using anti-
STAT3 antibody.
Results

Expression of AdipoR1 and AdipoR2 by prostate cancer

and hepatocellular carcinoma cells

The adiponectin receptors AdipoR1 and AdipoR2
have been identified in various tissues and cell types,
JNK substrate, in prostate cancer cells, hepatocellular carcinoma cells,
tocellular carcinoma HepG2 cells, and C2C12 myoblasts were serum-
, 10–15, 18–23, 26–31, and 34–39) for indicated periods or 10 lg/ml
, 9, 17, 25, and 33) and anisomycin-treated cells served as negative and
t analysis. c-Jun phosphorylation at Ser-63 and Ser-73 was determined
3) and phospho-c-Jun (Ser-73)). To normalize c-Jun phosphorylation
bodies were stripped and re-probed with the anti-c-Jun antibody that
(c-Jun). (B) g-Adiponectin stimulates phosphorylation of c-Jun, an
cells, and myoblasts. Prostate cancer DU145, PC-3, and LNCaP-FGC
-starved for 24 h and treated with either 1.0 lg/ml g-adiponectin (lanes
ycin (Anis) (lanes 8, 16, 24, 32, and 40) for 15 min. Untreated (lanes 1,
e controls. Cell lysates (100 lg protein) were subjected to Western blot
ospho-c-Jun (Ser-63) and (Ser-73) antibodies (phospho-c-Jun (Ser-63)
tal amounts of c-Jun protein, membranes probed with these antibodies
th phosphorylated and non-phosphorylated forms of c-Jun (c-Jun).

c
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including myocytes and hepatocytes [23]. However, their
expression by cancer cells has not been reported.

Using quantitative RT-PCR, we profiled expression
of AdipoR1 and AdipoR2 in prostate cancer DU145,
PC-3, and LNCaP-FGC cells, and hepatocellular carci-
noma HepG2 cells (Fig. 1). All four cell lines expressed
mRNA of both receptors. AdipoR1 and AdipoR2 were
both expressed at similar levels in the three prostate can-
cer cell lines. HepG2 cells expressed more AdipoR2 and
less AdipoR1 than prostate cancer cells. This is
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consistent with a previous report that AdipoR2 is the
predominant form expressed in liver [23].

Stimulation of JNK activation by f- and g-adiponectin

We examined JNK activity in prostate cancer
DU145, PC-3, and LNCaP-FGC cells, hepatocellular
carcinoma HepG2 cells, and C2C12 myoblasts treated
with f- or g-adiponectin for periods up to 60 min.
JNK was constitutively activated at low levels in all
the five cell lines, and f-adiponectin further stimulated
JNK activation, peaking at 10 min after the addition
of f-adiponectin (Fig. 2A). Likewise, g-adiponectin stim-
ulated JNK activation in all the cell lines (Fig. 2B).
However, g-adiponectin maximized JNK activation at
different time points varying between 5 and 15 min after
cytokine addition among the cell lines.

Stimulation of c-Jun phosphorylation by f- and

g-adiponectin

c-Jun is a physiological substrate for JNK [44]. JNK
phosphorylates c-Jun at Ser-63 and Ser-73, and phos-
phorylation of these residues is required for c-Jun acti-
vation [44].

We examined c-Jun phosphorylation during f- or g-
adiponectin treatment in DU145, PC-3, LNCaP-FGC,
HepG2, and C2C12 cells. c-Jun was constitutively phos-
phorylated at Ser-63 and Ser-73 in all the five cell lines.
f- and g-adiponectin both augmented c-Jun phosphoryla-
tion at Ser-63 in the five cell lines (Figs. 3A and B) in cor-
relation with JNK activation (Figs. 2A and B). Both
forms of adiponectin also stimulated Ser-73 phosphoryla-
tion in all the cell lines although the stimulation was quite
modest in LNCaP-FGC cells (Figs. 3A and B). It should
be noted that adiponectin induced Ser-63 phosphoryla-
tion to a higher extent than Ser-73 phosphorylation and
that adiponectin stimulated Ser-73 phosphorylation
longer than Ser-63 phosphorylation. This indicates that
Ser-63 is more susceptible to both phoshporylation and
dephosphorylation than Ser-73 during adiponectin treat-
ment. Therefore, Ser-63 phoshporylation may play a ma-
jor role in the immediate control of c-Jun activation by
adiponectin, and Ser-73 phosphorylation may be impor-
tant in the sustained activation of c-Jun.

Inhibition of constitutive STAT3 activation by f- and

g-adiponectin

We examined the effect of f- and g-adiponectin on
STAT3 activation using an EMSA. Constitutive STAT3
activation was detected in DU145 and HepG2 cells
(Fig. 4A). Both f- and g-adiponectin inhibited constitu-
tive STAT3 activation drastically in these cell lines (Figs.
4B and C). STAT3 activation returned to the original le-
vel in DU145 cells and began to rise in HepG2 cells
within 60 min after adding f- or g-adiponectin. Neither
f- nor g-adiponectin influenced STAT3 activation in
any of the other cell lines (data not shown).
Discussion

Adiponectin is a major adipose cytokine that amelio-
rates metabolic disorders, such as obesity and diabetes
mellitus [9,10]. Adiponectin may also influence cancer
pathogenesis [17,18]. Obesity is associated with certain
types of cancer, including prostate cancer [45–47] and
hepatocellular carcinoma [48]. In this study, we em-
ployed prostate cancer cells, hepatocellular carcinoma
cells, and immortalized myoblasts, and showed for the
first time that adiponectin modulates the activation of
JNK and STAT3 pathways. This suggests that JNK
and STAT3 may be involved in adiponectin-mediated,
metabolic alteration, and that adiponectin may influence
the pathophysiology of these obesity-associated cancers
by acting on tumor cells directly mediated by these sig-
naling pathways.

