DE GRUYTER

Open Life Sci. 2018; 13: 489-496

Research Article

Jun Jiang#, Nanyang Zhou®, Pian Ying, Ting Zhang, Ruojia Liang, Xuelu Jiang
Emodin promotes apoptosis of human endometrial
cancer through regulating the MAPK and PI3K/

AKT pathways

https://doi.org/10.1515/biol-2018-0058
Received June 8, 2018; accepted September 29, 2018

Abstract: Emodin, a major component of rhubarb, has anti-
tumor effects in a variety of cancers, influencing multiple
steps of tumor development through modulating several
signaling pathways. The aim of this study is to examine
the effect of emodin on cell apoptosis and explore the
underlying mechanisms in human endometrial cancer cells.
Here we report that emodin can inhibit KLE cell proliferation
and induce apoptosis in a time- and dose-dependent
manner. Western blot assay found that emodin was involved
in MAPK and PI3K/Akt signaling pathways. Specifically,
emodin significantly suppressed the phosphorylation of
AKT, and enhanced the phosphorylation of MAPK pathways.
Furthermore, the generation of reactive oxygen species
(ROS) was up-regulated in KLE cells upon treatment with
emodin, while the anti-oxidant agent N-acetyl cysteine
(NAC) can inhibit emodin-induced apoptosis and promote
the activation of AKT and Bcl-2. Taken together, we revealed
that emodin may induce apoptosis in KLE cells through
regulating the PI3K/AKT and MAPK signaling pathways,
indicating the importance of emodin as an anti-tumor agent.
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1 Introduction

Endometrial cancer is the fourth most frequent
malignancy and the sixth most common cause of cancer-
related deaths among women in the USA [1]. In the last
20 years, despite the rapid development in diagnosis and
treatment of endometrial cancer, both incidence and five-
year survival rate have remained roughly unchanged [2,
3], which means that the survival rate of these patients
still needs to be improved.

Chinese herbs have a long history with confirmed
benefits and few side effects in treating various cancers.
Emodin (1,3,8-trihydroxy-6 -methylanthraquinone, see
as Fig. 1) is derived from the root and rhizome of a herb
called Rheum palmatum L. Previous researches showed
emodin may exert inhibitory effectiveness against
different cancers, such as breast cancer, bladder cancer,
hepatic cancer, cervical cancer, and ovarian cancer [4-12].
This anti-tumor effect appears due mainly to its being a
ROS generator, which can stimulate apoptosis of cancer
cells. Ding et al. [13] reported that emodin may enhance
the chemosensitivity of endometrial cancer, indicating
emodin may play a role in inhibiting tumor proliferation.
To the best of our knowledge, no study has explored
emodin’s role in regulating apoptosis in endometrial
cancer. Here we report the inhibitory effect of emodin in
the proliferation of KLE cells.
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Figure 1. The molecular structure of emodin.

3 Open Access. © 2018 Jun Jiang et al., published by De Gruyter. This work is licensed under the Creative Commons Attribution-NonCommercial-

NoDerivs 4.0 License.



490 — ).Jiang, etal.

2 Materials and Methods

2.1 Cell Culture and Reagents

KLE cells (which were kindly provided by Prof. Wang,
Peking University People’s Hospital) were cultured in
Dulbecco’s modified Eagle’s medium (DMEM, hyclone,
SH30022.01B) supplemented with 10% Fetal Bovine
Serum (GIBCO, 10099-141). All cultures were hatched in an
incubator with 37°C and constant atmosphere comprising
95% air and 5% CO,. Emodin, dimethylsulfoxide (DMSO)
and NAC were purchased from Sigma-Aldrich (Merck
Millipore, Darmstadt, Germany). Emodin was stocked in
a concentration of 100 mM with 100% DMSO at 20°C.
The following concentrations were prepared: 1.25, 2.5
and 5 pM. DMSO (0.1%) was used as control for all the
experiments. The Annexin V-FITC apoptosis detection
kit (cat. no. KGA106) and rhodaminel123 (DHM123, cat.
no. KGA217) were purchased from Key Gen Bio-Tech Co.,
Ltd. (Nanjing, China). Annexin V/PI apoptosis detection
kit was obtained from Becton Dickinson (CA, USA). Cell
Counting Kit-8 (CCK-8, cat. no. CK-04) was purchased
from (Dojindo, JAPAN). Rabbit phosphorylated AKT
(p-AKT) and total AKT (t-AKT) polyclonal antibody,
rabbit p- ERK1/2 and t-ERK1/2 monoclonal antibody,
rabbit p-p38 and t-p38 monoclonal antibody and mouse
B-Actin monoclonal antibody were all purchased from Cell
Signaling Technology, Inc (Boston, MA, USA). Caspase-3,
Bax and Bcl-2 polyclonal antibody were purchased from
Protein Tech Group, Inc (Chicago, IL, USA).

