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Acrp30 inhibits leptin-induced metastasis by downregulating
the JAK/STAT3 pathway via AMPK activation in
aggressive SPEC-2 endometrial cancer cells
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Abstract. Obesity is a well-established risk factor for endome-
trial cancer, due in part to the adipokines generated by adipose
tissue, such as adiponectin (also known as Acrp30) and leptin,
which are associated with many endocrine-related cancers.
Recent reports suggested that Acrp30 inhibits leptin-stimu-
lated cell proliferation in HEC-1A and RL95-2 endometrial
cancer cell lines, and that the serum leptin/Acrp30 ratio plays
an important role in endometrial cancer development. We
explored whether Acrp30 could reverse the leptin-induced
metastasis phenotype in the SPEC-2 endometrial cancer cell
line. Transcripts for Acrp30 receptors (AdipoR1 and AdipoR2)
and leptin receptor (Ob-Rb) were detected by quantitative real-
time RT-PCR (gRT-PCR) in six endometrial cancer cell lines.
Leptin (1 ug/ml) treatment stimulated SPEC-2 cell prolifera-
tion by inducing cell cycle arrest and apoptosis, while Acrp30
(10 ug/ml) treatment inhibited the growth of SPEC-2 cells.
Importantly, Acrp30 was able to inhibit leptin-induced SPEC-2
cell proliferation. Leptin promoted SPEC-2 cell invasion in a
Matrigel transwell assay, while Acrp30 partly suppressed the
invasion stimulated by leptin. To investigate the molecular
mechanism underlying this phenomenon, we monitored the
AMPK and JAK/STATS3 signaling pathways by western blotting
and cell immunofluorescence. Acrp30 reduced leptin-induced
STAT3 phosphorylation and nuclear translocation via activation
of the MAPK pathway. AG490 (JAK/STAT3 inhibitor) reduced
MMP-2 and MMP-9 protein levels in cells treated with leptin,
while IL-6 (JAK/STAT?3 stimulator) and Compound C (AMPK
inhibitor) elevated MMP-2 and MMP-9 protein levels in cells
treated with Acrp30. In conclusion, we demonstrated that
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Acrp30 effectively reversed the invasion stimulated by leptin,
and AMPK and JAK/STAT3 pathways mediated the invasive
phenotype of SPEC-2 cells.

Introduction

Obesity is one of the well-established risk factors for endo-
metrial cancer (1). The factor which links obesity with
endometrial cancer appears to be excessive exposure to
various bioactive substances produced by adipose tissue (2).
Estrogens, insulin and insulin-like growth factors (IGFs) are
believed to be involved in endometrial tumorigenesis (3,4).
In addition to these factors, adipose tissue produces various
bioactive substances called adipokines, the most prominent
of which are leptin and adiponectin (Acrp30). The aberrant
production of leptin and Acrp30 are all related to the devel-
opment and progression of many obesity-related cancers
including endometrial cancer (5-7).

Acrp30 is a 30-kDa protein with several metabolic activities,
including anti-diabetic, anti-inflammatory and anti-atherogenic
functions, and was shown recently to have anti-tumor effects
in several types of cancer (8). It is the most abundant protein
synthesized by adipose tissue, with plasma concentrations
ranging from 2 to 30 ug/ml (9), but is paradoxically reduced
in obesity and thus generally found to be negatively correlated
with body fat mass (10). The effect of Acrp30 is mediated
through two known receptors, AdipoR1 and AdipoR2. Many
tumor cell lines including those derived from the endometrium
also express both receptors (11,12). In animal models, Acrp30
deprivation promotes tumor growth through mobilization of
circulating endothelial progenitor cells, making the tumor cells
more aggressive (13).

Leptin on the other hand, is a 16-kDa protein, the concen-
tration of which in the blood is positively related to body fat
mass or body weight and is thus found to be elevated in obesity
(10). In addition to its function in regulation of energy balance
(14), reproduction, immunity (15), and inflammation (16), leptin
also plays an important role in cancer development (10). The
functions of leptin are mediated via the signaling-competent
long form of the leptin receptor (Ob-Rb), which is expressed by
many tissues including tumor cell lines (17).
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Accumulating evidence have suggested that the L(leptin)/
A(Acrp30) ratio is positively associated with several malig-
nancies, and independently associated with an increased risk
for endometrial cancer development (18,19). The balance of
leptin and Acrp30 levels in individuals, rather than the leptin or
Acrp30 levels alone, may indicate such physiological changes
as the development of cancer (20). In addition, these two
opposing adipokines may each downregulate the other pathway
via suppressing the mRNA expression of the corresponding
receptors in MCF-7 cells (8).