Both f-adiponectin (consisting mainly of the HMW
form) and g-adiponectin stimulated JNK activation
(Fig. 2) and c-Jun phosphorylation (Fig. 3) in all the cell
lines examined, and inhibited STAT3 activation where it
was constitutively activated in DU145 and HepG2 cells
(Fig. 4). As mentioned above, extensive evidence indi-
cates that distinct forms of adiponectin differentially
activate such signaling molecules as AMPK and NF-jB
to mediate diverse biological functions among different
cell types. Therefore, JNK and STAT 3 may be involved
in pivotal pathways for any forms of adiponectin in
universal biological functions, while such signaling
pathways as AMPK and NF-jB may determine specific
roles of the distinct forms of adiponectin in certain
functions.

Adiponectin exerts antidiabetic effects by enhancing
insulin action through such signaling pathways as the
AMPK pathway in muscle and liver as stated above
[10,23,24]. We demonstrated that adiponectin activated
JNK remarkably in C2C12 myoblasts and hepatocellu-
lar carcinoma HepG2 cells (Fig. 2), suggesting the pos-
sible involvement of JNK in adiponectin-mediated,
antidiabetic effects. It is interesting to note that JNK
activity is abnormally elevated in muscle, liver, and adi-
pose tissue in obesity and insulin resistance [36]. Highly
activated JNK in obesity may mediate a negative feed-
back loop to maintain normal metabolic homeostasis
by adiponectin: activated JNK may sensitize muscle cells
and hepatocytes to adiponectin, enhancing its antidia-
betic effects. Furthermore, JNK activation accompanied
STAT3 inhibition in HepG2 cells during adiponectin
treatment (Fig. 4). Thus, STAT3 inhibition concomitant
with JNK activation may be important in antidiabetic
action of adiponectin in hepatocytes.



Fig. 4. (A) STAT3 is constitutively activated in DU145 and HepG2 cells. Prostate cancer DU145 cells and hepatocellular carcinoma HepG2 cells
were serum-starved for 24 h, and cell lysates were prepared. Cell lysates (10 lg protein) were subjected to the electromobility shift assay using 32P-
end-labeled M67-SIE as a probe. The STAT3–DNA complex (STAT3) was observed and supershifted (SS) by the anti-STAT3 antibody. (B) f-
Adiponectin inhibits STAT3 DNA binding activity in prostate cancer DU145 cells and hepatocellular carcinoma HepG2 cells. Prostate cancer
DU145 cells and hepatocellular carcinoma HepG2 cells were deprived of serum for 24 h and incubated in serum-free medium (lanes 1 and 8) or
serum-free medium containing 1.0 lg/ml f-adiponectin (lanes 2–7 and 9–14) for various periods up to 60 min. Cell lysates (10 lg protein) were
subjected to the electromobility shift assay using 32P-end-labeled M67-SIE as a probe. STAT3, STAT3–DNA complex. (C) g-Adiponectin inhibits
STAT3 DNA binding activity in prostate cancer DU145 cells and hepatocellular carcinoma HepG2 cells. Prostate cancer DU145 cells and
hepatocellular carcinoma HepG2 cells were deprived of serum for 24 h and incubated in serum-free medium (lanes 1 and 8) or serum-free medium
containing 1.0 lg/ml g-adiponectin (lanes 2–7 and 9–14) for various periods up to 60 min. Cell lysates (10 lg protein) were subjected to the
electromobility shift assay using 32P-end-labeled M67-SIE as a probe. STAT3, STAT3–DNA complex.
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JNK plays a crucial role in various cancers as well
[35]. We demonstrated that adiponectin stimulated
JNK activation (Fig. 2) and c-Jun phosphorylation
(Fig. 3) in all the four cancer cell lines examined, includ-
ing prostate cancer DU145, PC-3, and LNCaP-FGC
cells and hepatocellular carcinoma HepG2 cells (Figs. 2
and 3). Furthermore, adiponectin inhibited STAT3 acti-
vation in DU145 and HepG2 cells (Figs. 4B and C), in
which STAT3 was constitutively activated (Fig. 4A).
Therefore, adiponectin acts on these cancer cells directly
and may regulate their function through modulation of
JNK and STAT3. It should be noted that constitutive
STAT3 activation induces malignant transformation
and stimulates cancer progression including cell growth
promotion [40]. Thus, inhibition of constitutive STAT3
activation is considered to be a therapeutic intervention
for cancer [40]. Therefore, adiponectin may also be ther-
apeutic through STAT3 inactivation. Further investiga-
tion is ongoing in our laboratory to address potential
roles of adiponectin in cancer pathogenesis.

In conclusion, JNK and STAT3 may play a role in
adiponectin suppression of metabolic syndrome, and
adiponectin may influence the pathogenesis of prostate
cancer and hepatocellular carcinoma by acting on tu-
mor cells directly via these signaling molecules. Since
obesity is associated with some types of cancer, includ-
ing prostate cancer [45–47] and hepatocellular carci-
noma [48], adiponectin, as well as JNK and STAT3,
may be molecular mediators between obesity and its
associated cancers and could be their common thera-
peutic targets.
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