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Abstract

Purpose: To study the mechanism by which adiponectin regulates the malignant biological behavior of
endometrial cancer cells.

Methods: RL95-2 cells were cultured and re-suspended in complete medium. A preliminary study
showed that adiponectin (20 ug/mL) has the most inhibitory effect on cellular proliferation. The cells
were divided into control group, 20 ug/mL adiponectin group, and 20 ug/mL adiponectin + 10 umol/L
AMPK inhibitor group, with 4 repeat wells set up for each group. Cell proliferation, apoptosis, invasion
and migration ability, as well as the expression levels of MMP-9, Bcl-2, p-AMPK, p-mTOR and p-4ebp1
were determined using standard procedures.

Results: Cell proliferation was significantly higher in the 20 ug/mL adiponectin group than in the 10
ug/mL adiponectin group (p < 0.05). Relative to the control group, apoptosis and p-AMPK expression
level in the 10 ug/mL adiponectin group increased, while cell invasion and migratory potential, as well as
expression levels of MMP-9, Bcl-2, p-mTOR and p-4ebp1 declined significantly (p < 0.05). The
apoptosis and expression level of p-AMPK in the 20 ug/mL adiponectin + 10 umol/L AMPK inhibitor
group decreased, while cell invasion, migratory ability, and amounts of MMP-9, Bcl-2, p-mTOR and p-
4ebp1 were elevated, relative to the 20 ug/mL adiponectin group (p < 0.05).

Conclusion: Adiponectin promotes apoptosis of endometrial cancer cells via AMPK/mTOR signaling
pathway, and inhibits cell proliferation, invasion and migration. Thus, adiponectin has the potential to
exert anti-tumor effect in humans.
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INTRODUCTION

Malignant tumor is a disease that has a serious
impact on human health and life. Some scholars
believe that the biological behaviors of malignant
tumors are the result of multiple factors and
intergenic interactions [1]. Endometrial cancer is
the most common malignant tumor of the female

reproductive tract. With improvement in living
standards and extensive use of hormones, the
incidence of endometrial cancer is increasing
year by year, and gradually tending towards the
younger generation [2]. At present, surgery
combined with chemoradiotherapy is one of the
main methods for treatment of this disease, but
some patients still have poor prognosis after
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receiving a series of treatments. Therefore, it will
be of great significance to elucidate the
pathogenesis of endometrial cancer and to find
relevant diagnostic and treatment methods for
the disease so as to improve the prognosis of
patients.

Adiponectin, a protein hormone secreted by fat
cells, is the only adipose-derived cytokine that
has protective effects on humans. Through its
receptor, adiponectin activates two pathways,
cyclic adenosine monophosphate acid
(cAMP/PKA) and AMP-activated protein kinase
(AMPK), resulting in a variety of regulating
effects on cellular function [3]. Studies have
found that adiponectin is significantly correlated
with gastric cancer, breast cancer, prostate
cancer, endometrial cancer and other malignant
tumors, but the mechanism associated with this
process is still unclear [4]. The purpose of this
study was to investigate the mechanism involved
in  adiponectin-induced regulation of the
biological behavior of endometrial cancer cells.

EXPERIMENTAL
Cells

Human endometrial cell line RL95-2 cells were
obtained from Shanghai Fusheng Industrial Co.
Ltd.

Main instruments and reagents

The major instruments and reagents used, and
their sources (in brackets) were: carbon dioxide
incubator (Shanghai Yiheng Scientific Instrument
Co. Ltd, Model: DHP-9272); electric thermostatic
water bath box (Jiangsu Zhengji Instrument Co.
Ltd, Model: DK-600B); real-time fluorescence
quantitative PCR instrument (Model: VIIA 7);
Biological = microscope  (Shun-Yu  Optical
Technology Co. Ltd, Model: EX31); cryogenic
high-speed centrifuge (Changzhou Jintan Lepu
Instrument Co. Ltd, Model: TGL16G); fetal
bovine serum (Shanghai Huiying Biotechnology
Co. Ltd); rabbit anti-human AMPK monoclonal
antibody (Shanghai Kemin Biotechnology Co.
Ltd); rabbit anti-human mTOR monoclonal
antibody (Shanghai Hengfei Biotechnology Co.
Ltd), and AMPK inhibitor (Shanghai Xingyuan
Ruimin Biological Engineering Co. Ltd).