A growing number of human malignancies and tumor
formation are associated with high levels of activation of
signal transducers and activators of transcription (STATS), very
frequently STAT3 (21). Previous studies suggested that leptin
increases STAT3 phosphorylation, which in turn promotes
cell proliferation and inhibits cell apoptosis through binding
to its target genes (22), and may increase nuclear translocation
of active STAT3 in MCF-7 cells (23). There have been two
canonical signaling pathways identified for Acrp30, one of
which is through the activation of AM-activated protein kinase
(AMPK) (24). Acrp30-repressed proliferation of breast cancer
cells is mediated through stimulation of AMPK activity by
phosphorylation at Thr172 (10,25,26).

Although the anti-proliferative function of Acrp30 and
the pro-proliferative function of leptin were reported in other
studies, their effects on cell invasion is not well described. This
study was designed to investigate the hypothesis that Acrp30
can inhibit leptin-induced cell invasion in human endometrial
cancer cell lines and to explore the potential underlying
molecular mechanisms. We investigated the novel cross-talk
between leptin-induced JAK/STAT3 pathways and the Acrp30
activated AMPK pathway. This observation may lead to new
insights into anti-adipokine therapy for obesity-related cancers
such as endometrial cancer.

Material and methods

Materials. Recombinant human Acrp30, IL-6 and leptin were
purchased from Pepro Tech (Rocky Hill, NJ, USA). Compound
C and AG490 were purchased from Sigma-Aldrich (St. Louis,
MO, USA). The anti-STAT3, anti-phospho-STAT3 (Ser727),
anti-AMPKa, anti-phospho-AMPKa (Thr172), anti-MMP-2
and anti-MMP-9 monoclonal antibodies for western blot and
immunofluorescence assays were obtained from Cell Signaling
Technology (Beverly, MA, USA).

Cell culture. The Ishikawa cell line was obtained from the
American Type Culture Collection (Manassas, VA, USA), and
the SPEC-2 cell line was preserved by the Gynecology and
Obstetrics Laboratory of Shanghai First People's Hospital.
The SPEC-2 cell line was derived from a poorly-differentiated
uterine serous papillary carcinoma (USPC; type II endome-
trial carcinoma). All cell lines were cultured in Dulbecco's
modified Eagle's medium (DMEM) supplemented with 10%
fetal bovine serum (FBS) plus penicillin (100 U/ml) and strep-
tomycin (100 xg/ml) in a humidified incubator at 37°C in 5%
CO, atmosphere.

Proliferation assay. Ishikawa and SPEC-2 cells were seeded
in 96-well plates at a density of 5x10° cells/well in complete
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Table I. Sequences of primers used for amplification of target
genes.

Gene Primer nucleotide sequence
Adipo Rl F: 5-TTCTTCCTCATGGCTGTGATGT-3'
R: 5'-AGTGGACAAAGGCTGCTGCCA-3'
Adipo R2  F: 5-ATGAACGAGCCAACAGAAAACCGA-3'
R: 5'-CGGTGTCCATGCAAGAGGAAGTCA-3'
Ob-Rb F: 5-GTGAAGCCTGATCCACCATT-3'
R: 5'-CCTCATACGAAGACCCAGGA-3'
GAPDH  F:5-GAGTCAACGGATTTGGTCGT-3'

R: 5'-TTGATTTTGGAGGGATCTCG-3'

medium. After 24 h of culture, the medium was replaced with
serum-free DMEM and starved for a further 16 h before the
cells were exposed to fresh serum-free medium containing
recombinant human Acrp30 at 0.1, 1, 10, and 20 gg/ml, human
recombinant leptin at 0.01, 0.1, 1, 2 ug/ml, or both Acrp30 and
leptin (10 and 1 pg/ml, respectively). After 24, 48, and 72 h,
MTT (3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di-phenytetrazoli-
umromide) solution (20 ul of 5 mg/ml in PBS) was added to the
culture for 4 h at 37°C, and then the formazan was dissolved
by the addition of dimethyl sulfoxide (DMSO). Absorbance
at 570 nm was measured to determine cell viability. The cell
proliferation assay was performed at least three times in ten
replicate wells for each concentration tested.