2.2 Xenograft Tumor Models

Four- to five-week old female BALB/c nude mice, weighing
between 16-18 g were purchased from Shanghai Laboratory
Animal Company (SLAC, Shanghai, China). Mice were
maintained in the animal facility at Zhejiang Chinese
Medical University, China. The animal experiments were
approved by Animal Care and Use Committee. KLE cells
(5x10°) resuspended in 100 pL medium were implanted
subcutaneously in the right flanks of the nude mice, 10
days later, mice were intraperitoneally injected with 40
mg/kg emodin or vehicle (DMSO) once every 2 days for
1 month. Tumor size and body weight were measured
with calipers every five days until 45 days after tumor cell
implantation. Tumor volume was calculated using the
following formulae: V = (length x width?/2).

Ethical approval: The research related to animal use has
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complied with all the relevant national regulations and
institutional policies for the care and use of animals.

2.3 CCK-8 Assay for Cell Viability Detection

Cell viability was determined by CCK-8 assay. Briefly, cells
were seeded into a 96-well plate at a density of 1x10* cells/
well. After 24h, cells were treated with serial doses of
Emodin for 12, 24 and 48h respectively. Then, 10pl CCK-8
solution was added to each well and incubated for an
additional 4h at 37 degrees C. The absorbance of medium
was detected at 450 nm using a multiskan spectrum
microplate reader (Tendometrical cancern, Infinite F50).

2.4 &, 6-Diamidino-2-phenylindole dihydro-
chloride (DAPI) Staining

A total of 1x10° KLE cells were seeded into each well of the
12-well plates 24h before emodin treatment. KLE cells were
cultured for 24 h in 10% serum medium with control or
different concentrations of emodin. For DAPI, cells were
fixed with 3.7% formaldehyde for 15 min, permeabilized
with 0.1% Triton X-100 and then stained with 1 mg/ml DAPI
for 5 min at 37 degrees C. The cells were washed with PBS
twice and finally examined by fluorescence microscopy
(Olympus IX 70).

2.5 Flow Cytometric Analysis of Apoptosis

Apoptosis of KLE was detected using the Annexin V-FITC
apoptosis detection kit according to the manufacturer’s
instructions. Cells were seeded at a density of 3x10° cells/
well into a 12-well plate. Different concentrations (1.25, 2.5
and 5 pM) of emodin or control were added to the wells
after 24h incubation. Cells of each sample were harvested
after an additional 24 or 48 h and suspended in 500 pl of
Annexin V binding buffer (1x). 5pl of Annexin V-FITC and
propidium iodide (PI) were added and incubated for 15
min in dark conditions. The stained cells were analyzed
by flow cytometry using a FACS Calibur (BD Accuri Cé6,
Biosciences, San Jose, CA, USA).

2.6 Quantitative Real-time RT-PCR (qRT-PCR)

The expression of mRNAs of Bax, Bcl-2 and Caspase-3 was
examined by qRT-PCR. After treatment with the agents,
the total RNA was extracted from the cells using Trizol
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reagent (Invitrogen, Carlsbad, CA, USA). Then, the RNAs
were reverse transcribed into cDNAs with the AMV reverse
transcription system (Promega, USA). The SYBR Green
PCR master mix (Applied Biosystems, USA) carried out
the qRT-PCR reactions using 7300 Real-Time PCR System
(Applied Biosystems, USA). GAPDH gene acted as the
internal control gene. The change in expression levels
of each gene was calculated using the standard curve
method.