Cell culture

The RL95-2 cells were cultured in a 5 % carbon
dioxide cell incubator at 37°C with 10 % fetal
bovine serum. When the cells grew to about 85
% confluence, they were sub-cultured and
digested with an appropriate amount of trypsin.

When the cells shrunk and the intercellular space
was enlarged, 4 ml of medium containing serum
was added to terminate digestion, and the cells
were gently blown away from the bottle wall to
form a single-cell suspension. Then, the cells
were diluted 1:2 with culture medium and
inoculated into a new culture flask.

Determination of cell proliferation

Changes in cell proliferation were measured
using CCK-8 method. The cells were re-
suspended in complete medium and inoculated
into 96-well plates, with 100 pL of 1000 cells per
well, and 4 repeated wells were set up in each
group. Two doses of adiponectin, i.e., 10 and 20
pg/mL, were used, and the cells were cultured
for 48 h. Untreated cells served as control.
Thereafter, CCK-8 (20 pL) was put in each well,
and culturing was done for another 2 h. The
absorbance of each well was read at 570 nm in a
microplate reader.

The results showed that adiponectin at a level of
20 pg/mL produced the most obvious inhibitory
effect on cell proliferation. Therefore, this level of
adiponectin - was used in  subsequent
experiments.

The cells were assigned to control, 20 ug/mL
adiponectin and 20 pg/mL adiponectin + 10
pmol/L AMPK inhibitor groups, with 4 repeated
wells set up in each group.

The CCK-8 method was applied for
determination of changes in cell proliferation in
each group of cells.

Evaluation of apoptosis

Apoptotic changes were determined flow
cytometrically in each group. Cell suspension
was re-suspended in 100 pL of binding buffer,
followed by addition of 5 yL of PE Annexin V and
7-AAD, incubating away from light at laboratory
temperature for 15 min, and adding 200 pL of
binding buffer. Apoptosis was analyzed after 1 h
using flow cytometry.

Assessment of cell migration

Transwell assay was used to measure changes
in cell migration ability in each group of cells. Cell
suspension (200 pL) was put in the upper
Transwell compartment, while 600 uL of 10 %
FBS was put in the lower compartment, followed
by culturing at 37°C for 24 h. Then, the chamber
was taken out and rinsed with phosphate buffer.
A cotton swab was used to wipe off unmigrated
cells, and the chamber was fixed. Then, the
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fixative was removed and dried naturally. Crystal
violet dye was added to the cells, followed by
rinsing with phosphate buffer. Five fields of vision
were randomly selected and observed under a
light microscope.

Determination of cell invasion

Transwell assay was used to determine changes
in cell invasion ability in each group of cells.
Serum-free culture medium and 100 pL of
Matrigel diluent were added to the upper
chamber. The subsequent procedures were
similar to those in cell migration study.

Western blot assay

The expression levels of MMP-9, Bcl-2, p-AMPK,
p-mTOR and p-4ebp1 in each group of cells
were determined using western blot assay. Cells
in each group were washed in pre-cooled
phosphate buffer, and lysed with lysis buffer. The
lysates were centrifuged, and the protein
contents of the supernatants were determined
with BCA method. Absorbance was read at 560
nm, and the readings were used to calculate the
protein contents.

Thereafter, the proteins were subjected to SDS-
PAGE and electroblotting onto  PVDF
membranes which were subsequently blocked by
incubation with non-fat milk solution. Then, the
membranes were incubated with appropriate
primary antibodies for 12 h at 4 °C. Then, the
PVDF membranes were treated with horseradish
peroxidase-labeled anti-rabbit 2° antibody for 1 h.
The membranes were then evenly covered with
developer solution, and the Image-Lab software
was used for determination of gray value.
Multiple tests were carried out for each group,
and the expression levels were recorded.

Statistical analysis

Data are expressed as mean + standard
deviation (SD). Two-group comparison was done
with independent sample f-test, while mean
values of single factor and multiple samples were
used for comparison among multiple groups. All
statistical analyses were carried out using SPSS
21.0 software. Values of p < 0.05 indicated
statistically significant differences.