Quantitative real-time RT-PCR (qRT-PCR). Total RNA was
extracted from the cells after the indicated treatment by using
the TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according
to the instructions provided by the manufacturer. Reverse tran-
scription was performed using 1 ug total RNA, yielding 20 ul
cDNA according to the protocol provided with the Fermentas
reagent kit (Thermo Scientific, Waltham, MA, USA). The
primers used for specific amplification of target genes (Table I)
were synthesized by Sangon Biotech (Shanghai, China). The
gRT-PCR was performed using the Fermentas Maxima™ SYBR
Green kit (Thermo Scientific) following the manufacturer's
instructions on a Continous Fluorescence Detector (Opticon 2).
The real-time qRT-PCR program was 95°C for 5 min, 35 cycles
at 95°C for 15 sec, and [Acrp30 receptor 1 (AdipoRI), Acrp30
receptor 2 (AdipoR2) and GAPDH] 58°C/(Ob-Rb) 60°C for
45 sec and 72°C for 30 sec. All real-time PCR experiments were
performed in triplicate and results presented as a mean value for
the determination of mRNA expression levels. GAPDH served
as a loading control.

Cell immunofluorescence. Cell lines were grown on plastic
slides and treated with Acrp30, leptin or both before fixing
with acetone for 10 min. The cells were incubated with the
primary anti-phospho-STAT3 antibody (1:50) for 1 h in
37°C, followed by incubation with a fluorescent secondary
antibody (1: 200) (Invitrogen) for 45 min, and then restained
with Hochest 33342 (1:2000). Olympus BX51 microscope was
used for cell immunofluorescence analysis at magnification
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Figure 1. Expression of AdipoR1, AdipoR2 and Ob-Rb in different endome-
trial carcinoma cell lines. Total RNA was extracted from AN3CA, Ishikawa,
RL95-2,KLE, SPEC-2 and HEC-1B cell lines and analyzed by qRT-PCR as
described in Materials and methods. Bars are the means + SD obtained from
three independent experiments. All data are presented as a fold induction
relative to the AN3CA cell line.

of x1000. Imagepro Plus software was used to analyze the
fluorescence intensity.

Invasion assay. The ability of cells to migrate through Matrigel-
coated filters was determined using 24-well Transwell cell
culture chambers. Cells were seeded at a density of 5x10* per
well and treated with 10 pg/ml Acrp30, 1 pg/ml leptin or both
for the indicated times. Cells that had penetrated through the
upper chamber and attached to the bottom side of the membrane
were fixed by methanol and stained with 5% crystal violet.
After light microscope examination, the cells were eluted with
33% acetic acid. The OD values of the elution were read using
a Bio-Rad Microplate reader at 590-nm wavelength.

Analysis of cell cycle and apoptosis. After SPEC-2 cells were
incubated in serum-free medium overnight, they were treated
with Acrp30 (10 pg/ml), leptin (1 pxg/ml) or both for 48 h.
Both floating and trypsinized adherent cells were collected
and rinsed with PBS. For cell cycle analysis, the cells were
fixed in 70% ethanol at 4°C overnight. Before performing
flow cytometry assays, the cells were washed with PBS twice
and resuspended in 1 ml PBS containing 0.1 mg RNase
(DNase free) for 30 min at room temperature. The cells were
then resuspended with PBS containing 10 mg/ml propidium
iodide (PI; Sigma) and incubated for 15 min in the dark at
room temperature. The DNA content was analyzed using a
BD FACStar flow cytometer, and the percentages of different
phases of cell cycle were determined using a ModFit program
(BD Biosciences, San Jose, CA, USA).
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Apoptotic cells were detected with an Annexin-V-FITC kit
(BD Biosciences) and PI staining. In this assay, single positive
populations are considered early apoptotic (Annexin-V posi-
tive) or necrotic cells (PI positive), whereas double positive
(Annexin-V positive/PI positive) populations are considered to
be in late apoptosis. The staining was performed according to
the manual of the manufacturer. Briefly, the cells were incubated
in the binding buffer containing Annexin-V-FITC and PI for
15 min at room temperature. Early and late apoptotic cells were
quantified by flow cytometry.