2.7 Western Blot Analysis

Cells were plated in a 6-well plate at a density of 2x10°
cells/well. After treatment with different concentrations of
emodin and control for 24 h, the cells were harvested and
then washed twice using ice-cold PBS (pH 7.4) and lysed
with RIPA buffer containing 1mM PMSF on ice. The protein
were centrifuged from the cell lysates at 12,000x g at 4°C
for 15 min and the concentration was measured in the
collected supernatant. The protein from each sample was
separated by 10% SDS-PAGE gel, then electro-transferred
to a polyvinylidene difluoride (PVDF) membrane. After
blocking with Tris-buffered saline and Tween 20 for 1h
at room temperature, the membranes were incubated
with appropriate concentrations of primary antibodies,
including anti AKT, anti p-AKT, anti ERK, anti p-ERK, anti
JNK, anti p-JNK, anti p38, anti p-p38, anti Bax, anti Bcl-2,
anti Caspase-3 and B-Actin at 4°C overnight. After washing
the membrane with TBST three times for 15 min, the
membrane was incubated with horse radish peroxidase-
conjugated goat anti-rabbit secondary antibody for 2 h
at room temperature. Following three washes with TBST
for 15min, the immune-reactive bands were detected by
FluorChem E System (Protein Simple, Santa Clara, CA).

2.8 Detection of Reactive Oxygen Species
(ROS)

Cells were loaded with 25 pM DHR123 (Sigma-Aldrich,
Poole, UK) for 20 min. Excess DHR123 was removed
(centrifugation and washing with PBS) then, and
fluorescence intensity measurement was done using
a fluorimeter (Cary Eclipse, Varian, UK) (Aex=488 nm
and Aem=520 nm, respectively). Cell viability was
determined by the MTS assay (Promega, UK). Absorbance
was measured at 490 nm with a 96-well plate reader
(SpectraMax 250, Molecular Devices) using SOFTmax pro
3.1.1.
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2.9 Statistical Analysis

Data were reported as mean + SEM of at least three
independent experiments. For statistical analysis, one-way
ANOVA was used for comparison of one variance among
groups and two-way ANOVA was used for comparison of
two independent variances among groups followed by the
Tukey post hoc test by using SPSS 15.0. A P value less than
0.05 was considered to be significant.

3 Results

3.1 Emodin Inhibits the Proliferation of KLE

In order to investigate whether emodin has an anti-
proliferation effect on endometrial cancer, we used a
CCK-8 assay to quantify the effect on KLE cells treated
with emodin at different concentrations ranging from 0 to
5 puM (0, 1.25, 2.5 and 5 pM) for various time points (12, 24,
48 and 72 h), as we had previously determined that the
IC50 value was higher than 5 pM in KLE cell line (24H,
1C50=6.002). As shown in Fig. 2A, with increasing emodin
concentration, cell viability decreases significantly
in a dose- and time-dependent manner. Compared to
the control, emodin treatment significantly inhibited
KLE proliferation, even with 1.25uM for the first 12h,
indicating the remarkable inhibitory effect of emodin.
Furthermore, to evaluate whether emodin can inhibit the
tumorigenicity of endometrial cancer in vivo, nude mice
were implanted with KLE cells subcutaneously for 10 days
followed by intraperitoneal injection of 40 mg/kg emodin
or vehicle (DMSO) once every 2 days for 1 month. As seen
in Fig. 2B, the tumor volume was significantly larger in
the control group than that in the emodin-treated group.
Consistently, the body weight of the emodin-treated group
decreased more slowly than that of the control (Fig. 2C).
These results showed that emodin can effectively inhibit
endometrial cancer development both in vitro and in vivo.

3.2 Emodin Induces Apoptosis of KLE Cells

Emodin was reported to promote apoptosis of many
cancer cells. To detect whether the inhibition of KLE cells
was achieved through emodin’s promotion of apoptosis,
we performed DAPI staining and flow cytometry. Treating
KLE cells with serial doses of emodin for 24h resulted in
changes in cell number and morphology (Fig. 3A). KLE
cells reduced as the amount of emodin increased, and
cells were separated from the surrounding cells with



492 — | Jiang, etal.

DE GRUYTER
A B c
22
. - DMSO
: o KE R =2 T - EMO
£ e % KLE+Emodin(1.25uM) "E ; ok
Ea - KLE+Emodin(2.5uM) £ 18 ey
el e e =+ KLE+Emodin(5uM) £ £
g2 o 2 g
S 05 - g ]
3 . ¥ g @ 14,
=
. R EEEEEER
X T T T T 15 20 25 30 35 40 45
oh 12h 24h 48h Days after implantation Days after implantation