RESULTS

Changes in cell proliferation

Cell proliferation capacity of the 10 pg/mL
adiponectin group was significantly reduced,
relative to the control group, and proliferative

capacity in 20 pg/mL adiponectin group was
markedly lower than that in the low-dose
adiponectin group. However, cell proliferation
capacity in the 20 uyg/mL adiponectin + 10 pmol/L
AMPK inhibitor group was markedly increased,
relative to high-dose adiponectin group (p <
0.05). These results are shown in Table 1.

Table 1: Changes in cell proliferation ability

Group Absorbance
Control 0.88+0.02
10 yg/mL adiponectin 0.34+0.022
20 pg/mL adiponectin 0.26+0.032°

20 ug/mL adiponectin + X
10umol/L AMPK inhibitor 0.670.02%°
F 637.14
P-value <0.001

Data are presented as mean * SD. 2P < 0.05, vs
control; °p < 0.05, vs low-dose adiponectin; °p < 0.05,
vs high-dose adiponectin

Cell apoptosis

The % apoptosis of the 20 ug/mL adiponectin
group was significantly increased, relative to the
control group. However, % apoptosis in the 20
pg/mL adiponectin + 10 pmol/L AMPK inhibitor
group was significantly decreased, relative to
high-dose adiponectin group (p < 0.05). These
results are shown in Table 2.

Table 2: Cell apoptosis

Cell apoptosis

Group rate (%)
Control 5.09+0.44
20 pg/mL adiponectin 18.06+0.782
20 pg/mL adiponectin + ab
10umol/L AMPK inhibitor 6.95:0.85
F 387.16
P-value <0.001

Values presented are mean + SD. 2P < 0.05, vs
control; °p < 0.05; vs the 20 pg/mL adiponectin group

Cell invasion and migration capacity

Cell invasion and migration capacity were
significantly decreased in low-dose adiponectin
group, relative to control, but were markedly
higher in the 20 pyg/mL adiponectin + 10 pmol/L
AMPK  inhibitor group than in cells exposed to
adiponectin at a dose of 20 pyg/mL (p < 0.05).
These results are shown in Figure 1 and Figure
2, and Table 3.

Expression levels of MMP-9, Bcl-2, p-AMPK,
p-mTOR and p-4ebp1

As presented in Table 4 and Figure 3, the
expression level p-AMPK in the 10 pg/mL
adiponectin group was significantly increased,
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while those of MMP-9, Bcl-2, p-mTOR and p-
4ebp1 were markedly decreased, when
compared with the control group (p < 0.05). In
contrast, relative to high-dose adiponectin group,
the expression level of p-AMPK in the 20 pg/mL
adiponectin + 10 ymol/L AMPK inhibitor group
was markedly decreased, and the expressions of
MMP-9, Bcl-2, p-mTOR and p-4ebp1 were
upregulated (p < 0.05).

DISCUSSION

Endometrial carcinoma is an epitheliogenic
malignant tumor derived from the endometrium
or uterus. According to statistics, endometrial
cancer accounts for about 7 % of female
systemic malignant tumors, and about 25 % of
female reproductive tract malignant tumors,
making it one of the three major malignant
tumors of the female reproductive tract [5].
Based on the clinical characteristics of
endometrial carcinoma and biological types, it
can be divided into type | and type Il. The type |
accounts for about 80 % of cases, and it is
associated with lower degree of malignancy and
better prognosis than type II. Thus, type Il has
higher degree of malignancy and poorer
prognosis [6]. The main clinical treatment
strategies for endometrial cancer are surgery,
chemoradiotherapy and hormone therapy. For
early-stage patients, surgery results in good
curative effect. In contrast, there is high degree
of post-surgery recurrence in advanced-stage
patients. Chemoradiotherapy is associated with
toxic side effects, and it easily leads to drug
resistance which makes treatment difficult.
Therefore, it will be of great clinical benefit to find
a treatment method with less toxic side effects
and higher safety.