Protein expression analysis. At 70-80% confluence, treated
cells were collected and disrupted in ice-cold cell lysis buffer
[Tris-Cl (pH 8.0) 50 mM, NaCl 150 mM, NaN 30.02%, SDS
0.1%, NP-4 0.1%, NaTDC 0.5%, EDTA 1 mM] for protein
extraction. Cell lysates were centrifuged at 12,000 x g for
10 min at 4°C. Protein concentrations were determined using
a BCA protein assay kit (Thermo Scientific). Equal amounts
of proteins were separated by 10% SDS-polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred to polyvi-
nylidene fluoride membranes (Millipore, Billerica, USA).
Membranes were blocked with 5% skimmed milk for 1 h and
incubated overnight with the primary antibodies (1:1000),
followed by incubation with the appropriate secondary
horseradish peroxidase-conjugated antibody (1:5000). Signal
detection for each protein was performed using an Enhanced
Chemiluminescence reagent (Perkin Elmer, Waltham, USA).

Data analysis. All values were expressed as means + standard
deviation (SD) of three to five separate experiments. One-way
ANOVA with Dunnett's post test was performed where appro-
priate using SPSS 17.0 software with significance accepted at
P<0.05.

Results

Expression of AdipoR1, AdipoR2 and Ob-Rb in different
endometrial carcinoma cell lines. Previous studies have iden-
tified two types of Acrp30 receptors, AdipoR1 and AdipoR?2
in HEC-1A and RL95-2 endometrial carcinoma cell lines, and
Ob-Rb in Ishikawa and AN3CA cell lines (1). Using qRT-PCR
with oligonucleotide primers specific for transcripts of the
human forms of these three receptors, we found that they were
all expressed in different endometrial carcinoma cell lines

(Fig. 1).

Effects of Acrp30 and leptin on endometrial carcinoma cell
proliferation. Treatment of the cultured Ishikawa and SPEC-2
cells with Acrp30 resulted in dosage-dependent suppressive
effects on cell proliferation in these two cell lines. Acrp30
significantly decreased the proliferation of Ishikawa cells and
SPEC-2 cells by 41 and 43% at the concentration of 10 ug/ml;
and 47 and 49.5% at the concentration of 20 pg/ml, respectively,
versus controls at the end of 48 h of incubation (t-test, P<0.05;
Fig. 2A). The lower Acrp30 concentrations (1 pg/ml and
0.1 ug/ml) were inefficient in inhibiting cell proliferation.
Leptin significantly increased the proliferation of Ishikawa
cells and SPEC-2 cells by 96% and 92.5% at the concentration
of 1 ug/ml; and 109.5% and 103.5% at the concentration of 2 ug/
ml, respectively, versus controls after 48 h of cultivation (t-test,
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Figure 2. Effects of Acrp30, leptin or both adipokines on proliferation of Ishikawa and SPEC-2 cells. Endometrial carcinoma cells were serum-deprived
overnight and then exposed to Acrp30, leptin or both adipokines at different concentrations or for different times as indicated. (A) MTT assay of SPEC-2 and
Ishikawa cells after incubation with 0, 0.1, 1, 10 and 20 pg/ml Acrp30 for 48 h. (B) MTT assay of SPEC-2 and Ishikawa cells after incubation with 0, 0.01,
0.1, 1 and 2 pg/ml leptin for 48 h. (C) MTT assay of Ishikawa cells after incubation with 10 pg/ml Acrp30, 1 ug/ml leptin or both for 0, 24, 48 and 72 h. (D)
MTT assay of SPEC-2 cells after incubation with 10 yg/ml Acrp30, 1 #g/ml leptin or both for 0,24, 48 and 72 h. Bars are the means + SD obtained from three
determinations for each cell line, with 6 replicates for each data point. "P<0.05 versus untreated control.

P<0.05; Fig. 2B). The lower leptin concentrations (0.1 xg/ml
and 0.01 pg/ml) were inefficient in reducing cell proliferation.

In order to determine the effect of both adipokines on
proliferation of these cells, we co-treated the two cell lines
with Acrp30 and leptin at the concentrations of 10 and 1 pg/ml,
respectively. We found that Acrp30 significantly inhibited
leptin-stimulated cell proliferation at 48 and 72 h in Ishikawa
cells, and similar results were also observed in SPEC-2 cells
(t-test, P<0.05; Fig. 2C and D).