Figure 2. Emodin inhibits the proliferation of endometrial cancer cells both in vivo and in vitro. (A) CCK-8 assay was performed to detect KLE
growth curve treated or not treated with emodin at various time points. (B) and (C) Tumor xenografts’ volume and host body weight were
measured in nude mice, individually (n=10/group). *p< 0.05, **p< 0.01, ***p< 0.001. Here shows one representative result.
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Figure 3. Emodin promotes apoptosis in KLE Cells. (A) The morphology of KLE cells was photographed by phase-contrast microscopy after
treatment with serial doses of emodin. (B) Representative images of DAPI staining results of KLE cells treated with serial doses of emodin.
(C) Cell flow cytometry was performed to detect the apoptosis of KLE cells double-stained with Annexin V-FITC and PI-A. (D) The apoptotic KLE
cells was quantified. *p< 0.05, **p< 0.01, ***p< 0.001. Here shows one representative result.
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loss of connection, and decreased volume. Furthermore,
DAPI staining showed there was a gradual increase in
the proportion of nuclear condensation in KLE cells
accompanied by an increase in emodin concentration.
Some of the nuclei split into pieces as an indication of
apoptotic body formation (Fig. 3B). Flow cytometry was
used to assess the cell apoptosis rate to prove the effect
of emodin on apoptosis induction in KLE cells. After
treatment with various concentrations of emodin (1.25, 2.5
and 5 pM for the experimental groups) for 24 h, KLE cells
were stained with FITC-Annexin V/PI. As shown in Fig. 3C
and Fig. 3D, in the control group, only a small number of
apoptotic cells was detected, however the rate went up
to 4 times as much as control at 5 pM emodin for 48 h.
The apoptotic proportion gradually increases with higher
concentration of emodin. These results suggested that
emodin was able to significantly induce apoptosis in KLE
cells in a dose-dependent manner.

3.3 Emodin Regulates the Activity of Bax,
Bcl-2 and Caspase-3 in KLE Cells

The caspase-dependent pathway is one of the most
important mechanisms for induction of cell apoptosis. We
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examined whether emodin induces apoptosis in KLE cells
through a caspase-dependent pathway. KLE cells were
exposed to serial concentrations of emodin (1.25, 2.5, 5 tM)
for 24 hours and the expression of Bax, Bcl-2 and Caspase-3
was determined by WB and qRT-PCR, respectively.
Interestingly, as the concentration of emodin increased,
protein expression of Bcl2 was significantly inhibited,
while the pro-apoptosis proteins, Bax and Caspase-3 were
up-regulated (Fig. 4A). Consistent with the WB results,
the RNA transcription of Bax and Caspase-3 increased as
much as twofold, while Bcl-2 was down-regulated by 50%
compared to the control at a concentration of 5 pM (Fig.
4B). These results demonstrated that emodin promoted
the expression of caspase-3 and inverted the ratio of Bcl-2/
Bax in a dose-dependent way.

3.4 Emodin Induces Activation of the MAPK
pathway

Upon cell apoptosis, the MAPK signaling pathway and
PI3K/AKT signaling pathway are usually involved. In
order to examine whether the MAPK and PI3K/AKT
pathways are regulated by emodin in the process of KLE
cell apoptosis, WB assay was performed to detect the
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-3 in KLE cells. (A) After 24h, total cellular protein was extracted for

western blotting to detect the Bcl-2, Bax and Caspase-3 expression. (B) After 24h, gRT-PCR was performed to detected the expression of Bax,
Bcl-2 and Caspase-3 in RNA level. *p< 0.05, **p< 0.01, ***p< 0.001. Here shows one representative result.
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phosphorylation of key proteins in these pathways such
as p38, ERK, JNK and AKT. As shown in Fig 5, emodin
treatment promoted the phosphorylation of p38, ERK and
JNK, while it inhibited the phosphorylation of AKT. This
effect gradually increased as concentration increased and
as the timeframe expanded between 6 h to 24 h, meaning
that emodin regulates these pathways in a dose- and time-
dependent manner in KLE cells.