Adiponectin is considered an adipocytokine with
therapeutic potential. It was first identified in
1995 in pre-adipocytes of mice as a factor
related to obesity, insulin resistance and diabetes
[3]. Studies have confirmed that adiponectin is a
protective and adipose-derived cytokine which
activates two different adiponectin receptors,
namely adiponectin receptor 1 and adiponectin
receptor 2 [7].
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Figure 1: Cell invasion capacity. A: control group; B:
high-dose adiponectin group; C: 20 yg/mL adiponectin
+ 10 ymol/L AMPK inhibitor group
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Figure 2: Cell migration in each group of cells. A:
control group; B: high-dose adiponectin group; C: 20
pg/mL adiponectin + 10 umol/L AMPK inhibitor group

Table 3: Cell invasion and migration capacity

Group No. of invading ] No. of
cells migrated cells

Control 152.36x11.49 171.52+9.85

20 pg/mL 111.47£11.158  128.26+14.82°

adiponectin

20 pg/mL

adiponectin + 133.41£10.022>  150.13+10.53%

10 ymol/L

AMPK inhibitor

F 14.09 13.13

P-value 0.002 0.002

Values presented are mean + SD. 2P < 0.05, vs
control; °p < 0.05; vs the 20 pg/mL adiponectin group
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Figure 3: Expression levels of MMP-9, Bcl-2, p-
AMPK, p-mTOR and p-4ebp1. A: control group; B:
high-dose adiponectin group; C: 20 ug/mL adiponectin
+ 10 pmol/L AMPK inhibitor group

Table 4: Expression levels of MMP-9, Bcl-2, p-AMPK, p-mTOR and p-4ebp1 in each group

Group MMP-9 Bcl-2 p-AMPK p-mTOR p-debp1
Control 1.010.01  1.00£0.01  1.01¥0.01  1.01#0.01  1.000.01
20 ug/mL adiponectin 0.67£0.04°  0.63£0.08% 1.7620.10° 0.47+0.022  0.11£0.012
Adiponectin + AMPK inhibitor 0.930.08%  0.92+0.07% 1.15+0.06% 1.18+0.04%> 1.17+0.05%
F 46.81 39.89 139.30 785.33 1440.44
P-value <0.001 <0.001 <0.001 <0.001 <0.001

Values presented are mean + SD. 2P < 0.05, vs control; °p < 0.05; vs the 20 pg/mL adiponectin group
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Adiponectin is the only adipose tissue factor with
decreased levels in obese patients. Plasma
adiponectin level is significantly and negatively
correlated with endometrial cancer. Busch et al
[8] reported that adiponectin level in abdominal
adipose tissue may be an effective predictor of
endometrial cancer. In this investigation, the
impact of adiponectin on the biological behavior
of endometrial cancer cells, and the associated
mechanism, were studied in RL95-2 cells.

Continuous proliferation, invasion and metastasis
are vital characteristics of cancers which also
constitute crucial problems in cancer treatment at
present [9]. In this study, CCK-8 assay,
Transwell cell invasion and migration assay, and
flow cytometry were used to determine
proliferation, invasion, migration and apoptosis of
cells in each group, while the expression levels
of apoptosis-related protein Bcl-2 and migration-
related protein MMP-9 were determined with
western blot assay. The results showed that
adiponectin enhanced apoptosis of RL95-2 cells
and inhibited their proliferation, invasion and
migration. These results are similar to the
findings reported by Takagi et al [10].

It is known that AMPK is a heterotrimeric protein
involved in a variety of chronic diseases,
including obesity and inflammation. Studies have
shown that when AMPK is inactivated, tumor
cells reduce the activity of p53, increase the
activity of hypoxia-inducing factors, and improve
aerobic glycolysis, thereby promoting tumor cell
growth and proliferation [11]. Some scholars
have reported that AMPK mediates the effects of
adiponectin on a variety of cells [12]. Adiponectin
affects the proliferation and apoptosis of breast
cancer cells by activating the phosphorylation of
AMPK [13]. The serine/threonine protein kinase,
mTOR, is a downstream protein negatively
regulated by AMPK. It integrates multiple signals
and participates in gene transcription, lysosomal
synthesis, protein translation, and regulation of
cell growth and proliferation. Studies have found
that mTOR is highly expressed in a variety of
malignant tumor cells, and it may regulate
translation by phosphorylating its downstream
target protein 4EBP1 [14]. The results of this
study showed that adiponectin stimulated AMPK
phosphorylation and inhibited mTOR
phosphorylation, while AMPK inhibitors blocked
these effects. Thus, the AMPK/mTOR signal
route may be involved in the pathogenesis of
endometrial cancer.

CONCLUSION

Adiponectin promotes apoptosis of endometrial
cancer cells and inhibits their proliferation,

invasion and migration via AMPK/mTOR
signaling pathway. Thus, adiponectin is a
potential anti-tumor agent for the management of
endometrial cancer.
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