Effects of Acrp30 and leptin on cell cycle and apoptosis in
SPEC-2 cells. Based on the observation that responses of
SPEC-2 cells to Acrp30 and leptin co-treatment in the prolif-
eration assays were similar to those of Ishikawa cells, we
conducted subsequent experiments only on the more aggressive
SPEC-2 cells. SPEC-2 cells demonstrated significant changes
in apoptotic responses following treatment with 10 pg/ml
Acrp30, 1 ug/ml leptin or both for 48 h in serum-free medium,
as assessed by flow cytometry analysis (Fig. 3A). We observed a
significant increase in the percentage (14.4%) (P<0.05) of early
stage apoptotic cells treated with Acrp30 as revealed by the
Annexin-V staining positive patterns. In contrast, an apoptosis
rate (3.25%) (P<0.05) lower than untreated cells was observed
in SPEC-2 treated with leptin alone, and this apoptosis rate was
significantly elevated to 8.25% (P<0.05) in the presence of both
adipokines.

To further explore the anti-proliferative actions of Acrp30
and pro-proliferative effects of leptin, we analyzed the
changes in cell cycles by flow cytometry. Acrp30 increased
the percentage of SPEC-2 cells in G1/G0-phase from 48.87%

to 71.14% (P<0.05), and leptin decreased the percentage of
SPEC-2 cells in G1/GO-phase from 48.77 to 45.65% (P<0.05).
Meanwhile, the percentage of cells in G1/GO-phase was
reduced to 50.62% when co-treated with these two adipokines
compared with leptin treatment alone (P<0.05). Concomitant
with these changes, the percentage of SPEC-2 cells in S-phase
was decreased from 46.93 to 14.21% (P<0.05) when treated with
Acrp30, and increased from 46.93 to 53.51% (P<0.05) when
treated with leptin. Co-treatment with these two adipokines
decreased the proportion of SPEC-2 cells in S-phase from 46.93
to 42.60% compared with control (P<0.05) (Fig. 3B).

Influence of Acrp30 and leptin on cell metastasis. To determine
the direct effects of these two adipokines on the invasiveness
of endometrial cancer cells, we performed Matrigel invasion
assays with SPEC-2 cells (Fig. 4A). The invasiveness of these
cells was significantly reduced (66%) 48 h after treatment with
Acrp30 compared with untreated cells, while it was promoted
(65%) after treatment with leptin. The invasive cells were
effectively reduced (53%) by co-treatment with Acrp30 and
leptin when compared to leptin treatment alone.

We detected the levels of two invasion-related proteins,
MMP-2 and MMP-9, by western blotting. At 48 h after leptin
treatment of SPEC-2 cells, the MMP-2 protein levels were
2.26-fold higher relative to the control (Fig. 4B). Conversely,
MMP-2 protein levels were significantly downregulated
by Acrp30 treatment after 48 h of incubation. Levels of
MMP-9 in SPEC-2 cells co-treated with these two adipokines
were lower than those in leptin-only treated cells. Thus, the
MMP-9 protein expression exhibited a pattern similar to that
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Figure 3. Flow cytometry analysis of cell cycle and apoptosis in SPEC-2 cells after treatment with Acrp30, leptin or both adipokines. SPEC-2 cells were
incubated with Acrp30 (10 ug/ml), leptin (1 ug/ml) or both for 48 h after being serum-starved overnight. At the end of the incubation, the cells were collected
for FACS analysis. (A) Apoptosis of SPEC-2 cells analyzed by FACS after different treatments. (B) Cell cycle of SPEC-2 cells analyzed by FACS after different
treatments. Values shown are means = SD. Experiments were repeated a minimum of 3 times for each treatment or control. “P<0.05 versus untreated control.

of MMP-2 when the SPEC-2 cells were treated with Acrp30,
leptin or both.

Leptin-activated STAT3 phosphorylation and nuclear local-
ization are reversed by Acrp30. To understand the potential
molecular mechanisms underlying the anti-invasion effects
of Acrp30 and pro-invasion effects of leptin on SPEC-2 cells,
we evaluated STAT3 signaling events induced by leptin (23).
We found that STAT3 could be inactivated by Acrp30 treat-
ment within 30 min in SPEC-2 cells, which was evident by
the decrease in phosphorylated STAT3 (at Ser727) (Fig. 5A)
in a dosage-dependent manner (Fig. 5B). Co-treatment with
Acrp30 inhibited the leptin-induced phosphorylation of STAT3
(Fig. 5C).