3.5 Emodin-promoted KLE Apoptosis is
Dependent on ROS Production

As already known, ROS may trigger cell apoptosis,
especially in cancer cells. Emodin was reported to promote
ROS generation in many cancers [5, 8, 9, 12]. To determine
whether ROS is involved in emodin-induced apoptosis in
KLE cells, cells were exposed to different concentrations
of emodin and the level of DHR fluorescence was
monitored at 24h and 48h after emodin treatment via
flow cytometry. ROS generation increased significantly in
a dose dependent manner (Fig. 6A, B), as the percentage
increased from 17.6% at 1.25 pM to as high as 42.1% at 5
pM. To further confirm whether the ROS is essential for
induction of apoptosis by emodin, NAC was used to block
the effect of ROS. As shown in Figure 6C, NAC significantly
reduced emodin-induced ROS generation, and blocked
emodin-triggered apoptosis in KLE cells. Meanwhile, NAC
restoredthe ratio of Bcl-2/Bax and phosphorylation of AKT
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upon emodin treatment (Fig. 6D). These results establish
an association between emodin’s anti-cancer effect and
ROS activity, indicating that emodin-induced apoptosis in
KLE cells is dependent on ROS production.
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Figrue 5. Emodin inhibits the phosphorylation of AKT and promtes
MAPK pathway of the ERK, JNK and p38. Total cellular protein was
extracted and 30pg proteins were added for electrophoresis. Time
points: 3 h, 6 h, 12 h, 24 h.
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Figure 6. Emodin promotes KLE apoptosis in dependent of ROS production. (A) The ROS production of KLE cells was measured by flow cyto-
metery. (B) The ROS of KLE cells was quantified at 24h and 48h. (C) The ROS production and apoptosis percentage were detected in KLE cells
treated with 5 M emodin and/or NAC (1 mM). (D) Total cellular protein was extracted for western blot to detect the expression of Bcl-2, Bax
and p-AKT treated with emodin and/or NAC for 24h. *p< 0.05, **p< 0.01, ***p< 0.001. Here shows one representative result.
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4 Discussion

Endometrial cancer is one of the most frequent
malignancies with high metastasis and mortality rates. In
the past decades, there has been great progress achieved
in diagnosis and treatment of endometrial cancer, as
well as dramatic advances in the field of formation and
development of endometrial tumors, including the
pharmacological study of Chinese traditional herbs.
Promoting apoptosis of cancer cells through drugs or
molecular antibodies to reduce tumor volume has great
potential. Persistent oxidative stresses universally exist
in cancer cells [14, 15]. ROS-induced apoptosis is a key
mechanism of programmed cell death, especially in
cancer cells. When ROS reaches an intolerably high level,
it may trigger downstream cellular and molecular events
such as altering mitochondrial function and signaling
transduction, promoting cell death or apoptosis [5, 11,
16]. Here we report that emodin, a major component of
rhubarb, exerts its apoptosis effect in KLE cells. We found
that a low dose of emodin (5 pM) is adequate to cause this
effect, contrasting with other cancers like ovarian cancer,
cervical cancer, hepatocellular cancer and breast cancer
[4 - 6, 10], indicating endometrial cancer may be sensitive
to emodin and emodin is therefore a powerful agent for
induction of apoptosis in endometrial cancer. Using
NAC to block the effect of ROS, we then found emodin’s
promotion of apoptosis is dependent on ROS generation.

AKT is found to be over-activated in the majority of
endometrial cancers [17-19]. Recent sequencing analysis
for the Cancer Genome Atlas has reported that more than
90% of endometrial tumors have some genetic aberration
in the PI3K pathway, leading to increased AKT activity,
which then promotes the growth of cancer cells by
inhibiting apoptosis [20]. Furthermore Qiong et al. proved
that the growth of endometrial cancer KLE cells can be
suppressed through inhibiting the PI3K/AKT pathway [21].
Previous studies have shown that AKT expression can be
activated when ROS is inhibited, resulting in the reverse of
the Bcl-2/Bax ratio [12, 22], just as observed in the present
experiment. Our research indicates that emodin may
inhibit the phosphorylation of AKT in the KLE cell line in
a time- and dose-dependent manner, thus restraining KLE
cell proliferation.

It has also been well-established that MAPK signaling
is involved in cell apoptosis. In mammals, MAPKSs include
three key factors, namely ERK, p38, and JNK [6, 7, 23 - 25].
Studies reported that sustained activation of ERK and
JNK promotes cell differentiation and apoptosis [26, 27].
Furthermore, p38 MAPK also mediates cell apoptosis
and growth resistance [28, 29]. In the present study, we
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observed that emodin affects the signaling pathway of
MAPKs in a time- and dose-dependent manner in KLE
cells. Emodin significantly induced the phosphorylation of
ERK, p38 and JNK, without changing the basal expression
level of these proteins.

The current study observed that emodin can induce
apoptosis (by significantly upregulating ROS production)
and suppress the proliferation of KLE cells, an endometrial
cancer cell line with high invasion potential. Partially at
least, emodin exerts this function through inhibiting the
PI3K/Akt pathways while activating MAPK signaling.
These results not only deepened our understanding of
emodin’s anti-cancer activity, but also augmented solid
evidence for future clinical application of emodin in
human endometrial cancer treatment.
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