As a transcriptional regulator, STAT3 function is highly
dependent upon its cellullar localization. Leptin treatment
led to the translocation of STAT3 from the cytoplasm to the
nucleus, whereas activated (phosphorylated) STAT3 was
reduced in the nucleus when treated with Acrp30. Treatment
with Acrp30 prevented the leptin-induced nuclear localization
of STAT3 (Fig. 5C). This result indicates that the observed
invasive characteristics of SPEC-2 cells may be substantially
attributed to the STAT3 signaling pathways regulated by
Acrp30 and leptin.

Acrp30 inhibition of leptin-mediated invasion is regulated by
AMPK and JAK/STATS3 signaling pathways. Dephosphorylation
of STAT3 decreases its translocation activity. Therefore, it was
expected that Acrp30-activated AMPK would stimulate the
dephosphorylation of STAT3, resulting in decreased invasiveness

of SPEC-2 cells. To test this possibility, the levels of phosphory-
lated STAT3 were measured in cells with various treatments as
shown in Fig. 6A. As expected, Acrp30 significantly induced
the phosphorylation of AMPK and inhibited the phosphoryla-
tion of STAT3 at the same time. Conversely, Compound C, a
suppressor of AMPK, inhibited the phosphorylation of AMPK,
it while stimulated the phosphorylation of STAT3. The low level
of phospho-AMPK and high level of phospho-STAT3 induced
by leptin were reversed by Acrp30 co-treatment. The protein
expression levels of total AMPK and STAT3 were not altered
by the different treatments in SPEC-2 cells.

In order to determine whether inhibition of STAT3 activity
by Acrp30 was the main pathway controlling the attenuated
invasion, two invasion-related proteins, MMP-2 and MMP-9,
were detected in SPEC-2 cells with various treatments as
shown in Fig. 6B. We found that leptin and IL-6 (a well-known
STATS3 activator) were able to activate STAT3 and obviously
increased MMP-2 and MMP-9 levels in SPEC-2 cells. However,
the levels of both proteins significantly decreased, accompanied
by the dephosphorylation of STAT3, when treated with Acrp30.
Treatment with AG490 (a well-known STAT3 inhibitor) resulted
in a similar effect on MMP-2 and MMP-9 expression as with
the Acrp30 treatment in SPEC-2 cells. Therefore, high levels
of phospho-STAT3, MMP-2 and MMP-9 induced by leptin or
IL-6 could be significantly reversed by Acrp30 or AG490.

Discussion

Endometrial cancer is the most common gynecological malig-
nancy and the fourth most common cancer among women in
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with 10 yg/ml Acrp30, 1 yg/ml leptin, 5 gmol/l Compound C or indicated combinations for 2 h, and then levels of phosphorylated STAT3 and AMPK were
examined by immunoblot analysis. (B) Levels of phosphorylated STAT3 and MMP-2/MM-9 proteins were detected in SPEC-2 cells after 48 h of treatment
with 10 ug/ml Acrp30, 1 pg/ml leptin, 20 ng/ml IL-6, 10 gmol/l AG490 or indicated combinations. Blots are representative of three independent experiments.

“P<0.05 versus untreated control.

the United States. Obesity is a well-known risk factor for endo-
metrial cancer, with the level of risk correlating with the degree
of obesity (27). Although the concept of a ‘hyperestrogenic’ state
increasing the risk for endometrial cancer is a well-accepted
theory, elevated endogenous estrogens may not fully account for
the correlation noted between obesity and endometrial cancer
risk (28-32). Acrp30 and leptin, which are both adipocyte-
secreted hormones deregulated in obesity, may be involved in
endometrial cancer development (2,8).

Recent studies reported that obesity is associated with both
hypoadiponectinemia and hyperleptinemia, which suggests
that tumor cell growth results from the combined stimulatory
effects of leptin and anti-proliferative activity of Acrp30 (1).
Positive associations between the concentration of circulating
leptin and cancer risk have been reported for breast, colon and
prostate cancers (18,33,34), and aberrant plasma leptin expres-
sion levels are observed in patients with endometrial cancer
(35-37). In contrast, inverse relationships of Acrp30 levels
and cancer risk have been reported for breast, endometrium
and colon cancer (2,18,38). A previous clinical study found
elevated L/A ratios in post-menopausal endometrial cancer
patients, which were significantly associated with an increased
risk of endometrial cancer, and the associations remained after
adjusting for obesity indices and other confounding factors
(2). The balance of leptin and Acrp30 levels in individuals,
rather than the leptin or Acrp30 levels alone, may indicate
such physiological changes as the development of cancer (20).
Leptin and Acrp30 appear to exert antagonistic activities by
downregulating expression of each other's receptor and corre-
sponding signaling pathways (8,39).

As Acrp30 and leptin both have effects on cancer cell
proliferation and are related to many signaling pathways
such as AMPK and JAK/STAT?3, we addressed the question of
whether Acrp30 can also inhibit cancer cell invasion stimulated
by leptin and investigated the underlying molecular mechanism.
As most previous studies were conducted in other endometrial
cancer cell lines, here we provide evidence that Acrp30 also
inhibited the proliferation of the endometrial cancer SPEC-2
cells. We found that Acrp30 indeed had inhibitory effects
towards leptin-mediated invasion which required inactivation

of the JAK/STAT3 signaling pathway through activation of the
AMPK pathway.

Previous studies have confirmed that Acrp30 inhibits endo-
metrial cancer cell proliferation in a time- and dose-dependent
manner (1), while leptin increases proliferation of endometrial
(35,40) and many other cancer cells (41). Activation of AMPK
with Acrp30 treatment can inhibit proliferation of many types
of cancer cells and induce apoptosis (42), while activation of
STAT3 is essential for the cell proliferative effect of leptin in
endometrial carcinoma (43). Similar to previous studies, we
found that Acrp30 could activated AMPK and inhibit leptin-
stimulated SPEC-2 cell proliferation by analysis of cell cycle
arrest and apoptosis levels.

Cancer progression is a multi-step process that involves
invasion of the basement membrane by tumor cells and
migration to points far from a given primary tumor mass
leading to metastasis. Previous research has found that
Acrp30 suppresses the metastasis of cancer cells through
AKT inactivation in breast cancer cells (5). Acrp30 can
also downregulate KRT/8 mRNA (a gene related to
tumor metastasis), while leptin upregulates MUCI (an
anti-adhesion molecule) in breast cancer cells to regulate
aggressiveness of tumor cells (44). Leptin can promote
invasiveness of colonic and kidney epithelial cells at various
stages of neoplastic transformation, and leptin-induced
invasion is completely blocked by pharmacological inhibi-
tors of JAK2 (AG490) at 50 uM (45). Additionally, leptin
can trigger invasion of ECC endometrial cancer cells via
a pathway involving both PI3K and JAK/STAT3 pathways,
as pharmacological inhibition of these pathways abolishes
leptin-induced invasiveness (43).

In this study, we demonstrated that the enhancement of
SPEC-2 cell invasion by leptin could be significantly reversed
with Acrp30 treatment. When examining potential mechanisms
involved in this invasion processs, we observed that phosphory-
lated STAT?3 levels were below basal within 30 min following
Acrp30 or Acrp30/leptin treatment in SPEC-2 cells. Leptin-
induced nuclear translocation of STAT3 was significantly
inhibited by Acrp30 in SPEC-2 cells. The invasion inhibition
and STAT3 dephosphorylation effect of Acrop30 against leptin
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could be abolished by Compound C, an AMPK inactivator,
demonstrating the important role of AMPK in STAT3 acti-
vation and invasion. In order to gain further insight into the
mechanisms whereby STAT3 activation increases SPEC-2
cell invasion, we investigated the expressions of the invasion-
related MMP2 and MMP-9 proteins. These two proteins were
also positively correlated with STAT3 activation and could
be decreased by AG490, a STAT3 pathway inhibitor, and
increased by IL-6, a STAT3 pathway activator. These results
indicated that MMP-2 and MMP-9 may be the potential target
proteins of STAT3.

In summary, our study for the first time uncovered the
molecular mechanisms responsible for the Acrp30 inhibition
of leptin-induced invasion of SPEC-2 endometrial cancer
cells, i.e., via inactivation of the JAK2/STAT3 signaling
pathway by activating AMPK. Hence, together with other
in vitro studies, our findings support these two adipokines to
be molecular mediators between obesity and the progression
of endometrial cancer. Targeting these pathways may be a
suitable therapeutic strategy for endometrial cancer progres-
sion associated with the coordinated effects of leptin and
Acrp30.
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